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WD 2005/ 117501 PCT/ SG2004/ 000146 1 COWPGCSI TE OPTI CAL
DESTRUCTI VE ELECTRODE FOR HI GH CONTRAST

PIOR09FF0M NESCENT DEVIHCES Fi el d of the | nveREEgH2004/000146
[ 0001] The present invention generally relates to

el ectrol um nescent devices guch as organic/polyneric
light emtting devices (OLED)PLEDs). In particul ar,

the invention relates to reducing reflectivity and

e@j&gﬁﬁict?m pﬂ;@ : VR EDECTRODE PORHIGH
conmposite oppca %%??]raugﬁt\% |'ayer. Background of -

t he | nvenONIR A STRIL EOTR PUNENESCENT DEMAES ear s
been actively used in Flat.. Panel Displays (FPDs)

technol ogy. Both organic and polyneric light emtting

devices w |l hereinafter be referred to as OLEDs.
Fifla008ik InyentinED i s nade up of at |east two el ectrodes

(a catho and an anode), .w th a | j SEN

st adf00dh %WB%BB@P\S\%‘E epaly Telgigs {élegeg@oh%ﬂesﬁ. ; !ilftﬁe?§1 uch as

el e Qrﬁﬂyﬂl% ¢ ke TEWick4! (DNBD/FIMBINY.! S @n Ofarticular, the .-

sevg)%éf?i a eré?qg%anpl es” of whi c(h are: I'?ght % ' )

em tihvefion aylates Bol edicimgnsphedivitpyand amblaneing c theorcontrast. in

transport layer. The working principles of OLEDs are

wel |OLETRRRED#bY bavingra compasipamiotl SestBetya i her - -

di scussed here. [0004] The el ectrodes of COLEDs are

often made of netal or are forned on rigid or

exi sttt es which are both highly reflective.

B%’%ﬁ“ﬁi&ng su%:l{gl OLEDs in FPDs, this becones a

genui ne concern. The netal electrodes of the OLEDs _
nakijpm2] QLEDBELERDhact in tesbhtereas desn laptkeiya vpad i Flat. Panel

ARRUER T R e e e L
[ ibility. Simlarly, wh )
Vi su@&%%%%%%gf%?ggggg%bmagﬁ] ility. Simlarly en

el ec e ly reflective glass-Iike

§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 fransport layer and electron transport Jayer. ‘The -
working principles of OLEDs are well known in the art and need not be further .

discnssed here.

'10004] 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



T

WD 2005/ 117501 PCT/ S&2004/ 000146 2 substrates
reflection of anmbient |ight off these glass-l.ike
HABWIWTY 5] so causes | ow visual contrast aifdgHHu/000146
legibility. [0005] Present attenpts at reducing this
reflection of anmbient light 2 n OLEDs are

di sadvant ageousl y expensive. [0006] Polarizer filns

have PofSRHARE gttt ho S 1iRd subbiitbalSo e |
gooas ect an can i arlfl3 applied tor FPDs. oW
Fbweﬁ@falcdnhﬁstaﬁwpmlagibmth.e poI arizer film

constitutes an additional bonding step to the
production of the FPD. This aside, polarizer filns

2 B SRRl o 0 RS iy i i OLEDS e
the - IntagEARBIdxpbMaRE. t0o a linited range of

hum dity and tenperature of the polarizer films. This
al so results disadvantageously in the inclusion of a

o1 0BUE] g R e e S e ) i g dp 8004
P 581 OW@ 8@?&%@5@5 [ BB el o e polaives

el ecfii &dnkfitites @A HAGT 0N bohdihy stop 3ot pediaisarofabe FPB. This

cat hode of a bottom emtting OLED. This electrically

condaside paarfzey filmsdrs emwchge i preetsmperatyis epvisonments, as

o0 SRR A, R, 6 AR o R B o

" absopbing | gyer tézﬁpegﬁr%] Cadfl ymémgslgﬂj ber @ filinX ! Uﬁﬁ'sOfalso results

or gan c ahd i s place t ween t he cat hode .
and gibpivaigabity hRyes .inch@Rashf Bheneralr aonlisereatipafart of the
met hods using additional light absorbing |layers of a
var | megufaturigfprencesaf theefPE): | Biiseveniyolissulis d er costs.
essentially address the reduci ng of refl ect ed
anmbient light by incorporating a lowreflectivity

| corm@ﬁe,}] eAﬁéta@%ﬂ%&fs%ateﬁte g%ﬁﬁﬁoﬁ%aﬁ&haﬂ nRl 2088/8088593A1

for device optimzation. It can thus be-seen
t hat tchéies en edifiéaly &oﬁt&ﬁﬂvefhght &s&bhigll@eﬂnﬁhefcﬁihodel ofea bottom

way for
Y 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 oxganic 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
reflacted ambient light by incorporating a low reflectivity composite cathode that

requires an additional step for device optimization.

[00039] It can thus be seen that there exists a need for a simple and effective way for
reducing ambient light reflection of OLEDs.



reduci ng anmbient light reflection of OLEDs. 3
Sunmary of the Invention [00101 The present invention
seeks to provide a conposit’e optical destructive
| ayer and conposite optical destructive el ectrode
for r ggcing,reflectivity and enhancing visua

_Smﬁ%ﬁng £ IVRIYYPEDs. [ 0011] Accordingly, in one aspect,
the present invention provides, an
el @bl THEIpRESHE §RlenElRVd68 16 PRRIdeSI Slipodie dpfi8dl destructive layer
conposite optical destructive electrode capable of
r ecandi cogppostt |opttal dostmtthvanddcande for ghtucing reflectivid and enbancing
el ectrode; and an el ectrolunm nescent stack forned
bet igehcosgrd i PLEERS- conposi t e optical destructive
el ectrode and said second el ectrode; said
el ectrol um nescent stack conprising at |east one
| i gjovi@mMAkbaBglyayer ; ondhekgic) 3@l dprbdchSt GBS bito@ides, an
optical destructive electrode exhibits a gradient of
v arsj¢ctrglugengsesat dayice cefpraging: v dirst pgerositp 00te2] dgspuchine electrode

enbodi.nent.,, the present ipvention.provides, an i

of RPN i AT rTEGIR 8 BRI | kgt P Bperode; and an
COMNQebiugifdRdeht acld @tbd Ghivéen &4i8 CASOEn oA B R a0 festructive
reducing reflection of anbient |ight; a second

el egd¢ctrodeandanidl servné klectadel saidi chegeleminesemckick fonprisokg at least
between the first conposite optical destructive

el eaaerleﬁgé elaﬁlépgt }[argers @’é‘%‘"ﬁ’ﬁ salél| ‘E F‘B’E@;‘m‘i ﬂlgical destructive electrode
el e ' L S| | east one
Iid%%&g%?g%?%gﬁﬁg%g§%%%gﬁ%?gﬁﬁﬁéhgg¥?%st conposite
optical destructive el ectrode exhibits a gradient of
varéig%égegrees of refractive index. [0013] In one

e b8 Zirdntone tehgodimerfe the RreRENVIoD PEIdtesan gedsotummgrpscent

emtting organic i ght emtti devi cge conprising. a.
UL ERITe § G ihete Sl ARG S e RnaBle GRipaleine
el eehEBEE of AhbRINE GlehOla WL HRSEERLAS t A8 Kanf QEARHARSIEVEE Qiack
the substantially transparent first electrode and

t hefosmaiobdweadnetht rfosieconiphdteedpeicilr dbirtine skeenide shaake second
conprising at least one fight emtting layer; a_.
conPesErie lsptlecealundeeseent eagk@mpgiag af lsgst one light emitting layer;

wherein the first composite optical destructive electrode exhibits a gradient of

varymg degrees of refractive index.

[6013] In one embodiment, the present invention provides, a botfom emitfing organic
light emitting device comprising: a substantially transparent first elecirode; a second
electrode; an electroluminescent stack formed between the substantially transparent
first electrode and the second electrode; the electroluminescent stack comprising at

least one fight emitting layer; a composiie optical desiructive layer for



4 reducing reflection of anbient |ight forned on the
substantially transparent first electrode; wherein

the conposite optical destructive layer is forned
fromat least a variant of a parent material formng
the substantially transparent first el ectrode. [0014]

I N QARiBMHRALHIERE ambRE: RER SBRAted BV RBthRRnBAIRY ir&ifSare® first
top emtting organic light emtting device

c ongdecireday geheminf the simpebiec optodeiestacgvebyans fomhéd/from at least a
transparent second el ectrode; an el ectrol um nescent

st aY?R‘a‘Ft&f e ariEaiotnes the siistaatially frapipareniiystefretrode.
second substantially transparent el ectrode; the

el ectrol um nescent stack conprising at |east one

| i gfun1gnint dnk Rgnbbéiyeit, th EresdpoRivéngion pidviit, (0P tefliCihd \beranic
| ayer for reducing reflection of anbient |ight

f or gl eavitinhdevieg lsemprring o fyst elegiedsat abstanidly frgnsparent second

el ect rode; rein the co site.optical destructiv

oy SPURECH Rt SRS P PRl B SRR
mat elohd sub@AniMPrdntShrsi Btdat; i8¢ LYool ARSRANE ALk S6MRPMGh at
el ectrode. Brief Description of the Drawi ngs [0015] A

pr efeestrand lmhbeditignteyof atdoeppsigsenticali devtartiveofuyen fok reducing
now be nore fully. descrjbed, wth reference to the
dr aw%ﬁg@n&? R ight %%% mpﬁg S]%ﬁtﬁnrlﬂ& transpagent secqypd efpctrode;

a) C 1) ca -
0 RS b e e Bt R el ol s Vi of«
b) bpapnt@ikdial Bonif} MBsitaniutly antpaes: saddnb clebterdpr esent
invention; [0018] FIG 3 illustrates a) bottom

emtting OLED and b) top emtting OLED in accordance

W.th anoth nbodi ment of the present invention;
Bm\é\%efg]lpq’ﬂ’&fe%elﬁfﬁwdnsg(sr ates an exanple of a bottom
emtting OLED structure in accordance with the

pr e gdms] Anreatrddosmbodinebn\OX 305 éskdA /A 0htion will now be more fully

PCP/ SG2004/ 000146 5
described, with reference to the drawings of which:

[0016] FIG.] iliustrates prior art a) bottom emitting OLED and b) fop emitting
OLED;

[C017] 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;

[6019] FIG.4 illustrates an example of a bottom emitting OLED structure in

accordance with the present invention; and



[0020] FIG5 illustrates a graph of reflectance. of a
bottomemtting OLED of FIG 4. Detail ed description
oWorms1DISeM ngs [ 0021] A |ight absorbi ng el ecP€D8IG2004/000146
for OLEDs with a preferred enbodi nent and an
alternate enbodinent is descgibed. In the follow ng
description, details are provided to describe the
preferre nd .t he alternate_enpodi nme t shall, be
Db aFs TS, AbSERES ekh of REIBSRICS (Lo LUER FRIEPE HALED of
inveﬁf(iign may be practiced . wthout such details.

Sone " of the details nmay not be descnbed at |ength so

as not to obscure the invention. [00221 OLEDs can be

- further classified into bottom_ emtting and. top-
emitting OLEDs. IRésiled dpserption ofithg Prawingst ypi cal
bottomemtting OLED 10 conprises a substantially
transparent first electrode 12 fornmed on a.rigid or

fl expﬁﬁﬁ A ANPGRS eledtibls for BIEDs3wi 8 pfferred embodiment and an
el ectrol'um nescent stack 15 fornmed between the

S ubs hitandaten binpodimentnispdesediiedf i Irs tthe | follawingl aled@iption] - details are
second el ectrode 14. The el ectrol um nescent _ stack 15

wi | | providechde dewsaibe ithe Prerredaand the ajtgRete combodimegt| o eshall be

for producin MR ' i.Qn, 17 vj e: the .
subs BEREPE Y G el o8 pieobl AR BSHbHH Bhy' B practiced
t r angpRGR KMch s, r Snte d%the HO@EShayRRdttel deR@ibbP atFksath so as not
| b, atop emtting OLED 20 conprises a first el ectrode

22 toonbsmuk the investidest rat e 23 and a-substantially
transparent second el ectrode 24. An

el ectrol um nescent stack 25 is forned between the

S ec oA GLE0E S g e Vaesi TP B Bobth bt W2 Y6 iting
el ecprebyMmpesste FEL. & la t9pical BotofOBMRiEeOLBD 10e8shprises a .

one light emtting layer for producing illumnation
17 vbubstaitialy tfanspargnt fitsbelecitogle 42 torsiedl pn prigivsqraliesible transparent

Cat N O etrte 13 il 2 laettolumminascent Hadk 15 ot detween the substantially
transparent first electrode 12 and a second electrode. 14, The electroluminescent
stack 15 will further comprise at least a light emiiting Iayer for producing -
illumination 17 viewable through the substantially transparent first electrode 12 and

transparent substrate 13.

10023] 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 elecirode 22 and the
substantially transparent second electrode 24. Similarly, the electroluminescent
_ stack 25 also comprises at least one light emitting layer for producing illumination 1
17 viewable through the substantially transparent cathode 24.



[0024] The second el ectrode 14 of the bottomemtting
%E;{B d the first electrode 22 of the t _

em tolg’gla ED 20 are often nmade of netal or %g:\'fgmwmm“
highly reflective surfaces. This netal electrodes or
highly reflective surfaces Befl ect anbient Ii ght

whi ch causes | ow contrast and poor legibility in FPDs

mad go624p 'Thet seamd dlictrbds. 14 G0DE|botom pmitnn OLEDy thendthe first
i n one enbodi nent introduges co site,optical .
desalerpic &2 pae o eI 26 ahpip Pals skl g have highly
refl egti.on of. anbi ' 4 .
conﬁS@?che SW@&I '@%%éeba%ﬁe\a/c‘g%?{ayyg% |é§ Sag\l/ag?ﬁxggeou_si yreﬂect'
madexniifient RLEWhiGh Saibs BRont@stnahdi ook Neyibilitg dh FPDy mhadg from
process of the OLED and al so by manufacturing

pr odhessed3LEIDher ent in t he manufacture. -of the OLED.

Mre. particularly, the conposite optical

destructive layer is made froma variant of a parent

Mat §hhdah R 3 oftd @;‘ﬁkﬁ%&eﬁe& 2tom@Rite optical
O_Egﬁb%e’ﬁéyﬁéeﬁtt ingér@?e:ﬁl?g? gll&lp ers fromthe p%?@r%lt P
mat eddshctive 1 tot theOLBD iwhidh rethees il reflstion yfembient light from

deficient. [00261 The oxygen deficiency in_ the
var i thatOL#D.e Thalcomposite optited destructine laysr b dypntpgsousfyaprade of

a change .in refractiyve index. fromthat of .t par ent

ot SRS SREOE SR £ BTHERIOE O ATV gl elso by
t hat_j f e irapt tehbBhtdeS. 18341213 3 .
to a%é%lrf%ﬁgﬁﬁ C%S rg§3%£ aﬁg?éeﬂrtlt %E‘I;tn%ls wel I”oggl%] More-

r ef | peti@darBirimeetimpobighbptichlr destrdtive dhyee tis niadmirom sceniant of a -

device. [0027] In another enbodinent, the conposite |
opt | pratntdeaierialesadvie forp e pfythe plachedes qfean OLED. The variant = -

I ncor por,at info gne of the electyqdes of. an .

res u‘F‘gtFﬂ‘a ‘s%eré%’ Sharet el A s&‘? l}’é{‘?@é‘m%‘% oxygen

el ec%eﬁg%gt The conposite optical destructive

el ectrode conprises a gradient of varying degrees of

oxygen deficiency in the material that is used to

formthe el ectrode. The conposite optical destructive,

el echop2sd THeyexygrssdoisiprich in Boayaright qentaist capses iy Yarig material to

gis g}éar:(r eeg a?: rgg {nr r%ﬁgclti%e m'da@cdﬁ)%n B3N 3F qlebﬁfm;ntﬂ TateRhY ' P8 composite
optical destructive layer that is made from the variant material is then able to absorb

incident ambient light as well as reflected ambient Iight: 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-a2 composite
optical destructive electrode. The composite optical destructive electrode comprises
a gradient of varying degrees of oxygen deficiency in the maierial that is used to
form the electrode. The composite optical destructive elecirode 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



deficiency. The conposite optical destructive .

el ectrode is thus also able to absorb WO 2005/ 117501
BOr08%H384/ 000146 7 i nci dent anbi ent |ight ASTRGEPN4/000146
as reflected anmbient light fromthe

el ectrohuni nescent device. 70028] Referring to

FIG 2a, a bottomemtting OLED 30 in accordance with

the . - gﬁeyg cb2@ aeBIFROEdht GoBRkd Eladtroluminescent
dest?ﬁéﬁ%ﬁg‘r Béwan??n?d between the transparent
subsdefigé.e 13 and the substantially transparent first

el ectrode 12. The conposite optical destructive

| ayer 35 is made froma highly oxygen deficient

vari ant t he nt i taqfsr : ‘
o1 eciBim et BT ANY Bl LhMRAOLED 50 h'idCordanco with tho
anogﬁeskﬁt Blrertdf HADIHe QOGB! btigal ARUCHDe layer BY fiormad bytween
made of a transparent conductive oxjide (TCO .. The

conpis ittanspapnt salistrate ekt andcthe abstanjially gasppreptErshsleptonde 12.
S Ubs T FErEPHp (RSB R B gy veen dofcent
oxygen. defd.ci " wedency in the TCO . . _
al thasna?d%ogl t%ep@p%nagfgpe %{riggiﬁrgt?@%cﬁgaﬁfgo causi ng the

oxygen deficient TCO of the conposite optical

destructive layer 35 to absorb_inciden ambi ent .
| i ghtoo2e) dThestibstartially tanspasent anpdmi2 ﬁéﬁiﬂt@ SBEigOLED 301

el ectrode in_ OLED 30. 0030] ..The._. i te. ont ] ;
st WERRN BAEgGT TBYH AR AN EOL T O} 1 o0 Bl optical
| nvegg&?&%ep 85 @ﬁ&@%ﬁ&ﬁ"éiﬁ&ﬂxfgm 8h i§ B&vah@E®usly made of -

mat efi al as the substantially ranspar ent

first
el eciibaEatialiy tbé sicheTOO bonexhibitig igh GBS 8dicieRte The oxygen
conposite optical destructjve |ayer 3%5

. . ma& al sg btg ~
rad eddficismenindonBe A alters theogptigpl prapesiins offag Lt faesing the oxygen
Furt por processes for f.or.m it -
e R Fop S S5k NSRRI o e
of 1 i iy mfi RSP SLRB 1i3hd fYonh th8 BEBRI @tkrodd i HILED 30.
el ec%%%%@%%g{ml—b?&v\}gver, to hh%gi fy the TCO which is the
material formng the substantially transparent first
el ectrode 12 to obtain the co,np?ic,i te opti %ﬂl ]
~ [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 elecirode 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 elecirode 12 -
and the relatively transparent composite optical destructive layer 35) may be



destructive layer 35, sone nodification of these
processes are required. [0031] The form ng of the TCO

| wpeaoss/iisebst antial ly transparent first el ect POTSGIB4/000146
and the relatively transparent conposite opti cal
destructive |ayer 35) may begWD 20051117501

PCT/ S&004/ 000146 8 perforned by thin film

oot Pt P i ERRTRE 3; Sh5 Rt A7 B BE Hietron.
m xt ?%u%glgﬂgaiﬁt% r?seﬁ&%g{h?%g 'a‘r?%s Piciurk 0P SthbNRlincing species or

enab ne o properties of the -

depogdnk i chablerto akaethRioptical ptdpedtieg 08 thealepasititipt . NThe RF or

of TCOis performed in_an argon/hydrogen gas m xture,
so abQ Magebon gentieriag gf ESEnscdprmivgldn 84 argop/Brdogemygas mixiure

oL R e B BTG gy T Ry M

the ﬁ@@?’ﬁ% en g3 RAhDSis Yk taRthe IR %ﬁ%grég idbfeeicey i@k TCO may -

destructive lfayer 35 is thus forned ma highly
oxygaRo Yetfirzie The vampasit opfical ldestmi@iyeusysd 36 d¢s thus fotnfed from 2.
substantially transparent first electyode, 12. [0032]
\When highlyneryatm delicient [ieEaats of the, TG e &R ploem  1he nsubstantially
such,as DC net puttering, reactive thermal
evapgf"%stp?rslf'\tf%%-egeé‘é%]ealn%. CVD; providing=, a oxygen.
deficient environment during the thin film deposition
woul d al so serve to formthe. og%gen deficient TCO

t her gdeg2if When ngpg dtheronsibasdsi forthop
| ayer 35., 10033] The .conposite tical tructive

| oy FPEG R geRCH sl SADYTALSS: g VBt ewoeen.
OLED ting i f+ ' &l ti

el ecé?%cﬁ.kmf"tém%énpo% !g%ﬁ&gg%ﬁoﬁi&%r uctc{é\;%ée%m form the.
el eclkRMe deAHnbTES thereh hﬁﬁﬁ tefcompssits BpticdbsERSive 1agér 35.
refractive index caused by the varying oxygen

deficiency in its material... , r [0034] Referring to
ive first

Fig.3 (a)., the copposi.t i cal .destruc . |

ol O Tock )enZsz"B’FP"S (e i P e 8o prporated nto the

ACCOLAMRGEs Y hd DLES (ELRREH a bohiSodhd BRicEPHRIARSS eRotrode. The
composite optical destructive electrode exhibits a gradient of varying degress of -

MDA

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

deipoglten, suddy 45J2C magnetron . -

[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 varﬁng oxygen deficiencies or a combination of different
materials. The composite optical destructive elecirode 42 may also be described to
be a semi-transparent stack. Its relative transparency allows the passage of light



o

gradi ent of varying degrees of oxygen deficiency in

t.he terial, which is used to formthe ele

m@”ﬁ% corrposi te optical destructive el ect r o%?ooggoox%
may further be made froma. single material having
varyi ng oxygen deficienci es?or a conbi nation of

different materials. The conposite optl cal
desbﬁﬁtfeﬁlﬂbm&baghﬁeﬁdmgmymﬁw desirblmiesent ek up absgrbs the

a sem -transparent st ack 1 |vetr arenc

al | ongidenth emb@g% 169'0{15%% Te GLED. * Thi ttimately
PCT/,.S&00 OOO 0%} edfromthellght emtting

I ayé’i‘creé’fsest ‘%ttf um nescent stack but absorbs the

i nci dent anbl ent and reflected anbient |ight fromthe
OLED. This ultimately increases the contrast of the

OL Euo3p D Wafeh forfimgithe compasite opiisak-dnsiradive &g slee E’@de 42 using RF
I(\j/:;:éuct ive first ﬁ%&%ﬁ%ﬂ%@&ﬁ%ﬂ%}*ﬂr RE . 8 varying the partial ..
m Xt ure 8 § defici th
hydrﬁ@‘ﬁeé%%hg %%? I'n varyl F%?{IE‘?\I/SI oo oxyglgﬁcym ©

def igice %Eoéxt@dt IMehe pE6éasy epfimintngcthe ﬂmp@ﬂ@@@&@l destructive first
form ng the conposite optical destructive firs

el ecactode 42 mmytherh b peréorped b p Fogle; GPNENIONF, &F@Oﬂ“‘m of TCO,

oy GuecRes Brogedh dRirry o gPi 8 ARt B velibe dogres.of
- 0eOReRer qeﬁcﬂé%@ﬁ%e@%@dcem is Bdeihg By o e prddRisSstep 2

is a ageou I a single process. step as

et ehé Matdiall apd @eRess useddo tond dhma)tx@omtemt@ak desh‘uchve first
optical , destructive first electrode is essentially

t he dertrede jseovmalipdbesemeng to FIG 2b, a top enitting"

OLED 40 in accordance with the present invention has

a conposite optical destructive |ayer 45 foaned on

t he tp&?@,—h ﬁ# amfifhe OEEDY iehReidamdaviti4he present
The [ra%f t {e&%ﬁ%cture of % present top 3

em tjnidigiofhkd déinpasits npneh}adeslmuvh dayenfts fawaed on the substantially
conventional top emtti ng CLED 20 tlﬂm FIGIDb

transparent second electrode 24. The rest o 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 destruciive layer 45 being formed from.a -
highly oxygen deficient varient of the TCO usé:d to form the substantially
transparent second electrode 24 of the top emitting OLED 40.



[0038] The conposite optical destructive |ayer 45 of
the top emtting OLED. 40 is also nade from

gﬁpP %1y the sane material as the . PCT/SG2004/000246
subst antially transparent second el ectrode 24. They
are essentially made from Tdfinsparent Conducti ve.
Oxi des (TCGs). The corrposi te opti cal destructive

| ay efppfb Mehods bOfobBRl tHel@ BAl)deSatsiof layer 45 of the to
defll(;lﬁt vari ant of fthe T%ausefto formthey P

su bsdsrmtthmga{DLED 40r am mma&ntsrmmdn dhee faswingorfethe gomposith eaptlcal
top emttjn WO 20Q5/ 1
PCT/ P 8‘1 of ?)b‘[t@mt]oﬁ%b%f formng the

conposite optical destructive |layer 45 of the top
emtting OLED 40 are typically simlar to the form ng

of tjnesos Sadaly, ehopimmaie optiat destutiive lagyrets /5theftop henitting
bottomem tting OLED 30. [0040] S|mlarly‘ t he
conpOEEPetlomay duther dstinagenorafed [y e spbstanirally frangpgrent second

emttin furth pleeld rat nto

Che s iodvity = FRdn itedt °§'e°8f Bfi AR 5 o= in
for nm@% ngl e conposite optical destr uct | ve second

el ectode 54 as in FIG 3b. [0049] The conposite

optical destructive second el ectrode :54-.0f the top
emttin

ComplU dgerpapt inté@elrd%”%%?? TR R p—
. ED 50
g?cgﬁgﬁ%@ sgp?%n%"n egé gﬁ%‘?‘ggﬁ%nwe@ of the.

var b &ﬁﬁﬁ%SOEED%YWobi@é  deBiridive B4ohd Hadirods 54

is wused to formthe el ectrode. e conmposite optical
dest aiscdompeissecpatien bfvyingidesits of sxygdmaisiicibhay it the TCO that is

absorb incident anbient |ight as Well as-refl ect
anbi @sstl 1 fogm ther glegirods. h Ehecgomposiiyepig! W@mﬁ%ecamde 54

e SReBoRk 1S Aok e bl o o B P ARRRE b ke rom
em t{pk oy EP.ED 70 conprises a transparent substrate

13 fornmed on the conposite optical destructive |ayer
35 made

[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 destmctive layer 35 made
of a highly oxygen deficient Indivm tin oxide (JTO). - '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 Alg; 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 Caleium and 200nm of Silver.



of a highly oxygen deficient Indiumtin oxide (ITO.

The substantially transparent first electro

MR POHL7Md i s nmde from transparent’ | TO of ‘aBOUE 000146

~130nm thickness. The next layer is a hole-transport

| ayer 16 made from NPB and the light enitting |ayer

18 for msd from Al ga of 75nm t hi ckness. Toget her these
hIJto emidg@ RIG. S, bipefimb@itt reblisest feflectmete teasurements of

I|g emttlng Iayer 18 formthe electrolumnescent

St achotibm, estitingl OEEDs awhen expostietp tehambieplolight having 2 range of

Soorwenelh oL koS 7 Ak GiBiasSE b GRAE prtcal
[00 cg%\irlgﬁgg [o5he3 iE oG Bine PHPSHOWIRRY Bibh F¥Rbthice r@dings of the

refl asurerrents of bottomemtting OLEDs

whe N, ApROSAIEink OIER 1O wsi the ginpokitovoptigaladestrmagive diyer 35 is not
wavel engt hs of the above exanple with different

t hi chmeseas(i.ef0 wwpnposite optical destructive |ayer 35

is showmn. Line 100 shows the high. reflectance

readi ngs of the bottomemtting OLED 70 when the

conp lh ﬁéf[eE I 3mittieNOLED 70 havi the
pres @rﬁ%{"{]m&oii%ﬂong %%]dﬁigﬁ%% IS tﬁ e

r ef | gghBREopticalt destrintive duyerds of thivimess ED0WG, dwdviinad 20 faving 2
conposi te optical destructive |ayer

3
t hi cthicksess 1F0#pman dbei Feflectanse (eAfings; Geatly indigafp daat i the
400nm The ,ref l.ect ngj.c t _
wi t hisepraoTatiof: &F %Pa}{‘}g}gﬁ %@Q@;%@%I g ?lydoxé)?g% Bsfpsti optical
def i afhe Lt cQ HRBRAT IRhORGh ¢ botfhas bmitipi OKED 70
Iaye:&és%g&hvggagerr?’gf gct ed ambi entl%lhl ght from the
bot t yredikd 4sipigh @k &6.70 is reduced as much as 60%
[0045] While the above exanple uses I TO as the TCO in
the el ectrodes and the corrposi te optical destructive

I |
oo T VR 16 S, SRt Best 1) B e PO 3 Blefoes and the
ZnO sxtg;%%!li&l s RetiveGay ), ot -thilerBl Bay B, be_ considered.

Ga- and O These materials can be used
- Somc non-limiting examples of TCOs are aluminum-doped ZnO, Sp0;, Ga-In-5n-0

(GITO), Zn-In-Sn-O (ZITO), Ga-In-O and Zn-In-Q. These materials can be used
individually or in a combination of different materials..

10046] 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 eleciroluminescent devices, a high contrast FPD may also inclnde 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 2 person skilled in the art

without departing from the scope of the present invention.



.individually or in a conbination of different

materials. [0046] The concept of conposite opt|cm PCT/SG2004/000146
-el ectrode can al so be used. in other types of ‘Received 9 March 2005
light-emtting devices. Wien a transparent rigid or -
. flexible substrate is used fzi t he
el ectrol um nescent devi ces, hi gh contrast FPD nay

-al so include a suitable anti- reflective |ayer on the
Qpwosite side of the substrate. It Swill be

appreci ated that. wvarious nodifications. and

i nprovenments can be nade by a person skilled in the

art wthout departing fromthe scope of the present

i nvention. PCT/SG004/000146 Received9 Match 2005

12 CAad@trolhmintscent daoice odmprisigscent  devi ce :
conprising: a _first conposite optical destructive

aefiest ngsn@ aphesl slegrucieg elestrnge canablecefi redpcii refidstionn of ambient
1@%% a second el ectrode; and an el ectrol um nescent

ck formed between said first conposite optica

destgg&bhyamﬁﬁhgqhaode and sai d second el ectrode;

sai d el ectrol um nescent stack conprising at |east one .
- 11 ghtn elegttdimigedcentstack fonheat itweenahid firit compesieptdal destructive.
optical destructive el ectrode exhibits a gr adi ent of
%FW‘W& %@Feé%%d Jdecpd®r acti ve index. 2. The =

e ot B E  GE  e

. mat efjhadeini &id ﬁfsfﬂi‘:dmptfswéadp}ibﬂgdééwe MiRfrbdel St 'anglﬁ&lent of
l east one material formng said first conp03|te

vepyingclatreeses refiactivevrdes) ectrode. 3. The

el ectrol um nescent device of claim1, wherein Sald

first conposite optical destructive electrode is - _
2 0 L g?h B tRntohifre TR AEHiEST B L ShérBdl shil Fad@APof byt Segm_
. “of réfractive mdex material is fonned by varying oxygen deficiency. in at least one material

forming said first composite optical destructive electrode.

3. The electroluminescent device of claim 1, wherein said first composite optical
destructive electrode is formed by RF/DC magnetron sputtering in a gas mixture capable-of
forming said varying degrees of oxygen deficient matenal '

4, The electroluminescent device of claim 3, wherein said gas mixture comprises

hydrogen gas.

. 5. The electroluminescent device of claim 4, wherein partial pressure of hydrogen gas

in said gas mixture is varied to form said varying dégrees of oxygen deficient material.

6. The electroluminescent device of claim 2, wherein said material is a' Transparent

. Conductive Oxide.

~ AMENDED SHEET
IPEA/AU



. form ng said varying degrees of oxygen deficient

material. 4. The el ectrol um nescent device of claim

3, Wherein said gas mxture conprises hydrogen gasPCT/8G2004/000146
5. The el ectrol uni nescent device of claim4, wher éiqqewedQMarchZOOS
partial pressure of hydrogen gas in said gas mxture

is varied to formsaid varyi ng§ degrees of oxygen

deficient material. 6. The el ectrol um nescent device’

of claim2, wherein saird material is a Transparent

Conducti ve Oxi de. AMENDED SHEET | PEA/ AU

RCT/ SE20dartobadingcenRalcwie off cRinh/; ethe@ Said Yist? compdite optlcal

I ect.r ol u esce devi e of claim6, wherein said
6‘&%@? gﬁf‘i wmmwf@%@wmmhy be -
forrred froma conbination of different materials. 8. .
The el ectrol um nescent device of claim®6, wherein

&ai d Thenplestroheniogictrt allevicde st rddithi B WiRYeRK JXRY cgﬁposﬁe optical
formed fromone or nore of the follow ng:

destaptive ey oy e formed fiopame ocmotepfhe @H()aﬁn'gﬂ%]lummum-doped ZnO,
G5B P RS PLPredl G0t zégap@cﬁ o or

ihéYBarkd RCARs AMRRb e putpdss! AU
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