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Low Power Consunption OLED Material for Display
Appl i cati ons Background of the Invention [0001] Liquid
wa@ eystedossli spl ays (LCDs) are commonly used i n PEWUSHS5/016561
such as flat panel displays for |aptop conputers,
personal digital assistants, cellular phones, and the
l'i ke. Displays made with LCDs frequent|y use a cold
cat Hore Ppyven Conswmptipn QL ERMaterig} foyi Nisplay Amhce@gn%s
a backlight for the LCD display to show forth an
optical image to the viewer. CCFLs and sim |l ar devices

Bac]egreuﬁdag'tliee];nvé@dlaii vely inefficient material s that
ire_an_inverter and consune | arge es of

quantjt
IOO,%lNer Lisivicherystahdisplant (TeffDprase gopaionky P?ﬁdnmedemﬁeé Bedxas flat
parfP ARG IMRNGH colBhels Deftbnitditital aliils XeftyliR BRiofls, and the
likeroDisplnys meage veith HCDk ifeagbienttyouseaneoid cathode ﬂmremnnlampr(CCFL)
t ' br.o
or §8lar At 252D ER ok e P iR Rh o o gty an ptical image to

thed}i&RErAYCEFEELd Rithitt RRGeadR ﬁ%ﬂeh S i@ ineBficibNematerials that
system whi ch incorporates the display. Because the

require ph aysriar end gopisemt large geantitins pbpaveads) ep tedd pergentuﬁ dlrespower

i re devices Lch. are rer ze hI|
Wi =P DGOTP MY SHFGRT oL 15 SlotaEn KB R g dgror sless or
othth ﬁgﬁm SRteAs2 RchdeRCIhe afispliyt fodtleaRhgile, Miffit@HBo manufacture and
manuf acturers use organic |light emtting diode (CLED)

majfiaier dnd expgssize Egmanrgwhersb e i Hhengistitisatdensi efelhiese materials

R, s AP BSOS Dl by i

inceipbfa¢seiit di@ﬂl@f SBet:di’lﬁy tho disglape atts gehidatly ke iol Ipﬁ)ﬁlablySdevwes
Di splays made from OLED nmateri al s, .therefore, do not
useﬁ%wlraée'vlﬁ%\ﬁlalph BeecRpiegHegedized yatholighistvagiehly t he need

[oong t g peh{ &flgff&g It&'r %ﬁﬁ%ﬂﬁg{@&%ﬁ%ﬁ%ﬁus / é}l%f/e?gé’ftérhurabﬂity,

sorh¢ gtahuﬁcmlﬁrs anel ocgmcobgita&mttefgf diode n@LEDatma:teﬂlaﬂk iay @l acklight

| ow vol t S onsuni.ng..l ess power. .from .
SOUgGSIdRpbI o ki wealpm?fﬂ@ PRigHE vhish Py ‘iphen excited
by 'éﬁtcﬁ"fc' @lrfent)28irlcE DISONE e IR G Wi GErent &)l@l‘%l Ry eco’ufd be used to

woul be desirable to substitute them for LCDs

mako Idlsplays:h Biipdays dnadec@srm@LlElh ematetaals fthengfaae, CIcDm}ajeed additional
Al .t h EDs wi.t h hj
bacfiphis: e Pimp R e pena ot e e itk CERR 9 hongp ghgybolle
fori'M falato@ dffi@le ARHISE nvddlel € OIHDst Hie hsudhly 1 ﬁwgﬁteﬁﬁi ES operate
devi ce. Because the light em ssion fromthe OLED

efﬁlqmﬂﬂ ot prlattvshele voltegenchesbansimingliessepewemtromithesystem. The
Vertgagl { ef8$ {h[% H%ﬁ]ﬁ %Itaﬁ?lng? g)ltzzjlé %{}ahegia?sl }llas %J seo(%rtlei r%grslutsagtu%qu fo believe it
would be desirable to substitute them for LCDs in mobile display devices in the near
future.

[0003] Although OLEDs can generate light with high efficiency, more than half of
the light can be trapped within the device and render the light as useless for the device.
Because the light emission from the OLED has no preference in the emitting direction,
light is therefore emitted equally in all directions so that some of the light is emitted
forward to the viewer, some is emitted to the back of the device and is either reflected
forward to the viewer or being absorbed by the ambient, and some of the light is emitted

laterally and trapped and absorbed by the various layers comprising the device. In
1
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forward to the viewer, sone is emtted to the back of
the device and is either reflected forward to the
WO e@eme07085 bei ng absorbed by the anbi ent, and BORESDD5/016561
the light is emtted laterally and trapped and
absorbed by the various |ayers conprising the device.
eneral, up to 80%of the |ight enerated fromthe

gend D 80% At Sherdightogeneradad fipmithe Spderaals BIY Beglpst within
the 34 L %Sfﬁeb@rr‘éb&"ﬁéw 004] There is a need

or an Inproved organic light emtting diode
[0084) pI ayThére Us tauneedt: thetefaneofod sant meprpyvab bgmmon bigktderationg diode

. and s, the efficiency of wer ed
diseiR i res Bl Yt (el HOBISHS e SR A pRaves B gffciency of
pow&vﬁ‘s@l' t%ntﬂesdlgf)lﬁﬁ Ct&dcihly 3n Q)%WaB‘IQYdlefce's ”’F’Tlﬁa‘/ bﬂa‘aelﬁol%éntmn is

ficierncy of organic emtting diode displays through
dlremb@ﬂ foi catw wiay of mpmvm/pwrfe&fmma{t ofcmgww hmittis g eldadetdisplays

e S SR g % S BRSSPl bGP

shows an OLED structure having a grooved substrate.

[0007] FIG 3 shows an OLED structure integrated with
BriefD@scarpition ofdhe BDrawingsai | ed Description of the

I nvention [0008] Sonme enbodi nents of the present

invention are directed to OLED structures useful in

[oodS]spl ayFH@Mi gessan®IEDeesges. f or maki ng such OLED
tructures. The OLED structures pay conprjse pol ar

[0086}Tp ou nEIﬁ \RhsheRys P& Ydda stutuisihavinger seeyedsuhptaiet r opy

[00@'? Sffg %hotqﬁgﬂ IPay @gxl%%te%@te‘%f &/{IE Epgsﬁsgaly"c{evﬁgf €

conpounds are exposed to an applied voltage or
ectric field the polar conmpounds will respond and
Detaﬂlﬁ@ %F%Eﬂ?‘é“’éﬁeg{ﬁgemﬂmcert ain orientation with
respect to the direction of the electric field or
vol tage. Such orientation can be calibrated in a
[0008Nner Some embodimeutst of rthe hgrebdnghinventiont @k fditsetedhéo OLED

CLED eria atln in a ce
stmc&ilrp%ein%gﬁn dllsQ gfev;ggis a H{ogeism J{:% dmg?g%qg fl}??la(giED structures. The
OLERPQ&hubiubRt bR EOmpRQE pRIH OshmiFdinds OkhicRNp&yIBRdca®Aah " dielectric
nmeans that a partlcular feature, structure, or

amsqimwamdean beiabigaeskwith knes@e¢trto ctthercwtei ermwetsubstreées of the display

IS i | east odi e
cet. £ B8 Bt BotpBBre vhehd (2% apfid ERRL TRNAE fiotd. e
polaPESBS@MdS Will espoRdand Eemblecde alibhs ﬁﬁc@ﬁﬁpdm&ﬁﬁﬁon with respect
various places throughout this specification are ngt

to thgedirestion pf yheaelectripfitald op goltege: haudinpreniaingdeanehg calibrated in a
mannel‘ll‘ BQ%%P feSult Erpﬁleq?grhrt eﬁﬁ‘cte%rfr&ﬁ HIOEED Rbleiiat i'ﬁrd'f'cﬁmg% a certain

dominant direction.

[0009] Reference throughout this specification to "one embodiment” or "an
embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present
invention. Thus, the appearances of the phrases "in one embodiment" or "in an
embodiment” in various places throughout this specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures, or

characteristics may be combined in any suitable manner in one or more embodiments.
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characteristics may be conbined in any suitable manner

in one or nore enbodi nents. [ 00010] An exenpl ary
wepwodiotoent of the present invention includes Ber/QkHI5/016561

mat eri al conprising polar functional groups and

entities as their nol ecul ar conponents which, when

subjected to an electric field, orient hi a dom ant

[000H0]y ect i Hn eempiasy smehydpyentrel Blecrresant ye@bign 1prydes an OLED
mateglﬁfrg fi‘ﬁné P@&gﬂr{&’?gﬂ Iﬁrggﬁsn%ﬂvg t@%tﬁ% ga.lsechﬁﬁ:ntécgeéﬂlloﬁf components
whichhwhén iubk&tanlutmn alestricefiedd, drient Mdcahmantﬂlsectlbn otidictatdreby the

sever al ures, FIG 1 ot tog scale lustrates the
electgg iﬁG@e % tg}gfbf@@l%l&hta} a §i5e} erpaﬁiceiﬂra‘gﬁe HODji t h
[000£QE e”’?&%geﬁﬁﬁ tQkhe REuBE, elﬁ%hclﬁ ‘Pﬂé@ 'ﬁhhféfhls ké’fexafb [#Eements

structure an anode coate conducti ve ayer may
through ﬂhntsegc:rak Ggures; BIGs ubnatabescale) illustrates-the atrgpiuret of an OLED

L e N s
strucflir® ROS&Ha e tbfed 0bRICHANRREF 20 hy De 1ﬂt@ﬁraféﬂ & £6ibsaate 30. A
transport |ayer 60 may be di sposed on t

holeitnagmorfelawrt%rtgliay by/giacksd onghaegating od tha anode at‘\elaw qfwplar light-
emi PR ALY B RS TS EORAePagBLEEL Epf oo s

layer€6@ GiidyObe ldisposdod tHealiglt-ittinEhRyansele Fciﬂall%ﬂdt ﬁﬂisﬁr@tée% may
70 may be connected to a_power_source 80,

supppid\depathesier b comprising @aioaéuctwsﬁél@ aAecqtmiecY(é alaefr mtlonally be
a I
disp@BE00 8, LR BafirbEeRIRCED, | PHETanfdk ob) B Ouifise 70 may be
connéé’tacﬂ td & podler ﬁcﬂﬂm st Wk RO pandr ganes &t activaeidphaes are injected
l'i ght The substrates 30 and, 90 may, made
froms3ngpe &ﬂyﬂfﬁglpér‘i%sp% t d0.ghe e bplsp SPRPHY lflﬁehg?% FaRERE jeyer S0
may be
with EREEbRANAY kOO od0 70 Bf EAlcRANTIs T B O™ oy
[00012]mi t edTho sulpﬂtmwsi ¥ agd D0s mayulee rdeplramt any fmateri]l capable of

suppali i SSBRERTE e of Tk fode 2D i ntho A ARE Tvohe geible or
rigid@ Ef)d hx?lé%rm(ﬁﬁ@ee budre BBt Mﬁﬁt@&'t N?)‘Pash@ rg&@éat Ji'lﬁ:'rt%r ﬁlaétﬁEﬂ_]}ns metals,

pol yet hyl ene napht hal at e her sul fon
cerarpmrs yIBIlYmmIS reit dle; lilgso| Nem—lhgn’gngl exan@plgen@f ﬂep@lply mﬂ:@ﬁy Ifi meand plastic

1nclu§8|a[ E[}?IB S%lp %}e\ég 8gtp8iygtb(y%&é;/ %eregﬁﬁia&%? :(%ﬁ@i tﬁylgr%q*iaphthalate

(PENAC eﬁ)(ﬂ?&h&%ﬁlﬁhﬂ NRES), PeHiethepinadd, yﬁolyeﬂlefe‘tﬂ;&két&iéi‘ polyphenylene
material 30 is transparent or otherw se |i

sulfide, apﬁéiml‘ﬁ’lﬂw ebdpimidat pelvearbpetie Génecallwgse g@aﬁeﬁﬁ% (BAED, and
cellup%%(e)a%%? r%}ﬁo% S Nadﬁ%ggl C%Et ugs[%lstga%? gﬂager:lj@oyd % aSSparent or

anode coa Ive

othexfwﬁﬁdmghtbtanﬁmislswéab khat cealigh gehdieted v &fbt(BLEDtrhatarlal may pass
transparent and conductive coating material. For
thm”é%éh‘i)ﬂ@’lcea%@hﬁ’d@slblér limtation, transparent and

[0001;%” g : CUrHEafiBlcbdd TBAGIHA ByBPY0 112§ bl $6midady SBtiohlly coating

the substrate with a transparent and conductive coating material. For example, and not for

limitation, transparent and conductive coating materials may include indium-tin oxide
(ITO), indium-zinc oxide (IZO), and other tin oxides such as, but not limited to,
aluminum- or indium-doped zinc oxide, magnesium-indium oxide, nickel-tungsten oxide,
metal nitrides, such as but not limited to gallium nitride, and metal selenides, such as but

not limited to zinc selenide, and metal sulfides, such as but not limited to zinc sulfide.
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(1TO, indiumzinc oxide (120, and other tin oxides

such as, but not |limted to, alum num or indi um doped
wQeve/0aro83le, magnesi um i ndi um oxi de, ni ckel -t UPCBUS2V05/016561

oxi de, metal nitrides, such as but not limted to

galliumnitride, and netal selenides, such as but not

limted to zinc gel eni de, and net al sulfldes such, as

[00044) not Atgmibe daode coater consuptivie layeindd 25 2 Aplspiransaoring Jaaterial
40. CPR Bd1eGP %ﬂ&#hé%ﬁﬁt@ﬁﬁr m%% inSlufe MMified,  RRE PR’ bit"Hot limited to

mat er i al ol e-transporting material may
aromiatic ltertieryaarhines, Is oo feam thataromatid tentidrg dntine Hragrtmt ancarylamine,
am nes. I n one.formthe arom ertla

t t
such % s Helk ABSE & G B ange, Y lanfig 5 p pglymeric

aryla%nﬁ@noﬁ{ YaaMoREe polintiitl BoleRBnspIrtiAg Wﬂé’@hﬁl@ m%y idclude poly(N-
polyneric arylamne. In addition, polyneric

Vlnyh@ﬂbeZQlﬁhﬁ’é\ﬁé)' polythiopiteaes, avlobfp[yay)lq, nolyagidine, and copolymers such as

poly oYy B T o s BRSPS Gl PEROT/PSS,
[ooopsy y(3, A- 15)5/1@(1%1@ t RV &PSE e TdrRel Ydndh&ik tRBssit Idyend0 and
te) also cal | ed PEDOT/PSS. [00015] A pol ar

may |  RPTEssi t &1 rplaray Epoweodng f@ﬂfﬁéd plrosRbpresaepianspaietial  where
elec&%é( eéc%n@@ qs P%u?egd;@sra }asrg\ﬂﬁt 89' {)r_oﬁl{?e AT Qécoﬁﬁl)%{a?l%n in this

or escen ere e nescenc

regiofl Oﬂt&@ﬂaraﬁglﬂ-ehﬁﬁmgtlayfﬁ’r 50! cﬁﬁtHle(mimised paklsingle materlal or a host
reconbi pation in this regjon. The polar_ light-emtting
materla& épp@b Vil apguesh sprpewHl OF conoygfie Yaerer Hight ¢pisgion comes

prlm o O dtﬁ'é ' (%he ! gﬂllﬁdcaﬁ/‘t ﬁe.hofaalg!J €5ior.C ‘imﬁ‘ﬁ%ﬁ% rr];bodlment the

em ssi on cones pri
llghttelrmttdxgdayﬁr cnitt white hghtofTImlyosd: alaberial fim tlm*rpcdme]‘lrgﬁtatmttmg layer

odi nt, the |i.ght- em ayer. em
50 cam ne W@%@w%gg patgrt ,r?std%@ i%b%lPW; @Bﬂle t@?ﬁmrrlﬂ%mateﬂal

as déﬂi/e%r abifeC 3P AREHRP nPh&fl T @NedRRRA b HhtdBIE Al supBSrt hole-
defined below, a hole-transporting material, as

electuef facedibatative, The dopatheraynet eldseh fom dagiy rihloresnenfofdyes but

h n]rélter S that su ort h& eel ectron {?ecorrbl n t| onfulThf'd'

phosphosgseent EgmBadRy n §90 OHHBFﬁa@ CPIRGEES BB A Ry B W p i ium

conqﬂ@;@b%pbp r&%ﬁﬁﬁirlcﬁﬁmﬁnﬂ§ defivBtivest ﬁﬁnﬁéﬂlbﬂﬁrlﬁeﬁs%ful luminescent
onpl exes, are also useful. Iridium conpl exes of

dopaptse nIhepmlaldhghéreantﬂmgtlsy@ &0i may wélgiead}@s palcoura@nnm gnd may also

eful. | um nescent dop s The ht em
be {3 atie MG T b Ey LB ol it e o and
polyﬂﬁylmﬂéne@ (8%, eJolEb- phenﬂaﬁe:vﬁ@lerﬁql(ywb) @anrrﬂw Ibealséd a6Ghe host
| uorenes and pol yvi nyl aryl enes

mateg@l §FW¥1ﬁﬁ@ﬁ9¢1@ d@wﬁwéﬁ@) mplophpgly éﬁ;ﬁefeﬁPé Bt the pobymeréc host, or

the dtnE ar?@&%&edadéfr igEJI [Eﬂiﬁg lﬁjn ?ldcforogl?ﬁtgé% fb’ﬁ%rhofs‘h%olymer.

Any @oraa mimmesdedt &xq)aﬁdldmbwb;o B@@sﬂﬁnr@r o1 ofprdinatynskill in the art may
constituent into the host polynmer. Any polar
be uged hereds c ent dopant known to be useful by one of

[00096191 Nar Xn¥dckdon tAnsddet RYLr 6K BEnERLp MRS FA18: light-emitting layer
50. The electron transporting material may be any material known to one of ordinary skill
in the art to be useful for this purpose. Such compounds help to inject and transport
electrons, exhibit high levels of performance, and are readily fabricated in the form of thin
films. For example, and not for limitation, metal chelated oxinoid compounds, including
chelates of oxine itself (also commonly referred to as 8-quinolinol or 8-hydroxyquinoline),

may be used.
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[00016] An electron transport layer 60 is forned atop
the polar light-emtting | ayer 50. The el ectron
WO e@n®po83 i ng material may be any material knoRT/US20051€16561
of ordinary skill in the art to be useful for this
pur pose. Such conpounds help to inject and transport
el ectrons, exhibit high |evels gf per f or mance,

(000 dadi | yFmally. aaeadipdenTl e deBostieds on Wﬂ‘?ﬁ’trPPI‘ﬁ%nSP%nlayer 60 and
t off Or 0 t

son AT SIS, 90% ThE b Oy 5 ShaRALR, 66 oty i

trans(radséwe, copam) | or redleetiveednd camsofypgise mehily cinyoconductive material.

s 0 YRS ) o e L9007l ELDAY Ly St v

the {HASIFHPB Rﬁé&rﬁéj 18%r, %réﬂllaget él@étﬁ)ng t]ecElaﬁ £ abWOARta P8 YarlEhave good

transpare or ‘ot herw se ransm ssive, opaque
stabitity. Usefud cathede madermof@mmnt@@ arlewr workafwpcionmetal (740 eV) or
metara];ie“ al . Suitable cathode materials have good
Weform ng properties to ensure good contact with

[000181e UNdAK|nbtdIakYVEARIbEtrAta WO maPpbefRide RbMCdnyORaterial capable of
injection at |ow vol tage, and have good stability

SuppDEélguﬂlec aenatverepelingm s the cethodenithiand amﬂﬁo\bwﬂfe&lble or rigid.
Exam F dnc dema&u%l a1ré7 ]tl'l? }%1090&&%%1%' Is%gaa éo¥uar{zog>9a]s§1: ﬁ%is metals,

ove,

ceraiiitk Spdlnesadrahé ﬁk@f Nen{tintitihg Egartqlsies obfleiiblei pmuccfﬂm argl plastic
of t e cathode 70 and may be fl exible or

mClUéﬁa?mﬁ weon paseh i pobpthudette frephihaate (ERD, Igflay%tg}ﬂ.eee naphthalate
(PEI\@C)I ﬂzetﬂ%ﬁﬁﬂ (@JE'S;t 'p%%e'tﬂe@udge ot y%the?ﬂi&ﬁét&?e polyphenylene

rs or m t'i ng “exanpl es
sulfifi¢, e polighmey1qnt, apb]lyumfdeJ @nbmkbphz&st(RC); reelluldse drifédtate o(TAC), and

e S oL b e L L2 CEET) o0 b gt o

othe%%é/ ﬁ%lmfa"n%%@wef’(?akjﬁé h‘@ﬂle%hb@ Bl‘%r%%ns pelasphenyl ene
sul 1 pol yary pol yi m de, pol ycarbonate (PC),

[000&%] | ul oé?@lelnra paental.g.of Tel@ge, srgpbed tathodevice from a power source

t at e-p at e.. .Addi al | t.he substrate
onn 21¢ 90 kA JonLE Y aEICr P WiRe Iy At i into electron
trans%obﬁnﬁ%rs 80 \iad Rpabiged At e hyles Qﬁes‘éﬁf tRkdif NEiving rise to light
hereof. [00019] Wen a potenti al . voltage, is

emisajopl Th¢ cathodn d0deflactethe light senstied @wp%rdgbe organic layers. By

el e ro
win RS I PSPl RSB B BUSE. PR v or
imagded wathChal 4] QR IN &ﬂoﬂ/\mﬁlﬁlﬁg}ﬁelﬂ @écﬁ&nﬁﬁl&@ﬁm’cecﬂlhﬁ}ues fay be formed.
iving rise to light em ssion. The cathode 70 reflects

[0008% | i gRregplasy padkialsoYathe PESRENIOIY BRI GoayRsiss POl hght—

e PLIRTH- LB, T R AL P 0Bt i

fieldwot Bppidd veltagey tlfeubblaf: dilgbt-eraitiihg 2ayeg p‘oileeizds Siegjl hnes ap 1n the

col or techni ques, ma f or med. 0002 npla
direq@pett e E165HG ﬁeldpr%@@neol?r%ﬁ{l. Wn@&ﬁ% ﬂoEﬁaé s @ Sertain
orienth@H GHU ¢ ditdd® the light emitted from the light-emitting layer in a uniform

dominant direction, thus optimizing the light emitted and reducing problems associated
with light scatter and channeling. The polarity of the material may come from the organic
light emitting material itself, the dopant host material, or the dopant. Chemical
compounds useful as a light-emitting material, dopant host material, or dopant include
those noted above as well as those known to one of ordinary skill in the art. Non-limiting

examples of organic light-emitting materials include amines, including the aromatic
5
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| ayer materials. By exposing the polar light-emtting
| ayer materials to an electric field or applied
WO r@bnenye3 the polar light-emtting |ayer pol aPCRES2005/016561
i.e., lines up, in the direction of the electric
field. Such polarization orients the polar materials

in a certain orlentatlon ang directs the light emtte .
tertigry ANRD mcwngeﬁm %TPW@S o] BPer a5 Rub nghilmeited &R Hgpearylamine,

d1a1'ﬂé gﬁl%t Q tr%rié gL hf%ﬁctzﬂ?la 1ﬂ$tpoﬁmré&é§d antt %I%thiophenes

uci ng Ens as o |ated Wt catter
1ncludhm1 bet maitglmﬂ'd'abtoppd)la@ﬂ-lvylyhfarbalzelebrﬂt‘é]q glolypyyrobm pelybnidime, and

cop e?rgrﬁJg(ﬁjgqucg{bI/@ tﬁ tt g&/mnat A ﬂp%lg 4?S oL Bﬂxﬂﬁga’ce glrs](g called

PEDUS®HLK aﬁ@otﬁeﬁérﬁﬁﬁ%s?e%r%ﬁdeﬁ%bﬂ% erial, dopant host
material, or dopant include those not ed above as wel |l

[0003%] t hosénbﬁmmxmnplmeerwod@nmtrﬁrthe pleis¢tit inventibe negyt be shown in

FIG. %‘?}8}; a§c§1 érl? ﬁ@igﬁ ﬁOfcturE: ﬂ@{] %fg?llhol ?chgteeg] con(!iuc%ve layer 20 may

be indg@ar8d bofi tadfubktedty 30 RBVIES an it | AGh-AhYbBuRSe 3% 4dd 18Rwn as
but not limted to a nonoary am ne, di aryl am ne,

an alignmgny layier-nEhe alignangsdlaysedd may m‘am ﬁ@lrmgu}&rm@e@nocah gurface

for tl’i’e IM)%% \%Bﬁy §1§ s Lg%g}éd*ﬂggﬁ;ﬁtyepg r 1 o%gh&? on the coating of the

anodB Qb)aaﬂ upbil ¢he AigdmeniialerBEr A Iayelhoﬁ:pblar 11ght -emitting material 50 may
pol y(3, 4- et hyl enedi oxyt hi ophene)/ pol y(4-styrenesul f gna

be disppsedl 68 tha) Holermuport) oy dhd Abhelectian Harspoer lyenGdgmay be
dlSp(?SQ@ o8 the Q%\q}é Mmtﬁﬂgtl f 56)(?;}‘[1%}\%; Y @@%@ ’ﬂ?? o?ﬁ%lgg% conductive

sent ntion
film maarl lm) supported oﬂaEDbsitateu 20 ané disposednomthe ddeotroattethsport layer 60.

condyctive | aye be i rated on_a substrate
The SO6HLGH /on=aats SOtnoh O (o AURUBER Boipy 45 amay Cayafhrough the

depoglﬁewrpbr@c%ségn@émarummmﬁ slmyersTmh@bmﬁcthﬁy %r%ﬁampm the
rovide an irregular, non-snooth surface for

lightsubtegueytr Jayey §11 partef the ineguipontiatcagkihe wgnmyntdeyer 35. In

e SRS 05 B U 90 b v
port16ﬁ§ 8ff thaIm et ulEYexBdtHeSRASE %eoéﬁrfab@ of‘ﬂie%f‘gﬁ&@ﬁ‘@l@&ér and portions
|l ayer 40. An el ectron transport ]Zgnnwt 1maly

¥

of theimspleeddl eatending dboy theesrirface 0§ tlnea Henamh;t angde 20 and

cath%a%:)‘ﬁg %?i%g) Ocﬁ)ngngct%!zé nz?gg?\ggrg{]?%gc%t 'S f & l mgl%%%te@ A, applied voltage.

Wheg| 186 tpodrer tsoanepierdctiv &y@r hdiés mﬁbebe ﬁﬁje@ed dfom RA6JS 700Mtd hole
surface of the alignnment [ayer 35 may carry through

transpeyd layep dQ; the balep mey cembiredndls EghtemittingHayer £0 withhgleetsons that

R L e T
moleahlleg areepdlar, &;eezppﬁéd vblfagenaussshie dipems of tieemptakcales to orient in a

ght-emitting compounds may fill the alignnment |ayer
umﬁm HINGEEICE S B 21t ReSTHER o4 ‘égsthéﬁl%lﬁﬂi ﬁwgéﬂreowobﬁ@ng onto the

st Ay s L Bl AR s vy
fromlthy arrfact lof therediglem2 ot layat or vice-versa during the curing process.

[00022] Once the chemicals are applied to the alignment layer 35 or the substrate
30, the chemicals may undergo a curing process. During curing, a voltage is
simultaneously applied to the OLED material, aligning the polar light-emitting compounds
in all of the layers of the OLED material. The voltage facilitates the alignment of the

dipoles of the light-emitting layer within the material during the curing cycle.
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cat hode 70 may be connected to a power source 80,
whi ch generates an applied voltage. Wen the power
W@ ow60e708% acti vated, holes may be injected frpon/EsmIE016561
20 into hole transport |ayer 40, the holes may conbine
inthe light emtting layer 50 with el ectrons that
travel fromthe cathode, 70 and genperate visible |ight
[00033 c aus eThgepnlicd meltagsivsed tocpricad B Light-gmyiting dmOéesa%FYg’ﬂfzaﬂy less
than Eg(ﬁltap%l'ts? O,V G éﬁﬁoﬁfﬁgﬁﬁ%het ?&ta%b 99111%35 m 1PQ about 7 volts. In
nol ecules’'to orient 1n a uniform arrangenent, e.dg.,
anotlek kmpodinieny,ehevatage farghe froml about 2 vuitd o abeutaheditx i ng

onto the surface of the alignme | ayer and al
000311 i vEhHERes »mﬁéwrbe%ﬁ?aee&f fhe a@éﬂ@&?ﬂmfﬁém@ybe formed
on thg QPR HE 36 Y5 A5 enhs khGwalih %E%nt ]A ABNinRinY leGAnMIL rolTéforming

uring the Curfng process. [00022] Once the chem cals
the irsegulappén-gdoath sutfecealf ithpratignmentblayer Ibingludehithesulhing prosess or

i3 e PR 2 R By LR e B D o
solid ERuFR S dxdlnpl@hd Dbt F8r ERGatdsH, Pelléts, Haks, @adid, irbdh, sticks, or the
ounds in all of the layers of the OLED materi al .

co
like, 'legtgv olligagent awitarial ageisst the wbsgeremd dpwWine thy pelid glignment

of, the 1j -emttin r Mt hi iRL: [
el AT b3 et Bl sPRL LI B e
thin DiyeeBF thd alibh@bit-atetisll ogo dhpaubSrats (Bhei widcted Heasion of the
~ than about 7 volts, In one enbodi nent, the vqgltage
frictipm figasfer piowides s calsatation dizsptien frp fhe Alignasnt afisubicqusnt layers.
| : 3. S: :
e LR PRRGaNFRITE! MANE oniaP bk 300 f g tnmen
layert he al i gnnent |ayer 35 nmay be formed on the substrate
30 by an ns kno .n the art. A.non-limtin .
[00085Tanp! o 18 HFRFRTR} i BIFIRGE IS Mat g SRHHEH 1 dpat glignment
on sglir;segl@é?lt ab{Gomefe PﬂM&l‘éssgﬁla NGd %ﬁserfoﬁglrl rsUBPiRg E08PSSis not

riction transter. Friction transf i ncl udes
compietelyainsafptinge Hkémgplawnthitkngsses bof theesligmapnd Igydri of the present
. Structurg, for e le a not, for limtation .
imvergiopiignes EymE o GEREonS Qo o Boent by iqpprogides for an
alignh @it Blyb WitR ThicRRdsE OF BbiwdBRI1 NG 0t AR rsHsPaRd §iIPa@itber embodiment
draw ng the solid alignnent material across the

provisies fnstanrabighment leyer edtheliciness of befvegn det micrprsessur e

ffici . f in, | ; '
o3 £ LR AL e Ay b, AR 0
angstrb@s fé ROO0 LipstrbABS € bnP EMBbEianadf ieipredeat in®Bntion, the thickness

direction fro the alignnment of subsequent |ayers. The
of theypotar alightremittingt laymairangepelioraad @ to 29t ppgsiiomshe In another

embci%(ﬁrintgﬁtal th& ‘fﬂl‘f:%?&*ﬁg fof ttﬁg ﬁ)%ia'r gl%—%é}i{tﬁé?%%%r[ 1811818%5'5 h.o;q' @0? go 2000

I CKNhess "0 e al T gnnment cient
angstro@8rt alignnment on subsequent |ayers. The thickness
e thin enou}gh such that the | ayer is

IOOOQ%ﬁplbet &he/ polas ghiramyiingeeaerad 0 PR e Rk %Oothe fiegular, non-
smodth 'sBAT&RNGS ih@ya?irgnﬁrentt 1Q§erp55e§f9@hich the topology shows through layer 20
and 40 or to the surface of the substrate 30 at room temperature or under elevated
temperatures to enhance the uniformity of the light-emitting compound layer.

[00028] Other embodiments of the present invention include processes for preparing
OLED materials useful in display devices. One exemplary process is illustrated in FIG. 2
and may include coating a substrate 30 with a conductive layer 20 and/or a hole transport

layer 40 to form a coated substrate, rubbing the coated substrate to form grooves or other
7
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invention range fromO0.1 to 20 m crons. One enbodi nment
of the invention provides for an alignnent |ayer with
wao hioskemess of between 1 to 10 m crons, and stiPET/US2005/016561
anot her enbodi rent provides for an alignnment |ayer
wi th thickness of between 5-7 microns. [00026] The
t hi ckness of the pol ar I|3ght emtting materials may

irreguig purRcesnei1amoa @g@ﬂ gt 32 pplyinsn geler bight-emiting, gdmpound 50
t
o 9F BT iy b B LERET B Bk PGS gfprces

fornedgist rdviing ke suhstrhte rwﬂn‘lﬂmdhghatmmttﬂﬂgecmhpmkmleﬂ}; thén tcheng the
lar, I t.-er.rit r ranges from.8Q0 to 2000

coatgq?a&s}:r ne H%yg?éﬂoémgl ?E’rﬁn d#RtEe I8l conpound

[00@9] may @Gm%b?le'x Plta{%/ BildGesk 'of @K bidSent rﬁ?&féﬁﬁ@ﬂhﬁyﬁ%ﬁﬁg €oating a
the alignnent Tayer 35 of which the topology shows

Submhteo?dbmﬂla/@ndaﬁlwddyw@&ﬁndt’w a hade mnslmrelagér 4hto form a coated

strate 30 at erature nde ate
subsfigo pRbined Bojet IR B ShtpPut ol ooinel HERL G e conted
substra@ the@Nukink B 6EUIRDHING A8 Yiile sftﬁﬁ@z?&bugl}r Qﬁ posing it to an electric
enbodi ments of the present invention include processes
fieldt or preparing OLED materials useful in display
i ces
[ooogﬁgn q naA)}w.(alﬂﬁe(r: l%égrm %Ia : ﬁ%&) faﬁ%ﬁts Bf ﬁmre agreé’e%% 11?\;epﬁ10n may 1%clude the

OLEDm@fdly entegyed iBfd anihptsy écied. e FIGABS@OT to E@Y@rﬂlﬂﬁra’ces this
to forma_coated substrate, rubbing the coate

exeraplpst prabedimsnt. o W » FPEagDis @nml@filtp rthyy lQIaEDsS@FlP'@\lé‘eio from a
powF‘J (ﬂ[} @|8bgﬂ 500 @%ﬁ?&e@ﬁglga{ﬂgl (?]%Eﬁ. M@L!lr M0 is transmitted in the

emtt g conpound e irregular surtace o
d1re¢thm (ufotab eqbphadjsbllt@bemdrtdwﬁﬂdl the rdjspildye 100. o Beesuse more of the light

rr f or ned rubbi ng .t he, substrate w th
emlt'feﬁle fﬁlﬁ @ﬁﬁt JHGHES A‘Sﬁa Fran%ltt%@ﬁe ihe R theedispiay 440 may
operﬁﬂé%m e&e Mér'tﬁarﬁal ;@ﬁ%ﬁﬁ%hmﬁ?&ﬁeq T to an

el ectrlc I el d. er exenplary process of
[0008hE pr eé"éntdlsphabedtMc:enmaﬁynqlmrtﬁl ligle disteibuting devdedss sucht as lenses,

ol RS RS Sl AL SISERES v
mveh‘dl&htth@ﬂisgtay NO0GARPRIAE, S18mba: Whth thiase tHEf 1igt§rom the OLED

coat ed rate, ‘then'curing the coated substrate
to thghyiPwesi fle tdisponu 08 maypdsd ngmptlsq othan cetnpenantsc Sliqhedsd but not

30 her lary e
it S8t ProRERR Hhorio e T uBTES, WDt B BpPE giter alone
ormlda)mlmtﬂinsm ay device. FIG 3 (not to scale)

lustrates this exenplary enbodi mnent. Wen a voltage

[000?’%] appl itagse skilgdbintheprtayitl appraceata that other Aighlodigiributing devices
mayso%uﬁsgﬁt rglgcrllls%'rsli’ ?{;ﬁl nggﬁalcf? 'Qn'ﬂgfo?efé ?%{aggn,%gg % (ﬁelécéﬁgﬁs lenses,

Fresmﬂlléma diffisdrgviatetfetoneetets,sql Ay KDE- oftieabelsmenihet &in distribute

t he
white hght um?ormly and efficiently onto the display device. It is further disclosed that

additional optical elements, such as but not limited to polarizers, refractive elements,
diffractive elements, bandpass filters, and the like, may be easily positioned exterior to or
otherwise located near the OLED structure 10. By using a plurality of OLED panels as the
light source, the size of the OLED structure 10 may be further reduced and the electrical
power required may also be minimized. By using multicolored OLED panels, a white

light or images with partial or full color utilizing field sequential color techniques may be
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emtted fromthe OLED structure 10 is transmtted to
the viewer, the display 100 may operate with | ess
w@owenotoBan di spl ays currently known in the arPCT/US2005/016561
[ 00031] The display device may include |ight
distributing devices, such as lenses, polarizers, or
opti cal V|eMAng elenents Inteﬁ{ated with the OLED

forriigt e P! ightmaypligpalbe he Prssed ifioyeh at hght dlispbuing device, which
dispfs {8 1Y so”ufERAly il {@Qﬁg}pngfﬁ%e he Jgoght from the

e VI ewer nmay al so conpri se

[OOQiSmer c dripee skilled dnithe atswﬂblﬁlrthwhplbneﬁiateetﬂaﬁ tbe GLED structure 10
plies, qr other peripheral

rocessor, nenor
of thpciecial imveptinib ok opHenally HerEtnb i AisBiAY deisod9P myperpbination
Wlthsg‘dhhl ot BN sthlifurdd. t TWE UL FPRE-EHIRL R ﬁlggtbe%mﬁ%ed $885mly or in a
di stributing devices may be used, such as, r
patt%mamd @ayahel stasked @r driamgedatin caeyies | iogredjagentd&s onpranstiey.  The

o SR RSB SRR b 5 oo SHRET B S
but hbtdthitetNiof Qﬁmoftmrtﬁspai}f iigh@ng keg ufteients 6: @k %lﬁ)épi’a)sl color, and the

device. It is further disclosed that additional
like o grdditiamally.hesstskilled ie heest wilt appoeciate that ©LED materials may be, for

exarglgll gﬁﬂdzr?ot 0r lrrgftziti%%t 'st}é%‘% 11mrsnetagcsl{sn%1§;{ %8?ggls?/leyel ements,

[0003d}i t i Orme 1@1& erﬁittéﬂ ficin eHe OLBBrstiusRrd o6 at e hit fob&tion may
structure 10. B¥ usin pl ural i ED panel s

be n@lﬁ?ﬂ@teql, Py Hae spisfue 0 fh?eOISEPGStWtLFﬁ 40 t@{é@a@ql maytagmit whge light
or cBRYs. P& EMbE-BR 1ﬁ%‘é%;"ﬁ9 n?a@ﬂbé Iagmglg%ﬁ%ﬂtl? %Jhlt@ﬁi’&%—gm&t}lgg OLED,

requi red may a e mnrmze
both@{EDigamey shensbevihédrporhiedhiitoar d1$pmjg@§vlw I(h) partial or
utilizjng fi sequenti al col or techniques

full | | d

IOOOR%L bet O ik emhﬁ’élmqr@w? 18 PEPETOHUFP Yo dhp daisaeity of the light
" |

tran% ﬁ'ﬁt@&' 98 the d'l@b%y ?év%er i(mJHl&] Gpd! ﬁﬁérﬁﬁﬁe%@g %omgslﬁg%%g?aned by

he Iight to'u rmy 1 ITumnate t
adjugto@ the @0O8E) andoyengskallapestariphied hether@LBD Istruéturd er Proportional

cureff B oS ovrt ol eare et B BeTekion fa e b B Siucture 10 in
the sSAY¥d ©RPHORally &P dwr'ﬁéfbeWeWbyQBé‘Wev@ ED structures.

The OLED structure 10 may be arranged randomly or in a
[00086k t er n Thacdumeyt b@esqaac ke displayalight fged they QIED egucture 10 to a
ar rangenent

] N R .
1nveh1ﬁk§ﬂ ek egrend Mbcdﬁﬁtry ltd fispr¢ ligﬁt fr%inztﬁe GLED %trgétﬁfél ﬂyranges from

htlng requi rements for the display, color,

aboqtulkgolt Ad ciborbAZIvojts. t Hass éntensity | efdthierfight e,dlmlayedn from the OLED

K a
stru BB TRTAAL S bty SRR o Ao R0l Wit
[000BTKke. | Q‘ﬁ@@ﬂED’h&uéﬁl@th efnihtpeekeht Rivehti ﬂaﬁ@e incorporated into
structure_10 qof the present invention na

any gEeTp heasfdiing froph an dmpge displayofevigte ahEﬁIsEDustmn@e 1@ of the
presdrt $Ydntidh IndfP¥e Gilotpottbd Snth! 8play device in addition to or in lieu of

LCD displays or other display devices known in the art. Systems incorporating display

devices include, but are not limited to, those used with laptop computers, personal digital
assistants, cellular phones, and the like.

[00038] In addition to the display device 100, the system may also include, but is
not limited to, a processing unit, a system memory, and a system bus that couples various

system components including the system memory to the processing unit. The system bus
9
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15

or colors. A color-emtting OLED may be conbined with
white light-emtting OLED, both of which nmay then be

w0 p@enpsnt ed i nto a di splay device 100. [ 0003B¢T/US20051¢16561
enbodi nents of the present invention, the intensity of
the light transmtted to the display device 100 and

the intensity of the color may be varied by adj ustin%‘l
may ettt P SRTCrain BIgs ioFi By W%@%én%b‘gpg & ENQrH D5 EpInemory
; . Tyr r UL ] Ritectures. B
coni RS8Pl PROLLAPRL LSHEFAT DTSR B B
way Stfr exdmyle, h8di mott himitstion,esudho aoghitecmeds| jnchmdey Indvgiry Standard

col or rceived. b he viewer. [00 The rrent
s g S B S el BB s BRI S sy Rrs
bus, [PjdRo dERRLBYNicH eYiaf@rdO0A §RYial6n | @PESANABcADBYS, had Peripheral
volts. In one enbodi nent of the present invention, the

Comporenehttemeness@G)) bus alioskriomn 4s pazaningushe OLED

ructure 10 ranges fromabout 1 volt to ut.. 1
oo V<! i SERERRG Y oP) B bR g6 Rt thg form of
volatfib BRI/ howddMtBe MenioRY st asaehE ol matastyl (RONhend pintdageaccess
applied to the OLED structure 10. [00037] The OLED .
memery (RAMDe A basie inmw/opipakersten RN spntaigipgpide basic routines that

i ncor . L fiti r i e
help b 3P0 FRGHelioh SrBMe BUPLER, RER b 59y AR iR Stort-up,
is typlt¥Bytsired MAYROML. I MCAVDoyptadly totitaing ddias ptogyard emoddes, rand/or
addition to.or in lieu of,LCD,di?pIays, r otQ&r .
compyiterxgyutablgilesiRickonsihataxe impaediately @fg%%ﬁ% to and/or presently being

' j i spl ay devices include, but are not
Open%t:&?ng{l gg%?%‘%e&??%égggused with | aptop conputers, personal
[00040]0i t al Waskithd prebent invehtion has Yzkopesicubirly shinen lnd described with

00038] I n additjon to the di ay device 100, th .
respe[a%q @fﬁ]nwéwang)ad1%%@sr,e°§ it Dbt g thoge sified in the ar
that } egft?)ﬁe?gh%gaﬂw&ther_ ShaR YS! ﬁ@oﬁﬁ%@deteﬁpﬂl@_b%yrﬁﬁmld&utedeparﬁng

es various system conponents’including th
fromstizs seoperamdopirittod thehprepand destion Itis therefthe infgrdedrthat the present

. __busmay be .a f .sever tvpes qf .bus .structure cg
inverii o ol L o G Bryeirar oS e, Bpfifcd 58 fall within the
scopP 8f RhPpaldeAmimand a | ocal bus using any of a variety
of bus architectures. By way of exanple, and not
[imtation, such architectures include Industry
Standard Architecture (ISA) bus, Mcro Channel
Architecture (MCA) bus, Enhanced | SA (ElI SA) bus, Video
El ectroni cs Standards Association (VESA) |ocal bus,
and Peri pheral Conponent Interconnect (PCl) bus al so
known as Mezzani ne bus. [00039] The system nmenory nay
i nclude conmputer storage nedia in the formof volatile
and/ or nonvol atile nmenory such as read only nenory
(ROM and random access nenory (RAM. A basic
i nput /out put system (BI OS), containing the basic
routines that

10



help to transfer information between elenents wthin
the system such as during start-up, is typically
wat@eea7o8h ROM RAM typically contains data prBgr/as005/016561
nodul es, and/or conputer-executable instructions that
are imedi ately accessible to and/or presently being
operated on by processing unit. [00040] Wiile the
We plaigent i nvention has been particularly shown and

d i bed with . J [ t
1 e bigPest i it f R0 hak Lo B RS Ghe REEE OLFEDefurt e
compfikinghat the foregoing and other changes in form and

detalil may be made without departing fromthe scope
and- spi roopting a substrpfe &gy canduetive wrferiglito iferm preprgdss e

I ntende : r ' ' L.t t )
t e exacP i e ot PR ol HERRborE By B toph R offé sRostrate;
Wi tchi n  tdpeiosallyeppbfing hiztiap pethdedatet subisbraiééto Comn B irfegulsr
rocess for preparing Organic Light Emtting D ode
surfacs FHEMEHt g¥eTur e conprising: a. coating a substrate
with a i er :
costi ng DRAHE L TRE G Spmb Qi MANARE P boptad substat,
and pptionally adlatverg the bslar afgeniccomppuididill thedppgylamgyrface alignment
frictiion to the coated substrate to forman irregul ar
layeEIEﬂIfnﬁéénS‘bitﬁ ﬂ%’ﬁf‘%'le%ﬁ?grc?ata‘?s%gﬁ‘?i ng a polar organic
CORPOUNGyFife iRGreatlfcBsRd bR wRIR §RuRMRILEGES os‘?ﬁg‘ihle
optionally allow ng the polar organic conmpound to fi
treatefl godted ehsirale te an tlrcwicdlelgnment | ayer fornmed in (c),
to-forma treat.ed cqated substrate: .e.. curing the
2|7 B Bt R, SRR Rl R SunE R PR e my
electrtefidld 6AletheR3tvoHs Susd thalcBrih®oPihe HeBGH cbted k@sthate? -

The process of claim1, wherein the treated coated
3. subdempaecsss of daipok edmpysiag: el ectric field of |ess than

5 vyolts ' L.} f. t.he treated.coated )

Subit r oty bRt Wit Mo 8 A GRNTE (ERPAT Frpes,

coat i ng caatigtht hadde with Hpélyanide nedtdrite (Rl d @atddBubgrdie;

an anode; b, coating the anpde with a polyimde

maCer i alPPPlymedrigtion ©dhe eepted Bbsiraie éo foxm agjpegilagsurface
aligrflﬁér?tlé p to the coated substrate to forman irregul ar

surface al i gnnent |ayer; d. applying a polar organic

codpoundpplyinglaepadarrdrgaaéc edmpduadeo dtecsirfacdsf thatceated substrate,

and allowing the polar organic compound to fill the grooves formed in (c), to form a

treated coated substrate;

e. curing the treated coated substrate while simultaneously exposing the
treated coated substrate to an electric field. \
4. The process of any one of claims 1 or 3, wherein the exposure of the coated
substrate to an electric field aligns the polar organic compound in a single orientation.
5. The process of any one of claims 1 or 3, wherein the electric field is between about

1 and 7 volts.

6. An apparatus comprising an organic light emitting diode structure comprising:
a. an anode integrated onto an anode substrate and connected to a power
source;
b. a conductive layer coated onto the anode;

c. a hole-transport material coated onto the anode to form a coated substrate;
11



and all owi ng the polar organic conmpound to fill the
grooves forned in (c), to forma treated coated
wWQivs0A@BE; e. curing the treated coated substPEr/®EsS2005016561
whi | e sinul taneously exposing the treated coated
substrate to an electric field. 4. The process of any
one of claims 1 or 3, wherein the exposure of the
codt ed snloptiony Eresylaysudheslignment layer farmeshen theeopiet ar
subsBa@ani ¢ conpound in a single orientation. 5. The
protess of any one of clains 1 or 3, wherein the
el ect ri a polaglotkant dodipsead aphitudtto theviifade ¥Hihe $oatbd s¥bstrate,
apparatus._ conprising an qrganic |i qht em tting diode
and gptiqnety fidlingoidhe reghlar surfach 2lmpmentiipyes it (<o Tormn 8 trgated
Coﬁgpggguggbstrate and connected to a power source; b. a
conductive layer coated onto the anode; c. a
holf.e- t r ansfotron trangpoitdhyet dapestdamntthe poiar arganie compbomdn
a coated substrate;d. an tional irregular, surfac
2\ BonmercatiageiBroeion B Benigrnat Bt tamapodsd by
cathO@ ftbstedtgani ¢ conmpound applied to the surface of the
coated substrate, and optionally filling in the
i r hegul apower sare: ainheeindtn the apede and thieyatheds, vbereim when

treated. coat.ed substrate:. f. . gn el ectron transpg
voltfes T Ehided 10 EmBe S Ahfide from B et s RenisOlgy Stabe potar
orga@RtddadRuAld sRaE e a QRifbe dRb&oh ON transport |ayer and
. su&gorted by a cathode substrate; h. a power source

co

e eppagatndof Hainnpotlesreindhe #nodeas enatrsl Witk e pelyinidgtnasterial to

formvé%&a"?&iesuib?traqul ied to the anode and cathode fromthe
power source,” di pol es of the polar organic conpound

8. or Thakppanatas ofdlfiat 60 wihereiatthomodé subshateaspdah@tatiodd substrate are
%%fin16, wherejn the anode _is coated with a pol yi m de
selegied Bpmeglass plagticnquprizopleals oy spgtal; eeramic, apdpelypisrsat us

9, of T&% g%ﬂgggcgs yhaLigl & &ﬁk‘f'eifl Qﬂ@@o&ﬁ#&%@l?& i?gbqeﬁttéhefrom the group

cat strate dre selecte rom gl ass, plastic,
consgpiiag of indplrasini oxide, imdiumeiel gxids ahiminymatoged eing weide, infium-

The a ratus of claimé6, wherejn the conductive | ayer .
dopedms P, pEpe ORI REUET GXite. Auike - Smesign GFide AL pitfe, zine
seleifidd g8 zihdgliigge. zi nc oxi de, al um num doped zi nc oxi de,

i ndi undoped
10.  The apparatus of claim 6, wherein the hole transport material is selected from the

group consisting of monoarylamines, diarylamines, triarylamines, polymer arylamines,
poly(N-vinylcarbazole), polythiophenes, polypyrroles, polyanilines, and copolymers
thereof.
11.  The apparatus of claim 6, wherein the polar organic compound is selected from the
group consisting of fluorescent dyes, phosphorescent compounds, transition metal
complexes, iridium complexes of phenylpyridine, coumarins, polyfluorenes, and
polyvinylarylenes.
12.  The apparatus of claim 6, wherein the electron transport layer is a metal chelated
oxinoid compound.
13. A system, comprising:

a central processing unit operable to execute at least one set of maeline-readable
instructions;

a memory storage device operable to share the machine-readable instruction; and
12



zi nc oxi de, magnesi um i ndi um oxi de, nickel -tungsten
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15.  The system of claim 14, wherein the anode is coated with a polyimide material to
form a coated substrate.

16.  The system of claim 14, wherein the anode substrate and the cathode substrate are
selected from glass, plastic, quartz, plastic film, metal, ceramic, and polymers.

17.  The system of claim 14, wherein the conductive layer is selected from the group
consisting of indium-tin oxide, indium-zinc oxide, aluminum-doped zinc oxide, indium-
doped zinc oxide, magnesium-indium oxide, nickel-tungsten oxide, gallium nitride, zinc
selenide and zinc sulfide.

18.  The system of claim 14, wherein the hole transport material is selected from the
group consisting of monoarylamines, diarylamines, triarylamines, polymer arylamines,
poly(N-vinylcarbazole), polythiophenes, polypyrroles, polyanilines, and copolymers
thereof.

19.  The system of claim 14, wherein the polar organic compound is selected from the

group consisting of fluorescent dyes, phosphorescent compounds, transition metal
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