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10  “FEEDBACK ENHANCED LIGHT EMITTING DEVICE,” and

'PCT/US03/14590, filed on May 8, 2002, (Singapore Application

Number 200406444-8), and entitled “LIGHTING DEVICES USING

'FEEDBACK ENHANCED LIGHT EMITTING DIODE,” which applications

‘are incorporated herein in their entirety by reference.

15
TECHNICAL FIELD
‘‘he present application relates:.to.display.devices,
and particulaxly, ro diaplay-devices using feedback
enhanced light emitting diodes.
20

BACKGROUND

Display devices in use today typically employ
ligquid crystal displays (LCDs) and more recently,
organic light emitting devices(OLEDs). Figs. la and 1b

25 illustrate examples cf digplay devices such as active
and passive matrix display devices and their operations
briefly. .

Matrix displays typically contain a grid of small
picture elements (pixels), which can be switched to form

30 characters and display graphics and video images. The
electrodes are patterned as a series of stripes, with

the stripes 11,12 on one glass piece running

1



I o
material, usually indiumtin oxide (ITO. Switching cells or pixels 10 are
formed where the stripes overlap 5 as shown in Fig. la. In liquid crystal
di splays, the pixels are conprised of liquid crystal material sand\gimeﬂ%
between the electrodes. In OLEDs a series of |ayers of organic
seni conduct WO 03i4e1856 al , one of which enits |light on appl iREGHVYH1HE? current,
are sandwi ched 10 between the el ectrodes. Passive matrix displays use a
sinple grid to supply the charge to a particular pixel. That is, the rows
or colums are connected to integrated circuits that control when a
particul ar col umerpendgbouliag bpaged shirtibes B the gihspeglagsmiggedrive

vol tage. To turmpQnefefXRles aldGradat Q%r@tae‘érﬁhéﬁé&‘e&ltb' a&e@l&heecorrect
colum and the correct rowwth the drive val tagm) gnhal s., The row and
ow

col umm i nt er sectma¥eriRb FRRYHGEHIPMRELD Aidet | SEHECRIUMm bi as

vol tage result idelibeogaiixeth y@latr&geoamed AfhetrBath@istalipes noveatlape natri X

di spl ays a drlve Schene JS used t hat s.a st.or capacitor 14 and a
transistor Swteh 13 At edeR- p| el §5| ?@a?sﬁ%ﬂal dagglafﬁo Ehi Active matrix
di spl ays nost caimehbyaxseomhiindd lof 26quidansistar sua(WFirél The TFTs,

usual Iy m cr oscQRGwk Bhed ie8wdsf e aNg8d-ddesd NBi rdLPEDQ“a %&'1@550§Ub5t rate
and connected to the row and, col um busses as shown in (I;htg [ b. To address

a particul ar pi XEVeTrhRt EGRBIC SRR FESYTLeZe B 1adhi RBS A MAHFT gat es
connected to thaetmllte\/\alg}ﬁ: ‘Bheapphicatabn est coelent), iaxrebbasdd ahetth t he proper
drive voltage. ,3i ﬁggn %&eé@?od%_tsher rows that the colum intersects are
turned off, only tora € capacitor at the designated pixel receives a
char ge. The storage P@%ﬁﬁam mekrix) digpdays use steinwlel griditalsuphdy ge and

hol d 35 the bi agpwobhaas @ &hﬁ‘an@%ﬁhaﬂ%@&‘eﬁer 08 16T Ol &dws o 8 NOV 2006
WO 03/ 101156 PCT/ US03/ 14589 switched off and until the next refresh cycle.
This neans t hatc°t1H@n§|Eb‘??alcoﬁﬁ%"st%fmh%gtrétﬁ‘é HererdERehats

control when a particular column or row is biased with

15 the proper display drive voltage. To turn on a pixel,
the integrated circuit biases the correct column and the
correct row with the drive voltage signals. The row and
column intersect at the designated pixel, and the row
and column bias voltage result in the correct voltage at

20 that pixel.

In active matrix displays a drive scheme is used
that employs a storage capacitor 14 and a transistor
switch 13 at each pixel site as shown in Fig. 1b.

Active matrix displays wmost commonly use thin film

25 transistors {(TFT). The TFTs, usually microscopic in
size are arranged in a matrix on a glass substrate and
connected to the row and column busses as shown in Fig.
1b. To address a particular pixel, the proper row is
biased switching on the TFT gates connected to that row.

30 Then the correct column is biased with the proper drive
voltage. Since all of the other rows that the column
intersects are turned off, only the storage capacitor at
the designated pixel receives a charge. The storage
capacitor 14 is able to store electrical charge and hold

35 the bias voltage on the pixel 15 after the TFT gate is



often and thus larger matri xed arrays are possible. In addition, the

transi stor prevents crosstalk by only 5 switching on the pixel when the full
switching voltage is applied. The display devices including the agag 2005
described matrix display devices, however, have problens associ aged W th
them such a®OP®H1ss ewi ng 10 characteristics, for exanpl e PSR anbi ent
illum nation environnments, poor visibility over wide view ng angles, and/or
hi gh power consunption. Accordingly, there is a need for nore efficient
display devices. is SUMWARY Display devices using feedback-enhanced |ight
em tting di odes swiechedviffedndumtiispkhy Rk EefTertbf¥claspetitisconprises a

| um nescent deviygg,gogRi Sdh@gsfsxgnazloabea&towmaveawrbeofretrgmeaeasss.ve
mat eri al di spose etween a first feedbac er and a seggnd f.eedback

layer. At |east Utenopnd HWE L8¥99%8GbAEFES &y %rﬁfet RPS54REBhd Feedback
| ayer may conprifmitabe) itle hawhaistar pirmn:m orpestalpebyochloal |y varying
refractive index 2 rofile. g i r |mateto
t he second feedbHec E F‘ 1 thel?oiv%qp%gjg%?thfeg%ﬂ% gwdlpcc%l\igg%ﬂr ges at a
di stance. An i nmai ﬁgpéfh@cﬂmnt may conprise a projection lens, a I i ght

di verging screen, a qdbfaiusing &Q&f‘&@; Qﬁcﬁf&ﬁg%ﬂ@raﬂd(rﬂedeéch@ﬁa proj ection
30 screen, or any other i nage fog% ggar at pl ay device in another
SA c@o

aspect conpri ses‘“a&rlP‘uFri'?%]s’(YeﬁFv d g‘?’ﬁﬁ kﬁ@ﬁgt one | ayer of
i ght em ssive rmésefcuatedin&pﬂsederbaumemsapcﬁof stiewimpdback | ayer and a

second feedbgck A back | ayer and the
second feedbgﬁk é%)é%c‘:er%% 6%%%%5%U§8‘3P&%@ %?éé%%gOOG | ayer may
conprise materi alllyainaticen qnerag@nmqntgarmoorperrlﬁehﬂamﬂ pvandwisient i nuousl y
varying refractiygiRgeXngles, and/or high power consumption.

Accordingly, there is a need for more efficient display

devices.
15
SUMMARY

Display devices using feedback-enhanced light
emitting diodes are provided. A display device in one
aspect comprises a luminescent device comprising at

20 least one layer of light emissive material disposed
between a first feedback layer and a second feedback
layer. At least one of the first feedback layer and the
second feedback layer may comprise material having at
least in part periodically varying refractive index

25 profile. BAn imaging element is provided proximate to
the second feedback layer to allow projection of
displayed images at a distance. An imaging element may
comprise a projection lens, a light diverging screen, a
diffusing screen or some other type of rear projection

30 screen, or any other image forming apparatus.

A display device in another aspect comprises a
luminescent device comprising at least one layer of
light emissive material disposed between a first
feedback layer and a second feedback layer. At least

35 one of the first feedback layer and the second feedback



I oo . .
profile. Further features as well as the structure and 5 operation of
vari ous enbodi ments are described in detail belowwth reference to the
acconpanyi ng drawings. In the drawings, |like reference nunbers indicate
identical or functionally simlar elenents. 10 BRI EF DESCRI PTI ON ©OR(W 2886
DRAW NGS FiWQ93/141¥nd | b illustrate exanples of prior art PCHSPYUSHi spl ay
devices. Fig. 2 illustrates an em ssive device that nay be wused in the
di spl ay devices of the present disclosure in 15 one enbodinent. Fig, 3
illustrates a feedback-enhanced light emtting diode in one enbodinment that
is used in the lavspliweay gewptiee gRtenapheyéng ali derssul 8. PRy, 4
illustrates an %@ﬂ@&&ﬂflyaaﬁ@lcmntaaﬁamq vaBy iy e rabsfledinliéx One
enbodi ment. Fig. JEbUSt rates an exanple of an active matrix display using
f eedback- enhancé’ﬁo Fig. 6 illustrates an exanple of a feedback-
enhanced active matrlsu:@hEB fémiturieschgided lans atheowamoetudd ahdr dead space in
one enbodi negt d il ].u ; trix drive
in several errbog L_Qé %@ 'ﬁgripardessgh% %e% S%Jefziegtﬁrwecg%nl ?igtst ﬁgt es a
proj ection syst @#ﬂP‘ﬁc‘l’Udﬁ ﬁgfes@qehéoa@oapﬁowmoérms Fifr 10

illustrates a | aserapiirRe! edikdaeee @Xhdd RmbaRs AdeDcats aaahidchmedi at el y
entering the scree strucigre cr, atl an |mage on the screen front surface

of the rear proj éc PR iORPESR Fi ﬁra MP8CFatri x 35 device. 4 8 NOV 2006
WO 03/101156 PCT/U S 03/ 14589 Fig. 11 illustrates a | aser-projected i mage

exiting an,gLED array a”dskf‘EEE%F.@Eﬁib‘I‘I%ﬁt 8F i Rk thRewseESen structure

creati ng an I nmage on t he screen ont surface
Figs. la and 1b illustrate examples of prior art

matrix display devices.

Fig. 2 illustrates an emissive device that may be

used in the display devices of the present disclosure in
15 one embodiment.

Fig. 3 illustrates a feedback -enhanced light
emitting diode in one embodiment that is used in the
display devices of the present disclosure.

'Fig. 4 illustrates an example of a color passive

20 matrix display in one embodiment.

Fig. 5 illustrates an example of an active matrix
display using feedback-enhanced OLED.

Fig. 6 illustrates an example of a feedback -
enhanced active matrix OLED that includes an allowance

25 for dead space in one embodiment.

Figs. 7 and 8 illustrate examples of an active
matrix drive in several embodiments of the present
disclosure.

Fig. 9 illustrates a projection system including

30 the OLED in one embodiment.

Fig. 10 illustrates a laser projected image exiting
an OLED array and immediately entering the screen
structure creating an image on the screen front surface
of the rear projection screen in an active matrix

35 device.



of the rear projection screen in a passive matrix 5 device. DETAILED :
DESCRI PTI ON Di spl ay devi ces usi ng feedback-enhanced mght emtting diodes
are disclosed. Display devices include, 10 but are not |imted, h& g ive
and passive matrix displays, and projection systens. Feedback -en 9 b
light emtting diode is fully disclosed in co-pending ~PCT/US03/14600,
filed on May 8, 2003, (Singapore Application Nunber 200406476-2), and
entitled "FEEDBACK ENHANCED 15 LI GHT EM TTI NG DEVI CE'. For Exanple, Figs. 2

and 3 illustiatge,a.feedback-enhanced |ight emtting dp@dg,insene
enbodi ment that is used in the display devices of the present disclosures.
Fig. 2 illustrates an em ssive device in one 20 enbodi nent. The device 1

i ncludes an em ssive layer 2 and a feedback el ement 4. The feedback el ement
4 may be a layer witrigatiil sastcianepar tagperpodectedndexeoéxitief racti on '

variation that all,oqgpsomBy | dn@hinek&Re1y Lhanamy tthedsdrhEpugh the feedback
el ement 4. In another 25 a%gect, t he feedbgck el enent 4 y be a layer with
t)%n fan il\.lrg? ce

. . . age on Lhe screen Ifront
periodic and conti-htfous® i r &t racti on- vart ation. éedback el ement

| ayer with a pericédite &d ROUEFHGBUSIPHUAR DPAFRIEARroh variation is
described in det aeliden co-pendi ng PCT/ US03/ 14600, filed on May 8, 2003,

(Si ngapore Application Nunber 200406476-2), and entitled "FEEDBACK ENHANCED
30 LIGHT EM TTING DEVICE". A secon LEDe%g%)%gg{I%kenent 6 may al so be included
such that the em ssive |ayer is bér fieen e "two feedback elenents 4, 6. The
second feedback el enentpi6, ray:add OWngSOMREd dkghtsdna=bea itransm tted t hrough

the second feedbagk Jp. &.eaRnt, 6.0L.,5ubst anthal) ¥ooetlect the 1ight incident
5 WD 03/101156 P%T/ US03/ 145%35%}0/%02206 upon it. In qne enbodi nent, a
‘orTr

structure with a”RerF8di¢ i Pt ve

A F° FEfTac ?o?as\fé?’?}gf’aingﬁ’f e%apl ane mrror, a

di stributed Brag@ifefrectdf P E)% E-,‘O'bFY%Fﬁ fhefeyRfFeCYOr"“Stay be used as the

second feedback ‘lgéh‘?%‘ft‘“@.j‘@fe'f’ﬁ léfé\ﬁclf)éeqﬁ'l’?c&i’é“ 8Bect may al so include ot her
|PCT/US03/14600, filed on May 8, 2003, (Singapore Application

J!INuml:uer 200406476-2), and entitled “FEEDBACK ENHANCED
15 LIGHT EMITTING DEVICE”. For Example, Figs. 2 and 3

illustrate a feedback-enhanced light emitting diode in one

embodiment that is used in the display devices of the

present disclosures. :
Fig. 2 illustrates an emissive device in one

20 embodiment. The device 1 includes an emigsive laver 2 -
and a feedback element 4. The feedback element 4 may be
a layer with at least in part periodic index of
refraction variation that allows some light to be
transmittéd through the feedback element 4. In anocther
25 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-pending PCT/US03/14600, filed on May 8, 2003,
(Singapore Application Number 200406476-2), and entitled “FEEDBACK ENHANCED
30 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
some -light to be transmitted through the second feedback

35 element 6 or substantially reflect the light incident

5
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el ements such a transparent buffer l|layer |lying between the feedback |ayers
and the em ssive |layer, a diffuser, an anode, a cathode or other elenents.
Fig. 3 illustrates an em ssive devi ce 300 havi ng additional 10 el enents.

For exanpl e air of electrodes such as a cathode 102 and an andddVi

may be pl aé’gﬁ‘"ﬁ {®en an enissive layer 2 and the feedbalkTU)¥1HSI, 6,
respectively. The cathode 102 nmay include a transparent 15 conductive
structure with a | ow work function surface adjacent to the em' ssive | ayer 2
such that it is able to ect‘wgvgctrons into tthe eni ssive X‘i . I'n one
aspect, for the Fhbde f6‘2 IPFRE g EsPHEY "trlgaﬁéf)léraer?ﬁl *% wo- | ayer
cat hode may be pmdekdefd.refiecion wariayiem.catisde mayrenclaide a very thin,
for exanple, 5 {13pP[MRiQly (39&@;”% fg%tlabt&@t(fﬁeﬁg sa&canbbﬁértl%lgs&&l s
essentially transparent. e backed for exanple, on the
feedback |ayer SRdebe #asd astFhmSsaPRAtfechacktoeerkeS i ndiumtin oxi de
(ITO to 25syield high c&mughnccmﬂusépsdtl Wat Ox 13V @ nathaw d:trms&dance devi ce.
The anode 104 ma% i ncl ude ﬁ trans arent ogguctll ve rrgterl % t:chosen to have a
hi gh work functioAme3R R FRa? T PE2AE e V6T Fhj e hoY 8% T8 the eni ssi ve
llayer 2. 30 The téni Seediackajayeir mmgl tlmzlemlesa\re lelvert roldififnestent nateri al
whose spectral ep gﬁé&p hapde hL QWL IaRsHd N R 1 ER %ALESC'[I gggbasnds of the feedback

layers 4 and 6. In one aspect, the em ssive [ayer al so be a
f1 uorescent or dﬂé&ﬁ%"@sgcéﬂte‘é‘lﬂ%é’ﬁv‘%e‘ﬁ"&tee??%lhavécHQBSd iegpYe inorganic

sen conduct @b naflemnémts (smreh @&tanfpdAS, a ail b@«d&l&od\é@ £3¢n 5156

PCT/ US03/ 14589 Al o] ano t al_l.i Ce terial, a conposite
organic/i norgani 8%@? 2 an‘ga[\% almg SYRAPREC BT ISRI *  The feedback

layers 4 and 6 realyssm:el tlde'eh‘gmndwd;he &%ﬁbsgkblaygzrﬁaﬂem al with a
periodically varygispged ey . of

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, for the cathode 102 to have the desired
transparency, a twg-layer cathode may be provided. The

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

25 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 hecles into the emissive
layer 2.

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

35 emissive inorganic semiconductor material (such as GahAs,

6



refraction. The feedback |l ayers 4 and 6 nmay act as a photonic crystal that
reflects |ight of a given wavel ength band propagating al ong the axis

| abel ed "light out" 110. A photonic crystal is a material that 10 piEhbille
of a periodically varying refractive index along one or nore axes cannot
support |i JK@9BMdP4gati on of particul ar frequenci es al on§CTH§EREes. I n
sufficient thickness it thus becones a perfect reflector over sone
reflection band al ong those axes and is said to have a 15 photonic band gap
inlight energies it is incapable of supporting. Feedback |ayers 4 and 6
show a one- di n@RERdRHaICTHABETN ¢ 2BaRTEFEPE ERILE NP ERAY2Of 3 ooking at this is
a that the |ightcomposire pygthic fimedbacic mayeriaipt eri al liajuwddg t he | ayer 20
normal axis suff el lagction each tine it passes through one cycle
of the refracti \?g{,?% e%rﬁ%og%#ﬁlgtﬁi'on. Wien the feedback elenent is thick
enough, the feedbackelfesdheckdpraes fand AcwaY yrgérdeckighterPRctor at the
resonant wavel engkbrbith maberfald wishtdpetBolidLnyolatnd ahbiagtdsve i ndex
spatial oscillati gn. The f edb&gﬁbl a]%/e]\rﬂs in {)ne a§pect are fabricated from
pl ane wave hol odFARRCWHTh pelk BTt i AYEES ot 9%’ WR%iF%5d* 8t ssi on

wavel ength. I n ghetaspecirystak thavi cef 3@ sshoght iof Eigiveh may 30 be
inverted. That i oSl 1 i t 02, anode 104 nmay be
i nt er changed. Tr‘f%“'ég%?%tg‘ %%a%}g%gﬁégﬁ}%i%lgggetaﬁes%%fgp%ltl;eeq%& pl aced

adj acent to a féddphkloutdyét0. florhekemst €xrypbal fisedbdrliedigjeth®dt The
substrate 1Qf | Hedsese BT a8 beyRIaidalDP Wlyehe e devi e 3R@xNBYorRe built. In
one aspect the 7 8 NOV 2006 WO 03/101156 PCI/ OS03/ 14589 substrate 106 may
be conprised of Rt PRANFSr B8Rt GREP8FI SIPPOFR LHE A EpeRIgH Masri al nay be
applied over tpartdbculesr I08qiendiencélomy abose conesr. 108.sufliéctaver 108, for
exanpl e, funct | QRS ok eedIetReLhGRIboRER s Phbelo A TUEERL SR Wor BV eN, OF

otherwi se to protect t|
reflection band along those axes and is said to have a

15 photonic band gap in light energies it is incapable of
supporting. Feedback layers 4 and 6 show a one-
dimensicnal photonic band gap.

Another way of looking at this is a that the light
entering the feedback layer material along the layer

20 normal axis suffers a gmall 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, 2d, where d is the

25 pitch of the refractive index spatial oscillation.

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 300 shown in Fig. 3 may

30 be inverted. That is, the position of the cathode 102
and the anode 104 may be interchanged.

The device 300 alsc may include a substrate 106
placed adjacent to a feedback layer, for example the
feedback layer 6. The substrate 106 is used as a layer

35 on which the device 300 may be built. In one aspect the



device 300 fromchem cal or other degradation. O her conponents of the
device 300 may include a hole transport |ayer between the anode \Jﬁﬂ@ga@% t he
em ssive layer 2. The hole transport |ayer nay be used 10 to allo r

el ectron/ hgl e reconbination to occur at the em ssive Iay%r 2. For exanpl e,
in enissi vé&"P R having i nbal ance between el ectron and®AGEHUEYi ti es,
usually with low hole nobilities, the electron/hole reconbination tends to
occur at the anode. Simlarly, a 15 device with a direct anode/enmtter
interface tends to be inefficient because many traps, that is, sites at

whi ch non-radi §EPFEFARE. 228 Tyt PENCHIPHHTEI P 3 él’-’aﬁgli‘,"’tﬁ%‘,t exist at the
emtter/anode | mhesfiade. Usidge hebect r anmpoetiall aperise dppliedadipdre, W th

hi gh hol e mobi | {1 eg. il 5’@&"% %gnct:tbeorpr%bgeé%v%tr tpe elggtronpihol e

recombi nation occlrring at the anode. The® hol'e t ranspor Fayer may al so be
chosen to have a0fol&oxc enamris ofubahitbrisnterpesdiesical betag@dnoethose of the
anode 104 ang t BRbELALS $a¥Er | e bxggen | RSP iBENEo BYR @Ef EKd ent hol e
injection fromthe 25 anoge H%ﬁ the emtter. A hole quyaectl on | ayer may

al so be provi dedebEte] TR CAFBYER L GF SRBEY HESRBRRE ¥ ansport | ayer. For

exanpl e, if anode nadtHerabsmpdreatsnof whet Gevivd deo(hd)indiadeng | ess t han

wel | “defined bapd, strUetires {at BB, Leaddael 1ol tol et hol e inj ection
into the device are “used,” ho i nj ection ayers | Tke copper phthal ocyani ne
may be provi dedemdssyiete dryetefd -neThankblst turnsnartwilayer aver §9 vaedel

i nt er medi at g betyegn dwl Ror@tkiRekech /1BNSPRELomiTRLE bR 5 Bea¥igl ng the
additional hole |njecti Qngglgay! a%ers t hus may. assi st hole i 2%1%“ on and

produce a nore tBEETNGFY 03/ 5371 £58™Er/ GROSPUHBYS LR ¥FEFent devi ce.
I n anot her enbodenitrns imbdilaideobaktwdal eleranspanil hoéhy eichilbyidxe | nserted

between the hol %shﬂﬁ?})}i?ﬁhie&mlﬁ;»marh‘&iﬁ?@i%@ Rl o1& Jééﬂakpg%esmmh out band

energy 5 differences. € transporf 1ayer adjace 0 the
recombination tends to occur at the anode. Similarly, a

15 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

20 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 intermediate
between those of the ancode 104 and the emissive layer 2,
thus providing more efficient hole injection from the

25 anode into the emitter.

A hole injection layer may also be provided between
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

30 1lead to inefficient hole injection into the device are
used, hole injection layers like copper phthalocyanine
may be provided to better define band structure with
energy level intermediate between ITO and hole transport
materials. Providing the additional hole injecticn

35 layers thus may assist hole injection and produce a more

8



emtter has its electron conduction band at an energy level nearly the sane
as the emtter, electrons can "overshoot" the emtter wth reconbf gy (EH
occurring in the transport |layer rather than the emtter. This 10 overshoot

may be elimpnated by interposing an electron blocking |a t _has a high
energy el et P 8HIM B8nduct i on band, but good hol e conducti o*?*’ﬁ%&%@%ﬁ t he
emtter and the transport |ayer. In another enbodi nent, an el ectron
transport layer 15 may be provi ded between the cathode 102 and the em ssive
| ayer 2. The el egéro.n tetr?néfn)oert | ayer perfornms the simlar function for

el ectrons that fhe*HSTE £ranSport 1ayer performs for holes. As with hole
transport |ayers, dddianpbhed exbedimnent .t pddbpional| hgks Srengpdet 20 added to

assi st band enengye /B BE- iddrfBethitwetADXMY 1AL, 1 L&RliBAt THRA Nj ection

| ayer may be provided between the cathode 102 and the el ectron transport

| ayer. l|deally, P the gRiFrepIt® EBTHRRR sBeCth SHtabaRe eMedH¥ti on material for
t he cathode as poSféddneez5 BO HhRahobhangyspsriQayex palidednt Nt ahieng

el ectrons into thﬁt devi.ce, Very | ow vvorlauggncti on.netals such as cal cium

m a 8 elect¥on cCo fh ba
may be used. CaFRiWiR™ M8Redet CIRSyTBR SPAYCCIL B8 1y Fe8LET9% and very

sensitive to noilsveir meamdly theygeme #¢ (whenemitteso ab§cthengsedn Al t hough

al um num 30 has «Bi; ghglooper knd WaettoP with Pa&SBR8ALigYNLLalng Qyer coating
the alumnumwith a very th filmof materials |ike lithiumor magnesium

in fi | ,
fluoride provi d&8e FransRREE pkAYFnya ey 88 tihet eREFHF r efPé%e the band
energy m saat Chveddhdot aaptierelembosticeby, it dipbeifd aokiedgctmyer may be 9

8 1; 0V 1006 1011 /,Q503/ 145 rovided between the emtter and
hol e transpor Y\ngéjéekrmggoégggﬁh%gt ga%oa} ggggv&ér%es O?Pe?trr(?% the emtter. The
above descri begorduqtiion banrths okt goddhjhedei emdughiion] deitivagn Yheyers are al so

typically used ipi¢hg @RAVER i1dRakpldERaFesrevi ces. Accordingly, further

details of these elenents i
In another embodiment, an electron transport layer

15 may be provided between the cathode 102 and the emissive
layer 2. The electron transport layer performs the
similar function for electrons that the hole transport
layer performs for holes. BAs with hole transport
layers, additional electron transport layers may be

20 added to assist band energy matching.

In another embodiment, an electron injection layer
may be provided bhetween the cathode 102 and the electron
transport layer. 1Ideally, it is desirable to have as
low a work function material for the cathode as possible

25 so that energy is not expended injecting electrons into
the device. Very low work function metals such as
calcium may be used. Calcium, however, may be very
chemically reactive and very sensitive to moisture and
oxygen. Aluminum also may be used. Although aluminum

30 has higher work function, it has been found that
overcoating the aluminum with a very thin f£ilm of
materials like lithium or magnesium fluoride provides a
“band bending” effect that helps relieve the band energy
mismatch.

35 In another embodiment, a hole blocking layer may be

9



wi |l not be described herein. In one enbodi nent, the device 300 may al so
include a buffer layer, for exanple, a clear dielectric interposed between
an el ectrode and a feedback layer. 10 Wien the buffer layer is placddi0y 79p5

bet ween the cathode 102 and the feedback |ayer 4, it may
gE§fsfindy

barrier betWR&EH®HE cat hode and the outside environment

subsequent processing. The buffer

spaci ng between 15 the two feedback | ayers such that destructive

light j he bet ween the t f eedback .| ayers does not
occur. To achi e%c’%rﬁsesfi %FEH%?? %El,e the B f'%c? rfo\g&;eertrﬁ'ﬁflp P iRLEF1 ¥ bet ween
t he feedback | agéimbratet helelwoerstect’o fadinutte hétben i cdhe 2govehi ckness of

the device. The4buffsaled BYEEidEYBhaghlte iHS&L iR, NBIANtAIRKIAG Proper phase
rel ati onship between the refractive index profiles in the two feedback

|l ayers. |n addi LRB#ES FEepatfRtPagatlngpefelidds FEUVEREIGERLt HER hi ckness of
the gap betwsendehecdsedpascdrdingll gy efisrthber @mailenbhkHdie wayadizgt hs of the

interference of

nodes of the |

Figs. 1 and 2 sd

t ot al i nt er nal

cavity. The f eedba

5Crl
reduce

1

hermetic
during

| ayer al so may provide the right size

i that ig resonatjng.n the gap. The devices shown in
gg%‘a’hq tbfal Je 5 il%r &l'i mi nate the |ight |osses due to

r ef | Brtonenembdiimenpul theotdheiod S@®0ovayiralge tthel®8® refracti ve
i ndex msmatch gt b@ﬁ&d%&@é’; ,f-Bli*i §xalﬁ}_9f¥,0§i FBd £ HiQPéEHﬁ% the amount of

light extracted from the device through the substantial elimnation of
light absor pti dREPERSEINEPLHESSF afhelfevree. and, apheedRdsdcLay®®f erri ng back
to Fig. 2, tbe Rhbeiieadbdakiet ammeisig plackadaitaedeantitd tdaehodé d2of the 10 B

NOV 2006 WD 03/1 56 P US03/.14589 em ssive | ayer form a resonant
Qg'éhe fegﬂ)a% ?ijf\?'eg 4?’ef31 e(r:ntayl?cgtl_la% a %erm tic

elenent's t "bac

into the material of

the emissive | aperrizmbgtus¢rnwbst ratiaieedndnitssioghside epyduendgngn suf fi ci ent
light is reflectgfed 18yt BEr L BUBSEYRIAYBEcaaihg! OBLEtet N NUNber of

15

20

25

30

35

layer also may provide the right size spacing between
the two feedback layers such that destructive
interference of light in the gap between the two
feedback layers does not 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 in the two feedback
layers. 1In 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.

The devices shown in Figs. 1 and 2 substantially
reduce or eliminate the light losses due to 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 device.

In one aspect, referring back to Fig. 2, the

feedback elements 4, 6 located on either side of the

10



4.

i nteractions between photons and excitons regulate the rate of stinmulated
em ssion. Thus, by localizing light 1in the resonant cavity and thus causi ng
a high density of photons at the emissive layer 2, a very rapid 10g ypy 7005
stinul ated em ssion conversion may be produced. Typicall ¥ wi t hout the

i nduced st iW8P¥H1%Y¥Seni ssion, spontaneous enission, whi chPCIUEYEFR: i vely
slow and purely statisti cal process, dom nates the | i ght generation
process in an em ssive material. The rapid 15 conversion of excitation
energy to light by stinulated em ssion | eaves the spontaneqQus_em ssion
process with |iTEPEIYF HYeExei 1T St FEROUMEr GFV Y cIMGef Ee 4T Hi ght . An
even sl ower procAgsent®nt,r @drafias déghtxdacht ot theomuestimlextited state
energy to heat. i 1 58I .0 ﬁe[@ S sign of excited
state energy to ];E %%lr%ghﬁgpn%% gg%lss,lf.ﬁwog E‘ﬁ tgr ﬁﬁ??%ﬁorl ggor ders of
magni t ude sl omerocphanwlnmtsuéflgmmllaglefd ignresElented cohaehtent |y, the

excited state engray¥ied 1tal%rd§w %rlexé®1@0ny§é tigfRredpm nantly into |ight,
not heat. The 25 conseqltjent reduct IH%H r’%tﬁgeneratl on also results in
FB‘PP a

reduced tenper atiiF8TRR-4HE JELYER CYNS, TePRIRfS YFfe and nore
efficiency in thatdeyf crimudadted eibetlomentrhos, doyf dedbackirgnhagied | i ght
em tting displayt 0 qev h nor e
anodes overl ay eaCEﬁ%t Oglanggé&l e%\%&s’%}%ﬁ ?%ﬁ? r@;g g? g‘fsgggerl ap, and
when properly emdr gh@@@ps agi she a%r“l\ﬂssmllﬁmro?na% iVERY F?Plrﬁat ri x displays

using |ight-@m tstcllmgwl&aﬁ%msémn c%&aapél%n ﬁié? g)zloageéa em tting diodes,
ivided into .11 8 NOV 2006

the organic 35 light-em ng | a i S, genera

WD 03/ 101156 PCT/ uso'é}’!i’t&"%é Y7 it o thg &’@1“§ed1%1“b‘i1§2‘5f"§ dHEsd8her al |y

arranged in ortdpogﬂméoxrsowmasmbmohhmm iand reladieedw $dvednbet ween

emtting and nog, gt%ﬂﬁl@&% é’cg gerdoglgngggs GYe rgg&ht fl ow t hrough them
ener

The pixels are y contr via a passive or-active matrix
arrangenent. |nggneration process 1n an emissive materlal The rapid

15 conversion of excitation energy to light by stimulated
emisgion leaves the spontaneous emission process with
little or no excited state energy to convert to light,
An even slower process, non-radiative de-excitation,
converts excited state energy to heat. Thus, stimulated

20 emission preempts conversion of excited stat e energy to
heat since the mechanism of heat formation is orders of
magnitude slower than that of stimulated emission.
Consequently, the excited state energy of the device 1
ig converted predominantly into light, not heat. The

25 consequent reduction in heat generation also results in
reduced temperature in the device, which allows for a
longer life and more efficiency in the device.

In one embodiment of a feedback enhanced light
emitting display the one or more device cathodes and the

30 one or more ancdes overlay each other in a pattern such
that the areas of overlap, and when properly energized,
display visual information.

In matrix displays using light -emitting diodes, for
example, organic light-emitting diodes, the organic

35 light-emitting layer is generally divided into

11



[ e

passive matrix device one of the electrodes is patterned in rows and the
other in colums. Each pixel may be caused to emt |ight by appl yi@ﬁ \?L) "
appropriate voltage between the row and col unm el ectrodes at whose B 005
intersection it lies. An active matrix device enploys at Iiﬁ B one

capaci tor aHA%3%8ast one transistor at each pixel sitePC |U§.3“2!58
illustrates an exanple of a color passive matrix display in one enbodi nent.
The display shown is 15 an organic light emtting di ode (OLED) display
usi ng hol ographi,c feedback,K| ayers, The hol ographic edback | ayers may be
produced by applWhﬁlda‘}?aiaBb’F 'nﬁf‘ﬁlfj’l’fegr? aﬂ‘?cg)%}?rf‘ﬁ%kalfr%?@fadl%‘i of the
hol ogr aphi ¢ r ecardhogonalatrews and eohugpiasndsuds threabeiticdied betweers exanpl e,
the 20 material _ posed. t. t] t requ] I ve
nterferonce palTor i ARBan gritcafs duiRs By AeRhy Mhd et eks o
create a feedbadlonotlrpugh bheth ThA R st orereafersbbmgontrghied 03, an area
for green (815va8)alpdivaOdr stdvanmat€x horatddtent 4400y |ight 25 1065.

The hol hi diumis thep fixed hat furt her phot ochepi cal
Todi {1 cati on 0cBAPE AREX = GIRIHCR RS 1 ADRuMASTATOP AL b POREOTEE sur face

of the hol ograph cowedndnthadygiatrt én nedumnto HBatiepbrsksay0be |1 n one
nmbodi t, f ty; 0 j j f
enbodi ment, re %g@&& & eHea 1&@%%59?@%%%8 e%%gkgﬁféﬂeo%ﬁgéée orns

padouts at the ends of the stri SO provide a narrow bus
that runs the befyesn shecheh gelyrn igdechrefRf ofeWd®Sdts edges to

provi de | owibnpegdescseaarnest i Kibs. ThER, activhayairi®f davisanrapasent conduct or
107, such as indiumtin 35 oxide ;}I TO.,isS ?facutl;lm degosit,ed on top of the 12
0 NOV 2006 WO &%/ A5 EPBCTHRISHEPT4 BYF ahtc S FRAUPACK fayer. The 1TO

is photolithogreaphipetdlyspe¢terned into striped anodes |ying on top of and
parallel to the stripgd @egn,ggtqg@ﬁs 20, RhHee faedb gir(mg%gl%i,één one

embodi ment, the 1TO1S. 5 made as thin as possibl e, npl
appr oxi mat el y 5Mgtrix display in one embodiment. The display shown is

15 an organic light emitting diode (OLED) display using
holographic feedback layers. The holographic feedback
layers may be produced by applying an approximately ten
micron thick layer 101 of the holographic recording
material to a glass substrate 102. In this example, the

20 material is then exposed three times to a required plane
wave interference patterns through, for example, three
separate photomasks to create a feedback hologram with
an area for red (660mn) light 103, an area for green
(515 nm) light 104, and an area for blue (440 nm) 1light

25 105. The holographic medium is then fixed so that no
further photochemical modification occurs. Next,
aluminum is vacuum evaporated onto the surface of the
holographic medium and patterned into anode buses 106.
In one embodiment, reference element 106 may be a

30 metallization that forms padouts at the ends of the
striped ITO anocdes and also provide a narrow bus that
runs the length of each ancde stripe along one of its
edges to provide low impedence connection. Then, a
layer of a transparent conductor 107, such as indium-tin

35 oxide (ITO) is vacuum deposited on top of the

12



angstronms (A) so as to minimze |ight absorption in the |aser stack. The
net al anode buses 106 are applied to mnimze the voltage drop across the
ITO. In this exanple, the OLED materials are then 10 patterned on topNgf e

anode stru r e CLED may be conposed of from one to ji re
| ayers, fo?ﬁﬁé'g/éor%p%e, 109- 115 of organi c sem conductor. T%&@&%{“ggt erials

may be | ow nol ecul ar wei ght, polyneric, another suitable material or a
conbi nati on of these 15 materials. The | ow nol ecul ar weight materials may be

vacuum deposite nd_patterned b he use of hadow mask or by a nmushroom
process using pg't"?g?ﬁ%p}lcpﬁgfg?%‘é? éfayﬁrs' ar??lfan?g$t‘lf shadow nask. The nushroom
process i s descphbedlith®repbigaXlor phhfemedt iove Bitspbag &dest er nat i onal

Synposi um  May 30005 GrEdpAbs Lo WaBa1 NOL €% YOI 4B pla Pad Mg3L4P, Pol yners
and sonme low nolecltlar weight materials may be deposited by sol vent

casting. In thi $8aBue (§eedRaFlEAL28 - el FERpETPREHISRE  uEREITONKS| et
printing. 25sl nnablesaexaiip es phatiolesi&ir ezafplst apppbiithtand sdden
patterned to forma,crossqver insyl ator. 108. t,..avery thi hol e

inj ection |ayer af%to?msco(% er’p ilﬁ&gl Ié%@%“rﬁzﬁe,ly%m agfgﬁ%?%%/n éBp?%‘%(i mat el y 50
A is unifornly ldepossttask.t Fheutdtrad shediowwusaskl newet applied, to30 green, and

bl'ue anodes. W thauh; FOWHIvhDEGhAdOW JBsks fhe3adoA | ayer of N,
N - Di napht hal en-1-yl-N, N - dlghenyl benzi dene (NPE?SlhoI e transport |ayer 110

is deposited onto tHR BHSdEX NSt thy TGP RaFeyiais) freofhethar ahexaphenyl
(PHP) em ssiive lpayeerned dapesp et thbr amgle 3bractshadowrnask.eenikey t he bl ue

anodes only. The _green 006 3/101156.PCT/ USQ3/ 14589 em ssive
| ayer 112 is fo‘r%r?eﬁ ‘ﬁ@os(fjedgggi %\I%lé{;%geﬁ%\égv a?/lér";orgf layers, (%or
tris-(8-hydroxygesanplend)%allpi efmrgaAlyS )semirondicter . shEeWLRBSk onto t he

green anodes onlyrefEd %deggsﬁw%h@mra_rlq,giér&j SbiBHe ), deposi ting a 200
A layer 5 of 5,10, 14, 20-tetaphenyl porphi ne PP) "t hrough a shadow

another suitable materlgl r a combination of "these

15 materials. The low molecular weight materials may be
vacuum deposited and patterned by the use of a shadow
mask or by a mushroom process using patterned
photoresist as an in situ shadow mask. The mushroom
process is described in Society for Information Display

20 International Symposium, May 2000, Seminar Lecture
Notes, Volume 1, p. M-3/40. Polymers and scme low
melecular weight materials may be deposited by solvent
casting. In this case, the materials may be patterned
using ink jet printing.

25 In this example, photoresgist is first applied and
then patterned to form a crosscover insulator 108. Next,
a very thin, hole injection layer 109 of copper
phthalocyanine, for example, approximately 50 A is
uniformly deposited through a shadow mask onto the red,

30 green, and blue anodes. Without moving the shadow mask,
a 350 A layer of N, N’ -Dinaphthalen-1-yl-N, N’-
diphenylbenzidene (NPB) hole transport layer 110 is
deposited onto the anodes. Next, a 200 A layer 111 of
parahexaphenyl (PHP) emissive layer is deposited through

35 a shadow mask onto the blue ancdes only. The green

13



mask onto the red anodes only. Next, the electron transport |ayer 114 of 450
A of 2-(bi phenyl-5-(4-tert butyl phenyl)-1, 3, 4-oxadi azole) (PBD) is vacuum
deposited through a shadow mask onto the 10 red, green, and bl ue sul§-§DVx@ls.
Wt hout noving the shadow mask used to deposit the electraon transport |ayer
an el ectror’f"‘i’ﬁﬁ”é’&’tslﬁon | ayer 115 of 50 A of lithium fl uor FHE’UF‘?“d@gosi ted.
Next, approximately 50 A layer 123 of alum numis deposited through the
shadow mask to 15 formthe cathode. Alternatively, a netal-free cathode

structure may be formed _ to avoid the |ight absorption of eyen very thin

| ayers of cat hofBi#et devfhtlidr &5 HRFINBRt P tERE & 2908 LRXS%on of the
device. The nebdl tfi=eescaynsderquayel ingy abembompdaegd oftixOudhad 20

bat hocupr oi ne ot e p ctiyve i.c material. A nore
Gotarroa di scuaehadoy R é%%%l%ﬂ?rg{égée}f é‘g’??%%e&‘ég_’h_b@{efgg%ﬁd inG et al.,
Journal of Appl keésstiesilagesslldp is408mmad h99jepasisingrt i408 4i bavagsure of

whi ch is incerpggaserh el eb Nedbhapheny B SLRNEE. (18D) t PRrQigH BesRAddW num 500 A
of 1 TO 116 is sputter dggom ted rou a shadow mask to formthe cathode

th h
el ectrodes. Al ufPRtirfa %p‘ﬁdaﬁﬁﬂd%t‘g‘l@’he entire device and then
patterned into cathatethushé idlestidd Sfindporg Jayeiroli4 hadgraphy ofi th a boron

trichloride plasm . et _Jo,pratec uctures_during.further
processing a 1038?31%&%?% gi ff&%g%pﬁ%‘l%@eﬁg{ e?f'%Ig F}s{gé:k/aazg)&ﬁ deposi ted
onto the entire (BBBstisavacuym deposibgdrifireugh e shadpeandsk pphovide from

vacuum 35 apd the, holddr aphi G1LeCiKlfi%keTBE erpdhous efbdihcrgate 14 0 NOV
2006 WD 03/101156_PCT/ US03/ 14589 the ten-m cron thick feedback | ayer on the

cathode side ofPRfRY JBFKCR3GY ERPAFPAH Sy hE SFARSHECR aHATECTF ntaYe s i | ar
manner to the fahmebictirhe Dppesibe Biywae alstde s50dkvéfaithhiiemf eedback | ayer

|8 successi vel Y (pRLLRINY Selsile! ASR, TAHAIALEES S0o% 8PN vavel ength

123 of aluminum is deposited through the shadow mask to

15 form the cathode. Alternatively, a metal -free cathode
structure may be formed to avoid the light absorption of
even very thin layers of cathode metals that are
detrimental to the lasing action of the device. The
metal free cathode layer may be composed of 50 A of

20 bathocuproine or some other transparent conductive
organic material. A more detailed discussion of a
metal-free electrode can be found in G. Gu et al.,
Journal of Applied Physics 86, p. 4067 (1999}, the
entire disclosure of which is incorporated herein by

25 reference.

On top of the aluminum, 500 A of ITO 116 is sputter
deposited through a shadow mask to form the cathode
electrodes. Aluminum is evaporated onto the entire
device and then patterned into cathode bus lines 117

30 using photolithography with a boron trichloride plasma
etch. To protect OLED structures during further
processing a 1000 A thick silicon nitride layer 118 is
vacuum deposited onto the entire substrate.

In this example, the device is removed from vacuum

35 and the holographic recording material used to create

14



(red), with an area 120 optim zed for 515 nm wavel ength [|ight (green), and
wth an area 121 optim zed for 440 nm wavelength |ight (blue). The displ ay
is then encapsul ated by application of a coverglass 122 with an @&80epky
peri pheral seal. I n one enbodi nent of the present disclosur emtter

e
material | ¥PRPEhed photol ithographical ly. In one enboBfHES 4% tters
used for patterning photolithographically include but are not limted to 15

emtters that are photo-cross-linkable. Fig. 5 illustrates an exanple of an

active matrix djisplay usin f eedback- enhanced el ectrolum nescent devi ce.

For exanple, a Fléeea:l?géE'}Eﬁ?fgﬁg’é&ﬁagﬁ%&é‘cﬁafar}fef °BetiT EFBYDEL 1 5br i cat ed

li ke the devi ceobfthd devdce vist lap@Didchbyssaltentgcaabiztg.at &niacl udi ng

previously fabrigaied ndfhdyGdTBRE!#510l bY Gnel BEREUILL M a8WhE Ghgd drive of
two or thin m stor

the active matrix nmay use a our ' ransi (TFT)
archi tecture ordanisteherhaciesdaght FaverOlEPuRGeseivel Hatéerea®e may be used.

I n one aspect, Hhen Gt h¥6a 20 9TRbE ind el 86+ Wed dinf iBFsl ngem 1ihidiepassi ve
matrix structure of Fi.? 41in thﬂ% thg.feeegig%ck | ayer/ el ectrol um nescent
devi ce configur &8 FEFRcIUAFR Tl PREE™MZESH ARECRID M O FAY RSN £i | m
transi stor (TFT)}iglsougeeenil5@ntowitie anoaresjendopyingized fencd®snd51. The 30
anode feedback r { t i, erned al ccess to the TFT
source netal li zg%?%ﬁégl?ﬁei%%?éf) 'fé;dt_;rgg |p33y4!,1é c1)%%)I§lt hat foll ows

deposi tion of ¢PRARSNeAEeY dutFRRkiFaier ahd CREeRGRIE 12® viFpassi vel y

addressed digpl aysxy peropee@bedhtent, nay be used to 35 provide the pixel
anode to TFT source interconﬂ)rr%ggt 153. éS 8 NOoV 2805 WD 03/101156
PCTI US03/ 14589 For eXafipfes BEPt 4t FBR PSS REYIETE T Bown the side of

the nmesa of f eedhiadlerl ayeeriwt épi pdttEFRed Thes olO6hagnaphlieaEt.ended i nto
and/ or becone 1 DRefTbadl pEAL, ectrode 151 is
l’?‘ﬁee S o8 Bt t?‘] i ufééﬁoﬁn? %gtéﬁn@

patterned into .age _the pixe thion of an interconnect
pad to photeolithographically include but are not limited to

15 emitters that are photo-cross-linkable.

Fig. 5 illustrates an example of an active matrix
display using a feedback-enhanced electroluminescent
device. For example, a feedback -enhanced active matrix
device may be fabricated like the device of Fig. 4, with

20 the starting substrate including previously fabricated
active matrix drive. The current switched drive of the
active matrix may use a two or four thin film transistor
(TFT) architecture or another active matrix OLED drive
architecture may be used. In one aspect, the active

25 matrix structure differs from the passive matrix
structure of Fig. 4 in that the feedback
layer/electroluminescent device configuration structure
includes a connecticon of the thin f£ilm transistor (TFT)
gsources 150 to the corregponding pixel ancdes 151. The

30 anode feedback layer 152 is patterned so as to allow
access to the TFT source metallization. The
metallization (Fig. 4, 106) that follows deposition of
the anode feedback layer and the anode ITQO in passively
addressed digplays, in one embodiment, may be used to

35 provide the pixel anode to TFT source interconnect 153.

15



one side instead being a continuous colum or row electrode. The patterning
of the feedback |ayer may be acconplished in a nunber of ways. Fog wexausl e,
the feedback structures may be printed by ink-jet printing 10 techniques or
an alternative rinting technique in one enbodinent. In another enbodi nent,
the |ayer n&f% E ¥eposited as a continuous filmand thenFHA{USEYHS
lithographically. This is possible for exanple, because the recording
material is photo-patternable. In another 15 enbodi nent, the Iayer may be

pl asma etched through_a .lithogr attern n one
embodi nent, the F?éh?xa$ﬁ¥%lﬂ g%@ﬁf@e ersmaﬁégafﬁgaa &P tgf ed as
striped | ayers cdvéhenmess Wﬁof%edh@@!ﬂfuhw&ﬁ mpEgeiale1GAenThuyg U6 way t hey were

in the 20 passi g diksphdd QheS a@hd/%r B'@é‘or@&ﬁ@de 14 @Gnat é&n}@@&mﬂe‘ﬁﬂ and
al um num cat hode buses 165 are forned as in Fig. 4,  except the cat hode |1 TO

stripes 164 and tthﬁeaﬁ?‘ﬁﬁnlﬁﬁ’n?l%%&rl?gﬂel%%%%e% éBF%rﬁPeeFBEP? odes and

buses as oppgosest ttnerpmsel Addmtumnaaaytldrhefda:sﬁhﬁﬁrmmé& padowmer coat ed

with a planari zi ng I ayer ns ‘]?nD/(l)_l SIAtI con__nitride Protectl ve |ayer 167
to insure that thE FEEULASRSTaVErS & SFUATPYT PATEKARSEY The pl anari zi ng
layer 166 and teiecsrddeoFhni patitwenpnat el itheef¢edimck1b3yar eayabel i ed before

applying and expsipgidieacahhodidR-f S£ARAGK | Ayerex %i}erq._ql 168, green 169,

and blue (not shown) optim zed areas. The |nterconnec 153 of the active
mat ri x, feedbacﬁ?eéﬁﬂ‘é]ﬁc%&“&‘ﬁf?%mé‘pﬂ b Rypingeq by inkyI8E PFfiNGat ed on t he
side of an appr wecmt@heys to@Nail £Iteinabi v ipikn oBsp t@i:hhmp&grmphn@ recordi ng

mat eri al 152. 1gmenl\é0\/ ggoa@n t\/u\orog’rgafl]%%nggt P(%x 03!3:.;%1589 the side of the
nmesa i s too rmch oF A verti cal et YA ngg R sone

i nt erconnect i ongsleppaiterd ais @awtlalnoaﬂhﬁaheedfmendeadt%mﬁe bet ween the TFT

and bt he alnogedﬁﬂl%%é%l%m@? tapdkl oy gooaRdes iy SkQRG1ON vackhise Mesa edge
may be include the recording material is photo-patternable. In another

15 embodiment, the layer may be plasma etched through a

lithographically patterned mask layer.
In one embodiment, the light emitting device layers

155-165 are patterned as striped layers covering a whole
column of pixel elements just as they were in the

20 passive display of Fig. 4. The cathode ITO stripes 164
and aluminum cathode buses 165 are formed as in Fig. 4,
except the cathode ITO stripes 164 and the aluminum
cathode buses 165 are column electrodes and buses as
opposed to rows, Additionally, the display may be

25 overcoated with a planarizing layer 166 and/or a silicon
nitride protective layer 167 to insure that the feedback
layer is of uniform thickness. The planarizing layer
166 and the silicon nitride protective layer 167 are
applied before applying and exposing the cathode

30 feedback layer with red 168, green 169, and blue {(not
shown) optimized areas.

The interceonnect 153 of the active matrix,

feedback-enhanced OLED display of Fig. 5 may be
fabricated on the side of an approximately ten micron

35 thick mega of holegraphic recording material 152. 1If

le



Fig. 6 illustrates an exanple of a feedback- enhanced active matrix OLED
that includes an allowance for dead space in one enbodi nent. In § RO 200§
enbodi mrent, the TFTS 182, the display row and col unmm buses are 10
fabricated on raised ribs 180 patterned on the display glass substrate. The
anode feed¥REILPE, 181 then may be patterned into roughFYUrEEERgul ar
honeyconb depressions interspersed between an x-y grid of ribs 180. This
configuration nmay be useful if the anode 15 feedback |ayer hol ographic
recording material is.ink-jet rinted since the ribs. my then constrain the
deposited dr opltg? e 3%0’?% ﬁbegﬁaf%r?oéjl meSE ¢ S‘nvﬁg’rﬁ%r’%ﬁﬂi ng. If the

ri bs 180 are extbededay betepenimoghen somgeinidrsonhgOtidrsn miy thbisised to

contain dropl et g,0f, Bl Wih8Parr fb0MddK shate MdtRbel {hdRpremid ting device
| ayer conponents 183._ The ribs 180 hot ol i t hographically patterned

80 may be
on the glass subBeranxder pbaTErIdegRot ¥hpser élfﬁ"éar&'é’%’c’%l‘iﬁ s18Be 3Fer or from
sol -gel gl ass. Lkheifestl 88gP0RS} Decih@vdegpattern the ribs 180 froma thick

nmetal lization | ayer _overcoated with an insulati terial, for exanple, to
avoi d shorting. In tH% &t Hictates i r?éf"&?ier iof%ogg%&aﬁ%y' be used for heat
di ssipation in dénbpteeds antive indtenseOlbferhat irgdddesfar dliswamoe, in

proj ection 30 g,sPAANS sphBe AIPIAL' eASHRARLAEN ’Ind'tfljf?gaé(d'ryo%gﬂéﬁg,! ons may be

i mproved by building the TFT matrix on top of an alrea eposited and
exposed hol ogr aphf cTETSedBAcktMaydpPIRY FEWaand & UMBvPY KB @K 8t ur e
pol ycryst al honefabtienrRdTed Hieeassilb 130Chattereadon He Blisxidyt e pol yner

substrates. Exanples 7.8._NOV 2006 3/101156_PCT/ UUS03/,14589 of very | ow
tenperature progg%%s csgnSBEa?%'ungana %Sgeeﬁ%%r %agﬁr %ﬁE%’Wb‘E?‘,’ J.R
Abel son, and S. M Eitegned Atanroprpghltiugestanmpuart honeyddmim t r ansi st or

fabricated al 183p:danifes: ARduipissby HigubeRchl Yo yTBIREISOT BRI LETI NG, " 5
Appl . Phys. Lett., Vol. 70, no. 2, pp. 226-7 and P. M
180. This configuration may be useful if the ancode
15 feedback layer holographic recording material is ink -jet
printed since the ribs may then constrain the deposited
droplet of recording material solution f rom spreading.
If the ribs 180 are extended a little higher, the ribs
180 also may be used to contain droplets of solution
20 from ink-jet printed light emitting device layer
compenents 183.

The ribs 180 may be photolithographically patterned
on the glass substrate from a high temperature resistant
polymer or from sol-gel glass. It is also possible to

25 pattern the ribs 180 from a thick metallization layer
overcoated with an insulating material, for example, to
avoid shorting. In this structure, the metal rib cores
may be used for heat dissipation in displays with
intense thermal loads, for instance, in projection

30 displays.

In another embodiment, display resolutions may be
improved by building the TFT matrix on top of an already
deposited and exposed holographic feedback layer using a
very low temperature polycrystalline silicon TFT process

35 such as used with flexible polymer substrates. Examples
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Smth, P.G Carey, and T.W Signon, "Excinmer |laser crystallization and
doping of silicon filnms on plastic substrates,” Appl. Phys. Lett. BWQV 20060,
no. 3, pp. 342 - 344, 1997. 10 In this method of produci ng a f eedbac

enhanced %g the stinulated em ssion produced feedback enhancerrent does
not strongWORPARS on the thickness uniformity of the OPEBUSPESYy device
sem conductl ve or conductive layers, their parallelism or their surface 15
finish because the lasing action is defined by the phase relationship of

t he feedback layers. In the case of hol ographic feedback | ayers,

mai nt enance of (heVEHY¥ r&d t ‘EP%’?&“FEI%‘E‘?W%F%“%\%@% t‘H’thWS f eedback

| ayers may be emsureitdyy Cthe wEbase- I oXKiabgl sexi haos slaﬁ.chahted i mara 20
copendi ng appl i Is " Q‘F@‘N@Q I DEVI CE."'
Thi s ensures th%&%ﬁ%’ﬂqtﬂﬁ%g&? nthEEPgirA@rfgg rrnges cr ea %MI %Is%%%ce by the
exposure appar deasees Galisgne dwdehreprt iveetdgrdt doayeputtitiniagt ie ot her

f eedback Iaygr |A§ g_ecmﬁedl,egé TReyacHd v%omaﬁrlpgﬁ,tbggl -fi hfa tg apsi stors 170
in Figure 5 B formed from cogventl onal POlrfélx TFTs in one

embodi nent. In éﬁleherP G 68T Pen @Rt he' -a St PueR netFiRe e '@8At may be for med
from ot her ki ndsrgbtalirieatiberaridndbpswg tafthishli®ire febhs. oh nplasetber
enbodi nent, 30 @%SHQJ ss usg Jfor 8?”%4)& th 511 F 79 OLo otsherr?gsvxﬁé:hl ng

el enents may have anorp 6us single crysfa struéture nmay be forned

frommaterials éﬁﬁerliﬂ?an si | | con. Figs. 7 and 8 illustrate exanples of an
active mathpx driverd nHeVREBlorBR 'csamtlﬁ oé ﬁé&baéﬁscﬁman%éddi scl osure.
Each pixel elenent_in a nulti-row FE: NOV 2006 . WD 03/101156

PCT/ US03/ 14589 &PFEBt aSPeoPttl‘H’éla&reé‘sEH%S%%PB%%H%%ﬁe%%dressed with a
drive signal corhhahoesing. dédss siamwatrdsngilygdeﬁend e thetiniekmdssi X drive in

one enbodi ment %9?@6#@%@ E%Dcﬁé"ol?jgn‘&% éﬁﬁébsiﬁ”%mp ai%]ct&“ £06, a
st orage capacitor and an device 74 pi xefTsite. The
conductive layers, their parallelism, or their surface

15 finish because the lasing action is defined by the phase
relationship of the feedback layers. 1In the case of
holographic feedback layers, maintenance of the correct
phase relationship between the two feedback layers may
be ensured by the phase-locking methods described in a

20 copending application entitled “FEEDBACK -ENHANCED LIGHT
EMITTING DEVICE.” This ensures that the set of
interference fringes created in space by the exp osure
apparatus is aligned with one feedback layer while the
other feedback layer is recorded.

25 The active matrix thin film transistors 170 in
Figure 5 may be formed from conventional Poly -SI TFTs in
one embodiment. In another embodiment, the active
matrix element may be formed from other kinds of three
terminal switching elements. In another embodiment,

30 materials used for forming the TFTs or other switching
elements may have amorphous or single crystal structure
and may be formed from materials other than silicon.

Figs. 7 and 8 illustrate examples of an active
matrix drive in several embodiments of the present

35 disclosure. Each pixel element in a multi -row FE-QLED
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source el ectrode of the TFT 704 is connected to a data |ine 710 and the
drain electrode of the TFT 704 is connected to the gate electrod (]W
TFT 706. The gate electrode of the TFT 706 is connected to the 10 storage
capacitor 702. The FE-OLED device 712 is connected to the drain el ectrode
of the TFTWOB/10NS6can |ine 708 allows pixels in indivi dBEI'U834a1y rows to
be addressed one row at a tinme. Wen the gate of TFT 704 is enabled data
line 710 establishes the gate bias voltage 15 on TFT 706. This bias in turns
meters current flow through TFT 2 706 from source to drain thus
establishing tHaéselay &t tlgiévleﬂesieﬁtt(ﬁeﬂqliogm'e gt beneddrassed WtIOLED pi xel
and control I'i ngat hgidewebmal dd@hhuOWIt A5 WAL inbkxg| hased on the

| um nance versus current 20 characgteristic gf t he device. The TFTs 704 706

provide a curr8fE1YD BREIHATE #82°0% GPRRKUIRCe COPPHBEEW YHR ce and
serve as an act fyemdriansigtaeyi @FTsIHEw4,capacid eror8de dtapaestdhe driving
signal chargg. Ghgurg, s 53NewSoders slbl & M9 LE %L%rf%?!c P3Nt igration
schene for latching a desired grayscale “current Vel imto an ED active
matri x pi xel . | gousgoredectentp dfmehe TET 784rig conspsted taueod®i®i ng pi xel
dri \ée ](c:onfi gur a%hﬂ@_ﬁrwwﬁdi fhé:i‘gfgig Qpéﬁt_llg_-ei_drgs&ﬂ.tg%hﬁgmnfiggyr ation may be
used, for exanple, i ases_in c t yariation in

pol ycrystal | i necg?ﬁ“?c&ﬁcﬁl %80'131??/@51(5?}/\%1%5%&? r‘?ffc)é" eyt 1 €% t@‘bi xel to pixel
variation in cugaeantelestebdé¢ orf tthe BEINE0gate dunascoed o ahsi stor. the (See
R Dawson, a ! I I ved Pj xel l.ysilicon

Acti ve- Mat r?g éégﬂﬁgc?%égﬁﬁ%{ﬁ?gﬁawhgsﬁg ﬁ%%igrdrérgiegﬁ% é)égérrposi um

Proceedi ngs, 19°0negH¢d2806thenSre3p 1DEESEoteHiUShS/ TAHFP61988scan 11; R

EEJayvson, etDi alj-,liﬂ_@e?dr]sﬁﬁﬁibwé)fpﬂ%é@s i Q&ﬁﬁ@fﬂqd’le%g%ﬁﬁg qfc,lerg@rﬂefEEiEght
mtting odes t sign of act.ive trix splays', .
| nt er nat i onal Ef’gaﬁscﬁ?%D@Wc’go“fv@ét?ntgfmew%‘?n ﬁ.%?g?tﬁ.o%%ﬁgv%%%,lset al., "A
Pol y-Si Acti ve- khabbied GeE®D Dimspl7ag establishes the gate bias voltage

15 on TFT 706. This bias in turns meters current flow

through TFT 2 706 from source to drain thus establishing
the current level in the light emitting device or OLED
pixel and controlling the level of light output from the
pixel based on the luminance versus current

20 characteristic of the device. The TFTs 704 706 provide
a current to the device 712, for example, a FE-OLED
device and serve as an active driving device. The
capacitor 702 stores the driving signal charge.

Figure 7 shows a simple two transistor

25 configuration scheme for latching a desired grayscale
current level into an OLED active matrix pixel. 1In
another embodiment, a four transistor autozeroing pixel
drive configuraticon shown in Fig. 8 may be used. This
configuration may be used, for example, in cases in

30 which TFT to TFT variation in polycrystalline silicon
active driving matrices may lead to pixel to pixel
variation in current level for the same gate bias on
transistor. the (See R. Dawson, et al., “Design of an
Improved Pixel for a Polysilicon Active -Matrix Organic

35 LED Display”, SID International Symposium Proceedings,
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with Integrated Drivers', SID International Synposium Proceedings, 1999,
p.438; R Dawson and M Kane, "Pursuit of Active Matrix O ganic Light
Emtting Diode Displays", SID International Synposium Proceedi ng§ K0¥Q0g001,
p.372). Here the addition autozero (AZ) 824 and autozero_bar AZ}B# 820
lines and tY&MWEP®rs TFT 3 814 and TFT 4 826 al | ow neastf {14

variations in the threshold of TFT 2 806 before the gate of TFT 1 804 is
enabled to allow the data voltage to bias the gate of 15 TFT 2 806. Storage
of the threshold volta??i n capacitor %1 816 t hen aIIovg/éﬁﬁhe gate bi as of
TFT 2 806 to b&2dif et RaPERCPoret Rresholf VBPEGYE Pation. The above
descri bed acti veramgient acshorssi nf @yahigubiaghtoBaiusingg DIbdas ame typically

used 10 20 convgllagh 81Iotey IRy X bEt MLpeE5: (sl OF 1 nstance,

Fish, et al., " npari son of Prxe rcuits for Active Matrix
Pol yner / Or gani cIREBTRItdpray Fleckren Deyiepigstdngl HARodi- 81 Pfoceedi ngs,
2002, p.968;s andawson, Tam akl, 2h. polPAHiy adtikX imdtRgx@renligispiey O ganic EL

25 Displ ays", Papgr .4925-20 nf er enc 925A, Electronic |magi ng 2001)
Accordingly, f ﬂ’fﬁéﬁ%&?’éﬁ%" g%lf'ﬁ]é%é %éﬁeﬁétrﬁré’aﬁﬂa]h%tymﬁgs cri bed
herein. I n one Brnbodidiegs, 19%9.npt43s; addPpassxinngnddhemenen the OLED di spl ay

devices of the p '%'Sﬁ(m ES r . for i t.al 0l const ant current
on a sel ected B?xe -té:l gﬁeﬁ%ﬁ%%ag?%f?(%%\?ﬁ%?lgg?rﬂer%?:t }elgg?%%r%ay be

mai nt ai ned on pPkEMRYEo stfhdrtegrationgdl BYHSSLaN| Brrseedsngdr gray scal e
operation nay bgoger iponner, byedet e adiBt { b @utbadFd CAkEdsEs QR

Scal e Y2070 NOVSUIS VPR3 IBL 188 RETPHHe £1888 TN AFfon 4% acconpl | shed
by a conbi nati oan®fTFAn4l 82F addrwendasadeushirerft vanidtoronisi me tiedul ati on of
drive current af,ddlhyi GHarPLXEHS t@‘fﬁ&'ggtlﬁ;a%gtéd(?f ‘-’1%? Nggod iygef rame of the
graphic information. 5 I n another enbodi nent, “di splay devices in the
enabled to allow the data voltage to bias the gate of
15 TFT 2 806. Storage of the threshold voltage in
capacitor Cl1 816 then allows the gate bias of TFT 2 806
to be offset to allow for threshold voltage variation.
The above described active matrix addressing
configurations using TFTs are typically used in
20 conventional active matrix OLED devices. (See for
instance, Fish, et al., “A Comparison of Pixel Circuits
for Active Matrix Polymer/Organic LED Displays”, SID
International Symposium Proceedings, 2002, p.9%68; and S.
Tam, et al., “Poly-8i Driving Circuits for Organic EL
25 Displays”, Paper 4925-20, Conference 4925A, Electronic
Imaging 2001) Accordingly, further details of these
elements will not be described herein.
In one embodiment, the matrix addressing scheme in
the OLED display devices of the present disclosure
30 allows for maintaining constant current on a selected
pixel element. Various constant current levels may be
maintained on pixels to support gray scale coperations.
Such gray scale operation may be performed by active
matrices fabricated from polycrystalline silicon or

35 single crystal silicon materials. The gray scale
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present disclosure may projection systens that use feedback enhanced |i ght
emtting device. Such projection systens may include but are not limted to
di splay nonitors and televisions. Fig. 9 illustrates an 10 exanpl e BNDY 2005

proj ection 00 that includes an FE- OLED mcro-1|as 02, for
exanpl e, w‘f‘%ﬁgﬁﬁqﬁ%oj ection lens 204 to project an inmage g?@%@%@én 206

accordi ng to anot her enbodi nent of the present disclosure. Fig. 9 is
illustrated with using an FE-OLED 15 device as an exanple. The devi ce shown

in Fig. 9 also se ot her feedbac nhanced.light emtti devi ces, and
are not 11 ¢ ed" PR IAaRe b 1TINE R B8 Ry AT e er Al A
proj ection syst ewrrdndt adnustrrns: andfew tdme aaadulatiey FOArdveplifies the

proj ection optiggr2htohict DRaPFQILEE! pOR1SI BEAIRPRALAM dd¥igp! | | mat ed | mage
light is generated._ This ma%l? obvi ate the need for expensive collimtion
optics with all torekiEea88 ohedEaPht JREerB2Lo® r educe nunber of conponents

i nbt[]e t!orﬂ gCt i gn SIyitSTaﬁﬂitBQ:E).eniBbdirFﬁd;JCddsp\lHYDﬁévdE?ﬁoifﬁmnt$ 2t5' t
substantially reduc e c i ize e_projection system
PoSéne I& 589§%uret &\Igg p%}%é}:fﬁ%ﬁtsirgrz.emg thatl: ufxg

200. The projection systemo So may nof need an
addi ti onal col ofeedgsdr anhancethpaght enigsdey idevprej edduabn systens, for

exanpl e, filns, oo Qi 1WRCE]Syerd fab Mid1uKE. bokNGra0ndX OjieatLOLd €Ns 204 may
be replaced by nore sophisticated projection optics such as a conpound | ens

or lens system HPIRYIRPLECTS G08| FrAsYAPE % ber FaBi ohsl 1 AAE ¥~ unwant ed
artifacts inothexangljecofed prm@er iokwyishennore, taddihebinkls aptFes, for

exanple, mrror . _ intr C b e prajection lens and the
21 8 NOV 200681"?/%%'8%%0?%%‘16‘0ﬁé%g%s%%/'lgéﬁge%%é“ ggh W 4 he proj ecti on
path such that Pheiegtticnelery A0dntamrdjeceorn divagd ¢m aamceaen @dare of smal |
size. Figs. 10aa8kdihgl bbUsidratee EhicRhent @ that ppangl displays utilizing
FE-OLEDs in which a | aser pr,ogjected . ‘:‘i i mge exi.tjng an OLED array and

i medi ately ent f??ﬁfsPﬁg’ Fig. S 1s illustrdted with Using an FE -OLE

15 device as an example. The device shown in Fig. 9 also
may use other feedback enhanced light emitting devices,
and are not limited to light emitting devices using an
organic material. A projection system that includes a
micro-laser array 202 simplifies the projection optics

20 of the projection since substantially c¢ollimated image
light is generated. This may obviate the need for
expensive collimation optics with all of the associated
problems and reduce number of components in the
projection system 200. The reduced number of componen ts

25 sgubstantially reduce the cost, complexity and size of
the projection system 200. The projection system of
this embodiment also may not need an additional color
separation apparatus used in projection systems, for
example, films, color wheels, and the 1like. The

30 projection lens 204 may be replaced by more
sophisticated projection optics such as a compound lens
or lens system, for example, to eliminate aberrations
and other unwanted artifacts in the projected image.
Furthermore, additional optics, for example, mirrors,

35 may be introduced between the projection lens and the
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screen structure creating an imge on the screen front surface of the rear
projection screen. As in Fig. 9, Figs. 10 and 11 illustrate exarrpd ﬁ@ ﬂ]ﬁé ng
FE- OLEDs. The devices shown in Figs. 10 and 11 al so may use ot her

f eedback eg‘t\/}?@@?gﬁéi ght emtting devices, and are not |Ii EH’E?‘Q@QQ i ght

emtting d ing an organic material. Fig. 10 illu A active
matrix device while Fig. 11 illustrates a passive matrix device. The rear
proj ection screen nay be a rear projection screen 15 built according to U S
Pat ent Nos. 5, 593fe7e?ﬁ8t%n901 ,t%81 3085e.ct|ignon errbodit 2Nt t he projection
screen may be pracad s sPHT IFM§i BFGRCE 15087 Y SHFP HEPdmtESi ¥ 15 fevi ce. This
may be useful iaygesymdynee meohabiedlin desenpiobbexidf |smaylisizd.spl ay

installation. The 2Gripk0j £6tdnan18Ci LR LFEYe RE RE L Lhgew cAlephRg t YPE,
refractive or diffractive types or any conbination. thereof. In_the exanple

of a direct-vi edtSRIEFe it IFIRIFEE - B FRS dnsHHAR RoRPShERRIPREHE gure 10, a
TFT- based pixel imae @kivend ianCOLED G2y hod immstoncay éaserimpedhei th
reference to Fi gure 8 provides driyve current thro%h an anPde bus 1004 to

an OLED structufe %ggﬁ?%tﬁlgs?eﬁre e sh 1T SBdHAL P T8FRr 5% he back
f eedback | ayer su(G®eanf thwe rerorprdiesdboeksdreger AFIAn Fhe. to 30 feedback

| ayers (1008 anﬁli%aplqb &g&E rmé_p%&ugﬁfa&ef e {Cxﬁ%wbﬂgbght AP tting

device, for exanple, an ight fromthe D structure 1006 is

emitted out of SekFesr BRPWM dix Eigs 107228 YhElppJraY EEdIBER%T | ayer t hrough
front coverpd asseddbhék ékfhdrved L ggtite daliveidg dlevidss, 1@ha, aredhdd ght 1018, and

green |ight .:I'OZQin‘?ir 84 ] ti%cg}t %@%}@/d%@?g g Yl@igé)’/a OZIC.)ZIfSQ PCT/ USO3/ 14589
fromthree different ag})ac - structures tHat - dre confi gured to
emt red, greenmatardaBlueFid.ghf illaspeatesanyactive wiagrwmydevicsl or matri x
di splay may be ybiid trigp.11i:90hst flesLhoPU SvelRdBrid Yebickdenthon the 5
rear surface of a rear projection screen 1022. ) .
rear projection screen may be a rear projection screen
15 built according to U.S. Patent Nos. 5,563,738 and
5,481,385. In one embodiment, the projection screen may
be placed a small distance away from the emiasive
device. This may be useful in providing mechanical
design flexibility in display installation. The
20 projection screen may be of the scattering type,
refractive or diffractive types or any combination
thereof.
In the example of a direct -view active matrix FE-
OLED display 1000 shown in Figure 10, a TFT-based pixel
25 drive circuit 1002, for instance, described with
reference to Figure 8 provides drive current through an
anode bus 1004 to an QOLED structure 1006 disposed
between two feedback layers, the back feedback layer
1008 and the front feedback layer 1010. The two
30 feedback layers (1008 and 1010) form part of a feedback
enhanced light emitting device, for example, an FE -OLED.
Light from the OLED structure 1006 is emitted out of
the front surface 1012 of the front feedback layer
through front coverglass 1014. In the figure blue light

35 1016, red light 1018, and green light 1020 are emitted
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The screen conprises an array of tapered mcro- |ight guides 1024 conpri sed
of an optically transparent material. The interstitial areas between the
light guides are filled with a black-filled resin 1026, for 10 i n&sHh 0
filled wth carbon black, that has a |lower refractive index than the
mcro-1i ghoJdi>4raterial. As a result light 1018 i s mAGH¥R1484 | ect ed
out through the |ight guides and out through the |ight guide tips 1028.
The geonetry of the reflections, and for exanple, 15 optionally roughening

of the light guide tips, |eads to a w de angular dispersal of the |ight
1030 exiting t O“SEFE%%.A%%E%%‘? SEH2 IR F%\agﬁﬁé’ Bﬁﬂﬂ%&rﬁ s FE- OLED
array by an adhes rvenfiidffregr toepeitatred, fgrment ahdy Hmealightgap. 20 This
direct-view actj § 6, FETOLER ALsh! V1R : ] anbi ent

i I'lum nation be]%:a. gggan%il(ye'nt 19 S?k’%gw Stri k?%‘grﬁqigqﬁ%%f rg{};r %Ia;ce of the
di spl ay assentBtyiliayPbe Highkl yEPT €ERYPI® BEO18bsbY HEGifenk 18 tBeack resin

1026 that canstidast etroded e arﬂﬁrngifo?w@i@h 8&rddie 1bpant surface 1034 of
the screen. The sma%%gam)unt f _anbi ent Iiﬁ%ht %hat does pass through the

0
light guide tips 1028 FOrEThETTRSEeFaft Fheer & t 1P FRC B St ruct ure
t hrough surf acelitht?2guidsdiack tewperised 088 aandpiDdl 1yayraimpadestgned t o have
spectrally narr refl echio @P‘?ﬁ' 39 Jheretare t b hal f the |ight
striking surfac“gav'\%elOlZ i sﬂe_gdiq}lgct. ytrle?Iaect esqgggcef(erlt g&/}r &Eég%reen 1022 and
the display vi cdesTaee ridddefdettior blrck ifgidedr ¥emin 4026 hefrE- OLED and
i hﬁpagt Skpotni)d ngigsbake Al £:10236 what chichds bltalbﬁ. SHRe hEQL avemwf Jefrhg FE- EJLEDb?ndk
t he back substrate 35.1038.. Potting material ,1036 e filled with a ac
23 8 NOV 200&8%"%%‘1‘10‘11%6‘ H&’i%ﬁ‘%o‘%??&s‘é‘dgggl?‘é‘r &83FR5t 3 he remai ni ng
anbient |ight tAsmat repohigds.ghbtltls abmosttipdppteflecgedbowr bgoudine | i ght
absorbing funcgtj.0n;9fc RALL gﬁl@togiglll&gﬁp y ieved by a thin
| ayer of |ight Cgéit?sorlgilcln n%ategr?al e osllcted gﬂge%gée%gggg?gfé} esmateri al 1036
and t he FE- OLED%8rucThe geometry of the reflections, and for example,

15 optionally roughening of the light guide tips, leads to

a wide angular dispersal of the light 1030 exiting the
screen, The screen 1022 may be bonded to the FE -QLED
array by an adhesive 1040 or separated from it by an air
gap.

20 This direct-view active matrix FE-OLED display may
be used under high ambient illumination because ambient
light 1032 striking the front surface of the display
assembly may be highly likely to be absorbed in the
black resin 1026 that constitutes on the order of 90% of

25 the front surface 1034 of the screen. The small amount
of ambient light that does pass through the light quide
tips 1028 for the most part enters the FE-OLED structure
through surface 1012. Feedback layers 1008 and 1010 may
be designed to have spectrally narrow reflection hands.

30 Therefore, less than half the light striking surface
1012 is directly reflected back towards screen 1022 and
the display viewer. The remainder of the light transits
the FE-OLED and impacts potting material 1036 that fills
the space between the FE-OLED and the back substrate

35 1038, Potting material 1036 may be filled with a black
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A black matrix material may al so be deposited over the top of the active

matrix pixel drive circuit 1002 to further enhance anbient |ight

absorption. A result of the highly efficient absorption of 10 ambi ehfN0¥ iz@ﬁt

by the display structure in Figure 10 nay nean that the display has what is
Ry PG

called a " Wi5ht" that reflects al most no anbient il ABRIHBA. This in
turn neans that the display wll be easily readable under very high |evels
of anmbient illum nation even if 15 the display drive current turned down to

the low levels _that |ead to |l ong service life. The direct-view passive
matrix FE-OLED §ishi%y7C11her t&?o%ﬁm?WWg?“q’f’%oﬁb??%ég‘aﬁoWs t hat

function siml atlis tadmbhe acmpienehy sxbdesbed bedrha L hghtefadrseabéng o 20 Fi g.

10. In Fig. 11, fﬁ‘né@forni éf%o%eggi%ilai n§§361;]ng§, afiy b(éahgﬁggvéﬁ"s lines 1104

may be used in place of _ rive circuitry shown in Fig. 10. The
OLEDs 1006, theYyfadd¥ackary&fsligne asarhoms mataeialseppaieed 1014 and

1038, and the vgeiwin 9@5@95%%%&&1 hesbeaia 2pePFPOCED LrBeEeeN 1022
function simlar|ly as descrjbed, wth refe{en%%tgo F"gca 10. The interaction

of the display 210G FAYHE SRERG HhBRENRLSS P LHSEYES N nilar. The
enbodi ment s descop befd thboxet iaree makkivs trrizeil vdrivéOcéxani evoantbit shoul d not

be construed tha}, ts. Qhﬁg&gg amggé’?ﬁ&.s%m LSsdApited to these particul ar

enbodi nents. Various changes and Ications may be effected by one
skilled in the art i eRewit Rip&bei hiphlvorf firdensi abgoxmtioscobe of the

i nvention ago dehiprsht Nighe HPRABIEIEpIayCl@hitturd4is FIMréODP mal AIMS 1. A
di spl ay device, conprising: first, feedback | ayer adapte o reflect |ight;
one or nore fi rgl?a'élté‘(?f:rglgee dg“tslphﬁg 4%+ Hgatojxﬁerca%'(ﬁ%dfﬁ rélﬁaae k layer; one
or nore sem cohbatrnefjetay erlsnoor nedmdnient tilduiinstiel .ecThosleirst ri ps, at
| east one of t h@uf’rp%e%'hs MO £ %‘ﬁ@- &Pﬁﬁ%‘}t hf‘ﬂl lb%yggéily readable
under very high levels of ambient iliumination even if
15 the display drive current turned down to the low levels
that lead to long service life.
The direct-view passive matrix FE-OLED display 1100
shown in Fig. 11 comprises components that function
gimilarly to the components described with reference to
20 Fig. 10, In Fig. 11, a matrix of anode bus lines 1102
and cathode bus lines 1104 may be used in place of the
TFT pixel drive circuitry shown in Fig. 10. The OLEDs
1006, the feedback layers 1006 and 1008, the substrates
1014 and 1038, and the various components in the rear
25 projection screen 1022 function similarly as described
with reference to Fig. 10. The interaction of the
display 1100 with incoming ambient light 1032 also is
similar.
The embodiments described above are illustrative
30 examples and it should not be construed that the present
disclogure ig limited to these particular embodiments.
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

35 c¢laims.
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conprising at least a lum nescent material; one or nore second el ectrode
strips fornmed over the |lum nescent material the second electrode strips
bei ng forned such that they overlay one or nore of the first electrode
strips, wherein an area where the first electrode strip and the secongINOV 2006
el ectrode strip overlap conprises a segnent area capabl e of being driven
via the first electrode strips and the second el ectrode strips; a second
feedback | ayer adapted to reflect |ight disposed over the one or nore

second el ectrode strips; and an inmagi ng el enent di sposed proximate to one of
the first feedback | ayer and the second CisAddbhack | ayer, wherein one or both
of the first feedback | ayer and the second feedback | ayer has a refractive
i ndex profill e that vArdispdayaleviceaomprigingart periodically al ong an axis nor nal
or substanti al hYirsideedbdcktlayenaduiptedeo offlect lighgpect i ve feedback | ayer, wherein
one or bot bnobr mive firticiestrodecediafokmddagrer tha fidst fedbsskdayet; dneedhmek | ayer that
have subst ggthicanduytiRelayérs foimed Yver\ies yi ng refractive index profiles have at
least in part cenkkRsteisssipsadt YeaRGone @ BRGnk bEmotd WiXcoRi &tink @Spers2. The devi ce
of claim 1coMpedisd nggg,ghuﬂg&gtgﬁkggp first feedback |ayer and the second

feedback layer cOMOL&E sdlonll SREodR s ?SI'HWdtOQGIat Phﬁ&’ilﬁ lobnt Gla¥etaf{neSt ruct ure.
3. The dev%&% §h1e6k bRE T30 MRt R lﬁ&@Bf 9?@?aCk | ayer
and the Se%f% ir?pﬁ‘%ﬁ %’Eea%{gp the 1§st%f SYEn d"ﬁf fec@d OLI ogr aphi ¢
recordi ng na % ﬁ Wik WT pan eéw?l SR 8f t he
first and P‘E‘é’ aﬂga% \f&a K V@gﬁ? s e
holographlénpéé gsed on a, substr The deV|ce of
claim 2, mherelﬁsﬁﬁé 3@;mmﬁé phesdlssilghtdishos 0@?ﬂﬁ6@ﬁpé§“¥%clude

one- di mensSeRad clegiigsleditiasngidonal , or t hr ee- di nensi onal phot oni ¢ cryst al

st r uct ur es apfmagegimentidisposed eraxdmate 6o omeref thiefistisedfack laatrand themeeorsi n one or
bot h of t hdeeflbacktlayegedback | ayer and the second feedback |ayer conprise at

| east a | ayer ofvhhelngraphoth of dedirst fagibaet leydrahd Wietshecmd feclbaddayer hhsane wave

i nt er f er enaeefprtiveindex FrofilnRatdavieca laakt ia lpait pedodisilie aking afaeis@bmiddoh of t he

f eedback | awtstiallendital ©raishel 0Tl @espadtiead SecBbah 1428 wIRAGH 0 @boltasf tane of two
or nore pemlrm&d%kn@;ef akd th¥ Sedondl Boedisdck BfyeethhiHave 6¥sTREARNHBEICAIG, di f ferent

spectral r % rbﬁ&t:b@ﬂﬂ%x bﬁ)@ﬁ&%ﬁ% htﬁ&asfji'nfﬁaﬁrcsﬁ'ﬁnu%ﬁé@ R/§ryf?sfg refitibected |ight.
25 8 NOV f] e device of clainv, wherein the areas are discrete

areas. 9. V|ce of cl ai nv, mhereln both of the feedback layers have

aﬂgfé?ﬂt ![ ﬂ'%l 'g@aok%rlé)%%h 8‘211 ? t%éfn:é%e %1( %@B glrsé%,?egb%c% l?;le_:hgnff R Isé:c%n&) f claing,

T comp e at east a layer With a P Stonic Crys Structure

3. The device of claiml, wherein one or both of the first feedback layer and the second
feedback layer comprises at least a layer of holographic recording material.

4. The device of claim1, wherein one or both of the first and the second feedback layers
comprises at least a layer of holographic recording material disposed on a substrate.

5. The device of claim2, wherein one or both of the photonic crystal structures include
one-dimensional, two-dimensional, or three-dimensional photonic crystal structures or
combination thereof.

6. The device of claim1, wherein one or both of the first feedback layer and the second
feedback layer comprise at least a layer of holographic recording material with a recorded
plane wave interference pattern.

7. The device of claim], wherein one or both of the feedback layers are patterned into
areas such that each area has one of two or more periods of refractive index alternation
corresponding to different spectral reflection bands representing different colors of
reflected light.
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substantially the same shape and size as those in the other feedback |ayer
and are spatially registered on them 11. The device of clainB, wherein the
corresponding areas in the two feedback | ayers have spectral reerctEN)W
bands that substantially overlap each other. 12. The device of clain®,
wherein the patterned areas of the |um nescent material conprise two or
nore | um nescent materials, each patterned area conprising one of the two
or nore |lum nescent materials, each of the |lum nescent materials emtting a
di fferent cc{ral and of visible light, 13. The device of claim 12,

wherei n t hé& ﬁ?ft RO clapeh shsrein aTeﬁ?ri‘rﬁé‘éSE‘é’Fﬁar??ét erial are discrete
patterned areas. 14. The device of claim 2 wherein the patterned areas of

t he | um ne8cBiftdavigeof tlaim7, edercispshal the erldbaObdQ){ﬁéﬂrh@@@I sghstaatiallyrpepiadicor bot h
of the feedimckvd iagexmofilts. The device of claim 4, wherein the patterned
areas of the |um nescent material are of substantially the sane shape and
si ze as t hed.clrerdesipe nficlaigndp ahteintke c@rsdpending dréR in beedbdtakk laggersodr of the
conbi nat i osut3fanfAlB; BE sd hapd arldezcCB KRS POhE bikgr 2848aEK RYEr andlagAS i N the

f eedback | W&ﬁyre%@ter&t@m%l ce of claim 15, wherein spectral em ssion bands
of the patterned areas in the |umnescent material at |east partially
overlap the;SpRciiRL of W%Q{éﬁ] th@e&ﬁessé réa%w%%a%easé&%&ﬁd areas in
one or botg&j LOg b a?%x?rtrs%b al er claim1l erein both
of the feedb ayers have substan Il c refractlve i ndex
profiles an r.ne eas ch ar havi ng_one of  two or nore

att
beri ods of Eatieder f6 af pIRED, ﬁﬁﬁe& ﬁswtme 24505 8%?‘@3#8?% e PRl et spect ral
ot | ect i onCHAPRAS,bWP G MOEE REUSFSHAMN FYIcHRISLach BAtSE e F@@&B&eﬂepfg@srs bei ng
of subst antY@py oterumingsqent rapigrials, éﬁ%]l %ﬁ‘&%‘“&%@?sﬁ%‘ﬁn@%lst@%ﬂméé@i fsrefar array
of pixels ppectrpldandaf weibledight. material, the corresponding areas in the

f eedback | ayers havi ng spectral reflectl on bands that substantially overlap
each ot her 13.16Bhe dEhise dbdlbipd 2oWherkmithe fattenied meianof thg himisescent enhtdial adee devi ce
occupi es tdxcete paaemed hicght propagati on nodes. 26 8 NOV 100& 19. The device
of claim1, wherein one or both of the first feedback | ayer and the second

f eedback | ayerhecdeniee bs€18ini1Qf WackinMke paidened preas of 6 hinlidéschaneatsiaper i nposed
mul tiple E&Eésﬁ&h@to&ﬁ@édt@heﬁfa%ﬁ]b‘ﬂﬂﬁde%ﬁb@ﬂl of el faddbaék layk®s. The device of claim
1, wherein both the first feedback |ayer and the second f eedback | ayer
transm t n@;gm%vﬁe oPclRGAS, WAKRIARObdHeRed LRSS br BRRANITE ok Sl &Rl hanebands
and the 11 gfifsianfMPrhb Yhind T bl A (R &oRrebdoAing bl dm BRR:S e 488 s,

feedback layers or of the combination of one or more of the corresponding patterned
areas in the feedback layers.

16. The device of claim15, wherein spectral emission bands of the patterned areas in the
luminescent material at least partially overlap the spectral reflectance bands of
corresponding patterned areas in one or both of the feedback layers.

17.  The device of claim], wherein both of the feedback layers have substantially
periodic refractive index profiles and are patterned into areas, each area having one of
two or more periods of refractive index alternations corresponding to different spectral
reflection bands,

the corresponding areas in both the feedback layers being of substantially the
same shape and size and map onto the rectilinear array of pixels in the luminescent
material,

the corresponding areas in the feedback layers having spectral reflection bands
that substantially overlap each other.

18. The device of claim 1, wherein light emitted by the device occupies two or more
light propagation modes.
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21. The device of claim1, further including a transparent cover disposed
between the second electrode strips and the second feedback | ayer. 22. The
device of clainm 8, further conprising a hole transport |ayer disposggNu 006
between the |um nescent material and the second el ectrode strips. . %%e
device of claim22, further conprising a hole injection | ayer disposed
between the hole transport |ayer and the second el ectrode strips. 24. The
device of clainm 8, further conprising an electron transport |ayer disposed
bet ween the | um nescent material and the first electrode strips. 25. The
devi ce of &9-aihsidgvice ot ¢lpiar Ladiepin epay bath @fltb%ﬁlfsbf@eqlb@jclé&aypmdlt&/@m@ﬁ sposed
bet ween t h&edbask layoncampaisepisiractvayrdex prefilestbatitiav e supsiimposeddauliplei ps. 26. A
met hod of paindicspaiisidrequeticeplofiyartidivince, conprising: form ng pixel drive
circuits on a substrate; formng a first feedback |ayer having continuously
varyi ng rebo.aicideeict ofietxim prdierdiebath thefrstsfoliibatialagerant hepicrdld feddbuek
circuits; fagemidngma nbilight at@PRgtiEhvlagthidfahieiOipetthe réficc6n bHES BRTHke lighter ;

pat t er ni ngehligivk hafdrial GARAK Hhtito ANELddNhRr flotist el ectrodes; form ng

i nterconnections fromthe pixel drive circuits to the first el ectrodes;
formng a by offe defict #)f(,rl 1,96 %he? TdcHEd 4 El}t%b@&d ol twddREheEM SSI Ve

| ayer on the. 4 Leatodk& 3&%?&%&%@ LIk NSy € ectrodes; formng a second
conductive Tayer on the'lig % em glng iode ‘structure; patterning the
second con ive |ayer into.second el ectrodes; and formn second

f eedback | a%#heﬁéwe ﬁ‘éalf’]:?ﬁ””g?ﬁ SRRSO Bty otk bR EER o of

cl ai m 26, peseentimptenst and the peegrd elestiqde siPgach conprise two or more thin
filmtransistors. 28. The nethod of claim 26, wherein one or both of the
first and ghelhsalevingof daighdd kurtheagenrrismngs kole wjqctien layer dispgssd batwedn] e t hat
vari es subdteadwis tednsyorpleréredd thel segondlebnsiodastips. s nornal to a pl ane of the
respective feedback | ayer. 29. The nethod of claim 26, wherein one or both
of the fir 24 Hrdetieobdeaiard, fuehebmolprisingye ekcttananspat heératispaphi ¢ recor di ng
materi al . BatwBerd\NOV 1HiN6sce@0natdiud andthb didst @fecbdrd s0rid9, wherein one or both of
the first and the second feedback | ayers conprise hol ographic recording

mat eri al  contBeetide 8f ALRNSG, MANE: doftipBiking b Blebiro@jdcfbmlaycdt Hispbi@ met hod of

cl ai m 26, %We@ﬁ&e%ﬁ%trﬁﬂfrﬁsp@y@ﬁ%&%ﬁtlllc?ﬂx‘é‘feléd%hb'%gs.a layer "of hol ographic
material patterned wth areas that reflect red, green, and blue wavel ength

bands of | bg_ht " A method of fabricating a display device,

comprising:

forming pixel drive circuits on a substrate;

forming a first feedback layer having continuously varying refractive index
profile on the substrate with pixel drive circuits;

forming a first conductive layer on the first feedback layer; patterning the first
conductive layer into first electrodes;

forming interconnections from the pixel drive circuits to the first electrodes;

forming a light emitting diode structure comprising at least one emissive layer on
the first feedback layer and first electrodes;

forming a second conductive layer on the light emitting diode structure;
patterning the second conductive layer into second electrodes; and

forming a second feedback layer over the light emitting diode structure.

27. The method of claim 26, wherein the pixel drive circuits each comprise two or more
thin film transistors.

28. The method of ¢claim 26, wherein one or both of the first and the second feedback
layers has a refractive index profile that varies substantially periodically along an axis
normal to a plane of the respective feedback layer.

29. The method of ¢laim 26, wherein one or both of the first and the second feedback
layers comprise holographic recording material.
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32. The nethod of claim 26, wherein the at | east one em ssive |ayer
conprises an organic light emtting material. 33. The nmethod of claim 26,
wherein the pixel drive circuits are formed on ribs formed on the gNgy 7006
substrate. 34. A nethod of fabricating a display device, conprising:

formng a substrate; formng a first feedback | ayer having a continuously
varying refractive index profile on the substrate; form ng one or nore
first electrode strips on the first feedback |ayer; form ng an OLED devi ce
conprising at |east one |layer of emi ssive material over the first electrode
strips; form ng one or nore second el ectrode strips over the CLED device
over | ayi ng3PnEhe mithed ofglaigy P wbewsinransor botheof dierfirairaad shepfecenddfeadbrek devi ce
wher e t he flayesstcopipags hadegraphtie repording material eendmdingelpdanerveade idenférpncgver | ap form
pi xel areagattapabl e of being driven via the first electrode strips and the
second el ectrode strips; and form ng a second feedback |ayer over the one

or nore sedontheahahédd oftidaist 26, pheredbthe Tibve fordbhdob thyef includésn 13dkr ofher ei n one or
bot h of t h@ofogfaphicaideriah patfeeesdndit Aedhna kefldoted! GeQ BRI blgewabelbp@st a | ayer
of hol ogr aphhds ofeigh di ng naterial. 36. The nethod of claim 34, wherein one
or both of the first and the second feedback |ayers conprise at |east a

| ayer of h { j j Wl I . :
interfer engéit%{e?ft%bﬁ%i 3 hii 6?9? %@?B%?Jf%g%%gﬂ%ﬁ%sﬁgcﬁs?%éﬁ ot 0back

| ayer; a secon e&dback 1 ayer; an |um nescent device conprising at | east

ayer ant 3ﬁe@e§‘;§§ﬁ§9€€c@% Py o€ bRECRE Bl B Brraf p o ol

| ayer and

seni conducf B5-al conprising an |um nescent material; a projection

| ens disposed proximate to a light emtting portion of the second feedback
| ayer, wherPdin one &rmgbeholopbriqating p dsplagdeviesne second feedback |ayers
conpri ses hol ogreippiising:ecording material. 28 8 NOV 1006 38. The device of
cl ai m 37, wher eifermonga sibstoase; Howfing b éirdt ifgedbackhayet hayimpromtnt@sbackng ayer s
conpri ses hdrmgrapdexcpodamdhagubsastey i al patterned with red, green, and bl ue
wavel engt h i nt efdaiigner daidrefinscledtbde Fhips de edhrsidbedbhelt layéks, wherein one or
nmore of t hgodniifg APOTLEDIdehRE E6hpisingd @ 3eadt dHeQR@r oS@Ifiedivamatea N verihs Firgen t hat
can be usedidfodd\rigonei ns or areas of the lumnescent material |ocated

correspondi ng t ¢, 4B fSr HordERERd &1Bertode stfﬁ:pg sterftReOPBOKRY SerRing/ie Second
f eedback | g8 Qfroho ll;bst he first feedback [ayer and the second feedback
layer that wherein areas of the OLED device where the first electrode strip and the second

electrode strip overlap form pixel areas capable of being driven via the first electrode

strips and the second electrode strips; and forming a second feedback layer over the one

or more second electrode strips.

35. The method of claim 34, wherein one or both of the first and the second feedback
layers comprise at least a layer of holographic recording material.

36. The method of claim 34, wherein one or both of the first and the second feedback
layers comprise at least a layer of holographic recording material containing a plane wave
interference pattern.

37. A display device, comprising: a first feedback layer; a second feedback layer; an
luminescent device comprising at least one layer of semiconductor material disposed
between the first feedback layer and the second feedback layer, the at least one layer of
the semiconducting material comprising an luminescent material; a projection lens
disposed proximate to a light emitting portion of the second feedback layer, wherein one
or both of the first and the second feedback layers comprises holographic recording
material.
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have pl ane wave interference patterns corresponding to different wavel engths
of light. 40. The device of claim1l, wherein one or nore of the | um nescent
materials has a broad spectral band em ssion that can be used in the areas
of the lum nescent material |ocated corresponding to areas in the fBiN0t7006

f eedback | ayer or the second feedback | ayer or both the first feedback

| ayer and the second feedback | ayer that have plane wave interference
patterns corresponding to different wavel engths of light. 41. The device of
claim1l1, wherein the structure conprising the el ectrodes, sem conductor and
| i ght eni sSBvEhe deyise of tlaini o, yehgrdimone efdpdraf thafiest awkthe sreond fopdtnchni ¢

crystal fofayet coyptibes hblagsaphicaedivdiog mateyiel patinuhed hithsed; gratnf addback | ayer

42. The dewazvdendth gitafarentt pativimes. ei n t he def ect conprises a phase-slip in a
spatial phase of the photonic crystal of |ess than one wavel ength. 43. The
devi ce of gbaftwdéliceohelami 06, iwtRrdin Gitd orefidrt bethe lurminkdcbsr thayiedls Bfs ol bredit

em ssive Rpdcahl tiind @RRRNERat icid Be @ed &f M6 UoMBiHE or 4téas of IR RS &nPT Cl ai m 41,
wher ei n 1t NenaRial RRatb cGFERlingSib ddMmh s Br hrBs HURSHIRMNBedtdLRYS R , T Wwo-

di mensi onalse A rdelb ﬁiﬁemtl?ﬂl%lﬁrﬁq@d%ﬁkqaﬁ ¥d @k s&lohld fedb &g leer that

conbi nat i ogz, L 0&{EPLve ift@rference patterns corresponding to different wavelengths of light.

40. The device of claim 1, wherein one or more of the luminescent materials has a broad
spectral band emission that can be used in the areas of the luminescent material located
corresponding to 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 light.

41. The device of claim 1, wherein the structure comprising the electrodes,
semiconductor and light emissive layers is formed in a defect in a continuous photonic
crystal formed by the first feedback layer and the second feedback layer.

42. The device of claim 41, wherein the defect comprises a phase-slip in a spatial phase
of the photonic crystal of less than one wavelength.

43, The device of claim 41, wherein the light emitted from the layer of light emissive
material emanates into a defect mode.

44. The device of claim 41, wherein the photon ic crystal structure includes one-

dimensional, two- dimensional, or three-dimensional photonic crystal structures or
combinations thereof.
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