WD 2004/ 061992 PCT/ US2003/ 032378 1 ORGANI C ELECTROLUM NES CENT DEVI CE AND
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organic ( electrolum nescent material disposed between an anode and cat hode.
The devices can contain electrode materials or electrolum nescent materials
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hi gh and | ow resol ution displays. Summary of the Invention CGenerally, the
present invention relates to organic el ectrol um nescent devices and nethods
of preparing such devices. 25 One 6ind bf tlelnver8ohi on provi des an
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a second electro cture disposed b
15 methods typically involve positioning and sealing the electrodes and electroluminescent

material between two substrates such as glass and polymeric materials or between a
substrate and a metal can. Various other protective layers can also be included to
further reduce contact of the reactive materials with oxygen and water.

Organic electroluminescent devices are useful, for example, in a variety of

20 lighting applications and in the preparation of high and low resolution displays.

( Summary of the Invention

Generally, the present invention relates to organic electroluminescent devices
and methods of preparing such devices.
25 One aspect of the invention provides an organic electroluminescent device that
includes a first electrode, a second electrode, a light emitting structure disposed
between the first and second electrode, a conductive layer disposed over at least a
portion of the second electrode, and a non-conductive material defining an opening
through which the conductive layer is in electrical communication with the second
30 electrode. |
Another aspect of the invention provides a method of preparing an organic

electroluminescent device. An electroluminescent structure is formed that includes a



first and second el ectrodes. An opening is fornmed in a non-conductive
material and aligned with a surface of the second el ectrode. Electrical.
comuni caWioRG04/66192t abl i shed between a conductive | ayepcansédigssegond

el ectrode through the opening in the mon 5 conductive material. The nethod
can be a roll-to-roll process. The above summary of the present invention is
not i ntended Tﬁ?st@ﬁ-:‘é&&di@%s@&ﬁﬂeléitrﬁ&é%&@l%ﬂb rﬁ@étnst fur&¥Rpdsel BRtRER HAL | ON
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Figure 1 is a schematic cross-sectional view of an organic

el ect r ol5uni nesemictivelinsfekial/ ’Hmrm@thud:cambﬂ a FillgorellPproessa schemat iC
cross-secti onal rior ani.c el ectraol.um evi

Figure 3is a scheﬁﬁf’ EO‘@r%%n%@ CQGIBWIHPnd%QOtéﬂtBB&%rSfE egﬁc rgani c
20 el ect r ol ungpeRRENtmBSMineRt or'BvEy if ferﬁe%tﬁoﬁ%?%@ﬁrbs%n%@&ﬁw%e%b@ red/| €W
of another enbodi nent of an organic eI ectrolum nescent device. Figure 5 is
a schematic cmm@dmsbtﬂilbdda&cﬂptim}mt follew mowetfasticudariycdemplify thésean | |)

organi c el ect rolb nescent device. 25 Figure 6A is a schematic

cross- sect i on&PPOFHEE one enbodi nent of an organic el ectrol um nescent
devi ce fijavi ng a subst rate. Figure 6B is a schematic cross-sectional view of
one enbodi nent of an organic el ectrol um nescent device having two
substrates. Figure 6C is a scheiui¢fiRescriptionof the Brmtings ew of an organic

el ectrol um nescent _devi ce _havi a subst ate and ed e seals. re 6D is a,
schematic 30 crosﬂ@é‘%‘ﬁ“ﬁﬂ%{: ee‘RPr&'fcogﬁ? @E“&EW@«@ HuGATSY® ngﬁggﬁeate and a

first el ect ro‘?ﬁh&vhgg d@tﬁi@d‘&’eséﬁgt%dotﬁ&ﬁoﬁ&’&ﬁﬁod?ﬁéﬁ@ bty uﬁ’xfenhﬁﬁlrpééﬁﬁéctmn
conponent s of the dévice e 7 is a schematic cross-sectional view of
anot her enbodiwi’éﬁhead’:companmgdrdvdnﬁ,acwhmhum nescent device having a

substr alt5e V0 2004/ %?éu%g % 1&%11%?1%89 g’r/ogs?’ szc%agnal?w’new of an organic electroluminescent

display construction.

Figure 2 is a schematic cross-sectional view of a prior art organic
electroluminescent device.
Figure 3 is a schematic cross-sectional view of one embodiment of an organic

20 electroluminescent device.

Figure 4 is a schematic cross-sectional view of another embodiment of an
organic electroluminescent device.

Figure § is a schematic cross-sectional view of yet another embodiment of an 3
organic electroluminescent device. _

25 Figure 6A is a schematic cross-sectional view of one embodiment of an organic
electroluminescent device having a substrate. Figure 6B is a schematic cross-sectional
view of one embodiment of an organic electroluminescent device having two
substrates. Figure 6C is a schematic cross-sectional view of an organic
electroluminescent device having a substrate and edge seals. Figure 6D is a schematic

30 cross-sectional view of an OFL device having a substrate and a first electrode that '
extend beyond the outer periphery of the other components of the device.

Figure 7 is a schematic cross-sectional view of another embodiment of an

organic electroluminescent device having a substrate



Figure 8 is a schematic cross-sectional view of yet another enbodi nent of an
.organi c el ectrolum nescent device having a substrate. Figure 9 is a
schematic ¢ross-sectional view of one enbodi ment of an organic

el ect r ol umeEM P ®evi ce having a substrate that incl udd&TA493/932178

construction. 5 Figure 10A is a schenatic cross-sectional view of one
enbodi nent of an ¢ el ectrqlum nescen deV| e havin urality of
second el ect rodes. ?:l[!gqﬁ%u &3s aP%“Pﬁ%“(‘fHP’F%é’b%B ﬂﬁ%ﬁﬁ@%ﬁf%@‘%ﬁ%a@w of
this enbodi neng m@&éﬁh%l&éeéén@d&%%g% eh&sgs sectional view, of one
enbodi nent of %1 organi c el ectrol um nescent device having a plurality of
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el ectrol um nescent devices having a plurality of first and second
el ectrodes. Ifgdiqpicwrol@Binesrehudiyicedaning -aqdvraligt Qf\ﬁecmmit@&qtraﬂestnﬁlgmedoﬂﬁe

pair of electrodes. Figure 1 a.schematic cr sectional view of one
enbodi ment of JHCSGPY Edmglsél"f’?a&f’ﬁ?ﬁ ng'é’éﬁ@ E@’P@’éﬂeﬂ ving nultiple openings
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el ectrical communi ca lon Wt e second electrode. 20 Wiile the invention
i s anenabl e tcnrgama dusrraimmmsamt deyivs bamthgal pleratieg mf\fustf andrssc;ondsqmtnoﬂes:s

t her eof _ have vvn of exanple in the dr d will
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not to limt- a&%ohﬂaﬁs&rcwaememﬁngayﬂ@;{g%&f ﬁ?ﬁ*&%&ﬂ&‘é}taﬁd@&%&rée%ﬂi On the
c?)nt rary, the intentionis to cove Il di fications, equivalents, and
a

‘ternatives fezletcltnodg W|th| n the spirit and 25 scope of the invention.

Det ai |l ed Descri pt| he | ntio ani c_el ct r.ol. um cent .devi ces and
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el ectrol um ”esﬁ%?éanﬂ?éléc%?urﬁfn%sd%ﬁpdévﬁ%ghﬁhﬁé 'Fﬂi}hlit?%fﬁrst%ﬁ)d g&aﬂwahbff&ésayer

in electrical contrunication wth one of the electrodes through an opening in
a non- cdhduct i Riguned 2Bripeliides@npardondedtive mas¢rinhbabecen the pﬁemf@@trcdts be used,
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electroluminescent device having multiple openings in a non-conductive material
through which the conductive layer can be in electrical communication with the second
electrode.

20 While the invention is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention is not to limit
the invention to the particular embodiments described. On the contrary, the intention is
to cover all modifications, equivalents, and alternatives falling within the spirit and

25 scope of the invention.

Detailed Description of the Invention

Organic electroluminescent devices and methods of preparing such devices are
provided. In particular, organic electroluminescent devices are provided that include a
30 conductive layer in electrical communication with one of the electrodes through an
opening in a non-conductive material. Organic electroluminescent devices can be used,
for example, as backlights, low resolution displays, high resolution displays, and the
like.



As used herein, "organic el ectrolum nescent device" or "OEL device" refers
to an article that includes a | ayer, or |ayers, of at |east one organic.

el ectr ol uwomeegento2 mat eri al di sposed between a first elpegiusaegnandsa second
el ectrode. Typically, at |least one o the el ectrodes can transmt |ight
emtted by the organic electrolum nescent 5 material. As used herein,

"organi c el ectrol neiusableeeth, ‘drgdicsléctiumiteiceti 4y or HOBR dvickOreddérsas t i cl e
that includes one or nore organic el ectraolum nescent devices. R H Friend
et al. in "Epeaticls thaiipdades adayarprdeyary @haldgasdeny pigaaicelagioliypinescgy7  p. 121
(1999), descrj.be. ' erati [ .

i et ol um noeRgpf ASpdTPE BANeR: BpersiSGREER L QLo cIORERE, Eypically, st leas

el ect r ol um nefcefithe dRctEdes Chtriisinif Kghnemitesl hiote opdidrid@ohan@esoshect ed into
the organic el ectrolun nescent naterial l(jsi!)a from an anode. As the injected
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excitons. Th&:% excrtons, or exc cles, can emt €nergy in the

formof |ight as RhByFdeqbst abag KEleordluitstics irbConjudhed Pelgivess, ONatuhe devi ce
in which 15 the excitons are _%eneraillly formed can be referred to as the

r ecombi nat i 089%an&21 (1898, describe pasumeshanismeeiibe operpdasokeigtnional vi ew of one
exanpl e of an,organic el ectrol wynescent. devi.c I Spl ._.The
strueture | nelCEalMset 60, JHAeaS SR aigHaihicthe el Recpifimiggiency,

ot her 1gui t ablygitediafp) Mym@AHOES Bid Ksles &t Sfedied intd tHewigmivelbhrdi@indsiehee or

di splay 100. Additional optional elenments or devices 130 20 suitable for use

with el ect r omaterisl(gplirem sn gnodse \Asctbs injegiedehapges viigerie tomtapdscthe oprostely  devi ce
di splay 1 ' it . i i ncl
Tor e OFL devt NEECE FE AR B St PR Lol R e OBHE” Olar o

a viewer posiéte@ed b4 exdifihs Vv TRy exfi0ss] brafkcitéd s1ae ApecNedd it baergPid Mdi cat e
an intended destination for the emitted |ight whether it be an 25 actual
hunan obser v&prm of light acthey decay beclcto a growpbsiata: The fegioncef the dedceivwhkieh or t he

li ke. ' I ' ' d i
cui tatie. maeRerns g R el oo DBl e e e RS R O o

liquid crystal di Figusey/l sidwsl) schedaticahss-sdetiomg vietyeffont Elample ofanskdanit € a
single CEL device that spans an _entire intended backlight area.

Al ternati vel ylecirolugingsent deviceprslisria | SThegtprie glpdes adeviceayer 10
o gl b Sy B AT SN AR ot
spaced red, gichaied withothbUendcd erglisplayeot tAdditierash optiorpatiemiene dr Hetigeei30common
el ectrodes so that_device |ayer appears to WO 2004/ 061992 PCT/ US2003/ 032378
5 20 suitable for use with electronic displays or devices can be provided between the OEL
device or display 100 and viewer position 140.
The device layer 110 includes one or more OEL devices that emit light through
the optional substrate 120 toward a viewer position 140. The viewer position is used ‘- ‘)
generically to indicate an intended destination for the emitted light whether it be an
25 actual human observer, a screen, an optical component, an electronic device, or the like.
Device layer 110 can include one or more OEL devices arranged in any suitable
manner. For example, in lamp applications {e.g., backlights for liquid crystal display
(LCD) modules), device layer 110 can constitute a single OEL device that spans an
entire intended backlight area. Alternatively, in other lamp applications, device layer
30 110 can constitute a plurality of closely spaced devices that can be contemporaneously
activated. For example, relatively small and closely spaced red, green, and blue light

emitters can be patterned between common electrodes so that device layer appears to



emt white light when the emtters are activated. O her arrangenments for
backlight applications are also contenplated. In sone applications, the

devi ce | ay include a plurality of independently addressabl e CEL
So b e

devi ces that e same or different_colors. Each 5 deV&TESHAHOI2EH esent
a separate pixel or a separate sub-pi xel of a pi xi | ated display (e.g., high
resol ution di spl_a%%g, a separate segnent or sub-segnent of a g}e ment ed
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optional elenent can_include a |liquid crystal display nodul e en _device or
di spl ay 100 i 4n4¢ g ?Ssa@?@%‘rg?m?@ Gl%ﬂ%@ﬁ%ﬂsmg&%&mé‘i\;@% agh gych

as an ahsgor bi | = ' . [ en
fhe 11 au d or yovay cHESpREbSERERIIE or BRAEKE Bl pRETLIRTAN E5pab .27

Al t er nati vel y higiheroldior dieplay), diseppraty sdgdent sr sub-seginenneltd wgmdnepldEplayl 5
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brightness enpganc fi : ptical conmponents, coatings, user

i nterface devir}ces,ﬁﬁg'%éhwﬁggﬁgﬁgl%@em ' is a schematic cross-sectional

vi ew of a known or giheioptidhel elemednt dBG caniesagrderet iof eoribinatiorf ofred¢mamnduct i ve
| ayer is_disposed . on a f the conductive |ayer is
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and the 25 electrical contact,  30. A cathode 50 is disposed on g}?ﬁe | i ght

em tting strudiolgtizengar beprovidsdibetwren theykiquid frvstal mgduleapd the backlight deyige ween
t he anode 20 %}pas, t Aelv] . : o : er ned
area and is i?\‘ﬂceélll C r@é:m%gnmnllyégﬁf%g%gg tlﬂgafg?(gig??il%fg %%dr%?alt t %0. The
| i ght eddtti ngppmibnaiciament 480 endinclnde on¢ bomerciblaizersc oees ptesyibtidh panalst al can

70 to reduce exposure of these cogﬁgnent s, of the device t%'gﬁdvl en 30 and
noi sture. The FPEEICCHEHCORYNES AN SOV P RS PIHECTORSHEEDD Y Sectri cal

contact 30 berBhaRehiehPiiyd, Hobthel bitlaPRAhRet; coibAPuRD ifbifds eCiabd Xy the
insul ates the nmetal can 70’ from the second electrode 50. WO 2004/ 061992
PCT/ US2003/ 03288 6 :
Figure 2 is a schematic cross-sectional view of a known organic
20 electroluminescent device 80. A first conductive layer is disposed on a substrate 300.
A portion of the conductive layer is removed or patterned, for exampie, by etching to
create an anode 20 and an electrical contact 30. A light emitting structure 40 is disposed
on part of the surface of the anode 20 opposite the substrate 300. The light emitting
structure typically fills part of the patterned area between the anode 20 and the
25 electrical contact 30. A cathode 50 is disposed on the light emitting structure 40 such
that the light emitting structure 40 is between the anode 20 and the cathode 50. The
cathode 50 extends into the patterned area and is in electrical communication with the
electrical contact 30. The light emitting structure 40 and the cathode 50 are covered
with a metal can 70 to reduce exposure of these components of the device to oxygen
30 and moisture. The metal can 70 is insulated from the anode 20 and electrical contact 30
by electrical insulating bodies 90. A gap 60 electrically insulates the metal can 70 from
the second electrode 50.



As used herein, the term"pattern" neans that a conponent (e.g., electrode
or conductive layer) is divided into two or nore non-connected parts. In
sonme enbedihm@mes2t he conponent is patterned by renpvapcefuspisisafs t he
conponent. For exanple, the conponeng can be etched. In other enbodi nents,

t he conponent is 5 patterned by deposition of the conponent in two or nore
areas that are noAs €@dheris; the tefi?patediineans i ecofpopént Tt kN eleRbdOSIS can be
used to deposit the conponent. A "non-patterned" caonponent refers to a
conponent t irendeciiye fayenie dividadini@cay ojon pTe ARR-6PINeHEH PaRHnINcHHIfect ed parts. A

devi ce as shg i | Ghr i | I Jraphic 10
b ocesses & drmeblet B ot Moo PRALS HFRBRRPC Bl R"
el ectrical axampR;the¥dmpdheh ciii be esheh Ihatiher embbliendnse tief codipoaag ieci ds, for

exanple, to etch the conductive layer. O her manufacturing nethods are
desirell. Thepasemad bk depnsitianeof|theyeampanent INAYO OF MosE YEes Wptare ppi caanegiedot h

decirabl ot HaF RaRaed oEkrTRhERHOBAES IHUETTh opabTRR LefpoRthu TR Nods are

el ectrol um negaenaiterdalri @dpondiaeRigRNH donloaedtiht bas Aeteen tivided ieSwalort he
present invention include, but are not limted to, a first electrode, a

second el ectmpwdiongonnestad paxiSt t i ng structure, a . conductive layer, and a
non- conductive majeri.al. The l.ight egi.tting str ure i L,Sposed between
The f1rst and sechiivet spimen Hime 2ot bsily BLbHED Iihe howbiRREREE.d 20" on
at | eagt a Pgbédseud t0haitdie tHReRNEbNBLEDENIEE t@ftim the hifbde|28Cinaiefetrical |

communi cation with the second el ectrode through at |east one opening
defined in ténmtasbd0.cOrdupeodosees mequiteithe use ofstrorgarids fauriaramplee ta eelnihe

" non- conduct |qrﬁg (% 10l9Ne %ndua%gjgavg"i refers, to g material that does not
conduct el ectPPEITY. D st I S LA MEFEAT “Phe“t erm "conducting” or
"conduct i ve" ref eTfe dathode iRd el et bARting GRMNEE Sretypiehlly Both¥ensRBrekbgure 3 is
a schematic cross-sectional view of one enbodi nent of an_ organic

el ect r ol umi ndegeasiationby meisture @nd ex¥Ecai Fgcapsulaien methods prprdesisable gt cani t ti ng

structure 220 is, di tveen.a ] I 10 and a second

el ect f]gde 23886@%‘;’ P?%@?ﬁggﬁlﬁ][e}t%? a@ncglg%}éﬂ?lﬁﬁ@ﬁ%%(«i?egfﬁe " el ectrical

conmmuni cati on W t Thdsrihnie bRefrslatisesee) deviceshithe présenpivenisiliatiude tuayer 240
defines an openi ng 200. The opening 200 is positioned in 30 an area of a

surface of t#liseitdne afisteleetpdepmiscond elpctende; ylight eapdmgsiruetiee. dur f ace t hat
is opposite i 1.t O- : Y er 250 is
typically i nCéﬂgﬁ%%‘{eg%é’?ﬂg%né?u%ﬁcl%g%%qlé\%q‘nfrﬁﬁ't Eg@gg@%%gﬁggesg}l!f%%eeﬁ%o t hr ough
t he openi ng &igpbsed bétiveertitheirstrmdzerond elvdtrods. VEhd cpduictiZ4 0aye\CarP RO fiizdd 9 2

PCT/ US2003/ 032378 i . . . A .
20 on at least a portion of the second electrode and is in electrical communication with the

second electrode through at least one opening defined in the non-conductive material.

As used herein, the term “non-conducting” or “non-conductive” refers to a )
material that does not conduct electricity. Similarly, as used herein, the term L ;)
“conducting” or “conductive” refers to a material that conducts electricity.

25 Figure 3 is a schematic cross-sectional view of one embodiment of an organic
electroluminescent device 260 according to the invention. A light emitting structure
220 is disposed between a first electrode 210 and a second electrode 230. The light
emitting structure 220 is in electrical communication with both electrodes 210 and 230.
A non-conductive layer 240 defines an opening 200. The opening 200 is positioned in

30 an area of a surface of the second electrode 230, such as in an area of the surface that is
opposite the light emitting structure 220. A conductive layer 250 is typically in
electrical communication with the second electrode 230 through the opening 200

defined by the non-conductive layer 240.



7 As shown in Figure 3, the opening 200 in. the non-conductive material 240
,can e positioned entirely within an area of a surface of the second

el ectrode 230, such as the surface opposite the light emtting structure
220. The aV@WY061H@ opening 200 is snmaller than the ar E&THS2WREO3KTBf ace of
the second el ectrode 230 on which the dpening is 5 positioned. The
non-conductive nmaterial 240 _can sgﬁ)ar ate the conductive |ayer 250 fromthe

second el ectrode 2A% shaveh in Figuis i, dhe erpging 20 ip e sei-ennduelivsappistal Zean
some _erbodi M ssitlofed SREAHRMIR & LR GRX FHe ReyANdlelitte2d0Chuch 2

peri phery of the ]Ilght emtting structure. For exanple, in Figure 2 tﬁe
second el ect rtheleurfice appodite thdljghe xinimidg stregtored20h & heiagdatof ¢l dpenitg XX0risct ur e

40. | h di t, 10 th ' in { < dugt i | b
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emtting str "%Ma‘ﬁc(‘ﬂrTR??%%&&B@&i\kﬂnﬁtgﬂﬁrﬁﬁ c2h sdpifate BRCOAGuGEHYePISp t hat s

not directly ove the t emtting structure.” The conductive layer 250 in
Fi gure 3 can fenliensednd dedtivde 280 neanbeontevadgenpfthe séebdd ebotrodol3Mhi ch can
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240 can be bofedthddé 50)adxiemkls beyund mienti ght efnitting striffiredidl iln suchFor embadipest, i n
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el ect r d8e . 210ths epeHAS t%@%\e%@?m%‘éwemeaaf ePREtigRLR ANt theercond

Bondi - . i \ i |
and roduce coeiREE et AP MARRELIIINE ool of ppiBthe 15h 28R A, 2201 ode
t 0 noi sture ogecond/gectrode The ismotidirasthycabyve teentight endtting ewludtiret he or gani c

el ectrol um nescent_devi ces. can pr.ovi de encapsul ati on used herein, the

term "encapsul at ethﬁ" %‘?Dé‘r“gt“fcgaﬁﬁ 289 &éﬁigHre g%é?ﬂ“ﬁ%‘i H’ﬁ‘iﬁ 8%‘3:‘8%‘?‘{?%‘? tayer

having a |1 ghb @bl deiehiSi Ed8Cng é)@g&l@thé %ﬁf&?@erﬁ%ﬁ?} 51048 sd g eleirodtddpRces
g on the to f th

that are exposed to oxygen. Dependi osition of the various
conpondst s, t The neefeddutiifedbyerean tepatate hegandictivk dayer fbmmitimrsicewe devi ce can

be extended by encapsuylation. Fqr exanple,. sone, el ectrode nmaterjal.s and
P oht emtt1 e e RB g ShA I pON e e SR LE o SRt REe S B gon,
noi sture, or gecaHi St t@mbidlidnR4eQf - Encapsul ation reduces contact of the

second el ectrode or the light emtting structure with oxygen or noisture.
In Figure 3, the cthbhomtomincaie miterifliZ4dtcar bebondaddo of0compenentspfdhnduct i ve

I 240, h ti I 25 | at e t.
el bt rode’ 230 CRRHEYE. FOGHEH o FRr e Por B 3R A 0B PN fshen

or 20 to the first electrode 210 beyond the outer periphery of the second electrode 230,

Bonding one surface of the non-conductive material can function as a seal and reduce
exposure of the light emitting material and the second electrode to moisture or oxygen.
The various components included in the organic electroluminescent devices can
provide encapsulation. As used herein, the term “encapsulated” refers to an organic
25 electroluminescent device having a light emitting structure and a second electrode free
of surfaces that are exposed to oxygen. Depending on the composition of the various
components, the useful lifetime of the organic electroluminescent device can be
extended by encapsulation. For example, some electrode materials and light emitting
structures deteriorate upon prolonged exposure to 0xygen, moisture, or a combination
30 thereof. Encapsulation reduces contact of the second electrode or the light emitting
structure with oxygen or moisture. In Figure 3, the combination of the first electrode
210, the non-conductive layer 240, and the conductive layer 250 can encapsulate the

second electrode 230 and the light emitting structure 220. Various other components or
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encapsul ati on. For exanple, in sone enbodi nents, substrates, barrier

| ayers, evwgeosg@isz or a conbi nation thereof are includ
encapsul ate the device. As shown in Figgure 3 and nany o?%t ez&%&g?ﬁ?i gures
included in the application, 5 the first electrode 210 does not extend
beyond t he ol z!.nothe ; ' AR 3
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can extend b&ysmeplatadie dsyiges of the device that is encapsul ated. 10 The

second el ectr ode. A3Unanflid Pieuld e Y 5 P oBiek Bk Skl e sONDB
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el ectrode 2361',1- Qg'%gﬁggésfsg) 243 agét?%{@ g(i,?é%r?_ﬂ it%éé%\fﬁ%rs}?%éﬁgh%eﬁﬁl%g{n &Bgﬁ} 1?@ ?er'\g _
structure 22Qs shélg thafidst Seatfeie dokbs idtinged w boarapdulitbearsibeardteal ®efonddhe 210

isin contact with a conducting |ayer 250. That is, there is no
non- conduct i wart ghtherdexice thpd is encaplagad- on t he surface of the second el ectrode

230 whgye the opew ' b4 : p@% n CEL
device 280 is sho?nhgg%%ggg%e?tgg‘?f%gq%ggﬁ%ldg]é%géﬂ H}F{}zﬁ]f@ng Eg%%; Wh of the
second el ect e tRS3Ond BzeShAigiae 3t G biher @abddisRoRiheg cotliptBags ansodtiave he
light emtting structure 220 and the thickness_of the ngn-caonductive

materi al 240 thesagie digpgasgionse For exanplpOEh deviae 440 shownin Higyad iaghdesiang
22 e i : d
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non- conduct i lightahietingdtruzde 226G pAsenduetivé hwes230 Bde elttricilversmatentioal ect r ode
230 where the qgpening g{g&él s positioned. In Fiqures_ 4 and 5, the opening 200

i n t hel‘hon- c ot ApEe pecond glestreds230s suchasithe shykage that isPpppule the light
surface of the. eoh! : ; ' site
the 11 ght entiiiRg apEiePab] 96 shilganal 1nSulraR qidhd Hefud Bhrdep 2198082 ' 7,
a 30 non- concunthé¢tweitimmt@rdualin®k@ertitSPo Mhat e ctheretie no pencpindkictivomatehiel Z€cond

el ectrode 230, The non-cqonduct.i ve terial 24 eparates .t he conductive

| ayer from t KisPPssdQn tg? 305 @ thepgepn qi"é“lofiﬁﬁg’géyﬁﬁettgﬁﬁpﬁ?%%qq}% 220, or a
conbi nati on thEifiSﬁ’efd. beyond t he outer

20 Another embodiment of an OEL device 280 is shown schematically in Figure 5.
The length and width of the second electrode 230 are similar to the corresponding
dimensions of the light emitting structure 220 and the thickness of the non-conductive
matenial 240 is at least equal to the thickness of the light emitting structure 220. The
entire area of this surface of the second electrode 230 is in contact with a conducting

25 layer 250. That is, there in no non-conductive material 240 disposed on the surface of
the second electrode 230 where the opening 200 is positioned.

In Figures 4 and 5, the opening 200 in the non-conductive material 240 can be
positioned in an area of a surface of the second electrode 230, such as the surface that is
opposite the light emitting structure 220. The conductive layer 250 can be bonded to a

30 non-conductive material 240 beyond the outer periphery of the second electrode 230.

The non-conductive material 240 separates the conductive layer from the first electrode

210, the light emitting structure 220, or a combination thereof beyond the outer
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met al OX|des conductive ceramics, conductive dlsper5|ons 5 and conductive
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applicati ons, 'east one of the el ectrodes can transm t ation emtted
by the Iight pe]ladim,mgpksl rabhinnm, cdleiueg berienposinesinns ;ltanhan;ftutmumlmder ode

i's an anode an seco | ectrode is, cat hode. ode can be
pr epar ed frorrF“fflil Pf"éifa?ﬂ%@ %Oaﬂ%?ﬁﬂx%iﬁfﬁm Y an(jé? gyamq’&ﬁov Cabout 4.5
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emtting structure. Suitable materials include a thin | ayer of
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and the like. aﬁgﬂtcaemnml least bheottht kizdeodraca oansminradiation emittedlycthe hight

barium rmagnesi um or conbi nations thereof. Such cathode materials have a
tendency to FEAEPESHYHIGater, oxygen, or a conbination thereof and can be

advant ageous! y 25 B QlreCérRbodiiheRROMR ik alc@Bde Mah hAGE: &AM hoLRBAd BG:ddRSs
el ectrodes include, but are not limted to, sputtering, vapor deposition,

| aser tlfer mal apathbéaf nlrecanoide kaebe pnepm‘:tﬂ ﬁgm zsmam;nl Ipaviing 4 high wark fureltiomead
printing, and,photolit r 1 el ectrodes.are no onmonl y
prepared by vé%%’r Wﬁ@gﬁ”ﬁ %ﬁ@bgo’f’ %ﬂyr Bﬁ%“g S@Pr’ﬁ@%‘?"e"@%?&’&&f"y
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el ectrol um nesCent material includes, but is not |imted to, fluorescent or

phosphor escentmsatals suchal golth ela@ngranmkvél grephits, sitenes cembinations thereof. The

anode can also be prepared from a metal oxide such as, for example, indium-tin oxide.

20 The cathode can be prepared from a material having a low work function (e.g.,
below about 4.5 eV). Suitable materials include n-doped silicon, alkali metals, alkaline
garth metals, and the like. For example, the cathode can contain lithium, calcium,
barium, magnesium, or combinations thereof. Such cathode materials have a tendency
to react with water, oXygen, or a combination thereof and can be advantageously

25 protected by encapsulation.

Methods for preparing the electrodes include, but are not limited to, sputtering,
vapor deposition, laser thermal patterning, inkjet printing, screen printing, thermal head
printing, and photolithographic patterning. The electrodes are most commonly
prepared by vapor deposition.

30 The light emitting structure typically contains at least one organic
electroluminescent material. The electroluminescent material includes, but is not
limited to, fluorescent or phosphorescent material. The organic electroluminescent

material can include, for example, a smail molecule (SM) emitter (e.g., a non-



material can include, for exanple, a small nolecule (SM emtter (e.g., a
non WO 2004/ 061992 PCT/ US2003/ 032378 10 polyneric emtter), a SM doped

pol ymer, weo booghtisesi tting polymer (LEP), a doped LEP, pg¢rasihspngsk LEP.
Sui tabl e organi c el ectrolum nescent material is described in U S. Patent
No. 6,358,664 and U.S. Patent Application Serial Nos. 09/662, 980;
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Ch | nt 199 U. S, Pat.ent 621, 131; 5 708, 130;
s, 5oy, Duhone; SulEpalgelsay Shkomess due Sl oyt eam Qi Sugitat posiyk]
6,169, 163, %ﬁ:@@lm%&:h@@& cﬁﬁi@fdﬂ@d%]mepwa{m@@&bﬁ@mh&m &ft0655. LEP

materials can be fornedinto a t emtting structure, for exanple, by
casting a sol ventEmph&thmlaésoesmﬁémL@ie hﬁ?mﬂiﬂalalsdndad%ubstrate and

h
mmtoris) | oo Paiehemieinenis P RE R pRRh T Foluben S R R,
speci es. Suijbkeoviebiaes delkldped ind@olfoymérd ¥EbBn&Y tBe@d6n csmtaer& LEPdtah.

Patent No. 5,408,109. O her nethods of formng a light emtting structure
from LEP rrataém ba wolepelpriyidopedudispareedrsith fipprescent dyss o peipluMHRsqent

patt er it 1. LINSIE BN acROL SERPLIOL Wik BB \GRA S8 gl

photol it hogrrg terning YFUETOR coa temtting
structure Cad’d:tllvﬂﬁiawiﬁlsaaﬁ mlnlee Eruapleoof suithble DIEP rhayﬁﬁs afefder&Iibemlaherl al or
ot her el'ectrol um nescent nmateri.al.
20 aft, et al., Angew. Chem. Int Ed., 37, 402-428 (1998); U.S. Patent Nos. 5,621,131;
5,708,130; 5,728,801; 5,840,217; 5,869,350; 5,900,327; 5,929,194; 6,132,641; and

6,169,163; and PCT Patent Application Pablication No. 99/40655.

LEP materials can be formed into a light emitting structure, for example, by .
casting a solvent solution of the LEP material on a substrate and evaporating the
25 solvent to produce a polymeric film. Alternatively, LEP material can be formed in situ
on a substrate by reaction of precursor species. Suitable methods of forming LEP
layers are described in U.S. Patent No. 5,408,109, Other methods of forming a light
emitting structure from LEP materials include, but are not limited to, laser thermal
patterning, inkjet printing, screen printing, thermal head printing, photolithographic
30 patterning, and extrusion coating. The light emitting structure can include a single
layer or multiple layers of LEP material or other electroluminescent material.
In some embodiments, the organic electroluminescent material can include one

or more small molecule emitters. SM electroluminescent materials include charge
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phot ol um nesce material s 25 can be present to convert the |ight emtted by
t he ordéni c ePETtRatint Aippbsations PaleicatiomNes. WO M b335d r(diveleot lanthheide mepli onal
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el ectrol um negsggpsgdevi ce can opti onal ly include a hole transport |ayer
between the light emtting structure and one of the first or second 30
el ectrodes. The hollke prganssigctroluayinescentdicviceseansontigaallyqinelde 8@olsf hol es into

the device angransportmg layer, an electron transport layer, a hole injection layer, an electron

20 injection layer, a hole blocking layer, an electron blocking layer, a buffer layer, and the
like. These and other layers and materials can be nsed to alter or tune the electronic
properties and characteristics of the OEL devices. For example, 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

25 can be present to convert the light emitted by the organic electroluminescent materials
to another color. These optional layers can be positioned between the two electrodes
and can be part of the light emitting structure or a separate layer.

For example, the organic electroluminescent device can optionally include a
hole transport layer between the light emitting structure and one of the first or second

30 electrodes. The hole transport layer facilitates the injection of holes into the device and
the migration of the holes towards the cathode. The hole transport layer can further act
as a barrier for the passage of electrons to the anode. The hole transport layer can

include, for example, a diamine derivative, such as N,N’-bis(3-methylphenyl)-N,N’-
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20 Electronic and Photonic Materials and Devices, H.S. Nalwa (ed.), 10, pp. 233-274
(2001).

In one embodiment, the electrodes, the light emitting structure, other optional

layers, or a combination thereof can be formed by transferring one or more layers by
laser thermal patterning as described in, for example, U.S. Patent Nos. 6,485,884;

25 6,482,564; 6,284,425; 6,242,152; 6,228,555; 6,228,543; 6,221,553; 6,221,543;
6,214,520; 6,194,119; 6,114,088; 5,998,085; 5,725,989; 5,710,097; 5,695,907; and
5,693,446; in co-assigned Published U.S. Patent Application 20020158574; and in co-
assigned U.S. Patent Application Serial Nos. 09/662,980; 09/451,984; 09/931,598; and
10/004,706. For example, the organic electroluminescent material can be coated on a

30 donor sheet and then selectively transferred alone or in combination with other layers
or with one or more electrodes to a receptor sheet. The receptor sheet can be pre-

patterned with one or more electrodes, transistors, capacitors, insulator ribs, spacers,
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e
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non-tacky at gRORLUSIRELALL R el Reff Hifine &fsof'rfgctrgﬁf?é é’i@@cfldlﬁrn%E@ern't al shoul d

not be high enou to cause corrosion of the e odes. The non-conductive
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In some embodiments, the non-conductive material is a polymeric material,

20 Suitable polymeric materials include thermoplastic or thermosetting homopolymers and
thermoplastic or thermosetting copolymers. The non-conducting polymeric material
can be curable or non-curable. Examples of non-conductive polymeric materials that |
can be used include polyurcthanes, polyolefins, polyacrylates, polyesters, polyamides,
gpoxies, or combinations thereof. Int some embodiments, the non-conductive polymeric

25 material is an adhesive such as a hot melt adhesive or a pressure sensitive adhesive.
The adhesive can be tacky or non-tacky at room temperature. The acidity of the
polymeric material should not be high enough to cause corrosion of the electrodes.

The non-conductive polymeric material can be applied as a pre-formed layer or
as a solution or dispersion. In some embodiments, a pre-formed non-conductive layer

30 1s nsed such as an adhesive layer. Examples of a suitable non-conductive layer include
ethylene vinyl acetate or modified polyolefin thermoplastics such as 3M™ Thermo-
bond (available from 3M of St. Paul, MN).
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el ectrode 230. In other enbodi nents, as shown in Figures 4 and 5, the
openi ng 200 dondudtize hayer ehilie stdoneé eleairede theod@hitke preming defimdd ovtde nem- entire
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The i ght erfPRORTGE ST TR DBisal HRsHHS P! SRR PO RSP oo
di sposed on @@yanRa bl attfut bBidilS@WF1268mPlo 4000t 2 ERNM.08In@aS.r ode 230. That is,

the entire
20 In some embodiments, as shown in Figure 3, the opening 200 in the non-

conductive layer 240 is positioned over less than the entire surface of the second
electrode 230, such as the surface that is opposite the light emitting structure 220. The
non-conductive material 240 is disposed on part of this surface of the second electrode
230 and extends beyond the outer periphery of the second electrode 230. In other

25 embodiments, as shown in Figures 4 and 5, the opening 200 in the non-conductive layer
240 is positioned over an entire surface of the second electrode 230, such as the surface
that is opposite the light emitting structure 220. The non-conductive material 240 is
not disposed on any part of this surface of the second electrode 230. That is, the entire
surface where the opening is positioned is in contact with conductive material.

30 The non-conductive material can be applied as a solution or dispersion rather
than as a pre-formed film. Such material can be applied, for example, using printing
methods or masking off regions. As shown in Figure 3, the non-conductive material

240 can be applied to the outer edges of a surface of the second electrode 230, such as.
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The conductive layer can be a deformable film. Suitable deformable films

20 include metals such as copper, silver, gold, aluminum, or the like. The conductive .
layer typically has a thickness in the range of about 1 to about 2 mils (about 0.025
to about 0.05 mm). The surface roughness of the conductive layer is preferably less
than the thickness of the cathode (e.g., about 100 to 300 nm). The conductive layer
is preferably free of defects such as pinholes that would allow introduction of

25 moisture or oxygen into the organic electroluminescent device.

The conductive layer can contact a surface of the second electrode directly or be
separated from the second electrode by another conductive material such as, for
example, a conductive polymeric adhesive. By providing a conductive layer having
low resistivity in electrical communication with the second electrode, the resulting

30 organic electroluminescent device can advantageously have substantial illumination
over a large area without significant loss of illumination intensity across the device.

In some embodiments, an entire surface of the second electrode, such as the

surface opposite the light emitting structure, is in direct contact with the conductive
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20 some of the light emitted by the electroluminescent material in the light emitting

structure. The substrate can be flexible or rigid.

Suitable rigid transparent subsirates include, for example, glass, polycarbonate, -
acrylic, and the like. Suitable flexible transparent substrates include for example, \
polyesters (e.g., polyethylene terephthalate, polyester naphthalate, and polycarbonate),

25 éolyoleﬁns (e.g., linear, branched, and cyclic polyolefins), polyvinyls (e.g., polyvinyl
chloride, polyvinylidene chloride, polyvinyl acetals, polystyrene, polyacrylates, and the
like), cellulose ester bases (e.g., cellulose triacetate, cellulose acetate), polysulphones
such as polyethersulphone, and other conventional polymeric films.

The substrate, the conductive layer, or both can be notched to enhance

30 flexibility of the device. The notches can be in one direction or muitiple directions
across the substrate, conductive layer, or both. The notches can have a variety of
shapes such as slits, V-shaped, or U-shaped. The notches typically extend to less than

about 50 percent of the thickness of the substrate or the conductive layer.
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in the device. In Figure 6B, the el ectrolum nescent structure that includes
the first el ectrod thizembodiment; thafire plectrodey second elegirede 204 lightemitiimgsecond

el ectrode 230 s encapsulated o ne sid the first.substrate 30 t he
second conduct ¥ P& e%’f@?ggﬂghettﬁrét Sggﬁ%ﬁﬁg% 'E?}Bgﬁgg{tbg ?f‘ﬁ’gtbe%eeat?acgéd
el ectr gkun negr@Btecohd Usddichvd By&nransd kiad REomDsbbeat RPpRVide faikle by the
non-conductive |ayer 240 and the first conductive | ayer 250. The anode

contact is tptestionfur thoredeiive cpampoass inghe dayiee-t he cat hode contact is the

RS conductive | iyt ind e R TR 8k 588
210, the light emitting structure 220, and the second electrode 230 is encapsulated on
one side by the first substrate 300, the second conductive layer 410, and the second

20 substrate 440. The electroluminescent structure is encapsulated on the opposite side by
the non-conductive layer 240 and the first conductive Jayer 250. The anode contact is
the second conductive layer 410 and the cathode contact is the first conductive layer
250. The device 490 can be hermetically sealed without having to pattern the device
anode.

25 In some embodiments, the electrical interconnect 420 and electrical interconnect
attachment layer 430 is a single layer such as solder. In other embodiments, the
electrical interconnect layer 420 is a metal foil, a metal wire, or a metallized plastic and
the electrical interconnect attachment layer 430 is a conductive adhesive or solder. The
electrical interconnect layer 420 and the electrical interconnect attachment layer 430

30 both conduct electricity.

Suitable materials for the second conductive layer 410 are typically

transparent and includes a thin layer of electronegative metals such as gold,

platinum, nickel, graphite, silver, or combinations thereof. This layer can also be .
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20 device can be prepared using a material for the first electrode 210 that is not reactive

with oxygen or moisture. Suitable materials for the first electrode include, for example,
gold, platinum, nickel, graphite, silver, or combinations thereof. This electrode can
also be prepared from a metal oxide such as, for example, indium-tin oxide. The non- A
conductive material 240 can be bonded to both the conductive layer 250 and the first
25 electrode beyond the periphery of the second electrode.
Figure 7 shows a schematic cross-sectional view of another embodiment of an
organic electroluminescent device 310 that includes a substrate. The non-conductive
- polymeric material 240 and a conductive layer 250 are laminated to the substrate 300
rather than to the first electrode as shown in Figures 3, 4, §, and 6a-d. In this
30 embodiment, the first electrode 210, second electrode 230, and light emitting structure
220 are encapsulated by the combination of the substrate 300, the conductive layer 250,

and the non-conductive material 240. This embodiment can be used advantageously



conductive material 240 can be bonded to both the conductive |ayer 250 and
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' nclude a “barrier construction” refers to a structure that reduces the migration of moisture,

20 oxygen, or a combination thereof across the substrate to contact the light emitting

| structure and the electrodes of the organic electroluminescent device. The barrier
construction is typically transparent and can include one or more layers. Exemplary
barrier constructions can contain a plurality of layer pairs (i.e., dyads) that include a
barrier material layer and polymeric smoothing material layer supported on a substrate.

25 In some embodiments, the lifetime of the organic electroluminescent device can be
extended by the use of a barrier construction.

The barrier construction can include a metal containing layer. The metal
containing layer typically includes a metal oxide, metal nitride, metal carbide, metal
oxynitride, or a combination thereof. Suitable materials for the metal containing layer

30 include, for example, silicon oxide, aluminum oxide, titanium oxide, indium oxide, tin
oxide, zirconium oxide, indium tin oxide, aluminum nitride, silicon nitride, boron
nitride, silicon carbide, and aluminum oxynitride, silicon oxynitride, and boron

oxynitride. In some embodiments, the metal containing layer includes a metal oxide .



barrier material |ayer and polyneric snoothing material |ayer supported on a
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A plurality of layer pairs of polymeric and metal containing layers typically increases

20 the resistance to migration of moisture and oxygen.

An electroluminescent device of the invention can include a plurality of first
electrodes, a plurality of organic electroluminescent materials, a plurality of second o~
electrodes, or a combination thereof. Figure 10A shows a schematic cross-sectional |
view of an embodiment in which the organic electroluminescent device 360 includes a

25 plurality of second electrodes 230. Figure 10B shows a schematic top view of the same
device. The plurality of second electrodes 230 can be arranged linearly or in any
configuration over the first electrode 210 and the light emitting structure 220.

The organic electroluminescent device 360 shown in Figure 10A and Figure

10B can be prepared by disposing a light emitting structure 220 on a first electrode
30 210. Multiple second electrodes 230 can be disposed on the surface of the light

emitting structure 220 opposite the first electrode 210. Multiple opening 200 can be

defined in a non-conductive material 240. The openings 200 can be positioned

entirely within an area of a surface of the second electrode, such as the surface



el ectrodes, or a conbination thereof. Figure 10A shows a schematic
cross-sectional view of an enbodi nent in which the organic

el ectrol ung nescent device 360 includes a 25 plurality of second el ectrodes
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electroluminescent devices that contain a plurality of first electrodes 210. Figures 114,

20 12A, and 12B include a plurality of first electrodes 210 and second electrodes 230.

Figure 11A is a schematic cross-sectional view of device 370 containing a

plurality of first electrodes 210, a non-patterned light emitting structure 220, and a
plurality of second electrodes 230. Figure 11B is a schematic cross-sectional view of
device 450 containing a plurality of first electrodes 210, a non-patterned light emitting

25 structure 220, and a non-paiterned second electrode 230. The first electrode in these
devices can be prepared, for example, by disposing a plurality of first electrodes 210
and a plurality of non-conductive materials in a pattern such as parallel stripes or a grid
on a substrate 300. Any two dimensional pattern can be used to print the first
electrodes 210 on the substrate 300.

30 In some embodiments, the organic electroluminescent device can be a multiple
color display. For example, the OEL device 390 shown in Figures 12A and OEL
device 500 shown in Figure 12B can contain a plurality of organic electroluminescent

materials patterned between a plurality of first electrodes 210 and a plurality of second



plurality of first electrodes 210, a non-patterned |light emtting structure
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20 can separate the conductive layer from other active components of the OEL device

beyond the periphery of the second electrode. A seal can be formed by using the non-
conductive material to laminate the conductive layer to the first electrode, the substrate
or both beyond the periphery of the second electrode.
As an example, organic electroluminescent devices of the invention can be
25 prepared by depositing a conductive material to form a first electrode that is transparent
to the radiation of interest (e.g., the radiation emitted by the light emitting structure).
One or more layers of organic electroluminescent materials can be disposed on the first
electrode to form a light emitting structure. A second electrode can be disposed on
light emitting structure such that the light emitting structure is between the first and
30 second electrodes.
One or more openings can be formed in a non-conductive material such as, for
example, an adhesive layer having a release liner on one surface or both surfaces. The

opening can be cut through the adhesive layer and at least one of the release liners by,



beyond t he periphery of the second el ectrode. A seal can be fornmed by using
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the opening is aligned with a surface of the second electrode and electrical
20 communication is established between the conducti;fe layer and the second electrode

through the opening in the non-conductive layer.

The adhesive layer and the conductive layer can both extend beyond the
outer periphery of the second electrode. The adhesive layer can function to
laminate the conductive layer to the first electrode or the substrate beyond the outer

25 periphery of the second electrode, thereby encapsulating the organic
electroluminescent device. The adhesive layer also functions to separate the
conducting layer from other active components of the OEL device such as the first
electrode beyond the outer periphery of the second electrode. The adhesive layer
can also function to seal the device.

30 The lamination temperature can be sufficient to soften or melt the adhesive
layer. In some embodiments, the temperature is typically kept below about 100 °C.

For example, the lamination temperature can be kept below about 60 °C to reduce the

likelihood of damage to the device layers such as the light emitting structure.



20 communi cation is established between the conductive | ayer and the second
el ectrode through the opening in the non-conductive |ayer. The adhesive

| ayer andvoherswermdzicti ve | ayer can both extend beyond t her/usedosnspes i phery
of the second el ectrode. The adhesivedl ayer can function to |am nate the
conductive layer to the first electrode or the substrate beyond the outer 25

periphery of the HeCcaBshietREkE10AEesédNEBEREsRAE BRSH hedved PabiSvedignRy 6r
el ectrol um nescent device. The adhesive | ayer also functions to separate the

conduct i ng |¢ayice. ¥y passige displaaer idewce bippreie hassthefanedpeandmathode oriented etPtis t he
first electrod Q r ' y. of d el ectrode. The
adhesi ve | ay‘i%gm%caglg%g?rgg} ?%Hé’ﬁe ’naltggﬁé}g(gﬁ&t%%m g@ﬁ%%%%%gs #ﬁ'e | am nati on

tenperature can DBEhessthadi€ eRBirolhirfeatdne Bevides ¥ the inbentRahag b @sed, &ter . I n some
enbodi nents, the tenperature is typically_ kept bel ow about 100 C.  For

exanpl 8, t heexampien St gsperablightingtpurnosescor 2 bagddights dTanatragions obthebaeldightduce

the Iikelihood of to.th ice | h he light enitti
Structure. VB SHONORTEESoia s UGBS AR, St Bg lifpon iers™ 111 1O
el ectrol um na&&l%ﬂtm@parﬁme@,qrm@ﬁllj@ﬁo@ra@éfé,eeleéumﬁcuen tiyeR! @Miseike device. A

passi ve display or device tégl calTy has the anode and cathode oriented at 90
degr ee angl egydrs.colaabimgpngayers aandrshes tayersaad ashiramateriglosititabledoporgsnisl e. The

organi c el ect,rol um nescent devi ges of .the inyenti.on can.be d,_for. 5
exampl 6. f or R PBERER e i P udutngan A1 dho Rdk S hictEs W8St e o
the bagkl i ghffidesCRAsdsNGEH¢BntPATRNO) brightretd drinaBebrisnd Flmata08 theanedes, _
cat hodes, hole transpor I%grs, el ectron transport | ayers, hole injection

| ayers, el echpplicaliopsiseludn whity endsinglaicelor lasge g single pivd! dampstrndgidigpleayer s,
and ot her Ia%ogrs ?nd ot her fTat.erba S suitable for organic

el ectrolumn %Ig'fll Mgl ads e@é’ﬁ‘% PR i ons can al so incl ude ‘pol ari zers,
diffusers, Iight fgk &ghﬂ@%lechﬁﬁﬁﬁ%scdnt B8l ce3 U InvéntiofFfoan BE LHH RI6H
enhancenent filnms, and the_like. Applications include white and single

col or |arge weelntien digplaysi Gistrnetiags camiaclwde biisl as cirewitisedesnbsisatefe aBedes, si ngl e

sea 481 ow HREsTRRIERPRER, SR RRRot AU liselfu BRE R0 B

circuitized migbh Riyes, eraiRGige fayers]Sol6rdhanERS 1ayBey, Bnd S1ABSIARTE ahdir@fesials

el ectron transport layers, hole injection |layers, electron_injection |ayers,
eni ssi ve | aysti@gbleds Q8L dayinssi Gopstrugtions cangdlsp Bickide pokaigets. dffusarmntight al s
suitable in CEL. deyice r i | hzers,

di ffusers, I% g feélgﬁ%de%}}t gﬁélefg?ﬁﬁ} I&g%%@rag%r%%? hls“ﬂg’gp % tlﬂc;eés
enhancenment Appligatioadigclutie ghapkie.indicator lamps (e.g., icons); segmented atphanumeric

20 displays (e.g., appliance time indicators); small monochrome passive or active matrix
displays; small monochrome passive or active matrix displays plus graphic indicator
Jamps as part of an integrated display (e.g., cell phone displays); large area pixel
display tiles (e.g., a plurality of modules, or tiles, each having a relatively small
pumber of pixels), such as may be suitable for outdoor display used; and security

25 display applications.

The organic electroluminescent devices of the invention can be used as high
resolution displays. Constructions can include bare or circuitized substrates, anodes,
cathodes, hole transport layers, electron transport layers, hole injection layers, electron
injection layers, emissive layers, color changing layers, and other layers and materials

30 suitable in OEL devices. Constructions can also include polarizers, diffusers, light
guides, lenses, light control films, brightness enhancement films, and the like.
Applications include active or passive matrix multicolor or full color displays; active or

passive matrix multicolor or full color displays plus segmented or graphic indicator



Applications include graphic indicator |anps (e.g., icons); segnented

al phanuneric 20 displays (e.g., appliance tine indicators); small nonochrone
passive or_active natrix displays; small nonochrone pasgj Lye
matrix di SPPAYEBIAE graphi c indicator, Ianps as part of f’gﬁﬁ%sg‘{"é’g?%‘?%d

di splay (e.g., cell phone displays); l'arge area pixel display tiles (e.qg.,
a plurality of nodules, or tiles, each havi nclg a relatively small nunber of
pi xel s), such laBpnige--Heses induegs wanstar of bighgesolwiogyslexices sl thesmg! Ryt stamn ¢f 25
di spl ay appli i e 2 } -devi ces of the

i nvention canqgéélsg)gzhf ;agg%hsﬁéﬁ?ﬂ%)égﬁ %?P%QH%%%F%&?QL nstructions can
include bare or ci IMheifdregeidlg dufrsibeathe snveation asterms af émbletimeiits faresden by Pl t
l,ayers, electron transport |ayers, hole injectiq iayers, el ectron

i nj ection | aydrventasgorohich ap ghahliag desgription Nﬁ‘ﬁ@}’ﬂg‘b exPepathsapding thalr | ayers
and mategial s ; ' & 1) [ ; ' ' de
ol ari 26 s aiiprEa e R it o8 B Rior BBSHEURY 2R ) Ity

bri ght ness enhafesnesjuitaldmsthesensl the |ike. Applications include active or
passive matrix multicolor or full color displays; active or passive matrix
mul ticolor or full color displays plus segnented or graphic indicator . WO
2004/ 061992 PCT/ US2003/ 032378 25 | anp wd aser induced transfer of

hi gh resol ution devi ces plus thernal hg’r;)éﬁm@;r’pﬁl—éof - icons on the sanme
substrate); and security display applications. The foregoi ng describes the
invention in terns of enbodi nents foreseen by the inventor for which an
enabl i nbo descr was available, notw thstanding that 5 i nsubstanti al

1
modi fi cations of t i NVEeRA 941 nrese SS
represent equi val em‘)lﬁgl?gtlgfh o = PU%L@%%?EE@%%I&? %Ihaﬁlg%?fgylfi ght
em tting pol ynepanid Eght endsing sliéstict(OLBIRevith 4 tieculdrl eenittinggaes of dnedidh iami tti ng

diode (OLED) with a circular emtting area of one inch in dianeter. A
UV- cur abl e pol §i#B#te&ol uti on was made containing 80 grams of Ebecryl TM 15

629 (UCB Chem cal s, : 3 mEXt on,
) and 2 gram of PaenRsfobme el mal POl A0 SEEBAR =\
di ssol ves i n 1£0QUEERCReHicalbESfymaFGAY, 20kat@8 of SRBE (Rstehier Tgmpehy) BHxdn, Was
coated on a 100 micron PET fil mi&HSPE 100 avail able from Teijin Corp.,
Japan) using aPApandi2 grams of Irgeeiee™ GAG(Ghadpatialty Chemicalswl amytawn ) knur | at

a web speed of digs%I\IeEi/im(SbO grax-rrlg of Methyl Ethyl Ketone. The resulting solution was coated on

—

a 100 micron PET film (HSPE 100 available from Teijin Corp., Japan) using a Yasui
Seiki model CAG150 coater fitted with a 110R knurl at a web speed of 20 ft/min.- The
20 coating was dried in-line at 70° C and cured with an F-600 Fusion D UV lamp
operating at 100% power. The resulting polymer coated web was then sequentially
coated with 35 nm of ITO, 10 nm of Ag and 35nm of ITO to obtain a sheet resistance
of 15 ohms/square. The ITO/Ag/ITO coating remained unpatterned.
A small piece of the ITO/Ag/ITO coated PET was cut from the roll to be used
25 for device fabrication. The piece was cleaned in an ultrasonic cleaning system. The
ITO surface was then plasma treated for 2 minutes at a base pressure of 0.030 torr,
oxygen flow rate of 500 sccm and Rf power of 400 watts, in a Plasma Science plasma
treater (Model PS 500 available from AST Inc. of Billerica, MA).
PEDOT 8000 (poly(3,4-ethylenedioxythiophene)/poly(styrenesulfonate) also
30 known as PEDT/PSS, available from H.C. Starck, Leverkusen, Germany) was diluted
with IPA and spin coated onto the ITQO surface using a vacuum spin coating chuck.
Spinning at 3000 rpm for 30 seconds resulted in a PEDOT 8000 thickness of 90-100

nm. The PEDOT was dried in a 65 °C nitrogen purge oven for 10 minutes. The pieces



20 coating was dried in-line at 70 C and cured with an F-600 Fusion D W
| anp operating at 100% power. The resulting polyner coated web was then.
sequent i aMooogeEaded with 35 nmof 1TO 10 nm of Ag and p&R063d3759st O
obtain a sheet resistance of 15 ohmstsquare. The I TO Ag/ITO coati ng
remai ned unpatterned. A small piece of the | TO Ag/ I TO coated PET was cut

fromthe rol Lvefeqxﬂgfeﬁ%&ﬂum 2%tk cn%?_réjéﬁﬁle{?%%x}e |28 -areTﬁlﬁ%eQiicﬁa‘i 28§ °€hganed

in an ultrasonic cleaning systéem surface was then plasnma freated
for 2 m nut eplaatfon? haswepfos Sisntree PED@T 800D dryimg. Theyid¥OT BOOM wat @ of 500 sccm

and Rf power of 400 watts, in a Plasma Science plasma treater (Mdel PS 500
avail abl e f r%‘?ﬂdﬂ?ﬂ"’ﬂ gﬁmﬁf%ﬁ?w@? ’I\/Sf}lﬂg 8000
(pol y(3, 4-et hyl enee@ﬁmmwadﬁ%%ﬁﬁ wﬁgﬁ,ewme%ﬁa Ccalda o@gﬁi&nom as

e fr Lever ku i

PEDT/ PSS, avai |l abl omH C Starck, sen, Germany) was uted wth
| PA anfl spi nSem&badicomt Guitt, Braiifen Gearomnyswagspin vaatedonis giePEDATI&H0 chuck.

Spinning at 3000 rpm for 30 seconds.result in PEDOT 8000 thickness of
90-100 nm THECPEBRE a3 m chif i%wﬂ@g %2359555 wﬂﬁuﬁe@@w@#ﬁ%%ﬂ a6
m nut es. Thenﬁitﬂﬁles WO 2004/ 061992 PCT/ US2003/ 032378 26 were transferred

into a nitrogen atnosphere gl ove box and are placed onto a 100 C hot plate
fort mnutes for fAuwndieporfRDATh8TDO sdrfydengas cltrnedPECEP 80OPEWSH for conducti ve

pol ymer and functjoned_as a_ buffer er. Covion PDY132 LEP (0.5 W% in

t ol uene, avaF‘Pfﬁﬁt@gf‘?%ﬁa%‘i/'hBﬁ“@eega*l%éxé)ngéﬁﬂ%ﬁﬁ’G%F‘Hr IeGEr ankf urt ,

Ger maRy) was spin : A . | huck.
Spi i 8y 5t 2500 Camrps wagfiel sy abl SRS vigHEhBE v ot B TR
portion of tkhafidcE@reugh amaskvevithalsaimd dimétEPomnthgPRICEr Was theooatumat | ng t he

oS oboc P gt Y TP A B ok Sl i e eihed ebad T
through a mask wi tpje ?ﬁﬁgﬁnét%%%ﬁﬁ%%e fepaLAGy c§tih%§r0.3‘%htd?ﬁﬁet¥ ¢m

deposited to 3000 A on top of the ta usi ng the sanme nmethod and
mask. The enoapsfithamidiie ofd ZmhmkdSmer geqrd 3M Ul ymothtond 8¢5.aT0e 3M™ch

di anet.er hol out_of the m ddle 5 5 i ece.of 3MIM Ther no- bond
845 e awT i@%ﬁ@ﬂfﬁ%ﬂ&‘ﬁ%&ﬁ%ﬁ%&@ﬁi?%@*?ﬁ% R M85 e 35m
pi ece of 4 mg 1mbi-cPPer (GLPPR pik&i of IMPETRIrRE AR /HPM ThepaRdpNdp /b aPPer
was pl aced g]I(l tlggggfﬂa& 300 F 121148 C) hotplate w tcr:dvtghe léggﬁsoper facPr?g down
and 3MIM TheB6® 08 "Chbotplte with dictdoppérdading down end WA Thasnahbiind fkvgno- bond
/ copper was %{3 'w?%ﬁe Eigcrrrgr?lg\bed. The 3M™ Thermo-bond /copper was allowed to reach

temperature for 5-10 minutes.

20 The flexible OLED device was placed in contact with, and allowed to stick to,
the 3M™ Thermo-bond; the construction was then removed from the hot plate, placed
on the floor of the glove box and the two pieces were laminated together with a hand
roller. The resulting encapsulated OLED device emitted light when the copper foil L
and ITO coating were connected to the leads of a battery.

Example 2
Several orange-red emitting OLED devices were prepared on 22 mm square

(1.0 mrmn thick) ITO coated glass (15 ochm/square, Colorado Concept Coatings LLC,

Longmont, Colorado). The ITO coating was not patterned and thus covered the entire
30 surface of the glass substrate. The ITO coated substrates were cleaned by rubbing with

a methanol soaked lint-free cloth (Vectra Alpha 10, Texwipe Co., LLC, Upper Saddle

River, New Jersey) followed by a 4 minute oxygen plasma treatment (full power and 5



tenperature for 5-10 mnutes. 20 The flexible OLED device was placed in
contact with, and allowed to stick to, the 3MI'M Therno-bond; the
construction was then renoved fromthe hot plate, placed or of
the gl ove "f3004Mel%he two pieces were | ami nated toget herpﬁf’p#@?[ﬂ;ﬁ%

roller. The resulting encapsul ated OLBD device enitted Ii ght when the copper
foil and ITO coating were connected to the | eads of a battery. 25 Exanple 2
Sever al or angesirexgganiPiasinagPréinED 938\ Flessativss ysteprse o, ébrinBA@swinksear e (1.0
mm t hi ck) 1 TO,coated gl ass (15 ohni square, Col orado Concept Coatings LLC,
Longnont, Col 6‘-?%’ The I TO coating was not patterned and thus covered the
entire 30 surface %nﬁqﬂ@otﬁ's@ﬁxﬁoﬁklpﬁfol w4 The I TO coated substrates were

cl eaned by rubbi ng a et hanol” soaked lint-free cloth (Vectra Al pha 10,
Texwi pe Co. bﬂh@lenuppreythSahdieypolst{svsemesnﬁmal@r(é@W)lrﬁmlBatmed PAPS3, Bayrrnut e

o] en Iasmatre t ment . (f ower an 5 2004/ 061992. P USs2 03/032378
2)7(ygsi xy gen L CEITAEGSED, ﬁ%ﬁﬁ“@l"e@fglﬂﬂa ¢ e%ﬁﬁ%%ﬂﬁg RIGP fp etV

Brunswi ck, Ne$h ndffiB€YThe BiyiSAUeE3 W& diddnabctdfe &t(add4onctioned as a buffer
et hyl enedi oxyt hr ophene) / poly(styrenesul fonate) (1% solids, Baytron P 4083,

Bayer, 5 Levéayku e’ElmBas@mrfaW and JTOpioated snbstwates rvese dhied for dameidutespohed

substrates to The Baytron P 4083 was a conductive pol yner
and functi oneﬂg?&%"t@%@@‘mﬁ Iag(}r’]@’r eéayt ron P 4083 and 1TO coated

substrates were dritedchaed alﬁasﬁatey&;el% tBRAsRrred 10£L80 ar Ebzﬁ}fo@adbﬂ%ﬁm@exféjﬂw of
nitrogen. The coated substra%es wer e transferred to a bell jar evaporation

chanberiGand t@acelwdu@ab:wttla &HDuEaYEOiﬁ 306rA th.@lyHN-%ﬁ@@@ﬂlthal@mZe}ﬂ)-N N'-

N, N -b 3-

Sands Corp. . PRy Doezine . o 3 RS R e R A
from East man 'Sg‘éﬁ-ﬁa h l magheat gADNl\%mq}%EL%%VKéd%k do%Rochester NYQ) doped w1th

4- (di cyanonet hyl ene -butyl-6-(1,1,7, 7-tetranethyljul oli dyl enyl ) - 4H py

ran (DCJTB, flWoﬁﬁ(ﬁaﬁmthﬁ@@wwﬁdmﬁyl%ﬂhh%ﬂetﬁt;armt)lylj!dnhﬁ)@@eewl)t-mﬂwrm| s(8

15 hydroxyqur 0) upiter, FL)
were  ther mal r@ﬁﬁgcﬁ ]ine‘%‘s ‘aa.?% 3%&8{}]8?}1 s?@%&sﬁg@f{l@g&ﬁ%ar ning a
19. 5 mmssquar szdﬂﬂ?@nhxﬂ&moﬂh@)aﬂﬁ@nﬁxﬁ&ﬁl@%ﬁESNGSa*}ﬂb€oh§ ATUPREY, FL) a)ed t he
ADN and Al Q functioned as an electron transport |ayers, and DCITB was a

fl uorescent dyhkermely deposgedipearencethrough a shadow mask containing a 19.5 mm square
opening. The NPD functioned as a hole transport layer, the ADN and AlQ functioned

as an electron transport layers, and DCJTB was a fluorescent dye used as a dopant to
alter the color of the light emission.

20 The organic coated substrates were transferred to glove box that contained a
thin film evaporation chamber (Edwards 500, BOC Edwards, England) for the thermal
deposition of cathodes. Layers of 100 A thick AlQ (from H. W. Sands Corp., Jupiter,
FL),7 A thick LiF {from Alfa-Aesar Co., Ward Hill, MA), 200 A thick Al (from Alfa-
Aesar Co., Ward Hill, MA), and 1,000 A thick Ag (from Alfa-Aesar Co., Ward Hill,

25 MA) were sequentially deposited at about 10”7 torr onto the organic coated substrates
through a metal shadow mask that contained a 1 cm? circular opening disposed such
that the cathode was in the approximate center of the substrate.

A piece of 3M™ Thermo-Bond 845-EG thermal laminating film on release
liner (2.5 mil adhesive thickness) approximately 100 x 50 mm was cut from a roll of

30 the material. The release liner was marked to form a 2 x 8 grid of 25 mm squares. A 6
mm circular hole was cut in the center of each 25 mm square using a hand-held pliers-
type paper punch. This was placed onto an approximately 125 x 75 mm piece of 0.05
mmn thick Al foil (McMaster-Carr Supply Co., Chicago, IL) with the adhesive side



alter the color of the Iight em ssion. 20 The organic coated substrates were
transferred to gl ove box that contained a thin filmevaporation chanber.
(Edwar ds #@o0&68dvezdwar ds, England) for the thermal depqsifd at hodes.
Layers of 100 A thick A1Q (from H W3agSands Corp., Jupiter 1/{]&2@@.{3537&'&\ t hi ck
LiF (from Al fa-Aesar Co., Ward Hill, MA), 200 Athick Al (from Al fa- Aesar

Co., Ward Hi ) L. ' rd Hill,
25 MA) V\erekédetacl%%tﬂll%ﬁhg %‘é%%%‘ﬁ%%%#%%ﬁ%gﬂyﬂ%?ﬁ?ﬁ? glhtp%e g’r%\grﬁ c coated
substrat es 01026 nohbs, Ihee}-phned Tadpanyradéveldal, OInvith thedclaast limePside r cul ar

openi ng di sposed, such that the thode was in the approxi mte center of the
substrate. BOHPEEE thy alswpnurm Bldieo - T oD E@%@Pﬁﬂ%ﬂ%ﬁ?%ﬁ%ﬁmugh@on

rel ease |i B¢ t%gﬂafﬁ% s & j appE ; was
cut froma rQ gf)]llgo 3 t%@%?ﬁ%@ﬁgﬁe easée’ |%F%\k/%’sﬁ%g’rlﬁlé%9‘%é§q} orm a
2 x 85grid oferainguanapproaimselyA0d “Guo aminate alte &ihcsiveviitm caitheiAl fothendent er of
each 25 nmm square using a h nd-ggigdl? | iers- type paper punch. This was

1

pl aced ont od&iqTma g o4l ke the § mp eARDEHESe of 0.05 mmthick Al foil
McMast er - Ca . - ! e - :
(2004/ 061093 L&fﬁ@%@%&%%*Fgﬂﬁoféglﬁi‘%%?ﬁdag‘h%%@g?’ﬁﬁ#ﬁ??’aﬁﬁg}é&iﬂ; was in

turn pl aced seissossnined 26nnnvsguated) @d(bdonghdirto the. flave boxcdvasmining the@rpgieaied
Conmpany, Ceveland, OH) with the rel ease liner side cqntacting the al um num

plate. Thisemeting RUEL desacash Qe of e T sqyates 965 S Ll scigsors 1o ghqut

t her | am I [ | - ; , Mchigan) 5
oper gﬁ ng atlagltggrs %%Jﬁg%cg?f;ﬁ}ﬁt?%%ﬁ @g&gﬁ%m%}?g#ﬂ%ﬁggﬁgéﬁvngdg@% to the Al

foil and depmoxinideecdntdrlof kit filni. HEheGelrnselines was thidnaemdhabandahe The | am nat ed
Al foil was removed fromthe alumnumcarrier plate, cut with scissors into
25 mm squar E8CaPaHatn Aoy es Placsd athgicatheds side C8 ARaPHNR G2 1THE SHIEMGEE R d
emtting COLER.:devi : . tJ.l i Lssors to
abott |70 1E R CHER R (RGARe<ieIRy of BB SRR ER o T T Bl WU

remai ned at GUBED dppcoaddtht 6 nue hbkerthmigh tte ddhksive Byer wad appseximatelr was t hen

removed and the  encapsulatin il mwas, placed ontp the cathode side of one

of thbk 22 meFuEEdPEe E@tﬁ%‘%\ﬁgféé%é‘%’m?hsﬁh‘?ﬁa & 28 HEBYRRhefah iep WSF€ t he

encapsul at i i i i i hol e
eglgglggﬁgﬁﬁﬁ;ﬁ@gtgegﬁ%&& fie TR ER PN fﬁﬂ,c\véshﬁ%@aggt

t hrough t he ximately 15 centered over t hode of
t he devi ce. lihipatedththedOldid devise mahe plegmatrogemermaephere afohpglevebyx bpver ed™ by

th | at i fil I ti il th I, inated t
he OLED dePReuthe AHEBRORIOCn A gL et BB Gr R PR RISy

Industries, Livingston, New Jersey) that operated at about 100 °C.

20 Upon cooling, anode connections to the encapsulated OLED were made by
contacting the ITO of the substrate anywhere on the periphery of the Al encapsulating
film and cathode connections were made by contacting any portion of the Al
encapsulation film. When current was applied, orange-red light was emitted from the ' )
device. At 6 mAfem” the current-voltage-luminance characteristics of the laminated
25 device were essentially unchanged from the device characteristics prior to the thermal

lamination encapsulation procedure.



passi ng the assenbly through a 2 roll thermal |am nator (Bestech nodel 2962,
Rose Art Industries, Livingston, New Jersey) that operated at about 100 C
20 Upon cooling, anode connections to the encapsul ated OLED were made by
contacting the ITO of the substrate anywhere on the periphery of the Al
encapsulating film and cathode connecti ons were nmade by contacting any
portion of the Al encapsulation film \Vn current was applied, orange-red
light was emtted fromthe 1) device. At 6 mnAcnR the
current-vg#éggﬁiluninance characteristics of the | am nated 25 device were
essenti al anged fromthe device characteristics prior to the thermnal

| am nation encapsul ati on procedure. 29 CLAIMS 1. An organic

el ectrol um nescent device conprising: a) a first electrode; b) a second

el ectrodel- c) Anjorggnic edqgtrotunyigessent device eoraprgsed bet ween the first and
second el ectroges; thﬁe%BHQ@Ctive | ayer di sposed over at |east a portion of
the second el ectrode; an e) a non-conductive material defining an opening
t hrough whi ch bhe coswoned ¢elearodeayer is in electrical conmunication with the

second el ectrode, saj.d non-conductive materjal .c risin her mopl astic
pol ymeric mat egl al ,? hﬂgreg"tﬁm% Ft)ruﬁll‘fg d?@ﬁ%ﬂg’et@fc&f'}eﬁﬁ% qng Sf%ngieie l‘E?C{gg’cont act
wth t _he non- cgnducy édfﬂu&?@eqwe@kijsp@seaf&yerrh@ ldaktcarpo@tﬁox{ 61&h§;ﬂ%éﬁrﬁ’tﬂel@dtﬁﬁ&;rdﬁﬂe
extendi ng beyond the opening, (i1) the area of the opening is smaller than

the area of th® sur#eecesduetiie majeral definingan preaingdpiowEh paiohrike eanduetiveni t ti ng
structur e%aﬁ/@ﬂg it{ élhé})icﬁgblp!}%ﬁ&h@&?wﬁlﬁ i s@é{)rnh%i:e%trgnﬁ]e, %zﬂ& nm?—ggﬁcﬁlgm%t%ﬁ{ﬁ layer

opposite the second el ec € are I n contact w e conductive Tayer. 2
The or gancamgiisig # thernophesic polynedav nteeriaf, whiesiin{ilthe sévené electréde is onditect | ve

| ayer extends beyond the peri phery, of the secqond el ecfrode ,and the
o o an BT WG fon congBs iy RHEertal frLan BRgres L i SeRgid PSR PHERDRE o
el ect r odephema st dpaRinp i) RRQIA otfthd GO&HlcPHRR tROHEa ofdhe McOLOMRBI C

ni
el ectrol um™nescent device of clai m(?ﬁ wﬁerel n the thernoplastic polyneric
materi al ewapd ¢leetendg eppenite shalight amittipgsterctisniand Elibell potions ofaswefaee ofdld ce of
claim1l, r e i o . i .
el ectrol uﬁgﬁé@ggﬂé‘gﬁ%&?éé&gﬁk g‘]e:s?%&@,sewv?ﬁég‘%rﬁ ”F%oé{qlﬁ”gtb leelnéeog'fi Lrl%l glaygrdrrpri ses
a transparent |ayer of a netal or netal oxide. 6. The organic
el ectrol upi nescent device of claim1l, wherein the second el ectrode
conpri ses?an o T Rereii ol nep el deriso R e AP ot renrheicandlcidte IREn, or
conbi nat i ggteddd®kfetd the periphery of the second electrode and the non-conductive material

separates the conductive layer from the first clectrode beyond the periphery of the second

electrode.

3. The organic electroluminescent device of claim 1, wherein the thermoplastic

polymeric material comprises an adhesive.
4. The organic electroluminescent device of claim 1, wherein the device is encapsulated.

5. The organic electroluminescent device of claim 1, wherein the first electrode

comprises a transparent layer of a metal or metal oxide.

6. The organic electroluminescent device of claim 1, wherein the second electrode

comprises an alkali metal, an alkaline earth metal, n-doped silicon, or combination thereof.



30 7. The organic el ectrolum nescent device of claim1l, wherein the
conductive |layer conprises a deformable film 8. The organic

el ectrol um nescent device of claim1, wherein the conductive |ayer

conprises a netal. 9. The organic el ectrol um nescent device of claiml,
further conprising a substrate, wherein the substrate is substantially
transparent. 10. The organic el ectrol uMdnescent device of claim9, wherein
the substrate is flexible. 11. The organic electrolum nescent device of
claim?9, erein the substrate co i ses barrjer, construction. 12. The
organi c elect rJBll‘etﬂFEWé%‘gl WOI%W§%H€4GVW8f&a ? Rrigithe ‘E%@“‘HH’FS?Y(?F

const r uct ggmbrisePaBfoRRblAfiEt al oxi de, metal n|tr|de netal carbide, neta
oxynitride or conbination thereof. 13. The organic el ectrol um nescent
device of claim9, wherein the substrate, the conductive |ayer, or a

conmbi natign t e [ . ] t device
of ol o m T wniyarperth BBl sechtlekidr ORHET, Snit HIA QrIRIERE., o
and each tompwiseed metat.ode can be independentl|ly addressed. 15. The organic

el ectrol um nescent device of claim1, wherein the non-conductive material
defines a plurality of openings and wherein the conductive layer is in

el ectricab commaub&sal bie@roMihihctdift RRELVHRICE fARS cfohfp%iﬁﬁ alsQBstitelr al i ty of
openi ngs. 16. The organic el ectrol um nescent device of clarm 15, wherein the
pl ur al i t ywhéreiogbshsubgisate irsubstantially tnaespereatr angement . 31 17. The organic

el ectrol um nescent device of claim15, wherein the device conprises a
plurality of second electrodes and the plurality of openings are aligned
with the phuralhdotgafic elsacdmdinetoent devtte sl clhin 9, Nakerein glasubstedte Giffealbln nescent
device of claim 17, wherein the device conprises a plurality of first

el ectrodes aligned with the plurality of second el ectrodes. 19. The organic
el ectr ol up) NesERIYroRY bIeQrdimleddent @e%we‘@f@@l'éﬁh 9, ﬁﬁ&&n@ﬁé dubSttaté Edrprisasisl

second el ect rodes can be i ndependently addressed. 20. The organic

el ect r ol ubdrrierswasituctieni ce of claim 1, wherein the conductive | ayer extends
beyond t he periphery of the second el ectrode, the non-conductive materi al
separates the conductive layer fromthe first el ectrode beyond the

peri pherylnf tThe agatodeetaehnestent dsd of blaink il [ Svhedie tid Rederesignesolbeyond a

eri phery of {he conductive |ayer and the non-
P P ycomprlses a metaﬁi oxide, metal mtrlde metal carbide, metal oxynitride or combination

thereof.

13. The organic electroluminescent device of claim 9, wherein the substrate, the

conductive layer, or a combination thereof are notched.

14.  The organic electroluminescent device of claim 1, wherein the device comprises a

plurality of first electrodes and each first electrode can be independently addressed.

15. The organic electroluminescent device of claim 1, wherein the non-conductive
material defines a plurality of openings and wherein the conductive layer is in electrical

communication with the second electrode through the plurality of openings.

16.  The organic electroluminescent device of claim 15, wherein the plurality of openings

are in a linear arrangement.



conductive material. 21. The organic el ectrol um nescent device of claim 20,
wherein the first electrode is not patterned. 22. The organic

el ectrol um nescent device of claim 20, wherein the second el ectrode is not
patterned. 23. The organic el ectrol um nescent device of claim20, wherein
the first electrode faces a substrate and conpletely covers the substrate.
24. The organic el ectrol um nescent deviYle of claim 1, wherein the
non-conductive material conprises a polynmeric material and a desiccant. 25.

The organi¢ electrol um nescent devjce.of .claiml, wherein the opening in the
ron- conabt i vET S BRI inetRil Aicias S Tb opn o Wi dhsied aPBER 80 1 ha
i's not di predityofeestd didttrodds £l thepTutality i opéritigs 4¢¢ Bligned with the plurality of

second electrodes.

18.  The organic electroluminescent device of claim 17, wherein the device comprises a

plurality of first electrodes aligned with the plurality of second electrodes.

19.  The organic electroluminescent device of claim 18, wherein each pair of first and

second electrodes can be independently addressed.

20.  The organic electroluminescent device of claim 1, wherein the conductive layer
extends beyond the periphery of the second electrode, the non-conductive material separates
the conductive layer from the first electrode beyond the periphery of the second electrode,
and the first electrode extends beyond a periphery of the conductive layer and the non-

conductive material.

21.  The organic electroluminescent device of claim 20, wherein the first electrode is not

patterned.

22. The organic electroluminescent device of claim 20, wherein the second electrode is

not patterned.

23.  The organic electroluminescent device of claim 20, wherein the first electrode faces a

substrate and completely covers the substrate.

24.  The organic electroluminescent device of claim 1, wherein the non-conductive

material comprises a polymeric material and a desiccant.

25.  The organic electroluminescent device of claim 1, wherein the opening in the non-
conductive layer is positioned in an area of the second electrode that is not directly above the

light emitting structure.





