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15
TECHNICAL FIELD
The present application relates to lighting devices
using feedback enhanced light emitting diodes.
20 BACKGROUND

Conventional lighting devices providing indoor and
outdoor lighting typically use incandescent electric
light bulbs, florescent lamps, or halogen lamps. The
existing lighting devices, however, have short lifespan,

25 high costs, and/or hazards associated with them.
Recently, light emitting diode (LED) lamps have been
used to provide general lighting to overcome some of the
shortcomings of the existing lighting devices. Even in
LED operated lamps, however, most of the light is

30 absorbed or lost as heat, wasting a high percentage of
the energy that can be provided as light. According, it

is desirable to have a more efficient lighting device



efficiently provide |ighting. SUMVARY 5 Lighting devices using

f eedback- enhanced |um nescent devices are provided. A lighting device in
one aspecwoownprisses a |ight source conprising at |east @@/Usagessoof

| um nescent material disposed between two feedback |ayers. At |east one of
the two feedback 10 layers has a periodically varying refractive index
profile. The |ight source may be nounted in a housing having an at |east

one opening. A Light distnibutigpn plameNt os8BYsbendminted wBréhe housin

and di sposed be?\(\e_enn?%e fgl i gﬁt _source grsl}d t he r(l)peni ng forrdi stributi %g
light em tte@flfmmmtlfﬂaf !Hr@mld%h%%]é“tr%ﬂmar ds the opening. In another
aspect, a second light distribution elenent such as a forward diffuser my

be nounted in the housing between the opening and the |i i i i
_ ght distribution
el ement. 20 Yet in another aspect, t U‘@@&?ﬂd light distribution elenent

may be noupted so Asghimp\Rfrithe apeng nfeeaibaicke enhansedg. I n one aspect,

one or both of the feedback .|ayers conprjse a . Ii@yfg

hol ogr aphi ¢ r &&BrBPAGE2S dfﬁi’tléjle%af’l?eﬁreo lé%/e?r' o%‘ %g@ﬁ%lr@phl c rEgg(i)rrldi ng
material may doechigecta qinneseave Liglkr feuereecpaptrinpatt éPABE in the
material |0 angt ey popech.c.08.0h. BRI LA heepbity headhackelayer s my

i ncl ude a hol @éﬁ’ea ecording nat avi ng a i
. plurality of plane wave
i nterference Ieedabtlerhayeot.r edpohdpdly e diff Fé?eﬁ‘t’ovﬁ?ﬁ&b@ﬁét h o1|‘O li ght.

I n anot her, ;aspey aylighting gev i
: C 10! h tidG 66 &y MY r FHYP reF@acBivé easdexone | ayer of
| i ght em Ssive trgl’l a dlésposed abe%’weern t wo feeggac\ﬁ I ayeer S. Theyl i ght

em ssive mat erdfiday be an organic material. At least one of 35 the two
feedback |ayers hagnpa peghodHRAdey m¥@r yé Nghunted in a housing having

an at least one opening. A light distribution element
may be mounted in the housing and disposed between the
15 1light source and the opening for distributing light
emitted from the light source towards the opening. In
another aspect, a second light distribution element guch
as a forward diffuser may be mounted in the housing
between the opening and the light distribution element.
20 Yet in another aspect, the second light distribution
element may be mounted so as to cover the opening of the
houging.
In one aspect, one or both of the feedback layers
comprise at least a layer of holographic recording
25 material. The layer of holographic recording material
may include a plane wave interference pattern patterned
in the material. In another aspect, one or both of the
two feedback layers may include a holographic recording
material having a plurality of plane wave interference
30 patterns corresponding to different wavelength of light.
In another aspect, a lighting device may comprise
at least one layer of light emissive material disposed
between two feedback layers. The light emissive
material may be an organic material. At least one of

35 the two feedback layers has a periodically varying
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2 WO 03/101157 PCT/ US03/ 14590 refractive index profile. A light
distribution elenent such as a |light diverging screen or a diffuser may be
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BRI EF DESCRI PTI ON OF THE DRAW.NGS 20 Fi.g.- 1 ilLusir an em ssive device
that may be "SEAIFFPRYe HECGRETHY ?é%ﬁ%éé&'ofb#%ef%¥%igﬁi di scl osure in one

enbodi nent . Fihglodraphitstreabeding f eetbhdck- eaaheetudd ghiPla@fi Y&Yag di ode in
one enbodinment, that is us [ | [ i&es10f the present
. :g% ?Jf?rlljésjet Sp%[t'tgr}l hﬁ?tbﬁg?\:ﬂédg R Pge ARy

di scl osure. Fﬁ&. es a according to one _enbodinent. Fig. 4
i |l ustrates amnatbhitasadtal ongnpraeedt difnghet sWanbehadndédfPhent. 30 Fig.

o i||UStr?BeSH%.CEE£i§§% Jxﬂdﬂ%%gabﬂ§c Sdddictivbena0brta Bimtghiagnade FE- OLED
and a mul t7-mbde FE- ED. ,

plurality of plane wave interference patterns

corresponding to different wavelengths of light.

Further features as well as the structure and
operation of various embodiments are described in detail
15 below with reference to the accompanying drawings. In
the drawings, like reference numbers indicate identical

or functionally similar elements.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Fig. 1 illustrates an emissive device that may be
used in the lighting devices of the present disclosure
in one embodiment.

Fig. 2 illustrates a feedback -enhanced light
emitting diode in one embodiment that is used in the

25 lighting devices of the present disclosure.

Fig. 3 illustrates a light according to one
embodiment.

Fig. 4 illustrates an architectural lamp according
to another embodiment.

30 Fig. 5 illustrates a contrast between the
structures of a single mode FE-OLED and a multi-mode FE-
OLED.

Fig. 6 illustrates a light distributor in one
embodiment.

35



Fig. 6 illustrates a light distributor in one enbodinent. 35

03/101157 PCT/ US03/ 14590 DETAI LED DESCRI PTI ON Li ghting devi ceg }s/\fj)ch as

| anps usi w@ @aedisack- enhanced |ight emitting diodes are dicseisssedsool n the
present application, the terms |lumnescent material, 5 em ssive materi al
and emtter nmaterial are used interchangeably and refer to those nateri él
that have |um nescent properties. The structure and operation of a

f eedback enhanced light emtti n disclosed in co-pendin
U S. Patent Appli cati on Seri al %%Egkggﬁent%r{f% " FEEDBACK ENHANCED EI GHT )

EM TTING DEVICE. "
185288 Eee i i h hANdmBsi hd r@reabaeedback enhanced
light emtting dlodl lﬁéa c%e usedlntﬁésuiﬁl gd% es of the

present di scl eshercedilgght ?‘Imr’a"s%fl‘t%tdééﬁ&ﬁ ekt st ®my be 15

used in the |,gbtiNg LARMiicEE164, ttlflﬁé W&&@nuuﬁm@ém mtemmlue enbodi ment .
The device 1 Tncludes an em SSI ve d a feedback.el enent 4. The

f eedback ef eneRissiyvediptseialy a3Rd %”t e§ B‘%P?’éjd'i‘]c 355085°3f refraction
vari ation thatngblewsmemyl hgtréfebead tansai ndeeki20 thebubdve he feedback

element 4. In anot her aspect, the dback n :H‘)%M_, ith
periodic and lEBHEEHRASHS AETREXCHFS remectsﬁon%\%ggga ?%n ?gggbggiere\l,merrent

ljayer. ‘t’)“ Ejh. a ﬂefe@fm:cl«arwlmnmdnhngist idexiog dieds @ §RLvar i ation | s
escribed in detai i S...P n
i BALRS S AN p%ﬁ%&%{/l pat%‘h% A;éﬂ)éaltq%hl earetial

entitled "FE A second feedback
el enent 610myNal.so be |emﬂJ4ILded “EEEHB%%tENWCE% 5LFe BYErNFs bet ween t he

two feedback DEVICE.” For example, Figs. 1 and 2 illustrate feedback
enhanced light emitting diodes that may be used in the
lighting devices of the present disclosure.

Fig. 1 illustrates an emissive device that may be

15 wused in the lighting devices of the present disclosure
in one embodiment. The device 1 includes an emissive
layer 2 and a feedback element 4. The feedback element
4 may be a layer with a periodic index of refraction
variation that allows some light to be transmitted

20 through the feedback element 4. 1In another aspect, the
feedback element 4 may be a layer with periodic and
continuous index of refraction variation. A feedback
element layer with a periodic and continuous index of
refraction variation is described in detail in co -

25 pending U.S. Patent Application Serial __, entitled
“FEEDBACK ENHANCED LIGHT EMITTING DEVICE.”

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

30 some light to be transmitted through the second feedback
element 6 or substantially reflect the light incident
upon it. In one embodiment, a structure with a periodic
index of refraction variation, a plane mirror, a
distributed Bragg reflector (DBR), or another reflector

35 may be used as the second feedback element 6. The
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el ements 4, 6. The second feedback el ement 6 may all ow 30 [
transmtted through the second feedback el erren%/ 6 or substsgﬁi 1’3.: IgctrEa?I ggt
the |ightwonwilderst upon it. In one enbodi ment, a structurreTMISO/1859per i odic
i ndex of refraction variation, a plane mrror, a distributed Bragg
reflector (DBR), or another reflector 35 may be used as the second feedback
el enmrent 6. The 4 WO 03/101157 PCT/ US03/ 14590 em ssive |layer 2 nay be

conprised of organic gaterial. The en ﬂg &f Ry
& s e an organic
light enittiHA4 9. ¥ﬁe d%- ance (?ygﬁtgggm ti ng diode in gne 5

aspect nmay alﬁmlmlswdeeoﬂhwrez etma’nﬁésgu]@% 3 qrﬂ&ﬁéﬁa?é‘ﬂ? buffer |ayer
| yi ng bet ween tl(k]k % | ayers and the em ssive |ayer, a diffuser, an
er

anode, a cat Ao “elements. Fig. 2 il|ustrat
es.an, enis
200 havi ng additi dﬁm f@leéhéﬁlisen%"rcelﬂo 1é95ﬁp?‘%1t%n§ad1l°8? é’ilecr%rgld\e/g Sﬁ\élhce

as a cathaqde Qge@m%ayaaléeoﬂﬁcﬂ&fe RYcbecpbraed ketheen an enissive |ayer

2 and the top 4 and bottom 6 feedback | ayers i
102 nay i ncl uﬁjéafagﬂafr%péfléﬁ?rl%a%glé’&flﬂy S r%zlr%:%eé%(ﬁégk Themg?Lhode

:‘ﬁlngyt ogl Zg{f@&ﬁer@?rﬁfQMe éﬂlém@mmmvealéyﬁu@rsuah ¢hedeitais able to
rons into em ssive | aye o in order that

t he cathode 163t ]fﬁ(%ﬁ/l%é)%%lﬁg g%lg‘?l}tesd t?aﬁsp%?le%g%trgﬁtgg\og?ayer cat hodeamay

be 20 provi dedmidderd V@m@yerzocamm@ meylif hetadelgngaty - tHen, for

exanpl e, 5 nanone ¢S t
transpareht. $Ha™ %;E al® 'Qalr %ﬁe%f%é acked BEB?O;%£2%(§?E%SH§ ﬁb% Ihaglcflezzggglcﬁl Y

| ayer side, whtémadd rmﬂspabfehe pharhit O6E WEER AT (RIFIHH 1Y% 16X Fde?
and the top 4 and bottom 6 feedback layers,

respectively.
The cathode 102 may include a transparent

15 conductive structure with a low work function surface
adjacent to the emissive layer 2 such that it is able to
inject electrons into the emissive layer 2. In one
aspect, in order that the cathode 102 provides the
desired transparency, a two-layer cathode may be

20 provided. The two-layer cathode may include a very
thin, for example, 5 nanometer (nm) metal cathode such
that the metal is essentially transparent. The metal
may then be backed, for example, on the feedback layer
side, with a transparent conductor like indium -tin oxide

25 (ITO) to yield high enough conductivity to have a low
impedance device. The anode 104 may include a
transparent conductive material chosen to have a high
work function such that it is able to inject holes into
the emissive layer 2.

30 The emissive layer 2 may include an organic
electroluminescent material whose spectral emission band
overlaps the reflection bands of the top 4 and bottom
feedback layers 6. In one aspect, the emissive layer 2
may also be a fluorescent or phosphorescent emissive

35 material, an emissive inorganic semiconductor material
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25 (1TO to yield high enough conductivity to have a |low inpedance device
The anode 104 may include a transparent conductive material chosen to havé
a high wadosfnsti on such that it is able to inject hol ePdMH3/1439e

em ssive |ayer 2. 30 The em ssive layer 2 may include an organic

el ectrol um nescent material whose spectral emnission band overlaps the

refl ection bands of the top 4 and bottom feedback |ayers 6. In one aspect,

the em ssive |ayer 2 y be a f] escent or i SSi
: _ _ _ phosphor escent em ssive
35 material, %H‘F){'bl’?lssgfigg' |§Jocf? i (?rsgrr#%&ohduct or material 5 WD 03/101157

PCT/ US03/ 14590 sutle aspGalsnd/AhGahe, bortomEaedbRsE Lapess shdPd¥ the bottom

feedback layers 6 may. ipc e %tyj Of= i t |k ;
peri odical ly e ?ﬁenélfg%ge%l(g%faﬂ?ée re'lclz1 i gﬁ?%%ptﬁ%aﬁskﬁ%wbiﬁhﬁm 5
feedback | ayevarBingayndex af refisitdpirc cFIBLHP hakd FBEIRM i ght of a

gi ven wavel engt hs,hand jprapagat & gpgat potvdis lcaheked thdtght out™ 11
The |ight "enteri ng%{kﬂe eedbacka[&ﬁ;yer na?eﬂrﬂgl ala ls)et he Ia.tgr nor mal agis

_ al an
suffers a smaf¢fiedtsedtipbh o102 HCR™ AR engL fed %F%aﬁa%nneg cycle of the
refractive i ngex,9sgld batkonapdten ihgnteedbackiel ement is thick enough,

t he feedback el enent may act as a nearl rfect t
Vg t he resonant
wavel ength, 2d, wigre d9hs FREST Y eo¥egﬁ%a$%flra cet‘?t]ic \lr/ﬂgg%% aeg spati al "

oscillation. 3ifodhereadhacknbayer sxiin enéfespectsmald frableet®  from

pl ane wave hol ograns wi.,th_peak ref]l (RYARKY Si I.&S1 on
wavel engt +° Iﬁa‘g]ﬁghé‘éepé t P Fﬁ‘fésdigk\llrlogléth %B‘% s oJ\LA%QiQEn t%% Ifrégg?r%ﬂiez i nverted
That is, the iﬁ@éﬁ:td@ildfatttba.cawltﬂ}déhﬁoieaﬁ]@a@]ﬁéwg 184t %ESK be 20 .

InterChanged'enough, the feedback element may act as a nearly perfect
reflector at the resonant wavelength, 2d, where d is the
pitch of the refractive index spatial oscillation.

15 The feedback layers in one aspect are fabricated
from plane wave holograms with peak reflectivity at the
desired emission wavelength. In one aspect, the device
200 shown in Fig. 2 may be inverted. That is, the
position of the cathode 102 and the anode 104 may be

20 interchanged.

The device also may include a substrate 106 placed
adjacent to the bottom feedback layer 6. The substrate
106 is used as a layer on which the device may be built.

In one aspect the substrate 106 may comprise a

25 transparent material. In one aspect, a material may be
applied over the device to function as a cover 108. The
cover 108, for example, functions to hermetically seal
out ambient water and oxygen, or otherwise to protect
the device from chemical or other degradation.

30 Other components of the device may include a hole
transport layer between the anode 104 and the emissive
layer 2. The hole transport layer may be used to allow
more electron/hole recombination to occur at the
emigssive layer 2. For example, in emigsive layers

35 having imbalance between electron and hole mobilities,
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The device also may include a substrate 106 placed adjacent to the bottom
feedback layer 6. The substrate 106 is used as a layer on which the device
may be buwaes/10i1s7one aspect the substrate 106 may conpri SETAIDS/14590
transparent material. In one aspect, a material may be applied over the
device to function as a cover 108. The cover 108, for exanple, functions
to hernetically seal out anbient water and oxygen, or otherw se to protect

the device fromshan,cattar 1ok f}ﬁﬂedﬁﬁbiiﬂﬁéi@é‘ 3 QuheE-Gopmanents of the
devi ce may i ncl ude“%%hol e transport |ayer between the ano 104 and the

em ssive | ayer*FOERHIPR S ﬁ&PCFH‘;?e?‘t N FediSed ?bmhlqw Aor e

el ectron/ hol e ra&modmde RAthos dire&iCuhodt/éMe-taMisskyeatdy@inds tEobeexanpl e,
in emssive | ayer 5. haV| i_ mbal ance_bet ween el ectron and hol e

mobi lities, P15t WFU@@?K%@%S | ¥ WPt Fes G meien
nmobi lities, 5t helceiﬂtaﬂuamihel@ ereciaati nat of)rt]cteemﬂﬁttt@roccm::@,t dxhieranode.

Simlarly, Vi | d/emt ni e ce tends to be
i nefficient be%ustgl%ngr?g/p%%%lsr{o% ?1@8 ,Pa%el 1 etsU%a vvh i%%'sreﬁbﬁg‘?%tdl ative
de-excitation dfevene, efiPrteramdeur yitbxihsgh hatlet mebéhities mamdeaezeat er f ace.

Using hol e tfartﬁiéog)l obh@a{eéﬁ £ He Orel@ég%ﬂrol‘@ &%CQ b, 0ol & kil it]gs

m ninmzes the emof the electr e reco natlon occurrin at the
anode. The hol @tt C&fspBree| ayde Agyearsnemori0 1@M@§e!naffo-?ﬂlrmé>ea hol e

conducti on 1band:Hd@TeﬁLHBdha?«Jr@ ad%ﬁ%@@n&@%&%rpfba%ﬁﬁlﬁQQﬂﬁe%%é gzdf '; gren ‘he
em ssive |ayer t hus_ providing nore efficient hole inj
anode into %/he RSHEERy th&??‘ncﬂfe tIhT%[j BEPion aperd (Fp &Mdsshee prasiecd@d bet ween

15 the anode l@huangrbhedhel edreanspoticdifRile FafeceXiH®n theanode
materials |ike jndiumt (ljntﬁ)emegﬁtge'rr.O)
A hole injection layer may also be provided between

15 the anode 104 and the hole transport layer. For
example, if anode materials like indium-tin oxide (ITO)
having less than well defined band structures that may
lead to inefficient hole injection into the device are
used, hole injection layers like copper phthalocyanine

20 may be provided to better define band structure with
energy level intermediate between ITO and hole transport
materials. Providing the additional hole injection
layers thus may assist hole injection and produce a more
efficient device.

25 In another embodiment, additional hole transport
layers may be inserted between the hole injection layer
and the emitter to further smooth out band energy
differences. If the hole transport layer adjacent to the
emitter has its electron conduction band at an energy

30 level nearly the same as the emitter, electrons can
“overshoot” the emitter with recombination occurring in
the transport layer rather than the emitter. This
overshoot may be eliminated by interposing an electron
blocking layer that has a high energy electron

35 conduction band, but good hole conduction, between the
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having | ess than well defined band structures that may |ead to inefficient
hole injection into the device are used, hole injection |ayers |ike copper
pht hal ocyw i3a102B37nay be provided to better define band struaewsese4iant h
energy level internmedi ate between I TO and hole transport nmaterials.
Providing the additional hole injection I|ayers thus may assist hole
injection and produce a nore efficient device. 25 In another enbodi nent,

addi ti onal hol e . transport . | ayer inserted between the hole
i njection | ay&F‘lté‘?\H "‘Frh% &5 t%tycg?g?%%%/ulr ﬁgp snoot h out band ener

differences. If thenhohehararspodinénlyerraglaebren tioraf®OTEn-#YSr has its

el ectron conducti ' 06 WhSQJevak Deardns the sapeshget he
emtter, eIecpﬁgnggégﬁgg“%%%?%ﬁoot" t he éhitter mﬁt%ﬁgecon@hnation
occurring. inlavhe 2rarBporaleciyer FEAHROHhAAYERLEMTTEr “"Fhis overshoot

may be eliginated by Fi&rRIsidg anestreld @hacbtnekisly Iapespbhat has a
hi gh energy electron 35 conduction band, bu% ggo? h@lgngqggyction, bet ween
the 7 WO 03/ 10Ye57PPEAPXIDECr4596°S eniftt &F “And°tRett FAMPort | ayer. In

anot her enbodijnpats, anael €dan el eaps@oriranapert hayeire mobieded bet ween
t he cathode 102 and the em ssi

v | ayer 2. el ectron transport |ayer
perforns the 9d§PﬁiFara?ﬁﬁﬁiﬁﬁﬁﬁfspe%$%é¥¥6%£%?hat the hol e transport
| ayer perforns for thohfsthds andodimehe, tamnspetron| dyieeticaddpyFbnal

el ectron transport |ayers d 258l $hoband @nergycerbehi ng. In
anot her erBodi n%? RACST &2 %ﬁ%ﬁFﬁ?eg??S% ayer 10 may be provided between

the cathode 1QZaasgotrhelayect r deaftrnshoris [depérabiacs®? I87VS t29 s desirabl e
to have as |ow a work, fHnction, materidl #4F dikecashbadleaapopessisl e

so that energy is not expended injecting electrons into
the device. Very low work function metals such as

15 calcium may be used. Calcium, however, may be very
chemically reactive and very sensitive to moisture and
oxygen. Aluminum also may be uged. Although aluminum
has higher work function, it has been found that
overcoating the aluminum with a very thin film of

20 materials like lithium or magnesium fluoride provides a
“pand bending” effect that helps relieve the band energy
mismatch.

In another embodiment, a hole blocking layer may be
provided between the emitter and hole transport layer to

25 eliminate hole “overshoot” from the emitter. The above
described carrier transport, injection, and blocking
layers are also typically used in the conventional OLED
devices. Accordingly, further details of these elements
will not be described herein.

30 In one embodiment, the device 200 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 top feedback layer 4, it may act as a hermetic

35 Dbarrier between the cathode and the outside environment
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so that energy is not expended injecting electrons into the device. Very
| ow work function netals such as 15 cal cium may be used. Cal cium however,
may be vewp oschersical |y reactive and very sensitive to noiPITUS3/a#do
oxygen. Al um num al so may be used. Although al um num has hi gher work
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I di el ect w [0 f | ayer.
When the' bt { er [ AVEF Lo oI aSad betnbon it X A3 1600 End DUEt op

f eedback | ayer the PPthﬁ@1d6F£$@eﬁshefn%h¢cﬂﬂ%@cﬁarrTbﬂ eifigaedayee cathode
and the outsi d%a9n&uéen1a@ntsed8tMQ%%&LeP%H@%ﬂa%@O especial l'y

during subsequent rocessing. The buffer layer also provides the right
si ze gap bet weéf PEéont%%RﬂiﬁﬂweFEyEP% et veudnden Rrafddesuiti ve

i nterference ofchei ght féedﬂuekgaaye@es nat RRGHHEon TOhS HEHHLY Y81 S
function, the buffgje Ia be inserted betme%n t he feedback | ayer and
u

may.
the el ectrode t%7a t%%56€PFEa ¢ HiTEKHBES S0Pt hRS AR REEYPREB buf f er
| ayer may al sahbefasddatlo Ingiembathetdiey proopey phaseavelength of the

modes of the light that is resonating in the gap.
The devices shown in Figs. 1 and 2 substantially

15 reduce or eliminate the total internal reflections that
would otherwise occur at the refractive index mismatch
at boundaries. This approximately doubles the amount of
light extracted from the device through the substantial
elimination of light absorption loss inside of the

20 device.

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

25 the emissive layer 2 and allow stimulated emission to
occur when sufficient light is reflected into the
emissive layer 2. For example, the number of
interactions between photons and excitons regulate the
rate of stimulated emission. Thus, by localizing light

30 in the resomnant cavity and thus causing a high density
of photons at the emissive layer 2, a very rapid
stimulated emission conversion may be produced.

Typically, without the induced stimulated emission,
spontaneous emission, which is a relatively slow and

35 purely statistical process, dominates the light

9



rel ati onship between the refractive index profiles in 10 the tw feedback
| ayers. In addition the buffer layer may be used to adjust the thickness
of the gawdosimedn the feedback | ayers thereby tuning thecvnsesessydh of
the nodes of the light that is resonating in the gap. The devices shown in
Figs. 1 and 2 substantially 15 reduce or elimnate the, total internal
reflections that would otherw se occur at the refractive index m smatch

at boundaries. This ap rox teI u e of tracted
fromthe devi EFAPEH ﬁ e Stb a%gl a Psgset\%mw%gtgygrﬁlof ITh%%{g al?sfor pt| on

| oss insi de ofcctntverBGOUeW c%tlm%aéﬁé embEtion lep¥efi Ryt FRICTEISRIY. 1, the

feedback el ement; s‘iﬁ;ﬁ !fr %}Bse%% ei L PEs &fdﬁ; eictibed emssiererbgyer 2 form
a resonant caV|t e lements 4, 6 reflect Ii ht back into the

material of 254 W@n@ﬁif§sF<ve149§"5FerA2 ﬁﬁ%lnaﬁ]i% sPrrifFated*€hi ssion to occur

when suffigi entydii:g@htrei 8ot &fd 0GR, NtOnTdELs e sedestayerenzrgyor exanpl e,
the nunber of 1 nteractions betwe otons and exmtgns(f,%r&a_\get&_lsqt the rate

of stinul at ed ehitesiton. THRis,S 6‘5&? FPRGSTIYM50PCR FRE Fesonant cavity
and thus causigy exdikgh gessd teherof, phohemis sindehehenmhsshasidmpér 2, a very

rapid stinulated gg SS %r)\%gfgvoerrdsélrgnoggna '&Id%d‘éﬁgger-r%’ﬁiﬁ@ﬂa%’ wi t hout

the induced st75aH spon Us em ssion Is a
relatively sl oy andndapudetyistiani.st Conbequratdss, thenexat ke (Hatpi ght 9

WO 03/101157 PCI/ US03/-142904 generat o
d LOPRYOLESS JrraBRigThSE) igitmt eri al .
The rapi djl%converﬁ on tg gtle‘g‘]l at éLd emegm on e<3]E1Jve§1 t%\e s§%¢1t aneous

em ssi on procekigghvit okt hede. orTho C@Xléletl’é@ln"st%%lcéﬁlgflgﬁ/n ]tl%'i:onvert to
light. An eVGﬂgéﬂé&%% ol 9¢E8SredlBR s in reduced temperature in the

device, which allows for a longer life and more
efficiency in the device.

15 Fig. 3 illustrates a lamp 300 according to one
embodiment of the present disclosure. The lamp 300 may
be used to replace standard fluorescent tube lamps. The
power conversion efficiency of the lamp 300 results in
reduced electrical usage and/or greater illumination.

20 The lamp 300 includes a feedback -enhanced light emitting
diode (FE-LED) or feedback-enhanced organic light
emitting diode (FE-OLED) light source 302, a light
distribution element 304, a housing 306 and a second
light distribution element 308 such as a forward

95  diffuser. The FE-LED or FE-OLED light source 302 may be
configured to use existing fluorescent fixtures, for
example, mounted on fixtures used for fluorescent
lighting. The light distribution element 304 may have a
light distribution screen formed separately from the

30 1light source 302 or may be integrated into the light
gource 302 in order to reduce the number of components
that form the lamp 300.

A structure and operation of embodiments of light
distribution screen are described in co-pending U.S.

35 Patent Application Serial No. 10/319,631 entitled
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5 radiative de-excitation, converts excited state energy to heat. Thus,
stinul ated em ssion preenpts conversion of excited state energy to heat
si nce t hewoewshanisgm of heat formation is orders of magni tRadeUsBo¥®o t han
that of stinulated em ssion. Consequently, the excited state 10 energy of
the device 1 is converted predom nantly into I|ight, not heat. The
consequent reduction in heat generation also results in reduced

tenperature in tiigumtericean wheiicy lows1£aroR dangek ! ke 6k mong
efficiency int devi.ce. 15 FlgghF@!IIustrates a | anp 300 according to one

enbodi ment of %ﬁ?ﬁﬁﬁegéﬁflﬂ?%ﬁﬁ 1CRNeS | IHPTROF2REY Leeetisdy to repl ace
standard fl| uor estfErentebe Fanpscarfle, p@g@feawﬁmgfgt@atéézhﬁlé$§mbmg Ehe
I 300 results:in u | ecty.i sage and/ o reater illum nation.
28n$he | anp 306§§ncﬂﬁé§g %S eed aclsgﬁﬁgﬁE%é%léi gng?T?+Ef Wode (FE- LED)
or feedback5enﬁaﬁ@€dlaggaﬂl@nIamymdlmenttofngmdmadee@EEafiiiamjr@ht s?yrﬁe
302, a light diyd rc'o%ﬁh%l %@%ﬁnlﬁgﬁt éoé‘%gasd&%%eéo@ha”%a segond | ight

dlstrlbutlon el enent 308 as a forward uséer ED or
FE- OLED | i ght WGQOQEW KE-EDc daphguseerde 598 exlsglntngi:fvlaxgnegcent

fixtures, for @xangbe, SN Qiéc%&afcwé%ﬁsfd&%‘ioﬁaﬁi é&f‘@i@eggytlon lighting.

The light distribution elenent 304 may have a t distr screen
formed separ at eI3FFEIMERR O 14igHt SBFEERB G5y 5ﬁﬁy ban | gitgegyiat ed i nto
the light 1sourldgh802mibthiglefidie negueesd e uwdiennelugenponenis that

formthe lanmp 30 t tur d eration of enbodi ments of Iight _
di stribution scrgén ? é@% ?ﬁﬁg gggﬁﬁ!ﬁghdFn&aeksﬁee%Q?QQﬂkﬁﬁﬁrAppI|cat|on

Serial No. 10/ 312,631feont tiexdibb@k\WDs P8t 150415 dnPCT4AIS03/ 11430
emitting diode (OLED) 516, an anode bus 518, a cathode
bus 520 and a front glass 522. The front feedback layer

15 514 and the back feedback layer 512 may form a resonant
cavity 524 that stimulates enhanced light emission in
the organic light emitting diode 516 and may render the
light rays substantially collimated. The light
diverging part 504 may be adhesively bonded to the light

20 generation part 502 with an adhesive 530. The light
from the light source 502 is incident upon the light
diverging part 504. The light diverging part 504
includes a tapered light guide 532 that directs light
received from the light generation part 502 to a small

25 aperture 534. The light is then emitted over a range of
angles such that the light, if collimated or
substantially collimated, is diverged over a range of
angles thereby providing a light source which may be
viewed over the range of angles and which illuminates

30 over the range of angles. The configuration of the
tapered light guide 532 is further discussed in U.S.
Patent Nos. 5,563,738 and 5,481,385, both of which are
incorporated herein by reference. Area 506 may be
either filled with a clear material 538 with refractive

35 index lower than that of light guide 532 or it may be

11



"I LLUM NANT AND METHOD, " filed on Decenber 16, 2002, the entire disclosure
of which is incorporated herein by reference. For exanple, Figure 5

il lustrate® @noersanple of a |ight source / distribution elcameses/ 14590
conbination 5 according to an enbodi nent of the present disclosu re. The
conbination illum nant 500 includes the feedback enhanced LED or OLED
light source 502, a light diverging part 504, and a decorative or

functional surfaseqiald of 9oBLPHLLE & NABILLON. qdLiing aLea 506. An

organi c 10I|ght emtting |ght source rrayln e potting material
508, a back gl a§%m@1@tlamb8§kt¥1@e%i%’@k | ayer 512, a front feedback |ayer

514, an organic |ightn #BthbkNenbLGRtCLER) Ddbn: %[15%&99&?&% 518, a
cat hode bus 520 and a front glass 522. The front feedback |ayer 15 514 and

the back feedbaBkSTer Y2 PRaYSFOriR &hredBMRNO0 daK Bptsed 1aht stimul at es

enhanced |ight enfssiiom.i nThthoﬁﬁiﬁyﬂybslhg?tbéﬂﬂﬁtddmyedtQéﬁa§16 and nmay

render the light ra %%) st an %Ey collimte gﬁ The gE di verging part

504 may be adheSTVel nad&fFt OY 95 §ht 228 9 %ﬁeﬁﬁl5ﬁ Sries with an

adhesi ve 530. Thee |fiqgiwardf dofftéer [30ghtlsounse D H s:omendjadsﬁa]upon t he

light divergin t 804 T ' rqgLn art udes a tapered
S R0 ci dovs Do i blE, BePRud o, B o

| i ght gui de 532t recerved m ener at i on part
502 to a smal | 2epelEioe 534, amrrdimghely sdotieie eet fledinves a range of

angl es such g hatst g dy %I%t stéﬂd&ﬂi lfl”%&@gcgﬁt %ﬁﬁt %91 Q#[ﬁ[o;gﬁla!e‘e s

di verged over a range of ngl es thereby provi source |ch may
be viewed overt%%é”ﬂgﬁbéhéF aﬁgﬂé§“§ﬁﬁcﬁﬂFc%ﬁmﬁﬂun1nates 30 over the range

of angles. The confimgy ati en1@fctdies LILGE LctiSNt 1G4 ?dgcé&?d:ﬂr% frr t her
di scussed in U S. 5,563, 738 and 5, 481, 38 bot h of which are

e
i ncor por at ed he?%ﬁﬁFQﬁyePéPQF@ﬁ%% OIAtES Bﬁﬁsﬁ%E ‘¢jgclosure.

architectural lamp 400 includes a screen or diffuser 40 4
15 Dbonded directly to the front of the FE-LED or FE-OLED
402. The lamp 400 may be placed on a wall, ceiling,
floor, or other surface to provide aesthetically
pleasing lighting.
A lamp with broadband spectral distribution may be
20 produced when, respectively two, three, four, or more
feedback enhanced OLED or LED devices emitting different
wavelength bands are fabricated on the same substrate in
a pattern of small geometric domains such that an
observer’s eyes fuse them together to produce white or
25 other desired color of light. For instance, in a three -
colored example, stripes of FE-OLED emitter may be
patterned in a repeating red/blue/green configuration
much like the vertical color stripes in a VGA display.
The lamp output appears as white light with the
30 integrated spectral output looking like the composite
line in each drawing when the stripes are sufficiently
narrow.
In one embodiment, both of the feedback layers are
patterned, for example, in the red/blue/green

35 configuration as described above for the emissive layer.
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ither filled with a clear material 538 with refractive 35 index |ower than
Sh;t of light guide 532 or it nmay be 11 WO 03/101157 PCT/ US03/14590
conposed WO @/100isor ed or reflective material or a conbi nadTArSGfi49he
above. In another enbodi ment, two light distribution elenments may be used
in the lanp 300 for better light 5 diffusion. The housing 306 may be of
conventional design for |anp housings or any other suitable design. The

forward diffuserim3@dial sabomymdie 0t heosw st ivanalayedesign Qo day ot her
sui tabl e design, A lamp of the . above desjgn has approxi mately double the

| uni nous 10 ef ficacy o g%%%d%?ﬁ%FFﬁoP STEM IR Y URERHPr SRAFAEL BPY  ten
times that of iarsamdesvénto |dnpEeelbyck 4atdiphratessar gyt ectural | anp

di t e i ._the presen iscl osure. The
B Oh feorur T ool bR P S AL RF L G v Boded
directly toSthEM{Esatsof cadie tHBel Eleopi tFeh GAERhed GRedBhek | By r40@snay be

pl aced on a waldhangeh! | fige eﬂﬂﬂ%@&1i§{cé§) d %BrEHS Eﬁé[¥ﬂ¥éggggland

aest heti cal | | easing lighting. Ala t h "broadband spec
distributionynéngECt?@“dﬁﬁﬂﬁtéﬁeﬁh%ﬁ; respectively two, three, four, or

more feedpack enhanged S&RA0enbbRdeM CLH-ealbLhA% L dIEr 6L pyavel ength

bands are fabricaaed on the sane substrate in a pattern of s geonetric
a

domai ns such t K&F ﬁuC%H§E¥VéFSSe@?%%lQQgﬁﬁn@héﬁ?F e tidre wefpeodime white
or 25 othetOdebhndd oblitie dleekbgbk. 1&pird A%t AREE orl Rofe LN ERTHEQ! O ed

i - i In a repeatin
" ed bl el gr cen SIFTaur AiTor SHHSHE1 | R FHUEUEFt P GBI e PPEeS (N & VGA
di splay. The kafpaodtguaerappghtsfas pahitteankiightead ti thh&eedback
layer pitch set for red and green respectively. In this
embodiment, for example, when a sufficiently broadband
15 emitter is used, the emissive layer may not need to be
patterned for the desired effect.

Emissive devices according to the present
disclosure may be either single-mode or multi-mode
devices. Single-mode devices may be produced by

20 fabricating devices with resonant cavities (distances
between feedback layers) with widths of approximately
the wavelength of light emitted by the emitter while
multi-mode devices have resonant cavities with widthe at
least several times larger than the wavelength of light

25 emitted by the emitter. For example, Fig. 5 contrasts
the structure of a single-mode FE-OLED 802 and a multi -
mode FE-OLED 804. The single mode FE-OLED 802 has the
holographic feedback layers 806, 808 inside a glass
package with a resonant cavity width of about 400 nm, a

30 mode spacing of approximately 0.5 um and a spectral
linewidth of around 1.5 nm.

The multi-mode FE-OLED 804 has the holographic
feedback layers 810, 812 outside the glass package. For
example, a mode spacing of approximately 0.2 nm occurs

35 with the feedback layers separated by 1 mm and using 500
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30 integrated spectral output |ooking like the conposite Ii i

drawi ng when the stripes are sufficigntly narrom?pln one enggd:zeﬁ?Chboth
of the fewadbeukiisayers are patterned, for exanple, in thexnmmﬁmhuﬂbéreen
35 configuration as described above for the em ssive layer. 12 WO
03/101157 PCT/ US03/14590 In this enbodinent, the enissive |ayer may al so
be patterned with emtters of different wavel ength bands to correspond to

t he feedback | ayer patte e &mad
rel ativel y nalP oSS if?g%rs E?%E ? 1lﬁ%lﬁyaltc% E?E?ﬁg fégdback
| ayers is chepossk ﬁdﬁia@ﬁnveebamdwudt@ngédtb© i¢ﬁé£39ﬁeléﬁ?§%l§ﬂpland

ref | ection bands over|an., Lna aesand eEbed: Dt 2. Rseadhandectiter may be

used such tha m'ssion band overlaps the reflection 10 band
s of th
f eedback | ayetBeimolagrams ADEeepatae tfeMARBEROHETS RACHIFEL BRTE, "Bhe enltfer

fou' d proyv de O%%g?l{e%i a?é%%rgk‘:ﬁénoﬂmms teksepBléerned areas with feedback
ayer pitc green, respectivel enbodlnent for

exanpl e, mhen a suileﬁQQhﬁryeﬁbﬁéﬁﬁﬁﬁﬁ f@eeWF¥F%rm?é d%% S heeni ssi ve
| ayer may not Q@@dtﬁé) fe gkt espess foisidketdesyleds efdcate &niws ve

devi ces accor to the presen i scl b
il t1 - node d@@;e%@@ckswgqre Thsate dor GUSSRa poBR P s s S5 b cat i ng
af;;ﬁgsorngh na§eﬂaaﬁt§iﬂ@Uﬂﬁﬁgﬁdsstpaukage beEmesﬂp¢@ﬂdb§@RCaners) with
r oXi e
Wi |6 ube BHLIRLY CES TaE LY oSt SR P T h G dr Y of least.

Yesonant cavrti es h w dt hS at | east
sever al t|n95ubaageb fi&ﬂ]dﬁagewanebeﬂ&ﬁdn(ﬁhelﬁ@hﬁsgﬁfé#WFﬁédaBQ t he

eni
mtter. For %%FnEeedba‘@ 15@é%%“££é§éﬁy establishing the desired

resonant cavity thickness. An advantage of this
approach is that cavity thickness may be established

15 independently of mechanical considerations in device
packaging and may be used to provide a multi -mode device
that can be pixelated without parallax issues.

To a first order of approximation, the ideal design
for a single-mode device with feedback layers has a

20 resonant cavity thickness of one-half the wavelength of
the desired output light and with the same phase of the
periodic index variation at both feedback layer inside
surfaces. Other thickness of the same order of
magnitude and other phase relations hips may be used.

25 Another embodiment of the invention may use a
defect-mode FE-OLED as is disclosed in co-pending U.S.
Patent Application Serial No. __ entitled “FEEDBACK
ENHANCED LIGHT EMITTING DEVICE.”

Another embodiment of the invention may use a ban d-

30 edge lasing FE-OLED as is disclosed in co-pending U.S.
Patent Application Serial No. entitled “FEEDBACK
ENHANCED LIGHT EMITTING DEVICE.”

The embodiments described above are illustrative
examples and it should not be construed that the present

35 invention is limited to these particular embodiments.
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the structure of a single-nobde FE-OLED 802 and a multi- node FE- OLED 804.
The singl e node FE-OLED 802 has the hol ographic feedback | ayers 806, 808
i nsi de a vlcasgiopdckage with a resonant cavity w dth of abaar/esa6/1smyw a 30
node spaci ng of approximately 0.5 pmand a spectral [|inew dth of around
1.5 nm The nmulti-node FE-OLED 804 has the hol ographic feedback |ayers
810, 812 outside the glass package. For exanple, a node spaci ng of
approximately 0.2 nm curs 35 wit he . f QQSE a t by 1 nm
and using 500vaﬁEPWﬁD 6?1%?jﬁ&¥ﬁﬁé §§g rﬁ?&g?gﬁgﬁggﬁﬁﬁfgﬂ%

Spectr al I|nesm¢Iﬂéﬂ|3h.debeantn@mtﬁqpttHepaeti@@tﬁﬁﬁﬁ FREIGPHEH & t he

f eedback | ayers 81 12.a r n gkl - node devi ce
804, the holﬁﬁ?%%ﬁifafc:eeeégpg?t d§ﬁgﬁgg§%?8?eﬂ%é%gh§%%they my 5 be
applied aftercilaem®lED i s assenbl ed. I n another enbodi nent, the nulti-node
device may. have the feedback | ayers inside the glass package or one

f eedback layer inside the glass’ package and one feedback |ayer outside the
gl ass package. Transparent space 10 including relatively thick transparent
spacers may be wused to fill space in between the em ssive device and the
f eedback | ayers thereby establishing the desired resonant cavity

t hi ckness. An advantage of this approach is that cavity thickness may be
established 15 independently of mechanical considerations in device
packagi ng and may be used to provide a nulti -node device that can be

pi xel ated w thout parallax issues. To a first order of approximtion, the
i deal design for a single-node device wth feedback |ayers has a 20
resonant cavity thickness of one-half the wavel ength of the desired out put
light and with the sane phase of the

{
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periodic index variation at both feedback |ayer inside surfaces. Qher

t hi ckness of the sanme order of magni tude and ot her phase rel ati onshi ps nmay
be used. wabsAwoisher enbodi ment of the invention may use @CTesosassonode
FE-OLED as is disclosed in co-pending U S. Patent Application Serial No
entitled "FEEDBACK ENHANCED LI GHT EM TTI NG DEVI CE. " Anot her enbodi ment bf
the invention nmay use a ban d- 30 edge lasing FE-OLED as is disclosed in

co-pending U. S. Patent Application Seri No. entitled "FEEDBACK ENHANCED
LI GAT EM TTI NG DEVI CE. " The enbodi rrenf%i‘hg]!é%cri bed above are illustrative

exanpl es and ife sheuhd not be construed that the present 35 invention is
limted to these particul ar enbodi ments. 14 WO 03/101157 PCT/ US03/ 14590
Various changes and nodifications may be effected by one skilled in the
art w thout departing Aroiptitiesspevite orompriepadef the invention as defined

in the a ded clains... 5 ;
ppgn ed clal ffd%ht SC;IUS;_‘C\QOCQ%%JSQ:%%Y a@CIég@QS/ 14590 CLAIMS W

claim 1. A lighting vice conpris a |light source canprising at
least: a first feedbackal&imat feagbedktpyucadertandte repdect PPdht; a
first electro fflglégeg%%&lhe first feedback 1layer; 10 one or nore

r

sem conducti ng layers ned over the first el
one or nore a first electrode formed?o%pgﬁgdfﬁrég ée%%%gcﬁne of the

layer;
10 one or more semiconducting layers formed over
the first electrode, at least one of the one or more

semi-conducting layers comprising luminescent material;

a second electrode disposed over the one or
15 more semiconducting layers; and
a second feedback layer adapted to receive and
reflect light disposed over the second electrode;
and;
a light distribution element disposed adjacent to
20 one or both of the first feedback layer and the gecond
feedback layer and adapted to distribute light emitted

therefrom.

5. The device of claim 1, further comprising:

25 a housing having at least one opening, the light
source mounted in the housing and disposed to emit light
substantially in the direction of the opening, and the
light distribution element mounted in the housing and
disposed between the light source and the opening for

30 distributing the light towards the opening.

3. The device of claim 1, wherein the light

distribution element is attached to the light source.

35 4. The device of claim 1, wherein the light
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sem -conducting | ayers conprising |um nescent material; a second el ectrode
di sposed over the one or 15 nore sem conducting |ayers; and a second

f eedback Wwaywrioadapted to receive and reflect |ight di spacadusesassonhe
second el ectrode; and; a light distribution elenent disposed adjacent to
20 one or both of the first feedback |ayer and the second feedback |ayer
and adapted to distribute light emtted therefrom 2. The device of claim
1, further conprising 25 _a housi ng, havi ng. the |ight
sour ce nnunteélFﬁr%WHF%ﬂﬂnﬁlﬁﬁeﬁﬁdl%g§ﬁ3§:%‘ 8m%n%%§% %?jggg E?%%tlally in
the directi ontat thehopsnimeg,. and the |ight dlstrlbution el enent nount ed
in the housing and disposed between the |ight source and the opening for
30 distributing the light towards the openin 3. The device of claiml,
wherein the |ight 5di sTheé bieviior eFesbainils abexehedtl® Ykt i ght source.

35 4. The devig r iz0ht g6 WRHY1HI1L8Feen.

PCT/ US03/ 19159(51 %5%? %%ereén gpgnggﬁpfl%éoga?ég i mredeiqg é%y adj acent to
the light source. 5. The device of claiml, wherein the light 5

di stribution el emept Gﬁﬂpﬂkﬁﬁ%eaoklgb&uﬂuyem@b@glﬁct@emigh& The devi ce of
claim5, wherein the light diverging scr ; E? E%ﬁ ﬂQdU&Ql ity of
tapered |ight diggirgésg S¢reen FREPHLS %éié?UEP'F 2t 1 iR e compri sing: a
second |ight djgkekbution el ement nounted in the housing betmeen t he
openi ng aq% the light distribution

7. The device of claim 2, further comprising:

a second light distribution element mounted in the

housing between the opening and the light distribution

element.
15
8. The device of claim 7, wherein the second light
distribution element is mounted as to cover the opening
of the housing.
20 9. The device of claim 1, wherein the light

distribution element comprises a diffuser for diffusing

the light emitted from the light source.

10. The device of claim 1, wherein the light
25  source and the light distribution element are shaped

substantially flat and elongated.

11. The device of claim 1, wherein the light
source and the light distribution element are bonded

30 directly to one another.

12. The device of claim 1, wherein the device is

adapted to be attached to a wall or ceiling or both.

35 13. The device of claim 1, wherein the device

17



element. 15 8. The device of claim 7, wherein the second |ight

distribution elenent is nounted as to cover the opening of the housing. 20
9. The dewiaw/iof1scl ai m 1, wherein the light distribution riTersest4vonpri ses
a diffuser for diffusing the light emtted fromthe Iight source. 10. The
device of claim1, wherein the light 25 source and the light distribution
el enrent are shaped substantially flat and el ongated. 11. The device of

claimil, whereidyhesLLolty1SUiHcs éj?glicf_y}rﬁce@i%EiQhE%ﬁFéﬁ_ér@”ﬁt%'.enent are

bonded 30 directly to one anot her. device of claim1l, wherein the

device is adapted to be attached to a wall or ceiling or both. 35 13. The

device of claim1l, wherernetds idevibgecididQ 03mbetia7tRETEHSA3/ 14590

conprises a pluraljity of light distribution elenents. 14. The_ devi ce of

o 1 uher eihrathetk Lar® (a5 dhac R Py LSRG LBKBhdT GAHmERS ayor of

both the 55fi rSirskeedbackci aysreranddt tike seeemd feedback 1ay2r conprise at

| east a layer with_a ho%o iC c&yﬁyal structure. 15. The ggiice of claim
a

1, wherein the FI"F5t°10% eethhe |5¥8F %}t¥ﬁ%1§5%8ﬁ t &edb | ayer or both

the first feedrawkthager and the second feedback | ayer conprise at |east
a |layer of hol ographic recording material. 15 16. The device of claiml,
wherein the first feedback |ayer or the second feedback | ayer or both the
first feedback | ayefbandThtedesdeonetf ebadback véppgein the first

10 feedback layer or the second feedback layer or both the
first feedback layer and the second feedback layer
comprise at least a layer of holographic recording

material.

15 16. The device of claim 1, wherein the first
feedback layer or the second feedback layer or both the
first feedback layer and the second feedback layer
comprise at least a layer of material having a plane
wave interference pattern.

20

17. The device of claim 1, wherein the first
feedback layer or the second feedback layer or both the
first feedback layer and the second feedback layer
comprise at least a layer of material having plane wave

25 interference patterns corresponding to different

wavelengths of light.

18. The device of claim 17, wherein the plane wave
interference patterns corresponding to each wavelength
30 of light are respectively confined to separate
geometrically shaped domains or areas in a plane of the

layer of material.

19. The device of c¢laim 18, wherein the

35 geometrically shaped areag comprise parallel stripes.

18



conprise at least a |ayer of material having a plane wave interference
pattern. 20 17. The device of claim1l, wherein the first feedback |ayer or
t he secondd@adbiack | ayer or both the first feedback | ayeCTamsb3timosecond
feedback | ayer conprise at |east a |layer of material having plane wave 25
interference patterns corresponding to different wavel engths of |ight. 18.
The device of claim 17, wherein the plane wave interference patterns
correspondi ng to each wavel ength 30 of light are respectively confined to
separate geonetrically shaped domains or areas in a plane of the |ayer of
material . 19. The dedfi-ceT8f €F6isR ©F, WRéheld t'HeBEngEBREseRT@AYUSy shaped

areas conprise gadnddr@lcastiyl BeSped HomiOn936 2 0ddnk RGTEHS08{ 44590 20. The

devi ce of clain11§ﬂ>mhere|n t he separate geonetrically_shaped donai ns or
areas in the fitSEPFEedBYEk PayBtdiatabeys fWehretdabsY antiM9 y a sane 5
geonetri cal shagpeomattdieadupiass bataridcably sabsedr 1009t hogahdl a pl ane of

the second feedback .| ayer of _material. 21. The. deyic f claim17, wherein
one or nore of P‘iﬁkﬁlﬁgy f-BeAbREKS acﬂfe?t%‘eofeﬁ%]?ge}rﬁeﬁ (?Sgpf?%%r a?gnl east a

| ayer of hol ogreetemciadecordi ng material. 22. The device of claim 17,
wherein one or nore of the feedback |ayers of material conprise at |east a

15 | ayer of photonic crystal material. 23. The device of claim16, wherein
one or nore of the FleedBackd¢wies oiofclpimet 7 alwhsagini sre adr Inmgst of | ayer

of hol ography ¢ g HLURYRBLLYd-A of material comprise at least a

layer of holographic recording material.

22. The device of claim 17, wherein one or more of
the feedback layers of material comprige at least a

15 layer of photonic crystal material.

23. The device of claim 16, wherein one or more of
the feedback layers of material comprise at least a
layer of holographic recording material.
20
24. The device of claim 16, wherein one or more of
the feedback layers of material comprise at least a

layer of photonic crystal material.

25 25. The device of claim 1, wherein the layer of
luminescent material comprises two or more luminescent
materials each separately patterned into geometrically
shaped domains or areas in a plane of the luminescent
material.

30

26. The device of claim 25, wherein the
geometrically shaped domains or areas in the plane of
the luminescent materials have substantially a same
shape and occupy substantially a same location in the

35 plane as the first feedback layer or the second feedback

19



20 24. The device of claim 16, wherein one or nore of the feedback |ayers
of material conprise at least a |ayer of photonic crystal material. 25 25.
The devi cwoof3/iol@rm 1, wherein the |layer of |um nescent rmrdrevsoati4®onpri ses
two or nore lum nescent materials each separately patterned into
geonetrically shaped domains or areas in a plane of the |um nescent
material. 30 26. The device of claim?25, wherein the geonetrically shaped

dommins of areds il bReLBLANGOL i Lhe-LUmlnssaet, BgT LAl SRs
substantially a same shape and occupy substantrally a sanme lTocation in the
35 pl ane as t he&€deadberkf bayyack | ayer or the second feedback 19 WO

03/ 101157 PCT/ US03/ 14590 | ayer or both the first feedback |ayer and the

second feedback |ayer. 27. The device_ of claim 26, wherein each of the 5
| umi nescent mat eri akd-halhe dpEcer &F ek 58It WasgcihatackupsiEiftially

overl aps a sef l1@alineBcOandstefribhe nhoterdance patliSIAs dahdt Blat
correspondi ng donains or__areas_in the first fee baék Iaygr or the second

feedback | ayerWStEBER e FISdEPFeddbackedtyar PR t ke ond 10
f eedback | ayer.ird@rrébendeviaatcahsCiai the GonMaepehainmeddiaimer erof the

| um nescent materials has broad spectr band 1 SSi on t .can, be used
in the domai ns 0% éﬁs%’(‘ﬁ aﬁlﬁ'ﬁf 1 eleﬁﬁ’?ﬁ]ézicaevn t ht gg‘?a?e(fo &a{%&dgaCk
correspondi ng tlaydenmairnsoidt tler €asstnféddboddk stayfeeedbdckhe aymrongr t he

second feedhac I th the first feedback | ayer and the second
f eedback Igeer kﬁeﬁgﬁgﬁgv% ane wave interference

28. The device of claim 27, wherein one or more of
the luminescent materials has a broad spectral band
emigsion that can be used in the domains or areas of the

15 luminescent material located corresponding to domains or
areas in the first feedback layer or the second feedback
layer or both the first feedback layer and the second
feedback layer that have plane wave interference
patterns corresponding to different wavelengths of

20 1light.

29. The device of claim 1, wherein a distance
between the first feedback layer and the second feedback
layer is in an ordexr of approximately one half -

25 wavelength of emitted light.

30. The device of claim 1, wherein a distance
between the first feedback layer and the second feedback
layer is an order of approximately two or more half -

30 wavelengths of emitted light.

31. The device of claim 1, wherein the light

distribution element is integral with the light source.

35 32. The device of claim 1, wherein the luminescent

20



patterns corresponding to different wavel engths of 20 light. 29. The device
of claim1, wherein a distance between the first feedback |ayer and the
second f ewadbmakiisrayer is in an order of approximtely onedrargo32%90

wavel ength of emtted Iight. 30. The device of claim1, wherein a distance
between the first feedback | ayer and the second feedback |ayer is an order
of approximately two or nore half 30 wavel engths of emtted light. 31. The

device of clai Moo Wer SbRptieed 10N1 M ShLAALLR GIBRELP il eOral with
the |ight source. 5 _32. The device of clarml, erern the |'Umnescent 20
WD 03/101157 PGHa9S@3L 12808 iomtkaridabveshprs seaf lastépacharedsminddeent

mat erial whose fispecteakngsk SR Randrayerd aiw rrebkhgstk ofphands of the
first feedback | ayer and the second feedback |ayer. 5 33. e device of

claiml1l, wherein the first and the second el ectrodes, and the one or nore

semni conduct isng | ayers .ar ené odéeittd pracdeiect, ivherei®OBhé NEDLS RRAGE ONi C

crystal forned the fi.rst feedpack l.ayer and the second feedback | ayer.
RlaattiRae S ppalt

10 34. The devic® SFCERgi o C & "Cbfipri ses a phase-siip
in a spatial phasecohduibeinghidpsnisc ackeysbahedfil essietfban bmea wavel engt h of

emtted |[light. .35, Th vi.ce of clai 3 erein:.the. light ~.emtted
fromthe |ayer Co%lillglﬁ’loﬁgs@é%?m{n;act ggygﬁagn’gg?]%?ée% Y] ﬁ ) gllasgtf eécet n%g]é. 20 36.
The device of cdlaaiem andwhbe efgrdict eehbatk ristyer.

10
34. The device of claim 33, wherein the defect
comprises a phase-slip in a spatial phase of the
photonic crystal of less than one wavelength of emitted
light.
15
35. The device of claim 33, wherein the. light
emitted from the layer of luminescent material emanates

into a defect mode.

20 36. The device of claim 1, wherein both the first
feedback layer and the second feedback layer transmit no
light at a peak wavelength of their spectral reflection
bands and the luminescent material radiates light into
band-edge laser modes.

25

37. The device of claim 1, wherein the light
gsource further comprises a hole injection layer disposed
between the first feedback layer and the one or more
semiconducting layers.

30

38. The device of claim 1, wherein the light
gsource further comprises an electron injection layer
disposed between the second feedback layer and the one
or more semiconducting layers.

35
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feedback | ayer and the second feedback |ayer transmit no I|ight at a peak
wavel ength of their spectral reflection bands and the |um nescent materi al
radi at es Wogistioinsto band- edge | aser nodes. 25 37. The dewaaeuseB/ied9ai m 1,
wherein the light source further conprises a hole injection |ayer disposed
between the first feedback |ayer and the one or nore sem conducting

| ayers. 30 38. The device of claim1l, wherein the |ight source further
conprises an el ectr i nj.ection_| ayer i SROS espn t econd feedback
| ayer and the one %%I mr;ﬂ}hgé Fsc-{ee%gg%nguccilla(r%glﬁn ?éygfgg?g%S 21 Vl\%%%%/ 101157

PCT/ US03/ 14590s089¢ce Thertder cempfigemiamhplenhsresprithddviegheigspRfe® furt her
conprises a holgi{LanspR thJ1ayeh;dispasadyehetgemd hadehenbpiection | ayer
and the one or nore sem conducting layerS. 5 40. The device of claiml,
wherein the |i gabiceeiit@eouleHBFSconprises an el ectron transport |ayer

di sposed between the electron injection |layer and the one or nore

sem conducting layers. 10 41. The device of claim 14, wherein the photonic
crystal structure i f®t udee §e¥1aPnehsT 6 1t WBST G hers g‘ﬁg:hg or P

t hr ee- di nensi ogalirpbotniterc kypsbalsestanciiecrsonr tcantpaet ilagsrt her eof . 15

42. The dev'Cedggpgég%r%é%wé@%?%ﬁgnefgg%fgh Q%Bchion layer and the

one or more semiconducting layers.

10
41. The device of claim 14, wherein the photonic
crystal structure includes one-dimensional, two-
dimensional, or three-dimensional photonic crystal
structures or combinations thereof.
15

42. The device of claim 1, wherein one or both of
the first feedback layer and the second feedback layer
has a refractive index profile that at least in part
varies periodically along an axis normal or

20 substantially normal to a plane of a respective feedback

layer.

43. The device of claim 42, wherein one or both of
the first feedback layer and the second feedback layer

25 that have periodically varying refractive index profiles
have at least in part continuously varying refractive

index profiles.

44 . The device of claim 1, wherein a distance
30 between the first feedback layer and the second feedback
layer is such that the space between the feedback layers
constitutes a cavity in which light of one or more

desired wavelengths constructively interfere.

35 45. The device of claim 1, wherein light reflected

22



the first feedback | ayer and the second feedback |ayer has a refractive
index profile that at least in part varies periodically along an axis
nor mal orw@losswbstanti ally normal to a plane of a respectinca/fiwedimek

| ayer. 43. The device of claim42, wherein one or both of the first

f eedback | ayer and the second feedback |ayer 25 that have periodically
varying refractive index profiles have at least in part continuously

varying refractjyend ndex-pnobs | @s M4seT ' cLa wherein a
di stance 30 betﬁ%eﬁlthe £irst feedbackSFagg?ﬂgﬁg??ﬁg%geégﬁga eedback |ayer
i s such that theespatdesePaebnlavny Pédabaekes sEissiogonst lighteSmemcavity in

which light of eme @fe B Rordesdyad wavelangtseronskeretively interfere.
35 45. The device of claim1l, wherein light reflected 22 WO 03/101157

PCT/ US03/ 14590 by one or both of the first feedback |ayer and the second
f eedback | ayer sti mdeat eshentssi@n off cllaght 45 ofhetdie ene fimmr=aciayers of
| um nescent material.. 5 46..The devi.ce of cl.aim 45, wherein the stinmulated
em ssion of |ight Fesul P% %ﬁggiﬂﬁﬁﬁgﬁﬁﬁaﬁnc%W?ﬁﬁﬁﬂ'ﬁﬁ% S?Ef}miﬁﬁoneﬁFtted by

t he device. 47.lidie devittedoby cita miedScewherein the stinulated 10 em ssion
of light results in |aser action. 48. The device of claim33, wherein the
photonic crystal structure includes one-di nensional, two- dinensional, or
t hr ee- di nensi onal pHot-onThecdgsied of5cdninctor etheneivonbe neitimrisiteder eof .

49. The devicce @fi«di@aimot, 1009¢ aldb ke humnescent s gaterial conprises pure
material, a solid solution, an alloy, or inhonbgeneous m xture, or

conbi nati on thereof.
48. The device of claim 33, wherein the photonic

crystal structure includes one -dimensional, two-
dimensional, or three-dimensional photonic crystal

15 structures or combinations thereof.

49. The device of claim 1, wherein the luminescent
material comprises pure material, a solid solution, an
alloy, or inhomogeneous mixture, or combination thereof.

20
50. The device of claim 1, wherein the luminescent

material comprises a polymer luminescent material.

51. The device of claim 1, wherein the luminescent
25 material comprises a crogs-linked organic luminescent

material.

52. The device of claim 1, wherein the luminescent
material comprises a luminescent material comprising
30 molecules having molecular weight range between that of

a small molecule to a polymer.

53. The device of claim 1, wherein the luminescent
material comprises a small molecule luminescent material

35 dissolved in a polymer host.
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20 50. The device of claim1l, wherein the | um nescent

material conprises a

pol ymer |um nescent material. 51. The device of claim1l, wherein the

| um nescewo 03281158t eri al conpri ses a cross-1inked organi c HAUIMUSVBA LNt
material. 52. The device of claim1, wherein the |um nescent material
conprises a |um nescent material conprising 30 nol ecul es having nol ecul ar
wei ght range between that of a small nolecule to a polyner. 53. The device
of claim1, wherein the |lum nescent material conprises a small nol ecule

| um nescent material 35 dissolved in a polyner host.

23 WO 03/101157

PCT/ US03/ 14590 54. 5fhe @heidvigfe ofarbpin Wwheteireinhehe uhimesseant
material conprigReAafil HGRSSLRIY MY BLL&kcemt FRtelRg1device of claim1,
wherein the |lum nescent nmaterial conprises a phosphorescent naterial. 56.
The device of claim1, wherein the |um nescent material conprises an

organi ¢ andsi nor ganisg . cofMResdd+e ck0 ol uBL 886 CENtwhERkehi Bhe BfminEReedavi ce of
claiml1l, wherein the Lum nescent terial conprises an_ inorganic

| umi nescent mat@NeAR21 1 §OBR /% 3y RIPERIYFEIE et i@t i n the | uni nescent

material conprises a liquid crystalline material. 59. The device of claim

2, wherein the Iigh%

SCreen. 20 60. The vice of “clalm

o0l ZREIPUEAON B ETRNL £OTRLRSR B Ll AN dioker gl ng

t Ivergrng Sscreen

conpri ses a pl uredleirtiplofotpmierasd alni ghganpuiaes in25g6lic dmenmeittee of claim

1, whereingll jghtscent material.

57. The device of claim 1, wherein the luminescent

material comprises an inorganic luminescent material.

15 58. The device of claim 1, wherein the luminescent

material comprises a liquid crystalline material.

59. The device of claim 2, wherein the light

distribution element comprises a light diverging screen.

20
60. The device of claim 59, wherein the light
diverging screen comprises a plurality of tapered light
guides.
25 61. The device of claim 1, wherein all light

emitted by the device occupies a single light

propagation mode.

62. The device of claim 61, wherein spacing

30 Dbetween the first feedback layer and the second feedback

layer is equivalent to A/2 excluding phase shifts due to

reflection, A being a wavelength of the light in the

single light propagation mode.

35 63. The device of claim 1, wherein light emitted

24



emtted by the device occupies a single Iight propagation node. 62. The
devi ce of claim®6l, wherein spacing 30 between the first feedback |ayer and
t he secondd®adbiack |ayer is equivalent to 2/2 excludi ng puTas®3giibt s due
to reflection, 2 being a wavel ength of the light in the single Iight
propagati on node. 35 63. The device of claim1l1l, wherein light emtted 24
WO 03/101157 PCT/ US03/ 14590 by the device occupies two or nore |ight

Phe Trrst 1 ecoBack™t v tana char 2ot Felhbsck Tay e Aiagiodos ©

refractive indexdggofiles that have superinposed nultiple periodic spatial
frequencies of wvariation. 10 65. The device of claim1, further conprising

a substrate over which the first feedback layer is disposed. 66. The
devi ce of clai m 65,5%her@iendeHEc MstHALE 1157k s8¢ 9rghalslt Fubstrate.

67. The devd cecpl £1aitnr@oapubRr Biyert hedsuhst s&tdhd CUYEbLERS1QfE O nore of
a flexible plastic substrate, a njetdal sub%tﬁate, a %em conductor materi al .
20 25 comprises refractive index profiles that have

superimposed multiple periodic spatial frequencies of

variation.

10 65. The device of claim 1, further comprising a
substrate over which the first feedback layer is

disposed.

66. The device of claim 65, wherein the substrate

15 comprises a glass substrate.

67. The device of claim 65, wherein the substrate
comprises one or more of a flexible plastic substrate, a
metal substrate, a semiconductor material.

20

25



