eder/((),++:.6/Tr/v CT/US99I ~23775 WO 00+22683 THI N METAL- OXI DE LAYER AS
é ABLE ELECTRON- | NJECTI NG ELECTRODE FOR L| W\WTTI NG Dl w@hﬂr&l—ﬁb@: THE

| NVENTI ON Thi. s | nventl on rel ates gen M\N\\M\\X field of

di odes (LEDs)YOM#8harticularly. m relates to o? ’r‘ﬁ%ggq}g
emtting di odes which enploy an el ect ron=inj’ecti ng cat hode conprising a
thin layer of an oxide of a |low work function metal. Mre specifically) the

present i nventi orTHEY MEEAL{OXEDE L4YER 4% S3ABIE ELECERON DIBCTINECt | ng

anode | ayer; (b) an el ec ) an em ssive
| ayer; wherein: (i) sai dt“fe%g!ﬂﬁ g% E?@WW%@& g)gﬁ\ﬂéﬁ(én sai d anode

| ayer and said cathode layer; (ii) said em ssive |ayer conprises an

el ectrol um nescent, sem conducting. organic material; (iii) said cathode

| ayer conprises a |ayer of netal FIBLOFENE RFVENTIOMNnNess of from about 15
to abou% 200 Al; and, (iv) said netal oxide is selected 15 fromthe group
consi stPng of alkali metal oxides, alkaline earth metal oxides. |anthanide

met al oxi desTpanghentist }Hizﬁe% éeh@xraﬁﬁo th@ﬁ%%@ﬁhﬁrﬁi@tl %‘cﬁﬁﬁ&h(‘llEtDst) hivore

application, various publications, patent and I shed pat ént

applicati onspa'neulaléf ghis menmmlam o dl-:gtamellghhgnmmgatdllodcﬁ Whmh lemplay=eni ons f or
t hese documenl b{a oun % at _the englr the eci flg LI on | dtl ately

pr ecedi ng th%e‘étr%ﬁ jecting eathide SopPIIFaE @ "‘9*}?(8’ PHde PERLO™ Bathe §‘°%nd

publ i shed pahRn. me&gﬁeuﬁaiuwﬂﬁ préksr iaGRidn lrélatbbtosLEDQH}ﬁ@idd?xﬂbrﬁée her eby
i ncorporated by reference into the present disclosure to nore 25 fully

descri Bé t he(adedole- lafecwgem@d@ layer; Wi aptelechpa-injpsting qagiwdg daesiand, (chewdes and
partlcularly j t

organi ¢ pol y%rwlglrsgiml hg;\}gl g’t);g %g% %Ep'tq%yee% B{e?@}&gaitb Weﬁgggaﬁgg&n@ ?alan?or
use in displsad ta&bdrd@dh;@g,;(u![ 8iid emisgivs layer eadmpnsw%selealr@lumlmsceadt, , 1991).
Anong t he prom si materials for us |vela ers |n pol.ymer LEDs
Ao Dol v phestHiGENGHTE, Pigams sl (G ga0 SAROTE 140EF SaRTAFa 15T PEPeGh eRss
pol y(2- met hopyimr z(%1dﬁé§§%lffljaﬁ?(éﬂoﬁf<y§tb]ab6ﬂtmw|ﬁﬂe(2W é?:Yd ﬁl@i%) oxidEiFENcted
sem conducting polyner with an energy gap E V. This material is
-~wuV~15 28 fremghe g00OB cansisgog 20884 MER Q¢szalka5nqj@sﬁrmb@b|oxndemiﬁn&auaeau
in Widl et 1993a, AnQ rial described as useful in this
application '%“gfa] %)flgfsz %ﬁ 'xgﬂg%%]?%éﬁanoxy) -1, 4- phenyl ene vi nyl ene).

BCHA- PPV, a sem conducting polyner with an energy gap Eg of - 2.2 eV. This
material is described in nore detail _in Wdl et al., 1993a, 1993b. O her

sui tabl e polynmers include, for examml y(3-al kyl t hi ophenes) as
descri bed by Braun et al., 1992 and rel ated derivatives as described by
Berggren et al. , 1992; poly(para-phenyl ene) as described by Gemet al. ,

1992, 230d i t Shrovghoul thivapplivaiionyemions peldicetionsepatents, iad publisted paten993; and

B e e B By e P Bl 0 43R s,

al so useful gy bOeouaght the eh@¥fthe kpeciitalioimrhedibelSpresisieme ciangsl Pye Zhang
et al., 1994bh. Al so useful are blends conprising two or nore conjugated

pol yrers, asdigdaniesd thampblieations.aatentss groipublishearnateny spasificatipay iqreiceddn as

active |ayer ] I rs,
ror e apeet 11 Py REUbaFe okl hlibilels 8¢ RAGRRL il B2 BN M AGDR tore

phot ol @i nestdlydescriba thestdté bf the aet 1 phichithis alveptieeperaimduct i ng conj ugat ed
pol ymers whi ch exhibit 15 photol um nescence and which are sol uble and
processible fromsolution into uniformthin films. In the field of organic
pol yner - basepiddeOend ;Safmdu&r@q{EEPan&@ngedIBﬁé%XLEHsﬁaﬁhba\’t@Jl Wlﬂﬂ'&ﬁw‘g@ﬂé& of-géﬂﬁt Ion
netal as the anode, which Serves to inject holes into the otherwse filled
(err)-band opolgmer layers haveatirastedtattantionaug do theirpetensiskbfonuspisl display terksiodegwvel v

arves to | mbEeugh Bt ol O RBRRERY. 3907 AR B Bk S R,

sem coBduct i agive flyestin pblymeNEEDE Gie p@@(pmmenﬁmymegsmwamb sélubleidafiestivesl at
t he anode and the el ectrons which a ted at the cat hode reconbi ne

radi ativel y 9RRV suchiqe paly(3- m@thoayér@aﬂbylrhegwpxy)sl,érﬁhemélene vinylsaeMEH t eri a
for suitabl N

Typi cal rel S?ngcgehﬁ%ﬁ“&{“?d’%ﬁﬁ@wn enééf*é?l a? oltgr bXUée a‘;ﬁftlisnoét%ﬁﬁl&se“ al s
i ncl ude transparent conducting thin filnms of indiunmtin-oxide (see, for
exanpl e, Burroughs et al. , 1990, Braun etl al., 1991). Alternativelyu-thin
films of polyaniline in the conducting t 30 eneral dine salt formcan be
used {see, for exanple, Cao et al , 1997 CGustafsson et al., mmﬂ t
al ., 1994, 1995, and Yang, 1998). Thin filns of indiun tin-ox I”wmm’ﬂmﬂ
films of polyaniline in the conducting eneraldine salt formare preferre
because, as 2



?8 Mar ch 2003 I ~r~ " ~w,u~ L L , ~r VvV, ~r,r...... M-
....................... WD 00l ZZ6B3 PCTI t JS991~ 37'@@ m5,§|ﬁ1§9@3 ent
eI ect rodes) “ngolmghgr mt the emitted |ight $omthe LED to radipgirasbs b t
device in useful levels. Typical zelatively |ow work fuactiea~ netals whi ch
are suitable for use as cathode 5 materials are nelds atrch as cal ei uar,
nmagnesi um ibR&E t pe
t he em ssi vdg%gagéel A’?B}e (ﬂtﬁl' eot ro?J ‘?Ixfljﬁée%oen O%r a?er[%P Q‘L'%cﬁ Q&‘g &ggu&h?thgso
shorts and appnmeﬁlisa;hdly(zsﬂabrs(chdme;taﬁexy)tlf %hmner%dwm) (BCHheBIEV JOw wor Kk
fiu~etion netals) such as) faor exanp magnesi um i n 5|Iver anti
al | oys of ISF’E‘I'ﬁOB%‘Qt@Bé’P §Tritithan arreéghs wﬁym% €decihis Brategiabingescrived in

VanSl| yke) Fl I thic '
el ectron i rq? ] eg%cg %F%Ségl | ggggeltggg‘%o h%s‘@]gﬁ@é’é’ 1¥'P8rﬁ1’%%%d§t 66%%le’about
5000 /s (seahe f)dlg(3€2mﬂﬂh@§he\ié@’) abldgécribed b Braunfer kB NPRtandrelpted Advatiakano a

.) 1994, Kido et al. Alower limt of about 200 to _about 500 Ais
r eqU| red i ilessrped by @efgﬂfﬁ? é! q!oﬂ??%lmbépqrﬁmmbflmeb apdeperibgrbhy Pem ¢ @at hode
| ayer (see) r t Ut : et
err.) 1996; 19 9 gggggﬂg @igbﬁ?&)a% qe;&l g%??ﬁéaﬁg?%algc}%gg’ gdc?\t/1 %gégsnoﬁﬁﬁ?é er
cat hode Iayiescs:bwbgPlaner €\96da.t Blandouf ctmjumatdd semeapdudtmigipobyniars wéthp oxygen
and water vapor away. fromthe, actlgyve arts of the device. U S. Patent

5677, S72 dBAspHIaEd oftiog arrist pelymersaje alse dseflAsithgacive su i RIMPeTa: ad a
cat hoge (27a)pd) ﬁé’&é&grnﬁ’edWZ%%% bl YRogabkaliid el aR Bl cBfth h@mg%@br ke
20 Unfortunately al t hough the use of low work function electrodes 1Is

roqui r ed f@pm@gate@p@lumersmas described by uer ebtlﬁ@laﬁemrehy trhagerials fooaiee and f or

sstl stactor, enf ction. met are typically
unst abl e af me é%&?‘ oééaf' PEE@% "%ci‘?aégesﬁ §a‘“&a98\”ge‘§§8?‘y£%°‘%

t ~enper at urspeoaﬁwlp\semxdamdwiﬂggmﬁigsiey patymﬂrsewaicﬁdxm&ttpﬁatomﬂﬁmbs&@& and

Al t hough aIonl ng such | ow work function netals with nore stable nutals,
such as) f &Hll @esepresifically semicapduntingicppiggatednelymersiviisk exhibitat t enpt s to
|y oe SN ghi @Rk AlecRinib e sbnl%ngag@g;raeeegb@ HAP LRSI thitBmihal! ©
with xespect to reaction wt en an wat er “vapor éurln dev
fabricati ofiland processing. 30 Despl te inip~ rovenents in the const uctl on
of polymer LEDs, a persistent problem has bean rapid decay of the device
ef ~eiency (and light output) during stress, especially at el evated

teraper at angthe flted &f drganit poBnderiiacs LEDs, lpwcmm@nftye A 2RO APl Workuse
as electron-injecting gcon?arc?ts in organic (e. ﬁ]rpdi/thEDs V\ﬁ?ﬁ%‘l have

i npr oved stf'éﬂch‘ol’ m%alm the anedparhick éel’r"@détlméﬁ hmiess hm@x Beyetheravise ﬁ\l#tdé?'baldmfr

AVENDD 5 i GY, e st SRS pol il REREFL IR orC RSy el

2: kﬁl [ nﬁ ﬁ@rdﬂrrremeztsathesca-:umti(e:c raalthalrmdhechrmmlsﬁo mieet d:lemomriﬂnofthmhemgsersﬁi;ﬁys

t houg [ ctive (for, ex with respect to oxygen and water
vapor),, thégr%ég%oﬁ‘ﬁle SeRIgnAUCting %ggt@ﬁumwe&fm Y M@scwmﬂgmm@ﬁm@. ng
contacts. B ke ARG ORERIRINER R IR HEE ! CEbBLRERIONbEDIRELNES, |,

| ayer of rm\tléllin tl)madeve(layr:rcamdrhghais emdttetb Propesel erteeid for siitableelegtrodgs are
con5|2$5t| ngdescnge(l( *;ar? 325 al kaline earth netal oxides, |anthanide
met al““oxi d€S "and™ 1"3 yi eld LEDs which offer conparable or

better initial perfornance (e.g., brightness and efficiency), as well as 10
conpar abl e_or, ext ended operating |lives, as corrpar ed to simlar LEDs which

enpl oy conJdRicalgelatively high wagk fupstionamatstials forgise anapedematesials melusdr 10N | 5
One aspect I t

(LeDe) " comrrganty SERedte il Althe SnRRELATdE ok BPEX L i Ehed %R,

el ectron-i rlP@Q;lErmgm aat.hveH )| Alematizvaly, thircjilnaofgolymailine ih theaondwdiagei n: (i) .
said msswe i s interposed between said anode | ayer and sai d cat hode

I ayer (ii fm§@§‘ﬁ l'stSQWé’aT’ égeﬁe%@%f?fmﬁ PR o] 8@@?&?\“’9“3 ‘9 “
semi conduch g, Yﬁ{ggé’?"&lf C19%%, @999Iand @a!ng)lm) drmatﬁmsfirﬁmuﬁwela%&%ma

| ayer of netal oxide 20 having ness fromabout 5 to about 200

fir; and, &im3 Ofsml:ehmimeah tbewcu@upsngeheatdmt sfahdmnm;mfgupd bepassesds ng of

al kal i nmetal oxides, alkaline earth netal oxides, |anthanide netal oxides,

and mixtures thereof. In one enbodi ment, said netal oxide is selected from
the group consisting of alkali netal oxi i fes 25 or fromthe group consi sting
of oxides of lithium sodium potassium rubidium and cesium In one

enbodi nent, said netal oxide is selected fromthe group consisting of

al kaline earth nmetal oxides or fromthe group consisting of oxides of

magnesi um cal cium strontium and barium In one embodi ment, said netal

OXI de |s sel ect ed fromthe ‘group. con5| stl ng of Iant ham de rret aI oxXi des or

o L o T

t



30 4 , 28 March 2003 WO 001 22683 PCT/ US99I1 23775 I n one enbodi nent, said

| ayer of netal oxide has a thickness of from about 10 to abo23 Mkoth 2003 a

t hi ckness of from about 20 to about 60 !~. In one enbodi nent, said cathode

l'ayer further conprises a capping |ayer conprising alumnun) silver, or
Ol hn-one enbodi ment, said.ekeetol-uni nescent, semni conducting,..organic

naters ar s an wolbabsact roI umi néscent, sem conductl ngecousgamsrs pol ynmer. In

one enbodi nent, said el’cctrol uni nescent sem conductl ng, organic materi al

is selected fromthe u i stin of ene VI nyI ene) s,
pol y(aryl ene vi fiyREr8 ? "B‘E?F’&’ﬁa’ h’bw ate 7P the

pol yqui noi i nes. device invgefalibolli nent, sai d el ectrol um nescent sem conducti ng,
organic material is poly(2-(3,7- di met hyI octyl oxy) - 5- et hoxy- 1, 4 15

phenyl ene vi nyl eI ectrolum nesce

seni conduct | ng,ﬁg’?%lam eyl e rgﬁ%j:f ge D 5 fiptle E%’ﬁf‘%ﬁ? conducti ng,

organi ¢ non- %ol@ﬁﬁﬂ@ﬂ?@?ﬂ'&#“@b‘“memmwwmeGS Fi gur e
1is a cross- seteémﬁlsinlmd;iﬂﬁmrmpeﬁem&im(!xy@i(ergoelsminﬁx)neﬂknt@otyi;‘xp‘l)cal solid

state LED of t%@ﬁ% jéxqgﬁw&w@@y og oe%ﬂﬂ&e@fﬂ% &zgternal

guantum efficien | t out put rsus b| as vol tage
of LED devi ces ‘H‘H% F’éé‘?éu‘ esiur iy silvareed slous ofnd 30 -
bari um net al . Hnlyummﬂmumagr@qoﬂmm&hefokmmmsuudlmﬁ ﬂam at 25 mA

\éer sus L I ”EI@UVH&H?—QP%H T2 T) Uﬁ.eaﬁckﬁésseﬁaﬁeéx&u@nm%maﬁéde ? tygidani" LED

evi ce havi ng a _ca e.l.a

conpared to an ot ogﬁ%%\n’" igﬁ%édg f%‘f‘ﬂm’z &%éb%gﬁ%ﬂ ed from a
30 ~ bari um net4t 1993,Niakano ﬂ21818ﬂ4rch 2003 WO 00l 22683 PCT/ US99I1 23775 Fi gure

4 is a graph ofKiﬁheademy) @ lowérdingt| of €haLO20010 sbe 50014 ds required in@def founm nance)
as a funﬁtlon Oforn?PGUgHué hmfcs m&ahg&ﬁ%a& ﬁr&uﬂﬁepﬁ&&séor ;ggo
evi ces havjng ga %'ij 0 a ~

bari um net a bnl a"(}yéisg9 ﬁ%uéfﬁ%%&@ t@é}]a c?%gmgﬁg?éfa’r a 'l )é%‘—' u‘?éxgl S a graph

of | um nance arf@verese: higker githoss layets yere MWM??‘H@“@BN’FWH’G&S%H%S (8.3

myV cm - at 85C)om¢mhﬁ)ndmmswhe&um@emhpdesfmaﬁceausmai&mm a thin

lithi um oxi de |£¢95574 descrtbedd ik ﬂ%ﬂ-ﬂdé@3}%&‘%&&o‘&€&bﬁem i cal

devi ces with cathodes fahricat fro | it ayer (10 °A). 10

DETAI LED DESCRI ‘55“% N%ENTP epr re"e'r‘Hrftr’T"P}i‘nvent ion pertains to

li ght-enitt¥hg di odes (LEDs) which conprise: (a) a hole-injecting anode

| ayer; (b) an dinfotuneplyiathegh thsgysoefidronerkifizgtion elestmades i§ ohuieed foni ssi ve 15

| ayer; wher ei n:effidint ffctondT oS irdra R Cathdie aitf foF ARG ARVGEEN sai d anode

llayer and sai d performance, low work function metals are typically unstable end readily react with

oxygen and/or water vapor at room temperaturc and even more vigorously at elevated

25  temperatures. Although alloying such low work function metals with more stable
metals, such as, for example, aluminum or silver, has been used in attempts to improve
environmenta] stability, the resulting cathodes remain 1umstable with respect to reaction
with oxygen and/or water vapor during device fabrication and processing.

30  Despite improvements in the construction of polymer LEDs, a persistent problem has
been rapid decay of the device efficiency (and light output) during stress, especially at
elevated teraperature. There is thus a need for low work fimction cathodes for use as
clectron-injecting contacts in organic (e.g. polymer) LEDs which have improved
stability with respect to reaction with oxygen and water vapor cspecially at elevated

as tempdnhne, and bence longer devioe lifetimes.
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cathode layer; (ii) said em ssive |ayer conprises an el ectrol um nescent,
'sem conducting, organic material: (iii) said cathode |ayer SO AR 3a

| ayer of netal oxide having a thickness of fromabout 15 to about 200 ~;
and, (iv) S¥PAUpBRl oxide is selected fromthe group consi BETASIHRITAS kal i
met al oxi des, alkaline earth netal oxides, |anthanide netal 20 oxides, and
m xtures thereof. A cross-sectional schematic view (not to scale) of a
typi cal sdheallstiahaalkFkalinetehsh preedeatd lambaride metals ard lloMbtrkdhﬁdid»m Fi gure
1. The typ|c I D conpri ses a transparent substrate a transparent
hol e-i nj edB§t é‘ﬁm@ hughly reagtye (f fopsrampleavy rqsa%}cq % n a%fhwater vapor),

el ectron- 'tﬁ‘dyeé}é umze%%s%a{h%e&qn pBKffer Gllgr)gam@'ﬂﬂhtaen?iﬁ Eﬁbsﬁgedt)ause
Typically, i'n operation, a power “source IS con ecte to the anode

| ayer (11)thenfuntthon aszppéliegt tlagtem- mjleagmgmmtacsads (17 and 17'), and enitted
light, (18) energes fromthe transparent substrate (10). The LEDs of the
present invention are characterized by an el ectron-injecting cathode |ayer
30 which tarfi€Rav difioRelecayieHn cﬁBodE@E&hpﬁéih@@thM?@ﬂbﬂﬁét@l' ox9d @fhich

i s-selected fromthe g roug consi sting of al kal i al oxi des, alkaline
eart h net anetahoxittess s¢leetedh ramdhe ﬁ@palcorts;@inaggf alkalimetak oxidess atkhbnfegarth | n ot her

vr o 2003 Db D05 2anrnfs NeBE P3SN ERblRRs fefooll o Tarl bR oo o

el ectr ol uFofipa@BRior befer iGdialpe forManceqt. gq biightieds and fficiens@) dy\weh @g" between
an anode | ayer and a cathode | ayer. Note that, by the terns "interposed"

and & andPeRagble or exteadedoperatingdives, pecampared Wélmléajéﬁl?%wlpvsb empdoed bet ween
the anode Bﬁ%ﬁ;oﬁﬁ e%hgm%g elayer, and does not exclude the possibility
t hat addltlona intervening layers, such as those discussed bel ow, nay be
positi oned between the em ssive |ayer and the anode |ayer, and between the
em ssive |layer and the Cath%ﬁg&@ﬁﬁﬁﬁélgﬁéiéghﬁﬁﬁégﬁghiCh are known in the
art to enhance the perforna e incorporated, if
desired. These include, for exanple, electron transport |ayers and/or hole

10 transport |ayers as described by Geenhamet al., 1993; Zhang et a
19948 an®mziasprgt ef thg presepigngentivp geramsio dight-praitiingdiedas (LEDshearoprisings al so

o net e R ATRIARA 00, AL e ORI BB, 9 R o0
Appl i cant smlissiviedaseriwhdreinh@) sié erafssivl yer 1@'ﬁzﬁt1ar|po£e)dibdﬁz$eeh Raidlodalidyecsnd ayer
acts to postgqge t he dfgfy of efficiency and l%%ﬁt out put of the device.

The LEDs &#dEpBods layem (1) stidsmistive Ry e soppnsss ao ﬁPléPB}“éeSS‘Fmbetter initial
perfor manE@m&ﬁncﬂtctmgrdr@&ﬂn@ﬁﬁﬁtrﬁp‘éuﬁg:;lﬁ Eétﬁ(‘ilfeylliyer%§mgﬁ§39%r]§3ﬁ: rof téndx%e LEDs

whi ch enpl oy conventional (e. | ) cat hodes
El e0r on- hnvxegmtlnslu@as hbﬂ@mlgaguir%tﬂh@lt 2004 ; ahd,t(tve sgid w@dtoxmuenclwnd

conprlse ectron-injecti ay h _cat hade | a onpri ses
ST hver S oftemehE btk o iR RS Fhaint S limB Rl OR8E, (MEIIETE boo
r-, mhichnﬁnnakmegmﬂenMSu@ghEQEQQ fromthe group consisting of alkali neta

oxi des, alkaline earth nmetal oxi des, | anthanide nmetal oxi des, and m xtures
t hereof. The netal oxi de layer functions as a stable contact which

efficient lIX %Eilsrlqe%l salgl %?oxnglé[ 2 s%tlec(t?ed%lﬁc‘)lmS t%e group Qélngls?r‘lﬁo%lkaﬁ rr{al ulfe% I

netal" is use e TR P H 58 TomVeRT Tonal sen s of 30
Go@ | A af ﬁbmehqogbumdmmsttrgmf exidérod flithivms dodilik goitassian adubidiumg hlutj@smmt i um

and cbsi uni ERBSRaty s meylfe RAMBSELH G oy siissbl B il sy a2

oxides or from the group consisting of oxides of magnesium, calcium, strontium, and barium. In

one embodiment, said metal oxide is selected from the group consisting of lanthanide metal

oxides or from the group consisting of oxides of neodymium, samarium, and ytterbium.

30



The term "al kali metal oxide" is used herein in the conventional sense to
refer to conpounds of one or nore alkali netals arid oxygen.ogh@4rch 2003
conveni ence, alkali metal oxides are referred to herein by the chem cal
formula of the corresponding sinple oxide (e.g., Li20, Na20, K20, Rb20, and
CszO); howev¥P 068 [eference to the sinple oxide is 5 interffddU$98/23775
enconpass ot her oxides, including m xed oxi des and non-stoichionetric
oxides (e g. , Li,,O NaaOQ KxO RbXO and CsXO, where x is fromabout 0.1
to about 2)., The term"alkaline earth nmetal"” is used reip in the

convent i onaln e&heabedimew; gaid lwe@fmgt%liﬁ%wﬁuﬂmeﬁﬁolgfﬁom REOW L tg@beuti 198 e.
Preferred algkal,i r i uoe Amgnesi um 10 (i.e., Mi), calcium
(i.e., Ca),A????ﬂ??%%fﬁ??@%%&g?f?pgkd barium (i.e., Ba). The term "al kal i ne
earth nmetal oxide" is used herein in the conventional sense to refer to
conpounds of one or nore alkaline earth netals and oxygen. For conveni ence,
al kalime earth netal oxides are referred to herein by the chem cal fornula
of the corr espandip&ttihens lIPLARGIEH SR ESrtir cordVBiides Baky i(?@yex&f@nprﬁ;ﬂ% Bao) ;
however, this reference to the sinple oxide is |ntend% t 0 enconpass ot her
oxi des, i nchklwhingmnsiked oogdphes and non stoichionetric oxides (e.g., MxO
BaxO CaxO Sr~0O and BaXO, where x is fromabout 0.1 to about 1 ). 20 The
term"lanthanide netal” is used herein in the conventional sense to refer
to el enent s 19hnd EEbSAMENASHIE Bleatslumihesdent, Bémigeiduatng, orgdvliemaferianis@gr i um
(i.e., Ce) through lutetium(i. e., Lu). Preferred |anthanide netals

i ncl ud¥ sansleruplupingscent.ggynicondeciing; Qrgpis pelymerpin ong smbediseRti B (i . e. |

Nd) . 25, THe ool B AL AR Ve iFcoNBl ing OStEARC nlaferidFiQ delBGER I e oRSup consistin
conventional sensa to refer to compoufids of one or nore |antRanide metdl s
and oxygen. ofgolypiphemilerecanylérmis, paly(atgleneviaylens,dody(piphengém)s,ed to herein
by the chem cal fornula.,of the correspondi .sinple,oxide of the +3 val ency
state (o g PoRpHEned polgimoRpto s Dorematment 1 CRieIBineacsy t ne

si npl e oxi d@emfeoha\kﬁﬂgﬂﬁgmc ﬁ’x@&ﬂﬁ‘lﬂ@9§1y92—§£7-d%tl€$ﬁ§otyﬂoﬂ%ﬂ-§l%dﬂlﬁb)dﬁP<,¢d oxi des
and non 30 stoichioneftric oxides (e.g., SnXO, YbxO and Nd,;O where x is
from aBout ehanylencatmilenel. 5). 8 28 March 2003 WD 00/ 22683 PCTNS99/ 23775
The netal oxide |ayer has a thickness of |ess than about 200 fir, typically
fromabout S to about 200 ~4. In one enbodi nent, the nmetal oxide |ayer has
a thi cknessid siyembalites. $a0d elbatdlurhii@sdent, sémikonduoeng wbg:chi material han et al

oxi de layer has a thickness from about 10 to gbout. I 00 ~. In one

ermbodi nent, el[eﬁygolﬁﬂn&qscqﬁ,isa@lqoggléc,tmgagrggu{: RPERPIERETIE PBHT3hout 20 to about
100 ~. 1n one enbodi nent, the nmetal oxide |ayer has a thickness from about
-30 to about 100 A In one enbodinent, the netal oxide |ayer has a thickness
from aout S to about 80 ~BRIkE S CRABBON O THE BRAWINGSoxi de | ayer has a
t hi ckness from about 10 to about 80 A | O In one enbodi nent, the netal

oxi de |l ayer has a thickness from about 20 to about 80 ~. In one

enmbodi nent , Figuge My AtroSxiedBoradyhemaas viewt (Aol Bess df aaypiadiaulid S@te EPOUt 80
~. I n one enbodinent, the netal oxide |layer has a thickness fromabout Sto
about 60 ~. therPreseat BNgWnent, the metal oxide layer has a thickness from
about 10 to about 60 A In one enbodinent, the netal oxide |layer has a

t hi ckness from about 20 to about 60 ~. 1 S In one enbodinent, the netal

oxi de ASayer Fipmse 2 it hgopmebextérna muamomt efBCienay aath tight i®@®n#ity (Hght odtpul) verpes of

nmetal oxide can he fahricated usi.n 0 eposi t.i on hni ques, | ugi ng,
but not 1| nPradolEee S E s BRUE eeRodRs AR PRt & iBRu s A A0
el ectron bepsi@rpRgalti on, and using various starting materials, including,
but not limted to, 20 pure netals, alloys) and netal oxides. In one

enbodi nent, the nmetal oxide |layer is fornmed by thermal deposition of the

. correspondi tal_ under nt roll e f n - l:ckness of
fhe motal ol ibiie s KattBthe G FAThoRs RE BAGRAES i (SRR alif LARLIR
evapormt i Oniwap 08B thARm24 85°0Y) 68an LBD&IeVce BYARDA 34thedY ABREAEd from 4 30 About
0.2 to 1 |~ per second. 25 Thin nmetal oxide |layers with thickness bel ow |00
~ f or m gr anb#réwn gxidg lavenrns cempared tosanethenwiseudantied danies twihnascathodedplricated
enbodi nent, o [ : hi gh work function netal is deposited on
top of the ?ﬁﬁw?ﬁgﬁg%ﬂéﬁﬁﬁéa %‘%T to provide continuous el ectrical
connection to isolated granules of the netal oxide and to provide a first

| evel of 30 encapsul ation. Thus, the surfgce of the em ssive |ayer need not
be conpletely covered by the netal oxide |layer; uncovered surface is then
contacted with the subsequent capping | ayer. Exanples of suitable high work
function (and high electrical conductivity) capping 9




28 March 2003 WO 001 22683 PCT/ US99/ 23775 netal s include al um num sil ver,
copper, and the like. The thickness of the capping |ayer is28WMearcaR0§3 a few
hundred Angstrons or greater, and often a few thousand Angstrons.

Typi cal |y, W@ﬁfﬁn&{hﬁn netal oxide |layers are used for enhancegcﬁbgggt,{sm
injection, as 1n e 5 present invention, only one "turn-on" Is observed in
the current-voltage (1-V) curve at around 1.6 V, indicating m ninal

di scontinuities in the thin |ayer_ of tal oxide. As.can be seen_from
Figure 2, &8YFA hagraphobtiedectngls °Egg“glﬁmé‘lleé(é?"%ﬁ’l’i'%%joé&‘%lﬁalll%%-‘r3 shows
a turnon v i t o f i i .| ayer.
Thi s resul '([? Ll?%%ﬁ(?% éﬂstlnt%h%% é?{e%gﬁ}élfe ?gtcﬁ Qgﬂggﬂm%%)?%ﬁﬁgp@ﬁ% P;i‘flvtl)llz'igr’ii um
oxi'de | ayeraihsdescfalricatedsfeorh @ 30hRbaimbaideunyetOa 200024 barln @haleayepadnidam

oxi de has %%gn used to prqovide a | ow work function surface for electron

em ssion i %Ah‘@éf‘é“’"f’é‘?/e‘%l PEE (CRT) (see for exanple, Haas et al.. 1976,
1977, Jumareva er al., 1989). The near equality of the work function of

bari um oxi de and barium has been reported previously (for exanple, see
Tumar eva etFigire 5 i$ 8@ph of hinsnarvs and abltage avds nek pemustide dyrihg eorpinasenstesof a

band of surface |evels_ for by the donor-type state 15 (Tumareva et .al.,
7580) ' At SPamAER B0 ol DR GV OB AR rort S PR o <3l he
formation - i ' | '

substrate (el REHEI0ADEARAEL L AR IKEED Fhick BhRtaghe et o\,
LEDs with danhatithitmyesta layenpld 4).ng a thin |ayer 20 of netal oxide exhibit
perfowrance (brightness, quantumefficiency, and stress |life) conparable
to, better than, that of LEDs which enpl oy conventional (e. g., netal)
cat hodes. The high bri gmETEgs FMDPESCRIPTIONIOF THENRWERDION due to
excellent electron injection via the n-type sem conducting netal oxide

| ayer. Alternatively, the thin netal oxide |layer may act to significantly
reduce dopi 1SSl ; : r [ L, e d
Clevated | angRseiiRuGiih? phtdins iRy cBRkie Blode AR EHPELAhMD (B

el ect r ol unhnlksiagnting afode tayer b} &delpattomimjestinghahodenaydrpand, fg)ansmifsiveow wor k

functj_on tal are used as the cathode, stress-induced dqping causes the
dop 1 o BHE GRS G, BT OO VIR RLAO0R S P S,
t hereby cagghpge Fag%i'bgf)fshig'eﬁﬂﬁv@lﬁyeﬂdo%is%ﬁ@&&ct?&uﬂfn@&eﬂyrsérﬂﬂ:oﬁ’cﬂ{%?\iﬂ ion.)

30 10 28 March )3 "WO 001 22683" Emi ssive Lavers PCTI USQQ/ 23775 he
LEDs of t herganwsnateridln(iehsaicdenathadedayaricomipriees alprer of aleta) oxfedraving at 0 as t he

active | ayer.,, the m nes t | I r the.el egtralun.nescent er

corpr 1 ses. Jictestet B ARRE IS n e 200 &5 Al D AR RSP R A PR the e
enbodi ment gromtcensisting oF afl@litA@al exiddsNalRalinccdipb thdiE tixidek Nentlahiae hiztal i S
non-pal yneric. I n_one enbodi nent, the el ectrol um nescent, organic nateri al

i s artVei ecO¥FE AN BUWRS thetedhi conduct i ng, organic pol ymer, which pol yner is
a ~c-conjugated polymer or is a 10 co-polymer which contains segnents of

n- conj ugated noi eti es. Conjugated polyners are well knov~~n in the art

(see, for éxanptectiBrabskhsmatic salew (nbd®iscple) &fia typinakbsadidastgre EEDOSS the present

el ectrol um nescent ....senj conduct i ng,., or gani ol ymers include, but are in no
ey 1§ i ¢ edeBuo st g8 Bl b btk ERB calffiists  Maspatsa bt o),
subst i t ut ed yhspasdnt AYIS-iReStidd fdde Myet (19) ! dMCenPBEVY 12809 12D af Electré-injecting

pol yp- phenyl ene vinylene) and its derivatives substituted at vari ous

posi t3%ons &#thedecdayer{idenrd aeanving layer (14). phypjeallyhiappertiend papesseyrea fkd) ist s

derivative [ I i . h\e and
al S0 subst PTiEoa L4 ol 1aVE c PLEIRE ChiriiZ a0, ( PRABIGRYLEARATI by

pol y(aryl eemitwddiighe (18) emaipes frofrhthe arayibpanent Sebystiae ($8)ch noi eties as
napht hal ene, ant hracene. furyl ene, thienylene, oxadiazole, and the like;
(v) derivatives of poly(arylene vinylene), where the arylene may be as in
(iv) abovernandraditid Seghl hvieh s bbrhdibieithydh YIRS BRR alifdde 148 L he
arylene; (vi) derivatives of poly(arylene vinylene), where the aryl ene may
be asili n ( whjch2®myinisesss thimidyerdefimeétalnaide; Whachemetabotide issalkested frommthe gomip

ositions on the vinyl.ene:  (Vvij erj vatives. of nol rvl.ene vjnyl ene),
Pher e the Eousisig O Abaif Beial bided al5aiing Sk T ol farifahide et QRfa&
substi t uenhfixtdfes gdrédTUIn BMet felsPetss, it LEDs 8f the pR&emfvention are similar to LEDs

6



substituents at various positions on the vinylene; (viii) co-polyners of

aryl ene vinylene oligoners, such as those in (iv), (v), (vi) 3 Vii)
with non-conjugated ol i goners: 1 WD 00/ 22683 28 Mar ch Gos 2Bl 5 s

(i x) polyp-pRedyi2eey and its derivatives substituted at vari @egazosizhoNs
. on the phenyl ene noiety, including | adder polyner derivatives such as

pol y(9, 9-di al kyl fluorene) and the like; (x) poly(arylenes) where the

aryl ene ma i et 7 Ly .
th eyl ene. ‘SRARHE Tl GhichoRrf3P B iR It tnl (EE SRR OBV BB aeriy o,
* various posi‘tsamdviclod” thesvean ahanederayert and a cathode taypn| Noertkat dy the kegmar yl enes

h th i , Wi,ith 1- j. ted Qli 'S, i | i pol i d
U s der i var Jusmpoles @Rl Fnduactiy yhisacast tabihe GEHshire IRier it RORIpphBYEGhe
bstituted 1 ] : t
substitute tﬁ?f\ﬁ&l@ I:WE?QX& fﬁamoggrlagféﬂggﬁﬁam&ex&ﬁ&% Se%ss?tllﬁfgfxt)fat%ameﬁal 0

provi de solu Ity ;7 (xiv ymers suc
pol y( p- phenyihemenihgdaixes soth a¢ thosezdikaissed below, may be positioned between the emissive

"~ pol - phcnyl ene- 2, 6- benzpbi soxazol e), pol y(p-phenyl ene- 2, 6-benzi m dazol e).
Pt her 1 QY 208 eanoas e 20 Bk R G e A fethon vt

el ectrol um nescent organic material is an el ectrol um nescent,
sem conducting, organic, non-polyneric material of |ow nolecul ar weight,
whi ch mat er | @thei lgyers Mhigheare §nown sntheartie enkanae the peyfprmanse of thgdikd canptlen bees.

By the term." l,ecul 2 i "] t t i as a
nmol ecul ar V\éf]!é%p&g dT'?%ané bg{]gg%dg‘%%e‘ gf)rc')?'ufuln §lég§?a;°§utg%ts%%{]§?'|£§%§é/8ﬁé°l€elI
known 1( t haragpor(laeers af descivediby Gredviarley kb, 1993 hanglePO, 19944984 b, 1992).
Sui t abl e exanpl es of el ectroium nescent, sem conducting, organic,

non- pol yner i£NaA&ee#i-dPB.i ncl ude, but are in no way limted to: (i)
tris(8-hydroxyquinolinato) alumnum (Al q); 25 (ii)

1, 3-bi s(N, N-di met hyl am nophenyl ) -1, 3, 4- oxi dazole (OXD-8); (iii)

- 0X0- bi s( 2- rEtelyEDBofghe preséman@nébu aieralsy characderized by comparable or extended

bi s(2- et hyl - 8- hydr.oxyqui nol i nat 0). al upipuny . (Vv .

o1 o hyar oxy SERZBHEIHEY P &0T0p BRI firF ok EBSCBj<h qaAlgy conventional (e metal)

bi s(di phenylcathiayés) DA pieams ekevVelRMBhe useT thesk et b¥1dasin@e sathede 1hytr Q6ks to

di styrylaryl ene (DSA amne); and the |ike. 12 WO 001 22683
postpone the decay of efficiency and light output of the device. The LEDs of the present
invention also offer comparable or better initial performance (e.g., brightness and
efficiency), as compared to similar LEDs which employ conventional (e.g., metal)

cathodes.

Metal Oxide Electron-Injecting Cathode Layers

The LEDs of the present invention comprise an electron-injecting cathode layer, which

cathode layer comprises a layer of metal oxide having a thickness of from about 15 to about
25 200 A, which metal oxide is selected from the group consisting of alkali metal oxides,

alkaline earth metal oxides, lanthanide metal oxides, and mixtures thereof. The metal oxide

layer functions as a stable contact which efficiently injects electrons into the emissive layer.

The term “alkali metal” is used herein in the conventional sense to refer to elements of
30 Group IA of the periodic table. Preferred alkali metals include lithium (i.e., Li), sodium

(i.e., Nuj, potassium (i.e., K), rubidium (i.e., Rb), and cesium (i.e., Cs).



28 March 2003 PCT/ US99/23775 Qther exanpl es of el ectrol um nescent,

sem conducting, organic, non-polyneric materials include dyzs MaphdR003
materials, which conprise a matrix material such as those |isted above, and
a dye- dopant . VB8R#88s of dye-dopants include, but are in no R&JYSINREHES
to: 5 (i) coumarin; (ii) quinacridone; (iii) rubrene; (iv)

4- di cyanonet hyl ene- 2- net hyl - 6- (p-di net hyl am nostyryl)-4H pyran (DCM | );

(v) tetraphedk pesmptalialimétaiRMide 1S uged Berdim i tho corvantiornabsdnsk®. refeneo eni ssi ve

| ayer can typically be fabricat usi ng any of the techniques, known.in.the

art e parti curampoiis AEand ot meRTRbRRAR AR e en, iy CERERRTE el By oBide]

LEDs, i ncl udifdrefered td hereabithe chémihl fotmélh bEHe lcyrrésponding kinipl©sxidand

casting of a pol Zmer recursor followed by reaction (e.g by heating) to
p

formthe des(¢2dlp6h Yaed, KithRtuf; 8ad GuO)dipsvevem histefuenss ip tiesimpleiparde is

oyer bas’ a PHEnGRR sE s hY e e S Ssiac T s i P iR
1000 ~. 20 Hod £: LROeNa@,i 0, R0cand@s0s whte xa8 i aboul @Y € atvfut 20 LED of

the present invention is typically bounded on one surface by an anode | ayer
(al though an intervening |l ayer may be interposed, as described above). In

one_enbodi ey, L ANAAE el lerab bis WGNRARE fthe Qonalibid SARSRALRRL cliR

substrate is presen e anode layer 1s typically positioned between
t he subst r at ef Geoup.I]A @€ pegieriedicaable. hBrefartedtatlclied cathometals includeshagnelsmyer .

The anqQde | ayer .i.s. a condycti | ayer ich,.seryes as. a | e-injecting
| ayer gﬂd whi'ch MM?‘F?&H'&’%‘S&@%}“‘ W’? ’é/]%rai?d;{’ﬁﬁ‘l‘(‘}?ib‘h’ %ZBeater t han about
4.5 eV. Typical anode 30 materials include netals {such as al um num

silver, platinum gold, palladium tungsten, indium copper, iron, nickel,
zinc, |ead, Ahdtermealkaling earthematal oxifelais ugesh hereimin the sonvsriione) senise taoseferdo

i ndi unm tin-oxj e like) . i : j nor i . conduet or s
(such as o1 | FoBfouBESt i onhoR a2 Ra el AR TR 37 LSRG GHE
conducti ng pedrjinmaetal Gaidesard teferrdiolizkel 69 thedBedbarfordGRADI KETdoHBSInding/ 75 as
pol yani Li ne, polypyrrole) palythi epe, a i ke). Wien netal s such as
Phose 15 st et EXids &-&asm,%aﬁég% gﬁ@d@f%{)@%abgﬁwﬁiveramlw&mqeé? R Pi n
S0 as to be sefl idihARIRAL dsRfhek b@ALs, ldiROmXeaBK]daS a1 Ve | ayer.
Met al oxi des such lagﬂlandiot;%r;}?ﬂhg?oxi de ands’condu’g%j?]ng poryrrgﬁmsuch as

pol yani | i ne stnithpoiemy oxidés(ear eMigypiBm0! §adk 8O, rachBpd), eviterd xnisFrartha@boutd.bl e
portion of the sgeﬁ)trum The anode | ayer can typically be fabricated using
any of the t cﬁli’ﬁ'q es known in the art for deposition of thin fil ns,

i ncludi ng, for exanple, vacuum evaporation, sputtering, electron beam

deposition, or chem cal vapor deposition, using for exanple, pure netals or
al | oys20or 18hoterar lanthanidsraetal’ds used hetgn dhe gonveptéionahssase ogger thelemgnts of

thi ckness of 2l and@0selils BPRAYPerOAL tfdte, FofT AL (127 Ce) through lutetium (i.c., Lu).

Preferred lanthanide metals include samarium (i.e., Sm), Ytterbium (i.e., Yb). and

neodymium (i.e., Nd).

25 The term “lanthanide metal oxide” is used herein in the conventional sense to refer to
compounds of one or more lanthanide metals and oxygen. For convenience, lanthanide
metal oxides are referred to herein by the chemical formula of the corresponding simple
oxide of the +3 valency state (e.g., Smy0;, Yby03, and Nd,O3); however, this reference to
the simple oxide is intended to encompass other oxides, including mixed oxides and non-

30 stoichiometric oxides (e.g., Sm,O, Yb,0, and Nd,O, where x is from about 0.1 to about
1.5).



15 It,is typically preferred to encapsul ate the LEDs of the present

i nvention to prevent |ong term degradation. Methods of enca Mg;d'hczbogre
wel | known in-the art. For exanple, devices can be seal ed between ass
pl ates, or se¥MEW2BEBween barrier polymer |ayers. Exanples 20 PFFTé”%"P@QUﬁt
invention is illustrated in the foll ow ng exanples, which are not intended
tolimt the scope of the invention as set forth in the appended cl ai ns.
Exanpl e 1 25 Theyhetakeonide laygr kiis adkiskness ef lestharcahoutRsA ntypically from about 5 to
pol y(2-(3, 7-di rrewe‘gctyl oxy) - 5-met hoxy- 1, 4 phenyl enevi nyl ene) ( MDMO PPV)
as the el ect r‘%hoﬂ cent, sem conducting, organic polymer in the em ssive
| ayer. MDMO-PPV filnms having a thickness of 1000 ~ were used. Indiumtin
oxide (1 TO was used as the anode. The device architecture was 30

| TO' MDMO- PPV/ laana embodmesnt.dhe makal exide layverches adhigknesyfromiaboutigomboyt HaAas

t he subsgrat fr o . LAl . , ] i ng
| TO on p$ ast ;31(':l (ogg %{Hr‘fgaglhégg’ﬁ }rlg 5@%’%@%%%@%{3 ?Sh wlg’%%@?’hyalbéﬁel thg%gﬁt{]ﬁ)g 'gt e,
PET, from Coutca leshbBainicnt. themetaboride layeithal/a nisbkrie@OBoM@bod 2X68Bout 100 A.
PCT/ US99/ 23775 Fil ns, Canoga Park, CA USA). In both cases, |ITO was th
anode and t henr &mbafingnt.ihe meial axide layerhas adhickpessirormiabpet-105@ a0t hi n
| ayer of bari i : q i i f the
VDD PPV | ay el e o aimieh (el Xt o e A0 aBB bR A o' g
Torr 00. 13 nblarope gimbbdinmemt.ahe metal exidé Ryerhasithicknessfrarh aBowtri®. toBbeut 80 A.

deposi tion s nonitored with a STM. 100 t.hickness/rate t from on
ot rurkht s e et el bl mdlarone yelhs SR EYE A0S F04k herL AN &'

t hi ckness andntoRt ekBe8&ndht. 3he inbldl b:818e iager%baﬁmimsm&htabgm JoNsiaBut 80 A.
evapor at or was made by neasuring a 1500 ~r 10 alum numfilmusing a surface

profiler (A ghansewpodiomnsihg metel @yids layesrhas p thipkieenfrom abewty orabanst0 &an
Jose, CA, USA). J : L Um.oxi 0
were. 15." 30, Tind SubRsFehR R e Ouly By aias BB R UERS B BBOREIRS) o

eposi
to 10,000 ~ dh oat embodimensshampraboridelager Haop tittkrckhefriianbown 20¢b dbolitagek. 15

For co risqn, otherw se identical. devices re fapricated using a thin
| ayer gP? bar ﬁﬂrﬂ“ﬁﬁ?‘EmeW’é%mﬁ??%ij? @P‘r‘?rci&??("] lickngss %ﬁg?)‘ft He aﬁg‘&ti@eg; t he
current versus voltage curve, the |ight output versus voltage (IV) curve,
and the quantum efficiency were neasured. The initial device perfornmance
data 20 are skherthinilayed of mevdiokide tan fafabrcated wiing kilownalepositiemteghsiquesst r ess

Li fe of LEDs .wi,t t hod Fabrigated froma Layer of Barium Oxide in
Corpar i son wiltHOBF e SO Ba PR ARt P, JRYER RopB it ARECEHE 18 nance
Bef ore St r essfidirch8bii depdditich, entisingAavidht sefing idatuls) aiehRling, but not limited to,
(cd/ m2) Ba0152. 53. 2128Ba0302. 93. 4148Ba0452. 63. 3129Ba0602. 33. 3130Ba302, 93. 1| 4

8 15 W oo/Prpmstatsgaligyserndmesl exidassdvpossempdimeniy the mejad ogidglaysy informed
cot Pl UG SSBIIH 9 o LAl Al e e o
and 30 ~4 The thickness of the metal oxide layer can be controlled by the rate and time of
evaporation/deposition. A typical rate of evaporation/deposition is about 0.2 to 1 A per
second.
25
Thin metal oxide layers with thickness below 100 A form granules with diameters of
several hundred Angstroms. In one embodiment, a capping layer of a high work function
metal is deposited on top of the thin metal oxide layer to provide continuous electrical
connection to isolated granules of the metal oxide and to provide a first level of
30 encapsulation. Thus, the surface of the emissive layer need not be completely covered by
the metal oxide layer; uncovered surface is then contacted with the subsequent capping

layer. Examples of suitable high work function (and high electrical conductivity) capping



barium nmetal . This exanple denonstrates that LEDs which enploy a cathode
using a thin |ayer of bariumoxide emt |ight by-electrol unpggreenes3 and

that the quawblinsdssi ci ency and stress life of the el ectrol unprepsSHN3ers
em ssion is conparable to that observed for otherwi se identical LEDs with

cathodes using a thin |ayer of barium netal. 10 Exanple 2 Exanple 1 was

repeated, b n ed e
repl aced by%cF télP er g‘m[esdﬁ}n\ﬁ% I&fr%r N8 h'fl?rl:z1 tgé%&goﬁgug}l%ﬁggOg\r%fé%glpgv%olwer 7
whi ch have nmlmwerfehﬂﬂﬁldgﬂp‘m@ﬁdmdbf grarntandedien alfew thicusaid ARZEORGE

wavel engt hs. The pol yners 15 enpl oyed are described in Table 2 bel ow (see
Spreitzer et al., 1998). The initial device performance data are sunmari zed

in Table 3 lﬁp %Iy,%@h%%ﬁﬁltdx?&éﬁg}&gﬁfeet%d &t ANEI 2 El%Rtfon injection, as in the

(~)El ectrol nesc
Pol yrmer%l Opqdrgseﬂ-x(x&nﬁod,lomy byd ‘Gomydrddy pbssr vkt xhab(g/cm-;em-phlmgyl(lah’e)‘eumelaene( VDM

O PPV) 590pol y(2-(4: -(3,.7- I I he I I 2-
(3, V) Po a¥c§und(l 6V(mdlcatcljrllgnr%th%aP&sgon(tjl)r(l}{i)tf%s t¥1 thlg Ieg/e mgtrz]i g)l(l y ?i\rs]ecgug:gé

7-dimethyl ogg Qa%)n rthJ‘Wba}xuﬁx aha@ydy%p@waméle%ﬂsa %g@mhx&,?erﬁo“&% thrli e
t hyl oct yl oxy) phenyl) -p phenyl enevi nyl ené) co( 2 di met’hyl oct yl oxy) phe

nyl ) - p- phenyinenéisgesindarctp chdt 2bGinsd 6132 ﬂnmbmmmm}t weox'iil)ls peSphen@lbaJnsa&hahyl e
16 2683 ,2 U 775 Tabhl 3
23 for nancevgﬁgé%g Ye¥e ﬂiﬁ‘f‘%"%’f &fé%%"%ﬂl ﬁﬁgg & \%e ¢t eCS%S%ﬁ%E}PaIt gﬁ%r&yp om

Di fferant Elnggdlr Mionvldyesbaiim ofderhanbedy cised®, provideailow R@Hyﬂﬁbﬁox@&dﬁf& Hedes
Fabricated froma Layer of Barium Oxi de~ma~BaQPerfor mance Befo
St ress*) Thi @p&qggg@mg@ﬁ%pqtg%.ray tubes (CRT) (see for example, Haas er al.. 1976 1977,

Lum nanceEf 4 9

80550155 14 T‘él%&%ﬁye i) (l?géw&@ gﬁgffv.éﬁtﬁ?f téééféﬁngﬁﬂ'égor?%&%um omd? and barium
denonst r at edas beeh remddmszldmtyr(fmmpdrs isegT raarevareaxi, d88HarT hIhmhssmltna:s
effective electr n i ng el ec rodsfor a vari

ol ect 1 ol u MBS ERRned by e iAsrs o Capd oy guninet 1561 Fted by the dpmer-symsstate
band- ggps, MEmbheySerdis], f198%ntAl@maﬁselgnth%oé&,exsvau@@apé@lﬁn@@%mu e
repeat ed, but barium oxi de was replaced by lithiumoxide (denoted LizO, |0

magnesi um oxhalferrpaiannfes ovyesn-vasans latiier by icduegrodifusien idpiioapbatrate (Haasehi um
oxi de (denot ?d] \%299)7 As in Exanple | ( devices with corresponding netal
(Li, : n% as” cathode were fabricated for conparison. Initial device
performance data are sunmmar i zed in Table 4 17 WO 001 22683 28 March 2003
PCTI US99/ 23775, Table 4. Injtj Per orrrance and Stress Life of LEDs with

Cat hodes Falsidemoagratshim the éayrewl% elpyy LERSWaih cathodgigyressiomaroinedsthin layer

Samar iggm O('o@ﬁ'tetazggldgte;cﬁgﬂ R ARngE s&hﬁmgp%ama é@h&:@n%%ﬁ@&?&@%‘fé}g Met al

Layer Cat hodeThi cknessPer mance Be ore Stress*Quantum Efficiency
(9% Vol t age comparable to. or better than, that of LEDs which employ conventional (e.g., metal)

cathodes. The high brightness and quantum efficiency may be due to excellent electron
injection via the n-type semiconducting metal oxide layer. Altemnatively, the thin metal
oxide layer may act to significantly reduce doping of the emissive layer, both at room

25 temperature and elevated temperatures. (1t is well known that doping quenches the
electroluminescence of conjugated polymers: when thicker layers of low work function
metal are used as the cathode, stress-induced doping causes the doping to extend deeper
and deeper into polymer bulk during operation, thereby causing the efficiency and light
output to drop during operation.)

30
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(V) Lum nance (cd/nez)Liz062.23. 61 15Li z0r72. 43. 6124Li zO102. 43. 5124Li zQ20~
2.23.3112Li zG302. 02. 9104Li 102. 33. 7117My040l 28 March 2003

. 33. 664My2000. 0073. 90. 3Snz03301. 73. 590Snz03451. 23. 563Sm

(15x15) 301. 3@§%ﬂﬁ*yb203301 53. 664Ybz0a2000. 53. 824Yb200I 53,,&}@599/957733 3
. MmMAlcne. ** crrz Thi s exanpl e agai n denonstrates that pol ymer

with cathodes fabricated using a thin 5 |layer of alkali netal oxide,

al kal i ne earéh.matgl oxi de, or lanthanide nmetal oxide, emt |ight by
el ectrol um Ee=2YERd that the initial performance is conparable to, if

* not better than, that observed for otherw se identical LEDs with cathodes

fabri cated froma thin |ayer of the corresponding netal. 10 Exanple 4
Several of tnethadFDses ths preseahisiventionathg emissivsllayes (akor iefasrrddp &s ﬂw@avwaw,
cover gl ass A |on
banbury, o, SpduheSn R\, B Uetiortadbiin Ll Thonfitdd o HocFolmiRRelle I, |
8. 33 Wcm)s@ﬁlc&ﬁﬁclm‘g dngamicanatdBal. 1IV6hOethEAaheht AQatbHaldh paB@ric. In one

PCT/ US99/ 23775 under anbi ent at nosphere. The |ight output was recorded by a
phot odi ode p%b@ijmnbmeab@maéfawméww as a function of stress tine.
Operating voltage changes were al so recorded during stress. S The half
lives (z~,2) of the encapsul ated devices of Exanple 1 are shown in Table S
bel ow. Tabl eIn?oxﬁtemelmhrhérftetheéleuﬁﬂsmmesdenf;atgmtdenatﬂw hganfelBaroluminezcetie Layer
in Conparison w th Correspondi ng Bari_lum taI er Cat h?(geThl ckness (~)z~,Z
at 85C at 8. %@nwwmeaa)or@a@ polymer; ghish pp yg&oe? SENBERODRYXDED 6 Ba30237

Figureg is 1 S

dur ng 'Gont | RERRSY Rhich gl fERGRs SFeBdaRinGlbisy CRMRGHRIHER ar
cat hode fabrwelaksdwiﬁrmuhbar@ﬁbrfolexww (Bredasiedlgl. | 189 &Y. , SuAmblzexampkd of 0 an

ot herw se |d<1nt| device with a cathode fabri Catﬁgl f{)om a.30 A barium
netal | ayer .St pxgm&sqegt seTgeapsncyre. tqli%mb‘ell‘gV’?iF IncidecPuArs By RpvAL Bpiad e
em ssion (|l uginance) as a f unction of continuous stress tinme (at 85C and
8.3 m¥cm) for LED devices having 1 S cathodes fabricated froma 30 ~

bari um oxi de | ayefi) pay@egignylenayinyianeyend its derjrativessubistituRd o varias|positionsen al
| ayer. ,The t:i:l nhbarl um ox de cat hode yi el ded significantl y | onger lifetinme
and rméh hlg &P F%‘f’ﬁa{ﬂ%@at the sane current density (i.e., nuch high

efficiency). 20 HigpoB (5 phenytengdvatenef addifs decinsyes Bebsrialiédgevaibud Sosithons
versus tinme during continuous stress (8.3 mA/cn2 at 85C) of LED devices
havi ng cat hdﬂé@ef"a‘ﬁﬂ?ﬂé’a&‘%‘ﬁt}f roma thin lithiumoxide |layer (7~, and 10 ~),

as conpared to ot Qﬁ)r (lg@ Agh‘éﬁfllgﬁ&%ylgﬁéi'aﬁgﬁs WerhRiGAL i8Rl aP ikl plsiliban @

l'ithiumnmetal |ayer
on the phenylene moiety and also substituted at various positions on the vinylene moiety;
20 (iv) poly(arylene vinylene), where the arylene may be such moieties as naphthalene,
anthracene. furylene, thienylene, oxadiazole, and the like;
(v) derivatives of poly(arylene vinylene), where the arylene may be as in (iv) above,

and additionally have substituents at various positions on the arylene;

(vi) derivatives of poly(arylene vinylene), where the arylene may be as in (iv)

9
N

above, and additionally have substituents at various positions on the vinylene;

(vii) derivatives of poly(arylene vinylene), where the arylene may be as in (iv)
above, and additionally have substituents at various positions on the arylene and
substituents at various positions on the vinylene;

(viii) co-polymers of arylene vinylene oligomers, such as those in (iv), (v). (vi), and

30 (vii) with non-conjugated oligomers;
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Il n 5 WO 00l 22683 28 March 2003 PCT/ US99/ 23775 Thi s Exanpl e denonstrates
“that "the stress life of LEDs with cathodes fabricated from28 Mémch208§er of
al kali metal oxide, alkaline earth metal oxide, or |anthanide netal oxide,
i s conpar abl WOt08/22688 not better than, that observed for ot her REBVSYHEMS cal
LEDs with cathodes fabricated fromthe corresponding netal. 20 ", VWO
001 22683 References 28 March 2003 PCT/ US99/ 23775 Berggren, M, I|nganas, O,

Custafsson, G, Ry Fbl?@ﬁ%hen&lene)%ﬁﬁt%ﬁau%sRubstilrihtecl ﬁtb@?@ug'posﬁ{dxﬁmﬂhst rom

0., "Controllin volta in polymer |ight emtting di odes

~nt hetic Nepaw enadnmetmmcwmgziigfb‘:rp@b@ﬂf‘(riisgsenvewchm prﬁ%g dzalkylﬁbpg@w)
"El ec rmggescence and Braun, D., Custafsson, electrical transport

|n poI y{3-t |op ene} di odes, " J. A~p| Phys., Vol. 72, pp. 564 568 (1992}.

Braun, D., and H(a:e)gmﬂy(ar&lehcs) whére ile aryleng hiay deisschi rooiefieoas mphibalzneuct i ng

pol yrrer d| ode Phvs. Let Vol

, 58.. ) 982-1984 (1991).
Br edas,’ ir@%éw@g@ thiggylene, eefﬁé iagole-<Aqd ey hlff%?fg%tjhem W?tw/sé éHléﬁ%?“Hed

Press, Dordrapﬁ{};oug 98dans B4R mdiety,, Bradley, D.D.C., Browmn, AR,
I\/arks, R N., Mackay, K., Friend, RH, "Burns, P.L. HoIrres A B.,

"Li ght - em tt] ng dx:bd@polbmmbfm&igomwﬂmasw qsolhqsm@t,)\wtlﬁadnammtgatedol 347,
pp. 539- 541 .1990). Cao, Y., Smth. P., Heeger, A J., "Optical quality
transparent °P8MBEISt ors, " U.S. Patent No. 5,626,795 issued 06 May 1997.

Friend, R H. BU(ilQl&l}ﬁgmoﬂnHmd%a&i\%we@ D., "El ectrol um nescent
devices," U S Pat ent 5,247,190 issued 21 Sept enber 1993. 20 G

Gust af¥son, G, Gtb) corpolymersfypolyquinoling withgr-phanylepe sutesruteden thephenylensger |
A J., "Flex ecl i | e conducti ng

pol ymers, " hg{hiﬁoler eg{y‘o?lgr%%g &glﬂkg%&ﬁy?r&g@%’ﬁ&g&genham N.C. Mratti,
S.C., Bradley, D()Dvﬁugld Fcrd poigimers. sldch atipdlygsphehyBne- 2"6Elf>énzobnenmme)
light-emtting di ode on t h . hi ron n|t|e

Nat ure, Vol pog' %@YFCB g@@’g gzggégao% )%@e-£ Egﬁf‘{nﬂé azo ”@Itﬁ?’fch

B., LeisinggefativedReal i zation of blue-light-emtting device usi ng

pol y(-p-phenyl ene),"” Adv. Mater., Vol. 4, pp. 36-37 (1992). ' Haas, G A,
Shih, A, Thormsandihelike Det ernination of conduction band and el ectron
affinity in surface potential neasurenents of BaO", J. Appl. Phi., Vol. 47,

pp.
In one embodiment, the electroluminescent organic material is an electroluminescent,

semiconducting. organic, non-polymeric material of low molecular weight, which material
is conjugated or contains segments of m-conjugated moieties. By the term “low molecular
20 weight,” it is meant that the material has a molecular weight of from about 100 to about
5000). Such materials are well known in the art (see, for example, VanSlyke ef al., 1991a,
1991b. 1992). Suitable examples of electroluminescent, semiconducting, organic,
non-polymeric materials include, but are in no way limited to:
(i) tris(8-hydroxyquinolinato) aluminum (Alq);
25 (i1) 1,3-bis(N,N-dimethylaminophenyl)-1,3,4-oxidazole (OXD-8);
(iii) -oxo-bis(2-methyl-8-quinolinato)aluminum;
(iv) bis(2-methyl-8-hydroxyquinolinato) aluminum;
(v) bis(thydroxybenzoquinolinato) beryllium (BeQ-);
(vi) bis(diphenylvinyl)biphenylene (DPVBI);
30 (vii) arylamine-substituted distyrylarylene (DSA amine);
and the like.
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30 15400- 5404 (1976). Haas, G A., Shih, A, Thomas, R E., "Electronic and
chem cal behavi or of oxygen in BaO filnms on Ir( 100}" ApplieghRas20d3
Surface Sci., Vol. 1, pp. 59-80 ( 1977). 21 © WD 00/ 22683 28 March 2003
PCT/ US99/ 23448 abfe8€T, A J., Braun) D., "Visible light em ttipgegqstiogeess
fabricated from soluble sem conducting polyners,” U S. Patent No. 5,408,109
i ssued 18 April 199. Holnmes. A, Bradley. D.D., Friend. R H , Kraft, A,

devi bes, + U, P oG WRUEL I EA0 KERA R Rl Gregflc: aiF TSRS

Shi onoya. HmateriaR@ndludddye-d&pedghatedialy evhiskhdoneprisk ghhatarinididriay swh@athose

el ectrol um pescent devjces based on dye-di spersed po vi nyl car bazole), "’
Appl . Phvs. Hi‘é‘i ?I?O,Vewd.a‘g‘fﬁ'gwt&%‘,mﬁ%?s %ﬂg@-ﬂzms ?‘fgé%tm R%‘Fﬁaﬁe & al )
"Organi c el ggik@®ldim nescence device," U S. Patent No. 5,317,169, issued 31
10 Mav 1994. Parker, 1.D., "Carrier tunneling and device characteristics in
pol ynmeb | i ght - en{i} ¢coumgarth; odes, " J. A™ppl. Phys., Vol. 75, No. 3, pp.

1656- 1666 (1994b%.. Parker, |.D., Kim H H, "Fabrication of polymner
light-emitting di'B@EMAGEANE: doped silicon el ectrodes,” Appl. Phys. Lett.,
Vol . 64, No. 14,?i9}’rub¥e¥%f" 1776 (1994c). 15 Parker, LD., Pei, Q, Marrocco,
M, "Efficient blue el ectrolunm nescence froma fluorinated polyquinoline,"
Appl . Phvs. Let t(iy) 4sdicyassnctiglend-3;meshyl-6tp7dimetiplaminggyw))-4t$pyran (DENEL);
Kaufman. J.H., B . { Pi. e .R, Salem J., Goitia, J.A, "," J._
A~nl .. Phvs., Vol {v?%{'apﬁ%x?ylgo,r%lp%r.m g‘/‘ﬁg’ 2751 (1996). Spreitzer. 1-L, Kreuder,
W, Baoker, H , &ohadigoH., Demandt, R, "Aryl-substituted poly(p 20 aryl ene
vi nyl enes), mnet ho%stho ., the production and use thereof in electrolum nescent
component s, * pubf9dhedkent ernati onal (PCT) Patent Application No. WO

981 27136, published 2~ June 1998. Tumareva, T.A., lvanov, V.A , Kirsanova,

T.S., Vasil'eva, N V., "Field-electron spect_roscopfy of barium oxide filns
Wi t h vari ouShsemissive taysr tarSypicalbhbe fabgoatediushig Styaefche ¢chihiguedknoo in the arpp.

182- 185 1989) . i g v Oganic thin filmelectrol escent device, "
0oe  Pat o Pulast oS mstions ki Biufn g of ofsaniCof B binfer TR mEfingofor
em ttilpg i NnGenpid, chitimgldiRetlp FeanidutRIneeid @bkl sassahetsétiisor fdlowedbyS.

Patent No. 5,151,629, issued 29 Septenmber 1992. 30 VanSlyke) S. A, "Organic
el ect r ol umi Kagkae.gddviheating)ita femutbie desited Robimesdd he emissivepayes Ay Riso

>, 047,687, éozlz;g?sg oftfr REHd; .%ﬁ%&gsgéaﬁ&?gmer%%@ﬁﬁ}{&%' Pypteally! #milsiVe -

"El ectrolum cent device with 1 nprov cat
Jayer has a thickness of about 800 to about 1500 A, more preferably about 1000 A.

20 Hole-Injecting Anode Lavers

The emissive layer of an LED of the present invention is typically bounded on one surface

by an anode layer (although an intervening layer may be interposed, as described above).

In onc embodiment, the anode layer is transparent or semi-transparent. When a substrate is
25 present, the anode layer is typically positioned between the substrate (e.g., deposited on the

substrate) and the emissive layer.

The anode layer is a conductive layer wﬁich serves as a hole-injecting layer and which
comprises a material with work function greater than about 4.5 eV. Typical anode

30 materials include metals (such as aluminum, silver, platinum, gold, palladium, tungsten,
indium, copper, iron, nickel, zinc, lead, and the like); metal oxides (such as lead oxide, tin
oxide, indium/tin-oxide, and the like); graphite; doped inorganic semiconductors (such as

silicon, germanium, gallium arsenide, and the like); and doped conducting polymers (such
13



Patent No. 5,059,862, issued 22 Cctober 1991(1991b). 22 "~ i WD 00l 22683
28 March 2003 PCT/ US99/23775 widl, F., Hoger, S., Zhang, C. 28Rak&azooXK. ,
Heeger, A.J., "Conjugated Polynmers for Organic LED S:

Pol y( 2, 5- bi sSWO®82%3 - chol est anoxy) - phenyl enevi nyl ene] (BCHA PRPVJUSIX21775
Processible Yellow Light Emtter,"” Polynmer Preprints, Vol. 34, No. 1, pp.
197-198 (1993b). 5 VJudl, F.. Srdanov, G, "Conducting polynmer forned of
pol y( 2- met hax polafiBine Wyd@%pb@ﬂﬁbp&nﬂhﬁﬂﬂeﬂ&eyi Wihe fRJals' sudh 3s thiak ¢idtedNo.

5,189,136, issued 23 May 1993 I 993a% Yang. Y., "Biiayer conposite

el ect rodes PYPVeRTeHsad, theangde haf:xeﬁttymﬁa lmuffwaenﬂy@m 58 30 iOheGSTIERBIPAITYAO 10
Yang. Y., pol ymer
gt - erm 1 RO sftited oy Bfl-sh PREE ekl ARARTRNLS By GRIR R ahal o T

Phvs. Lett. comctlngpolyﬁms dah appolyifilibe &Ml;@mlb) are imrg]lyYem: tMmdparemm e,
E., Zhang, Enhanced performance of pol ymer

| i ght - &mi ttﬁ‘u“g“ﬁﬁ%d&“%?ggeﬁgwghrface area pol yaniline network 15

el ectrode,'' J. Appl. Phys Vol . 77, No. 2, pp. 694-698 (1995) Yang, Z.,
Sokolik, L, Karasz F.E. SoI ubl e blue Ii ght emtting polyner,

Macr onol eculTde anads layagan typicaily iedfabria@d(using 3y ofvihe tashniquesdeown in the artfeq gh

oL ency, RRLARLE G553, AR FSPESIENSH P REL B REIEN &

Widl, F., Hepgdepdsitdon, or tHERioMedp&t dep6digoH:; Ysibg f@reQ@tﬂpII@O;Lm‘Emfetals or alloys, or
i ght emtting di odes With air- stabl e el ectrodes, . Electron. Mter.

Vol . 48 No.otwr fiyy prepymsonss gTypiepdiyathe apeds H@'erbasagheﬁlms;égéébwt 300 to ghaaz,
K., Kraabel 30@0 A Schmdt, H-W, Heeger, A J., "Blue electrolum nescent
di odes utilizing blends of polyp-phenylphenylene vinylene) in 25

pol y(9-vi nyl carbazole)," Synt hetic Metals, Vol. 62, pp. 35-40 (1994b).

Zhang, C G, ..Cao, Y., "Long operating life for polymer light-emtting
di odes, " U EU—WHP—“C No. 5,798,170, issued 25 August 1998. 23 28 March

2003 CLAII\/S 1. Alight-emtting diode conprising: (a) a hole-injecting

anode Iayer (b) an electron-injecting cathode |ayer; and, (c) an em ssive
| ayer ;}5wher éq ig typically preferred to encapsulate the LEDs of the present invention to prevent long

term degradation. Methods of encapsulation are well known in the art. For example,

devices can be sealed between glass plates. or sealed between barrier polymer layers.

Examples
20

The present invention is illustrated in the following examples, which are not intended to

limit the scope of the invention as set forth in the appended claims.

Example !
25

Light emitting diodes were fabricated using poly(2-(3,7-dimethyloctyloxy)-5-methoxy-1,4-
phenylenevinylene) (MDMO-PPV) as the electroluminescent, semiconducting, organic
polymer in the emissive layer. MDMO-PPV films haiving a thickness of 1000 A were used.
Indium/tin oxide (ITO) was used as the anode. The device architecture was

30 ITO/MDMO-PPV/cathode. Devices were fabricated using both ITO on glass as the
substrate (from Applied Films Corporation, Boulder, CO, USA) and using ITO on plastic
as the substrate (specifically, polyethylene teraphthalate, PET, from Courtauld Performance
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(i) ‘said emssive layer is interposed between said anode | ayer and said
cat hode | ayer; (i i) said em ssive |ayer conprises an el ectr sg&gt
sem conduct i 3\90 g nic material; (iii) said cathode |ayer COITEI’I Se 5
| ayer of net havi ng a t hi ckness of from about 5 to abB T’Uﬂﬂﬁ””

and, (iv) said netal oxide is selected $omthe group consisting of alkali

" et aI oxi des, al kaI ine_earth petal oxides, |anthanjde netal oxides, and

m xt ures t heFidws. Canoga Patkg i, &9t ﬂthOthlcbifé’ q@c‘ﬁ?sdh%@nqdé g dharhgle- injReng n
sai d net al Oé‘dn t' s selected fromthe group consisting of alkali netal

. oxides or fromthe group consisting of oxides of lithium sodium
potassium rubidium and cesium 3. Alight emtting diode according to

claim1l1, wherein said tal oxide is ed fromt group cansi sting of
al kal | ne ear CAAdSAVers taicated using a iin fay egpﬁwmab%ﬁiest }FFgmB‘F’P%’SéﬂGI gras

nmagnesi ym Cﬁbﬁhé{g& oxtd J}tthéjmmﬁmbli"\aidg%suflg vatutrh ggllg ‘%ﬁg%stdfl&gatdﬁrggﬁres

according to claim1l ereln said net oxide Is s rom'the group
consi sting oirohachmmﬁ’ @errited. &3 nrbxr)d/mskdmg afi anmeﬂzi)er grltblapea(nmsnm% i Tige of

oxi des of neqQdym um sanarium i tt| di ode
accor di ng t03 HigR Ve MORHOEE gyt émﬁfo th é/raé? wegeg%oqn SPT JRStTRRERSS
oxi de has a pi @é&eﬁ%&fse fN?”ﬂJ@RPU(Fah%Qatfoﬂ d?lﬂfé%tu%pfﬁlc esdfand t d;@k&é&@ess of

from about 20 to about emtting d e according to any one
or nore of cdiairibmtidn in subhteatepnsmm mSldae'mpdmtdrazwma‘dmbyhmasmmg)aﬂ§@i)sAa

i | h 2003 7.
A T gt Qe ¢ SFEGT G0 SoBararint Rrefisr /bt Sp SR et TpGichatd A Sheier of
sai d el ect r olndivimests eSHn, Jo§@IGACQlBi%A)CthBanlefegs%Elbﬁth%ﬁﬁlﬁmaimdcﬁa%ét}s (denoted

el ectrol um nescent, sem conducti ng, ganl c pol ynmer . Alig emtting
di ode accor dPA@) Wereakdy 38>, and o ehéi‘fne laéﬁ]h% ter bariurgegide; dspesifien, 3.000 to

el ectrol um nesEENK, of%ﬁ]ﬁk:ﬁ%%tqeg&ne%ﬂ a?{u Hél ?@1] ected fromthe
group consi sti’ng of pol yp-phenylene vi ny ene S, ary ene vinyl ene)s,
pol yp- phenyl ene) s, pol y(ar yI ene) s, and poI yqui noI | nes. 9. A li ght emtting
di ode ccor to an

Gl ect r SPun nESoetipa Bbn Ahsrireonecel e g Ber R sicpied Spie A Iayer of barium

poly(2-(3,7- ﬂbﬁﬂrﬂb&h@%ﬂﬂrﬁ%ﬂbxrﬁe met hoxy-1, 4phenyl ene vinyl ene). 10. A light
emtting diode according to any one or nore of clains 1-4, wherein said

el ectrol um nescent, sem conducting, organic material is an

el ectrol um 1
“AGOR AT, A ORBE e ety RS R0 Gt B S8 VR ondge-

. AYu_. A aY. AV)\cmeAﬂﬂ tmlyuaﬁhﬁh #fficidneyiverk measured. The initial device performance data
{upke [, ca] ca] ca] ca] caV] ca] ca] ca] ca] caV] ca] caV] ca] ca]
ca] chap ]ca Eé ’E‘ ”E’ caJcalca : | s
rs/r$&ai yo{upj e ZU] ca] ca\/] ca] caV] ca] ca\/] ca] caU] ca] ca\/] ca] ca\/] ca] ca] ca] caj ca

] ca] ca] ca] |

UV] cal] ca U\/]caU]ca U\/]caU]ca U\/]ca U]ca U\/]caU]ca

WV] cal] cal caU]maU]’c:zﬁc]mmb]:e:a]d:%ttd]schtﬂ]: oﬁ],EEBJ}mth]Qaﬂtd]icsafaiH]oaaﬂ’fﬁirﬁ hdajyer'of

HHH A<D Barium Oxide in Comparison with Corresponding Barium Metal Layer

""" ({val GO oAy o1 P GRIGALSRT 977 ool cal cabealhahe BLA SALe ") o2 o2l °F

] ca] ca]ca] fa] ca

(A) Quantum Voltage Luminance
Efficiency (%) V) (cd/m?)

BaO 15 2.5 3.2 128
BaO 30 29 3.4 148
BaO 45 2.6 3.3 129
BaO 60 2.3 3.3 130
Ba 30 29 3.1 148
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U] cal] cal] ca UV] cal] caU] ca (

(((()1)) ++p++++5, L, .MY.h..///<0000811{vql ga\ Wa] ca] @8]Marah& %&a]ca] C
a] ca] ca] ca] caM]Q:%ﬂPéét]i*ca] ca] cal ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] cRILY¢3S ca
] cal ca! 11M3n33" 4( 4Q4WH 40444?5MbR5y5557666677&999: : : % 0: | wr ngb\ W ga\ Wa] caV
] ca] caV] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] cal] ca] caU] cal] ca] ca] ca] cal] ca] caU
] ca] cal] ca] caFigatecis agdraph 6f externdd.quahiniafficiencyCandlight intensity (light output) versus

| cav] cal cav] CApRUIAEa Pt CFLRSER Gk CaPbIE) G SRR 3 i Sy 3hE WA

7B>BLBSBbBi ByEBRBPfeaf DDDDAE; EPE] EEEEEEE F} GGGG
Hzupkf a\ VI ga\ W U] ca] ca] ca] ca] ca] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] caV]ca] caV]ca] caV] calcaV]ca Ht HILNN QeQsQQ=RTUUU&UUU

V] cal el Sat STHERGFASE MEOPRSRAEN SR rptd cal Rl et gk opl e iRl

Z[ 2\\\ ] #] @] ] xide emit light by-electroluminescence, and that the quantum efficiency and stress life of
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Example 3

Example 1 was repeated, but barium oxide was replaced by lithium oxide (denoted LiO),

10

magnesium oxide (denoted MgO), samarium oxide (denoted Sm»0O3) and ytterbium oxide

(denoted YbyO3). As in Example 1. devices with corresponding metal (Li. Mg. and Sm) as

cathode were fabricated for comparison. Initial device performance data are summarized in

Table

4.
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109 () - S, 109& () L@meé hl(ﬂ;ﬂ Qidepblpepssiym OxilsgSamarium, Qxiderandriftsshitihy @
10! K mL0%\ \ & ())- 10 10 Qxige Bngompansonvithgogrresponding Metal Layer
y&310%& () -yll09& (Oatl‘{&febqbbbl' Kicksts§D®@ 10!, | Performance Before Stress*
10% & ()-,110% & ()-310% &'{( /?0%& -"]TG"/ucx A& ()="—cccdydddddEnb
@10 f10% & ()-|, 10% & ()- 91@%‘&“‘(’) l‘fé%g& ()|- Luminance
10% & () - dd$emegeedEnb@ 10! z 10% & () AAGoerey( )t ys! To% & () - (cd/m?)
10% & () -, S10% & () - $1o%& () - e6f f f Cgggd Ened
10!, (10% & ()-L'[F109 YESTOR & () {3T105R& (VI I8R & (- 115
10% & ()-g/ h~hh —ru—u’iﬁEgg 0% & \1) SHY& [- @610% & I\--,)ﬂJG'}ﬁ&J ()-
,10%&'()-3*@0%&(I\/*e@lmiii i bC 10111092 e W&-()-
10\ 1((); 10\; 10% & ()LD} ] ] i]j k| kdBbC 19! 102/«& () 10988 ()-$ m 124
109% ()- 109& ()F—t09% AR~ H KR -
10! 109%& () - $10%! g Qo' (). Podgr ()1 noldfnn<odEbc
10! - @A0% ()- §,  LiO 30 2.0 9 104
"109% ()-*M 109K )~ ,¢):F TOY& () TOY& () - TTOY&R () —O0OQpCPpPq C
101 205! 100& () - L1001} 88100800 . & ENd A7
109%&' ()-/109%& ()|- axd¥g@q{ qdqqsu¥P@ 1. 3.6 64
" 10%H & () - #10%T & () FSI0YA] & §gg SIOA &plop7 10 39 03
Smy0, 30 1.7 3.5 90
Sm203 45 1.2 3.5 63
Sm (15x15) 30 1.3 5.0 345%*
Yb03 30 1.5 3.6 64
Yb,03 200 0.5 3.8 24
Yb 200 1.5 3.7 76

* at 8.3 mA/cm®.
** a1 35 mA/cm>

This example again demonstrates that polymer LEDs with cathodes fabricated using a thin

layer of alkali metal oxide. alkaline earth metal oxide, or lanthanide metal oxide. emit light

by electroluminescence, and that the initial performance is comparable to, if not better than,

that observed for otherwise identical LEDs with cathodes fabricated from a thin layer of the

5
corresponding metal.
10 Example 4

Several of the devices of Example 1 and Example 3 were encapsulated with a cover glass
and UV curable epoxy (ELC-2500, from Electro-Lite Corporation, Danbury, CT, USA),

stressed at a constant current of 25 mA (current density 8.33 mA/cm?) at 85°C in an oven
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Figure 4 is a graph of the decay of the electroluminescence emission (luminance) as a
function of continuous stress time (at 85°C and 8.3 mA/cm?) for LED devices having

15 cathodes fabricated from a 30 A barium oxide layer, a 2000 A barium metal layer, and a
2000 A calcium metal layer. The thin barium oxide cathode yielded significantly longer
lifetime and much higher luminance at the same current density (i.e., much high

efficiency).

20 Figure 5 is a graph of luminance and voltage at 25 mA versus time during continuous stress
(8.3 mA/cm? at 85°C) of LED devices having cathodes fabricated from a thin lithium oxide
layer (7A, and 10 A), as compared to otherwise identical devices with cathodes fabricated

from a lithium metal layer (10 A).
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comparable to, if not better than, that observed for otherwise identical LEDs with cathodes
fabricated from the corresponding metal.
5
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(ii) said emissive layer comprises an electroluminescent, semiconducting,
organic material;
(iii) said cathode layer comprises a layer of metal oxide having a thickness of
from about 5 to about 200 A; and,
(iv) said metal oxide is selected from the group consisting of alkali metal

oxides, alkaline earth metal oxides, lanthanide metal oxides, and mixtures thereof.

2. A light emitting diode according to claim 1, wherein said metal oxide is selected
from the group consisting of alkali metal oxides or from the group consisting of
oxides of lithium, sodium, potassium, rubidium, and cesium.

3. A light emitting diode according to claim 1, wherein said metal oxide is selected
from the group consisting of alkaline earth metal oxides or from the group
consisting of oxides of magnesium, calcium, strontium, and barium.

4, A light emitting diode according to claim 1, wherein said metal oxide is selected
from the group consisting of lanthanide metal oxides or from the group consisting
of oxides of neodymium, samarium, and ytterbium.

5. A light emitting diode according to any one or more of claims 1-4, wherein said
layer of metal oxide has a thickness of from about 10 to about 100 A. or a thickness
of from about 20 to about 60 A.

6. A light emitting diode according to any one or more of claims 1-4, wherein said

cathode layer further comprises a capping layer comprising aluminum, silver, or
copper.
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