WD 03/ 093897 PCT/ US03/ 09615 A POLYMERI C SUBSTRATE FOR DI SPLAY AND LI GHT
EM TTI NG DEVI CES BACKGROUND OF THE | NVENTI ON The present invention rel ates
general | ywoo3moset yneri c substrate. Mre particularly, tIReTArSes/@sts
invention relates to a polyneric substrate for flat-panel displays and next
generation lighting applications. Optical displays such as active-matrix
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applications. LCDs are w dellyGHIEBMEFTENG PESJIEESor appl i cations such as
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general illum nation appl]i I ch as graphic display and i maging art.
Unf or t unaB&GRGRAERP Wqﬁ#@ﬁﬁwg\{ﬁpiﬁat erials and organic
el ectrol um nescent materials undergo detrinental reactions with oxygen and
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are not suit .for certal.n applications in which flexibility is desired.
The att ra%?qe%fong@ﬁ%a%lﬁgﬁ?rﬁhi ties offered by flat and flexi )lgl e displ ays
as well as their lowcost manufacturing potential have |ed to significant
interest pptipgl Mi%hy@%aad i s@lveysatrid hquiderysofl diagleys (BEDs) ypil clglity
present on the LCD and the CELD. The material, to osite&i the density
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deposi tion can be igh tenperature sputtering process. This results in
the need fiiph-and lapmpt cansubst r @EEDsacffargsignificayh nytensis! dferanss 1 general
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di splay devites and light emtting evi ces. ) .
detrimental reactions with oxygen and moisture. To function over extended periods of
time the LCD device and OELD were typically built on glass substrates because of the
Jlow permeability of glass to oxygen and water vapor. However, glass substrates are
not suitable for certain applications in which flexibility is desired. The attractive

design opportunities offered by flat and flexible displays as well as their low-cost

manufacturing potential have led to significant interest in polymer-based displays.

A number of layers are typically present on the LCD and the OELD. The material to
be deposited, the density of the deposited material, and the deposition temperature,
typically determines the deposition of the various layers. For example, a method for
deposition can be a high temperature sputtering process. This results in the need for a
plastic substrate having a high glass transition temperature to maintain its integrity

during high temperature deposition.

Accordingly, there is a need in the art for a high glass transition temperature polymer-
based transparent flexible material for use with display devices and light emitting

devices.

SUMMARY OF THE INVENTION



SUMVARY OF THE | NVENTI ON 1 WO 03/093897 PCT/ US03/ 09615 The present

i nvention provides a polyneric substrate conprising formula (I): (I 7)m (I
8)Q (1) wwerog/o9Ise7t hree optically active sites of (1) canPo@/URos/ewners, S
i soners, or conbinations thereof; R7 and R8 are independently sel ected
fromthe group consisting of Cl-C6 al kyl and hydrogen; mis an integer in
a range ' hisstrafe doRpegRIg fofin@a(Bnge bet ween
about 1 gﬁ%ﬂﬁg%ﬁ?ﬁggﬁgﬁhﬁﬁqggg?H& 3“%8 | ynmeric gﬁ%sﬁrate |gaused in an
optical display device or light emtting device. In another enbodi nent,
the present_invention further provides a method—for using a polyneric
substrate ¢onpri sing o'sp05|ng said polynerlc substrate in an optical

di splay deyice or a ligf 1l in said polyneric substrate
conprises |fornul/ea= the present invention
further pravjde 1 d ing: a) two polyneric
substrat es, saio\me X es belng substantially paraIIeI to

each ot her, where
t ranspar ent| conductg7ye | ayer di sposed)on a surface of each of said

pol ymeric bubstrate; and 2 WD 03/093897 PCT/USQ3/ @615 <c¢) a liquid
crystal material, said liquid crystal materi al being di sposed between said

two polyneric substrates such that sai.d_|iquid crystal terial cgntacts
sai dp Y where the three optlcally active sites of (I) cgn be (f{ ¥somers r’rg 18omers, or

combinations thereof;

R’ and R® are independently selected from the group consisting of C;-Cs alkyl and
hydrogen;

m is an integer in a range between about 1 and about 4;
q is an integer in a range between about 1 and about 4; and

wherein the polymeric substrate is used in an optical display device or light emitting

device.

In another embodiment, the present invention further provides a method for using a
polymeric substrate comprising disposing said polymeric substrate in an optical
display device or a light emitting device, wherein said polymeric substrate comprises

formula (I).

In yet another embodiment, the present invention further provides a liquid crystal

display comprising:

a) two polymeric substrates, said two polymeric substrates being substantially parallel

to each other, wherein each polymeric substrate comprises formula (I);

b) a transparent conductive layer disposed on a surface of each of said polymeric

substrate; and



transparent conductive layer on each of said two substrates. In yet a
further enbodinent, the present invention provides an organic

el ectrol wwpriemeasat devi ce conprising (a) a polyneric substcatisosmsiei n sai d
pol ymeric substrate conprises formula (1); and (b) an organic
el ectrol um nescent | ayer disposed on the polyneric substrate, wherein the

organic e t r }
e er ] ol O R e B e e e e T

DRAW NGS fiog ylotymerics sabsguaeqshusucldeqhat:tsanin lighidt leeystd t maissied SONBAISoABHPM PC
versus wavel ength. DETAILED DES I NVENTION I n this

-
speci fi cattr?rﬁﬁaré?fchnﬂu(itWE 18¥eL PREA¢ Salldq\llog\ﬁpg{? Eefsérence will be made to a
nunber of terms that shall be defined to have the foll ow ng neani ng. The

singul ar f0ry® 3a"futh@N enftdiméfie” thenekdsesr phueraionr gfrevided saminbrgssict he
context «clearly dictates ot her wi se. "Optional™ or "optionally" nean that
t he subsecjednilipingsesot ddeer @pisinr  cir cunst ance may or may not occur, and

that the description includes instances where said event or circunstance

occurs a nga%i/ Irf)?? ?1%35 %\{1 [EwhbreflP ﬁ%%eﬁ@s%@ﬁé@ RbmgisR! @R hadt

emtting es are t se material on which subsequent
| ayers are S|tuated I n the present invention, it was unexpectedly found

':1 hat an i Sﬁt aém?iganlp@ﬂqummmnssmbmtlamreh&pomﬂ®Isth¢g>0éyml%/%@§%ﬁavl@rﬁpscI osed
erein exhibits
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e ot e RS L T LR 5B pRpk s upage, and
devi ces aﬁﬁp&eQ@kh@%h&%b@&cug&%'ces SpeC|f|caIIy the pol ycarbonate is

i deal for tenperature display and light 3 WO 03/093897 PCT/US03/ 09615
emtting appllcatlons for exanple, for use in liquid crystal displays

(LCDs) or BRIEERESCRIPEEONIVE, RAWINGY| ces (CELDs). "Favorabl e haze" as
used herein refers to an

Figure 1 is a graphic depiction of the % transmission of BHPM-PC versus

wavelength.
DETAILED DESCRIPTION OF THE INVENTION

In this specification and in the claims that follow, reference will be made to a number

of terms that shall be defined to have the following meaning.

The singular forms “a”, “an” and “the” include plural referents unless the context

clearly dictates otherwise.

“Optional” or “optionally” mean that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where

said event or circumstance occurs and instances where it does not.

In optical display and light emitting devices, substrates are the base material on which
subsequent layers are situated. In the present invention, it was unexpectedly found
that an isotropic polymeric substrate comprising a polycarbonate disclosed herein
exhibits a high glass transition temperature, favorable haze, and uniform thickness
which make the polycarbonate ideal for optical display devices and light emitting

devices. Specifically, the polycarbonate is ideal for high temperature display and light
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average haze percent |ess than about 4% "Uniformthickness" as used herein
refers to a thickness that does not vary by nore than 3% The isotropic
pol ymer i cweoub®s9asat e of the present invention has the fornmelcayshbyossry m ( R8) q
(I') where the three optically active sites of (I) can be R isoners, S

i soners, or conbinations thereof; R7 and R8 are independently sel ected
fromthe gr.qu 8L 5 & i (LCDs) & @dadiot eger in
a range be lﬁé@na%gggﬁﬁkg’n%ﬁgiaggg%@ ﬁgegﬁélqg@céygﬁq?%ﬁge(r i n)a rgnge bet ween
about 1 aiebthebinedeniThevicas! @RIRs). iagbrablefhazkie as petd,/hespingeferh & pResent

invention is typically in range t ween abgut, 30,, - 00, 000.
In opti caﬂvemg§§ﬁ%5‘ypeé tb?éﬁ?%ﬁgg‘gn o %Agﬂ‘?c’lghﬁﬁlﬁnﬁ ; %g\%ls%g% ! elﬁggeltssl} strate
typi cal Iy, fias asstilitceRe R Jagp8y kBANthaRess,. 0.5 millineters (m), nore
typically I'ess than about 0.2 mm and nost typically, less than about 0.1
mm Pol yneric substrates of fornula (1) typicall hgv suffjcient optical
clarity &Rtk iaotrope pekyaterio ulstrageadiibe Neend FﬁV@PU‘P%g%S.t ?ﬁé’mb‘ {’ ric
substrates of forrmula (1) are also substantially transparent.
"Substantially transparent” as used herein refers to a transparency of at
| east 80% i the visiblg light range of the speckrum Additionally, the
pl astic is |capabl e of—wit hstandi ng subsequent prpcessing paraneters (e.g.,
application of subseguen h as sputg¢efing tenperatures of about
room tenpqraturg X o ZOOCﬁ and subsequent storage

condi ti ons—jte—¢- \ 3 3799695 i n a hot car having
tenperaturgs u y . 1 the plastic has sufficient thernal
stability tlo prevent deformation durilpng the varipus |ayer deposition steps
as well ag during ®torage by the enfffuser . Typi cally, materials having

gl ass transt+tion tenperatures greater than abodt 290C shoul d be enpl oyed
in display applications and

where the three optically active sites of (I) can be R isomers, S isomers, or

combinations thereof;

R” and R® are independently selected from the group consisting of C;-C; alkyl and

hydrogen;
m is an integer in a range between about 1 and about 4; and

q is an integer in a range between about 1 and about 4. The molecular weight of the
polymer of the present invention is typically in a range between about 30,000 and
about 100,000. In optical display applications and light emitting devices, the substrate
typically has a thickness less than about 0.5 millimeters (mm), more typically less than

about 0.2 mm, and most typicaily, less than about 0.1 mm.

Polymeric substrates of formula (I) typically have sufficient optical clarity and a
retardation of about %100 nm or less. The polymeric substrates of formula (I) are also
substantially transparent. “Substantially transparent” as used herein refers to a
transparency of at least 80% in the visible light range of the spectrum. Additionally,
the plastic is capable of withstanding subsequent processing parameters (e.g.,
application of subsequent layers) such as sputtering temperatures of about room

temperature (about 25°C or lower) to 200°C, and subsequent storage conditions (e.g.,
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light emtting devices. The polyneric substrate of formula (1) has a glass
transition tenperature greater than about 235C. Typically, a liquid
crystal dwepbag3sgonpri ses a center liquid crystal |ayer, @&cfriusss/omnsl a
second conductive |ayer, a first and second barrier coating layer, and a
first and a second polyneric substrate. Wen the barrier layer is present,

it my be present,on a | east .on e~pf J - Lat
bot h sur raceestart pang e TBip IR C Tl P MRRIC SRR Pt
di splay, difmsdl seRiIMFR iFeveubatfonhstion durlilg tharvatrieus layay éepositidn fstaps tas
conductive |l ayer conbine to forma first plate an econd pol yner.ic

subst r at ewelt @s oting atarags by Hireond-usst JoBGAYY »C"B‘?’Faﬂgf’ 5\%1“&&%}&5 TEGFH e t o

forma second |ate., Fjrst.a - iall
bar al el EBPGRAERBENer HaaORagOrt SiruF bELEPIPET ftaRRg bl any! 2l 1Y

t her ebet enfiRRzedevide8. fiteSiolaneticadenste d@dbinmEri(D Imshsglaattemsision
typically the outernost layers. Typically, each polymeric substrate has a
t hi cknesstehpemturh@reatdyshan o6t 243°Ci neters (M), nore typically less than
about 0.2 mm and nost typically, |less than about 0.1 nm The liquid

crystal layer s typicall : i.sed .of i i Qul
L o okl B R FPRY bRk DM uld B ek 8 Y]
ferroel ectdebid chbh@i¢kide apest @lfst(dndGelond bhsiee dombrplayer, landui first aydal s

(TNLCs), super-twisted nematic |iquid crystals (STNLGs), polymer-di d

|T |h qui d gr sesoad 9|0]0’FPI§L1€§}1‘?S%3Fﬁ3IW@?’éﬂi%bam?rdﬁi’ed 1%?5?%?%4%“&'?&%,9‘48?0“{ LSF?LZe
e condugctiyve I 3 a i r Bt

conductiv eaétn% ee?l%gﬁrcjg @%ﬁléc‘gﬂl%m?c asglfgtel CI)IS gﬁq{?lﬁgrg{éﬁ%dle% ngt?gz’? Pr ef‘cer abl y,

t hedcotn_dugablsm@tel ay efi sxernplanyrliged trystalidisplay, foxt phdyra¢ricQubsiate ditatarienl y, t he

conductive |ayers may conprise at least one of tin oxid ] i

i ndi um oxa¥8% ANGrHETH &SN %18 cogRime e ,a ﬁ@% pllaé? ﬁ%cli S%;Sloagcéo?ﬂéﬂéérﬁr?agixh%es,

oxi des, a%sﬁg@ké&@ﬁﬂ 8aSict NEEL AR sctBfd xndAREVE hgtr comind® fésRE second

conductive layers include, but are not limted to: (Galn)203; CdSn204i

\%635,%5 3@35@9&7%?@6@ puEsole disnod, subsiprizdly; Pavajleh 3o ane pRetherAshog; 5
the liquid crysta{ ?agy%%' 515 interposed therebetween. Hence, the first and second
polymeric substrates are typically the outermost layers. Typically, each polymeric
substrate has a thickness less than about 0.5 millimeters (mm), more typically less

than about 0.2 mm, and most typically, less than about 0.1 mm.

The liquid crystal layer is typically comprised of nematic liquid crystals (NLCs),
thermochromic liquid crystals (TLCs), liotropic liquid crystals (LLCs), ferroelectric
liquid crystals (FLCs), twisted nematic liquid crystals (TNLCs), super-twisted nematic
liquid crystals (STNLCs), polymer-dispersed liquid crystals (PDLCs), cholesteric
liquid crystals (CTLC), or the like.

The conductive layers should be made of a substantially transparent conductive
material, typically a class II or class IIl oxide. Preferably, the conductive layers
comprise indium tin oxide (ITO). Alternatively, the conductive layers may comprise
at least one of tin oxides, cadmium oxides, indium oxides, magnesium oxides, gallium
oxides, zinc oxides, germanium oxides, and combinations thereof. The oxides that
may be used in conductive layers include, but are not limited to: (Galn),03; CdSn,04;

CdGa,04; CdInOs4; CdSbyOg; CdGeOs; InyO3, MglnyOs; Mgln,Os; ZnO; ZnSn0s;
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Zn2S5nM; Zn2I nGb; and Znl n20o. The oxides may al so contain small amounts of
at | east one dopant. For exanple, (Galn)203 may be doped with either Sn or
Ge, |1 n203vorsaypoise’ doped with Ga, and ZnO may be doped wi t RC@iush&p96ad um num
or gallium Alternatively, the conductive |ayers may conprise thin
transparent metallic films of at |east one of Al, Cu, Pt, Pd, and alloys

ther eol - ZulsRie /2o RNl O GROCLEEL Yy aﬁé’@l‘:&n&lﬁvs%qaﬂ ihbekness: i n the

range be Typi cally, the conductive
| ayers angsteposigaat Bsd eﬂ@mpﬂ@r(GaE%@mhe}; bes ﬂupetde\rntlmglth@\ﬁap@r@t,ﬂ@zﬁ)% i on beam

assi sted deposition (|BAD), asnma
( PEVCD) , meswpbedpprst Wﬁér%la“ﬁl%x%(ﬁﬁ“ e E‘%ﬁ&\?@) Lr‘“rlﬂi%gns ?@Q‘%#talsﬁg
chem cal %@@Pﬁﬁ' éoh@ﬁbtﬂv@h%@%a&’éétﬂﬂn&' thﬁ)et'rans?d}elhtﬂﬂetﬁﬂllc\fﬂmy ofaupl ed

plasma (I ectron cycl otron Tesonance (ECR conbi nati ons thereof
or the | ildest oddhef AlGuckt, 8, adpdleis thereof.echni que for the transparent ’
conductor layer is based on the material to be deposited, density of the

ey ape S i TR P S RE P e AR A Mascueeyer 15 o

single | er a su t ranspar ent

organi ¢ et £hi @l aveht 206 WASt aypically,thé rcaﬂ@mwenﬁyermenegdﬁpns:tmﬂamwng,afbr When
the barrier layer is nultilayer, the barrier Iayer LS C uct.ed of at
| east on@Xhmpbr splittering uOEPAHtPRI 197 DEaRs PG SP(&éﬂﬂnc?ﬁ%@ RS at

| east one ? efl %gg]gmcgﬁ “Pa}%?%ﬁé ilidh (PEFCTPRPAndifPHERRLE plahRr CYD havi ng

| ow per e vapor, anhd other reactive materials
present I(Ewnwmmrgmmmamy pBym4 chwnmak vermbidepasjtjon GHIPpéfD)rrem cithgat t he

permeabi lity of oxygen or, ot her t |
(at standdr dn‘il@ﬁﬁ@lb’a%‘ﬁeedariﬂasﬁfi‘aes(g(gél)el)oy ﬁ@%%ses Cltyﬁlr(’trgﬁfire%sﬁe per ill |C{ﬁ; of

vat er Va(%%blflﬁlok’lgsﬁ dlteBPnOIa%Jqlké 9TRE/ Gdce Eh@eﬁ&ﬁtﬁfﬁﬂftedhﬁlqmat fos thé

noi st ure, oxygen, reactive materials decrease as the n nber of
al t er nat |tmj1sbay1etr eondnctroezhfsfes is tsed oprijamaeniayierhs fpaits Ry efiBat i on

rates of t hr ou barri er. red N9 the nunber of straight-through
paths res FIFF&W?%H% @’?‘@‘ietpgmflﬂn |€#§llr ganic layers upon whi cﬁ or unde?

which the organic layer is formed. Wien the barrier layer includes nore
than one @Wi@ANHE Vapierlapdtds nDsiaglehayerpiteisi cuosganied of &jtber, a ghbstantiely or gani c

and transparent organic material or a substantially transparent inorganic material. When
the barrier layer is multilayer, the barrier layer is constructed of at least one layer of a
substantially transparent organic material and at least one layer of a substantially
transparent inorganic material having low permeability of oxygen, water vapor, and
other reactive materials present in the environment. By "low permeability," it is
meant that the permeability of oxygen or other reactive gases is less than about 1 cm’
(at standard temperature and pressure)/mz/day/atm, and the permeability of water
vapor is less than about 1 g/m?*/day. The permeation rates of moisture, oxygen, and
other reactive materials decrease as the number of alternating layers increases. The
organic layers reduce the permeation rates of gases through barrier by reducing the
number of straight-through paths resulting from defects in the inorganic layers upon
which or under which the organic layer is formed. When the barrier layer includes
more than one organic layer and more than one inorganic layer, different organic and
inorganic materials may be advantageously used for the individual layers. The

thickness of each inorganic layer is typically in the range from about 1 to about 500

nm, preferably from about 10 nm to about 100 nm, and that of an organic layer
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inorganic materials may be advantageously used for the individual |ayers.
The thickness of each inorganic layer is typically in the range from about
1 to abouwo03G0938am preferably fromabout 10 nmto about POG/uUst/omN t hat
of an organic |layer 6 WD 03/093897 PCT/US03/09615 typically about 1 to
about 10000 nm preferably fromabout 10 nmto about 5000 ran. The organic

layer may heafpismd 1 b abo@XBODd &m, BYef&BMl?ﬂch&h ABARAD 198 pesbdut 6000 aheni cal
vapor depositi'on (CVD), depositi on from fl ash- evaporated nateri al, s di p

tC(I‘)lat : nE, "ﬁrpehorg@maliaycbmtay heg erfneﬂ,h@r meaptes by HhysicaeERongengsitiopeesdddl on,  and
e like. ca cal.
under a s‘{?ﬁa Oﬁﬁ’é)rnl ((,C\&éh‘ ?S mo 8{&1 lg%glgp é&r‘?x{%d%ﬁ"cﬁlﬁ%&g@ﬁ :ACEQ%] r ggﬂg? ict)ﬁd

of unwant ggh®laBak o he Mohdifer, QﬂQWeﬂg)yi plenerizalibe, andothg dikie.c Pha:ywl omay be
formed, for "exanple, by physi cal vapor . deposij t|8 hem cal
deposi t i ofhemiend YapamdgaeTiEeR dndie BEsHISITaNY ( vamipyte ‘értﬂ%f taers}ﬂ??émo ’QBSr ation,

B: :zx g}% %E%C@E%%Iﬁ?ﬂgh fnnq%)%ﬁ' 1?ﬁr8@uc(t BEQDInwareP aiiddest iethaal

ensity asma chem cal vapor deposition
(HI PCVD) gsivig Rivedse rrmnnongdmctlayee In}aycbmfoirmdd ploa sxamgle GP) playsicel Eearon

cycl ot ron resonance (ECR), i nations. th f t.h K i
mtall i c d9payEPs. rigTERS dgm??wsgiynaﬁwa RO IET ngoprile PARE Chot oo
of depOSI Q@m&%e%mﬂoﬁwﬁ) %1a§rﬁheelﬁﬁlhééc?rchl:1®)’<ﬁl vapobakepdsi€ion t (RECNDEri al to

be deposit nsi t deposited material, and deposition
t enper at ue@anﬁng rtbélmal (pﬂasnratt EMDalETRGY Daphigh figensit Pfllaﬁga tchemjsal yaRaYi ¢

| ayers ar g polYac R GRE RPN E Loy BERININTRE FIcH) Adhioh act d.
met hacryl H Bt gt?ilgqsé acl pol y(vi nyl
fluoride)g Cﬂ)&{dﬁ(fégmhb@im)c Rb@bind&dns trhelleysf \alnaylhe hlke;oﬁmla@ldmomopeth}}mer of

vinyl al cohol and gl yoxal ; PET, parylene, and deriyved from
cycl ool ef labfsrsamé}’thﬁ?e pogiéed b&tqn\/%c'%%ﬁ“%P%F (a gec‘”\j’ﬂc(?b?ﬁ/aml WPscl osed

in Us. flﬁﬁ&é f(# RE 8%11'?1@?’ la§7PrdlsEba§«§15m§ﬁljc mitERi166 MR dpodifka, RRkMPBS tie

rrate_rlal 1§ tes I'es of matertals suitable for
form ng t hepdshed glammal laﬁ(yée;msaroﬁ tarapahmre{t he

Examples of materials suitable for forming the polymeric layers are polyacrylates such
as polymers or copolymers of acrylic acid, methacrylic acid, esters of these acids, or
acylonitrile; poly(vinyl fluoride); poly(vinylidene chloride); poly(vinyl alcohol);
copolymer of vinyl alcohol and glyoxal; PET, parylene, and polymers derived from
cycloolefins and their derivatives such as poly(arylcyclobutene) disclosed in U.S.
Patents 4,540,763 and 5,185,391. Preferably, the polymeric material is one of
polyacrylates.

Examples of materials suitable for forming the inorganic layers are metals (the
thickness of such metallic films being small enough to render the film substantially
transparent), metal carbides, metal oxides, metal nitrides, metal oxycarbides, metal
oxynitrides, and carbonitride. Examples of metals are aluminum, silver, copper, gold,
platinum, palladium, and alloys thereof. Preferred metals are aluminum and silver.
Examples of metal oxides are ITO, tin oxide, silicon oxides, indium oxide, zinc oxide,
aluminum oxide, magnesium oxide, composites thereof, and solutions thereof.
Preferred metal oxides are ITO, tin oxide, aluminum oxide, and silicon dioxide.

Examples of metal nitrides are nitrides of Groups IVA, VA, VIA, IIIB, and IVB of the
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t hi ckness of such nmetallic filnms being small enough to render the film
substantially transparent), netal carbides, netal oxides, netal nitrides,
met al oxywearoBioeBss7 netal oxynitrides, and carbonitride. Exargshzeoees netal s
are alum num silver, copper, gold, platinum palladium and alloys
thereof. Preferred netals are alum numand silver. Exanples of netal

oxi des ar pefdiddd Tablk. OBtd&red etsd QdnHOUAGS arel HESHTIRHE SsilidonNExydtide,
al uni num oxi de, magnesi um oxi de, conposites thereof, and sol utions thereof.

Pr ef er r edsiteombxysaitidss ahnenumojtride randalenainual exyiitife.oxi de, and silicon
di oxi de. Exanples of netal nitrides are nitrides of Groups | VA, VA, VIA

118, andTh%/E) fD tn?o%ule %f‘/@e p%és%%ﬁ %%Zntp q{n%?%%ﬁa%?@%g o%rg rn;[(ggk silicon

Preferr_ed npoun are silrcon ni ox ni
oxycar bi demltﬁhg”ﬂeﬂltm niThé itehen “&@Ht”aimmdﬁsll’wsfb(lynlhghtlEd;EWelT rm OFLBndrd8ul e of

the present_invention conprise any type of a ttin
devi ce. F@l%t&nm ‘The g(HELﬁ()l W@ﬂ%%ck?ﬁgﬁyﬁp éeg?lﬂ%te %gr i)b%‘]‘lpeség tlﬂi]ﬁn}&yﬁ’rll? °
radi ationy g&‘ggﬂ%h@ skt fo?lrﬂuf%r@)a or whﬁ%ﬁ@b%d?ﬁ@g&f&alﬂ L)

| ayer dISp ymeric su strate erm
modul e germ”elaltb yhe cefleinstisrowhivd iodotiésnat onganm/ml@ltroimmhcmtest matenalg drei c

Cubst r ot o MR PE RS, BICH AETEtQU BTG o WERL oL A Bt YBEE: one

barrier | @Déﬁfentsa;t;uclhe@ss ht QA6 SHO DA 1Bldry at N@RERAE %ﬂbstaﬁﬁh’l‘l@uﬁéﬂsﬁﬁehﬁyer
t he device electrical contacts, and a photol um nescent | ayer e organic

el ect r ol unbmBstentaytiatherdevise lelegtsicat mtmtsgand épb‘l)fébwlmﬁl@ﬁﬁltdment mat eri al
sandw ched bet ween two el ectr odes, a cat hode and an anode. The

organic | 'I‘g %{Q élé f(:@lg%xh&xégcrenfﬂgér%{]{;]lhggt ?Bg%n?ooﬁécjtfb%dﬁ%@sc%h Igat\éﬂlalt age

across the an source
cat hode i sm&l@hdfédafeg&ee@aﬂhrd dectrodes,ee.g., hohthsde mesfl aimde Chimr gredniahight

el ectrons (negative charg into . the organic i t|n a wher e
t hey recoﬁ’éﬁ”ﬁégt%’eﬁﬁnﬁﬁé‘ﬁgh‘%@%lé@tﬂ% PYOUARE| ’Eﬁ’ﬁ n(?ﬂeg‘i‘éfgltﬁ?‘bent when

the nol eC"Pﬂgﬁ? 1R vEXe tQﬂ?ced%@y'anoageangoéag{od@f1nJ[e'cg Bhar géncﬁltrﬁzgs Ry tiges

nol ecul es depends On the energy difference between the excited state and
t he gr oundpasitatestharge) tundelectrons (negative charge), into the organic light emitting layer

where they recombine to form excited molecules or excitons which emit light when
the molecules or excitons decay. The color of light emitted by the molecules depends
on the energy difference between the excited state and the ground state’ of the
molecules or excitons. Typically, the applied voltage is about 3-10 volts but can be up
to 30 volts or more, and the external quantum efficiency (photons out/electrons in) is
between 0.01% and 5%, but could be up to 10%, 20%, 30%, or more. The organic
electroluminescent layer typically has a thickness in a range between about 50
nanometers and about 500 nanometers, and the anode and cathode each typically have

a thickness in a range between about 10 nanometers and about 1000 nanometers.

In an organic electroluminescent device, the polymeric substrate of the present
invention is first provided. Optionally, a barrier layer may be present on at least one
surface of the substrate. A first electrically conducting material is deposited on one
surface of the substrate to form a first electrode. The first electrode may be an anode
or a cathode. The first electrode material is preferably sputter-deposited on the

substrate. Furthermore, the first electrode may be patterned to a desired configuration



nol ecul es or excitons. Typically, the applied voltage is about 3-10 volts
but can be up to 30 volts or nore, and the external quantum efficiency
(phot ons wotosedasetrons in) is between 0.01% and 5% but ecmluobesup to
10% 20% 30% or nore. The organic electrolum nescent |ayer typically has
a thickness in a range between about 50 nanoneters and about 500

nanomet er sy, 386 khipRNAdehiand aatleadeoRAcipahitiefkatrbMniiddéBentambfitiakAaess in a
range between about 10 nanoneters and about 1000 nanoneters. In an organic

el ect r ol urdepesitedon threfiist electreds ydarhymisel @ cheicel varer depasiionpsris epating,

at Toast e coutite S IR of RRE B MR BT,

mat eri al iceben9sort @fingrofaRematiaf. aThe ofgahibe]l@udhintiaéetitanfterizh ma;f ber st
el ectrode. The fi rst el ectrode. may be an apode . or a cathode. The fLr st
el ect r ode ditesring sqleens iepdivghity vg@ﬁmﬂwr Ex5H SYithe aneiher pRlymerig, Bafesia

Furt her nor; r I e
confi gur at ﬁ%tnsten%s \ﬁ)asfé'}ng f%%@%@cl_}_ %%éo%/ Soegg%%fegggalﬁ or": &édjlgrﬁr%g %teg%aé l? ng. At

| east one ctepgsaiedmnetheczttrledsu mnpesgant ciratrelumahescant noepito ddrmor sdeend i r st

el ectrode c or chem.cal r depqsition n ot'n, di

coati ng, 553%23}3‘35%5&1 ik 2 cRYntgly lﬁ%fcﬁj\éa%gg} %5@%?“;%;@1‘ 3hf g‘%ﬁé’agﬁﬁ Sdtmay ' P
pol ymer i zafel RBosifefl onﬁﬁ@@ﬁ%@ra)/ea &ﬁh@b’ égaﬁ'ig e@ctﬁohﬁnﬂ?sfc@ﬁﬂrﬁétenaihﬁ é)@ft&ﬁ&! c
el ectrol um nescent material may luted in a solvent to adjust its

vi scosi ty inio arilsséngdwhape ammnfmurq@@ny el feast rae exfithe elegthedes e pubstangiglly
filmforinin renq C(B 1on BINACY (S)Lrl‘b%tanltlgﬁ% '[I!gﬁ%.)l té{lt CORAUELL NG, Rt rﬂeaﬂr'eée

deposi ted on oné or gani rol'um nescent nateri o forma
second elggt ﬁ@d@pﬂd@lﬂ}ﬁhdllsﬁosadcw%etﬂ gkepblyatdeict quishatef iandt tied eepadde. The
second el ectrode may = be deposited on the entire area of the organic

el ectrol urﬁ%§€@ﬁlﬁet’f?dt‘%ﬁ’fi al or patterned into a desired shape or
configuration. At |east one of the electrodes is substantially

transpar enfye éa%dderg%héﬁéu %o%%ésamaeérkay htamagsapw%ﬂ@ﬁﬁfé%ﬁ hiRelsayer may
be present and ypi cal di sposed between the polyneric substrate and

t he organitbat elrd@tu\re@yragmﬂtvdtagaycemses TEhesseat hbdiscyenrsefram| thecwthndeséhe a

materi al hc%ﬁ{oiag rerllalyo%r\l/l\g{isi% flu rrlcgia%Qplgap%?assmmh lithium, sodium, magnesium,
lanthanum, cesium, calcium, strontium, barium, aluminum, silver, indium, tin, zinc,
zirconium, samarium, europium, alloys thereof, or mixtures thereof. Preferred
materials for the manufacture of cathode layer are Ag-Mg, Al-Li, In-Mg, and Al-Ca
alloys. Layered non-alloy structures are also possible, such as a thin layer of a metal
such as Ca (thickness from about 1 to about 10 nm) or a non-metal such as LiF,
covered by a thicker layer of some other metal, such as aluminum or silver.
Alternatively, the cathode can be made of two layers to enhance electron injection.
Examples include a thin inner layer of lithium fluoride (LiF) followed by a thicker

outer layer of aluminum or silver, or a thin inner layer of calcium followed by a

thicker outer layer of aluminum or silver.

The anode typically comprises a material having a high work function value. The
anode is preferably transparent so that light generated in the organic light emitting
layer can propagate out of the OELD module. The anode may comprise, for example,
indium tin oxide (ITO), tin oxide, indium oxide, zinc oxide, indium zinc oxide,

cadmium tin oxide, nickel, gold, or combinations thereof. The electrodes can be
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that a relatively small voltage causes em ssion of electrons fromthe

cat hode. The cathode nmay conprise, for exanple, potassiumlithium sodium
magnesi urivo oBasashanum cesium cal cium strontium bari umpCaIusnd/oasmy
silver, indium tin, zinc, zirconium samarium europium alloys thereof,
or mxtures thereof. Preferred materials for the manufacture of cathode

| ayer ar e féhgnddb; br%oﬂ#entlblﬁh’l Miapornlepfsition tethhidyiss, hahensdevagbradbh Oy
structures are also p055| bl e, 'such as a thin Iayer of a nmetal such as Ca
(t hi cknesspitiesmegafppgrampleo about 10 nmm) or a non-netal such as LiF,

covered by a thicker |ayer of sone other netal, such as alum numor silver.
Al ternativgly tron

i njecti on\'ﬁ1 Igggénhf e&%&gﬂﬁ%ﬁ@@%‘[? gyleg%?ﬁlﬁéejgds F%@g%&é?ﬁﬁ?%cﬁ?rﬁm%fpg%r}?%gsc( Li F)

f ol | owed tayld alet:tnoms(elln thisUubyr tlhayexclmfd sabeied combioe asd Hroprtp adower drfergy | nner

| ayer of gl um folqlggwed hy. i cker . outer f al um num or . silver.

The anode CRPFYITLG ST ’élga t R3O 4B {j V‘ﬁ}b ek f ultddn val ue.

The anodgdcfoRnfh&kcal!NattiADSRANEn t8 RldchBiuntih&t ug@le%a}e%%\raén@ﬁl or gani ¢
light emtting |ayer can propagate out of the CELD nodul e. The anode may

conpri se, rénge. elaepdrganic i Eldinmatetdl nmexibgea (HOTYD)st, i eopokinde, ai métiturm oki de,

d di |
Zongi ot 1 s, i WA 80Tk w GRAbR B RENES e ipE S S a3 00615

formed by s%eﬁlvrﬁﬁ&ﬂla@%sye@pcar ddspestd Inoaeétﬁﬁ)hgys%swhﬁﬁcglv@w@vm%atl on or
sputtering, for exanple. The organic el ectrol'um nescent |ayer serves as the

transport cheidé anorgenic bmlhcuhul tlas abilihtoshipiodrt perstivel andtisgativeaphergetcheises exci t ed

speci es co e, an ro ener l.evel con ren tting EM
7o at o T Pk oy B nG SR lRRE A ne et RRGULE lebafel &' 27
chosen to (epekt) ehitihgesslet- tdnblhbqlgme%rtﬁe W pdne gt bf ab@ﬂgS?SO é’dmnﬁf)gam c EL
mat eri al p\@é(be a polyner, a copoly a mxture of polyners, | ower

mol ecul ar - @kiflﬂﬁpfjéﬁ) c ﬁ‘éﬂhecuﬁ%s lﬁ’ab’i(fha difexytflpornel béﬁ 550 Suélﬁl)a
mat eri al s PASEEES1RhAGe) (Fal &M L 8leER EO R nTNSSE T M1 &), 9oV Sty kdig. POl ymer

bis(3,6-dioxaheptyl)-fluorene-2,7-diyl}  (400-550 nm);  poly(praraphenylene)

derivatives such as poly(2-decyloxy-1,4-phenylene) (400-550 nm). Mixtures of these
polymers or copolymers based on one or more of these polymers and others may be

used to tune the color of emitted light.

Another class of suitable EL polymers is the polysilanes. Polysilanes are linear
silicon-backbone polymers substituted with a variety of alkyl and/or aryl side groups.
They are quasi one-dimensional materials with delocalized G-conjugated electrons
along polymer backbone chains. Examples of polysilanes are poly(di-n-butylsilane),
poly(di-n-pentylsilane),  poly(di-n-hexylsilane), poly(methylphenylsilane), and
poly{bis(p-butylphenyl)silane} which are disclosed in H. Suzuki et al., “Near-
Ultraviolet Electroluminescence From Polysilanes,” 331 Thin Solid Films 64-70
(1998). These polysilanes emit light having wavelengths in the range from about 320

nm to about 420 nm.

Organic materials having molecular weight less than about 5000 that are made of a
large number of aromatic units are also applicable. An example of such materials is

1,3,5-tris {n-(4-diphenylaminophenyl) phenylamino}benzene, which emits light in the
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chains or organic nolecules the ability to support positive and negative
charge carriers wth high nobility. Suitable electrolum nescent polyners
are pol y(wowd9ydsenr bazol e) ("PVK", emitting violet-to-bl geTiisghodsish t he
wavel engt hs of about 380-500 nm); poly(al kyl fluorene) such as

pol y(9, 9-di hexyl fl uorene) (410-550 nm, poly(dioctylfluorene) (wavel ength

at peak Eby®BlefisthdBngf ofA360-500 nmO! TRObNAESic L. layer also may be prepared from

bi s(3, 6-di oxaheptyl )-fluorene-2,7-diyl} (400-550 nm; poly(praraphenyl ene)
deri vat i véewsuopleadanwtighbongeiy Inelgculess sysheasyherdgnthupoencs Birapivjethadext ur es
of these ol r o I - ne or of e rs and
ot hers maf/: %‘erqﬁsi‘l&’?{% ’ Qg@%&ﬁgﬁgﬁ%@gg ’0 H%r%c ed eB?égIﬁef 0 (%%ﬁ%e?lpc %gg of

sui tabl e Beripatwsershess nidierifolgysdrhlanemit Pehtylsivirgnanxaien | wnekhgth of

sil i con-backbone polyners substituted with a varjety of al kyl and/or aryl

si de groupBout THeymyy Stigugder spgabls matdiadhare Mgt oM aodechiarvedght onsiel zed
6- j b chai .
conj ugatgd 6l 8&&01513?% sutch ORGIRRInHE! Sg%iﬁﬁﬂﬁ-,%? dllﬁ@ﬁ:hﬂécetﬁ%&maﬁé viich

pol ysil anes”are p i -n-butylsilane poly n-pentyl silane),

pol y(di - nehsixliplgiihadhe wavplehgthmet gy dphengd s ninaakminamepicolymethylketone)-

pol y{bi s(p-butyl.phen silane} which are disclosed in.H. Suzuki et al.,
"Near- U ﬁ)’ﬂﬁgi%ﬁklggﬁﬁ?%’f@ﬁg nes¥enc EH9GHT 9%%%?lyﬁ@1Y%PW)So| id

Fil ms 64- T adel?RBlonatthesmidtobmst lian@s @Akd ofi Mlat4awing mavehenaihs in the
range from about 320 nmto about 420 nm "Organic naterials having

mol ecul ar appliggition,| e prefhued atganic Boomierips atgriboseeateit dightin thebije-gragtber of
aromatic unite atée al so applicable. An exanple of such materials is
1,3,5-tri s“{a?(-%ﬂg f'phenyl am nophenyl ) phenyl am no} benzene, which emts |ight
in the 10 WD 03/093897 PCT/ US03/ 09615 wavel ength range of 380-500 mm. The
or gani ¢ EMbreytaiin ahsorginic dlecipil@paesdnt material mae berdidpesed aurccesRivght oor gani ¢

nol ecul es, such as phenyl ant hracene, tetraaryl et hene,, coumarin, rubrene,
t et r aphenyP & atiicetiotheincrsn daite copwFi§ingnr dillyrrnetpanicoplegtplypimescent

derivati Vs, TH18SR HRtsGhiadifre@RNELAINEHEMnke S04 o BaMHE SR HAN MRy €l engt h
of about 520 nm Still other suitablé matérials are the | ow

mol ecul ar -avtenightof thetelor of the light emitted from the overall light-emitting device.

Furthermore, one or more additional layers may be included to increase the efficiency
of the overall device. For example, these additional layers can serve to improve the
injection (electron or hole injection enhancement layers) or transport (electron or hole
transport layers) of charges into the organic electroluminescent layer. The thickness
of each of these layers is kept to below 500 nm, preferably below 100 nm. Materials
for these additional layers are typically low-to-intermediate molecular weight (less
than about 2000) organic molecules. They may be applied during the manufacture of
the device by conventional methods such as spray coating, dip coating, or physical or
chemical vapor deposition. In one embodiment of the present invention, a hole
injection enhancement layer is formed between the anode layer and the organic
electroluminescent material to provide a higher injected current at a given forward
bias and/or a higher maximum current before the failure of the device. Thus, the hole
injection enhancement layer facilitates the injection of holes from the anode. Suitable
materials for the hole injection enhancement layer are arylene-based compounds
disclosed in US Patent 5,998,803; such as 3,4,9,10-perylenetetra-carboxylic
dianhydride or bis(1,2,5-thiadiazolo)-p-quinobis(1,3-dithiole).
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organi ¢ conpl exes such as alum num, gallium, and indiumacetyl acetonate,
which emt light in the wavel ength range of 415-457 nm

al um numwpiosodigaet hyl ket one) - bis {2, 6-di (t-butyl)phenoxiPdeses/09615

scandi um ( 4- net hoxy- pi col yl net hyl ket one) - bi s(acetyl acetonate), which emts
in the range of 420-433 nm For white light application, the preferred

organi ¢ Eln mabei @hhodirerit hefs theepiekedti ighéntion, tahkolsl uensgor elayernavel lengt hs.
More than one orq{ani c el ectrolum nescent paterial ymy be di gosed X
successi vEispowsf hebpedr Bie hokot WECLioB a SRIASFEENT o3BT 3Py tg di°f§8t%ent
organi ¢ e%%E{TSIBHHQSQ&EMérial.@h?ﬁbl@ltrahg&ﬁ't ﬁg%rt}ﬁs R Bndidos@reahspeRug) ength
range. Such a construction can facilitate tuning of the color of the

| i ght eni holks ahddstotitieg die tahspoktagdn -of rldctiong sdehatcholes-and redgctronse arcone or

nore additignal |a . i nclud to i .th ffici f th
over al | dOUVEAIY I DERA R CrEHC e S FaCes el VEAEE Fhpr ove
the injegld aple( GhRGHOMyRF ahO!tBalylifGinkORetBipRENISARMe, | AYRAEI ttiaky ansport

(electron or hole transport |ayers) of charges into the organic
el ect r ol upiniescbydrazangederivitieest barbiands derivtivendhagile dhavaiveayiatidazole kept to

bel ow 500 f erabl v. bel ow. |
ayers ar donyREs Freie SurAieenlihy o Ehif e olnd RESHARES 10T 0w

2000) or gapchsé@inagsiPagnt 402y3my be applied during the manufacture of the
device by conventional nethods such as spray coating, dip coating, or
physi cal or chem cal vapor deposition. In one enbodi nent g{ t he present

%

i nvent i onIn #tiHoprother rrabedinanteph ﬁ}?c%‘i?é‘?ﬂt ipgsreion; &0 raddiogal i 8Kyt fe anode
layer and 6. gapLs th@lc%t)?@ia'&@? ﬂﬁﬂ%@ Rt gdtRt QEdtAlluthfeReRY dRrial. Mrgher

injected current at a given torwar Ias  and/or a higher nmaxi mum current

bef or e t haddigibhalrleyeyfhat ke devbioed filitetion of egjettoigeand mjrsporting edgvtrans tent

| ayer facilitates the injection of .hol fromth ode. .Sui tabl e,.

material s t]"I“’oi_’r EPRE qi%?reiqlﬂngwptdﬁatgﬂggn@%ﬁ% ﬁuétﬁ@leafglr gieaerlfﬁlgré’ﬁelmgﬁté%

conpounds gpgi S@a{r@?@r@ingn dSerPab@nt n2t1986:808c Sétghplages such as  tris(8-

3,4,9,10-peryl enetetra-carboxyl jic dianhydride or o L

bi s( 1, 2, 5-quinckigplaotlemipingyioxepicsele, sledvativiesl eerylane \Woriysfipwagpyridine

PCT/ US03/ %%rqgfzgives, pyrimidine derivatives, quinoline derivatives, quinoxaline derivatives,
diphenylquinone derivatives, and nitro-substituted fluorene derivatives, as disclosed in

US Patent 6,023,371.

The above examples of organic light emitting layers can be used to design an organic
light emitting device which emits in one or more desired colors. For example, the

OELD module can emit ultraviolet, blue, green, or red light.

The optional barrier layer of the organic electroluminescent device may be a single
layer or multilayered. The barrier layer serves as a protective layer to prevent or
substantially reduce the diffusion of oxygen and water vapor through the polymeric
substrate. The barrier coating may be disposed on either surface of the polymeric
substrate or it may completely surround the polymeric substrate. Preferably, the
barrier coating is disposed on a surface of the polymeric substrate adjacent to the
organic electroluminescent member. When the barrier coating is disposed on a
surface of the polymeric substrate opposite the organic electroluminescent member,

such a barrier coating may be advantageously formed so to cover substantially all
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I n anot her enbodi nent of the present invention, a hole transport |ayer may
be disposed between the hole injection enhancenent | ayer and the organic
el ectrol uwDreaseaspt material. The hole transport | ayer hasPChashuossti ons of
transporting holes and bl ocking the transportation of electrons so that
hol es and el ectrons are optimally conbined in the organic

el ectr ol ughfaseremt paiRdriAtubsivik er Adratsiely abli@st e birfier et gt daantspor t
| ayer are triaryldiam ne, tetraphenyldiamne, aromatic tertiary am nes,

hydr azone disppsedann sithst serdads i dheeorgenic wiacirobuningscpnidayes. ddatenads puitable

i m dazol e rivati i azal i vat | i -1 roup, and
pol yt ni opiiende Bkt 558 o At eH A8 el UMY AR ARIRTBO TP B
enbodi ment of the present invention, an additional |ayer may be di sposed
bet ween t Mae catthadaallyayemsparehtt benducganilayeel aet mudtendlnefoe enth nadtenblal . The
addi tional | ayer has fhe conbined function of injecti apd transporting
el ect r ons 28¢op} daysryion PEEaBICEl I oI N RS S RIS 15hR e rqe%‘lr{%%ﬂ/&g%ﬁ al's suitable
for the electron injecting and transporting |layer are netal organic

conpl exes 13 Weddr @at ihdsS(RilldUhNRE BAGHANR) BdtiefaBlo RARRE WD Pesled, Vidd | ves,
peryl ene derivatives, pyridine derivatives, pyrimdine derivatives,

qui nol i ne fdbrwingekamples epgigieodtyi way efaHisteation esd notdiyprianegd leuitatiome
derivatives, and nitro-substituted fluorene derivatives, as disclosed in
us PatentE%a$@§§§7l. The above exanples of organic light emtting | ayers
can be use 6 design an organic light emtting device which emts in one
or nore desired colors. For exanple, the CELD nodule can emt ultraviolet,
bl ue, greenpobtarbethtt ivgtit theTHoHowpig moabmbardpeatr udiaye forafuld (I DB dasfi-c

el ectrol um nescent device nmay be a_single |ayer ar nmultilayered, The
barrier | é}gf@ﬁoxmg]gmag&ampr\%f &@PP@@WF%{/@FO b Brrevataigal ?ﬁﬁﬁl@hﬁ% ly
reduce t hengiifdilbpiOfatlc OPWHESHoRMkr RNE MaAPRTatekRAl Q48 ant D8 sdRIpY TBHEL
substrate. The barrier coating may be disposed on either surface of the
pol yrer i ¢ thaaubRA matysadonate. Reyultsomap betsednyindiableolund t he pol yneri c substrate.
Preferably, the barrier coating is disposed on a surface of the polyneric

substrateT%Engent to the organic el ectrolum nescent nenber. Wen the
barrier coating is disposed on a

Property BPA-PC BHPM-PC
Refractive index 1.585 1.555
Photoelastic coefficient (Brewsters) | About 80 About 70
Glass transition temperature 145°C 235°C

Additionally, a BHPM-PC is substantially transparent, as evidence in the %

transmission trace seen in Figure 1.

While typical embodiments have been set forth for the purpose of illustration, the
foregoing description should not be deemed to be a limitation on the scope of the
invention. ~Accordingly, various modifications, adaptations, and alternatives may
occur to one skilled in the art without departing from the spirit and scope of the

present invention.
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surface of the polyneric substrate opposite the organic el ectrol um nescent
menber, such a barrier coating may be advant ageously forned so to cover
subst ant iwblog/ogdsh7 12 WO 03/ 093897 PCT/ US03/ 09615 edges @CTiUse3/pohyneric
substrate. Alternatively, at |east one barrier coating can be disposed on
ei ther surface of the organic el ectrolum nescent |ayer. Materials suitable
for the WW'AfﬁSb%é. 1d.he organic el ectrol um nescent device are

descri bed ove stantlally transparent conductive |ayer and
materials for such optlonal additional |ayers for organic
electroluhlnesAqmtwd@uJa@ﬁnacendyammgﬁﬁmukhﬁwe In order that those skilled
inthe art will be better able to practice the invention, the follow ng
exanpl es are given by way of illustration and not by way of limtation.
Exanpl e 1 A pol ycarbonate with the foll ow ng nononer repeat unit of formnula
(1), 1,3-bijs(4- hydrexypheny|)ment hane was manufactured into a filmresin
material. The aliphatic the nononer results in a

material wilth an/ani: pa| year bonate. Resul ts can be
seen in Takle—i- : ' — Refractive index 1.585
1.555 Photloel ast ¢ & [ I 80 About 70 d ass

transition |tenperature 145C 235C Addi tlonally al| BHPM PC i s substantially
transparent|, as evi®ence in the % t®3nsmi ssion frace seen in Figure 1.
VWil e typi cal enbodi nents have been set forth for thhe purpose of
illustration, the foregoing description should not be deermed to be a
limtation,on ye 3eong.al;f Di@ Vé @ﬁ@@tdf 0({1) AR CRY ® Neders,V 8N isBHRrs, or

nodi fi cations, "adaptations, ternatives may occur to one skilled in
the art mc@hbm@ud@ahmtoﬁg fron1the spirit and scope of the present

i nvention.

R’ and R® are independently selected from the group consisting of C;-Cs alkyl and
hydrogen;

m is an integer in a range between about 1 and about 4;
q is an integer in a range between about 1 and about 4; and

wherein the polymeric substrate is used in an optical display device or light emitting

device.

2. The polymeric substrate in accordance with claim 1, wherein R’ and R® are

hydrogen, m is 4 and q is 4.

3. The polymeric substrate in accordance with claim 1, having a glass transition

temperature greater than about 235°C.

4. The polymeric substrate in accordance with claim 1, having a haze less than
about 4%.
5. The polymeric substrate in accordance with claim 1, wherein the polymeric

substrate has a uniform thickness that varies less than about 3%.
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13 WO 03/ 093897 PCT/US03/09615 WHAT IS CLAIMED IS: 1. A polyneric
substrate conprising formula (1): ~)m (R8)q (1) where the three optically
active siwew3w9381) can be R isoners, S isoners, or conbipaatusossosiher eof ;
R7 and R8 are independently selected fromthe group consisting of Cl-C6
alkyl and hydrogen; mis an integer in a range between about 1 and about
4, 0 is ag integenoifindid ddEaleinVatir@lertwith amAPOowhefsin ahd opfieslel n the
pol yneric substrate “is used in an optical display device or light emtting
devi ce. 2disfilag dpatyiserliquid aystel disglay.n accordance with claim 1, wherein R7
and Rg are hydrogen, mis 4 and q is 4. 3. The polyneric substrate in
accordance wth,claim1l avi . Lt ; re.: ater
than about- 23560 ROVRRHe SOy BTN i b Rn HERREE BRS¢
havi ng a haaee is@svrideielealduthindSeenbdevidee pol yneric substrate in accordance
with CI?|n11,hmhere|n the polyneric substrate has a uniformthickness that
varies |l ess than about 3% 14 WD 03/093897 PCT/US03/ 09615 .6. The polyneric
substrat e8i n adbePAhAREICFUDRIE AP Aceordgirer with Ciaﬁ@ pt REEP thﬁipé’bfr%eﬁﬁ: y

devi ce

is ali qu%\‘ﬁos%%scgﬁﬁ)rig%ssaqh@agt orfe bali& 1RRkyeric substrate in accordance with
e

claim1, erein Ight emtting device is an organic
el ectrol um nescent devi ce.
9. The polymeric substrate in accordance with claim 8, wherein the barrier layer

comprises an inorganic material, organic material, or combinations thereof.

10.  The polymeric substrate in accordance with claim 1, wherein the polymeric

substrate comprises at least one substantially transparent conductive layer.

11.  The polymeric substrate in accordance with claim 10, wherein said
substantially transparent conductive layer comprises an oxide of at least one metal
selected from the group consisting of tin, cadmium, indium, zinc, magnesium,

gallium, and combinations thereof.

12. The polymeric substrate in accordance with claim 11, wherein said
substantially transparent conductive layer further comprises at least one dopant

selected from the group consisting of gallium, aluminum, germanium, and tin.

13. The polymeric substrate in accordance with claim 12, wherein said oxide is

indium tin oxide.

14. A polymeric substrate comprising formula (I):
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8. The polyneric substrate in accordance with claim1, wherein the
polyneric substrate conprises at |east one barrier layer. 9. The polyneric
subst r at ewpore3messer dance with claim 8, wherein the barrier PCagesn3/0moipri ses
an inorganic material, organic material, or conbinations thereof. 10. The
pol yneric substrate in accordance with claim 1, wherein the polyneric
substrate conprises at l,east one substantially transparent conductive

| ayer. 11. [The polynmeri¢ substrate in accordance|with claim 10, wherein
said substiantially tTransparent conductive | ayer |conprises an oxi de of at

| east one cte romt he p consi §ting of tin, cadm um

indium zin iNm |galli and sonbi natli ons thereof. 12. The

pol ynmeric S acc ce Wth graim 1%, [wherein said

substantial]y tra rent conductiv l er further conprises at |east one
dopant selcted fr the group con5|§t|ng of gallium alum num gernmani um
and tin. 13} The pé yheric substrateh accordance with claim12, wherein
said oxide I's indiumtin oxide. 14. A pol ymeri ¢ sUBstrate conpri si ng
formula (1): 15 WD 03/093897 PCT/ US03/09615 7)m (I 8)Q where the three
optical I'y vagtd ige ShiceSofcally )actian dies Rl Eprensbe R iisefeRs,S domesgndi nat i ons
thereof; R7 and R8 are hydrogen; mis 4; and g is 4; wherein the polyneric
substratecp@muﬁ@ﬁmﬂhmﬁﬁfoptlcaI di spl ay device, wherein the polyneric
substrate further conprlses at | east one barrier |ayer and at |east one
substanthylgdkpgﬂ§ .conductive layer. 15. A nethod for using a

pol yneric substrate co rising disposing said polyneric

m is 4; and
qis 4,

wherein the polymeric substrate is used in an optical display device, wherein the
polymeric substrate further comprises at least one barrier layer and at least one

substantially transparent conductive layer.

15. A method for using a polymeric substrate comprising disposing said polymeric
substrate in an optical display device or a light emitting device, wherein said

polymeric substrate comprises formula (I):

/ \ | /|

R)m (R®),
= -

where the three optically active sites of (I) can be R isomers, S isomers, or

combinations thereof;

R’ and R® are independently selected from the group consisting of C;-C alkyl and
hydrogen;
16



substrate in an optical display device or a light emtting device, wherein
said polyneric substrate conprises fornmula (1): (i)m(18)9 (1) where the
t hree optwoaBlogssacrti ve sites of (1) can be R isoners, S i PCWAS3/0WIS

conbi nati ons thereof; R7 and R8 are independently selected fromthe group
consisting of Cl-C6 alkyl and hydrogen; 16 WO 03/093897 PCT/US03/09615 m

I's an intgge anugtogerlqggﬁl HNPRR BBQAUL arH ARG #bout 4, q is an integer in a

range between a about 4. 16. The met’hod in accordance with claim
15, wherein R7 and R8 are hydrogen, m is 4 and qis 4. 17. The nethod in
accordancqimhmhﬁ@kahnamﬁgehhmwahdxnhéapdabwﬁﬂic substrate has a gl ass
transition tenperature greater than about 235C. 18. The nethod in

accor danc

I b
Chan about©a% 116 "erel RANOReY XL EPRE S e Y SR G Moy BT 259

pol ymeri c isap&d ﬁpﬁ has a unlforn1th|ckness that varies |ess than about
3% 20. The nethod in accordance with claim 15, wherein the optical display

device is a liquid crystal djsplay devic hod i cor dance
with claird/ 15 T\,ksﬁéméh?ﬁ/ rrecpidgnge with PWlﬂdeé’gPﬁ?@ fhg po P%%F@é&ﬁ%t@% bas
electrolun1 n e opccordance with claim 15,
wherein tﬁ§ ﬁ%%%?%%%égﬁngra e ﬂ%t ég@g%%gkﬁlses at | east one barrier
| ayer. 23. The nethod in accordance with claim 22, wherein the barrier
| ﬁyer ](CZOWHBI SeSheafethoing@arbrlan®dt with @alaimdrsg whbxeimﬂteqxoil)aﬂlqriomubsim‘tbhmt i ons
t her eof .

a haze less than about 4%.

19.  The method in accordance with claim 15, wherein the polymeric substrate has

a uniform thickness that varies less than about 3%.

20.  The method in accordance with claim 15, wherein the optical display device is

a liquid crystal display device.

21.  The method in accordance with claim 15, wherein the light emitting device is

an organic electroluminescent device.

22.  The method in accordance with claim 15, wherein the polymeric substrate

further comprises at least one barrier layer.

23.  The method in accordance with claim 22, wherein the barrier layer comprises

an inorganic material, organic material, or combinations thereof.

24.  The method in accordance with claim 15, wherein the polymeric substrate

further comprises at least one substantially transparent conductive layer.

25.  The method in accordance with claim 24, wherein said substantially
transparent conductive layer comprises an oxide of at least one metal selected from
the group consisting of tin, cadmium, indium, zinc, magnesium, gallium, and

combinations thereof.
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24. The nmethod in accordance with claim15, wherein the polyneric substrate
further conprises at |east one substantially transparent conductive | ayer.
25. The m&DhoM9oIsp7 accor dance with claim 24, wherein said sabdaisanodeas | y
transparent conductive |ayer conprises an oxide of at |east one netal
selected from the group consisting of tin, cadm um indium zinc,

magnesi u gal]lium .and. conbipations.thereo 0) :

PCT] Us032B96 13 e 2Bt IRetHOHATNE ALtr glrl?geisvu t%e}cé%i %A‘ggé'% %rétrlaeuiyn sai d
subst ant i ghd Mrert LEMERAYE Myck BREHEE Compribayerledsuphd dppaosplectsédroa theeast one
dopant selected fromthe group consisting of qal lium alum num germani um
and tin. groprongibéngnel sadinm.rlupiEsrd SFER R m 26, wherein sai d oxi de
isindiumtin oxide. 28. Aliquid crystal display conprising: a) two

POI YITRr 1 675 UbS{it h 8find A 1alodrihcB Ak MBI )Rk gth Raicbeing is iasiant al | y
parallel “'to each 0 Rer, Wher el n each pol ynmeric substrate conprises formula
(I): 11 okide-) m(R8)qg (1) where the three optically active sites of (1) can
be R isonmers, S isomers, or conbinations thereof; R7 and R8 are

i ndependently selected fromthe gr.oup. consisting of Cl-C6 al kyl and

hydr ogen;28m | sAﬁﬂmﬁr?ﬁéS&aérdl n}?yéopﬁﬁlﬁlélgbet ween about 1 and about 4; q is an
integer in a range between about 1 and about 4; b) a transparent conductive
| ayer di $§asRGMIndicHibiaaes, efideas hobesiistbpntesteiigsubsatslyarellchnd c) a
liquid crystal” material, said liquid crystal pmateri a& (li))ei ng di sposed

bet ween daieach other, wherein each polymeric substrate comprises tormula (1):

- —
1T\ / \|/ T

R R®)
- =

where the three optically active sites of (I) can be R isomers, S isomers, or

combinations thereof;

R’ and R® are independently selected from the group consisting of C;-C alkyl and

hydrogen;
m is an integer in a range between about 1 and about 4;
q is an integer in a range between about 1 and about 4;

b) a transparent conductive layer disposed on a surface of each of said polymeric

substrate; and

¢) a liquid crystal material, said liquid crystal material being disposed between said
two polymeric substrates, such that said liquid crystal material contacts said

transparent conductive layer on each of said two substrates.
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two polyneric substrates, such that said liquid crystal material contacts
said transparent conductive |ayer on each of said two substrates. 18 WD
03/ 09389WB@3hI89B/ 09615 29. The liquid crystal display iPoTASODoBaNCe W t h
claim 28, wherein R7 and R8 are hydrogen, mis 4 .and g is 4. 30. The
l'iquid crystal display in accordance with claim28, wherein the polyneric

b Rb 23aC. 31.
The | qui er y el auneprRy ok Slto FRRRARER, SRR whoe, KPR e

pol ymer i chydodspt mdit @ dnds is4haze | ess than about 4% 32. The liquid crystal
display in accordance with claim 28, wherein said |iquid crystal mat eri al

is aliquid cr stal material selected fromthe onS| tin nemati c
liquid cry®talsh e Hawid fa shsp yﬂpéﬁﬁﬁd@F§§W%hgmg?3gtW§ 1%?88 rystals

Ferroel eclp ate'hQ?Lléglagsr%Eﬁs?t&tﬁﬁl%%hggéﬁﬁf@maﬁ bpieer ystal's, super

tw sted n% crysta yner |spersed liquid crystals.

33. The liquid crystal display in accordance with claim 28, wherein the

pol ynmeri c31.sub¥he Btlﬁ?ldh;ﬁﬁstfﬂ dJHp]é}ammcbdmdaﬁme\sﬂ;h thin 28awhersin e pohymeticabout
3% 34. The liquid cryst X/In accordance with claim 28, wherein

sai d traﬁ§EHW€ﬁ@S% ﬁﬁﬂ@?ﬂb@1%£§% tonprises an oxide of at |east one netal
selected from the group consisting of tin, cadm um indium zinc,

magnesi umgy gal rhdMqun erys@p ﬁ’ﬁbf&?tlhoe[&%oﬁdbﬁdeeﬁfth odim I8 ewhérein hid Ihylﬁitdal
di splay in ‘accordance mnth claim 34, wherein said transparent conductive

| ayer fur mryeual cmtgtal sies hﬂullde@ryﬁtabﬁ@th@béﬁltec@élf&f{léée R CPRSIStiBE AR
consisting, técgﬁ' ! ‘(}é@% 1%”%1 ¥nq}>cl-%§ﬁqf@@f§'rdm L T fotrafic 1Tcilﬁd'déﬁ§i519 crystal

di splay i al'm elnsald oxide is mtin
oxi de. 19 féf@e(bﬂr@ﬁﬁ&ﬂ BGShISOBisRA6Admatic liquid crystals, super twisted nematic

liquid crystals, and polymer-dispersed liquid crystals.

33.  The liquid crystal display in accordance with claim 28, wherein the polymeric

substrate has a uniform thickness that varies less than about 3%.

34. The liquid crystal display in accordance with claim 28, wherein said
transparent conductive layer comprises an oxide of at least one metal selected from
the group consisting of tin, cadmium, indium, zinc, magnesium, gallium, and

combinations thereof.

35. The liquid crystal display in accordance with claim 34, wherein said
transparent conductive layer further comprises at least one dopant selected from the

group consisting of gallium, aluminum, germanium, and tin.

36.  The liquid crystal display in accordance with claim 35, wherein said oxide is

indium tin oxide.
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37. The liquid crystal display in accordance with claim 28, wherein at

| east one Dbarrier layer is disposed on at |east one surface of the

pol ymeri cweubs9asate. 38. The liquid crystal display in acecrdsnyedens t h
claim 37, wherein the at | east one barrier |layer conprises an inorganic
material, organic material, or conbinations thereof. 39. An organic

el ectrol ur@vnesomzthgﬁw&;%taqcamayﬂnn&csﬁﬁan@e RObYTE 98 swﬁérélha&tqea’y@%hsl n said
pol ymeric substrate conprises formula Ym ( '18)q (1) where the

t hr ee opt itwatidrylayer is dispased ews ableagt lope elartfacb@f Fhel pyd)ymerrsc suSsurm;rrer s, or

conbi nati ons thereof; R7 and R8 are i ndependent|y sel ect ed fromthe gr oup
consistin f dro e i a range bet ween
R e G LR N R T AR T,
about 4 (ardeét Qt@/@[al@bmpﬁbd%Céﬂ Cih(bhghﬂﬁesxfa@ﬂahaﬂ ayganidimpesad opnednfingtidhy meri ¢
substrate, wherein the organic electrolum nescent |ayer conprises an
organi c elth‘ér??%l um nescent material disposed between two el ectrodes. 40.
The organi c el ectrol um nescent device in accordance with claim 39, wherein
the R7 an a i 41. The organic

el ectrol u%gﬁgscjgélﬁ?r%g{/c%%%ﬂ}o}ldﬂé%gsgréﬁta%gge\%\n()hﬁnc?lg| m 39, wherein the

pol yneric substrate has a glass transition tenperature greater than about
235C. 20 0 9899880 FuRGTIcUBN3¢i0 SailH ol ylericTiubstoate arrprisss dotmdd (Jri nescent
device in accordance with claim39, wherein the polyneric substrate has a
haze | ess than about 4% ,43. The organic el ectrol um nescent device in
accordance Wwth claim39, wherein

— - O

where the three optically active sites of (I) can be R isomers, S isomers, or

combinations thereof;

R’ and R® are independently selected from the group consisting of C;-Cs alkyl and
hydrogen;

m is an integer in a range between about 1 and about 4; and
q is an integer in a range between about 1 and about 4

(b) an organic electroluminescent layer disposed on the polymeric substrate, wherein
the organic electroluminescent layer comprises an organic electroluminescent material

disposed between two electrodes.

40. The organic electroluminescent device in accordance with claim 39, wherein

the R” and R® are hydrogen, m is 4, and qis 4.

41. The organic electroluminescent device in accordance with claim 39, wherein

the polymeric substrate has a glass transition temperature greater than about 235°C.
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t he polyneric substrate has a uniformthickness that varies |ess than about
3% 44. The organic el ectrolum nescent device in accordance with claim 39,
wherei n awo oBegasp7 one barrier |ayer is disposed on at | ea®CTarses/awsns ace of
the polyneric substrate. 45. The organic el ectrolum nescent device in
accordance wth claim44, wherein the at |east one barrier |ayer conprises

an i norganic erial . organic. il . i 1100S; r - 46. Th
o gani ¢ ofdot r areriaiats PRl IS Blase  ac G PRHLP R 157 RBLeiel, 20

| east one thd RigRaiEiibseastuch hye 1bkykin dwut4gposed bet ween the organic
el ectrol um nescent |ayer and the polyneric substrate |ayer. 47. The organic

el ectrol um nescent device in accordance wi.th cl ai m 46 erein .said
t ranspar efB- corldGrgaec PlegiEplupyiRsFes 2@‘”&?1 “E))?F‘H’é‘%(.’i‘f:e i ‘\gg@? ggngh?ﬁg’fnal

sel ect ed tﬁW&% afe Qte%Qﬂ%hﬁtﬂi)rﬂgth?(ﬁmteésr’chat%ﬁ@ 1483 thkAghstAseZi nc,
al 11 Cco

magnesi um um an Inations thereof. 48. The organic
el ectrol um nescent device in accordance with claim47, wherein said
t r anspar edt. cofthecrgane ¢legtaruhinesdset devderpniagessdance vathstlaighd?, d81sEaiE 2k el ect ed

f th 1sisting.of galli | uni | in. 49.
The or gant G ey Bdrardahedane oty Pt el Fr AR TRHAT el "cr i

said oxide is indiumtin oxide. 50. The organic el ectrol um nescent device

in accordagce WHehorgdmé BledQolumigssednt desiat dn acgadirce avidctlaivh ¥d whseent
material is selected fromthe group consisting of Iy§n<vin Iggrbazole),
pol y(al kylthe gblcapfeyne BYIigY hakh FHBAYFSNE) }n%%ﬂngﬁsma%fgg, Sas i"@z‘%?ril eff

t her eof , @Bﬁ%ﬂhﬁ% g@g&g@f, and copol yners thereof. 51. The organic

el ectrol um nescent device in accordance with claim39, wherein said
organi c el ectrol um nescent material is selected fromthe group consisting
of 21 WD463/ 09B8ITRETELSeSNDOBIENt devicgintacparflanceavihi Paianyd.avhianeiplaeny| )

P ek SRR LR o A A B

rubr ene,
electroluminescent layer and the polymeric substrate layer.

47. The organic electroluminescent device in accordance with claim 46, wherein
said transparent conductive layer comprises an oxide of at least one metal selected
from the group consisting of tin, cadmium, indium, zinc, magnesium, gallium, and

combinations thereof.

48. The organic electroluminescent device in accordance with claim 47, wherein
said transparent conductive layer further comprises at least one dopant selected from

the group consisting of gallium, aluminum, germanium, and tin.

49. The organic electroluminescent device in accordance with claim 48, wherein

said oxide is indium tin oxide.

50.  The organic electroluminescent device in accordance with claim 39, wherein
said organic electroluminescent material is selected from the group consisting of
poly(n-vinylcarbazole),  poly(alkylfluorene),  poly(paraphenylene), polysilanes,

derivatives thereof, mixtures thereof, and copolymers thereof.

51. The organic electroluminescent device in accordance with claim 39, wherein

said organic electroluminescent material is selected from the group consisting of
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coronene, al um num (pi col ynet hyl ketone)-bis {2,6-di (t-butyl)phenoxide,
scandi um (4- met hoxy- pi col ynet hyl ket one) - bi s(acetyl acetonate),

al um numwoaBphameet onate, galliumacetylacetonate, and PCT/US03/09615

i ndi um acetyl acetonate. 52. The organic el ectrol um nescent device in
accordance with claim39, wherein one of said two el ectrodes is an anode

whi ch is di 3pogigth-eNdAESISHRDHAGHYS) Bilith) aBOPEnE O nShFheacERd €' | al
sel ected fro% tlhgl gu;loﬁjg Igyon_si s%i ngyﬁofﬁi;’éﬂ(}j,i urln t' n oxi 3e nﬁ(H I ?’OB , Cti n oxi de,
i ndi um oxi @aarylethenex | epemaringdi mibrenien ctetsplaylbotadivine,m dnthracened eperylamest ur es

t hereof, and these .oxides doped w th alum fluorine..53. The organic
el ectrol unt Oﬁcé%eélghtal%{}}u&(ﬁlﬁ(ﬁg&?ﬁﬁ%}g{gwg@'%%g]gt?@ibﬁéyé@%%éqeei $aRdi®scong of
said two efde@tthegepicobynteteakdtons-Hnecet@aRidinRy, 8 Nalsihdh-asaliasdigehid,r om t he
group consisting of K, Li, Na, My, La, Ce, Ca, Sr, Ba, A, Ag, In, Sn, Zn,
Zr, Sm Eugalligptagsiylagceienatesandindiumracetylasstonper eof . 22
52.  The organic electroluminescent device in accordance with claim 39, wherein
one of said two electrodes is an anode which is disposed on said substrate, and said
anode comprises a material selected from the group consisting of indium tin oxide

(“ITO”), tin oxide, indium oxide, zinc oxide, indium zinc oxide, cadmium tin oxide,

mixtures thereof, and these oxides doped with aluminum or fluorine.

53.  The organic electroluminescent device in accordance with claim 39, wherein a
second of said two electrodes is a cathode and comprises a material selected from the
group consisting of K, Li, Na, Mg, La, Ce, Ca, Sr, Ba, Al, Ag, In, Sn, Zn, Zr, Sm, Eu,

alloys thereof, and mixtures thereof.
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