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A Light Em ssive Device Structure and a Met hod of
Fabricating the Sane FI ELD OF | NVENTI ON The present

WO poosntisen rel ates broadly to a |ight em ssivePrdESGT®8/000109
structure and to a nethod for formng a |light em ssive
devi ce structure. BACKGROUND An organi c/ pol ymer
light-emtting device (OLED/PLED) is typically a thin
filmem ssive device conprising |ayers of inorganic
el ectrodes and functional otganic/ poI ymeric

" L GAPENTVContles SREGNIE pod 3N 5 LpoHEHBe, B Se
a bottom el ectrode. When an OLED/ PLED device is

electrically biased, electrons and hol es can be

injected fromthe respective electrodes into the
FIEId OEINVENII@Nect ron- hol e pairs reconbine in an

em ssive region of the device to emt light. The |ight
emtted in an OLED/PLED is typically isotropic. A
met &he preseihinyeokion; relatggdireadly tp ajgéaem@swefiﬁ\m strygture and to a

me'tHog%rf&Fﬂlﬁ#@ﬁth@nﬁ’d%N%lo%Qkég{r&%r@escem | ayer (EL)
t owar d ransparent anode/ substrate. Devices having

such a configuration typically have | ow contrast
rati os and the visual imge of such devices is

t VI poorly legible. Therefore, it has been
Bﬁ%ﬁl"&%’d by the inventors that reduction of anbient

[ ght reflection froman em ssive device is desired

for contr OLEDY PLE

ol AF it B geties (OLRRBHELY is, Bvically Altgyn fir
emisalve oSievice OldoBipALIRG dayeps ays. indoganier elecirodesl aand functlonal
o BFGRhABLE BEFeRIENR % B, ARG SRBRTLAE"S pcay
sandwighed beiwees @niupper ¢lecttdde add sticitpmf eléntiodet\Woen pn OLEDIPLED

ool LSkl Besbl SMltos G0 o WA T b olfcive
elegitietiesiinin tlnead@eﬁ:m d hei eleatriontholgopainsi reearsbine freard eavsislyelregign of

theHeviRERS &Mi‘t Pg?wé ?iﬂlegégh or &t@&h—n M G)ME@/WLEEQ@ fo&al'iﬁQé‘cFo%nc

anbi ent ieving | ow re ect’i vi
OLEDs or

A metallic cathode is typically used to reflect the light emitted in an
electroluminescent layer (EL) towards a transparent anode/substrate. Devices having
such a configuration typically have low contrast ratios and the visual image of such
devices is typically poorly legible. Therefore, it has been recognized by the inventors that
reduction of ambient light reflection from an emissive device is desired for e.g. high
contrast OLED/PLED displays.

Circular polarizers are typically used to enhance the contrast ratios in
OLED/PLED displays. However, circular polarizers are expensive and polarize the
emissive light. Further, an additional bonding step is typically required in the display
fabrication process to install the circular polarizers, thus incurring an extra cost to
production of OLED based displays.
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PLEDs has been investigated. In US patent no. 6429451,
Hung and Madat hil denonstrated that cal ci um hexabori de
w@ 8aBa6)386an be used as an anbient |ight reductPONSG2008/000109
cat hode. CaB6 is highly conductive with a | ow work
function and is substantially black in bulk form
However, although the alternative electron injection
| ayer of CaB6 has low reflectivity, obtaining a
uni form CaB6 filmwith stal@ e opti cal and el ectri cal

proper rac | I |ff|c e 0
P oRCaddtan, 1 (BB LHGly dodtdskd. Hiel sl of FETHES tow
reflectivityp dathede tecteduaesarmbient refleatiob demachiamiigope deflastivity OLEDs or

N s g

dernonstragditoat galeivn tie.mla@meh(pla!?as)m.bel\med 1as ,an Egnbierd ight reduction
catﬂg&}z Cg@s s édrfa[]étiv@ﬁ/iﬁtll_j > A{gyzorqﬁé(z?ﬁctlw lahd ks%gtgm@g lack in

e str ureo was report
bulk derm. tHawevar, |a!thwyethe [sitareRtiven elestien lwtle&weh of CaBs has low

refld&MitE SHdiniAd B%nﬁ&r’nﬁj €abl fif WS s@%@@dtkﬁdarﬂyeléaﬁé%}opemes is

evaporation. The zinc oxide filmacts as an opti cal
Pfa&l’f@ﬂ){ S'ffwg't I”é?%ﬁeﬁ%'t'%atﬂi‘és% he anbient light reflection
fromthe netallic cathode. However, one di sadvant age

hat th ted zZnO h |
oriEkTREr Pr YoBh i dGaIsY el iy abL M5B LELeCl! Beer
dewweatt@mm&adgheaﬂﬁubdnet bragbnickeathvaée trw&d cagaae?mme, in US
S . Chrj )
patci 10 PPIB 1-PId i L S i) Mesa®l, 83 Mfashe 13 Kty arer. 2
reﬂastlibn_cléssaohEghwﬁoladmolnlayer blaak Icatt'galdbcml;ruf:ﬂukerrbf iFBAIZnO/Al was
| er ac
rerBtd ToCREh € MURTeGR SMBHC R Id, B Bl gt ine oids fim was
depositepby themal estrsoationng harzuhceixmtﬂim @atslas anaoptical absarbing layer
| . \
o AR SRR Goft LBl L NS cardleS rowever, ane
disadﬁaetageomtfpt theeavaporated dovptypiselivt asapaoy glestiic copdustivity leading
to ‘éﬁ“'léggfsebw th@aéon?acwéshstér%\éﬁémf ﬁ&h@é:h-jfeV{M on T:'Bﬁadee%lhéﬁault

ault et . Show | ection

O.Y.ealgtae M EtchafisaFol f2obsgn oY Ctbé%fpé eEhip Solig Fﬂ'SﬂEq %%ﬁ (2000) 195

aIsG %Enﬁﬁft?atéd)th@*iﬁgélbf :59%1? EORdUchfe BHER EdrB3iEfimGA B dRayer cathode
H. Az| Y. F. Li ew, andin and Z, D. Popovi c pl

Systar<This ek catpods zqoeqseia%tmgleaﬁr%'md@@a of s1aagesium. an
optmamcgbébﬁlﬁ@gr‘?d electrically conductive carbon layer and a thick aluminium layer.
This multilayered black cathode has a similar charge injection property as compared to a
typical Mg/Al cathode but has a much lower reflectivity. The results by Renault et.al.
show that light reflection is reduced from about 100% for devices using typical cathodes
to about 60% for the multilayer cathode. H.Aziz, Y.F.Liew, H.M.Grandin and
Z.D.Popovic, Appl. Phys. Lett., 83 (2003) 186 has also proposed using a black cathode
comprising conductive light-absorbing layers with mixtures of organic materials and
metals. However, the above black cathodes are essentially applicable for only small
molecule OLEDs.

In addition, based on a concept of using an interference destructive layer in a low
reflectivity cathode for OLEDs as reported in A.N.Krasnov, Information Display, Vol. 18,
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conpri sing conductive |light-absorbing | ayers with

m xtures of organic materials and netals. However, the
WQbwsa238Bhck cat hodes are essentially appli cabP@&r/$G2008/000109

only small nolecule OLEDs. In addition, based on a

concept of using an interference destructive |ayer in

a lowreflectivity cathode for OLEDs as reported in

A. N. Krasnov, Information D splay, Vol. 18, No.3, (2002)

18 and U. S. Patent no. 6,4131,019, Luxell Technol ogies

Norl oy b U S g 1o LR et RlaRe I oo
“Blh&ky Eéyer”Hq\hﬁVaﬂove Qéchhblegj? eséd abpgstionass erhsr(erqnt rmf ncoweate an
t
RS e et S e BAPos Tasc vy BT BRaRgR o e
5% Veriatied ircthedntederehde myérethitkodssgesdited in er factor nf 2 etlange in the
ucces 7568 d W002/ 37580,
taﬂﬁ%?rﬂ%gﬁr‘ E?ft{y a?%gsqﬁ{éﬁ\éﬁ)%g usaggnof a vol unme or

surface di ffuser can enabl e reducti on of total

' nt gkrrﬂ‘?ér tga%g{j 6 W9/ 87885A V%éﬁk%@ ﬁgs Bé@t demonstrated that

thess o an em Sssive eV|ce
theau%:ase 3fl8gpiemarnd swExECHhGer carBetableciedration of tpéaluﬁern@t refiection

ana @Qc’t 4igh te'nﬂz:nrﬁ'-lz)é' tHe b‘létﬁ@ssl @R ek dile Qéo\i?éEé rl'ga@tﬂfiéne ERS 38 PI80A2

OVInq contfast ratio of

08400 ?ﬁzwt reeprtacihe usg of eramdpum Ao @F'G'eé”%)r'ﬂ)‘i%é’tth grating

paﬁérh§ k&ra {)FUV%Q%@ c%ﬁt%%‘i r&4¢ bfh @ﬁEDC&sﬁléserd‘viHvép his tt&dhhique
maki ng ractically difficult to perform

typIGRlY delvPS {5 Nemhgoal Ficah Prqcgpt siaps g #éftﬁec@%"catm thus

makingUCira&tRay diffisul®tdesemi.or fornming a Iight em ssive
devi ce structure which seek to address at |east one of

t he above probl enms. SUWARY In accordance with an
as p@féhcé?fthérb exipfsestatld fony kight emissivelteriee istugqure\andeimathod for

o I o= S P ByEE WElapt oo A JEns o e above

predi@ng.r ode fornmed on the transparent substrate one or
nore light emtting |layers fornmed on the transparent
el ectrode; a reflective electrode fornmed on the one or

SUMMARY

In accordance with an aspect of the present invention, there is provided a light
emissive device structure, the structure comprising, a transparent substrate; a
transparent electrode formed on the transparent substrate; one or more light emitting
layers formed on the transparent electrode; a reflective electrode formed on the one or
more light emitting layers; and a textured layer formed on the transparent substrate for
enhancing light contrast of the device.

The structure may further comprise a gradient refractive index layer.

The gradient refractive index layer may be capable of suppressing light reflection
of the light emissive device structure.
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nore light emtting |ayers; and a textured |ayer
formed on the transparent substrate for enhancing
WO p@ht123gant r ast of the device. The structure nBgI/SG2008/000109
further conprise a gradient refractive index |ayer.
The gradient refractive index |ayer may be capabl e of
suppressing light reflection of the |light em ssive
devi ce structure. The gradient refractive index |ayer
may function as the transpatent el ectrode. The

O 2 bak EBk Proks RE8 Y EreliP e MR egrroce

I ﬁyer may conprise an oxygen deficient TCO nmateri al .

T ef . > ,
ot “THESPHBRISRUSE K e TRl B0 U AR o

(TO$Y) layer.med as a surface nodification of the transparent
substrate. The textured |layer may be textured using a
chem cal technique, physical technique or both. In
accOeiHr@ YRl MRy semplRs-an:@pyeen deficienh ECPmeatenq!.
invention, there is provided a nethod for formng a
light em ssive device structure, the nethod
co r%fﬂq éﬁ"ﬁ{‘j‘?d &?Y@(/ i"Bdh é’eafq'i"ﬁ‘l’] P B rRutery pffacat & theolranspgrent

subdtrbfeansparent el ectrode on the transparent substrate;
formng one or nore light emtting |ayers on the
transparent electrode; fornming a reflective el ectrode

on ThHeeteRifedolaydrofhay be Jbimedinad b isifadeapnodification df tHy thard@arent

! textured |l ayer on the transparent substrate for
SUBSHAnC| ng light contrast of the device. The nethod may

further conprise formng a gradient refractive index

|28l 1R By 6 PGB RES bt Il prsea
tecemgsonbetidevi ce structure. The gradient refractive
i ndex |l ayer may function as the transparent el ectrode.

In accordance with another aspect of the present invention, there is provided a
method for forming a light emissive device structure, the method comprising, providing a
transparent substrate; forming a transparent electrode on the transparent substrate;
forming one or more light emitting layers on the transparent electrode; forming a
reflective electrode on the one or more light emitting layers; and forming a textured layer
on the transparent substrate for enhancing light contrast of the device.

The method may further comprise forming a gradient refractive index layer.

The gradient refractive index layer may be capable of suppressing light reflection
of the light emissive device structure.

The gradient refractive index layer may function as the transparent electrode.

The gradient refractive index layer may comprise a transparent conducting oxide
(TCO) layer.
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The gradi ent refractive index |ayer may conprise a
transparent conducting oxide (TCO |ayer.The TCO | ayer
wWoreapsa23sps i se an oxygen deficient TCO nat eri al PCTH&2008/000109

textured |layer may be formed on an outer surface of

the transparent substrate. The textured |ayer may be
formed as a surface nodification of the transparent
substrate. The textured |layer may be textured using a
chem cal techni que, physicad technique or both. BRIEF

oGP T8 1T Al SO PSP ORgBD Srtsud i Pl

apparent to one of ordinary skill in the art fromthe

f ol i [ SCIri-pLign anpl

and " EEHE b0, o, B i SEr R 8P - Pasbaren
sulistiae.a schemati c si de view di agram of an organic |ight

emtting device (OLED) in a preferred exanple

enbodi nent. Figure 2 is a schematic diagram

i |1 dbe textyrag layeh ey bsl fagnechas ecsiare modifigation of theriaesparent
subdtiapdi nent . Figure 3(a) is a schematic side view

di agram showi ng a surface having a surface roughness

of tenths of a mcro-inch. Figure 3(b) is a schematic

si dehy i exturigagdyam Bk N@xtdredU LSRG €a NEhehihl desHMiduaC Physical

roughness of hundreds of a mcro-rnch. Figure 4 1s a
techpigh® of Pethist r at i ng neasurenent of average roughness

Ra. Figure 5(a) is a schematic diagramillustrating a

sanpl e control OLED structure conprising a normal 1TO

anode fornmed on a flat glass substrate. Figure 5(b) is
BRIEF OESCRIRTIONSQF THE DRAWINGS ng a sanpl e control OLED

structure conprising a gradient refractive index ITO

anode fornmed on a flat glass substrate.

Embodiments of the invention will be better understood and readily apparent

to one of ordinary skill in the art from the following written description, by way of
example only, and in conjunction with the drawings, in which:

Figure 1 is a schematic side view diagram of an organic light emitting device
(OLED) in a preferred example embodiment.

Figure 2 is a schematic diagram illustrating a bead blasting technique in an
example embodiment.

Figure 3(a) is a schematic side view diagram showing a surface having a surface
roughness of tenths of a micro-inch.

Figure 3(b) is a schematic side view diagram showing a surface having a surface
roughness of hundreds of a micro-inch.

Figure 4 is a graph illustrating measurement of average roughness Ra.
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Figure 6(a) is a schematic diagramillustrating a
sanpl e OLED structure conprising a normal | TO anode
wo oooseeBsa a textured gl ass substrate of an exedmpbe2008/000109

enbodi nent. Figure 6(b) is a schematic di agram
illustrating a sanple OLED structure conprising a
gradient refractive index | TO anode forned on a

textured gl ass substrate of an exanpl e enbodi nent.

Figure 7 is a graph of curr@&nt density (mdcn2) J vs

vol \ [ . S [ e
corpanies ) s SerelrBlé bBBLS iEERSES ttnBEhR iR T gpuctre
compnrsing/a horawgd i TOAnode ddrmied oni acfiet gliss aulystrete. f or
per formance conparison. Figure 9 is a graph of
efficiency (cd/A) E vs voltage (V) V of fabricated
sanpigure $(0) ispresshematio dizgtaomjlastraling .a sanple cort®! OLEY structure
V.
oo & e, SRLaNE el Snd B e Shiostrte
contrast ratio (CR) vs lunminous reflectance (% RL for

per FRufR BOBPSEHeRRAe diagHdfe |Il113trétﬁ?aa ﬁ?ﬁf@tOEED structure
flowchart for |IIustrat|qcﬁea net hod form ng

compging arRossah/dOqanade fomned er g exiurpdaglasscsihstrate %of an example
em®Blighrent . DETAI LED DESCRI PTION I n the exanpl e

enbodi nents descri bed herein, a high contrast in

OLED/ PLED di spl ays may be achi eved by preferably

f abFigosd ie(ty) B bi gienatit Sdiagramd @liieating Ua hsamepl@ NOKES Dstructure

n radjent refr I ndex transparen
cof it £ piknl Bl peth BRI EpadiBiiped o 2 BHITE ot sibtrare o
an gxaapie ealbedintentie (e. g. an anode) on a transparent
textured substrate. For exanpl e, one side of the
substrate conprises a surface having an irregularly
t exFiguesd? ima graphad putent iensityy(nsdicinfit ey wiltage (W)U f fabricated

saMpia idrPerbihahBE cSaumRbE enbodi ments,

Figure 8 is a graph of luminence (cd/cm? L vs voltage (V) V of fabricated

samples for performance comparison.

Figure 9 is a graph of efficiency (cd/A) E vs voltage (V) V of fabricated samples
for performance comparison.

Figure 10 is a graph of reflectance (%) vs wavelength (nm) for performance
comparison.

Figure 11 is a graph of contrast ratio (CR) vs luminous reflectance (%) R, for
performance comparison.

Figure 12 is a schematic flowchart for illustrating a method for forming a light
emissive device structure in an example embodiment.
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the gradient refractive index TCO anode is deposited

on the opposite side of the substrate with a snooth
wewokazmw3d | n t he exanpl e enbodi ments, enhanceneait/SGT008/000109

i ght contrast can be attributed to the textured

substrate. The textured substrate is textured for

di ffusing anbient light incident on the transparent

substrate. Furthernore, preferably, a gradient

refractive index TCO | ayer fray be used in the exanple

] optically destructive layer to
D%ﬁ%@%&%ﬁ@@e reflection of the device. Figure 1
is a schematic side view di agram of an organic |ight
emttin | C . [ e .
ermb Ao sty s Sl HeFdih 2 nEh Rk in oLeDPLED
displaps magitbe dobitved by mgefarabls'%abncadng arlightemis6ige davice such as an

OB OBkl AR b AR RBIeHRA AL 5 of lopare
condugtingaoxids &8QQ)aelegitade (egy en anede)fasy arir@nsnerert éextured substrate.
FoP'eQErhble gré%e 8Nt eatfgt&léi%mgﬁsfé%ns SUF4ES hhling f&T RQularly

e trans ort ayer | ective
textyredt mogrhelogy or F%‘f"ﬂﬁaéﬂ mﬁeqrﬁéilf@seb Prpﬁieum the s¥ample legipegiments,

thelé?adfé'i\ﬂl r&&cﬁ&@ﬁ%%"ﬁé@%ddéyyde%@téd%ﬂ&ﬂe Qﬁbpbiﬁ% side of the
reflective electrode 114. The el ectrode 108 can be an

S”%ﬁﬁ@lfew'g'lraém%{f'ﬁk&%edependl ng on e.g. em ssion
orientation. For description purposes, the
enc ulatlon I shown f e ot her
s 008 e, Fpha B Oh I ioht ot G 8 AR to
théitéiﬂtrédib&bslﬁfé Cive fegtufed s@s&aty isf {emttrddd Eortdiffusigasmbient light
E % S Theeég atslitegt refractive index transparent
inck CAET Ve YEHDATTEES a gradient refractive index
transl ucent | ayer that is either electrically

CONPHGINNE LAY b ol Leh et Tt TGO 18 usea i

textured sub ransparent cO
therexamplal emagdanerés Bs ACOdtiaglyr désimictiveo Feyag tpreducei lhy susface
reffé'at &Gid gslset hat is formed on the gradient refractive
ex translucent |ayer. The hole transport |ayer 110
conprl ses an organic layer. The el ectrol um nescent

| ay gigufel 7 i§ aNschefBfid SRieView dRRMAMN of BhSoth¥ific lightSmitting device
(OLED) in a preferred example embodiment. The OLED 102 comprises a textured
substrate 104 having a textured surface 106, a gradient refractive index transparent
electrode 108 formed on another surface of the textured substrate 104, a hole transport
layer 110 formed on the electrode 108, an electroluminescent layer 112 formed on the
hole transport layer 110, a reflective electrode 114 formed on the electroluminescent
layer 112 and an encapsulation layer 116 formed on the refiective electrode 114. The
electrode 108 can be an anode or a cathode depending on e.g. emission orientation. For
description purposes, the encapsulation layer is not shown for the other example
embodiments.

In the example embodiment, the textured substrate 104 can be a rigid or flexible
transparent substrate. The gradient refractive index transparent electrode 108 comprises
a gradient refractive index translucent layer that is either electrically conductive or
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formed over the hole transport |ayer 110, an organic
el ectron-transporting |ayer forned over the em ssive
WO 200812383 a thin el ectron-injector formed ovePCT/B&2008/000109
el ectron-transporting layer. The reflective el ectrode
114 conprises a netallic layer. In the preferred
exanpl e enbodi nent, the conbination of the gradi ent
refractive index transparent TCO el ectrode 108 and the
textured substrate 104 resd!ts in a significant
. _reduction ect | fromthe ,
nsEivEhetTy el ofPrd b gt fllec slbste 10 apd & phefrent conducting
materialdayepcay. TCO layer fuhetiohinh |ptiwiarily atesgcelegitaderthatas fommbe ion the

gra enfé?rgghg dr&&o@é ﬁtalgyeg ?Eor roriée d?g"sﬁgr? ‘f%)@g 1?8 WanBﬁses an

orgapip tayei. dihe celastrolamir@ssent layki 112xcan conprise antorgam emishige layer
t ' .
fonﬁ&é BOLShE Alled a%Qpé?Fl?ge;rggl °h§? ﬁg%é@é, éléff&g.-t?a’n%ﬁr{ugg Eé‘yﬁrg ioxned

extured surfaces .
ovelr thel eraigsivelayer and hinreledtioprinjectpifgrmechevear thel elegirppdrapgporting

lay@rnﬁhéTFe‘FIEé}Ne%@ctr%@?ﬁﬁ&%?pnséé‘a t4icAgpdre enmbodi ment, - a

textured surface can be formed on a substrate using a
bead bl asting technique. Figure 2 is a schematic

dl aﬂftﬁéfbiéférké%té)émpl&eﬁb&uh&ﬂdth@'&Hﬁd&ﬂoﬁ spdnEIg«aau?edt Nefractive

| e_enbodi nen

'”d%X éfa”? Tl ep; slpctioder b%éad dhe éggufreﬂa%‘@sb?fea% A%ylts in a

sighifidimt FealubtioAld ambient fight eefirbidnefrevrBRAhi@Rlike $Uuicd 6he metallic
I%&er 282 c_ﬂn function as an optically destructive

refleetive €1658898 1 145 a gradient refractive index layer to a
separate el ectrode | ayer. The other surface 206 of the
sublstrate S sub ct ed to | ast i

by, a..
pre s 4% fgﬁ?]w'ﬂggdeﬁcﬁ Fads Y 508P %equeg enbdtiments are
desmited shoWipg hoesthe texbyred satfacsahd®Earf ba éorgledsi wilidzedappreciated

by fé r%?sotnh h‘&ﬂ uI\ htﬁe PL&S Htr they nm%{%%gs TJL‘?\ A5 89 Cused to form
Ace roughnesse can e contro by process
irreooladv/tegohdy smwrea§Utfh@Sbé'aeses mﬁmdanablttdea@ut ate not limited to,

mud?é/ﬁéﬁt}iiﬁ\%u rf% gl?ﬁtml:‘aﬁ sidhilang ridthafibAl ZEPcK sSed 'es, e.g.

rangi ng ounds per squ (psi),
andusi ng dlfferent bead Sizes (e.g. ranging from 125

and|n1@PedrtpI0 RftdeiMent ! & fxBteli 3GRace can be formed on a substrate

using a bead blasting technique.

Figure 2 is a schematic diagram illustrating the bead blasting technique in the
example embodiment. A TCO layer 202 comprising e.g. ITO material is formed on a
surface of a glass substrate 204. In the example embodiment, the TCO layer 202
can function as an optically destructive electrode or as a gradient refractive index
layer to a separate electrode layer. The other surface 206 of the substrate 204 is
subjected to bead blasting by a pressure gun 208.

The glass surface 206 is modified/processed by a stream of fine glass beads
fired through the pressure gun 208. The average surface roughness can be controlled
by process conditions such as the bead sizes and blasting pressure etc. By using
different air pressures, e.g. ranging from 35 to 80 pounds per square inch (psi), and
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roughness of the glass substrate surface 206 can be
varied fromtenths of a mcro-inch up to hundreds of a
woreaso23seeh. Figure 3(a) is a schematic side vPEMSG2008/000109
di agram showi ng the surface 206 having a surface
roughness of tenths of a mcro-inch. Figure 3(b) is a
schemati ¢ side view di agram show ng the surface 206
havi ng a surface roughness of hundreds of a
m cro-inch. As shown in Figlires 3(a) and (b), the

surface, 206 has gn irreqular texture r phol oqy. . In
usiF GHBSE BPRY B0 A o fAnaraHET 125 Anc (il PiePar seetuing uptace
roughress ot tielglasshaubetrgte rsudade 208cdrebervarizd from teafratof tai riero-inch
tiaons to_achieve desired roughness on the surface
ngg%J%FwspﬂgngQgﬁ%ﬁ% enbodi nent, the di stance between
the glass substrate 204 and the pressure gun 208 is
abouy: i.nches rt._ a . L . t .
oot uB AEFEERadlko Bhe iekPlibbR oty sutste 200 naving &
surfdce aguahness of tergimefssmiRep-ingihe aver age roughness, Ra, is
defined as the sum of the areas above and bel ow (e.g.
402, 404) the mean surface |ine 406 divided by the _
| entjgwreoct(bk i@ srbgRatie fidAview diagramysipwing tha sytfaes 206 having a

surfat8 TRl gRn SISt FuRBRls ofa FRXS-IMcRd surface can be formed
on a substrate using a sand bl asting techni que. The

sand bl asting technique is simlar to the bead

bl aas ishewh 8 FijuneLe 3( V@Y, , the HikaBe 206 Has San( Preglilah Gextured
p&{ggolgd es) used in the sand blasting technique Is

mag ¥ntially smaller than the gl ass beads used in the
bead bl asting technique. In the exanpl e enbodi nent,

t he, pr.ocess pressures for, projectin h an
o b ec S5 cambimentith otss; siyTitale 0f ey the pressure
hosaiguna208scamsbe movdrkinsapetitivé asdttions td ashivveqlesired mughress on the
| fferent. |Ln her an: ephodi t..a
sufds Z0p el s, pranha® oBfiSHRny FERRlsRoS B RRT R, def orpayrate 204
and thegresspeer gunalfBiis gbaut Elimihgsi epanhat aeerticah nfpdbeut 90 degrees.
enbodi nent, a variety of sand papers or simlar

materials are
Figure 4 is a graph illustrating measurement of average roughness Ra. The

average roughness, Ra, is defined as the sum of the areas above and below (e.g. 402,
404) the mean surface line 406 divided by the length of the measurement line L 408.

In another example embodiment, a textured surface can be formed on a
substrate using a sand blasting technique.

The sand blasting technique is similar to the bead blasting technique. However,
sand particles (or fine particles) used in the sand blasting technique is substantially
smaller than the glass beads used in the bead blasting technique. In the example
embodiment, the process pressures for projecting the sand particles to achieve similar
irregular textured surfaces as in the sand blasting technique are also different.

In yet another example embodiment, a textured surface can be formed on a
substrate using a sand paper lapping technique.



10

15

20

25

30

used to roughen a gl ass substrate surface using
nmechani cal polishing matching. The notion is

wo eet2issye, for exanple, a forward or a backwedTSG2008/000109
rectilinear notion. Lapping can al so be earned out
when the substrate traverses in one direction only or
in either directions. It will be appreciated that a
substantially identical |apping effect can al so be
created by keeping the glassosubstrate stationary
whil e a sand paper is in notion on the substrate
surface. After describing how a textured surface can

be fi® rtrm%dxampla embasirméitea vafet§ Xl ah@ papdrs @k emrtar hraterials are

ooB e 5 SR8 b BRI SFER R A igl . The
matboa P Irepetitive) dornexatmplen agﬁbaﬂhrarttr a backavatd kegtilinedemotion. Lapping
ca RSB s SV RSB 5E Bl Bl Y50y g e
direttonsulb 4l e epprécidted shad pm&;ﬂaetnallbed&rﬁmluamﬂwgseﬁet’am aio be
b B 15 58 IS B BB S 08 L iy gp
substratep burfasabodi nent, the gradi ent refractive index

llayer functioning as an integrated el ectrode, e.g. as

an anode, conprises a highly oxygen deficient |TO
fil rﬁﬂerrﬁeswm how artextuerd pydagengax beTiormed encarsubsivate, an

exbhﬁ:@ SRR YisPpRIRIEH! BSlow TBEsdribtHY mg?aék%sltﬁqg of other

yer is deposited using RF magnetron sputtering in
'amgtévréweéfofan%m%c%pec. es of hydrogen ions duri ng
film preparatl on. The sputtering is carried out in an

arg The refractive index of

n- ogen m Xt ur.e.
£ he TR FOPIEIATR, SFATDRS (S 6 iRTaE PP oISy oBiyey s dgnsparent
cohdetihy eHatgian ergarrcoalayar(e?mpére o0 of h@uwgwfogﬁ@kl @rig$ Burface of
as, mxture.. Alternative t in -
tne Fashald i is spbetit e JErtise otitzre e RMIAD sk qesgpton
putposbs it ESOumnaterial axadje thed@fangleanbedimdnttis IMDs. These

t echni ques include, but are not limted to, DC

magnetron sputtering, reactive thernmal evaporation,

e- bérmthe exagplecarhbodipent,rthel gpastient refrac(ivMDiiex leyerfurctibning as an
int¥GHRY DS, 1. &3 G URbAE Bmprises a highly oxygen deficient ITO film. The
gradient refractive index ITO film can have light-absorbing properties. The light-
absorbing ITO layer is deposited using RF magnetron sputtering in a presence of a
reducing species of hydrogen ions during film preparation. The sputtering is carried out
in an argon-hydrogen gas mixture. The refractive index of the ITO film can be tailored

accordingly by varying the hydrogen partial pressure in the argon-hydrogen gas mixture.

Alternatively, the light-absorbing ITO layer can be prepared using other thin film
deposition techniques under oxygen-deficient conditions. These techniques include, but
are not limited to, DC magnetron sputtering, reactive thermal evaporation, e-beam,
physical vapour deposition (PVD), chemical vapor deposition (CVD) etc.

In the example embodiment, the thickness of the gradient refractive layer can be
in a range of about 10 nm to a few hundred nanometers, depending on the type of light-
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In the exanpl e enbodi nent, the thickness of the
gradient refractive |layer can be in a range of about

wd oosmeisas a f ew hundred nanoneters, dependi ng POT/SGE08/000109
type of lightabsorbing materials (ie. 1TO or any
organi c or inorganic sem conducting material that can
serve the purpose of |ight absorbing) and the
correspondi ng desired refractive indices. In the
exanpl e enbodi nent, the gratient refractive index |ITO

el ectrode. conpr,L.Ses its surface. a high, . .
a5 TGRS Doy TPTes Py RBaG o noroi eDlshoping, material tha
camGelieuthe t pupposkoofelight rabsorbinb e -and j the tdoraspohlding ddgsired tréfeactive
in(ﬁcregcess of this top ITOlayer is also carried out in a

ydr ogen-argon gas m xture but wth a | ower hydrogen
partial pressure. The thickness of this top ITO |ayer

ia; ph.lleg't' 843 tp%r_llterrﬂ)todm%v h]esghﬂ:{gerﬁ Olerrd& ecﬁwdsx IB'O electrode

. (GRS PoTR S Cenn al | i nj'ec
comprisgsEaksiteutaced 2 highi trengparant tgp dBOéauer méthran tetlativelyi mﬂhework—

furfi’:ﬁﬁ'gg &@%ﬁ&@ﬁ?l. SctibR. ke I%ﬁg d:;cle@s b s%arﬁ')b%yer is also

formng ent refractive
carrigd out in a/@drqseeﬂsws mtuER Beith & lowek hydregsspastial poessure.
Thé IRickiesEl GUhR &b TO #RBPIE kEEt BohstdHe Qré’dyu?ﬁtSO nm for device

refractive i ndex |ayer/el ectrode. Faor I_ﬁ?llcatlo

applicatiene ERssean aliay é@e"Bheﬁ%ﬂ'?l eropgities iin | QLEHs made with different

grafiend Fefrattivaaidixinbde combinations to be compared.
N, N - di phenyl -1, 1' - bi phenyl -4, 4' -di am ne ( NPB-hol e

transporting layer ) and Tris [8- hydroxyqui noli nat o]

al um rtllalén éxanple &mﬁﬁwﬁwtl after )fomiifg dPBOgiddfemt igfractive index
t her evaporati e or .al.so
gl RS D it oot (W R ddrrd Fidet it SPremiengn the
grddignt Féfactive\hilexnaleotleetrodéeposi ti on t echni ques. For
applications with PLED structures, |layers of polyneric
materials e.g. poly (3, 4-ethyl enedi oxyt hi ophene)
pol f@sagplimiieemw&bﬁ)&E@)str@aE@@T orge@8)madariats of N, N'-bis(1-naphthyl)-
gi&% gﬁg\%ﬁﬂe é‘%ﬁgg{fﬁ‘%@é&l rgr?agQ rilr]igttlﬁgr 5°Eé{d Tris (8-
hy

ewylrtowt@iy %tphlnur@odﬁlqﬁrymlawﬁerlam) uareordqppatﬁdsstybltbermal
%&%STﬁél 6fyafie |a;1é'r§ caPhisd b@‘desgsn*ee bystﬁﬁ&%tﬁédsnlhblﬂcgng, but

nkjet printin hano i nprinting m
not llml{ed to, pPVD CVD and othgrp depgsmon technlqueser J y

For applications with PLED structures, layers of polymeric materials e.g. poly
(3,4-ethylenedioxythiophene) poly(styrenesulfonate) (PEDOT:PSS) as a hole-
transporting layer and phenyl-substituted poly (phenylenevinylene) (Ph-PPV) as an
emissive layer, are deposited by spin coating. Other solution processable methods such
as, but not limited to, screen-printing, inkjet printing, stamping and nano imprinting may
also be used. The thickness of polymer layers can be controlled over a range of about
10-200 nm. Further, modified interlayers can be deposited between the organic layers
using similar deposition techniques. In addition, small molecule organic materials and

dendrimer emitters can aiso be deposited by solution process technology.
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al so be used. The thickness of polyner |ayers can be

control |l ed over a range of about 10-200 nm Further,
worpasfizamed i nterl ayers can be deposited betweenpd8G2008/000109

organic layers using simlar deposition techniques. In

addi tion, small nolecule organic materials and

dendrinmer emtters can al so be deposited by sol ution

process technol ogy.In the exanpl e enbodi nent, after

form ng the organic stack (thnpare 110, 112 of Fi gure

1 f..El aur

) watge%@r%l%%‘?ﬁbog R it ?)br:l’ré\én thgs?%é Ecs]tg  Cofpa®0, 112
of ﬁa@reﬂ) dnsslecinodé (@mplareFﬂ ™ of Rigyre Ca eam@scatdaﬂtodbowfmhl on the
orani'E“séch netals, are deposited by thermal evaporation

e exanpl e enbodl ment. The el ectrode nmay al so be
prepared by techni ques such as, but not limted to,

S puEfe@ﬁdJéQ‘nat@nQ? 3sr0cﬁ RRGAL MY Ccatafld otﬁé@% 'work funlctbqn metals,

nbi nati1 on of hese I‘OCGSSGS or an

arajeqmlﬁqd. @hth@eeﬁrﬁvae@@ on in thﬁ@Xéma#m@b@m@m glectfagegmay

ansel l%“p’ré&@ed?%‘?'pfe'cﬁﬁéuééaéﬁ& asheut mo@hma @f sgﬁttér?ng! -beam
erange of 1.0 nmto about

equcpfquﬂ,e ¥Do1CV,5?g o[ g ¢9hinatiop dqutgeﬁ p&geﬁﬁes ERF amy] ether possible
depdefigh t&ﬂﬁ.qnée Imtexari‘@lef‘e@rmrnﬁ?erﬁ hiis RRIlrode@omBe®Ca/Ag. The

R AT & BBaTRErS! Bhetlad a0 PRGS SOSCRARE inaps g i

thmﬁgdaflab&ummﬁmtmmfabrl cat ed. Fl gure 5(a) is a
schematic diagramillustrating a sanple control OLED
structure 502 conprising a normal |1 TO anode 504 forned
on Neitl & oghmpase mwnmm% .of Fdegicee ibddpporatingathe described

exdt Bb&n‘%bgg{ggms{ '!yélgg‘ltcfe@ gr a aﬁ%r‘?rﬁgmgl ang Hr&bL%%?amples

ruc ure Ferracti Ve
wereﬂabmtﬂde 510 formed on a flat glass substrate 512.
Fi gure 6(a) is a schematic diagramillustrating a
nEI e OLED structure 602 conprising a normal |TO
anobigus0xay israrechenwtie diagranu iiuetrafing sssammie controb O8ED wucture

50@%5@%3 §n%m?8q1l’69emode %bgqisrﬁwéﬁ(&? alffat @a§§gm%{e0506 Figure

|agram|I ustratin a Sa OLED structure
5k émpFehemagc diagraguil taling AroAmIA RONTALRLED mcawsdiée GomPprising

a graidMR FEf@btivR ih@eKt ITOMode 510 formed on a flat glass substrate 512.

Figure 6(a) is a schematic diagram illustrating a sample OLED structure 602
comprising a normal ITO anode 604 formed on a textured glass substrate 606 of an
example embodiment. Figure 6(b) is a schematic diagram illustrating a sample OLED
structure 608 comprising a gradient refractive index ITO anode 610 formed on a textured
glass substrate 612 of an example embodiment. The textured substrates 606, 612 have
a surface roughness of about 190 micro inch.

For the performance comparison, the different gradient refractive index ITO
anodes (e.g. 510 of Figure 5, 610 of Figure 6) were deposited on the smooth side of the
glass substrates using RF magnetron sputtering. The substrates 506, 508, 606, 612 of
Figure 5 and Figure 6 were not heated during and after film deposition. The substrate
temperature, inherently raised due to the plasma process during the film deposition, was
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gl ass substrate 612 of an exanpl e enbodi nent. The

textured substrates 606, 612 have a surface roughness
w@booahzasss 190 micro inch. For the perfornmance PCT/SG2008/000109

conparison, the different gradient refractive index

| TO anodes (e.g. 510 of Figure 5, 610 of Figure 6)

wer e deposited on the snooth side of the gl ass

substrates using RF magnetron sputtering. The

substrates 506, 508, 606, 612 of Figure 5 and Figure 6

t h d | .and _aft f t
ol iSer Shout By BF b eHie; PPy P S ekt dndex mo
cap| kes feampd oatesubstiatei atgpve h@0d idepertimy wint thenapplieationse Mhe base

prosa 8 Soueiy P i B9 Q. 8300 B ZFRA i o0 can e

fabmatsd rtart cordibpting BBl elepositiang comitione. Ewpéxamme oloys varfing the

58y BEOSESEeh U, SRAREAL GO0 SHGHET BB i v
opticahandelpetriea! prapefties of et filmson condi ti o ns. For

exanpl e, by varying the hydrogen partial pressure in

the sputterl ng gas mixture, it is possible to optim ze
t heltdjRsi Bean Ereagrizast by thgainvpriopsethet dhe low tamparatare deposition

pchbé%evereB@&r tlﬁ@@r@dn@ﬁﬁ@ﬁéﬁt@@ thaRy I'Fd? BnbdRsedd. 318, éﬂ%f Flgure 5

tenperature deposition process devel oped

ang RuEs B8 SP SHANG.Er Mot DD %mnsg\ggplasmoﬂsam@ are

typGU‘allfh@lbbﬁlpEtllﬁélWltﬁbgighﬁterﬁrérﬁtu?é plasdbipfteke for flexible
OLEDs/ PLEDs conprising plastic foils that are

typically not conpatible with a high tenperature
pl aenﬁemrdmsﬁﬁlunﬁa”nb@-nblta@e MSLLV)-dhidFacRatiases WeretrAgRured with a

aracteri re nmeasured with a Keithl
elfar2420 SRBRE TR e Five S ekl ot Rfectance
of thetOLddiesangales wiekeesuredhasingyd UVAASOILRZpeatrgphe fonvter.
nmeasured using a UW-VIS N R spectrophotoneter. In the
following figures, GITOis used in the legend to
r epire $fenfoligwingi figures; e+ ER tis wsed rid ethe | IEG2ndFiay nepeesént gradient

f 8dy gy rent density (mVcnR) J vs voltage (V) V
e %%Cﬁ\tyz{:in %abrl cated sanpl es for performance conpari son.

Pl ot 702 shows the results for the sanple control OLED

ST Righiy Zaéoz drdproef Burent denity (RA/RRPUSVE BEdgeSHN LY of the
fabricated samples for performance comparison. Plot 702 shows the results for the

sample control OLED structure 502 (Figure 5). Plot 704 shows the results for the sample
OLED control structure 508 (Figure 5). Plot 706 shows the results for the sample OLED
structure 602 (Figure 6). Plot 708 shows the results for the sample OLED structure 608
(Figure 6).

Figure 8 is a graph of luminence (cd/cm?) L vs voltage (V) V of the fabricated
samples for performance comparison. Plot 802 shows the resuits for the sample control
OLED structure 502 (Figure 5). Plot 804 shows the results for the sampie control OLED
structure 508 (Figure 5). Plot 806 shows the results for the sample OLED structure 602
(Figure 6). Plot 808 shows the results for the sample OLED structure 608 (Figure 6).
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OLED control structure 508 (Figure 5). Plot 706 shows

the results for the sanple OLED structure 602 (Figure
wW®2008R23883 708 shows the results for the sanpl epc&ER2008/000109

structure 608 (Figure 6). Figure 8 is a graph of

| um nence (cd/cnm2) L vs voltage (V) V of the

fabricated sanples for perfornmance conparison. Pl ot

802 shows the results for the sanple control OLED

structure 502 (Figure 5). Plot 804 shows the results

f | : .
PIO :)|t: gg%eé E%éfaﬁ'ﬁ g“ regiclﬁ%??dﬁﬂ ﬁ\tééj ggltn@%? 2(\/8?5%{‘] Ehee @on cated
sarsplesifor pedor6Gdcg Eorgparisob.) PloFdaR si3es thémaesits foe thecsampie control

OLEBrstrLgt‘ﬁresﬁdgjd‘F?ge%E)DP%tt lol% %HB\& A&%&e&tﬁtsgw tﬁe@ m e%{tﬁol%LED

I'Cl ency
strudtreersabr(lﬂgmeeﬁd %Iahaﬂee@owsrth@&srum fmmtaeesmlg Sosiructure 602

(Figur@6), PikA oB8 8?4\6%4 {8 réRmy tcﬁhc{ SmgI& B LEBEH S f8ts" (Plgufd 45D

tructure 5 Figure 5 904 shows the results
for the sanple control CLED structure 508 (Figure 5).

Pl of A0 gsJ?QWS it Efn b@%%eththEPthé Ue\lsr@fé%r?shgsEQ'e substantially

structure gure shows the results

identigal taht@wsgrm enerncd ﬂauat?rsélgemear Iohardsive Voltagasrgxcept for
ploti788 r(ﬁe for éémﬁl@%dﬁﬁoﬁ@@.ﬁd Q@t‘ict&rléeGdZ ¥f ERJuRd BPHRKP R can be

are substanti al i dentical at |low drive voltages and
seqnptfphtheras; 43?19'1“90861‘ increase of gureat Gtﬁﬂ%@teug*ésr&swﬁ vpltgges.
pl ot 706 (ie. for sanple control OLED structure 602 of

o1 olidencas Phoeniad kad e Cyreh e~ Biuee shsn i Biaspes 8 and o
res@ét:twélyvmbt tA@ RAninarice @AB thelumirRs \efidicheyior trbEDIlED/saﬁ@Ies made
witgadief RERRNS SR TR SHeR SeRafe l BRCgeteord fstiEpess
suwﬁtds%e redativelyildwer gs admatedrteftrreasztrrhpres withdreoemB MDOsooftkt glass
ol S50 3 AT B T, B PO e
80Biof frigure BaronoG4 es 902,a808 w1968 roatF@lraﬁdesmactrmW)l Tl oeduced
|urﬁnﬁé%§g%€ed?f§i@égrrzg ‘égﬁrgfegtsgg 2% FiGurs® %nggﬁgt% éi‘é%nﬁ;?@mg §RBient
refraictiver ipdex tT&p@ﬁnwaeq! ) the Tomer teangmetante of the spedrse5 r of Figure
5, H‘@oq:lggesélt‘g%gg ivi ?83|R§ e fleYthGert: reﬁ%vé’ﬁnd%kgﬁ@arﬁadets 5&0 of

rrg di en racti ve i ndex is attrib
Figuge 8.H&10) Qf ur@ pane Femitranerarett and ©ap isgdartialy absoriitha graitted

light. In contrast, for example, in the sample control OLED structure 502 of Figure 5, the
cathode at 514 strongly reflects emitted light from the EL layer at 516, thereby
contributing in a significant increase of brightness (see 802 of Figure 8) and poor
contrast of the structure 502. Further, it can be seen from the electroluminescence
results of Figure 8, that there is an increase in light emission (see plot 806) for the OLED
sample comprising normal ITO on textured glass (ie. structure 602 of Figure 6) as
compared to that (see plot 802) of structure 502 of Figure 5§ (ie. comprising normal ITO
on a flat glass substrate) at the same forward bias and having similar current density.
This is due to the light out coupling effect, which helps to enhance the light output from
the OLED samples. This light out coupling effect can be attributed to the textured glass
substrate used for structure 602 (Figure 6).
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5, 610 of Figure 6 respectively, since the gradi ent
refractive index | TO anodes 510 of Figure 5, 610 of
wo-b@enessss are sem transparent and can al so parp@EBG3008/000109

absorb the emtted light. In contrast, for exanple, in
the sanple control OLED structure 502 of Figure 5, the
cathode at 514 strongly reflects emtted light from

the EL layer at 516, thereby contributing in a
significant i ncrease of britht ness (see 802 of Figure

t t .of t ct Fu y o
onn PR 38177 reiin ot cxnee o fePRhE dua % wBppasth o) for
periFa»rgtanee Bompdriabn. ttterwavetaergth famge ésaaleolit 350mrg e abontBODem. Plot

10§2T.%$ ?\é Xs?)geq aé r%[ gfs IHS? %e%@u%?wg T e%ggaéé %érﬂig)l E)‘P.E(;BB% ucture

50215(Figmep5)r dott WOBhstowssthe $neotral8(eﬂ§actemcesmeastreid éorStDtE sa‘mple

cotp DL spre’ BB (AP SHPIER! (dob L e ShedtofSectance
me@auned for toe sample OLRR structurg 892t (bigureeb)l Plph(l OQﬁiﬁhmﬁpe isngctral
ref%t:tfaﬁ(.:é meﬂ“ré&?opﬁilerééwfpfse ?Iﬂ\ﬁ?gﬁ@ctﬁrla%ob'(gaﬁre%'t put from

OLED sanpl es t out coupling effect can
be attributed to the textured gl ass substrate used for

S”B?tchnSa théi:sitrqeiupesﬁs)oz%fgtig@ewah&e@e ef ai@breoé ie. having a
spectral wavel e

n
s oh oL L AoErS TERcATE) h GBS ayalenieas t lsss
su@ﬁu}@lﬂﬁi/étrﬁ:sa@@ﬂur&ﬂgagé ?Lﬁﬂs@'tbteiQDSarSB@%séri?&l BBk lodérall device
ectance nmeasure or
(#0E% dedesss LBFGUIAY SFomBre: TR0 LiAke i peied sgpota
refleefahes bfamOBLER sshiple daih Bé chibglatediging tivofdlidwihg fAldtibnship:
structure 508 (Figure 5). Plot 1006 shows the spectral
refl ectance neasured for the sanple OLED structure 602
(Figure 6). Plot 1 Q&mg 5, the spectral reflectance
measured for tig = ,Structure @08 (Figure 6).
By conparing the strpEt)dés 502 of Fi gure 5 and 602 of

Figure 6, ie. having a substantially identical OLED
wheter B6) is thefspbetiat seflegtanee af thedhisrfimsaysteny oftthe OLED. sample and

F()gugtthg lﬂﬁ?%f Sirlréib%tnf ﬂﬁ:ﬁ'ﬂf‘(ﬁi’bﬁ uﬂc&:r&tﬁgttb' re% (ﬂl 4ft?e?'inltt?gr%ted spectral

strat It can bserved

reflestanees @ai@éat%tsar dhessample s uetHtes H02y 5?&: efn'fiawé 51%126% 08 of

Figlpé)@)are%@t55‘7%92@7%d7%%9t2“’/@tes?8€tiv€l9t ance of an OLED
sanpl e can be cal cul ated using the foll ow ng

rel ati onshi p:
Figure 11 is a graph of contrast ratio (CR) vs luminous reflectance (%) R, for

performance comparison. For this graph, calculated contrast ratio as a function of
luminous reflectance is shown at about 100cd/m? under about 140 lux of ambient
illuminance. The CR at 1102 is calculated for the sample control OLED structure 502
(Figure 5). The CR at 1104 is caiculated for the sample OLED structure 508 (Figure 5).
The CR at 1106 is calculated for the sample control OLED structure 602 (Figure 6). The
CR at 1108 is measured for the sample OLED structure 608 (Figure 6).

From Figure 11, it can be observed that the contrast ratio CR of the sample
structure 502 of Figure 5, ie. a conventional OLED structure on flat glass substrate, is
about 5:1. It can also be observed that the sample structure 602 of Figure 6 (ie.
comprising normal ITO on glass having an irregular surface texture) has a higher
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where R(A) is the spectral reflectance of the thin
filmsystem of the OLED sanple and F(Il) is the flux of

WO p@sdzass3 i | | um nati on. According to eq. (1), PEESG2008/000109
i ntegrated spectral reflectances calculated for the
sanpl e structures 502, 508 of Figure 5 and 602, 608 of
Figure 6 are about 55.7% 29.7% 7% and 2%
respectively. Figure 11 is a graph of contrast ratio
(CR) vs lum nous reflect anc® (% RL for perfor mance

oo BEA ol RAE e M O BT P4 e

cordtasutatio @ diok Wevicesdisrincrbasgt up4® ahout 3D: Tauddes r@bout 100cd/A and

abét.lt |1U?]I a%ﬁtﬁent-mb @ogg?&#&ur e%@{ﬁo@g ')Q{ntr%%:rataqcan be

furtaer ingreasadsutel ahouhl @1 {see 1168) foutngl sarrtpLeE@rL@tureu 608 pfeFigure 6
ie. %%n (é: W;Ebes@durg he 4R akd Jc&ﬂw@néngg %a{;t%HJeﬁf at:{% fné!%(

l'e contro D structure

an%ﬁe an @gertyradegiass sipsirate. tﬁé’ssﬁrﬁﬂneb@g@”ﬁdr emurigure 0¥ and

an(:Fe' PV kifat We shinpd ﬁﬂUGMFeeGéBl of thuFé'iG daf HPRREY B Ecnﬁftast of an
contrast ratio CR of the Sanple structure 50

OLEPdﬁP@YBthnépeé?t%ﬁ’RP@hF'BBﬁ@P'e&'@U"@?V%ture on fI at

gl ass substrate, is about 5:1. It can al so be observed
th t he sanp ructure 602 _of Fi
CompAtIe b s b davies BELSTR0PELP" dnF S siturtures 502,
508 uf Figore 5 axd 6@23)608&15 F'éguhsl ghme:tebbrsmm raattdn‘na.'alng%n2 of lfntegrated
structure
soqgrelecisite! et Bl Rlrwpr ot R oG ofiGedsiag e sampe
struchoregased up to about 30: 1 under about 100cd/ A and

about 140 lux anmbient illum nation (conpare 1102 and
1106). The contrast ratio can be further increased up

t cAvdrage Saffecel ($ee 1108) for the|lsanple strugture 608

f Flgure(?‘e vhen a OLED struc zr'e isfabrlggb
c rlsr%‘bgé'a?ajlent refractive & 1TO an on a
t extur dRayl ass spbstrate. Thus, i} (RatGlass)obs ¢ Tedured

from igur3,rni& apd Figure 11 that|the sanple H&%t[))ure

608 of \Fi g can enhance the cpntrast of a
di spl ay en opefated under high pnbient illufination.
m‘gﬁ)bl el ow tabul ates the devicp performance¢ for the

sanpl e stru tureg 502, 508 of Figphre 5 and 602, 608 of
TyReRflE06. The tapl e shows a conpafison of intégrated

Anode
Low Temperature ITO | Integrated 557 7
(Normal/typical ITO) Reflectance (%)
Contrast Ratio 5:1 33:1
ITO film thickness: about | Turn-on Voltage at| 4.0 3.6
130nm 100cd/m’ (V)
Maximum Luminous | 4.8 41
Sheet Resistance: about | Efficiency (cd/A)
26 O/o
Gradient Refractive | integrated 29.7 2
Reflectance (%)
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spectral reflectance, contrast ratio, turn-on voltage
and | um nous efficiency of the sanple
wGeRoosarisses. Tabl ei Therefore, the above perf orpeEnse2008/000109
conparison indicates that, preferably, integration of
a gradient refractive index | TO anode with a
transparent textured substrate can provide high
contrast OLEDs. Further, a substrate with a textured
surface functioning to diffldse |ight can enhance |ight

[ a 2|

Aot it froarmy A [T Ay oo o M- Ao reasr Ao o
UL'J 1 TTT N AL 1 b < U1l AL TTCTITL vdAall [J / UucT «Aa
'“éﬁ_’EDMEééM? D%%ﬁ%arsﬁgéh ari %l‘or flexib Uts‘(ﬁ
refractih@iad@NITCUbSt Turhean aVoltagh eat | 4.86f racti ve | #adex
ansl ucent r be el eftrically copductive
[(stc')/? i Tisult |'°Hg%%3 %ahﬁg? f or med| over the grhdient
rateed,7aCt iseemi neisx Maximsinuc éomihensef 2.7an or gani 2.2

R AP, Jktsey [T o (e 70 per e

hol e-transporting | ayer, an organjc
IT?'fffrﬁ%i%%E?%BB{ ing layer formed over the en]ssive
ayer, an thin g ectron-injector formed over }[he
3@3mactron-transpgrting layer, a nefallic cathofe |ayer
formed over the |el ectron-injector| and an encapsul ati on
| ayer. The transparent substrate fan be gl ass|or clear
S’rﬂeggﬁﬁlétaf'@fl@oﬂﬁ h a perneation brrier layer|suitable
2d @ OLED/ PLED applications. The tyansparent sphbstrate
Is textured or provided with a reflection suppressing

el enent or |ayer| conprising roughfor irregul afly

textured surface topography. The gradient refractive
i ndex translucent | ayer c_f%?onpri se one or nore

organi c or inorganic |aye letrhe gradi ent refractive
i ndex el ectrode has a thickness in the range of about

10 gm t.o abput 400 nm, The gradient refractive inde
ol HARE" T8¢ 8P, FaLPHIE B arERPh) BHCRen, Dk ofelorabl,
integestivaof a yeadientiefrattiverisjexrié0tanetie vith e denszanerdl ¢extwedsobstrate

us| 0 i ndiovi | teria I_n c [ |
carh ey B, PEHueE Ll PR et iR lild, Htace
funttionimg de diffyseslight casr @éngnce light patputeficap OLEDSon and ot her
thin filmdeposition techni ques. The textured

substrate can be integrated wwth a gradient refractive
i ndnxexampie embediment caneNidenrg PLEB/OLED device comprising a rigid or

flexible transparent substrate, a gradient refractive index translucent layer that can be
electrically conductive or insulating, a TCO layer formed over the gradient refractive
index translucent layer, an organic hole-transporting layer formed over the TCO layer, an
organic emissive layer formed over the hole-transporting layer, an organic electron-
transporting layer formed over the emissive layer, an thin electron-injector formed over
the electron-transporting layer, a metallic cathode layer formed over the electron-injector
and an encapsulation layer.

The transparent substrate can be glass or clear plastic foils with a permeation
barrier layer suitable for OLED/PLED applications. The transparent substraté is textured
or provided with a reflection suppressing element or layer comprising rougH or irregularly
textured surface topography. The gradient refractive index transiucent layer can
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contrast ratio of OLED/ PLED di spl ays. The textured

substrate is able to inprove the OLED |ight output.
wahoos/12333 ur ed substrate can be used for OLED RUESGz08/000109

ot her em ssive displays to reduce the amnbient

refl ectance and hence inprove the contrast ratio of

the displays. The TCO |l ayer material is selected from

a group consisting indiumtin oxide (1 TO, zinc

al um num oxi de, i ndi um zi nd8xi de, tin oxide,

oo TR 5 B Y B GO e o

ele¢ttvde hmsaa thickbedsl is tiierange ef aboutn! Ganmde abauta4(OL DY TheE@adient

refrgageem%eﬁ?;ﬁ?é&r\é&e %e%hrﬁgd usif n‘gl oot onéﬁoa?é A g%@.e*ﬂ? réfefle index

a Co
trangparent al@trodmecanhbe:%nr@sey gsing h@er@@l\r@;ﬁérTC‘cfamatgnal or in a

corfihaRh ek gifeRnE TED! Ae! GiyBEA Uefibiinf 7T M8 cln|K¥'made by

] unction netal or dy
spufigring. ftheimal eyareeatign aaﬁ@thﬁéﬁfan ¥ am spos'tsonsfépfgw@a Thetaxtured

sub@fr%&aﬁ‘ﬂéﬁht%b%a@i With al bradné?’@ refP&tlveTﬁ*uGe)@ lel%@ﬁ'édér\‘of Qdmr%bﬂé the
hi n_bilayer of

conRG315,0| GHERPLTD Sslak] Eq s sHestats (el th Tprove the

OLEDPRJAt lolitpdg m&uka&D,susstrH@cuhtH@ asédEfdraomEmeLEDd@w other

e TR 208 B ST Tt e S iEpontes
ratib bEtl'teOmMﬂaiVst Th@@Cmﬁ@f iMdtéiatl issqBlexyed frorg @rgrodR carssisting indium

h
tin BEAR AT cifd SHHEM odde dndiflh Aine $74d, 3, Piel SE 0 Eiro)
Zn-n«8mdl ZIEOH0Ba-ire0t (GIBY, ZtlefD 1210), othet ﬂ'@ﬁISpandSMrbon nanotube

(Cl\fﬂlﬂqg%traa}% %uftacble?fo?%g SQ an ’%‘Poé% fPa %’%%ﬂ)/OlﬁE ﬁ&' %Raernggi\i&t device.

aren
Theseepatefialg, caorie mednndldeallgmr vsth atqon'@nrlaagfepfsdnffsrehbmmials

Thé’@ﬁkgg?st SRS PEDS N er BATEE ?@gﬁe%’afhesélﬁmmom@éctoﬁs formed of a low

Ive electrode 1Is
workifynatioa ninetal oy mMesglealioy. Abe dowe prvorkfunctien mstal yansd fﬂeé%Pe?{“OY is
sel%&eiﬁ‘&%r@ﬁp E&%l&lﬁ%@%f’@r BAM§ ulk?r%terl&.ttr%nf éct@rng‘ﬂi?ﬁb@ ©f a thin

rast_of devi ce,” The above eSCTI

b"aéfﬁ%tﬁfnl-'gmé (5 SR iy Me/As op CRAY elf arrefieftivg 2RPde If ‘dﬁedd" a top-

emBtirdOEBD/FLED, ACTC O Qvithnsl eefrakfivd maex grauietnh can tarsartfaoadeeras an
substrate having te ogegredf eat.ures provi

oragignt eRfi@ctivenidex, 71088 &ofRitieREng dhe ﬁ“%éegé'?"f%é’f fhgetop gmitting

OLED/PLED display.

Figure 12 is a schematic flowchart 1200 for illustrating a method for forming a
light emissive device structure in an example embodiment. At step 1202, a transparent
substrate is provided. At step 1204, a transparent electrode is formed on the transparent
substrate. At step 1206, one or more light emitting layers is formed on the transparent
electrode. At step 1208, a reflective electrode is formed on the one or more light emitting

'Iayers. At step 1210, a textured layer is formed on the transparent substrate for

enhancing light contrast of the device.

The above described example embodiments can provide an integration of a
gradient refractive index TCO anode with a transparent substrate having textured
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reducing the reflection of the anbient |ight and hence
i nproving the contrast of COLEDs/PLEDs. In the

wolemen2isexl exanpl e enbodi nents, the refracti verdmse2008600109
the TCO anode can be engi neered by controlling the
filmdeposition conditions, while the textured surface
provi ded on a transparent substrate can be created
using e.g. chemcal, physical or nechanical
techni ques. The results froM fabricated sanpl es show

ha h /
foa gl Ry ae, TR R, PROGetSAeo B efoctve i
redozing ethe defleatior afythienamhbient Tighta andi deacel Iltnh@vslgbtttEr a@rﬁrast of
OLEBLFRERSIRY B8R Abe P e tbmed/ bBEGmRUIMRTEFackle Index %Lt%%srco

strate can e var mCro-1I nc
anads danrbdrendiveered dyeooirellingtbe film depnsition senditiRnsowhile the éfadured

surﬂ%@?se Wi 8 %ﬂréttl:a?éb%rreﬂf éLfBSf?;te 2Hn % Eg %dﬁ@lﬁgaé‘%%ew& BRYsical

I NC

or @amlc@w@chwesm@nreau'@m faﬁnéatsqd §9Meles shpw fhaj the contrast of
OLEDY/PYEPRY nidde f3mg tl?é]gxé?ﬁ}f@éiﬂsgdl%ﬁ@ caf bg c3RtrShBY by adjustlng the

refractive index TCO anode is used. The results also

oxygeB wefigiency im dhe,  TQ anodeosic thesusstrate E%aqeueag N9g8iee.0. surface
rougﬁhé.as $fhihe Y adEP b Gbstraiko darit varied Yirath Ienthe o & wilerblimoh up to

f f th f

e At 3BT RN pr DBE SR T SHed e e PO e of an
OLEafFrlmubd:aéebe mdaisr aiﬁa@aﬁmatetotéamut oo, at bgomuoo ?d/mzt and about

SCriped ex e e nis, c rovide_contr .
198 TR B Re BT PR WA R ] SEE) 9 LeRBEBod it o
grddient cefedctivel mden TOC atede is bse:ti ebtenmeseltsc also cihownthat thenvisual

i N | d

coffih 2 SEBEL 9 ety o el ShhA K7 AL
furfidreof the srface sodghpescaof: te mfghtmmuppmsmgleme@l epd theprocess
ol @ iutidrh RéhraRiive AGEY HEGRRbE A} PN OF Process

|on cur el ng using for COLED
fabrication. The above descri bed exanpl e enbodi nents

CanePRgherPild GBBIE J&Eru@dE@érﬁHEDém%Jlmeﬁtsvééd Jrdvi®d contrast

devi ce architectures, ) t om em Ssi on

enbasemANt af kg Dsrand; D betagie SRS ASHPY gestufhasabovg described
exéwistbt éﬂBoduhQﬁsaQ&Veoéjﬁiﬁfé@#a%d AN BBWMY WRVKLE fBhcation
proc%ssuesse1c'lhef aol:fovg r&esacrl]'l(t:aleg %x;/riwglg aelmbggurr}mterntassctan orf]fer a way to fabricate high
contrast OLED displays without acquiring any additional equipment or process
modification currently being using for OLED fabrication. The above described example
embodiments can be applicable for OLEDs/PLEDs with a variety of device architectures,
e.g., bottom emission, top-emitting and inverted device architectures. In addition, the
above described example embodiments can be used for enhancing visual contrast in
light emitting displays, such as, but not limited to, OLED/PLED and other emissive

devices on rigid and flexible substrates.

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly



light emtting displays, such as, but not [imted to,
CLED/ PLED and ot her em ssive devices on rigid and

wo besitkdses substrates. It will be appreci ated bRCESG2008/000109
person skilled in the art that nunmerous variations
and/ or nodifications may be made to the present
i nvention as shown in the specific enbodi nents w thout
departing fromthe spirit or scope of the invention as
br oadl ydescri bed. The preset enbodi nents are,

t her ef be considered, in.all, res
oo borl PR roae R AT ROPEPE A inp Birde. e E BRSHEl B esects to
be MQ¢iratias abbpot restectivesed i n t he exanpl e enbodi nent as

the material for the gradient refractive index

el ectrode, other materials nmay be used, including, but

not Fori exatrple, whjle ACAehasrheeh dissidsed in therexamplEGMkeodiment as the
mattiaP e H@n rtaH*%ﬁtc’ réf e ek Miedirod®, lo'tl'@?’tm&gha“‘@'n\ffy be used,

evi ce str cture e structure conhprl

includings putr Beft limitesisto; aat matesiat eembipaliam of EC@c anch eerbm magetubes

(C “the transparent substrate; one or nore |ight
emtting layers formed on the transparent el ectrode; a
reflective electrode formed on the one or nore |ight
emtting layers; and a textured | ayer forned on the
transparent substrate for enhancing |ight contrast of
the device. 2. The structure as clained in claim1,
further conprising a gradient refractive index |ayer.
3. The structure as clainmed in claim2, wherein the
gradient refractive index |ayer is capable of
suppressing light reflection of the Iight em ssive
device structure. 4. The structure as clained in
claims 2 or 3, wherein the gradient refractive index
| ayer functions as the transparent electrode. 5. The
structure as clained in any one of clains 2 to 4,
wherei n the gradi ent
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refractive index |ayer conprises a transparent

conducting oxide (TCO |layer. 6. The structure as
webk@snexs3s n claim5, wherein the TCO | ayer conpeT/S€X0&mM0109

oxygen deficient TCO material. 7. The structure as

claimed in any one of the preceding clains, wherein

the textured layer is formed on an outer surface of

the transparent substrate. 8. The structure as cl ai ned

in any one of the precedi ngdlclains, wherein the

CLA ured layer is formed as a surface nodification of

the transparent substrate. 9. The structure as clained
in claim8, wherein the textured layer is textured
usifig a @Wﬁﬁsw&%@h&! &Hﬁtur@hM@!st?@turE%SHBhﬂHf

bot d for formng a light em ssive deV| ce
st r%h‘@ﬁﬁpéfent sibshatehod conpri sing, providing a

t r agarsparEnt Siubrddeddrthedionitng fﬂﬂws%alefnﬂﬁﬁi%&é@m eI ect rode
on the trans&grent substrate; forni ng one or

i g?ﬂe%mqfﬂ' emifing laveys, fomed op e Eﬁie"te?'@%tfqucie
f oranigfgctive retéctreaé ﬂobiﬁecﬁd)rethb foRd @r mdrd ighit em&tmylayreag end

t heh o avetpr e e PE et et 7 <P tCna et siest

of tivd déviee. devi ce. 11 The nmethod as clained in claim10,

further conprising formng a gradient refractive index
| ayer. 12. The method as clained in claim1l1l, wherein
t he2.gr adirenstruatfineass iclaimed dexclaieny dr further agpanhprisingf a gradient

h | l'ight reflection of the Iight em ssive
ref%&\e’igcrgds%t%ct ure. 13. The nmethod as clained in clains

11 or 12, wherein the gradient refractive index |ayer

fu ngt i 0 @c?asctrutchﬁe ¥ @lglﬁ%?rlﬁ Rairf? lze\%érgﬁgelh% bflav% ieht ?Ef%tl\%o ifldex

as clai n any one I"al ms erein
layefriscanabte ¢féﬂp@r§§smellghh@ﬁstcﬂpa;wétheélshmls%ge device structure.
transparent conducting oxide (TCO | ayer.

4, The structure as claimed in claims 2 or 3, wherein the gradient refractive
index layer functions as the transparent electrode.

5. The structure as claimed in any one of claims 2 to 4, wherein the gradient
refractive index layer comprises a transparent conducting oxide (TCO) layer.

6. The structure as claimed in claim 5, wherein the TCO layer comprises an
oxygen deficient TCO material.

7. The structure as claimed in any one of the preceding claims, wherein the
textured layer is formed on an outer surface of the transparent substrate.

8. The structure as claimed in any one of the preceding claims, wherein the
textured layer is formed as a surface modification of the transparent substrate.

9. The structure as claimed in claim 8, wherein the textured layer is textured

using a chemical technique, physical technique or both.
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15. The nmethod as clainmed in claim 14, wherein the TCO

| ayer conprises an oxygen deficient TCO material. 16.
wab@sneishod as clained in any one of clains 10P¢DSAH08/000109

wherein the textured layer is forned on an outer

surface of the transparent substrate. 17. The nethod

as clained in any one of clains 10 to 16, wherein the

textured layer is forned as a surface nodification of

the transparent substrate. 288. The nethod as cl ai ned

in claim17, wherein the textured layer is textured

using a chem cal techni que, physical technique or

bott0. A method for forming a light emissive device structure, the method

comprising,
- providing a transparent substrate;
forming a transparent electrode on the transparent substrate;
forming one or more light emitting layers on the transparent electrode;
forming a refiective electrode on the one or more light emitting layers; and
forming a textured layer on the transparent substrate for enhancing light contrast
of the device.

11.  The method as claimed in claim 10, further comprising forming a gradient
refractive index layer.

12.  The method as claimed in claim 11, wherein the gradient refractive index
layer is capable of suppressing light reflection of the light emissive device structure.

13. The method as claimed in claims 11 or 12, wherein the gradient refractive
index layer functions as the transparent electrode.

14,  The method as claimed in any one of claims 11 to 13, wherein the
gradient refractive index layer comprises a transparent conducting oxide (TCO) layer.

15.  The method as claimed in claim 14, wherein the TCO layer comprises an
oxygen deficient TCO material.

16. The method as claimed in any one of claims 10 to 15, wherein the
textured layer is formed on an outer surface of the transparent substrate.

17.  The method as claimed in any one of claims 10 to 16, wherein the
textured layer is formed as a surface modification of the transparent substrate.

18.  The method as claimed in claim 17, wherein the textured layer is textured
using a chemical technique, physical technique or both.



