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WD 2004/ 097954 PCT/ CA2004/ 000489 LI GHT- EM TTI NG

"DEVI CES W TH FULLERENE LAYER FIELD OF THE | NVENTI ON

Woeopi/esest i nvention rel ates to organi c- based per/cazons/oonsse
light-emitting devices 5. (OLEDs) and nore

e ect r ol uniAGHISR PR LEVIERS AT eS| BRI LAVER,

is used as the electron transport |ayer, replacing

t he probl emati c organic el ectron transEort | ayer

et i on al so
:rglk?tnes é}ﬁe @H%sg# \@h iof F(—%Igfefs"’}ﬁ og%ggﬁgrbf Q Ifgﬂ{%hﬁmh& devices

BAW@m’Bh‘EpIaWENFWﬂe|préeémﬁh¢@itloﬂrr9me§to hybrid

‘I | gegt em tting device ingludes an anode active

ecttoluminescenga éie&gz‘eﬁ,m ¥ivigh addll egenef}ﬁy@r is used as the electron
eI Q?éﬁs?d#{r‘agél‘*;?@@%ciﬂgl ity ?ob gﬁfa‘ﬁc'o?%%lﬁce e?c?r‘onatransport layer

cat hod es I'S O |ca
t r ansrentlyi ueedlib Q&EEDe Tlieepr:aeleet inveatios atsot netmee jo the use of

o dh A cothEs AYers o Pasind KBl itad teﬁﬂ%ﬂll"egenen'eaer

the light-emtting zone, and that of the cathode IS
to inject electron into the enission zone. A process

i nvol ved in the r EAGKGREVUNEP OF THE INVENTIEN and the

oV | SR i E AL RBIG) BkERRURIS: afbfckboah actve
el dight-eddittingUnineasbnfridieg oReloe Mordsledrabmirtdent organic

di scl ose nserting a hagl e-trans organi c | ayer
bet'ﬁé@ﬁ'af(ﬁsa aeReathinde: Raeatitas ﬁfﬂﬁtr@dﬁé is apkically transmissive

! Sl S0P 3RS BTN ULV ThE KR0S 3BT o e

d| fpositbmlly thaeed Parklgariferralie aslites Ao fHeNditeniting zone,
excel | ent nediumfor the transport of holes but

~unfaid Unghoe e eatbgde isrte iniscl elestipniintortbg anaissiontese. A process

tr "’lﬂ\?’cﬂ%d n?fheelle%SHb ron'df Jhé e‘fe%dtnton ?r#c#h% 5% Feads to the |

bal ance el ectron enm §sion Zoné

to ome:ammobhghthe Ereelhglat weave ds eecared thnoughlene bbthe

nhan i njection, |ow work
€ ?oge?nen |oned eiectrod J

United States Patent No. 4,356,429 dlscioses lnsert[ng a hole-transport
organic layer between the anode and the emission zone, and an electron- |
transport organic layer bet_ween the cathode and the emission zone.

ot 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 fo 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 mjectlon low work

functlon metals such as Ca and Mg, which provide excel!ent energy band-
matchlng to that of the !owest unoccupned molecular orbital (LUMQ), have
‘been eelected as cathode mate_nais. However,__the low work function metals

" are highly teaCfiv'e that leads 'fco':fragmentation of the organic moleculeswhen |
. vapour phase metal atoms strike on the organic film surface [A. Turak, D.
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function netals such as Ca and My, which provide
excel | ent energy band 30 matching to that of the
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“such as oxygen read

Néﬂﬁéﬂsﬁkﬁn kY Rict 8GR orhmi %Hr;tﬁﬁymegﬁ Fﬂlaterp 7% Son fu'i'nore than

81, 766 Zotgggﬁé This limts to use
woPRe elpraen am yepsreasativeddome ml@aeatsadumias oxygen readily

ca stabi | | ffers, fromt
© hisD S EeRf T3k Dluin Inb sbodS I arhPlsracia Aidasawhich
5 mltgluﬁf%@tndﬁhué@rﬁaﬁoﬁ AyTﬁl%@(CP Yfrozéé’fB?De'F@ﬁﬁ”E%-i Lu, H.
. enent’s nmaki
t h&zizaand delVk blor, "Mataweuer Ihterfade Sixictasss” wapplh Phyesuett 81, 766
@0% trical degradatl on [A. Turak, D. Grozea, X D.
'H Lu, H Aziz, and AM Hor, "Metal/Aqg

| | nt er f ane aurilgniEMBer of“ﬁ@t'urall?"ty&urrlrﬁé Eﬂ[ot es/&arbon,

(2002)]. 10 As a fam |y nmenber of natural occurring

. al f@?f%@é@atﬁ'la&a@r@dmeﬁ foritbeie nebushistructares and skiperior charge

I ?t;rl%ﬁs Pfoﬁggzetﬁ Iﬁ@'ﬁt@ﬁ&ﬂ%ﬁegf@%gf @geéﬁ%@g{%@doses the use of

5, %éréﬂa@ o 5dbmddw teseehodt métdl b@ﬁﬁ:’l@ﬁoﬁ@h?dﬁﬁd?ﬁnt
added tq' a host, netal EFl ex of 5-hydroxy-

quitBR%R(NeeSeddR qraataipéia ermtilgatdlcaﬂ& fThadwost mrtal complex of

ho

Do YRS QRIS i LotEiTed B e RIRERER pr i

t hormsitbs eonssmm gone in the structateur gnited Statds ﬂa&éﬁ@ubhcatnon us
AR ) SR o Pl YRS T ifamisove

1 Na@8r P A6t gtructure. United
St g?eg Pat er??ngulgmcat [ gﬁ'd]@dggggﬁ%(&%% Al di scl oses

the ~ United States Patent Publication US 2003/0042846 A1 discloses the
- use of a fullerene layer as an electron acceptor layer in organic photovoltaic
~ devices. ' |
Japan Patent 3227784 and Japanese patent application 04-144479
disclose the use of fullerenes as a hole transport layer.
United States Patent No. 5, 171 373 discloses the use of fullerenes i in
_solar cel[s United States Patent No. 5,759,725 discloses the use of fulIerenes .
in photoconductors '

The use of fullerenes as an interface layer between the hole transport

S _iayer and the light emlssxon layer has been dlsclosed by Kelzo Kato, Kelsuke

_SUZLIkI Kazunarl Sh:nbo Futao Kaneko Nozomu Tsuboi, Satosh Kobayashl
: _Toyoyasu Tadokoro and ShInIChI Ohta, Jpn J. Appl. Phys Vo! 42, 2526

United States Patent No. 5, 776,622 |ssued to Hung et ai discloses an |

- electraluminescence _dewce mcludlng_ an anode, cathode and EL layer, in
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20 use of a fullerene |layer as an el ectron acceptor

| ayer in organic photovoltaic devices. Japan Patent
JL06Pdo7and Japanese patent application 04- 1444|7c9r/(:A2mmmm489

- di sclose the use of fullerenes as a hole transport

| aW?ﬁlch Lﬂﬁé bﬁfﬂuo@b%ﬁé o &As th 5L51aylgﬂ?®7l%c@d%%|é3ﬁ&§1de layerin

t he use of lerenes in 25's

St dieast Panf@ﬁt WNb thg Erdayerand asonductivet lagenimedirgct contact with

ful I n._phot oconductors. The use of fullerenes
tbﬁ@ﬂ?é? %\/Ceé | ayer between the -hole transport

'I ayer anthd hghtld &
by Kei zo Kat!o kgmistuke@ E@EqL%{:ﬁ@szﬁ%rs Fﬁ@ﬁ&@&ﬁ E%it?fgnéaves,

KarfoproRegates dieastlyithrosghafthetipblytamsmissive elegtoydss @nd the

T8 e S P e ERpabe o

| ssthedighbtrikisgissiveadiecifo §6. IR 0 light waves have approx;mate!y
el eﬁtrol um nescence devi ce including an anode, cathode :
an

gisamg amplifudeangdhgamiicabintesierpare ghﬁmwtwdm beams
SR AKE i ShEEE e B A HEEL ot waves.

EL | ayerlt wodldd;@u&@t&dvamgjw@tolpﬁoﬁdé%@iorgﬁﬁk:aﬁése@l th

theflg‘grldelaﬁ The |ight output of a typical OLED
URRRSEE ﬁ@ Qalenghtclwmdes Be@reelgef@mg Aragsport in the

eI dayerddnnalnmicaﬂmdemlemecgm layehtcothgHight Bmission zone.
i ght-transm ssive el ectrode. These two |ight waves

“‘have approximately the sane anplitude and the optical

interference of thegngﬂ\{wﬁﬂquq NvENTINat es the
t ot al an‘{)l i tude and spectr pr of | the final

It igiihe whisst of e mnesmnlrdebmwm provitienan aggamis-based
ao M8 PiTReRo0e Belod i ot dilershs Tover ingned es the electron

: t herarfheftast FepladIRG B buﬂrébfﬁﬁroﬁlé‘i'né’(ﬁi b¥anld MBfRYd-based

across the electronic transport
~ electron transport layer and it is another objective of this invention to provide

an interfacial layer between the fullerene layer and a cathode electrode layer
“which 'ma'kes Ohmic contact with the fullerene layer so that there is little or no
potential barrier for electrons travelmg across the fullerene/interfacial
layer/metallic cathode region.
| _ Itis a further object of the present invention to provide a hybrid: brg\&nic—-
based I:ght—emlttmg device that permits optlcai tuning of the output spectral '
| and power eﬁ" cnency __

In one aspect of the invention there is provided a Iayered structure
_rlnclud!ng a fullerene layer exh|bitmg Ohmlc behavior, The Iayered device
includes a first Iayer 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 thicknéss comprising a fluoride compbimd located on the
. first surface of the f[i‘St layer. The layeréd structure includes a third Iayer

e compnsmg an e!ectncally conductlve mater;al Iocated on the second layer,
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| ayer fromthe cathode el ectrode layer to the |ight

em ssion zone. 15 SUMVARY OF THE INVENTION It is the

obj ect of the present invention to provide an

or gani c- based el ectrol um nescence devi ce in which a

}c l’lﬂeeﬁr%['seel%a&% rthfc é'§se8f g s{e%Snal Qeletc{@dq%’ﬁ{eﬁ the layered
ayer, re AESESYAL prob |c organi C
msltractljreﬁlxhﬂﬁté SL@ISEHrttIaﬂy! Ghrﬂlnfmibfat\fldraﬁmssiﬂhé first, second and

anot her objective of this invention to provide 20 an

i A €%l |ayer between the fullerene layer and a

cat hod

wth T s eI PR Y he B (TRRRrBLE D6l 2 lyerod
p(stre!nturallnctiadlngea fullerensl lager extibiting @ mitgoeteavinrs Thadayered

B EFARAEE SR o BHHATRS Bl EnhRS A8 Sace and
praoyec%dasmde@db dRedaditke firs? siFaes. The Hyeesd sridtlire includes
devi ce t hat permts optical tuning of the output

s gezqoad lagerdcqomesing fof [P weikyfuneiioro materialdecated onrbe first

| RUFaEp RE ST B REMPLED DR o8l singbrg includes
ThethirdYgyarccadepristieg ahrstédtdesiyecdridiugtive Waénaldﬁﬁatleald‘rgthe
full erenes having a first surface and a second

s $eFaRe laysroblael law wWore fungtien raateriakis. chnssmoayf@eézﬁms that the

R SEuROEL IERE SBSPRAN A U PR SELRLY

t lsecohd ast thind 1svees.of the first layer. The | ayered

structyre ipcludes ird | ayer, conprisjn

o1 corr e anpliasaraaet otBeravanbR the s ARV Rt Siing

| ¥¢Qlce, comznrljs_nﬁ P5EpSEMEHrRth FlfH @éal@ fcdridicBRS RVEr defining
S ayere t

| ayer 1s | ected so that the ructure

‘exdni anade elabtrodmawlrlogn thh mubsbaiea\T herdevicoieludes an electron

i, rst cond and, !f % ers | n anot her, as
{ el T el R an, e Gun ebufahyfonglctve
snay&tdénﬂm%é cHtHoue éleé%deera?eﬁohqué b|&9sﬁanttrénsrp@r@a%.c The

behavi or | ayered strucfure includes a first
| Spwicedonibdesialgyecorepasiag aHightwegniasive matesial interposerd

between the anode electrode layer and the electron transport layer.
In this aspect of the invention the device may include a hole transport
. layer interposed between the anode electrode layer and the light-emissive
material. The hole transport layer may be comprised of organic molecules
which conduct holes.
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 eléctrode with the material of the
interfacial layer being selected so that the interfacial layer makes Ohmic
contact with the fullerene layer. The interfacial layer may comprise a fluoride
compound and may be an alkaline fluoride compound. The fluoride compound
may be calcium fluoride (CaF,).
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



a second surface opposed to the first surface. The

| ayered structure includes a second |ayer conprising
a low work function material |ocated on the first
surface of the first layer conprising fullerenes. The
I : ' (o risin
 GOEIREE R uplateR ArfngiaRer ol sl e R T
second Thaeye mayTieo bevarnintdrficialcihienintarpesedbetvwiesthibgdayer
on the basis that the |ayered structure exhibits
substantially Ohm c behavior across the first, second
and third layers. In another aspect of the invention
there is provided a light-emtting 15 devi ce,
conprising a substrate and a first electrically
conductive layer defining an anode el ectrode |ayer on
the substrate. The device includes an el ectron
transport layer conprising fullerenes, and a second

el ectrically conductive |ayer defining a cathode

el ectrode |layer on the electron transport |ayer. The
devi ce includes a |layer conprising a |ight-em ssive
mat eri al interposed 20 between the anode el ectrode

| ayer and the electron transport layer. In this aspect
of the invention the device may include a hole
transport |ayer interposed between the anode

el ectrode layer and the light-em ssive naterial. The
hol e transport | ayer may be conprised of organic

nmol ecul es  which conduct holes. 25 In this aspect of
the invention the device may include an interfacia

| ayer interposed between the | ayer conprising a
fullerene and the electrically conductive |ayer
defining a cathode el ectrode with the material of the
interfacial |ayer being selected so that the
interfacial |layer nakes Chmic contact with the
fullerene layer. The interfacial |ayer nmay conprise a
fluoride 30 conpound and nmay be an al kaline fluoride
conpound. The fluoride conpound may be cal ci um
fluoride (CaF2). There may al so be an a lithium
fluoride (LiF) layer of thickness from about 0.2nmto
about 3nm | ocated between the electron transport |ayer
4 _

4
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conprising fullerenes and the [ayer of |ight-em ssive
material. There may al so be an interfacial |ayer

| ot RRKRY RS MREDIIERR 18 4a fromleaking into the
full erene | ayer. BRIEF CRI PTI ON OF THE DRAW NGS The

| ayered structure and the light-emtting device

produced accorg | ' wi |

now be descri kgj% 9&%@%9&%EWKWI rence

bel ng Madaayaret fw&mmleﬁ@h%ﬁwtﬁgsde\ﬁd@ pdideBed according
gure 1 is a sectional view of a |ayered structure

eichﬂlﬁ priesgnidRne ation wilbew beriessiibed, by waydxantde antyh
BoeBaRR g RS (e Bty omhl, et o
str ulct Ellgure rlagm sedhiohial ﬁé@&ﬁf 4 Eyeret gtmﬁ)dre exieibitihgeOhmic
S e la e tructu roauce I n

> bEBAYianpIdNced 1o RECH ﬁtw'thfﬁ@rf? E8aNt IRVEIHN:3 is a
schematﬁg‘urs 08% ﬁl%?bf SiRentWer¥i9to ?agje%ﬂ bR ewﬁéﬁfsﬂm

light- emtting device constructe I'n accor nce W t
t Btrupliuss aremelyAdibf /660 (l%logdullee)ﬂ, and of epsiotplefayered stiucture
v r vol.tage. rel ati,onshij 15 organl c EL

brid
PraUEE ] S R0e Wl R P Ve B aes s e

f or t hei gu#é 1366 @NSche k@i cRls8 GeCRtNA NS BPAfullSHEAE:; hfybrld light-
Figure shows plots of |um nance versus voltage o

heBriting sleyins Qorr_smrucaa,d/lrbascg:oasdarmwrtb ti3e pragent svention,;

el cot r b ATESERRE PRguPbnt {ovh O FE Riptiqtghin or hvorid
Coryfic EQrdeasday i H?ut@?ﬂvﬁﬁl foor difiPerst thicRhedées for the fullerene
thicknesses of the fullerene electron transport | ayer;

F(%@Q)eee%%@@nﬁﬁ%ﬂé?ﬁfbal spectra of the hybrid
or gani g e for&ﬁg% upriugl%ﬁnc?ecg%rtsﬁsfv%\{ (g'rc])ffh%l‘?@brganic EL

t hi ckne erene elec

t damps of Ficaye3; w;ﬁn gmum|ﬁelﬁm®kan¢uSseu gmneurnbfgmérbage(CGO)
cteristics of Prior Art gani c 5 EL devi
h&%‘:ﬂr ”éfaéFPPHHaY‘?faWE'M?Q fqug %reﬁb@lé’V?? &RY reSPong'”g to the four

MR FERobidof B DNSEABSLROL AR ™ (A

Figure 6 shows the optical spectra of the hybrid organic EL devices 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 characteristics of two OLEDs
with (e), and without (0} an embedded LiF layer, the test device structure is:
glass substrate/ITO/TPD(50nm)/Alg(25 nm)/[embeded LiF layer(0 nm (o),

1nm (e))/fullerene (25nm)/LiF(0.5nm)/AI(100nm).

DETAILED DESCRIPTION OF THE INVENTION

Definitions
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nm and Figure 8 conpares | um nance- voI t age
characteristics of two OLEDs wth (), and w t hout (o)
wan2uperivedsked Li F | ayer, the test device struct U§@r,t§2,,(,4,‘,(,(,489
30 glass substrate/l1TA TPD(50nm /A g(25 nm /[ enbeded

Li F layer (0 nm
(25nm) / Li F(O. 5m(%9 Wdﬁééﬁﬁhﬁﬁ%&amﬁww
THRefNEDAS ON Definitions 5 WD 2004/ 197954
PCT/ CA2004/ 000489, DETAI LED DESCRI PTI ON OF THE
| NVENTI OR Useth ‘?{F’tﬁ iz Pheasgsslecliendranspordaper’ aseans a thin-film
e
ha\/|h%$1‘£{;r|%rh|oatr;vlF uan t 05'08;@26(?)’2’898@*&18’" &‘anspomng Eedtrons
t r apEseithe f&g/eerfl@m poasedioado emdttidreegidner from one
reg| on ?\o an ther rg‘?eohq@ﬁ used herein, the phrase
“hol e tEMSH r'ter?'ély gshaledransport lavermeeansa thin-film
hawi
| aupeneti ICRS Britahy Hirittiob o UG OIEh 82 B3 3evet From one
“hefagion ta arotbhr sagiori i ght em ssi've | ayer or

| i ght - epi ssi ans a thin-filmmateri al

'ha\%l ng % H‘ﬁgssﬁrﬁ%@é hﬁw‘&'ﬁr@éﬁ ‘ghtamissivadayerghtlighiemissien layer”
hemeiRs athf- I

e ot Aeter g R B aS HORGHOTYE iR Iane

em tti ngys upgdhereidethegpluaste |"elebtroiﬂmmeewnc@ﬂayé¥3 miRd a thin- -

Lot SRR3R prRREY RkABhAT ertiBndibe rfieairiicat

a étmmm.@m of applied voltage across one (or nore)
cont act interface_(st) made between two (or nore)
differ he uped Bereins heﬁﬁ!fasedohencecmtach&)rt@mmmc behawor)"

oy Bof ciines BRI IELUE SN, B s
f ovoﬂmge across one (or more) contact 1nterface(s) made between two (or
more) different materials. _

As used _heretn, the term “fullerene” means nanostructured carbon _
consisting of 60 70, or more carbon atoms self-bonded in spherical forms
which are also re_ferre'd to as Buckminster fullerenes, nano bucky balls {NBB)
or bucky balls (BB) in the literature. The cerbon 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
|nject|on into a hole transport Iayer and the hole injection Iayer is typlcaily the
anode. ‘

As used herein, ‘the phrase “interfacial contact layer” or “interfacial

layer” means an ultra-thin layer mserted between two adjacent !ayers to serve
as an interface transition 1ayer |

Layered Structure Exhlbltmg Ohmlc Behavror

Refernng first to Flgure 1 there is shown a Iayered structure 10

y 'tncludmg a ful!erene Ieyer exhzbltlng Ohmic behavior. The Iayered structure 10 o
R mcludes afi rst Iayer 12 compnsmg fullerenes and a second Iayer 14 of pre-
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| ocat ed

“al ka
‘Thea ghdace of a substrate for making electrical contact between the layered

20 which are also referred to as Buckm nster

full erenes, nano bucky balls (NBB) or bucky balls _
WBB0om9ORE | iterature. The carbon atons may bepdpodami/oonigy
to additional atonms or functional groups. As used '

her Qél@pteﬁhﬁickhé%@ofh?ﬂbiﬂgi AM@SHdLBomBYEAd (RUatdlPbR a first surface
injection electrode)" neans a thin tilmlayer having

a pPl aues12.uhdhird fevsr faeamprising g electacathscomiuative anaterial is

| oy BeRLoF A1 SRR e YRk BRfoR IR cReFrprlpfi Carfoe made, the
phr pesséleotedthizkh@ds sbiedRioridey®mpodid béiRgeelasbdso that the
| ayer” neans an ultra-thin |ayer inserted between two

adj BYerRd staydvre kit substartially Ohmia belavior acrobs thanfirst,
I aygécor%oaﬁ%zl{dqg%étﬁr ucture Exhibiting Chm c Behavi or -

Ref erring igure 1 there is shown a | ayered

struct urthd fullerersd metiyitse @60UDTOrGDENETorR MHeRbdf NSiyer 12
Ohm ¢ behavior. The layered structure 10 includes a

£ i reempHging fullerenes mayi algo inaluds emeixture of ullerenesiand organic

<o} Bl e R R R B e

| ocladlextnes, and fullerersay Elaeraically bbaded td dondudtitig sbivmpes.

16 conprisi an electrically conductive material is
e ﬂﬂ%r@eee%wawas& 8rayi ke edaline diyodfe corirasnd, and

co ' , 3 t j af )
CheMiBraBBOREHN fljole RHEQUTIE (Ml MIdHEE 7S The pre
| ayeglectedthicknesseofdkbilittiius fudritedayerisliy aGange from about 0.2 nm

Thotraitus B 6 g/ Eabeic bebadot e, ABraA N handiabgsraterial

Lay@iay b2 AlC wﬂ;ltaalzh§A§9A&,whi, TS RE WMo, 35 8r %@s%gﬁwamg and Li:Al

mxture of fullerenes and organic nolecu
- m xiraferably thel electdaally eontiuctive geatietahiatadurmiiusy (Al).

pol yner i f enes nd fullerenes, herri(gqa{l}‘i:lp
Ponded "¢ valed B o ey be shelied ufisteecdinduase of the
-rraylaFer edrkphising flillerené S8 psEsRPI She MASCsUrRIcRS ﬁiﬁ%@rlgd&%tacted to
ine fluorirde conpound is lithiumfluoride (LI F). :
structure and the substrate. The substrate may be part of an optoelectronic
device such as, but not limited to, light-emitting diodes, solar cells,
- photodetectors etc. The substrate may also be part of an electronic device

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

In another embodiment of a layered structure exhibiting Ohmic
behavior included is a first layer Comprisin_g fullerenes, a second layer
- including a low work function material'l_ociated 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 layer to which electrical contact
. canbe made, the low work function mat_érial being selected so fhat the
layered structure exhibits substantially Ohmic contact across the first, second
 and third layers. I | -
o ‘The fu_lle'rene may be C60, C70 or combi.n.ati'ons thereof. The layer
. ddmprising fullerenes may also include a mixture of fullerenes and organi_c'
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sel ected thickness of the lithiumfluoride layer is in
a range fromabout 0.2 nm to about 5 nmto give Chmc
behavi or. The electrically conductive material 15 may
be AI, C, Cu, Ag, Au, Ni, Fe, Ni, W M, Co or alloys

oot bl bt TERRIERNY G b FAEHER, byper
sﬁulﬂnréuee, i imﬂaretv@secwm:medllw\bbnhﬁ@d me@cﬂ'rdﬂjcﬁngfp@Q&nQrfs
t he 3yer conprjsing, fullerenes opposed to the firs

surfac %?'@PEE'&P!'X/C%%’H%@@BGK%@' may ha ae ObALLr, Cu, ‘Ag, Au,
SYWRSEEANE W OBl Ml §ilc§fst n?]r‘ Akt r%tg:ﬁg?\gé Agﬁ(gvlggﬁg t(% H‘?etnélon just

| ayered 20 structure an
nmeayfele Tiver layerfedasirunbyrest Qamaydm applcmx\/wrtle assegiondssuriage of the

o Rteshlb ek Gonget o Birbl d\Fedce Y REVeicR B SauSBlalog surtace

anf el |Hstran For(i'ﬁé{klﬁﬁ e!éd!ﬁ&bl%%nfé& Ibdtedd e layered structure and
transi stors, _tunneling diodes to nention just a few

| ihe substeatee Fhe sibsiateonay u%@@t etiar optasiesteonic device such as,

SR PR SRR, SR, biPobeki s e

a subwtratey al @i be par@ifen declrotisidrgicersuthf 49 fidld-effect
surface of the |ayer of fullerenes. The | ayered

“sthansisters. ttmelmagwetsriprraen%%fusmfew is an

el ectrigs y,{eg ?ﬁ&nmgwwaé SR é%hrrleﬂ fa% %létgﬁls hip.gf 100 nm

second | I cal con

- t rhlmck G@0nmil &reingnsaridovic med beivaéerbmmgomebtmg etécsrodtah anth a

% Q layered structur? ?()éhl bits substant| al ny

ing S0, RubT BN Bl ncEbstr ATLE/ePOILIF AL A

T'“Pr%e IH{érPefc%r@hrﬁﬂ}’c&ﬁa$Q (:ihg?é)cteflzé@ﬁph 6élé& Lgﬁéﬁpéarrler
he | ayer conpri sing erenes nmy a Yo |n

mpxeseré asfossuthednteniaseahther grasent tegt cadee ctlufb esrreat-voltage

“peeHafei sipkEiAGR M PREBRbRCE el Apps of the ncar

baRESS dbRrEfEtIsy tmﬂr%tm? Io% thd I%@re?' FEI%JFé ;;C@hb\ws that AI/C60

conductive material may be one of Ag,
N.hasrsérom reciifyingocharactenigtios; |tb§tsAlﬁx|Ftﬁ:6Q shows @Kc@ﬁym@hmlc

I njust 5 a few The |ayered
st PhL%CA Iégr%&%acg.e applied with a second surface of

| t IBleétrblBhRIES cefY Beviéwposed to the first surface)
phyS| cally contacted to a surface

Reférring to Figure 3, an EL dewce 18 has been constructed to
demonstrate the integration of a fullerene layer into a typical small organic
-molecule based device of the type disclosed in United 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
- fransport, 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. The protective
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of a substrate for making electrical contact between

the layered structure and the substrate. The

substrate nay be part of an optoel ectronic device such
as, but not limted to, light-emtting diodes, solar

Cc tec e 10 substrate may al so
%Eﬁngﬂ%&é’lgse%é %ﬁfg@él é{élpce such as field-effect
transi Subistratd D0medy b a0jlasgesr bemeiivelgnt ¢¢lﬂdi bé rﬁa@e of any

F| ure lfgqshh \ivs in graphic forma current-vol
Talerah eIt BT diRg asARIca SUpRIT & G andheeWdde
b%b‘é’?e@ﬂvftﬂ‘%ﬁ&%h%?ﬁifﬂ-ﬁ n%ér%fuk s?c‘}l‘gﬁmcr%lﬁ &y be L8eH '8 %lectrical

sequence, substrate
s dhisersaSabatrate 20 664y he Iépﬂbaliyﬁtraﬁsnareﬂt fonlightf eroite@from the

o PP Ehissiyecaiat AErbaTa fayitedor Bt 104 HEbihe made o

t %ﬁltaﬁléﬁﬁate‘i‘@% S uﬁatnés@ tb@%uré ﬁﬂ;lﬂtlé eeﬁp!ea oinwmb  light
follow a |Iinear relationship, where the slope of

I |eﬁ@g$|ve layes SOsthaeuglr tiesedaysrst he resistivity of t he

racct § S aRBBRTale 2D < A8 ipfileT bsG Bl punon 2 positve

eyl iseppliedand it Afhyas fecéxahpleast IO Skleefode layer 30 may
El ectrol um nescent Device Referring to Figure 3, an

- délsocke apy RileryeetRl obAdeY withauhigh WerksTuneiims Feriexmple, anode

o Py 50 h bR scle IR Al SR Pl BohBYSRY rdfBlls

I"'ec ICé 0 | 0se
i ndlindibg $n&.a N SPRd(LE pe--HNemizbndu &b s (4:281 aTSK? a@@wlﬂ Coly-
18, co es a sub trate 20, a conductjve an
erSEIEt)Hﬁd‘@q'w 289de srategpls R ERoRM inUpied States Patent No.
t yappey1. layer 40 for hole transport, a |ight
em ssi've or |ight-enission |ayer 50 capabl e of
em tti htplé trghspoﬂdﬂymsdHa'h) 14598 podferahivaaempoganicdyamed48yer and

T oEBPR e N R P oyl 1 1 P Psdoh e gliamine

l (TFIEDﬁ i |s3c,Q)rﬁﬁ|6hf$PtI|sé@ﬁ@fh@ﬂﬁaﬁﬁéi‘”n%?ﬁa%ehWﬁi%ﬁness of

full erene | ayer cat hode | ayer whi ch nmakes
Oahput, bohnat mWBd fho,fﬁﬂ nex. éraoulcialso l:ﬁi)aay]athmtdn@d@f more layers

oPY Sfegil of ot iR ofifuabEbalis SERE SR ol nd Paipe =

béhiclereesi rafge rorh RBooat D ofetd aveut 3D nrih EfﬁéQ‘ka@-‘tﬂa\ﬁ@p@rt layer
40 may be comprised of those materials disclosed in United States Patent
Publication No. 20020180349 which is Serial No. 10/117,812 published
December 5, 2002 which refers to United States Patent Nos. 4,539,507,
5,151,629; 5,150,006; 5,141,671 and 5,846,666. This reference discloses
different hole transport layer materials, 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 (Alg) 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.



coating may al so be a fullerene | ayer. Substrate 20
may be a glass or alternatively it could be made of
any nmaterial capable of providing mechani cal support
to thin films. It could be coated with functiona

e SRR A o TS ) T84 R GPhostoc

for light emtted fromthe Ilght em ssive | ayer.
Alternatively, layers 80, 90 and 100 may be nmde of
suitable materials and thickness to ensure light is
coupl ed out of the light em ssive |ayer 50 through
these | ayers. Conductive anode layer 30 is a hole

i njection electrode when a positive 10 bias is
applied and it may be, for exanple, of |ITO Electrode
| ayer 30 may also be any other netal or alloy with a
hi gh work function. For exanple, anode |ayer 30 may
be selected from high work function conducting
materials including Sn02, N, Pt, Au, p++

sem conductors (c-Si, a-Si, a-Si:H poly- silicon).
Addi ti onal anode materials are disclosed in United
States Patent No. 15 4,885,211. Hole transport |ayer
(HTL) 40 is preferably an organic-based | ayer and nay
be N-N -di phenyl-N N -bis (3-nethyl phenyl)
(1,1 -bi phenyl) 4,4"-diamne (TPD) which is commonly
used as the HTL, and may have a thickness of about,
but not limted to, 60 nm It could al so be any ot her
one or nore layers 20 of organic or polyner materials
capabl e of transporting holes and having a thickness
range from about 10 nmto about 300 nm The

hol e-transport layer 40 may be conprised of those
materials disclosed in United States Patent
Publ i cati on No. 20020180349 which is Serial No.

10/ 117, 812 published Decenber 5, 2002 which refers to
United States Patent Nos. 4,539,507; 25 5, 151, 629;

5, 150, 006; 5, 141,671 and 5, 846, 666. This reference

di scl oses different hole transport |ayer nmaterials,
el ectron 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.

%a
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Li ght enissive or |ight-enission |ayer 50 may be an
organic 30 el ectrol um nescence |ayer conprised of,

Wrovensmpl e, tris-(8- hydroxyquinoline) alum W/é‘ﬂlﬁ)amlmw)

and may have a thickness of 25 nm It could also

o PELrors oA AR (LARBGRRTeHER ti"é%és(??’%t\téf@%wangmbers of
fr aﬁ\éhdbtanﬂ&vmat@;@hgm dy’*@sdﬁﬁ a8 dfdchRedIy Urﬁ'l*éh%tgtes Patent

ef ul for_ the |light em ssion-layer Incl
co %gg@é& @gaan%%@ﬁ?%ga%aammmmemmnsmon metal

Var 1OETE o8RO FRLCAT PRMEH S GRS BaBhh RBre seditin

suc h asThesctivs éghi—emis'mdrel@y& BD QQ%:BN@N alsdWelude any one or a
94 869 and 5, 151, rare earth netal, actinide ©
ﬁ}ﬁ’gﬂ’f@ % pLinorg,p ﬂ‘r’ﬁ'@sﬁ%’ﬁhﬁr&(ph@swcs"e‘ﬁmmatenals lncludlng

R
U.méﬁ‘?“éﬁ'?‘é‘?’%ﬁ LTRIvrs, BorEXafitle. e Hifd fihiSmision tayer 50
onélaorrbeacompnsed of tbbsta\anat@rta{@dggﬁlﬁfseg %Flpﬁﬁg fgg%tﬁgggdtem
i ncl udi
s e 63@%59355%%@ Sldespatars cpplgtion el bios
| ap®s f
di scl gggg Bmﬂﬁirlﬁ ed %t ates g§thﬂ%slga{%§ w@a? Og)r? 048 also disclose
200atersbswhichUniay ¢ Bteat fos trpmn@memmsiomiayeron Seri al

Pat ent ROCTRNGEASRAE 1al HUiP R e ahisarotihe dferene
Wa;mbpomcbasbcgnd e & HiSIbkn ey ﬁﬂ?‘b@fr&ﬁ%out ?ln?ﬁch]gﬂout 300 nm,

t or er 60 is preferably conprised
f [ﬂ?'ﬁﬁ'gﬁ% Pf% sy framcaoidntreis 20 hirc Khedallerengdayardhickness

AnaaY o o8 BB e Gl Breagiancs it ertess Tuiole

megolde, seloes bbdediedowavslengitie ahl %tmmm ‘b?tlcal [fower oytput.
e to generate rrultlple col or

nggle{ 2:‘;\5 ‘3%’!’ £58: e inHarems campewd could heoavwy otber m&mber of

: h
s caic o s ST or e e ERUR suen

nEseCH0IC 7Y, esrmmtmmflmltéreﬁgs Withasn &8P imfef orgarié ¥idie&les or

of fullerenes with one or nore organi c nol-ecul es or
polymers such as C60:Alg, C60:PPV. The electron transport layer 60 may
include an organic molecule or polymer which are electron conductors mixed ,
with the fullerenes. In addition, the electron transport layer may includes
!lthlum fluoride (LiF) mixed with the fullerenes or the electron transport layer

' may includes metal particles mixed with the fullerenes, Preferred metal
 particles are silver metal particles. _ '

_ - The interfacial Iayer_ 80 which makes contact with fullerene' layer60is -
preferably made of a bi-layer of 2 nm LiF and Al. However, it will be

-"apprec'iafed by thosle skilled in fhe art that it could be any fluoride provided it

,|s in direct contact with the fullerene Iayer 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 fo mention just a few. -

Cathode layer 90i is preferably alummUm (AI) and that which has a

_ _thsckness of 100 nm has shown good behavsor but other thlckness may

0
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<o

20 polymers such as C60: Al g, C60: PPV. The el ectron
transport |layer 60 may include an organic nol ecul e or

PP SEPORRAE ch are el ectron conductors m xed W pdT/CABIOL000489
fullerenes. In addltlon the el ectron transport Iayer

Pfay ceRaliBs usel] i Yo S é(g 6@3’ P%xeddevmgg %or more layers

ul I'erenes, or the el ron tran
i nclofigdervealbkngyen m)m:dm:vmmew!wmdmt' B%ﬁ&'lﬂo?'éﬁﬁﬁr‘ble cathode 90

Preferred neta articles are silver netal
par {1 Be | rcﬁ(#‘r!&efj?ff@ﬁfoﬁ@l QMg layesoofdtighly aamidestive metals and

' f I f.
Opeieys Sdifal STOPAGIE. CRYAG, AR N RAIN . Mol eOHGAY, Liat An

apprhomlemtﬂu;det tamEng ldyler 4Q0i Madd of aldielbbaic, bliciF ]y *Sfjﬂxides

oride provided it is in direct contact wt

0 2P e R PRy Derdeppeed ndhe sehadd y Sputinesr ary of the
30 t. | and all
o7 Rt ddating teebhiq R Ry IO RER BRI R R3S o010V on

just a féhe ptasdrddevdrdiparprfidies ARy IRfHBE :
at which has a thi cknesgjs o?ﬁiloo nmg ce which

sho%{fﬁesgg(ﬁﬁ%gﬂ%\ﬁy&r B/ "WEqucﬁpﬁﬁf?é'@ﬁoﬁdwerl@'he\mctncal
201l4fd2’%?@&40ﬁﬁ5/f%@9§/@%?4§@c&e Ig% é]la&rﬁ%{)#’cgn%gﬁgand

addi tion, cathode 90 one “or
of axcreé!entﬂalactrmbmmtaohwmb the eaillnetlel Basintidy pedsitsly $e maintain

- Forg produced from one or
“mor @ %%P@esf%% @%aﬁfaﬂgif%@fﬁewaﬁsraaaa of thicgyass, as is
suci;hcmn InTElguké 4. The dffts

TR, i e o sffenth ol v
100a H@'%o?mﬁf“éﬁ arganics permitseenginesingaf i ouanﬂthe sandwich

t he cat hod |
it B2k IR RARLATS 0 B5RRAARS Belilies spmetal distrution
knoamist shavimoseFighid 6ed in the art. The present

|nvent|o_g rovides a hybrid light-emtting device '
whi ch @ durkher darapnsiate fieadvantage obtha praseot light-emitting.

o 48 A IR AR R epnt e Bl Bl besp iht-

anderaitiing tevices) Eagture Eahowa @ etrrahi-VoltdiR SMrBe@astiddSt prior
made BOSSI bl e tain / simlar current-voltage

chadLBpUFpS M ‘P’B‘P aacqmvaet'%ai@ée@fort Hansart layea§0|nsade of Alg.
The thickness of the Alq electron transport layer is shown to alter the current-

. voltage characteristics, and to increase the d riving voltage by several electron
 volts. '
it will be apprecnated by those skilled in the art that the fullerene Iayer
o may comprise a mixture of two or more fullerenes, e.g. C60:C70. The
. fullerene layer may also compnse carbonr nano-tubes, and fullerenes
" deposited by vapor-phase deposition. S

Referring again to Figure 3 again, an-alternative embodiment of the

- OLED display device includes inserting an interfacial layer (not shown)
30

" between fullerene layer60 and light emlsswe Iayer 50. Based on studies by
the inventors of devices which lncorporate this 1nterfac1al layer, the latter

o _‘ prowdes further |mprovement in device: performance A thin lithium fluoride
- ._(LIF) layer of thrckness (0.2 -3nm) is mserted WhICh provides a better contact .

3 ._‘11._
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shown in Figure 4. The difference in optical constant
of the fullerene layers and light-emtting organics -

Wiepati0g7980gi neering of |ight out of the sandw sordaz2004/000489

structure as is shovvn in Figure 5, and engineering of
ion, as is shovvn in Figure 6.

Toggﬁ%eﬁb%ég :‘éblfeg %@%Eﬁﬁ&#ﬁd@@ gwer Hawpeé@étage for the
I lQ@chéanhl'é‘g conﬂﬁd‘fé§ﬁm41ﬁ He ggltég% tcﬁé ?et-r{s%ﬁ%?nﬁé’ ®ILEDs

conventional pure organic face
dertbés ary yatheu? (Qrembedded Cifrlapeat Thel teetdevice structure is:

CodoaRe bﬁéﬁﬂfe@%&@{w@séé’maﬁgwié% VR ERSOAIE Rl o (9),

| Thﬁqmt(l.y)mg@se@é Jﬂlf gﬁﬁ%ﬁqgge f sport layer is

shown to alter t t- \Y aracteristics,
and to inm@heealtereaﬂve embgdmemtag‘ethbxomm e¥ces a layer of

S KRRDR meletile with alves i R P B e dcalAs orbRg) (HEMO) energy

: c afabcf 2a\oReVY Whg Iﬂéhés@’%ceﬂpﬁerrﬁolteﬂh’a‘? ot (H@)I\ﬁb} gnergy of

C60: C70. _The fullerene er may SO conpri'se ca
AUt BoeRY ininserted |bet\eeee ayge ﬁ@sancblaybywa‘amh phEsic

SRkl Ty ST 7% ol bR BRD T st WoyRlpus ennance

i rexlhodeiensltyem th.enel_a»ewerrrs(mric.-ﬁ@m.fvéeci1 Iy 68 Pto & Wrﬁ)efﬁaent
ween herene | ayer 60 and |ight efrissive |ayer
rb

5 e% miingog@anipgs of puch m@e@tdes lmﬁuctewlc’etas(carbazoz-g-

g RS rLALRENRS. B BHSard i bRl

t Hi|ph¢mylammo)bhewl+1d:e4-c(>dadié)zdl-&)ﬁﬂ)be?'fzehbl 8 ®T¥iphenyl-1,2,4-

d bet t t
GO ABeaf - BRotA b b i ipGeica0.5-

for {he devi ce ares

amls zﬁté?t-bé@l;m&xypﬁﬁghé@é i 2?%]&%7? ;DLAB IO Refastert

- cHutyphenyly|3;4- oocsdtamoleozl EDBlsd[@A (1 (1- %lm@e'tflyrrﬁ'éﬁﬂlwg%nfd% 3,4-
' evi ce structu :
B el S &ﬁ’& Sy dIRhERvIsTHg P eTTl bad-oxadiazol-2-

gg@ﬁ)ﬁ%@(ﬁs?ﬁ%ﬁ?ﬁ (?Itg 1- ﬁgﬂétﬁyie'trﬁn%%nyl)-1 ,3,4-oxadiazol-2-

ylibenzene. .

As used herein, the terms “comprises”, “comprising”, “including” and
‘includes” are to be construed as being inclusive and open ended, and not
exclusive. Specifically, when used in this speciﬁcation including claims, the
terms "comprises”, “comprising”, “including” and “includes” and variations
thereof mean the specified features, steps or components are included. These -

' terms are not to be 1nterpreted to exclude the presence of other features,
o steps or components.

.~ The foregoing description of the preferred embodiments of the
mventlon has been présented to |Ilustrate the pnncnples of the mventlon and
not to limit the invention to the partloular embodlment ll!ustrated itis intended

that the scope - of the inventlon be defined by all of the embodlments -
encompassed wuth[n the followmg clalms and the:r equwalents E



In another alternative enbodi nent of the OLED devices
a layer of organic nolecules wwth a | owest unoccupi ed

b eGiMlodospr bi tal (LUMO) energy of about 2eV-3 .
hi ghest oecupl ed nol ecul ar orbital (HOMO) energﬁej /?'Qgcmumuns)

- o R RORE YRR IS T RERGR- T Pinction de &

hol e bl ocking Iayer and woul d thus enhance exiton
density in the EL | ayer 50 and consequently lead to a
nor €. ef f ifclayated stawdtare. intloding aifullengne feavep bRBibiingSORMmic

i nclude 4, 4' brs(carbazol g- yl)-biphenyl;
%%H iﬁﬁyqorgpn]sr&g ‘phenyl - 1, 10- phenant hr ol i ne;

1 3- Bi s( &) eAirst layer ¢ f
di phenyl am 10 phgnququ&ﬁgog{%cﬁg‘ﬁ% ; Said fnl's)t layer t haying a first
3, 4 Sgtigee pﬁd@ﬂsecpng S“’rﬁ?’@etﬂfpmmetieto the first surface;

3- (Bi ph tyl phenyl''1, 2, 4-
tr |( alzg| 2 )f c%nzt Iaye?- 0? p¥e-selec?et§ thréi(ness c%rr]npnsmg a fluoride

Bi-s c8nippihd %’éétb@ Bﬁ@é a F rdst %Uﬁ‘%e of daid-fitbt !Ey&ZQArﬁprrsrng

.2-(4-Bi phenylyl)-5-(4
- but YWlswenss; and, 3, 4- oxadr azoI e;

é;(gaiB i&ég?f é%} Cil [g:\é{ﬁggc?r:rgltpﬁ tn%try e?ec ncaYy condt?ctrve material located on
1, 4thd %Ma%mmtﬁﬁeﬁ%@@ﬁe@hﬁ&%e% Bf ﬁe@%‘nﬁqgixegbemg

yl ) benzene
1, 38%'6??%%7%“@&&81'316@%&@%& exhibitheuystantally, @hosabehavior
azo e rein, the terns
coﬁ%l%ségrslélr}éi rP]asar ngth%qgtﬁ%%um ng" and "includes”
are to be construed as being inclusive and open ended,
when used in this

and,not usi Specifically :
speti fi clﬁ? i«%‘b’qfﬁ% siurtvge acaprding fqt@alrm drwierein said fullerenes are

ang verraamdRe R AR nd BFoRE G afBltaptiefomoreot

steps or conponents are included. These terns are not
e 'n*ﬁe rete &o excl ude the presence of othe
5

f ea Ures, QY&;@ UGIHFR 8REPHNG terdainy ! &y @ wgerern said fluoride
desedsmpbu@ansaén bikelife ﬁﬁ@ﬁﬁ@% fr@%?lﬂfi."ems of the

i nventi on has been presente ustrate the
principles of the invention and 30 not to limt the

t th t | mbodi [lustrated. It
"t enbiat kel BRLCUE pEorTaTe dameamhsionsaid Alkalne
by fakdridef cdrhSo@tHJ@qmﬂﬁﬁ'Iﬁuomﬁ!ﬂassed wi t hin the

followi ng clains and their equfvalents

5. The layered structure according‘t‘o claim 4 wherein said pre-selected

th;ckness of the Ilthrum fluoride Iayer is in a range from about 0.2 nm to about
5 nm. '

6. The Iayered structure according to clarm 1,2,3,4 0or5 wherein said

T electncally conductive material is selected from.the group consrstmg of Al Cr,

: Cu Ag, Au Nj, Fe, N: W, Mo, Co and alloys or metal mixtures of Mg Ag and

 LEAL

7. The layered structure accordrng to clazrn 1, 2 3, 4 or 5 wherein sald

k reiectrrcally conductrve materrai is aiummum (AI)

13



O

WD 2004/ 097954 PCT/ CA20114/ 000489 THEREFORE WHAT I S
CLAIMED |S: 1. A layered structure including a

PR HHRNESY ayer exhibiting Chnic behavi or, PCT/CA2004/000489
conprising: a) a first |layer conprising fullerenes,

. sai &.fi r Jhellayeed Im\umﬂeélad‘cbfﬁh? 1§ erafirﬁgte, 23%2 ggggg 2% herein 2

surfaceé) pased the first surface; b)
| ay EFCOR glﬂ AEPldapdavercamrpesisg dalerenas oppesdd tiothedRst surface

L oc i i f id fi
Fg%ﬁ%@??ﬁ%c‘? ufcf‘é?sé{q‘géétof%é%%%gté) Fgrsﬁgzlalgigg I@I!gétrical contact

| conbehr&ergtheﬂaﬁredtgtﬂumh,{gyam%grgt terial |ocated
ecte

on the second layer, the pre-se ‘t hi ckness of
the second | ayer being selected so that the | ayered

yer ect that the
nor ass o TETYered SUBURRR AR IRy d, 3, S04, s 7 or 8 wherein
| ayeaid daysirioompristng R tlershalinbRdes Hnd é’%%&&ié‘?f%g.anes and

ful | erenes %re selected fromthe group consis _
C60 TSR BRIPCHIss AR ifullsrenes aBd indrgahizyreststials, polymeric
erein said

_ flsranes 2
1 RS CRe ieRhe iRy pRbded T patctaemmers.

4. The layered structure according to claim 3 wherein
sai,&3 al E&llll ne f{;uori de conmpound is |ithiumfluoride
(Li F). 5 'eeEed shuctuee dluding edulierenedayer exhiliting Ohinic
maj@i-aviosaé&ngﬁgnﬁgl ected thickness of the l[ithium
fluoride layer is in a range fromabout 0.2 nmto

~about  5n@ first laykecompeising falletmicys Said Fiearigy lé\ﬁngaﬁrst
y

Coftete o Doednll sdelSh Shdba o tonrstouiesed

g vt o s ey inedaeted o

7. SPHENShSdrage et vaid dayer comprisigifullecerddsaiondl, 2, 3, 4

glr ur5n' mﬁ:? %'Aﬁl)r& ?éy%_r cSlme;:?r}sﬁﬁgCg}i & ec%r?ga(?llyjfcctoln\éﬁctr{\% (rer:s:tgrliall lgc'ated on
‘the second layer, the low work function material being selected so that the
layered structure exhibits substantially Ohmic behavior across the first,

second and third layers.

1. The layered structure according to claim 10 wherein said fullerenes are
| ‘selected from the group consisting of C60, C70 and combinations thefeof.

- 12.  The layered structure accordin'g to claim 10_ or 11 wherein said

| electrically conductive material is selected from the group cjonsisting of Al, Cr,
- Cu. Ag, Au, Ni, Fe, Ni, W; Mo, Co and alloys of Mg:Ag and LEAI.

13."  The layered structure according to claim 10, 11 or 12 wherein a second
_ s_urface of the layer comprising fullerenes opposed to the first surface is

_. phySicalIy contacted to a surface of a subSt—rafe for making electrical contact ..

between the layered structure and the substrate.

o 14. The Iaye.fed struﬁture according to claim 1 0-.' 11,12 o.r 13 wher,ein- said
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13 WO 2004/ 097954 PCT/ CA2004/ 000489 8. The | ayered
structure according to claiml, 2, 3, 4, 5 6 or 7
wherein a second surface of the |layer conprising
ful |l erenes opposed to the first surface is physically

C ; ; S ' .
e B R i ARSIl st M SR o Rlbithes g oroanic
t meolecblesy ateixtie of fididrayes aad #torgshicrmakeialy, goRendriy
clagmil, 2 4,5 6, 7 or 8 wherein said |ayer

e JHlsTeEER R fuietensiscericalbsSoRsied bt cendwatingoamers.
~fullerenes and organic nolecules, a mxture of

ful lerenes and inorganic materials, polyneric

f (9. er énbight-emiltifg tievicenesmptisingcal | y bonded to

conduct ] ol rs. 10. A layered structure including

a full ﬁ)gﬁ% S{?g‘?’ exhi biting Ohmic behavi or,

conpr i ¥)rofirsledtridall§ cohad&ivetlay®r fobinityy b8 'ahebe sotrode layer
said first layer having a first® surface and a second

s@fthesubsioatisd to the first surface; b) a second

on” Csaid a8 R sPot B s i A B aBlElq Bypg ™
ful | er e)eslayanof a light emisslvecmbiyied of 30 helenteariport layer;

el ectri Sal |y conductive material |ocated on the )
second § éw%/'?ctf%"ﬁaﬁp%wer GRETANSIGilerengs lpeateg on said

:%@ﬁ?ﬁ% I%ﬁt%ﬂ%&sib@?ﬂathﬁé{ﬁ ed structure exhibits

m ¢ behavior across the first, second
and lthif)aifil‘sdymesfacthllay@g&)fdamll beﬁv&ns&idtﬁy&?ra}mggﬂ?mt‘o‘sive
to aim1 erei,n sai ull erenes are selected from
t W%E%SF'%@P‘gﬁ%ieé??tﬁ@ %@nw mejerial far wapreving: glerisical contact
t hbeedn 3 laJ&eof | - gkt '

B4 966n SR ool R CRisalS WM AL CAE 1 er gt cidcitdh
mifieespart mategal;ect ed fromthe group consisting of Al,

Cr, Ag, Au, Ni .. F Ni N M and all 0

W Ag_ I oot eftgricdconducliin Bier Foriing Sieebbie Ripetrode
t tayer d6c8tdd onlshid® elebfrotRiRipbridagecand surface of the

| ayer conprising fullerenes opposed to the first

sur f ac&) psseceRgddniesiacial kayer lasated betweanissidededforatransport

S %‘f %ﬂﬁesaﬁc? Eeg&lﬁ g%cﬁ%c%% rcioﬁgtljctﬁ:v%nltaja}gzt, said interfacial layer
comprising a fluoride compound for providing an Chmic contact between said

- cathode electrode layer and said fullerene layer.

16.  The light-emitting device of claim 15 wherein said first interfacial layer
-located between said layer of light emissive material and said electron

‘transport material is a lithium fluoride (LiF) layer having a thickness from
about 0.2nm to about 3nm.

17.  The light-emitting device of claim 15 wherein said first interfacial layer

15



bet ween the | ayered structure and the substrate. 14.
The | ayered structure according to claim10, 11, 12 or
13 wherein said 14 layer conprising fullerenes

i ncludes one of a mxture of fullerenes and organic

oh SREY %%twé‘e%ﬁfgﬁégeloéfdﬁﬁg LRiEL6S gﬁé(]&iél%o?%és%lectron

material's, po renes, ful
¢ amispattl mateoiatisddaneprisswdoiod igagiconblstales. wiltb a LAMO energy

a 8480 f Shpik 28 85 pbgStani abel TN peplasdhtahesi & Uipabou
el7est oedRd @y Skid lai}brtclifq?tw@ﬁgéﬁ@mé%éri .hol e transport

| ayer on said anode elecCtro ayer; d) a layer of a
light em ssive material on said hole transport |ayer;

. 1| i Si full. s
U8R od B PGBRIGe of Bim B AR LT Cuises Brsal hole
f Yradsbbitddydms ebippisall df ay@init PEaIbGeB HEPBosRId holes.
| ayer of light em ssive material and said el ectron

transport material for inproving electrical contact

ot ARl 8%, 1§ it

eltranspondhyer hesnalthitkinesslinverangerframabaut e eeabout 300 nm.
el ectrode |ayer located on said electron transport
| ayer; and h) a second interfacial |ayer |ocated

b@b\.NeeW@ig@mt—%‘ﬁ@h@%ﬁéf&@&%ﬁ 15! ey 7,3@013?{5 %r‘%‘f‘&iﬂ%id
el ectrical I'y conduCtive layer, said interfacial |ayer
ceepond elegticdly wonddetivelayenddfifing apcatidde ectodetayer is

¢ PleGfeh BOL {38 rS G ConRRling oF AV . g s i BN’ W, Mo, Co

chAlIbys Wheiahmbaidsf i rst interfacial layer Iocated
between said | ayer of [ight em ssive material and said

el gctron transport rratgri al is alithiumfluoride
: ;gggz mquhrt]-aé\ﬁ%iﬁﬂg%etvrigecgp i EBQN er%ﬁaogatlid %H(%{/] s é%Ag:Ag or
Li:Al.

22.  The light-emitting device of claim 15, 16, 17, 18, 19 or 20 wherein said
interfacial layer comprising a fluoride compound has a thickness in a range
from about 0.2 nm to about 10 nm.

23.  The light-emitting device of claim 15, 16, 17, 18, 19, 20, 21 or 22
‘wherein said fluoride compound is an alkaline fluoride compound.

24.  The light-emitting device of claim 23 wherein said alkaline fluoride
compound is lithium fluoride (LiF).

16



17. The light-emtting device of claim15 wherein said
first interfacial layer 15 |ocated between said |ayer
of light em ssive naterial and said el ectron

transport material is conprised of organic nol ecul es
with a LUMO energy |evel of about 2eV to about 3eV

and HOMO energy of about 5 eV to about 7eV |ocated on
said layer of light em ssive material. 18. The
light-emtti device of claim 15, 16 or 17 wherein

st nolns IgHapsIa devgepf Plaime by T8cl.of. déyam &1 or 22
R} IeselresaiMAuB Ad i i ' -emtting
devi ce of clain1§g? 6 g@q§$§&ﬂgﬁgyﬁﬁ§§#ghﬁg$e

transport |ayer has a thickness in a range from about

1 t g about 300. nm  .20. . The light-emttin evi ce .
o) oI EENY Baied ot 267 ppertiois 1 ot whgrein said
elseebhd efddticAgbHiuciee e defifhi S8thads &R layer is
el ectrode |layer is selected fromthe group consisting
ofalminugp (Algu, Ag, Au, Ni, Fe, Ni, W M, Co and

alloys or netal mxtures. 21. The light-emtting

device of claim20 wherein said alloy is a My: Ag or

Li27Al . T2 lightenhittiiet devitd bf clairdei, ¢6, 07, 18,20920521 182, 23, 24,
17,18, 19 or. 20 wherein said interfacial [ayer

c @R 28 whetein sgisk iullerenesrrarfelasied fomihewresp gamsisting of
r : about 10 nm 23. The
liﬂg%t,_%fan&;ﬂ ggﬁ’g’i@éhé@sgﬁb{ﬁ%& m 15, 16, 17, 18, 19, 20,
21 or 22 wherein said fluoride conpound is an

al kal i fluoride conpound, 24. The light-emttin
48 ce 10 aNkEmERO ARO0es AT I 121 K81 T hel§ [190r0a8T: 22, 23, 24,
ComP OB A7Swhérdih YAl et ' irfchudek i
light-emtting (’:ievi Iceég %’?gﬁrﬁrsgbéi%lay%glr@%deéﬁn oi%a}nac
2mnolegulerorpelympiewbich arei eledtrarocomtiuatanspoixed with said fullerenes.
calciumfluoride (CaF2). 26. The light-emtting device
of any one of clains 15 to 25 wherein said second

elzect r Ml light-conidimgldted 8) hind oBivithdl8irRs&iaidrgafic molecule is
el ectrode layer is

tris-(8-hydroxyquinoline) aluminum (Alg), and wherein said fullerenes are

, _selécted from the group consisting of C60, C70 and combinations thereof. |

.- 30. - The light-emitting device of claim 15, 16, 17, 18, 19, 20, 21, 22,
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alumnum (Al'). 27. The light-emtting device of claim
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or 26
wherein said fullerenes are selected fromthe group
consi sting of €60, C70 and conbi nations thereof. 28.
Thees, lbagbb: 26] 21,1 3802y Wseréth sHidbckdn tﬂe%sp?a?t layéh indiBldes
20, 21, 22, 23, 24, 25, 26 or 27 wherein said
elligiurufiuaridend Hor mixesiwith Baigl fullerenes. or gani ¢ nol ecul e
or polymer which are electron conductors m xed with
said fullerenes. 29. The light-emtting device of

cl3i. m Zhenlightesmittiry devicganhtclaimolsael 67 $8, 19, 20, 21, 22, 23, 24
tris-(8-hydrox qU| nol i ne) al umi num (Al q), and wherein

s&% 201 \efhe iasaid electen dansperhlayes Igelgdes metal particles
CQR 0 and conbi nations thereof. 30.
The&bﬁgl?ggﬁgggﬁﬂg evice of claim15, 16, 17, 18, 19,
20, 21 22 17 23, 24, 25, 26, 27, 28 or 29 wherein

e et teyion S Ghimii Was i salognslar particies are

Ilsgbér,@,@}éﬂﬂalﬁ&[ggw ce of claim15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26 or 27 wherein said electron

transport | ayer includes net aI part| cles mxed with

34 m NI dPViGs of Sk iR 1. S, B8 16 e, 22, 23,20,

rr@salzespartmlzss 30331 offe2 \lrvhéﬂalin SHid! élb&l@oﬁ' ﬁ‘éh§§or@ﬂayer has a
claim 15, 16, 17, 18, 19, 20, 21, 22, 23, 26,

2 fhickmessin a mmgeFomrateait iHunde mbout aoamt r on

transport layer has a thickness in a range from about

1 nmto about 300 nm 34. The light-emtting device of

cl3di m The light-ehittintdevis oROlaird 15, 28, 12318,2¢h, 20231, 28,23, 24,
27, ég %9 30, 31 or 32 wherein the el ectron

t 2RneBof (> 48 30 332 whenain the elestronangperilayaiess

S%bgﬁnrg:?n RIIIBFFTQ{&leaedO% g?lgfrg&%tﬁie&% t§ oducﬂaI @rref §E1EEEE optical
wintelferayice, toagaherai]etmumlpie)mlo:mlcommf des#@aﬂtrvavaﬁngﬂfh eand
[i lggt-em' th?%gp devi c of claim 17 wherein the organic

nymn.op ower out

35.  The light-emitting device of claim 17 wherein the organic molecules are
selected from the group consisting of 4,4 '-bis(carbazol-9-yl)-

18



sel ected fromthe group consisting of

4,4"' -bi s(carbazol -9-yl) 18 bi phenyl;

2, 9-di et hyl - 4, 7-di phenyl - 1, 10- phenant hr ol i ne;

1, 3- Bis(5 (4-

dqﬁ I e )
phen}r{é'fmm 7-digh e‘thﬁ% -BROharfRMihBEN 38R (5-(4

5- T 2 4- 1
Sdlﬂﬁmln@pmr)ym Pheng@didzd -Gyl turzghphadyd-TlipBRerdyl-1,2,4-

Bi E%?q?ewg't(é@%@ybﬁ'élﬂy”r'?hﬁnﬂréFS)’F -bptylpheny-iZduiriazole; 3,5-

2 -tert-
b[ﬁléﬁ : ﬁgﬁ@u Ipl:il‘lle? g-%gg%rlﬂgi[‘é 2 4]triazole; 2-(4-Biphenylyl)-5-(4-tert

1 Qmﬂpb?wll 4.3, 4-Oxadlaﬁ@laﬁ)1|,%ﬂ1§[5)(ﬁﬂé rtiimethgiethyl)phenyl)-1,3,4-
B2 e o B0 T in(5s (drliphenylaminolphanyist, 3y4-gxadiazol-2-

ylybenzemes,; argitl 3.5-Tris[5-(4-(1, 1—d|methylethyl)phenyl) 1,3,4-oxadiazol-2-
1, 5Tr|s[5(4(11dlnethylethy)pheny)-l34oxad|

a¥ Peﬂze'}ﬁf] benzene. 36. The light-enmitting device of
claim15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,

27, 28, 29, 30, 31, 32, 33, 34 or 35, wherein the

fidbst diheclight-emhitting devickiof chaim 118y 46, ¢Ef18)i19g 28n24n22le23, 24,

B boR e esd, 20734752 4R M 85 e hedinel electically
-C|céh8h§tﬁré’Yﬁ9énedi@ﬁﬂiH§ aH'%d@él@cfr&@éi%ﬁﬁg’fﬁ%%&%@ﬂrﬁeﬁs a high

sel ected fromthe group consisting o

Pworkiungiier matariatonductors including c-Si, a-Si,
a-Si:H and poly silicon. 38. The Iight-ern'tting
devi ce of claim 15, 16, 17, 18, 19, 20, 21, 22, 23,

287. 2Fhedfght-emitt?d. dedfoe 80clad 363¢herdth thethigh Yor $uittion

R
37, including a protective coating de osnte% on a top
smatgdal isrselanied frent thecarolp consistiogiol sTOaFeO2q ki P, wg: p++

of oo BLAROE: Sl 2o dlateha B s, '

sel ected fromthe group consisting of dlelectrics
i ncluding oxides of Si and nitrides.

| Bght - dhedlighirgmitipp devisie ef elpim 38, WRet 811,38 0, 21,22, 23,24,
P28, 6,27 2 8 30051 532, 8 36738 of 7% pidtng Mfotestve

Ice df ¢larml
Zmoamﬂg d@ﬂos&d on a3op 26rfa2d of e eRBtricdlly cdhdudie 13Jer defining

3 8, 39 or 40, Ludi
the S3thods elerttode. or including a

39.  The light-emitting device of claim 38 wherein said protective coating is

~ selected from the group consisting of dielectrics including oxides of Si and
nitrides.

40.  The light-emitting device of claim 38 wherein said protective coating is
a fullerene layer.

41.  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 or 40, including a

- power supply for applying a voltage across the anode electrode layer and the
cathode electrode layer. '
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power supply for applying a voltage across the anode

el ectrode | ayer and the cathode el ectrode |ayer. 19

42. The | ayered structure according to claim 10

wherein said substrate is part of a device selected

fromthe group consisting of optoel ectronic devices

and el ectronic devices. 43. The | ayered structure

actbr dl'nge la(yerﬂ(h$walre/\be¢(ﬁdmgstal deiopl ® elheceinasid substrate is
consi st.i n

|:spgéhf FY%ﬁ chg%@ir%nn]% eag uggch@lsgﬁg ofo o&ectron:c devices

prmtcpggb@m,@r@vm@g_ The | ayered structure according to
claim42 wherein said electronic device is selected

fromthe group consisting of field-effect transistors
angs LURel\ BRPLRTGEre 4%o0rding to claim 42 wherein said optoelectronic

device is selected from the group consisting of light-emitting diodes, solar
cells and photodetectors.

44,  The layered structure according to claim 42 wherein said electronic

device is selected from the group consisting of field-effect transistors and
tunneling diodes.
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