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It is well documented that many different types of organic molecules
provide an excellent medium for the transport of holes but unfortunately they
are very poor in regard to the transport of electrons. It is critical to have
balance electron and hole density in the emission zone to obtain optimal
device performance. In order to enhance the electron injection, low work
function metals such as Ca and Mg, which provide excellent energy band-
matching to that of the lowest unoccupied molecular orbital (LUMO), have
been selected as cathode materials. However, the low work function metals
are highly reactive that leads to fragmentation of the organic molecules when

vapour phase metal atoms strike on the organic film surface [A. Turak, D.
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vapour phase netal atons strike on the organic film
surface [A. Turak, D. 1 WO 2004/ 097954
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United States Patent No. 5,171,373 discloses the use of fullerenes in
solar cells. United States Patent No. 5,759,725 discloses the use of fullerenes
in photoconductors. “

The use of fullerenes as an interface layer between the hole transport
layer and the light emission layer has been disclosed by Keizo Kato, Keisuke
Suzuki, Kazunari Shinbo, Futao Kaneko, Nozomu Tsuboi, Satosh Kobayashi,
Toyoyasu Tadokoro, and Shinichi Ohta, 'Jpn. J. Appl. Phys. Vol. 42, 2526
(2003).

United States Patent No. 5,776,622 issued to Hung et al. discloses an
electroluminescence device including an anode, cathode and EL layer, in
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.30 Toyoyasu Tadokoro, and Shinichi Chta, Jpn. J.
Appl . Phys. Vol. 42, 2526 (2003). United States

woav@mw7INe. 5, 776, 622 i ssued to Hung et al. di BCT@A2604/000489
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invention there I's provid | ayered structure
layer/metallic cathode region.

It is a further object of the present invention to provide a hybrid organic-
based light-emitting device that permits optical tuning of the output spectral
and power efficiency. |

In one aspect of the invention there is provided a layered structure
including a fullerene layer exhibiting Ohmic behavior. The layered device
includes a first layer comprising fullerenes having a first surface and a second
surface opposed to the first surface. The layered structure includes a second
layer of pre-selected thickness comprising a fluoride compound located on the
first surface of the first layer. The layeréd structure includes a third layer

comprising an electrically conductive material located on the second layer.
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including a fullerene |Iayer exhibiting Chmc behavior.
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In this aspect of the invention the device may include an interfacial
layer interposed between the layer comprising a fullerene and the electrically
conductive layer defining a cathode electrode with the material of the
interfacial layer being selected so that the interfacial layer makes Ohmic
contact with the fullerene layer.

There may also be an a lithium fluoride (LiF) layer of thickness from
about 0.2nm to about 3nm located between. the electron transport layer
comprising fullerenes and the layer of light-emissive material. _

There may also be an interfacial layer interposed between the layer
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25 In this aspect of the invention the device may
include an interfacial [|ayer interposed between the
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o er b TR 18R Scheatis rashearciBRdt fibwds | M@ pvbyid light-
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sectional view of a fullerene hybrid réht-

eni tti fjod®4 isea plaiof puaeeﬂverﬁuaaeﬁam atigpship fardybrid
VeofréggEv% g\rﬁééér)gf F@u%%?ﬁu'gh O%r%hﬁ%"gﬁt iy c&ﬁ%é%@%%é the fullerene
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for th ene el ectron transport r.: .

F| gur e hgwapio?gp)fiq;mnﬁaﬁ%é/ewss a@@qui‘égﬂéprga”'c EL
vuéés%ﬂﬁgufé inth%QUld&Yl’eFfﬁ tl%rﬁ &é%ﬁfoﬁtﬁ@ §Jheféi’1'ér(060)
ferent thicknesses f t | erene

eI electmmtranmplayer withdhe furrdifferent ourveehdolhaspnndlng to the four
c Rt BTRRREE L Rubli oS b B 1 ayer
- Figure 6 shows the optical spectra of the hybrid organic EL devnces of
Figure 3 with four different thicknesses for the fullerene (C60) electron
transport layer; \
‘Figure 7 shows two current-voltage characteristics of Prior Art organic
EL devices having electron transport layers made from conventional tris-(8-
hydroxyquinoline) aluminum (Alq) organics.and a thickness of 20 nm and 110
nm; and
Figure 8 compares luminance-voltage characterlstlcs of two OLEDs
with (e), and without (o) an embedded LiF layer, the test device structure is:
glass substrate/ITO/TPD(50nm)/Alqg(25 nm)/[embeded LiF layer(0 nm (o),
1nm (e))]/fullerene (25nm)/LiF(0.5nm)/Al(100nm). '
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Figure 6 shows the optical spectra of the hybrid
organic EL devices of Figure 3 with four different

wohbakmesses for the fullerene (C60) el ectron BET/CA2004/000489

transport |ayer; Figure 7 shows two current-voltage

characteri sti cspgfrAfl gy Dé§bmbﬁ‘i’6NCOF EHE fNVERFTION

havi ng el ectron transport [ayers nade from
cobdefinitiomsal tris-(8- hydroxyqui noline) alum num (Al q)

i hi ck 20 d 1 d 30
S NEE R N
t vafdriaPhaving i prlianffifhclibh B dbnd @ting orardgeathd-eEctrons

gl ass

| ayer, the test device structure is:-
suacrosaithe layer frem @unrggion ég asothey régiomeded Li F

| 0 [full , .o
(S5nn 118 Beed brrgin APe wisheg hoigEESang lavssy mogns a thin-fim
PGhafed) B4 IRE A BImaBEINCHER 1 ESdUdT Holds 4¥rodsThe layer from one
I NVENTION Definitions As used herein, the phrase

" gllegian ioranathersiesian.| ayer” neans a thin-film materi al

tr anopd t Phgd Blein: e Srdse e ShESHETRF or Jgtsgmission layer
r emieans acthimrfliheaterid haningAbeysimariydurdtion dfremitiiiglight.

e o A2 BB ot Belminerec e -
R S i G Sl i St

| i ¢fmouletidrsi on | ayer” 10 neans a thin-film materi al

havi h [ ) tion, it Light . use
nor ef n, A7 ReB PR, hEkePe; Ghricevunttior hiic behabers
t hindan$ tanei@dtaeal Jurfeny intGedsdy linBily dsUd fliricibn®F applied
em-tting light under electrical stinulation. As used

heY@liage aaiessamne & morgycontamtinterface(s) madecheiwesni twio)(or
1 chirical current increases linearly as
a%gﬁégtrkﬁfé%ég@ "%lé%ﬁ'é'd vol t age across one (or nore)

cont actAs osed her=if stherter “fulierere’ nhewng meinostuct)red carbon

" ATRBAS Bhe 4R0RIES AT A shtbeR e isFafiariog! rms

?gfrvpriéﬂjaré aldtPrferréd RO As BuRRRiNSE! fUleRied, hans BUBKY 6alls (NBB)
or bucky balls (BB) in the literature. The carbon atoms may be bonded to
additional atoms or functional groups.

As used herein, the phrase “hole injection layer (or hole injection
electrode)” means a thin film layer having a primary function of facilitating hole
injection into a hole transport layer and the hole injection layer is typically the
anode.

As used herein, the phrase “interfacial contact Iayér”, or “interfacial
layer” means an ultra-thin layer inserted between two adjacent layers to serve
as an interface transition layer. ,

Layered Structure Exhibiting Ohmic Behavior

Referring first to Figure 1 there is shown a layered structure 10

including a fullerene layer exhibiting Ohmic behavior. The layered structure 10

includes a first layer 12 comprising fullerenes and a second layer 14 of pre-
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20 which are also referred to as Buckm nster
full erenes, nano bucky balls (NBB) or bucky balls

wOBBM/wTPSEhe |iterature. The carbon atons nay BeThRnaE®00489

to additional atonms or functional groups. As used
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%nd %ﬂd#ﬁ)‘(ﬂa‘?@ (St ructure Exhibiting. Chric Behavi or

errlng rst 'to Figure 1 there is shown a | ayered
st r uct ihe fillereneachaybedCa0, G0 er emreblmnylens ¢hxdrebf. t ILan,ger 12

AR FneLiey SR RHLS PSR TRY Soane

| #¥Secdids 04 nitkierd oml@%?fé/soeﬁ@ﬁérq?ﬂé %Qﬁﬂéoﬂ&ﬁﬁﬁnc

sel ected thickness conprising a uori de conpound
| delierenes rand fullerenes phiemieallydiondegdo comdugting potymeayer

ocat ed 5 TERGRSER R, 5BY ol ARGHA st ad Baip . dho
C préfeedbly maikallm@ﬂ&ondél eompband & RpiLeA flubHEE (EFY. THe pre-
the fluoride conpound being selected so that the 5

| #placter Hrickness of tas i dlustide fayeriisin § rapgs trom about 0.2 nm
b

DRIRBLR S P b Sl g 8GRI S B gtorial

L awyay ba Al, Cioir,iAg, gy, iNij Fer Nin&¥, May Cal araalioys lofitdg:Ag and Li:Al.
ENIE AN 8 RN T Y

pol ynerfig |afered! étﬁfcﬁ%s‘ro Y He'hp SR\t afs%bﬁalswface of the
bonded to conducting pol ynmers. | uori de conpound
néqyaf@ommﬁlngwwllerexm @mmsedﬂo dinel ﬁrai ﬁurfape physigallycontgcted to

TR el Bl ATERHRR locibbl Mgt i P i faberec

| ayreitturs and the sabgatel Theubstrate Magbe part abanoploeidatronic
to give Ohm c behavior. The electrical lCi/q; conduct | ve-

nﬁeypea?,ucbgas(@yt pat I)mlte@o Ilgbt-ey(@ttlng‘lglo s, splar cgjls, w
Mbhoglie%cftﬁH QESTRE sNBst?Qtea}ﬂQY Ia?s er’?f ‘?\rél%gt])‘?rﬁlgﬁewce

Ffectrica conductive mater um num

~ such as field- effect transistors, tunneling dlodes to mention just a few.

In another embodiment of a layered structure exhibiting Ohmic
behavior included is a first layer comprising fullerenes, a second layer
including a low work function material located on a first surface of the layer of
fullerenes. The layered structure includes a third layer which is an electrically
conductive material located on the second Iayer to which electrical contact
can be made, the low work function material being selected so that the
layered structure exhibits substantially Ohmic contact across the first, second
and third layers. |

The fullerene may be C60, C70 or combinations thereof. The layer
comprising fullerenes may also include a mixture of fullerenes and organic
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The | ayered structure 10 may be applied with a second
surface of the Ilayer conprising fullerenes opposed to

woheosfooress surface physically contacted to a BAT/CA2@)4/000489

of a substrate for making electrical contact between

the red 20, str re and the substrate. The
TeleRlES” R oh feldsengaan irt?ég@@pmﬁﬁe@alsmw&enc

S%"en%ﬁeﬁ y d ﬂfﬂbrérh% &iicaily bbﬂc‘]@d Jiﬁlngtp%ﬂﬁﬁers

solar ce phOtO etectors etc. str
al so beTrpmelectrfcaﬂyi cehdua;tw@rmatenilai/ma@' besone od 4\, Cr, Cu Ag, Au,

f:ﬁ'Je E-ﬁe&fé\%’t M?r %Zi fﬁig'é\’{?gt unnel | ng)ff%gg %@&WO mentlon just

St fsd. UM RyBidd éthitﬂun@"m Fnay2t5e asbl?éa With 'a”é‘édé%%dr%c@ of the

first layer conprising full érenes, a second
| rfllergnadayer (oppoggkta tmcﬁrstﬁurfmeé phaSIcauma@macm ta a surface

| RS ok SR RO B B4 nc

eI thetsubethiey Thewubgtrhie/Mmafiecpartbf bR @@tc%leét?orh@ €evice such as,
second Iayer to which electrical contact can be nmade,

t Huting/linited te Jightiesnitting: dipdes, seanrgliscpaetodgtestors igig. The
N3ttt Alsc pE %Far?él%bﬁb:gé ! S0 A fid1g Qe
and thir

contact acr | rst, Secon ayers.
THhearfsistoes; turneling died 36510, m@ﬁiﬂomjustarfbv)vnat i ons thereof.

et ur Srer S Fhows 1R Branhic Birghn curobt el ausoieAbnsBip of 100 nm
P%fc@@é@ﬂll@%@andﬁﬂbﬁé&‘ b@ﬁ/veéh !Wd‘&(%ﬁtﬁcﬁ’ﬁg Eié'ckr%ﬂ@é‘ Gfth a

and |norgan|c mat eri al s, neric | er'enes,
f stacking eequenos, @absgyaﬁebwéfé@o/% amimhatnah@;’wbweﬁﬁ/uF/Al A

Tht?u%?&r%c’ C§ n*}{c ﬁﬁgnta g arg%?e“ aq{agnc'm wrgerbtrbdrner

m pfésémsadbésé\fﬂleﬂiﬂtafadel Irfdhel pre8BAt tb@ﬂcaé,@tthe eudeheVéltage
The | ayered structure 10 may be applied with a second

s Jetedionsbip sheald fﬂ"pw%h@eararﬁ@hoo@ ipowbigre the slepeiof Hie linear
fqu Skt Fﬁfﬁé& Bk lipfe étﬂﬁt&%‘? tﬁé’|a§ef gégee sREwR that AI/C60
or etween the

strate |ngeect ical
I ab&a“ stebngt nelchfyungacmrdctdrishcs that AKLIE/CAhehowd eikcealient Ohmic

na p n _optoel ectroni c device such as, but
d%’oq?@%cﬁ Q?%r'sq|°§ght em tting diodes, solar cells,
PIElee iRl @nidscetitDeviee 10 substrate may al so be part
of -an el ectroni c device such as field-effect

t r ansi SRefering tormighreng, an Eliadevice 7@ has beenueonstrutied. to ,
" b DY S A BB L B e

b&hml@enletmwmé\ﬁ@é bhhealps diseltsedvihtUhited States Patent No.
4,356,429. The device 18 comprises a substrate 20, a conductive anode
electrode layer 30 for hole injection, a hole transport layer 40 for hole
transport, a light emissive or light-emission layer 50 capable of emitting light
formed on the hole transport layer 40, a fullerene layer 60 formed on the light-
emission layer 50, an outer conductive cathode layer 90 and an interfacial
contact layer 80 sandwiched between fullerene layer 60 and cathode layer 90
which makes Ohmic contact with fullerene layer 60 and cathode layer 90. An
optional cathode capping layer 100 made of a dielectric, such as Si oxides
and nitrides, may be deposited on the cathode layer 90.
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st acki ng sequence, substrate/ Al /C60/ Al ; and
substrate/ Al /Li F/ C60/LiF/Al. A 15 true interface Ohmc

woami4aet9sks characteri zed by no el ectron curr eRCT/CA2004/000489

barrier present across the interface. In the present

ot | ow Sstlle 28LAT Bl a Gk 8 OF b a6 ol Bible of any
| imatarial bap@le of ped\dding rmebhamd:di suppertso ItMntfumgf It coald be

I ) 2 shows .t hat . t
+ ceiteq i Tfctiortl Bhin i dtansisicrs WIPE FRvche WBadas electrical
£ drflere Budsharé 208haf B8 citbafl] BaREIREhPar fight emitted from the
ddight ernlﬁlmlamwnltemabmlw,dwerst&i) eamxh $00 atay bdr ene}de of

'. I .
oAb afhrits Ant MicEAcSiEto shisthe ighids Boptiar S Sarliont
Hé,-]:,kgisfvgqa@,agoaﬂwgaéﬁames@qa grg 4,356, 429. The devi ce

conprises a subsirate 20, a conductive anode y
el ect r dendugfive agodedayerditisi mheletinisstion efestrode when a positive

 orEAPelB g e oe ) xR BB P, ERclrof aver 30 may

endlsd beainyi gthér mictdl e dlion wilhea h@h@v@ﬂ@fﬁﬁmﬁ Horyxanle, anode
a fullerene | ayer 60 fornmed on the |ight- em ssion

| dg¥er %maa(rb%a@lspte@iaméugh/woelsfuma@n|cggaauctgw Eaderiahs
g Sl By e S PBAEEE S SR o

(]’mhaonc) ohdditionali enodeunbteriaiseateadisclos€d amUnited ISCbates Patent No.

opti onal cathode capping | ayer 100 nmade
é/gé%’%gﬂectrl c, such as Si oxides and nitrides, nay

b d | £
2 DR 0 b oA ar

almay thN'\Ns'Id}thnYerUNdb|§€(31‘m@|@ywheﬂlﬁ9 (ﬂrﬁt inhenyl) dpdisdiamine

c PR urlerfs CRARRR Bred R B Ly b ey et adbibkpensor

V\lrabdmt SRt ot lintited t6S6@ hettir caud alsd by ang otfeHisig &t mordlayers
be ogptically transparent for light emtted from

Osgqm'alw pemrg%r wateralesapalle of apspenting hloégﬁea@d paving a
9
 RnEftiod RrfRind AR som 1 5L S B BRInaport ver

erAQsmayebel coraprissd oh’tl'nsg imatedals dla;lesed nﬂjnrﬂenl:SIates Patent

- puiticgf¥Tiyoa dobBoTadhPlyhla i ePat fon oM e 1L aRbed

OfDézéB%b&1 @%UM@hicﬁ)féferﬁb Rited StalesPRENERYs 04, B8Y 507:

metal or all h work function. For exanple,

ariptie1,629; 5, 15 006 5 141 6 1 and 5,846,666. This reference dlscloses
different hole transport layer materlals, electron transport layer materials,
anode materials and cathode materials, which application refers to United
States Patent Nos. 4,539,507, 5,942,340 and 5,952,115.

Light emissive or light-emission layer 50 may be an organic.
electroluminescence layer comprised of, for example, tris-(8- '
hydroxyquinoline) aluminum (Alq) and may have a thickness of 25 nm. It
could also be a layer of an organic compound capable of emitting different
colors and having a thickness in the range from about 10 nm to about 100 nm.

Other suitable materials useful for the light emission-layer include conjugated
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| ayer 30 may be selected from high work function
conducting materials including SnQ2, N, Pt, Au, p+

weenm4morduct ors (c-Si, a-Si, a-Si:H poly- sil PCDIA2004/000489

Addi ti onal anode materials are disclosed in United

Sf_ﬁﬁl_?tﬁe%"é@éﬁ aée\'?olry"(gg%r%hglene]\ﬁm}'@h@) gf‘Fa\V‘);%ﬁBué Fﬁé?ﬁbers of

40 |'s rgani c-based | ayer and
bd:’lRVhMthjam mtylbut\pig'mentsinSSUGh Iayilcbmiuwd in United States Patent

s 2 2BR BB 5 {7 RS G ek btalnadlbiag of G5Ratfon metal

busrgafic ddn"i’plbﬁ @stdrscléébmm Uhitecr StHtés weﬁéht% 851524>t7§?f

one or nore |ayers ani c_or polyner matérials
capabl elThg a@ﬁl\éﬂw@‘dﬁmlﬁgmn ¥ar Stheediery cag alsozoclude any oneora

P BERET AR afses? S Seeh® g ihsB ROt B rifirisl Frotuaing

megraall Alotecliles hng palyniersNFoeakarplee theadtpmt Ilg'bg-emlsswn layer 50
Publ i cati on No. 20020180349 whjch is Seri al

1002y pegompyinad efibase materiale disslosasbin UpitedhStates Patant

o WitfEafiTop620 e, Wired YaS allént aphiicafiol Strial Nos.

di G8/823,898269/di80{etdeamd boited StamlsrRHttani Ngﬁ@ 05?103‘“& ?k@ disclose
I e materials

© R MBRRREY be E5d il Bie TiatheraisePBovas o1 o 1 o

Uni t ed Elgbﬂéﬁﬁaﬁébsma%?%o ié p?é*l%ra':’cw co é)?i@%d %%@ﬂ@grene

5,952,115. Lig em ssive or -ems l'ayer
wa;mmomd Gﬁgamddwas @Itlmckrreslsuange§mm abouby.am to about 300 nm,

JARLADERE pftpraid iR i 8120 A Ty fulpsene taver thickness

t Fmay beseledted fo produce dexrel bplicapinkstfetehedy &5 ?@tﬁerafé multiple
orgam c conpound capable of emtting differen colors

arf@lorsy olgrsot desitadanavelangthe and pglimung eptiea) trowes output.
to abOLE% St3Es B8 tiﬁ mﬂére?ll%' 53?15}]) ABPESEIE He a&‘dfs@w meMber of

thellg? em ssi bn-1ayer conjugate
260%@9@95405’@35/@2@#)&0@4@‘3wom1 more fullererie eampolinds such

5 AL A b L5050 i
dipfers ﬁi&ﬁa?@%@%q, 0B6:PPV 2Rk 8RRirBRYrans Faéft 1860 may

rare earth netal, actinide or transition ne
origelifle aprgRBic meleguliecoraymenwbidht an aecirers coaduators mixed

I
oy Shes” i BRGREN. X Ghey SAnSRRG Rty Plyaes
orlittiomeflwdridd (wmm@atwmmepmémee@ﬁm elBBEH trah§port layer
i ncluding, small nolecul es and ¥ners For exanpl e

t Hga)ég‘[qlq;@q mgkal Parcles gixadyyih tm) llerenes. Preferred metal
particles are silver metal particles.

The interfacial layer 80 which makes contact with fullerene layer 60 is
preferably made of a bi-layer of 2 nm LiF and Al. However, it will be
appreciated by those skilled in fhe art that it could be any fluoride provided it
is in direct contact with the fullerene layer. The interfacial layer 80 may be
made using any low work function metals and alloys or mixtures such as Ca,
Mg, Mg:Ag and Li:Al to mention just a few.

Cathode layer 90 is preferably aluminum (Al) and that which has a
thickness of 100 nm has shown good behavior but other thickness may

10
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may be conprised of those materials disclosed in
United States Patent publication 20020180349. United

weteai4@o793at ent application Serial Nos. 10 08/ 8POT&A3004/000489

09/ 489, 144 and United States Patent No. 6, 057,048 al so

whi ch th
| Gt os el S5Oy GufiBile 8P A heirReds gEpng or more layers
preffhapll Rﬁ@Wh'c%ﬁdu@ﬁvet ﬁhetély bhardrrémo §qrm%%rﬁ§0cathode 90

and has a thickness range from about nmto about
nrnay @ﬂoprﬁﬂu@eq)fr@mmpymr@ 1aYEe of h@hw@rwthe mmtals and

or Iy e GBI AT, o R AT, N REINEJvofit Bar oA LAl An

Mﬂtidﬁbﬁcamoﬂer@ppm| layer 100 Aesler ¢fth aledhfd) %Bh a8} oxides
opti mum opti cal power output. Besides C60, t

f (Andpitiiges; Gﬂﬁ)b% depesited %tfaﬁﬁatbpﬁ@ rbyrmwérmgi%r any of the

f L1thEF E0aiaEnReS Hont iiogt Sy el T2C°

ful | er efes pmseht mvention provides g daybrid lighBemitting devicé@vhich
P R IR BYaGanay o Pitet dlacom rangenit E‘?‘éﬁs{ﬁ&e@c@'«cal

p%rbﬁ&ﬁle%f‘iﬁe ﬂ!l%r@r‘:e?ofa&/bp%u‘&ﬁg&ﬁpﬁre‘fedﬁléﬁ%on% t]h/a hd

l erenes. In additi t he ron transport
na@xqeﬂemwestncai catitachwithuthe chthode,Hasinadd peissible tmemalntaln

| iR eneonsgB ePéue Al BARYE Mt tiEhees, as s

Prsﬁfoer poFigatedl. Rie ﬂﬂﬂe?erfdeelﬁ @ti@aﬁtéhﬁténﬂ@‘ttﬁé fullerene layers
particles. The interfacial |layer 80 which nakes

ccﬁﬂ%hﬂhtwmlﬁlrfgmg@n&sdoqra%rer@meeﬂngmfég@t aul of thﬁ@@ndwmh

f
i it 0
beasalmslfblwmnandgum@w ded it is in di rect contact with
S A St pocb s
orddvicd 48 @l%lh@%"bl%ﬁe%ers Ii'9i'sl'er MEnVEhtRMAI bhrebt%rg'éﬁgz based light-

mention just a few. de layer 90 is pre
alemittingrd¢vices, drigunenashowis the hmetat-valtagem’(mactenst]mmf prior

w80 e W Wi AR slcrtt e RE v e B B e of Al

| Miesithidkness oﬁ?ﬂi&AﬁfeI@@trﬁlﬁYrahgp@n%éPﬁs SHewR to Eﬁéﬁthe current-
| ayers of other known conductive nmetals and/o

a|\408996 characiquistisseand i9 insarassoth er%ryflrmav@tagmmeaeverahelectron
ongar nore layers of highly conductive netals and

all'oys such as ITO A, C, Cu, Ag, Au, Ni, Fe, Ni, W

Mo, Co,It Wit Beapprieciited By those skilled in the art that the fullerene layer

may comprise a mixture of two or more fullerenes, e.g. C60:C70. The
fullerene layer may also comprise carbon nano-tubes, and fullerenes ‘
deposited by vapor-phase deposition.

Referring again to Figure 3 again, an alternative embodiment of the
OLED display device includes inserting an interfacial layer (not shown)
between fullerene layer 60 and light emissive layer 50. Based on studies by
the inventors of devices which incorporate this interfacial layer, the latter
provides further improvement in device performance. A thin lithium fluoride
(LiF) layer of thickness (0.2-3nm) is inserted which provides a better contact
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5 optional cathode capping |ayer 100 nmade of a
dielectric, such as Si oxides and nitrides, may be

wdepmgntesd on the cathode by sputtering or anyPOT/CiAR€04/000489

other coati ng technrques knomn to those skilled in the
The nven

" btwedniber B And s 50, i FeiisiRa Pui ahiing velipge fagthe

a deQfees FrgQJr@ ‘Btdd?ﬁ‘pérbéﬂl%ﬁﬁfahcbﬂmbge Ehﬁrzﬁit@ﬁétfc‘s%"two BLEDs
properties of the | erene | a , such as high

e Ml (o) @ad w:ldmwi&@) embszdded.i Lr5< Br elhe teistdevice structure is:

s el PR AR AN e TR fverco pey o),

a 1whtlee )OSRl (anmmﬁqe,snﬁ@mmomﬁﬁ)ﬂm in Figure 4.

The di f?erence in optical constant of the fullerene

| ayersIn angtheir@ﬁer@rweﬁm@dw@ahp&@ep@kﬁpt@evwes a layer of
<SRRG o W 0%t Ghob iR R Al bl (NS eneroy

Spéaboai 2eN-SeM éwd h@hes@@comr@ilmabdulerﬁrblﬂale(l-ﬁ)MO) energy of
nstrate the advantage of the present

th d
@éﬁyte é-rﬁet isrpSertetheinecndayes @@an@ |'¢>@ré9e Sugh erganiger
C WS@&IbP@Er Rl f}lh@%&?ﬁb ‘?ﬂ%é b diirg’ FP%& Wdlfd thus enhance
devi ces ure ows t he current v
c leartaradensﬂ;y incthedtL layenb0 mdaadnsdquemdgsleadde anwinble efficient
t | el ect t .60, d . Al
“RRVER: NoRAIraffing SihRbles TR R moletliEs Baure 44 histedtbazol-o-
sy QMpﬁ@nw 2 gtdrHé‘ﬂnﬂle T-Gmhen\yph t1@ﬁ1éﬁhﬂtl@r@lrﬁé* £ BLBIS(5-(4- -

to increase the driving vol tgg sever al

erimermriammebn@nyl-ﬂ 3»&1op<a6@zabg-ry eazeme 4. 5nbiphenyl-1,2,4-

- S B pRgo v Png B s e BipRebilfad- 1agft: o.5-

Cﬁi’s(@?@g—ﬂﬂ‘lﬂphéﬂym-ﬁ-rmw WBM]miBZOltét gqgwﬁhemyﬂﬂ)-ﬁa(ﬂbteﬁ-

e vapor - pha
G BHBAPRTON-1 Aok R AIAgD iy B S Gt AP Ay DRI )-1.3.4-
%&ﬁ&@%gr-l -?S]B%%émlnfi -B(5{(A& Fn}r%ﬁ%ﬂin%‘)%ﬁdnﬂ 9v4 ﬁ%xasqbazol-z

i ncl ude erting an |nterfac ayer '(not” sho
bgt)henzeﬁe; [ &EeTres[JS-Méi 1edimetoylethyhjphenyl$4 |3,4-oxagiazol-2-
Based on studies by the inventors of devices
I]B rporatethrs interfacial layer, the |atter
provi dﬁé‘s Gsdd ereir, TS RMAEERDMPNSESY 66 Eﬁérf‘rg’f MREARNNGX and
thin Iithiumfluoride (Li F) layer of i ckness

( dingludles) aresto bﬁse@mséwaﬂﬁs:helpgdwueye@rrdeqn%rer@dﬁd &od not
R L T T e

f¢errﬂrsh‘e:omprrses” “comprising”, “including” and “includes” and variations

thereof mean the specified features, steps or components are included. These
terms are not to be interpreted to exclude the presence of other features,
steps or components.

The foregoing description of the preferred embodiments of the
invention has been presented to iliustrate the principles of the invention and
not to limit the invention to the particular embodirnent illuetrated. It is intended
that the scope of the invention be defined by all of the embodiments
encompassed within the following claims and their equivalents.
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device. Figure 8 conpares |um nance-voltage
characteristics of two OLEDs wth () and w thout (0)

wenhadded4Li F | ayer. The test devi ce structur ePCT/CA2004/000489
gl ass substrate/ I TQ TPD(50nm) /Al q(25 nn) /[ enbeded LiF

L%ﬁ%ﬁﬁ%%%ﬂ%ﬁ}lﬁ? !)mr%:ﬁ I InI :Lgtnﬁer alternative

enmbodi ment of the OLED devices a |ayer of organic

ecul Wit h |,owest . upocc ed | ecul r or bi
(v Alasiied sfrois fionising 8 0iane Tnexhiidia phauc
”‘Bé@%&rc&hﬁhélﬁb (HOMO) energy of about 5- 7eV IS
i nserted between”|ayer 60 and | ayer  50. Such organic

10 nol e first layge comprisinguutierenss asaid finstllayen having g first

| MR R el TR PR S B b conc” T
deVI ce. b)NDﬁeédrm Iiad élgofqmrgél@cﬁe@fth@méssmdrﬁsnénﬁg a fluoride

i nclude 4 - bi s(carbazol - QJ‘) hen
2 wwd1@pa‘r¢d7orus@ﬁéuﬁ§n surfaps nshlayﬁr gemprising

fﬁeny am nﬁ phenyl - 1, 3, 4- oxadi azol - 2-yl ) benzene;

3 4, 5- Tcr)laJlmaMhyér CerHprlslﬁg anigiecttieally conductlve material located on

h henyl -5-tert-but 1,2 4-
fngfgpggg ga@r the pre-pse?ene{ed thch?r{ess ouft e sec0|>1/d layer being

g' s(%ﬂfé%lég {?E r;ce?'tt Ya)bﬁé‘y‘fé"ﬂéh )s’u‘bcfm'@ xhidits stivdldrftiafiy Otfnic behavior

blagrosshthe/first, segond anddhm tdyers.
1,3-Bis[5-(4-(1, 1-dinethyl ethyl)phenyl)-1,3, 4-
oxadi azol - 2-yl ) benzene;

1,2- Bi sfie lafefidStaistlracsarding s Ictaim31 dherdaiflisaiPiullérenes are

yl ) benzene;
1,Selexted frops thesgroup comsiating yaf &89, IG78hand combirations ira@neof
azoI 2 20 yI]benzene As used herein, the terrrs
"conprises", "conprising", |nclud|ng and "includes"
ar® to Te tayeﬁdd steuttare dagordingrio lclsimve o dvivgrein saidddoride
and not XcCl us ve. i?pec fical IE\I/ when used in this
s FEXRRQ 'is(ﬂﬂ"? ling %F?rﬁeo Rhe terns
"conprises", "conprising”, "including" and "incl udes"
and vari ati ons 25 thereof nmean the specified features,
st-"e ps oThe:laryptﬂdestrmtuueeactomdiugéd clalme3 whetein isaichalikalire

interpret presence of other
(lhorlldg comggqu&g@s(y h"é'@#ﬁ’% (L%The f or egoi ng

descrlptlon of the preferred enbodi nents of the
i nvention has been presented to illustrate the

prd-nci plhsslayeracherudivienacosdiagdo ckimrbwheesinisgid preneelected
' QHﬁRbéé’Qof el Iﬁﬁuﬁﬁf Gdriid I%S/erei'gqﬁ gt E f}énh%ﬁégﬁg gdr?rﬂ eté about

ended” t'hat SCO ent|
b)5 am. of the enbodi nents enconpassed within the
followi ng clainms and their equivalents. 12 .
6. The layered structure according to claim 1, 2, 3, 4 or 5 wherein said
electrically conductive material is selected from the group consisting of Al, Cr,
Cu, Ag, Au, Ni, Fe, Ni, W, Mo, Co and alloys or metal mixtures of Mg:Ag and
Li:Al. ‘

7. The layered structure according to claim 1, 2, 3, 4 or 5 wherein said
electrically conductive material is aluminum (Al).

13



WO 2004/ 097954 PCT/ CA2004/ 000489 THEREFORE WHAT | S
CLAIMED I S: 1. A layered structure including a

woubd4imomse | ayer exhibiting Chm c behavior, PCT/CA2004/000489
conprising: a) a first |layer conprising fullerenes,
sagd fi ah i 208 &
5281 TS KNS sHRARIBed i o AU 708, 901 2R Plerei o
I agenormlfswfa@esaff Ith@lawrtcbnmnsmfuderqmesmpmsed fto dtoe ikt surface

mpound | ocat ed ace of said first

" SGaEsA FanEGte e shitaed Of a 3befE Brmkia.glepical contact
COpEHEhtHe ?éye?é@%irbbﬁf’r‘é 'athHQQ,HPEﬂré{t%. material |ocated
on the second |layer, the pre-selected thickness of
t he second Iayer being selected so that the |ayered

acyoss iR BRI StualREbedm Ao b G, £.3% 55,2 or 8 wherein

| ayH1 et icontprisingy mﬁéﬁdn@sﬂﬁclhﬂeé} baerafla e oF fEMérénes and
ful lerenes are selected fromthe group consisting of

ceorgapicomalegulesaBimixtureref fullasenes and Inoraamcameteé@?s, polymeric
Stfuﬂgfelﬁreg Qﬁ&ﬂfl@r é&\&h%ﬁﬂ%?}oﬂ&eg 6"’985 d?m a%gxmgfs.

oun I's”an I'ne uor|
4 The Iayered structure according to clai m3 wher ei n

al I|ne fluoride c ou dis Iithi um_ fl uorj de.
(,%) )87 aygied siijeiuss ingly 168 d ullarepg ayerPhipitng Qhnaic

V\/nlgé sel ected thickness of the lithium
fl uoﬁ\{jkérsebﬁ\g%ﬁg in arange fromabout 0.2 nmto

about a)rﬂrflrsslayan eomypyisirgifulieransisy saiddirstdagéemigating a first
cl ai

, 2, 3 4 0 wh ' [ | I 1
c oAt it adeetnduratdBhBated Pe felitach,
consi st b)’w séforf layEF comﬁﬁsmé@b loftwoPt funtfon 'Nhate?%l |&®ated on

Co and alloys or netal m xtures of My:Ag and Li
7. sajg dirst aéq %ﬁa@damerecqa@mlagrﬁ@lqren@ss and 1, 2, 3 4

a1 uni nUk g YT EnBAHhb GB AaBRY EoBAPRoeRe! fSated on

Thl:hel segond \c}\h;qyérr ihet lowevarkefa gdﬁlmg miateridl ?Jdnr?ls?léctea ,sththat the
or 7 erein secon ace of the ayer
cdﬁﬁ?r@é’. HAure, %M@ssl@&m@iﬂ @mwebqharvsqr acipssthe first,

second and third layers.

11.  The layered structure according to claim 10 wherein said fullerenes are
selected from the group consisting of C60, C70 and combinations thereof.

12.  The layered structure according to claim 10 or 11 wherein said
electrically conductive material is selected from the group cbnsisting of Al, Cr,
Cu, Ag, Au, Ni, Fe, Ni, W, Mo, Co and alloys of Mg:Ag and Li:Al.

13. The layered structure.accordihg to claim 10, 11 or 12 wherein a second
surface of the layer comprising fullerenes opposed to the first surface'is
bhysically contacted to a surface of a substrate for making electrical contact
between the layered structure and the substrate. '

14.  The layered structure according to claim 10, 11, 12 or 13 wherein said
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Is physically contacted to a surface of a substrate
for making electrical contact between the |ayered
woekouabse and the substrate. 9 The | ayered BCTMRARUUDHO0489
ccordln m1l, 2 3 6, 7 or_8 wherein
aYer oy s'eegaﬂﬁren%lnpm Ieéroé\‘?e%f 3 Rixtyer:ef tilerasyesand organic
0 I
'ﬂ‘léfe%ﬁesb% I';'IBHI’@ of Rifer énﬂ%?l‘éﬁh%s goﬁlmenc

m xture erenes an |nor ga

dallgneees cand fulleesreesechenicdlly bohaded toesomdchating dalymers.
bonded to conducting polyners. 10. A layered structure
including a fullerene | ayer exhibiting OGhmc

bﬂ’hav'ﬁhghﬁé’ﬂﬁﬁt“h UBQlceaéorﬁpﬁélhét l'ayer conprising
full eren sard first layer having a first surface

and a a)exsusteates ace opposed to the first surface; b)

a secqnd_| risin f.unction

ocat 48 BhSC Bl BoBp sty P ddininy BhahodEEiiidte
qu@mmnngbgt,}a@éenes and c) a third layer conprising
an electrically conductive material |ocated on the

seconcp)|aayelectr9héra|n§npmdﬁxer1c9ﬁu:msmg fulleeanest bei ng

sel ect %:&{b?%leﬁﬂﬁ: egﬁétﬁﬂlvﬁtlégéiﬁﬁﬁg ?’tﬁcﬁie electro

subst aV| or acro eCond
aaylertdmﬂﬁéle;z&ontrah%poﬁﬂm/dr;aam ed structure according

0 B S8l Bt b ™
tgecal laidr alitnd Beie hiisgBkUpgerRCCOrding to claim

or 11 erern sa el ectfica conducti ve
naterlal IS selected fron1the group conS|st|ng of Al,

T o oAt i ooty By A BB B over

tigcatedigBtwien e 8hodd ettbakNaerst kM@ light Ehasave hdtésal,

| ayer conprising fullerenes opposed to the first
surface-is phyS|caIIy contacted to a surface of a

i cal SO
et o TR SeRbes Hunfl o pRbaf sol IR nkAgt fver
ssn:um[misedaﬁmgaimogncblecweaiwhidlrocoﬁducthbley. 13 vvher ein

said 14 WO 2004/ 097954 PCT/ CA2004/ 000489 | ayer
conprising fullerenes includes one of a m xture of

f18.] ereie fgROshmRirspaé Gice FSPbl%ﬁHH%S@r 7 Whé?élﬁ &aff hole transport

fuIIerenes and inorganic materials, polyneric

flayerdhama dhickiness inld rangedorn labout alnny td'o ehdebBQQ)nm
conducting polynmers. 15. Alight-emtting device,

conpri si ng:

19.  The light-emitting device of claim 15, 16, 17 or 18 wherein said second

electrically conductive layer defining a cathode electrode layer is selected
from the group consisting of Al, Cr, Cu, Ag, Au, Ni, Fe, Ni, W, Mo, Co and
alloys or metal mixtures. o

20. Theylight-emitting‘ device of claim 19 wherein said alloy is a Mg:Ag or
Li:Al |

21. The light-emitting device of claim 15, 16, 17 or 18 including an
interfacial layer interposed between the electron transport layer and said
electrically conductive layer defining a cathode electrode, said interfacial layer
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a) a substrate; b) an first electrically conductive

| ayer defining an anode el ectrode |ayer on the
weubstmwase; c) an el ectron transport |ayer conpCTAIARQE4/000489

fullerenes; d) a second electrically conductive | ayer

depmrisingaa dlaoride soripetntdode | ayer on the el ectron

transport layer; and e) a |layer of a |light em ssive
“material |ocated between the anode el ectrode |ayer

ad. t hertpl (R ePltting sy éf dlame 21 witereil aid |nterfac1al layer
light-emtting device of claim15 including a

t CamAstsing a dyeride corwornd has@ thicknessamadenge ér@m abeut 0.2 nm

light em ssive material. 17. The
I [ g%pogﬁ??b g device of claim 16 wherein said hole

transport layer is conprised of organic nolecul es

whi ch conduct holes. 18. The |i Eht emtting device of
clZ3 m dhedighf-emittipgrdavicesali elampRa ar22nuherein saigdyforidgs

a mgﬁm@ ' 1 nmto about 300
nr(r;l'iJ . ﬁgahrhdﬁ?lf tr{d%g ﬁ% ‘of claim15, 16, 17
or 18 wherein said second el ectrically conductive
finin cat hode e ctr e layer i ect ed
ﬂgw i %ni}gWg, v(qu%o# aifp Sg@/her nsq&@ ﬁg@dne[ﬂporlde
F%oMHounWs'N‘EhlurﬁGﬂL@ﬁQe piF)oys or netal m xtures. 20.
The l'ight-emtting deV|ce of claim 19 wherein said

aIonlsaI\/gAg or c AL 21. Thellght emtting

" Rbert Ahe oo s S!FC&%@ (bt .08 22 b i ghoride

t confRund |é@ﬁbiurﬁlﬂdoﬁée @CaBlb)ectrically conductive
| ayer defining a cathode el ectrode, said interfacial

I ayer 15 WO 2004/ 097954 PCT/ CA2004/ 000489 conpri sing

%' UOEI*{Q V\ﬁ;‘ﬁ?@ﬂﬂfflﬂ (?Z/I?c eﬂ?allrﬂ gt fnié Yang SEevhERiR! said

ereln's aci al”’ d er = conprisirng
f Iseoomaﬂ elentnigadly rwndasti\[e laecdefiting arcahdsdmeledrbdmlayer is
ab ut O 2 to about 10 nm 23. The light-emtting
(‘Wau m 21 or 22 wherein said fluoride
conpound is an al kaline fluoride conmpound. 24. The

light-emtting device of claim23 wherein said
allal i Adeflighéemiding device of claim 15, 16, 17 or 18 including an

interfacial layer interposed between the electron transport layer and said
second electrically conductive layer defining a cathode electrode, said
interfacial layer comprising a low work function metal or alloy.

28. The light-emitting device of claim 27 wherein said low work function
metal or alloy is selected from the group consisting of calcium (Ca),
magnesium (Mg), and alloys of Mg:Ag and Li:Al.

29.  The light-emitting device of claim 27 or 28 wherein said second
electrically conductive layer 'deﬁning a cathode electrode layer is aluminum.

30. The light-emitting device of claim 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28 or 29 wherein said fullerenes selected from the group
consisting of C60, C70 and combinations thereof.
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conpound is lithiumfluoride (LiF). 25. The
light-emtting device of claim21 or 22 wherein said
WOIzulumi%Dm conmpound i s cal cium fluoride (CaF2) PCREA20UIDH00489

ei ot Sefioe Bt Felivy. a8 atc B e 22,23, 24,

d625 rzm 97228 22d16F80 A IRGEINAsd bl@(ﬁbn'tﬁans?bﬂﬂhgéhwh(:lﬁklbs an
i ght-emtting device of claim

180rgaalcunobgumr palyrser which aneaqleetrcvmc@mwstets Inixedewith said

h@? ﬁgéron transport |ayer and said second
g i 11y conductive | ayer defining a cathode

el ectrode, said interfacial | ayer conprising a |l ow
wor k function nmetal or alloy. . The light-emtting
de¥d-ce Die lighiremitingwieyiee pf §lama a1dmhmn<saldrmgaaﬁ molecule is

o8l iy AlironS BERNACT () BAE WHAHR CHATIRIAS, are

argblédtedifron? the gioeipl ccghsis-‘tlam dftGe0y GRvand cohbMaiiamsZﬁ{ereof
or 28 wherein said second electrically conductive
| ayer defining a cathode el ectrode |ayer is alum num

h f ,
§833 goemzélwgnzt-ze@m%ﬂg ggwésgr E%nrﬁ 15°H6' %1‘58 1;%2&154 é§ 23, 24,

s 525 2qu12Ve2&,n2&0530emh&rehnfsmtdwognmpomgyesmcmgeeﬂlthlum
7 d co atl s, thereof. 16 WD 2004/ 097954

Mgbﬂﬁ'éﬁ%' 'E a'gpﬁllueerﬂ‘%%t emtting device of

claim 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,

27, 28, 29 or 30 wherein said el ectron transport | ayer

i n¢4-udehalightangitingdevice efiplginar 5p 4By e 18w % R0a 28, 22, 23, 24,
$Lf§tz"6° %7059%5%6 gvrﬂé?gﬁl %413 Q,e%ﬂ‘oﬂﬁé#oﬁrlg mclglaes metal

evi ce arm erel sal
ormnclesmmke@uhta said fullerends3- hydr oxyqui nol i ne)

al um num (Al g), and wherein said fullerenes are
selected fromthe group consisting of C60, C70 and

c i nafhORSht; [ hot Lk haRi
o oA oo of i S el r
2wilvesmetal pafticies.v\herm n said el ectron transport |ayer
includes lithium fluoride (LiF) mxed with said

fullerenes. 34. The light-emtting device of claim15,

1636.17, THSlightmiltthg ddvicgd 8f claim 15416, 27, 18619, 20, 22322, 23, 24,
29 or 30 _wherein sald electron transport Iayer
i 92827829, 30, 31, 32, 33, 34 or 35 wherein said electron transport

layer has a thickness in a range from about 1 nm to about 300 nm.

37. The light-emitting device of claim 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, .
25, 26, 27, 28, 29, 30, 31, 32, 33, 34 or 35 wherein the electron transport
layer comprising fullerenes has a thickness selected to produce pre-selected
optical interference to generate multiple colors, colors of desired wavelength,
and optimum optical power output.

38. The Iight-emitting device of claim 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36 or 37 including a lithium fluoride
(LiF) layer of thickness from about 0.2nm to about 3nm located between the
electron transport layer comprising fullerenes and the layer including a light
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particles mxed with said fullerenes. 35. The

light-emtting device of claim 34 wherein said netal
woandsootss are silver nmetal particles. 36. TheCT/CA2004/000489

l'ight-em tt| ng device of claim15, 16, 17, 18, ‘19, 20,

2¢missive pater 25, 26, 27, 28, 29, 30, 31, 32, 33,

34 or 35 V\herel n said electron transport |ayer has a

thi ckness in a range fromabout 1 nmto about 300 nm

339. Th#hkilight-emitting idegiceeofiotaimot5,c16311M, 18, 19,620,127, 22823, 24,

335, 28,2728, 2830 it 24, 5% B, $9.38 067 il leyergiqroanic
CHERCAeS A LOMD EReRA el dTidof P8V bl f Sl and HOMO -

produce pre-selecte tical interference to generate
nmeheigyl af ahmlud) 65V todbowt 7=V beatedelulet\meel tha @dgctroratnahsport

d%)’IF’EméE’nBWD Pising §igheg e B8 ayst tag g a Bt hissiys Hiateria.
25, 26, 27, 28, 29, 30, 31, 32, 33 34, 35, 36 or

37 i ncl udi ng a I|th| umfluoride (LiF) |ayer of
t ADcknébe lightbamiliog degicerohadaimabd utheseimthe osganic molecules are

¢ SPEERR AR 08 o BobbMERBOE 4 GO T finenyi 2.0-

2aﬁh4étﬂ 8 F4diphdn AL 004bheAarBPoliryi1s3-Bigt5Hat er | al 3'.
The | |ght ethﬁ%-I)ﬂEfdeVI ce of claim 15, 1gﬂ 17

2diphenylagino phenyir!,3,4-9xadigzolsz-yl)bgnzens; 33%)5 Eiphe@yl 7 2,4-

?rgr,aezéﬂ%’es t%gul_' K/é enéﬁggq?eveqtﬁgﬁén@ g@%ble 3,9-

aBmM-teMuhyinheiﬁwafl pheaykj1g®,4itfiaaden - (&Baphemylyelbﬁqu-tert-

BTG i S atleolgfroreler Byt HeRBB e oy 1 3.4-

| bﬁé‘dla%llﬁl]y&ni@feeﬂ'@&s 544. dlﬂ_ﬁ%wérﬁmo’)ﬁﬁ@ﬁwh %J4-oxadiazol-2-

devi ce of claim 39 wherein the organi ¢ hol ecul es are

slél)lé@m?eﬁmef apeh 1, 3.8- Hﬂ&iﬁﬁ%(ﬂ)ﬁsdlﬁlethﬂeﬂwl)@hanyl) -1,3,4-oxadiazol-2-
ﬁ%%%r bazol - 9-yl ) - bi phenyl; 2, 9-
dy y 4 7-di phenyl -1, 10- phenanthrollne

1, 3-Bi s(5- (4
di phenyl| ani no) pheny 4- oxadi azol - 2-yl ) be
34%. = -yfhprglgghyrmtilng dgvice,qtaimel 5. 16, 17, 48) 16,50, 51, 22, 23, 24,

32§ %@Wﬁg gg yhd- 41 PREmE 33 86746 bitt Worhe hhdrein the first

triazole;
Belkectricatly condugtivenlayet Jefiripd anydndde, é]edtmde Eyel en the

G5 EaE G Wik Birikibs aterial
1, 3- BIS[5 (4 (1 1-di net hyl et hyl ) phenyl ) -1, 3, 4-
oxadi azol - ¥§ ] benzene;

143. Bi §ps Ilglm Mittisa wexigernf)okiang1 whesein-toe Aiprawerk fanction
) AR50 So1c88h rqmth araum opnsiRgRg BHTISTO2aNY Pl P+

agemicdonductors including ¢-Si, a-Si, a-Si:H, and poly silicon.

43. The light-emitting device of claim 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41 or 42 including
a protective coatihg deposited on a top surface of the electrically conductive
layer defining the cathode electrode.

44. The light-emitting device of claim 43 wherein said protective coating is
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yl ] benzene. 41. The light-emtting device of claim15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
wa20048079581, 32, 33, 34, 35, 36, 37, 39 or 40 ROEBICA2004/000489
the first electrically-conductive |ayer defining an
arﬁ@d)@ted &om theegrodp eonsisting of diakeciticaineludingiokidgs ofi&i land
qﬁqﬁﬁgn material. 42. The light-emtting device of
cl al 1l wherein the high work function material is
selected fromthe group consisting of I TO Sn02, N
p++ sem conductors including c-Si, a-Si,
a- 4151 H T%'@Q"ﬁrﬂ"@”“!ﬂ@l devige ofigainTd wheyrin said pretegtive coating is
V. m 15, 16, 17, 18, 19, 20, 21, 22, 23,
2%{:&%%9,%2'%&’8'127 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38 39 40, 41 or 42 including a protectlve
co 03|ted on a_top_ surface he el ectri

uct hﬁe ght-graittingedeviceaf ¢lain da Fl@:d%7’e1|89595 39e21a42|2 23 24,
Thes bisg [ e | [
plr?‘sc;t gtl?f ?33%"0%% |398 3?332 O‘g‘a’%’ ?%O%?O@Q%%@? 48, 2?, ?2, 43, 44 or
PAY icakoliny 9@0%9 supplyefot applyingra voltagy acrpss thesanoda glectrode
of diele c udj X|des of Si and nitrides.
483y eﬁ?éqqc’ﬁthﬁ ?Ieﬁb")a%\ﬁy% of clai m44 wherein said
protective coatlng is a fullerene |layer. 46. The
light-emtting device of claim15, 16, 17, 18,.19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44 or 45
i ncluding a power supply for applying a voltage across
the anode el ectrode |ayer and the cathode el ectrode
| ayer. 19
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