LASER LI FT-OFF LED W TH | MPROVED LI GHT EXTRACTI ON
BACKGROUND [ 0001] The following relates to the
wo e@hbogeg2 arts. It especially relates to |i ght PEMUB1006/27205
devi ces including group ffl-nitride based |ight
emtting diodes (LEDs) transferred froma deposition
substrate to a host substrate or sub-nount using a
| adledSER {AEIGOFF pESCWER NdRBOME ThBIHTEIEXTBACGIEBNI cat i ng
same, and will be described with particular reference
t hereto. However, the followng will also find
BA@REROTAMHON in conjunction with other light emtting
sem conduct or devices that include sem conduct or

| r r ansf rredfro depositio bstr to.a
00%351 3 Sfelptgs o E%?Bl—’%%’&m% L ? ﬂ@%@fﬁs o ePh PP e
devidgs ﬁfélddﬂasg@ﬁlﬁ UseEdd BiscdenRal a&itﬂﬁg afoe&n(LFmSy Qx;ansferred

vi ol , and ultraviolet i ght emi ssion. These

from ﬁc‘ll%?a%“%ll gibgixte &g 2| féyfe?@swﬁ.% SPP-LOPRiCYSIRS ﬁéasrsra% ot

pro&ks, 48k kd Hﬂ’ch@ﬁ fdr qgorﬁ@@@ sanfe! B G/Hma@ bbbhiok &t Phrticular
indiumnitride (I , and ternary quat ernary all oys
referdneq dgreto. v%cpwerd éhq owing wiilldaler émd BRPLisatign innepnéwetirian
Wiﬂ#g@ef’\ﬁl éﬂﬂﬁfn@meﬁlogﬂﬂﬁw?%e%ce@th% llﬁcﬁldlfr %Qnﬁ@ﬂd@%r layers
abricated. FOGr exanple, the LED die can be coate
trangerred Eoplackpissionsehrstrate o mgo%ﬁldab@ta pagvb-memyt.ar ray of
group pi-nitride based LEDs can be arranged to
[00642] rcﬁéﬁ;ﬁﬁ%ﬁd%ﬁ%&"ﬂ%mc&}@ tu@éd“fo? GeritiatRB Q3dA 0151uc9 Qad18&dand
- optic, or so forth %LJOOOS] The “deposrtion substrate
ultrgvapletelight axissiony Thpso kR indedeq gk off lavars tmicaly finplusing
Ahl t
O P AN A, MERIRE bloitl LN B L () ond
terngyyi arenviaterayy elénye dliered yhic peﬁnel a pit diodeleBY agupling sithean

I I t
e S RNE] S AIRIDC! by o ighe! T
die em:ohmt:eactabl with gephesdibi-ngntdining ectaamalagh canparlr:iy oﬁigrmipde
T-n1 V‘@ld% g’ase Dsgrcou@)eI | laglgl?& rl, de !’I agl?l% ?%gn 0
eposi eSmia
pho}ph@f—c&téd apdin, ¢ ad fmﬂe (SiO.

“o

[0003] The deposition substrate for.epitaxially growing the group II-nitride layers
should substantially comport with the lattice constant, growth temperature, and
chemistry of the epitaxially deposited group II-nitride layers. The ideal substrate is a
group IM-nitride substrate such as a GaN substrate; however, difficulties have been
encountered in generating large-area group Ill-nitride wafers. Most group II-nitride
LEDs are presently grown on deposition substrates made of sapphire (Al,Os) or
silicon carbide (SiC). '

[0004] Sapphire and SiC have characteristics that may not be advantageous in the
finished device, such as being electrically insulating, exhibiting limited thermal
conductivity, or so forth, Accordingly, there is interest in transferring the epitaxially

grown group I-nitride pn diode stack from the deposition substrate to a more
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BRIEF SUMMARY

[0007] According to one aspect, a light emitting device is disclosed, including a stack
of semiconductor layers defining a light emitting pn junction and a dielectric layer
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[0010] According to another aspeot a method is disclosed for fabricaﬁng a light

*is formed on a deposition substrate. The formed stack of semiconductor layers is
transferred from the deposition substrate to a host substrate or sub-mount. The
transferring exposes a new principal surface of the stack of semiconductor layers that
was not exposed when the stack of semiconductor layers was formed on the

deposition substrate. Patterning, roughening, or texturing configured tfo promote



host substrate or sub-nount is different froma

deposition substrate on which the stack of
wa@ewroaduct or | ayers was forned. Patterning, PCT/US2006/027205

rougheni ng, or texturing configured to pronote

extraction of light generated in the stack of

sem conductor |layers is formed on a distal principal
extﬁd:ttofnaffelohf gdnhatedtiate stick 9€ sintionductbolayérayegenetatedtonithe

di st al rom tf?{ﬁ Q g fsubst rdate r sub-nmount. [0010]
new RrIggt Wéafeoo et SO eRcyr Wt hod i s di scl osed for

fabricating a light emtting device. A stack of

sem conductor layers defining a light emtting p

R{Epﬁﬂﬁ%ﬁﬂﬂiﬁg}fﬁg pRAWNEEPOsi tion substrate. The

ormed st of sem conductor | ayers is transferred
fromthe deposition substrate to a host substrate or

[0OE] BIGHURAS, 1AFRR dipgesmaticailn ghew poswelpble shewp gHEpHED
fabﬁ&é.rtlt)ﬂ‘;)?ocggs ntyﬁﬁilﬁé BG 1908 Ef@c@s@ﬁg USIGARE X Qfiatrdrnahtiodss

osed when the stac sem conductor 1ayers was
shofve rarﬁm of sehicondapios layére depngiist eme depopiion evbsizplg, FIGURE

1B %%%?xgétﬂﬂﬂy Q ov!?seﬁlte%t% gcﬁfs%ﬂnﬁéo%&ﬁc‘?& fad ers ched to a h(%st

ext rac I on gener at ed e st ack
subsssm co sttt dhralygalaserllét—gfé € Hreet degotmont Shléstreéwl“ﬁGUB& Kal

oo SRS R 25l AL SR e A o
subftr?@ oa mhjouﬁtl dfier shievhngens wif tteb Idepogntmm pxulbslhia’een EFI(BUHE ITED
o3 aE S o] ACERB e, S IR okt il £ s

lay@fdispesadenacdie ttadck dfayeicendieton tiyt® dia‘ﬁﬂcr adﬂappﬁmdlpab Burface
bstrate. FIGUFEIBdlg rammgg gsho t he

g B, ETEPTg oF & o RSl G PaE

light eefeidtedURY stablt o Rghit@Sectod lafdrs. of of t he deposition
substrate. FIGURE 1C di agranmmatically shows the stack

oofh SERINELEAEE! SR AT LSRR ppiiRLe

lighs Udasitiinat @evide] GURMRidhDIEI digleativdhyet aihélydes hapsRinph extending
fabricated | h mttl devi ce, including a .

G R TP TR T S0 b SRt i Gtz e Gfedugs deining

the pefdrs@pdvesehin, a>y %(ﬁmhg\éfﬂ\@ dastadlpstapal pirfarel pal surface
i ncl udi ng patterning, roughening, or texturing
configured to pronote extraction of

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0013] With reference to FIGURES 1A-1D, an LED is fabricated as follows. A stack
of group I-nitride semiconductor layers 10 defining a light-emitting .pn junction is
deposited on a deposition substrate 12. In some embodiments, the stack of group
I-nitride semiconductor layers 10 defining a light—emittiﬁg pn junction include
semiconductor layers selected from a group consisting of: a gallium nitride (GaN)
layer, an aluminum nitride (AIN) layer, an indium nitride ‘(InN) layer, layers
comprising terary alloys of GaN, AIN, or InN, and layers comprising quaternary

alloys of GaN, AIN, and InN. HoWever, other semiconductor layers can be formed
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light generated in the stack of sem conductor | ayers.
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[0016] After formation, the second principal surface 16 of the stack of group
I-nitride semiconductor layers 10 is attached to a host substrate or sub-mount 20,
bonding bumps 22 electrically connecting with the stack of semiconductor layers 10
to enable electrical energizing of the light-emitting pn junction. Typically, the
bonding bumps 22 electrically contact metallic or other highly conductive electrode
layers (not shown) which were deposited on the second principal surface 16 of the
stack of semiconductor layers 10 prior to the attachment. The illustrated host substrate

or sub-mount 20 further includes conductive vias 24 electrically connected with the
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the stack of group mnitride sem conductor | ayers.
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sem conductor |ayers 10 to the host substrate or
subsidntipty) ranspgrentdpr the deppsitipn sppgrate 12 such that the laser beam 3¢

passes through the deposition substrate 12 substantially unattenuated. The wavelength
or photon energy of the laser beam 30 is further selected to be strongly absorbed by

one or more materials of the stack of group II-nitride semiconductor layers 10, so

- that the laser beam 30 is absorbed proximate. to the first principal surface 14 of the .

stack of semiconductor layers 10 to cause detachment of the deposition substrate 12

from the stack of semiconductor layers 10.

[0018] FIGURE 1B diagrammatically illustrates the application of the laser beam 30

during the laser lift-off process. FIGURE 1C diagrammatically illustrates the light

" emitting device affer the laser lift-off. At the point in processing illustrated in

FIGURE 1C, the second principal surface 16 of the stack of semiconductor layers 10
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[0020] With reference to FIGURE 2, in other embodiments a dielectric layer 40' is

disposed over the stack of sennconductor layers 10. The dielectric layer 40' is

substantially transparent to hght emitted by the stack of semiconductor 1ayers 10 and
has a refractive index that substantially matches a refractive index of the stack of
. semiconductor layers 10. The dielectric layer 40' includes a proximate principal
surface 42' that is in contact with the stack of semiconductor layers 10, and a distal
principal surface 44' distal from the stack of semiconductor layers 10. The distal
principal surface 44' includes patterning, roughening, or texturing 50' configured to

promote extraction of light generated in the stack of semiconductor layers. The
7



FI GURE 1C, the second principal surface 16 of the
stack of sem conductor |ayers 10is attached to the

whonr/oewhst rate or sub-nmount 20, while the firBET/US2006/027205

princi pal surface 14 is exposed by the detachment of
the deposition substrate 12. Typically, the exposed
first principal surface 14 is relatively snooth. In
emDOdB RO HIGERES, ditfbefrexpRsedf FIGSRE D hcthpathe pattehing
14 has an RVB roughness of a few nanoneters tgrfa f‘ﬁw
roygheriah ST CTRFSE P BPdRIYPughioin PRXBBLR B purface 42 so
thel Mthd) %‘%até u[frft@&)@l 14206 fPPtigsnded Bl pattérBinBAkoughening, or
reflection of light generated in the 'sta%g of .
texgisirizcPdibe ortiariper wugpnae, ohiexyingS0pef ARt gkl SrrTEte
su&%‘]b’e ang dEfl&?lBg% M@o‘ﬁ%ﬁ&é diathol BAthe §HAPSE sbintHohdubhor HyBrs
{ 0

e stac em conductor |ayers 10. These effects
bydibgrdadecttihdayiei ¢t Towt onseingoin &fef neoraplely. cqvorgodefye the

ef eren FLGURE: 1.Rg | LGl L. 40 is
pa ?nsl%%srg‘gg%g%]glg’ ({rhe S §cﬂ %ﬁ‘tg%@%ﬁa?o{r?g%%tsg%ﬁleayers 10.
The dielectric layer 40 is substantially transparent.
[0623] i gbrne embpdisenisy thenpatisming reyeherng. contsrtrse Faylr s
: has fractive: i ngex,th Ntihealb¥erning,
e S S e R A
rowghniiogneiettoing 3y $05 ddlies Thwolgises. do tyet etheragrelodipgents, the

| .ncl udes .a_pr oxi . | BEi AL Sird Hat
e T
bisedixsteated fightriciudla sslacttdciewihy adglst Ele fattemnghwugheawk, of
sem conductor | ayers. 10, T di.stal princinal | yYe
te’iﬂm?gng?’u%gsre%‘écff FhPREES Ohd eer(%fsﬁag,pr%?lp?l e§< ury ?1% %8 L
enBORE lightr g thadtion by est g ecttirialetnalnefl eftioh iagdh tvagepmahingt efigets.n
the stack of sem conductor_layers..In the enbqadi nen
ThSPP R T e R S EPR oot P BULIENTIC G ek Paibse
ligh &xhands bawrlyopaht Wayveldapbugh lidhe ahiebdchy ithe |staygler of
40. Accordingly, .the proximte princi.pal surface 42
seppgreudy iR 1?3’1?{5&9(5]@@% e HePEFHIRg ~7 ﬂ‘B’Gb ni ng, or
texturing 50 of the distal principal surface 44.
(o8t e, ditlBRri@ ot Aot €0'pdah el phbtastilf ang tddspagent dielectric

conti nuous _.and coyers the first pri.ncipal. surface 14
mefpria] Rtk SEROIGIe 1205H LOWHIRE SHI et ahe i bty tpise.
OhLFBRE10 G 1dcaichhARIRE i2siliton ofHde (SINPLTHE rafatiéveandex of SiNy

di el ectric | a)gier 40' is dj sposed o‘?\gﬁ. t he s;e.&lg %f b
depens PRy thestoichioREp sanfenceie mgreateath ingrepsifery A tic; Lhe

inventors have deposited SiNx by plasma-enhanced chemical vapor deposition

(PECVD), and have measured a refractive index of greater than 2.4 at 680 nm. This

Nitride Semicond. Res. 3, 17 (1998), pp. 1-4. Other suitable dielectric materials

include, for example, silicon oxides (SiOy) and silicon oxynitrides (SixNy),

[6023] The refractive index of the dielectric layer 40, 40' should substantially match
the refractive index of the stack of semiconductor layers 10 so as to reduce reflections

as light passes from the semiconductor material into the dielectric material. The

8



substantially transparent to light emtted by the

stack of sem conductor |ayers 10, and has a refractive
w0 pabemodomnt substantially matches a refracti veP@nuis2000627205

the stack of sem conductor layers 10. The dielectric

| ayer 40" includes a proximate principal surface 42

that is in contact wwth the stack of sem conductor |a}
crigead addle Oamtbrencds ®ith¢ inpriaceciquabl utota deerdl reflécsibamis giveam

t he stack of sem _con uctor The dista

Pl Bt e SR e Ak EPRE QS FodDeAn,
theefrh@Xb ideR O B se@IBhi@idr Sthr ‘h%np rORPIRr@X trREE e Ohot

li ght_ enerated in the_ stack sem conductor | ayers.
Ocop; deiniei iPAssESTosR thy tagke! semicerduetor laygistifoste e dielediRE
lay'ep40 ot D@Eorﬁﬂ@lyp Qﬁj} &El@é‘cﬁg mafePHORSH NGefrMivh %ﬁitek' 5&50‘& the

extends thArough to the prOX|na§e principal surface

Same as,ser {greater tthan, p‘-g@)(ﬁfh@tl‘ée prder cfptie ssoyidondectar2material is
coﬁs%et'éﬂldtg %utSJﬂﬁth%‘; Lﬁ{cﬂ'tﬁkgrefr&gﬁg *ﬁ?d%k ) ’ﬂleosremgcg)éatﬂzrtc#r r}l?ahé'%l

he patterning,” roughening, or tex
Th@lﬁ 5t die mndrtmnp’é;llr thel rrémeveﬂfmdex ofdbé |d11®@butuy layte 40, 40" to

su s%ﬁ&@ xg’ttaﬁp ﬁ%?tg e {m&“? A0 er t%ﬁ]é%ff s%xﬁ,lrpor(f ug%r ga £1s, 10 is

eﬁMhemMBmumpmete cover age deflne t he patterning,
rougheni ng, or texturing 50" of the distal principa

[0024] TRE Qie1d Q2L 2 S%ﬁ%ﬁcd prigs Hltsr%t hg?P '45‘,944'

rougheni ng, of tex uring
baying thorpagnuing meygbering)icr texiuringt 30 ISOEnd]Dbh pnedtusd it |venous

t heni n or. text 50' ..defi nes
walth SLT ok THOBERL ey BF i LENKIE] D20ty RS
ther fisigirenipasurfice lié »f thei stegk DO senmBondneisr hlyerg thdAﬁ etchaloes

ar oth r structure that bias s.extrac d [ war
prfbes i e i i B P RRE SR bRk i o RS
roughertinyy tow mmm@so %50'. Thedurkesat be apioaraaaﬁﬂattym@ﬂk stlhﬂ)le for
pmg'Stal rlnci S rface 44, 44' to enhanc

gt el Bosh syhERte gt p c‘i“P‘ﬂPﬁ U

noMNBHEGH | ﬂhsﬂtg setatbectfer phéslitadri@i N i NGy GAYSRBKY, NG ePeam
texturing 50, 50 |ncludes feature Sizes t at enhance

EOEERRY B3t PABIoHo RODHERE SBrb WES B JETER gER BRI Grieh & @

ph&ﬂﬂehﬁt%ﬁttghﬂ) b FeptkePdicIs @A GO B Qst bﬁﬁ’e@ﬁ §er4£ to define
eflnlng the light emttingpnjunction. [002

thegfighed op |uee't>%fgﬂetegwes Atpmagzely-nige saas’s cambp alpq aSamhadow
mabif ARSRRALEH] Ay t@flhréeess.

[0025] Another approach is to deposit small polystyrene members, such as

members or spheres as a plasma etch mask. This approach typlcally prov1des a
random or non-periodic patterning, roughening, or texturing. Yet another approach for
generating the patterning, roughening, or texturing 50 is to use grating lithography.
‘This approach typically provides a periodic roughening.

[0026] These etch-down approaches can produce either the patterning, roughening, or

texturing 50 which does not pass entirely through the dielectric layer 40, or the

9



material with a refractive index conparable with that
of the sem conductor material. One suitable dielectric
woradoendmi2 i s silicon nitride (SiNx). The refrap€T/us2006/027205
i ndex of SiNx depends upon the stoichionmetry, and
tends to increase with increasing Si/Nratio. The
i nventors have deposited SiNx by pl asnma-enhanced
patigtvéng, calisheaper otdpdsing 6f (WFEE@v@)eS pavel dndivedy rthraugl deb a
£ 0
ciel it 3L ¥ ob BB eBhe O BRI hP AL Bler S TR, |
is ntmtlghn thh'e,r deef thacctahxﬁbmrpﬂmesa)ﬁen&@ﬂesaﬁf &80dawn paebéssing bms

use? et? e;%ro LF:% rhe %mttlgomgc: %&Hé‘oﬁgﬁldﬁgggpeéﬁgge ilg%@? Elztc}hnchi\;S
preferably é&ldsc&rd thati doab het aliaek ebd gdndicorEhe o mh&nalrmhluﬂg np fﬂmer
|I| ides (SiO) and silicon oxynitrides
Stac%é‘?%ﬁcbnd[% 6(; refractive index of the dielectric
| ayer 40, 40 shoul d substantially match the
[OOZ’HM& dift-off eroced exn (afso tHaeusecﬁ ac Kefirfe the mhitanidpctooghdnagpos

educ fle ons a h sses. from
texpitnd 30 Fhtmak it B AeFp e Riw ™ patdl LpBRES fpnobR
pattem) en itz ﬁrstTﬂiﬁeip:aIt duefade ]aﬂ’l@ltﬁe ﬁ@ckrcﬁfslejhﬁﬂfclﬂﬁtot' QayeRE0. The
ace. nor,ma r tota ternal .reflection.is
dlela%]f{}g ﬁFYS’yW?? W(lawfiﬁ%rﬁgn risPed 1 T SepyispnHastoT AT AL 1 A
depofitetifog teh &f € tifst Brihon)se kurfde 14@nd BRGedS phiferd, ffeuowed by a
hftquf ractive index of the sem conduct or. For nd>n

{PEYCCS that mepoves fthe E3STSh el salong WHiactipss B?mPPSg Rf the

depBﬁﬁ:ald[&ec&{cQES}e}Hh@po%écﬁ&kth@?es%@m conductor layers 10 into
the dielectric layer 40, 40'. Accordingly, any

C mat eri al, havi a . refractive index
001 RO GO (R B B TOrTRS S FSRET JEh 8 nok
danidge tieasck 0N eHGEREudB 18] 0, 56 aL R HEE B d'i&ectnc Jayer 40'
subst antjially nmatch the refract ive i ndex of the

cluding FsERET Jior rxrmplpatbe rppigh Patlern ook be ohahetPiFSt Baticthe
prodlﬁ‘feﬂ agt lighe ckphdey tBft dobe ndt BARGk!the stA¥EKduflr nfhrial. Oro

substanti al | mat ch the refractive index of the stack
prowce%#@é%%{awﬁﬂ |ugips p dift@ff prpcess; aeoptigoup layasof didepirin
matéhif cdh gL EFSE Hép%sﬂeﬁ}’ﬁﬂo&@d bﬁ&asl&e@ ‘fésiégtéé}gtn{ Bl top of

princi pal surface havi n patterning,
- the contiews Helectae layerx fqllomg g se@@id (bdnctb@ layeodeposition and

lift- gﬁ{olf%%elg@%(ﬁ%&ﬁong% @ggd’ogé 1ecﬁéqa§gi' electric layer is

deposite st ant| uni y "acr oss

[0029] In yet another approach, the mask is used first to define the resist pattern, and
then an etch-down process is used to form pattern directly on the semiconductor
- material. However, this approach- has- the disadvantage that the eiching of the
semiconductor material can damage the stack of semiconductor layers 10, leading to

degraded LED performance.

"[0030] Patterns with desired shapes may be created after patterning. The shapes of
the dielectric (or semiconductor) islands and the island array may effectively form

microlenses to optimize optical output power. Optionally, selected island shapes and

10



the first principal surface 14 of the stack of
sem conductor | ayers 10. An etch down process, such as
w@2phaswee et ch, is then applied using a nask tBRCT/U82006/027205
the patterning, roughening, or texturing 50, 50'. The
mask can be a non-contact mask suitable for patterning
devices after attachnment to the host substrate or
patigirh sidevat aggdes grorkenfopoet RetngmaekvisHing snkles.f @ptionally, the

h h F ray . - eggy
dw@b?%ﬁ& B’ Eggﬁy émhggém&#%e nas %ghg@gﬁﬁge f%?%w
patamtosﬂlrtpmmbame (ightchtragion emwmnoy &gl siti-pitdtien ndatiop is

ted di | ect.ri si_st. at.ter
parhgl?e\t/rg/e B? gﬁl de?lelg emlc n%HJ:tgy ?gﬁ‘goune d%e i egall 2hd! the
dielebtiie mmtrial abqoxdmglg hams kigh asfrde@vel ddex as sxﬁas&h@aﬂ@mﬂﬂﬁﬂ@

i rectional y.etchin ocess. [0025] Anot her
mﬁ&ﬁ%ﬁ% %ﬁw?gx¥%mﬁ§§€§FFﬁg F%mg%F§§§§F§ne nmenbers, such
as pol ystyrene spheres, on the surface of the
[003Hp=:i tieentibe| Bast rheen | @mhed amdthusefagntehose tiee nirefesedr

ne hi s proach cally
em%’?‘g%?n &8s A l?uﬁf?'d rga]iicah raﬁg%ail—gnspggl[f SFH A, St upon
reading ghd ﬂnd'egstarmlﬁ.n ot tﬁwptebedm deY&led aiﬁ@:hbﬁén apprineaded fthdt the
neratin ternln eni n or texturi 50
mvgfﬁ‘f’?&elf%gaﬂﬁ%ﬁ ﬁtﬁ HIGRA OdsTrii e i Alertient senrs y
thePt&nd dﬁsmahmbp@ﬁlt@a dp@@t@tb@amm or k24 6lvaithe sRreat. Ch- dovvn
approaches can produce either the patterning,
en|n r.texturing 50 which does not pass
[003 eeaﬂ} r?iﬁg%%t?ﬁ V-di el ectric |ayer 40, or
thepatternlng, rougheni ng, or texturing 50" which does
pass entirely through the dielectric |ayer 40' so as.
to define openings in the dielectric |ayer 40'. The
difference is nerely in how deep the etch-down process
penetrates. |f etch-down processing is used to produce
the dielectric layer 40" including openings, then an
etching is preferably selected that does not attack
the sem conductor material nmaking up the stack of
sem conductor layers 10. [0027] A lift-off process can
al so be used to define the patterning, roughening, or

texturing SO The mask is used first to define a
resist pattern (such as a photoresi st

11



pattern) on the first principal surface 14 of the
stack of sem conductor |ayers 10. The dielectric |ayer
waowadon/odsdex of refraction matched to the sem ce@mUus1006/027205
material is then deposited on top of the first
principal surface 14 and e resist pattern, followed by
a liftoff process that renpbves the resist pattern
along with those portions of the deposited dielectric
| aygr digpesedi@hs ifgcd ®fipfiling[ 0028] The 1ift-of f
process can be readily perforned in a manner which
does not danmge the stack of sem conductor |ayers 10,
so a¥aqk! srBaeRAEcOR Y e dpfieng 3 beht-gipéingpr jupelidnyendng
openi ngs. For exanple, the resist pattern can be a
phoi ali@edusd 3@t taapBsdar odicRd ekl bOREmBIRRSIN Blafdddt he
. does not damage the sem conductor material. To Pproduce
dieferizic davsr betrg & rqfiRgiéye mdex wbsigpntially prichipgra jsfaetivegndey of
theGRIBE bR @Y G aRks, Hetli@bdid GydFRb&hE 8lbribdPu1 Rk Rtal
- deposited, follovwed by masked Tesist pattern
froge fhien ptagko Rf cemicepdustort haemothei figieliprintiptle surfice inelypding
b e ing I R TRt 1 Hifoflc PRk el
gengragadee theistack afsemiconda?@]layers. yet anot her approach, the
mask is used first to define the resist pattern, and
then an etch-down process is used to form pattern
directly_ on the sem conductor material. However, this
apptoac )iflrhﬁ Efgﬁtfnrgeenﬁﬁ?ﬁé@ﬁm a5get foriin e Te fefieheprarismene
sem conduct or nmaterial can danage the stack of
sen leshaibsttads of saj-eicmiéh whiehdi digotad thlegiddFdehibhductor

erformance, .[003 Patterns. wi th _desired shapes may
layff J&? b é‘ﬁ’sg?t% &t SYvareE ﬁ?fﬂﬁé difiggat SR@federatitioh Bibstcate on
whidh éleaekk bLsefidon8edidbrdaysieisadbimdds| ands and the i sl and
array may effectively formmcrolenses to optimn ze
optical output power. Optionally, selected island
shapes andpattern sidewall angles can be formed to
engﬁP neerthylighi pgithrgyidedce @psdt dordlh iy clairh, dilsteh the host
Y i nal o . . an
UG, BB 5Bt bl SOR By SR vith o g
of eqhicgndlactbi deyersetot prebld elacteitdli ey oArthe light-emitting pn
jun@t&tni -reflection coating is particularly useful when
the sem conductor refractive index ns is high and the

4. The light emitting device as set forth in either one of claim 2 and claim

5. The light emitting device as set forth in any one of claims 2-4, wherein
the stack of semiconductor layers have first and second opposite principal surfaces,
the second principal surface being secured to the host substrate, the first principal
surface having been secured to the deposition substrate during formation of the stack

of semiconductor layers on the deposition substrate.
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dielectric material accordingly has a high refractive
i ndex r substantially matching the high refractive

w0 nabemogeg2 of the stack of semi conductor | ayer sPCT/0888§/027205

The invention has been described with reference to the
preferred enbodi nents. Cbviously, nodifications and
alterations will occur to others upon readi ng and
under st angh et &dietinprRoied b@t thethah betomdes clainp 1-8/whelrdin
i.s.intended that the invention be c strued as
theiligat-ergitting 20 JFocdige FoHIET 3 18 ‘i‘ﬁﬂ@ma"ﬁfg 5#P%r at i ons
insofar as they cone within the scope of the appended
cl ai rrs or the equi val ents thereof. [0032] The appended

cl ai \g’t gt égtciegw% ases@t %tr%ﬂ? a%%/ﬂe o? ﬁt&qyf Esdvﬂkgem

stakof e con ayers
thets'taghtof egmitbridngbmlayarn ot iuda senamhdactdn lejfeemeﬂacmdlfw}nea group

di d ov ) t he. st f sem onduct or. | [
coitiBRECt: t & Phpen iR ERY Frrb P ous Rl V0 vk o
indsihd sitaad (Tav) 1yyer1ratayaelm ét@npmsmgftdsraﬁp iall@ysiofiGaX, AN, tonénlé taad k

of sem conduct or ric layer having a
laygsiREPRERE Siras S OEPaN, SRD EREISE ack of

sem conduct or | ayer s, the distal principal surface

i ncludi ng patterning, roughening, or texturing

congi gur 4O PLRNRE ] t | Eé}&ﬁdth'en

theést acEﬁL f11 Etgr?l con%lj%%(%% aﬁgagegp%,pcg én Qlﬁfm g-,enﬁ
ligpantittinggprgendtios iaéidset nfuhl—tltmnmn slirepicn mfsludltlﬁ erplurahty

of%P,e COH%IU.?]HII%\ThIOai{?y§#I!1QI%Efate or sub-nount on which is

0ose sem conduct or | ayers, the host
substrate or sub-mount being different froma
deposition substrate on which the stack of

semycondykd ©ht LAYSSINRS af & fRth in 3ny diteoflcl-ghé 1-8MWhdrking
device as set forth in claim 2, wherein the host

thesdiplsetriadayenfoes mpt FRsumeicly reYw s sterkrifi s cpRegioT layers, the
pal®lrBak ! 108 8hdnihoC ONRSEEAN BF ’Metd?st&ll}ﬁm\%ﬁy@lcéﬁrﬁcﬁe being defined by

sem conductor | ayers to enabl e el ectrical energizing

theghoariletr icgterace nf e siagk prsemiseducts layars. The | i ght
emtting device as set forth in either one of claim2
and claim :

10. The light emitting device as set forth in any one of claims 1-8, wherein
the dielectric layer includes openings exposing the underlying stack of semiconductor
layers, the openings defining the patterning, roughening, or texturing of the distal

principal surface.

11.  The light emitting device as set forth in any one of claims' 1-8, Wheteih
the dielectric layer has a proximate principal surface contacting the stack of
semiconductor layers, the proximate principal surface contacting the stack of
semiconductor layers not including the patterning, roughening, or texturing of the

distal principal surface.
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3, wherein the host substrate or sub-nount is a
silicon substrate or sub-nmount. 5. The light emtting
waleai7oe90ds set forth in any one of clains 2-4, PeITES®06027205
the stack of sem conductor |ayers have first and
second opposite principal surfaces, the second
principal surface being secured to the host substrate,
t he 124 r sThey flighic ppisting devicsces braVipily ibees wecolr deintsol-Lhe
[ s r [
T S dony Sy TG T By 86 el Bl e
inchintes bi lgdst omantatetal pericdeity.ce as set forth in any one of
clains 1-5, wherein the light-emtting p n junction
includes a nulti-quantumwell region. 7 . The |ight
emtting deV|ce as .set forth in any one of clains 1-6,
wheldi n The lightagmitlne deigecasntrl dPdh 1p #psrane ofceleiss 1-11,
wh%@em GRNPHCHEhg |I€ﬁ(g§{e§m§ e&%&ﬁgng P A AP %ﬁn&sﬂ%ﬁ&éen%
a galllun1n|tr| “( GaN) layer, an alumnumnitride
SuwsmSﬁ}Ynaawandawnrmp@m nitri de (InN) Iayer, |layers
conprising ternary alloys of GaN, -AIN, or InN, and
| ayers conprising quaternary alloys of GaN, AN, and

InN 8 ht .emttin vice.as set forth in
ol a7 T B AR e S (PRt o 6 P 1,
whieretd thel @scteamﬁgurbmghqmagtomkmh& défe@h Bicrblegdetldi Nng a
plurality of layers containing InN or alloys thereof.
9 . The Ilght emtting device as set forth in any one
of clains 1-8, wherein the dielectric |ayer does not
conpd-et eTI}B ééhﬁe@mltfm davisckasofet el domdy cmerof| dgiessi-11,
t en r I
T o o BBl B [ a ML P et 4
seledekvieyagehglehe st ack of sen1conductor | ayers. 10. The
light emtting device as set forth in any one of
clainms 1-8, wherein the dielectric layer includes
op |ngs exp S|n .the underlying stack of
ondﬂtﬁtl tprgiiiinesdevicn as b iR anaets ofickgms krdS, further
co@@ﬁﬁ@;nlng rougheni ng, or texturing of the distal
pr|n0|pal surface. 11. The light emtting device as
set f%{"l’tti—rlle erc}h(?&] %oguql% d%gpo(szflzdalorrlrs thel d?stalvgqnenrcg)al surface of the

dielectric layer.

17. A method for fabricating a light emitting device, the method
comprising:

forming a stack of semiconductor layers deﬁmng a 11crht—em1ttmg pn junction;

and

disposing a dielectric layer over the stack of semiconductor layers, the
dielectric layer having a refractive index substantially matching a refractive index of
the stack of semiconductor layers, the dielectric layer having a principal surface distal

from the stack of semiconductor layers, the distal principal surface including
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the dielectric |ayer has a proximate principal surface
contacting the stack of sem conductor |ayers, the
w@e@giosmte princi pal surface contacting the stBCkRUS£006/027205
sem conductor |ayers not including the patterning,
rougheni ng, or texturing of the distal principa
surface. 12. The light emtting device as set forth in.
any one of .claj - iNtot BRnad tegtranitiog, of light
paﬁ?@%@héﬁ#ﬁﬁ?ﬁ%rb?@?%ﬁ%%%c o$ t he d?stal princi pa
genstdtetl acthe stack efdemicarductwadtyesne | ateral periodicity. 13.
The light emtting device as set forth in any one of
clainms 1-11, wherein the patterning, roughening, or
texturing of the distal. principal sutf o S
sub%%antlaﬁWQmﬁéﬁﬁ%ﬁ¥§HHC%Bﬁiégg?ﬁﬂ}C?§%§@L$ﬁngﬁght
emtting device as set forth in any one of clains
1- 1depodther 86 Radkh s@aicbetubiongyers ougheabitign stosaiext ur i ng
defines mcrolenses. 15. The light emtting device as
set forth in any one of clains 1-11, wherein the
patterni ng, roughening, or texturing hia e§ extracted
|i gttt CRkermethod e$ eelt g?ﬁthvme@/lﬁ“ﬁ]glgan‘@]lleé‘?mf > RS YR
emtting device as set forth in any one of clains
COMRIE® further conprising: an anti-reflection coating
di sposed on the distal principal surface of.th trate t
di etrectoring theytark of spmicandsstor &ayew fom 145 ?‘Fl%oé’t“ioﬂé‘?%f Pieght
emttin I t he met hod conprising: formng a
ah%%%@%“@%°§§ﬁ?§§ﬁluctor | ayers defining a
light-emtting pn junction; and disposing a dielectric
| ayer over the stack of sem conductor |ayers, the
di ehgct rie haved hawendoth nefdsant i9,e whagex the transferring

substantially matching a refractive i ndex of
comprises:

detaching the stack of semiconductor layers from the deposition substrate by a

laser lift-off process.

21. The method as set forth in claim 19, wherein the transferring

comprises:

attaching a second principal surface of the stack of semiconductor layers to the

host substrate or sub-mount; and

.- - detaching a first principal surface opposite the second principal surface from . . . .

the deposition substrate.

22.  The method as set forth in claim 21, wherein the detaching comprises:

applying a laser beam to the deposition substrate to the deposition substrate,

the laser beam passing through the deposition substrate substantially unattenuated and
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the stack of sem conductor |ayers, the dielectric
| ayer having a principal surface distal fromthe stack
wo@Roogmetoennduct or | ayers, the distal principal PEUUSR0€027205
i ncl udi ngpatterning, roughening, or texturing
configured to pronote extraction of |ight generated in
the stack of sem conductor |ayers. 18. The nethod as
beingedqjsglggd Rrokitha® 13iti8 frf, privkipekiunfathef theswtingt wonpnileésy.
epositing the stack of sem conductor |ayers on a
layegleposi tion substrate. 19. The method as set forth in
claim 18, wherein the formng further conpri ses:
transferring the stack of semnmi conductor |ayers from
depqsition.sub 2 wherein
suBmoante =000 et Kl e Salprpadt PR A B by
themﬁ@h@gnmhﬂﬁwkransferrlng conprises: detaching the
stack of sem conductor |ayers fromthe deposition

S TR0 e B e hfoRieent ot ppod
bonamgmun@e sf thahbsielhhs‘mqe ar sbeoouht,shé hetdpgl ef@amrta?@élﬁs%%h e
oo aC k g a §GE§T gglg g#' %ggond%éec@ L Quitle RASE OP E%E&rﬁﬁ@ropr

Pate principal surface
hy&@@ﬂﬁhb@ebﬂ@cﬁeﬁ@@ﬂmgbfﬂmﬂ@¢$&BMHﬁ&Wemﬁﬁ@W1the

deposition substrate. 22. The nethod as set forth in
claim 21, wherein the detaching conprlses applying a
| aser beamto the deposition substr

depbbl t iTdn wefbed pasd, fofthemI%e‘rneb%fa ﬁ" % Yhgndhe

Jion substrate substantlally unat t enuat ed
for % gg§g§%bsorbed proxi mate to the flrst pr|n0|pa
surface of the stack of senrconduc%ﬁ i m,m3
met feoningsthe stack G tsAMicALEICtoR d3Yeph &c me Oé“.%“c RS e

selgc%ed %ﬁra.e'gfbup consisting of: a gallium nitride (GaN) layer, an alummum

nitride (AIN) layer, an indium nitride (InN) layer, layers comprising ternary alloys of
GaN, AIN, or InN, and layers comprising quaternary alloys of GaN, AIN, and InN.

25.  The method as set forth in any one of claims 17-24, wherein the

forming comprises:

forming the pn junction including a multi-quantum well region.

‘‘‘‘  26. The method as set forth in any one of claims 17-25, wherem the

disposing of the dielectric layer over the stack of semiconductor layers comprises:

forming the patterning, roughening, or texturing into the distal pri_ncipal

surface after the disposing of the dielectric layer.
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the attaching conprises: attaching the second
princi pal surface of the stack of sem conductor |ayers
wa 00poemieng bunps of the host substrate or subrP@DUS1006/027205
the bondi ng effectuating electrical connection of at
| east sonme of the bonding bunps with the stack of

sem conductor | ayers to enable el ectri cal ener_gizir%_g‘=é
t

of The Hifetmehid b g forthuimcelpion 26,2wherginethpepmede £§
forth in,a

ny one_of. inme _17-23, wherein the form ng
mﬁ@8ﬁ$§Fgg@@£%%?ﬂ?ﬁﬁﬂ%§%§ﬂIggk of semiconductor |ayers
i ncl udi ng sem conductor |ayers selected froma group
conatlstg mepyctlectad prativtisudite disposhd dazeigjc leggjer, an
alumnumnitride (AIN) layer, an indiumnitride (InN)
| ayer, |ayers conprising ternary alloys of GaN, AN

or InN, and | ayers conpri.sin ternary all]o af..
GaNg8- Al Nibeghefhochag P50 H%_ca-ﬁ%@ﬂ%ﬁ k: f%“eﬁlef%ief%_g PSRy
ext?rgire tP theClifibMRngl éndd of WOELEhdcIoP EaykRl 11 d¥fin€ OPRIiLGER: the

_ n1n? thepnjunction including a nulti-quantum wel |
dispesgil diglect layPhe met hod as set forth in any one of

claims 17-25, wherein the disposing of the dielectric
| ayer over the stack of sem conductor |ayers '

co ises. formn e.patternin . i.ng,

Cextlr i A ReehiSedn chrad pare DIy SheRmolion o
notxE&Rash te uederlyhhg sttlebetmidondhaydayed7. The nmet hod as

set forth in claim26, wherei.n the form ng of the

patterni ng, roughening, or texturing conprises:

etching away sel ected portions of the disposed )

di eBect rThe afped .2s 28t fortheimamhene 45 cligps FE@?hWPﬁe’& them
sd%%%% &%Q%&Jﬁﬁ: £etgd portions extend to the

yIrng stac f 'sem conductor |ayers to define
openings in the disposed dielectric layer. 29. The
method as set forth in claim 27, wherein the sel ected
por 8 ONSTEO method as set forth in any one of claims 27-29, wherein the

forming of the patterning, roughening, or texturing into the distal principal surface

further comprises:

dispésing‘ polystyrene members on the disposed dielectric layer, the disposed
polystyrene members defining the selected portions.

32.  The method as set forth in any one of claims 17-25, wherein the

dispdsing the dielectric layer using a lift-off patterning process that defines the
patterning, roughening, or texturing.

33. A light emitting device comprising: i

a stack of semiconductor layers defining a light-emitting pn junction;
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not extend to the underlying stack of sem conduct or

| ayers. 30. The nethod as set forth in any one of
wW@b@i7ne9027- 29, wherein the sel ected portions aPE&r/us2006/027205

defined by a mask. 31. The nethod as set forth i any

one of clains 27-29, wherein the formng of the

patterning, roughening, or texturing into the distal

pr i aimispaibsteatr Grave mount drevhicloisptispesed thagjtask 6 pargjconductor

ol ystyrene menbers_ on j [ 2t I SbsiBYEsn
]ayrﬁéﬁﬁﬁéﬁg%S%QEST%%??ggﬁégﬁ%gggggégg?%%?%gﬁﬁﬁﬁﬁgelected
whipB e SBRE of @dicobbetardishodvadosstd; okt h i n any one of

clainms 17-25, wherein the disposing of the dielectric

| ayer, over the sta - i ion of lizht

con Rl mrPbele G- Bha R PG Ofon Ry Blfferion of e
gedetdtdd iaftfie pakiofsemiogdpetacleges fdraed deh idists prikpgpal surface of

pat t er ni ng, .rougheni rtexturing. '
ek B epagreas T fe L s spiite e e bont,
| ayers defining a light-emttingpnjunction;a host
substrate or sub-nount on which is disposed the stack
of sem canducidl, LA¥ELS detie f0ss FHSEK al8mOoB3, further
sub-mount berng different froma deposition substrate
comprispg:ch t he stack of semi conductor |ayers was fornmed;
and patterning, roughening, or texturing configured to
Pr g0 Gectitd 129G diQIRs A odek AR dRNQFiAtifd suffadehsf 1t atkk off
sem conductoi |ayers forned on a distal prjncipal .
sergigprichicier deyersh dhes fliglertriof lax® nhayéwd f CEBICUY @ PeE %“ﬁ%i?m}agy

m gdhfr%ﬁazl reih @ 18y BARS stRRILERLEn RS LAEergtD unt. 34. The
igiMting emtting device as set forth in claim 33,
further conprising: a dielectric |ayer disposed over

the distal principal surface of the stack of

senisondycheioli ager Sibri¢dtiag di eligdt emittidgaylevicdyathenguethod

refractive index substantially matching a refractive
COTREERZ:0of the stack of sem conductor |ayers.

forming a stack of semiconductor layers defining a light-emitting pn junction

on a deposition substrate;

transferring the formed stack of semiconductor layers from the deposition
substrate to a host substrate or sub-mount, the transferring exposing a new principal
surface of the stack of semiconductor layers that was not exposed when the stack of

semiconductor layers was formed on the deposition substrate; and

generating patterning, roughening, or: texturing - configured to promote
extraction of light generated in the stack of semiconductor layers on the new principal

surface of the stack of semiconductor layers.

36. The method as set forth in claim 35, wherein the transferring

comprises: )
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35. A nethod for fabricating a Iight emtting device,
the nmethod conprising: formng a stack of
wa@eos7oandrct or | ayers defining a |ight-em tti nBCPUR2006/027205
junction on a deposition substrate; transferring the
formed stack of sem conductor |ayers fromthe
deposition substrate to a host substrate or sub-nount,
t heddtichigf B rstacl) fxspmionductornieyerp fionc tpadepssitidrn gebshfte
the stack of sem conductor |ayers that was not exposed
us%%has?rﬁ '%@B{?ﬁesﬁf sem conductor |ayers was formed on
the deposition substrate; and generating patterning,
rougheni ng, or texturing configured to pronote
ext gact 1 g, rﬁgth+d ghte: appehaiifg dnB of PRing 886K c@fm 36, further
sem conductor layers on the new principal surface of
compresisg:ack of sem conductor |ayers. -36. The nethod as
set forth in claim35, wherein the transferring
CONMpf : . i Ofe IcHRNENEEOIMchang s
frg?nfs%%g%dag(g%lgﬁ % %%ei%%gﬁd g{igh usivﬁgmaﬁﬁaser i ft-ofg f
thgratiemée, rogghenifgeomietitiant- as set forth in either one of
claim35 or claim36, further conprising: disposing a
dielectric | ayer disposed on the new principal surface
i ncluding on the patterning, roughening, or texturing.
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