OBNOV 2006 WO 03/096757 PCT/ US03, 14600 FEEDBACK ENHANCED LI GHT EM TTI NG
DEVI CE CROSS- REFERENCE TO RELATED APPLI CATIONS This application clains the
benefit of U S. 5 Provisional Application No. 60/379, 141 filed May 8, 2002,
incorporated herein its entirety by reference thereto. This appli ca&bgn S
related to PCT/USO03/14590, filed on May 8, 2003, (Singapore Appli&'ﬁ A006
Nunber 200406440-8), and entitled "LIGHTING DEVI CES USI NG FEEDBACK ENHANCED

LIGHT 10 EM TTING DI ODE, " and PCT/ US03/ 14589, filed on May 8, 200S,

(Si ngapore Appl.i i.an Nunber 200406449-9), and entitleg.”Dl Y DEVI CES
USI NG FEEDBACE‘L'E@IE&’ D LIGHT EMTTING DI ODE, " whi ch ag% "f[gé”a?ﬁ"@ns are

i ncorporated herein in their entirety by reference. 1is TECHNI CAL FI ELD The
present application relates to |ight source devices, and particularly, to
f eedback enhanced |ight reaweidd mRpasient ceesaT 2O TBAGKERADED Li ght em ssive
devices in the W visible and infrared spectral regions have a vast nunber
of applications but present an even |arger nunber of 25 technical and
econoni ¢ chal | enges. mecéb@?'—rlﬁﬂ%cizsroi &mg%ﬂ iaGh &L LR 0oduci ng the desired
out put |ight because the efficiency of producing output |ight my be
reduced in any nunberpipfapi@difon difhs @XBIRERF UG, gt may be internally
reflected at refract.i.ve;index. bqun €S ~ah, 30 i t.ed rgy state may be
converted into he%fw_'?‘%[fah’élfnﬂ 'C%&f'?g(r??%ll '{9??5%@%)1\{%? ,’?gﬁﬁéﬁ%ﬁ) %ﬁgetd ate may be
converted into |hegpt itsantisgtypyvelpanfgeherain Akl appligaiion isdelerd @9 0gNOv 2006 WO
03/ 096757 PCT/ USOBITYYB@01 4380; led mg My 8r200avel engt hs, for exanple, infrared,
ul traviolet; |ighiingsrdeppibsion Mesbd2oc0op0rseRhd bayet S

“LIGHTING DEVICES USING FEEDBACK ENHANCED LIGHT

© 10 EMITTING DIODE,” and PCT/US03/14589, filed on May 8, 2003,
(Singapore Application Number 200406449-9), and entitled “DISPLAY
DEVICES USING FEEDBACK ENHANCED LIGHT EMITTING

DIODE,” which applications are incorporated herein in their entirety

by reference.
15

TECHNICAL FIELD

The present application relates to light source
devices, and particularly, to feedback enhanced light
emitting devices.

20
BACKGROUND

Light emissive devices in the UV, visible and
infrared spectral regions have a vast number of
applications but present an even larger number of

25 technical and economic challenges. One challenge ig in
efficiently producing the desired ocutput 1 ight because
the efficiency of producing output light may be reduced
in any number of ways. For example, light may be
internally reflected at refractive index boundaries; an

30 excited energy state may be converted intc heat rather
than light; an excited energy state may be converted
into light at a wavelength other than a desired




I
of the device including the light emtting material itself; and/or the
em ssive materials nmay have poor 5 charge carrier injection efficiency.
Because of these and other inefficiencies, the radiance |evel ppqaggegsby
a presently known em ssive device may be insufficient for a particular
application unless the em ssive device 1is overdriven to achieve the desired
radi ance. 10 Overdriving a |ight em ssive device, however, may further
reduce its efficiency and useful |ifespan by increasing the anount of heat
generated. Further, |ight em ssive devices made with organic light emtting
di ode (OLED) n¥P&YYHF’s present 15 difficulties in fabriREatUpEAsTypi cal OLED
light em ssive materials include polyners or small nol ecules. Polynmer OLED
materials, however, are difficult to produce because of solubility or

chemi cal conpati QjLiiMgrPEP SR TH LRET exa@bidioUghasaml | nol ecul es have 20
sufficient vapor pressur %_sycgttmgatqet&esogoéde ul.es may be  deposited onto
substrates by vapor deposition. aral’l ol ect] & CLEDs presént different
probl ens in that h&le deiee feehEATE &Rt y 1alid ST PR PRY R agi le. It is

possi bl e t 0 over copel it hegidord itBadwasdiagemtyial® Hagrimgsg-dopnki ng t hese pol yner
OLED and snal s nehegdd €a/hEDinf@t edd 8hScl Pl GbLB LRSS | | Nked OLED

material. O oss-agj@1 nolﬁglg 5 Qcpg;lg&gho&%, r;Qﬂ‘é‘ﬁé{ae eqalymrd@gl&c t he conversion
t he t

ef ficiency of excitons to otons to . poln EWnere a_ useful |ight
em ssive devi ce GoRESRBTYIPBSNES VST 'Y PP i gRt B/ ¥Si ve devi ces nmade
with inorganic KErght perkirtiamgrrt saei¢r ED)espatber ¢nbgiveadayirow efficiency in
t he conversi on ofisefet@yve thi ghteveThiee dbweefhitineacy results from several
factors inclugi ng, 3%, M98 ARSQLPLEQR:+d aldiRel RBLHRR Gali Ot enitting
materi al and di fffl ul ty Jin gggglfhrégerlml gggd ggstfugflitfbse .hnorgani c 2 08NOV2006
WO 03/ 096757 PCTICEGSF TRENG reney pan by
increasing the amount of heat generated.
Further, light emissive devices made with organic
light emitting diode (OLED)} materials present
15 difficulties in fabrication. Typical OLED light
emissive materials include pelymers or small molecules.
Polymer COLED materials, however, are difficult to
produce because of solubility or chemical compatibility
problems. Further, although small molecules have
20 sufficient vapor pressﬁre such that the molecules may be
deposited onto substrates by vapor deposition, small
molecule OLEDs present different problems in that they
are mechanically and thermally fragile.
It is possible to overcome these disadvantages by
25 cross-linking these polymer CLED and small molecule OLED
materials to produce a cross-linked OLED material.
Cross-linking OLED phosphors, however, may reduce the
conversion efficiency of excitons to photons to the
point where a useful light emissive device does mnot
30 resuit.
Similarly, light emissive devices made with
inorganic light emitting diode (LED) materials have low
efficiency in the conversion of energy to light. The
low efficiency results from several facters including
35 high absorption in the inorganic light emitting material

and difficulty in coupling light out of the inorganic
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light em ssive material due to the high refractive index of the Iight

em ssive material. The overall efficiency can be increased when @y

em ssive devices also include other elenents such as a nulti -I%@g %B
dielectric 5 distributed Bragg reflector (DBR), which are expensive

manuf acture. The overall efficiency increase, however, is limted by the
light |osses in the DBR Al though the | osses in the DBR can be inproved
through the inclusion of index nmatching | ayers, the index 10 matching

| ayers increase the cost and the nunber of layers in the device, further
conplicating ne@®PEETuri ng of these devices. Further n@c®vstatwsitough
additional elenents may be included in em ssive devices to inprove a given
15 characteristic of the devices, the inprovement of a given characteristic

is often a tradeof Lhme&lgsaognngegmamag%t 9{31 SldrC adoahsagoppl i cates the
em ssive device yirin ddi ti onal gess%\q gqu s to formthe

addi ti onal el ene thngJrghéx f':‘eve ‘ﬁatﬁﬁllatll t¥Ffc distributed
Bragg refl ector (BBRe befrepedudied 1lt‘3ét|er?t}f5%13’§edet"h€esaﬁﬁmt of stinul ated
em ssions in the inenigesétiher |eaywentat subhescoshiof - laystibséizntdial anount of

l'ight being | ost algmgxtaaaﬁﬁgbmgafh@aeefanmy azhlsga 4}% edtgaglidded to reduce the
anount of additi ¥%t | os,;he 25 rSiJl 5&% 1 c m rQos\/\e/‘ever greatly
o) Pa A the §n ¢h

i ncreases the nu evicéds al so can be

expensi ve and slbﬁ\')\?"teé plrso%ﬂ%ée‘i \)’\’Mlqhé Baby 1pFe87i th (B° MBRgi nal i nprovenent s
to its charact erirdthamgh tha Ydseexdsethef DER eanl be -ioptoed ermirggihve devi ce, the
30 chal | enge of phedueingoefki Gl@ptnatight 0Feid, | A deaexces becones greater.

This is becauge theashyugtiye, {]remethed@xgtcs?@ftgs%w es a greater number

of nore conpl ex struc ur es ol ors e, addi tional
conpl exi ty adds f@¥¢Het” ﬁP%c?&‘é’s’iengf%fléeﬁsco f‘@%%‘%&‘?‘&ﬁg‘éﬁ %38°% he cost and
conpl exity of thefndsat devifesng process while reducing the yield and
out put. The added 3 Furthermore, although additional elements may be

included in emissive devices to improve a given

15 characteristic of the devices, the improvement of a
given characteristic is often a tradeoff with another
characteristic and also complicates the emissive device
by requiring additional processing steps tc form the
additional elements. For example, a multi -layer

20 dielectric distributed Bragg reflector (DBR} may be used
to increase the amount of stimulated emissions in the
emissive layer at the cost of a substantial amount of
light being lost. Index matching layers may also be
included to reduce the amount of additional light loss.

25 Such a method, however, greatly increases the number of
lgyers in the DBR. Such devices also can be expensive
and slow to produce, while cnly providing marginal
improvements to its characteristics.

In the case of a multi-color emissive device, the

30 challenge of producing efficient light emitting devices
becomes greater. This is because the structure of the
device often includes a greater number of more complex
structures to handle multiple colors. The additional
complexity adds further procesging steps, which increase

35 the cost and complexity of the manufacturing process
while reducing the yield and output. The added

3
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0 8 NOV 2006 WO 03/ 096757 PCT/ U503/ 14600 Structures require nore precise

positioning and are nore
surfaces. Additionally,
rendi ti on because the use
need exists for a nore e
enhanced light emtting d
conprises an emn ssive |ay
em ssive |layer is adapted
reflect at | eastweene of
stinulating em ssion. 15
| ayers has at least inp
refractive index rofile

pl ane of a respel ’mﬁﬁnfﬁifgmllnmﬁﬁdFﬁ§¥; %ﬁ%&FﬂuP%

difficult to fabricate with optically snooth

col or emi ssive devices often have poor cglaaigy 7006
of broadband emi ssive 5 material. Accordingly, a
fficient light emtting device. SUMVARY A feedback

evice is 10 disclosed. The device in one aspect

er di sposed between two feedback | ayers- The
to emt light wherein the two feedback |aye
the light back to the em ssi yerdsayRéw thus

rs

In one aspect, at |east one of the two feedback

art periodically and continuously varyi ng
al ong an axi s, norma ?stantlally nor mal

conprise 20 a h®\fdgrdm fofaBdcticomtd PHi6tUpY| sAeerh kavdeses-an opti cal |
written sinusoi daddiyionati, ngoloefsnaedive alevnd@xortph Havk oot N anot her aspect,

the em ssive | angloF%éndﬁtQHMﬂeé&s@rt@é%ée‘ Ok edoR@LYdehissh fe @anot her aspect, a
met hod of fabglcatln 1th§maaan §pback %szm ScQnpri ses disposing a |ay
r

pol ymer on a substfite an

47 g

yne

nor e |nterferend@fb&FF%rﬁgh%nmfﬁémb%FVﬁEr In one aspect, the pol yner

exposed to light to cause

cross-linking. 30 Further features as well

to a

€EUHER | ayers may

y

er of

o light to record one or

is
as the

structure and operation of various sewb@di nents are descrlbed i n detai

bel ow wi th reference, the&ngk% ﬁ%ﬂ&?'ﬁlﬂ;ﬁlﬂ rﬁm@ﬂg{’%@: t he draw ngs, |

ref erence nunbers i ndicate

disclosed.

uncti onal Iy Similar el enents.
-The dev1ce 1n one aspect comprises” an

emissive layer disposed between two feedback layers.

The emissive layer is adapted to emit light wherein the

two feedback layers reflect at least some of the light

back to the

emigsive layer, thus stimulating emission.

15 In one aspect, at least one of the two feedback layers

has at least in part periodically and continuously

varying refractive index prcofile along an axis normal or

substantially normal to a plane of a respective layer.

In another aspect, the feedback layers may comprise

20 a hologram formed from a photopolymer having an

optically written sinusoidally varying refractive index

proefile. In another aspect, the emissive layer may

comprise cross-linked polymer.

In another aspect, a2 method of fabricating the

25 feedback layers comprises disposing a layer of polymer

on a substrate and exposing the polymer to light to

record one or more interference patterns on the polymer.

In one aspect, the polymer is exposed to light to cause

cross-linking.

30 Further features as well as the structure and

operation of various embodiments are described in detail

below with reference to the accompanying drawings. In

the drawings, like reference numbers indicate identical

or functionally similar elements.

35
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08NUV2006 WO 03/096757 PCT/ US03/ 14600 95156159-6 BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. | illustrates an em ssive device in one enbodi mentyg fiydiR
illustrates the critical angles at which 5 |ight undergoes total 1 nternal
reflection. Fig. 3 is a graph showing the efficiency, brightness, and

vol tage of an COLED device. Fig. 4 illustrates a device including a resonant
cavity equivalent. 10 Fig. Sillustrates a pixelated device with a

br oadband em ssive |layer and two pi xel ated feedback |ayers Fig. 6
illustrates a one-di nensional photonic refractive index profile of a

chol esteric | mgupabs7s15 crystal. Fig. 7 illustrates a feedimagkienhanced |ight
emtting device in another enbodinent. Fig. B illustrates,a,feedback
enhanced light emtting device having an OLED em ssive elenent, two 20

hol ogr aphi ¢ feedback el enegirsraiRdcaprapt bi£ake SRAE@EsI N anot her enbodi nent .

Fig. 9 illustrates a feedback-enhanced OLED structure in one enbodi nent.
Fig. 10 illustrates &A9eXappivetmftesagcubbevaedskicsn gopar at us for produci ng
a patterned hol ogmesainentone enbodi ment. Fig. 11 illustrates an exanple of a

singl e mask apparat ysqin {QLPLEAUCLNG A RRY Lagrdahobagramin one
enbodi nent . 305 Fi [rradi ance versus position

_ 12 1S a ratptg_il Ittle ustrating.pri _ _
in the doubl e na&gg%pﬁtéc*eaf’%essg‘é? SEGCTO B9 1% s a graph illustrating
i rradi ance versus pd&sdi 3ot rrERPR SHEied f@sketfppieratus of Fig. 11. Fig. 14
is a graph il uskepdlicageseXpesusleageab® an OLED device.

Fig. 4 illustrates a device including a resonant
cavity egquivalent.

10 Fig. 5 illustrates a pixelated device with a
broadband emissive layer and two pixelated feedback
layers.

Fig. 6 illustrates a one-dimensional photonic
refractive index profile of a cholesteric liquid

15 crystal.

Fig. 7 illustrates a feedback enhanced light
emitting device in another embodiment.

Fig. 8 1llustrates a feedback enhanced light
emitting device having an OLED emissive element, two

20 holographic feedback elements and an optical spacer in
another embodiment.

Fig. 9 illustrates a feedback-enhanced CLED
structure in one embodiment.

Fig. 10 illustrates an example of a double mask

25 apparatus for producing a patterned hologram in one
embodiment .

Fig. 11 illustrates an example of z single mask
apparatus in for producing a patterned hologram in one
embodiment.

30 Fig. 12 is a graph illustrating irradiance versus
position in the double mask apparatus of Fig. 10.

Fig. 13 is a graph illustrating irradiance versus
position in a single mask apparatus of Fig. 11.

Fig. 14 is a graph illustrating exposure rate

35



35 5 0 8 NOV 2006 WD 03/096757 PCTI US03/ 14600 versus irradi ance dose for a
mat eri al used for hologram wth irradiance threshold = a. Fig. @BNEV 3006
diagram that contrasts a structure of a single-node FE- OLED and

mul ti-nmode FE-OLED. 5 DETAILED DESCRIPTION Fig. 1 illustrates an em ssive
device in one enbodinent. The device 1 includes an em ssive layer 2 and a
f eedback el enment 4. The feedback elenment 4 may be 10 a layer with a
periodically and continuously varying index of refraction that allows sone
light to be tyapsLted through the feedback el ement 4 second feedback
elenent 6 nmay al so be included such that the enissive TEY&Y petween the
two feedback el enents 4, 15 6. The second feedback el enment 6 may all ow sone
light to be transmtted through the second feedback elenment 6 or
substantial |y ref¢ses irveddapghidosnéprientateptnd ited for heirgrambodi nent, a
structure w th awper itgiaGardcadexesdoldr-ekracti on variation, a plane mrror, a

di stributed 20 Braggp{efhectar o(LER) «nRf RROLAGL o &f1e6LRr4mmy be used as
t he second feedback eJ[ ene e device shown in Figure

t 6. L0 one enpodinent, th
1l bove 11 ght  BRSREIS- MG FERERE R BN s e B a i recton that | o
normal to the®planes of the two 25 feedback structures to substantially
reflect back and forth betweerrerharbwestewdback structures. in passing
through the em ssive | ayer multiple tinmes, the em ssion of additional I|ight
is stinulated by int&%ctighFetEs the™Beirt i en*t RB®enitter. Excitons are
excited state 30eppafimendf &hedevions! dndalyier e oHestvectivenpse |l eads to |ight
em ssion i n | um aeseefdedbmikeslcads. 2| IThe Hesdsay dllRentamdraptbeof |1 ght

propagating Rer nal 4o then Bl @ecdbateandenigaudusii RGeaRed at the expense
of i ght prcnaagagﬁdgg of refraction that allows some light to be

transmitted through the feedback element 4. A second
feedback element 6 may also be included such that the
emissive layer is between the two feedback elements 4,

15 6. The second feedback element 6 may alliow some light
to be transmitted through the second feedback element 6
or substantially reflect the light incident upon it. Imn
one embodiment, a structure with a periodic index of
refraction variation, a plane mirror, a distributed

20 Bragg reflector (DBR), or ancther reflector may be used
as the second feedback element 6.

In one embodiment, the device shown in Figure 1

allows light emanating from the emissive layer in a
direction that is normal to the planes of the two

25 feedback structures to substantially reflect back and
forth between the two feedback structures. In passing
through the emissive layer multiple times, the emissicn
of additional light is stimulated by interacting with
the excitons in the emitfter. BExcitons are excited state

30 pairs of electrons and holes whose collapse leads to
light emission in luminescent materials. In this way the
amount of light propagating normal to the plane of the
device 1s increased at the expense of light preopagating
in the plane or at cbligue angles. Since the in-plane

35 and obliquely propagating light does not normally escape



in the plane or at oblique angles. Since the in-plane 35 and obliquely
propagating |ight does not normally escape 6 QGNUV2006 WD 03/0967@

PCTI US03/ 14600 the | um nescent device, this enhancenent of nor el 08 BUY 208%
pl ane em ssion considerably increases device efficiency. In one enbodinent,
if the feeding back of emtted 5 light and subsequent stinulated em ssion
are very efficient, all light will be emtted along the vertical axis and
wi Il be substantially coherent. In this case, the device becones a
vertically enxﬁ&oﬁqg Laser or VCSEL (vertical cavity surface emtting

| aser). However Yaser action need not occur in ordEF"¥8t™t™%e enitted
light to be substantially collimted and thus for the device to have

consi derably enhanced energy efficiency. Because in these devices the

ef fi ci ency enhancesgnmisescerdudevtioe f ehdbachenkewght oft igmgbioces are referred
to as 15 feedbacknerhancedidsusi resaastandeinetmsed dberdback enhanced |ight
emtting deV|ceseng§egﬁy|ce in one aspect may al so include other elenents
such as an anode, a cathode, carrier_injection and transport | ayers, a

transparent buffer |afet STPRGTSBE b f B e AES b R E$%r s and t he
em ssive | ayers, @&rghtoptiepudegyroht &f inFiag ed Zmiksiestaratesyan em ssive device
700 havi ng addi t eofiatesd eaENt Sght AFilk Mecghiiat ed ahémghthe eleftivser may al so be

added outside of the.feedbaek suhages%waugﬁcohgréaee ephqdi ngpl, one or nore
met hods for supg*ylng ex itation eper gy, to. Lhe nltter‘%gggrally may

i ncl ude el ectrical® 8%¢i Fati on of PRotG- excitatidn—1F ° e excitation is

el ectrical curr erﬂ’t’erti*ﬁa]rrﬁﬁ"llsé S“FFFECPO?H}EEH}% MGt he M esi ve | ayer through a
pai r of 30 ell@ct iestesattdon mded ercelcgcty dhundredeernbe. enforedexanpl e, a pair of
el ectrodes such aggme eathofd@sdH2iand an1aldese and QAudayr kgepl aced between an

em ssive | ayer dm@ettn)ehave considerably enhanced energy efficiency.
Because in these devices the efficiency enhancement is
due to feedback light, the devices axe referred to as

15 feedback enhanced luminescent devices or feedback
enhanced light emitting devices.

The device in one aspect may also include other
elements such as an anode, a cathode, carrier injection
and transport layers, a transparent buffer layer lying

20 between the feedback layers and the emissive layer, or
other elements. Fig. 7 illustrates an emissive device
700 having additional elewents. An integrated light
diffuser may also be added outside of the feedback
layers.

25 In one embodiment, one or more methods for
supplying excitation energy to the emitter generally may
include electrical excitation or photo-excitatiom. If
the excitation is electrical current, it may be
introduced into the emissive layer through a pair of

30 electrodes to induce electroluminescence. For example,
a pair of electrodes such as a cathode 102 and an anode
104 may be placed between an emissive layer 2 and the
feedback layers 4 and 6, respectively.

The cathode 102 may include a transparent

35 conductive structure with a low work function surface

adjacent to the emissive layer 2 such that it is able te

7
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feedback |l ayers 4 and 6, respectively. The cathode 102 may include a
transparent 35 conductive structure with a | ow work function surface

adj acent to the em ssive layer 2 such that it is able to 7 08NOV 2006 WO
03/ 096757 PCT/ US03/ 14600 inject electrons into the em ssive | ayé}‘B&U_V 108 one
aspect, for the cathode 102 to have the desired transparency, a two-I|ayer
cat hode may be provided. The two-layer cathode may include a very thin, for
exanple, 5 5 nanoneter (nm) metal cathode such that the netal is
transparent or nearly transparent, The nmetal may then be backed, for

exanpl e, on thedeedback |ayer side, with a transparept,cQyfugtor 1ike
indium-tin oxide (ITO to vyield high enough conductivity to have a | ow

i npedance 10 device. The anode 104 may include a transparent conductive

mat eri al chosen to have a high work function such that it is able to inject
hol es into the eSS FECFWFet s, Mrhe™ e/t EsiE" 1Ay ef® 2*fmy i ncl ude an 15

el ectr ol um nesceaspestat & e gidode Jpedior kdveeriesdisdnecband overl aps the

refl ecti on bandsrahsgabench eadbackayay esSode mapdbebproviddane mebodi nent, the

em ssive materigl, L8, A daN:G {didescril BL erd.2l .apshet he device is
referred to as aof eaﬁya%écgk eghagced or gani (E:l;r I ght gngfﬂle di ode 20

| 1
(FE-OLED). Al ernB¥ISTEIS, ‘The s SFVE ﬁeﬁuéll’itg?t RS 5 organonetal | ic
| umi nescent mat &XPREPATERt| HTPFRESY ifErsHagBttganthe BEAt didieror materi al such
as GaAs, Al (AAs be Bickk®Cadt «0impad), e@hgaRri Dlelibakghiyet daapasti e | um nescent

material . In anqt behasREC bondlEoL LSS kNG uhaYEI o saBY:réD e a fluorescent or
phosphor escent enm ssive materi fgoegb\gck | ayers .4 and 6 may i ncl ude

1 1 TION é%ha tIﬁ%% e a,low’ rmpedance
i ght non - absdr I'ng faferral“Wth'a ﬁerl od| caIle varying i ndex of

refraction. B w&fvte-dese pihdot May rigAtideon O PREEE structures is that
the |ight entericrgivchéve vedbidk chapperto3Bavent dndlalvort gngetibee | ayer nor mal
axis suffers a sisdh lthat it is able to inject holes into the emissive

layer 2.
The emissive layer 2 may include an
15 electroluminescent material whose spectral emission band
overlaps the reflection bands of the feedback layexs 4
and 6. In one embodiment, the emissive material is an
organic luminescent material and the device is referred
to as a feedback enhanced organic light emitting diode
20 (FE-OLED) . BAltermatively, the emissive material may be
an organometallic luminescent material, a luminescent
inorganic semiconductor material such as Gaas, AlGahs,
or InGaN, or an oxganic/inorganic composite luminescent
material. In another aspect, the emissive layer 2 may
25 be a fluorescent or phosphorescent emissive material.
The feedback layers 4 and 6 may include light non -
absorbing material with a periodically varying index of
refraction. A way of describing the function of these
structures is that the light entering the feedback layer
30 material along the layer normal axis suffers a small
reflection each time it passes through one cycle of the
refractive index oscillation. When the feedback element
is thick enough, the feedback element may act as a
nearly perfect reflector at the resonant wavelength, 24,
35 where 4 1s the pitch of the refractive index spatial

oscillation.



reflection each tine it passes through one cycle of the refractive index
oscillation. Wien the feedback elenment is thick enough, the feedback

el enent may act as a nearly perfect reflector at the resonant t h,
2d, 35 where d is the pitch of the refractive index spatial oscillation. $
0 8 NOV 2006 WD 03/096757 PCT/1JS03114600 The feedback | ayers in one aspect
may be fabricated from plane wave holograns with peak reflectivity at the
desired em ssion wavel ength. In one enbodi nent, the device 700 shown in Fig.
7 5 may be inverted. That is, the position of the cathode 102 and the
anode 104 maywdenssmizer changed. The device 700 al so mayciroshkud® a substrate
106 placed adjacent to a feedback | ayer, for exanple the feedback |ayer 6.
The substrate 106 is used as a |layer 10 on which the device 700 may be

bui |t In one aspecty] e, substiaie: Q8. TyNE GOMBLiSEA QL. Lranspar ent

material. In one aspect, a nate rr_ag e rarpg I'ed over fhe device 700 to
function as a cOUSt PATS. "SR ULGFE™ "H68, PROreeseEhbiEY 3UhkSions to
hermetical | y sedksigad ehbssipbivemelangter and oxygen, or otherwi se to protect

the device 700 from cherdmeadimefit OtheetiRgr adadionn. in0bhar »conponent s of the
device 700 may i0clhUdg, 8ROl §nld %Q?Qﬁ&tpokﬂ}ﬁgﬁ fRetyeenjhe anode 104 and the

em ssive layer 2. The hole transpo e used 20 to allow nore

h r ayer na
el ectron/ hol e r &&dABT FAEIBRG &%d‘?ﬁrbeai‘%efﬂ’@“% "ssive layer 2. For exanple,
in enissive | ayers Thradrvigei tatdrcearhetiitien 2etu@etyasA Hi¢d hol e nobilities,
usual ly with | onidreheadgadent ittd estectibierkelget r oo leednglerwconbi nati on tends to
QC;turfat t[le gn@ggdbga ti;,le@][éy,;rﬁe %&i)&@yw@oém fasadcﬁsrgcltaﬁafode/en‘i Eter t
interface s tQ nef fici ecayse rap is, sites a
whi ch non- rad; & esysh Serick, T naf BRI bSRBked MBle i O it the
enitter/anode i AYRFFHEeIOUBINGS HEFR SFAFEpd FEansparent '

material. In one .aspect, a material may be applied over
the device 700 to function as a cover 108. The cover
108, for example, functions to hermetically seal out

15 ambient water and oxygen, or otherwise to protect the
device 700 from chemical or other degradation.

Other components of the device 700 may include a
hole transport layer between the anode 104 and the
emigsive layer 2. The hole tramnsport layer may be used

20 to allow wmore electron/hole recombination to occur at
the emissive layer 2. For example, in emissive layers
having imbalance between electron and hole mobilities,
usually with low hole mobilities, the electron/hole
recombination tends to occur at the ancde. Similarly, a

25 device with a direct anode/emitter interface tends to be
inefficient because many traps, that is, sites at which
non-radiative de-excitation of the emitter occurs, exist
at the emitter/anode interface. Using hole transport
layers, for example, with high hole mobilities minimizes

30 the problem of the electron/hole recombination occurring
at the anode. The hole transport layer may also be
chosen to have a hole conduction band intexrmediate
between those of the anode 104 and the emissive layer 2,
thus providing more efficient hole injection from the

35 anode into the emitter.

A hole injection layer may also be provided between
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| ayers, for exanple, with high hole nobilities mnimzes 30 theq ﬁ*’?wﬁg}
the el ectron/ hol e reconbi nati on occurring at the anode. The hol e port

| ayer may al so be chosen to have a hol e conduction band internediate

bet ween those of the anode 104 and the em ssive |layer 2, thus providing
nore efficient hole injection fromthe 35 anode into the emtter. A hole
injection |ayer may al so be provided between 9 2006 WD 03/096757

PCT/ US03/ 14600 t he anode 104 and the hole transport |ayer. For exanple, if
anode materialg, H]%%l ndiumtin oxide (ITO having less than well defined
band structures that may lead to inefficient hole injBcYi8H“*hto the device
are 5 used, hole injection layers |ike copper phthal ocyanine my be
provided to better define band structure with energy level internediate

bet ween |1 TO and tiel sxctie cu9s poxdt therhtler Fednspor®r bagedi ngot he addi tional hol e
injection |ayersahfiés iMBynaRShfterNaker k] @atiOnianskipé oduge a nore 10

efficient devi cehavll—pgl Sd%ét]fkg%;k&a }i@é{%é mﬁl?‘é@é{%'&me%r ghatnrggy required. In

anot her enbodi nen e trans ort ayers. Im be inserted

bet ween t he hol e ﬁaﬂjté’c’trfeéﬁ“flﬁ?rerh"l%r}aﬁm ’b?ﬁ“iot é}’ 67 ¥9r t¥fer snoot h out band
energy 15 di f§erendedold finjdrsitolaversalidpaioprrerapbibadefyvaoeret to the emtter

has its el ectromgofdpedviiadn handtbdr agr:Qeazgy silravalreneanl y the sane as the

emtter, el ectrog}ér evelom@m% Lgﬁegmx&é%dmoﬁp Jr%ﬁggz;tycnatlon occurring
in the transport g? rat he 0 'overshoot nmay be
n

elimnated by int é?’b‘& gp’éﬁ’i’lg’fn@c% ofd deltb‘?ngikl?‘oﬁg JI’“éE%rl'mf‘hat has a hi gh
energy el ectron LEBfIHEE Y BatE: de igoertifmlae cRifﬁ’é‘t".R?t powrepet ween t he
emtter and the difanspordeviayafole| mjasobhernyendhodiverat,, agn el ectron
transport |ayer nc25-<dqBirele provi ded between the cathode 102 and the em ssive

| ayer 2. The electr OIQ Ho‘%ﬂépgﬂlﬁodlltﬁéﬁ%t EHi@EJlQJBQf htaﬂ_g transport

layers may be inserted between the hole injection layer
and the emitter to further smooth out band energy

15 Jdifferences. If the hole transport layer adjacent to the
emitter has its electron conduction band at an energy
level nearly the same as the emitter, electrons may
“overshoot” the emitter with recombination occurring in
the transport layer rather than the emitter. This

20 overshoot may be eliminated by interxrposing an electron :
blocking layer that has a high energy electron
copduction band, but good hole conduction, between the
emitter and the transport layer.

In another embodiment, an electrom Etransport layer

25  way be provided between the cathode 102 and the emissive
layer 2. The electron transport layer performs t he
similar function for electrons that the hole transport
layer performs for holes. As with hole transport
layers, additional electron transport layers may be

30 added to assist band energy matching.

In another embodiment, an electron injection layer
may be provided between the cathode 102 and the electron
transport layer. In one ewbodiment, a low work function
material may be used for the cathode 102. With a low

35 work function material less energy is expended injecting

electrons intc the device. For example, very low work
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simlar function for electrons that the hole transport |ayer perforns for
holes. As with hole transport |ayers, additional electron transporf§Nayais
may be 30 added to assist band energy matching. In another enbodi nent, an
el ectron injection |layer may be provided between the cathode 102 and the
el ectron transport layer. In one enbodinment, a |ow work function naterial
may be used for the cathode 102. Wth a low 35 work function material |ess
energy i s expended injecting electrons into the device. For exanple, very
| ow work 10 0§NOV2006 WO 03/ 096757 PCT/ US03/ 14600 function netals such as

cal ci um may be" UEEE " al t hough cal cium may be chemi cal IR TigiE@t6#% e and

sensitive to noisture and oxygen. Alum num al so may be used. For i nstance,
overcoating the alumnumwth a very-thin film5 of materials like |ithium
or magnesi um f | u@tdiddeorp metdidesachaas’ bandub esdivagiseaf f:aehodshat hel ps rel i eve

the band energy .\ SHRLED vel PnAROLNGT LRDQMI MBNfens QI & bl Oocki ng | ayer may
be provided between hol e Lransport IdayeFr to 10 reduce hole

t he t(%amtter aAgd 1
"overshoot" fronm T e e Pt §FY9 e “above" feeThed ¥arri eért ransport,
injection, and bEPERRFR OVeagertdngride Al88inpy ichlq yeps el fikhe conventi onal
OLED devi ces.s Aetonthmigly likent bigiumdet aadrgsgfn thessiecpanvemss wll not be

described herei ng “band heffi@ge e MeRM:, ndi1pe devdeerlBadipy al so include a
buffer |ayer, for exanple a clear dielectric interposed between an
el ectrode and a feedback ayer. _Wien the buffer layer is placed between the

cathode 102 and thel? BUBACKEPEYEF Y, 3i o1 idy OHEPILLYE MBY St i ¢ 20 barri er
bet ween t he cat hpdwiggidbetweep thsiatetenvindoheientranempwcliadel yroduri ng
subsequent prigces&iugg.hol & “@Rershesdyodidiette, edifeehuf tre abayer al so provi des

the right size gpachng suchet hal..gestrugtime.i nbgnhetenge of light in the

gap between the a\({%rg ea?.*g bae!lcslo( éy%yggliy du%gg izqot‘l;he conventiocnal QLED

devices. Accordingly, further details of these elements
will not be described herein.

15 In one embodiment, the device 700 may also include
a buffer layer, for example, a clear dielectric
interposed between an electrode and a feedback layer.
When the buffer layer is placed between the cathode 102
and the feedback layer 4, it may act as a hermetic

20  Dbarrier between the cathode and the out side environment
especially during subsequent processing. In one
embodiment, the buffer layer alsc provides the right
size spacing such that destructive interference of light
in the gap between the two feedback layers does not

25 occur. To achieve this function, the buffer layer may
be inserted between the feedback layer and the electrode
to adjust the optical thickness of the device. The
buffer layer may also be used to maintain the proper
phase relationship between the refractive index profiles

30 in the two feedback layers. In addition the buffer
layer may be used to adjust the thickness of the gap
between the feedback layers thereby tuning the
wavelengths of the modes of the light that is resonating
in the gap.

a5 An example of a buffer layer arranged on a device

in one embodiment is shown in Fig. 8. Fig. 8
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[
25 occur- To achi eve th| S functl on, “the buffer | ayer may be inserted
bet ween the feedback | ayer and the electrode to adjust the optical
t hi ckness of the device. The buffer layer nay al so be used to nsq})gwﬂ]? 0ﬁlhe
proper phase rel ationship between the refractive index profiles q e
two feedback layers. In addition the buffer |ayer may be used to adjust the
t hi ckness of the gap between the feedback | ayers thereby tuning the
wavel engt hs of the nodes of the light that is resonating in the gap. 35 An
exanple of a buffer layer arranged on a device in one enbodinent is shown
in Fig. 8. Fivgooafecdst O 8 NOV 2006 WD 03/ 096757 PCT/ USR3AdARRR il lustrates a
devi ce that includes an em ssive elenent 806, for exanple, an OLED | ayer,
two feedback el ements 804 and 810, for exanple holographic | ayers, and a
buffer |ayer 808 for exanple, an optical acer. ? shown in Fig. 8, the
em ssive el ement!BEBTHES 1 AEYisGe " lﬁFﬁfd&Fl ) SBFSSEY 6L The device al so may
include a front0yl a6 egPlandraLUFACkRYeH aswe exbaPhelgesptees shown in Figs.
1, 7, and 8 nay sosudhstaan] ifak|ekai@duEct offapilid Mhpaise ddaea |l i ght | osses, for 10
exanpl e, due toptatali Q; %glalfc,;%fxgﬁﬁgl %gsf;tgggl By .ot helwi se occur at the
refractive i r}’deth snma % . boundari e ! '§06agﬁyom fr%tel y doubl es the
anount of hE &Rt r%cf%d fré‘ﬁﬁ"ﬁéﬁla&ﬁ 8%t ‘for'extampl e, a
subst anti al eI i Myrat Honcbrarsmgght RbSEYpts ated wélﬁ?ﬂé’idﬁea 15 of the devi ce.
I n one aspect, Eednergiarg dacdadt ® batiggldss bte feedback el enents 4, 6 | ocated
on either side of thg dgmcggisylgm{ ayegrlg; ROrM and @s,gag,ant cavity. The f eedback
elenments 4, 6 r ht. . hack 0.1 he teri of 20.the em ssive |ayer
2 and al l ow stinmu & S%?ntdah% I on Or © mclzrclzal}e 5 eﬁlgglgfjfl (‘:"'?sé’n{ol ight is reflected

into the erﬁossFWP}%ryéPe i" ’Tf’(BPl é‘%&?ﬁBFJe ref ISt b e FoPaY

otherwise occur at the refractive index mismatch at

boundaries. This approximately doubles the amount of

light extracted from the device through, for example, a

substantial elimination of light absorption loss inside
15 of the device.

In one aspect, referring back to Fig. 1, the
feedback elements 4, 6 located on either side of the
emisgive layer 2 form a resonant cavity. The feedback
elements 4, 6 reflect light back into the material of

20 the emigsive layer 2 and allow stimulated emission to
occur when sufficient light is refleckted into the
emissive layer 2. For example, the numbexr of
interactions between photons and excitons regulate the
rate of stimulated emission. Thus, for example, by

25 lorcalizing light in the resonant cavity and thus causing
a high density of photons at the emissive layer 2, a
very rapid stimnlated emission conversion way be
produced.

Typically, without the induced stimulated emission,

30 spontaneous emission, which is a relatiwvely slow and
purely statistical process, dominates the light
generation process in an emissive material. In one
embodiment of the present disclosure, the rapid
conversion to stimulated emission leaves the spontaneous

35 emission process with little or no excited state energy

to comvert to light. An even slower process, non-

12



i nteractions between photons and excitons regulate the rate of stinmulated
em ssion. Thus, for exanple, by 25 localizing light in the resonant cavity
and thus causing a high density of photons at the em ssive |layer 2, a very
rapid stinulated em ssion conversion may be produced. Typically, wthout
the induced stinulated em ssion, 30 spontaneous enission, which ispgNpy 2006
relatively slow and purely statistical process, dom nates the |ight
generation process in an em ssive nmaterial. In one enbodinent of the
present di scl QadlsBesr,Ne rapid conversion to stinulated, Ug'"?fﬁio n | eaves the
spont aneous 35 em ssion process with little or no exci t 6d § energy to
convert to light. An even slower process, non 12 08NOV2006 WO 03/096757
PCT/ US03/ 14600 radi ative de-excitation, converts excited state energy to
heat. Thus, sti nEdHREtCeft CEFHREIR, CEY e oricheTt stajiee®?p¥s conversi on of
excited state enesggat.o heat stsnvigeed heisyeahani ow ofbohbabt f ormation is

orders of 5 rragnintééﬁlﬁcsslc&%gﬂtoma& E,t}_qte@fstﬁé mr@&% gdgssion. Thus in one
enbodi nent, the excit d st al e enefr?é/atT% t he. dewocl; ok TRY be converted

? CF t mec ism ormation 1s
pr edom nantly into |g e consequent reduction in heat

generation in® t'ﬁ?%“@iﬂ?oﬂ]i"ff%tthﬁ’f $EPtEy sESsURted AriEdeted™ Enperature 10 in
t he devi ce, whi cir vay eabddiwerfior tize bgiget statfecermmydy aforle ef ficiency in the
device. In convegdvional mby} ghtccBidribd PPeddRVieSy ihbe 1hiightnorabsor ption | oss

occurs because |{ght 'ﬁee&}n%éq%gn@&eau‘apidnqﬂ?h@QQ'gQﬁeJanJnhﬁn pl ane of a device
and reflected. 15 For ex}an‘g tes h crltlcal angl es at

whi ch 1ight undetgEeT Pt |aﬁtg‘é|"ﬁélrer°”éﬁ SR ORI T GRE™ Lt T i kes the
refractive idflexihobhdariees Berheen 2ale o ar fMmoattizfe apddex | ayer 8 and two
adj acent | ayers ddrea¢fiticildey din argieascexceedi ng the critical angle at which

20 1ight undergoes tgf abnielt &A1 50! LRGLIQNaeiREs, the 1ight
absorption loss occurs because light is emitted at
obligque angles to the plane of a device and reflected.

15 For example, Fig. 2 illustrates the critical angles at
which light undergoes total internal reflection. Light
strikes the refractive index boundaries between a high
refractive index layer 8 and twoc adjacent layers 10 and
12, at angles exceeding the critical angle at which

20 light undergoes total intexrmal reflection. The
reflected light is effectively trapped within the high
index layer 8 and does not contribute to the radiance
level of a device. In one embodiment of the method and
apparatus of the present disclosure, by allowing the

25 light to emit normal to the plane of a device and thus
reducing the internal reflection, higher radiance level
may be achieved with lower driving voltages. Lower
driving voltages in turn may contribute to extended
liferime of a device.

30 Fig. 3 is a graph illustrating the efficiency,
brightness, and voltage of an OLED device. Driving an
OLED device at lower voltages while achieving the
desired radiance level has a great impact on the
efficiency and longevity of the device. This is due to

35 OLED material having peak efficiency soon after light

generation beging as drive veoltage is increased and
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reflected light is effectively trapped within the high index |ayer 8 and
does not contribute to the radiance |evel of a device. In one enbodi nent of
the nethod and apparatus of the present disclosure, by allow ng the [§V5
light to enit normal to the plane of a device and thus reducing tdhENOV 2006
internal reflection, higher radiance |evel may be achieved with | ower
driving voltages. Lower driving voltages in turn may contribute to extended
lifetime of a device. 30 Fig. 3 is a graph illustrating the efficiency,

bri ght ness, and voltage of an OLED device. Driving an OLED device at | ower
vol t ages whi lwp @ehkiravi ng the desired radiance | evel hesusegi@at | npact on
the efficiency and |ongevity of the device. This is due to 35 OLED nateri al
havi ng peak efficiency soon after |light generation begins as drive voltage
is increased and, k310461 2008.:M0 934096757, ;RS ToWSQ3/ 14600 r api diy
declines thereaffer w h‘;.ncrt%asd ng_ \éol t age. 1thllls, tafhl eving the desired
radi ance | evel s At ot cWer= 87 i Vi g > voit &ges 1 hr 0Uah St 1Tl ated eni ssion has a
great inpact ondfiféndInERIed ENSP oTtiEtREed efRtspFlandef ongesAtty 5 of OLED
devi ces. I n one bwbodionerite, pavet heobhherssorf RELicdmicyl evellengefityl | ght feedback
and resul tingsstifmatad adviegi ssion, the device 1 may be used as a | aser.
Further, even if st} oLeateggod%q%nstsi&@hi%etgfffhiﬂ%m fUlssiye layer 2 does 10
not lead to |asing, the device ey exhibit inproved |0Um nous efficiency.
The i nproved | uni ¥8kisEeafHack| BRI HTREr L i IGF e eRHFHES GBRause in one

enbodi nent t he tdtvate lampuhe ugkd lapghtlasse -t ifugtidre eeni & 1 is substantially
i ncreased by thesdiR€IR88 @i g¥iofuat £:2n1 Ofnt| dngbiikeifigr baesd tted normal to
the plane of ;fhe deyige:d 185 60Mmar&icd Q dhdyIlin;bEi NGLULited at angl es that
result in total Lhater na%g,r eflectjon. In ch% enbodi ment,, t he em ssive |ayer
2 may conprise cFOSEY ARG TFYant® HIRIY em Tichy storcieney |

occurs, for example, because in one embodiment the total

amount of light exiting the device 1 is substantially
increased by the increased production of light being

15 emitted normal toc the plane of the device 1 as compared
to light being emitted at angles that result in total
internal reflection. In one embodiment, the emissive
layer 2 may comprise cross-linked organic light emitting
diode (OLED) materials such as a small molecule or

20 polymer OLED or molecules of molecular weight
intermediate between the two. Although in known
devices, cross-linking normally causes the excited state
energy to convert into heat, the feeding back of emitted
light into the emissive layex, in cne embodiment of the

25 present disclosure, and the subsequent rapid stimulation
of light emission from the emissive layer rhat may
occur, changes the dominant mode of de -excitation in
cross-linked emitter materials from heat to the
stimilated emisgsion of light. Thus, in one embodiment,

30 the one or more feedback layers of the present
disclosure allows the OLED devices te include
conventional photo-induced and other cross-linked
technigques. Accordingly, the solubility problems of
polymer OLED materials and thermal fragility of small

35 molecule OLED materials may be avoided.

In another embodiment, the emissive layer 2 may
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di ode (OLED) materials such as a small nolecule or 20 pol ymer OLED or

nol ecul es of nol ecul ar weight internediate between the two. Al though in
known devices, cross-linking nornmally causes the excited state energy to
convert into heat, the feeding back of emtted light into the em ssive

| ayer, in one enbodi nent of the 25 present disclosure, and the subsggd@h2006
rapid stinmulation of light em ssion fromthe em ssive |ayer that may

occur, changes the dom nant node of de-excitation in cross-linked emtter
material s froq&?iﬂﬁmto the stinulated em ssion of light. Thus, in one
enbodi nent e one or nore feedback |ayers of the Jiéd&ht#6yi scl osure
all ows the OLED devices to include conventional photo-induced and ot her
cross-linked techniques. Accordingly, the solubility problens of polyner
OLED materi al s amtledrepnemalil repdedile emgttesngissoBSdnil ecadler €& ED materi al s may
be avoi ded. |In apgitherstenhadésmontehid Repe by DeVeat-ayred 2ymay 14 p' g NOV 2006
VD 03/0 96 7 5 T,RCILUSOR (4600, | AkH0e 815 WL 0] gotlgapm tter di ssol ved

in a polyner host. truct fabricated by solvent
casting, for exalfstaiirgy ?r’f’ i‘f’fn@ ’?ng%ﬁlyt?rbﬁnyﬁlﬁﬁ?’ijdﬁ?g a phosphor, a
nmononer, an i AityarerRt- a?m“- WM%PWnﬁ%SWh@nﬁmvmcrhW th ssol vi ng may

i ncrease the thetradl and nﬁElGahx&d‘:’dlCﬂlabSI:ia:bi i tye ofmalh@osdvabl e nol ecul e
phosphor. After Lhgegpating is dried to renove the sol vent t he coating may
be cross-|inked by eﬁ%os%e to 10 uI traviplet or Qﬁher resulting in a

. . e coat drred
tenacious film that us an emssive | 12'. n one enbodi nment,

both cross-1inkiH§ ‘P?élﬁ%d‘ébtﬁ?r‘:%ﬁﬂ LipkRd Bﬂler’fﬁosé‘rﬁrfé’l | nol ecul e phosphor in
solution in ao¢ poltyseclaoor dthey |1ighat eeduilging &miat temagiduay@ddmpat t erni ng 15 by
patterned exposufiac =9t Be By ak st basssedidyer fabrd eade highly efficient

devices where st én{EHJiﬁrteﬁg both cross-linking the phosphor and
including a small molecule phosphor in solution in a
polymer host facilitate light emitting layer patterning

15 by pattermed exposure. Both may also be uged to
fabricate highly efficient devices where stimnlated
emigsgion enabled by the presence of feedback layers is
the dominant de-excitation process.

In another embodiment, emissive layer 2 may

20 comprise amn aligned liguid crystal material {(for
instance, in the nematic phase) that has been rendered
immobile by either cooling into a glass phase or cross-
linking as described above. The emitter molecules may
alsoc be guests in a liquid crystalline host solvent.

25 Devices with emitters that have liguid crystalline order
may emit light with some level of plane polarization.
They may be combined with the polarized feedback layers
described below.

In one embodiment, a feedback element is selected

30 such that it returns a desired percentage of emitted
light back into the emissive layer 2 with very high
efficiency. Selecting the appropriate feedback element
may increase and maximize stimulated emission of light
from the emissive layer, thereby increasing the total

35 1light output from the device. The light from the

stimulated emission process propagates normal to the
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emi ssion enabl ed by the presence of feedback layers is the dom nant
de-excitation process. In another enbodi nent, em ssive |ayer 2 may 20
conprise an aligned liquid crystal material (for instance, in the nematic
phase) that has been rendered inmmobile by either cooling into a glagdlpnse
or cross- linking as described above. The emtter nolecules may also be
guests in a liquid crystalline host solvent. 25 Devices with emtters that
have liquid crystalline order nmay emt light with sone |evel of plane

pol ari zation. They may be conbined with the polarized feedback |ayers
descri bed belvoawscbasrone enbodi nent, a feedback el enentecirssselsact ed 30 such

that it returns a desired percentage of emtted I|ight back into the
em ssive layer 2 with very high efficiency. Sel ecti ng t he appropriate
feedback element. nmay inpcrease and mmximze sti e ssion of |ight

from the em ssi V8 Fayer  Chereby I He exées?lr g:éﬁ% Cou “ITght output from

t he devi ce. TheljrSih@rR“tf?%ﬁM Hevicet i BFl 46 ﬁ1%b§i"%nhb‘f16‘€ess pr opagat es
normal to the 1lighp &ibkkdM 20061 tWOIR3PTEOE MY RORCUIOUIAGB0 pl ane of the
devi ce ensuri ngam:.eaaslaétglome%ﬂ cotiRkt NG OfrurbicghtcnoUtec@lackche device. As

descri bed abgve,, ﬁm@‘/‘! n |&qg ﬁeé@ gucgdthg rﬂ%h ta%g&%@;&q! ane may reduce |ight

|l oss due to'to e feedback 5 el enment may

be sel ect ed sucﬁostsﬁ%tml ’f}(fhfeee?ﬁiﬂ‘r 5{‘?“‘8}1“ ""‘F'Bsrseggceldn the feedback el enent are
reduced. I n one enbbdenerrbodinentf edgbirddbicky éryverapybee desi gned to have a
refractive i ndegeditfdd L& nsc R tdiabcritbankeghkodiassasnivnat he feedback | ayer

may be reduced %% h@vmsq§9 mTA?l@ FRAUGHT DY el Nyl L RRSOIRLI ON i N the
f eedback | ayer I cient F‘f%ﬁ cbul at.i.,on of e | ight to cause
t

o
stinul ated éfi s&f 6ﬁ %onﬁ%ftémf‘hlél EREPAPoR r ocess. In one
enbodi nent, for f@,@aﬁaﬁﬂ éayeﬁdqﬂyngll@arﬁuifﬁwagt rec1rcu1at10n of

light to cause stimulated emission to dominate the light
generation process.
In one embodiment, for example, having continuous
15 variation in the refractive index of the feedback layerxr
in contrast to abrupt or discontinuous changes, for
instance, as in DBR reflectors, may minimize the light
losses in the feedback layer. In one embodiment, the
continuous varlation is periodic, that is regularly
20 cyclically varying in value. For example, a feedback
layer may have index variation meeting the Bragg
condition: 2dsin® = nA, where 4 is the peried of the
cyclical variation in refractive index in a volume
grating, 6 is the angle of incidence of light on the
25 grating, where 6 = 90° and 5ind = 1, n is an integer
representing the order of the reflection, and L is the
wavelength of the light that is desired to be reflected.
In another embodiment, all of the refractive index
variation need not be periodic with 24 = ni. Other
30 purely random variation may be superimposed on top of
the desired periodie variation. Yet in another
embodiment, multiple periodic spatial frequencies of
variation may be superimposed.
Useful refractive profiles include, but are not

35
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15 variation in the refractive index of the feedback layer 1n contrast to
abrupt or discontinuous changes, for instance, as in DBR reflectors, may
mnimze the light losses in the feedback layer. in one enbodi G@itdy ggdge
continuous variation is periodic, that is regularly 20 cyclically varying in
val ue. For exanple, a feedback |ayer nmay have index variation neeting the
Bragg condition: 2dsin0O = n?, where d is the period of the cyclical
variation in refractive index in a volune grating, 0 is the angle of

i nci dence of light on the 25 grating, where 0 = 90 and sinG =1, nis an
integer repr@genhing the order of the reflection, and X ts.lhe Wavel ength
of the light that is desired to be reflected. In another enbo Iment, all of
the refractive index variation need not be periodic with 2d = nX O her 30
purely randomvariati on may be superinposed on top of the desired periodic
variation. Yet ilA™dR8titersiteriie FRMERITHFY (VBrEget B’ @2 Epatial frequenci es
of variation nmaykdduwstpers, npa@see: ciiyetutiopedfr actinyeigrofil es incl ude, but
are not 35 16 Qui:.chEl 2646 sé/\&a(lSéﬁ%VSastEﬁGE/MS%g{ai%é)O limted to,

SI nUSOI dS Cont Ivgyuelésiayavﬁu élr;g ﬁl'ﬁ%% IVQL%;‘X a Cb fé&ggg&ﬂ Ons and the

convol ution of a sinusoid unctjon offs SQ at_ si n'%y assumes no
negative valfues or '8 WIHEE FROFHTEL Sﬁe‘iﬁf‘f}h lay%o?&?mfg Tn. 5 to another
enbodi nent, feedbeioke |myefractiopeindsx pagtile ssighedata éfqraetd ve i ndex profile
designed to i NCeasRimi¥e TMXidFbZingt b2 16aMtpbhtN g athhel dngbéiveut of the em ssive

| ayer. For examylg&.. t%rresia 1?1%“&41% Lpdg i pE qkhéﬁpmlbeﬂay%e i ntermediate
bet ween a square wave crete 10 a s nusoi dal profile.

I Javer
Si nusoi ds and r &7F 3@tT 881%82’3? YSer of T PSS 1 ‘l’%’ |at g‘g’b SEWeen si nusoi ds and
squar e wavestar éaY%ﬁboR?éli)ISénqﬁéi%ria’iS’ﬁﬂ@al I y. A pl ane wave hol ogram nmay

Sinusoids and refractive index profiles

intermediate between sinuscids and sguare waves are
producible holographically. A plane wave hologram may
be an example of an element that has a contiouously

15 wvarying refractive index profile. For example, a
hologram with a sinuscidally varying refractive index
profile may be optically written intoc a feedback layer
formed from a holographic £ilm.

In one embodiment, using holographic feedback

20 layers may allow the refractive profile of the feedback
layer to be tuned from a nearly sinusoidal to a nearly
sguare wave profile by tuning the contrast function of
the holographic film. The result may be the ability to
tune the spectral width and shape of the feedback layer

25 reflection band.

The refractive index profile in a feedback layer is
not limited to reflecting a single wavelength, but may
include in one embodiment a superposition of two, three,
or more profiles at different pitches such that the

30 reflection of multiple wavelength bands may be performed
by the same feedback layer. Alternatively, the profile
may have discontinuities or a region of constant
refractive index between regions of continuous
variation, or may include a plufality of the individual

35 feedback layers as described above.

In another embodiment, the refractive index profile
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be an exanple of an elenment that has a continuously 15 varying refractive

i ndex profile. For exanple, a hologramw th a sinusoidally varying
refractive index profile nay be optically witten into a feedback Iayer
formed froma holographic film In one enbodi nent, using hol ographic

feedback 20 | ayers may allow the refractive profile of the feedbacﬂ]aﬂﬁw&mﬁ
to be tuned froma nearly sinusoidal to a nearly square wave profile by
tuning the contrast function of the holographic film The result may be the
ability to tune the spectral w dth and shape of the feedback layer 25

reflection bawdonddre refractive index profile in a feqdhagkalayer is not
limted to reflecting a single wavel ength, but may include in one

enbodi ment a superposition of two, three, or m)re profiles at different

pi tches such that the_ 30 reflection ofb veI e'% p bands may be
performed . by tKe CEnEFREFERTAJRY | eAT’tcer nﬁfl v%lam“’f &profile may have
di scontinuities 1é)$htap¥f@gi=%ﬁnbﬁof5té‘&)ﬁ?ﬁ%ﬂw?mlﬁséﬂ aﬁtlF“&@aFﬁ‘aex bet ween regi ons of
continuous var icatga®ed torligay ptrﬁmicudeayasq@lntm&bud ymifsitheri ndi vi dual 35

f eedback Iayerso@a%:d Ehed aboyeiniiRaARALNE qbgsébgﬁ%m the refractive

i ndex profil 03/ 09675 CT U034 14600 of the feedback
el ement nay %’e i §° JHIN% %%E%ﬁ%%\? it 575 re‘li‘ic pro u%cg% "By stimul at ed

emission is i ncP@é‘séﬂcmé%rFﬁﬁ‘F%B“'%lé‘gl?‘gh‘ﬁcrﬁ?ifdﬁ’ééaeb%%‘bont aneous emi ssion or
ot her processesgcowmdliet eusigfuthcadecysly | i ght absorption 5 losses in the
feedback layer are redugagiof tayodedm,ck hoth rhpGkodesi 60t £4 buting to

norease in theplioltppatpled outof, Lhesdetheq. far exagml e, the feedback

| ayer may be desi rati,o ng the device to
light 10 réfl e&t CB%?cRa‘ikni"H”tHée 8’Fﬁs§§f‘§/€e?lé’§l oh'"hlsl'ﬁf“'smr%t‘il ois a function
of the small sigractieseet §bg ¥l arpr@l EPser gain of an OLED

structure. Thus, the ratio may vary with both the

emitter and other materials used in an OLED and the
exact structure of an OLED device. The proper ratio,

15 for example, may be generally determined by balancing
between production of additional light through
stimulated emission and absorptive loss of light in an
OLED structure. Small signal gain is the net amount of
light gain per input photon flux extrapolated down zero

20 photon flux. The reason for this extrapolation is that
each pass of light through the device reduces the
population of excitons due to stimulated emission. Thus
the gain in light output decreases for each guccessive
pass while the absorption losses remain constant. Since

25 different emitters have different intrinsic small sigmal
gains and since different emitters require different
carriexr layers, layer thicknesses, etc. that result in
different levels of absorbance, each type device may
have a different ratio. Having this proper ratic in one

30 embodiment may increase the amount of light produced by
stimulated emission as compared to light produced by
spontaneous emission. For instance, if too high a ratio
of light ig reflected back into the emigsive layer, more
than an optimum amount of light absorption may occur in

35 the device as photons make multiple passes through any

light absorbing materials in a rescnant cavity of the

18



structure. Thus, the ratio may vary with both the emtter and other
materials used in an OLED and the exact structure of an OLED device. The
proper ratio, 15 for exanple, may be generally determ ned by bal andit¥0V 2008

bet ween production of additional Iight through stinulated em ssion and
absorptive loss of light in an OLED structure. Small signal gain is the net
anmount of |ight gain per input photon flux extrapol ated down zero 20 photon

flux. The reason for this extrapolation is that each pass of l|ight through
t he device redggg{g the popul ati on of excitons due to stinul ated em ssion.
Thus the gai ROTHST ght out put decreases for each succdés&PP¥é*%ass while the
absorption | osses remain constant, Since 25 different emtters have
different intrinsic small signal gains and since different emtters require
different carridewviteayedsthd ayear bdnde kifeszebighet ratihat ¥ebult in different
| evel s of absorbangeiowe@eh dspp® €Y iaee capYinshEieicat difghemapt rati o. Having

this proper ratig [0006,30.£nhed! MeNln;0BY NGEPARE LiiguAIOUNt oOf i ght

produced by stinulated em ssion as conpared to |ight produced by

spont aneous emi SEFURZEHCTI HSTHAER TG high a ratio of light is

refl ected back into Inhencepibodinsat| apés proppreratipaf Bohbpiesdnum anmount of

| i ght absorpti orbaanytoon:fgﬂt transaBtidieinleé Cee@acphatansaymke nulti pl e passes

through any |igh Iabcti_lt}% g& ug!:ﬁ.lgl ghea phasanant; £avdst ys of the is 08
NOV 2006 WO 03/ 9‘96757 ! SO 3 i um amgh @ thfetgt her hand, if too
high a ratio of Tghtre"i® éjle we%“t R tah £8P eE™ i nsuf ficient Iight
may be reflect é’(ﬁ‘f’f")%kv? Apdext Wléhﬁ%s’rr’véh? d5% - arf#eFhhi bit  nexi ni zi ng of
stinmul at ed emi sgizoawetdrd payhe wrbolcoenriectt bies dprigp@rfeeditec of |ight fed
back to light trangainbhedidnrihie. f eedhaskoibayer meyobeniachi eved by properly

adj usting the p%glc%% S0LEKERS 0 ol BRaliAURIm O ich NG deld g 1 (i mum

anplitude) of th ractive i.ndex variation.i | ayer. These
al ) feedback layer provides a hologram w{Lh gLout 6% y

reflectance after optimum processing.

15 When this ratio is properly selected, an emissive
layer that neormally emits light over a wide range of
angles in at least one dimension, if not isotropically
in all directions, now may be enabled, for example, with
sufficient gain in the stimulated emission process, to

20 enit light in the form of stimulated emission aleong the
axis normal to the feedback elements.

In one embodiment, feedback layers with at least in
part periodically and continuocusly varying refractive
index profiles may be at one side of the device or may

25 be at both sides. Where only one feedback layer that is
at least in part periodically and continuously varying
is used, a second layer of reflective materials such as
a mirror, a metallic surface, a lavered dielectric
distributed Bragg reflector (DBR), or reflective anodes

30 or cathodes may be used as the feedback layer on the
other side of the device. A distributed Bragg reflector
is a reflector composed of a stack of layers of
dielectric material of altermating refractive index.
Such a stack has discontinuities in the value of the

38 refractive index at the layer boundaries.

In another embodiment, feedback structures with
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10 parameters may be varied to select the desired feedback to trangm sgipm
rati o. For exanple, a 7 mcron thick Ilayer of Slavich PFG 03C holograhhlc
enul sion used as a feedback |ayer provides a hologramw th about 960

refl ectance after optinum processing. is Wien this ratio is properly
selected, an em ssive layer that normally emts |ight over a wi de range of
angles in at |east one dinension, if not isotropically in all directions,
now may be enabled, for exanple, with sufficient gain in the stimlated

em ssi on proc 20 emt light in the formof stinmy m ssi on al ong
the axis norﬁ%ﬁ f%gthe f eedback el enents. In one enbod#ﬁ%ﬁ?”gpeedback

| ayers with at least in part periodically and continuously varying
refractive index profiles may be at one side of the device or may 25 be at
both sides. WherBeGARF Bpfk cPrarackvaageront itarefractiye in98%t in part
periodi cal | y andrmgonati reabstonivarysre simictused, & satond: | ayer of reflective
materials such agrysaamlgrmateaumettaéd bEcatdE forCL peidaayaned dielectric

di stributed Br aggar(rX%};% ec rgctl alog%efohg%trl € ?hémg or cat hodes may

be used as the fee er on e o evi ce.

di stributed BPagf®Perft é(’:fﬂfﬁrPr‘ipggaélP‘éﬂfeWBfC“&%ﬁﬁ%‘%‘&nﬁfesa st ack of | ayers of
di el ectric mat er Rngofhoat Eaeshat Imguffeftieadt ihigkiasdedt. thw8uch a st ack has

di scontinuities bétohbe aVedriectobetilberadbov &f Eamt bptecindex at the |ayer

boundaries. In apgtbar; EFHQQQ'a'IB&_:} thés%egté%c&dsié UGtHEES WL th 19 GA ~r 3V2 3
WO 03/ 096757 PCT/ 0503 146 ¢ and cont| nuous vabrl até on in refractive

index may act a&g ﬁ%Jtc Ha% %rpyg nglg]é':tre TouTRs" R BIEPBRCCE crystal is a

mat eri al that1°be%@@§ét16$ aopendiBRfise ey Pho ey ‘i"‘r@'sF%Jf FRREYESi ndex al ong one
Or nore axes canuetr drystppesd thbr ght feedpagazyerr of oparti cul ar frequencies
al ong those axeSempbolist faGi @Abrishi cdRes Hridatblus i:hesESHaa perf ect

reflector over Sgﬁg%t;g%eggﬂé§éy and therefore the refractive index has
a uwniform periodic and continuous or other appropriate

15 wvariation along the axis normal to the plane of the
layer. The variation need not be sinusoidal in nature,
but may include a dominant periodicity in the struckture
of the material that is n/2 times the wavelength of the
desired stimulated light emission where n is some

20 integerxr, for example 1. Generally, n=1 is equivalent to
the standard half-wave multilayer reflector.
Alternatively, reflective layers with higher values of n
may ﬁe made. Holeography usually preduces n=1 devices,
For devices in which the layers are produced discretely

25 one at a time, the layers may be produced with more
thickness. To maintain constructive interference in one
embodiment, n may be an integer. In another embodiment,
two and three dimensional photonic crystal structures
may be used as feedback layers.

30 Fig. 4 illustrates a device 2¢ with photonic
crystal feedback elements that produce stimu lated
emisgion in one embodiment. The device may be created
by placing the feedback elements or layers 22 on both
sides of an emissive element or layer 24. If the device

35 24 is transparent to the desired wavelength of light,
for example, light emitted norwal to the plane of the
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reflection band al ong those axes and is said to have a photonic band gap of
| ight energies it is incapable of 10 supporting. One-di nensional photonj CV
crystal structures that may be used for the feedback |ayers in one 08 NGV 2006
enbodi ment may conprise layers of material in which the electron density
and therefore the refractive index has a uniform periodic and conti nuous or
ot her appropriate 15 variation along the axis nornmal to the plane of the

| ayer. The variation need not be sinusoidal in nature, but may include a
dom nant periodicity in the structure of the material that is n/2 tines the
wavel engt h of wheswseesi red stinmulated |ight em ssion whetT@spp/ip@e sone 20
integer, for exanple 1. Generally, n=1 is equivalent to the standard

hal f-wave multilayer reflector. Alternatively, reflective layers with

hi gher val ues of Runid¥aye bEerdater Hologriaphy tius vatdoyn@imgduces n=1 devi ces.

For devices in whighuthe | AUEES 27, BEOINGE] i SonetelyndB gne at a tinme,

the | ayers nmay be rod#%ed Wwith npré tgi ckness, To maintain constructive
interference in ofit" S eHBESH ERT S™H SRS BF8h Fnt®§Er2% | n"™SRot her enbodi nent
two and three di mthsienigivpRotisnt ccxwctsrsrads 51 racti¥Pestormay be used as
feedback | ayers 3@xdniple, 4hé [Ligiat ot es wfllered enm2fiplet himphiot oni ¢ cryst al

f eedback el enent s {haty RLOAUER o3t #:| Alo8Ch oEMLEShiRB. | RndNGagnbOdi ment. The

devi ce may be creat edd QX psltamlg?edt Q“qi eoendb?clé eellree \ts, or layers 22 on bot h
sides of an em ssFVE el &nent oF rayer 247" PE TRe“H6vi'¢8 35 24 is transparent
to the desired wafelémfeR BFmh §Atd PLIGr e kBiSFEice iYyRPeenitted normal to
the plane of the e2dpyNOGZOCE: rVB<88138605Fr<PCT/ 11803/ 14600 em ssive

el enment or |ayer 24 apceb&ificsWnhanbedi Ngindseadbackiel eneats or layers 22 may
be reflected mJ'tgrmoﬁimewtﬁélmrsoygnom@cE@&gh@hﬁ&@m or layer 24. Wen

the e ssive el emenl, of Layel Al A TED Lof2 Sxamlgughe 1ot may be

and continuously varying indices of refraction to

concentrate feedback light intensity in the exciton rich

15 zone of the emitter material. For example, in cne
embodiment, this concentration of intensgity may be
enabled by using device configurations, band -edge
feedback enhanced luminescent devices or defect -mode
feedback enhanced luminescent devicesg, for instance,

20 band-edge FE-OLEDs and defect-mode FE-OLEDs.

In a band-edge embodiment, the feedback elements
that define both ends of the device resonant cavity may
be completely reflective at at least one wavelength in
or near the emission band of the emissive material.

25 Both of the feedback elements in one embodiment are
photonic crystal feedback layers, as previously
described above, having the center wavelength of their
reflective bands slightly offset from the maximum cf the
fluocrescence band of the emissive layer. Stimulated

30 emission cccurs in this device akt a band edge of the
reflective band of the feedback layers. In cne aspect,
the band edge at which stimulated emission occurs is on
the side of the reflection band nearest the emissive
material’s wavelength of maximum emission.

35 Alterpatively, stimulated emission at both edges of the

feedback layer reflection band may occur with a broad
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t hrough the exciton rich reglon of the OLED. This may produce the

stinul ated em ssion of coherent light collimted normal to a plane of the
device in one enbodinent of the present disclosure. 10 A feedback enhanced
| umi nescent device in one enbodinment utilizes a photonic crystal behpyNOY 2006
of dielectric materials with at least in part periodically and
continuously varying indices of refraction to concentrate feedback |ight
intensity in the exciton rich 15 zone of the emtter nmaterial. For exanple,
in one enbodinent, this concentration of intensity may be enabled by using
devi ce confi glYAB"¥%¥, band-edge feedback enhanced | urfchEswene devi ces or
defect -node feedback enhanced | um nescent devices, for instance, 20

band- edge FE- OLEDs and def ect-node FE-OLEDs. |In a band-edge enbodi nent, the
f eedback el enentsanatdmabsefmdterhath ends of the device resonant cavity may
be conpletely refl ectIhv&OQgelataS%e%@st a 8L - \é@%eg,@ﬁgg};@ lgBvs Qrpdyear the em ssion

band of the em ssive_mte e feedback el enents in one
enbodi ment are ‘PhdtBAFE E’?’Q?tvé’l"g F%@hﬁ%\fgﬁcﬁ%ﬁe‘ih? *i§ previously described
above, having th@mﬁbﬁFéY railesttErrg el agranhetld ¥ yetFee trv@2bands slightly
of fset from the rguantieiothdirewadel ergiths ceneeihandefkctibe, ewkssi ve | ayer.
Stinmulated 30 end,ggQn Qﬁﬁwc%n}n Jehist ﬂ?“&ﬁ@ex@thaf%nﬂleedge of the
reflective band of t.he feedbacg t:hay& § or %DOQH% asp e%t ntf‘e band edge at
whi ch stinul at ed™eni §8i'6h-occurs ts on de tH& #%6f | ecti on band
nearest the enissiveé® ﬁ'éial%ﬁeé]lgeéi%‘?ﬁe%ﬁ@? W“‘B‘Fdlﬁﬁﬁ nBrA"eRT¢si on. 35

Al ternatively, stantngantiedtiedivhsticonce atryboihstedgeseofs thated.eedback | ayer
reflection band fraYeRCOMroWidghpertbiRate o2 1rne Buablvac2086,ic¥¥031096757
PCT/ U503/ 14600 bgng, ¢ écsaefstg?én%%éﬁ'm,' B AP AEruA30EE LR, 3, DANA- edge

emtting device may e redl havi ntq] ectors that are
he’spectral reflection band of e materlal is not on

reflected by the periodically varying refractive index
structure, it also cannot be propagated within the

15 structure. That is to =say, the wave propagation modes
that light normally has in free state cannot exist in
the photonic cxrystal. Thus, the material has a photonic
band gap in photon energies analogous to the electronic
bandgap in electron energies in some crystalline

20 materials. Band-edge lasing is enabled, for example,
because the wave propagation medes that are at forbidden
wavelengths in the photonic crystal structure are not
destroyed, but are expelled to the edges of the photonic
band gap (in terxms of wavelength), yielding a high

25 density of modes at wavelengths at the reflection band
edges. This is eqguivalent to saying that there is a
high density of optical states at the band -~edge
wavelengths in the photonic crystal. B2 material
embedded in the photonic crystal structure sees this

30 high deusity of states at those wavelengths. The result
is a very intensive interaction of light at the band -
edge wavelengths with the embedded material and the
potential for very intensive stimulation of iight
emission.

35 In another embodiment, the layer of luminescent

material and surrounding device structures (e.g. an
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conpletely reflective holographically witten feedback 5 layers with their
wavel engt hs of maxi mumreflection, for exanple, identically offset in

wavel ength fromthe em ssion maxi mum of the OLED or LED em ssive naterial.
in a band-edge device in one enbodi ment, a photonic band gap in the
photonic crystal structure is created, 10 thereby inproving perf&'@wﬂ%&ﬂ%f
t he band-edge device. In photonic crystal materials, |ight with wavel engths
in the spectral reflection band of the naterial is not only reflected by
the periodically varying refractive index structure, it also cannot be
propagat ed W {Hidedhe 15 structure. That is to say, thP%T\A@aéle_ﬁg)r opagat i on
nodes that light nornmally has in free state cannot exi ST he phot oni ¢
crystal. Thus, the material has a photonic band gap in photon energies
anal ogous to the electronic bandgap in electron energies in some

crystal line 20 AEAP2rTay §eTVBatfi2BtHgE Hhaditase i€ EifabtEac“¥®r exanple, because
t he wave propagatdesnaitedesithan Ereeptatofigr bivdtien laysavehemgt hs in the

p][lot ﬁni ChcryS_t akidl bHALUIRvaEe £Ra thel fSdsk Oy Ehe RUEraat Bveex pel | edh_t oht gg edges
of the photonic, n : .1 € \Y t y ng a hig

density of modes. atﬁ g\/\%\%e (at%\‘lxtmr#s1 %]Esifh}%gon\r&gf gtg%ogg%egn!gﬂgédges. This is

equi vai ent t3d s8R HRatt fﬁ%l‘iéwic? a B Pk FBREES  of "opti cal states at the
band- edge wavelengeseent matieiaphdeoreixemdey $hal OLEA Yaxees ket enbedded in the
phot oni ¢ cryst ake Skeatet Hr&R£6aL 5N Whats waldhoglerdensbe ya of states at those
wavel engt hs. The,hesuhl, deSidhi¥ef¥ided N Mo baleL aGhi,0Bf 1ight at the
band- edge wavel engt Ihszttw th ttggid%‘r;bedd d naterloglg.;maréd ttth potential for

very intensive 58 FOIBEFSh B Fi GRS emPs SR "95™ 7’ anot her enbodi nent, t he
| ayer of | udi®neseiehressnat éhe JLERAEY LarSupRitytedeitcéesst ¥#Bt ures (e.g. an
22 0 0 NOV 2006ona\@ g3 k4655 1iRECTAUSES L4960 BrERngmmyf Seeve to of fset the

phase of the refsaehi/@rystal reflection band. In devices of this
type, a defect-mode of light propagation is induced that

is highly localized in the area of the OLED. This in
15 turn results in extremely efficient interaction of
feedback photons with excitons to produce stimulated
emission. As in the case of the band-edge lasing
feedback enhanced device, the defect -mode device may
have very energy efficient light emission and low
20 current thresheld of lasing.

In another embcdiment, the feedback enhbanced
luminegcent devices may be single -mode or multi-mode
devices, Single-mode devices may be produced by
fabricating devices with resonant cavities {distances

25 between feedback layexrs) with widths of approximately
the wavelength of light emitted by the emitter while
multi-mode devices have resonant cavities with widths at
least several times larger than the wavelength of light
emitted by the emitter. For example, Fig. 15 contrasts

30 the structure of a single-mode FE-OLED 1502 and a multi-
mode FE-OLED 1504. The single mode FE-OLED 1502 has the
holographic feedback layers 1506, 1508 inside a glass
package with a resonant cavity width of about 400 mm, a
mode spacing of approximately 0.5 pm and a spectral

35 linewidth of around 1.5 nm.

The multi-mode FE-OLED 1504 in one embodiment has
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index alternation in the photonlc crystal | ayer on one side of the device
fromthe phase of the refractive index alternation in the photonic crystal

| ayer on the 5 other side of the device. In this enbodi nent, the

| um nescent material, for exanple, the OLED | ayers act to create a defect
in what would otherwi se be a continuous, periodic variation in refrighiVeys
index from top to bottomin the device. In one enbodinent, the 10 thickness
of the OLED nay be the equivalent of |less than one wavel ength of |ight at
the central wavel ength of the photonic crystal reflection band. In devices
of this type, "Q°4¥f@tt-node of |ight propagation is inburesdméat is highly
| ocalized in the area of the OLED. This in 15 turn results in extrenely
efficient interaction of feedback photons with excitons to produce

stimul ated emnm ssh®mo1drablilict heedbage18fert he1band: 2dgesiliasineg f eedback

enhanced devi ce, g%esogggkggg grprdgxa&gyé cg “[ggg Sfplgg%% yery energy efficient

| i ght em ssion ar?d w 20 current reshq in i n anot her

enbodi ment, the FB%’ifBé‘E%eéW?aﬁcf‘é‘d“cPﬁ?nwh@b55‘?1568%70]621?Yﬁr§'y be singl e-node or
mul ti-nmode devi cerpra8echgy el mpded dedde €40 maywaAyelebddded-by fabri cating
devices with resepaftiacavhé iwesil( 6t Sbeneesed2by bet weeledteedback | ayers) with

wi dt hs of appr oxi kel of NeonexebeROIA sbidhisenkid ed by the e tier
while nulti-npde devices hav son viti.es dths at | east

nt c h
several tines | af§eFitHan™t he%\’/\égeél ?F jt Rt dfvg ygogmt\tp‘%ed by the emtter.
For exanple, Fi ghO@IE‘Eﬁnf“ﬁa%saPBB“tdh%ftgfr%tQ}rE ot 22cgPHG e- nnde FE- OLED
1502 and a nmulti- node d=btldrEEBnbE0dnt Thize shhgl ectodevide- @yED 1502 has the

hol ogr aphi c ffbedlawth@k@é&a&é%yeém&ﬁmhd%lasegbacs;&gepﬁcmge with a

resonant cavity f oyt 0Ny . shac f roxi mately 0.5
pmand a spect ra\llIMI %[%’ FIQ 150 9{‘1 lﬁ?% @1 % fggg%e Ql%h!é&grrﬁ tdF%Qn;gde FE- OLED 1504

in one enbodi rrentlalffisoutfé % B MERFS HTF(’)‘age Transparent spacers
including relatively thick transparent spacers may be

used to f£ill space in between the emissive device and

15 the feedback layers thereby establishing the desired
resonant cavity thickness. TIn this approach, cavity
thickness may be established independently of mechanical
considerations in device packaging and may be used to
provide a multi-mode device that may be pixelated

20 without parallax issues.

To a first order of approximation, in one
embodiment, a single-mode device with feedback layers
has a resonant cavity thickness cf one-half the
wavelength of the desired output light and with the same

25 vphase of the periodic index variation at both feedback
layers inside surfaces. Other thicknesses of the same
order of magnitude and other phase relationships may be
used.

To provide the desired light output from a

30 feedback enhanced device, the light generated in one
embodiment may be coupled out of the device in one or
both directions normal to the plane of the devigce. This
may be achieved by manufacturing or thinning one or both
of the two feedback layers such that there is an

35 insufficient number of cycles of refractive index

variation to completely reflect the light produced and
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WO 03/ 096757 PCT/ US03114600 t he hol ographi c teedback Tayers I510,71512
outside the glass package. For exanple, a node spacing of approximtely
0.2 nmoccurs with the feedback | ayers separated by 1 mm and usi ng 500 nm
wavel ength light. S Spectral line width is determned by the reflectiy ﬂUVZWB
bandw dth of the feedback |ayers 1510, 1512 and is around 100 nm In t
mul ti-node device 1504, the holograns nay be applied after the OLED i s
assenbl ed. in another enbodiment, the nulti-node device nay 10 have the
feedback | ayers inside the gl ass package or one feedback |ayer inside the
gl ass package and one feedback |ayer outside the glass package. Transparent
spacers incl woiomgsrel atively thick transparent spacerscvmggiaiee used to fil
space in between the em ssive device and 15 the feedback |ayers thereby
establishing the desired resonant cavity thickness. In this approach,

cavity thickness,08 1 86n8St: gﬂé e hRded RdePepseRbLY rodapiBchani cal
consi derations in device packagi ng and may be used to provide a nulti-node

devi ce t hat nay:bé bi xel at ed 20 wi thout parallax issues. To a first order of
approxi mation, -i n orf@otReFHEL AT to ALHIPALIE- PRSIET Pl €& Wft h feedback | ayers
has a resonant cmedtarkt huyekanes Soofaiomenhetiefirtindcknway edtessgeh of t he desired

out put | i ght @ndst%&al}dtmu§8e€9g 257 phasasplunt he rpaidiggitge i Ndex variation at
bot h f eedback d? yers 'P%Lexe yrfaces th 1m5Q cKpgg;es of the sane order
of magni tude an used. To provide the

e “pRasE°FEl At ons
desired |ight odFﬁﬁFmFr % §DtF%éﬂﬁ%8Elﬁﬁﬂﬁ%EBH:5@VF€ﬂ‘ the |ight
gener at ed i n ondayerdouisTent berdipnd dy omdptied Bat tofalth@oti@ei ce in one or
bot h di recti ons uiearml wtitetthe whapemof the device. This may be achi eved by

manuf act uri ng, or thhgngﬂgn&ﬂgwp mggﬁgamgftgngkagl agdback | ayers such that
there is an 35 i sufflgﬁ>nt nu es of refaactlve i ndex variation

to conpletely re °‘f°n¢ﬁtcrﬁt3§ egéb oK -aYers,

following materials may be used as feedback layers, but
are not limited to only such: homogenously aligned
monomeric and polymerxic chiral liquid crystals, opals,

15 or other particulate agglomerates that have structures
akin to a crystal lattice; middle phase lyotropic liquid
crystals either in a fluid or a polymerized solid phase;
or block copolymers in phases with liquid crystalline
structures in which the oligomeric blocks form repeat

20 units of the requisite length to yield a structure with
the desired periodic and continucus variation in
refractive index.

A block copolymer may be a self -assembled organic
photopolymer structure produced by consecutive linking

25 of monomer or oligomexry elements into a self -assembled
polymer structure. A one-dimensional photonic crystal
structure also may be created by vacuum depositing a
dielectric material of continuously varying composition
such that the resulting structure has the desired index

30 profile or an approximation of the desired index
profile.

In one aspect, the desired index profile may depend
on the indivigual device. PFor instance, band -edge
lasing devices may require broader spectral reflection

35 bands than other devices. In this case a refractive

index profile more closely approximating a square wave
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24 H . nRNOV2006 WD 03/096757 PCTIUS03/ 14600 thus—artowrg—t+ight—to-be - -
emtted fromthat feedback [|ayer. Another approach to "thinning" one or
both of the feedback layers is to maintain their thickness at some 5
standard value (e.g., 7 mcrons) while reducing the delta n of the
refractive index variation in the feedback layer. In the case of 08 NOv

hol ogr aphi ¢ feedback |ayers this may be done by reducing the total expo%qgﬁ‘e
used to wite the hologram 10 In alternative enbodi nents, to formthe
above- described photonic crystal feedback |ayers, the following materials
may be used as feedback layers, but are not limted to only such:
honogenous! y Y 43 nononeric and pol ymeric chiral IPcoiusesigeoyst al s, opal s,
15 or other particul ate aggl onerates that have structures akin to a crystal
| attice; m ddle phase |yotropic liquid crystals either ina fluid or a

pol yneri zed solj.dehags pe Qed! OCk copol yners in phases with liquid
crystalline structures bn which,Lhe. oLl GonBL £.plogks, Lorm repeat 20 units
of the requisite Ieng‘frh iio yi edl. a structure wt t he desi r ed periodi c and
conti nuous var PAeROHATNECIWFICET PEOTIRERXE RepF YR @Epol yner nay be a

sel f - assenbl ed dergapi on. phot opoksprer, she detdmrek pregalucey] by consecuti ve
linking 25 of ARRARES x0Frati@Oimiex &lreFEIR! thatNid racsrabd inBssenbl ed pol yner
structure. A Of;eﬁ,éaiqﬁ?ﬂ%g_@@cmﬁﬁp_tt%'x%fggae%élindéi LUGHIHE 6,591 SO may be creat ed

by vacuum depositing a _dielectric materjal, of coptlnuously varying
conposition s&ER* ﬁ%"terf?f'eenl:%?ﬁ?'i‘irﬂgreﬁ?‘i‘fgtllﬁ% anggott"ﬁ%lya‘&i red i ndex 30
profile or an approxPiertionlomteiferehss) ved indkae 1phesfederce I n one aspect,
t he desired i ngextginofdcbeisanintdepenstosemeithe nadduvi dusd devi ce. For

I nstance, bﬁ‘pdbﬁgxg:%ensitive medium may be a silver halide sensitized

gelatin emulsion such as Slavich PFG-03C, which

currently is available from UAB Geola, P.O. Box 343,
Vilnius 2006, Lithuania. Details concerning fabrication
of holograms from this material may be found in J.M,

15 Kim, et al.; “Holeographic optical elements recorded in
silver halide sensitized gelatin emulsions. Part 2.
Reflection holographic optical elements” Applied Optics
41, pp. 1522-33 (10 March 2002) and J.M. Kim, et al.;
"Holographic 6ptical elements recorded in silver halide

20 sensitized gelatin emulsions. Part 1. Transmission
holographic optical elements” Applied Optics 40, pp.
€22-~32{10 Pebruary 2001), which are incorporated hexrein
by reference. A yefractive index profile may be recorded
into a medium with a reverse contrast photosensitivity,

25 for example, by using positive or negative
photosensitive materials. Holograms wmay also be made by
the use of dichromated gelatin or other photosensitive
materials.

Refractive index profiles may alsoc be recorded by

30 non-optical means such as a self -assembled organic
photopolymer structure produced by consecutive linking
of monowner or oligomer elements consecutively into a
self-assenbled polymer structure or a polymerized middle
phase of a lyotropic liquid erystal. Refractive index

35 profiles may also be written using an electron beam

regist.
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| asi ng devi ces may reqU|re br oader spectral reflection 35 bands than ot her
devices. In this case a refractive index profile nore closely approximting
a square wave 25 0 6 NOV 2006 WO 03/096757 PCTI US03/ 14600 profile may be
used. A nore detailed description of the fabrication of plane wave
hol ograms is provided in the following description. In one aspecd 8 Nhégg
feedback layer may S contain a refractive index profile that is recorded
into a nmedium For exanple, the refractive index profile may be an
interference pattern recorded into a photopol ymer nedium by opti cal
interference or a simlar interference pattern recorded into a
phot osensi ti VO BE¥IIm The 10 photosensitive nmedi um negrTieswssi | ver hal i de
sensitized gelatin enulsion such as Slavich PEG 03C, which currently is
avai l able from UAB Geola, P.O Box 343, Vilnius 2006, Lithuania. Details
concerni ng fabri Cathpanoc@ér hebogr mogxraamntabi SisBrierdcl ryRy be found in J. M

15 Kim et al.; H_rt) lpqlp:@‘lr?%l%%&l rgaq rﬁlenqggspl{og%gg%q in silver halide

sensitized gelaﬁln e tion raphlc opti cal

el ements” Appl i BEeTRt Ty Paforisg. frf%z"?”’%%re( D BTERS B ]?)asand JJM Kim et
al . " Hol ogr aphi epmkimsakleberse ristirec of ddboimiatid Yeheenslli de 20 sensiti zed
gel atin enul §i ONFiadFidtel andl EARE IS I Odrophidl egiaapfliace Opthezal el ement s”

Appl i ©d Opt1 Co e, R, 0232410 EERARER-200M):, WhiEh e | ncor por at ed

herein by reference. A refractive in ﬁ may bé recorded into a
mediumwith a réW8?§@£dﬁﬁfP€§fm HOTOEBIE ??Vtuﬁg f8r exanple, by using
positive or ned&ﬂpﬁﬁm‘Eﬁbb%§@ﬁ§ﬁ%¢ve“hﬁP%WPanﬁ Hol ograns may al so be nade
by the use of di chmopsd edpge] at hslogranotine be phrottosensi thave materi al s.
Refractive hpdex-REOf LJ:LW%&eﬂB%M & 58 Be greeqides Rye ad3@1@08- optical means such

as a self-assempled, organi ., ANQIORR! MiTRE. 3144 GLithgRroduced by consecutive
| i nki ng ) :

This may be used in encoding multiple colors in the same
device. Altermatively, recording methodologies may be
combined.

15 In aﬁother aspect, a holegram feedback layer (for
example, 4 Fig. 7) may be phase registered or phasge
locked to a hologram feedback layer or other reflector
or feedback layer (for example, 6 Fig. 7) using an
interferometric alignment method. This results in

20 perfect or near perfect constructive interference i hat
maximizes the light intensity of an emissive layer. For
example, light reflected from the reflector or feedback
layer {6 Fig. 7} is ipterfered with the aerial fringe
pattern used to record the refractive index profile in

25 the holographic feedback layer (4 Filg. 7). The vertical
positioning of the aerial fringe pattern may be adjusted
to produce maximum constructive interference before the
holographic exposure of the feedback layer (4 Fig. 7) is
performed.

30 When holographic structures are used for hoth
feedback layers (4 and 6, Fig. 7), the recording
exposure may be carried out on both layers
simultaneously with the same extended aerial fringe
pattern thereby phase-registering the twoe structures.

35 This phase-registrationn may be perfect or nearly

perfect. The registration and phase locking provide
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of nonomer or oligoner el enents consecutiVely Thntoasetf—assembt-ed pol yner
structure or a polynerized mddle phase of a lyotropic liquid crystgl‘ YOV 900
Refractive index 35 profiles may also be witten using an electron b w¥ 2005
resist. 26 08NOV2006 WD 03/096757 PCTI US03/ 14600 i n anot her aspect,
hol ograns may al so be nade from a film of photopolynmer material. The
phot opol ynmer material may be formed from m xture of nononmers such as an
approxi mately 50:50 m xture of ethoxylated bishpenol 5 A diacrylate and
trimethyl ol propane triacrylate. These nmaterials are available from
Sartoner Corp., Exton, PA. Upon the addition of a suitable photoinitiator,
a hol ogram M ¥&¥ecorded into the mixture. In one @Spaswi4e hol ogr am nmay
be produced at the 10 desired wavel ength or may be produced at the double
or another integer nultiple of the desired wavel ength. This nmay be used in
encodi ng mul ti pke:fcel@hfedtNod BBe S@MRraflexi R, tlabaknatdmert.y, recordi ng

et hodol ogi es may bg . eRubLRedosutond BangdetnasResL, a hol ogram feedback

| ayer (for exanple, ‘819‘ %{ mag e phase reqistered or phase |ocked to a
hol ogr am f eedbaRPHREF Bt ditler® PRITFES or” 481 FeedBa®® | ayer (for exanpl e,
6 Fig. 7) usingemvdinentersf slesaetipre vath Gharinh RErPYU=iMeEs results in 20
perfect or near npanéeechsnopsd gelckiy gsist) eidleseptec hatsiomaxi m zes the |ight

intensity of an;enssiue da%8heed Pl inEX20PNG plah@hhvt efehfcted fromthe
reflector or feedback |a S |n€erfered with the aerial fringe

er (6 Fig. 7)1
pattern used to°teldt FHacr ég’? 5@??’\7‘6 glﬁﬁe'j)? Pt 8f77%e*?h 25 the hol ographic
f eedback | ayer gaeeFi gThg)lasamie spEPYY éalbeapFetty 6Ringiweet he aerial fringe
pattern may be agj usdfedenced pProduae hesusefiTl tansinducheseeatant er f erence before
the hol ographi eRxaRsUs @<0fnithe teedbackedtayelfendkibhg. 7) is perforned.

surface. The image beam then is made to impinge on the

emulsion from the front along an axis noxmal to the
glasgs substrate and the reference beam ig made to
impinge on the emulsion through the gl ass substrate from
15 the back along an axis normal tc the glass substrate.
Thus, in one embodiment, the emulsion is exposed to the
aerial fringes created by the interference of the two
beams.
Aftrer the exposure, the emulsion is prehardened by
20 immersing the plates in formaldehyde solution (formalin)
for about 6 minutes. This cross-links the initially
soft gelatin enough so as not to be damaged by further
processing and also makes the gelatin hard enough so
that air voids formed in it during the development
25 process do not cellapse. However, the interaction with
the silver halide grains in the emulsion retards
hardening of the gelatin around the grains leaving it
relatively soft.
In one embodiment, the formalin hardening solution
30 wmay comprise: 10 ml. 37% formaldehyde {formalin); 2
grams (g.) potassium bromide; 5 g. anhydrous sodium
carbonate; 1 liter deionized water.
The previocusly exposed and prehardened plates are
developed using emersion into Agfa G282c photographic
35 developer for about 3 minutes. This converts the silver

halide grains that have been exposed into silver,

28



Ln e
30 When hol ographic structures are used for both feedback |ayers (4 and 6,
Fig. 7), the recording exposure nay be carried out on both |ayers
simul taneously with the same extended aerial fringe pattern thereﬂ)@'NUV 2006
phase-registering the two structures. 35 This phase-registrationn may be
perfect or nearly perfect. The registration and phase |ocking provide 27
200", WD 03/096757 PCT/ US03) 14600 sel f-alignment of the hologramin the
feedback el enment. A nethod of producing the holograns in one enbodi nment
wi |l now be described in detail. in one enbodinent, a glass plate with
Sl avich PFG 03C silver 5 halide sensitized gelatin (S)-SG hol ographic
enul sion on VP& f ace i s exposed to interfering pl ai@uansobeans of, for
exanple, the 458 nm |ine of an argon ion laser. The laser's output is beam
split into "image" and "reference" plane wave beans of |ight and these are
10 expanded to kemabtmgt oneC DMent tihege Bt idhe BITHyS oirosandace. The i mage beam
then is nmade to npinge on the enulsion fromthe front al ong an axi s nor nal
to the glass substrgte and the ref c?%geam P}Sg i mpi nge on the
enul si on t hrough t hé "glpégtsessifﬁs?exﬁteela? % REShE ﬁn Ag an axi s nor nal
to the gl ass subBSidlabkeach TRESLPPIFIGHEIBMHOHIMEN-, ThEPRmul sion is exposed to
the aerial fori agegigsmeat e Haysattmeslmteeﬁeelrmetl@ffctlhewn“trmo beans. After the

exposure, the eqw,:%hg{htgs 1p§ega§ﬂ%r&@mmé 20g4.mmersing the plates in
formal dehyde sol ution (fo hh?“ cross-links the
u

pot um pe rs%aﬁg) 50 ‘I‘ cl brqgta Qd étgn%egcmabss rt her

initially soft ge 3t nYenou So as no
processing and &¥BFaRES- t’l’fgaﬁella'}’rtﬁrtﬁfﬁﬂmezﬁgdﬁ‘ﬁe%o Afi“ﬁ’ét air voids forned
in it during theidegeiheperensre@beqgsocess odop metthighlapsenciHowever, the
interaction Mitbulfibe @kloteridhaldsdevagyr ah RGeidd1thenemthsi on retards

hardeni ng of thg;gelald thal QURE-dNE: 36 081dLBWRGAS then 25

chrominum (III) potassium sulfate is added.

The bleach rehalogenates the silver grains in the
exposed area to silver bromide, but at the same time
15 Cr(ITII}) ions are introduced into the gelatin immediately
adjacent to the silver grains and begin cross -linking
it. To one embodiment, Cr(III) is not introduced
adjacent to the unexposed silver halide grains. The
plates ‘are next immersed in 60 degree C deionized water
20 for about 10 wminutes. During this time the Cr{III)
finishes crosé-linking the gelatin adjacent to the
reconstituted silver bromide grains.
The gelatin is dehydrated by immersion inm a
solution of 50% industrial methylated spirit / 50% water
25 for about 3 minutes followed by about 3 minutes
immersion in undiluted industrial methylated spirit.
The plates are dried in a 45 degree Celsius oven for §
minutes,
The emulsion is then further hardened by placing
30 the plates in a chamber with saturated formaldehyde
vapor for 25 minutes. The emulsion is next fixed by
immersion in a fixing bath for about 2 minutes. In one
embodiment, the fixing bath comprises of: 10 g.
anhydrous ammonium thiosulfate; 20 g. anhydrous sodium
35 sulfate; 1 liter deionized water.
This fixing step removes all silver halide from the
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relatively soft. In one enbodinent, the formalin hardening solution 30 may
conprise: 10 m. 37- fornmal dehyde (formalin); 2 grans (g.) pot aﬁﬁw‘ﬁ“
brom de; 5 g. anhydrous sodium carbonate; 1 liter deionized water. 6@
previ ously exposed and prehardened plates are devel oped using enersion into
Agfa &282c phot ographi ¢ 35 devel oper for about 3 mnutes. This converts the
silver halide grains that have been exposed into silver, 28 0 8 NOV 2006
WD031" 6757 PCT/ US03/ 14600 converting the latent inmage of the fringes into a
real one. Th\g0 J’[Qéf are next bl eached by i mersion in _PBU netol bleach
for approxinately 15 minutes. In one 5 enbodiment, the" BIEEEHY s prepared
fromthe followng ingredients: 1 g. cupric brom de; 10 g. potassium
persulfate; 50 g. citric acid; 20 9. potassium bronmde; 30 g. borax; 1
liter deionizeddftrter: ARt'dr 25R%i'HETe hBe emPlfgPedrer®cset g,  of

p- met hyl am nophehelgelfcisubdsabaen( emisel)inked digsckv@d) i n the sol ution. The

bl each is then Qu&écﬁaeéigt é)roﬂllﬂi 5hé1s4g9;g ggﬂﬁxa@ndhgnha[b 2gsr ghromum (111)

pot assium sul fate i s _.ad )lg hal.ogepates the silver grains in
the exposed area?ods‘f lvs'erar r(()jrrnme 'ﬁ% sane tinme 15 Cr(l11) ions

are introducéd EIRTUERELGETELT 10T ﬁﬁﬁ%ﬁﬁ‘é‘t %‘I‘X‘F‘d &85 d6eP'iP® the silver grains
and begi n crossgaraivki fig softt and phoneidrbodiedsimrediGr¢iy Fyllasmot i ntroduced
adj acent to theiunaxpased, sbhosehedudl ddae gi.ai fisie, TReradehad €s are next

| mrer sed 11 60 JRSLEERGOR) 0000 IALRE.G] Lke AUl QLI o5, During this

time the Cr(I11) ni shes cr gel atin adj acent to the
reconstituted sPPYEFeHY Bﬁtdgreg%‘?%?ﬂafh‘g gBTrét #4'i s dehydrated by i mmersion
in a soluti’®n of 506%drrdurdedinght mebhylatesdaxpredhed/angoo water 25 for about
3 m nutes foll ovesydiyreaboutim@ErRidstuties 50% water / 50% isopropancl
for 10 minutes; 100% isopropanol at 20 degrees Celsgius
for 10 minutes; 100% isopropanol at 45 degrees Celsius
. for 2 minutes. The dehydration expands the gize of the
15 voids and leaves a hard, de-swelled gelatin matrix. The
plates are then dried in an oven at 45 degrees Celsius.
In one aspect, the plates may need to be sealed
from humidity in the air since water will re -swell the
gelatin degrading the holograms. This sealing may be
20 done by coabing a thin layer of a sealant adhesive on
the - hologram surface. One material that may be used is
Pascofix, a cyanocacrylate material available from PASCO
Industrial Adhegives in Philadelphia, PA. Photocurable
epoxy sealants may also be used.
25 In one embodiment, an OLED structure utilized in an
FE-CLED device may have the structure shown in Fig. 9,
comprising the following material. It is noted that the
example shown in Fig. ¢ is not drawn to scale. The
cathode backing 902 may comprise approximately 150 nm
30 thick indium-tin oxide material. The cathode 904 may
comprige approximately 7 mm thick aluminum material.
The electron injection layexr 906 comprise approximately
10 nm thick lithium fluoride material. The electron
transport layer 20B may comprise approximately 35 nm
35 thick aluminum trigquinoline material. The hole blocker

910 may comprise approximately 10 nm thick bathocuproine
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imrersion in undiluted industrial nethylated spirit. The plates are dried
in a 45 degree Celsius oven for 5 mnutes. The enulsion is then further

har dened by placing 30 the plates in a chanber with saturated formal{gN)¥es
vapor for 25 minutes. The enulsion is next fixed by imersion in a fixing
bath for about 2 mnutes. In one enbodinment, the fixing bath conprises of:
10 S. anhydrous ammoniumthiosul fate; 20 g. anhydrous sodium 35 sulfate; 1
liter deionized water. This fixing step renoves all silver halide fromthe
29 0 8 NOV 20%03;\{397-93/ 096757 PCT/ U503/ 34600 gelatin. |ln the areas where the
enul si on was exposed, the gelatin has been cross-|ink&8"H VRS (111)

i medi ately around the AgBr grains and when the Agar is renoved voids are
formed. In the areas where no 5 exposure occurred, the gelatin around the Ag
hal i de grains i 32isgfal anthet ¢Rdsybleds2yRer HeddynB@@r&iel y col | apse | eavi ng
pure, honobgeneouspgekatakély Fhus, chiek r #eddoveacernmdex Tentdlast i s produced
between areas of .puLg..Geldkl br4aRd ABasse gﬂiroﬂinﬁté)@r bsggl atin / part air.
10 I n one enbodi Flr)s.n , tNh_e .Qljat es aée ‘Qﬁﬁ?é _‘%ng q%@%q&%;‘eed by i mrersion in:
50% wat er / 50% slé%r%'pan%ll “YSr G AU s T EO0Y TS 5Pt opanol “at 20 degr ees
Cel sius for £0 myrids; Theowlesbiredanciayar 248 "géfeeesseel%sius for 2

m nut es. The dehwdraidkonoepantsalbhendng @avdirithe T woeddsmand | eaves a hard,
ge- svel | ggl gel at i:&ripmer h¥o ndl r?:@xticlpliﬁ&i%ﬁ—@-frﬁoiihﬁm&lé.kﬁéi.i Nis38o ovlenda]E 45

egr ees sius. __.ln.on : . eal e rom

hum dity in the sTlrséé‘%ng%ﬂ\%aR%%rb%EFfalB%@%géne%Fy?ﬁgﬁ Sgé%altfpft ﬁ’s degradi ng the
hol ograns. This SEEFFHG HaY B D6 d6ie’B§%oating a thin | ayer of a seal ant
adhesi ve on tlde hol ofrcapbryardidl estrOtararapErieabuithaly mageebeivigsed is  Pascof

i X, a cyanoacryl aduitieptdial ondvad badataft esatPASGEradenchiishd icil Adhesi ves in

Phi | adel phi a, PAthéDBﬁgGoﬁé!Lro@Mpﬁic plates 520 whose preparation was
described above. Then a second hologram 922 om which
the sealant coat is not yet cured is placed on top of

15 the OLED structure 902—918 and precisely positioned
parallel to the bottom hologram using a piezoelectric
positioner so that when the sealant cures, the two
holograms %20, 922 and the OLED %02 -918 are all potted
together with the sealant.

20 In one aspect, the two sealant coatings on the two
holograms in the device are at least two microns thick.
The device accordingly may support multiple vertical
modes. In one embodiment, the lateral dimensions of the
-OLED layers may be 250 microns by 250 microns.

25 In the above-described fabrication approach, the
ITO cathode backing layer acts as a buffer between the
hologram sealant and the rest of the OLED structure. In
another aspect, one or more additional buffer layers may
be used.

30 In one aspect, the one or more feedback layers in
the device allow even some light emissive materials with
degraded function or low efficiency to perform
satisfactorily. This provides greater flexibility in
selecting the other layers and elements of the device

35 such as the emissive layer. Further, because the

feedback layers in one embodiment still allow
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epoxy seal ants may aI so be used 25 I'n one enbodi ment, an OLED structure
AAAD

utilized in an FE-OLED device may have the structure shown in Figggal\ 730
conprising the followng naterial. It is noted that the exanple shown in
Fig. 9 is not drawn to scale. The cathode backing 902 nay conprise
approximately 150 nm 30 thick indiumtin oxide material. The cathode 904 may
conprise approximately 7 nmthick alum nummaterial. The electron injection
| ayer 906 conprise approxinmately 10 nmthick lithiumfluoride material. The
electron transport |ayer 908 may conprise approxi mately 35 nm 35 t hick
alum numtriquinoline material. The hol e bl ocker 910 ma rise

appr oxi mat el Y 1R t hi ck _bat hocuproine 30 08NOV2006 ¥ 0?5'3’& 96757

PCT/ GS03/ 14600 material. The em ssive |ayer 912 may conprise approxinmtely
50 nmthick H9680 material. The hole transport |ayer 914 may conprise
approxi mat el y 75akipEaqthie perfaymarfie( Stemeriny | ssne iy By NAPSiMe phenyl benzi dine 5
mat eri al . The hebkeeriisljscedivian degystedfificrimy @ohgpr eS&ici8necynm t hi ck copper

pht hal ocyani ne rﬁrérﬁgswzh@a@gpaemswe &Qg&rw%pe-ﬁﬁz@mtm ck indiumtin

oxi de materi al . 680 .em SSI e | aye ai ned from Honeywel |
specialty ChemCRPS A~ NOT i \ﬁ X envéydeﬁce %i{br}? {above OLED structure

may be built Sby eStiCE ey V@ht\Fa‘&ﬁﬁ}ﬁFd‘@}Sﬁl’s’*ﬁ’c |b8ﬁ%“56n°%°§%%illaant coated surface
on one of the SHSEhohodriaphicoipliat estG20l whosptprmepardatetndn was descri bed
above. Then a segoNdsiobAGE A8 RL2r0M Wikirehcent Nehi s@amagdnacRat is not yet

cured i s pl aced 90,90 ol 15, 08 OLER, SIGELUL 2302 .808,00 prec sely

positioned parall ogram usi ng a piezoelectric
positioner so t &% dﬁ)ﬁ‘éﬁ st“’l’témé’é‘a]i’aé‘ﬁtdci?ﬁr“é’§ VERER ﬁb‘i%ﬁrams 920, 922 and
t he OLED 9029918rgmretigh|bapdtted together with the sealant. 20 In one
aspect, the two seahsither @Rinidngsison delieret Midh tiel eDsc@mrsaesn t he devi ce are at

| east two m Cr()@ﬁaﬂégidQKrier injection layers, and charge carrier

transport layers optimized or otherwise selected for
their functions and with an emissive layer selected for

15 optimun carrier recombination to form excitons, but
which bhas poor quantum efficiency because of non -
radiative relaxation of exciton energy. Enabling
stimulated emigsion with feedback light from feedback
layers in one embodiment may allow almost all exciton

20 energy to be emitted as light, thus providing a highly
energy efficient device.

A further example is a device with a light
emissive layer including an emitter molecule derivatized
with cross-linking functional groups. The cross-linking

25 provides improved wechanical properties and make the
emissive layer less fragile under high temperature
conditiong. With stimulated emission from feedback
light this device may also be made sufficiently energy
efficient.

an In another aspect, the light emissive material may
be chosen for a high absorption cross-section or area of
interaction with the feedback light. For example, the
emissive layer may be made with a material that has
large molecules or a high aspect ratio to the reflected

35 feedback light. The material may have a high
polarizability at the wavelength of the feedback light
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The device accordingly may support nultiple vertical nodes. In one

enbodi nent, the lateral dinensions of the OLED |ayers may be 250 m crons by
250 microns. 25 In the above-described fabrication approach, the 0's™dV 2008
cat hode backing | ayer acts as a buffer between the hol ogram seal ant ang th
rest of the OLED structure. In another aspect, one or nore additional

buffer layers may be used. 30 In one aspect, the one or nore feedback

| ayers in the device allow even sone light em ssive materials with

degraded function or low efficiency to performsatisfactorily. This provides
greater fl exi i&%&% in selecting the other layers and el enents of the
device 35 stch s the enissive layer. Further, becaufEV¥R&"“*8edback | ayers
in one enbodiment still allow 31 O 11 nr WD 03/096757 PCT/ US03/ 14600
satisfactory performance even with sone |ight em ssive materials having
degraded functiohthe lieht eprisséveneyer By Pe ghtcleq Ssipyevidateri al may be
chosen to opti nizgeotihegracchar agersstigswitotheeXeawphek a devi ce that has

low 5 efficiencyghi ghtrnemhesiive HBt8LLAe hagausennfsiqverlap between the
light em ssive material absorpti band and t .em ssive materi al
mate Wrrjécy

on n s theslioht .
florescent enis&i6h band %mﬁlseé:B T “thé Ji‘c‘qélgct:‘ibséfc _al ayer reflection band

and thus thé JdEHALESBRFSEROR BidhdtForE RvtedoimerPas st difttter 10
absor pti on banda 1Armt hemaeiranmpidue oraa devsceoewdyhr tinewtldlcbet r odes, charge
carrier injecti o Lgelde naidifNaE GRAE FoEL Bensd EANSROMhedayers optini zed or

ot her i se sel ecfgd, LQr L Aeld, (ANELIORS 130 Wk AL £ sshve |ayer sel ect ed
for 15 optinmum carrier reconmbi hatjon to formexcitgons, but which has poor

quant um ef fi ci ey Heeife SN 19 hdi 88F VBt BPEEAET 6/ of exciton energy.
Enabl i ng stPnuizsiedt armesslliopbiislpcykattbetie Lisghelelrtan f eedback |ayers in
one enbodi ment smEyatadl DWthd RB8iceabhclexiGitt Gt molecules have a

very large molecular size and proper molecular aspect
ratio. Orientation of the phosphor wmolecules may be
provided by adjusting the surface energy of the
15 underlying charged transport layer such that homogenous
alignment regsults or by photo aligning the underlying
charge transport layer. Molecules having a high cross -
section of interaction with the feedback light increase
the likelihood of stimulated emission. This reduces the
20 amount of light that needs to be reflected by the
feedback element in ozrder to make stimulated emission
the dominant light conversion process. In another
embodiment, a patterned feedback element or layer may be
fabricated using a patterned optical exposure. First, a
25 layer of holographic photopolymer or photopolymer
precursor is cast on a substrate. Next, the
photopolymer or photopolymer precursor is exposed to a
cross-linking light radiation through a pattermed
photomask. Alternatively, the patterned photomask may
30 be omitted if the cross-linking light radiation is
provided as a modulated beam.

In another embodiment, a patterned, multi ~coloxr
feedback layer may be built using successive patterned
exposures in the patterned feedback layers to produce

35 areas of feedback material that reflect different

colors. These pattermed feedback layer areas may be
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20 energy to be emtted as light, thus providing a highly energy efficient
device. A further exanple is a device with a light emssive | ayerqigrl\tﬂl\llldlﬁng
an emtter nolecule derivatized wth cross-linking functional groups. The
cross-linking 25 provides inproved nechani cal properties and nmake the

em ssive layer less fragile under high tenperature conditions. Wth

stinul ated em ssion fromfeedback |ight this device may al so be made
sufficiently energy efficient. 30 In another aspect, the |ight em ssive
material may he.ehasen for a high absorption cross-section or area of
interaction with thé feedback |ight. For exanple, the "EME¥R | ayer may be
made with a material that has |arge nolecules or a high aspect ratio to the
reflected 35 feedback light. The material may have a high polarizability at
the wavel engt h ok FeedbER ke | eghtter SR vOENCRGOB NI Y3/ 096757

PCT/ US03/ 14600 opattémneldi gitsiom sskeviel| aper. nalye bvidshveker to provi de a

hi glhegI I nt le!'aﬁzim;aﬁi'aflsﬁe‘ég%isgﬁa%@ hibhgadieeshaedeank ighiyerThe Irrateri]lal may
include a lig . r . u re aligned so
that 5 their asp%g%ggg%?%c?@ﬁ ‘%%glérug %éf%d%%gaeg%)agﬁ %_‘eﬁgﬁ%dhas a large or
maxi num val ue®or * R BRSPS TG dRt e lvieh e the2eiitéeh v Paterial is made
nore dense so thediot ren@. are nore nol ecul es per unit of depth that interact
with the reflected ficefhack abbehtt .a G esrchsembesd abydrays 10 i ncl ude a

et al | opht hal ocyanLag o bi1ud L, MR B8ULES oq 91 ek ukligdevi ce such that

the nol ecul es have a .very large nolecul ar Size an proper nol ecul ar aspect
ratio. Orientatidn®st T 5??5‘5%??0?nerr81i‘°et8ﬂfl‘sé‘sl?r§§e BEESIPEYi ded by adj usti ng
the surface éherkpgmoft threratraunelefr|sptnep-chEidgelf £+ aNsFee drayer such that
honogenous al i goaesite p2Wlddleomaby apfrotousalpgnbag ctdbdicender | ying charge
transport |ayer.pVodeel!RIodiaMi 0ok Bi@RikdnOSS A-material such
as holographic emulsion 20 is exposed to the reference
beam 14 and the image beam 12 via the two photomasks 18,
15 thus exposing patterned light beams 22 to the
holographic emulsion 20. In this set -up, a light source
such as a laser 2 directs the laser light 4 to beanm
expanding optics 6. Light emitted f£rom the beam
expanding optics 6, that is expanded laser beam 8 is
20 deflected partly and transmitted partly by a beam
splitter 10. A beam splitter B may be a simple mirror
made with a thinner coating of silver than a
conventional mirror so that it does not reflect all of
the light that is incident upon it, some of it being
25 transmitted. The light transmitted is an image beam 12
which is exposed on the holographic emulsion 20 via the
photomask 18. The light deflected 14 is a reference
beam and is reflected by mirrors 16 and is also exposed
on the holographic emulsion 20 via the other photomask
30 18. The resulting interference pattexn recorded by the
' holographic emulsion 20 is the hologzram,
In another aspect, one of the two photomasks 18 may
be eliminated by using a high gamma photopolymer as a
holographic medium 20 that has an exposure intensity
35 threshold. Fig. 11 illustrates an examplé of a single
mask apparatus 200 that produces & hologram in one
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b
section of interaction with the feedback |ight increase the |ikelihood of
stinmul ated em ssion. This reduces the 20 amount of |ight that needs to be
reflected by the feedback el enent in order to make stimul ated eni&8NBH 2006 he
dom nant |ight conversion process. in another enbodinment, a patterned
f eedback el ement or layer may be fabricated using a patterned optical
exposure. First, a 2S layer of hol ographi c photopol ynmer or photopol yner
precursor is cast on a substrate. Next, the photopol yner or phot opol yner
precursor is exposed to a cross-linking light radiation through a patterned
phot omask. AMogspatsi vel y, the patterned phot omask mayr@@udagnegitted if the
cross-linking light radiation is provided as a nodul ated beam |n another
enbodi ment, a patterned, nulti-color feedback |ayer may be built using
successive pat te%&‘cﬁ%en@(p%%?éeh%dﬁ@&tp%%?h%%ﬂna%ﬁeﬁb@a%kbé ayers to produce
35 areas of feedback terral_that reflect dif er ent q{ol ors. These
patterned feedd%E Hna% GO S el be'” §5 503 2GU8°* Wo 03/ 096757
PCT/ U503/ 14600 fepkast ethes sompgked bpamn (et seferentewks®®) didr pspondi ngly
patterned em ssiovenavat etk adieat @asrgy The esddie8 Sinécexph@mizer i al areas associ at ed

with patterned fegdhbacknlaygia 286 8a8s 6 d-B6L iRGsA 1RAK{ECH ar col or band may
be selected 5 to C%Ealo em ssjve 1 tdeE)Iee?'ml (thr;:ag:L emt r %atl on in that

col or band. In RRARETTAEPéct, ' Patterned Teedback a@er as described
above may be f @BFP @aY PEOYAVESTUTE I GARt SABIFNELK3USENCAH|E - i nage beam and one
phot omask i n t leénkiebeirehie photdpetameof altieubloltdygy apmat set-up. Fig. 10
illustrates an regxaapl eThd consioublcg sMmske appaeats)Snck@Pert, hat produces a
patterned hologram. p Qne; epbodimeat. A Iﬁ‘éﬁuﬁ{dg@' such as hol ographic

emul sion 20 1 s expased to the referen eam 14 and the image beam 12 via
the two photonmask £+98%2 ’f’sat?ﬁ?ghéﬁﬂ)ﬁéﬁﬁsﬁrﬁ'ﬁ‘f?e“rrﬁg%alnf?ght beans 22 to the

versus position in the double mask apparatus of Fig. 10.

The graph illustrates the wodulation of the exposing

light from zeroc irradiance when optically dense features

15 on photomasks are in place in both the image and
reference beams to full irradiance when both beams are
passing through apertures in the photomasks. In thig
set up, both photomasks are aligned to each other and to
the holographic emulsion. Fig. 13 is a graph 400

20 illustrating irradiance versus position in a single mask
apparatus of Fig. 11. This graph illustrates that in
this case the combined irradiance of the exposure beams
is modulated between full irradiance and some lower,
non-~zero value of irradiance, depending on the relative

25 intensities of the image and reference beams. If, for
example, in one embodiment the irradiance threshold of
the holographic emulsion, portrayed in graph 500 in
?igure 14, is higher in irradiance than the low value of
irradiance modulation in Figure 13, then patterned

30 holograms way be successfully recorded. This set -up
does not reguire the registration of two masks.

A holographic feedback layer way be produced by
coating a layer of photosensitive holographic recording
material onto a device substrate. The material is then

35 exposed to light so as to produce a pattern, such as a

plane wave interference pattern, down into the depth of
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hol ographic emul sion 20. In this set-up, a light source such as a |aser 2
directs the laser light 4 to beam expanding optics 6. Light emtted from
t he beam expanding optics 6, that is expanded | aser beam 8 is 20 %qihgf
partly and transmtted partly by a beam splitter 10. A beamsplitte

be a sinple mrror made with a thinner coating of silver than a
conventional mrror so that it does not reflect all of the light that is
i ncident upon it, sone of it being 25 transmitted. The light transmitted is
an image beam 12 which is exposed on the hol ographic enulsion 20 via the
phot omask 18. MH&61ght deflected 14 is a reference beamsandsis refl ected
by mrrors 16 and is al so exposed on the hol ographic enulsion 20 via the
ot her photomask 30 18. The resulting interference pattern recorded by the

hol ogr aphi c errult%bolrayzp s'u§htth§c hel agrams lRpanot keraspect, one of the two
phot orasks 18 ”ar%cm%dn 1.0af 6d By -Usi 09 .3 *ngectganmggl% topolyner as a

hol ogr aphi ¢ medi um has ‘an exposure 1 ntens reshold. Fig. 11

illustrates an éxXakfpl E“R)f’a’é%e&lﬁ‘g}“@f"ﬁ%k APt Aty ?’@Bgttlliat produces a
hol ogram i n one a3ds @Ge8naC 2866 ayadrBRE096/5ENPEREVES03/ 14600 enbodi nent. In

this enbodi ment ,inedie&epdiit OFMS&n1RayBY pROIucHS & béndrheidgnmge beam 12, In this
single phot omask,, el0nd .- the & mﬁ%@ep&ggﬁ(ggﬁt&%;&@%@o beam) 14 may not

have suffici ent “ener t 0 excee exposure intensity threshold and thus
to cause cross -V?ﬁﬁ%% P ?W?eﬁﬁ%?%ﬁ8ﬁ§ﬁe?mw?ﬁ@tdﬁ%ﬁ% ®b¥am (the i mage
beam) 12 also ﬁh?cﬁbthavﬁlSH¢$F%¥@H¥Yeﬁ@P§y@t@E%aﬂg%d%ﬁoss- linking in the
phot opol yner, aleihoughbdthi ®mbenenot. TRqUirbecks Frereonbe nati on of the two

beans, howevey, nlQJBY d2€a $HEdd GhRNblRe CAVEE reEQSSad ki BY. Fig. 12 is a
graph 300 illustrating |r££g£é@cgs ﬁf? %FQO%ItIOH in.the double mask
appar at us of qu T02F Fng ﬁ Pl ra *Mifati on of the exposi ng

ight a cross- llnklng reactlon occurs causing the
refractive index to change. For instance, the Slavich
material contains sensitizing dyes that render it
15 panchromatic. This in cne embodiment wmay be one way of
recording the desired cyclic variation of refractive
index in the feedback layer.
In another embodiment, an emissive material with
broader fluorescent emission bands may be combined with
20 a feedback element optimized to allow single mode
emission of a desired wavelength to constrain the
emission bandwidth of the emissive material. As
previously described, feedback elements may cause
stimulated emission in the emissive element. The
25 stimulated emission may be limited tc the same
wavelengrh band or bands as the reflection band or bands
of 1light of the feedback element. Thus, a broadband
emissive material may be used with a narrow band
reflective feedback element to produce a narrow
30 wavelength band of light, for example, with
substantially no logs of energy conversion efficiency.
In one aspect, this provides a great deal of design
freedom in emissive material selection. Foxr example, in
devices with emissive materials in which the spectral
35 emission band overlaps the abgorption band such that

self-absorption normally occurs, the narrow band
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light fromzero irradi ance when optically dense features 15 on phot omasks
are in place in both the inage and reference beans to full irradi ance when
both beams are passing through apertures in the photomasks. In tjeN06b
up, both photonmasks are aligned to each other and to the hol ographic

emul sion. Fig. 13 is a graph 400 20 illustrating irradi ance versus position
in a single mask apparatus of Fig. 11. This graph illustrates that in this
case the conbined irradi ance of the exposure beans is nodul ated between

full irradiance and sonme | ower, non-zero value of irradiance, dependi ng on

the relative Y8%Mt%8hsities of the i mage and ref er encerdramesassed f, for
exanpl e, in one enbodi nent the irradiance threshold of the hol ographic

enul sion, portrayed in graph 500 in Figure 14, is higher in irradiance than
the | ow val ue oterliettadi fRGBadKDEEaiY iy bA dhoget €c hdye tahpdukpat t er ned 30

hol ograms may b, SYELRASIHL! ¥k LR Rt ap  Phed effifcivdRar 195 NOt require the
regi stration of two masks. er may be produced by

A hol gra hi ¢ feedback | a
coating a | ayer B BHSPo¥Esi tIi“vtg‘ 'ﬁd@?ﬁgrfgﬁheixém? &¢orariig® material onto a
devi ce substrat BateThel AetfepbedrPHent TRynP8 Bl tkpassd2rdaltghat so as to produce
a pattern, suche&sgn efpiaret wavire mtyerénenceigabktids nin down into the depth

of 35 0BNOV2008,0MD: Q35096757 PCTLAB03,14600: theclayammsuch that the Ievel

of exposure of iakleer e ortdllgqjarqgtmgrlbglus! ) uong\tglrdma}gsg ayilondi rections in the
pl ane, but vari 88 TR UNTTOrM Ly Srhusordal Ty arong tHe “4xi s normal to the
| ayer plane. A FdAeeWaReTs9Atelf¥ Ence pattern may be produced by
generating a planeiwave sgbedtheardelsilieyl twatgieerigt Revigploutputng it into two
conponent s, 1phageydetoayi MetOHNQ1 GOER@BEH bakl addiMes tt@at t he ot her, then

si mul t aneousl y g‘gisgghitgggzy LESAR LN, il Ldnt 0 kot gouponents. This process

records the 10 oI,o%lr am of a pl.ane wavelzour ce. gtlf recorfdi ng filmor
material is senSTEFZER TG thAMTWAER PPEmaleY dXpUTEd Fe67e ©

self-absorption or incompatibility with absorption bands
of other device layers may now be used in devices with

15 feedback layers. Another use of this effect is to have
the feedback element have two or more separate spectral
reflection bands. Where the separate reflection bands
each overlap a portion of the broad emission spectrum of
an emitter material, multiple wavelength bands of light

20 may be emitted from the same region of the emissive
material.

Another use may be cone in which separate reflection
bands are patterned in different areas of the feedback
layers. For example, Fig. 5 illustrates a pixelated

25 device 30 with a broadband emissive layer 32 and two
pixelated feedback layers 34 in one embodiment. For
instance, for an emitter that radiated light of
reasonable intengity between 520 nm. and 700 nm., a
checker board pattern in the feedback layers is

30 patterned in which the refractive index alternation in
the layers is equivalent to a wavelength of 520 nm.

Then the complementary-checkerboard pattern is pattermned

so that the index profile corresponds to a wavelength of

650 nm. In this way, the device emits a checker board -
35 pattern of light with the altermating sguares (pixels)

colored red and green.
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light a cross-linking reaction occurs causing the refractive index to
change. For instance, the Slavich material contains sensitizing dyes that
render it 15 panchromatic. This in one enbodi nent may be one way of 8 NOV 200
recording the desired cyclic variation of refractive index in the feedback
| ayer. In another enbodi ment, an em ssive material with Dbroader fluorescent
em ssion bands may be conbined with 20 a feedback el enment optim zed to

al I ow single node em ssion of a desired wavel ength to constrain the

em ssion bandw dth of the emi ssive material. As previously described,

f eedback el en®AP¥¢A} cause stinulated enission in thecmasisaseve el enent.
The 25 stinmulated em ssion may be limted to the sane wavel ength band or
bands as the reflection band or bands of |ight of the feedback el enent.

Thus, a broadband emSsidBodBLA, ahe BBYe1RE:dIS8ALWR ﬁay"’ergaﬁr ow band

reflective feedbﬁclgldglfgn%nt ] Pg gg&lcsgmandnarreggvgﬁo Mavgl ength band of 1ight,
for exanple, tantiarl ol e conversion efficiency.

In one aspect, B&Fi%§ H %1365 légléfr ééta éé:‘éﬂt Bﬂ‘“e&%%ﬁ é nbife &&Bom in emi ssive
mat eri al sel ect perend FoeaeBamitesct] highdenfi semcwd Waefrashve materials in
whi ch the spect rrd r3Bsremteasi BNobane NRVerd-apTetdircrbseRt bon band such that

sel f-absor ption_nocnally,.Qcg ggei narr ou ggg% URNOV2006 WO 03/ 096757
PCT/ US03/ 14600 Q’? ectlll“v?(g% Lég‘ e eneén{eent ma éﬁhosen to have a peak

wavel engt h t hat ﬁ’d’és”nB?lYof?’érsPBifaf‘ﬁlé‘ ERiC8EY & fr?:&tgﬁsél absorption band. In
this way, for exaurpbegtheniSingilpely. nitepecindsiseps hsefr p¢ on may be el i mi nat ed
and a nore 5 engi:@Yawkf faidpaix e asinBypse edtbilacSi winlsaibys 1N anot her

enbodi ment, 3 pg@%@%rgmgﬁmmss% tlagezf gedhagkr baxeincigfihection band may
be used to avoid absorgtl QN Wave§ o nother device layers. 'in one aspect, an

ability to tune”t TRe*a&VF EE°BY mg
Thus in one embodiment, a multi -colored device may

be made without providing separate emissive materials
for each of the first and second wavelengths. This may

15 reduce the processing steps reguired for fabrication of
the broadband emissive layer 32. In one embodiment, if
refractive index profiles are recorded intoc the
pixelated feedback layers 34, the first and second areas
36, 38 may be formed at the same time to furthexr reduce

20 the number of fabrication steps and complexity of the
pixelated device 30. Further, although Fig. §
illustrates two wavelengths, three of more waveleng ths
of light may be stimulated from the broadband emissive
layer 32. Such a pixelated device 30 may be used to

25 display digital, alphanumeric, or graphic information.
For example, the pixelated device 30 may be used to
create a wide color gamut in graphic displays without
emitting unwanted infrared and ultraviolet wavelengths
of light.

30 In another embodiment, both the feedback layers and
the emitters may be pattermed. For instance, red,
green, and blue emitters may be pattermed in pixels with
overlaid feedback layer patterned red, green, and blue
respectively. In another embodiment, one or more

35 feedback layers may be formed from a photosensitive

material having a hologram of a plane wave written on
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10 away froma material absorption band inplies that otherw se highly
useful em ssive materials and other device materials that are normally

rej ected because of self-absorption or inconpatibility wth absor{pg No¥ 2006
bands of other device |layers may now be used in devices with 15 feedback

| ayers. Another use of this effect is to have the feedback el enent have two
or nore separate spectral reflection bands. Wiere the separate reflection
bands each overlap a portion of the broad em ssion spectrumof an emtter
material, nultj wavel engt h bands of |light 20 may be emtted fromthe sane
region of the ‘gﬁfgé’? e nmaterial. Another use may be OomRETUSONMTh separ ate
refl ection bands are patterned in different areas of the feedback |ayers.
For exanple, Fig. 5 illustrates a pixelated 25 device 30 with a broadband
em ssive | ayer 32hamatémiel pinebatedzétetback tThayléps: 34y ibe one enbodi nent .
For instance, f@ia@NpsiE:dii&r aidAgtankagiiatReptdaghtiaofro geﬁsonabl e intensity

between 520 nm and (00 %?]}‘F ‘r?é}far accgg 1peor aﬁv@ﬁ% el '11 ﬁt lﬁ f eedback |ayers

is 30 patterned in whic trve ex alternatron i the layers is
equi valent to a \?ﬁv‘”éﬁﬁhd’ﬁﬁc‘ﬂf‘ﬂﬁ’mler‘fhClTﬁ‘&ﬁ‘rfLﬁeGEc?ﬂrb’rpéﬁE?ﬁlé{ry checker boar d
pattern i s patst epnbdized Lidigt tIhethene exbpiiobitse tderfeedpamrds to a wavel ength
of 650 nm In thhgeWdturhd@olinyiar redibha aigltenicert: hoaesbndhe pattern of

light with the alLer 961& 8. %HWB?%EBPA@&%&) InceJ,eogﬁ%am&tand green. 37
08NOV2006 WO 03/096757 P enmbod t he pi xel at ed

feedback |ayers 34'S Pﬁ]ca}rﬁﬁee‘{ F‘T‘?ﬂg?‘:k Eﬂ% %mﬁﬁdeiggbﬁfdoﬁr"éas 38. The first
areas 36 refl ect 1ighghfxagf the epissivendwpeEr iyt haghid édetrécalsecond areas 38
reflect |ightioof parasecaridn wawed.erminh, Hsibseadftiaspoatrieasor3610f the pi xel at ed

feedback |ayers 34 cneaiig@e Hhrbdleb@igdoRMbis 00 e debecbhpdband em ssive
! ayer 32 onl y or aspuo %:Lazn :lLoaﬁl .L,Qgtgnldgn J.ca}. ho(?r Lt.ibl:ség.ntially

identical to the original light used to write the

hologram in the feedback layer.

15 In one embodiment, one or more polarized
holographic feedback layers may be written with a
patterned exposure through a photomask. In one aspect,
separate areas of an emissive device may be constrained
to emit light having different polarization states by

20 using a series of patterned exposures with light of
differing polarization states. For example, feedback
layers patterned in a pixelated rectangular matrix may
have alternating pixels with orthogonal linear axes of
polarization.

25 In another embodiment, one or more feedback lavers
may be formed with wmaterials with chiral centers and
used as photonic crystal feedback layers, for example,
if the materials have one-dimencional photonic crystal
refractive index profile. For instance, homogencusly

30 aligned cholesteric ligquid crystals have chiral centers
that induce helical structure such that the one -
dimensional photonic crystal refractive index profile
results. This is illustrated in Fig. 6. The
polarization direction of plane polarized light is oot

35 affected by passage through the medium when the pitch of

the helical structure of the material is sufficiently
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wavel ength. Simlarly, the second areas 38 of the pixelated feedback |ayers
34 cause stinulated em ssions 10 in the broadband em ssive Iaygﬁﬁgﬁ g&ty or
substantially only at the second wavel ength. Thus in one enbo ¥,

mul ti-col ored device may be nade wi thout providing separate em ssive
materials for each of the first and second wavel engths. This may 15 reduce
the processing steps required for fabrication of the broadband em ssive

| ayer 32. In one enbodinent, if refractive index profiles are recorded into
the pixelated feedback |ayers 34, the first and second areas 36, 38 may be
formed at the “HR®St5¥nme to further reduce 20 the nunbepcuésofmbmi cati on steps
and conplexity of the pixelated device 30. Further, although Fig. 5
illustrates two wavel engths, three of nore mavelengths of light may be
stimul ated fromdraer br oadhandasd)i sshyeith ayiesxid 2t Sughgaiphxel ated device 30

may be used to xﬁl%ﬁ'@’tﬁé gLd;aky aQLPQQ @éin‘&sof&&lﬂf@m fig 1 nformation.

For exanpl e, the I xel ated. devi e use create a wde col or
ganut in graphic® gf%cﬁf”é?s}n?/ﬁxfh gi‘s Séﬁi“ﬁﬁ%ﬁ‘%r‘?ﬁaﬁﬂr@ﬁil Rt &red and

ul traviol et wavelogyrrhEiingfrofpesit by BOlYmerixApg Ivepleshtiddi nent, both the

f eedback | ayes s mackiveh@sequnt ti@bgexsry be patterned. For instance red,

green, and blue em tﬁeg&tﬁgye%dmrteroggdoﬂ HonQ:' xShanWohiy overlaid f eedback
| ayer patterned ng en, ar respe ve%& | n anot her enbodi nent,

one or rore 35 f&&dBs é?la efs ﬁ&“cgﬁufornedﬂFron15 Bhot osensi tive materia
havi ng a hol ogr af#P’é]fcaﬁe‘ij%r?é Saetiatr FeletP he° 38t 658 ROV°2006 WD 03! 096757
PCT/ US03/ n600 tdvestmit emueturesifng epofaei zZedaddighin td hdein ght may be pl ane
pol ari zed al oNg BAYerdXbrsl PREPERELGUESY 1k Qnl bi5ep. difcecdhbafLedf propagati on or

al ternat | vel y the. Lhgl. om r%pc@.lrgtgb%ww&umr'fyedbgsiﬁaygrgcu' arly, or

elliptically 5 poI rized ese |nen s, the feedback
extend 1nto the OLED structure 1tsel or

instance, the materials used to build up the hole
injection, hole transport, emission, electron transport,

15 and electron injection layers in an OLED may have chiral
ligmid ecrystalline phases or structures of the same
pitch as the refractive index altexnation in the
feedback layers. These materials may be derivatized
with cross-linking moieties and sensitized such that

20 interference patterns may be recorded in them. In this
way feedback layer holograms may be extended into the
OLED.

A useful aspect of modifying the optical properties

of OLED component layers so as to extend the photonic

25 crystal structure into the OLED structure is that, as
was described above, to produce a defect-mode laser, the
defect zone in which the OLED emitter is located may
have a thickness of less than the eguivalent of one
wavelength of light. For example, this aspect is useful

30 in the case of blue FE-OLEDs because for blue light a
thickness eguivalent to one wavelength is smaller than
the combined thicknesses of the various OLED functional
layers. Thus, in one embodiment, a way of designing a
defect-mode device may involve extending the photonic

35 crystal structures into OLED as described above.

The embodiments described above are illustrative

20



} ST

| ayer returns polarized feedback |ight into the resonant cavity of the OLED
or LED device. In one enbodinent, this polarized feedback |ight stinulates
em ssion of light fromthe em ssive |layer that has an identical 1ﬂ v 7008

pol ari zation state. Thus, a substantial portion or all of the Iﬂ% P 2
produced by the OLED or LED device nmay have a polarization state identical
or substantially identical to the original light used to wite the

hol ogramin the feedback |layer. 15 In one enbodi nent, one or nore polarized
hol ographi ¢ feedback | ayers may be witten with a patterned exposure

t hrough a phot 9e®$dss) N one aspect, separate areas of @c‘%uﬁ@ﬁcﬁé ve device
may be constrained to emt light having different polarization states by 20
using a series of patterned exposures with light of differing polarization
states. For exanple, feedback |ayers patterned in a pixelated rectangul ar
matrix may have 5t PéFhars nb sﬁ’f"i]e%lgo'f/vib BT PHEY SRAT tF‘FrPé‘ﬁFerﬁxes of

pol ari zati on. 25ipyentinst el initbddiongmee reakicgtamererdiegdback | ayers may be
formed w th nat epbalesanpilé halttiongh ccembieriseandre wsed aase;ahpleani ¢ cryst al
fﬁegbapk | ayer si of %i@i@%rﬁle@iqesij forhde 1@@%&2&%%&@&%@9@- dlh mensi onal v 30
photonic crystal _ refractive inde rofijl.e.. For st apc onogenously

al i gned chol eé’t eﬁl&“chr(:?ﬁim&ycreyg Ei 'sg tagl/lemgﬁ‘? F%IOLcE:gSn't e?“ér%hf"fﬂrat i nduce hel i cal
structure such taEtordereffactive| mersirspGil eph8ReEtoe P Sitight.r ef ract i ve i ndex
profile resultsetclhisrel ¢esctitegtasabeiohgi mokng” @ aTflenepakari zati on direction

3/];] p ane IO_Olt a i Zfexdmltthﬂtur%dgrgt:agd ?tﬁata{tfu%chgai h%t Q@Séi@g_@l}f hr Oughf ]E he rres': UM g
DBNOV2006 WD 037 B3R VST BT DT TB00 Lhar £ BhP & oo Pight i th an
axi s of propdfat FHFEEFAFAY B™tb t AEORSIPEG "Bk PEPEREBER si nusoi dal |y
varyi ng refract fessxrirdedn this appdtieaidrurésmagy baciwenetdes rieam a
which they are about normal or substantially normal to a
plane. Further, various components and aspects
described with reference to different embodiments are
15 interchangeable among different embodiments, and are not
iimited to ome particular embodiment. Thus, various
changes and modifications may be effected by one skilled
in the art without departing from the spirit or scope of
the invention as defined in the appended claims.
20
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pol ymer film produced by pol ynerizing cholesteric 5 reactive nmesogen
nononers. | n another enbodi nent, one or nore conventional OLED co(rgdgﬁ@' X@b
and sem conductive |layers may be fabricated so as to allow themt (o) t
as a photonic crystal structure, for exanple, in addition to their 10
conventional functionalities in an OLED. For exanple, the photonic crystal
structure of the feedback |layers may extend into the OLED structure itself.
For instance, the materials used to build up the hole injection, hole
transport, em ssion, electron transport, 15 and electron injection layers in

an OLED may haygeshd-tal liquid crystalline phases or sllcrr}ﬁgqt_‘mﬁg”s of the sane
pitch as the refractive index alternation in the feedback I'ayers. These

materials may be derivatized wth cross-linking noieties and sensitized
such that 20 interference patterns may_be recorded in them In this way
f eedback | ayer hol ograns nmay be extefft®d™into the OLED. A useful aspect of
modi fyi ng t he optecaRrimroperties of OLED conponent |ayers so as to extend
the photonic 2.5 crystal structure into the OLED structure is that, as was

descri bed above, to produeg 8. Aef8ehePe ka8 ridshgevidef ect zone in which
the OLED em tter is |located may have a thickness of |ess than the

equi val ent of “onE“RW&¥E%ngth of Iight. For exanple, this aspect is useful

30 in the case of bl gefiFEt Gepthnckdetes @édsed feueeeivherd t hi ckness

equi val ent to oneefiaeelieagi;h is smaller than the conbi ned thicknesses of

é he various OaEfD fungtinBad reldyer aay&hg.i‘aaptw tt@m%g_@mo%dmnh » a way3gf
esigning a defect- e _devic y lnvolve extendi ot oni c

crystal structur éghlerr%?glgithDa%ge%’%sgﬁ Se(f\éab%\l/'? Qfﬁ%’?‘éﬂ}%ﬁ?"mnt s descri bed

above are illi¥st At iV AT ENERRFOY OO 3ID86TE T2 PETT UBB3F 14600 exanpl es

and it shoul d nopxd¢fdledhst mrebrathdr parE ysriéseperiodically and

contimuously along an axis normal or substantially
normal to a plane of a respective feedback layer; and
an emissive layer disposed between the first
15 feedback layer and the second feedback layer.

2. A feedback enhanced light emitting device,
comprising:

a first feedback layer adapted to receive and

20 reflect light;

a second feedback layer adapted to receive and
reflect light, at least one of the first feedback layer
and the second feedback layer having a refractive index
profile that at least in part varies periodically and

25 continuously along an axis normal or substantially
normal to a plane of the first feedback layer, at least
one of the first feedback layer and the second feedback
layer adapted to reflect one or more predetermined
wavelength bands of light at least along an axis normal

30 or substantially normal to the plane of a respective
feedback layer; and

an emissive layer disposed between the first
feedback layer and the gsecond feedback laver, the
emissive layer adapted to emit light, the emissive

35 layer further adapted to provide stimulated emission

caused by the one or more predetermined wave length bands
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invention is limted to these particul ar enbodi nents. For exanple, although
OLED devi ces were used as exanples of em ssive devices, other |um nescent
material or 5 structures may be used, not linmited to OLEDs. Further, ggNOV 2006
al t hough refractive index profiles, direction of light, etc. were described
as being "normal" to a plane, it should be understood that they need not be
exactly normal, rather in a close range of being normal or 10 substantially
normal . Accordingly, the enbodi nents described in this application also may
i nclude cases in which they are about normal or substantially normal to a
pl ane. Further,  varigus conponents and aspects described with reference to
different enbodi ments are 15 interchangeabl e among di FfEYEHPBnbodi nent s,
and are not limted to one particul ar enbodi nent. Thus, various changes
and nodifications may be effected by one skilled in the art wthout
departing from t Ak 1&gt reflertese 5@ 9 °% ey A SHEi 9Asas defined in the
appended cl ai ns. £{&@bdck DBNORE0Ee VWOOPB/I88BAEN 1REHY.US03/ 14600 CLAIMS We
claim 1. A feedback enhanced light emtting device, 5 conprising: a first

f eedback | ayer adapted I LV re | i - second feedback
| ayer adapted to recgi vggeaﬁgﬁ%?ee(%l gi(;atqmlﬁ'gﬁ}%e%g%% t}lgra}éfsﬁne of the first

f eedback |ayer ATBHE LHET sEC b SFRBALEER PRYEFIHEGi Figsh refracti ve i ndex
profile that at Fesdbicki heysarandvehel escop@rlppdi cairrysesnd conti nuously al ong an
axis normal or sphsgamtially normal to a plane of a respective feedback

| ayer; and an em ssive |ayer disposed between the first 15 feedback | ayer
and the second feedback, | ayer.. 2 éf.eedbahck enh%\%ggstl ight emtting device,

4.  The device of claim 1, wherein t
10 feedback layer or the second layer or both the first
feedback layer and the second layver comprises a hologram

of a plane wave light source.

5. The device of claim 1, wherein the emissive

15 layer comprises an organic luminescent material.

6. The device of claim 1, wherein the emissive
layer comprises at least one or more of, a cross -linked
organic luminescent material, a cross-linked polymer

20 luminescent material, a luminescent material comprising
molecules having‘molecular weight range between that of
a small molecule to a polymer, a small molecule
luminescent material dissolved in a polymer host, a
fluorescent matexial, a phosphorescent material, an

25 orxganic¢ and inorganic composite luminescent waterial, an
inorganic luminescent material, and a liquid crystalline

luminescent material.

7. The device of claim 1, further comprising:
30 a first electrode disposed between the first
feedback layer and the emissive layer; and
a second electrode disposed between the second

feedback layer and the emissive layer.

35 8. The device of c¢laim 7, wherein the first

electrode is an anode and the second electrode is a
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O
conprising: a first feedback | ayer adapted to receive and 20 reflect light;
a second feedback | ayer adapted to receive and reflect light, at |east one
of the first feedback |layer and the second feedback |ayer having aggNQY 2006
refractive index profile that at least in part varies periodically and 25
continuously along an axis normal or substantially normal to a plane of the
first feedback layer, at |l east one of the first feedback | ayer and the
second feedback |ayer adapted to reflect one or nore predeterm ned
wavel engt h bands of |ight at |east along an axis normal 30 or substantially
normal to the plane of a respective feedback [ayer; and an em ssive | ayer
di sposed bet w3 PHEfirst feedback | ayer and the seceadufiessback | ayer,
the em ssive |ayer adapted to emt light, the em ssive 35 |ayer further
adapted to provide stinulated em ssion caused by the one or nore
predet er m ned wasmerdgengt h bands 42 pfl NOV20DS WD 03/ 096757 f CT/ US03/ 14600
of light reflected fromone or nore of the first feedback |ayer and the
second feedback layer. 3. The device of claim1, wherein the first 5
feedback |ayer or tHe SBEOHYIIFRPErcidi™ BotHFHE Fi% §¥5t eedback | ayer and the
second | ayer corpeftsede ds hokdgdamndftheTerrogbeiedrode dbainm 1, wherein the
first 10 feeslbagkad.ayer or the second | ayer or both the first feedback
| ayer and the second | ayer conprises a hologram of a plane wave |ight
source. 5. The device of _claim1, V\/Qe,rei n the emssive 15 |layer conprises
an organi ¢ | umnescéft MRE &FTH® °6 S e VT TET IR AY°1, wherein the
em ssive |ayer conprpsEsnage PuEgst layresofisapied Bftveer 6Po$% -1inked organic
| um nescent mat éptillof EheCtioss-adndnkedsqrohy Feedback layers and cne

10 or both of the first electrode and the second electrode.

11. The device of claim 10, wherein the one or wmore
buffer layers comprise at least transparent dielectric
matexial.

15

12. The device of claim 10, wherein the one or

more buffer layers are used to hermetically isolate the

device from atmospheric contamination.

20 13. The device of claim 10, wherein the one or
more buffer layers are disposed to provide spacing
between the first feedback layer and the second feedback
layer such that constructive interference and stimulated
emission occur at one or more selected wavelengths.

25 ' _

14. The device of claim 1, further comprising a
hole injection layer disposed between the first feedback

layer and the emissive layer.

30 15. The device of claim 1, further comprising an
electron injection layer disposed between the second

feedback layer and the emissive layer.

16. The device of claim 1, further comprising a
35 hole transport layer disposed between the hole injection

layer and the emissive layer.
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20 lum nescent material, a lum nescent material conprising nolecules having
nol ecul ar wei ght range between that of a small nolecule to a polyner, a
smal | nol ecule [|um nescent material dissolved in a polyner host,
fluorescent material, a phosphorescent material, an 25 organic é)rfdﬁwnwpﬁgani C
conposite |lum nescent material, an inorganic |umnescent material, and a
liquid crystalline |umnescent material. 7. The device of claim1, further
conprising: 30 a first electrode di sposed between the first feedback |ayer
and the em ssive |layer; and a second el ectrode di sposed between the second

f eedback | ayewon@ssishe em ssive |layer. 35 8. The devi cechfisosliddm 7, Wherein
the first electrode is an anode and the second electrode is a 43 0 8 NOV
2006 WD 031096757 PCT/ 1JS03/ 14600 cat hode. 9. The device of claim?7,
wherein the first el7ect{,hod§ i.S a.c thoq_e an t he second electrode is an 5
anode. 10. The devic® of €1 a7'm 7, tUfther Compri ST 8nE or nore buffer

| ayers di sposed PECWEPNtHIEPTT 14y8t WiBRoseh Perveest tingleiE"second f eedback

| ayers and one lthijectivotinyef ahhiechki Yagbr ek ecighodaissisetdhrgarsiecond el ect rode.
11. The device ofarelsdim 10, wherein the one or nore buffer |layers conprise
at least trangparent dielectric material. 15 12. The device of claim 10,
wherein the one or nore buffer layers are used to _hernetically isolate the
devi ce from at mosphetd-c BEntFAFR&ti 9Ai™ 20 “Psreimat d&efce*oricl ai m 10,

wherei n the one Orst niprédgiaffoger lapy ahe sgrend fepbsad levepr ovi de spaci ng

bet ween the firséonberdbankidayesmeaidnbiecsecpnahelmradback |ayer such that

constructive | ntxﬁflt?fa?@f'edigﬂgt§£d H}gtghﬁa(éed Bragg reflector, a
10 specular surface of an electrode, and a non -photonic

cxrystal reflector.

19. The device of claim 1, wherein both the first
feedback layer and the second feedback layer transmit no
15 light at a peak wavelength of their spectral reflection
bands and the light emissive material radiates light

into band-edge laser modes.

20. The device of claim 1, wherein a level of
20 light fed back from the first feedback layer and the
second feedback layer is sufficient tc initiate laser

action.

21. The device of claim 1, wherein one or both of
25 the first feedback layer and the second feedback layer
comprises one or more of tuned thickness and tuned
refractive index contrast to optimize an amount of light

fed back into the emissive layer.

30 22. The device of claim 1, wherein one ox both of
the first feedback layer and the second feedback layer
comprises at least one or more discontinuities in the

continuously varying refractive index profile.

35 23. The device of ¢laim 1, wherein one or both of

the firet feedback layer and the second feedback laver
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em ssion occur at one or nore sel ected wavel engths. 25 14. The devi ce of
claim1, further conprising a hole injection |ayer disposed between the
first feedback |ayer and the em ssive |layer. 30 15. The device @fB NUVanﬁE' 1,
further conprising an electron injection |ayer disposed between the second
feedback | ayer and the em ssive layer. 16. The device of claim1, further
conprising a 35 hole transport |ayer di sposed between the hole injection
| ayer and the em ssive layer. 44 O fl NOV 2006 WD 031096757 PCT/ US03/ 14600
17. The device of claim1l, further conprising an electron transport |ayer
di sposed between the electron injection |layer and the layer of I|ight
emi ssive orgafP& 4t erial. 5 18. The device of clai mEEVURIEHRI n at | east
one of first feedback | ayer and the second feedback | ayer conprises at
| east one or nore of a plane mrror, a nultilayer dielectric distributed
Bragg refl ector,coapdikes peplkaligupf doéivdtugin fedddetl ogdesr and a non- phot oni ¢
crystal reflect ofesrrdfRivd NEadeyks818f. claim 1, wherein both the first
f eedback | ayer and the second feedback |ayer transmit no 15 |ight at a peak
wavel ength of their spectral reflection bands and the |ight em ssive
material radiates Li%ht TEntYisand-ESage I M8EFiTodes °F 295 Phe device of claim
1, wherein a %ewdk Dfrst 2@efibagpht ldved abddhkefseomad lfeedorelsflafegedback | ayer and
the second feedbagkiskay@frdstisalfihbsd siriids bhdd hatee | aser action. 21. The

device of claim [ &I 918 Qe BALL Qforids the, LLf st feedback |ayer and
t he second feedbségﬁyﬁgyeerd r%:% C% Ses ong %fr:L mor e o%otuned t hi ckness and
reflective functions.

t uned

10 25. The device of claim 1, wherein one or both of
the first feedback layer and the second feedback layexr
comprises refractive index profiles having a dominant
periodicity n/2 times a selected wavelength of the

feedback light, where n is an integer.

15
26. The deviece of claim 1, wherein cne or both of
the first feedback layer and the second feedback layer
is thinned in one or both of physical thickness and
optical thickness to enable light to escape the device.
20

27. The device of claim 4, wherein optical
thickness of one or both of the first feedback layer and
the second feedback layer is thinned by varying a
25  holographic exposure and a resulting refractive index

contrast of the hologram.

28. The device of c¢laim 1, further including one
or more layers disposed between the first feedback layer
30 and the second feedback layer, the one or more layers
formed with a structure that is enabled to continue a
refractive index altexnation that comprises a photonic
crystal structure in one or both of the first feedback
layer and the second feedback layer.
35
29. The device of claim 28, wherein the one or
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refractive index contfagrﬁramaﬁfTﬁfiéméﬁ“énﬁunt"Uf“ffgﬁfmm%edmbackﬂinto t he
em ssive layer. 30 22. The device of claim1l, wherein one or both of the
first feedback | ayer and the second feedback | ayer conprises at |east one
or nore discontinuities in the continuously varying refractive index
profile. 35 23. The device of claim1, wherein one or both of mhpN@Uggﬁ
feedback | ayer and the second feedback layer 45 D 8 NOV 2006 WO 03/096757
PCTI US03/ 14600 conprises a plurality of individual feedback |ayer

refractive index profiles. 24. The device of claim1, wherein one or both of
5 the first feedback | ayer and the second feedback | ayer conprises

refractive i ndwospss@hi | es that have superinposed ref r?&t,&swuim@dex profiles
with non- reflective functions. 10 25. The device of claim11l, wherein one or

both of the first feedback |ayer and the second feedback | ayer conprises
refractive index profiles having a _dom nant eriodicity n/2 tinmes a

sel ect ed wavel ed§tR B¥eTheo sraddphcRaFs ght °F éFeOfnejieé?t% °t nteger. 15 26.
The devi ce of clciianyel caxghier einjednen drydyot ¢hapfe cehweief|Yrsesposedback | ayer and
t he second feedbagkr,| ayefier ifotiinginaged, Nainencdenhatite abydqrhysi cal thi ckness
and optical thickness to enable light to escape the device. 20 27. The
device of claim4, wherein tical .thickness of qQne qr both of the first

f eedback | ayet and *Ihe T&sc%e?{a‘iﬂr 8’&&63%&2%61;75?“%% @ﬁiﬁ%ﬁéﬁtbﬁe varying a 25
hol ogr aphi ¢ expogdee aakrroatyaesid prafgcsehemgrinpécildde®r contrast of the

hol ogram 28. Thabdewties efe ohaiomnbre flapétretsingcdnedéngosne £ or nore | ayers

di sposed bet ween, LhGobbiystr f8edRBEK R EFe n3Q-200 shhexs8eand feedback |ayer,

the one or nore tlhg‘yoen[:esor more of a photopolymer and photosensitive

10 material to light.

31. The device of c¢laim 28, wherein the refractive
index alternation is produced by at least one or more of
& cholesteric and chiral ligquid crystal structure in a
15 material used to fabricate the one or more layers.

32. The device of claim 1, wherein the first
feedback layer or the second feedback layer or both the
first ﬁeedback layer and the second feecdback layer

20 comprises at least a material having at least a

sinusoidally varying refractive index profile.

33. The device of claim 1, wherein the first
feedback layer or the second feedback layer or both the
25 first feedback layer and the second feedback layer
comprises a plurality of regions adapted to reflect a
plurality of predetermined wavelength bands of light,
with at least one of the plurality of regions adapted to
reflect a predetermined spectral band of light centered
30 on a wavelength different from a predetermined spectxal
band of light centered on a wavelength reflected by

another one of the plurality of regions.

34. The device of claim 33, wherein one of the
35 first feedback layer and the second feedback layer

comprises at least a photonic crystal structure and a
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formed with a structure that is enabled to continue a refractive index
alternation that conprises a photonic crystal structure in one or both of
the first feedback |layer and the second feedback |ayer. 35 29. The device
of claim 28, wherein the one or 46 08NOV2006 WD 0310 9 6 7 5 7 0 8 NOV 2006
PCT/ US03/ 14600 nore | ayers conprise at | east one or nore of el ectrode,
charge carrier injection |ayer, charge carrier transport |ayer, carrier

bl ocki ng | ayer, and the em ssive layer. 5 30. The device of claim 28,
wherein the refractive index alternation is produced hol ographically by
fabricating tRmweRs®r nore | ayers using one or nore Obeyasiph@l,opol ymer and
phot osensitive material and exposing the one or nore of a photopol yner and
phot osensitive 10 naterial to light. 31. The device of claim 28, wherein the

refractive index q_lager hation is pr o%gcecgrg 1e%£ | east.one or nore of a

chol esteric and RRFFat™ PodFar8F ySERIS st dctiite 1 R a 15 nBterial used to
fabricate the onersSetemined ygnedenoth Ipndyiof Hebt c#1GF 2E12%8PF5 1, wherein the
first feedback bmyef whe phealsermidrdodedthaddetkdyerrediedroth the first
fetedbaclk lhay_er ap%a&h@nﬁﬂwsﬁgctﬁﬁd_b@@rof ay it _ZQntegéafosﬁsaejs at | gast a

mat eri al having a n r.y refractive index profile.
33. The devi cg o'favcehgﬁ%nhl?ﬁ\ﬁ%g?lg?%%‘?%eg%lc}ég?l 5%3%% a%%ﬁ% ayer or the second

f eedback | ayer of°H56t9f PR PEESeTTFIted BEGHERIER YL 4Rt he second feedback
| ayer conpri ses angsher ahetof gk poghbny wmyaptedandovwrteéf tlect a plurality of
predet er m ned wayal-engiyhopasgsnofinl tightirst Widehbatc 1s9ast one of the plurality

of regions adapt %igpere[iegol QQ:Ior;aesBEaﬁiq.ﬁi %ﬁﬁi‘ﬂqu %@%E@As pt‘?nd of light

centered 30 qn atl¥\éa\slgcl %gg}eh di Lflear ent_ {%g}u{a reec(ge:g:1 L Sed spectral band of
light centeréd of'a NaVeI SRGTR " ré¥Fedfed hy™® FOTREE "ORE of the plurality of
regi()ns. centered on the same wavelengths of light.

35. The device of claim 33, wherein the emissive

layer comprises at least a plurality of regions adapted

15 to emit a plurality of predetermined wavelength bands of
light, with at least ome of the plurality of regions
adapted to emit a predetermined wavelength band of light
different from a predetermined wavelength band of light
reflected by another one of the plurality regions, and

20 with each of the plurality of regions registered to
corresponding regions in at least one of the first
feedback layer and the second feedback layer with
spectral reflection bands of light that at least in part
overlap the corresponding emitter spectral emission

25 bands.

36. The device of claim 35, wherein two or mcre of
the plurality of regions in the emissive layer
registered to corresponding regions in the feedback

36 lavers adapted to reflect a plurality of predetermined
spectral bands of light centered on different
wavelengths is adapted to emit predetermined different
wavelength bands of light from the same broad spectral
band emissive material that at least in part overlaps of

35 all of the corresponding emitter spectral emission

bands .
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34. The device of claim 33, wherein one of the 35 first feedback |ayer and
the second feedback | ayer conprises at |east a photonic crystal structure
and a 47 p B NOV 2006 WD 031096757 PCT/ 0503/ 14600 plurality of regions
adapted to reflect a plurality of predeterm ned wavel ength barﬂdifN[W 20bﬂ ght,
with at least one of the plurality of regions adapted to reflect a
predeterm ned spectral band of |ight centered on a 5 wavel ength different
froma spectral band of light centered on a predeterm ned wavel ength
reflected by another one of the plurality regions, and with the plurality
of regions in the first feedback |layer registered to a correspondi ng
plurality of rMEYE¥%E7in 10 t he second feedback | ayer refl/ewsing spectral
bands centered on the sane wavel engths of light. 35. The device of claim
33, wherein the em ssive |ayer conprises at least a plurality of regions
adapted 15 to emt @mv.pltHeabdvtiye @f quuedat ertrirend cxaveraengt h bands of |ight,

with at | ?aSt Onf%éQBaékhﬁhﬂ%ELHiakﬂéi¥¢63Ldrf%QhEH&§ Lﬁﬂﬂ?Q&eﬂbéﬂotﬁgﬁti a .

pr edet er mi ned Wa%‘el en t?bb?nd og‘ I Icf%htd dl({t{]e}r(.elnt froma t;)redet er m ned

wavel engt h band Jfrsfzi%ﬁ 2 ect et By dnotHer ohe 6fthe pfurality regions,
and 20 with eachhdPstdfetdying & Pruyabityr dgretrect oG Sier agofide=corresponding

regi ons in atsl| eagkensmetained e therisilogfamedback | ayer and the second feedback
| ayer with spectral reflection bands of light that at |east in part overlap

the corresponding enjft e,_i;hesgequg% %%tﬁmélﬁi' ovgﬁergg p]?éng&st%. The devi ce of
re o ra 0

claim 35, wherein two or no e plu it regions in the emssive

| ayer regi st er et EFFES BN TERYI TGRSR ]%laH%r PESHIACK B0 | ayers adapt ed
to reflect a pl ufiaist thpedfachrandether sricaed] fegPreck rlaverharnigisfs hi ght centered on
different wavelw@engihs hériagappedalityedt tefnedikemdnedotilikEer ent

wavel engt h bands.Qf .d gt qf 198 ENE: 38 105 Q3. SREGHERA) of

wavelengthe of light superpositiomned in the hologram.

39. The device of claim 1, wherein the first
15 feedback layer or the second feedback layer or both the
first feedback and the second feedback layer comprises

one or more regions having constant refractive index.

40. The device of claim 1, wherein the first
20 feedback layer or the second feedback layer or both the
first feedback and the second feedback layer comprises

material having a photonic crystal structure.

41 . The device of ¢laim 40 wherein both the first
25 feedback layer and the second feedback layer combine to
form at least in part a continuous photonic crystal

structure.

42. The device of claim 41, wherein both the first
30 feedback layer and the second feedback layer transmit
substantially no light emitted by the emissive layer at
the peak wavelengths of their spectral reflect ion bands
and the emissive layer radiates light into band -edge
light propagation modes of the photonic crystal.
35
43. The device of claim 42, wherein the emissive
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" e .
band emissive material that at |east in part overtaps—of-35—att—ef-the
corresponding emtter spectral em ssion bands. 48 0 8 NOV 2006 CVO
03/ 096757 PCT/ US03114600 37. The device of claim2, wherein the fhufgy 2006
f eedback | ayer or the second feedback | ayer or both the first fe gback and
t he second feedback | ayer conprises a hologramhaving a plurality of
refractive index profiles 5 supexpositioned in the hologram 38. The device
of claim1, wherein the first feedback |ayer or the second feedback | ayer
or both the first feedback and the second feedback |ayer conprises a 10
hol ogram having a plurality of refractive index profiles corresponding
t hrough Braggweob@arsto a plurality of wavel engths of bighdesSker positi oned
in the hologram 39. The device of claim1, wherein the first 15 feedback
| ayer or the second feedback |ayer or both the first feedback and the
second feedback r RLL SEs havi ng const ant
refractive i ndex#%g.co%%emg%a\s/algc%rgg?& ?gr{llﬁg&ném%gkgﬁﬁlt he first 20 feedback
| ayer or the second feedback |ayer or both the first feedback and the
second feedback | ayet4-cofer deydse ofatledin 2. igreig Hhephoisnriive crystal
structure. 41. Theedernpcrised atl Bdagr 4DeWhern@ienofok herbhe-finked 25 feedback

llayer and thessegon Qlé qsma&lgnl: %@Em‘é@n’@ Qﬁosrsolnﬁcga rgo%nekeast in part a
cont i nuous phot OQ{T % % ur s t ce of.  claim4l, wherein
both the first PESabalR elréa 'r ﬂmt“h@e eg% ed“? eeﬁ'??é&fk Fayer transmit
substantially nom%eg?itesém"ﬂ‘t%ﬂowu%#ew%’tﬁhés*iai}%e Paiyern dihat tdte peak

wavel engt hs of tdemalispeina toef bemerom bantswolandet he em ssive | ayer

radi ates |ight int@ndet: adgeial idgmolpé@@a@abmaemd@@ gf the photonic
crystal. 35 43. TNe, deu)Cenher 1@ M A8 MGl EIN LS 8T §51 Ve

organic and incorganic composite luminescent matexrial, an

inorganic luminescent material and a liquid crystalline

Juminescent material.

15 45. The device of claim 42, further comprising:
a first electrode disposed between the first
feedback layer and the emissive layer; and
a second electrode disposed between the second
feedback layer and the emissive layer.
20
46. The device of claim 45, whereim the first
electrode is an anode and the second electrode is a
cathede.

25 47, The device of claim 45, wherein the first
electrode is a cathode and the second electrode is an

anode.

48, The device of claim 42, wherein a level of
30 1light fed back from the first feedback layer and the
second feedback layer is sufficient to initiate laser

action-

49. The device of claim 47, further comprising:
35 one or more buffer layers disposed between the a

feedback layer and one or both of the first electrode
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49 0 8 NOV 2006 MD 0 310 9 6 75 7 PCTIUS03/ 14600 l'ayer conprises an organic
| um nescent material. 44. The device of claim42, wherein the em ssive

| ayer conprises at |east one or nore of, a cross -linked 5 organlﬁ

| um nescent material, a cross-Ilinked polyner | uni nescent material B Qv 2006

| um nescent material conprising nolecules having nol ecul ar wei ght range
between that of a small nolecule to a polyner, a small nol ecul e

| um nescent material dissolved in a polyner host, a 10 fl uorescent
ematerial, a phosphorescent material, an organic and inorganic conposite

| um nescent material, an inorganic |um nescent material and a liquid
crystalline Iwommesecent material. 15 45. The devi ce obcwobsaimed2, further
conprising: a first electrode di sposed between the first feedback |ayer
and the em ssive |layer; and a second el ectrode di sposed between the second
f eedback | ayer andstihe sepdmmsemectayger. 20 46. The device of clai m 45,
wherein the first electrode is an anode and the second electrode is a

cat hode. 25 47. The device of, c erein th first electrode is a
cat hode and the second EP%&?Y%ﬁe%%§ o anﬁﬁﬁe”ﬁ§ ¢ THE WelfEe of claim 42,
wherein a | evel &hffe3(dlayexpheotoadsdsagk Lerint1gherFiepstdiptasdbitck | ayer and the
second feedback matpestial.s sufficient to initiate |laser action 49. The device
of claim 47, further conprising' 35 one or nore buffer |ayers disposed

bet ween the a feedb bﬁ%gr and o 49 Q of Epe flrst el ectrode 50
USNOV2006 WO 03/ 096 ?‘11§63‘°/f1 6 S o

more buffer layers is used to hexrmetically isolate the

device from atmospheric contamination.
10
52. The device of c¢laim 49, wherein the one or
more buffer layers is disposed to provide spacing
between the first feedback layer and the second feedback
layer such that constructive interference and stimulated

15 emission occur at a selected wavelength or wavelengths.

53. The device of claim 42, further comprising a
hele injection layer disposed between the first feedback

layer and the emissive layer.

20
54. The device of claim 42, further comprising an
electron injection layer disposed between the second
feedback layer and the emissive layer.
25 55. The device of claim 42, further comprising a

hole transport layer disposed between the hole injection

layer and the emissive layer.

86. The device of claim 42, further compris ing an
30 electron transport layer disposed between the electron
injection layer and the layex of light emissive organic

material.

57. The device of claim 40, wherein the light
35 emissive layer compriges a defect in a continuous
photonic crystal formed by the first feedback layer and
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and the second el ectrode. 50. The device of claim49, wherein the one or
nore buffer |layers conprises at |east transparent dielectric 5 material.

51. The device of claim49, wherein the one or nore buffer |ayers N@BH@@d
to hernetically isolate the device from atnospheric cont ani nat i dh 3

The device of claim49, wherein the one or nore buffer layers is disposed
to provide spacing between the first feedback | ayer and the second feedback
| ayer such that constructive interference and stinulated 15 em ssion occur
at a sel ected wavel ength or wavel engths. 53. The device of claim42,
further conprygtiagszey hol e injection |ayer di sposed betowmesshde first
feedback |ayer and the em ssive layer. 20 54. The device of claim42,
further conprising an electron injection |ayer disposed between the second
f eedback | ayer andetdaeornessbye hayer. 25 55. The device of claim42,
further conprising a hole transport Iayer disposed bet ween the hol e
injection layer and _the _em ssjve a¥ The d V|ce of claim42, further
conprising an 30 eléﬁtrgwapfgﬁfp%QF Tﬂy%% H@?ﬁﬁ%é P$EGEen the el ectron
injection | ayer aAwbripes paghese oflibiightrabhilsghase okgar™e material. 57. The
devi ce of cl aism 4@penah@r ef nthk heotdrgbt crydnleat Sebyenbkmyae conpri ses a def ect
in a continuous . phatghic crystal formed by the first feedback |ayer and 51
0'9 NOV 2006 WO 03/096757 PCT/US03/ 14600 the second feedback |ayer. 58. The
device of claim57, wherein the defect conprises a phase-slip in spatial
phase al ong one 5 d|ﬁ%ns?@hdﬁﬁﬁFwﬁfﬁﬁﬁﬁoﬁicw%??siéﬁeoFSPEss t han one

emitted from the light emissive layer emanates intg a

10 defect mode,

60. The device of claim 59, wherein the emissive

layer compriges an organic luminescent material.

15 61. The device of claim 59, wherein the emissive
layer comprises at least one or more of, a'cross—linked
organic luminescent material, a cross -linked polymer
luminescent material, a luminescent material comprising
molecules having molecular weight range between that of

20 a swmall molecule to a polymer, a small molecule
luminescent material dissolved in a polymer host, a
fluorescent material, a phosphorescent material, an
organic and inorganic composite luminescent material, an
inorganic luminescent material and a ligquid crystalline

25 luminescent material.

62. The device of claim 59, further comprising:
a first electrode disposed hetween the first
feedback layer and the emissive layer; and
30 a second electrode disposed between the second

feedback layer and the emissive layer.
63. The device of claim 62, wherein the first

electrode is an anode and the second electrode is a

15  cathode.
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wavel ength. 59. The device of claim57, wherein the light emtted fromthe
| ight em ssive |ayer emanates into a 10 defect nbde. 60. The device
claim59, wherein the enissive |ayer conprises an organic |um ne8& 2006
material. 15 61. The device of claimb59, wherein the em ssive |ayer
conprises at |east one or nore of, a cross-linked organic |um nescent
material, a cross-linked polynmer |um nescent material, a |um nescent

mat erial conprising nolecules having nol ecul ar wei ght range between that of
20 a small nolecule to a polyner, a small nolecule |um nescent materi al

di ssol ved in gopgyser host, a fluorescent material, R REASRRPT escent
material, an organic and inorganic conposite Iunlnescent material, an
i norgani c lum nescent material and a liquid crystalline 25 | uni nescent

material. 62. The deg%ceTﬁjd‘hgl Emﬁg%&thﬁﬁﬁgﬂﬂgﬁé%hﬂﬂ a first electrode

di sposed between the T]rst ee em ssive layer; and 30 a
second el ect r ode *di°spEelf Be‘f%é‘@?‘le f’?ﬂa tg EERPY FESHEREKS &Yer and the

em ssive | ayer. 83deThe device of claim62, wherein the first electrode
an anode and the second electrode is a 35 cathode. 52 0 8 NOV 2006 WO

031096757 PCTI;US03/ Y@Othﬁev;Qgeoggydlgesg)f w8l M362..cyhgrein the first
el ectrode is a cat hod C el ec i S _an node. 5 65. The
devi ce of claim 58" \A%é‘a%cﬁ g 515 Pl(ffst e ‘é‘?ﬁ Ef]eaefeﬁa?g sf’om the first

f eedback | ayer aﬁﬂmpﬁéee@@ﬁbhHW?%éHU%ER“FaVé¢°|§u§ﬂﬁﬁlkﬁéﬁt toinitiate

| aser action. 16ct86n. The device of claim 62, further conprising: a buffer
| ayer di sposed between one or both of the

10 66. The device of claim 62, further comprising:
a buffer layer disposed between one or both of the
first and the second feedback layers and one or both of
the first electrode and the second e lectrode.

15 67. The device of claim 66, wherein the buffer
layer comprises at least transparent dielectric

material.

- 68. The device of claim 66, wherein the buffer
20 layer is used to hermetically isclate the device from

atmospheric contamination.

69. The device of claim 66, wherein the buffer
layer is disposed to provide spacing between the first
25 feedback layer and the second feedback layer such that
constructive interference and stimulated emission occur

at a selected wavelength or wavelengths.

70. The device of claim 59, further comprising a
30 hole injection layer dispoged between the first feedback

layer and the emissive layer.
71. The device of claim 59, further comprising an

electron injection layer disposed between the second

35 feedback layer and the emissive layer.
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first and the second feedback | ayers and one or both of the first electrode
and the second el ectrode. 15 67. The device of claim66, wherein the buffer

| ayer conprises at |east transparent dielectric mterial. 68. Thqlgsggﬁﬁ of
claim 66, wherein the buffer 20 layer is used to hernetically iso @
device from atnospheric contam nation. 69. The device of claim66, wherein
the buffer |layer is disposed to provide spacing between the first 25

f eedback | ayer and the second feedback | ayer such that constructive
interference and stinulated em ssion occur at a selected wavel ength or

wavel engt hs. wisekte device of claim59, further conphiifdg @ 30 hole
injection | ayer disposed between the first feedback |ayer and the em ssive
| ayer. 71. The device of claim59, further conprising an electron injection

| ayer di sposed bet n t b y$ | the enmissive |ayer.
53 pBNOV2006 WO 03/ 7‘"’?’% ‘%%gr?%gﬁfﬁi gg ?ﬁg““?ﬁ %ﬁ%vu geg &f clai m 59,
further conpri siivge af’ra’l’ﬁﬂmét P8 PUPPSThPe™est $hH e HaiseR™ t he hol e

injection |ayerlagaed apfiacheamissive Jagger. 5 73. The device of claimb5b9,
further conprising an electron transport | ayer di sposed between the

electron Tnjection ,ayeh.andiidee |G -0 Adglt SHLSSLYLHQroanic  material.
10 74. The devi ce of claim1, wherein I st %1% | ayer or the

second feedback SESEF™ o BHRE LT flﬁpgfeq‘ g%%ﬁ’élf}ﬁn tsecond feedback
| ayer partial |y iniecdsmileyey pyhthre dagvel Henerisslieniossinde | ayer. 1S 75.
The device of clmatemid]l. wherein the first feedback |ayer or the second
feedback | ayer or both the first feedback and the second feedback | ayer

conprises ofe or moge qf.chiral And.Gho! GRLANLC.L Aylg crystals.
feedback layer or the second feedback layer or both the
first feedback and the second feedback layer partially
transmits light received from the emissive layer.

1s 75. The device of claim 1, wherein the first
feedback layer or the second feedback layer or both the
first feedback and the second feedback layer comprises

one or more of chiral and chelesteric ligquid crystals.

20 76. The device of claim 1, wherein the first
feedback layer or the second feedback layer or both the
first feedback and the second feedback layer comprises
opals, particulate agglomerates having structures akin
to a crystalline lattice, middlie phase lyotropic liquid

25 crystals in a fluid or polymerized state, and self -
assembled block copolymers.

77. The device of claim 1, wherein the first
feedback layer or the second feedback layer or beth the
30 first feedback and the second feedback layer comprises a

dielectric material of continuously varying composition.

78. The device of claim 1, wherein the first
feedback layer and the second feedback layer are phase -

35 locked or phase-registered. .




s

20 76. The device of claim1l1l, wherein the first feedback |ayer or the
second feedback | ayer or both the first feedback and the second feedback

| ayer conprises opals, particul ate aggl omerates having structures {pkioV 2000
a crystalline lattice, mddle phase |yotropic liquid 25 crystals in a fluid
or polymerized state, and self - assenbled bl ock copolynmers. 77. The device
of claim1, wherein the first feedback |ayer or the second feedback |ayer
or both the 30 first feedback and the second feedback | ayer conprises a
dielectric material of continuously varying conposition. 78. The device of
claiml, whergbmubdte first feedback |ayer and the seaen@sf:eretback | ayer are
phase - 35 | ocked or phase-registered. 54 41 08 NU 2006 WO 03/096757

PCT/ US03/ 14600 79. The device of claim 78, wherein the phase- |ocking or

phase-registration i sspe&ﬁpﬁmde dfnéﬂlkefsonﬁiérbﬁﬁkbé’phieao The device of
claim1l1, wherein.the |r hse ee rat ayer an IEQF second feedback | ayer are
formed hol ogr apAr'cary y aRg S|nﬁ1?ané%hs Y PUSI NG one si nul taneous exposure
to an array of |ﬁﬂ%¥f%¥@ﬁ@%ﬂmﬁwrnges fornmed by two beans of plane polarized

light. 10 Bl. The device of claim1l1l, wherein the first feedback |ayer or
t he second feedback b@yeﬁmpaaheahﬁtagumfirﬁﬁmég@QQaqﬁrand t he second

f eedback | ayer cg_ &;_aga}%r {}‘ : rgég"%dﬁ%ﬁ%’n‘%kv@égé a\_iyrﬁ gg nwith linearly,

15 circularly, |pt|ca ol arize vice of claim1,
wherein the flrsPo‘Fé 3ﬂﬂyﬁﬁ9éﬁmﬂpﬁPﬁ§m%%dﬁﬁﬁ3Pé%dback | ayer or both the
first feedback antmfhmnegesembspeedbankaiayert eorepisreese a 20 hol ogram
fabricated by reepidesGodndachy 86d b¥&nd BE@Xandpoldrdieed nigyae or nore of

di chromat ed ggl atin,

81. The device of claim 1, wherxein the first
feedback layer or the second feedback layer or both the
first feedback and the second feedback layer comprises a
hologram of plane waves written with linearly,

15 circularly, or elliptically polarized light.

82. The device of claim 1, wherein the first
feedback layer or the second feedback layer or both the
first feedback and the second feedback layer comprises a

20 heologram fabricated by recording a refractive index
profile in ocne or more of dichromated gelatin,
dichromated emulsions, silver halide gelatine, silver
halide emulsions, photopolymer material, positive
photosensitive material, negative photosensitive

25 material, and other photosensitive material.

83. The device of claim 1, wherein the first
feedback layer or the geccond feedback layer or both the
first feedback and the second feedback layer is formed

30 with a material with chiral centers.

84. ‘The device of claim 1, wherein the emissive

layer comprises tvansparent electroluminescent material.

35 85. The device of claim 1, wherein the first
feedback layer or the second feedback layer or both the
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di chromat ed enul sions, silver halide gelatine, silver haliTdé &énul sions,
phot opol yner material, positive photosensitive material, negative
phot osensitive 25 material, and other photosensitive naterial. 83. The
device of claim1, wherein the first feedback |ayer or the second foe back
| ayer or both the first feedback and 'the second feedback | ayer ig
30 with a material with chiral centers. 84. The device of claim1, wherein
the em ssive |ayer conprises transparent electrolum nescent material. 35
85. The device of claim1, wherein the first feedback | ayer or the second
f eedback | ayer or both the 55 0 8 NUy 2006 WD 03/096757 PCT/ US03/ 14600
first feedbacwoamdsthe second feedback | ayer conprise paraiserisad patterned to
reflect different wavel ength bands of light. 5 86. The device of claim1,
wherein the em ssive layer is patterned to emt different wavel ength bands
of Iight 87. TherslesdedBachf agl ahdrsdconahieabatkt e mcastise 10 Iayer
conprises an el eﬁéie@k%&&%&‘ﬁé&t r&BLETdoal aibadeRd waSPREEERbafIE SSion band t hat
over | aps reflectlgn_L nds of the first feedback | ayer and the second
f eedback | ayer Eﬁﬁe device of claiml1l, wherein all light 15 emtted by
t he device occupies a single light pr opagatl on node. 89. The device of
cl ai m 88, whersei n spagi nthe Betiveerf thewfi,r sterkbedbacikibsiyer and the second
feedback 20 | ayehydrSiLamitdaleainto Qi @XChUdiRGeftASEanahidet s due to
reflection, 1. be 158'8 a wavel ength of the light in the single |ight
propagati on node: The device of claim1, wherein light emtted 25 by
the device occupies two or nore |ight propagati on nodes. 91. The device of
cl ai m 90, wherei n on&7.or Theofdyigé of claim i, wherein the emissive

10 layer comprises an electroluminescent makterial having

spectral emission band that overlaps reflection bands of
the first feedback layer and the second feedback layer.

88. The device of claim 1, wherein all light
15 emitted by the device occupies a single light

propagation mode.

89. The device of claim 88, wherein spacing
between the first feedback layer and the second feedback
20 layer is ecuivalent to A/2 excluding phase shifts due to
reflection, A being a wavelength of the light in the
single light propagation mode.

90. The device of claim 1, wherein light emitted
25 by the device occupies two or more 1ight propagation

modes.

91. The device of claim 9¢, wherein one or both of
the device substrate and cover are transparent and are
30 used as spacers between the two feedback layers
providing propex spacing between the layers Lo yield the
desired laser mode spacing and spectral location.

92. The device of claim 1, further including:

35 a substrate on which one of the first feedback
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t he device substrate and cover are transparent and are 30 used as spacers
between the two feedback | ayers providing proper spacing between the |ayers
to yield the desired | aser node spaci ng and spectral |ocation. 92. The
device of claim1, further including: 35 a substrate on which one (b§ N§haio
first feedback 56 08NOV2006 WO 0310 9 6 7 5 7 PCT/US03/ 14600 | ayer and the
second feedback |ayer is disposed. 93. The device of claim92, wherein the
substrate conprises at |least one or nore of a flexible material, a 5 rigid
material, a glass, a netal, and a sem conductor material. 94. The devi ce of
claim93, wherein the flexible mnaterial conprises one or nore of a film of
pol yet hyl ene wf63l‘f)%7|’7(apht hal ate, (PET), polyethylene naﬁﬁ%&ﬂf‘é‘i"% (PEN),

bi sphenol A pol ycarbonate, and another engi neering polynmer. 95. The device
of claiml1, further including: .15 cover disposed on at | east one of the
first feedback F&FEr*¥nhiPs ﬁg"°§‘8c"z§ﬁgbar°§elcfﬁ'ﬁ‘&|%s|‘E;?B??Edga_ The device of claim
1, wherein the refractive index profile conprises a profile internediate
between a 20 squar eswavenprefickeotanthia &, ieoedakrprsabidrate 97. The devi ce
of claim1, whergiR 2.5PeCttl: ofebharhiba} Pand 0heMRRP1POLh the first

f eedback |ayer. an Al h% second eedbacktalllayerd are cho en so as to 25
generate stimil af eH %M §61%n 1 Fa3°°¢ubStEhri A § “BVEPfApSTnei t her a spectral
excitation band Byeréel-spectral absorption band of the enissive |ayer. 98.
The device of claim1l, wherein a reflection 30 band of one or both of the

first feedback |ayersandmigevisecnghdigesbagiertayete ir3eapBeet ral ly narrower
than an em ssion_band of the em ssjive é%}gee{ £1 Ege of claim4,

. . _materid riges one or .mOr ] .
wherein the em ssive 3% ayer conpri ses |1 norg ndhctor mat eri al .

10 terephthalate,y(PET), polyethylene naphthalate (PEN},

bigphenol A polycarbonate, and ancother engineering

polymer.

9. . The v
an iog psogﬁleq%g

55. The device of claim 1, further including:
15 a cover disposed on at least one of the first

feedback layer and the second feedback layer.

96. The device of claim 1, wherein the refractive
index profile comprises a profile intermediate between a

20 sgquare wave profile and a sinuscidal profile.

97. The device of claim 1, wherein a spectral
reflection band of one or both the first feedback layer
and the second feedback layer are chosen so as to

25 generate stimulated emission that substantially
overlaps neither a spectral excitation band nor a

spectral absorption band of the emissive layer.

98, The device of claim 1, wherein a reflection
30 band of one or both of the first feedback layer and the
second feedback layer is spectrally narrower than an

emission band of the emissive layer.

99. The device of ¢laim 4, wherein the emissive

35 layer comprises inorganic semiconductor material.
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57 8 NOV 2066 WD 03/096757 PCT/ US03/ 14600 100. A nethod of fabricati ng a
f eedback el enment coupled to an em ssive elenent in a device for emt é;
i ght, conprising: disposing a | ayer of polyner on a substrate; a'h%l\!%‘ 200
exposing the polynmer to light to record one or nore interference patterns
in the polymer. 101. The nethod of claim 100, further conprising
cross-linking the polynmer. 10 102. A nmethod of fabricating a feedback
| ayer', conprising: successively exposing hol ographic patterns on
hol ographi ¢ material using photomasks in both image and 15 reference beans
of a hol ographic set up to forma plurality of regions reflecting a
plurality of YRH®p¥EIEnt wavel ength bands of |ight.' 108TUMN3Msehod of
fabricating a feedback | ayer, 20 conprising: successively exposing
hol ographi c patterns on holographic material using a single photonmask in
one of an inage beawrand wethed of efrdbeidsesm bofekdvariaepingnal ity of regions
reflecting a pl Ltroaiaietiyt&fanoaﬂléﬁrvemleaéntvvwel &Agtd Banadsrofngl i ght, the
hol ographi c mat ef.| |gg'_Jr ving.a selected irradiance threshold of exposure
such that energy~o * an unpatgt erned beam al one does not cause refractive
i ndex change in the HERYEFPAR 16T 1P4P K e PRJY SBI=FatRi 2%t i ng a feedback
enhanced |ight em texpeggndeinecmlyeonpe ilsihtgte frecsddngpeaacsuvserate; fornmng a
first feedback |@yefterdendtgensfiid $he gbBabrode on the first feedback 35
| ayer; formng an aligned liquid crystal em ssive |layer on the first
el ectrode; 58

101. The method of claim 100, further comprising
cross-linking the polymer.
10
‘ 102. A method of fabricating a feedback layer,

comprising:

successively exposing holographic patterns on

holographic material using photomasks in both image and
15 reference beams of a holeographic set up to form a
plurality of regions reflecting a plurality of different
wavelength bands of light.

103. A method of fabricating a feedback layer,
20 comprising:
successively exposing holographic patterns on
holographic material using a single photomask in one of
an image beam and a reference beam to form a plurality
of regions reflecting a plurality of different
25 wavelength bands of light, the holographic material
having a selected irradiance threshold of exposure such
that energy of an unpatterned beam alone does not cause

refractive index change in the material.

30 104. A method of fabricating a feedback enhanced
light emitting device, comprising:
forming a substrate;
forming a first feedback layexr;
forming a first electrode on the first feedback

s layer;

forming an aligned liquid crystal emissive layer on the first electrode;
58




0 8 NOV 2006 WO 03/096757 PCT/ U503/ 14600 form ng a second erectrode on the
em ssive layer; and formng a second feedback | ayer on the second

el ectrode. 5 105. The nmethod of claim 104, wherein by the enmssive |la J i S
formed by forming a | ayer of photo- cross-linkable material on the ﬂl&ﬁ@ 2006
el ectrode and then exposing it to light to cross-link it. 10 106. The
device of claim7, wherein the cathode conprises a transparent | ow work
function material. 107_ The device of claim?7, wherein the cathode 15
conprises a first, very thin netal |ayer disposed towards the em ssive

| ayer and a second thicker |ayer conprising a transparent conductive

mat eri al suchW&"0%Hdi umtin oxi de. 20 108. The devi cePERUEHEHM 7, wherein

t he anode conprises a transparent high work function material. 109. The
device of claim79, wherein the second feedback |ayer is fornmed

hol ogr aphi cal | y usi ngoaringaer sedond 28 e¢tnbés oertdrcenibeivegeaygat t ern phase- | ocked
or phase- registgrged to the first feedback layer interferonetrically. 110.

The device of claim . rej [ r s is fabricated

bet ween the first feg%ﬁggg%l%%%?31%ﬁ§£%ﬁ§a§%%8ﬁ§9?e%%%§%k | ayer to provide
sel ected spaci n§'¥&F®en the first feedback |ayer and the second feedback
| ayer to yield the selected | aser node spacing and spectral l|ocation. 35

I1'l. The device of chei m 42 médtohharclanglied Rgeig@ pybo®BNOV2006 WO
03/096757 PCT/ | ng;ys%}\@eOQayer is formed by forming a layer of photo-~
cross-linkable material on the first electrode and then
exposing it to light to cross-link it.
10
106. The device of claim 7, wherein the cathode

comprises a transparent low work function material.

107. The device of rlaim 7, wherein the cathode
15 comprises a first, very thin metal layer disposed
towards the emissive layer and a second thicker layer
comprising a transparent conductive material such as

indium-tin oxide.

20 108. The device of claim 7, wherein the anode

comprises a transparent high work function waterial.

109. The device of claim 79, wherein the second
feedback layer is formed holographically using an aerial
25 interference fringe pattern phase -locked or phase-
registered to the first feedback layer

intexrferometrically.

110. The device of claim 91, wherein a t ransparent
30 spacer is fabricated between the first feedback layer
and the second feedback layer to provide selected
spacing between the first feedback layer and the second
feedback layer to yield the selected laser mode spacing
and spectral location.
35
111. The device of claim 42, further including one

5%



or nore |ayers disposed between the first feedback |ayer and the second

f eedback | ayer, the one or nore layers formed with a structure that is
enabled to continue a refractive index alternation that conprises agg N0V 2006
photonic 5 crystal structure in one or both of the first feedback |ayer and
t he second feedback [ ayer. 112. The device of claim 111, wherein the one or
nore | ayers conprise at |east one or nore of electrode, 10 charge carrier
injection layer, charge carrier transport |ayer, carrier blocking |ayer, and
the em ssive layer. 113. The device of claim57, further including one or
nore | ayers dispowedsbet ween the first feedback | ayer ¥oramdsiste second

f eedback | ayer, the one or nore layers formed with a structure that is
enabled to continue a refractive index alternation that conprises a

phot oni ¢ cryst al orsteneclapees idisprved Getiephtief fidse fdedsdckf badback | ayer and
the second feedbagl tiay&écond Geddithck Thgedevhe endlorGhaaeMaldad wherein the one

or  more layers ORI Seufh 1:8880-0M8 0 D818 tglc%ﬁﬁfnqge,bl [Charge carrier

injection layer, c e carrier_transport |ayer, carrj]er cki ng | ayer,
and the enissive TAj¥rcive 28‘5“9.’2‘131.“%18%\??’&% c8¥pr6f5?ﬁ it #PR/berein a | evel of
| i ght fed backsf rowstdiestfruestref Bedirack Hotlyerf eredfttse feedbankd f eedback | ayer
is sufficient to lapetiaad@nkasebnd aedabadk 13@:r116. The device of claim57,
wherein a level of light fed back fromthe first feedback | ayer and the

second feedback layer_is sufficient_to initiate |as action. 35 117. A
f eedback enhanced Iig%?‘e#?ﬁeﬁ’gced%fvicgael,m 150 Yﬁfﬁfﬁ?gg% "N503/0 96 73 7

PCT/ US03/ 14600 more layers comprise at least one or more of electrede,
10 charge carrier injection layer, charge carrier transport

layer, carrier blocking layer, and the emissive layexr.

113. The device of claim 57, further including one
or more layers disposed between the first feedback layer
15 and the second feedback layer, the one or more layers
formed with a structure that is enabled to continue a
refractive index alternation that comprises a photonic
+ crystal structure in one or both of the first feedback
layer and the second feedback layer.
20
114. The device of claim 113, wherein the one or
more layers comprise at least one or more of electrode,
charge carrier injection layer, charge carrier transport
layer, carxrier blocking layer, and the emissive layexr.
25
115. The device of claim 42, wherein a level of
light fed back from the first feedback layer and the
second feedback layer is sufficient to initiate laser
action.
30
116. The device of claim 57, wherein a level of
light fed back from the first feedback layer and the
second feedback layer is sufficient to initiate laser
action.
35
117. A feedback enhanced light emitting device,
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conmprising: a first means for reflecting light; a second neans for
reflecting light, at |east one of the first neans and the second neans
having a 5 refractive index profile that at least in part variesgg KUy 2000
periodically and continuously along an axis normal or substantially to a
pl ane of a respective first and/or second neans; and a third neans for
emtting light at least as a 10 result of receiving the light reflected by
at least one of the first neans and the second neans. 118. A feedback
enhanced light emtting device, conprising: 15 a hologram|layer; a
reflector layer; and at |east a |um nescent material disposed between the
hol ogram | ayevam@stshe refl ector |ayer. 20 119. The devdresesfisogl ai m 112,
wherein the reflector |ayer conprises at |east a second hol ogram |ayer.
120. A feedback enhanced light emtting device, 25 conprising: a photonic
crystal structurectrayeing: a reflector layer; and at |east a | um nescent

mat eri al di sposed bebwaest mbhe photenieceGkYSisat; structure [ayer and the

reflector 30 layer . Iglondl sechack.aohangadabl 90t 801 Lhng device.

conprising: a first reflector secon ector; at least a

| umi nescent mat ePf 4P FiEPolEHs B P RAFIHTB® "D ¥37 096757 PCTI US03/ 14600
bet ween t he f i5r srefpadrivheindes pnef ilefihattagr leagy eimspartwiveriesn the first
reflector and thgeseamadiy ehd eshtdhuously along an axis normal or

substantially to a plane of a respective first and/or
second means; and
a third means for emitting light at least as a
10 result of receiving the light reflected by at least one

of the first means and the second means.

118. A feedback enhanced light emitting device,
comprising:
15 a hologram layex;
a reflector layer; and
at least a luminescent material disposed between
the hologram layer and the reflector layer.

20 118. The device of claim 112, wherein the
reflector layer comprises at least a second hologram

layer.

120. A feedback enhanced light emitting device,
25 comprising:
a photonic crystal structure layer;
a reflector layer; and
at least a luminescent material disposed between
the photonic crystal structure layer and the reflector
30 layer.

121. A feedbhack enhanced light emitting device,
comprising:
a first reflector;
35 a second reflector;
and at least a luminescent material disposed
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conbine to format least in part a continuous photonic crystal structure, 5
122. A feedback enhanced light emtting device, conprising: a first NOV 7006
reflector; a second reflector; 10 and at |east a | um nescent mat er il

di sposed between the first and the second reflector layers, the at | east a
| um nescent material conprising a defect in a continuous photonic crystal
formed by the first reflector and the second reflector. 15 123. A feedback
enhanced light emtting device, conprising: a first feedback | ayer adapted
to receive and reflect light; 20 a second feedback | ayer adapted to receive
and reflect Woghtss7sat | east one of the first feedbackpd@yesiso@nd t he second
feedback | ayer having a refractive index profile that varies periodically
and continuously along  an axis norrmal or substantially normal to a plane of

a 25 respective E@Bﬂ@ﬁcﬁﬁlﬁMQEanéﬂ%e%Qc&&i§é§£8uhai%krg'Sposed bet ween t he

first feedback er,_an %1 e se % ac ayer 124. The devi ce of
claim1, V\/nereinw HiB AR 5D 6 PVE%ﬂa? &5F i SPEPs 65K | ayer and the
second feedbac k corkiperto Sorgueth ledrtt 1t herts pasatbeprwe enotdrécf eedback | ayers
conprise a cavit yrystavhiteticthirght of one or nore desired wavel engths
constructively interfere. 35 125. The device of claim 1, wherein |ight

refl ected by one or h of the first f ck and 62 0 g NOV 2006
WO 03/ 096757 PCT/ usog%lﬁg(fe? ea"%eeé’%%n ? H%t E‘ﬁﬂyge Ftrul at es eni ssi on of

light fromthe ERTRESFIAE:| ayer.

a first reflector;
a second reflector;

10 and at least a luminescent material disposed between the
first and the second reflector layers, the at least a
luminescent material comprising a defect in a continuous
photonic crystal formed by the first reflector and the

second reflector.

15
123. A feedback enhanced light emitting device,
comprising:
a first feedback layer adapted to receive and
reflect light;
20 a second feedback layer adapted to receilve and

reflect light, at least one of the first feedback layer
and the second feedback layer having a refractive index
profile that varies periodically and continuously along
an axis pormal or substantially normal to a plane of a
25 respective feedback layer; and
an emissive layer disposed between the first

feedback layer and the second feedback layer.

124, The device of c¢laim 1, wherein a distance
30 between the first feedback layer and the second feedback
layer is such that the space between the feedback layers
comprise a cavity in which light of one or more desired

wavelengths constructively interfere.

35 125. The device of claim 1, wherein light
reflected by one or both of the first feedback layer and
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126. The device of claim 125, wherein the 5 stinulated em ssion of |Ith
results in substantial collimation of light emtted by the device. o iy ﬂW@

device of claim 125, wherein the stinulated em ssion of light results in

| aser action. 10 128. A feedback enhanced light emtting device conprising:
a first feedback |ayer; a second feedback |ayer; and an aligned |liquid
crystal emtter |ayer between the first feedback | ayer and the second

f eedback | ayer. 63
WO 03/096757 PCT/US03/14600

the second feedback layer stimulates emission of light

from the emissive layex.

126. The device of claim 125, wherein the
§ stimulated emission of light results in substantial

collimation of light emitted by the device.

127. The device of claim 125, wherein the
stimulated emission of light results in laser action.

10
128. A feedback enhanced light emitting device compnsmg

a first feedback layer;
a second feedback layer; and
an aligned liquid crystal emitter layer between the first feedback layer and

the second feedback layer.
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