WO 2005/064993 PCT/SG2003/000296 i FLEXIBLE
ELECTROLUMINESCENT DEVICES FIELD OF THE INVENTION The
present invention generally relates to organic electroluminescent devices,
wangamose@articularly to flexible organic light emitting devicesc(fHdEmg)o0296
BACKGROUND OF THE INVENTION Organic light emitting devices
(OLEDSs) have recently attracted attention as display devices that can
replace liquid crystal displays (LCDs) because OLEDs can produce high
visibility by seRHEXIBESCENEE, TIROL USNIESOENGDEMNEES lighting,
which are necessary for LCDs, and they can be fabricated into lightweight,
thin and flexible displays. A typical OLED is constructed by placing an
organic light-emitting material between a cathode layer that can inject
FIEGR cienBHB INVERROO layer that can inject holes. When a voltage of
proper polarity is applied between the cathode and anode, holes injected
frorihbke prestnaridwdetibongengetdd ﬁeﬁa‘t@laetcatbrtgﬂnmnmibmtmtommesc@m
release energy as light, thereby producing electroluminescence.
deviRelymerit relzetpdoicinedydntflasitdasdamie g moddid gate itdsOLEDs).
which devices are referred to as PLEDs. One conventional structure of
OLED is a bottom-emitting structure, which includes a metal or metal
alloy cathode and a transparent anode on a transparent substrate,

BAGIKeRO\LINRt @aNThEESMIie TIEN the bottom of the structure. The

Organic light emitling devices (OLEDs) have recently atiracted attention as
display devices that can replace liquid crystal displays (L.CDs) because OLEDs
can produce high visibility by self-luminescence, thus, they do not require back-
lighting, which are necessary for LCDs, and they can be fabricated into lightweight,
thin and flexible displays. A typical OLED is constructed by placing an organic
light-emitting material between a cathode layer that can inject electrons and an
anode layer that can inject holes. When a voltage of proper polarity is applied
between the cathode and anode, holes injected from the anode and elecirons
injected from the cathode combine to release energy as light, thereby producing
electroluminescence. Polymeric electroluminescent materials have been used for
OLEDs, which devices are referred to as PLEDs.

One convéntionai structure of OLED is a bottom-emitting structure, which
includes a metal or metal alioy cathode and a transparent anode on a transparent
substrate, whereby light can be emitted from the botiom of the structure. The
OLED may also have a top-emitting structure, which is formed on either an

opaque substrate or a transparent substrate. A top-emitting OLED has a relatively



OLED may also have a top-emitting structure, which is formed on either

an opaque substrate or a transparent substrate. A top-emitting OLED has

a relatively WO 2005/064993 PCT/SG2003/000296 2 transparent top
welactsodess that light can emit from the side of the top eleciwoagchbgson296

top-emitting OLED has two typical stauctures. When the OLED structure

has a transparent anode on top of the organic layers, the structure is

referred to as an inverted OLED. The top-emitting OLED can also be

transpaeanittop trospakesd taihbdet earcmif frenotpenitiiayetie the Sédiidde.
with a transparent anode and a transparent cathode formed on a

Théraosanitint dDispBrent sustyatedbsefeiteddo WhentiaaspREMis@hdiide has
The top-emitting OLED structures increase the flexibility of device

a tiaregeaton anstengineersfghE wtbanindagetbettapserndting ©k&Bscar® as an
desirable for high-resolution displays. Traditionally, OLEDs have been
invbuidtcb O LFID.gla%e swpstnaitings REE Dasatowal petmentitiy tathxydemapdrent
water vapors. Over the past few years, ultra thin glass sheets and
cathiedspardnpplésite stimtiateydayehecDIcEDsidiénes nartbparpassibiele and a
substrate choices for flexible OLEDs and PLEDs. Ultrathin glass sheets,
trahspeeet, Gaibowe)fomtés anmd Oiréri3pdoznicdams patathisubkassisicetserred io
have limited potential as flexible OLED displays. To make OLEDs that are
as ghaersphiremd OLESre gyt eerditiiod 2 flEKi HELptastis substsddbedigyibility
polyethylene terephthalate (PET) and polyethylene naphthalate (PEN),
of thaviedavagratidriaritbeibdin©difitis. Furthermore, the top-emitting OLEDs are
desirable for high-resolution displays.

Traditionally, OLEDs have been built on rigid glass subsirates. Glass has
low permeability to' oxygen and water vapors. Over the past few years, ulira thin
glass sheets and iransparent plastic substraties have been considered as the
possible substrate choices for flexible OLEDs and PLEDs. Ultrathin glass sheets,
however, are very brittle and OLEDs formed on ultrathin glass sheets have limited
potential as flexible OLED displays. To make OLEDs that are lighter, thinner,
more rugged and highly flexible, plastic substrates, e.g. polyethylene terephthalate
(PET) and polyethylene naphthalate (PEN), have been used for flexible OLEDs.
However, these devices have very short lifetimes because plastics exhibit low
resistance to water and oxygen. Accordingly, efforts have been made to protect
OLEDs formed on plastic substrates from exposure to oxygen and water vapor in
order to minimize degradation of the devices.

Various approaches have been proposed for forming barrier protectiont on

plastic substrates. See for example WO 02/065558, WO 02/091064, US Pat. No.



However, these devices have very short lifetimes because plastics exhibit
low resistance to water and oxygen. Accordingly, efforts have been made
to protect OLEDs formed on plastic substrates from exposure to oxygen
and water vapor in order to minimize degradation of the devices. Various
approaches have been proposed fgr forming barrier protection on plastic
substrates. See for example WO 02/065558, WO 02/091064, US Pat. No.
3 5,757,126, US Pub. No. 2002/0022156. US Pat. No. 5,757,126

5,757199985¢53 PIIHIUTRUCI SRS (9 IRNSE NS OEIREIE ARsl QKNS o
materials. US Pub. No. 2002/0022156 proposes a multilayer barrier

multiEAFBPBSHRPEBSEhEVEsATIaSHCOPURSHALE an FIb RAAROH R RSN AER 3P b,

thin transparent metal oxide or metal nitride and one or more additional

No. SR eeREEdLBIEE growmihaiNakansBriepsi@ etaHiediiBuc™ plastic

organic polymer, a thin transparent dielectric, and a thin transparent

subsHRRSUGHYh QiAo PRIDEES2B HISclarRp A dmNsRAEPLBRIYNEIdESthitride

organosilicon protective layer over a transparent polymeric substrate. WO

and BAKBLGR4rdiselanRmnal Iyiiavrndarieriiat iRElgdesPEFanihiaRIAsYlent

inorganic layers. These approaches, however, require numerous

metZIRPaRHoNFeproant: paiBmtaly presicarapRSaRsivEISRRIEGHS emiher thin

optical and mechanical performance of the OLEDs. Thus, these
transpRIAEAREBASCAIVRObXRROIVEONE2 /eBBEs s ebiemtiar sasre friverized

way. There remains a need for a flexible OLED that can be easily
orgafeiineded prdtective layer over a transparent polymeric substrate. WO
02/091064 discloses a multilayer barrier that includes organic layers and inorganic
layers. These approaches, however, require numerous deposition steps and
potentially produce some adverse effects on the optical and mechanical
performance of the OLEDs. Thus, these approaches cannot resolve the
permeation problem in a cost-effective way.

There remains a need for a flexibie OLED that can be easily fabricated ina

cost-effective way.

SUMMARY OF THE INVENTION

The present invention, in one aspect, provides a flexible organic light
emitting device comprising: a fiexible substrate, a lower electrode layer on said
flexible substrate, an upper electrode layer that is at least semi-transparent, an
organic region between said lower electrode layer and said upper electrode
fayer, in which electroluminescence can take place when a voltage is applied
between said lower electrode layer and said upper electrode layer, wherein said
flexible substrate is comprised of one of the following: a plastic layer laminated to

or coated with a metal layer, (ii) a metal layer sandwiched between two plastic



cost-effective way. SUMMARY OF THE INVENTION The present
invention, in one aspect, provides a flexible organic light emitting device
comprising: a flexible substrate, a lower electrode layer on said flexible
substrate, an upper electrode layer that is at least semi-transparent, an
organic region between said lower electrode layer and said upper
electrode layer, in which electroluBanescence can take place when a
voltage is applied between said lower electrode layer and said upper
layers|eatrd d8i) oy emetal ehmin fsatiok flevtible su bt tedstionenpricedafenelettioele
following: a plastic layer laminated to or coated with a metal layer, (ii) a
layemaetd| thgeuppedwlehttddmetayen isve pretdt Sedngdes hanth@iipa mtedbcial
foil; further wherein at least one of the lower electrode layer and the
modifipgeswiaceotts lepkaicingneargt caoder injgaticam whereacisaichdaléiddcial
surface for enhancing charge carrier injection wherein said interfacial
modifiestiflgtaseriabeteernesit aganitgagionayichsarntineafal releetretisctrode.
4 The advantages and novel features of the present invention will
become apparent from the following detailed description of the invention
when considered in conjunction with the accompanying drawings. BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 shows a cross-sectional view
of a representative OLED formed on a



plastic/metal substrate according to the present invention. FIG. 2 shows a
cross-sectional view of the OLED formed on a metal/plastic substrate with
an isolation layer according to the present invention. FIG. 3 shows a
cross-sectional view of the OLED formed on a plastic/metal/plastic
substrate according to the presentjnvention. FIG. 4 shows a
cross-sectional view of the OLED formed on a metal foil according to the
preseidesaniges BHd. Soskdentraxamiple pfesellibkmtithavill become
transparent mufti layer cathode according to the present invention. WO
appaPdfitSiood 493 BOWHC 2003160 AR2RGriHtD A BAthE IMARSGIRIPEIONGRkdered
THE PREFERRED EMBODIMENTS Referring to FIG. 1, the
in corgprnesientatitreitd BEcoftpanyiegemtzmiegsion comprises a flexible
opaque substrate 1, a lower electrode 2 on top of the substrate, an
organic stack 3 on top of the lower electrode, and a semi-transparent or
transparent upper electrode 4 on top of the organic stack. In one
BRIEEnIHOSHRIRT |0 Gexitie dpaadN@iStrate 1 is composed of a plastic
layer 1a laminated to or coated with a metal layer 1 b as shown in FIG. 1.
Altdfpaliabigwis i3 alsesfeasiinoabvitamofiberaprERuiatine Qidth) fdwed trea
substrate 1 as shown in FIG. 2. In such a case, it may be desirable to
plastiomeial sohsicndaerddivgiedharyesent nyentidn.and the lower
electrode 2. In another embodiment shown in FIG. 3, the flexible
FIG. 2 shows a cross-sectional view of the OLED formed on a metal/plastic

substrate with an isolation layer according to the present invention.

FIG. 3 shows a cross-sectional view of the OLED formed on a
plastic/metal/plastic substrate according to the present invention.

FIG. 4 shows a cross-sectional view of the OLED formed on a metal foll
according to the present invention.

FIG. 5 shows an example of an OLED with a transparent muttilayer cathode

according fo the present invention.



substrate 1 is composed of a metal layer 1d sandwiched between two
plastic layers 1c and le. The metallic material used for the substrate 1
includes aluminum and other highly reflective metals. Aluminum is
woelesraddogcause it is an excellent barrier against water ang-9xygesschose
plastic material used for the flexiblessubstrate 1 includes polyethylene
terephthalate (PET), polyethylene naphthalate (PEN), polyether sulfone
(PES), and other plastics known in the art to provide the suitable
characteristics for flexible OLEDs. The isolation layer 5 may be a
spin-coated polymer layer or a dielectric layer, e.g. inorganic oxide or

DETANEM DESSRET@R)NTOE HERPEERERREAEMBTDIIEEFS planarizing
layer. In yet another embodiment shown in FIG. 4, the flexible substrate 1

is aRevetalfgiltovhich is caatebpiits amdsniation By esStheh e reeiat feilaraion
be made of aluminum, copper or stainless steel. The isolation layer 5 is
comgritescribéid Wi 2665064 998sRaiE/ SG 2003102 T  fopeeonislydiorof the
FIG. 2. The metal foil in this case functions as a barrier layer and a
substiragy; e ogaresthsk B thedtsptbe taeitied dighichadke f@tdearstativebhsparent
transparent upper electrode 4 to enhance the light output. The upper

or tedeciiacent uppyrodartatizodewtan cinhderdérn sheckppepreiestibddimhent,
is the anode, the lower electrode 2 serves as the cathode, and the OLED

theifleeldeesbtmas aotisivertetd IO lcoMpdbed afer glesioiy mayddinated to or
transparent or opaque, and reflective or light absorbing. The upper

coaddecwidednetal layer 1b as shown in FIG. 1. Alternatively, it is also feasible to
form the OLED on the metal side of the substrate 1 as shown in FIG. 2. In such a
case, it may be desirable to form an isolation layer 5 between the metal layer 1b
and the lower electrode 2. In another embodiment shown in FIG. 3, the flexible
- substrate 1 is composed of a metal_layer 1d séndwiched between two plastic
layers 1c and 1e. The metallic material used for the substrate 1 includes
aluminum and other highly reflective metals. Aluminum is preferred because it is
an excellent barrier against water and oxygen. The plastic material used for the
flexible substrate 1 includes polyethylene terephthalate (PET), polyethylene
naphthalate (PEN), polyether sulfone (PES), and other plastics known in the art to
provide the suitable characteristics for flexible OLEDs. The isolation layer 5 may
be a spin-coated polymer layer or a dielectric layer, e.g. inorganic oxide or spin-
on-glass (SOG). This isolation layer 5 also functions as a planarizing layer.

In yet another embodiment shown in FIG. 4, the flexible substrate 1 is a

metal foil, which is coated with an isolation layer 5. The metal foil may be made of

aluminum, copper or stainless steel. The isolation layer 5 is as described



should be semi-transparent or transparent (hereinafter referred to as

"relatively transparent”). Suitable materials for the upper electrode 4 and

the lower electrode 2 include conductive polymeric materials, conductive

Weorghaito#Atkerials, transparent conductive oxides (TCOs), rREtESS:2H0pERP6

alloys. Examples of TCO include inflium-tin-oxide (ITO),

zinc-indium-oxide (ZIO), aluminum-doped ZnO, Ga- In-Sn-O (GITO),

Sn02, Zn-In-Sn-0 (ZITO), and Ga-In-O (GIO). Suitable metals include
pregolsnior, BliGe2(AGNeatvetahipH A igicase IUNsinorRaAgNI oandes iayaTignd a

(Cr). Either of the lower electrode 2 or the upper electrode 4 may be a
mirgintjle laydacsiiatrefiecigdhs snuttsiaright deelale ihentiateibbasspesent

multilayer structure made of a combination of these materials. When

uppeiceigstigdeud da enhnircelSutrtigiet eérEtials, the interfacial surface of the
metal electrode (i.e., the boundary surface between the metal electrode
and'tife Wypahie eelitkis) fap b dena diferieofl dntcirifan ddiemtge upper
carrier injection in the OLED. TCO (e.g. ITO) has been found to be
eleeimedsivk fothaciRilfy the Ineel sleritederRespiagsiar tacealbedeoand the
modifying the metal surface of the electrode are not limited to TCOs,
OLRBwisvesTetw@rimarganit inteeasCasRWell 8 ripwRe Rlaekiane Rajay be
also be used for the WO 2005/064993 PCT/SG2003/000296 7 same
transpgyest oNVPRACK P Bl drRitRRIlYe IidigabARRBHhiRG, thierteraciectrode 4

modification layer is positioned between the organic stack 3 and the metal
shasldche gemi-transparent or transparent (hereinafier referred to as “relatively

transparent”). Suitable materials for the upper electrode 4 and the lower elecirode
2 include conductive polymeric materials, conductive organic materials,
transparent conductive oxides (TCOs), metals or metal alloys. Examples of TCO
include indium-tin-oxide (ITO), zinc-indium-oxide (ZIO), aluminum-doped ZnO, Ga-
In-Sn-O (GITO), SnO,, Zn-In-Sn-0 (ZITO), and Gamlln—O (GIO). Suitable metals
include goid (Au), silver (Ag), aluminum (Al), iridium (Ir), nickel (Ni) and chromium
(Cr). Either of the lower electrode 2 or the upper electrode 4 may be a single layer
structure made of one of the maierials mentioned above or a muliilayer structure
made of a combination of these materials. When metals are used as the electrode
materials, the interfacial surface of the metal electrode (i.e., the boundary surface
between the metal electrode and the organic stack 3) may be modified in order to
enhance charge carrier injection in the OLED. TCO (e.g. ITO) has been found to
be effective for mbdifying the metal surface. The materials to be used for
maodifying the metal surface of the electrode are not limited to TCOs, however,

other inorganic materials, as well as organic materials, may also be used for the



The relatively transparent upper electrode 4 may be comprised of a single
relatively transparent conductive layer, or a multilayer structure containing
at least one relatively transparent conductive layer. A multilayer upper
Welgetrddesmay be comprise a relatively transparent conductea/kymn3/ 000296
covered with an index-matching layér in order to enhance the light output,
The index-matching layer is made of an organic or inorganic material
having a refractive index that is effective for enhancing the light output.
sarExamphesef the neateziaiseal tetetitent@shbaplayeedified, the interfacial
tris-(8-hydroxyquinoline) aluminum (Alg3), N,N'-di(naphthalene-I-yl)-N,N'-
modifibeigtbdapdding dRBpNegFReBION MyOpITaniZngdadkol. andothe metal
cases, a TCO layer, e.g. ITO, serve as both a relatively transparent upper
elegiodteode and an index-matching layer for enhancing the light output. The
index-matching layer also serves as a barrier or an encapsulation layer.
Thelingl sxiatisedhihgnaparenhypracelacthtedsmey beo@ooptiged of a single
depending on the reflective index of the materials being used. The
relaiinglifdyensppentisncbidivadgyerntneainclitl s verisbigcibiie aontaicingqd least
carrier injection layer, which is formed between the relatively transparent
onecoplativalvettapeparantine oagshie deyer. 3 Avmati aye mippkiyeleappee may be
electrode is a cathode, the charge carrier injection layer is an electron
conjéesehrrlgtveluitanipareieerndvchadasecaoveiisge sibh sayiedmenmaiching
low work function metals such as rare earth metals. When the multilayer
layeippedTerRicleRithRNgR HiolightiediBhbrddeciidiex-mpiehingligiariis anssle of an
injection layer. The hole injection layer may be WO 2005/064993
orgpuiT/9G MuYaNc2gRkierial having a refractive index that is effective for

enhancing the light output. Examples of the materials for the index-matching layer
are ftris-(8-hydroxyquinoline) aluminum (Aig3), N,N-di(naphthalene-1-yl)-N,N'-
diphenylbenzidine (NPB), MgF,, SiO,, MgO, ITO, ZnO, TiO,. In some cases, a
TCO layer, e.g. ITO, serve as both a relatively transparent upper electrode and an
index-matching layer for enhancing the light output. The index-matching layer also
serves as a barrier or an encapsulation layer. The index-matching layer may have
a thickness of 1 to 500 nm, depending on the reflective index of the materials
being used. The multilayer upper electrode may further include at least one thin,
charge carrier injection layer, which is formed between the relatively transparent
conductive layer and the organic stack 3. When the multilayer upper electrode is a
cathode, the charge carrier injection layer is an electron injection layer. Suitable
materials for the electron injection layer include low work function metals such as
rare earth metals. When the multifayer upper electrode is an anode, the charge

carrier injection layer is a hole injection layer. The hole injection layer may be



8 made of a high work function metal, e.g. Au or Ag, or TCO. Various
inorganic materials, organic materials, or combinations of inorganic and
organic materials are also feasible as materials for the hole injection layer
wapmigasthese materials are effective for hole injection. TheTsGrga/000296
carrier injection layer may have a thfckness of up to 50 nm. The thickness
of a single relatively transparent conductive layer may be from 1 to 150
nm. The total thickness of a multilayer electrode structure may be 30nm
madetiickdnigh shomidirectioterstiddyg.ofve skilfegl iorthiE€axt tiarivaisdnsrganic
materials and multilayer structures are feasible for the upper electrode 4
materiathedoyasiceatartids 2cscclomyingtibey chinorgadie later alrganifuctatizyials
and interfacial properties required for efficient charge carrier injection.
areTalecoiepsitesaacn @ enals Her dhsiryie lnjectonmdl ayehtitaiongtaskiuma prisiexgals

a plurality of organic sub-layers adaptable for light emission. The organic
arenefferitive for thoigiitiaiack Bardladeetsutioluimjaeticriepad may have a
phosphorescent organic materials that are conventional in the art for light
thickmadagadevicés. Moremspedikcahiciknessrgdnit singledralaljivsdynisairsparent

electroluminescent and/or phosphorescent polymeric materials
corudinibistiysiynode d o frPIED$0 TS drganithetdeiahihicleeaspigie neyllayer

of an emissive material or a bi-layer comprised of a hole transporting
elepiyeteasidistighrayikmglayepr Yeickeother possibility is a three- layer

organic stack comprising a hole transporting layer, an electron

trandshieitlg be understood by one skilled in the art that various materials and
multilayer structures are feasible for the upper electrode 4 and the lower electrode
2 so long as they can provide lateral conductivity and interfacial properties
required for efficient charge carrier injection.

The organic stack 3 may be a single layer or a muliilayer stack comprising a
plurality of arganic sub-layers adaptable for light emission. The organic materials
for the organic stack 3 include electroluminescent and phosphorescent organic
materials that are conventional in the art for light emitting devices. More
specifically, the organic stack 3 may be made of electroluminescent and/or
phosphorescent polymeric materials conventionally used for PLEDs. The organic
stack may be a single layer of an emissive material or a bi-layer comprised of a
hole transporting layer and a light-emitting layer. Yet another possibility is a three-
fayer organic stack comprising a hole transporting layer, an electron transporting
layer, and an emissive layer between the hole transporting layer and the electron

transporting layer. The device having such three-layer organic stack is referred to

as a double heterosiructure. The hole transporting layer should be next to the



layer, and an emissive layer between the hole transporting layer and the
electron transporting layer. The device having such three-layer organic
stack is referred to as a double heterostructure. The hole transporting
waymssiraesd be next to the WO 2005/064993 PCT/SG2003/B800288009/000296
anode because the holes are injecteél from the anode. When an electron
transporting layer is used, it should be next to the cathode. The total
thickness of the organic stack 3 may range from 50 to 1000 nm. AN
an&IEA MG B thisl Eh Bl & Sied\ ThiRMEN TION Oree exadeple Wfteen an siectron
top-emitting PLED according to the present invention is shown in FIG. 5.
trafn$pofiixiplaysulismat liishou bsedeat 01R8 crtnods.thitie RiEdl Hlidetcks of
~alaminated to a 25 microns thick Al foil 1 b. A 120 nm thick transparent
the Syaaimezekis foanednge fhenpBEGtic S0 ofthe flexible substrate 1.
Forming on the ITO anode 2 is a bi-layer organic stack 3 composed of an
80 nm thick emissive layer 3a made of polyphenylene vinylene (Ph-PPV),
and a 30 nm thick hole transport layer 3b made of polyethylene
ANdo&4iVidiph &dfe TPEDRRBSENG délsiityOMansparent cathode 4 is a
multilayer structure composed of, in order from the top, a 52 nm thick

tris- @rieyexaxypjeind m i) akmittioen {AHS pleoenditey ® 16enprabésk invention is

semitransparent Ag layer 4b, a 1.0 nm thick calcium (Ca) layer 4c, and a
shoué iimF 1Bick. lithherfidiiiokddz sty &8 aompokiticdse 1 8 Bissonedhisk PET

the index- matching layer, Ag serves as the conducting layer for lateral
shegintritamiyateadere25 microns thick Al foil 1b. A 120 nm thick transparent ITO
anode 2 is formed on the plastic side of the fiexible substrate 1. Forming on the
ITO anode 2 is a bi-layer organic stack 3 composed of an 80 nm thick emissive
layer 3a made of polyphenylene vinylene (Ph-PPV), and a 30 nm thick hole
transport layer 3b made of polyethylene dioxythiophene (PEDOT). The relatively
transparent cathode 4 is a multilayer structure composed of, in order from the top,
~ a 52 nm thick tris-(8-hydroxyquinoline) aluminum (Alg3) layer 4a, a 15 nm thick
semitransparent Ag layer 4b, a 1.0 nm thick calcium (Ca) layer 4c, and a 0.6 nm
thick lithium fluoride (LiF) layer 4d. In this case, Alg3 serves as the index-
matching layer, Ag serves as the conducting layer for lateral conductivity, and the
combination of LiF/Ca serves as the electron injector. The muliilayer cathode can
be formed by thermal evaporation, thereby avoiding the damaging effect of the
sputter deposition process. The Al foil 1b serves as an excelient barrier for the
PET substrate, thereby improving the lifetime of the device. This example of the

present invention could be considered as a convenient and cost-effective

approach for fabricating top-emitting PLEDs.



combination of LiF/Ca serves as the electron injector. The multilayer
cathode can be formed by thermal evaporation, thereby avoiding the
damaging effect of the sputter deposition process. The Al foil Ib serves as

warzesszaliemt barrier for the PET substrate, thereby improving-thedfatinme 296
of the device. This example of the pt@sent invention could be considered
as a convenient and cost-effective approach for fabricating top-emitting
PLEDs. WO 2005/064993 PCT/SG2003/000296 10 The present invention

offersha festuiatiOhizp @hastiepacl tiadiioldlailED sirbatiate daakcanddlexible
bent to a substantial extent without breaking. Thus, the flexible OLED of

sultstrpeeseat tarendopditsiche abiigyainiedricen; betdor redakiaganyhus, the
shape. This flexibility will enable the fabrication of display devices by

flexabrdiMUED ooty qressmgntieeitdry pas idingldiiboss-efieiciing Bpptachrdirinto
mass production. The flexible substrates disclosed in this invention may

anplsthssuseThitoflesgaiige whiotmebiecthes fabgmaitathinfiltsipansigevices by
organic photovoltaic cells, organic memories, organic integrated circuits,
corihtLiotirerairganie seimyrimneb\optoelditgpaicavities ihatappriesificidbimass
substrate with good barrier properties and mechanical flexibility. The
praduEidof theepfiesditisuestiatehatiszioardtinafépplications npgludétg be used
mobile phones, PDA and other hand-held devices, computer monitors,
fordigigahiea dib cteviizectode ocrgardcathihighiiimgrdesistss sdecgeativeotimestaic
and ,
cells, organic memories, organic integrated circuits, and other organic or inorganic
optoelectronic devices that require flexible substrate with good barrier properties
and mechanical flexibility.

The OLED of the present invention has a variety of applications, including
mobile phones, PDA and other hand-held devices, computer monitors, digital
audio devices, video cameras, lighting devices, decorative devices, and
advertising devices.

While the invention has been described with respect to the preferred
embodiments, it will be understood by those skilled in the art that modifications

may be made in the invention without departing from the spirit and scope of the

appended claims.



Wl

advertising devices. While the invention has been described with respect —
to the preferred embodiments, it will be understood by those skilled in the

h
art that modifications may be made in the invention without departingp C_T/ SG2003/00296

from the spirit and scope of the appended claims. PCT_/S(_B2003/(_)0_159‘?33lved 18 July 2005
Received 18 July 2005 11 CLAIMS ;1. A flexible organic light emitting
device comprising: a flexible substrate, a lower electrode layer on said
flexible substrate, an upper electrode layer that IS at least

cisametransparent, an organic region between said Iqwer electrode layer
and said upper electrode layer, in which electroluminescence can take
place when a voltage is applied between said lower electr_ode Iaye_r and.
said upper electrode layer, wherein said flexible substratg |s_chompr|s;e(|1| of
one gf; lQvming: | ni to or coated with a meta

I Iayeﬁ %%H%gggl}agfj@i%%ﬁv%%%%%ﬁ v%so'rb(?éstic layers, and (iii) a

a R failbdedher wherein at least one of the lower electrode layer and the
upper electrode layer is a metal electrode having an interfacial modified

a ISWERERMNode layer on said flexible substrate,

de layer that is at least semi-transparent,

an organic region betwsen said lower electrode layer and said upper electrode

layer, in which electroluminescence can take place when a voltage is applied

between said !dwer electrode layer and said upper electrode layer,
wherein said flexible substrate is comprised of one of the following:
a plasticnlayer laminated to or coated with a métal layer, (i) a metal layer
sandwiched betweeﬁ two plastic layers, and (iii) a metal foil;

further wherein at least one of the lower electrode layer and the upper
electrode layer is a metal electrode having an interfacial modified surface for
enhancing charge carrier injection wherein said interfacial modified surface is

between said organic region and said metal electrode.

2. The flexible organic light emitting device of claim 1, wherein said interfacifal

maodified surface may be formed by modifying said metal electrode using a TCO.

3. The flexible organic light emitting device of claim 1, wherein said interfacifal
modified surface may be formed by modifying said metal electrode using inorganic

of organic materials
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enhancing charge carrier injection wherein said interfacialll modoilfiec; -
surface is between said organic region and said metal electrode. 2. The
flexible organic light emitting device of claim 1, wherein said interfacifdiCT/5G2003/00296
modified surface may be formed by modifying said metal electrode F&fj%d 18 July 2005
TCO. 3. The flexible organic light eni' ting device of claim 1, wherein said
interfacifal modified surface may be formed by modifying said metal
electrode using inorganic o~ organic materials Amended Sheet IPEA/AU
PCT/SG2003/00296 Received 18 July 2005 12 4. The flexible organic
light emitting device of claim 1, wherein said flexible substrate i_s

?Nitq analuminum

4, COmﬁﬁé%ﬁ?fb?ep@ﬁgﬁi@ﬁ%ﬁ%%ﬂ%ﬂ%@gg%\%g%tg%er% DGR ERTEE

layer, the plastic layer beihg positi etween't

suBél@a‘féeis%HmEH%d%feé-ﬁe@&el%%‘étféefrﬁﬁg‘?‘é]&ctg%]l g&gg%g&ﬂ%ﬁﬁ%ﬂrﬁ@ um

claim 1, wherein said flexible substrate |s.compr|sed 0 e
XiBle [N Hting sl | funther ising.an i
o e e ReEAIEHES SR v DU R g an e
alu@¥®iinT lal/Be flexible organic light emitting device of claim 6, wherein said

isolation

B, The flexible organic light emitting device of claim 1, wherein said flexible

substrate is comprised of a steel foil.

8. The flexible organic light emitling device of claim 1 further comprising an

isolation layer between said flexible substrate and said lower electrode layer.

7. The flexible organic light emitting device of claim 6, wherein said isolation

layer is a spin-coated polymeric layer or a dielectric layer.

8. The flexible organic fight e'mitting device of claim 5 further comprising an

isolation layer between said steel foil and said lower electrode layer.

9. The flexible organic light emitting device of claim 1, wherein said upper

electrode layer is transparent.

10.  The flexible organic light emitting device of claim 1, wherein said upper

electrode layer Is a semitransparent or transparent anode.
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layer is a spin-coated polymeric layer or a dielectric layer. 8. The-flexibte- -

organic light emitting device of claim 5 further comprising an isolatio
layer between said steel foil and said lower electrode layer. 9. The f r;}EFé/SG2003/ 00296
eecewed 18 July 2005

organic light emitting device of claim 1, wherein said upper electro

layer is transparent. 10. The flexible pgganic light emitting device of claim
1, wherein said upper electrode layer is a semitransparent or transparent
anode. Amended Sheet IPEA/AU PCT/SG2003/00296 Received 18 July
2005 13 11. The flexible organic light emitting device of claim 1, wherein
said upper electrode layer is a semitransparent or transparent cathode.

1112. The firsiR Gepiiclisghesiifitsd ewsre @ dimm, WherIRsRihid upper

upper electrode layer is a multilayer structure comprising at least one

elsgroEBgRAIS Al nfiedIsHR: GlEa diedBodbe flexible organic

light emitting device of claim 12, wherein said multilayer structure
comprises an index-matching layer and a charge carrier injection layer.
14. The flexible organic light emitting device of claim 13, wherein said

12indexhanainhing Ryeinke Mptisemaingr Ve & a8tesialmayingrs refesivtupper
index effective
alectrode layer is a multilayer structure comprising at least one semitransparent or

transparent conductive film.

13.  The flexible organic light emitting device of claim 12, wherein said multilayer

structu_re. comprises an index-matching layer and a charge carrier injection layer.

14, The flexible organic light emitting device of claim 13, wherein said index-
matching layer comprises an organic material having a refractive index effective

for enhancing light output.

15.  The flexible organic light emitting device of claim 13, wherein said index-
maiching layer comprises an inorganic material having a refractive index effective

for enhancing light output.

18.  The fiexible organic light emitting device of claim 13, wherein said multilayer
structure is an anode and said charge carrier injection layer is a hole injection

layer.
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for enhancing light output. 15. The flexible organic light emitting device of  ~——-—o
claim 13, wherein said index- matching layer comprises an inorganic
material having a refractive index effective for enhancing light outpﬁtieﬁ.:}%/e i(izgofi/ Ogggg
The flexible organic light emitting device of claim 13, wherein said y
multilayer structure is an anode and gaid charge cafrier injection layer is a

hole injection layer. Amended Sheet IPEA/AU PCT/SG2003/00296

Received 18 July 2005 14 17. The flexible organic light emitting device of

17 ClaimhbohereiBreait O Ben i aaHmY A SO BP RS MBI HRE WS Mble

metal or a transparent conductive oxide (TCO)._ 18. The fiexib_le organic
injdisfremyERadiRYIRES! £ RIGh Wok HeRRIbRARIS WAt RdEle R B RIS ve
gold or silver. 19. The flexible organic light emitting device of claim 17,
oxigéereipsaid TCO is metal oxide. 20. The flexible organic light emitting
device of claim 17, wherein said TCO is selected from the group
consisting of indium-tin-oxide (ITO), zinc-indium-oxide,
18.  The ilexible organic light emitting device of claim 17, wherein said high work

function metal is gold or silver,

1'9. The fiexible organic I?ght emitting device of claim 17, wherein said TCO is

metal oxide,

20.  The flexible organic light emitting device of claim 17, wherein said TCO is
selected from the group consisting of indium-tin-oxide (ITO), zinc-indium-oxide,

aluminum-doped zinc oxide, Ga-In-Sn-0, SnO,, Zn-In-Sn-0, and Ga-~In-O.

21.  The flexible organic light emitting device of claim 18, wherein said hole
injection layer comprises an organic material effective for hole injection or a

combination of inorganic and organic materials that are effective for hole injection.
22,  The flexible organic light emitting device of claim 16, wherein said hole
injection layer comprises an inorganic material effective for hole injection or a

combination of inorganic and organic materials that are effective for hole injection.

23.  The flexible organic fight emitting device of claim 11, wherein said multilayer
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aluminum-doped zinc oxide, Ga-In-Sn-O, Sn0O2, Zn-In-Sn-0O, and —

Ga-In-0. 21. The flexible organic light emitting device of claim 16, wh rw’ E
said hole injection layer comprises an organic material effective forﬁ)\f%e(?Ve d(izsoj?jl;ogggg

injection or a combination of inorganic and organic materials that are
effective for hole injection. 22. The flgxible organic light emitting device of
claim 16, wherein said hole injection layer comprises an inorganic
material effective for hole injection or a combination of inorganic and
shOKEaRc inYesaisonatag QURFbmlYe S HUPGHRLLSS: !% &R electron
organic light emitting device of claim™11, wherein salé multilayer
injééﬂgﬁqi@}cbﬁ,heet IPEAJAU PCT/SG2003/00296 Received 18 July 2005
15 structure is a cathode and said charge carrier injection layer is an
electron injection layer. 24. The flexible organic light emitting device of
claim 21, wherein said electron injection layer comprises a low work

24functing msidle Brgdhe ﬂ@ﬁlbé?nﬁ{%%‘{%m SMULRAY Q?V\i'f?ﬁe%ﬂ%i%“dzéectroﬁ

wherein said low work function m is a rare earth métal.

injéiehlmgEsaein AL SHIBINYBARVIGRAIFFBAL, wherein said index-
matching layer comprises tris-(8-hydroxyquinoline) aluminum (Alg3) or
N,N'-

25.  The flexible organic light emitting device of claim 22, wherein said low work

function metal is a rare earth metal.

26. The ‘f!exible organic light emitting device of claim 21, wherein said index-
mat.ching layer comprises tris-(8-hydroxyquinoline) aluminum (Alg3) or N,N'-

di{(naphthalene-1-y1)-N,N'-diphenylbenzidine (NPB).

27,  The flexible organic light emitting device of claim 21, wherein said cathode
comprises a silver layer and said electron injection layer is comprised of a calcium
sub-layer over a lithium fluoride sub-layer, the silver layer being formed over the

calcium layer.

28.  The flexible organic light emitting device of claim 1, wherein said organic
region comprises (i) a hole transporting layer and (i) an emissive layer or an

electron transporting layer.
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di(naphthalene-1-yl)-N,N'-diphenylbenzidine (NPB). 27. The flexibte
organic light emitting device of claign 21, wherein said cathode comptj

a silver layer and said electron injection layer is comprised of a calcj %}i‘?ﬁsezoosfooz%
sub-layer over a lithium fluoride sub-layer, the silver layer being formg%ewed 18 July 2005 _
over the calcium layer. 28. The flexifle organic light-emitting device of
claim 1, wherein said organic region comprises (i) a hole transporting
layer and (ii) an emissive layer or an electron transporting layer.

29Amem@d!§h@@tolﬁﬁﬁéﬁlérﬁ%mﬁn%ﬁeé(@é@%ﬁ RRFEVeRHEAH L £0% ganic

16 29. The flexible organic light e ng device of claim 1, wherein sai

BiSmiawes ' ' ri Ve s
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electron transporting layer.
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