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el ectrol um nescent devices,1and nore particularly to

flexible organic light emtting devices (OLEDs).

BACKGROUND OF THE I NVENTION Organic light emtting
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di spl ays (LCDs) because OLEDs can produce high
visibility by self-lum nescence, thus, they do not
require back- lighting, which are necessary for LCDs,

FIELEDOR TYE ¢EMNTIORbri cated into |ightweight, thin and
flexible displays. A typical OLED is constructed by
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t hereby producing electrolum nescence. Polyneric

BACKGROUNDOFEFENNVENTEIONI s have been used for
OLEDs, which devices are referred to as PLEDs. One
co
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bottom of the structure. The COLED nay al so have a
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opaque substrate or a transparent substrate. A
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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 electrons
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 convéntional structure of OLED is a bottom-emitting structure, which
includes a metal or metal alloy cathode and a transparent anode on a transparent
substrate, whereby light can be emitted from the bottom 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
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and water vapor in order to mnimze degradation of
glaéshghggt\éi S5 ‘transparent plastic substrates have been considered as the
possible substrate choices for flexible OLEDs and PLEDs. Ultrathin glass sheets,
however, are very brittle and OLEDs formed on ulirathin 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 protection on

plastic substrates. See for example WO 02/065558, WO 02/091064, US Pat. No.
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light emtting diode (OLED), and nore specifically, a
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on an opaque flexible substrate. The opaque flexible
potSRAKT prédliGe 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 flexible OLED that can be easily fabricated in a

cost-effective way.

SUMMARY OF THE INVENTION

The present invention is directed to a flexible organic light emitting diode
(OLED), and more specifically, a polymer light emitting diode (PLED), which is
formed on an opaque flexible substrate. The opaque flexible substrate is
composed of one of the following: (i) a plastic layer laminated to or coated with a
metal layer, (ii) a metal layer sandwiched between two plastic layers, or (iii) a

metal folil. When the OLED is formed on a metal surface of the flexible
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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. 3shows 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 foil
according to the present invention.

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

according to the present invention.



FIG 4 shows a cross-sectional view of the OLED forned

on a netal foil according to the present invention.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Referring to FIG 1, the representative OLED of the

present invention conprises a flexible opaque

substrate 1, a lower electrode 2 on top of the
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used for the flexible substrate 1 includes
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character| stics for flexible OLEDs. The isolation

subst?eYt% 1 |s né%¥nposed of a metal layer 1d sandwiched 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



be a spin-coated polynmer |layer or a dielectric |ayer,
e.g. inorganic oxide or spin- on-glass (SOG. This

w0 s@bac49en | ayer 5 al so functions as a pl anari RCTI§G2003/000296
| ayer. In yet another enbodgnent shown in FIG 4, the
flexible substrate 1 is a netal foil, which is coated
wth an isolation layer 5. The netal foil may be nmade

prevﬁ)éé&ﬁé\? *%9 TEIIE.UE]S '@i@@%@%il%ﬂﬁ%@%ﬁ%é@@g@ns a-ghae bb?r?ér%y'/é%nand a
PCT/ S&003/ 000296 6 previously for FIG 2. The netal

mirrpiolike surface thataetiectaribe iesnitieddight baek tethe slatively dragsparent
mrror-like surface that reflects the emtted |ight

upp&esibctredd heo lephahtey teylightangpatc ent  upper el ectrode 4
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In-Sn-O (GITO), SnO,, Zn-In-Sn-O (ZITO), and Ga-In-O (GIO). Suitable metals
include gold (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 materials mentioned above or a multilayer 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 modifying the metal surface. The materials to be used for
modifying 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



made of a conbination of these materials. Wen netals

are used as the electrode materials, the interfacial
warsacwIdf the netal electrode (i.e., the bourdEs§2003/000296

surface between the netal &l ectrode and the organic
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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 muliilayer upper electrode is an anode, the charge

carrier injection layer is a hole injection layer. The hole injection layer may be
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L a%et Rhafic VA S WSS bs baGKgIS P ot ' uftilayer stack comprising a
plurality of organic 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-
layer 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 heterostructure. The hole transporting layer should be next to the
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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 4¢, 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 multilayer cathode can
be formed by thermal evaporation, thereby avoiding the damaging effect of the
sputter deposition process. The Al foil 1b serves as an excellent 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.
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for Drgxhibd hoteatedibs, tdrghniathif giletrangistors sol@ingn bhattovoltaic
extent w thout breaking. Thus, the flexible OLED of

oo BB Bt s AR b BB R e

the fabrication of displ devices by .continuous roll )
opt%leeté%@fsr@yl%eﬁh@wew?ﬁ/ﬁémbe sibgatt ayifhgepq bartier properties

approach for mass production. The fl exi bl e substrates
anddinecharseal flexikilitys i nventi on may al so be used for

or gani ce photo-detectors, organic thin film

tr i OLESof HOgRisenP HYeRYiBh tHisCa vaRElySof AFHIRALI6NS, including
menories, organic integrated circuits, "and ot her

o8 Bbios LI biey FEERRFE B30k EVPRERe’ Mihiors, aiga
au iéogg\;iéie;s 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.



and nechanical flexibility. The OLED of the present
i nvention has a variety of applications, including
woresioedphones, PDA and ot her hand- hel d devi ceBCT/SG2003/000296
conmputer nmonitors, digital 1mudio devices, video
caneras, lighting devices, decorative devices, and
advertising devices. Wile the invention has been
Cﬂ.qpﬁﬁ;lbed with respect to the preferred enbodinents,
A be understood by those skilled in the art that
nodi fications nmay be nmade in the invention w thout
departing fromthe spirit and scope of the appended
clainms. WO 2005/ 064993 PCT/ S&003/ 000296 11 CLAIMS

1. 1. ANIérilekel driganierigmnemitting dieviesi ddnmmyisingvi ce
conprising: a flexible substrate; a | ower el ectrode

I a%eﬁe@e%"i‘fbgtrfate‘?x' bl e substrate; an upper el ectrode
Ia er I'S at '| east sem -transpar ent an organic

i.on be a|d | oner, el trod ayer and said
PWEER aY%f)ﬁé’P?a'fjrﬁ'e%ﬁ%ﬁ“téﬁ EHE7 ol uni nescence

can t ake pl ace V\,hen a voltage is applied between said
| owerupperciecitld layerthahis aldeastigspeirirarispererdde | ayer,
wherein said flexible substrate is conprised of one of

t heinf tdaik N@gidn betwdbaaid 1bAxerelbétibdatiaget @rd said upper
coated with a netal layer, (ii) a netal |ayer

e
eleﬁeﬂ{b(%“a&@? mb\?h}@hé‘le;: eXIPrL eédoefnéslgﬁ?%{ if’al\kg %c(e Wp)anaa voltage is
f cl 1, wh d fl
appﬂgc\{ lb%?wgen ga%‘ I(r)nwer electercr) e Faysé?land sa?o)l( upper electrode layer,
wherein said flexible substrate is comprised of one of the following:

(i) a plastic layer laminated to or coated with a metal layer, (ii) a metal layer

sandwiched between two plastic layers, and (iii) a metal foil.

2. The flexible organic light emitting device of claim 1, wherein said flexible
substrate is comprised of a plastic layer laminated to or coated with an aluminum
layer, the plastic layer being positioned between the lower electrode layer and the

aluminum layer.

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

substrate is comprised of a steel foil.

4. The flexible organic light emitting device of claim 1 further comprising an

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



substrate is conprised of a plastic layer lamnated to

or coated with an alum num |ayer, the plastic |ayer
wWheinge49esi t i oned bet ween the | ower el ectrode PEISG20a8/000296

the alum numlayer. 3. Thelflexible organic |ight

emtting device of claiml, wherein said flexible

subs.trate IS corrprised of a steel foil. 4 The
5 fﬁL BIre ﬁhé fl@ﬂterﬁfﬁglﬁépgglﬁgﬁg'cﬁ lhgr{g]nls%id isolation

fI exi bI e substrate and said wer eI ectrode I ayer. WO

layerde sy pwrgoatedaol B@QU@@W@Z%& lestrig 1ayele 1 exi bl e
organic light emtting device of claim4, wherein said
isolation layer is a spin-coated polyneric |ayer or a
dielectric layer. 6. The flexible organic Iight

6. em-,tﬁé ﬂ@x@FéVng%nﬂf lightémitén lﬂé\ﬁ'&r oF@IBﬁﬁﬁ'(ﬁfd}%éf‘compnsmg an
i sol ation ayer bet Wween sai d steel and said | owner

o R BabfiLsaif sl 31 &%@f‘sﬁﬁg%ﬁoﬁ%g%yer

el ectrode layer is transparent. 8. The flexible
organic light emtting device of claim1, wherein said
upper electrode layer is a semtransparent or

7. trarspiiexible argaidc light Entittiigedetice afrglaim d, lwbbtein said upper
emtting device of claiml, wherein said upper

cle@ | Qre|s|t%¥'% aP ia _serritransp_aren_t or transparent
&%gg The f eX|bIe organic light emtting

deV| ce of cI aim1l, wherein said upper electrode |ayer
is amnmultilayer structure conprising at |east one
sem transparent or transparent conductive film 11.
8. ThelhE ﬂQXIBIGeOEO‘ajH@n“@hI iegittingntleyicapfdaeint d, ovhereinrgaid upper
10, wherein said multilayer
electrode layer is a semitransparent or transparent anode.

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

electrode layer is a semitransparent or transparent cathode.
10.  The flexible organic light emitting device of claim 1, wherein said upper
electrode layer is a multilayer structure comprising at least one semitransparent or

transparent conductive film.

11.  The flexible organic light emitting device of claim 10, wherein said multilayer

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

12.  The flexible organic light emitting device of claim 11, wherein said index-



structure conprises an index-matching | ayer and a

charge carrier injection layer. 12. The flexible
wWoe@ans4993 i ght emtting device of claim1ll, whRCEBG2003/000296

sai d i ndex WD 2005/ 064993 PCI/ SG2003/ 000296 13

mat chi ng | ayer conprises an organic or inorganic

material having a refractive index effective for

maﬁrrmfg{1 ?‘#bq d%é/rﬂg és%' taglu g[#l%l o-rraﬁ% iaqﬂ& %ﬁt&? g’%ﬁnd iag Fgfractive

mat chi ng | ayer conprises a conbinati on of organic and
'nd‘P)h%ﬁ%MecfoﬁﬁﬂE@nfdﬂg“QWaQUtp‘étre ef fective for enhancing
light output. 14. The flexible organic light emtting
device of claim1ll, wherein said multilayer structure
I's an anode and said charge carrier injection layer is

13,4 hlq{eefléﬁbﬁ—,cbgdﬁhlc h mltﬁrrf% dE'U?cé beXidihe1 9y aA ?é’ln said index-

light emtting deviCe of cl V\,hereln sal

on layer co ct ion
matghiri v 8h spifeS & RonBiryen U Ratael SO dlria v
fl exible organic |ight emtting device of claiml15,
are gifectye fayardhanrige |\&%i RUtpUfincti on netal is gold or
silver. 17. The flexible organic light emtting device
of claim 15, wherein said TCOis netal oxide. 18. The
flexible organic light emtting device of claim15,

14, Wherf floxdBlethr 5}9 'hght éﬁl'itﬁlgr)ﬁﬁgvit:%oépéglé‘iﬁ'n 9% OWRerein said multilayer

consi sting of mtin

c-i ndi um g V\la 2005/ 064993 .PCT/.SG2003/ 000296
strufkyre is"an ‘anode. and sald charge carrier injection layer is a hole injection

layer.

15.  The flexible organic light emitting device of claim 14, wherein said hole
injection layer comprises a high work function metal or a transparent conductive

oxide (TCO).

16.  The flexible organic light emitting device of claim 15, wherein said high work

function metal is gold or silver.

17.  The flexible organic light emitting device of claim 15, wherein said TCO is

metal oxide.

18.  The flexible organic light emitting device of claim 15, wherein said TCO is

selected from the group consisting of indium-tin-oxide (ITO), zinc-indium-oxide,



al um num doped zi nc oxide, Ga-1n-Sn-QO Sn02,
Zn-1n-Sn-0O, and Ga-1n-0O 19. The flexible organic

wo e@hemnd tti ng devi ce of claim 14, wherei n saPdI/k6093/000296
i njection layer conprises ahd4dorganic nmateri al
effective for hole injection or a conbination of
inorganic and organic materials that are effective for

[ | . . r l
aluffi FrioRRE ehocad Gedir e SR egh Py gt ba-n0.
injection |ayer conprises an inorganic materi al
effective for hole injection or a conbination of
inorganic and organic naterials that are effective for
19. holTéha Ageibtd organi@ lighTreeittirex dbviee ootyakdim Hdghtherein said hole
emtting device of claim11l, wherein said nultilayer

mjeéﬁquwérecbﬁwp@ls%Qtm%géﬁfé ﬁ\%‘t&laﬂr@ff%tlﬁérfbf fole injection or a
injection layer is an &l ectron injection | ayer

corfetorEptitafteli G Bugarin by SR e R B RoBinjpoton.

| ow work function netal. 23. The flexi ble organic
light emtting device of claim?22, wherein said | ow
work function netal is a rare earth netal. 24. The
20.f | ehedfiexiblegarganit ilight eenittirtg dgvidevot elaim ¢dawherdin said hole
wherein said i ndex- matching |ayer corrpri ses

lnjebﬁbﬁall%)ﬁe c?rhﬁ?‘ié’@é‘iﬁ?flﬁoﬁ‘&éni@' erﬂei‘ém en2| - R Im%r nje%n or a

corToF gt Pra e 5o, %%ctmﬁpéme injection.

sald cathode conprises a silver layer and said
el ectron injection layer is conprised of a cal cium
sub-layer over a lithiumfluoride sub-layer, the

21. si IMrer fiddie lorgaiio ighbemiting vevice be claid ¢it UWhbRI8said multilayer
structure is a cathode and said charge carrier injection layer is an electron

injection layer.

22.  The flexible organic light emitting device of claim 21, wherein said electron

injection layer comprises a low work function metal.

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

function metal is a rare earth metal.

24.  The flexible organic light emitting device of claim 21, wherein said index-
matching layer comprises tris-(8-hydroxyquinoline) aluminum (Alg3) or N,N’-

di(naphthalene-1-yl)-N,N’-diphenylbenzidine (NPB).



26. The flexible organic light emtting device of
claim1, wherein at |east one of the |ower el ectrode
wo aysneanxl t he upper el ectrode | ayer is nodifiBdr/862003/000296
enhance <charge carrier injegtion. 27. The flexible
organic light emtting device of claim1l, wherein said
organic region conprises (i) a hole transporting
| ayer and (ii) an em ssive |layer or an electron
transporting |layer. 28. The flexible organic |ight
emtting device of claim1, wherein said organic
25. r edherflexdiip argasyic (ight emiiding deder pbetaimg2 1,ayderein said cathode
an em ssive layer, and (iii) an electron transporting
comp®iges 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.

26. The flexible organic light emitting device of claim 1, wherein at least one of
the lower electrode layer and the upper electrode layer is modified to enhance

charge carrier injection.

27.  The flexible 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.

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

electron transporting layer.



