COVPCSI TE OPTI CAL DESTRUCTI VE ELECTRODE FORHI GH
CONTRAST ELECTROLUM NESCENT DEVI CES Fi el d of the
wo pwsntison [ 0001] The present invention gener aPC1/SG2004/000146
rel ates to el ectrol um nescent devices such as
organi c/polyneric light emjting devices (OLED PLEDs).
In particular, the inventioh relates to reducing
reflectivity and enhancing the contrast in COLED PLEDs
by having a conposite optical destructive |ayer

EMMBOSIHE @PTHEALNDES TRUCTOYE) EQBEGIRGDE FRHIGH
recent years been _actively used in Flat P i spl ays
(FDs) CaRARASSy Fl B ERLHA BN BRI, Rl VECESS e
emtting devices will hereinafter be referred to as
OLEDs. [0003] An OLED is nade up of at |east two

. _electrodes (a cathode and an anode), with an
Fieldgqfdha Jngerfiiinescent st ack sandwi ched between the two

el es. The. el ectrol um.nescen t r
c I s EGiresea bt gpoi L R oS0 P it de ks sch s
i TS i €&mi i OPED/PRYBE). aNth particular, the
el %gﬁg/ﬁblﬁ’%{gﬁgpﬂé t {rgu;tzl% %'?&lgégqv\gr ElEng prirci pl esp of
OLERsntRne rietel  knovsiutiagt hefleativitpnend eeshanicihg bethe contrast in
further discussed here. [0004] The el ectrodes of COLEDs
ar @LBDVRIE Dbl hafingre tampaositeaptcdlaestadtive layegi d or
flexible substrates which are both highly reflective.
When using such COLEDs in FPDs, this becones a genuine
concern, The netal el ectrodes of the OLEDs maki ng up
Backg;@m&p%ﬂxg&pgen@gm ectively like a mirror and

di sadvant ageously reflects anmbient |ight away fromthe

FBooof M t3Ge ki (Yk15Uked in Flat Panel
co@??zlspig@ﬁgﬁs Ha6e FEQebht SFdAP  Heet WUiVEIFURed in Flat Pane
Displays (FPDs) technology. Both organic and polymeric light emitting devices

will hereinafter be referred to as OLEDs.

[0003] An OLED is made up of at least two electrodes (a cathode and an anode),
with an electroluminescent stack sandwiched between the two electrodes. The
electroluminescent stack may further comprise of several layers, examples of which
are: light emitting layer, hole transport layer and electron transport layer. The
working principles of OLEDs are well known in the art and need not be further

discussed here.

[0004] The electrodes of OLEDs are often made of metal or are formed on rigid or
flexible substrates which are both highly reflective. When using such OLEDs in
FPDs, this becomes a genuine concern. The metal electrodes of the OLEDs making
up the FPD acts collectively like a mirror and disadvantageously reflects ambient
light away from the FPD. This causes the FPD to exhibit low visual contrast and

poor legibility. Similarly, when electrodes are formed on highly reflective glass-like



poor legibility. Simlarly, when electrodes are forned

on highly reflective glass-likesubstrates reflection
woocanwisent |ight off these gl ass-1ike substraPerSar®e000146

causes | ow visual contrast and poor legibility. [0005]

Present attenpts at reduci n% this reflection of

anbi ent light in OLEDs are i sadvantageous” expensive.

[0006] Pol arizer filnms have been used to enhance

| i sqxbsmhtcsrtyﬂecaiondnfapibaqm light oft dese glaselikeasubstrates lakso causes low

simlarly plied for FPDs. However, the adding of the

poYléliqlﬁ@%tfaﬁ nd rogReibilies an additional bonding step

to the production of the FPD. This aside, polarizer

films are subjective to humdity and tenperature

egéb“; MBERHL? attBrn %u%%dﬁ%ﬁge%ﬂg&ﬁﬁ il q%h?fm UL?DS are

conat rar ne range of hum
t eqBRNvaktHsRusly ckpdhsRel ari zer films. This al so resul ts
di sadvantageously in the inclusion of a nmaterial not
i nherently part of the manufacturing process of the

FPD. This eventually results in higher costs. [0007]
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contrast and [ egibi y. This [ight absorbing |ayer is

tymcﬁ,altﬁeyo%@@kmgoéommlxto@ rtee GPDDAQ@bhstraftied toehdimiteddrange of
is placed tween the cathode and the organic |ayer.
[ Ob@BiitTheand atespetasareot dier theet padatizensi filgnsaddibis onlsp  results

I'i ght absorbing |ayers of a variety of differe
adigadvantageonpngive the tinelysiens ofnei mp ég} alp gt e@%ertswi}y part of the
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addi tional step for device optimzation.
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[0007] Aziz et al in US Patent Application Publication No. 2003/0038593A1
teaches an electrically conductive light absorbing layer at the cathode of a bottom
emitting OLED. This electrically conductive light absorbing layer serves to absorb
reflected ambient light from the cathode and improves the overall contrast and
legibility. This light absorbing layer is typically made of a mixture of organic and

metal and is placed between the cathode and the organic layer.

[0008] There are also other methods using additional light absorbing layers of a
variety of different materials. However, they essentially address the reducing of
reflected ambient light by incorporating a low reflectivity composite cathode that

requires an additional step for device optimization.

[0009] It can thus be seen that there exists a need for a simple and effective way for

reducing ambient light reflection of OLEDs.
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[0009] It can thus be seen that there exists a need
for a sinple and effective way for reduci ng anbi ent

wo 2@htiirsef | ection of COLEDs. Summary of the | nvePtT/862004/000146

[0010] The present invention seeks to provide a

conposite opti cal destructi%e | ayer and conposite

optical destructive electrode for reducing

reflectivity and enhancing visual contrast in OLEDs.

[0011] Accordingly, in one aspect, the present

I nvention provides, an el ectrol um nescent device

conprising: a first electrode; a second el ectrode; an

eleq#;g ﬁl ﬂgscent stack formed between the first
HAGEVEIHP™ he second el ectrode; the

el ectrol um nescent stack conprising at | east one |ight

eMiobid) MBhd i/e%ént ﬁﬁgntﬁ)nc QLIROSH SroPft | £ 8bmPEsite” bFtidaY Rlestructive

| ayer “f or on at |least one of the first el ectrode

angdyérhends e&ﬁﬁ&h@ sgticab diesthwitive eglettiodg foefreduzingoreflettivity and
anblent light; wherein the conposite optica
de@ﬂlanmngvmudlaymrastm(bb‘ﬁhed fromat |east a variant of

a parent material formng at | east one of the first

el ectrode and the second el ectrode. [0012]
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el eledtrodeethartbctrblanimescond seck compdsing ehieast one light emitting layer;
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endidt & regnipasits optiged rdsisiuetive fayers formedpas bt deaghtone acpfg the first
destructlv el ectrpde e |tsa | ent f var
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[0012] Accordingly, in another aspect, the present invention provides, an
electroluminescent device comprising: a first composite optical destructive electrode
capable of reducing reflection of ambient light; a second electrode; and an
electroluminescent stack formed between the first composite optical destructive
electrode and the second electrode; the electroluminescent stack comprising at least
one light emitting layer; wherein the first composite optical destructive electrode

exhibits a gradient of varying degrees of refractive index.

[0013] In yet another aspect, the present invention provides, a bottom emitting
organic light emitting device comprising: a substantially transparent first electrode; a
second electrode; an electroluminescent stack formed between the substantially
transparent first electrode and the second electrode; the electroluminescent stack

comprising at least one light emitting layer; a composite optical destructive layer for



second el ectrode; an el ectrolum nescent stack forned

bet ween the substantially transparent first el ectrode
war@stihsosecond el ectrode; the el ectrol um nescrel/S620@a¢/k00146

conprising at |east one light emtting |layer; a

conposite opti cal destructixe | ayer forreducing

reflection of anmbient |ight ‘forned on the

substantially transparent first electrode; wherein the

coredusing ecfleptiore af anhbient lighti foemediparthe substantiatly f transparent first

| east a variant of a parent material formn

th
suelseteasiel whetpinthe Aeppesiig optical sesticive dayge is {goemifrovhat least a
2 vsfiokif & Ptk R G ot ming e DM aah bl R difiode.

conprising: a first electrode; a substantially

transparent second el ectrode; an el ectrol um nescent

st @@Kﬂf Bf §Bd abRiWeeAsgde the Miksedt aaventioR Jﬂﬁﬂdésb@. top emitting
second substantially transparent el ectrode; the

el egtatio light ensittirprdevivt ackprisingrai fistrejecarodé; eambstantilly itginsparent
emtting |ayer; a conposite optical destructive |ayer

f osecordielectrugler af ¢legtralamingscentisickiformedetweasy the firsh plegtyede and
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t | east i ant..qf a. , ' '

o BEERTEr A ) PR gl o BiRE B FRbRleb e rRto Mgt e layer for
Defe‘&ﬁéilﬂf[%féﬂ%cﬁfn SR IRY Forln %ﬁ]th@sﬂlfslﬁfrﬁﬁﬂﬁ gransparent second

enbodi nent of the present invention w now be nore

f ubleptrdiirs Gheteitthe bipPosigfoptied astiwctive daydi ds\forged dfom at least a
which: [0016] FIGI 1llustrates prior art a) bottom
envariant gf ©b&Entamatetiy! fouping thet substgnt@LFiranppodtt seqndetectrode.
illustrates a) bottomemtting OLED and b) top
emtting CLED iin accordance with the present
. baventi.on; .[0Q18].FIG 3 illustrates a) bottomemtting
Br1e€3g§§ng!ﬂan Bﬁ‘f’g%a%fﬂglsti ng OLED i n accordance with

anot her enbodi nent of the present invention;

[0015] A preferred embodiment of the present invention will now be more fully

described, with reference to the drawings of which:

[0016] FIG.1 illustrates prior art a) bottom emitting OLED and b) top emitting
OLED;

[0017] FIG.2 illustrates a) bottom emitting OLED and b) top emitting OLED in

accordance with the present invention;

[0018] FIG.3 illustrates a) bottom emitting OLED and b) top emitting OLED in

accordance with another embodiment of the present invention;

[0019] FIG.4 illustrates an example of a bottom emitting OLED structure in

accordance with the present invention; and



[0019] FIG 4 illustrates an exanple of a bottom
emtting OLED structure in accordance with the present
w0 poosntison; and[ 0020] FIG S5 illustrates a grapPCD8G2004/000146
reflectance of a bottomemtting OLED of FIG 4.
Det ai | ed description of the_Draw ngs [0021] A |ight
absor bi ng el ectrode for OLEDs with a preferred
enbodi nent and an al ternate enbodi nent is descri bed.
| nfob20d FIG).5 dilistptades @rapht obmefledtaned b§ aabettqm cniitting OLED of
descri be the preferred and the alternate enbodi nent.
| tFh4l | be apparent to one skilled in the art,
however that the invention nmay be practiced w thout
such details. Some of the details nay not be descri bed

at length so as ; | pvention. [0022]

CLEDs can be fulr)?%g?&g?sggéﬁﬁgfc}w%{%&%ggtom emtting

and top emtting OLEDs. Referring to FIG la, a

typi cal bottomemtting OLED 10 conprises a

sufperAnAilight sbsibapsdiestede fdri OBEDe wétht a pebferfedl dnobodrlendrand an
arigid or flexible transparent substrate 13 and an

el altrmaté \emibodiswmmhtis sdescribeds flor thed followmikg: rlesgription, details are
substantially transparent first electrode 1

Zdé,‘%nd a

s epiomiled | tecddseeke the, prefered ard ih alierus camodimenty it shall be
will further c ri.se,at least a light .emttin e :

{ OFPRBFBHIGI MG IR rAY 26 Ty b e ?ﬁl?%{ﬁ’&h‘%?%?é bracticed
su ' T i |.egt :

IR bl SOSRAERE ) R eSS trat s
at ot thaigvédiel. 20 conprises a first el ectrode 22
formed on a substrate 23 and a substantially

transparent second el ectrode 24. An el ectrol um nescent
stack 25 is forned between the first electrode 22 and

t hEPORLOLERSi enl Ye dralirs pelassHied sitoo Rettein edpitigigeands fop  emitling
S 8L|Ez]jl)rs|. yReerrr}i%getloelgIté. ?Ell, uamtyrf)(lecsaf ottom emitting OLED 10 comprises a

substantially transparent first electrode 12 formed on a rigid or flexible transparent
substrate 13 and an electroluminescent stack 15 formed between the substantially
transparent first electrode 12 and a second electrode 14. The electroluminescent
stack 15 will further comprise at least a light emitting layer for producing
illumination 17 viewable through the substantially transparent first electrode 12 and

transparent substrate 13.

[0023] Referring to FIG.1b, a top emitting OLED 20 comprises a first electrode 22
formed on a substrate 23 and a substantially transparent second electrode 24. An
electroluminescent stack 25 is formed between the first electrode 22 and the
substantially transparent second electrode 24, Similarly, the electroluminescent
stack 25 also comprises at least one light emitting layer for producing illumination

17 viewable through the substantially transparent cathode 24.



stack 25 al so conprises at |east one light emtting
| ayer for producing illum nation 17 viewable through

wo b@sautsst anti al |y transparent cat hode 24.[ 002B¢T/3G®04/000146
second el ectrode 14 of the bottomemtting OLED 10 and
the first el ectrode 22 of tge top emtting OLED 20 are
of ten made of netal or have highly reflective
surfaces. This netal electrodes or highly reflective
sujop2dlethe eédond telestrodehd ofithh botthine mbting £LER W0 and the first

contrast and poor legibility in FPDs made fromfhese ..
O texirode 6o e fep smiemOLER ah e shisnmgiieolRBBHBRE highly
i nt roduces co site optjcal . destruective,layer |d

¢ TR Sieh r obtie ateidh slefBoeedc by YeasUE sulesg reflee
fr . . 4T i i e i %&k

| ARl hic] WeEG IRESohfacd it lor HESHILICH DS Mt from
t hgvesOUERGL Uri Ng process of the OLED and al so by

manuf act uri ng processes inherent in the manufacture of

the OLED. More particularly, the conposite optical

destructive layer is made froma_ variant of a parent )
rel08281allhe peeseitoinventianoweonss emprdimpriciniradicss g coposite optical

L%, 0 L) Pl Fher e S48, R i o
SeFDERD,  §9F20hplg, EUSFRCIREISL SRR o Sof PR e o

| NybelhRCIIMEy FRBRXin! the Mddi@cn@ing! fi8cdddo?the WIED iadl. also by
The conposite optical destructive layer that is made

f r pemiifacunag | prodessmt athesdnt i tHee manbfaetuto® «fbther OLED. More
i ncident ambient light as well as reflected ambient |
| i particiladyn theecosipesite optienl rissizesitve dayarde mgdggpom 4 yariant of a

anot her enbodi nent, .the conposite optical de ctive .
| ap@entdpterigh piedr topEorm, pg ggytg? ége"?rﬁéﬁ 6#1@“ é?ﬁlélﬁe The variant
el El%%eg*igp %Icffe% ffom %eEIE))arregts llelle}telr{]ag ih "t GRPRBN Fnaterial is oxygen

deficient.

[0026] The oxygen deficiency in the variant material causes the variant material to
have a change in refractive index from that of the parent material. The composite
optical destructive layer that is made from the variant material is then able to absorb
incident ambient light as well as reflected ambient light from the electroluminescent

device.

[0027] In another embodiment, the composite optical destructive layer may further
be incorporated into one of the electrodes of an OLED resulting in a composite
optical destructive electrode. The composite optical destructive electrode comprises
a gradient of varying degrees of oxygen deficiency in the material that is used to
form the electrode. The composite optical destructive electrode further exhibits a
gradient of varying degrees of refractive index caused by the varying oxygen

deficiency. The composite optical destructive electrode is thus also able to absorb



optical destructive electrode. The conposite optica

destructive el ectrode conprises a gradient of varying
waolegsaesonf oxygen deficiency in the nmaterial POBEBG2®4/000146

used to formthe el ectrode. The conposite optica

destructive el ectrode further exhibits a gradi ent of

varying degrees of refractiVve index caused by the

varyi ng oxygen deficiency. The conposite optica

deintidenttambeent lighttas oot dssrefléntes ambientalighé fiom the electroluminescent

absor bi nci dent anbient |light as well as reflected

V&Rt |ight fromthe el ectrol um nescent device.
[0028] Referring to FIG 2a, a bottomemtting OLED 30
in accordance with the present invention has the

CORBES. Rgfeﬁﬁgnt?aﬁlgﬁff y&&dfﬁé gﬁﬁgrOﬁEDfﬁ ﬂ?gccgﬁdhﬂ&eﬁmh the

anspar he substanti al
t 1 3SR iAMntibA had 1R RiToREke opfical Retreqive Clsydrei’»soﬂiﬂne@ Ibetween
destructive layer 35 is made from a highly oxygen
defhecti@Rparentr bubstratef 13 had sheositatantially yranspanep dirshelectrode 12.
first electrode 12. [0029] The substantially
t r Bhepempesite apbigel destragtive Heyes dotis madsittont ﬁéu&bbEQ‘W dgficient

typically made of trans nt ve oxi de

(T@@)ant? @eéﬂh%@gﬁﬁﬁ t‘@BfRag %6%§f"1°ﬁe{"‘? i}e | ayer 35 of

the bottomemtting OLED 30 i s advant ageously made of

substantially the same TCO but exhibiting high oxygen

dego'oﬁé SR s ubbHaNY SefspdRht Qﬁcﬁlecm bfntht WBttdaQmaitir OLED 30 is
[;tl ca properties of t he TCO causi ng the oxygen

defyipidaliftmAdedfd tridipaeatrpasiutiveoptide {FCORs t Thectamposite optical
| ayer 35 to absorb I ncident anbient |ight and

r efiéstrottie myld 3nof thedgiottofr gmlttlh@ QR0 isladyantagpeusly made of

OLED 30., [ 0030] The conposite. optical destyuctive
|a§®zsta35alﬁmﬂ§c§9ém%$§€b Bat cepehipitive Jrghs exteen rﬁ{?gﬁ'{e?‘é’n frh§ oxyeen

B I T A A Sy v
32@%@0&?%%(5:%}9&%@&%& EP@ ca¥ QﬁQt‘Pédéfv@ 8P4 §8ko absorb incident
yer S0 be m

e froma
cogbbRat ligh afd reflebk@ h@Bent light from the second electrode in OLED 30.

[0030] The composite optical destructive layer 35 in accordance with the present
invention may be advantageously made of the same material as the substantially
transparent first electrode 12 of the bottom emitting OLED 30. The composite
optical destructive layer 35 may also be made from a combination of different
materials. Furthermore, processes for forming the composite optical destructive
layer 35 may be similar to that of forming of the substantially transparent first
electrode 12. However, to modify the TCO which is the material forming the
substantially transparent first electrode 12 to obtain the composite optical

destructive layer 35, some modification of these processes are required.

[0031] The forming of the TCO layers (substantially transparent first electrode 12

and the relatively transparent composite optical destructive layer 35) may be



materials. Furthernore, processes for formng the
conposite optical destructive layer 35 may be sim | ar

wo eooshatsonf form ng of the substantially transper/e62004/000146
first electrode 12. However, to nodify the TCO which
Is the material form ng the%subst antially transparent
first electrode 12 to obtai'h the conposite optical
destructive | ayer 35, sonme nodification of these
pryeciosmed bp einrfdgudepesition aE3whiclT lesamplesriaregR B fand HAC maggnetron
| ayers (substanti al I%( transparent first electrqde 12

arfuiteréng iaiibe progange pf hydspeandRe 5% MBS &F QY fedyeing species or
dest [ | 5 b f ' '

SSEHE Lo G) BOPSHASIEES e b e v o
;%@tﬁaéﬁ&ohgﬁﬁ@&i @P?@@eisgierfgﬁﬂécpﬂleﬁl ko hPdBgen gas mixture

xture~or "other reducing species or ions that enable
t aoalsti§ brdvil® 19 bies@lce RTBP@IoLEE foref Byhearstigahie phnigl pressure of
film The RF or DC Magnetron sputtering of TCOis
pehé aydregen gus amntha pgomitydy thg devebafSoxygsn deficigney dw theoT'CO may
provi de the presence of hydrogen ions. Bty; varyin thée
paalsd b¢ vasieds Stheecontposite ontienl slgetrctiae lavier phds iy formed from a
m xture, the vel of ,oxy def iciency.in.the TCO .
al lughly coxygen J&?‘“?We VRIS o‘%iet?lép 2&@ c Bfe%d £ forR: e subRatially
| ayer 35 i us faorged froma highly oxygen deficient
Vgﬁ?rgmregtfﬁrtsﬁege%gl}ggd to formthe substantially

transparent first electrode 12. [0032] Wen using
ot her nethods for thin filmdeposition, such as DC
D$4] Whes Rbihg SfteR ShetliciB bt thén fivardepdsittog souclats DY magnetron

e-beam and CVD, providing a oxygen deficient o
ensiuttering nteactivei thgrnpai esvahomtion,| erberap asilt CVR; weamiding as gxygen
serve to formthe oxygen defjcient TCO th by form

t héeficinmbemiroamept durive the dp fin, 4%@0@39% PN%‘E{ 55% 60359 ‘“’rﬁ‘ﬂm the
conposi t.e.apt.i destructive |ayer .
 reBiepber g RS t el e Dol o rustys vy 35
in a conposite optical destructive el ectrode. The
conposite optical destructive el ectrode exhibits a

O REEANThO fcoMPbiite SpHEAT @RGueive layer may be incorporated into the
electrodes of the OLED resulting in a composite optical destructive electrode. The
composite optical destructive electrode exhibits a gradient of varying degrees of

refractive index caused by the varying oxygen deficiency in its material.

[0034] Referring to Fig.3 (a), the composite optical destructive first electrode 42 of
a bottom emitting OLED 50 in accordance with the present invention comprises a
gradient of varying degrees of oxygen deficiency in the material, which is used to

form the electrode.

[0035] The composite optical destructive electrode 42 may further be made from a
single material having varying oxygen deficiencies or a combination of different
materials. The composite optical destructive electrode 42 may also be described to

be a semi-transparent stack. Its relative transparency allows the passage of light



refractive index caused by the varying oxygen
deficiency in its material. [0034] Referring to Fig.3

W@ a)05/1115e@1 conposite optical destructive first BPCESGL044@00146
42 of a bottomemtting OLED 50 in accordance with the
present invention conprisesga gradient of varying
degrees of oxygen deficiency in the material, which is

used to formthe el ectrode. %10035 The conposi t%
opmigtad figasthe light epeittingdeer ofitheslechalpmiinescemt stagk bipaksorbs the

from.,a single materjal havi.ng varyin XY, . .
delPFlé?Iétn%rpg’Qn Fn‘g r%ﬁ{?fl r?a?i‘l?lgﬂ ]ﬂﬁ%t oéfcflget %n(?]“e@at o) Wltimately
T ' t tructive el ectrode 42 may
ahggl%ggeggglzéséoﬁn%gtdﬁﬁ%é %gﬁg'sem' -transparent stack. Its
relati ve transparency allows the passage of

lightemtted fromthe light emtting | ayer of the )

el foo36] OWheh Headenthe sbapksitewdptiablsdestractiveefiish electeatle 42 using RF
ambi ent and reflected anbient light fromthe OLED. i
ThorsDG| Magmetteinyspitieningaisiean argen/bysiiogensgas gtixture vayers, the partial
[ 0036] When form ng the copposite optical, destructive .

f i Pressugsy lcthe Bydrogen gas ey tRin Yﬁr.‘/l@s:ﬂk?ﬁﬁﬂéﬂf &%Y%e&f#&ﬁwgm the

e LS M S, M
| epeleqat oégx%ﬁgg haebe %Eﬁﬂﬁﬂedi 1 5 IR ECOntRROR! E&dsitibAcof TCO,

process m ng the conposite oOptical destructive

fiwhile QhSaly Bdeoddeiyfitibey e oprif ar grdientnofavalyingl degrees of
conti nuous deposition of TCO while varying the oxygen

debiyger defjciemeyab theietectrody. abhiens advantegequshya dinglegsecess step as
ogégen deficiency in the electrode. This is )
adtharmaigaaluand, peocessnysed for Heres shes cappgsite joptical; destryptive first
ang $rocess used to formthe conposite optical

deSf ilyesspitially the 890 ode is essentially the same.

[0037] Referring to FIG 2b, a top emtting COLED 40 in
accordance with the present invention has a conposite

OPjop§A! R@ﬁﬁiﬁg’éﬁtﬂ@@ﬂ, RYY erthizilgCONED 40inab&rdance with the present

substantially
invention has a composite optical destructive layer 45 formed on the substantially

transparent second electrode 24. The rest of the structure of the present top
emitting OLED 40 is similar to that of the conventional top emitting OLED 20 in
FIG.1b.

[0038] The composite optical destructive layer 45 of the top emitting OLED 40 is
also made from substantially the same material as the substantially transparent
second electrode 24. They are essentially made from Transparent Conductive
Oxides (TCOs). The composite optical destructive layer 45 being formed from a
highly oxygen deficient variant of the TCO uséd to form the substantially
transparent second electrode 24 of the top emitting OLED 40.



transparent second el ectrode 24. The rest of the

structure of the present top emtting OLED 40 is
wa@pesharsot o t hat of the conventional top enttPOSGLBDI00146

20 in FIG 1Ib. [0038] The conposite optical

destructive layer 45 of the op emtting OLED 40 is

al so made from substantially the sanme material as the

substantially transparent second el ectrode 24. They

ar 90381 sigthiogls | of frmming theovanposiie paties) degtoirdive dayee 45 of the top
Oxi des ( ..The conposi.te opti.cal destructive |ayer .
453“6%6%9 s &fﬁ“ga? iawﬁar {hsetrraie %dJ @ﬁt"‘%’n"? pptical
of .t ] tQ formthe. ial ly transparent

e Bh °t§%§% 35t ‘g‘fdp%fh‘ge}g‘tt%%?bé%gﬁéﬁﬁg OLED 40. [ 0039]

Met hods of form ng the conposite optical destructive

| ayer 45 of the top emtting OLED 40 are typically

Si juodayr Sihﬁlaﬂtl,eﬂfeoédﬂlmit@fogtim destiaBict lay@pd3 ofilthe top emitting
destructive layer 35 of the bottomemtting OLED 30.

[ COLBD 4 mdyafilrther thhencoupqretsil tintoothei sdktanéaltyr transpersnt second
| ayer 45 of the top emtting OLED 40 may further be )
i nelestiode Attdel form »single compesigoptical dgstruching pecoad elegtgrdsyd as in
elﬁﬁgode 24 to forma single conposite opti cal

de 'l&'tive second el ectrode 54 as in FIG 3b. [0041]

The conposite optical destructive second el ectrode 54

of the top emtting OLED 60 is very nuch simlar to

t heo4NNPRS béBpSiifel c%;@ibalf desrtictReaetdiddedrdde 54t dfethbabp @mitting
emtting OLED 50. The conposite optical destructive
seObED &) ectearpdeuchdkimilado dhenpoimpesiteaopticatlifsit eledtrode 42 of the

varyi ng degrees of ox ggn deficiency in the TCO t hat
i sbajtosrl emitting (GhED 0e ke corppesite Tipticelodgsbustive sspandcelectrode 54

destructiye second el ectrode 54 is then le to absorb. .
i n@ﬁ%@%praﬁ%?gmdlqrﬁt@ oo depsa opUR O i) BRACO that is
| '%ﬁ tcg FaR ﬁug @165H:. The composite optical destructive second electrode 54

is then able to absorb incident ambient light as well as reflected ambient light from

the OLED.

[0042] An example of a bottom emitting OLED structure in accordance with the
present invention is shown in FIG.4. The bottom emitting OLED 70 comprises a
transparent substrate 13 formed on the composite optical destructive layer 35 made
of a highly oxygen deficient Indium tin oxide (ITO). The substantially transparent
first electrode 12 follows and is made from transparent ITO of about 130nm
thickness. The next layer is a hole-transport layer 16 made from NPB and the light
emitting layer 18 formed from Alqs of 75nm thickness. Together these two layers,
the hole-transport layer 16 and the light emitting layer 18 form the
electroluminescent stack 15. The last layer is then the second electrode 14 which is

made from 10nm of Calcium and 200nm of Silver.



[0042] An exanple of a bottomemtting COLED structure

in accordance with the present invention is shown in
Wo-k@B541750he bottomemtting OLED 70 conpri ses BCT/SG2004/000146

transparent substrate 13 forned on the conposite

optical destructive |ayer ?ﬁ made of a highly oxygen

deficient Indiumtin oxide (I TO. The substantially

transparent first electrode 12 follows and i s nade

f r 10043 rRefeming nt FIG:6) expesimsntal reomim efhtetleptarcs, mepmrements of

next |ayer is a_hole-transport |ayer 16 niigﬁ rom NPB ¢
anptiore emiging QREDS When sxapsedstor 3y HBRCRL JRMAREYRE @ range O

75 hi ¢k . ther .th . | ay- t _ ,
nor BB e R SRt AR Rl BBl o o ot
llgc;/%,?ﬁ@s\%p &£18G5 IR NESG90 sheletle Aigh 1R tan8Steadings of the

en the secong el ectrode 14 which i s made

f r seRdnPentitahe CAIRD qovaieg BOQoipediteSiptical dds@fiéidle layer 35 is not
Referring to FIG 5, experinental results of

r eplessait Giec @ nmdasur ement s of bottom enitting OLEDs when
exposed to a anbient |ight having a range of
wavel engt hs of the above exanple with different

G2 EESPASE o B PSHALSHAD FOLE e
he b 11 _ readi nds "or
Ej eg?‘?l?(jotéit? ?gﬁ r%;cfg?@ 9}55&%%5%@1@%{1@? ﬁqgﬂﬂg hltﬁcﬁ%]ﬂ@ 456 dhving a

[ OBddkheds' BE 4bbRmI S THRC rdREAG! AR cldale B@idaMhat with the
emtting OLED 70 having the conposite opti cal

degfcoipotdtiog bAyRe HRhlef oxydenkddfmienHIT@ @ndhd icompdgi@ optical
having a thickness of 400nm The reflectance read; ngg

cl destrugtiverlalyar 36 sthe heflectadtambiens lightdir sheabptéom mitting OLED 70
hi ghl%@oxygen deficient 1TO as the conposite opti cal

deBtre ?d@%mpd}'@}?GQ%, the reflected anbient light from
the bottomemtting OLED 70 is reduced as nmuch as 60%

[ 0045] While the above exanple uses I TO as the TCO in

t hfooﬁé]e%ﬁlgci!ﬁé a@&% &Qﬁple uses ITO as the TCO in the electrodes and the
composite optical destructive layers, other materials may further be considered.
Some non-limiting examples of TCOs are aluminum-doped ZnO, Sn0O,, Ga-In-Sn-O
(GITO), Zn-In-Sn-O (ZITO), Ga-In-O and Zn-In-O. These materials can be used

individually or in a combination of different materials.

[0046] The concept of composite optical electrode can also be used in other types
of light-emitting devices. When a transparent rigid or flexible substrate is used for
the electroluminescent devices, a high contrast FPD may also include a suitable anti-
reflective layer on the opposite side of the substrate. It will be appreciated that
various modifications and improvements can be made by a person skilled in the art

without departing from the scope of the present invention.



conposite optical destructive |layers, other materials
may further be considered. Sonme non-limting exanples
W@R00FCOsoar e al um num doped ZnO, SnO , Ga- | n- SPETZ8G2004/000146

(ATO, Zn-1n-Sn-0O (ZITOS5 Ga-1n-0 and Zn-1n-0O. These

materials can be used |nd|32dually or in a conbination

of different materials. 6] The concept of

composite opti cal electrode can al so be used in other
Claimsypes of light-enmtting devices. Wen a transparent

rigid or flexible substrate is used for the

el ectrol um nescent devices, a high contrast FPD may

al nclude I eflective layer on the
L. p%%g 1gﬂ é%ﬁ%@%@ggﬁggﬁﬁﬁle_ It will be appreciated

th?ﬁm%é&&ﬂ%ﬁ nodi fi cations and i nprovenents can be

made by a person skilled in the art w thout departing

f rogechitbeloctde; of the present invention.Clains 1. An

el ectrol um nescent device conprising: a first

el @ tlecdyumineswob stdcle rf@rmedm’ve@nsaéf iastr Ppeiada cgidespid second

stack formed between said first el ectrode and said
electipdeond el ectrode; said el ectrol um nescent stack

Conpos: T8 GRS saGe et JonPEbbh  dsosEHRE ol Cplting laver

one of said first electrode and said second el ectrode

for reducing reflection of anbient |ight; wherein said

C O'B&apb StePticalodestBsiveUaydrviormal et ai Rastanerd shiddirstaelectrode
| east a variant of a parent material form ng at |east

and saitesecdndsaéatirofie fartrecricimgtrebattion nfiarsbient 1®t:ond el ect r ode

2. The el ectrolum nescent device of cla g]
s awlerebrgaisbeanepasiie ppligal destructive layer is forme from at east a varlant of

and

a parent material forming at least one of said first electrode and said second electrode.

2. The electroluminescent device of claim 1, wherein said composite optical
destructive layer is formed from at least an oxygen deficient variant of said parent material

forming at least one of said first electrode and said second electrode.

3. The electroluminescent device of claim 2, wherein said oxygen deficient variant of

said parent material is formed in an oxygen deficient environment.

4. The electroluminescent device of claim 3, wherein the composite optical destructive
layer is formed by RF/DC magnetron sputtering in a gas mixture capable of forming said

oxygen deficient variant of said parent material.

5. The electroluminescent device of claim 4, wherein said gas mixture comprises

hydrogen gas



destructive layer is fornmed fromat |east an oxygen
deficient variant of said parent material form ng at

wo e@stiine of said first el ectrode and sai d seRONEG2004/000146
el ectrode. 3. The el ectrol unm nescent device of claim
2, wherein said oxygen defig ent variant of said
parent material is forned in an oxygen defici ent
envi ropnent. .4. The, e| ectrél,um nescent device af claim

6. 3, Thnelestrplumineseaflsdice oloflfim 41 VSR (faid gas paRfigpe pamprises

f.ormed b F/ magnet r.on_spu ' i ]
recugf ERF bl dpie BRBBEIFT ! Prishl Rt il
said parent material. 5. The el ectrol um nescent device
of claim4, wherein said gas m xture conprises
hyth® gletralambesddne deViQCdT Qhikns, nelseen tpadlRY ipeessade ¢f lydivgen in
4, wherein said gas m xture conprises reduci ng gases
said gasirhixhireisfvaried tr formgaslaixgigondeficientivdriaot efisaidzarénd natesial.
said parent material 7. The el ectrol um nescent device
of claimb5, wherein partial pressure of hydrogen in
saj s, . mxture is varie o formsaid oxygen ‘1 s
8. d:ﬂq% %Z%F%‘P%Sr‘f?mofievé%ﬁ 8FI ﬁiﬂ”@nf’ P aﬁa@/ g)-areﬂt] gmaterial is 2
I ' device of claim1l, wherein said
Trangéar%é&r%t&#gg&ed&i%gﬁﬁ% a Transparent Conductive Oxide. 9.
The el ectrol um nescent device of claim8, wherein said
conposite optical destructive |layer nay be formed from
9. a Therbéleatcdlmninefcedi fdesicendf nadimr i8al wherdid. sdide composite optical
el ectrol um nescent device of claim@8, wherein said
destruotiyedsyer enayphe forthedifremra combination pé difteesnt patdrislsred from
a conbi nati on of 'one or nore of the follow ng:
al um num doped ZnO, Sn@2, Ga-1n-Sn-0O (G TO,

I n-Sn-0 (ZITO)  Ga- I n- e _ .

0. 0 B At AR G T, 0 e

destﬁUi;iW ?a?fer iln;lTag ¥ rdhied Lt dh lérﬁgﬁ{’o%%% HeYeCEr SRR df Sth® Following:
aftirs ?

composi te optical destructive el ectrode
alunfiARAAoBePInOLSHO), Gh-Tre§h-ectGIT0) HEn-ivBh &M {ZITO), Ga-In-O, Zn-In-O

and other organic or inorganic materials that are suitable for the purpose.

11.  Anelectroluminescent device comprising:
a first composite optical destructive electrode capable of reducing reflection of ambient
light; |

a second electrode; and

an electroluminescent stack formed between said first composite optical destructive
electrode and said second electrode;

said electroluminescent stack comprising at least one light emitting layer;
wherein said first composite optical destructive electrode exhibits a gradient of

varying degrees of refractive index.



l'ight; a second el ectrode; and an el ectrol um nescent
stack fornmed between said first conposite optica
wale@snursdi ve el ectrode and sai d second el ect r oPET/S6 204000146

el ectrol um nescent stack conprising at | east one |ight
emtting |ayer; wherein salﬂ first conposite optica
destructive el ectrode exhl I'ts a gradient of varying
degrees of refractive index.12. The el ectrol um nescent

12. deVhedeotrbluingserk Hieving of diim $ b \Mhegmaaalérgracbcnt\pér\@mgg degrees
degrees of refractive, jndex naterlal?és f or.med

Of refyatys RSB RPGER] BPIOTEE A IPETRERLE G (1 Fojepdy one mateial
f d f t dest t
formiseed acioripestieiohf RERER G AREeiEn: “devi co of ol aim

11, wherein said first conposite optical destructive

el ectrode is fornmed by RF/ DC magnetron sputtering in a
13. 9aghdrenbilmaRRREt dedbe bOERINNA 1§ ait@ref@rsyidndrst aghgesitefoptical

oxygen deficient material. 14. The el ectrol uni nescent
destrdetiecstecttbde isdformedlby REA@ inmgaetiah spateringdnuy gasouinpne eapgble of

hydr ogen gas. 15. The el ectrol um nescent device of
formirigzsaidh vy ingdegresh nf@mgendﬁﬁqo%@fmr@l of hydrogen gas in

said gas mxture is varied to formsaid varying

degrees of oxygen deficient material. 16. The

it PRt PLARCEM, SR P il 2, Fheop, PAT R, R comprises

hy §é _olun1n¢scent device of claim 16, wherein said
rst conposite optical destructive el ectrode nmay be
formed froma conbination of different materials. 18.
The el ectrol um nescent device of claim 16, wherein
15. sailHe eloctpdshinesaspt davide af etaimidt Wheseinppetial nwsuge of by dregen gas

froma conbi natjon of gne or nore of the f
in said gas mixture is varied to form sa?d varylrng degrees of oxygen c%ﬁcwm@ mgterlal

16.  The electroluminescent device of claim 12, wherein said material is a Transparent

Conductive Oxide.

17.  The electroluminescent device of claim 16, wherein said first composite optical

destructive electrode may be formed from a combination of different materials.

18.  The electroluminescent device of claim 16, wherein said composite optical
destructive layer may be formed from a combination of one or more of the following:
aluminum-doped ZnO, SnO,, Ga-In-Sn-0 (GITO), Zn-In-Sn-O (ZITO), Ga-In-O, Zn-In-O

and other organic or inorganic materials that are suitable for the purpose.

19. A bottom emitting organic light emitting device comprising:
a substantially transparent first electrode;

a second electrode;



al um num doped ZnO, SnQ2, Ga-I1n-Sn-0O (A TO,

Zn-1n-Sn-0 (ZITO, &G-1n-O Zn-1n-0 and ot her organic
wW@erosSnoISgANi ¢ materials that are suitabl e for PEESG2004/000146

purpose. 19. A bottomemtting organic |light emtting

device conprising: a substagptially transparent first

el ectrode; a second el ectrode; an el ectrol um nescent

stack formed between said substantially transparent

f ianseleestademingstenta siacks Zpranesebestgens seidt ?“éé‘é%mgg’l fransparent first

el ectyol um ne ient stack conprising at |east one |ight

electrggdg an jegQmetelectrodemosi te optical destructive |ayer

f dug; fl.ecti . i , .
cai o SuB REPi e bRl BB AL a0 b nq RULTEMi ARG lyer
WHEIELRALOHAPIRERL 107 RSk asie feeddoncof aaytientilight formed

fornme east a variant of a parent materi al
on sal PEUBsRBL AR} Barkphehiefivsi elbdtyoder ansparent first
el ectrode. 20. A top emtting organic light em tting .,
d ewhareinceidpronmpiosits optichi dmm@?@dam dreformeds frpmta deashp Vgriant of
transparent second el ectrode; an el ectrol um nescent
a pargntapaterial forming saidcewtantiplly Frasperegt Wit elgefedind sai d
second substantially transparent el ectrode; said
el ectrol um nescent stack conprising at |east one |ight

em tting.tayer. a5 80mesh ' . tructive | ayer
20 fo% tt(]i;-ﬂe% u]éﬁ]nﬁlg&%aéﬁlg%?i on o%ﬁgﬁﬁé%ﬁ@qs?ﬁgﬁt formed on

sal flrsplbsitaRt i al |y transparent second el ectrode;

wherein said conposite optical destructive layer is

f of sedetafitiglly @4nspaast sceondelectrdepf a parent materi al

form ng said substantially transparent secon )
e| @ eleciduminescent stack formed between said first electrode and said second

substantially transparent electrode;
said electroluminescent stack comprising at least one light emitting layer;
a composite optical destructive layer for reducing reflection of ambient light formed
on said substantially transparent second electrode;
wherein said composite optical destructive layer is formed from at least a variant of

a parent material forming said substantially transparent second electrode.



