LASER ANNEALI NG OF GaN LEDs W TH REDUCED PATTERN EFFECTS CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application is related to U S. Patent
Application Serial No. 12/590,360, filed on Novenber 06, 2009, and entitled
"Laser spi ke annealing of GaN LEDs,"” which application is incorporated by

reference herein. Ly [ i | | Ok r .

Provi si onal ?@FMR’%I@?\ égg?%gr"l%ﬁs %Tﬁﬁ[ggggé4§éﬁﬁz&oéﬂgﬁl¢§cenber 07,
2012, which Application is incorporated by reference herein. FIELD [0003]
The present disclosure relates generally to light-emtting di odes (LEDs),
and in particular to s¢ROSSFREFEREAICH TORELATED APPLIGAEIONSneal i ng of GaN LEDs
I n a manner that reduces or mnimzes adverse pattern effects. BACKGROUND
ART [ 00d01]EDshis applidatiop @ felaged 60 USabhtemDspplidatich Sariav @B, UE/SD0B60,Hlledion
variety of lighting applications (e.g., full-color displays, traffic

| i ght s, Nemember 08nd009aved gotided [‘laiserf smkecarmealing of QppILERHt Wbith Jpeligation is
backl i ghti ng L anels, soljd state lighting to replace conventi onal

i ncandd8c¥RE3f refergneq RSFWscent 1ights, etc.) if these LEDs can be made

more efficient and can al so be manufactured nore cost-effectively. To
real i zd0893hefmhispppliqatian lajray priyiy frems U.S: ReoyisipsabiPatentdrpdicatinmtrrsiNeut put

power , rn-on voltage d uce erj.es. resistance. The series
Feai st ddes Tt BadiebRRe 321 90 FLIaTth ABB! ERigh &F ier gt eon edptanes
acti vatqepgn, uniformty of current spreading, and ohm c contact fornmation.
To realize manufacturing cost-effectiveness, inprovenents in the

manuf acturing process that result in better processing uniformty and a
reducti on on adverse processing effeélEdDi s desirabl e.

[0003] The present disclosure relates generally to light-emitting diodes (LEDs), and in
particular to system for and methods of laser annealing of GaN LEDs in a manner that

reduces or minimizes adverse pattern effects.

BACKGROUND ART

[0004] LEDs (and in particular GaN LEDs) have proven useful for a variety of lighting
applications (e.g., full-color displays, traffic lights, etc.), and have potential for even more
applications (e.g., backlighting LCD panels, solid state lighting to replace conventional
incandescent lamps and fluorescent lights, etc.) if these LEDs can be made more efficient
and can also be manufactured more cost-effectively. To realize higher efficiency for GaN
LEDs, they need to have enhanced output power, lower turn-on voltage and reduced series
resistance. The series resistance in GaN LEDs is closely related to the efficiency of dopant
activation, uniformity of current spreading, and ohmic contact formation. To realize
manufacturing cost-effectiveness, improvements in the manufacturing process that result in

better processing uniformity and a reduction on adverse processing effects is desirable.

[0005] In GaN, a n-type dopant can be readily achieved using Si and with an activation
concentration as high as 1x10* cm™. The p-type GaN can be obtained by using Mg as the
dopant. The efficiency of Mg doping, however, is quite low due to its high thermal activation
energy. At room temperature, only a few percent of the incorporated Mg contributes to the

free-hole concentration. Mg doping is further complicated during MOCVD growth because
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[0005] I n GaN, a n-type dopant can be readily achieved using Si and wth an
activation concentration as high as 1x1021CM 3. The p-type GaN can be
obtai ned by using My as the dopant. The efficiency of My doping, however,
is quite low due to its high thermal activation energy At room

t enper p or, 0.t he
free- hgtwhgdro é;*n%brag%\:;ag*rq{n ﬁ)br?@g&heo 'S f %aslro cl—ﬁfd?% P&gﬂl ﬂé?#%&%/ﬁ
growt h tlheﬁrams;e\neafnghy¢t@g&ealpm3\ngatudhasamﬂ aa@atmmgrowﬁth process. Hydrogen
passivation requires a thermal annealing step to break the My-H bonds and

acti vat[0006le AdphLED [yDBolh] inplum\cq_rﬁuctﬂ\;qmooeacmyaridrnﬂnddetfs/emn@ut:tsmr\eeeding
cont actﬁ and, conduct i vle di el ectrodes to fo Hﬁ?
FioneorS1eHes 48 oper S LE e FIPYESHRT CHE FRUTE RTHN AR TSDare Wihele Thg
processa}rﬁm'égh ¥F‘oc§éssﬁ‘né% ECE%B%%' sf‘odcai’iggeégﬂz&rég s?%g@rn effl&ieet Sty urI?rdvETchQ"e

t he per orma It wou e to performTaser

anneal i prgfodiahbe of EIEEN ILED it nveodd ther ddshrable ubr gatforaplae@damabthg of rloglesD ar e
formed. Consequently, there is a need for systems and methods of per form ng
| aser cHtFUSEINE mifer Hmcw&!ﬁéeeadmal@érom@ eer forapd e Epasaghently, dbese Ianmeadu ng

t hr oug(l;‘r conducti v £hr uct ure ?fﬁ'le P ;I'he dis éMosure cted
to | aseP’ BRI PGS OGR PFr ?ﬁm'e Peh AYreal et [ahEeey 2N F%aé éttern
ef f ect SyhdNYaaHRBALaING thidegHLSdREVE &riGumset hod that includes form ng

el ongat e conducti ve strucFur es atop either an n-GN |l ayer or a p-GN | ayer

of a GaN LED structure, the elongate conductive structures having | ong and
short di nensions, and being spaced GW gnd substantially aligned in the
| ong di nensions. The nethod al so inc es generati ng a P- pol ari zed anneal

| aser as,_an _annea Ien h that han,. t

di ronsROI i ahe ARHaSS S AT ket i de M Arda I ol SP BB bR MaekE IR ' o
the p- %N\ teiiBEd BSttéthef@%N Lﬂ!:n[%s%étltﬁttHé @usElBE&HQ&"a mhwﬂ@wmams%wﬁ%ures
with the P-pol arized anneal |aser beam including directing the annea

| aser lebmpatetatduetvd strodiares ol ettherears hrGalt layersosa ptGal 1dyiee opal @GaN ER | on

direction is perp endlcular to the | ong dinension of the conductive
st r uct gEEEtUre,gheSIoNsAts $RN Hﬁ&l\rf‘oﬂrqus SPYAG NS Fvhihnet dipeensiangcing keing

pref er %Blﬁf dhézpsagf;‘? o5 T&?a%t angta n%r?etog‘?a”t%rea}ln'w%fifn%«tsfo%”'ﬂr [391%9%]! J n\c{uﬁss

net hod al f the ongat e con rve s ructures

pref er gbh¥ratinglaUrlpslatived indaPla8eObedrh @h&tl IR Shrik@NddoéieN@hSthhtGtgteasr bei ng
parallel. [0010] In the nmethod, the el ongate conductive structures

pref er abarytfmshprteilmamwntT@pne@@dmgsoem@@dasode@atmg either the n-GaN layer or the
p-GaN layer of the GaN LED structure through the conductive structures with the P-polarized

anneal laser beam, including directing the anneal laser beam relative to the conductive
structures so that the polarization direction is perpendicular to the long dimension of the

conductive structures.

[0008] In the method, the elongate conductive structure preferably has a surface that is

generally rectangular.

[0009] In the method, the substantial alignment of the elongate conductive structures

preferably includes two or more of the elongate conductive structures being parallel.

[0010] In the method, the elongate conductive structures preferably define current-

spreading electrodes.

[0011] The method preferably further includes adding at least one contact pad that

electrically contacts the current-spreading electrodes, after the irradiating.
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[0011] The nethod preferably further includes adding at |east one contact
pad that electrically contacts the current-spreadi ng el ectrodes, after the
irradiating. [0012] In the method, the anneal wavel ength may be about 10.6
m crons. [0013] The nethod preferably further includes scanning with the

anneal Dio%i?]" li’u’?f’r{’@rﬂ&%dtﬂﬁ%fa%ﬂé‘ﬂgxfagleféﬁg&trﬁék%é%&ﬁn1bQ>%fHoHs.” the method, the

GaN LED structures nay be forne n a product substrate. And the nethod
pref erapl uct her includes, dici th roduct supstrate to form LED dies
P om « n30kah" T ieth i priteiaoh isdey el SonSlne T s e iEm hef ucies
i ncor poghatdbRGudiie irERufises into an LED device structure to forman LED
devi ce. [0016] Another aspect of the disclosure is a GaN light-emtting

]
di ode ( a ratu uj, t abl or |aser annealing with a P-pol arjzed
anneal PREY, *BERIhEToRy e e TEF g eR Torik dhp et AR Brlitle o
GaN mul fhel AY@bd Préfdrdoly RirtHadinduifes Witess BreGbdaitdubserdte 18 X6Mms LED AtesSAsAW Ch
an active layer; and a plurality of conductive structures forned atop
ei t her thie&ap-lEANttuayuees.or the n- GaN | ayer, the conductive structures each
being elongate with a | ong dinension and a short dinension and aligned

gener al fog15]n trhe rs@ABd PréRedbP furtdrtiRcild® mderpbordingehs D bRk ngtoSsRILEBT
than the anneal wavel ength. [0017] In the apparatus, the el ongate
conductdeavigestnuasreteorprapflEPalsivigcehave a surface that is generally
rectangular. [0018] In the apparatus, the substantial alignment of the

el ongat[eogeinduabihnee aspédi dfwhesdiguicuey abh YGaNGghickanittingd diode (OER) &fpalrdt@s
el ongat e conductive structures being parallel. [00191) In the apparatus, the
el ongatswitebladinst lager snnealingr wish pa -pelatited @aneaielaserr pearn- BpMiegdinngnneal

I r . . .
el ect Ovs/iaevselength. The apparatus includes: a GaN multilayer structure that includes p-GaN and n-

GaN layers that sandwich an active layer; and a plurality of conductive structures formed
atop either the p-GaN layer or the n-GaN layer, the conductive structures each being
elongate with a long dimension and a short dimension and aligned generally in the same

direction, with the short dimension being smaller than the anneal wavelength.

[0017] In the apparatus, the elongate conductive structures preferably have a surface that

is generally rectangular.

[0018] In the apparatus, the substantial alignment of the elongate conductive structures

preferably includes two or more of the elongate conductive structures being parallel.

[0019] In the apparatus, the elongate conductive structures preferably define current-

spreading electrodes.
[0020] In the apparatus, the short dimension may be smaller than about 10.6 microns.

[0021] In the apparatus, the conductive structures may be disposed atop the p-GaN layer.
And the apparatus preferably further includes a transparent conducting layer between the

conductive structures and the p-GaN layer.

[0022] Additional features and advantages of the disclosure will be set forth in the
detailed description which follows, and in part will be readily apparent to those skilled in the

art from that description or recognized by practicing the disclosure as described herein,
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[0020] In the apparatus, the short dinmension may be snmaller than about 10.6
m crons. [0021] In the apparatus, the conductive structures nmay be disposed
atop the p-GN layer. And the apparatus preferably further includes a
transparent conducting | ayer between the conductive structures and the

p GaN 'nﬁXI%m]g[@\QZgltaﬁQcﬂ'dfe dé?{b PeﬁﬁugHrf%ﬁo\ﬁthh%d mﬁmsa% S Ifl atshﬂ’ued nﬂéHre

be set fTorth escrlptlon I ch I n part
WI II bedrag@ils) y apparent to those skilled in the art fromthat descrl ption
or recogni zed by practicing the disclosure as described herein, including

the detgpphgd W—@&f l')é’&r'\&é‘?st%él %tg%l ﬂwsforéggﬁ\g‘:ébeﬁéﬁdes@ Sp& $n@§1etf9ﬁ’ov@iﬂgend6d

draw ngs. [0023] I's to be understood that both the or egol ng gener

descri pdetamedaduicrﬁdvt&)nf rebentienth odehaitt editiitedisolospte, and prebeaidedrbdbvigats of
the disclosure, and are intended to provide an overview or framework for
under stQueaNIRNY of Famexark @rameesﬁw%s the spturerpndgihgedckrs af éheydistlpsyre agitaib ned.

The acc y i ncl ude urth nderst di ng
of t he aBERyAfF attolfihiiPe AratubPub i R Bl a Bubttr ik TEE P L 17
speci fifialdsare, e afl aWoREFatell! 18d raAbCcomtitRbS paROGH ﬂﬁf‘%%e&flcattﬂﬁ The
di sclosure, and together with the description serve to explain the
princi pirewirgs dluspeteatarionserobodimentt afthedistlesurp 0dzittpgatier withiths desceiption
i ncorporated into and constitute part of the specification. [0025]
Cartes|Sﬁh"e(:tB(f-‘lxallah‘atthé§r‘5F'é'e|§@6¢/PEI%@“PHS efiBe disglor¢e by way of reference and
are not intended to be limting as to direction or orientation.

[0024] The claims are incorporated into and constitute part of the specification.

[0025] Cartesian coordinates are provided in the Figures by way of reference and are not

intended to be limiting as to direction or orientation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a schematic cross-sectional diagram of an example prior art vertical-type

GaN light-emitting diode (LED) structure;
[0027] FIG. 2 is a top-down view of the prior art vertical-type GaN LED structure of FIG. 1;

[0028] FIG. 3 is a schematic cross-sectional diagram of an example prior art horizontal-

type GaN LED structure;

[0029] FIG. 4 is a top-down view of the prior art horizontal-type GaN LED structure of

FIG. 3;

[0030] FIG. 5 is a plan view of an example product substrate on which the GaN structures
are formed, showing how the annealing laser beam forms a line image that is scanned over

the product wafer surface;

[0031] FIG. 6 is a schematic cross-sectional view of the upper portion of the GaN LED
structure and shows the GaN LED structure being laser annealed with an anneal laser beam
according to the prior art, and also shows a schematic temperature plot versus distance (X)
of the upper n-GaN layer on which conductive structures are formed, illustrating the a

temperature uniformity due to pattern effects;
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0026]FIG 1 is a schematic
cross-sectional diagramof an exanple prior art vertical-type GaN
light-emtting diode (LED) structure; [0027] FIG 2 is a top-down view of
the prior art vertical-type GaN LED structure of FIG 1; [0028]FIG 3 is a

schemat o3 sy Offs, %ﬁ‘%f 'gg@givﬁvie‘aﬂ{fgirag{ioﬁef S e e Qérjtﬁa%I-t?g% GB?TLEB%%@%u‘ret ype

GaN LED structure; a top-down view o I or art

hor i zoriangtnipdifiedbbdciotisd stugdtures, Mownl KaingBsubljét®eDio frireal Rsérsbeanphaparyi ew
of an exanpl e product substrate on which the GaN structures are forned,
showi ngefhadasehanapslepriocery foadermipgairef GaMd-ER trusturenacgerdingato ithe gresentd
over th r oduct, fer surface, [0031] FIG 6 is a sghemati .

or o5 SHAGRH T JATE IR P SHRRT B e AP EDeS (Dt Wi
shows (e &APrabRe S tHE b RBL MG eRBRIWIANGR! Adifted BoRflcARGRb ctliA3 Gre EAM
according to the prior art, and al'so shows a schematic tenperature plot

ver sus fdrmé¢@nibatrading atulishantlafip esnstarGadinpernseurenifedmicyy conducti ve structures
are formed, illustrating the a tenperature uniformty due to pattern

ef fect §0033] FIG. 7B is a top-down view of the GaN LED structure of FIG. 7A, shown a line image
124 formed by the P-polarized anneal laser beam, with the line image above to be scanned

over the GaN LED structure;

[0034] FIG. 8A and FIG. 8B are similar to FIG. 7A and FIG. 7B, but show an another

example configuration of the modified conductive structures;

[0035] FIG. 9A is similar to FIG. 8B and shows an example configuration of the modified
current-spreading electrodes being laser annealed by a scanned line image, prior to forming
the anode and the cathode contact pads in the anode and cathode contact pad regions

(dashed lines);

[0036] FIG. 9B is a top-down view of the example configuration of the modified current-

spreading electrodes of FIG. 9A, after forming the anode and the cathode contact pads;

[0037] FIG. 10 is a plan view of an example product wafer similar to that of FIG. 5, but
after performing laser annealing to form functional GaN LED structures, and showing how

the product wafer is diced to form LED dies from the functional GaN LED structures; and

[0038] FIG. 11 shows an example LED device formed using one of the LED dies.

DETAILED DESCRIPTION

[0039] Reference is now made in detail to the present preferred embodiments of the
disclosure, examples of which are illustrated in the accompanying drawings. Whenever
possible, the same or like reference numbers and symbols are used throughout the drawings
to refer to the same or like parts. The terms “above” and “below” are relative terms used to

facilitate the description and are not intended as being strictly limiting.
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[0032] FIG 7A is a side view of top portion of an exanple vertical-type
GaN LED structure having nodi fied conductive structures, shown being

subj ected to anneal |aser beam as part of a |aser anneal process for
formng the GaN LED structure according to the present disclosure, with the
Figure j dithg ; : j ur j : ' t he
Fenper Ao of Bt G R sy ol is Sy A POE e oy B SR
struct upaentar Rof §n58:877,i ¥, 2esBo@t drty 743510031 amiitial datem®nsleaiicotrpRdabyr e
uniformty;, [0033] FIG 7B is a top-down view of the GaN LED structure of
FI G 7Aefeypesgheseini ne i mage 124 forned by the P-pol arized anneal |aser
beam w th the line image above to be scanned over the GaN LED structure;
[ 0034] [BbA] 8AxampleAhsar Hidealirg systarhakuitabléIfe: catdyiagduFlthke mM&hobutof shew an
anot her exanpl e configuration of the nodified conductive structures;

[ 0035] Rrpegntgliscosueg ane describerdrindl-SgBatands YRofd 4ar4exaipt86€ antli % %n of

t he rmdvivp‘]iicﬁadat%H{SragnEﬁcsprot;atdi r%g reijeecr;tcr g\(g(rasm bei ng | aser anneal ed by a scanned
i ne i mage, IOprl ori't 0" Por r‘fa YReCEHSAE MY t he cat hode cont act pads in the

anode and cat hode contact pad regions (dashed lines);, [0036] FIG 9B is a
t op- doaﬂoﬁlewTB? e “aleRmpiseUsednPerglY Ht Fonestion ethblg cprépctive electrodes

current- i gdA r g g F 9 ter ) R ﬂ\e .1 he
cat hode BRUE 38 PRI des ndfnstessafly Biead ToffleBfbckh SRRRF 580 4 G,
waf er sjofitdc@ivithahé baderfingfihfer, nd iRHLd&S thelcaftelh&eth& 8ol RRBVe SBRRGddshge t O
form functional GaN LED structures, and show ng how t he product wafer is
di ced tabovetha urElrigingdayer and sapardtadthdrefiam. GaN LED structures; and [ 0038]
FIG 11 shows an exanpl e LED device forned using one of the LED dies.
DETAI LEO04HSCRIsETihHaNefA0BAN [REf @r@iee” ias udedvherde isi syndeyradls with tthe t@mesent
preferred enbodi ments of the disclosure, exanples of which are illustrated
i n the "‘GebdhParyamatysdr awi ngs. \Wienever possible, the same or |ike reference
nunbers and synbols are used throughout the drawings to refer to the sane
or |ikdo@aa]t sFIGThds & achnsnatabous seatichd] bidgowt ofiae exematel priortaet vertivseadpd o
facilitate the description and are not intended as being stri ctIGy limting.
GaN light-emitting diode (LED) structure 10. FIG. 2 is a top-down view of the GaN LED
structure 10 of FIG. 1. The GaN LED structure 10 includes a GaN multilayer structure 30 that
includes a p-doped GaN layer (“p-GaN layer”) 40 and an n-doped GaN layer (“n-GaN layer”)
50 with a surface 52. The p-GaN layer 40 and the n-GaN layer 50 sandwich an active layer
60, with the p-GaN layer being adjacent substrate 20. The active layer 60 comprises, for
example, a multiple quantum well (MQW) structure such as undoped GalnN/GaN
superlattices. The GaN multilayer structure 30 thus defines a p-n junction. The GaN LED

structure 10 includes a metal electrode 26 bonded to the p-GaN layer 40.

[0045] The GaN LED structure 10 comprises conducting structures 70 that include current-
spreading electrodes 70E disposed atop an n-GaN layer surface 52. The current-spreading
electrodes 70E serve as cathodes and the metal electrode 26 serves as an anode. The
current-spreading electrodes 70E serve to spread injected electrons. As best seen in FIG. 2,
the conducting structures 70 also include contact pads 70P, namely an n-contact pad 70PC
that is electrically connected to the current-spreading electrodes 70E, and a p-contact pad

70PA that is electrically connected to the metal electrode 26.

[0046] FIG. 3 is a schematic cross-sectional diagram of a prior art horizontal-type GaN LED

structure 10, and FIG. 4 is a top-down view of the GaN LED structure of FIG 3. The GaN LED
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[ 0040] The invention relates to GaN LEDs. Exanple GaN LEDs are al so
described in U S. Patents No. 6,455,877, 7,259,399 and 7,436,001, which
patents are incorporated by reference herein. [0041] Exanple |aser
anneal ing systens suitable for carrying out the nethods of the present

di scl osypgr@erdsSaE Beskiides'd sibsfrateest %cwcbs Sp gﬁlﬂe 240.Gaft éSétCOQQd%Zg]nghe

7,399, 945, which patents are i ncorporated by referéncé herein

t erm " astop“substrate @0 ibeheaforemestnieeicEal mulifapert ricaos doc buy wittl thetp-caes
relative to an underlying | ayer does not necessarily nean i nmedi at el

adj acengYerdt0ondithe adrrhl@yensd wvenﬁed-uﬁfmremwqurég)é\uasaawdaqerfﬂca (RPs3USe gecase
Merethedcotndtuctlve%t: Olf are above the.un C{erlr\é Ic{wertan .
separ at éd t he? Y14 ST PO S e IAT Y PORle ee?"ﬁ{e NETEH oM e (Frent sreading

herei n 418ctRodRMYEREUIdbE ber&hﬁ)ntlﬁ{lmr Qﬂ%dgﬁ&@m@aa 8HNS HenbOQH4h BkSmpik, bs 2
schematic cross-sectional diagramof an exanple prior art verti cal -type GaN

| i ght - etmadsparegt Gtondﬁ:tlth@ers(WlucﬂaJweh HDsurfdc&. 682isi dispséd pethoasn theesuradtt he
&GN LED structure 10 of 1. The GaN LED structure 10 includes a GaN

mul ti | aSpEpading %lé‘ftmdéss;'@Etaﬁﬁtth? ﬁrﬁawégeraﬂoptodaf}@dhe&wrﬁawﬁnsm 8 NNjfakRr )

40 andé@h@&gﬁgﬁpe%’&h?ye&arﬁ ;i)%ePa'X | g)éé (). TEL E\Mncma%s ?n%%rﬁcc% (?)i“?'ne -II- P- GaN

| ayer san an ac ive layer e "p- GaN

| ayer beiLes Qdjageert a§a4b§ﬁtﬁraﬂ@ct%ﬂ coIh@g aLbptuRizé By8&al 69th@ AR inS®hitact Bhd
exanple, a multiple quantumwell (MOW structure such as undoped Gal nN GaN

super | a?tQPCG.‘eshovVMOG@tmonmrtmﬂsayfece 52 olwGaNday®80 50hus defines a p-n junction.
The GaN LED structure 10 includes a netal electrode 26 bonded to the p-GN

| ayer 40047]004Fijth Toatikeng kéfbredice U6 FIGE 11threwdi4 | the Sconietivet stR@tusts votinr es
70 that include current-spreadi n(}geéel ectrodes 70E di sposed atop an n- GaN
| ayer §heffatn@ of zhe THeregisaresding grestiaf ey 7@ end ﬁb@iégnfﬁOEpédﬁr QP are tywidabvies

and the el ect.r,0 node. The eurs

ol ect r SARE Sy ies i ihE CpERY ATy Bevdh Brtitionn e Bl mione -,

t he COHH‘Q&& | DOHSTY HeHEIER (Wil G2 i fie! Wit &RAIREhe ARFHt-SBRadMEBR Hrodls
n-contact pad 70PC that i1s electrically connected to the current-spreadi ng
el ect r 00€ds Sibistanaially Brgercbat Betanped wikdferigiial,. | Theetietantispa@ating etevhedeed t o
the netal electrode 26. [0046]FIG 3 is a schematic cross-sectional diagram
of a pri06iyRiFdlydare 26 flensate erexith Eongtdimersiprel {dhowarms exiending inghg Y-

t op- dowregfloryy of the GaN LED structure of FIG 3. The GaN LED

[0048] FIG. 5 is a plan view of an example product substrate 6 on which GaN LED
structures 10 are formed. The close-up inset view of the product substrate 6 shows a
number of GaN LED structures 10 that define a surface 12. The product substrate 6 typically
supports many thousands of the GaN LED structures 10, each of which has X,Y dimensions

on the order of 1 mm.

[0049] Also shown in FIG. 5 is anneal laser beam 120 that forms a line image 124 on the
surface 12 of the product substrate 6. The line image 124 is scanned across the product
wafer surface 12 and thus the GaN LED structures 10 and the particular GaN layer to be
annealed, i.e., the p-GaN layer 40 or the n-GaN layer 50, depending on the type of GaN LED
structure. An example range for the dwell time t; for the line image 124 over a particular
portion of surface 12 is from about 10 microseconds (us) to 10 milliseconds (ms). In an
example, the line image 124 has a length between 5 mm and 100 mm, with a typical length
being between 7 and 20 mm. The line image 124 also has width in the range from about 25

microns to about 500 microns, with a typical width being between 50 microns and 100
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structure 10 of FIG 4 includes a substrate 20 such as sapphire, SiC, &GN
Si, etc. Disposed atop substrate 20 is the aforenentioned GaN nmul til ayer
structure 30, but with the p-GaN | ayer 40 and the n-GaN | ayer 50 reversed.
The p-GaN | ayer 40 has a surface 42. Because the conductivity of the p- GaN
is rel 1 bhAj e [0 e
eIectrg@ég&%%ERﬂQ&nggghﬁgﬂag o%?ﬁgg %r%?& r%ﬂ%ﬁgd rﬁﬁ?} Ggh nce in an
exanpl esow/mrrén@psoem/mﬁdumh Rg bayesle ((duler Sénsityt beikg Satbbtuameoaz}'mrﬁ

di sposed between the current spreading el ectrodes 70E and the p-GN | ayer
40 to n@@mmme/smmsmmdMswfmeg@mamoeahleserbh@ﬂd@ﬂ@edﬁhemr&seondvegp GaN
| ayer. An exa n1t|n oxi de TCL 66 .can al so
ne s ik 108F Mo 1saiieiose ton BT 425 AR 5 IheBcr et bucHBiAncs ARTSHY cont act
pad 70PC is shown atop a portion of surface 52 of n-GaN | ayer 50.

[ 0047] ViIOPBROL oA qxammjr raegefaribe maylmm@enngalttﬁmagﬁuw aswreateérmﬁbtthuedeser

structures 70 in 0 f current - s g-e ctrodes 70E _and the
cont act M iRALE GReEE T JRmtaneyt FR0at 16/ aF PR RO T e ARER v
(l'engt h‘)enfbe?ﬁﬂ?é Rfetérifed By thOFMmelnt 6f 90 diFasdoeRsioh rén@'tﬁ@ latficé Rfdrhatch

di mension (wdth) WL in the X-direction of the current-spreadi ng el ectrodes
70E i s sdis telmtatiahland| disigatioh ianhé BeNakDesituctvare dlOe nitendepdh of hilee annealing

current - spreadi % el ectrodes 70E typically have an el ongate shape with a
| ong di9APsafDeNLthesHwslh tiste and éh%ll'?ﬁjrlbﬁatfhe‘t@rﬂ%ﬁyr et i¥aAyPle ée&isrputtu'ﬂerzs is

2 P20 YA Bsode SXRATRAS: BF 89450 SHER IR, SrePhoiltoch G hERaAId: YA 2

10 are nset viewo e product s rate ows a
nunber @f pdrabdl 166Rns iU GehéRBy ftolifiRthedSiN RRItAayRY straeRird 20 adéléh ireslbssles
substrate 6 typically supports many thousands of the GaN LED structures 10,
each ofalithé ehaylawnXp Yhelsubstreteosordhe nratalietdrodeficanduwntor] Z049] Al so shown in
FIG 5 is anneal |aser beam 120 that forns a |ine inage 124 on the surface
12 of t[bes1]r oel&Cts 8 ubsdheaiatic oroskbecliora® vieWage tH2dpp& saréioned thergxds LEhe
product wafer surface 12 and thus the GaN LED structures 10 and the

parti cutaetusaNol andeshoms the GathbER structure 10 bejng lpsacauniealed wittp apneal frsen- GaN

| 0, di h f ED f
e cudePmt TR HO7 5o RS shyBoo ronar e plft ciepht APRER gt are "
Surfac%p?agrh%af\lrl%r%lﬂ%ﬂlcﬁl&e%ﬁHQ&%Qﬂq&u(fééio 4r@ fdithddi. | | i seconds (ms). In

an exanpl e, 't ne image 124 has a length between 5 mmand 100 mm with a

I b b d he | h dth
ot he D3 g ??C@ﬁ%e?l b cBThds S leBn oMot ek g T, e R

wi dt h Q@v@engﬁ%w%yﬁ@ﬂa&qmta&ﬁel B&l8on 9 Gh ARBeal e vaaml 20 iseg th Rae 124
has a power nsity (intensity) in the range from50Wm®2 to 5000W mm 2,
wi t h arnesanpk b WED sttectsird Y0bdihng asbittustrat®@\M il . 6, Bs ampkdirgylasantseaand
nmet hods for form n&@gn anneal | aser beam 120 and the corresponding |ine

i mage 1punipatediGady FQetrycureds, Hoagansnd ervmp(sﬁn?'%ctinﬂétwﬁwrr%%Baa'ts*yhffaé%r ence
herei n. |$5L39§9%%§%ﬁmteth£9é‘&? cft&,fest&esc%mamr}yﬁg@gagou 0 e‘?aturebout

associ a aser annea rocess 1S

1,500 GlotThehapieRyaH T RRR 6. tTREIBA®R! torthe is6-cHiRieTpatRAdeffocti hdurmigatBlasef GaN
di sassociation and the lattice mismatch strain relaxati on and di sl ocati on

i n t he aGatdlinEDreesythaliceeat® locahibedapltrionainifoneitiasriedhe apealssdany, whichhie
dwel | t nme an e | ase ensi t An exanple GaN nnul til ayer
structlﬁ QRH 'ﬂﬁ aﬂ%%éa@@ whyi"’é‘wo @”%tﬁ?ﬂﬁ" 10 pm and the anneal

typi cal | é reaches from 10 gr mto 100 pm e., general Iéﬁzhrough t he GaN

mul til ]stTh%@aFQeatIJ@aSér‘i eﬁﬁn@o@évera%eﬁluantFeStqmethﬁeﬁﬂ'\U strustyngel OBt r at e
20 or the taI

051]..FLG i
cr oss- 8855 TEAIhE BRI THESOBIET SO MF OR BITTRe e ebes rfcf IPEITF and
shows wﬁdﬁﬁwt\}gﬂ@ éﬁlfe%lérdereéQnQ%bP& &&é%‘érwe%@%g\mﬁsMQWH%%r tis Rl beam
120. FIG 5 also includes a schematic tenperature plot versus distance (X)
of t he anipgxding nertpdtatiagehaven highatddphet acivdtiet avehataewdbweeshesd resistarfoar med.
The second is that the areas directly under the conductive structures 70 are heated to a
lower temperature. This increases the local sheet resistance as well as increases the ohmic

contact resistance, both of which reduce the efficiency of the LED device. The third is that
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[ 0052] Because the conducting structures 70 are so large relative to the
anneal wavel ength AA, they reflect a substantial portion of an anneal | aser
beam 120 used to | aser anneal the GaN LED structure 10. Thus, as
illustrated in FIG 6, as annealing | aser beamillum nates GaN LED

Struct Uheredfing HEOIa 8 G5 el 86 Bfat N rRING Wik EMBuriteh WEd LSt },QF%@_ Agel efla! ess
than regions W thout 'these structures, as sc%ematl cally illTustrated 1n the
t enper adufifi@entlychigh merhperatirard rpdude the dhntc contadihresistamad 3ot edube tisostesdt | ed
"pattern effects" during the | aser annealing process that create |ocal

t her mal repistanesli gasr farpagesthiensteussurgrinedherdragigner or 6M1 dampge ghometalroptst 6 as
t he n-Gag | ayer 50 by way of illustration. [0053] There are at |east three
main a Pse influences on the GaN LED structure 10 that arise fromthe
thermal non-uniformties due to pattern effects. The first is that the

conducti09P4ly 8t ist desirahlsetn baat tif sAGicylr i@ dayssiddehanPN FRestregiendOwi t h
hi gher r i t erat ur have a.hi rd nt actijyation, and
hence aJtF%\f\gﬁ) tgﬂlggrt% gLiree{si!}%stto ga%é‘.’“%f 8?28 agn\éa a?tévqk%;ﬁ)lt' |§09§1rlye%%u ?¥%ecfne)?tunder
t he condsigtah¥® withintella@s. 18 RIRiINS Rt i€ durtRerdddsRUBIE thHEAEERL Fgfons TditeRtly

i ncreases the |l ocal sheet resistance as well as increases the ohm ¢ contact
r esi st aucler theotandoétivetstrmkturedl@® a highefteimpieeatase ioforddreo ldeDred s/ theeconTdre
third is that 8/16 increasing the |aser power so that the regions directly
under t'RUSIABER: aBPWEYRIs thi? @""fséi%§eacfc?'89'é§?‘§ﬁf"¥'¥\%“é rﬁ’tam?gﬁ‘igg%thteértr'b%rc%‘i@s}’ﬁé'v? 0

reduce Jhepli SOMAShat RIS RO 1F GHURRLEE ARBSIN 6PLM BIRELegan

damage the structure 1n ofther’regio or ‘can net al  cont act
pads. [s&otired 10,ithe defdctiaity frohOthRedhdliftReptrictured 20 isGARidientRr gredt JohataN
LED structure 10 uniformy to increase the total number of dopants

act i vattbel regionsriieneatii the ceadissive bsuetheast’Orcag et kenyeughtt un e a sustidienthrhigh n
additiqn, it .is further desirable to heat. the regiaons djrec nder the
conductrVBe Rt P TS, RSy apasnye  GrB el bt 40 Sulfeont (e
cont acting sl A NGRects ONRYE! by &Ry 1YSnnBS BRL QTRIURI CEaN 15N UEnrSRERIRET

ei t her thgﬁéonduct icve st ructyurﬂ}éﬁg?o or nt he ungerl yi ng aGaN @yerr.@érﬁ

pr esentcoddyctimaneattung 70 t he GaN LED structures 10, the reflectivity from
the conductive structures 70 is sufficiently great so that the regions
beneat hodgs CAMAHGhE \YAn8AINEEdr Wl 180 ¢ApHatizdeinbs aeRionUParbfeldostukfibeg ently
hi gh tenperature. In other words, present-day annealing of GaN LED

st ruct wireensldh & udfffsick condmtiveestpatures M0egkfge ctwsreandupedding dlestratgs tZWEHmeal
the particular GaN | ayer through_the conductive structures 70. [0055] Wen
t he anmeHion ofdbe apeeatiasenbeam A0 isrphecied-nThis Wiheeduseshe panel laser Reem B0 | ong

di nensi i ' . O ent -spr I
el oot r Sle SBEyRAC B BHRL HE e SpRAIIEE MERBLE 1, e GHEHE CRRRESEAIN 1
i s becans@vellReqabhie! in laddfiined eNia higds the $arfleRBiblNdldclic fidld hEfHeSsurficé BE
conductive structures 70. The electrical currents satisfy Maxwell's

equat i timescondugtiveasirustuneh@0. hisicraazessan ¢lectriafiglsithattanstle etsubstaniidipdrian t he
surface, qf the conducti structures (0. This creates an electric field
Chat - ohta ETRLAaRRal MsShhtart drS ard Pindick s STeE ed praRAdese: baeBr128Bam 120
and prgd ﬁFrrlT%fd ected anneal |aser beam 120R, as shown in FIG 6. [0056]
In an exanpl e enbodi ment of the disclosure, the anneal |aser beam 120 is

pol ari in a polarization directi 122. Further, th ondycti v .

e dct (361 7R 80 %o mBR. BRI e thesbrgatTe: ShiEnirt odnbErBi &

di "enSLeRrit& Br a PdolhrzBfon dRE&RM LD, FEIhSN NI Lo hiictial StrlBEHdd 26 nbdk Brve a
dinension W2 in a short direction (e.g., the X-direction, as shown),

wher ei afov@mentitinedacldngdtershape WitH an ssiaidaes dirhamsian(eg] imalve lyedigiction,i ae. , W2
< AA. In an exanple, each current-spreading el ectrode 70E has an upper

sur f ac8orgB uiare modifieddediavg ardivenrign Vs in askest directipreledpihe X-dirgetion,
curr enbe SRWGIMAG R F21 RIS d OReRitud ik RS Db D wAlelbERALI d MR the

el ectrodes ar’e para arther i e exanple’ all .

el ectr pdesn ah@xBAPR] k8th EFRt-sBréhdinglélcttrddRt BIF hARR bRl isQFfacey I athabies
11/982, 788, which describes this effect in the context of annealing

nmet al | genestliyurettangglaonAlso in aoaxanailerthefcorremaspreadiog eiengo@MODE arpaligiead ces,

and which is incorporated b}/ ref erence herei n_? . .
such that at least two of the electrodes are parallel, while further in the example ail of the
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[0057] FIG 7A is a side view of top portion of the vertical-type GaN LED
structure 10 shown being subjected to the anneal |aser beam 120 as part of
a |l aser anneal process for formng the GaN LED structure 10. FIG 7A

i ncludes a schematic tenperature vs. distance (X) plot show ng the

t enper ag|pEodds 5rlaepér9m§r(s§b C@y I@yebaéﬁt %prrtyt%n rmr INE 0196851 ued | Xfi he
structures 70 are forned, i'.e., they have a w dth di nension W< AA 7B
i s a togesdobes thiseffedt in e (BahtdeBf szhhemmgrrﬁetihﬂlc(xftrd?:tlﬁes 6A, silebongafaist fmrt he
anneal |aser beam 120 and shows |ine image 124 fornmed by the anneal |aser
beam 120284fagturing CHIQR TP Beieessanthwhigh iniagorperatethly nefmeseerhareind-e 10. The
anneal |aser beam 120 is P-polarized, i.e., the polarization direction,

whi ch i[905Tdi EHE. eth Isya andeomev&tlbz ,top goirtiora op klzen eertisél-tppe GandLEDIk@uctuee the
surface 52 of the n-GaN | ayer 50. The small arrows in FIG 7B indicate the
scanni n’ﬁ‘om“r%ed'ﬂg Sbiegted rﬁ%ﬂrq a@‘qatr%er heam 126@s Ppringftlaseragnneq! magess7iar and
FI G 7Efo %t QagﬂlLEb%SEtupeefén I%%%Qﬁt%lu%'eg% trha(tfz 20 ratttrllraetvst 1 an%e (x)

polarrza nore-accu 781N €0

proj ectger showing ke Swidcrerd 3f ﬂte hh@rm &l 15,2Y 80 OWhich rﬁ@dnﬁ@d‘@bﬁdﬂcﬁbet 0
the long direction of the current-spreading electrodes 70E. In this |aser
anneal istycsengd pie fosmd} ieant thay Ihpvah Iwidth dimensiom&62< Mi. gh6. R &m tPBdpasses
through the _curre readi ng_ el ectrades, 70E and into the underl |ng GaN

| ayer (45towh e the, ﬁdéﬂgﬂrwuw@o of P& i 1B Wi &Ny a@w'nwérbesm 20rRpd i s
true ey f

conduct oty Hi e 24 BhmaR bR ARt AR (A1 A0RKR b ol Banped over

el ectr ale%aROED stredibreVWe) eTiRNGitdkal laser beadW 120\ p-pandlizé )i ise. dihegyesdrRatibs t 00
small to allow for a@}/ substantial electrical current to be driven by the
el ect r idiregiien, gvhi¢h isiedieatpd vy arravet22 isdmalptane Bitheergerdiculyr tortherserfaee hd
gener at el ric fiel he conduct trucgtures .70 t hat dcanc I
Phe -t S0H PRl plr 0o Te el eraiRda i A Bidtised essammifg Groomatdee iEs
reflecti,e,g%@pﬂeal | aser beam 120R, such as shown in FIG 6. In the exarrpl e

onfiguration of FIG 7A and 7B, sone of the current spr eadi ng el ectrodes
170E ay ou t her C art t hi u ci ng
5, whi (!ﬁ()ﬁtl aﬁggeéxtlg(rgr% eﬂgqugl sdwé f%dgglan%gi"laser eae@a |@S§ﬁ 'eéalclt'oﬁﬁa t hod

of the tkaNhbBEBISEAIST (U nd@ REGaE, Rd dofart BorESRpQRIME € 2D RS |pH5]@§ted Bhto
form ng el ongate conductive structures 70 atop either n-GaN | ayer 50 or

p- GaN [ty eurfate 53f oftthe nSaaN Lyer SO) s prerpendicar tth ¢he langgiiteetic 0 tiet cureent-
structures 70 havi L ong and short di nmensions, and bei n& IEaced apart and
7

subst afPfeafing eéerqtrgﬁga 7th {héhis fser annaaliag gaRmetrypubgiantia! gt Hiep@inee] zed

anneal t han
The. ahuPT HenbRRTRe Il 1A B AP EL A Tob A b b BEETI

p- GaN GanesyetQsiwrt erIGaMh biFagtofesbmpr akGht MEGalg haytehsO)COIrrﬁiyi@ttrué_Eeven if
structures 70 with the P-pol ari zed anneal |aser beam 120, i ncl uding

di rect thmcqrrﬁé\tanreedlngleé@enodbebmerm iafinivecansluctidtye diviblis becasse theuwidth ¥& 70 so
that th ol ari zati on. ctlon er pendi cul t di mensi on
Lo ¢ REEGarEE S tine Sl oUSE 7S B uBar AR aRE e e 204 1S Hinéptorbg
anneal g t@§‘§h‘rah?@'§]lé@@or‘ a?ty%ﬂ?cra%@%l&‘(n@al %??erttat?%re otrn/@g b@ftf?é/leré%c%r@&ﬂea'
wavel ength AA = .6 mcrons so I n an exanple, con tive structures 70
t hat ha\eeaane:hlnmrmmze VWoragquenthsttaate Bl hy deherasedreleztinlfitldoin iy f ace
area as prior art conductive structures that have a snall est dinension W.>

A Thi sondstivrestaeceiep 7S hricroutst cangelripe &rapgmitad Rarfing ofiphe anneablpsaribeemai de

d | 70E h dt d h
Ut o al AT RRE RV MAeSef HRERR iieel DR PRRT RO NG s nGBR RBIC. s alipire P
cur r engxapiyle ash@riRedrrser avd 78 s8mdl dfthe Wrrent%@réﬂdﬁt’g%@ctﬁﬁﬁs ti?OE are

redistributed into ten current-spreadi ng el ectrodes having a wdth W2 and

t hat agmupedtegttiarant dppcabacarhgitBinrredehrgroumbyg a(speengEGvhiBA)in affruxsm\n&y t he
sanme amount of current can be carried in the network of thinner

cur ren894¥W4di ng el ectrodes as is carried in the network of wider
current-spreadi ng el ectrodes, but with the added benefit that the pattern
ef f ect W0a9k Mbdscedexempld anndatieg metidgbaf tharGa tEY statdtyee I(bamrakdrmgtd; e
5-mcron curren reading e] ectrodes 70E is to nake fewer 5-mc

curren 'Scé?fr“é%tmch@' gla(;??rrnﬁ gslongafe Cﬁﬁa‘éCttVﬁéFﬁ“F‘h‘ir%%@atPP edher pﬁa{\lﬁgyer 50
Z-direction), so that each current-spreading el ectrode 70E is capabl e of
carrying a greater anount of currepd/igecause each has a greater vol une due
to the increased thickness. In an exanple, current-spreading el ectrodes 70E
are spread out evenly atop the GaN LED structure 10 to help inprove the
current spreading by maeking it nmore uniform [0062] An aspect of the

d| scl osure includes nodi fy| ng both the current spr eadi ng eI ectrodes 70E and

o N — e p— . o e o o - 4 a Y T 1 o~ ~ A



formed (dashed line rectangle). FIG 9A al so shows an anode contact pad
regi on 70PAR wherein the anode contact pad 70PA is to be forned (dashed

| ine square). [0063] Upon | aser annealing with the anneal |aser beam 120,
the current-spreading el ectrodes 70E form | owresistance ohm c contacts

Wi th the PRIEICHer 463N hexBin (Eh dtruclrEadl HRYVEbneRe BRASRAULrLAREL pEaL .
After the l'aser annealing through the current spreadi ng el ectrodes 70
carri echavitig lohp@and ishora dinbssenscand bedp spacidagdarpacts suli3RGtialyl alighed iarthe
formed, e.g., by depositing netal in both the cathode contact pad region
70PCR (|Pﬂ8:IdUH¢f|‘rﬁ§)0ft§vlerb)t Benerating Brpalarized anpedt lasgsriean A0 éh@chaso@regwn%ﬁhd in

t he anode d reqgi on, 70PAR i.Ch i.S a

vert roar RSB R dudpReri ot mEnBe il YrafiHbek PEME BB o
the GaNa|deDs6tdr UhkUp %aﬂdolaygloﬁﬁzlzlf m&eGgﬁ'\LéIﬁ@?ﬁﬁctﬁF@qw 1hPSughY 8l BbRdltrgEt hods
di scl osed herein provide a nunber of advantages over prior art GaN | aser
anneal istgicsyes @0vidntheretgutatzed Anhealshseacheant a2@ indudingtdidetticithes enveal t 0

|rrprove the sheet resistance uniformty throughout the GaN regi ons (both p
and n tlg55EPeamaelative ta g @md@at%str%%esé’ﬂﬁeé atigemelasizgion dieetiondiietis ve

SUT uCt UL gse il £ S SROR, ANENIAGS iR LI QKOO QO &, ggnt act resi stance of

the co or - rrace vantage 1s r educed t hreshol d
t he LED device efficien and

| f he LED whi ch
" educedorsl Lrﬁim%xag@iéia&?@aaﬂéétanbs 1955 ey A0Sy RsnATaERbY p 6B iFerTNe 10
(5 2 DlaBLE Bindl B AHGI YD Er s Bl bRSTI BREHRe RSB LED
B%are T as

struct 0 supporte duct su St rate are | aser annea

descri bedhabioae.a dlh@nﬁ@xN)\,LEWZSIhislwb%ﬁﬁalU/th@éirﬁﬂﬁmfouﬁtlbﬂ Suifake &MY dspkor
structures 1CF that can serve as LED |Iight sources. Accordingly, the

pr oductarseinsiuciatesstictures Hat hayeesmeallest dinmansieD Wilzaa. 100iscao be @heonfrlisbed onal

cnown 1T IS BY 2PU0E)-PTiE ‘B I 44e RUEC Mg R S RCGHpr BECe) R & LED

devi ce \GlfHigh W R sg)ﬂttfr%ftﬁbﬁq“udrﬁ% %\a'n%%r%de%EQ ééct:'ddlek’ﬁ&%ﬁé § Quibith \'E/'zG 11.
The LED device 25 | G I1 includes an anode A and a cat hode 252C

t hat eXverstample) arutrabhesdreddiad flatrodn Im:wmgyalwrmBh cwsn AR nticronbhecanabdrode
252C includes a reflective cavity 258 in which the LED die 100 resides.

W re bépdistribateddnitan %tqn;frser@aﬁ%tequﬁr@daﬁba\énesmdféhWth that psowassbC t o
the LED I _sou W nnects to th anod 252A and
the carRBiQYs83ing sy BlartToRE Fickibans PR Ny RBSRE rbOulid AR e ent co
250 so chhal ih &heemtmrll b@ntnn%ﬁau@éntasraréaﬁﬁhgeaéc&m&@ AVRVE HERGH RhNFetWldPRBT] | t

wi |l be apparent to those skilled in the art that various nodifications and
var i at nwiter aarenbepmradieg tetectrodepbes evith thie sdbded berefiti th ot métean effagsfarom t he
spirit and scope of the di sclosure. Thus it is intended that the present

di scl o$ef4ced 80 B¥NIWednodi fi cati ons and variations of this disclosure

provi ded they cone within the scope of the appended clainms and their
equi vall@Qeld . An alternative to making ten 5-micron current-spreading electrodes 70E is to make

fewer 5-micron current-spreading electrodes, but make them thicker (i.e., in the Z-direction),
so that each current-spreading electrode 70E is capable of carrying a greater amount of
current because each has a greater volume due to the increased thickness. In an example,
current-spreading electrodes 70E are spread out evenly atop the GaN LED structure 10 to

help improve the current spreading by making it more uniform.

[0062] An aspect of the disclosure includes modifying both the current-spreading
electrodes 70E and the contact pads 70P to reduce or minimize adverse pattern effects. FIG.
9A is similar to FIG. 8B and shows modified current-spreading electrodes 70E that extend

into the cathode contact pad region 70PCR where the cathode contact pad 70PC is to be
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What is clainmed is: 1. A nmethod of |aser annealing a GaN light-emtting
di ode (LED) structure, conprising form ng el ongate conductive
structures atop either an n-GN | ayer or a p-GaN | ayer of the GaN LED
structure, the elongate conductive structures having | ong and short

di Tensi @Ageq i‘&‘%h@&’iliﬂgg@&%ﬁgg)‘. ﬁgﬁ. bAan? SHARS gﬁ‘tain@&é ?éoﬁﬂakﬂ??cg ég%?r‘i HBpARNY

di nensi ons; ner a P-polarized annea ase t hat has an

anneal wieatelnathgthoddednth@ pgt darais toibarfoirhied Glasthdd Ithervgosiepn; and
irradiating either the n-GN | ayer or the p-GaN | ayer of the GaN LED

struct upgedjn” QPER Lie SRS With $hd YRheISEseM bdhnh NO0P1RO| AFlehREhRINAR!

| aser beam  including directing the anneal |aser beamrelative to the
conducteleeraies UOE furaslogeretibiahcd blemabatadcsavitlothedbargatiaradeN laygdepemdGanl ar
to the | ong dinmension of the conductive structures. 2. The nmethod of claim
1, wherlaysi 3hes shewghtedergaihc Aftee the faser aprealing throsgh the sutrpak spreading

general |y .rect ul ar.. 3. net hod,of claim?l reiLn S nti al
o ottt 708 Brued ool oRalte A ofioSul bFadconkief wkl 700 8 BRSS! ¢ ne
el ongatfgrheddue! byaeﬁésﬁm%t HE®S iPBbtAhB@heIddelcontatt pddh@edi®t ROBLROfin@dhgn 1.
wherein the el ongate conductive structures define current-

over the ends of the current-spreading electrodes) and in the anode contact pad region

70PAR (which is a metal substrate in the vertical LED geometry), to complete the electrical

connections needed for the GaN LED structure 10.

[0064] The GaN laser annealing system and methods disclosed herein provide a number of
advantages over prior art GaN laser annealing systems and methods. A first advantage is
that it can serve to improve the sheet resistance uniformity throughout the GaN regions
(both p and n type) that are subjected to laser annealing through the conductive structures
70. A second advantage is improved ohmic contact resistance of the conductor-GaN
interface. A third advantage is a reduced threshold voltage for the LED device, which
improves the LED device efficiency and reduces the amount generated heat during device

operation.

[0065] FIG. 10 is a plan view of a product substrate 6 after laser annealing. Once GaN LED
structures 10 supported by product substrate 6 are laser annealed as described above, the
GaN LED structures 10 become functional GaN LED structures 10F that can serve as LED light
sources. Accordingly, the product substrate 6 is then diced to form LED dies 100 from the
functional GaN LED structures 10F. The LED dies 100 are processed using techniques known

in the art.

[0066] The LED dies 100 are then incorporated into a LED device structure to form an LED
device 250, such as illustrated in FIG. 11. The LED device 250 of FIG. 11 includes an anode
252A and a cathode 252C that extend into an interior 254 of an epoxy lens casing 256. The
cathode 252C includes a reflective cavity 258 in which the LED die 100 resides. Wire bonds
260 electrically connect the anode 252A and the cathode 252C to the LED die 100. A power

source (not shown) connects to the anode 252A and the cathode 252C to provide the
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spreading el ectrodes. 5. The nethod of claim4, further conprising, after
said irradiating, adding at | east one contact pad that electrically
contacts the current-spreading el ectrodes. 6. The nethod of claim1,
wherein the anneal wavel ength is about 10.6 mcrons. 7. The nethod of
claim 1eleét‘r'|E|tt\hﬁéec@‘arEBrdoWe?9héEﬁ‘&é\ﬁ& ﬁd% thBeitariitaight 8525t head QM%Equ\he
conductive structures. 8. The nethod of claim1, wherein the GaN

st ruct uweselargthAor ned on a product substrate and further conpri si ng. di ci ng
t he product substrate to formLED dies fromthe GaN LED structures. 9. The

rLrEtD hod pbe?] aiMafil beUsJgaREntCRIMBdsE! SlledNROEHROBAL thaE VaRBud- Rl Mfi@Sioh$taRdan
variations can be made to the present disclosure without departing from the spirit and scope
of the disclosure. Thus it is intended that the present disclosure cover the modifications and
variations of this disclosure provided they come within the scope of the appended claims

and their equivalents.
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device structure to forman LED device. 10. A GN light-emtting di ode
(LED) apparatus suitable for |aser annealing wiwth a P- polarized anneal

| aser beam havi ng an anneal wavel ength, conprising: a GaN
mul tilayer structure that includes p-GaN and n-GN | ayers that sandw ch an
active \R%EKcladA&d is: a plurality of conductive structures forned

atop either the p-GN | ayer or the nGN | ayer, the conductive structures
each being elongate with a | ong di nension and a short dinension and aligned
generally in the sanme direction, with the short dinension being smaller

than the anneal my@velotR8tMannedlng FOSEN AR Ak Abd&{1@bMtddbiureh &SR isindre
el ongate conductive structures have a surface that is general [y

rectangul ar. fddingdkr&ngpeacatdusticdf sicbcturaslpp witheeian n-GeNslapst anb ippGaN
alignment of the el ongate conductive structures includes two or nore of the

el ongat'8Y¥oridiierGaPe LY slibetyreshe elangaiparandugtive stiucturen dayiggdens akd shorg| ai m
10, me&i%‘eﬂsigﬁg aﬁb BgﬂgtSSac%g%ggﬁtalnx%ugﬁgﬁ{?atllv Bﬁéne%% Itlpeelong dimensions;

generating a P-polarized anneal laser beam that has an anneal wavelength that is
greater than the short dimension; and

irradiating either the n-GaN layer or the p-GaN layer of the GaN LED structure
through the conductive structures with the P-polarized anneal laser beam, including
directing the anneal laser beam relative to the conductive structures so that the polarization

direction is perpendicular to the long dimension of the conductive structures.

2. The method of claim 1, wherein the elongate conductive structure has a surface

that is generally rectangular.

3. The method of claim 1, wherein the substantial alignment of the elongate
conductive structures includes two or more of the elongate conductive structures being

parallel.

4. The method of claim 1, wherein the elongate conductive structures define current-

spreading electrodes.

5. The method of claim 4, further comprising, after said irradiating, adding at least

one contact pad that electrically contacts the current-spreading electrodes.
6. The method of claim 1, wherein the anneal wavelength is about 10.6 microns.
7. The method of claim 1, further comprising scanning with the anneal laser beam

over the conductive structures.
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current-spreading el ectrodes. 14. The apparatus of claim 10, wherein the
short dinension is snmaller than about 10.6 mcrons. 15. The apparatus of
cl aim 10, wherein the conductive structures are disposed atop the p-&N
| ayer, and further including a transparent conducting |ayer between the

conductgve st HHEIWtREd BPElaln@, RhERMN HAYEEN LED structures are formed on a product

substrate and further comprising:

dicing the product substrate to form LED dies from the GaN LED structures.

9. The method of claim 8, further comprising incorporating the LED dies into an LED

device structure to form an LED device.

10. A GaN light-emitting diode (LED) apparatus suitable for laser annealing with a P-
polarized anneal laser beam having an anneal wavelength, comprising:

a GaN multilayer structure that includes p-GaN and n-GaN layers that sandwich an
active layer; and

a plurality of conductive structures formed atop either the p-GaN layer or the n-
GaN layer, the conductive structures each being elongate with a long dimension and a short
dimension and aligned generally in the same direction, with the short dimension being

smaller than the anneal wavelength.

11. The apparatus of claim 10, wherein the elongate conductive structures have a

surface that is generally rectangular.

12, The apparatus of claim 10, wherein the substantial alignment of the elongate
conductive structures includes two or more of the elongate conductive structures being

parallel.

13. The apparatus of claim 10, wherein the elongate conductive structures define

current-spreading electrodes.

14. The apparatus of claim 10, wherein the short dimension is smaller than about 10.6
microns.
15. The apparatus of claim 10, wherein the conductive structures are disposed atop

the p-GaN layer, and further including a transparent conducting layer between the

conductive structures and the p-GaN layer.
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