WO 2011/ 014490PCT/ US2010/ 043344 Pl XELATED LED Background 5111 um nation
systens are used in many different applications, including projection

di spl ay swetenmni44vackl i ghts for |iquid crystal displaysPpamaseée/okisue.
Projection systens typically use one or nore white |ight sources, such as
hi gh pressure nercury |lanps. The white |light beamis usually split into
three primary colors, red, green and blue, and is directed to respective

i mage formng spatial |ight nodulators to produce an image for each
10primary col or. The resulting p&ﬁﬁg yT%%ﬁﬂ ﬁnage beans are conbi ned and
projected onto a projection screen TOf VIew ng. More recently, |ight

emtting diodes (LEDs) have been considered as an alternative to white
| i ght sources. LEDs have the potential to provide the brightness and
operational lifetime that woul d corfckgraynth conventional |ight sources.
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each other on a substrat eac ectr nescent e enent ng a p-n
j unti i on Bpadiaily @een ermttlng LEDs, are relatively 1nefﬁ01ent.

Conventional light sources are generally bulky, inefficient in emitting one or
primary colors, difficult to integrate, and tend to result in increased size and power

consumption in optical systems that employ them.

20
Summary
In one aspect, the present disclosure provides a pixelated light emitting diode

(LED), that includes two or more monolithically integrated electroluminescent elements
disposed adjacent each other on a substrate, wherein at least a portion of each

25 electroluminescent element immediately adjacent the substrate includes an inverted
truncated pyramidal shape. Further, each of the electroluminescent elements include a p-
doped semiconductor disposed adjacent the substrate, an n-doped semiconductor disposed
adjacent the p-doped semiconductor and opposite the substrate, and an emissive region
between the n-doped semiconductor and the p-doped semiconductor.

30 In another aspect, the present disclosure provides a pixelated LED that includes
two or more monolithically integrated electroluminescent elements disposed adjacent each

other on a substrate, cach electroluminescent element including a p-n junction having a

-1-



WO 2011/ 014490PCT/ US2010/ 043344 first major light emtting surface and a
smal | er opposing second maj or surface adjacent the substrate. I n
anot her a®peoti/o1s4ve present di scl osure provi des a pi xel atedSbED0sIaL
includes two or nore nonolithically integrated el ectrol um nescent el enents
di sposed adj acent each 5other on a substrate, each el ectrol um nescent
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surface dfdt raaior)gglﬁmlﬁmgéwﬁ@ ndj aoymadigr pRRosingdiceidrnajphueirkigp adipeng the
wherein %ﬁgﬁﬁﬂ$strate bet ween i nmedi ately adj acent second nmjor surfaces

i ncl udes 'a surface that absorbs visible light. In another aspect, the

present di scl daunethpr Speelehe praveitiigtidsare pbydbad pixglatd LEDHRIMdadek ncl udes
providing a slab p-n %unction on a first substrate, the slabaﬁ-n junction
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In another aspect, the present disclosure provides a method for pixelating an LED
20 that includes providing a slab p-n junction on a first substrate, the slab p-n junction
including a major surface opposite the first substrate, and an emissive region parallel to
the major surface. The method further includes selectively depositing a plurality of first
electrodes on the major surface; bonding each of the first electrodes to a second substrate;
and removing the first substrate, thereby exposing a light emitting surface of the slab p-n
25 junction. The method further includes selectively removing material from the light
emitting surface to a depth of the major surface, such that a plurality of pixels remain at
the light emitting surface, thereby forming an array of inverted truncated pyramid shapes;
and depositing a second electrode on the light emitting surface.
The above summary is not intended to describe each disclosed embodiment or

30 every implementation of the present disclosure. The figures and the detailed description

below more particularly exemplify illustrative embodiments.



bel ow nore particularly exenplify illustrative enbodi nents. Brief
Description of the Draw ngs Throughout the specification reference is
made to twe 2appamped dr awi ngs, where |ike reference numecalus2desiipnat e | i ke
el ements, and wherein: 5FIG 1 is a schematic top-view of a light emtting
system FIG 2 is a schematic side-view of a prior art light emtting
system FIG 3 is a schematic side-view of a pixelated LED, FIG 4 is a
schematic side-view of a pi RelehPeserimtion ¢fitle Dsaywings schemati ¢ si de- vi ew of
a pixelated LER 10 F I: ' i i de-wvi e i xel ED;
fG T s e sorundthol! 8 aed oo BRUSRL & rildlFo iRl PURLENIR
process dihkesRtdnee homeflsaibdiphig like Rlokehal el WhEkinfl GS. 9A-91 show a process
schematic for producing a pixelated LED, FIGS. 10A-10B shows efficiency and
crosstal k vs. sidewall angle; 15FIG 11 shows device efficiency vs. drive

current densi tyr~ Fl ) r | Gl en .sidewal |l angle; FIG 13
shovxﬁ/sa t he cal c%ipa éS(C:I;a E‘é{%ﬂ%tslgy@ V?ilgwa flaq%gg%ﬁgg%%&ni4k 14B shows efficiency
and crosstal k M. 234 dles@hlatianidt &iewbG pAarArlbEht shawmg efdtéraj ency, crosstal k,

and FOM vs. sidewall angle, and 20FI G 16A-16G show a process schematic for
produci ng a piBl& deeysqhematic side-vienaf ¢ pigalated I8HE not necessarily to scal e.

L ke nurber s WAES LIRSS ELEl hGuispponent s Hovever, 15 il
figure is not HIGL éndeskhematic pide-vidweotoOpiponedtLED, anot her figure
10 FIG. 6 is a schematic side-view of a pixelated LED;
FIG. 7 is a schematic side-view of a pixelated LED;
FIGS. 8A-8G show a process schematic for producing a pixelated LED;
FIGS. 9A-91 show a process schematic for producing a pixelated LED;
FIGS. 10A-10B shows efficiency and crosstalk vs. sidewall angle;
15 FIG. 11 shows device efficiency vs. drive current density;
FIG. 12 shows power efficiency vs. sidewall angle;
FIG. 13 shows the calculated FOM vs. sidewall angle;
FIGS. 14A-14B shows efficiency and crosstalk vs. sidewall angle;
FIG. 15A-15C shows efficiency, crosstalk, and FOM vs. sidewall angle, and

20 FIG. 16A-16G show a process schematic for producing a pixelated LED.

The figures are not necessarily to scale. Like numbers used in the figures refer to
like components. However, it will be understood that the use of a number to refer to a
component in a given figure is not intended to limit the component in another figure

25 labeled with the same number.

Detailed Description
This application describes a pixelated light emitting device that can be used, for
30 example, in a microemissive display. The pixelated light emitting device has improved
efficiency of light generation, extraction, and conversion over prior art devices, while

simultaneously reducing “optical crosstalk™ between pixels. Optical crosstalk generally
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25| abel ed wth the same nunber. Detailed Description This application
describes a pixelated Iight emtting device that can be used, for
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over prior art devices, while sinultaneously reducing "optical crosstalk"
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reduce opubgaite, and9%ai bt Keledved foadsxiotizertiht taedctive efffcidnog, whikehatieikind ght
emtting device froma nonolithic LED device are al so described. Due to the

hi gho r ef ropgigrhasoss il etgrech phictsal InswmcEath CouDIRES WaY BayeAbsorbingght rays
15emtted. & gle j EaR - a LED

pi xel ca(rjlre gg%tﬁega'[@%da%gg vvllt(:?1 #:f\%ér?%g pI gg%d}lEér)o hcl%y %r%gscﬁglrll{ng/feﬁ@éiﬁ%%r obability
of becommghudizsar o€ che pixdppé tghti qphittingadesice dront e sonbdlithic BEDalevigoweyalso
efficiency of the LED. Light extraction froman LED can be increased by
surface t ‘%rthefing or roughening one or nore of the emtting faces. Such

st s on OB RSB B AL IS |
di st3 osuremitttd gt shaldw aaglcovith sparproavedfate ooomahdf ¥ LiDapix ¢l cee bscawnd hout
USl NG S i e pikel Tt in S Hi el hrofaiity F g Sbsorbed. Trapped
light rays can result in a low power efficiency of the LED. Light extraction from an LED
can be increased by surface texturing or roughening one or more of the emitting faces.
Such “extraction” features are typically 1-5 microns in size, similar to the size of a single
20 pixel for a microemissive display. In one aspect of the disclosure, light extraction is
improved from individual pixels without using such micron scale surface texturing or
roughening.
Tailoring the shape of a LED pixel improves the power efficiency of the LED
pixel, and of the LED array. Shaping an LED die to have with diagonal faces on one or
25 more sides can dramatically improve the light extraction efficiency, especially in a small
die. However, merely having high efficiency is often not sufficient for an addressable
LED array. Optical power from one LED pixel could be coupled into its neighbors, and
light up undesired regions (that is increased crosstalk). We have discovered, surprisingly,
that the inverted truncated pyramid shape can also reduce optical crosstalk. A technique

30 is described to determine sidewall angles and shapes to simultaneously minimize optical

crosstalk and maximize the efficiency of the device.



Tail oring the shape of a LED pixel inproves the power efficiency of the LED
pi xel , and of the LED array. Shaping an LED die to have with diagonal faces
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form ng dexdlaes im&gcbrhinghitviess. tEdchdighegnotingdfegidneflthglight Sourte earcan
illTumnate a different portion or zone of the imge form ng device. Such a
capabi | i tjugnatigsdifigreng pestion op onsihs eage fpuming 4eYieh BYdracsipabiier e t he

out put 1 | gty et ERSichYadibeif: iHabiion SOILL RAcleGRL Bl 1id SeldB begour ce can
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cor i £spordihngmittong rdgiont dfehé liglgsofor bambe aktivicyeadjusted to pidvedelihs ahiosedn | i ght
sources can forn1nonochLonatic (f&r exanplﬁ,.gree or green on bl ack) or
color i nd@%@!nag%rﬁ%ﬁrgé B4 SATPIPGREINE GORT BLNE HA#HCHRRE UG¥ Cfrar y f uncti ons of

light sources ﬂ{%ddiéc'ﬂ@sgg li%ﬁt" el Q&VfogﬁzTé&%Hﬁoﬁﬂaﬁg (Fdp e&ﬁgﬁ&e&eé{ redPVEr

consunption, 20cost an e nunmber o ement or conponents” use n an
opti cal ystladk)bhadlor megepofathebsdidsed dightcdonsmed combint tisopninay.fukoionerfinpl e,

in a displ system .the disclosed |ight. sources can function as. both the
i ght s ol bk sHigFs R Hinﬂ@ggﬂ%lrg eﬁgewgvl@@g I FrAR et S1ae PO HHOPRgMRSFon,

20 cost and the number of element or components used in an optical system that incorporates
the disclosed light sources. For example, in a display system, the disclosed light sources
can function as both the light source and the image forming device, thereby eliminating or
reducing the need for a backlight or a spatial light modulator. As another example,
incorporating the disclosed light sources in a projection system eliminates or reduces the

25 need for image forming devices and relay optics.

Arrays of luminescent elements, such as arrays of pixels in a display system, are
disclosed in which at least some of the luminescent elements include an
electroluminescent element, such an LED, capable of emitting light in response to an
electric signal. Some of the luminescent elements include one or more light converting

30 elements, such as one or potential wells and/or quantum wells, for down converting light

that is emitted by the electroluminescent elements. As used herein, down converting
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20 Light converting element 140 can include any element capable of receiving light at

a first wavelength and converting at least a portion of the received light to light at a second
wavelength different than the first wavelength. For example, light converting element 140
can include a phosphor, a fluorescent dye, a conjugated light emitting organic material
such as a polyfluorene, a potential well, a quantum well, or a quantum dot. Exemplary

25 phosphors that may be used as a light converting element include strontium thiogallates,
doped GaN, copper-activated zinc sulfide, and silver-activated zinc sulfide.

Inorganic potential and quantum wells, such as inorganic semiconductor potential
and quantum wells, typically have increased light conversion efficiencies and are more
reliable by being less susceptible to environmental elements such as moisture.

30 Furthermore, inorganic potential and quantum wells tend to have narrower output

spectrum resulting in, for example, improved color gamut.



25phosphors that nmay be used as a light converting el enment include
strontiumthiogall ates, doped GaN, copper-activated zinc sulfide, and

si | ver - acwpwvatigd4®onc sul fi de. | nor gani ¢ pot ent i alPCan$2quoanisum wel | s,
such as inorgani c sem conductor potential and quantumwells, typically have
increased |light conversion efficiencies and are nore reliable by being | ess
susceptible to environnmental elenents such as noi sture. 30Furthernore,

i nor gani ¢ pot &ht ¥sgH haredn. gatentigiivelbmeanstsemiconduan/ ey erey iboerulisaygut spect rum

resulting_.jn, f I . | .o .

2011/ 01 4960 B BFBlS o R ¥ ESER e TN bne Mssvion ony st Peans
sem condugiidondayter lagdr(d) Mada Maidricbadiftios B CaRaucthan satdundingleydtesidgned to
confine a carrier in one dinension only, where the sem conductor | ayer(s)

has a | ovidrigkavaleass bandpageydht gyrounding dacrso Ueinagn Malleeseraly msansd hi gher

| . . i S, .. t
Spotont | AL Tonr RIS B LRHP Bt B iR AR TS BROR Ly e
i ncrease didugroandigyaif Rtordbmeatisrom-thohellpal quahteowhil Batic0ly Hab atthieknss bf A

guant um wel | %ypically has a thi ckness of about 100 nmor |ess, or about 10
nm or | es®out 100 nm pr les, 05 pPRAHE AB S8 ICH ement 120 is capable of enitting

light in the . t NG SJ I . exanpi i ses,
eIectroIunine?@gﬁﬁﬁgﬁg%%ﬁ?pﬁgégggﬁbg%gggp%ﬁﬁ?ﬁ%%ﬁgé%ﬁg&g??’%aﬁg egliic
field is cqupli¢ sigh#lCFossxaniple,devirmecasds chinabherinexsaitele@nenell 2€ tanodnifiiplets cent

el erent 120 can emt |i in resgonse to an electric current passing

h
t hr Yigh t%@n&eﬁioeé.elqcmgféﬁ%lwég AagPBhe dPVIes: ndseuather kRSt 120 can
L : ' ese ' b

| ncl ude gﬁl&%ﬁmﬁ&f&?&%ﬁm&ﬁﬁ% eal e@@@gm ﬁirQ{poﬁg@ gota'tl%%cltﬂéc?aﬁre%&%ﬁl%gsor I ng

electric energy. |I'n sone cases, ectrol'um nesce ement can

i ncl ude ahmeaphdendtuticor el ectrol um nescent el enent such as a light emtting
di ode (LED) or  a | aser diode. . Light emtting system 100 further

i ncl udes row dRABIME CatcelFReMinseRidCaetUrfl catatiyude s PERICECSTEY f or

oo 18 LSt prok A ODepbank ELUEA i BN TS, 1 1
di sphsed ddomotinzidtdventradosernfl 20 ben inchyldt asomidondgctsydt @l dminesehiedémsere! vy
addr essi ns%cﬁ Qse a {iggFengItin%%?oJei (%r]l:tD) or a laser diode.
Light emitting system 100 further includes row enable electrodes 150 and column
data electrodes 160 for applying electric signals from an external circuit not shown in FIG.
1 to the switching circuits. In some cases, row enable electrodes 150 are disposed along

20 the rows of the light emitting system for selectively addressing the rows of the light
emitting system and column data electrodes 160 are disposed along the columns of the
light emitting system for selectively addressing the columns of the light emitting system.

In some cases, row enable clectrodes 150 and column data eclectrodes 160 are connected to
respective row and column driver circuits not explicitly shown in FIG. 1.

25 An electroluminescent element in light emitting system 100 can be any device
capable of emitting light in response to an electrical signal. For example, an
electroluminescent element can be a light emitting diode (LED) capable of emitting
photons in response to an electrical current as discussed in, for example, U.S. Patent
Publication No. 2006/0124917, entitled “Adapting Short-Wavelength LED’s for

30 Polychromatic, Broadband, or ‘White’ Emission”, incorporated herein by reference in its

entirety.



emtting systemand colum data el ectrodes 160 are di sposed al ong the
colums of the light emtting systemfor selectively addressing the col ums
of the |iwboamilg49ng system In some cases, row enabl ePelrastoiodes4450 and
colum data el ectrodes 160 are connected to respective row and col umm
driver circuits not explicitly shown in FIG 1. 25An el ectrol um nescent
element in light emtting system 100 can be_ any device capable of emtting
light in respoﬂSéED(ﬁl%ﬁﬁmgﬂ@@?ﬁ*cie@taﬂle@@@ﬁ&m emptdighbatzamy|veavelgngth that may be

el ectrol %eo%?%”&na% RO% RN, FRp e;?a‘?n e, thQIlEDe tet[ﬂl h‘i“a%’%\ﬁ LEDglenée?lP%,bl € O‘Z)r

emtting p ons 1T n'response €l ectrica nt as di scussed in,

exanpl e, shbl@e vBazb&ﬁgthPUIbdﬂ I@i&xhﬁﬁﬁeﬂg@l Bl%ﬁie%é’e%?th@ Lmbaﬂtbeﬁddshoﬁdaptl ng
Short-Wavel ength LED s for 30Pol ychromatic, Broadband, or 'Wiite

Eni ssi on"Vaviekagthdella cappbieefamittsig ¥ ¥mbpions.eln genorad, tb%¥EDe'ctrl~91/or\ﬂ¢bght
20115 0144 %Ql? (I:erl é%%g{ @f&iél}ﬁay[ the %omr@rgeﬁtgp dl? s%ﬁzl 1 Hﬁ%rﬁ?ss gl?crﬁt s%l a?i'fé]t can

em t Ilght wave sira e in-an ap For

exanpl e, sbhﬁcdnﬁﬁbtsﬁrorermrgaﬂw gdﬂmc@iduatowlﬂmt&hgmmdp I\aelvmsmtbh@chwa\&loengt h,
or an IR wavel ength. In sonme cases, the LED can be a short-wavel engNh LED

capabl e d%¢:dHiY cpmpownds sheh aiaAs) A AgeRaps InPt AP, CeB, B9/ 6+Sta Gabhed
Sconverti fgy ?ﬁl@%@%ﬂ(&ﬁ%@ﬂl@% go&%%%ee% A’lha N W rials, such

as organi'c sem conductors or rgani c sem con uttors, inc ing Goup IV

el enent s @upouads soch ag Z&%s, AdSE; NeSbQNLgSanZJﬁ’TﬁlﬂmeeaBeTe]MgTeAIZAS C&BMAS, | NP,
AP, GaP, InSh, Al Sh, GaSb, GaN AN, InN and alloys of I|1]-V conpounds such
as M Gal M¥edand alleysof - Vi PQWPO%@M@HHES of iy of hessonppoupgdidistedsghgye. vy Se,

ZnTe, CdTe, Bgl&ym P/QI%e %g%guq%ﬁ,mﬁ R e%OAYQI%f@%qYﬁé M)Cy?r IP{Q’(B)U -Vl conpounds,

or alloys of any o above me cases, the
LED can isanlicedeuaoelapers rmree)rmdrwﬁnandyew thlat mypmchﬁimo@endumtr@potbﬁmr s, one
or nore active layers that may include an nore potential and/or quantum
vel |'s, bunfler qp%gnémgvel@umffqré%Y@ra aykstrate 1%Xf‘65 sfla%évpmt%ﬁ%lw%wer s. In sone

cases, the LEI?ggQ&/&g%seE e %ﬁﬁ égﬁrbr t%%éﬂ%aﬂ%@d@%kﬁ%@aﬂ&g}’ h?\ﬁgg alloy. In

15corrpounds Zn e as the three constituents

sone5 casesmponedsafnSen CéSafanﬂ:MgS*dy,s tanthréénconetstpets af thy aNby. asonivaoageszer o
concentration in tgﬁ all oy and therefare, y be absent fromthe QI | oy. For
exanpl e, P'RETCCE € d; Me1 tdelm censs ey A, Vﬁ&ﬁfr?t‘i?ﬁf:%é‘lafm’&&b [AE0Hf

em tting g tﬁéi‘@fo?ee% OJe a%s&f?@mfl%@‘aHe LE%%&JMH&&E EaPARlA-Qf emtting

in the green. ano exanpl e or the
Cd0‘70Zn0_3ose quanturn well capable of emitting in the red, or a Cdg 33Znq 7S¢

quantum well capable of emitting in the green. As another example, the LED and/or the

20 LCE can include an alloy of Cd, Zn, Se, and optionally Mg, in which case, the alloy
system can be represented by Cd(Mg)ZnSe. As another example, the LED and/or the LCE
can include an alloy of Cd, Mg, Se, and optionally Zn. In some cases, a quantum well
LCE has a thickness in a range from about 1 nm to about 100 nm, or from about 2 nm to
about 35 nm.

25 In some cases, a semiconductor LED or LCE may be n-doped or p-doped where
the doping can be accomplished by any suitable method and by inclusion of any suitable
dopant. In some cases, the LED and the LCE are from the same semiconductor group. In
some cases, the LED and the LCE are from two different semiconductor groups. For
example, in some cases, the LED is a III-V semiconductor device and the LCE is a II-VI

30 semiconductor device. In some cases, the LEDs include AlGalnN semiconductor alloys

and the LCEs include Cd(Mg)ZnSe semiconductor alloys.



20LCE can include an alloy of Cd, Zn, Se, and optionally My, in which case,
the alloy system can be represented by Cd(Mj)ZnSe. As anot her exanple, the
LED and/ owotzhe/ta@80can i nclude an alloy of Cd, M), Se, anu/usptioomssidy Zn.
In sone cases, a quantumwell LCE has a thickness in a range from about 1
nmto about 100 nm or fromabout 2 nmto about 35 nm 25In sone cases, a
sem conductor LED or LCE may be n-doped or p-doped where the doping can be
acconpl i s hed byn &R cgnibe éhfﬂ)esqdanrmdtttaﬁwdw 2[CAEFPONGIAS Glcctplimingsees| e

dopant . lerﬁ&rr% %ﬁz gl?l’[atbﬁ] hl%ﬁtégg) S é(éﬁar e ufcfl 915“? tth%;??]gEheil %1 conduct or

group. In SOnE From erent’

sem condueél@mggpx@sspﬁe h&Qlor @%ﬁﬁ&h‘@maﬂldhs&ﬁﬁiﬂckprﬁétﬁsds thenipkd? dfsuidabld hotV
sem conductor device and the LCE is a Il-VI 30semnm conductor device. |In sone

cas es, t Heelf mhesivacinglude agrasrystellsnenadytefises: Bermpnlasis pahepsicre andEgyligic| ude
g@) Zn§ Sem conductor alloys. WO 2011/ 014490PCT/ US2010/ 043344 An LCE can
spose on or attached to a correspondi ng el ectrol um nescent el enent by

any sui t abl e natsbed cadtsundsChyabe acithsd e SteRp@Rlig éledtrdmhﬁleaﬁhem ve,
wel di ng, pressure, heat or any conbinations of such nethods. anpl es of

sui t abl e SRIRCBY R veiprdkanding PEwIquse For rraRR/ethg PPISEMBE ISyt qfﬁée
ther mopl agid. 61 RoLYEELE] en%'élﬂ? ﬁ{‘eﬁxﬂaﬁn&{ SRS of | rﬁ%ﬁ;{?a C@é&%ted%tﬂr%E can be

attached to a correspondi ng el ectrolum nescent e y a wafer ndi ng

t echni quehinAeyer@X aitiph 6y othBEeinuparicmatridsnfing donéxahtple, alpdahraddssisicd @8 cent
el enent and the | owernost surface of the LCE can be coated with a th| n
| ay&} of C@W?I&lgn@rc\ﬂprpé?cqsm%ﬁnﬁhé caeeputaces ead hegrtioprllenlangiizsd aad pl asma
assi st ed be
opt i onal |b3’58 ana %gécf%glﬁgﬁ%n% eg{ gfs;el%%ge a\bl%%lt fzr)llg!ete?lg[ﬁ&rgﬁ ﬂﬁﬁwa ?g%r gss (;Igl? e,
wat er, orboadmgaan boliepohedrbe abmbgeinigst |chhconk@i diertg)atadrsutfmas nmfmh@eﬁlogm

at | east one of the coated surfaces with_hydrogen ataons or by

58{”? %E : %rfnh@r Ry patiyadng &F AErtace uin e e RCTRY A 2. \Mﬁér baiesting Aigtheds Pﬂ@dz are
escri eddfk g Slfgf(ém,p% , Hé?g{]’gﬁmﬁs %@% 1@3%5: %gﬁsgnﬂgﬁn%ﬁgptéggi an@nd | _n

chapters ctor \/\a Bon ng and U
Cosél e (Jl(ﬁ)hif Wﬁmpn&;&mnw,afdm}mt{mgkbymggf) .Tong and Ul Gosder@obadédy & quant um
or potent wel | CE n have one or nore |ight absorbing | ayers proximte
the wel | Oélség%"i’gtorlf orbing light enmitted froma correspondi ng

el ectrol um nesgephe eh&UBMuanhih SPPBCAET G211 1IdEAIRQE BLOG: MB¥Elshar

absorbing layers proximate the well to assist in absorbing light emitted from a
corresponding electroluminescent element. In some cases, the absorbing layers are
20 composed of materials in which photogenerated carriers can efficiently diffuse to the
potential well. In some cases, the light absorbing layers can include a semiconductor,
such as an inorganic semiconductor. In some cases, a quantum or potential well LCE can
include buffer layers, substrate layers, and superstrate layers.
An electroluminescent element or an LCE can be manufactured by any suitable
25 method. For example, a semiconductor electroluminescent element and/or LCE can be
manufactured using molecular beam epitaxy (MBE), chemical vapor deposition (CVD),
liquid phase epitaxy (LPE) or vapor phase epitaxy (VPE).
Light emitting system 100 enables direct creation of images at very small sizes
where the brightness of each luminescent element or pixel can be independently
30 controlled. Alternatively, the light emitting system can be used for “zone illumination” of
image forming devices, thereby allowing for reduced power consumption by darkening or

reducing the brightness of emitting system pixel(s) that correspond to a dark area of an

9.



20conposed of materials in which photogenerated carriers can efficiently
diffuse to the potential well. In sonme cases, the |ight absorbing |ayers
can i ncl e 2a11gamdeonduct or, such as an i norgani c sem c@eQuS@w0/0433a4 sonme
cases, a quantumor potential well LCE can include buffer |ayers, substrate
| ayers, and superstrate |ayers. An el ectrolum nescent el enent or an LCE can
be manufactured by any suitable 25 nethod. For exanple, a sem conductor

el ect r ol uiimatsdeage. el enability 46 arayide adrghlyreoptohabhe fightingrsedreg Hravgdassl ecul ar
beam epi t . ] r.d [ fian.( <« gul d phase epitaxy
(LPE) or 1v ggg\b%h@aggéﬁggﬁeg‘%g é([‘@%% as wBiPas ﬁltn?%h%&'\e/%tsﬁer?gmseyotlré}% 100 enabl es
direct crsgakmonuch at pRgRSoAby @Ry tifattilizsthg eightidigitiengt ystebr | ght ness of each
| um nescent el enent or pixel can_be independently 30 contralled.

Al t ernati vel y,FIh@ iy ¢ sghemafis sidprvipvs 952 percahlight conditige ppytem 2gf) ghat

i1l um nat.j ony..of. i I 7] ' . o fan 48duced power
consurpt  BAUSy AT NRERE AELES St Sh e B S A 2 e e

pi xel (s) difpakecor & espmod stisstatedHk Fakt@ar ddfscriytionl dfitieli ght iciigiag sydiemabol ity
to provide a highly controllable |ighting source provides a | arge advant age

i n conserapfppethgtisogynakmatie lighternpftimgmystemg? 00seown s FHE. 4 g8 bsdpndaforsy st ens,
such as ject i ) Ik b 20 kb stem FIG 2
728 ccnandh B! LORANEIERTT ApBRLadth DRk MM ELthidH ARKAY BT et

5i ncl udesLEMINESGENAT ELENENES: eAt lcadt @pertios, ofatfaes299ust thesanrimbn el enent s

210-212, djsposed on a common substrate 205. Further description of the
i ghl  enmisubstige $95is snpergd batviechstdirfsho funiagscery olgmeents Hir2 nikachng syst em

200 sho i : j [ PCT . |ication
20 2000/ 185’ it clenfitinOde A Wlect Bl RERTI el (A WSl R LuiPRR | 800
of a surfatengB ctrktrd henicsoem BlchitsitbBdreabmpR) inligcexmadanen el fvaehudeach of
the lum nescent el enents 210-212. Each. |l um nescent el enent includes an

. .| ]
el ect r ol (i SHESOBRRINgICeREhtMeN 428 28dp W HFIHBE sit¢WiLr ! PBATERRYI ng t he
el ectrol ym r l&,: 1 F : j ncl udes
an el ect %%ﬁ%%g%sggﬂtlt é: eér%r%? @’2\%&?% Sg\llts?\l}\#l (:C Eﬁ?\%gé}l{ lrngiﬁl:atg% géiz%%;é driving
el eti r ol urdnsis®ece NEleetrdnmintes @A0¢lemlart 220t ihaude 4 filst ¢igetadde@dilfa paypel ncl ude one
or nore 15transistors. Electrolun nescent el enent 22Q_includes a first

el ect r odeCPEPNIUCIHL lyee deth eRHIACICHHCIMAYEIPT 58/C layer gt gialyPS eni conduct or
active | asggﬁcoglg&em@igy%i@%p&(fﬁmpqgg%Lg%é(%{di éé@%‘%e 356, and an optional second

el ectrode 258. rst electro esigned to provide ohmc
contact with diict slpcteadt 2llectesiget te pravadetohinic ooghctpritlypel dpagadrel@Eital
Optional active |ayer 254 is pically a sem conductar 20l ayer, typically a
mul ti pl e-YEHFSAL EFRURE PrEyP&ipsF: 2%(5%0&1? qt%?arysf:g%isrﬁmw%@ OITEPUIFS

20 layer, typically a multiple-quantum-well layer, for radiative recombination of electron-

hole pairs injected from p-type layer 252 and n-type layer 256.

In some cases, such as when n-type layer 256 is sufficiently conductive to
adequately spread an electrical current flowing through the n-type layer, second electrode
258 may be formed, for example, at a periphery of the electroluminescent element or the

25 light emitting system.

In the exemplary light emitting system 200, n-type layer 256 extends across
luminescent elements 210-212, meaning that n-type layer 256 forms a continuous layer
across luminescent elements 210-212. In general, a semiconductor layer in a luminescent
element may or may not extend across other luminescent elements. For example, in some

30 cases, each luminescent element can have a discrete n-type layer 256.

Luminescent element 210 further includes a light converting element for

converting light emitted by electroluminescent element 220. In general, at least one

-10-



hole pairs injected fromp-type layer 252 and n-type | ayer 256. In
sone cases, such as when n-type layer 256 is sufficiently conductive to
adequat elwoprigagsoan el ectrical current flow ng throughPCiiaSeeppss44 ayer,
second el ectrode 258 may be fornmed, for exanple, at a periphery of the

el ectrol um nescent el enent or the 25light emtting system In the
exenplary light emtting system 200, n-type |ayer 256 extends across

| umi nescéhml@ﬁ‘@(ﬁéﬂhe@62ﬁmig¥2€mﬁ%$ﬁgim ingludgpye lighfyeepverag ﬂ@m%t auch
conti nuo% a %¥%t1af’\%51?81$ a q#a{ﬂtlﬂﬁ%&e?ln% r%l \grei%{l 111 > Sgéhoaszdjo n JOIﬁVgl%rﬂgrl ht
seni condu@f'dr ? it 8 not nd across

ot her | Ur’ﬂnﬁ&é@BﬁtheQ'ﬂ&ﬁﬁﬁirﬁmedE@ﬂite@@tﬂéﬁ@hrﬁthelhﬁ’mﬁl@ﬁ@nﬁ&éﬁsm In 8&@b chdei nescent
el enent can have a discrete n-type | ayer 256. Lum nescent el enment 210

further igael lyagesgent eéfrme%mwb@httenmgmé|S@ﬁ@1ﬁt20f)¢mcl@<%ﬂwé@r sRpveTtEstelanstt ed by
| |
AT e ot G R S ST

200 i ncl ucgelsc@dertgfgtelﬁﬁmeLCE)lm(Bdhemlﬂ onSLwﬁolaﬁn@esﬁﬁfteMneat 2%®l 1 or a

quantumwel |, for convertlnqr such as down converting, light emtted by the
el ect r ol UHNHEsEah elemcimpldtinglideselight spmesinmelcrptmdndispopedsehi cases, each

| um nesc eenéctr%hﬁﬁ'iﬁ%tcefg%lér%%ﬂ bof rgnhtlﬁrﬂgle?%/egt]?g?ngxq O%lflﬁél’d&’e%sa lfﬁh; B%k%rtlng

converting elenen exenpl ary emtting syste
| um nesceadmaitededisp@sdd onndl disteshanihégbiit damsre222.ng el ement (LCE) 240
disFosed on el ectrolum nescent el enent_ 220, |um nescent elenent 211

i nclUdes a I|dﬁt50’@6ﬁ?/§$§{ Pﬁlgleé@eélﬁéﬁm%h%lodlww@&‘oofdwwﬂﬁ b&lttr28%mt Aescent
el ement %ﬁ’%ﬁw%‘f]e “ﬁﬁ&%@stc e%%ﬁ%lﬁ 2414 d g&@%ﬁ% J[Uhg%%hfﬁélbg eLtd ng
um nesc

el enent dISpO On an- el ectro n sone cases,

| um nescegtorRl waRMngfLD, hitd kaRahbént@feniat put {sldaﬁaﬂlé 8Nbutp@fAg BEntDIDIAr st
wavel engt h X1, | umi nescent el ement 211 is capabl e of outputting |ight 291A

at a seccﬂﬂndam@bbnthGXBJaumdamanwmeécmgh}ehﬁmﬁmkmﬁﬂmnﬂsaoépa@bbn@h
outputting . light 292A at third wavel ength X3. In some cases, wavel ength
X2 i s di FPdb diferent M Add wavel ength X3 is different from XL and X2. 15In

”;slc ases, elgehflya r@?&r%?\hmﬁ%?c’ég{z@ierﬁéﬁ 208§ i ?aggﬂ%%f Q&H‘Eﬁ% gg*md dpght 290

el ect rolum nescen I'S capa emtt ight 291 at

x2 and Jal, erttroludiihdiest eincdt BMERtcapible biergiablight 001 emzt tahdg |ight 292 at
X3'". In sonme cases, wavelength X2' is different fromX ' and wavel ength X3
i s diff ercdeptrofundiescent eheraent222 iy crapslaim@f @@st@sg lng@tv?QQeth@z hlxgomg enseli, f f er ent

from wavel engt h elen th,X IS d from wavel h X2, and
wavel engttA¥k gyt et ‘?IP&MRQMVS 38 diferen o Ao 2 g7y
converti %Qm%'cﬁé“@% % V‘?sf difrefdht frﬁeﬁlé%v%leﬂg{hb} stfle gﬂ%}’ 152&%% t

wavel ength Xi' 90A at wave nverti ng el enent 241

conY@rts fadm b@aslbn@h P9 ratnkiﬁzvav@fengtih@ht is A feraiit fran @Ja@ﬂ@ﬁéih X' i euchicgdes, 291A at
wavel ength X2, and light converting el enent 242 converts at |east a portion
of |ight lzdpcenverimngellengtt R4gonyests at ghst aamptioreef ight é%mtgwwek@x@l A to I'n

the 11 gt AR Eaal By LB Fol i U RE GRBRoH S50 H S06h rtagedt ©
wavel engtlfgﬁflt el Qtr\gav)éilength A" to light 291A at wavelength A, and light converting element
242 converts at least a portion of light 292 at wavelength A3 to light 292A at wavelength
25 As.
In some cases, the light outputted by luminescent element 210 may simply be the
light emitted by electroluminescent element 220. In such cases, wavelengths A, and A4’
are substantially the same. In such cases, LCE 240 is eliminated from luminescent
element 210 and may, for example, be replaced with an equally thick transparent element,

30 for example, to assist in planarizing the light emitting system.
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are substantially the sanme. In such cases, LCE 240 is elimnated from

| um nescent el enent 210 and may, for exanple, be replaced with an equally
t hi ck trameparieny49el enent, 30for exanple, to assist in pCanseoivionss4d he
light emtting system WO 2011/ 014490PCT/ US2010/ 043344 I n general,
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sonme cases, the light converting el enent. can include a potential well. In
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profile wel |l are
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wavel engtPnbﬂlmddFIBCTJPuent Apsiicetion WEDL0ASY1 09296 osntitibd tAtmusm@H rum In
sonme cases, X and X3f are substantially the same wavel ength,
wav &} engtII’pMIIN%CENH’sE Sy the sanme as Xi', wavelength X2 is di fferent

[ OmI2T. S0 e ERaL R 5 1 HLE AN (UMt Ko SHEple, wgyglenoth
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X2f, and X3f are in the sane first region of the spectrum such as the blue

regi on ofSOtIﬁ@aSQSeWﬂYthgﬂwd\AeIM’nqt%sXmavbelsanéaIé@ﬂbﬁw seegi der etambe spect rum
different fr rst r.egion t he green re he spectrum
Snd. ol BHGTHERS 73's kv e by SYRBATER TR stap Sov PRk BT Fietbs Fligm 1 he
firs and,.56¢onbod §@hO8Scrafich as the red region of the spectrum 25In sone
cases, light converting el enent 240 nay convert |ight at wavelength Xi' to
l'ight at wavellesgtb cibsjivi’, At sid TOatceubstagially g saate wanmebdngtigtavalchgtho a
third wavel ength. In some cases, different |um nescent elenents in |ight

em tting ‘oystWniantigothe sy api rrayavsiangth o is grferent ﬁm &'t amgrvaveleasthdsf f er ent
i bl @ t F h t el t

outpur 1 1S AT RO PRESGIIPT oGPUERIRY R (' ongy GBRHaRpRERD;, © ™

exanpl e, 4 @109 @zv&n%la%uﬂomaﬁﬁtg'r@&l)péndtmecaﬁ%@ﬁ%dt 60 @b (ret putted by the

20 In some cases, A1, A1', Ay', and A3 are in the same first region of the spectrum, such
as the blue region of the spectrum; wavelength A, is in a second region of the spectrum
different from the first region, such as the green region of the spectrum; and wavelength A3
is in a third region of the spectrum different from the first and second regions, such as the
red region of the spectrum.

25 In some cases, light converting element 240 may convert light at wavelength A’ to
light at wavelength A, by first converting light at wavelength ;" to a third wavelength.

In some cases, different luminescent elements in light emitting system 200 of FIG.
2 may output light at more than three different regions in the visible spectrum. For
example, the luminescent elements may output light at five different regions in the visible

30 spectrum, for example, to improve color properties of the overall light outputted by the

light emitting system. For example, some luminescent elements may output blue light;
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light emtting system For exanple, some |um nescent elenents nmay out put
blue light; WD 2011/014490PCT/ US2010/ 043344 sone | um nescent el enments may
out put cywso 20iight490f or exanpl e, at about 500 nm sone | eeTAS3TeNt33ed enent s
may out put green light; sonme |um nescent el enents may output yell ow or
orange light; and some | um nescent elenments may output red light. In sonme
cases, a cyan output |light can be achieved by using a potential well
5capabl e semeremagpeent elgments mayiqyiput cpgn bght cloprbramme, at n@m@ PP om; eeme wo

e somerl y  lghtclomra | oo
For *oxamicaferb BEhEnd o) Gl PRI St Rk TERE e Ry BBl o of

re-emttiygowl@oréxanighe an@borad Riiin&EEntBments may bitp&Oi¥e lighses, a nagenta
out put light can be achieved by conbining the output of two potential wells
where the firdJf SpaeEntcsad cxagloutnus lighfpan be aghicyes bynysing thpotentd wellanpl e, at

10abput 4 d the s : ial. well | f..re-emtting, for
oxarpl e, P UpBER b TR NNRSE EELbBhhE he bR E AR B oR G e ey

i ncl udes the fitsy pbtetkdl vaditio caphbl dfat-canttihaclor Bgarhplg vt abs 60 men ard thayers,
such as | ayer 240, disposed below the |ight extractor. In general, |ight
can be exefacknrodeniipl wel isgspnlic efiraemitang. forarampl picorbt0 M8y exanpl e,
15light can b | ekl I ment
can, for exanngé&%g%%ggaﬁ%%?@%ﬁgﬁ#ﬁg%kg@h@?ﬁ%ﬁ?%$8%§@§|a 1ﬁ%8 Pﬁ%fing

t he extr asogodtdntighielld-vdit tieafirsepaenthewel iy aphbld ofye-paittieg, fongkaaiple, at
texturing, for exanple roughening, the top and/or |ower surfaces of one or
mor & | ay ébut 460 Hg av%meﬁé%lémot@%émﬁﬂ is capable ot KeMigEITSxaMplhit can be
extracteqmggtg r{§,ng a photonic crystal on the exterior surface of a |ight
converting 20el ement and/or an el ectrol um nescent el enent and/or ot her

| ayers in the luminaesceddmalt@ient FIGEefiphariyiclptiet oligit cetrysdred 79 far e
described in, for exanple, U S. Patent Nos. 6,987,288 and 7,161, 188. In
some caseXtragtingight fiempencarlavess sichap levsi A frlisnoserbbslew theighisitactaluch as
i ght ext .70, <ol : or, be any
el enent aIEr}%%%%é\l’ﬁ @tecag%tegﬁ%%eg @g%n b é&%% ﬁlé?(t{i% g{}%nl hg?[%égsot? Zgarg@fg’ti on of
i ghi thdightoar it &hatfed bwicaeaplohtiexivheitchie tnoapstbaogrderadne vem tfoidixantpds, f or

exampl e, total internal reflection, Exenplary |ight extractors ar

descri bed@f2a hewisp %%P@%l%gwslmayyaaﬁg&t@g e pred fight e trﬁanﬂggﬁlhecat i on
No. US20 I . i ] —em it i uct or
Constr uc%;élﬁgtgﬁ@&?%%k%glt%@ i \fceggmg‘ﬁl &%\%ﬂlegl %g%ﬁﬁépslﬁggp Pat ent

Appl i cat isarfadds.of' VA2 60BOGAAGEs irt tht hedintfcandemzed AEDothdriex@pplechght can

Extractor”; . . . . .
be extracted by forming a photonic crystal on the exterior surface of a light converting

20 element and/or an electroluminescent element and/or other layers in the luminescent
element. Exemplary photonic crystals are described in, for example, U.S. Patent Nos.
6,987,288 and 7,161,188. In some cases, light can be extracted by forming an optical
element, such as light extractor 270, on the output surface. Light extractor 270 can be any
element and can have any shape capable of extracting at least a portion of light that would

25 otherwise not exit the luminescent element due to, for example, total internal reflection.
Exemplary light extractors are described in, for example, commonly-owned U.S.
Published Patent Application No. US2007/0284565, titled “LED Device with Re-emitting
Semiconductor Construction and Optical Element”; commonly-owned PCT Published
Patent Application No. WO2008064068, titled “Planarized LED with Optical Extractor”;

30 and commonly-owned U.S. Published Patent Application No. US 2007/0284603, titled
“LED Device with Re-emitting Semiconductor Construction and Converging Optical

Element”, the entirety of which are incorporated herein by reference.
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30and commonl y-owned U. S. Published Patent Application No. US 2007/0284603,
titled "LED Device with Re-emtting Sem conductor Construction and

Conver gi yoQptivaaadooEl enent™, the entirety of which are ipazarspawatisds herein
by reference. WD 2011/ 014490PCT/ US2010/ 043344 In sone cases, a

| um nescent el enent can have a dedicated |ight extractor. In sonme cases, a
| ight extractor may extend beyond a | um nescent elenent. For exanple, in

some cases, a Imsglﬁl@ CéS@ﬁ,r?a lsponcsaeny clomaaherndiave agledigatcd lighiordrarion Hesoment

el ement s r h 0 r nd, in
sone CaS(i‘CSaLélf’lg.SF;1 a ?to ]91 élep?t)éﬁ(ﬁ B%;OI‘ e ﬁac 46\3%6%?%8&%ht 0& %Iﬂﬁﬁg 1%rl%)el‘%l aI S
for the extdsagtight dxﬁ@&t@ﬂﬁay efatreg@amr@ssrwo&frln@drs iR Bscaft éla:rgéhts ndex gl asses

(for exanple, Schott ?Iass type LASF35, available from Schott North
Anerica, |nc. I nEepgrlphght Waﬁﬁa%?olé%ﬂ%bf tHaRA IR B SAHE Cats s ds (for

exang)l © r%ﬁggggrh?%ll I%frggt )ﬂlcg& E%Je %gﬁ%%laﬁeq{ggsm%ﬁrgﬁ{e e@ﬂgctgf ncgl(a% @q'é% (? ent

Exenpl ary "us I are descri y assi g

Appl i cat |rﬁmerlﬁhd@l,1chla‘s/h3g8111n56:8glemg, (fbﬁdxa'hi;ﬁ@ Jckbi gtatsmyp@mmsecthlaﬁﬂb gh | ndex
d ass" incorporated herein by reference. E phire, zinc oxide, dianond, and

silicon d&B al@thNeﬂbémqr@ai £ Flrngfélrcw%ém dradapaps AASFIPhad t hese
mat eri al Se?e!nﬁs?sg&v ?e %}Jh‘ﬁ%l indl %58%%6 &8&9&'%&%{ fc¥n € P&i n?er' 0 Wem

K). In sone cas tractor |nc rghn ex pol'y s or
nano- par tE)&h@)l?fWhlhﬁdl gl@ésymresinsom;edm tdiﬂmp@llymglsedclars P&entf ApplRuaeD| €,
15thernDpIast|c and/ or. thernosetting, |In sone. cases thernDpIastlc pol ymer s

canl§ ncl J¥ d@gyléahglﬁ’aﬂté?(b“% EéVé¢tP’E:C6mB?§eﬁ QidhishyrasxClass, ngowporatsdes,
t her noset (o) nes,
o er o BUSHPPERUIRCS, SRRLE L SR, SRV S FROS K punlilfges, o
titania, 1Eeﬁmc@xmﬂﬂnM@ﬁdhznmeﬂﬁﬂéﬁmdfmbe@HmVeu&emﬁtdwh@mﬁh@amlbe

manuf act ured by.conyentional techniques, such as 20nmachini ng or nol di ng, or

by usi ng 99PEeSHitER0-abr 28 W/Emt ek HRisaTIE Satss <light sudRater /0TSy hé%lk‘infé%d u.s.
P P 40A1
oot 1 cal | AREES o Rardoparecle B BT RABARET yHER it pEmeR! ARHRS r Sk act uri ng

200863 0094Ba*aﬁialasémamd/b1et¢lef'rﬂrseniags IFsymdveas e, aadrmo plagricApdlymgbats cEmﬁcludlag

Array"; U.S. Pat nt Appl jcation No. 11/288, 07]11 entitled "Arrays O
Opt i cal Fhoga‘ggﬁa %Ql}p cfgg copolymers. In some cases, thermosetting polymers can

be, for example, acrylics, epoxy, silicones, or others known in the art. Exemplary ceramic
nano-particles include zirconia, titania, zinc oxide, and zinc sulfide.
Light extractor 270 can be manufactured by conventional techniques, such as
20 machining or molding, or by using precision abrasive techniques disclosed in commonly
assigned U.S. Patent Publication No. 2006/0094340A1, entitled “Process For
Manufacturing Optical And Semiconductor Elements”; U.S. Patent Publication No.
2006/0094322A1, entitled “Process For Manufacturing A Light Emitting Array”; and U.S.
Patent Application No. 11/288,071, entitled “Arrays Of Optical Elements And Method Of
25 Manufacturing Same” the entirety of which are incorporated herein by reference. Other
exemplary manufacturing techniques are described in commonly assigned U.S. Patent
Application No.11/381,512, entitled “Methods Of Making LED Extractor Arrays”
incorporated herein by reference.
In some cases, the luminescent elements in light emitting system 200 of FIG. 2 are
30 configured as an active matrix array. In such cases, each luminescent element in the light

emitting system includes a dedicated switching circuit for driving the electroluminescent
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25Manuf acturing Sane" the entirety of which are incorporated herein by
reference. O her exenplary manufacturing techniques are described in
comonl y wengradiol. S. Pat ent Application No. 11/ 381, 512 pcentseaload3idkt hods
O Making LED Extractor Arrays" incorporated herein by reference.

In sone cases, the |um nescent elements in light emtting system 200 of

FIG 2 are 30conf|gured as an active matrix array. In such cases, each
| um nescemaIt sy the ﬁumﬁ@sqengﬂ@mélm tFtOF ﬁ@ﬁ@@lg,t laminosednt demeat Addneladesd

2011/ 01 4480eeboistT 67 DALY B2 Gt PR AR Bnrip KiPon . o

exanpl e, | um naseebicagh etnemmlaa&emtrmém@iﬁ§1n31vgh& ehiitfifg Cyst@nIR00 221 that may
i ncl ude one or nore transistors not shown in FIG 2. In sone cases, the

| umi nescernfigrefant @asswelm@ﬁﬁ @AYt 1 G §9565.19 [noncssent glsArcnbigrtbellight a
h
passive g%ﬁ&islg;lsr{éeg]ﬁtﬁl%as agiegfd gﬁgﬁaﬁn% (rc:‘?cdl%l %@8&%‘%9&5 %Sg'%% él@céo*a%s H}g t

Semttin I'ng Circui

p-type el®ahsses fame readdahed-ty e dflestadeows camtkctddeo Iﬁorfnry&ﬂu@hﬁct rodes are
connected to form col ums. Substrate 205 can include any materia
that may be suiubaltte 205 cahinglygr penietsaial that may herpwitblesings ppali@tions Fagy

I ncl ude or . by le %tr?tfe 2§8g1a%ncl 3t ‘t&f?% fE g8 dZPAH GaN ﬂflcs%% 11%@%‘ In

sone cases, doﬁe nsul’ sem -
10i nsul ataind@nswheﬁ @m&&sé@pumamosbﬂamaum bsdopéky 1r$swlattiaagj & mﬁhod

and/ or by inclusion of any suitable dopant. In some cases, |ight

em t9i ng 1@@}%@% Wbered%%éom%g My Op G%G@Wrsatt@lg Gythqd@pd@k Ryrpncdusiqmar i ous

el enents ( g@r kgﬂ;%ﬁ{ng system 200 may be forned on substrate 205 and

t hen separat the substrat e by, for exanple, etching or ablation.

I5FIG 3 is a Is@hmmes 15dhd emittiegvsptena 200 dedsatoe thcldo a300sttdaa205. nedrudes an

array of example, various elements of light emitting system 200 may be formed on substrate 205

and then separated from the substrate by, for example, etching or ablation.

15 FIG. 3 is a schematic side-view of a pixelated LED 300 that includes an array of
luminescent elements, such as luminescent elements 310-312, disposed on a common
substrate 305. At least a portion of a surface 399 of the common substrate 305 is exposed
between each of the luminescent elements 310-312. The portion of a surface 399 of the
common substrate 305 that is exposed can include a coating or a surface treatment such as,

20 for example, a light absorbing coating or a surface texture that can reduce reflections.
Each of the luminescent elements 310-312 includes a pixel height (Py ) defined by the
separation between the surface 399 of substrate 305 and a second electrode 358. Each of
the luminescent elements 310-312 further includes a pixel width (Pw) which is coincident
with the light emission region of the luminescent element. In one particular embodiment,

25 the pixel height (Py) ranges from about 0.5pum to about 10pm, from about 1.0um to about
Sum, or from about 1.0um to about 3um. In one particular embodiment, the pixel width
(Pw) ranges from about 0.5um to about 10um, from about 1pum to about Spm, or from
about 1pm to about 3um. The light emission region of the luminescent element (that is,
the pixel) can have any desired shape; however, a square or rectangular shape is preferred.

30 In the description that follows, the materials used for each of the substrate 305,
luminescent elements (310, 311, 312), electroluminescent elements (320, 321, 322), and

optional LCEs (340, 341, 342) can be the same as described for the substrate 205,
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| um nescent el enents, such as |um nescent elenents 310-312, disposed on a
common substrate 305. At least a portion of a surface 399 of the common
substr at ewBQB11/4Rposed bet ween each of the | um nescentrcCeltusp®n0g33340- 312.
The portion of a surface 399 of the commobn substrate 305 that is exposed
can include a coating or a surface treatnent such as, 20for exanple, a

| i ght absorbi ng coating a surface texture that can reduce reflections.

Each of tlweme@%nhel@@@ms (%l(bﬁéht?sl23ﬁ(bacgmblmlﬁ@ﬂ09@é‘éer@pq§i 6220, 12di gBd). peH)
second et adl BEE 2 PP VRS R (RS ERE il Rh DB eEAhBFRdRer

i ncl udes thatphxglapwofiedth(CRByromiassctit tamndit blgrRtpravehthdisdiésukd Ghiiff@ehtssi on
region of the lumnescent element. |In one particular enbodi nent, 25the

pi xel heifin thepuor pgigaise dessmbas sUF G 25mW@\@r&1§dmteu@iaH§edr%bm§b@ut 1. 0um
to out o] |

o nb?% mert c{%U{EtE ﬁgﬁ bé {h%rgal%g %&ﬁidgt‘g\%%r% ag d@&? %((1) %H%hér? tgggelzptﬁfre og‘{l;jlgu{ng f(gum

fr om abouhe lagmstvatlﬁlbdwtelé‘awaslurmhe§ceﬁxmlabﬁui of theptcReliiitlosdtenranle | i ght

em ssion region of the |um nescent elenment (that is, the pixel) can have
any desi rdéffg Crgpisem thoiptaliae poatlelaaapéﬂerlayeé%math@mlerrarfs%%@ qescrpedfier r ed.

30l n theﬁgsgriptlon that follows, the materials used for each of the
substrate 305, |um nescent elenents (310, 311, 312), el ectrolum nescent

el enents (320,Ea3Rbf thidd@dhinedtwht ol all 0L3HS 3 (B40fabdddicd SAR)tatcmslyerdrhe sanme
as described for the substrate 205, |um nescent el erents (210, 211, 212),

el efd r ol iinArAlithisclostralwsiingsce upternas wili e ea%&eéeeevvbg&o Aspggsulpgoy |
respect i Vehyor @S ILARSGAESCHLRCY10.81T] 2 fove hisirhfor Bl ABPEAGT ated that
t he shape of each ectrol um nescent énent “of the preseén sclosure is
differ entluﬁﬂmdnhelepfenmlmﬂl lcbedesadoedeﬁmbrdmgi iEJachhﬁnnaspeﬂitce\bﬁm&m the
materials used within each 5device can ane. Addi.tional

|y
descri bednepgw«zctrOl%n?Sép%ql%%é§913|2% ﬁP‘iH@ St\fftclilﬂ% CF%WE\@@t wiorH) rﬁort he
el ectrol LHHM%%@ Qbvied &R0 Ble c%e@&hﬂfoﬁ%?@ﬁe A iRBIRSHESit PR REMFIET 8T ent
fromthe r ive positioning o ayers 1n the prior art device
desty i bedlierfolbdng2iesdration ofn bhepplictiime sike ptanatreveedch o8Ik otBdrl, 312, is

fabri cat ed si mul tggeousl y from 10a nmonolithic el ectrolum nescent materi al,
as wi || BEMHESES BEACBI4R{lItEr®Y- As a result, each of the |uninescent

el enents 310, Iﬁf"nzl-lges%%gt @é}ﬂ%tg lé;l 14 (%5 ef%}:{rb'lﬁ{rEaégﬁerﬁ QreRfhY Sidjﬁgvﬂ?é:ﬁﬁrt

el emrent 310 w e descri , revity. um nescent enent
i ncl udes eé@ttretieaﬁlr dispodcd egrentt tled sibendtte 3@D- B&2 fantklectiovde B6 hissgpaiatedui t ( not

shown) for drivin devi c mlar _to description of the vvitching
ci reuit pfr P agafent %r%efestm(%s%ﬁebx BRYTBARE éég %&S&rﬁ?%ﬁ PR ed in a
|1 key manngfhdaher 3&Praed 36916 Qb Qe Fd}%dh%%@ﬂ%t a PGSR0t BicidPnt IGLRRY -

Lum nescent el enent 310 1 ncludes el ectrol um nescent el enent 320 having a
first el dgatst eldetrﬁﬁeBSdlcspumdlweau@pamm (rive siswbptfoaddelr@0ihg liramhsdent st
el ectrode 351 i s .separated from an adjac ect r.ode by a

5
ur f ace. SHGH L HOR i 308G TBHBChdr rrpe Sheviere GicTalR frst

electrode 351 includes a metal having a high reflectivity for visible light, such as silver or

a silver alloy. A p-doped semiconductor 352 is disposed in ohmic contact adjacent the
25 first electrode 351. An n-doped semiconductor 356 is disposed adjacent the p-doped
semiconductor 352, and opposite the substrate 305. An emissive region 354 is disposed
between the p-doped semiconductor 352 and the n-doped semiconductor 356. The
emissive region 354, where holes and electrons combine to generate light, can include an
optional semiconductor active area such as the optional semiconductor active arca 254
30 described with reference to FIG. 2.
First electrode 351 is designed to provide ohmic contact with and spread electrical

current through p-type layer 352. Emissive region 354 is typically a semiconductor layer,
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20enbodi nent, surface 399 of substrate 305 can absorb a portion of incident
visible light. First electrode 351 can include connections (not shown) for
addr essi nyol2anyme®eent el emrent 310 in an active or passiPCE/USAINONI3IAS
descri bed el sewhere. Generally, first electrode 351 includes a netal having
a high reflectivity for visible light, such as silver or a silver alloy. A
p- doped seni conductor 352 is disposed in ohm c contact adjacent the 25first
el ect r odeyBsally amulipdegesnteanydblagercfos raddge e Y§C%ﬂt§p@i§3é‘d3f§]tlﬂcgéé'rh91@tms

p- doped s clor substrate 305. An em ssive
regi on 3§ﬁgh%8ggﬂl%gﬁﬁﬁgg?ﬁgg%n?ﬁﬂgég%gs:g%senlconductor 352 and the

n- doped sem coridushiNived@Bion 3@ ceilbs pbilGoncdPatilleBlorkhe Wir€ice 309 o€ sutatdte

el ectrons conbine to generate |light, can include an optional sem conduct or

active arX3 afaepmipsive ﬁ%l%b@l@ﬁdﬁn% ERMcBa rEace P92 Ailthaugly tha coBwIveoeEse | bed
W t he ref i ctrpd provi de
ohn?% con d%%gﬁ%?ﬁg Jﬂgqan d&mﬁ P?gﬁ cdﬁ?ﬁ1§§§%rSHQ%E&%?gggaﬁayer 352.
Emi ssi ve eheighivdregioh 35¢ pﬁ‘MbﬂaBB’l ik positises dexaeltectho firdt @jetrodd/¥3 1 than to the

2011/ 014490PCT/ US2010/ 043344 typically. a multiple-quantumwell |ayer, for
radi at i vesceRdgiestiode Poh Bositionitg thesnHi v foaion s St flosei tedhe Fishelpctiqdss il ay er
352 and a oned
par al 1 e EtaRg et aficioncy of IR, AERBRIntRelcER! Bt ol I R O
(EH) fr orenmibodirsentf the em3SBre réibh hught (E]ﬁﬁ@gmﬁomabbﬁgn 00mndteeit@iat 5G0atm,
theoretlcally ragge fromEH = 0 to EH = it has been discovered that the

em & ve frapprbertdsd npy eradpyid 3P nn, %é@%@%éﬁ%é@@@ﬁ 22H8% i rst el ectrode
351 than to t*lﬁls&%%% ectrOg§&@@ﬁg@nergﬁﬁ%mﬂlﬂﬂm& ﬁ?dﬁa;%% of €gi on 354

closer to the rst e y i ncrease ficiency of the
el ectr ol utcqesdespread enrelpttriddQurient fioveinpairvughutham-gpbgeiyeedond thetredd ssi ve

regi on helght (E ran%es from about /100 nmto about 500 nm 10fron1about

150 nm t o SRBBRI DOISEM e oL XamplmAbh BEHPEREOTRS Flsclaplytiineseant glgment orthe | sone
cases, %ﬁn sﬂ: ype layer 356 is sufficiently conductive to
adequatel spre n el'ectrical current flow ng through the n-type |ayer,

second el ect r dden3s&npiayy hieclhed il 30@n-tyraytelScdxtadpeciophlenynstedthe

electrolunlnesc t.element or the |ight enl systen1 5In an exenpl ary
pi xel at el Ryt %gﬁ l%t%@mgé{?é ¥ ahOrone Eefl ¥RC layich edeEmt 2 el enent s

310-312, ﬁ%di‘lg 14 ?Ecr@&s hf@dscdht BRAch R 1813 12N ey Q% cf41a Léi%%nd%@ﬁ) flegfefm a

continuous | ayer dcross | um nescent elenments 310 I n genera
sem condustdumineyent ¢lomant roag ovesgendt eat@dtamtossrmjnenlmnnmﬁcmteleam&n dfoacr oss
ot her | um nescent el enments. For exa in s ses, each | um pescent

el enent CXAMRLEYH M @erse EREUR{I5acHn, "E%me@ts%n ma SRl hPCdieane 310
fursger includggnassc ﬂtélf?ﬂé’dt shb @mheff%weg hﬂggﬁétﬁmgﬁt c%ﬂeeraﬁg el%ﬁf%i{@izfo‘ ng

light emtted by electr m nescent el enent I n"general, | east one
| um nesceét calvertegtlighnemitied batedabtrb B BO@entredd e 2@ Ini @mbrad:,olm \lﬂasttaneg
: ls © ggc\;] éﬁﬁ\lc}gs% %%éﬁ:ﬂl}gﬁt\,\ft]gDO{ OOaincCl{Jlge%taulggh\‘,c\%lollwertﬁI?gr elgr?lgﬁlcesrutc ag a such
potential well or a quantum well, for converting, such as down converting, light emitted
by the electroluminescent element in the luminescent element. In some cases, cach
25 luminescent element in pixelated LED 300 includes a light converting element.
In one particular embodiment of the pixelated LED 300, luminescent element 310
includes a light converting element 340 disposed on electroluminescent element 320,
luminescent element 311 includes a light converting element 341 disposed on an
electroluminescent element 321, and luminescent element 312 includes a light converting
30 element 342 disposed on an electroluminescent element 322.

In some cases, luminescent element 310 is capable of outputting light 390A at a

first wavelength A, luminescent element 311 is capable of outputting light 391A at a
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by the el ectrol um nescent elenent in the |um nescent elenent. In sone

cases, each 25l um nescent elenent in pixelated LED 300 includes a |ight
convert i nyoebemamtoo In one particul ar enbodi nent eCTiuseopioxsat ed LED
300, lum nescent elenment 310 includes a |light converting el ement 340

di sposed on el ectrol um nescent el enent 320, |um nescent elenent 311
includes a light converting el enent 341 di sposed on an el ectrol um nescent

el enent 3Rdondawavclangihes 8 hnén@sn@melmeztﬁ isw@e@lfamf oujputtiog HgkirO2Agat

30el enent di spos an electrol cen nt 322 sone
cases. | HASERER tﬁgﬁeﬂw%&f‘ocqsgs s enaRas NinER T i egiodenely
first maw@I g§cent elenent 311 is capable of outputting |ight
391A at a V&?%%%?%EY dOP ’US2010/ 043344 second wavel engt h X2, and

| um nescent ellagemt c3&R, dlsctobpainbecof clautp B ineuphblglof cB@HAe tht689l0hllt rd

wavel ength X3. In sonme cases, wavelength X2 is different from X1 and
wavel ength’s XBeirelugiingsesns slentenb e ixis capibloof emifingdght 835 éfs%z ,and

el ectrol um nes cent el .enent m.t ng ht 390 at 5X ',

ol eotr ol AmEREERtscEh TEAn 350 SrERRRRFGiBhe BRCIRAN | BhotR & 50 and
el ectrol %\Jéf‘e%gﬁmz Rl ekt ﬁ?t?rﬁk' Sanﬁ%%gﬂeﬁgtﬁfkgeﬁ‘dﬁ?éraﬁ f}dngm aﬁg%'atln X3' I'n
sone cases, wavelength X2' is different fromxl' and wavel ength X3 is

differ entsoﬁrem%lwa@amlg)ﬁzh id diffspnefromses/clongthel ewgtdienéih Ai' & dfftfeat ent from
wavel engt h X1, wavel ength X2' is different from wavel eng\éh X2, and

wavel engt FpranP@n&rhfﬁmnén’fa\”ﬂeaaﬁhv&av@ |def£%§ﬁmf fian wapclsngth 2ealesich £asesi ght

converti Ierret rts ort | i ght

vvavie/ eng'[1 %hiconve Hﬁe?ﬁleﬁg% C%?Vevvgve ﬁﬁ)& fll ? 83Q:?l)tn\%aevre enﬁ% ﬁl g €hent 341
converts l?gthth@(%fat @«a&@éxﬂg&lpﬂl,%hﬂ do@b&mﬁgéle@ﬁen’t’\@ﬂﬁé&%ﬁbat)@astEﬁoﬁtioﬁfbtf 391A at
wavel ength X2, and |ight converting el ement 342 converts at least a portion

of 1ight 1@23%& atwearelompdi 1’ Kight 391 A ghtvaGa&iktiak,, way Ebknghicri8g clbhient some
cases, the light outputted by | um nescent el enent 310 mag sinply be the

li ght em%@é@nbfgﬁsat éf‘@ﬁtraomm%e%k’s@m39%|abﬂvﬁler@1®%s (nlighi208 84 ClapgtBI engt hs
Xi and Xi, are substantially the sanme. In such cases, LCE 340 is elimnated
from | unm'fescent el enment 310 and nmay, for exanpl e, be replaced with an

equad |y thick ThisamsRadesthe ﬁ%l@tf&ﬂ?ﬁutteﬁ%& @R cat clbMeAS0Thay dimplydbtaht zi ng
the light enitting system 20ln general, |ight converting el enént 340 can

be any eIlglnenlmltwd;iaztﬂl®tmiurmom¢emttalmgetm320 ekbssuch cpesstworelagthsizglhnd fir'om a
first wavel e t secon el en ferent fr mthe first

wnvel engete SiteBn B3EEE M YRY SeBnderE Prb ol Enared SR LEiGET:

phot ol um d\gs&RRY 0 GhENRY! fof BRARIE H%freﬁgwded}lttﬂ Elgecidaﬂk)tthlpl}{ traRPRfRt LiefeAnd

phot ol um nescence. In some cases, a photol um nescent el ement can include
one or nopecEOIEatd a$51®ndplanarqu@tﬁlarhghmml$tlng2ﬁ'ﬁh¢nsone cases, the |ight

conyerting el rrent C ncl ud ot ent j al 1. |n ner the otenti al
el 10 can' have T eon eRtPaN RGP BTt U Tt B Tt SO ar y
ponduct I o 1ReNEpdHieh bl BshtiRIm & fIRRWRREIALhWEh ke@h 8 w%%slféﬁgth%@lffermrfr&mm)l e,
in Published P Pat ent ~ Appl i cati on WD 2008/ 109296, entitled ARRAY OF
L UM NESCHENTt ErEMERTS. In some cases, light converting element 340 can be a photoluminescent
element capable of converting light by absorption and photoluminescence. In some cases,
a photoluminescent element can include one or more potential and/or quantum wells.
25 In some cases, the light converting element can include a potential well. In
general, the potential well can have any conduction and/or valence band profile. Some
exemplary conduction band profiles for a potential well are described, for example, in
Published PCT Patent Application WO 2008/109296, entitled ARRAY OF
LUMINESCENT ELEMENTS.

30 Referring back to FIG. 3, in some cases, wavelengths A,', A,’, and A3" may be in the

same region of the spectrum, such as the blue, violet, or UV region of the spectrum. In
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30Referring back to FIG 3, in sone cases, wavelengths X1', X2', and X3'
may be in the sane region of the spectrum such as the blue, violet, or W
regi on ofwohletigpesprum In WO 2011/ 014490PCT/ US2010/ 043B¢4/Us0me/0¢333€S,
wavel engths X1', X2', and X3 may be substantially the same. For exanpl e,
wavel engths X1', X2', and X3f may be substantially the same wavel ength in
the blue, violet, or W regl on of the spectrum In one particul ar

embodi meromewases| wnmlmtbslkl , KXZand rehthaxde snpsjanbielly disssemst iFar bxemile sanme

' om S”?évahamefepﬁ%e A B A Zaﬁéegochc? o
In some tccﬁf[ﬁ? gl no ﬁ’ﬁﬁ %ﬁ%ﬁ@b%ﬁ%ﬁ'ﬁ?&ﬂ%dlﬂﬂehyWtat)@le\g%?ﬁ?kV\@\, Qt’

wavel eng 5 su sta tia e sane as wavel en f?erent
from X2' manit swbw@heaitthe Xdn¢ sradilérigeh,enta résubinof X probes fmmmhgthewavel engt hs
Xi, Xi', X2', and X3f can al e .about 460 nm (bl ue), X2 can e about 540
nm (égreerﬁlxel%tﬁ@wﬁ@ freya a:%}?ﬁ itiga glepigplumapppcen: maﬁpr%ﬁ% dgsegibed elggwhegg-

2, and X3! ASohP chle SATE Lid L LA Ay HEIRESH Iy uehoggaphe bl e

regi on of the spectruny’ second reqi e spectrum

di f f erent), fig gmstahﬁaﬁy ths sath@gé RN, wmmgaﬁxztlbalfw‘r@fﬂ Fron€B)’} %d@flavbféﬁ ghpgct rum
and wavel ength X3 is in athird region of the spectrum di fferent fromthe

first ands deteoend fioeyi - onEor @qamplfasvawtﬂengtbﬁlkr,égt b, étmﬂ%tz‘rremsaﬂiémtabum%%l n some
ht t | t h | th Xi' t

FToht " at HAVAFSNb fHmkE a@gutfe i BR8r 1dg 1 ﬁ@Lgﬁ% BEHh X' toa

th |

ot 0 at e LED0gms Fspd AT RS Sye iy F e MBRESSET i L STTRER, o

regi ons ia thdSluy kplidH 6f tBPGsIctrumi wﬁ%le@ﬂ@?@isﬂn atsb@ddueglaﬁsﬁﬂiatsp@dtﬁment s may
output light at five different regions in the visible spectrum for

20exanpl dlifferont mpm dhefisbragronpsushens thegeof reghva ks glebtrim gdnd watepamgthekk by

out put bl bt IGHEC R b e Rr ST RN ERBNDE TRy BOT LR R, HRGRE T o

exanpl e, Rf {RRAEF ROGRFMSOTe | um nescent el ements may output green |ight;
sone | um nescent el enents may output yellow or orange light; and sone

| unihescent ellesemt saseaylightitputertingdelémeght340 2Blyrcoswerelightse svavaengthn, 'dot put

| i ght can. be achieved by using a potential well ca able of re-emtting cyan

li ght, orlighfatouasingty t Welistepiyertng ehbatpvsiangtd A W@M irgpevelengl. i r st
potential wellp,i s§m8 apap! cﬁﬁ&fen{ ﬁm‘?ﬁ(}sl&édtg%me‘h%fmﬁsl&%é&@ﬁtso%%%ﬁc;“?ﬂ}ag)m and

t he second potenti re-em exa about
540 nm Idutge rhightczame tlenmge differonttrpgibnd inghd visidie dpectanhl Eveskamplsandi ni ng
the out plﬁm?rfescent elements may output light at five different regions in the visible spectrum, for
20 example, to improve color properties of the overall light outputted by the light emitting
system. For example, some luminescent elements may output blue light; some
luminescent elements may output cyan light, for example, at about 500 nm; some
luminescent elements may output green light; some luminescent elements may output
yellow or orange light; and some luminescent elements may output red light.
25 In some cases, a cyan output light can be achieved by using a potential well
capable of re-emitting cyan light, or by combining the output of two potential wells where
the first potential well is capable of re-emitting, for example, at about 460 nm and the
second potential well is capable of re-emitting, for example, at about 540 nm.

In some cases, a magenta output light can be achieved by combining the output of

30 two potential wells where the first potential well is capable of re-emitting, for example, at
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30two potential wells where the first potential well is capable of
re-emtting, for exanple, at about 460 nm and the second potential well is
capabl e ovoretiermi49vi ng, for exanple, at about 630 nm  PCT/USkamiomssgs€ent
element 310 in FIG 3 can optionally include a light extractor (not shown)
for extracting light fromone or nore |layers, simlar to the |ight
extractors 270 5described in FIG 2. Cenerally, however, such |ight

ext r act orabour ¥ 0 apdthgispendinetaatipoueihisrrapalde of feecrpitténge Far cipmelcodiur e.

Exenpl ary, Ui ghf, gxtractors have been described el sewhere, with reference to
FIG 2. I'nsone cases, the |lum nescent elenents in pixelated LED 300 of

FIG 3 are comfurgidégdntasgcracht 3¢0 i EIGTB dalnopéibhialy. inél0dS ¥ GiphtCas@stor @aeh

| um nescent elenment in the light 10emtting systemincludes a dedicated
swi t chi nghewat{ar extregting dight Hgmione op moee lagpignsimdacterhe bglpapactopstOn t he

| um pesce : . ] nts in

pi xel at edﬂ E%@egg}gpgcr}'ez'c%%elr glg'r’ gg&g\ée?’gﬁlggg@c%&%g@%nagg g?ﬂrggﬁtﬁ%nqﬁs uch cases,

no | um nestgidimeltesRtht prddcithiiscldsgit Behipldrn ¢ightysditatiohasva bdadd s aitied
swtching circuit. In sonme cases, the p-type electrodes are connected to
15f or m r ShSEVAREE: PHE raferapse taflée2r odes are” connected to form col ums.

Substrate 305 i - ri t .- b i

appl i cation. Flgr%%l;e(ggr%g’g@e gﬁ%lg%g@eél%%&%f 1%932%[‘3{1]%]&%(‘)3; e fﬁrgdg of S , Ce,
GaAs, GaNonfigited aapphiétive, mdbtiCanny MAsoteh cddes,saokelwdsesentslddsdnt at the 3ight may be
n- doped, p-doped, insulating, or sem-jnsulating,. where the doping may be
achi®ved Fyittispystamingpdesredadisatedmaishingeitepié for<iriyingibe Fleshglugtingsagit e
dopant. | s 1R D 300 does not include a substrate 305.
For exarrpleen,? varlﬁlgtﬁgl%elﬁl%%%!teg{ggm%ﬁml ated LED 300 rmay be forned on
substrat e 305 lardmt lseses step Amaihedeiitrademémeinguibd dtedTETHYN0 drocofkangl & a

etching or ablation. In_one particular enbodi nent, the electrolum nescent
el ement 32OSTHaRARETR 1 SwehaBers; RatureiBescariislraeny 17 theieht SRERE st ar to

an inver tigd atdregi'agt%& g@itﬂﬁﬁ?@r&it. a3 sSHQ'Msds the ng}ge;] ?lgé?}%dé@ﬁ aleofhdateddo 't has

been di scovered that an efectrolum nescent e aving sidewal I s 360
t hat5 ar e fetmpeds atd tha napd de@ralan arefcbandctodabfomedelomns.ne anmount of
crosstal k that%&an 0 i mprove.the efficiency

of Ceach i ndi viHGAFSa0S car g Ay %é'pe%ﬁﬁ@eﬁ%aﬁ’ﬁ%é@? P an@pRligiganaPt angl e
0 canr arbgigmiafe?gﬁbstrate 305 may include or be made of Si, Ge, GaAs, GaN, InP, sapphire, SiC
and ZnSe. In some cases, substrate 305 may be n-doped, p-doped, insulating, or semi-
insulating, where the doping may be achieved by any suitable method and/or by inclusion
20 of any suitable dopant.

In some cases, pixelated LED 300 does not include a substrate 305. For example,
various elements of pixelated LED 300 may be formed on substrate 305 and then
separated from the substrate by, for example, etching or ablation.

In one particular embodiment, the electroluminescent element 320 has sidewalls

25 360 that collectively form a shape similar to an inverted truncated pyramid, as shown in
cross-section in FIG. 3. It has been discovered that an electroluminescent element 320
having sidewalls 360 that are sloped at an angle 6 can effectively reduce the amount of
crosstalk that can occur between devices, as well as improve the efficiency of each
individual device. In one particular embodiment, the sidewall angle 6 can range from

30 about 15 degrees to about 85 degrees, from about 30 degrees to about 80 degrees, or from

about 45 degrees to about 75 degrees.
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30about 15 degrees to about 85 degrees, from about 30 degrees to about 80
degrees, or from about 45 degrees to about 75 degrees. WO

2011/ 014490RCT/WEA010/ 043344 Al t hough each si dewalPCT350010/043344

el ectrol um nescent el enent 320 is shown to have a continuous snooth surface
formng the angle O with the substrate, it is to be understood that the
sidewal | 360 may instead have undul ations that deviate froma conti nuous

snoot h sur f aceAlthowal @aﬁmx@ﬁwlh Hiofelastipbimingssenf|clerpgnt RQ isphewade hwfa
shaping t e [ n ot her
enbodi rrenctragtlélf%ggéllo ge?nf%ﬁlgén grrge%n ¢ e%& t&%é cﬁ?\lt%hg\llsgm:ol%ma fog d360 t hat
are curvehat tb¢ siewedll Bl@()/ma§ iRt Sevdingit@iiohNthat d88atec &SnUes@itinheth ghegher e.
FIG 4 is a schematic side-view of a pixelated LED 400 that includes an
array of SuffasheErespindildipmncan beyepsubof themroest Brshalingdst s 410- 412,

di spgsed tLhat f 05-.499 shomn in
Flao coe?%é@lugggp%&gnﬁ]e?@gﬁ%gg}b‘gsrceg%éileg%gﬁ?l% 1 BsEyRER IR X 3, which
have bee mldﬁ%ﬁfmlbé‘&ﬂ:elﬁlf@éth@ﬂ Sb@ cafdveaikiplle 360 Hat desariedl drasvephasubst rat e
405 in FIG 4 corresponds to the description of substrate 305 in FIG 3,
and so orptepryigg digconfipyigiey. 48 descohed PagwheEdil ar enbodi nent of the shaped

el ectrol um ne n 4 I

15el ectrol um flfgeigicgnie41 g{ﬁgﬁn%tﬁ(f‘ gﬁﬁz‘%gwﬁ&ﬁla gy%%‘?ﬁ/%& f%@ %Iesr %IB%;%’ %fal

shape. FllG@nirks@ns eleichtdsduchte indincsepintadimaind 4 Wherx dishesed onsa @ns@mar at i on

di stance "d" bet ween adj acent Ium nescent elenents 410-412. A first

por 1§ on 4ghstete 82 cEachioh HordereHt 4@1-dMeatovpo Flﬁef‘&alégspgp@wq-s 460 t hat

col l ecti \4{9[:;}1: r mﬁ?‘?

adj acent the gegisur %égﬁ) @W?F\r@t g%éﬁﬂ%%z%egggi e%ago in
the fir Stexpmptel, o d@@cétiﬁnonmsfsmmamgﬂ% i FW@t&c&f@pMsﬁ@d& d@@&lptlbnsﬁcond
portion 495 of the el ectrolum nescent el enment 420 .includes sidewall 460

that for rEbHRtG N BilFad eind so0ndddFet ﬂaﬁaﬁfés PR PHECW o gakadimey ofthes ypst r at e
405. Eac td 1 rated from each

ot her by@g%ds{gcﬁﬂggmuﬁ%%ﬁﬂ%%@éeﬁ@?r?ég’g%ngerééglés,i ‘ﬁ@@@@gnd portion 495 of
adj &tent eIEmiohnmnedcamem@ﬁmmmdlzémrmmcksaamsteetedztramrbldaUMeI &j6r 4 akod t he
separatiaop di stance " Al.t hough j nc).udi ng a second portl on 495 of

the el ectiHBH{HFSAES m%?“é fe th i yenartioa gedance r s BERaIcR™ adjagank

adj acent || i RESEEREe @HB% 410-412, in sone cases the pixelat ed LED 400
may be nore ea@e%] #I]Edrsl cate t han the pi xel ated LED 300 shown in FIG 3,

as will be deskt ﬁlrsb@drteins@édhﬁ rekctroluminescent element 420 includes sidewalls 460 that

collectively form an approximate inverted trapezoidal shape immediately adjacent the

20 surface 499 of substrate 405. Each of the sidewalls 460 in the first portion 494 forms an
angle 0 with the surface 499. A second portion 495 of the electroluminescent element 420
includes sidewall 460 that forms an approximately 90 degree angle to the surface 499 of
substrate 405. Each of the luminescent elements 410-412 can be separated from each
other by a distance “d”, however, in some cases, the second portion 495 of adjacent

25 electroluminescent elements can be a continuous layer, and the separation distance “d” is
zero. Although including a second portion 495 of the electroluminescent element 420 may
increase “crosstalk” between adjacent luminescent elements 410-412, in some cases the
pixelated LED 400 may be more casily fabricated than the pixelated LED 300 shown in
FIG. 3, as will be described elsewhere.

30 FIG. 5 is a schematic side-view of a pixelated LED 500 that includes an array of
luminescent elements, such as luminescent elements 510-512, disposed on a common

substrate 505. Each of the elements 505-599 shown in FIG. 5 correspond to like-
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30FIG 5 is a schematic side-view of a pixelated LED 500 that includes an
array of |lum nescent elenents, such as |um nescent el enents 510-512,

di sposed w0 2a1100mv0on substrate 505. Each of the el enent #CHAB269943ho0Wn i n
FIG 5 correspond to |ike- WO 2011/ 014490PCT/ US2010/ 043344 nunber ed

el ements 405-499 shown in FIG 4, which have been described previously. For
exanpl e, the description of substrate 505 in FIG 5 corresponds to the
descri pt itsmnbsredsthgyaentad @S-4¥bshownanElGa4. valngh savedeen dpscribsd pravipsslyattes one
parti cul ar. odi . of t Lxel 4 I 4 'y ortions of
Phe space BEP Rt Terindon el SuplE BRI Al B e iR B3 i £

mat eri al dubg@tat€a0b MUIFTGNE andedume RIGOS shiatrkteabak parncdveertiddie@eyhe by
i solating the |lum nescent el enents 510-512 from one another. In one

parti cul dixads#pdaERA0 of G dovhare nertivas af thaspaedeteaenfadijaceithe entire region
bet ween i | I i t el en

et vibon STSRORaH b BRahe R HE AER S RHRERS: oo Yur PR erfR AN

par ti cul ampessadficiendy, baisokfing oheluhiing:so@it efeh@hts$349-1arfrdr bhe hdghdregi on

adj acent the second portion 595 of the corresponding el ectrol um nescent

el enents, for lBeagppéiculgscubedifchl ansoiting materind R0 Ca) BHEienigrogil 511. In
anot her i i . I.sal.ati ial l.so be

i sposed ag SodeEp R He Rl RRoon? B RO B EENE oo Sl B

el ect r ol wikdehseintscehtadi@ndms 5 flodndeX@nplFeG. §.him siodewphiticpar émboEmbRt( anf

nei ghbor i,ngi |l um nescent el enents 510 15and 511, as shown in FIG 5.

Thel® sol d8qlpgnameteripla1S4map fillgho regrmyadiageniyBe serpndRpEIN21959f thSonbi nati on of
mat eri al s VJ | i i e i i 1] cent

ol ement s Copaerop L o o Bl B A D b BT e

si dewal | gbandntSn8 ab®3F1 of Intdnethctiparneslaesrhbeliomnisisolating netgpat S8 cdnar

enbodi nent, the isolating material /580, 582, 584 20c¢an be a |l ow refractive

i ndex di ellsodierdigponed adipeent th ftst Pegtion 35 of s cgFesBPNdiRGHCHIUUNHESEEST | i ca) .

I n anoth i Feng%'- , 1e 150l at L. i 4 can
i ncl ude E‘r%erﬂgé}{t af%%g%félp éye?él%%%oté@@aslﬁg g%blgg%%gg{lhgﬂefs ?&gte le aétesrﬁg

i mregli at ednd 5adj achowntimBIGidewal | portions 597 can be a | ow i ndex
dielectric such as silica, .aln a %gc nd Ig\yer can be a frn?)'fle.cti ge mat eri al
such as al unmi ntifiRlaiarg paerial 1$0s e SEASHEOT tNEGICHR! AESMPH1IEN 95f or t he

| sol atingy, ‘Q§ bt pﬁo‘%id%%:jb?caﬁwl YL ddighuoR ltﬁﬁﬁ%gc'eﬁt'eq&helﬂg, per mal
expansi on E) as that the I'um nescent enents. In other cases, the

i sol at i ngloenhetrpravideay cletrisellecinedctsweghath hlahg theesidostalimer@usrs@ged tkeonposi t e
CTE is approximately the sane as the substrate and/or the.lum nesc

ol ement . EMECSENE lefieRizn bhang @%?H%f%@féﬂa?maﬁsﬂ%e D i 00 gt

I nchgides @R pakNGY r@fractive index dielectric material, such as a polymer or silicon dioxide

(silica). In another particular embodiment, the isolating material 580, 582, 584 can
include more than one layer of material. For example, a first layer immediately adjacent
the sidewall portions 597 can be a low index dielectric such as silica, and a second layer
can be a reflective material such as aluminum or silver. In some cases it may be desirable
25 for the isolating material to have approximately the same coefficient of thermal expansion
(CTE) as that of the luminescent elements. In other cases, the isolating material may be
selected such that the volume averaged composite CTE is approximately the same as the
substrate and/or the luminescent element.
FIG. 6 is a schematic side-view of a pixelated LED 600 that includes an array of
30 luminescent elements, such as luminescent elements 610-612, disposed on a common
substrate 605. Each of the elements 605-699 shown in FIG. 6 correspond to like-

numbered elements 305-399 shown in FIG. 3, which have been described previously. For
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30l um nescent el enents, such as |um nescent el enents 610-612, disposed on a
common substrate 605. Each of the elenents 605-699 shown in FIG 6

cor r espormioo1itkeonunber ed el ements 305- 399 shown i n FPGI/US20Mi0iu3s4 have
been described previously. For WO 2011/014490PCT/ US2010/ 043344 exanpl e,
the description of substrate 605 in FIG 6 corresponds to the description
of substrate 305 in FIG 3, and so on. Further, the angle 01 shown in FIG
6 corr espaaple thetdsecritigh of substatardOpnn EIG 6 gprraspandsgo theldgseripdioaofone
particul ar oghi 0 e. Pl X ! , h of the
Pt conveREReSS ERaichy el TR Seys et B Bhwil T s UEHRREH
trapezoi da¢ asdi@pehdven flFICh8r FIGP6 dUBtrhitae o Hdrfr@mCompiditergif tieoFinghesd on.
Each of the truncated trapezoi dal shaged LCEs 640-642 can be fabricated in

a manner ER3P8pf FIG. chahergssh glide digsbeqnyeding glamans (LEASBEAGAN meGsS. 9A- 91

descyi be - . - - 642 1 ngl - 0 verting
regi%n 6%8%%5%qﬁ6%§?3@8%5& aggh a?%%&%@%ﬁ@“ £ ibgglelrégtg?lgt}]&ho\g?%ﬁ? "DH' from
an input eurésios. E3&h of the athcdtédHr{toiddi3hapdCRNe4D-64 Nehnrtedhbricanel ight " DH'
can theoretically vary fromimediately adjacent the input surface 639 to

i mredi at engnngesigdlento tp teshrigue desgribet e Fé@ SA-EmbhIS. @491 daseipkad sur f ace
649 also(ﬂﬁﬁmﬁﬁgnts t he downconverted pixel width "Pw", which is snaller

than the pixel width "Pw'. In one particular enbodi nent, the downconverting
15r egi on 640A-TakRAf darlOEs @s642 iatkde aldosacordvertin@acgiopetoswrbace 639 t han
to the output surface 649. Each LCE 640-642 includes LCE sidewalls

66110 whi dWsEionsdetta darneopgrtingrogiondisigit dRy SRELR AV S5 asmo 3hefi wclbBCHi ¢ h
th t f ) -t cul 5 | '
R i o e S e

t o about alidcatabe epat sudfact 689tcaibONKEdIB0lychdficereaintoatpal sufact $39 dEYCESI0- The
LCE sidewall s 661 have simlar characteristics as those descri bed for

si dewal | 4660 WRUIEHERCAIEAOIERITPHES B IpWaraEHEd PRek idknie, WhKé it.ce
st deval | snfbitdr fFBY i}l daat PP al iQfis phARMIE LB, La BB ASHHE | NG

process, or nmay or even have stepw se discontinuities, as
dest3 i bedcgbs &dbar@2 AZaRdce pokiGhn@lded B ths idpmin dedhade 3P elginsd tiat dwaputt 0 a
correspondi ng (?4 ectrol um nescent el ement 620-622 using bonding nateri al
660, by aH{fa6i%1t%he techni ques described el sewhere. The bonding regi on 665

can be a contimgi@g @4@641&2%:%@@9@@)&0%%[1&;%%%@3 Iécﬁiecﬂix‘rb’@ RRCENt el ements

610-612. The bondi ng regi on can instea scont 1 nuous | ayer as

shown i n tRp€oiéyl shahadinggnaangkeavath tho odipat amtaec 649. adnegarticular
embodiment, the angle 0, can range from about 90 degrees to about 165 degrees, from

20 about 85 degrees to about 150 degrees, or from about 80 degrees to about 135 degrees.
The LCE sidewalls 661 have similar characteristics as those described for sidewalls 660 of
cach electroluminescent element, for example, the LCE sidewalls 661 may include
undulations resulting from the manufacturing process, or may be curved, or even have
stepwise discontinuities, as described elsewhere.

25 Each LCE 640-642 is bonded in registration to a corresponding electroluminescent
element 620-622 using bonding material 660, by any of the techniques described
elsewhere. The bonding region 665 can be a continuous layer (not shown) spanning
several luminescent elements 610-612. The bonding region 665 can instead be a
discontinuous layer as shown in FIG. 6, providing a separation distance “d” between

30 neighboring luminescent elements.

FIG. 7 is a schematic side-view of a pixelated LED 700 that includes an array of

luminescent elements, such as luminescent elements 710-712, disposed on a common
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30nei ghboring | um nescent el enents. FIG 7 is a schematic side-view
of a pixelated LED 700 that includes an array of |um nescent el enents, such
as | um nesoentv/aherents 710-712, disposed on a common WOT/US2010/043344

2011/ 014490PCT/ US2010/ 043344 substrate 705. Each of the elenments 705-799
shown in FIG 7 correspond to |ike-nunbered el enents 605-699 shown in FIG

6, which have been descr.i bed previous%¥. For exanpl e, the description of
subst r at subgBits FOF| Kachpf therdlemerndesS-79 sheavrdaddbi prpwespend gulbsrrat e 605 in
e

FIG 6, n 7 4 rat ne,.. i cqul_ar, emhodi f th
Spi xel at SR ED QG BB R I8 PR b e SIBEhR T TP 2cene
| um nescerbm@lcgtiRiescrption loff khigeatei 708 i@ FIGt Bédradspéhidtio @rrickeriptidaiof r educe
crosstal k and inprove efficiency, by isolating the | um nescent el enents
710- 712 f%@*ﬁa@%g&%wdﬂﬁe@ and so on. |FAGohdlystptes eng partianpombasdimentpf thesol at i ng
mategial 7 i ept | j i i | um ent

ol eront s PrdreaTER 00 SIICSR RSy bERIGRROP BEVREE BRI R ATRCRR LLIERENT! S,
in FIG Tlerhéhtamottiied widr 4 metdtial therdaadimiisitreduan ciosahiktandgmprtver i al 784 can

fill the region adjacent the bonding portion 765 of the correspondi ng
el ect r ol AHI¢ERWe Y 101adine aslunyiggscent slepreats HE-HRJMm e arAker uni nescent

el ement 710, a0 ofd butkf1sPARbASECRAGH ML AL oRRLTUB Bl nAThd SetalLRG

material 782 can also I Spose j acen e correspon

el ect r ol wetwanarighbeliegriintisesctitrel@xent fer, extgles hdshomn bebbparluimdiescef®7 of
nei (l;hbori ng | um nescent el enments 710 and 711, as shown in FIG 7. The

i softi nglraendy 7 bl andgtl2 ind30. 7gkp anathepgarinylanameedienorn E8EPASASH of
mater! al sysufiah gAY IAIROREAERL enl BOhAAS ROLBRY S SPIRLARY

Qnlfg | um nescent
el enents, yet does n p e a co ve path along tﬁe gl dewal |

porti ons cl&frobfimihbchtnidmass éot cxahpheas showmbowecrplantingudnelcarchodianct , t he
isolating material 780, 782, 784 can he a. |low 20refractive index dielectric

mat er i al ,/1ducharaihel nestapas cIoPdignqnt.ca isqlgingrarresl Sarcen elip &F dewesdi nent ,
the isol aing, R %rjfe%bm?cﬁlg% elgéz?lul%ﬁl%s&%'el REhiddRr gga[ngplg,qﬁ@ sifBFall ayer of
e, a rst ad)

material . For exanp ayer 1 mredi ately cent the sidewall
por t3 ons pbd9florcaid7 loé naighlbwingndexndde@lt eletehts 7d0@hd 8%1,sasIshean iaFlG. &. second

| ayer can be a reflective material such as al um numor silver. 25FI GS.
8A- 8G shows a%ﬂd%g@%@ﬁ@@tw? 7%&8% § MY RSN SOBE MR QB cor di ng to

one 2Pl 16 AR SRR RO i UL SR R 1 £,
have beerndodesatrirbede prenduwtist yath klimgehkasiidvesll pdraonteBrofphe imindscentbst r at e
223 !Sg g Irp erneBn[t)s. CI(Ijlrorn% Spra)u(’)tlrégfar ter(?lbtocrill%leglte, %Iger fsglg{igg mg‘][cerigfl%s(i r7§£,e78§00§n Q allzolvszL 3
20 refractive index dielectric material, such as a polymer or silica. In another particular
embodiment, the isolating material 780, 782, 784 can include more than one layer of
material. For example, a first layer immediately adjacent the sidewall portions 797 can be
a low index dielectric such as silica, and a second layer can be a reflective material such as
aluminum or silver.
25 FIGS. 8A-8G shows a process schematic for producing a pixelated LED according
to one aspect of the disclosure. Each of the elements 805-858 shown in FIGS. 8A-8G
correspond to like-numbered elements 305-358 shown in FIG. 3, which have been
described previously. For example, the description of substrate 805 in FIG. 8D
corresponds to the description of substrate 305 in FIG. 3, and so on.
30 In FIG. 8A, a monolithic semiconductor LED including an n-doped semiconductor

856, a p-doped semiconductor 852, and an emissive region 854 are grown on an LED

growth substrate 801 using metal organic chemical vapor deposition (MOCVD) or a

4.



30ln FIG 8A, a nonolithic sem conductor LED including an n-doped

sem conduct or 856, a p-doped sem conductor 852, and an em ssive region 854
are gr owmwonoamieD growt h substrate 801 using netal orgaemius2aendssal vapor
deposition (MOCVD) or a WD 2011/014490PCT/ US2010/ 043344 rel ated techni que
as known in the art. The grown | ayers have an associ ated pi xel height "PH
and an em ssive region height "EH". In FIG 8B, a photoresist 802 is

deposi t edclBtrddeehmequs-ad pewn sethic eon dlies pwadgy canbipviegngstocttederixeldictgdht gr ay
scale |i t‘@ogggfpyeﬁ{ss&grl)%/égé h&gﬁl“Ephot ol it hography and refl ow. 5The three
at ter aifo

di mensi onal’ p n-can red to result in any final desired

el ectrol um nesaanG. &8 anptivtorssiag®d2 ib Bdodiiédiehtd thie-ddmd seyic@nia&oh$ss 4d a
square or, a rectangul ar cross-section, curved sidewalls, step-change

si dewal | §§ Pefrnechesng ®ay sqale ithagragley of ¢raverfifAng bl BeeRRt nsyeflewss2, 854,
856, 5 can f%%tt I%te.td%{l&%?ongﬂt)ﬂ%n?cat O%Vtﬁﬂéﬂeé??@%es In & fﬂi’%ﬁ&ﬁ%@' ng process. The
e e n e

angle 0 o e inver runca pyram d shape depth of etching

can vary d@srofilmonesceiitasleredaRpdpe, includigGrunda@d ¢y fan(ids Wgvingepgieh srgr on t he
phot oresi st pattern and etching conditions used, In FIG 8D, an ohmc
contact rESRRENHICIESBaCticd, pHEedpidewly sispichangepidsartleranddhelie: ddpEiGt ed on

b 15 depsiToqmteHEhp LR Rt e ER R e e Ty
further oodtoadty dtbleingprocessciTheunglcfoosf thameitedirimddtedlpypingidlshas ahdsbe i bed

el sewhere, Col|ectively, ohm c contact reflector 85la and netal contact
851H) becSroffeichine ety Gashesn, fheRMhdh de bl @ chddl. daidspendingRiwic war er

bondi ng. Bighiesy pited IRMR e RoRiBR pseq. 10 FIG BF, the LED grouth

substr at I's renoved usl or exanple, a known |aser liftoff

t echni que, andn&16egDnth @ineictcondet r88&tors85d e posidte dthograpiiealtygpattefnetl hed LED
array 20as shown in FIG 8G .In one particul ar enbodi nent, the second

el ect r odelegsyted onghe p-dapgrhicaHeodueler FyaesI2nend drargesPPRtng R CRt¢thdi um ti n

Scherat ¢ 1or asduad e FERurt L g M R 3 AT IR SRS
di sti osuradrivervifeLiGor Ak Sdjvidud] pidehbgdsciilsedddgpndiced Calectivay, chntig
contact reflector 851a and metal contact 851b, becomes first electrode 851 when bonded
together using a known wafer bonding process, as shown in FIG. 8E.
In FIG. 8F, the LED growth substrate 801 is removed using, for example, a known
laser liftoff technique, and a second electrode 858 is deposited on the top of the LED array
20 as shown in FIG. 8G. In one particular embodiment, the second electrode 858 is a
transparent electrode including, for example, indium tin oxide and a grid of thin metal
wires.
FIGS. 9A-91 shows a process schematic for producing a pixelated LED according
to one aspect of the disclosure. In FIGS. 9A-9I, a technique is depicted for providing
25 optical isolation between adjacent luminescent elements, such as the isolation shown and
described with reference to FIG. 5 and FIG. 7. Each of the elements 905-958 shown in
FIGS. 9A-91 correspond to like-numbered elements 305-358 shown in FIG. 3, which have
been described previously. For example, the description of substrate 905 in FIG. 9F
corresponds to the description of substrate 305 in FIG. 3, and so on.
30 In FIG. 9A, a monolithic semiconductor LED including an n-doped semiconductor
956, a p-doped semiconductor 952, and an emissive region 954 are grown on an LED

growth substrate 901 using metal organic chemical vapor deposition (MOCVD) or a

25-



250ptical isolation between adjacent |um nescent elenents, such as the

i sol ati on shown and described with reference to FIG 5 and FIG 7. Each of
t he el enew0=200084888 shown in FIGS. 9A-91 correspond t oPCrRs20momissred

el enments 305-358 shown in FIG 3, which have been described previously. For
exanpl e, the description of substrate 905 in FIG 9F corresponds to the
description of substrate 305 in FIG 3, and so on. 30ln FIG 9A, a

nonol i t hitelagdripdorges spowvEm the @rtu di grarndaxssplay csamisosidricrisel hgsht a

p- doped s%m‘gg@gﬁl%%rsivﬁ%oﬁg%%@nﬁem ssive region 954 are grown on an LED

growt h sub8tra usi of'gani ¢ chem cal vapor deposition (MOCVD)

or a WO 2011/1a H499RGTIHHIeAQdiY 23S dposidbérd thegs B due miGonkdawnoj aridhe
art. The grown | ayers have an associ ated pi xel height "PH' and an em ssive

regi on heb gifferngesing gray scalglithpgraplpor eonyprsianabehoselitbpgraphy dysdpved ont o

t he p-do 1 € I $ I ' scal e |ithography
or cgnveﬁﬁ%otﬁlgeﬁld%ﬁ%%&%}df ﬁ%%?‘g%%;& aﬂﬁ Olge%cf %&v&?gﬁ‘#@l f?ﬁlrl gée |drrensi onal pattern
can be t aldodioninescesdidrherit Bhagyintludilg teeritce pyeindds holingm npaeenta el ement

shape, including truncated pyram ds having a square or a rectangul ar
cor ss- sedestargula sopsgedianeaived sidevep. stapnshengsistiowalls.end dhlikone 1 i ke.

In FIG 9C, t ] LER,! ; : ned
using a converhllﬁ i%ﬁg? @&\ggy%%ﬁé?y etréh%%%lr%o@é%s%%%@%g%ggggtbé?g (pl?s:%geé

i nvert ed dohusedheldvgyr drg etchiag papessarthetangletegiithe difvertCrimgtedayramidy (as
shown, for exanple, in FIG, 3 and FIG 4), depending on the photoresi st
pat t&rn ahareiéihegertb AbFtchiga sanEdy (as shown, foi eppmplegin FIg. p aid FHaek

di el ectri i i ! e d pyram d shape

resul ti ng(fep ?%%1% ﬁneg%ﬁ%?{eogs%ltﬁgﬁ%%n%%¥ﬁ%§gp%%gﬁ eg’ dielectric 953 can

i nclude, for dxa@igleD, alvwoixideediefecaicl 9568an depfosired/er thedimyeriedwuncdek
dielectric can be used.. 15A subsequent coati n% of a reflective nmetal 955 is
deposi t edYsHMidpEapczsY Hp o B Braceisdn §5Q. 9 o Tht v wdex dictaslic BptGeBal

isolatio i i XL i1:8Sn- i New . r { eps
descri be ngiﬁd'%?%%}la%@%%n g%ﬁgggﬂlg%lé}? g’g@%#’s&l r?;g/é 1tn ?%e%lgggtrﬁggﬁﬁggseﬂt o]
accoipl | Shstiisequbas coatialg @bt irefddctivs oleadll DHHis Bpdted oprthe bedindgx dictdatriche
subsequent_step described in FIG. 9F_ the | ow index 20die] ectric 953 and
e Lot | Vi nierapvigeuther pasi salatips geighbaiie nixRly 48 shaygyingrl G RE. Jhe

process steps described in FIGS. 9D-9E can be repeated as many times as desired, to
accomplish the desired optical isolation.
Before proceeding with the subsequent step described in FIG. 9F, the low index

20 dielectric 953 and reflective metal 955 is removed from a planar surface 957 of the p-
doped semiconductor 952, by a known technique such as chemical mechanical polishing
(CMP). An alternative to removing the low index dielectric 953 and reflective metal 955
is to prevent deposition of these materials on the planar surface 957, for example, by
coating the planar surface 957 with a photoresist (not shown) prior to the deposition.

25 In FIG. 9F, an ohmic contact reflector 951a is photolithographically patterned and
deposited on the p-doped semiconductor layer 952, and a corresponding metal contact
951D is deposited on the LED array substrate 905. Metal contact 951b may further contact
a drive circuit for each individual pixel as described elsewhere. Collectively, ohmic
contact reflector 951a and metal contact 951b, becomes first electrode 951 when bonded

30 together using a known wafer bonding process, as shown in FIG. 9G.

In FIG. 9H, the LED growth substrate 901 is removed using, for example, a known
laser liftoff technique, and a second electrode 958 is deposited on the top of the LED array
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doped sem conductor 952, by a known techni que such as chem cal nechani cal
polishing (CMP). An alternative to renoving the Iow index dielectric 953
and refl ew0i2ot/0ret9al 955 is to prevent deposition of thesgusatienisis on the
pl anar surface 957, for exanple, by coating the planar surface 957 with a
phot oresi st (not shown) prior to the deposition. 25In FIG 9F, an ohmc
contact reflector 951a is photolithographically patterned and deposited on

t he p- dopedhewnrinbitaPdt by oneayasticubm zmbedment.dbe peopdaldrinedo®sdb acont act 95
b is de i h r rat . t t . b may
ot her PERUAEh AT ckB8: IERAR af%%%é%cﬁdﬁlr?gggPé@glaﬁ%f‘f@gﬁ R hin Rl ” O

el sewher gyirdsol | ectively, ohm c contact reflector 951a and netal contact

951b, becones first el ectrode 951 when bonded 30t oget her using a known
waf er bondi ng IFE&e £64-168ssheswrpregessictiemads for producing amixglatgdiLEDhe | ED
growh s t i [.ng 0 I | er liftoff
t ec\r,1\$1i qué?éélﬁ%ggogg%%rﬁce ec%lgggg%g'SE?Jsh ¢ etgéém gﬁfsgﬁo%(ﬁgw%ﬂp?%&t he LED

array WPI2G1 16 QU466 TH 0320 LiRE O3B 4re d atensdn@yd0 5- 36 SFdhewn 9 F1G 13, @vtdch
particul ar enbodi nent, the second el ectrode 958 is a transparent el ectrode
i ncl udi ndave Beenedeagiped PrevAeslim ¥orexamplee therfigsaingion @f substrater O imFIG r es.

FI GS. 16A-16 ; Lc f . i i xel ated LED
5accor di 996 (g)ar%gg aggoegltr&fé?&ﬁ@ﬁ ?sc S'(t)rgtgrjeb.% 11E![a:c 'u%faﬂgﬁgo% enents 1605- 1658
shown in Fl GS.InT6: 1643 £aoiicipioremicontude- rEDheletnghenriopsd 305- 358 shown

in FIG 3, which have been described previ ouslé. For exanpl e, the
destl i pt iSAIENdeeipst64s & Priopsd pemirpryuctos A6p 2pd ap SRS VEFCEIAR [BE-EI pti on of

subst r at ' I - it hi i conduct or
ED. | nol dh g ohn THD o AR RhahReRgl bitak niy bl RO A g R e

1652, andMOC¥D)9s hvedatee gichniqhé ddtk@ven grtbevart oM mohrhicRograomtclicqobiiylat e 1601
usi ng netal organic chem cal vapor deposition (MOCVD) or a rel ated

t echni qué$ a%OtR&@ﬁﬁfapwcﬂlﬁépaémed&ﬁdéiﬁmséteé SR hcr-dersd ssencondygen lgyers

photol it i.C 1 1L.conduct or
aver 1653 e S L PP PO En an LED
arr &y subi0saMetdlsd6Abt 1458 ataydorthacionthota diva@Eycuitfot deeh indinidagtpieeldisi ve

circuit for each individual pixe]l, as descrihed el sewhe An el ectrically
i nsul at | %Sﬁa%eéreisaw {5604 e&?ﬁdﬂ&%@dﬁ%lﬁ?tglgda%@%ﬂtlééOwwbelééiﬁp%%te he ohnmic
contact r t ﬁ%?“?@ tmel y, and

pl anari ze]%{\%%%peggl\%/?%tgég a?ong%%g%ﬂﬁg%g%ﬁﬁ;%g&@%ﬁlgé@?é{g?% 1\Jb(’)hn’i c contact

r ef | ect orre§pbtieclynradd phinatizaon tpactidd 6 Hdthonkdegoweacd. | Cdtecaldgiohnde cdfddt when

Donded 20l Y5 15 S et KON 1981 ey Ak BERS88 Tos Poner Bomted” 7' &

20 together using a known wafer bonding process, as shown in FIG. 16C.

In FIG. 16D, the LED growth substrate 1601 is removed using, for example, a
known laser liftoff technique, and a hard mask 1665, for example a silica hard mask, is
photolithographically patterned on n-doped semiconductor 1656, using known techniques,
as shown in FIG. 16E.

25 In FIG. 16F, the array of pixels in the semiconductor layers can then be patterned
using, for example, a hot phosphoric acid (HsPO,) etch. This acid has been shown to
preferentially etch the {1012} plane in GaN, as described, for example, in C.-F. Lin et al.
Electrochemical and Solid State Letters, 12 (7), H233-H327 (2009). Alternatively, the
gaps between the pixels may be dry etched or laser scribed to form narrow trenches, and

30 the array exposed to H;PO, to preferentially etch the desired inverted truncated pyramid
shape.
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In FIG 16D, the LED growth substrate 1601 is renoved using, for exanple, a
known | aser |iftoff technique, and a hard nask 1665, for exanple a silica
hard maskwoizsighatvol i t hogr aphi cal |y patterned on n- dope@®C3aseaiodisat or

1656, using known techniques, as shown in FIG 16E. 25In FIG 16F, the
array of pixels in the sem conductor |ayers can then be patterned using,

for exanple, a hot Fhos horic acid %FBPCﬂ) etch. This acid has been shown

to preferenti dnfGete® t ﬁbar{imz}mlé HriemokedzaNne #y knosar tegadquet aid @xanpl e,
in C-F. Lj t : £ j ' i i
1233 Hszfle%%geéﬁc%ﬂ? i éﬁ%@%@ﬁ% of ﬁ%eatéﬁﬁf ey Rt r%?psosgtrmi%i}(oé)éhedr y

et ched orset@siedled@de besk, tagobtsnaMA¢ depusitéemaRasl, 1630dn30xkne dalichyy gxposed to
H3PO4 to Ereferentially etch the desired inverted truncatedtﬁéranid shape.

WO 2011/ Ghegtghrtryitgxorbpen sy FIG. 16G) in meapartigdyr anhodiaen, thasecordes i s
remoyed i i . Se ciLr . i eposited
on The.t aavaF T RA Bk S s g P B R b B O REE 8 Bty Fotie
1658, a peiddfaninahethlheireheposi ted material 1659 nmay extend slightly into the
etched cavity, as shown in the FIG 16G In one particul ar enbodi nent, the
second 5el ectrode 1658 is a transparent el ectrode including, for exanple,
indiumtin oxide and a grid of thin netal wres. Exanples 10The perfornance
of a pixelated LED array having inverse truncated pyram d shapes was
model ed and optim zed using Light To@xangfes cal sinulation software,
aval | abl e from Optical Research Associates, Pasadena, CA. Each LED pi xel
wasl@odel ed asthy rssiormange ob awidted bhPiarap dgringitpreredemenisd @niande 100 cn

andan in f i . e -Chi . . itting region
and the Darrany S E AR A8 Bl vl EhTb SR DE SRR SR A | 20\ P
The angulaanildils frombOpticahRodcatchunsb@dics, Basadena A heEdcEDEAX pixvlewsdsegi on was
nodel ed as em ssion froma plane of random di pol es, whi,ch correspgnds to an
i sot r opi dnedrded ara elidslabpyith & pulk shserasenseactiigionsiobd B cme @pd pp MsleHRE | gnor ed
in the si (Welr PN} [ ' : : si der ed
duri ng araryara a5 e JHEY B o e R Etiof AP AR SN G G o

ef f 1£i enoyds,set @ireeOnins typival 6f @aNILdBDsofTHelagolpt dis@ibugoeo Hundhat rescaped
fromthe top surface of the desired LED pixel _into a forward hen sphere;

1/ si de r dfft@ &l 'sD ARV iegonivo erdcdias CalISsEelr Yy 2ttt dadoghdigplde sur f aces
i PR S S s i Epselpandpocseral, (e
i nsi de t heaslifidrpd xethe sivdulakédn. ned t he fraction of 25optical crosstal k as,
Two different optical power components were considered during analysis of the
20 LED pixel array: 7pmara , OF “forward optical efficiency”, represents the fraction of the
optical energy that escaped from the top surface of the desired LED pixel into a forward
hemisphere; 7,4 represents the fraction of optical energy emitted from side surfaces of the
pixel that interacts with the neighboring pixels. In general, the sum of 7z + 7orwara does
not equal 1, due to the absorptive losses inside the LED pixel. We defined the fraction of
25 optical crosstalk as,
Crosstalk= 7sige / (Mforwara + Mside)- (D)
Modification of the sidewalls of the LED pixel into the oblique angles of the
inverted truncated pyramid, results in a reduced emitting arca and consequently a potential
for a reduced output. As a result, a higher injection current density may be required to
30 attain the specified output power. However, the efficiency of GaN LEDs is well known to

decrease with increased current density (known as the “current droop” effect). FIG. 11
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Crosstal k= rlszde (rlforward+rlszde) (1) Modi fication of the sidewalls
of the LED pixel into the oblique angles of the inverted truncated pyramd,
results iwoaoragdwsed emtting area and consequently a peCeruszalo/ofiisns a
reduced output. As a result, a higher injection current density nay be
required to 30attain the specified output power. However, the efficiency of
GaN LEDs is well known to decrease with increased current density (known as
t he "cur rséaws dityjoe! L&D efficiencypsa fupstionsplbiig deive gpreddensp eflid einnséiygas a

f unct ion 0 ic%l.h%?fegtrsiogﬁgﬁtugxrtr%?tﬁodlda '&Séuh%ntt &;Egp ﬁl%%%t orﬁglgg{%hltg a%tel%fd];lg ﬁ;[es of

| i ght extraction and €urtrent droop nus consi dered to detérm ne the

opti mum syptienunbitic aagdla@gleto ﬁﬁxiﬂﬁizzextemhel?]maér opviedcyebf 4 given ket gice.a gi ven

pi xel size. A typical mni_ projector with a pixelated emn ssive inager has a
speci fi ed systArsealFen Ao Waih arsugiited codwixe imAgy has apeecifind $ysi$Ma | ens

Ffici 0 o . .
200r - wiReRoFRH o/ BYR of PER Tl FRBEN T RIeB riack ¥ p R REL G2 um
subpi xel rsqEeed(pder sulppi Kfahs irgier pinee is) 2000, Wathal VEaneholsiige(646 x348Bnm X

2.4mm These sgeci fications correspond to a required optical power density
of 26mN clPoru pbel piegand 2 fam sahpipchsiz @7 sebpixelspdiel) therdgiabpangl

di fferent, t Si S i r [.3; | evel .
The dat 8 K Ry gTIH satiny ghoscecitiGu ROt SBok ol S8y Hifiod Rl

1- 0. 0033(dbndiB) ¢ WhHemr & ehctesixcluMoe bichdenaiidy inf ddevedlcinghn aldeforas

determ ned by solving equation (2) for J, 77forward(0. x_170x 170 x x A(e)X
v =1®6 x Apickidepsify (\ﬁé?réqiﬂf%i taireacd thigouiwhlovel yihedita gefig klyvasditde Aal

: S . o ST e na
QT ace gPbyiniltkolclioh PRSP0 o0 4F %l E® e GRUG Sl e} BELRI ' 1O

vol tage. ahBlchWa Qtcrb@daiydohangeqdtiye|(2)ages,of 3.3 Volts was assuned in all
cases. Current density dependence of the forward voltage was negl ected. The
external pixel power ef fi@ien@y (EPEY)Kekx 4(Qixvien 26ixddwal | angl d2) s t hen

| | at EPE= | /f d X 770 J). th def i fi. f
Tt RS gt ey sl Somd diibim ol oy TLER R i1 ¢ ©
=EPE Cr 0351 Bk 67l Ra Rl End-uHRUSF 1G04 (WER: Ploreks S1aYh g byt od

truncated pyram d shape. A pixelated LED array simlar to FIG 3 was

nodel ed. félvearpivakdgen Ahm, oPH)%vaad forward voltage of 3.3 Volts was assumed in all
cases. Current density dependence of the forward voltage was neglected. The external
pixel power efficiency (EPE) for a given sidewall angle is then calculated as EPE =
Nporwara(6) X Mo x n(J).  We then defined a figure of merit (FOM), which is dependent on
20 the sidewall angle, as:
FOM =EPE/Crosstalk 3)

Example 1: Modeling of LED pixels having inverted truncated pyramid shape.
A pixelated LED array similar to FIG. 3 was modeled. The pixel width, Py, was
25 set to 2.5um and the pixel height, Py, was set to 1.25um. The optical properties of the
LED pixel substrate were set to be 100% absorptive and the first electrode was set to a
reflectivity of 50%. FIGS. 10A-10B show the simulated effect of sidewall angle 6 on
Nforwara a0d crosstalk. At the optimum sidewall angle, the inverted truncated pyramid
pixel structure 7para Increased by a factor of almost 7X relative to the case of a pixel

30 with 90 degree sidewalls, and also reduced the cross talk to as low as 20%.
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25 set to 2.5um and the pixel height, PH was set to 1.25um The opti cal
properties of the LED pixel substrate were set to be 100% absorptive and

t he firstwelzettnese was set to a reflectivity of 50% FPGBUS2AA0IBBL show
the sinulated effect of sidewall angle O on Worward and crosstal k. At the
optimum sidewal | angle, the inverted truncated pyram d pixel structure

| korward increased by a factor of alnost 7X relative to the case of a pixel
30with 90 degrid®. 42 the singetica) rseplisdeiedernelmower eftciangy of eerhagxdlow as

20% . F 2 | ation I r r
effici enct?/kncl)% ldetéi%%cjobl@tg?\éﬁg&!&%ﬁ#%ﬁ (5310 (:051;1 'Slté hstélgveV% %cct%i%télfatéc}ﬁl%(r)g%ﬁadr oop.
FIG 13 shamfontdTeidedhandhale®d TRVE &Sa @istindd pEdlon approsirtavglo=5anghee@he There
is a distinct peak at approximately 0=55 where the systemefficiency is
maxi m zedyvikin efieibrey irinmixmmizehyhdpeise alingrigiggoatikal c®sERkapl e 2: Mdel i ng of
pi xel ated LED having inverted truncated pyram d shape with optical

i solation. A reflective isolation material was placed between

nei ghbor imghnppIs @t SMadelfRssrrpiva@skell LED GavingditterddGrudeatdd pysaiR! sﬂia?@'
structure as in Exanple 1 was used in this 10 sinul ation, except that the
si dewal | swikepptiealdsodationi.t h 90% refl ective silver mrror. FIGS. 14A-14B show
forward optica fi.ciency and, crosstal k as a function of.sidewall..angle O.
Because the o1 vaicolifs FERPERGIFH RR Bt et R rg Rigla feher 2

nei ghbor iinF1@i XehSFIG.ITe TRtsheaIpixe] opsdak s REERUTEp IV @ Wasiis@d fthis as shown in
FI G 14B. 15Exanple 3: Mdeling of |arger LED pixels having inverted

t r uhtat edipyletion.¢xedid gt the sidewalls pges cqad Witk 88% refleqtizpspystanisroni F¥Ssnal | er
aspect rat,,o [ can have~a. W der, ran of possible.sid I ngl es.
I h s St oy, B SRR Rl Bl RO o PRSI e P P
was set tBechustGheniliet @irrd blhr@ndblotiked tﬁé&t@aawntﬁ@w&ﬂﬁleaglﬁoﬁ@%pﬁaﬁ; bk,
respectively, as a function of sidewall angle for Pw= Sum The sane

requi r ed appeilcapssipdinkgcane st pingmal ggahoyyindds. Iddd as in Exanple 2. The
optical efficiency peaks at a shall ower sidewall angle conpared to the case
of 2.5um pixel. FIG 15C shows the optim zation of pixel shaping using the
figuse ofExmple 3dedoaéligtoMimér QIED pixel avinginverted tr@ichied Prhmides at
about 350 to about 550 sidewall angles. 25 Exanple 4: Mdeling of LED

pi xel s ha#BAPg i nverted truncated pyranmid shape in registration with
truncated pyram . piLxel.at r..C t | ed

usi ng the pi lef ﬁeg}ﬁ’ﬁ%@@g#ssg} E&ﬁ@% rdl)égxélg1 ?ﬁal%gg%gftergﬁé,{%vﬁ f%W);%ﬁélrg?% of

t r uncat edvidep8gzobtiedssipher stdovel Lakkes b onthéde dampl d) eho3fLetivaidihaset BUFf-as@mas

shown 11 FLG, . ol kit Lo, Ao 11T ST g Pagtali adaripe
20 crosstalk, respectively, as a function of sidewall angle for Pw= Sum. The same required
optical power density of 26mW/mm” was used as in Example 2. The optical efficiency
peaks at a shallower sidewall angle compared to the case of 2.5um pixel. FIG. 15C shows

the optimization of pixel shaping using the figure of merit described previously. The

figure of merit maximizes at about 35° to about 55° sidewall angles.

25
Example 4: Modeling of LED pixels having inverted truncated pyramid shape in
registration with truncated pyramid shaped LCEs.
A pixelated color converter was modeled using the pixelated LED array described
in Example 1, with an array of truncated trapezoidal pyramid LCEs bonded to the
30 emission surface as shown in FIG. 6. In addition to the efficiency and crosstalk advantage

discussed before, the shaped electroluminescent luminescent device provides an optimal

photon-injection cross section for the LCE. The shaped pixel technology was also used to
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di scussed before, the shaped el ectrol um nescent |um nescent device provides
an optimal photon-injection cross section for the LCE. The shaped pi xel

t echnol ogyowasl/ak®0 used to WO 2011/ 014490PCT/ US2010/ 0283A%201m0p0u334€ | i ght
extraction efficiency of the LCE. The sidewall angle (02) of the LCE was
set to be greater than 90 to maxi m ze the punp-photon absorption cross
section. Optical isolation was sinulated by a |ayer of silver disposed

bet ween pmpedvs light ¢>étrmt1en effscnbkthedd Is hbhnsidewati @glq(ezmﬂthe 6CE wiss

di mensi ons aqg mat eri, opertles wer e thF sa tglorowded in Exa le 2,

with the S§H8i 46 &It "’tnh% B IMPBWHG ﬂ%erw PIOIG™ B OHER @958 SES 9@ 'f&gi on
665 was LgdihtBd VALK muAPMNROIMEEL STsilDE! cﬂﬁioséd%@tw@@nsp&elgTtd@edh@crﬁ?s‘tegﬂtas(t hat

is, the distance frominput surface 639 to output surface 649) was
The LCE whewset F1@ have an internal quantum efficiency of 90% en155|on

wavel engt h of 0.nm resultln St okes 10shj ft ener | ogs of
appr oxi et el y AE61 B8O MRSt 4o BN BE o Bt PLOBERFLTO R conc ol
si mul ati oty @9 Mgl ad atieltloﬁoﬂt{e%gmm% éf%@ weih b td-F& a9 edtfawg iofilees 2 (t hat

is, each of the sidewall angles (01) an 02) "were sét to egr ees,
resul ti ngNasnl lamphmb,l dopovsenveetef h@gbﬂ(@a) ofas Ilelsrs LI(HahecightsWat 1, Elhaﬁpﬁdlct:CE in

t t wh d |1 |
(69) “ana ToRj b e 30 B er Bt BN 38 e e S0 S b ey O ©°
resul ti ngpichhadq@at@h @ﬁﬁm@ﬁ%’f o0¥ bﬁﬁs@i@)ﬁ)(xzéiffeleﬁgﬂ’ﬂﬂf 530 0% CtPdtng i o ROQYL 6

times better eff|C|ency than the control). Unl ess othermnse
|ndl@atedhﬁQMKxgmhbeo%qmmmmm@@bh@MWﬁﬁban@ogmqésmmaﬁmmnﬁé00qnd physi ca

properties used i the eC|f|cat | ai nder. s

bei hg 20modi 1 B b SB0R0 ARG G R 5Y L PRoS PRGFLEFREY: 5% ne
contrary, pg, @éé%f&t?@éldé%@éllad}%i&r(él)%ﬁ& (ézfzwetb ichtd SRddRERORENEAnSREST Ti cation
and attached clains are approxi mati'ons that can vary dependi ng upon the
desi red pixgeotvecestfiseughtf fkss then O5tai Asbafey [tCTOseregkirhticondwithn thetsb aggerdt
utilizing the teachlng dj scl ose ref erences and publications

cited herfimp-Bixel Wine ‘de Whﬁté‘o%ﬂgwﬂagﬁ?qﬁé%.aﬁd ) psFeteb bt écarsesengi
entigety fl@%o%gltegé SePleSfile ?}é%si tn%éﬁ%%&tetr@alk of ngf%hq; 5Ebo é’ 0% (ttLJ y

contradi ct s di sclosu ugh specific e |nents ave been

i |l ust r atabdutathtimdebeter béfttidney ehan,the tontidl). be appreci ated by those of
ordinary skill in the art that a variety of alternate and/ or equival ent

i npl enent ations can be substituted for the specific enbodi ments shown and

descri bed wi t gt %@&HéegﬂcHEJth“ah%nﬁ)%{%p&g%sﬁg‘Fea?tir@§E9§ anfodhgCipsur e.

This application 1s inten to cover any ptations or ‘variations of the
physical properties used in the specification and claims are to be understood as being

20 modified by the term “about.” Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the foregoing specification and attached claims are
approximations that can vary depending upon the desired properties sought to be obtained
by those skilled in the art utilizing the teachings disclosed herein.

All references and publications cited herein are expressly incorporated herein by

25 reference in their entirety into this disclosure, except to the extent they may directly
contradict this disclosure. Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary skill in the art that a variety of
alternate and/or equivalent implementations can be substituted for the specific
embodiments shown and described without departing from the scope of the present

30 disclosure. This application is intended to cover any adaptations or variations of the
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speci fic enbodi nents di scussed herein. Therefore, it is intended that this
di sclosure be limted only by the clains and the equivalents thereof WD
2011/ 014490RCTI/00$A010/ 043344 What is clainmed is: 1. PATAIS2@0ASZ3d4 | | ght
emtting diode (LED), conprising: two or nore nonolithically integrated

el ectrol um nescent el ements di sposed adj acent each other on a substrate,
each el ectrol um nescent el enment conprising: 5a p-doped sem conduct or

di sposed saejifie embodimentydispupsed dercim Pmﬁﬁbﬁuﬂééﬁﬁﬁwhd@@ﬁﬁﬂsdﬁ@p@gé@eadjacent
t he p-do n S rate; and an emi ssive region
bet ween 5’ H&ﬁg%%gﬁ %?é%nﬁgg?gﬁkgﬁ rﬁ%H%&%-S%Oped sem conductor, 10wherein
at least a portion of each el ectrol um nescent el enent |nned|ately adj acent
the substrate conprises an inverted truncated pyram dal shape. 2. The
pi xel ated LED of claim 1, wherein an angle between the substrate and a side
of the inverted truncated pyram dal shape ranges from about 25 degrees to
about 85 15degrees. 3The pi xelated LED of claim 1, wherein an angl e between
the substrate and a side of the inverted truncated pyram dal shape ranges
from about 35 degrees to about 70 degrees. 4. The pixelated LED of claim1,
each el ectrol um nescent elenment further conprising a first el ectrode

bet ween the substrate and the p-doped sem conductor, and an opposing |ight
emtting surface adjacent the n-doped sem conductor, wherein the |ight
emtting surface conprises a second el ectrode.

230



5. The pixel ated LED of claim4, wherein the second el ectrode conprises a
i ght transm ssive electrode. 6. The pixelated LED of claim5, wherein the
i ght trawerdegily®oel ectrode is common 30to at | east tweCHiUSRI1O/043344

el ectrol um nescent el enents. WO 2011/014490PCT/ US2010/ 043344 7. The

pi xel ated LED of claim4, wherein the em ssive region is positioned closer
to the first electrode than to the light emtting surface. 8. The

pi xel at edVhetps shimedism 7, wherein a di stance between the emi ssive region
and 5the first r.ar r t . nmto about 500 nm 9. The
pixelateJ”LEDf% L%%%%ﬁ? feﬁﬂ%ﬁéPﬁﬂgq%ﬁgggﬁg%%g@§Meen t he em ssive region
and the first tebeghiceemonaitesl insgratdeleckbliniimstentahomintditbosed 1010. The
pi xel ated LED of claim 1, wherelin each el ectrol um nescent elenent is

i ndependent | y adifgpeicasiothyr i e sibsiptedpdch slastraluntingsicey clementpempyiisiés:at ed LED
of claim1l, wherei f f . : | ach
elec}frolumnescentrhe]?g8 ﬁ?gaﬁgﬁggégg?gﬁgﬁé5®%§W?ﬁk%§gﬁ%gg The pi xel ated LED
of claim 1, wherei mnai-dé@dstmécopdiidtoradtispaised dfadencihp pddediseairdhidictsr, of

i mredi at el y adj acent el ectrol um nescent elenents is in contact. 13. The

pi xel ated LED of cl ai m @rppsitathepubsipisi snd ng a col or converter di sposed

14 e pi xel at ed LS OP 1 SRR H AR P SRR RN Een BT e

14. The pi xel ated rern convert onprises a
potential well. semiconductor,
10 wherein at least a portion of each electroluminescent element immediately adjacent

the substrate comprises an inverted truncated pyramidal shape.

2. The pixelated LED of claim 1, wherein an angle between the substrate and a side
of the inverted truncated pyramidal shape ranges from about 25 degrees to about 85

15 degrees.

3 The pixelated LED of claim 1, wherein an angle between the substrate and a side
of the inverted truncated pyramidal shape ranges from about 35 degrees to about 70
degrees.

20
4. The pixelated LED of claim 1, each electroluminescent element further comprising
a first electrode between the substrate and the p-doped semiconductor, and an opposing
light emitting surface adjacent the n-doped semiconductor, wherein the light emitting
surface comprises a second electrode.

25
5. The pixelated LED of claim 4, wherein the second electrode comprises a light

transmissive electrode.

6. The pixelated LED of claim 5, wherein the light transmissive electrode is common

30 to at least two of the electroluminescent elements.
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2515. The pi xel ated LED of claim 14, wherein the potential well conprises a
group I1-VI or a group I11-V sem conductor. 16. The pixelated LED of claim
13, wher ewo 20h@1embor converters are di sposed as a nonolPCThiSeo1a0niy4 of
truncated trapezoidal pyramds. 30 17. A pixelated |ight emtting di ode
(LED), conprising: WO 2011/ 014490PCT/ US2010/ 043344 two or nore
monolithically integrated el ectrol um nescent el enents di sposed adj acent
each ot het on EhequrdetedLED efzddtimet. adicran the amaisdentegwindreptitionsgsiassi t9g a p-n

junCtiOntﬁ@ﬁhﬁgbﬁn&&ﬂﬁ%}Hﬁk@@g@%%ﬁéﬁ%@%&%%@g surface and a smal |l er opposing

second mmj Or surtrace adj acen ubstrate. 5 18. The pixel ated LED of
claim17, wherein each el ectrolum nescent el enent includes a
cross-sectional area parallel to the substrate, increasing along a

di rect i or®-per peisdiieaintad LER efirdaigybahertin afditange hefwicen thegimissivi KeHEadf r om

t he seco ] f [ ] | d emtting surface. 10 19.
The %ixeﬁg?gg*E%B%%#”§ﬁ§¥ﬁggé?&%%épgbﬁﬂgggﬁHEWEQ%hnction conprises a
guantum wel | positioned closer to the second najor surface than to the
first mpjor light emtting surface. 1520.The pixelated LED of claim17,

wherei n ah angite meled hEDH daipist, meicecia padisipnse Qetwsen decginissive region and
el ectrol ym | Q@gﬁ grees to about 85
degrees.qgiﬁﬁgggpé% éﬁgggﬁEﬁﬁb cﬂg§ﬁﬂ%§?8%%éﬁgﬁﬁgan angl e between the

substrate and a side of each el ectrol um nescent el enment ranges from about

35 degrees to about 70 degrees.. 20 22. The pixelated LED of claim17,
whet®in te fithspirgdpted Lﬁ%g‘hftd@ﬁ% bovheseis Grahaectiobpinpscant demeny g

transm sghyeeRIGH QR cd R ot RIXELRLGGLED of cl al m 22, wherein the
i ght transm ssive electrode 1s

11.  The pixelated LED of claim 1, wherein a surface of the substrate adjacent each

electroluminescent element absorbs visible light.

15
12.  The pixelated LED of claim 1, wherein at least a portion of the n-doped
semiconductor of immediately adjacent electroluminescent elements is in contact.
13.  The pixelated LED of claim 4, further comprising a color converter disposed

20 adjacent the light emitting surface of each electroluminescent element.
14. The pixelated LED of claim 13, wherein each color converter comprises a potential
well.

25 15.  The pixelated LED of claim 14, wherein the potential well comprises a group 11-VI

or a group I1I-V semiconductor.

16.  The pixelated LED of claim 13, wherein the color converters are disposed as a

monolithic array of truncated trapezoidal pyramids.
30
17. A pixelated light emitting diode (LED), comprising:
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25common to at | east two of the el ectrol uni nescent elenents. 24. The

pi xel at ed LED of

claim19, wherein a distance between the quantum well and

t he secomlormajian4®ar f ace ranges from about 100 nmto abeatr/uSe@om348025. The

pi xel ated LED of
t he second maj or

claim19, wherein a distance between the quantum well and
surface from about 150 nmto about 250 nm WO

2011/ 014490PCT/ US2010/ 043344 26. The pi xel ated LED of claim 17, wherein
each el ed’t’VP(ﬂf ara ewaehthically pipgrated eiw&eb@n@@ﬁwwe@mﬁ%@me%wé@m&eml

dri ve el eGhrani oy BT DG RIdEhALEC L ERQL, Gl m bl WGKELD AL ace of
St et bhdviiga,

t he substra

second nmj or SUF or S VI SI

28. The mrxﬁh@bengmammﬁlg@hﬁhm ahd,a sMnﬁlreemﬁpotsh@ s@cdhd]rﬁzi]@i mfac@@dypdsdnmfe an
n- doped senlconductor adj acent the first major light emtting surface,

wher ei n #ubsteist

a portion of the n-doped senm conductor of imrediately

adj agcent el ectrolum nescent elenments are in 10contact. 29. The pixel ated

LED of claim 17,

further conprising a color converter disposed adjacent the

first majisr | iOetpiestated LED Swldiack?, ofhcRad Bachl chtd bintiftsaes tdthicn irehiriat .
1530. The pi xel ated LED of claim29, wherein each color converter conprises
a pot ent jdgrospeieptionagarea prgsllph tﬁéhea%t@atrfﬂsonﬁﬁa%m&alﬁ%@ dirggfiondicrpandiEulsét ent i al

wel | gﬁg 'tl%Dﬁlb?tr?ﬂ ?(H% ﬂé)gtlo\ﬂ 1o f dlgtaﬂ Of%)ml +é se¥or§(fa Q&Jf&te% th zfﬂrst rﬁégr The

pi xel at

alm erern e (640) COﬂV ers ar e ISpOS as a

monol i t hilgzhaem@yin@§urtacancat ed trape20|dal pyram ds. 2533. A pi xel ated LED

conﬁgising:

15

19.  The pixelated LED of claim 17, wherein each p-n junction comprises a quantum
well positioned closer to the second major surface than to the first major light emitting

surface.

20.  The pixelated LED of claim 17, wherein an angle between the substrate and a side

of each electroluminescent element ranges from about 25 degrees to about 85 degrees.

21 The pixelated LED of claim 17, wherein an angle between the substrate and a side

of each electroluminescent element ranges from about 35 degrees to about 70 degrees.

20

22.  The pixelated LED of claim 17, wherein the first major light emitting surface

comprises a light transmissive electrode.

23.  The pixelated LED of claim 22, wherein the light transmissive electrode is

25 common to at least two of the electroluminescent elements.

24.  The pixelated LED of claim 19, wherein a distance between the quantum well and

the second major surface ranges from about 100 nm to about 500 nm.

30 25.  The pixelated LED of claim 19, wherein a distance between the quantum well and

the second major surface from about 150 nm to about 250 nm.
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two or nore nonolithically integrated el ectrol um nescent el ements di sposed
adj acent each other on a substrate, each el ectrol um nescent el enent

conpri si yoaop/a449ancti on having a first major |ight enmpPCriusgoisonizace and
an opposite second major surface adjacent the substrate, wherein the
substrate between i medi ately adj acent second maj or surfaces 30i ncl udes a
surface that absorbs visible light. W 2011/014490PCT/ US2010/ 043344 34. The
pi xel at ed?6 ED Bfe nixdptad B3ED eftrdsini 1. sdereinpachiolesiiohiniagscanitclan@yent i ncl udes

an increagy n&ern?@%a&%%ep%”%' te%ﬁaef%ﬁ%r%'ct'rgi&o the second mjor surface,
for at |east ‘a portron o a ‘distance fromthe second maj or surface to the
light emtting surface. 535. The pi xel ated LED of claim 34, wherein the

i ncreasi ng cross-sectional area nonotonically increases. 36. The pixel ated

LED of cl%&i m 3the nikdated REDHE qlaiey Bagibgepin p swsacs of theowhstrase ediagontthgdes a

r60t§”guué&n3ﬁ£58F&ﬁﬁbeﬁ%o&%@ﬂﬂi%&éﬁxelatEd LED of claim 33, wherein each
p-n junction coﬂprlses a quantum " positioned closer to the second nmj or
surface than to the first major light emtting surface. 1538. The pi xel at ed

LED of claim 33, wherein _an angle between the substrate and a side of each

el ect r ol W nestEmixedptedbRD ofakyasl s Mo cAbBIGP-RBINGHeH eUBPHSSS abauiorsd
degr ees. s%%?cﬁ)%d&étérﬁ%ﬂ%c%ﬂt tlhgf?lr ernéai(%tflm %I%itti gﬁr?dc@ \gﬂerglt{ﬂ%lt ?eagtei ﬂ&‘rﬁgn E)P e

substrate and a si eac m nestent el ene ranges om about
35 degr eahe ha@lopbdsdmidéhdie@r eeBnmedlateyOadjabiaet iect@lhdhiddsceri2erherth aderin 33,
wherein the first major light emtting surface conprises a |ight

t r ah&ni s<OPECR] ect r ode.

29.  The pixelated LED of claim 17, further comprising a color converter disposed

adjacent the first major light emitting surface of each electroluminescent element.

15 30.  The pixelated LED of claim 29, wherein each color converter comprises a potential

well.

31.  The pixelated LED of claim 30, wherein the potential well comprises a group 11-VI
or a group I1I-V semiconductor.

20
32.  The pixelated LED of claim 29, wherein the color converters are disposed as a

monolithic array of truncated trapezoidal pyramids.

25 33. A pixelated LED, comprising:
two or more monolithically integrated electroluminescent elements disposed adjacent each
other on a substrate, each electroluminescent element comprising a p-n junction having a
first major light emitting surface and an opposite second major surface adjacent the
substrate, wherein the substrate between immediately adjacent second major surfaces

30 includes a surface that absorbs visible light.
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41. The pi xel ated LED of claim40, wherein the light transm ssive el ectrode
is 25common to at |east two of the electrolum nescent elenents. 42. The

pi xel at edwbDEDIafi4490ai m 37, wherein a di stance between treTqsambom3wel | and
the second maj or surface ranges from about 100 nmto about 500 nm 3043. The
pi xel ated LED of claim 37, wherein a distance between the quantum wel|l and
the second nmaj or surface from about 150 nmto about 250 nm WO

2011/ 0144890PCTihogeealardhBBuef clym 33Trdiersin edchicdestip Emipgscentplemas inclysiss ei n
each el ectr. . ne .S 1 - S t er nal
e e SR PLATESESELLGTENG b3yl ASRENUBIY b AU R Bl

subst r at goaipracendisthe B& AtscoB) dmafos birfaeeo tedphbsmitisd Alrtacki ght . 46.
The pi xel ated LED of claim 33, wherein the p-n junction conprises an

n- doped sem conductor adjacent the first major light emtting surface,

wher gi n | e Lk - - L.conduct or of iately
adj aééent a%asl' ec'fft%)elpl;%(nilg %gé (k:“gabt &{aﬁléelgr#g}n@gﬁl §%§fg}h§q%§%%°§{’% Seg{}o.ﬂ#%gpi xel at ed
LED of clmbiot@dealfyuntiayesconpri sing a col or converter disposed adjacent the
first mpgjor light emtting surface of each el ectrol um nescent el enent.
1548. The pi xel ated LED of claim47, wherein each color converter conprises

iad Y i l.ai I: tenti al
PPt ent il vetle i ds TR ERLSRAGRO0 D 1€ AR, et ot ent

includes a rectangular perimeter.

10
37.  The pixelated LED of claim 33, wherein each p-n junction comprises a quantum
well positioned closer to the second major surface than to the first major light emitting

surface.

15 38.  The pixelated LED of claim 33, wherein an angle between the substrate and a side

of each electroluminescent element ranges from about 25 degrees to about 85 degrees.

39 The pixelated LED of claim 33, wherein an angle between the substrate and a side
of each electroluminescent element ranges from about 35 degrees to about 70 degrees.

20
40.  The pixelated LED of claim 33, wherein the first major light emitting surface

comprises a light transmissive electrode.

41.  The pixelated LED of claim 40, wherein the light transmissive electrode is

25 common to at least two of the electroluminescent elements.

42.  The pixelated LED of claim 37, wherein a distance between the quantum well and

the second major surface ranges from about 100 nm to about 500 nm.

30 43.  The pixelated LED of claim 37, wherein a distance between the quantum well and

the second major surface from about 150 nm to about 250 nm.
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50. The pixelated LED of claim47, wherein the color converters are

di sposed asa nonolithic array of truncated trapezoidal pyramds. 51. A
met hod f owopbwxeliad9pong an LED, conprising: 25provi di ng aPsTais2@on433uncti on
on a first substrate, the slab p-n junction including a major surface
opposite the first substrate, and an em ssive region parallel to the nmgjor

surface; selectively renoving material fromthe major surface to a depth
bel ow t he#4.  The pixclated LED of claim 33, ahcessn gashredegtrehimigesepntiofepeaipl ural ity

of base pﬁ&é@eﬁ&%tlg%ﬁﬁe@seﬁ yseﬁ(?ergaq%ggrelewéﬁl&ce thereby form ng an array of

i nverted ram eposi a first electrode on each of
t he base portions; V\D 2011/014490PCT/ USZOlO/ 043344 bondi ng each of the
first electrodes to a second substrate; renoving the first substrate,

t her eby eé¥posi Hg nixqlatghLEBhTal3img s wihein thesubsimtasidizsept the peroad mswer and

depo§| ti ng fgces?ﬁ)%&q)g %Jﬂﬁgth pde on the light emtting surface. 5 52. A nmet hod
for plxela{ B r|S|ng providing a slab p-n junction on a first

substrat e, the slab p-n junction including a major surface opposite the
first substrate, and an emni ssive region parallel to the nmjor surface;

10sel ect i4fel y degussipted G ED of clainr 3% y«hsafenf fhegrn Bingtien eriaRrissh 2 Aelopgd or
surface; oA AGEA&RRht hB%irdt h5r B)nE ShlRAE SukR e AvREEANE 1EUPS IS RbEof

the n-doped semiconductor of immediately adjacent electroluminescent elements are in

10 contact.

47.  The pixelated LED of claim 33, further comprising a color converter disposed

adjacent the first major light emitting surface of each electroluminescent element.

15 48.  The pixelated LED of claim 47, wherein each color converter comprises a potential

well.

49.  The pixelated LED of claim 48, wherein the potential well comprises a group 11-VI
semiconductor.

20
50.  The pixelated LED of claim 47, wherein the color converters are disposed as a

monolithic array of truncated trapezoidal pyramids.

51. A method for pixelating an LED, comprising:

25 providing a slab p-n junction on a first substrate, the slab p-n junction
including a major surface opposite the first substrate, and an
emissive region parallel to the major surface;

selectively removing material from the major surface to a depth below the
emissive region, such that a plurality of base portions remain at the

30 major surface, thereby forming an array of inverted truncated
pyramid shapes;

depositing a first electrode on each of the base portions;
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renoving the first substrate, thereby exposing a light emtting surface of
the slab p-n junction; sel ectively renoving materi al
from t he woght1/amiopt i ng surface to a depth of 15the naj @cTdsedlace334such
that a plurality of pixels remain at the light emtting surface, thereby
formng an array of inverted truncated pyram d shapes; and depositing a
second el ectrode on the light emtting surface. 20

bonding each of the first electrodes to a second substrate;

removing the first substrate, thereby exposing a light emitting surface of the

slab p-n junction; and

depositing a second electrode on the light emitting surface.

52. A method for pixelating an LED, comprising:
providing a slab p-n junction on a first substrate, the slab p-n junction
including a major surface opposite the first substrate, and an
emissive region parallel to the major surface;
10 selectively depositing a plurality of first electrodes on the major surface;
bonding each of the first electrodes to a second substrate;
removing the first substrate, thereby exposing a light emitting surface of the
slab p-n junction;
selectively removing material from the light emitting surface to a depth of
15 the major surface, such that a plurality of pixels remain at the light
emitting surface, thereby forming an array of inverted truncated
pyramid shapes; and

depositing a second electrode on the light emitting surface.

20
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