PHARVACEUTI CAL COMPGOSI TI ONS W TH ATTENUATED RELEASE OF PHENOLI C OPI A DS
Cross-Reference to Related Application This application clains priority
benefit uwOen10@E5d06S. C. 119(e) to U. S. Provisional Pateot/usp@biocare on No.
61/ 106, 400, filed on Cctober 17, 2008. Introduction Phenolic opioids are
susceptible to abuse. Access to these drugs therefore needs to be
controlled. The control of access to the drugs is expensive to adm nister
and can result in denial of treatnment for patients that are not able to
present thensel ves for dosing. For exanple, patients suffering fromacute

pain nmay be deni edTRASKPARBNTVWGINA RIZERPLIQIH-HMIEsSNG Deyidave been admi tted
to a hospital. International Eﬁatent application, ECUbl i cati on nunber WO

2007/ 140272 descri be SRESSREFERNEY d§RESIERAPSEL AT ol | ed rel ease of

phenol i ¢ opi oi dsphisTHhEREGHEHGR B &némfﬁ@ﬁfroxliﬁo&bﬂgﬁic_a!?&i g stable in the
presence of household chem cals such as vinegar or baking soda, and require

enzyne act i &1at308¢5i tHed Qetobrit! 71 0B pind tittadd RASN NF PORA olic opioid.
The pr odr UGB! Rl HRPBEVRCE SHRERE i DBoRRAMNE ! AREAIE: hikough an
enzynme-activated cyclisation release ne hani sm us, enzyne-induced

cl eavage ofenéiretanmi de bond is believed to afford a nucl eophilic nitrogen
atom which then undergoes a cyclisation-rel ease reaction. The prodrugs
described in WO 2007/ 140272 resi st rel easing phenolic opioid when subjected
to conditions commonly used by TROB®IGWADFWNIISID t o abuse the drug, but

rel ease phenolic.opj.oid when adm ni stered orall.y. This provides substantial
brotecti on agal ndt ipSwt NS R PSRBT s B oh or a
consunption of such a prodrug could potentially result in overexposure to

t he phenolic opioid, whether by %2\7?"5%@6 ci dental overconsunpti on.
Summary The present disclosure p i maceuti cal conpositions, and
their nes hods oforgsfc lighematihd@odRIONBDEE GRbcI&OURIO LR miade BHPr i se a
phenol i ¢ opioi.d prodrug that provides enzymatically-controlled rel ease of a
phenol i ¢ op?l&fiRE 4 @¥d CAREaHS Jier B YO PlRcifodon Wheic wiheq potgnsal enzyme(s)

that nedi atigsp e g ¥IRBkddeadddyuaontiy @)cbed &l B aseorednid Agedionabicc opi oi d
fromthe perI?ug So as to attenuate enzymatic cl eavage of the

pr odr ug. Acclédissgiites- She tadpbigh PoprisBEigicy; loprestof B AEREs2gf t he

i nvention i RgdviEle oPORERRGAY oG 1RPHRP SlclicAGi s HDsGR M dh $€edot T YPSI N
inhibitor and a conpound of general for rruff)a (I%: X-C(O-NR

1- ( C( R2)q R3yyate Whpabdisy laysHpRpr talpicRstyoniq devises.a phar maceuti cal |y accept abl e
salt thereof, in which: X represents a residue of a phenolic opioid,
wherein the hydrogen atom of the phenolic hydroxyl group is replaced by a
coval ent bond to -C(O -NRLl-(C(R2) (FBYMARNHC( O -CH(R4)-NH(R5) ; R1

yar ogen at om ot a1 raue) AP R SRT b L SRRk L BB P Cont
- CH 2CH2 CH2ine G Mifahiih a2 noan od Crh d2CGHDEH2@IHNIMRIe, 4 fadiag@némigungdéyeon of t he
carbon fjg Or%ettxgeentiecarrlloclﬁellanid%heaéﬁhaoﬁg%g 08‘[%2151? %&Rf@%fﬁgti\\flg ltayber tvvri]tijllta in an Lam no

reflection band that matches a chirality and at least partially encompasses a

wavelength band of radiation emitted from the radiation-emitting layer, the optically

active light blocking layer located on a side of the radiation-emitting layer, and a

transparent substrate adjacent to the optically active reflective layer.

20 Implementations may include one or more of the following features. The

radiation-emitting layer may include an organic light-emitting layer. The radiation-

emitting layer may include an inorganic light-emitting layer. The inorganic light-

emitting layer may include a quantum dot emitter. The device may include a hole

transport layer located between the anode and the radiation-emitting layer. The

25  device may include an electron transport layer located between the radiation-emitting
1



acid; and R5 represents a hydrogen atom an N-acyl group, or a residue of
an am no acid, a dipeptide, or an N-acyl derivative of an am no acid or

di pept i dewOThw/@nd®edi nent s provi de a pharmaceuti cal compogiuszan/o6hé ch
conprises a trypsin inhibitor and a conpound of general forrmula (I1):
X-C(O-NR 1- (C(R2) (R3))n-NH-C(O) -CH(R4) -NH(R5) (H) or a pharnmaceutically
acceptable salt thereof, in which: X represents a residue of a phenolic

opi oid, wherein the hydrogen atom of the phenolic hydroxyl group is

repl aced by a covalent bond to -C(O-NRL- (C(R2) (R3))n-NHC( O - CH(R4)-NH(R5)

; Rl is selgedr@fld fnk @hédek Yhe aSHRshit iHEIGEE Al elfééltron afhdik Y ier ]UQSt ituted

aryl al kyl, aryl and substituted aryl; each i s independently sel ected

fr om hydr oglésiteddickyqen the padhpsie anddbe %{Pqtg@ptra&%pwlaﬁhbsu tuted aryl, acyl, and

am noacyl ; each 13 gbscd rﬂgﬁiﬁé‘lﬂﬁ'@m élé’cﬁ%ﬁ'tﬁﬁ&lﬁ% Hafrfé%&]é(éiﬁptg%raahtﬁﬂ
substi t ut ed al kyl, aryl, 'substituted aryl, acyl, and am noacyl; or R2 and

R3 t oget hercmijting layse carbon to which they are attached form a cycl oal kyl
rom. Toget hor i R EHS En- BB me el B e e 2
cycl oal kyl dahirakserpanid ight emltmgg:mdawe;sl Tge ougpnic hght@pn@mgffﬂysr my inplbdger from 2
to 4; Rd re ] t he

confi guratl %@?‘%{‘?ﬁe“h@m% g!'%ﬁ'&' &J\%E?(gpcéiﬁ%tgrgg% %%%%J}l pondl ng with
that in an lligutremnn@doqbantamdd%or@prcéghmrmttmgh%drmgseﬂnmmiml lgght.N- acyl group
(including Nsu i peptide, an

titute id
N moy T el vat e bR ols why bEF i S s FBiRr 187 b B tLn B L oo
aci d orlali pepoiemay Bhencasthdetomedghsticul@ubdteand apialﬂrmﬂbcuélédmhe cﬂmposi tion,

whi ch conprises a trypsin inhibitor ound ener formul a

T R S i 2] obad R e e Ryl oI RS Rgte

phar maceut [ lﬁy??dr|n)éy&1€(ﬁtﬁiétn@ﬁ1|)lﬁ)lcﬁgadally ttase @Qﬁs—fotrﬁm‘@/@h@h nenfaticRuRISE@VNSs a resi due
of a phenol wherein t t he phenollc hydroxyl

group is r e3(§1 hf)%;ﬁpacaéwaql@ﬁ?# eaﬁ%ﬂ% ma@(lat Of{g&fh@@tﬁ%) i gt

O) - CH( R4) - NH( R5)The dRcd @Hy R8sl $sc@ofd oficaIB/ al@we 19F1Q4P¢ 1al a@ﬁded%@o each
i ndependently represents a hydrogen atom or | - 4C) al dy g gr oup
20Pgf

repr eseht s %e gptically gaive gflegtys fayst, A p ?@FE@H @émem a”-YCH

2CH2CH2CH2Nidgve Feh@ctﬁr@@ybﬂ%ﬁﬁdv@@n %po%ﬂﬂ%h%ﬁt?@&th@i S QidhliycRiR4 is attached
corresponding with in'an Lam no aci d; represents a hydrogen

atom an N& wtlvglﬂ@@rpﬁnémmlahlawﬁgarwlmwmpmeé@ %gﬂpl)gth Band of radiation

emitted from the radiation-emitting layer. The second optically active reflective layer
may include morphologically stable glass-forming chiral nematic liquid crystals
20  (GLCs). The transparent anode and the transparent cathode transmit may visible
light. The optically active reflective layer may include a sculptured thin film. The
light-emitting layer may include a chiral material.
In another general aspect, a polarized light-emitting device is fabricated by a
method that includes forming a radiation-emitting layer. The radiation-emitting layer
25  includes a radiation-emitting material that emits radiation having a wavelength
included in an emission wavelength band. The radiation-emitting material is disposed
between a transparent anode and a transparent cathode. An optically active reflective
layer is disposed adjacent to the radiation-emitting layer. The optically active
reflective layer includes glass-forming chiral nematic liquid crystals (GLC), and the
30  optically active reflective layer is configured to reflect radiation having a wavelength
included in a reflection wavelength band of the optically active reflective layer. The

reflection wavelength band of the optically active reflective layer is adjusted to at
2



residue of an amno acid, a dipeptide, an N-acyl derivative (including
N-substituted acyl derivative) of an am no acid or dipeptide. The

enbodi nerwe 2proossede a phar maceutical conposition, whi chPCOMSRIOME10a9trypsi n
i nhi bitor and a conpound of general formula (I1V): (1V) or pharnaceutically
acceptable salt thereof, in which: Ra is hydrogen or hydroxyl; Rb is oxo
(=0) or hydroxyl; the dashed line is a double bond or single bond; Rl
represents a (l-4C)al kyl group; R2 and R3 each independently represents a
hydrogen atomor a (l-4C)al kyl group; n represents 2 or 3; R4 represents

- CH 2CH2 CHZjbkK fertiimlyNc@mks thSeinGoR GalbiaiiHznd bhe Rt AMAtihon of the
carbon atomto which R4 is attached corresponding with that in an Lam no

acid; and R&%presents a hydrogen atom an N-acyl group, or a residue of an

am no acid, a dippy ngl%ieﬁiﬁuor{%fm Gné}hcﬁ%\ﬂle oP'ﬁBﬂe‘@EHe‘f@ﬂWm@f&aﬁfEs”‘?h@c' d or
di peptide. The enbodi rrentsagrow e a pharmaceutical conposition, which

conpri ses aafipygis¢mittingtiasiriabmay mgluge e@m%ﬁhgléfeng@n@}aapr fﬁﬁwn&thev) (V) or

oy ety 3SR oL AP Rt MRS TRl DCIERR O,
si ngl e bondthe Rass-forming ehntaéderﬁat@maidloyystalssabbm () glaisednallkyﬂempam}areal kyl ,

subst i ut edar Al or Rl R SEASLLAUEG K 1SAER Rl | fgependent Ly

sel ect ed fr rogen, ary uted aryl,
acyl, and aTherwacaylly ac&mhﬂdaﬁve byernml@rﬁnenmmmtd:@wslebleﬁtoadtgﬁammdnzytd)nogen

al kyl, substituted al.kyl,.aryl stifuted ar c nd_.amj noacyl ; or
o i ot DR e R urn il Rk RR e i Rl e PR g BB

cycl oal kyl @afide Rlbsive layted acl¢9:sltpahklw eng61apeRs arDEmikien WavetohgRdagd oups on

adj acent ca atons, . to he t he carbqn at ons ich they are

o hon, T e iR T Dl Pt Bt IR s Ry PR, S e ote
an integer tmpeuirdiRlch (T4 Ifrepitesend (ﬁptlczﬁ?l;} A CHENE @ybhhdyHndu@ - CH
2CHZCHZCHZNH2 the confi guratl ogl of the carbon atomto %\/mch R4 is attached
cor r espondi HgdiiRehe pRitcallyaciiye I mtwslaézefwth%awrf@t% REYMNs a hydr ogen

atom an N-acyl AfeuRg {henelcdtldigaiiteh bt B%ﬁﬁdéﬂt Mly)acuae fefsddye of an am no
acid, a dipeptide, an N acyl deri vatl ve (inclu rg%éN- substituted acyl

der i vat]ri/e)lal‘ﬁfff&‘ﬁl%rlﬁdr%d&éti% agpolgguis semprsitioned the sy faraineshprlovi de a

phar maceut i g&latie ﬁ&iﬁ@%fy’ét‘a@”Adj’ﬂ%r?ghh&%@i@étlo%%v@leﬁétﬁ(%d%f Rphi&i9r and a
conpound of general fornula (V
active reflective layer may result in changlng a width of the reflection wavelength

band. The radiation-emitting material may include an inorganic light-emitting layer.
The optically active reflective layer may include a first GLC film made of a right-

20  handed glassy cholesteric material, and a second GLC film made of a left-handed
glassy cholesteric material, the second GLC film being adjacent to the first GLC film.
Adjusting the reflection wavelength band of the optically active reflective layer may
include adjusting a molecular ratio of the right-handed glassy cholesteric material to
the left-handed glassy cholesteric material. The molecular composition of both the

25  first GLC film and the second GLC film may be adjusted to adjust the reflection band
of the optically active reflective layer.

In some implementations, a second optically active reflective layer may be
deposited on the optically active reflective layer. The second optically active
reflective layer and the optically active reflective layer have opposite chirality. The

30  reflection wavelength band of the second optically active reflective layer may be
adjusted to at least partially encompass the emission wavelength band of the light-

emitting layer. The optically active reflective layers may be deposited consecutively,
3



or pharmaceutically acceptable salt thereof, in which: Ra is hydrogen or
hydroxyl; Rb is oxo (=0) or hydroxyl;the dashed line is a double bond or

si ngl e bowg20RI4s@pr esents a (Il -4C) al kyl group; R2 and R8TABeH09/061079

i ndependently represents a hydrogen atomor a (l-4C)al kyl group; n
represents 2 or 3; R4 represents -CH 2CH2CH2NH(C=NH)NH 2 or -CH
2CH2CH2CH2NH2, the configuration of the carbon atomto which R4 is attached
corresponding with that in an Lam no acid; and R represents a hydrogen
atom an N-acyl group (including N-substituted acyl), a residue of an am no
acid, a di ptﬁmdﬂd@aon%vléieﬁgwbarﬂ%rfmé%éovle opﬂldmy HElive Gt Sutgfdr tdy 86 acyl
derlvatlve) of an am no acid ep . Brief Descripti on of the Figures
Fi gure 1 isadipstgdopp senaate %}tbﬁ%% gd&*éaatl%llbeﬁveéﬁl?émer laer 8198 byver tinme of
hydr onor ph%b%déd‘Mon@ abd %@Qaf@r%'ﬁbﬂh%dﬁ%%{ é}ﬂitdn% d'é%Eéaf%frth@OWpound 1 al one

and Conpound 1 with various anmounts of psin inhibitor fromdycine nmax
(soybean) (1SBxtipn waygjenseh anjl of the g@cayhomtwa y @@m@ﬂe@w@aﬁr ipladiysred.
concentrations qy ) 0e 0 admi ni stration
to rats %f Corrpou%nérml cn?gnta élgs hﬁpﬂl? Ct\H aﬁ h%d%&go A), and Conpound
1 with oval tanspanend subs GBI | Thel—‘tragsnaeenssubstrzae glua:aphlopdttai batwmahee@tmim vi dual

bl ood conce rphone (HM follow ng PO

adm ni strat%}%%g{eggérzz??a\&g{anéoﬁ& #%ﬂ{ﬁq%ﬁe and Conpound 1 with Bowmran-Birk
t rypsi n- chynot r yipplementationsiof dre d(eBBSéthec}ﬁncglus maylinckdahgdaph, dhethocconpar es
mean plasne concentrations aver t Yﬁﬁ h¥ (ga rgﬁone @% rel ease

fol | owi ng POPRES i S17%t 'i“barﬁ’p%‘i”éooﬁﬁé 2" G ShA°CMsEUnd 2 with SBTI to
rats. Fi@uriepbenicatatiograapiet fmatin denpanganyiegdrapings aml thodseritioat i ons over
time of hydronorpho eleasef | | n Oad nlstratl of Conpound
3 al one angae?%'ﬁp(g ﬁrdte %‘SWN%”H arF’E)t §1 dﬁ%ljﬁtr‘oél@ andngjr%{ﬂﬁnofrhat conpar es
mean pl asnetheemeaent rati ons over time of hydronorphone (HM rel ease

foll owi ng PO adm ni strati on of Conpound 4 al one and Conpound 4 with SBTI to
rats. Figures 7A and 7B are graphs that indicate the results of exposure of

a certain conbi nat| on OER@P‘TDEQ@QIPQ‘I@NQ)[ETHE%HAW[NGg he absence of any
trypsin inhibitor or in the presence of SBTI npound 107, Conpound 108,

or Conpbund 1009. FIﬁSglu%nél 2rhoy epirerles qfﬁ@w@%@bablﬁéég@fe%ﬁgéﬁﬂ@ 4, and

Figure 7B depi CtFEIGtf‘ﬁlo%rs’Qﬁéim@oﬁfdlﬁyﬁdngﬁ@&%&n1§ht &Mﬁfngtdh\m[@e wpder these
condi ti ons. 1%re 8 is a graph that compares nean plasha concentrations
oficly

over tinme tweroptsanectivpgfleptsieddyses. f ol | owi ng PO admi ni stration of

Compound 3 al ong,a8d CampauE. i, CORRUAM DA AL Sfiboure O 19 a

graph that conpares ne pl asma concentrations over trne o ydr onor phone
(HM r el easdvicethabmichidesROe apitidaly sttivatréfatiaflayeonpound 4 al one and Conpound 4

Wi th COﬂp ound 1%G§0513[ gl{dSSB 4%%&/' eglilﬁlf)lgpgf directionally biased light-emitting devices

that include an organic light-emitting diode (OLED) stack.

FIG. 6A shows an example of a directionally biased light-emitting device that
includes an organic light-emitting diode (OLED) stack.
FIG. 6B shows an illustration of emission characteristics from the device
25  shown in FIG. 6A.
FIG. 7 shows an example process for fabricating a directionally biased light
emitting device.
FIGS. 8A-8C illustrate an example process of pixilating a phototunable liquid
crystal.
30 FIGS. 9A-11A each show a perspective view of an example directionally
biased light emitting device.



The follow ng terns have the foll ow ng neaning unl ess otherw se indicat ed.
Any undefined terns have their art recogni zed neani ngs. As used herein, the
term "al kyD20lwo45408el f or as part of another substituenPCrafSess/ 06m7a
saturated branched or straight-chain nonoval ent hydrocarbon radical derived
by the renoval of one hydrogen atomfrom a single carbon atom of a parent
al kane. Typical al kyl groups include, but are not limted to, nethyl;

et hyl, propyls such as propan-1-yl or propan-2-yl; and butyls such as

but an-1-yl, butan-2-yl, 2-nmethyl-propan-I-yl or 2-nethyl-propan-2-yl. In
some enbodi ment $IG§®]31H‘B/{es19:rc9&H@y QRIS drs@ScdilofMviewt OF tROJiERLHANyat ons. 1 n

ot her enbodi nents, an al kyl group co |ses froml to 10 carbon atons. In
still otherlﬁﬁﬁbamﬁﬁﬁmégd%ﬁm&ﬂwvmigfgaﬁ Hé¥ises from1 to 6 carbon atons,
such as from 1 t@g4 LALRON 3R Branst é@&q&m{mngml(k§ggf or as part of anot her
substituent refers to an unsaturated branched, “straight-chain or cyclic

al kyl radi cal héﬁﬁan%@W$@aﬁwr@ﬁ@wéaﬁmmwf@d@@bﬁnWUwh%@wbond derived by the
removal pf one hydrogen atom from a single carbon atomof a parent al kene.
The group may be in either the cis or trans conformati on about the double
bond(s). Typical al kenyl groupETARADUBESCRINII@Ne not |imted to, ethenyl;
propenyl s such rop- p Lo Callyl),
prop- 2-en-2-yl, q%gc @Hmﬁd?@g!mﬁfmnﬁrﬁﬂ§k §%F§X%fme(ﬁﬁpnﬁngﬁﬁéenyis such as
but - 1- en- | -sde, 1sble$0r1|be(énln®alyllcula12almepthylly prtiop rdfleetivelmaydrial biplac@ @na | -yl |

but - 2- en- | [ i en-2-yl,

oyel obut -1 nergh e feentdhar o Bl Rngidh el it o %0V C . and
the |ikey "ddhikingydyer iythd des&k femafiat@sonpefidm ofic ﬂalwdfhlwdesubsdrlphuﬁﬁty refers to
an unsaturated bra stral ha| or, ic r adi havi ng at
Meast one. RS S ol 15 1epr et B e g i it B B ol Wilbne nydr ogen
at olm 1(‘1 r Ombade$lceg1fﬁe &‘@[d@@ﬁntablﬂfﬁll Eafdlaaﬁlpaa\efrgta Iahg@ydfeTavéﬁyﬁgﬂcsahndad kynyl groups

i ncl ude ut _.are not limted praopynyl s such

pr op- 1- yn- | {gctigp ﬁld?fw? qptlgﬁﬂy agiye reﬁ%ﬁw fedaldy pedte ha'?fﬂythw -yl

but - | - yn- 3-pHlicitypatd-tie Wikelen¥th.of @leGadiatRMEnfittQ fldnk@e deié/duch Bt the sel f or as
part of another substituent refers to a radical -C(OR30, where R30 is

hydr ogeh’  atrkigdlly asiieq isHeqeiys mateyial refiestsehoamikgd radigtion. Pnah@/ gpupgy) the

het er oal Kyl tanieh&t OREYI um & EIL AL VLAY be (ﬁl%cﬁtﬁftallﬁﬁgsera%ﬁ&i tHat eﬁﬁ'@édesent ative
exanpl es include, but are not limted to fornyl, acetyl,

cycl ohexyl crad%%wmané%fr@ﬁ@%w ave sy PEthe Bovga or tseperdy fromisenside efthero nyl,
pi peronyl, 8 ngpﬁm§ﬂpﬁ%kby&ﬁ ée refers to substituted versions of

acyl and |nclu flor exanpl e |n1ted to, succinyl and mal onyl.
The term' an1nod&ythhﬁmt&énMHQrdm@ﬁ@asmvaﬂmhep@mnqmofmx&mnﬁ@n1R22 wher ei n

R2 1 R f

nydrogert Ay dhuboe LY P EiERe Bl A G REIIRLNALS * ol kyny

substltutedUa$mey[&EEEYTOLEDQSMnbuﬂedﬂmsmhpommwhmahmympw&u@eﬁﬁiuted
substitute oar¥l%hsubst|tuted

cycl oal kyl , e

ot eroar y1 Pt e SRR AR arE iR BB T
R22 are optuheﬂahdeyayeonanledrotmgetohmrora/mitbnatmmtmrdettcb@etrpahmﬂlyd thereto to form
a heterocycllc or. subst.i t ut.ed hetero C|IC wher ei yl,

Subst 1 ot SdrRRHYE TRUR QB pI b S ien TR adefrd Yt e

al kynyl 25 cyt@Ia@ahﬂsy&remw@awdnuﬁ@amquioqmizkd/hght@mﬁhﬁ)@alk@aaxtousumsg)l tuted
cycl oal kenyl , ar supstituted aryl, heteroary bs tut ed heteroaryl

het er ocycl i FOug %{95% W&@r@%ra%fvé? arc%?eﬁeﬂen%m%ma HEREPKE n. " Al koxy”

by itself ofilodsa ¥kt toQbe ANREMBRIN BPRSLA bmlakmﬁcgﬁi@rdsmmufathé addgalior OR3 1
where R3 1 represents an al kyl or cycloal kyl group as defi ned herein.

Repr esent at being \é&l&lﬁﬁq gthe ﬂt@pr@w@ of the'windshield. Because the TOUPLED is
transparent to ambient light, ambient light passes through the windshield. Similarly,

30 TOUPLED technology may be utilized on helmets, specifically, military combat
helmets or other visualization instruments that include a visor or eyepiece. With such

an arrangement, the user of the helmet may view information displayed on one side of
5



but are not limted to, methoxy, ethoxy, propoxy, butoxy, cyclohexyloxy and
the like. "Al koxycarbonyl" by itself or as part of another substituent
refers tova2sdi4ss@b - C(O)OR3 1 where R3 1 represents anpParRigkooonéwmye! oal kyl
group as defined herein. Representative exanples include, but are not
limted to, nethoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,

but oxycar bonyl, cycl ohexyl oxycarbonyl and the like. "Aryl" by itself or as
part of another substituent refers to a nonoval ent aromatic hydrocarbon
radi cal derived by the renoval of one hydrogen atom from a single carbon
atom of a p@E eRbr ViRMRb ILBink Mg 1SS HRBAgh INPIisHbe@uyd antlfi@i RShiicAklude, but are
not limted to, groups derived fronlaceanthrylene acenap thylene
acephenant hifg Vieore Forsempise B d O UL May bo@awEskon Lo 96n BT onene,

f 1 uor ant hengym &l Har @R, so k¥ aﬁﬁé‘ﬁhe LBEARRE MRw 18XAiB0fmatidn URPABGENE,
s-indacene, indane, indene, naphthal ene,” octacene, octaphene,  octal ene,

oval ene, etmthe 2181416 dieplea he&mﬁtvsﬁ@éwbﬂe he ﬁtsalpwéactlp@nnfaph?éwé WOplélrrg,@r ene,

phenal eng, cﬁwﬁ' e sRI SR ISBLSEI?I? %%nw?c)ﬁn?eﬂ?(whﬁ’ epkRiERg. rubicene,
trlphenylene trlna al ene ang t he I n some enbodi nents, an aryl
group corrprwlslelsthblommaﬁy B@l@@efbam@dnyeaisonwntddh dowecebbadiathnt s, an aryl
group conpr t I (group are
phonyl “and TOgRErore g ol SpGRAE R & 8ffss SRR ARl Bitdon
substltuenthgmﬁnmkmtmﬂmnmamy@hbpmﬁMkynmnhﬂﬁgal |n whi ch one of the hydr ogen

t bonded t b t t b t i
ator bonded ¢ o AR EEL P HBE AL B TRk BB By or 20 1S
Iinitedulo,mb&m@ykwceumheﬁmhathhbhwhenman@ﬂbw&ﬂnmhmﬂmeangnhhﬁmhgth | -yl,

napht hobenzyl , 2-napht hen eth- n the I|i o] odi nent s,
o ary1 at Ky ) U TNGA D P ey iy At part o Gitsirly 3 HBF BRY- of ¢ ne
a%l Sl kyl  osmitgildyef Clﬂskc@beaed@edvebm ﬁ%; Mlécztigldb etaycli h [Seig()l@d@&)ie 6.l Eheot |hEr |
e odi nent s an ar a Yy roup 1s a the a Yy
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30  handed orientation or the radiation is elliptically polarized and has a left-handed or a

right-handed orientation).



present disclosure. "Cycloal kyl" by itself or as part of another
substituent refers to a saturated cyclic al kyl radical. Typical cycloal kyl
groups i mebrdw/o4bws are not limted to, groups derived Pcomseyoloopropane,
cycl obut ane, cycl opentane, cycl ohexane and the |like. In sone
enbodi nent s, t he cycl oal kyl group is (C3-C10) cycloal kyl. In other

enbodi nents, the cycloal kyl group is (C3-C7) cycloal kyl. "Cycl ohet eroal kyl "
by itself or as part of another substituent, refers to a saturated cyclic
al kyl radical in which one or nore carbon atons (and any associ at ed

hydr ogen at ons) %&%mbﬁg&p@@ﬂﬂ@a&ﬁl&ﬂﬁba&ﬁﬂnwwhhwhaﬁmﬁ&ﬂﬁen?mQ!fferent
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pyrrolidi neenveigpm%mlapméneamﬁ afites device 10 H@tpelﬁ@alpkwe opﬂmlléraeta{ekenyl and
Het er oal ky ggﬁﬁ t tyent refer to
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are |ndeenﬁ@ﬂﬂhyghydﬁmggn%makkyI substituted aIkyI aryl, substituted
aryl, arylal kyl , _substituted K | oal k subs itu cycl oal kyl ,
oLl onat b ol by TR RRE Ry 2rERe S st BT gte SEHEEY o b
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removal of &ﬂ@eRﬂ@dtﬂgﬁd}eﬁiﬁwﬂrBéﬁﬁécﬁoﬁétﬂ&lv@se%{dame@fsué‘hﬂl@{tﬁ@t het eroaromati c
ring system Typical heteroaryl groups include, but are not limted to,

groups Her W@@Yepgfér?if therrpdigtion emittedifroapihe lightenpting layer his catteed Phie chr onane,
chronene, CieAAQbh BEhd Jriedt the dﬂ1€iﬁl%z%§ve rbﬁ‘&%%@ia?er 2 A AaBthel oPﬁ'& 1yne,
i ndol i zi ne, i1sobenzofuran, isochronene, isoindole, isoindoline,
i soqui nol i restivg sfedtivaayeel reflagsadistien havinsialisliedl apladzation aRedigtione, oxazol e,
per i ni di ne, harangmmﬁ Faapﬁtlorpﬁquonmk bk BNCORGEARy pARAGA2] e,
pteridine, purrne, pyrazi ne, pyrazole, pyr ?R yrldlne
pyri mi di ne, cn;@y}arlmpelarlqzcﬂrand)hasquth@r a reghi-haled prleft- hqlmedbbhqrﬁa,, Orthrzrlmh zi ne,
qui nox ne . l.e,. i e e,
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from 5-10 roar odi nents, heteroaryl
or oups. ar e TRBSE iy B MRRbisn kRS s W 0RH FERELIEA B ophene.
benzofuran amnﬁmkﬁkwmyﬂHGMImanﬂﬂwmmkﬁmﬁ(ﬁpﬂbd@ﬁ&&etmﬁ%ﬁmak&cand

pyrazi ne. ter IaIk N tself art of. anog r substituent,
refers to a @?ﬂf CgoﬁP%ﬁeft%ﬁ"eééfreWﬁ”qﬁﬂ%Elﬁg B%Géw?f‘flnttoﬁef[ XI’?@BP ogen at oms
bonded 19 a car e Bordd @iplenbdnpitio, tclink eidBhirality @fid SP wavaaigiomay@t om s
replaced with %3heteroa Iégégup, kg sone enbodi ments, the heteroaryl al kyl

i} LEISY

group i s a BEF HRiRpdrd theypptically getiven eC&Y?(Werr?éP%lly of the

het er oar yl ahlfthe ép'ilca;tyl&u{aaeﬁh@crtﬁ@l 136 kRQ speuBT eAsYibn BRIdGKM ichudds at
5- 20- nenber ed het eroar I n other enbodi nents, the heteroaryl al kyl group

is 6-20 nensstdaoHer éﬁ%@ww%qn@ghls of the gadiatiop gmiffeR oy Belj-cgtitting e
het er oar yl abiyh. i$thlscmpRIRELEShs 2R opREINELSE RAYdve TRIcED Ynal Bat a

30  reflection band that is centered on the emission band of the emitted radiation, but that

is not necessarily the case.



5-12-nmenbered heteroaryl. "Opioid" refers to a chem cal substance that
exerts its pharmacol ogi cal action by interaction at opioid receptors.
"Phenol i cwoppowiidseosef ers to a subset of the opioids tharcCtarst@9nsl0a9 phenol
group. Exanpl es of phenolic opioids are provided bel ow. "Parent Aronatic
Ring Systent by itself or as part of another substituent, refers to an
unsaturated cyclic or polycyclic ring system having a conjugated p el ectron
system Specifically included within the definition of "parent aromatic
ring system are fused ring systens in which one or nore of the rings are
aromatic and oneryhpfidi¢ afve tlRchivNGRer 2laRo k%é@ﬁ@ﬂﬂQBaQﬂﬁﬁﬁMﬂﬁled such
as, for example, fluorene, indane, indene, enal ene, etc. Typical parent
aromatic ri¥gvedieeidnslaysier greticniit aCﬁY"eﬁ%tlaYIeT i hscExeaple SbeEhiiG) ene,

acenaphthy|ﬁ@ﬁhmﬁﬁ%ﬁﬁﬁﬁ@ﬂ%ﬁ%¥hgﬂanﬁﬁgE&éﬁﬁ@@mﬂﬁ%&k&ﬂﬁﬂbﬁﬁ&%@”e chrysene,
coronene, fluoranthene, fluoreRe, hexacene, hexaphene, hexal ene,

s-i ndacene, U%Emﬁ@&béMémnﬁmﬂdﬁ@wlﬂﬂ@@ﬁeﬂﬂh%@hﬂﬁéh@ﬁ@m¢b®v§t@ﬁéO“%%taphene,
octal en difghe e t aphene,
perylene5 q%@%g?ﬁ%ngﬁmﬂﬁ%gﬁélrene V%PEQ%%§%ﬂﬁ%¥§a@%g#&ﬂﬁ¥gﬁgg pyr ant hr ene,

r ubi cene, tmﬂgh@mkWeﬁbmaquMGpﬁhhah@ﬂéaﬁhuemhé(ﬁﬂké@hfﬁmﬂéﬂﬂ%kbieroaronat|c
Ring Syst en;ulp]pﬁla{ Llaélgi ctn e 1ttgt§ frgrﬁv\li]e l%fl%t &H?tﬁr%qu& ll’%?ltts tL%&QfEC’e 166 fers to a
parent aromaticC ri nor e car atons (and any
associ at ed thydglote rsulatr@tmé) Thuse thenldepe hileniy e & teplemté trtspartthe sane or

di fferent h teroa gq} Tﬁgnpat heter9%30ns to replace the carbon atons

i ncl ude, VEFE RO YT ER TP R V'S s, Si, etc. SpeC|f|caIIy i ncl uded
within uhe deflﬁhbn@mm&hwnmabmnhﬂhﬁ$@ﬂ@ﬁhgﬂ&mhﬁmgdﬂ@x&&@ﬁﬁﬂB are fused

ring systems in whic S a d one or nore
AR A R A A A SRR A S T i A
benzodi ox antlhlsbﬁf)lé@lfentﬁm the i maeodecshg @M@areﬁt&d@dee?nd thelpghitRaittix@ant hene,
etc. Typl ca par. ent teroaro LN syst e I NClL U , ut are not
limted to, 2%t dihyeh ?Oréad%lf)glf %16 ?oieééigli&}c?mﬂﬂéglfa&ﬂr@%ﬁénayg’ﬁurﬁ%%

ci nnoline, {uWEaBhirdl mgdﬁmgm,erﬂuﬁqua%@ Ab bd@ls&d erdakitinRspectd Ti@Ggi ne,

i sobenzofuran, isochronene, isoindole, isoindoline, isoquinoline,

i sot hi akol e3A pih3Bh s “éOUWalfaJhﬁhg/maﬁm@déﬁlaalieﬁmt@me%%% layse pisndi ne,

phenant hri %dﬁlze@m@k\bﬁl% fn@?be RIAGRAZ) & spﬁh&alﬂﬁ)ldé)zih@%nsﬁbﬁl%ﬁﬂ di ne, purine,
pyran, pyra2|nefﬁg yrazol e, Bi dazi ne, pyridine, pyrimdine, pyrrole,
pyrrol i zi nesubgjiatarhans} amepticy beVqWﬁ“ﬁhﬂﬂwwrb@ﬂﬂém@nhimﬁwﬁﬂﬁﬁéantetrazole
thladlazole e

* Phar maceut Rt R Eentct ORIE] fned [ B2 O Kok BhICRRIBNE hiemiked
phar maceut i lggit.| i cac cempdb it chahltycdfehe wthIthmeﬂmivc tacrponmbel rght

adm ni syer e o, s%(cil% V\;nr %}hhandlgﬁ]gﬁgﬁ?a?ﬁrlf)'tgiea?ig%cfsllygrhggﬁﬁtﬁa A0k refers to a

salt of a conpoun ossesses r maco |caI activity of
the parent mmnmg@wda:Smdhmsabyﬂwkmdhﬂ&amh@l@kadﬂdmﬁddlUh@ﬂwsalts f or med
W th |norgan| i bﬂ h sml Ch}%fl? %&%qknl rngbhp c acid, sulfuric
aci d, nltrlcpéhﬁ 8%05 grl% ac ye &5 &F° 8 mfth organi c

aci ds such I@tamﬂﬁmg;maemaj thapeai @biatoralcivihg cheadanmpaneam(dg light that is

cycl opent ane %JOHI éd glycolic acid, pyruvic acid, lactic acid,

mal oni ¢ aci ¥t 8 @Xpﬂagﬂg id, malic acid, maleic acid, fumaric acid,

tar Ej arizs aci d Gh bll(ijdtﬁ‘er&ﬁfalénlnelhﬂ[bhofélé ligietl cghittidg {a?r?hyﬁllﬁﬁkelﬁgd&hEML) benlz?i c
acid, cinnam ¢ aci eljc . aci nmet hanesul foni c aci et hanesul f oni ¢
acid, 1,2-etruneebyr- sﬁpﬁﬁma&fuawmhors %%&%ﬁ%&eh@ﬁbiw R RPcessgygemit

benzenesul f @¥aCradsiich b @ b@E&E@Bﬂ:@ nesthfe@nirarraeded to dninamhil hal.agesul f oni ¢
acid, 4-toluenesul fonic acid, canphorsulfonic acid,

4- et hyl bi cjEIcEpRlg 112]h15()‘€ﬁ’16216é?"}80fb thedrahbsating laver & may|bg @B HOERBIS ¢ aci d,
3- phenyl pr O(Biaﬁtﬂhlcdot emitter, and the quantum dot emitter may be arranged in a chiral matrix

30  that produces chiral radiation. In these implementations, the quantum dot emitters are

deposited as a single monolayer. Depositing the quantum dot emitters as a single



acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric
acid, gluconic acid, glutam c acid, hydroxynaphthoic acid, salicylic acid,
stearic awpagivmds®ni c acid, and the like; or (2) salts fPormsdoostiery’an
acidic proton present in the parent conpound is replaced by a nmetal ion,
e.g., an alkali nmetal ion, an alkaline earth ion, or an alumnumion; or
coordi nates with an organi c base such as ethanol am ne, di et hanol am ne,
triethanol am ne, N-nethylglucanmine and the |ike. The term "sol vate" as used
herein refers to a conplex or aggregate formed by one or nore nol ecul es of
a solute, im@noldy eﬁﬂﬁ’})ﬁ’éhgﬂ)cﬁlfzetaﬂ& 1IQIRQEIBRAL At and relaxation of

phar maceuti cal | yacceptabl e salt thereof, and one or nore nol ecul es of a
sol vent. Su®K1e®E vates are typically crystalllne solids having a

substantial ly fi Pﬁ%#heﬁrﬁhﬂémérﬁ&tloﬁs %By %Q&s?&r&tﬁdﬁﬁfa&éﬁﬁg‘[ 18 t%%a%?ﬁ‘ﬂc@t ive
sol vents include by way of exanp met hanol , et hanol , 1 sopropano

acetic aC|dkm&ﬁ@lmﬁéﬂﬁMWbﬂkvﬁéﬂﬂvhémSGmV@ﬁ@ndbbﬂﬁﬂéwhmph@wyéﬁv&ﬂe formed is
a hydr at t r luent,

S oot s G ERRHIPGRS hEQlistlGAERR, AT SedB Ry LB ELBR Aufla
adnln|stera@ﬂm&EanhﬁmﬁmMMNGMMmeshhu@Bmsnwamﬁléﬂmasoﬂh@mmmmﬁmmW§e such as

l'i vest ock, asatﬂé {}B{sﬁaréﬁ'{fb gé}l %&{%ﬁsﬁﬁiﬁn %%%pedaa§e?rg§s§5{tenqog or

hor se. "' Preven I'ng"” or revent| axi's 0 a reduction
in risk of @bEDﬂayenmeludlés ghasg anidiloO. dmimpiembntas)npalamse Shinagdeasg’, angf ers to a

derivative of an I a t hat res a..transfornmat hin the
body o 1 of Ssdrh L bR wiiifte] SRS Pt R SRR bR b not
necessaﬂ)Iwmagbapmﬂﬂ@ﬁmgbcmbanﬂmm@ﬁhwannwﬂaﬂdmekmEmﬂedmtmayhﬁ active
agent. "Pronoiety" refers to a formof protecting group that when used to
mask a functfGnal group within an active agent converts the active agent

into a prodrug. REy@h@gaﬂolmG 1.he eﬁn@]@bﬁiddreW1dﬂall:bBla%ttﬁﬁ§]ﬁfbni ghthe drug via

bond(s) that are cl eaved enz ngtlc or n egéynatlc ans_in vivo.
"Prot ect i ngenartw@;siw%%@rlg Sftoavn Té? %?en?&%?c Tueo AN R B dehed to a

reactive fugfithiBNRlivdicAsttive Rysr 200! LehsSardR KR irath Q0 6 st ClectPbRVONL S

reactivity of the functional Exanpl es  of prote i ng groups can be
found i ¥ GadpR Sé‘%onﬁlele"tmdelﬁp@tﬁ’@td?‘(/‘ée%ﬁodﬁ‘t)’sbelsﬁn@’f@%ﬂ?ée‘@ﬁe]%ostry, (W ey,

2nd ed. 199)..aRd aﬁ?‘ﬁ/@ Wlﬁc}&p@& t@#IG 1 Cé?c%}ﬁ e t%%ﬁ%ﬁen%ﬁtpﬁé b O gani ¢

Met hods, " Vols. 1-8 (Jo ey and Sons, 1971-1996). Representative am no

prot ecti ng gtnosgsbeiwren mf@ptlmllw a@ltrw@-,e rﬁ%qctlw layeref2 eyl the Gehhemittiag dygn |

trifl i s I " *Nora 5 bonyl

(“Boct . ¢ PR SimBERTH: do IR BEYER0 ik pifl B e o

trityl and euksen danyelepk 209 anyoine girimbbe dfafildqﬂoaxycar bonyl ,

9-fl | met h NVOC!
uorﬁry e )ﬂe?é}ﬁg{otﬁayé & %ygf a (ﬂ erCtrl %aﬂ Bl%ged){ Rf(grﬁlﬁ[ %gi@vylc%( )

and th i ke. Repres atrve pro et groups inc ut are not
limted to,Mmhmﬂeummbs6wﬂQ¢twydnm%yygs@ugmthmﬂbdh@mmacyMa¢b¢mdﬂOalkylated
such as benz et her
Tt anyar opgh a5FRRCHE by R Gy 8IS il 30l 5l ey o
" Substi t ut elight- emftemgay@ 330 grtmun)aremt wibktedie Divea Grst ectedn g§l, agen at ons are
|ndependentl | ac me or di rent. substit t Typi ca
SUbst 1 T uent SHHORGRRE Yot Ao et it epil BTGPy FoRslooES Lo ac
met hyl emedi dM}é)i radMbion B6fed fibhn, theBaht emﬁﬁ)g 1aye$l§@@ may Be E:hn)‘aSradraNB@(()R)G 1,
=NRG0, CF3 -S 20, -S(0O2
- S( O 2R60, @(C@lé:@ly or e@g@@lfim@@rlzeqﬂ%( @e?gldm_glﬂ(nctj)le( él}{@_lgn of the
} OD(SO) ( %Oﬁgﬁfi@mﬂtﬁng OB O Bhe chizhiTh RN m&(IERERRODproxHAAMNERRRE 1, - (O O,
"5 o6 amounts of chiral light with right-handed helicity and chiral light with left-handed
helicity, or the emitted chiral radiation may include primarily chiral light with right-
30  handed helicity or primarily chiral light with left-handed helicity.
In the example shown in FIG. 3, the light-emitting layer 330 emits radiation

that includes chiral light with left-handed helicity and chiral light with right-handed
9



-NR62C( O NR6OR6 1, -NR62C(S)NR6OR6 1, -NR62C(NR63) NR6OR6 1 and

-C(NR62) NR6OR6 1 where Mis hal ogen; R60, R6 1, R62 and R63 are

i ndependaemol2zgiomasoegen, al kyl, substituted al kyl, al koxpCTaiskeawioswred

al koxy, cycl oal kyl, substituted cycloal kyl, cycl oheteroal kyl, substituted
cycl oheteroal kyl, aryl, substituted aryl, heteroaryl or substituted
heteroaryl, or optionally R60 and R 1 together with the nitrogen atomto
whi ch they are bonded form a cycI oheteroal kyl or substituted

cycl oheteroal kyl ring."Treating” or "treatnent” of any condition, such as

pain, refergiiciy) Cffal i 3§mﬁﬂlklgﬁn{aﬁdedm@haﬂak k@@t Remtdeoptieqdi tion (i.e.,
arrestlng or reduci ng the devel op of condition). In certain

enbodi nent sacﬂw@&?thg taygjy 3 10¢ %@dhwémal hghéﬁ@r‘éilﬂi bfté}%éqiqddxeh@%g at | east one

physi cal Pak ARl Efom m'oﬁhcaﬂ'gﬁct%trefﬁ%n&jé 1§§:é?r3@(b bhﬁlsbt){e Fala%tl&?-&ﬂlﬁt@@ In certain
enbodi nent s treatin treatment” refers to inhibiting the condition,

ei t her physﬁr@amwotwl@%@o of the hiphttemitting Eyero¥30as igflectesk thiopgleths Jappts8 ey |
physi ol ogi cgl héﬁnce(%ogather%ﬁa%%uhg%\h&ﬂm% @b&i?ﬁl%'b% m B3 Qﬂﬁﬁhf{o@ or both. In
certain enbodi nents, treatment " ers to ing the onset
of the condidi @Causa'ihepblwéwqf deCHWp@fafrleailughecmuwtdhen@amumhe anount of a
conmpound t ] . 0 i treating a
conai t1 on SoreidfiBf o ALt ElAl b PilfBhel Moy Fiiefin 11 0

"t her apeut i @ébf ancafdpeicliywetianmoatarddl, thielchiral sight 366 rendiéangl asrhghtrvetlcorrpound t he

condition an verit aof . the patient.

Det ai | ed Degglhla %’dz'ehcﬁ%f ﬁéﬁﬁ%émg gélggﬁtls V\eﬁl?gtﬁé % lf‘gtlﬂggit? (et s dSescri bed, it
is to by urﬂckht‘:@ood that this invention is not limted to particular

enbodi nents descyi.bed, uch may, of course, var Lt is also to be
inder st od t hat Rer ity Eoy b eSS Rt P e o

descri bi ng @uittinigCleviad 400N chdiRIBE Sneﬁllil)ltlyallyalﬁtﬂvd réﬂcﬂ;ﬁife lapéremdadhbenbe |imting,
since the scope of the pres be limted gnly by the

i nve ntion
appended cl BiGfsYicf f0islpdgse lwiat @alttt%d%yeaé eae%%weﬁuhs Bt 0n )ﬁhﬁe appended

cl ai ms, thelighk-BRMIRS 1a§@UIB emAs radiafiéh 440204 is du!aafarly B@lbﬁ%@ aRl Hasal referents
unl ess the context clearly dictates otherw se. further noted that the

cl ai ns by PeEhtdpnded belicty. éﬁé}%éﬁdaw@ rémepfdﬁﬁlG%pénaélﬁtSB ths heligity of t hij s

statement ige ¥amaﬁ81§j§1q1tt%@ft§§1rtﬂ@llﬁ§ eﬁﬂhﬁ%ﬁ?&&ﬁo %ﬁ'b@ C(grf?lrollbﬁsﬁy @fr such
excl usi ve term nol og sol el ke I n connection wth

t he recit at§xemplsf ingp cmgeﬂl n@ﬁblml@ of@pmml@@leéiror& intpy &galtgihtr@mttmgdmeat ion. It
shoul d be updengtpa LR e;éﬁlp}éso?‘ﬂ}]@ & 'ﬂ{b ra&lﬁ?ontﬂb Whitfed ﬁ%ﬁ{ ﬂh& ¥eldf "an”

entity refers to one or nore of . For exanpl e, %rrpound refers
to one or n@nlélngéwpoﬂr@dwhlcmamhaltdhéhtle:ntvrss redfected frrh the' Qnuealbr more" and

,at |eagy opgle l%ﬁgcitigglaﬁ/%]?ﬂﬁ agﬁ fsre%ﬁé&ﬁ?o%@k}’opbéb%&‘ hgrdexyl 40 LgLs

"conprising”, hav can use erchangeably The
publicati on@tldalsrcaasgeetdﬂmeiamem hpy zomﬂdmbnbanicbthyt haoa riglitdiandedi scl osur e

prior toth I|n of t se at1 9 hing herein is to
be constr uet lral Y it E% 33?1“ f%n MS 1%51{)1 r%\‘/Vétntnlgon}tll et11 htitled to
ant edat e sutghholpmblly mtye mﬂehwe\myretms reﬂeqmrth@fadianwmo on. Further, the dates
AR TR R ATt A et
techni czd acﬂféulsﬂy pﬁllhhiekimghﬁmlﬂ’ﬁleﬂ%ﬁidehfhél@dnl? afdyighttAGd&larBcifyEani ng as
comonl y un erstood by&e of ordinary ski art. to which this

i nvent i on bEPgREY BHerLasy rafiating 4o aﬁ%ﬂﬁlagepﬁleé|h§fl<§wrﬁn}aa?t%r equi val ent

to those deﬁ&rﬁ'tﬂé&féwb@ﬂ(w d?ld(i@l@ﬂ@dt&pfré}ﬁtﬂé%gdcdlly bR rifRGYd 6ferabs hest i ng of
the present .invention, the preferred nethods and materials are_ now

descri bed. Scrlagy prlptzedirghiationdh withsighthendsdhelieiy. i e dplpecdiiadiatinsr ei n by

470 is reflected from the optically active reflective layer 405 because the chirality of
30  the reflective band of the layer 405 is also right-handed. The radiation 470 is also
reflected off of an object 465, changes orientation upon reflection to radiation 480,

which has left-handed helicity. Because the radiation 480 has left-handed helicity, the
10



reference to disclose and describe the nethods and/or materials in
connection with which the publications are cited. Except as otherw se

not ed, thwornetidme®cand techni ques of the present enbodi memtus2emwacener al |y
performed according to conventional nethods well known in the art and as
described in various general and nore specific references that are cited
and di scussed t hroughout the present specification. See, e.g., Loudon,
Organic Chem stry, Fourth Edition, New York: Oxford University Press, 2002,
pp. 360-361, 1084-1085; Smth and March, March's Advanced Organic

Chem stry: dﬁ%ﬁt&r'o@ﬂﬁmeﬂ&ﬁ%ﬁa& BBthe 65&%@ AL WyBs 4051 dbbdmoEehatch @b

W ey-Interscience, . The nonencl ature used herein to nane the subject
conpounds |‘§111P11‘D’@§fhed%dé%ilopr489 hEhExadiasiondfrasses Wnerehgesantistlly, t hi s
nomencl at ur £baznGeRETAL Josbeen derived using the commercially-available
Aut oNom sof tware (MDL, "San Leandro, Calif.). It has now been found that
att enuat ed reIed%ﬁhWﬂ%aiﬁW€h@TQ&Tkﬁ%hﬂy@@hwbén%@hh@VQﬂmbvwéﬁﬁﬂn|sterlng a

trypsi n 3 NDIHORe B MRl AL IUD SR CAITRLABELAD Mk fheh Par ti cul ar

prodrug descrik epresent a irments The
present di sldbmleyepr bmodlemplhmpmtwatth@EGUBbEﬁaspnmmdss o mdn@i r et hods

of use, t, i c opioid
prodrug tha f%pr%\g/tlr(ﬁﬂ%ngﬁo ?rxgae{l ca r%/’r{%gcﬁﬂ[o% U%I%lcfl%%qmeasg Ia(%r%ﬁ%ﬁ!élﬁol iC

opi oi d, andhamtrangorigg ]ayml(HirLbrIntsbtae impitreengaioss, wertdn hterignzubseis) t hat
medi ates t he etqlggtrrat cal t he phenolic opioid from

d rel ease o
The o oo g aE MRS B A B Rl ERREuRitadr ot S St TrdR e
di scl oswre mﬁmwﬂediescrlbbcaﬁbmeamnecaﬁ E@rpasplé,iagngicwht shtedaypbdtaee a trypsin
inhibitor and a nolic iqid rodru hat cont satr smlablle
ety ©hasmay R RO R G e R b et S RSt B Bl e
OL phfnol ic 0|O:]I cne@eéﬁﬁgaﬂrmgs ﬂgﬁhdtSB/Iaﬁdnﬁplésrﬁfldbbdr‘;%ﬁﬁly&ﬁﬁediB@ﬁfﬁhﬁlﬁfﬂg bel ow. e
Phenol i c OpIOI proar s Accordin to certaln e odl there Is prOVI e
a phenol i ¢ &6 %P%%lgé%Bm BRlu ?wra@gc@wm%ﬁ@@&wm ¥8 rel ease
of a phenol ghewﬁpR@ﬂeﬂmgT@sIcpB@nmeld@v@@sowtnaﬁ&@rahlgmmstmrzoeas pondi ng
conpound i n which gthenol i ¢ hydrogen atom has been substituted with a

spacer 1%avﬁuh§rager%'u5ﬂs drendgd Oatl?ﬂllyras@\@rfe%e}f%@mﬂﬁean@wd@ft handgd ot ect ed with

an enzyﬁat'&ﬁkélbs@cﬁéé/@ﬁ&%v '{y@ﬁ?)é T%E‘@L‘E@kftécﬂ%%{dlﬂ@s Plathdig 23pacer | eaving
group and nitrogen nucl eophile being such that, %J)on enzymati c cl eavage of

t he cl eavabfrl@trﬁ@mpgfhngthq@leniawro?deﬁeﬁmlt@@wﬁrtll@/er (l:lalr!ieﬁml'éméﬂaﬁb%?m ng a
cyclic ureayd % A ia 25%%%968%%”%“0&% P§ 2 %%eéuﬁ%'tef%egroup so as to

provi de a pheno op oi he enzyne capa cleaving t
enzymat i cal quemmw/%ib‘i &Brtb¢ devyeerPR)B s lwlepep®l dastck 3@, heubstrate 34, and

enzymat ﬁ(fal Anyopg aﬁ% a%E\Le rerCItlg M&Q%I n%ﬁ%:grﬂ)lﬁ%dstac 36 P?the %Iﬁ’?;%@ %ﬁf ni trogen

t hrough an am bon n-sone e I‘ments, the
enzyne is aanduaymd:althoele éhmommnmlmgbammydi?dﬁml&caeh t'vispéys lagbrown her ei n,

RO O R e LT L N R
(I-40al kyI 33gik @cﬂgpcepamdhd%ﬁbsfte&rﬁsent S a hydr ogen atom an N-acyl group
(10 gt R P Tl ST BoRSh G 1 PP do. ar
25 TOUPLEDs. TOUPLEDs may be considered as a series of adjacent layers
consecutively deposited on a substrate. The substrate may be the substrate 4, the
substrate 204, the substrate 340, the substrate 24 or the substrate 34 discussed above.
Techniques for depositing layers on the substrate include, for example, chemical
vapor deposition, physical vapor deposition, sputtering, thermal evaporation, e-beam
30  deposition, vacuum deposition, spin-coating, and a modification of inkjet printer
technology. The techniques for depositing layers on the substrate also may be used to

introduce or “dope” additional compounds into a layer that has been deposited. For
11



derivative) of an amno acid or dipeptide. Formula Il1l describes conpounds
of Formula I'l, in which RL is (I-4C al kyl group; R2 and R3 each

i ndependewOl2g1wmproesent s a hydrogen atom or a (| -4C) al kpCTgrsean/ocwng R5
represents a hydrogen atom an N-acyl group (including N-substituted acyl),
a residue of an amno acid, a dipeptide, an N-acyl derivative (including
N-substituted acyl derivative) of an amno acid or dipeptide. Fornmula |V
descri bes conpounds of Forrmula I, wherein "X" is replaced structurally with
certain phenolic opioids. As also shown herein, Formula IV describes

conmpounds  ofxafBlenilrig YabricionMdre MORIPLIED, bh elfé&}cﬁltm&poan@%p@m @pg R3 each

i ndependently represents a hydrogen atomor a (1- 4C al kyl group; and R5

represents & thRlrcHgR Hanpeinlaya? T degqlecypn ipnspy kawercﬁS)rﬁgscwseotyﬁhl tuted acyl),

a residue ofg Jﬁ& té@‘l(ﬁ@ S%Cdn%BamQ& B@@éﬂo%d aﬁl&‘dé}keé%(ﬂh a%tél‘éﬁﬁér%? (i ncluding
N-substituted acyl derivative) an am no acid or dipeptide. Formula Vi

descri bes cémpotisthoETFon meﬂéra\ﬂllnll%}’ev\ﬂ?ﬁ lgiurRDr py d¢rosiimy tiekitra-§imoup; R2 and
R3 each 4 ndgpe ra@'ﬁm,{]ny fpEgse @tasced%nWéjtflfegﬁgse@to9ﬁ§eg R gfégéé@ﬂhﬁy' group;

and R represents a o en atom an group (in ing N-substituted
acyl), a revimdge tlwfhtlanmamyrrbff@eedtlrebz fiopephdrdacctian, thioaghdut teEillat i ve

(i nl udi ng N SHRghHE L UEETARK 488 EYRL WiEer B iAlaATLIRUAG eIl PEPL T de. For

For mul ae | sen a resi I'C Opi o erein the
hydr ogen at@rhotf smidse)f plediial, omhhyﬁhumydulcgbmopdeipssiueépzlithctlmoETiy Bhecoval ent bond

“opi S.(S’) B s v b ten oL PR srdt ity £ T e rmcol ogi cal
ac}3 i g{l 0 |t nte e:) a[lctlt(;:stcﬂimrarﬁ gopuh::)dh?l:lrmepmolbss fabﬁ??ﬁ@d amatemlo]nad 1s| re ef eL Z nE) F| 2
3;. 3. ds i nctiri?ﬁ%a? e ff ¢ %\?lgraﬁfﬁ'tan e @Egﬂ{)%fetﬂ g‘&%&ﬁ‘ﬁ?ﬁé }?elr:gdr oeltoor phi ne,

di pr gnf)r phi T@UPEED. ][ gsbu di@llnpllé,]\c/tﬁé mmfmaysbe gleélﬁ%mfﬁﬁiisl@sitw WOl i fl ﬂleTs( and
net abol1tes thereo nal ne nal oxane et yin oxon al trexone,
N- met hyl nal PR fOrSgmpE iwénylelﬁ%lawen@ VicatRobeEHY ?faﬁéerep%@f@&q ne,

pent azoci ne(PEﬂW?B@éﬁB@ﬂ AfondBESY, m?aﬁ&lenmbmame raleENﬁwy@a%dﬁ@de,(PC)

Cdesnet hyl tram t apent ado, ha hi ne. The structures of

af or eneht i & pwéﬁbffrﬁélebbﬁt@}edBE%@e pglwemne@%wpoyﬁﬁlﬁelﬂwep@ﬁﬁe

Di hydr oet or B i RANSRARENT s1ENE TTING DEVI CE
CRCSS- REFEI@II?IICIEEﬁ glI'tg( RE%E%GX B PLI CATI Thﬁeﬁ%@%gﬁl %:Mb nms the benefit

of U.S. Prowbgiagmal Application No. 61/136,965, filed Cctober 17, 2008 and

titled TRANSPARE[I}EM%IDZIIEB, LG ?E%Nﬁ&@é@ﬁwmaﬂﬁ i ncor por at ed

herein by reference inits entirety. \ ' I scl osure
rel ates to @miarafibges’eimto qabgleftemzteng laygrhin mmietlmpbgled@m')roeas BAGKGROUND

Qrgani ¢4 i gt e r&‘eoéeﬁlhlﬂ off &h%%%ﬁ jeit gﬁe?%f lﬁ&gna%lﬁb%%h@‘:&tﬁ aq(%}{%et% made by

placing a layer ani c ween én a vol tage
potenti al anode also may transport holes into the light-emitting layer. The anode may be made

from, for example, transparent indium tin oxide (ITO) or In,O3:SnO,. The anode may

be, for example, the anode 23 or the anode 33 discussed above with respect to FIGS.

SA and 5B respectively. The light-emitting layer may be the light-emitting layer 22
25  or the light-emitting layer 32.

The TOUPLED:s also includes a cathode, such as the cathode 21 or the
cathode 31. Cathodes inject negatively charged carriers or electrons into the light-
emitting layer. In some implementations, depending on the particular type of
material/substance utilized as a cathode, the cathode also transports electrons into the

30  light-emitting layer. Cathode layers may be deposited using, for example, dc
sputtering/cylindrical target deposition. ITO and Indium Zinc Oxide (IZO) are two

examples of a conductive material for use in manufacturing transparent cathode
12



is applied to the electrodes and current is injected through the organic
material, visible light is emtted. Due to the high power efficiency, |ow
cost of meoubheousdoe, and durability of OLEDs, and the f&ct/usha@w/osteey are

| i ghtwei ght, OLEDs are often used to create visual displays for portable

el ectroni c devices. SUWARY |In one general aspect, a transparent

directional polarized [ight-emtting device includes a transparent anode
and a transparent cathode, a radiation-emtting |ayer between the anode and
t he cathode, an optically active reflective layer with a reflection band
that mat chegyds. Chlibs@ubdt ¥aBodd 1@&ferd BASTcIRA & irdlspafeRNEANAASSRH-Aeti@Y el engt h
band of radiation emtted fromthe radiation-emtting |ayer, the optically
active | i ghtateligexidibetseyelo impeoye gangan aifisicaey ¢ffthe HrittingdRwes on- eni t ti ng

| ayer, and ae&&aﬂﬁa%@nﬁmw&%&tf&ca% AR s dlsletehlf\% ARk Gk y active
reflective layer. "I nplenentations may inclu one or nore of the follow ng
features. Thelitagiog te deppsdinh pf thadl @ ayélredmltqdmgamelam 8 trgaspprient

light-emtt %paps% i norganic
l'i ght - eﬁ ttlﬁlﬁgl(? g‘gém‘)ﬁ@% Fﬁ@?ﬁ% iclrg ltog%s AI?‘%%O a%cgrn&%%g?rﬁc ude a

quant um dotasetrhotetlmckmﬁﬂafedewmtr@nmnm metallger aohukellicrcathsgronyer| ayer | ocat ed
bet ween the - em d may i ncl ude
an el ectron ransﬁ’?r?\ §§%§ %E)lg%ft g%nﬁawg&g%ngt[ Lﬁ%ﬁ% P% %%Snﬁgzﬁrlg tingl ayer and
t he cat hodecondineiviieyfoc @p amdy/ddvwnodlestien smnselSmuable)mateumlmﬁdrmagmbar rier |ayer

| ocat ed between the h .an h ectron tra The devi ce
oy mal DRl Sy Fa R IR R B b B R R AR onent < i ng
| ayer. he mgmﬁw@ml, ligghin: Bworide i(0i@), lahyefiunray),ilitiahudipedalnmiruna@eril)c conpound

Cayer mmy At gRet M B2 Rt o er B PhRah ) ket o) %t nat

are enbedded 10dphéhaaihgaine); césilmh&ar@dﬁatet(cgrgmommhsaop@mdath&@p@)ﬁ@anl c light
itti may emts chiral ransparent cathode nmay be a

| a
EB‘. tnt :og|gar.@%C%M%e%se%éopeﬁwéﬂwda%ﬁyﬂréw %W&é M He one of a

ferromagnetic eligetdeP@omiidl tiR Rakity drekadnirCight @ﬁﬁt’é&)ﬁ@m tildreovpapspar ent
anode % be a spin polarized electrode. The optically active reflective

| ayer i tHe PRRIEMRD PHHEAEET BAYINSA SN BN RSBINFSEESFEMEHFY B théremat i ¢

liquid crysg o?hﬁu&l{%{@e)ctroﬂ' hﬁvfﬁ%h's&ﬁ'dwnaﬁéduﬁﬁsﬂﬁﬁthﬂ%%a!y‘b% cb@¥ffled.may include a
chol esteric uid crystal device may include a"second optically

active ref |Eéqtronée}flayle?wwaa@@rﬁplrmwsmnbm sndapinydoget whieh pref | ecti ve | ayer
and a refl el ion.d vafeﬁﬁm%t%?ﬂ%ugp bbbt V%H é!f%g@t Iltje%fgh' %&IG | ayer

have an opposite ¢ |ra hat "o he optica ve reflective Iayer
and may at toeasty @etribited pqp@ﬂcmnﬁﬁ%ess laawamgteengttaimntgamdquﬁl np@mblérat i on

erm tLedhq ¢ o DRaLATRLH AT ST AL R, ThG S SORNE Rkl |y active

reflective Tayer e m)rpho ass-form ng chiral
nematic i qhstdbmwmpalasor( G_dlk)ronsTlhearmhlmssxpmrmm 1ramka§dﬂ ofingatibdghitr anspar ent

cat hode transm e 0 | .| ctive ctive layer
may i ncl ude™ 3 & sglﬁnq%é e%’cflhfr'flﬁlﬁu‘@lgmw qaﬂ 281%1 alhﬁ%fa? H R&la]ilze}?%lghﬁasy i ncl ude a
chiral mat epsrbcaiced ITheargdat dsrﬁzuttecgerappsrakmﬁmemequa mietuar ofAgtt Witlghghtem t ti ng

device | Tabilpaled By o, TELDCASNEL. npldes grm o 2 radation en Lt o
that emas radi ghb@hc Mpldni@tadioA ek &RE e TOUPLED may utilize electrons in a

single spin state. When the electrons in a single spin state recombine with holes in the

TOUPLED, due to quantum spin-selection rules, the emitted chiral light has a single

handedness (helicity) relative to the emitter molecule orientation. The helicity of the

emitted light is measured with respect to the emitter molecule’s axis of magnetic

30  alignment and the sign is a function of the spin state of the injected electrons and
holes. For example, when electrons in the spin-up state recombine with holes, chiral

light with right-handed helicity is emitted in a forward direction with respect to an
13



included in an em ssion wavel ength band. The radiation-emtting material is
di sposed between a transparent anode and a transparent cathode. An

opti cal | ywacovinaseoef | ective | ayer is di sposed adj acent POTIUS2009/061079

radi ation-emtting layer. The optically active reflective |ayer includes

gl ass-formng chiral nematic liquid crystals (GLC), and the optically
active reflective layer is configured to reflect radiation having a

wavel ength included in a reflection wavel ength band of the optically active
reflective layer. The reflection wavel ength band of the optically active

reflective Jig@E nasn@Rifléft afihdn1RLRAS kheR Bl dodhnl Yt LREMMASKith R SSi 0N
wavel ength band "of the radiation-emtting layer. Inplenentations nmay

i ncl ude onechipl light witbiefihadeddiclion kgmitedane &warﬁﬁge?@am&ﬁr@%@e@m tting

mat erial mey, J86hYdRARcHegani ¢ light-emtting layer. Adjusting the
reflection vvavel eng tﬁ band of the opti callg active reflective | ayer may

i ncl ude heating Slphwoéqf@s%elﬁ@fom mgy b‘hprpdmceﬁ yeefP§ examplyuindh Glpdenatia above a
glass transihifn LM Ak AgheRea! kR 11 gl ¢ he

gl ass-f osramstlﬁlg ecﬁ% mat |{Zc “f“?;guu gl %nre s%lalflﬁ?tg stépllop r|ac ytuac(%il)n e
reflective utéy@ranrwtrb@tmnerlmébaltriedlawrt(ﬁBb] lecatedoritgresljacentt@adicat i on for a
time durat 'c%pmag&f da 41 1@1{1edtb%t le{l Ko %l@c‘%ro %fah ?8#'1218/&5\/@1\/%#%%&1@5 band of the
optically active re I've layer artiallTy enconpass an

em ssi on waadgcemgd theloath@kleofEletctrensl 1n@’wtspmmmstatm1@vb aneefer mwtmentoqntthanal |y active

reflective layer rature, bel ). rradlatlngthe
oot cal 1y R RHGhs T SETITR S opiereliy i Rlstu g lstrain geehB Bt | o1y
active ref|eat alusvslthase elevtdnl touhiied thr@lg@tthe( TBA), whald ic Rt ir@i3 in ﬁdjspiﬁtl ng the
reflection velenth nd of 1he opt active flective |ayer may
i ncl ude adj#anisﬁ?ée tﬁlpﬁﬁs t%r 5? h‘ﬁgn%?mfﬁ%ﬂﬁl G %ﬂ?‘Pg chi ral
nematic |i %k@nﬁlo&bﬁﬁ@in&he M%@tmmayéaewm%idc@@ﬁsl if fheWpiaipeng mheand of the

optically active reflective |ayer res in ch nglng wi dt h of the
ef | octi on REVEIEHRIGRAECT PR sfe ki FopT ﬂlﬁhrh@ Gt O P FY"Encl ude an

i norgani ¢ | jaghtm@nthis, 'tH@glghﬁMﬁi'Etl Ther apkd &ﬁlai Ith@Grlth Yieht'ahdQGkliog. | ayer may
include a first G.C fil mnade o a rlq%ht handed gl assy chol esteric materi al,

and a sktompigiuengling rﬂltﬁaéleé M3y vield @x glecHap a@ﬂﬂ?gioa@gsh e b W9t espitiiat eri al |

the second Gefrofid. | THUDGhNGNRE] AGRALN fs‘ﬁe&rﬁﬁ‘lof)%r 1%{ ht-$hifded ?&Qilmeﬁ‘dl usting the
refl ection wavel ength band of the optical ive reflective | ayer may

i ncl ude adj@adetiely Tae FRlan lsprmqtd@tfrqm, bgr %ﬁ‘éplﬁﬁl%h@y ranewhigh assieceol est eri c
material t I ecul ar
Compostt i onChE ks A, Bhaeh sty & dIRLEL A b T T o

adj ust ed t oordetjodi §16 evheand bbdapest dfatn highnldgref of trrasmpinice aDihygr matefiale refl ecti ve

oy be Sopont s T CRe. Sbb RGPy ARF RO AR R haRibLEfuly 0 ond "
optical |l y agliiting, suelf dtmagnvaurhamomdmhdtlﬂi@ mpjz beedetlyERctréongeamef | ecti ve | ayer

have opposi chirali |on mave b of the second
opttoar Ty s BrGR Hppdpo i Finh il OB R B oo R oGk hart Ll 1y
enconpass thsecedi gslicpatsvavatiangt dphbmg;hndfm thlaﬁ: thatgil€ picttidnaén dhayer. The
optically active refl ective |ayers 05|ted cons cutlvely t he

7Bt et i on MU SHE PHEDHRE s R TeBTtHn TebERaaN  UCT P AT RIFEL | ve | ayer
may be zglj usied hfgﬁe@r&ﬁbﬂlﬁ}a@ﬁu@ébﬁg thadugh tiRnthtérhe DiRtIkgad thy ex@Girgye
reflective lﬂ may be bonded to one side. of the transp ar(ﬁ% pol ari zed
light emittfP émaetb? pareficglivepsibe parnaldiscHRINER SFEgt PIbEMEGPIF he second
optically agdwnv@eciBhd. @Gl Ve mb@WEE hiind@iat$d1¢ thigd AcBRBBspliRIgePRNLRL | ons, the
optically active | ayer is deposited on a

electrons have a higher probability of tunneling through the material and, as a result,
more spin-up electrons pass through. As a result, a spin-polarized current is
30  genecrated.

In some implementations, electrons in the spin up state may be produced via a

magnetized injector. A magnetic electron injection cathode, such as chromium doped
14



transparent substrate. The transparent substrate may be | ocated between the
optically active reflective layer and the light-emtting |ayer.

| mpl enentwiDi2onw46d06t he descri bed techni ques may i ncl udePharusesmmsc10a net hod
or process, a device, an apparatus, or a system The details of one or nore
i npl enentations are set forth in the acconpanyi ng drawi ngs and the
description below. O her features will be apparent fromthe description and
drawi ngs, and fromthe clains. BRI EF DESCRI PTION OF THE DRAWNGS FIGS. 1
and 2 show exanples of a directionally biased light-emtting device. FIG 3
shows an exgafiRh@indxi®, Hrhe§Hin-0ppblhizelicRe®shs Itﬂag'aﬂemgéeté&mghéiﬁrgﬁtse t hat
includes two optically active reflective |ayers | GS. 4A and 4B show
exanpl es of SBttaRIRE | Uivardigtivsirecordinalighet e&ﬁ%@@ﬁ ip e wstanetth i ncl udes one
optically alleés‘f@su[t?fn tﬁ&&hlgﬁor{ HNBral Ifg h%‘th RéhdBflica BeRhQWTIRXAMRLES Of
directional ly biased 1& ht-em tting devices that include an organic

| i ght - em ttapngse@p@tr@a( Emyy bt mede. fram.,dor amplsothsoraimedoapgpindiugy ting
directiapal | t ani c

gt - em s R EE: RP Bkl R ra Pt RELHER 180 100"

emi ssi on chta(Ztr,éih Rui Esddpedmith feS (boitcdo doppdh; ZmTEla@l Redopdivdth 7 shows an
exanpl e pr Ieo f QDI §\C n e emtting

devi ce. %&?@R&g A?ﬂ%e@f ?ga% éﬂgﬁdngxarf‘%bé&)\vﬁﬂkg ka]fs grlé(‘% ?a%nly ng a

phot ot unabltelnlspaqemt tleadlorstlay; aan:(@)ouﬁd\froﬁﬂa/&l%ﬂcﬂm&hml\S laaopmrtsbehalf—ve vi ew of

l e di t L1y bia d . FIGS. 9B- 11B
Fespoct el JeREn MR AR nk P hEiaht e FERe oS [Thsea 11 g
em tting dens tcadlBhawm: pefiofit @5le) Q&dzislaégroﬂm N 2orShaweend. st acked

transparent |ight- emttlln devi ce. {3 shows not%@r acked
transparent | i ght *¥H ?ﬁ%ﬂ&?&@%@ma@ﬁﬂ? I}fﬂ%ar ent

gew cebt gatwmﬂ esedt@d:t@hblmg Hafri2ia9 8o Sttd&e anureFl)I’sﬂ]z1lﬁ’-@blah¥edfdhﬁ8’1ht(mﬁl si de, | i's g
escril pe In partl cul ar an Opt yaC|ve re ectlve teria is pl ace
on a transpipnem we%%?mmrﬁmeﬁ%étﬁ@éjhf‘dw IGralone theyarenetizsd NP emi t t ed

froma ||9%%c‘hiekxé‘9n$l§)’?ﬁe mRgre2ddB¥itEemB BRNALER s\%\il%’ abfeogirone side of the
device, or primarily fromone side of the device, e ient light is

transm 1t e PR IZBbEHTES] G SHR-uphie thetines barriithatdy fuse filier P%t %¥%iral radiation

having a rapggingfs e‘f@if@ﬂseiﬁ‘%r%ﬁm RO Bt @’folaﬁ%d @&tt@@ﬂq 1 st @Rt i cal ly
active reflective material is tuned to match both the helicity and the

wavel engt h @fo mpebarngerused inhybri spiadnieatismunnelingdiictse Likectheit tletrophe optical |y
active ref '&ﬁﬁﬂe%@ﬁﬂ%ﬁ Q%rnbé &k RELT ol D& r{tr\x%dseﬁa"i‘%gb gﬁdngﬁlﬂ rﬁ‘f] i s manner,

the transparent el éctro nescence devi c may b ectio i ased such
that emi tt ethusadhiraltlighhoferrangl ledicity may bfr\ﬂnydlmqébgﬂdeacmtwmomémaw or

pri mari ié’rh S oTEARR Hldsﬁm C;Lolaﬁggd sy (Chiral 1?%?8{ a stlﬁgﬁ‘é‘hél I mdl?ooﬁl%/ gides of the

devi ce. I'sC ni ques reI I Cu appli cation of
or gani ¢ | i ghbdurred by thg radiative recombination of spin polarlzed electrons with spin

polarized holes.
FIG. 6A shows an example of a directionally biased light-emitting device that

includes an organic light-emitting diode (OLED) stack. The example device 600

25  shown in FIG. 6A is a TOUPLED that includes an organic light-emitting layer
(OLEL) 602 that is transparent. The OLEL 602 includes a cathode 604, an electron
injection layer 606, an electron transport layer 608, an organic light-emitting layer
610, a hole transport layer 612, and an anode 614. An optically active reflective layer
may be disposed on either the cathode or the anode of the stack. In the example

30 shown in FIG. 6A, an optically active reflective layer 630 is disposed on the cathode
604.
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di ode (OLED) technology. In particular, the disclosed techniques relate to
transparent OLEDs (TOLEDs) that exploit the spin-polarization and the
wavel engtwoahiogasdosed | i ght to achi eve unidirectional e®CT4iSee09/061ve9 devi ces
are transparent in that the devices are made fromone or nore materials
that are at least partially transm ssive to radiation incident upon the
materials. Such TOLEDs may be referred to as transparent organic
unidirectional polarized light-emtting diodes (TOUPLEDs). TOUPLEDs may be
incorporated into or coated on to windshields to, for exanple, allow a
driver to see i nh@mRihOB skhwinh 2Y6th A mdneddd 1adadhRl 6 cidubpitanddre
information being visible fromthe other side of the wi ndshield. Because

t he TOUPLEDfiT§Owpd glétsarldad T dryaim penieximpight fortyitse aomeicgHt2gadses t hr ough

the wi ndshiglf. TRl ftRmitin I'E%JE’B@I%%HG&E OEer TRY: B&uitdal dHoged on hel mets,
specifically, mli tar%ﬁcon%a hel mets or other visualization instrunments

t hat i ncl udedustion lger P nle fomedayoppt mokybdmuamxider Mofddatis apdwe user of the

hel met nay el AETAL h&@trgﬁs@&ltgay@%19pwfﬁ@ﬁin§tj3f§%x§£¢1?§ﬁmh§s%¥mi e al so

being able to see throu the viso ecause anbient T t enters the visor.
For exanpl eof N.Nedifi@prh#eheniay ) HeV hdipirnpldbcornidme (NBBY theffis gbopi §5-pmary hel net

such t hat | . | [ i hnf.o tjqn
di spl ayed gtrl%ﬁg hgg?e%%hl %@ﬂgréé F%)r]?ﬁ gﬁéel? me% Aﬁ%?? ta\ﬁ;?ﬁl}slag tﬁgj}l |%§F’%¥1§d tacti cal
i nf or mat i ontheveladtcbnnimhspoe lasice bk ebdut ddrmnhkick aidieis ofad¢ bied, v-Dgdenflaci ng t he

envi ronnent ich js.th i de..on ich .the tically active reflective
Cyer e mobtl B S B 2B o St R 8 3O s SR hikeri ol ot hat
are at leasdndp@dt balithjunt feonslparientintle aaiplent FIG. ght theaathbdo4l i ght
continues to pass. through th i sor eferrin o FILG, 1, an exanple of a
i rect t onal 1506 Cedandmuymnratte TR Hiet e iy g Gaur Bk i S Shown.  The

l'i ght-em ]'E]Edhﬁlgi_ndﬁi\lliil}iéﬁsibﬁgutim@gdeiSk.al“ﬁei@&kn@@f‘tﬁghﬂﬁnih@ﬁ?’yeé}_ﬂlo&iﬁ oEti cally
active re ctive ayer an a-transparent substrate . e |gtemtt|ng
layer 1 is GF EOLERE HufsiRse AT ciherissanalivldp Mscrdecon HiecHOs B S MSel ect r ode 6.
The first el ect npdgtRer M@ylcRent@idn! APSARSRMayaRAER 2 RRGuctiDECSIREEDE el ectrode
6 may be a transparent cathode. The first electrode 5 and the second

el ect r otfe 6Ty @ diglagh 8p sleetirn ipigctigndaxsa oiceiHparDongte {HE Badn lcEn eni t t ed

fromthe Ii t%gp&m:h&ér bﬁgpﬁe%%/eﬁfég}%—eﬁﬁtiﬁ’é i|a9é/¥ FRFHB Rle At 1298 Jfr om t he

1
devi ce 100. Additionally, irst electrode 5 and the second el ectrode 6

may be tran¥pQpepd NPB, andtsh aprdelof gifvier A and HAR. Bhiepileertportioglef themy pass

thr ough € neud8vhagedOflin B4 RPURAC LRSI RKAIR! £ SN G fra Lhe F1 1ot

el ectrode 5 is located at"a to ting layer 1, and the
second el eqtrpiedeedayiesthrictiawe thedT Odo bosrugenc@ o tiewld traghporedayert i ng | ayer 1,
1 othesy exanpl o bl ol R 6L HO3R SR EHENSSAORAFLEE QIS © MY e
across t he dpticgty setiectfladiec byand3@ meludes bwer lgbst 638damdGyn afipem@mode i nj ect s
hol es (positive e carrj-ers) into the.light-emtt] | ayer 1, and the
cat hode i nj Qe (gﬁqgf(;:%rlso%gut(ggé@é%n? ek nggagedclgor“rz P@@%‘ Al‘ga%%r %%%%e lightemitting
| ayer 1. Thaighekegoaing 684 &qilacedsn bet oidly ofe right-hdided Gobte3enititli ing | ayer 1
and generate excitons that |lead to m nescence, In this e t he
o oot o IS Wtk 1S e T SR ERD e pPre s R TR LE Vi si bl
light. 2% disscussedxinhtdiieaddedal 40 hedigused dhahd RYéraf Rk 638] 4ded from t he
light-emtting |ayer 1 has a vva&g(}engt and(;, a chiralijty gh?.g., t he

radi ation i YSEMPREGPHMRPPHIELPILZHE YiEraHaanGis PRAY A LHetm BHCKeS 1 i ght handed
ori ent ati ongifosdds doatlidk ioPR 1dfShaglidd GLE 644 hyt iPbRE RZaH 18O ABFerd

| eft-handed or a . , , , , :
glass 652 and an index matching adhesive layer 654 are also included in the optically

active reflective layers 630. In the example shown in FIG. 6A, the right-handed GLC
30  and the left-handed GLC are both tuned to have a reflection band about 75-nm wide

and centered at 525-nm.
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ri ght-handed orientation).As discussed in nore detail below, the optically
active reflective layer 2 blocks the radiation emtted fromthe

| i ght - emwoOi2og/d4sa0er 1 by reflecting the emtted radi at ipom/usaek/oswrar ds t he
top 7 of the light-emtting layer 1 and into a |ight-em ssion envel ope 9
that is on one side of the device 100. In particular, the optically active
reflective layer 2 has a reflective band that enconpasses, at | east
partially, the wavelengths of the radiation emtted fromthe light-emtting
| ayer 1. The reflective band of the optically active reflective layer 2 is

the band of wave} emgt Bﬁthégaaﬁlpr@ﬁl@ma@&nstth@a@t%mﬁ 24vOuyibe3PRLy 62l |y active
reflective layer 2. Additionally, the optically active reflective |ayer 2

has a chi r atdjacntihthe careder9d OfWéh"e?ﬂoﬁlﬁﬁ 4 yindre %W@plﬁe@a% iodnthémi tt ed from

the |ight- e&ﬂt&&lly%nlf@lx%rs &30 ol &Qﬁﬂtgalelcxth@@é 60\4%n5 ﬁfela@r%tio\'lgll)] Bygl 2 may be
considered to match the ch |ra|tJ and t he wavel en he radi ati on

em tted frolht ﬁ@mlthegclwweﬁf)@ ts|eﬁgttqdé‘po@rpthgb0®}nﬁﬁt@fm?m@evtqqe chirality and the
length, th . ti
wavel engy eti‘&ggayért‘ﬂ ckﬁc% ds 36 bRk th%ﬁ'%g&%& ﬁﬂthé % ;?fbf{iid’f%lée&d} ective

| ayer 2 may be or ot herw se nodi suc e wavel engt h of

t he radi at i lonomerimplederftatony, theehold gmspashliayariohy meaper thickiness betmteerr 8d on t he
reflection t 2 and that
t he opti cal %ngdcwo I{npqh (gr%&r{lcelv%%l%g@g}rlé ]éyéﬁ%# ?é%?’ilg{eaﬁﬁfc &5 ﬁ%ﬁ% ng a heli cal
pol ari zat i olf- nrﬁazecdseaemkirunhladmmgtha chetrorctadnsypot laydr 503 majnha\@ arthudi:r&‘ssl on that has

either is elli d,or circ p rized either a
71 gnt - handctrsn B Rl R Ry S b RRS FRRE AP £y o
circulardy (Wﬂh'l(ﬂlrlﬂ; zleﬁhrmhﬁﬁ&}remmgpletofm@v@m thdy haki¢ & thidkness @bw@etd i Gnihi el d
vector, observed i xed plane normal to the direction of propagation
whi | e Iook| SP‘f?raflﬂ}éndd?(lIE’&tl on of propagation, rotates in a |eft-handed

direction, i.e. FrI]Gn6£§111ﬁ§)ttuﬁés%hﬁds?ﬁ%%r&@eﬂ(ijbﬂ&ﬁ&&h@dbwo?lﬁdO lthh?s ali;]dvﬁglhidon of
propagatlon is the sane .as the forwar lrection o a eft an SCrew
when bei ng S& 8dedhs ﬁP@Slan?h%tfﬂ%&SlnC?we%we AP PR ATt §°) 3n"§‘ChPr€tchi ng the

chirality aggich ﬁgre\é@mh&l@wﬁsarmﬂctioﬁ@km@evawamgamoﬁra&amdﬁ%ﬁn@ffrdrﬁfractl on of
the optically active reflective layer 2 such that the optically active

refl ect Ve thagercedOfadhacusre@Orshpwy @ripuesifiom hahettamelthe AiGHeE. at | east a

portion of fhendayel ®RghAs HMissidie ﬁfoﬁﬁh@{ob%@th%%%@ébof rQdg Figght -em tting
| ayer 2. In these inplenentations, the optically active reflective |ayer 2

may have a ¢Rfheedsrico A0bEMaCqtivarlly hjase hitch thad theintensity eferaissions fipandie of t he
em tted radiahhot lre%(flcgg ?ea{ép{ha BRRES&RIoh %n{tlﬂgt ?ao%%hem%c@ g.cally

active reflective [ayer §0 may be referred to as an optically active
bl ocki ng | alferenossican froprtthwplosﬁhadﬁ‘rlwem()iaqu wrinlyajtabutabln tt lhekagxiopl e shown in

FIG 1,5 afjt:hgh%?& 6%@‘ %{%%Qvefr rtﬂé%r{nﬁfioﬂs 'I&th% &&p}l Bt ﬂé’v%elé8%§% difscline

dlrectlona i ase ranspar en I ght- |ng devi ce hrough the top
7 rather t Haneﬂéuﬂonﬂgcbf thehlgghb &b adim l&hoa’:mttﬂrrg lhyegmoz@rﬁ dftthengpticalyerctide.  However ,

i n other ex; e opti.cal l reflective be | ocat ed
on the side 32% @e thfp n}lssth%}lrlo h boeﬁr%n{?tjltﬁeg&ﬁVICegb&%egﬁcﬁg? 1 radi ati on
emtted f rognaattdsren int@bﬁy o ﬂqblem@sioayﬁomjheaxp bBthe bevicde0d cad 10 t hr ough the
substrate 4. th 0 a top-emtti tr arent device
o 2 bot tonfEINiAG G BhT At ey RS RN GR oF LR E BRA ¢ he
transpagent 5215Lrg1ht1ueetmtﬁettumgg et Bfledtd basds@f tHeaISPREER 63 O4r@aaR ¢hat

uni di recti onal o ﬁed li ht em étl ng device (TOUPLED). In this
i mpl enent at*}rﬁﬁlc lnft ¢ icy Yeaéle%r& cdfivi yers 6¢Qnspar ent anode, and t he

light-emtting Insome implementations, the TOUPLED also may include additional layers
disposed between the anode and the cathode, each layer having different compositions
and performing different functions. Such materials should be selected for their charge
30  mobility characteristics to generate a smooth energy-level transitions (ionization
potentials) between successive layer interfaces where unrestricted charge transport is

desired or to generate energy barriers where localization of charge carrier
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|l ayer 1 is a chiral organic nol ecule based light emtting | ayer (which may
be referred to as a chiral organic light emtting |layer). As discussed

bel ow wi tWonrespesdioet o FI GS. 5A and 5B, the TOUPLED al soPe@yus2evoloamdas an

el ectron tunneling barrier layer, a spin polarized cathode (which may be
referred to as a spin-cathode), the transparent substrate 4 and, an
optically active light filter layer (which may be referred to as an
optically active reflective layer) tuned to the wavel ength and chirality of
the emtted light. In one exanple, the chiralty of the optically active

reflective ladindiRY idRsitddIMatcRaRARY bs U MRbulEd @hlotyRrRdad circul arly
polarized light emtted fromthe light emtting device is reflected by the

optical ly aempk. thefCePLEPempyaipeiudean qlestrgp H@rspvlﬁbv@rr@ﬁ{uétsv@rﬁét % he

l'i ght - emi t 410G oh BYRHoABY LS. %Q%TUM efﬁ’&eﬂﬁ%ﬁm’p&% {ﬁg%Jec@Wcuh’eﬁrbtt‘ emtting
material that enmts radiation having chiral nmponent s J%'H{ light that is

not | i near | Regpdicahirgeeirior (elegionsh aerossriyg @ﬁ@métth%lnyerméthq emtting
layer 1 qmy rBﬁd@s’L 1RG{YE s klﬁf@n%%%%ndd?ﬂoﬂﬁ E*fE n(!l ﬁl@leﬁ&g&ﬁﬁ@mh@ a light

emtter that does not “necessari ira diati ut ma
confi gur ed, ofshe Kbl gpr@dltefmmmercanhg@aﬂh@%may@hp sezrlve amoattuv@nharg%or exanpl e,

in this i npéa?lr@mo@%)lb?&klggﬁell 1.]0% othétl {k&ﬁloo ?1%{ 10#&3% on%?cl?arp | nor gam ¢

guant um dot e arra%ged in a
chiral mat réaxier habmpimeiiuncie $hedtght ahittirgdayat.i & rspmlfptolarih@b@eqtmp tremsportt at i ons, the

guant um dot emtters ar S a. 5| er, posi ting the
uant um dot ey dndroRt fis DERAGHL TN B Piatd RS- RESH B HisesdBna. ¢ hs.

cont r ol 10 hecléctrion®ik icomdeidtdl SuaitaxBTL afatedifils éxotide 1S arelnnt mhhairtom;vpl enent ati ons,
any transp i.s tr are nd do interfere with
the chiral %&Pﬂ ypgﬁgph?ﬁ/a[l@é mﬁkl%l’hﬁ’fl)ocz%nﬁ%?e&]@fqat i %‘Hh‘?l?ﬁﬁfﬂ) used. A materi al
that is notpHepintiGalilcyBae}, oy Eris- (thcﬁomalhblmaQMlh@ﬁlhhﬁ(A&g}I ve, does not

inpart a polarization on radiatio rou terlal Thus, such

passi n
a material may DR OBEEEPLmaniEoRs, aﬂ%lﬁgﬁ@ﬁ?gaz@dﬁ eSPC MRSl s that may be
used as a thARSRALTE@DS, kv Jrod@dd tb BEICRA®S dighcdeShepithvd Ghargdarriers

i npl enentations that use spin-injectors, any transparent ED | ayer that
m ni m zES | @pleprasioanibe BALeR thasa hemegegeusayrmant(hele) ipionidedhie thsii§e spin 1ife

tinme or the,Gh lgé rlaliMcf tottﬁ'@H?Ln \Klﬁl@lgm?nge b lelﬁfe%lftlﬁ% ALl oMY, be used.

Referring to 2,” an exanp recti onal i ased transparent
| i ght eri tt Wy %iéwer:\@ a?@G)egaélV%H@W? carrWé(edmtrp@éﬂ@@@lgﬂW@r gdeemefe fieght - emi t ti ng

|l ayer 201, lﬁceﬁﬁéddcaﬁh do\é lgz%{ébﬁ/ ancg}%fgla @aﬁ‘hbr cd rﬁogggthe?g%ﬂ:tr ﬁlﬂﬁﬁ%‘e é}t substrate

204, a first electro secon ectro Ice 200 may
be simlar ©ue theordaild@ensooa}dim@rtmadcoabmﬂm HAL nmeg peotade omlaG, 1, except

the tr p b e ally active
refl ec?%b\sle Og{;‘]éfr ag%%ise{ﬁd&%lﬁ%é]‘t ngthlg-h 1§&Q§mg£¢n%§%l%%. )QENI%@ lar to the
devi ce 100, diplieeyldewnridme 20PB g ot 4, é’ -peNaF-nzpeldy ] - efibartyiloming ) rihpheayll (elphssi on
envel ope 2 Iﬁﬁﬁ i t he deV| ce 200 Fl an exanpl e
of a di rec'?llg%lgg y bﬁ%ﬁggr&w{ pé]ﬁ?ylamm nZ e QZ/Rﬁﬁé%k) ? ﬁrg?l the ﬁ?ﬁgés t wo
|'i ght - bl ockfamdly keghes ¢,4’ a"rtngMammi@Henypﬁmma]thyheagzl'ramme Q-aynTA3R0 and a
| ef t - handed opt | %‘WH act Ealxérs i S si[}own 1'I'he devi fe 300 taI SO
i ncl udes a TV et"ial??a efa?{/ prygRHnY ﬁa NIRRT BRPYEHSE A% DSR8™ a first
gl fact roﬂﬁhaﬁﬁeruﬁ@ﬁiaﬁlbé;ﬁm@@d) 8¢ HTL k@i rS@2evibs lifktise Uad efficicicyToe det ai |
elow with respect to FlI
1nstanpce NPB may b%oped with molybdenum oxide (MoQO3) to reduce the hole
injection barrier, improve interfacial stability, and suppress crystallization of the HTL.
In some implementations, the materials/substances that function as the ETL or
as the HTL may include the same materials that are incorporated into the light-
30  emitting layer to produce the electroluminescent emission. If the HTL or ETL

function as the emissive layer (e.g., the light-emitting layer) of such a device, then the

TOUPLED may be referred to as having a single heterostructure. Alternatively, a
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and 5B, radiation emtted fromthe light-emtting |ayer 330 may be chiral
radiation (e.qg., circularly or elliptically polarized |ight). Depending on
t he confiworatwmassoef the |ight-emtting device 300, thePchiusadoomadrati on

may include approxi mately equal anounts of chiral light with right-handed
helicity and chiral light with | eft-handed helicity, or the emtted chiral
radi ation may include primarily chiral light with righthanded helicity or
primarily chiral light with | eft-handed helicity. In the exanple shown in

FIG 3, the light-emtting layer 330 emts radiation that includes chiral

light with tebrbanderghatbiaedid héy@lfrlﬁl eRBkdI@hinkdcBittmatfahintlu8dit vrRdedhel i city.
Chiral light 355 with right-handed helicity is reflected fromthe optically

active ref|@eHend Efermaybe refergd taps haring adoyhigpptergwigeiyie HhugRt - handed

helicity i Sherfé?&sltl‘ﬁ&tn%qblf ﬁr@ﬁﬂcﬁﬂ%%l&gglhﬁﬂlegéén@@ﬁléﬁ/& fra@iﬁéa%ﬁtak X%n%l@yer 320. Thus,
the radiation emtted fromthe bottom 370 of ‘the light-emtting |ayer 330

is refl ect etptarertrgeiyre of ea depladBerestruethe. devi ce 300 rat her than exiting
device i1 ough Rt AR BERLATHSTA. A7HL AR 80 BSRBHIR I, Tal |ty

hel i cal | ypol ari zed conserves orientatl l'ection of f of an
optically a&umemverﬂaym foakduchthe abmpedifersnti b@nﬁldtqlghnbﬂwm suedfebst i on of f of

a non-opti material, the chiral light 360 is reflected as |ight
with left- ﬁlg*éé&gﬁﬁh*n}(tgolnty, and the chiral light 355 is reflected as |ight

with right- handérdlelrmlltarxal ;bryper%foélthemggt ¢roittg@Ser dAeramic thByaetagihl es of a

di recti onal blas mtting device t i ncl udes one optically
2t tve 1o W ROBS sl SHET MRS RS LR bR TS
| i ght-em ttd1ffgf1ﬂgetyyme4sbﬂds‘ for the dightenaitthg s /er aitiea AdQrialldneh s cghltnalemt ting

| ayer 410 e radi ati on 440 t hat ci.rcul ar o ari.ze has a
(1 bt - handel oher 1evie) opge Hie SipbBealifpe ¢ Bl 1 Aed e e e ¢ e

helicity ofcoudi@fﬂ@dacaaﬂoarenﬂmdtnﬁ@d)efvaﬁm tih€orhd Qrﬁﬂerﬂdiﬁtdnbhmgldi\&d/tﬁ[ 410 may be
for exanpl e, jntroducing a pop in up el ectrons

controll ed ulatio
into the Mﬁi‘? LER serligngludediehiarmitingdasCrighisl © tltgﬁ?b()%@&mﬂu@reqorm G 4A the
radi ation 44 i€pinbtieglchicamibiica togmgm ihdlh QR duﬁwll§1l@mltmtg leferhas

ri ght - handed helicit is reflected fromthe optica ly active reflective

| ayer 4b5 afitt cpeh @wif b i/%}éﬂf fiffsientrolesp HRPPHED thH]ét cqting giategipls Withe optical |y

active refleelhiManh 8%RLio#RRARY B1drahbaabl Qé]ec@e%@nt%léinaﬂ%m @r i 9ht - handed
chirality, and, thus, because the radiation 440 is chiral light with

ri ght - handeliEhhemitiéng lgyer inglidedut erampylimitadity ris-6§-1 ecti ve | ayer 405 reflects
e e oL AN LA AR B B SRR O ke, S, 0
ri ght - handebriskl6- pllqnynthl@llnet)mtismruat(ﬁﬁchl@ldedluﬂlatel s pollandloosld exadplas.i on 460

w th right p&ﬂg i |sreflected
fromt h?op@i g,%fgﬁ?g &v);ﬁ{eg Plﬁc\?/reeII dyer g’%ﬁ edgg%gllyﬁlgg 91 y pol ari zed

radi ation 460 V\nthherrrgh:t, ;ﬂwmdenipllemlentamm thdWwevemitrdf Zledadiatdinat i on 470 is
chi ral ity of Teoyaf PR Vs aREnE RO L B o B dPEa RGN nandea. The
radi ation 4fY1Q>r¢sSenahl&mOrrpebépecﬁeadnmﬁitem‘ls thax abhjrie die 146G miahbglslighti ent at i on
upon reflecti.on gayﬁra iation 480, ich has |eft-handed heli CLtX Because

the radiat | ONAEFVREE P Al MR ¥o ClepdB i PRFTEYCBFEISY of | ecti ve

band of 24 heth@@@lbﬁc&hlhd/erﬂﬁéd Me@ialiGyiaiy KObefa®s phoingARboRedidie chirality of the
radi ati on 480. Thus, %imradl ation 480 asses through the optically active
reflective PhRipbmingrsent Adm hetaeppbsdO 6«?@ HeYSt' ) nay i ncl ude one or nore

of an anode, an The TOUPLED also includes an optically active reflective layer, such as the
optically active reflective layer 2, the optically active reflective layer 202, the
optically active reflective layers 405 and 420, the optically active reflective layer 28
30  and 29, or the optically active reflective layer 38. The optically active reflective area
may be an optically-active chiral-light blocking layer (OA-LBL). Materials suitable

for use as OA-LBLs include, for example, dichroic materials, organic compounds
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organic light emtting |ayer, a cathode, a substrate, and an optically
active light blocking layer. In sone inplenentations, the TOUPLED al so

i ncl udes woeowvo4ss@moe of an el ectron transport |ayer (ETERLCI/tsR000l0€7Y ON
tunneling barrier layer (TBL), and a hole transporting layer (HTL). In sone
i npl ement ations, certain material s/substances may function as one discrete
el enent described above and herein or may act as nore than one descri bed
above and herein. For exanple, a particular material/substance nmay be used
as an anode and possess certain characteristics of a hole transport |ayer.

Referring tQnft asMnRM BBon 8% ARPING $rorf inBichQE toRahlysubl £hg-
I i ght - entttlnglggilggs 500A and 500B t hat |§clude an orSan%%gll ht entttlng

di ode ( OLEDprBingehirahpematiedigrid crestads (Gltg, and clhrabdictptricespepigeaditiia fi
i ncl udes anwgel%lr?gtﬁts@@&lv%@eﬂe@toﬁu%ﬁﬁ@ﬁl%rezﬂte la")‘refs'tﬁﬂt”funlaﬁ&%%@-@:ﬁcal | y active

reflective |ayer 28, and a | eft-handed opti cal cé active reflective | ayer
29. The O_Etya}sbee@noszf@d pyieg m@l@sdsalr@éqrﬁ@ﬁréswed ol dspesitahe etherhaicrsid abarri er

layer 27 et@@tatg;g. ﬁ@&tﬁnh%serre £Br dcdtédqtt ngect%d}hhiqﬂgtﬂa@ﬁﬂ%lv%z hol e

transport | ayer and ano 231 acent to the substrate 24.
Ref erri ng tonfEpliing 88 matioe otidy sstrge0Bwhivs theddm lafabﬁtﬂd driagkhe30, a
substrate 3 t V, he OLED st ack
30 of the Téﬂﬁ%&%‘ %C&?ntfp%ﬁ i, fg‘I&Etr\:&d& ﬁ@é 5%8% u\{&tt&@nﬁ dﬁ\ﬁoewergng barrier

| ayer 37, edoaqmteumectcroamslpxﬁrtte rbtag@r of(theTdupstBis aboiighb-agividutingge | ayer 32, hol e
transport %%ethGr and anode 33. The anode 33 is adjacent to the substrate
34. The dir ?56 P?B%lased light-emtting devices 500A and 500B may be
TOUPLEDsD TOUPL EDSnd‘TE)pld@rﬁanfﬁﬂlﬁ,ltﬂﬁ@ﬁiEHSm&y melules GO lagy atehts 4 ayer s
consecutively. de tr he substrate ma t he substrate
o he. substbistEroti finnudag Ratea ity of s Bl RufLTBe B elthe subst r at o
34 FII 3 cusfsefpheaj@ﬁm lpro-ﬁemﬁ@bﬂlthl@GLCQﬂmd&ﬂ!b%rﬁllﬂé@ td :ﬁM%ﬁ&ieg}Be t>>hr=1rtesub52I rate

i nclude, for exanple, c entg Wyﬁpor osrij%1 ; yS g vapar, deposition,
sputterrng,dWﬁé 1 ik Raghis s L5 thapde @”5@@ ?%? %aﬁﬁt st on,

spi n- coat i NgLC &N iLdi@linkl 67 tHcBa@dnal d[lKalcﬁ(Bn RrthddufuldiRe tiaﬁtt@qurect&he

techni ques for depositing |layers on the substrate also may be used to

i ntrodub® ovistigspdichaeryltt romalic reHpbTash RS Ee Quayapmatisdiduidesysiden
deposi ted. QL @XTRSntckliel optkal @er Mctﬁé filgD e h@hcﬁ%%hﬁ&gt@tﬂe @is%ﬁ&er on

transport |ayer (ETL), such as the electron transport layer or the
el ectron t riafigserte corafete a 360-desearsttion of thtontisalskisetor. oMﬂrcclBtensAqalﬁld 5B, may

be deposi't (ﬁlys%ﬁ%hq %e‘i’ﬁaﬁ@o?‘aﬁ%&ﬁ gta@fcg g%t Bf%%}ets cftﬁ@ ETL on an

ultra-thin lTayer o |th|umor y deposi eutrat | ayer of
| i t hi um on hahdedadys (rigndentcdness hlelettthmtdcmselssoorbe&thedllr@;yenmVdrlépar ed in this

AN o N BDLHE. T8 (I EUSLRORITE! e O LRSI rllcRek pay ¢ hr oughout

t he ETL thu egenerately- er o um coul d

al so be deplelsgth Esdhcmhstmmelalo&g d@shméhdnhépﬁ]ihgaﬂon of ﬂaélahortthfotugh toul d be

co- deposi tel ?1 h%]TL . Th I | t % | ayer may be deposited such that the
| ayer is ab&UY SMBW'C ‘ﬁiﬁﬁP{ ¢ he substrate on which the TOUPLED i s
fabricated is a @mwetrenahqmdhatystals ntayansaareélﬂtont@ntahehqthﬂ r:@lsfntsyhaand

wavel ength of he ra ation emtted from e TOUPLED. For e
substrate °pen d‘PB R O TN SR Y @H@t Hat“ﬁ’s"‘nﬂﬁ‘tt’emﬂétﬁ for

exanpl e25 pqmchloﬂmbem@estféaicq;hagégls(saté@v,e tpahicRirNnRIfRati@k optheBRat e (PET),
pol ycar bonat e

(P "y orforpdl b v Har L DAt CrasBrgcicrany Guf FoRE PSR pol yer her
i m de (PEl)particular chiral dopant, and the reflection band of the GLC layer may be set by
selecting a particular dopant molecule without necessarily performing subsequent
photomodulation on the GLC layer. The ability of the GLC film to selectively reflect
30  agiven wavelength is governed a relationship between the helical pitch length and the

extraordinary and ordinary refractive indices of the quasi-nematic layers. The

differential between these extraordinary and ordinary refractive indices determines the
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pol yaryl ate (PAR) and pol ybutyl ene terephthal ate (PBT) nmay be used as

pl astic substrates. The TOUPLED may i ncl ude an anode, which injects

posi ti velwochavigs@ecarriers ("holes™) into a |ight-em t®CcmgSk@pms1079 n sone

i npl enent ati ons, as nentioned above, depending on the particular type of

mat eri al / substance utilized as an anode, the anode al so may transport hol es

into the light-emtting |ayer. The anode may be made from for exanple,

transparent indiumtin oxide (ITO or 1n2qg 3:Sng 2. The anode may be, for

exanpl e, the anode 23 or the anode 33 di scussed above with respect to FIGS.

SA and 5B rgsh@ hé’ bifefrifi@cd bfgﬁé eIkl WHich,3Y &fn, B riiGed REwldight - em tti ng

| ayer 22 or the ght-emtting er 32. The TOUPLEDs al so includes a

cat hode, su@hseé%ctlvwﬂé%ﬁdﬂéelmgﬂb andh d'he weveiagths assogigied B éhis nj ect

negatively Ghafasengabh bﬁfdsme@rbe%h@lrea bORSaitfihOuk faﬁd e@mc%motn&ﬂo@goﬁ ayer. In

sonme i npl enent ations, depending on the particular type

mat er i al / subéditeneBy ot alieaswelnshereBepting bend m%Yé?edmeﬁ@Mefoaﬁ@@pier ansports

electro i posited

usi ng, o pamdibiyBmeH Ly oMy SPAPRAT, LRI SR iIG HPTS) Lnd

| ndi um Zi ncGBKifidre. UNE@%lmpbnmmbn@mam@kébdmml@mtmmﬁmtmmmwdm@mebb@l for use

i n manuf act r e yers nmay

i ncl ude a trahos%g)gpgﬁw&% aﬁ@% tlngc{%ﬁgen%ﬁ%ﬁg ?t?)urgls%q%gir}lﬁpe{%gh@% dﬁ%t serve to

i nprove quamblaenl@fritiocifeincyatafalt inehedi.€ filmgnditwn plestoreddutting thei(ject i on,

mnimze oK k function, and as a protective buffer layer facilitating the

deposi tion ]fn the 1 TO on predeposited organic |ayers; a transparent

nmet al - doped cat hmd@néaxﬁdm@kmbnmralesﬁoﬂmmbfme(}m:layermagibbon bl ocki ng

| ayer and/ or a hole cki er; ansparent , et ic or

o tretal | | STRRT Rbiact sy Obl bl e B RR e ) By er rade of

a material 4dpatinp©HSREGSSatld btRE@Nhe GOBHMS rbmiviHi@Sthé GLCUPmMaNadiown el ectron

spins. Suitable terials for use jn transparent cathodes to facilitate
i Hom

el ectron t rEfsERRlc dbCt herie! schiNer ey hageWopdipcepf anglghandediGléd t o,
i thi um f I u@kdsdeit édcﬁhlm ﬁlublﬁ@ DRl that id éﬁpbyw{ﬂﬁpﬁ@ cRikdi SRR Gehdr Al ),

magnesi um doped si |l ver bat hocupr oi ne

(2, 9- di het hijm 4n ﬁuwnmlﬁéw %101% caqtpG b dika st %@prop@é@ﬂ%}m daieBonat e

(CsCO3) i u 9295151
phenyl di pyr%ﬁ?;fg‘gggﬂﬁl:ét%2@%(%9gs&l%l%k>b&1oﬁés{eﬁ%%eﬁglrs%§?ést ?rgont rol the helicity

of the chirdf rnd éNﬂ@HeﬁrqSPWﬁYtheAT@ﬁLfE@ leftthandsd glapatchelasteric el ect rons
having a spif.uR (SHAREHT C?ﬁﬁ’édrlgla%)a&%lét%ngﬁm%ﬁﬁﬁgafn% & te@?@ﬂdh% on of

el ectrons having a spirn down quantum spin state e contr
El ectrons exfletion hartdwd tpudlnt Giim sphin rasiv anayde refpiral tups élndﬂé.’puahoemm whi ch

are assgpt e SUINALSRICUTL |50t (R0H ALIPABUIAD f3luesiof opposi te

sign. A hor ute popul ation o 173 moxt
cont ai ni ng matemjmcaihe ﬂnﬁr—ﬂtmadedj(ﬁ) g]la@gtchtdmericrmetté'ral SEnrrexmpplsta(ﬁﬂeC&mld in the
spin down s

di stributed uIaL‘n t.rons

reconbi nes ?Mf%tutﬁ thlogegulesno Wg ltS agrea%nnllogle]fl?%’% SSe ﬂlﬁc e’[gcul es,
chiral Ii gh;heldea gngle Mtﬁhauhairﬂilm 1a|a(ﬂ>bmrculeﬂ \kzmretdngmlrmge pﬂih(adsppz)ad: (I}IL(g ht) is
produced. The Zﬁ S, pr oxi mat el pal . m xt I [ ght with
Pl oht handedtntt ot b Ty Sulitineh B ames PEr Shanahierss Byt * i n
sone i ny enedi@é figihandvaBMEr the bdife, Bﬁjﬁbﬁ@ld@meu&la\}eleﬁgh%@@t rons l n a
single spin state. Wen the electrons i in in state reconbine with
hol g S i npt h%%ustmg the GLC ratio shifts the ret?ectlon I?an% 0% the%LC fs I?n an(? may thus be

considered to tune the GLC film. Additionally, the molecular composition of the

glassy cholesteric material may be modified to adjust the width of the optical notch

(e.g., the spectral width of the reflection band). An example structure of a GLC

30  molecule from U.S. Patent No. 7,001,648, which is herein incorporated by reference
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TOUPLED, due to quantum spin-selection rules, the emtted chiral |ight has
a single handedness (helicity) relative to the emtter nolecule
ori ent at iw0.20ifasdvel i city of the emitted |ight is nmeasuret/usead/os®3pect to
the emtter nolecule' s axis of magnetic alignment and the sign is a
function of the spin state of the injected el ectrons and hol es. For
exanpl e, when electrons in the spin-up state reconbine with holes, chiral
light with right-handed helicity is emtted in a forward direction with
respect to analigning nmagnetic field. Wen electrons in the spin down state
reconbi ne Whtil) ch@t€Sas s Bdlowi ght with | eft-handed helicity is enmtted in
a forward direction with respect to an aligning magnetic field. Spin
pol ari zed el ectrons nmay be produced by, for ex le, spin fifffation via
tunneling and spin polarization via a WTE)&@?@& ¥ CO tration
via tunneling utilizes an electron t eling barrier layer (Tgk) |ocated

3

ei ther adj N\ h a d r t n r transport
| ayers, ong&gf i i%gga c(g(ﬁ[%hpo t he §§§<E%2§§_ @&Wg i t%@ spin up
state have greater nomentumthan electrons in the spin down state. The
greater nonentum of electrons in the spin up state allows these el ectrons
to tunnel throudhimpend@Bitionwhaviree releple IGiisfilins, thh &LEDilms dowbe st at e ar e
unabl e to pass_through.the TBL. Therefor the TBL enriches .t he current
lowi ng. 1 n-eoget R QuelE: Rpon e 6Ptk Bwdite. S bASSSHI 09,5 5 ate.
The popul atiadinti@f thatps mcidpnteh @a¢ ofths GLadilat anbprypageeotibiugk shev it hol es in

the light-emitting.|layer, an t t light-emtting | aye mts chiral
ot o n o R i naf pori L, " B O e S S &1 &

el §Ct ron popaltisg éolafacwvit}heaaeatrl]aley rolllﬁg‘??jlﬁipfﬁllﬂlslmﬁy%lg(pﬁiig@ﬁa clog_m&‘eﬁc}t he em “ﬁd
radiation is nearly 100% ri ght-han ol ari zed radi ation, The TBL may be
made from $B %&%veé?%%e}x&)mmgwﬁ% %&%ﬁéﬂclﬁ tﬁatgéc["é@fl@asw%ﬁmwge ability to

parti ci pat efilnitoltiay GRereX6HBD0GI1HPhiay bé Agknkdsilchenae MRaBPGLI BifccRRBE(ON t he
order of 0.6 ?'%‘“ and because of its hlcgh degree of transparency. O her

mat eri al s h‘élfﬁ% & sRsRdigeg tedheantied! difsqiey B My thes FLHEMapi 1 ity of

participate in axchangs@Rintdibhd)the C&@ﬁﬂ@éio%%&%[@n%@@l%it{ée and | TO, may
be used. Electrons carry different magnetic nonentum dependi ng on the spin

state of t hecrepsed o dparcad by spmplgutset Pheramqdaletipeprogaseon mdepesirdtge spl i tting,
and in thesg, &)'fﬂeelhlglenﬁhtgﬁ Js%é}ohd‘ioﬁl&ﬁua'iilahp o;d&ﬁ%cﬁfd%s fuhhechave a higher

nmonmentum t hat el ectrons 1 n the splin-down sta {a ave a highér probability
of tunnbl i NgLE trio Giyhta deointabevci thd glasshrangiaengemperhtarcedt vy Tgpl i tti ng, the
nore effecty e I i ali. di I t SR+ and spi ndown

el ectrons. ﬁ?ﬁﬁ"ééfd%%ﬁ?g?f féﬁqglaﬁ%@‘?%%m}rgﬁg%?@fwgb&éWg%fﬁ{gsnge splitting,
spi n-up el etcansitins tehpertie bil thh8im gepetidlvinlthe ghemfcat compebitigof the Hlngh t he
material and. @S fyf ABHLL) mIPLESRIY HRABLERLS QNP. BARS) LAROYAR. /s 2
result, a spin-polari zec11 current s genelpali ed. "1'h® some i anerrent ations,

el ectrons i(fc} dfghsinn Hop esingtle ar@dyC teh Ppotokatand B & 188D etaybed i njector. A

oxt dor Tor neep D TR BFERm St e MRl RE h he "
lightem tting. TAykdatingd R&ollaaid dk iaperis Eerambirhaliation with, fol @amprNsvi n t he

spin-up state with holes results in the em ssion hiral light with
i gm-handeraglﬁfé%Wtﬂﬁawsle%gtﬁef%@bm aé‘é’i“éi‘?ﬂ’\?é%)@t%ﬁ%e may be made from

for exanple, chrogidngdapegobireiitetd ihd Usxiagiti¢dOie T6ngki the Ris@ithgm doped
i ndi um oxi de (Cnl.O.; any transparent half netal (M, Zr, No, Ru, Tc doped
with K2S (alsitic Bgyideped)helicatpitchriensth,gd Repca isdendarr the selective
25  reflection band wavelength of the GLC thin film. The irradiation time is dependant
on the initial (unmodulated) reflection band, but the irradiation time is a time duration
that is sufficient to alter the reflection wavelength band of the GLC thin film. The
closer the initial reflection band is to the final desired reflection band, the shorter the

required irradiation. Typically, within the visible spectrum, irradiation times may last
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K20 (about 5% doped); or Zr, Nb, and Ru doped with K2Se, K2Te, or Rb2S; any
transparent Heusler alloy; any conpound froma class of materials known to
be hal f newal2biom4s6ed havi ng the formul a X2YZ, where X an@CY/ise@osansi ti on
el enents (groups IBto VIIIB on the periodic table) and Zis a group |11,
IV, or Velenment. In sonme inplenentations, a magnetized injector may be
used in conbination with an electron tunneling barrier |ayer to achieve a
purer spin-polarized current at a higher anbient tenperature than either
the spin filtration or the magnetized injector may achieve singly. The

magneti zed frth @Gk Of scB®Ns 16 tdhs 8minQtes UPR! XarflpIB! tRe RRUALOOHAE loz@eh G I ent
(e.g., spin-up) to the tunnel barrier that in turn filters out any

remai ni ng elcBedtiophand from ARSI S Burinayt beraboutpE IR e Whencascthe bid i n t he spin

up state al &ﬁtﬁ&ﬂb%ﬁf@%%ﬂm@%@%@ﬁﬂﬂ)Iﬁiﬁ'ufas'T‘lie%&lht'itgl dstihRehhdige il ters.
Li ke their electron counterparts, holes may be considered as existing in

two separ att®e Gh&ritlurmaspgicringelatized UVrhghs, Ushighais us¢dghenlpp (-(sontighle helicity
may be py Odl‘rb?&l%l{%}’&ggtjaﬁieﬁ?&{ ahd ¥ rl‘?a%ﬁéﬁ)ﬁjﬂétf'ltﬁﬂé') at b&h?&%ﬁ%oﬁ?l} h spin
ra ht o n

pol ari zed hol es a si icity arso may produced by
t he radi at |1&l@tmmdumdtﬁaglmne®f spin poI arized electrons with spin polarized

hol es. FIG 6A I a di I ' ' emtting
device that i ncﬁt@g\é\@mzsﬂthgﬁr(%gﬁeﬁgo ?P%lﬁt[b%ﬁegn‘f @(tgf %%é%@@%@f&ﬁ%tﬁgﬁ] %:[Ck The
exanpl e devwiieh @0t tBhatameil nelédti@e rdlecticn veavEichiRh B omeatrozendh thdeslidan or gani ¢

light-emtti ( 602 that is transparent. The COLEL 602 i ncl udes
a cat hode aggogtﬁé/@ﬁ“gc%lﬁ&l njection | ayer 606, an electron transport | ayer

608, anli@rgani CIhB@héGE@lnﬁa&drfag thept@ronflidlation protss tsrrasresqﬁmé the&yer 612, and
an anode 6 ctiyve reflective. |ayer sposed on
ot hor he it SRs L i sREhiN Gt hstShed e RS RS Bown 1 F1 G
294 ian oEt i @a) foylloazed !F]}X/Eraﬂﬁﬁérﬁ&tthé/ﬁlni Vamﬁﬁ s}ﬁﬁt@rdd'vﬁvg!?ﬂngtm@ﬁﬁdh@ﬁléch& cgt hode

n the arrp snown t he, anode s a conducti ve
anode of gwsfgra Cl?ﬁféemoé@éﬁlﬁieéie%fﬁﬁrewlﬂlﬁ‘ ﬂg}tCFgm}lqm nanonet ers
(42-nm thl&elmauarh@mh cgbhr, eittdol dBGedsAY McSwRORn@&h $Ptht e IcudRcdvd nter -1 ayer

el ectrical short reduction |layer 613 nade froma | ayer of nolybdenum oxi de

(M@B) thatreflectignbid: @bwquhmkmg Hrdpaindelon ke villdfspothe rqﬂﬁgﬁeorn 612 whi ch
' n this exa\%’ueﬁengl glilaﬂﬁg‘§§llcpsta{t@¥ﬁﬁe @ic"ﬂmh' filmGh (Hamﬁlﬁlﬁglﬁhbatﬁéh)m

' - di phenyl - benzi hat is about 55-nmt emtt| ng
| ayer 610 |@1en@ﬁ]émélﬂtat}!9nq3@@3 QAd-Blslagsohie seon ehimvality (ot Oh%ﬁltﬁlh@eé] ectron

transport Il 85 1&A8 n{(a*?ch%fPé) tlraﬂ’t% th@h&h POk lﬂgﬁ{j&T 5;}3% lppeny! -

1, 10- phenant |ne Bphen ectro |nject|on i s about
0.5-nmt hi cdcpasmﬂd mathe egposkd sithé erthé TQUPLER sqbsirete, Tha Qlki’elaee«a'\sfrpl e of FIG 6A,

the Catib) L d stuﬁgeﬁu n@lﬁlpﬂgtgm}ba_ %tg(i]{(i, %ﬂ@d?ﬁ%éﬂrﬁ sttI}I; ﬁ!/e-[e%% @A ellnﬁteab out 65-nm

t hi ck, num T ayer e presence of the
al um num | aysethe alghondiglitteanittiiOlayer. ke ﬁpltmnc&irumdpn piocos ey e se, applied to the
el ectron i nj.gctio t| on tegflg &, cat hode may

i ncl ude a coﬁ%fnu%lfs%d b)%:l%ﬁ%decfgera ef(tf]ﬁlja atl?nn;)ogrce%fl% &t i nj ection | ayer

of cesi um CROUPNED ¢ightEeD@ay Jayanitselfect ron transport | ayer of Bphen, a
IEUSGUTEEA AT e o N e AN s R R
a thin 2yefmiafngddyer Bt dchicGdd@Nesmtiagiddal @atecPABERSI pobiided BBisSdd. Vi@r acts as a

this implementation, a GLC OA-LBL layer of right-handed chirality and a GLC OA-

LBL layer of left-handed chirality are deposited successively on the exposed side of

the TOUPLED substrate. Following deposition, both layers are subjected to an

identical photomodulation process to tune the GLC OA-LBL layers to encompass the

30  wavelength band emitted by the organic light-emitting layer. The photomodulation
process may be accomplished by using either an external radiation source or light

emitted by the TOUPLED light emitting layer itself. Chiral light with a right handed
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protective layer that allows the ITOto be sputtered onto the hole
transport | ayer. The device 600 al so includes the optically active

refl ecti weol2a10e14860630. The optically active reflective Payarsg0886107ncl ude a
| ayer of glass 632, and an alignnment coating 634 that is about 30-40-nm
thick and buffed horizontally. A layer of the alignnment coating 634 is

pl aced on both sides of a right-handed GLC 636, which is about 8-mmthick,
and a layer of glass 638 is disposed on the opposite side of the G.C 636.
An i ndex matchi ng adhesive 640 is di sposed on the | ayer of glass 638, and

an al i gnmengeieiphbye BAG IR thé Sebi®d ORI B Gall biiranehivamabeut 30 to 40-nm
thick is disposed on both sides of a |left-handed GLC 648 that is about 8-

mm t hi ck. Aandgadelisity gmalsreBaedhydhalsftihaaded Qnd Bk Flecamesirerinayer 654 are
al so inclu tdt@pltoaﬁlce%Q!h1r§16}ighﬁ/w%t\§lifﬁergh?fle{nﬁ§& hfRity, AR {Srufdfay 40 the exanpl e
shown in Fl 6A, the right-handed GLC and the | eft-handed é_C are both
tuned to hag8ectedribyfthenghtdandsd Sh-EBbuiThy Bswmswit@asparedt dpedaéemids 525-nm I n
ei t her t - t.ati : j i ayer may be
B R e P L S A e S SN
t he opticalleyeractive | ayers 630 are adjacent to the cathode 604 and the
directionally bi 858 l,.d f t .devij J ] e bottom
650 of the device. lgﬁélgﬁgérearn aflﬁl:yé)@%gg%ea{snﬁﬁ%cg@ d%segggrﬁgen?&t{oﬁgﬁgvé\%g%ﬂ ied in the
exanpl e of peld@Eze®i. alllonicstotiensi iFpé maentyaifiaohsnt fidhe ishdk evayelampsipthatis | ayer 612

T R L ot

el ectror t rizngpmdtis thevg e GASmitRY bl aeeO A-11H1 lekoneThe ketineeamdlOpsttion 0 sever al

hundred nm and.the thin-nmetal elec n injection |ayer 606 (which is
al um num i nOf?aHg’leé‘%]ég}‘ﬂ)?@t %ﬂseiﬁf%he Q%hg’ﬁﬁ&?p ﬁlﬁ’ﬂf‘gan& ﬂﬁﬁf‘%%ﬂ‘é@ﬁ“ﬁ@? ween 10-nm and
several hunghietiydmnthefd AGLBEBs fdflkéted. r@tiRslignpisued vahal detretupsiEDcs of t he

device 600 that is ShOWg in FIG 6A.. The enj ssion chargct e-riGslg cs include a
curve 690 afYmaPERHONEGslcctEnns i e S%Pl&ﬁatﬁ%lf@%ﬁ%@ AY Brenitgd §8ma £ uncti on

of the \A@V%@ﬂﬁtolﬂt}féfdevi@@'iu@taibﬁld}b&lrﬂrtréfﬁdteﬁ'bQEHet(ﬁl@L@QVanEe &’m Jiee curve 690
shows em ssions fromthe bottom of the device 600, and the curve 695 shows

eni ssi ohs fyifet Hecoptist.glhe deayice dnesrivelly trmeparens tosgvent Heltpessingghropgie  devi ce
600 is diregtpanalih¥id: asgdosuch that the intensity of em ssions fromthe
bottom of the device 600 is greater than the em ssion fromthe top of the
devi ce 600. The Refirgag ©A3Cf T.aArxamrle pgcess 79hier Gbyeatiag edocativaallvai nl y

attri but abl g, @ik f3kAAR, BRI IBWASHHE FoifBRa 1ERUGNEh, oL AT RS] ons from

the bottomo evic 0 are caused by reflections o 't ght from
the |ight eFPUPLEI a} diyarsd@bVeofAf radiatioremitipte leysr Isyomesdi(V)| Ayer s 630. Thus,

the em gsions. from.: f . deyi. L.ani i y greater
in i nt onni CoupHaRTp I (AR Ry DR IRaihe Wl B BRUBLERRT 2 3 e
em ssi ons ftrapspardne alpolt tidra odnsphrentdetiddee THO Gadzation-centieg mdteod has mavel engt h of

about 525-nm due to .the tuni,ng of the. reflecti ands of the C layers
536 and 648 b7 hiRabT Rk R Ph ehcBighrn o) At RORE ¥y URTES) agar o
630. | n sonediati@l-engisahdtaias hastaheavEiGhlRh Bt falls evithiaythd antiksichebaaddihd onal

| ayers di osed het t he .anode .and t he cat hode, each | ayer. havin
i F e et - DS e B R ot L B O by e S emt or i al s

shoul d e selrefedcatn, fod the inti@drial hadechRbialiiatiyh-ehiddRaher isshddesThe generate a
snoot h ener 9y- l.evel transitions (i oni zat.i.on ,

radiation-emitting material may be a light-emitting layer made from an organic

material such as, for example, Alq3+C6. The radiation-emitting material may be a

light-emitting layer such as the light-emitting layers 7, 201, 330, 410, 22, and 32

discussed above.

30 An optically active reflective layer is deposited adjacent to the radiation-
emitting layer (720). Thus, the optically active reflective layer may be on the anode

side or the cathode side of the radiation-emitting layer. The optically active reflective
24



potentials) between successive |ayer interfaces where unrestricted charge
transport is desired or to generate energy barriers where |ocalization of
char ge cawoi2erwas@rbi nati on is desired. Materials may becsrskéoomvioezul es or
pol ymers. For exanple, the TOUPLED may i nclude an el ectron transport |ayer
(ETL), such as the electron transport |ayer 35. The ETL may efficiently

di sperse the injected current of negative charge carriers (el ectrons)
across the surface of the layer, and the ETL provi des a honbgenous current
at the boundary of the ETL and the |ayer on the side of the ETL opposite
fromthe cahiQdRy iddificERss- Ml BRalSehYEe BfuiPerPRat, tah&ﬁae%Pﬁéaﬁl? aG@ler | er

(hol e) bl ockin Iya er to pronmote the |ikelihood and |ocalization of charge
carrier recsHes lﬁ@iary@mlaﬁ A srerialrefipstionsband thangay by eeferred ta g the fsdreionzed

el ectron transRALh bhi eﬂ‘he%ﬁcdll%&%@eﬁé&ﬁv@l"a&’é’@é}iekﬂstré’dw&i*&ﬁkha&Hﬁ 2SPi N
pol ari zed state of the injected electrons is conserved. Suitable ETL

mat eri al s | vievelggigth witin the éeﬂﬁ@tonlham t B apgicadly Activmy fpﬂ\@ﬁyﬁl layerg@nphignant hr ol i ne
(Bphen), 5 2 'lp' ?rh%}haéo QQ Qlefe'léné%Qn é@’k@ﬂ%ﬁgﬁﬁﬁd' A& Rp%é&@s’thé) r

Tris-(8-hy rox;}qu I nato um num enentations, a
hol e tr anspeme chiggliey as(thﬂmtlca&umva@fbﬁwnH@dee(bmaasﬁst]h@pptldabx/@cmv% may be

provi ded t Orlgﬁ%cftloﬁ 'la?rnlI JeMec%s%Ql?Faﬁ%ﬂ&? TR §%{¥]clfal\f)(? %cgﬁbgggll%csti:\% ;l%{c/e? félg}af){ml es)

across the at a honbgenous curr o the
surface of delpemtleéyeatranﬂpanemubitmtetshdl:isl'lfhgtrampaxéntﬂw}trdaact Re4.138ght -em tti ng

| ayer. The L 0. serv ative char arrier. (el ectron)

bl ocking | a rzz{%?{dp?zl e gove E@?P?%B*He%{ WaE ayg)ﬁtl?cgﬁdgé “EHarge carrier
reconbi rat i thaoptivalinactive Giger atitictradigridnayeitting Qyer, bt thnrifndﬂiﬁéceksay@rs may be
used in suc essi o he L.may .be. made from a host terial s i ncl udi ng
but not. 11 1 gy biTRCaIl R S TR T bR BEAGE df ne
(NPB) Or 4t ) tﬂhﬁ[ni\slﬁl: oﬂaaﬂgmylhademn@kwmymm se@dndinghemymadeadfphet- NPD) (NPD) ,
1, 3,5-Tri s(di pheny benzene 97% rf)1 or fromthe TDATA fam |y such
as 4,4',4"-hp %d[rﬂatﬁr H’tahgﬁla@ﬁﬂﬁeé‘hﬁﬂ%‘% Sh@]‘? Bhenyl ani ne (2- TNATA) as snal |

nol eC_ul e exanpl ege Gl W&v%teﬂlﬁT%thﬁJ@n@ﬂgf)acﬁ% RAKGNY 1Er igxanpl e.  Dopant
materials may be added to the Ltoi rove device lifetinme and

ef ficiehty.? Fedlt?]%ttl%b@mq{]PBn‘l"?é%Pabséh‘?j?}B@HOW?WI‘?%WD@H%%H? oxi de (MbCB) to

reduce the Qghgod Ghiefe 18R ?@b);]'ﬁ{us AFEPHOVRl bl v Bich@h baldapilel ty, and
suppress crystallization o . In sone inplenentations, the

mat er i al s/ stmistibrrstive leyeits 4djistedi B optisalinectisTlaygrefiectsradiatignithatas i ncl ude t he
same materiglig. 4 figh tl?errﬁd&t'i"b%oénﬁﬁfn%tl 'I@éx@ev%ﬁﬁ#ah%_?_ﬂ@ﬂ%ér%ﬂﬂ? haygr to

produce the el ectrolum nescent e sion unction as the
em ssi ve | aaretrarspargnt to arhbictilight aemrtot‘ thnge\hewleal)lemsesdcw% tbl@dﬂvwe, then the

TOUPLE

Al t ernati veTlRl(g JS?%%%)&%&\?}?GM g'ese ar a%eiaq{)ral?/ehﬁgg lelﬁ tgom nescent

mat eri al i rm)lphchadndoedtmnssbdhdodﬁa' ladpdn gt optivaly doeive aﬁlectroada}teomas havi ng a
doubl e het er é r?é laph ?1 aﬁtg OSt I4] cttl%rlg for )¢ I 00 o

el ect r ol uni RESTENCE )1} beg SBP 1¢a e%vg 3 & rgo Factlte or as a
doubl e het edoagositict offthe opticalyomEve npéremb@tnodﬁlsungaheomrcalﬂmxoavénuf fer layers

may be inserted_ between succ ive red e the abrupt differenti al
barr i er hei BHE BB S B EEN pR o Po s e IGHAD IV HHS. et or |

propert2ges of thesdebghdptieamytdctindlayayiely baaé@fsmdrtﬁl th@@tmw&nghperand hence,
the color of the radiation emtted fromﬁr %ﬁ ) -Throtaﬁ%h sel ecting
di ffering ofgaHice "sEPPad I sFcOPhePUCRIGrciymay ti iy FUTAEY W hoRROMEt erial such
as coumari nh of the optically active layer deposited earlier. Thus, if the carlier-deposited
optically active layer has a left-handed chirality, the second optically active layer has
a right-handed chirality. The reflection wavelength band of the second optically
30  active layer may be adjusted separately from the first optically active reflection band

and adjusted on a separate substrate. Once the reflection band of the second optically
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(C6), or through doping the organic solid used to make the light-emtting
| ayer, the color of the radiation emtted nay be varied. In sone

i mpl ementwoi2otgn4séondi vi dual TOUPLED st acks incl ude | i ghecgrseamgiorayer s
that emt light of a particular color, and in other inplenentations, a
TOUPLED includes nultiple light-emtting | ayers that each emt |ight of
different colors. TOUPLED |light emtting materials with narrow band

em ssion (saturated color) should be selected Suitable material for the
light emtting |ayer include, but are not limted to Tris-(8-

hydr oxyqui n@kil "R, )ieddikt AUt (AbABIpticBilSactiBe RYSRXMRBoR@UithsiXidd grc (Znq) ,
Tris(l, 10- phenant hroline)ruthenium(11) chloride hydrate, as small nol ecul e
exanpl es, ofe POUPLEDgleyice.(2- et hyl hexyl )-9 H-fluorene-2, 7-vinyl ene) as a
pol yner exarrpl e. Th%‘dfrte&'f%ﬁ'm%fr WRased Harﬁﬁﬂ@tﬁ'h@ﬁ’ﬂ é?ﬁ‘iﬁ Ql%!fl@é%%’lscﬁs@@d yyvel ength of
the radiation emtted he organic lig ting layer (OLEL) may be
modi fi ed bysugliefi ctelV@nSZﬁO $Q%6@(b§ tSOQanéﬁO%ﬁ@sbhmeéslt@mleqm@@n al s that
absorb the ol [ t radiation
o " onger vy 2PenEmdRf Dbk SRkEMhL undin GUESIBVLERATL L ettt ed
radi ation n@gplétyeapahcta@o@d Roy expinmdd, thy davieo| naaydn ue¢d iphavoitanspaesiciéatt il m

SSE :Ngglr]I ;hg%;llil ve rgfaﬁ ]?C{\}gd %ﬁﬁ%ﬁéﬁ{a%@ﬁ?&%{ﬁ%@tﬁh %U%%%’ﬂ%ﬁb ?gf | ective

| ayer 2, t h&ed)plttranaiakqnt Hattpava e]’eeti(brmcdlsplalsluayl&hn@@ﬁye mivexdptedcal |y active

reflect| ve 405 nd.A420 e active refl|ective | ayer 28 and
or the SEYFETAEA R0 O PurhBEC P vidplae 8N b b RELITesEy e

ref | ectiove mblﬁﬁhm dixplags) oo Atlli-eddridkpBed. i Teuse fierdlict ingdnteldatrogiki ng | ayer

(OA-LBL). table for .use as OA-LBLs incl f or exanpl e,

G ehrof & maalte U1dy B o RutRas e PRTRG SaGriEEpEr s bon at ons,

and from i naigrRINAIG a{d@féﬁ)@tj]@ds such as gl assform ng chiral nematl c liquid

crystals (AC), .and ch| r]zi\ di el ectric sculptured thin fjil EI\I engt h

sel ective ref | edPdps hepghemitipgdavicy ﬁémuw@?lgomﬁélﬁp%ﬁémg LT, Tl Ry

be deposi te&itﬁ@laﬁé}(é’fgtﬁ@i@@ SFsEllptafed tin HiRSBat USHdrel By dBRASUMtHISIE Ot her
| ayers of a TOUPLED. Scul ptured thin films are fabricated using a technique

that i nll v@§elwﬁ&%<|e|um1§ 41Wéay|}rﬁtai>’8ﬁu%%1 Frcfuleplor fisklaysgn WhishesS ehe filmis

fabricated dyrd-ng, &da%ldeqﬁfélscﬁé bR B fa%ﬁalal Jmhfsaa{dwed tt)%kbga{untpn of the
scul ptured thin filminvolves corgrputerlze control of the rotation of the

substrat e atbudisplgy. thxedleefionibagyd efharigusgogiont ehthp CbEdaxer nay bene
i mpl enment atée%}?ﬁcﬁ X % théO&rLoldgﬁoﬁoﬁ&tﬂeadl% 1a‘9’FkJ gh is a cholesteric

thin filminc stac quasi nematicliquid crystal |ayers.
The opti cal photcoperkiies lofthis hlem@;@hef GLonnzy de densaterddrietle pisilaied. ar ge degr ee by

the chisgl 1Y (leigs & BbmPle b8l4ah30dedngRe) BRdongldpiliorhhgh Lenath

The chlralltyo at'i ona irection of
t he cunul at éprieallyerctivd matdiialect or tw sting whi ch results fromthe rotation of

eac_h succe_ssi ve @Ea}ﬁ#%nerﬁé_r% ahrg(rh% Mt?l{l%hy?r%g{%af?% Ehe . nt ended

optical axis of PUEe required to
conpl et e a 13@EH-IUBGhEe bluetlighi aittiof letyhe81(4pltre dpbsidi be a tgtks suBsthkﬁ)ﬁkZQSt eric

| ayors, _andeha! RHEELEE T4 B SHLABCEIECE b F BN GROROEE) descr i bes

the di rectigie- l1ght\éﬁhitﬁﬁg layrst i ﬂgy @a‘: OILE@S ARREhit GeghestBolyDfed DightIEBeif r Om One
| ayer to the next, The helical tch aﬁngth is the distance al ong the

direction ofShhrBpalyaiieln Adthopas PhieiOpHe RAGUGHReTteRgve layer 825 1s disposed
on the emitting layers 810, 812, and 814.

Referring to FIG. 8B, a shadow mask 830 having openings 832 and 834 is
positioned above the phototunable optically active reflective layer 825. The openings
30 832 and 834 are sized to correspond to a size of a pixel to be formed on the optically
active reflection layer 825. UV radiation 840 is directed towards the shadow mask

825 and passes through the openings 832 and 834 to irradiate portions 826 and 827,
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| ayers over which the director rotates 360. Cholesteric liquid crystals may
be derived fromnematic liquid crystals that have been doped with very | ow
concent r avpanwy/m@feo6hi ral dopants, and the chol esteric piPCEThISR090b®79

chol esteric phases is sensitive to structural nodifications of the chiral
dopant. Thus, the initial helical pitch is largely determ ned by the

sel ection of a particular chiral dopant, and the reflection band of the G.C
| ayer may be set by selecting a particular dopant nol ecul e wi thout
necessarily perform ng subsequent photonodul ati on on the G.C | ayer. The
ability of thRchefy, bf thBLpRaBLAREE kofREOhSfck 884 BhePoMRAs ¥RVAUINGLR | S
governed a rel ati onshl etween the helical pitch length and the

ext r aor di naPPorAP th?éﬁ niafiptione$40fex 3 ppéfiiend prewnt of tipp & Houdr Al ¢ | ayers.
The di ffer%hh%fth@%&%m%%égzﬁﬁcﬁ ﬁf&f t‘ﬂk DaiYnddd ol §2ﬁ1%ﬂ¥ct'%&1f1i’ Ft' ve

i ndi ces determ nes theoverall optical birefringence of the G i1l m which,
in turn, detamgiadekcityribati be Bﬁn@ﬁfastthﬁéogkbp@dﬁliai’é Selﬁsle@t,emlbﬁhwél@@\’engt h band.

Th ' W ' b
al ?J@é%i“ﬂ%@?a R0 B REBH Ml IS IFURKE LY e LR HERR IRRARATDY B

al t er nat i vedugh thehathgrgbitoost diche brtivel inaeyivbestleaive dhyby325faoy expreedd the

phot omodu 3l 3flifin's1F. L€ BOALARYALLEII MY AN HFHUNG fhe ool ecul a

rati o of the ctlon andrra be
adj ust ed usueﬂg:t bl reph ot kﬂn@ﬂgﬂtdepeodungnnlﬂad]mmumwh oﬁﬂletejqwsumlt@dﬂl‘i/ar rati o]
by, for exanﬁ @? usting the nolecular ratio of the matierals in the G.C
filmand thén 1}5‘?{10 dulating the GLC film In sone inplenentations, the
refl ectidon band Refertifieto@IC. $@ Ve lotatiycdieradiatiai felicaghtitalyactiveasiliafting pt i cal
notch filter t has a refl ection band.set (or .tu adj ustlnga

ol ol ar s vd A% ne R rebsaie R oien B TR et e b s 1942 o
exarr]pI F tf’@23¥ﬁicﬁ)ﬂiﬁleftaglreeﬁ@1'§gﬁﬂ1aﬁd ﬂoﬁ‘t@d’nslwélvMﬂﬁﬂé@@bl@éh@lﬁemhussth?m e- hﬁnded
GCfilms, wth eac ilmh n irality that i.s op ite fromthe
chirality oqpueﬂty Stvreietlggtin aYFrn@é ‘ieﬁﬁl"élﬁéﬁf%? P%HonSéaﬁwﬁ@a@bﬁ | m i ncl udes
an appr opr i gk&s)fit k@eOfred l@ﬁtﬂ'@)&ﬂﬁ@%a{ Bhecﬁ@ﬂaeh ﬁgﬁt SRR @at @ﬂ&ﬁ sy

chol esteric material such for exanp and 2N

respect Vel Blue light afp & resplt, thigbt qngtted @ﬁ%&@dlg@ ‘a%‘étylgd%FSe%lpeﬁfllzcaWH?tlér ial to the

ri ght-handed r&ie@t%éYroﬁlhl% cfe’éﬁ&‘ew Che PRkt 832, RBY, a9@8?4jcbf‘{§é &iﬁ‘lc&lgr dotiie the
reflection band of I'm This ratio may be referred to as the GLC

rati o and ngfledyae l%?rsazééﬁéﬂasﬁ% thyeugh thetraspreqt Sﬁbﬁtrﬁ'@ 889. the right-handed (R
gl assy chol oest efji,¢ F‘T@S %ﬁl 11118tr§t9‘§8#0‘31§ts'f$1%939 &kﬁ@%é%‘m esteric

materi al . For exanpl e, o-R hol 1:19 results in
an enanti omeﬂecmlvemesswaasHS’LCnﬁiowud:re@r amrtcatyqnelrdshleh wrigiatibest - handed

filming p nrsﬁlﬁbi'ol%fé’l\{’?b"éi{t% tii‘n&%re[’sxgrel g-srfﬁgt]pgdo(gf)%!lltaﬁr&%o i act(1\$e to-R of

19:81) rTesults In an enan neric t yields a
single ri ghteﬂmmd@@Ierfmﬂonmchmdmdheixskarmepommsdianmgundumélaﬂammed/avel engt h range.
Cfilm and may

Adj usting the C8 ti s t.he refle
thus be con$i %Fg,ﬁ il .3 lc'fﬂﬁ?’ ac&h”f‘cla?’?rlmay 6185"%59% lglalcont“%“ﬁgs Sr%ﬁ’ ecul ar
conposi t i onstdds, dihvlcd It}&sa)ﬁns;thebmb acigle amdoewidal, ofmyorben ofixté hdigld ot 0 adj ust
the width of. the optical notch (e.g.,.th ectr w dth of the reflection
band) A SxdlipPETEEPiRIFEGs CaTiadisinbl GeaRes Hhah U S B ehbHs
7,001, 648, whiehlb&ivbBeiel May RCHHPOF aldeE 1Y cxpehevead GRhifaéthis tRatanr ety, as
shown bel ow. Rand S In inplenmentations having nmultiple G.C filns, the G.C
films may paplementation that includes a pixilated GLC.
FIGS. 9A-11A each illustrate a perspective view of an example configuration
of a directionally biased light-emitting device that includes multiple single optically
active reflective layers. FIGS. 9B-11B, respectively, show a side-view of a vertical
30  cross-section of the configurations shown in FIGS. 9A-11A.
Referring to FIG. 9A, a directionally biased light-emitting device 910 includes

pixels 915, a transparent substrate 920, an optically active layer 925 with a reflection
27



adj acent to each other by overlapping, or partially overl apping, each other
such that radiation that is incident on one of the GLC filns and propagates
t hrough twe 280@4860bm i s al so i nci dent on the other G.C fCrirms200be6wdy acent
G.C filnms may overlap by maki ng contact with each other, or the G.C filns
may be positioned close to each other, w thout necessarily touching each

ot her, such that radiation passes fromone filmto the other. The GLC filns
may be aligned such that the optical director of one GC filmis

perpendi cular to the optical director of the other GLC film In sone

i mpl ement ath.a@funcd ﬂﬁeﬁe@réd@fghﬁ‘éﬁ btalhpndv Ry &l B0 S aTeNcchen bapar eased or
decreased by corrpl eting ghotom)dul ation process on a deposited G.C film

In sone i npi mreélewﬁ@en ltg b 2ithat sty agtiYday s Pd vl arsfleritidentheat i ng t he

GLC thin f't‘uﬁ@dtthé%leE‘Pdlw Ogﬁ?oﬂfé Jiks 9lsass %V@L@stthﬁ%réf&&ﬁ%ﬁl tuie of the film
(Tg) foll owed a perio irradiation with ultraviolet {UV) radiation.

The gl ass th@mﬁpmlthﬁrbwemﬁéxeatd@rnecqym%t Wah fhe|tignspersatrabsteste 9@% aé%eam‘ahcal
conposi t4 on f
ﬂ fQIfleé {€al 8}ra:.cm/e r-gﬁgctl%gg&@b% 9'343 [Pg?la%]%hﬁde/ 1&&? x4 For exarrpl e a

terrperature nea tical tenperature ~For :
GLC with TngtefOpe@llE agine 1Tidecobn L3edrs 20, bad Aamedba wrahggl icadiffweatt he GLC

thin film I&dge&gﬁg#hgwﬁﬁf&eﬁ%g{me 194{ 14C fromthe Tc). The heating is

foll owed by a perio lon"'with, for exanple, UV radiation
havi ng a wavel erigbberafonSt'hdprmisQmﬁialamranspaentstbﬂlghtmﬁld3& thi¥,@bfe to dthie | onger t he

exposure tig o th UVrad| , er the ltin tic liquid
crystal helli?%éfro itth@rflc}eéﬁeﬁ ﬁ’c?t?Pe % ﬁﬂ Oifgﬁ&f‘re ) Etéwg‘éﬁrgtg?}ag’g reflection
band waue! eqgjtibd ©f tht pigel G tsfplreferEntlaﬂly ethiteeditéwaad tht batont ofitke piseldependant on
the initial unrmdlate reflectio d ut the | ion tinme is
e dur at 1 6B 16 CEpPIeEt w02y s Bty feL TS ehauRahat b band of
the G.C thithe f)ixlelrﬁasswﬁlr@igﬁﬂ@rtrahﬁﬁreinﬂhﬂahtadte 926l dn@ 6d e B tddaman bige dfehd he fi nal
required irra ion. Typically,

desired refl ection band e sho i a

within the BY<t $e93padt g fﬂqasarﬁ‘rf{saﬁ%haaithm ifeladosdle W%Pﬁflgtﬁam@ens of

seconds, tochti@n@o@fhem Mﬁedf&ﬁt&%@'Eoreki}ﬂplbrﬁiMD%énﬁlf&tﬂde’T%hﬁ0 shift the
reflectlon band from 400nmto 550 nm bout 10 m nutes, whereas the

band shl¥t thatdrissolipihthedottsn ofthemixel BE %{9@91@ the gubttrafe O3 andrthuglathe at i on used
to irradiatgqidye AsCrhd lléﬂt NBY PR AR Gh 'th%%%el{%/& DMnd WiV ﬂh}cﬂgﬁ thes used i f

only a GLC optical notch filters (stacked left- ri ght- handed G.C

filters) artepbéihpgixei Hlas hhlééial?,tl Y Qh]@?bﬁlﬁd[ﬂnaﬁléﬁlxe@lé doeg npheadyh ththe filmis
then cool ed rEé?leye?@kff‘tTIQEfJu%‘f"9f %nts %%Hn(ii%h t){atrfﬁ) h% eCOthHé ket whi ch

poi nt the attai ned sel ective re I on wavel engt rozen in the
solid statel8f Thhem@eClightipasses thmugh fhegeheptiGl astivelyal®3s taltrbthphkyt:ormdul ation

process,| s {, atd g, ftleg 1.0 t
pr edet erdm népgl\ésgl é{%% ?eefgﬁ oénn%laﬁ © ge\clle%0 g %%o ﬂi&y%y irradiation
of the fil naydr®ORS. aTlmhreﬂd:omd lxmvleltremsgnmctﬁyahe blheolst'ehkkmthelayaqupthe on band
for a sufficient period C 41 h nth of t he
et o 11 ot iisePERARS 1 heberfe HESFARERT oM e el BPun B BO R
sel ective rQalfOlAea(stgraaﬂ 11@hatncrhe ﬁbtblSSHQleﬁﬁt'S rdddlglht ing th@tralsmemtsuﬁzﬁhte\ﬂlz(]:g Wi I I
freeze the r gzhlon éhlnth SOllg gﬁ th Cthinfilmlin
the® TPy S S PreEet SBHb gph e e P tand e Feftiyor of o
gi ven cty ragbu()tayre(dl@ﬁlt - or right-handed) | s selected to match the chirality
of the hellcall)i{[%olarlzed | i ght emtttj Iyer and. i s
eferring to F1G. 9B, side view of a Vertlca cross-section of the device 910
taken along the line “A” is shown. As shown in FIG. 9B, each of the optically active
layers 925, 930, and 935 are under the pixels 917, 918, 919. Although not shown, the
optically active layers 925, 930, and 935 are also under the remaining pixels 915.
30 Referring to FIG. 10A shows a perspective view of a directionally biased
light-emitting device 1010. The display device 1010 is similar to the device 910

except that the pixels 915 are deposited on the optically active layers 925, 930, and
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deposited on the exposed side of the TOUPLED substrate. The G.C | ayer is
subsequent |y phot onodul ated (e.g., tuned) to enconpass the wavel ength band
emtted byothw/mas@ani c |ight-emtting | ayer. The phot ompdultstéooneProcess
may be acconplished by using either an external radiation source or |ight
emtted by the TOUPLED Iight emtting layer itself. In another

i npl ementation, the TOUPLED |ight emtting |layer includes a light emtting
| ayer that achieves a | ess than ideal degree of helical polarized em ssion.
In this inplenentation, a G.C OA-LBL | ayer of right-handed chirality and a

G.C OALBL | @¢qhth@fthdnefut ihdanpdet Ridsahic bY0. amehdeResidndos HesassFugl y on the
exposed side of the TOUPLED substrate. Follow ng deposition, both |ayers

are subj ect K ths cpficallyasivedayerpRst Siotndl Boiericprwied s hedrappaent he GLC

OA- LBL 'aYQﬁﬁmhﬁﬂﬁmCQﬂR@§§mkhﬁ,M@MﬁbﬁﬂghQnQ%ﬂ%d%ﬁh{&EgoQMnBﬁﬁeOfganlC
light-emtting |ayer. otormdu ation process may be acconplished by

usi ng eit hepix ﬁl%%ﬂ@kﬁ@ﬂof ﬂhﬁhmﬁpD§@dbU@UtﬂkﬂﬂréﬁtWé ut pesdingy t he TOUPLED
light emtt licity may
be reflg%t4%Rggﬂ?%2&?$%%§-qmm%ﬁy %%AThE%Q le%ﬂeﬁtlra thﬁﬂaﬁg eft handed
helicity rratgerﬂoanareé (e tinatedygd bringhtrcef ﬁromamdedlce)b(JHQBbecaEdeeétfmons in the
spi nup stat d |ty, t hat
B turn mmy BOPReRE B AMLOR chlcth RS L el Pl IERARDAOR 0

transparenth@mpmwefﬁha&epnmb@l&hﬂhamnhmghwcmnhmymmmwﬂuhat side of the
devi ce that does, po ve th r_or layer Anbi light is
random y polarijgg‘gﬁgﬂ?WEFﬁ' gwg'?3nﬁﬁ% CW§HS%$%38€@?8?W§ﬁ§g?arized in al

orientaﬂionﬁkmﬂﬂnhgnw10mlﬁw of anbient |i ght is of a wavelength that is
out si de of the t op band .mthh o erred.to as the

o oot on band A SopRapereeive isnel fratomyd Bttt Bty o ' Tre
relatively mblnmnhmrueefce a1l @Bpixeis@hs aﬁehl@lbosftéd bisthe ﬁttt@trztteez(m LBL stop
band and that al so %E% chi rallté OA- LBL flected. Chiral
i ght produBEdGfRA tcméer VEBY$R 8t 3?)8559%08@?%? ﬂep S%GAs in the
spin up st a&his (rfleRXAMIRN the BREaMaciR tdrstivb A Rstaherob AR &if a depRadevi ce and
absor bed or reflected bg the OA-LBL on the bottom of the device. In

contrast> tyestepésy fuged sush ghatidieir yespecaing fraleeion berfsapficeist. §reeiner Beessi ng

t hrough t hej ?‘éh@ fhch BoRich Rethe HixE8O1 4. OR- thlBﬁﬁ[ﬁéIhéIﬂgloholléfllt @pr&ere@tﬁll?xa”pl e
process 700 Tor fabricating a directionally biased I emtting device is

shown. The peitted from dhe Hiypit thepixels P hy reflegts o ofie aBBYOBYIaF@PlEEﬂ)’ diveli scussed
above. gﬁreqtﬂags@s &g&l'tﬁb%&@y@lj a&%nfﬁrd@gﬁ t(lg& é}ce ﬁb@thrr @ﬁe‘ on-emtting

| ayer |nclu ation-emtting materi I sposed between a
transparentuammMenaﬂﬁHaePﬂhdspam@nwmgaﬂhaweMMﬁﬁQWmﬁhRmvﬂﬁpmmwmmtng

materi aj, haf%rf%eg&%ﬁbﬁ?'a GUER dhpcemfo'?%ﬂg c?e§84?u$ ‘%ttGa 1B 3G g%ﬁdg()lew yp al most

all radriation ted rom-t n-em t mat er | has
mevelength a%amaﬂeﬂn$§mMQmmfnmuhECehﬂ@sm@namagdwlmhecenlSS|on band of the

radi ati on-emtting naterial dep ert| 1< Such as i.ndex of
refraction, of gﬁgwex?%yl $m¥?6%£@§t<ﬂlq R?Qd? H%ﬁmé%$?%lng | ayer is

made. The rddih adrifignragion intwhich mélethtaeémmmyarbﬁlla cb]oghn’eaemngeti klogg | ayer nade
froman organic

teri al
e o S TRl Bt Bt T 13 Ty S P ticd 1 SRRy g™ ¢ he
|'i ght - ers t tdro@ilaBY € RAB didPldys. 330 exathbll, thddixciivd 5 by the a6 E¢h above.

striped pattern that includes alternating contiguous segments of red-light emitters,
green-light emitters, and blue-light emitters. In another example, the pixels 915 may
be arranged in a mosaic pattern, or a Pentile® pattern. The Pentile® pattern is
available from Samsung Electronics Co., LTD. of the Republic of Korea.

30 Referring to FIG. 12, a stacked transparent light-emitting device is shown. A
single pixel, or emitting layer, 1200 is deposited on a transparent substrate 1205. The

pixel 1200 includes a blue-light emitting layer 1210, an optically active reflective
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An optically active reflective |layer is deposited adjacent to the

radi ationemtting |ayer (720). Thus, the optically active reflective |ayer
may be orwohelzmede si de or the cathode side of the radPariusaeoemstors ng

| ayer. The optically active reflectivelayer may include gl ass-form ng
chiral nematic liquid crystals, and the optically active reflective |ayer
has a spectral reflection band that nay be referred to as the reflection
wavel engt h band. The optically active reflective |layer reflects radiation
that has a wavelength within the reflection band. The optically active

reflection hLayepdhansictsDibd iidht, @ grdeh- 1%H6’em1ftﬁl§'l@%i pRot Hadptibas @ wavel engt h
in the reflection band and possesses the same chirality as the optically

active ref|%8YS @ﬂeqtayéwel(ﬁéé&nwﬂ@%greet lighty ang a gedrlighg cipifingdayaron | ayer

reflects suphoradi a&aiu%)mva;@ﬁecapé hgé}hbys ﬁagttﬂeﬂ@ctsrle& Liggt i@ ayer may be
dep05|ted on a trans arent substrate such as the transgarent substrates 4,

204, 340, mmlenmtatlamdlom ielF Ko Udsvaeh albibe BghtPhiting liepas Whi2Xupst rat e nay be
ocated et PG LRGARNGR  Yan énY%hddegaseﬂR%)]%!Fa&&Q %ﬂt%{h@d@ tting

| ayer, but I'S not necessari y active
refl ective (hayshpwmethaticnutalcide amfssuospf @haﬁfglyl elaqththhie leghysmgting l@y«@). il m made

of a right- hande’l%e é‘gﬁllﬂﬁ]at o?l%ﬂ%\gnﬁ 1St gggfer nt o hgc%e vh i %&é@anded

material that is adjacen e reflection wavel engt h
band of t he9ft}plAdpadah§/e each ofitbe hgft-lemmlng/byérayﬁfewcs 120 h.astleoiretsporaiung east
partially e Si O ban o radiation-emtting
Paver - 750) PRt PR S bR SN Fes A e BRGeR ldna e B S Pl 1 y
active 1(Hyer200$11gad9:msrb@domtdﬂeobtﬂié hglalelnymaguayme id Iaﬂajtedrfﬁfnh thetadjacadi ati on

that is emtted fr t he ralat ttin However, because the

| ayers of I dupREa SRas Bibeh PP et O T T User of the devi ce

is able to ﬁeeenidﬂfaqulmhb\heuﬁe@sceA 1TRUS\s adsul] isHHssederehmonie (£ devi ce may
lications. As discussed above,

be used for in-line-of- ht .illum natio

adj ust i ng t%{eat%?teegV|0ﬁ%1&ewedrf@nteefqp&?ﬂ}e gee hell) WﬁXP%E?éI%S’H&P%erduI ati ng
the opti caItbyh@{ﬁﬁﬁrﬁlgatfogfoke@{,éggmlﬂgayer adj usting the nol ecul ar conposition
of the eftlcally active | ayer, [gphotonndulatlng the optically active

layer ater adj (Refarrieg ©OdCnbad@ #E&%Wﬁcl“’rddﬁnﬁﬁarﬁtnhbgléﬁfm@%l y active

layer. A segondiQpbigakic/ 1§-§1§dv%ea de@ﬁé@ﬁwm}{atl?@plg@ﬂ&ﬁdyts%ﬁc% aEh@m@i?t ically
active layer deposited in (720). The second opticall'y active @%b has a
0S

chirali ty t ¢farortioss efppiaskiod lghta@mlf@flg fapersophg @edlqe;}3%(bmplvé68|va§}ersl ited
earlier. éfﬁlﬁln%ga[ygegeea%ﬁ‘ro% i %Sc'ohss%a (p{;g &ﬁlseyéferﬁ‘%athé/d% RAYGEn fias a

| ef t - handed c , the seco opt | act l'ayer has a right-handed
chirality. Wheh shafd agningm tasmrangtade. b*éhﬂjcoofmanwO@eeledmﬂedmto cally active

| ayer b, | S r ti reflection
band an ad%gﬁg%gé%%gg %@%ﬁﬁg?gxgﬁ%gﬁé&ﬁ Sg%ﬁ %&gﬁ%kﬁkﬁﬁgﬁﬁﬁand of the
second opti@dkhyﬁwmuwhghdyermeSmaﬂpmmhgdmnmh@fﬁedghdﬁmphgdahhyohetive | ayer
may be bonded Hﬁ one side of the TOUPLED device. The directionally biased
transparentl? t-emtting devices discussed above such as devi ces 200,

300, 400, 500A, b@fXBer dutdl, GRAcvaY 1309 indwdds b bluattighl @dttinghdyer th1epd ay,
in-line-of-sight .illumnati a i cations,. and in al - si ded transparent
i spl oy appiFatstb e e pRE 4 EholeRuoreBE el U el TR

non- t r ars padaidtic i34tcopane thedirplghyerifithgddy@n daI0da ﬁﬂ@baréﬁtchtﬁﬂ(& BBofl at panel
di spl ays, and the Vi ces e used in transparent fl panel el ectronic
di spl ays in¢ Pi?ﬁ%l‘il‘}’i]ﬁg gew%th?rgﬁ‘? gt gige ¢yl Af andb R ShtgoPe | m
transistor jaJdri}20a6lRaRYarcRERBINE 1398t§ positRASEsEWémRhAYSen-IIEHAOCHT O
di splays, or full-color disp I%y To use the device in an electronic

emitting layer 1320 and the red-light emitting layer 1330. A transparent anode 1370

is segmented into portions 1371-1375 such that light is emitted from a particular light-

30  emitting layer, and from a particular portion of the light-emitting layer, depending on

which portion of the anode 1370 is activated. For example, activating the anode
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di splay, the GLC | ayer may be pixilated such that portions of the G.C | ayer
are individually addressable. To use the light-emtting device in an
nonochr orwodnepl4aa0s a single optically active |ayer (e.@CT/US2@C61979

scul ptured thin film that is shared by all, or nultiple, pixels that nake
up the display) may be used. For full-color displays in which sets of red,
green, and blue pixels are arranged in a spatial pattern and used to nmake a
mul ti col or display, the reflection band of various portions of the G.C

| ayer may be selectively tuned by exposing the various portions of the GLC
layer to pho@iipdgb ahd @B cath®ictiBE® cAMBRNES light M0 be BRMtcRErofARSIder ed to be
pixilated. FIGS. 8A-8C illustrate a process for pixilating a G.C, or other
phot ot unabl kehophitéralpyerdéid ve material . Referring to FIG 8A, a red-light
emtting |ayer &“%gde@}cegf@@'arsb H&hﬂe@&ﬂtfc&ll%tllf@ﬁéﬁ&t@é%ye@']%ﬂa 1Bdee- 11 ght
emtting |ayer 814 are deposited on a gl'ass substrate 820. Each of the
red-1ight ewdtlBPhdepbsiiediong1@nspetset yheese 158¢h Theenticelymgtivesedect8e2, and t he
bl ue-1i ght g Y t ly, red
i gspeelﬁ réith@ 1399 i 1§§54Tr eﬁ’?o r@h%'?sr stpgﬁgvg M ke 11%1@259%% i Hey.
reflective m@yethQSCvmnunspn®eus@mmph@fﬁmuaihﬁglB&yémsmBmﬂn18%2 and 814.
Referring t d 834 is

posi ti oned rgggcl\;se% f{ ﬁ@h% ofc u‘ﬁ\gg e (%)%t%%q%?g yéggg?rgggg{reg?@hﬁgévg&l ayer 825.

The openlng@hﬁE@naﬁﬁa&Bﬁlams1§BiaﬁiE@OQERME$pmmdhtﬁkansdhgughmmgmler to be

formed on the. o tlc v er ian | a ion 840 is
directed t‘@%F p?ﬁ% %Eggmﬁnﬁs%ﬁﬁ ‘gﬁgaﬁgégﬁé ﬁﬁ?dﬁéﬁg(ﬁ ‘%gnings 832
and 83410 0 darfHodel 13¢@, 1360,tandM370836xiathd d8Ads 1389 pieclighvid yanspdrerithe optical |y
active refle tln?yJayer 825. The portions 826 and 827 are exposed to the WV
radi ati on 8% Q sufficient anount of tine to tune the reflection band
FT Lhehporti Onshi&laﬁ FaGs. @ﬁi’cw&:mmm@ 11]3132MHEB@HSI%&Qﬁtr@’lﬂﬁar&R78r2§f lect red
ight having a heljcjty that is the sane as that of the |ayer
Subsequent | JFVICE Ht glﬁfgamnr?&g%ﬂg@eﬂm q5Eve layre Lhat P%ﬁ@dp@( ﬁlf'dfceé%om) rel ative

to the optigafltiaftdnmelidhansm oBeFids behe tRade. qfh@%c@ﬂrcbht@rﬁ%fﬂfe the optically
active reflective layer 825 are exposed to radi ati on 840. As a

resul t, 1% heepigeq light iseantslishledhrovgicthe Bmmtgwé% refsetionobrad osthe GREA Y o ref | ect

red, green,,Qfc L4 layeht Aqﬁﬂﬁﬁ'ag)' s@gthq)(‘;hgh ré’ﬁ'chta! d®icHUhAL in0d@bn the exposure
the UV radiation 840. "Referrin C, the l'ocalized irradiation of

t he opti cal digplaystinyepleapntationp genezw@lﬂtee 2@1%83 a%@é refleefoesapreeed 6 pr oduce, in
addition t i \ t green light,
and port|oﬁgﬂgé%%g%%f%ﬁ©$%?gégﬁﬂgfﬁgkcmgﬂﬁY%$ﬁwﬂW&H%%ng%%%%ﬁ%?y active

refl ecting uUsadehes@@&yidvamajpbeplapidii kKhetlimd-of-night gorsérond ufedité dhmimie be pi xel s)
that ref] ec ions that reflect green light, and portions

t hat re%i %m%%gn{%gﬁ {ﬂB%§§a result, light emtted fromthe light-emtting
| ayers 810, 812Inamﬂnﬁmﬂbmsguﬁﬂhedmednmnwd$mmﬁsp@mmhmb%yw:ﬂhe portions 832
thr ough t nererenep GrER G G S ST iR e 8P ELRRL: <
process formpmxubabyngmﬁnnmmmj@ﬂbd@manmnwﬂofﬁ%heﬁmdmﬁhbempmmn&uch as a G.C
However, appl ions in whic atlon of . transm ssi.on of ambi ent
ant s nob HEREA Giegh by kg ey B iEeat bt e Jedet ebe

r ef : ect %5/6 dighf ©f a hget Quch fichk Ve Akkimap Vi) the Qdita Rehb it OBEnHMbEIGavidydton dual |y
tailore

their usual viewpoint. The TOUPLED discussed above may be used in a variety of

head-up displays. For example, the TOUPLED may be used in vehicular HUD and

general illumination applications such as applications that display information on a

vehicle’s windshield (e.g., aircraft, automobile, motorcycle), automobile signal lights,
30  air traffic control, and visual landing aid lighting.

The TOUPLED also may be used in helmet-mounted HUD applications such

as aircraft pilot visor HUDs, combat solider embedded helmet HUDs, embedded
31



reflection bands, the optically active |layer may be deposited in a
continuous strip, strips, or sheet that spans the entire hei ght and/or

wi dt h, orwe poviss@n of the height or width, of the em t®PCmgSd@iocwro
Configurations that use a single, non-pixilated optically active reflective
| ayer may be sinpler and/or |ess expensive to manufacture than an

i npl ementation that includes a pixilated GLC. FIGS. 9A- 11 A each illustrate
a perspective view of an exanple configuration of a directionally biased
light-emtting device that includes nultiple single optically active

reflective }a¥ens hefilcBRsodBibs bBd by SSP&GIpEE Mrch 2NPWs eIy bW of a
vertical cross-section of the confi lguratl ons shown in FIGS. 9A- 1IA

Ref erri ng t¥sqry wed hnathlgtey; sugle s fopthrll helmptadeom. (Adgitonalh. thei T{PRIER ce 910

i ncl udes pixgl G RePin Acitt@NRPAUBYppBUAST &lch a?%?ital%@n theal ly active layer
925 with a reflectionband tuned to reflect red I'ight, an optically active
| ayer 930 whitlppagdsy ‘spectasuiagrorsephticaturpledisplays pebyibdings yrashdisnlghtusedand an

opti cal | i Wt h i r t bl ue
ot The o bfouloBBE, A Nilelpufi bk AR 0P L BT AL MEE Dt he
bot t om (t hemsy kieuspdingurioad elepfreric ddvecetapilivsipens ewth sulsst-eyathead®d®@0) , and each

of the opti . I WV S . ed anong

al |l pixels @%&A}%’f ﬁgx;hbc\éﬁ P%gépgﬁgfgtd?syiea%ig‘gl?eeg% ?%Q?Cg&netr%géﬁ]@%{sﬁoég%{ and 935
may be arr aapgaedtus such adla bhiepEayeglasscke synghisek oasisah8wrh demicBd 1@8; belOA and 11 A

I n operation,. t i1 xels 915 are transparent to |light and are, thus, able
to emt 11 otz Br sl Pt Ry b RERS et o R0t t orm of ¢ he pi el
However 10 t hienplldngitatiems, the @ UPL Bl@apboedrtsof A Voryi ivapéye fdap Ry in athligh teer t t ed

920, Li gt OBt DeRE DU § P THE P Or LR LA aS<edhr ough ¢ he

t r anspar ent wBiHds ty@adueh QR2Dconndt es. ik ITOURED 1916 QR ndly bk hdlvayer s 925, 930,
935 that has a reflectiaon band that includes the wavel ength and chirality

of the | i ghteroRHdeEdn TGN HecOBIPRET ISRy, RYERISICECIRIRleV S48 ehtt s bl ue

light that passesifidromidhalifol At playdrhQligHak@im P ctshGogabvitdeangubst rat e
925 and through the red layer 925. The light is then reflected fromthe
bl ue | alfer DFFoRKAHKSts through the top of the pixel 918 as blue light.

The blue light fiemdite B 18 mSL& dees Jielo-LRAGR d-beeOheatnlmyer 935. The
pi xel 919 emts green light that fromthe bottom of the pixel 919. The

emtted | i gHPUPLRS &gnsppientdtplavivxal agtrzps ingalapsd vaigt phpto-daigeéats 9p® and t he

bl ue optica i ) i j fromthe
green opti glgie)férf?egtcc%rl&\ﬁ/ték a%rgl %égghﬁ%ﬁé&r%gﬁe%lg%S?I]Ellg%l{dﬁl&éle r ang)rri tted by the
bl ue opti caditcyitathd T@UPRERrls9 3@y bt heedriestiewpicopialdisplagchor theeet ayer 925, t he

substr 92 he. pi xel . X j . en |light.
The pio openfRALbREREbY Sherthi et s W ARl e BhE ™" o e
i ght is redrbaskfedn fsiopghetlO8RIED digilaycddvicg. Eadthiofehel iopess iORMemted exits the
device 910 as red |.ight i.n 0, Fl. 9B, a side yiew, of a vertical
Cross-sect i%?\h %H'P%%&ﬁg\;ﬁd(@%lf( %T(%élﬁt ar lg%ude’toﬁéleﬁr%r?ém’ ﬁehc:ﬂg' shown. As shown
in FIG 9B, pdaizbd bghtt Bechoplyste@lnhay raqiide e Jiaye tewoi bye-934,possachind35 ar e under
t he pixels 917, \ 9. Although not shown, the optically active |ayers
025, 030, * attir s iired Gies S ARIGH HHETT BTRHSET S R SREr ST BIERET or 1 1 ng & o
FIG 105 shewsrard pekipegldyve view of a directionally biased light-emtting
devi ce 1010. The_di spl ay device 10%i0 S s% ilar to %h devj ce 910 except
that the pi xel s T4 IHS Yoo Helebn dibleTisp peapy: MAEPYGE)EFs 925, 930,
aEd935_ r atFlh%rsuémm@@, W GUTAIEIP@VRRE ard jhisddrsatieat 9@ Qespbdlivk BFtidalp! €neNt at i on
shown in

active blocking layers of each device are adjacent to each other. Light is emitted from

cach device in opposing directions to create a display that is active on two sides that

30  are opposite to each other. The TOUPLED also may be used for illuminating an area

and in active electro-optical camouflage systems.

32



10A, the optically active layers 925, 930, and 935 are deposited on the
transparent substrate 920. Thus, in this inplenentation, light emtted from
t he bott owoabiodassopi xel 918 is reflected off of the bl uecoatseaalobywracti ve
| ayer 930 wi thout passing through the transparent substrate 920. This

i npl enentation may result in inproved performance (e.g., increased
brightness fromthe device 1010) because of, for exanple, reduction in

| osses caused by |ight passing through the substrate 920 as the |ight
passes fromthe pixels 915 to the appropriate optically active layer. FIG
10B shows a si defOUIQYEIQEIev@ceYﬁfa%b@ﬁéed%ﬂﬁﬁm@—@f;&ﬂgﬁ%rﬂhﬁﬁmﬁt% geyikce 1010 taken
along the line "B". FIG 1l A shows a perspective view of a directionally
bi ased | i ghtightipg t ForsEerae: QUMY mayberused Baicedmenged appastyitkel s 915 are
deposi t ed 8;53}0%9@11&%! bﬁ&uﬁlﬁh@lh%gatloﬁnﬁe&mge tﬁpﬁ“b@@tbb 1@&511515561&%5&1 &Gkd ve layers
925, 930 are bonded to the pixels 915. In this inplenentation, the
opticall y aleght rempoag Blé@;tthwleariawntgd amerar@rmﬂefd)ecmpuateéelpﬁaﬁémeofs%@t rate,
tuned sugch [ r. e, een, or

bl o 15 gt e Fhaeh (s aeR e F el SEHLADIBRURS if fhiihed B (LT,
light is pr@%Eﬁ%ﬂﬂ&aﬂhythmﬂ@edﬂﬂheﬁOUﬁéEDoﬁfﬁﬂﬂﬂﬁeabnm@W@@@&EJnrefIects

of { of the 20RroBL| LS PBELCANL Vi BE KolBick BHETo RS SRS BIEIOUARL e pi xel s

915 agai n, evi ce roug ranspar en Slbstrate 920.
In such a degﬂgnpw@hed$ubsmwaMHMSQ@wduwtpnmmnﬂémprmmEmsbqnlﬁmrmmhe pi xels 9
15 as wel | FIG .11 B view of a
vercican or Qo tuBedion JRte TOURREPLM B o ok S ERE PrBreBh R " T The
exaaneH)shmmmcmmwﬁlGS 9A-1 | A the plxels 915 are arranged in a delta
configuration | gq¥§%é€ 1lthat mt a | ar co are arranged

al ong di agonal ‘ﬁ&ger @pother pad F%EP%aﬁf%tHh © parapht %ﬂ@&“ln ot her

confi gurat lmexadf;a& aftfiugh Wd, BRt &nfl @fecERhttinfdrays disb@kedewav@bsier t he pi xel s
915 may be arrangeg |n a striped pattern that includes alternating

cont i guous C&YHBAY BeB*dred-1ight emitters, green-light emitters, and
blue-light emtters. In another exanple, the pi xel s 915 may be arranged in
a nosaic pattern, or a Pentile(r) pattern. The Pentile(r) pattern is
avai l abl e from Samsung El ectronics Co., LTD. of the Republic of Korea.
Referring to FIG 12, a stacked transparent light-emtting device is shown.
A single pixel, or emtting |layer, 1200 is deposited on a transparent
substrate 1205. The pixel 1200 includes a blue-light emtting |ayer 1210,
an optically active reflectivelayer 1215 that reflects blue light, a
green-light emtting |ayer 1220, an optically active reflective |ayer 1225
that reflects green light, and a red-light emtting |ayer 1230, an
optically active reflective layer 1235 that reflects red light. In the

i npl enentation shown in FIG 12, each of the light-emtting |ayers 1210,
1220, and 1230 are associated with a transparent anode (not shown) and a
transparent cathode (not shown) that controls the em ssion of light from
each of the light-emtting |ayers. The inplenentation showmn in FIG 12 is
different fromthose shown in FIGS. 9A- 1l A because each of the
light-emtting |ayers in device 1200 has a corresponding optically active
reflection layer that is adjacent to the emtting |layer. Thus, in device
1200, light emtted fromone of the light-emtting |layers is reflected from
t he adj acent |ayer instead of traveling through multiple |layers as nay be
the case in the inplenentations showmn in FIGS. 9A- 1IA As a result,

i nproved performance (e.g.,
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greater intensity of light emtted fromthe top of the device 1200) may be
realized due to the mnim zation of waveguiding. Referring to FIG 13, a
TOUPLED awoaorvm@sdoed transparent light-emtting device iPSTAlsoa/06MrG 13
shows a device 1300 that is pixilated by selective activation of portions
of a stack of light-emtting |ayers. The device 1330 includes various
lightemtting | ayers, each of which have a correspondi ng transparent

cat hode, and each of which share a comon transparent anode. The conmpn
anode is divided into separate segnents, and activation of a particular
segnent of the appde 18wd Anerofs:t he cat hodes causes light fromthe
corresponding portion of the light-emtting |layers to be emtted. In
greater detail, the device 1300 includes a blue-light emtting |ayer 13 10,
a green-1ight enttingd,@¥&int &@&gonﬂﬁgaﬁzeﬁ%ghﬂ— i fingQRViEL EddhrsAyer 1330. A
transparent cathode 1340 contacts the blue-Tight emtting l'ayer 13 10, a
transparent cat lhdtasppBDarode piskd rgngpreent pebedsen t he bl ue-1ight emitting

| ayer 1310 and t : en-:].i i bL d a transparent
cathode3%360 isag%%?%ﬁgﬁggbg2%6@%%£%ﬁgﬁa#géﬁéwﬁgﬁ%mgﬁgtting | ayer 1320 and
the red-1ight enmntopiicaly betpencii8@e:. laykr ithngplacaert baad doemi®%G | s segnent ed
into portions 1371~ t i i ] r L cul ar
lightemtting | géycélrr%ﬁgﬁ%ds#?o%ﬂam%ghe ?Jélﬁﬂpgsfsesg%qﬁ%\?ege% ofbgﬂgfr?@ét&én- emtting

| ayer, depemditagfran tiwhadibtiquemtiitmg laykr, theevpdcrdigecth@1hi Hockitg lepyired. For
exanpl e, acti%%Fin .éhg anode ortLgn }372 and t he cathode 1360 causes red
i ght 1380 @81 e "ehi' %Ot@%$ll ?%%nlgﬁl%GHFH mtting |ayer 1330. The device
1300 al 8 i ncl udaingptdncaibktyateatjices to eeloptddally activayeficstile38oer. 1390, and 1395
deposited on a transparent substrate 1380. The optically active reflective
| ayers 1385, 1390, and 1395 are tuned to reflect, respectively, blue light,
green light, ana.redThé @hice oEeRInh MUl geithe RadidiRn Xapg Gyef cobdpeisdsed |1 ght
1380, the red light 1380 reflects off of the optically active reflection

| ayer 1395, fF&RiyhEemiiing AYSugh the other optically active |ayers 1385
and 1390, neither of which reflect red light, through the transparent anode
1370, the light enitting | ayers 13 10, 1320, and 1330, and the cat hodes
1340, 1560, and 31370 Thedeigetof elain devherdn theapliztionsuyting ReChSoORWERAr ent

cat hode 1370, indbhise 1i tgﬁmﬁ§$m§gz 9A-1 IA 9B-1 IB, 12, and 13 all show a
transparent device that includes an optically active reflective |layer that
causes the device to preferentially emt |light fromone side of the device.
The spectral content g i i I; ) : ough t he
tuni ng of the rg%lecgﬁ%%;ﬁgﬁﬁg%pﬂ?ﬂgkgggﬁgéfI€%%§§§%gﬁﬁg§g%ﬂﬁr | ayers. A
user may se@nphsoughaguehloperigi. ce, thus, in addition to displays, in
inplengﬂ}ations where pixilated optically active reflectors are used or
where optically active layers with a single chirality (i.e. left- or

ri ght - handed) arse us@&t déviesd cdaw il dfeshareymyasing aleddtranspdrhleydrilopstedf - si ght  of
a user and used to0 BIIug}gﬁt%’%ing ion in view of the user. In addition to
bei ng used]%ﬁw?ﬁe€§¥8ﬁaaﬂ %ﬁgpﬁ%y Nelt i°0fHied above, the transparent |ight
emtting device nay be used in transparent head-up displays (HUDs) for the
di splay of informati r.for, use in virtual .or augnented reality
applications. A eadf}ﬁ%8 W?ﬁﬁﬁ@“ﬁﬁyﬂﬁgﬂ80??%Wﬁﬁﬁ%%§hmﬂP@ﬁpﬂ§%yﬁét presents
vi sual mhat alotdled tRevdeh Aig-radisi@dmitting layer and the cathode.

7. The device of claim 6, further comprising an electron tunneling barrier

layer located between the cathode and the electron transport layer.

30 8. The device of claim 1, further comprising an electron tunneling barrier

adjacent to the radiation-emitting layer.
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of a user such that the user may view the data w thout having to | ook away
fromtheir usual viewpoint. The TOUPLED di scussed above nmay be used in a
vari ety ovohresdusmedi spl ays. For exanple, the TOUPLED ne¢ThiS200906/107N

vehi cul ar HUD and general illum nation applications such as applications
that display information on a vehicle's windshield (e.g., aircraft,
aut onobi l e, notorcycle), autonobile signal lights, air traffic control, and

visual landing aid |lighting. The TOUPLED al so may be used in hel net-nmount ed
HUD applications such as aircraft pilot visor HUDs, conbat solider enbedded
hel met HUDs, enbeddedps dveetdr¥Rinhe] WRkeil e QfcaldPenusREtiddYayef Or exanpl e,
search and rescue workers, and visors used by athletes, such as foot bal

hel met vi sofOEIPrisgsci nonBRrgNISconneandreligbirorgpais light eraigimeimelegulchi t ect ural HUD
applications, such as digital signage (e.g. billboards, "spectacular" or
architectural displaxs on‘buildings), retail displays used for
narrowcasti ng, dfd wlheléwiqewdalesr2lovhessibedded di spl ays. The TOUPLED al so

may be ed in persopnal pJ AT i i i near - eye
head-upqgisplays, inﬂ%ﬁ?%ﬁﬁ?ﬁ%pgg&ggﬁyﬁ?%g@g%é%%%Hgﬁa?%a#%?ggﬁgged on to a
head nount elduahpastals ((SLGU gt as cmbghlicd wath oegpaigllightsasifting dnpingssls or  vi sor .
Such devices may be ytil.i . MITt (BRYH augnented reality
applications. In songwfﬁ%%gﬂg%ﬂgwﬁglé%%kﬁéﬁg%ﬁéﬁﬁgﬁnay be part of a very
near - eye display, in which the TOUPLED display device is integrated on a
curved surface intended.for direc ontact with the eye. such as a contact

| ens. The TClJPLé ‘degﬁ%gevéﬁesogcﬁﬁ?/&’b"gheﬂ%% eJ\ﬁaPWa]ﬁgﬁ'c %ﬁ‘f SESBRYy op and | apt op
conput ero di gpdrayseleqdé.abl e el ectroni cs devi ces such as PDAs, cellul ar
phones, digital nusic players, digital ganme players, GPS devices, and

el ectronic readers. The TOUPLED al so may be used in photo-sensitive devices
iR whi gh t he TOUBLEDTh¢ adveRaif €Rim i, Siteyn tﬂblﬁ@rhspﬁlﬁﬁtl’obﬁggﬁesils ofd &d aceclil/'3 W It h
phot o-detecfors on an integrated circuif, such as a Conplinentary-Meta

Oxi de Seni clSHERIBEMSHC %le&\t@ésalaaarlaiﬁ-@?ta REHEIYLED al so may be used in
stereoscopi c displays for threedi nensional view ng of electronic inmages. In
a stereoscopic display, two inmages are created froma single TOUPLED

di spl ay!Yevi ce. ll%acth? devirs of g Whergie Hietapdredf anrdisi2iPiBol ari zed TOUPLED
pi xel s that,@fi-bd BdtRdeOr nearly pure, helically polarized light. Such a
systemmay require the viewer to wear eye-wear possessing polarized
filtered lenses to permt each eye to perceive the two separate inages
generated by the,dis : i -si.ded

t ranspar ent disgﬁay 2%%%?%%??@%§£§fﬁk%ﬁ%ﬂﬁﬁPQ%Pgégg@{ﬁkgﬁ%ﬂ%ﬁ%D devi ces are
j oi ned so tdvatprisdsempebplegicillyestabp glealforynizgehinbndpiagic kijwid ciyatger s of each

devi ce e @ﬂkﬁ ent to each other. Light is emtted fromeach device in
opposing directions to create a display that is active on two sides that
are opposite to each other. The TOUPLED al so nay be used for illum nating
an area and in tive electra-optical capoufl.age syst . TQUPLED devi ces
mmy be-used for -1 TSRl R i Plerd AR ARG SR R e g For
exanpl e, TQdRIpERS andhyletrericisgmit ¢ripstél. head- nount ed apparatus to provi de
head-mounted il lum nati on. Because the TOUPLED is transparent and emts
light fromone side, the head-nounted apparatus nmay be nounted in the |ine
of sights of the 1gser Tat@dvidehAtlatnh @ fiir@@t @MprRingAGedondGp@atiph@it of the user
is iIIuninatEd while the

retlective layer adjacent to the optically active reflective layer, and wherein a
reflection band of the second optically active reflective layer has an opposite chirality
to that of the optically active reflective layer and at least partially encompasses a

wavelength band of radiation emitted from the radiation-emitting layer.

30

35



user also views the region through the TOUPLED. TOUPLEDs al so may be used
in systens that use and/or provide visual feedback. For exanple, TOUPLED
devi ces ™9 2bw/d4moegr at ed on an i ndustrial or nedical becoase@e/obens, a

m croscope | ens, and ot her inspection devices. TOUPLED devices al so nay be
used with or integrated with caneras. It is understood that other

nodi fications are within the scope of the clainms. For exanple, although
red, blue, and green light-emtters are di scussed above, other colors may
be used. WHAT IS CLAIMED I S: 1. A transparent directional polarized
light-emtting devi cene@diiciottRen 18 WHcANSRALRBAd GRAE RN RAbdRBSPar ent
cathode; a radiation-emtting |ayer between the anode and the cat hode; an
optical |y aeysrgempises metnhglogicallettablg glpssoinyng il ppmagig fguid kastalvat ches a
chirality @t least partially enconpasses a wavel ength band of radiation
emtted fromthe radiation-emtting |layer, the optically active |ight

bl ocking | ayer | ocated on a side of the radiation-emtting |layer; and a
transparent subskrat ¢y agl 3R 1k 1 AR AR IHeGBhd reRCHbYSodaGhd €Cti ve | ayer. 2.
The device of claim1, erein the radiation-emtting Tayer conprises an
organi ¢ | i giranseandnt tathagleltraysnit vigibleTigbt. devi ce of claim 1, wherein the

radi ation-emtting | ayer conprises an inorganic light-emtting |ayer. 4.
The device of claim3, wherein the inorganic light-emtting |ayer conprises
a quantum dot en®t t efThe &evicEhé cldew il oehendin theaptically aftivetréfexcticoapri sing a hol e
transport | ayer. IocaHed %ﬁ%mgﬁn t he anode and the radiation-emtting |ayer.
6. The devi€ I%?%5V5TR¥%2 Ut fer conprising an electron transport |ayer

| ocat edibet ween the radiation-emtting |layer and the cathode. 7. The device
of claim®6, further risi an_el ect.rgn tunneling barrier |ayer |ocated
between the cat Rdde AMHUGHE SLPEEY oHasia e b e pary Eompiiseiovi ce. of
claim1l, fuwhidehate@pPri sing an electron tunneling barrier adjacent to the
radi ation-emtting layer.9. The device of claim2, wherein the organic
light-emtting | ayer conprises a non-racem ¢ conpound of chiral organic
light emitting mol ecul @shodlékfabthetbeMp BRized ligltaiimide JWRR! @t Rictobe or gani c
light-emtting | ayer conprises glass-formng chiral nematic liquid crystals
(GLCs) thatcosmesiBibedded with organic light-enitting dopants, and the
organic |ight e%ﬁﬁihg]graldﬁlﬁ&{—el’ﬁﬁﬁﬁgslaféﬂ'tﬁ@}adia{i&hémitt% laydh oG Wirp® Of claim 1,
wherein the transparent cathode is a spin polarized el ectrode.” 12. The

devi ce of cldiptentamittjiganas¢rial eddiguied fsqiaif wdatiemhavine wayvelsagth gfcluged
ferromagnet ] i r evi ce of

Cl ot m o b VFF B, Gt ahd s Ak & B REh SR i " s
The devi ce ®frangpagntecdthodsherei n the optically active reflective |ayer

20 depositing an optically active reflective layer adjacent to the radiation-emitting
layer, the optically active reflective layer comprising glass-forming chiral nematic
liquid crystals (GLC) and the optically active reflective layer being configured to
reflect radiation having a wavelength included in a reflection wavelength band of the
optically active reflective layer; and

25 adjusting the reflection wavelength band of the optically active reflective layer
to at least partially encompass the emission wavelength band of the radiation-emitting

layer.

22. The method of claim 21, wherein the radiation-emitting material

30  comprises an organic light-emitting layer.
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conprises norphologically stable glass-formng chiral nematic liquid
crystals (G.Cs). 15. The device of claim1l1l, wherein the optically active
refl ecti weol2ayams@onpri ses a cholesteric liquid crystal PCIAIS20006We¥i ce of
claiml1 further conprising a second optically active reflective |ayer
adj acent to the optically active reflective |ayer, and wherein a reflection
band of the second optically active reflective |ayer has an opposite
chirality to that of the optically active reflective |layer and at |east
partially enconpasses a wavel ength band of radiation emtted fromthe
radi ation-em tting | ay@methdd ofliBntAY Wh&cRfadfb@ighd Mg Wl fetdie second
optically active reflective |ayer conprises norphologically stable
gl ass- f or mi bgd ehihe aptiaByragtive reflegfificdayer gupRiises: (GLCs). 18. The devi ce of
claim1, wherei 'he&tlh% tﬁé@ﬁb’%&%ﬁﬁ%c P AR At ery s RABRA S ss cat hode transm t
visible light. 19. The device of claim1, wherein the optically active
refl ective Wraaydipn teoyppraiusecl g ardrgapt entesdl pomitATE)iof the eos-formamggdiilce of cl aim
1, whergin -emiting |ayer conprises a chiral material. 21. A
method of f% rlnlc":g |Er11§‘(ay§qaf5’o| arized light-enitting device, the method
conpri sing: for nirmbatmgthedipticalyraceyd retléatige laggrevith dléneromaghictit ragiationi t ti ng
| aver comprics) g 3ufLAd ArAQ0: RTIH HIGLABESI Al FARLLAISE GRA ¢ radiation
havi ng a wave engtﬁ Pncluded In an em ssion wave eng band and bei ng
di sposed bedcvieerflective daysipaneietst proaly @odmpass tharsipaie wavdaigtobmd ofleposi ti ng
an optical It}é a%t i.ve rq{.l ectti vg. I gyer adj acent to the radiation-emtting
| ayer, the f)fai bagPlil'§mhélf% VEPErtective | ayer conprising glass-formng
chiral rematic lcogitigdhesptistlpl &ti¢Ee@pctiinthybhe aaphpealk pelactthvgassef | ecti ve
| ayer being configured to, reflect radiation having a wavel ength included in
a reflecti o?ﬁ“ﬁ}&%%&}?ﬁ‘{aﬂlr% of the optically active reflective layer; and
adjusting the reflection wavel ength band of the optically active reflective
| ayer to at least partially epnconpass, the enjssion wave| ength band of the
radi ati on-eni t tiflg |§§%m.eth9@é.ofn HIE! Heb RO ndra it e feoPiCHGERIS ¢ he
radi ati on- egfiédive Gy BRoBipigds 1GRRRIML SROpALIRTB@R Bildckighlay@ridifnt | ng | ayer. 23.
The nmethod of c¢laim?21, wherein adjusting the reflection wavel ength band of
t he opt lTal tijavielet (&) rakqtiot i ve | ayer conprises: heating the gl ass-forning
chiral nematic liquid crystals above a glass transition tenperature (Tg)
and near a critical point (TCI) of the glass-formng chiral nematic liquid
crystal s; irradiZati nghe methedel daim 3, wherpipadiustingdhe reflection yareloatin
el ectromag i i al i E i f1Cl alter the
Fer i ccti on el BRapRAOR e el TR L A Gt EhBRbub® 2 SVer o at
| east part i @nippsitocoithaglesstthaniagtlos] mamanaVighidegtstalsband of t he
r adi atiﬂp-em' tting material; and cooling the optically active reflective
| ayer t0 a tenperature bel ow the gl ass

26. The method of claim 21, wherein adjusting the reflection wavelength

band of the optically active reflective layer results in changing a width of the

reflection wavelength band.

25 27. The method of claim 21, wherein the radiation-emitting material

comprises an inorganic light-emitting layer.

28. The method of claim 21, wherein:
the optically active reflective layer comprises a first GLC film made of a right-
30  handed glassy cholesteric material, and a second GLC film made of a left-handed
glassy cholesteric material, the second GLC film being adjacent to the first GLC film,

and
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transition tenperature (Tg). 24. The nethod of claim 23, wherein
irradiating the optically active reflective |layer conprises irradiating the
opti cal | ywacvinvasgoef | ective | ayer with ultraviolet (UV)PcadiSaimwono7®5. The
met hod of claim 21, wherein adjusting the reflection wavel ength band of the
optically active reflective |layer conprises adjusting a nol ecul ar
conposition of the glass-formng chiral nematic liquid crystals. 26. The
nmet hod of claim 21, wherein adjusting the reflection wavel ength band of the
optically active reflective layer results in changing a width of the
reflection wavelgngtdy tRéRdectBf walfiendibads e oplicllNadive BRI Bydrhe

radi ation-emtting material conprises an inorganic |i glht-em tting |ayer.

28. The netdwowrisss adjugting 2molegiha rgiapf thayighthrnded plagsy ghelpsjeicraqtered t | ve | ayer
conprises a,fidisf-hided blab P MBIEG R mAekid ght handed gl assy chol esteric
material, and a second GLC fil mnmade of a |eft-handed gl assy chol esteric
material, the second G.C fil mbeing adjacent to the first GLC film

andadj usg 1 ng_t heo! ef Hfe A0y P AREAIRANS st erRBlloiBbidotd | Ve
reflective |ayer conprises adjusting a nolecular ratio of the right-handed
gl assy chol @xsicdliastivatc8edtiat layer, thhendleshitar bamppeidion blasly the Hiodt €41Cefilic mat eri al .
29. The net of. .cl.ai rein, to adjust the reflection band of the
optically a{:ht(a?}beese?og}dﬁﬁe@ ﬁf\gnear%ggﬁel%&t he nol ecul ar conposition of both the
first GAC filmand the second G.C fil mare adjusted. 30. The net hod of

claim?2l1, further conprisjng..de it a second optically active
reflective | aye?’obn fémS%ng(?%ﬁ?lg‘ozéchr@% FEPE8E ve | ayer, the second
optical 1ty acti velep@itingatstaoad bpiyatly antde tdfcivatliyeabh sheaptidallg actbkl ecti ve | ayer
havi ng opposij.te cri rali t%/; gmd. justin thelr efl ection wavel.ength band of

t he second r8b‘f“i“¥%\ ayer BeoFPRd PRIFPIC G "ggEr 16T i hedealactY Gl | y
enconpass thfekint BstraRvivavppRngétirangnghof the light-emtting layer. 31. The
met hod of cl aim 30, wherein the opti cae)laly active reflective layers are

! P
deposi t ed conseldiing the reflpgiop sryeengtyprodel B sfrgnt OBEAL 8¥VE he” second

optically aghéxiQc 29 t6 6t ledkepdrBdBTentSmpdi 18 bREks 0N wav &R B oftABSt rate, and
the opti cal I%&actl ve reflective layer is bonded to one side of the

t r anspakent IEFAHIIBEEYIi ght emitting device after the reflection wavel ength
band of the second optically active reflective |layer is adjusted. 32. The
met hod of claim 21, wherein the optically active |ayer is deposited on a
transparent substrat éhe Bgthodpiclam Worherpindheaentcdly, aclirric8eative e r anspar ent

Su Sﬁi rate ! gé)pﬁ)g@egg?ps%éms& B SRR ISRV Mn AR bhRo RS deElioYRedugy er and the
active reflective layer is adjusted on a separate substrate, and the optically active
20  reflective layer is bonded to one side of the transparent polarized light emitting device
after the reflection wavelength band of the second optically active reflective layer is

adjusted.

32. The method of claim 21, wherein the optically active layer is deposited

25  on a transparent substrate.

33. The method of claim 32, wherein the transparent substrate is located

between the optically active reflective layer and the light-emitting layer.
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