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Li ght Enmitting Diodes B5°#%I|d of the Invention The
present invention relates to the fabrication of a
reflective |layer on sem cothduct or i ght emtting

di odes and particularly, though not exclusively, to

-such a nethod and |ight emtting di ode where the

reflective | gye ts_alsoas.th ohm ¢ caontact. to
{ he. Faneipion i Refiecth Toib 3R syecbfingtpt g Frifbird tigded
Background to the Invention Light emtting di odes have
been recently used in |large volune in nobile handsets,
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eNdgtntié St t8 SR IrohQsubecel L 81 light ey diclepl | cations. 20
There are a few reasons why the brightness and out put

power of light emtting diodes is limted. One of the
mePankgrosnd ¢mthejlnveptien | | it ed | i ght extraction
efficiency. Due to total reflection at the interface

b li ght d
S EBntngtps Pavg pe bl CafHh I aiums, in grobie yangsess,
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ef dmittede lighy is et sufficients o llgbt/verm!me p'hdﬂsotms barwsed in such
gedpplicatisid. for each el ectron passing through the Iight
emtting diode. The extraction efficiency is the
percentage of the generated |ight that escapes from

t hehepseare gofeWueasons whylthe brightness and elitpd poweOofighi emitting

Medidias @ me@%n%mebﬁa& reéguﬁi RRRdindited ligh? B4Rt éidengNt

e)%ureat%t Ito%l reﬂeectlolncateg» lhtelrfgcce gweeq\ light emitting diode surfaces
(semiconductor), or plastic encapsulation of a light emitting diode, the external
efficiency of most light emitting diodes is limited to a few percent of input electrical
power, while the intemal efficiency is often as high as over 90%. The internal
quantum efficiency characterises how many photons are generated for each
electron passing through the light emitting diode. The extraction efficiency is the
percentage of the generated light that escapes from the semiconductor light
emitting diode.

Various methodologies have been developed to improve the light extraction
efficiency, including:
(a) surface texturing (I. Schnitzer and E. Yablonovitch, C. Caneau, T.
J. Gmitter, and A. Schere, Applied Physics Letters, Volume 63,
page 2174, October 1993);
(b) replacing the absorbing substrate with a non-absorbing substrate
(F. A. Kish, F. M. Steranka, D. C. DeFevere, D. A. Vanderwater, K
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(a) surface texturing (I. Schnitzer and E.

Yabl onovitch, C. Caneau, T. J. Gmtter, and A
wobei98e74Appl i ed Physics Letters, Volune 63, KEI/$61e5/000062

2174, COctober 1993); (b) replacing the absorbing

substrate with a non-absorbing substrate (F. A Kish,

F. M Steranka, D. C. DeFeveé¥re, D. A Vanderwater, K I
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reflective | aphime 74, mm«a ¥y993f1 t he rear surface - the
surf %gfom which the 15 substrate is attached. This

i s $ecalSe the ohmic contacts to the sem conductor are
normal |y made on the front surface (especially for GaN
I i| Ot refEctiviel 1agkr G4 AGIATINDON the mappiace - Shib strfage ¢9 whish dhe
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rror layer to
undeineficient O@M%@m Byer ,rgacgwgta the semigondyctor faypr and the
20GaNolaas pdtendls) sHdGadheslon iof e mfedtivé Nralildebedo thehenderlying

substratae AL Sish tpo(gpnd t hermal conducti ve materi al s,
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esira renove the substrate. In 25
addi tion, the rermval of the substrate sinplifies the
de\Hof Gaf\lfﬂaééd?é‘dd AIGalvPt Ilght erhitting tdicaes, rthe subisBates areceot tgoed

' eftt'm %%‘éll gorr]\d\rxnch\rlé %atén%lso gné I"elsfdre?ﬁéblesw f‘e@ﬁtﬁe %e snﬁstrate In
25  addition, the removal of the substrate simplifies the device fabrication with
reflection mirrors, since the reflection mirror is on the front surface of the
semiconductor, not on the back surface of the substrate, and acts also as the
ohmic contact to the semiconductor front surface.

30 GaN blue laser performance is also improved by the removal of the substrate (W.
S. Wong, M. A Kneiss|, US Patent 6,627,921 B2). Bonding the semiconductor
epitaxial layers, either before or after the removal of the substrate from the
semiconductor expitaxial layers, to a mechanical support (new substrate) by using
eutectic bonding, wafer bonding, or by using organic bonding material, complicates

35 the process and may limit the yield and throughput of the production. Often the
bonding must be done at elevated temperatures. This may cause additional
problems. For GaN light emitting diodes it is difficult to remove the sapphire



sem conductor, not on the back surface of the

substrate, and acts also as the ohmc contact to the
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performance is also inproved by the renoval of the

substrate (W S. Wwng, M A Kneissl, US Patent
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t heregedtive Mateviaictechiso ate b adrefientivef layeriat dts iierfant with thé front
gefl ive layer on a sem conductor |ight emtting

Ui otle- t he seni conductor i ght emtting di ode being
made froma wafer with multi ple epitaxial layers on a
Subﬂtdraémrﬁ:iy&ngmﬁdmd conprising applying a first
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axi a Irst ohm ¢ contac
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surface rgé, ggl? may al so include: (a) applying to
a front sur ace o he first ohm c contact |ayer a

see@) | ayemoying the syhistsatan| | y conductive netal ; 20 (b)
eI ectropl ati ng a relatively thick | ayer of the
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application of the seed | ayer.

The seed layer may be pattered with photoresist patterns before the electroplating
step, the electroplating of the relatively thick fayer being between the photoresist
patterns. Between steps (b) and (c) there may be performed the additional step of

30 annealing the wafer to improve adhesion. The photoresist patterns may be of a
height of at least 50 micrometers, a thickness in the range 3 to 500 micrometers,
and a spacing of 300 micrometers. '

The seed layer may be electroplated without patterning, patterning being
35 performed subsequently. Patteming may be by photoresist patterning and then
wet etching; or by laser beam micro-machining of the refatively thick layer. The
relatively thick layer may be of a height no greater that the photoresist height.
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epitaxial layers.

30  After step (c), electroplating of a thermally conductive metal on the epitaxial layers
may be performed.

The thermally conductive metal may be copper, and the epitaxial layers may be
multiple GaN-related layers.

35
In a further aspect, there is provided a light emitting device comprising epitaxial
layers, a first ohmic contact layer on a front surface of the epitaxial layers, the first
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the epitaxial |ayers. 30 After step (c),

electroplating of a thermally conductive nmetal on the
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25 In order that the invention nmay be better

understood and readily put into pract. cal
Brief Description of the Drawings

25 In order that the invention may be better understood and readily put into practical
effect there shall now be described by way of nondimitative example only a
preferred embodiment of the present invention, the description being with
reference to the accompanying illustrative (and not to scale) drawings in which:

30  Figure 1 is a schematic representation of a light emitting device at a first stage in
the fabrication process;
~ Figure 2 is a schematic representation of the light emitting device of Figure 1 af a
second stage in the fabrication process;
Figure 3 is a schematic representation of the light emitting device of Figure 1 at a
35 third stage in the fabrication process;
Figure 4 is a schematic representation of the light emitting device of Figure 1 at a
fourth stage in the fabrication process;



effect there shall now be described by way of
non-limtative exanple only a preferred enbodi nent of

wd 1ves/pusesient i nvention, the description bei ng REL/$G2005/000062
reference to the acconpanying illustrative (and not to
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surface of the wafer 10. The wafer 10 is an epitaxi al
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25 reflective material and having multiple metal layers. As the front surface is
relatively smooth and as first ohmic contact layer has metal layers, it is reflective.
Thereforé, additional process steps are not required to fabricate the reflective
layer. To ohmic contact layer 20 is added an adhesion layer 22, and a thin copper
seed layer 24 (Figure 2) (step 88) of a thermally conductive metal such as, for
30 example, copper. The thermally conductive metal is preferably also electrically

conductive. The stack of adhesion layers may be annealed after formation.

The first ohmic layer 20 may be a stack of multiple layers deposited and annealed
on the epitaxial surface. It may not be part of the original wafer. For GaN, GaA,
35 and InP devices, the epitaxial wafer often contains an active region that is
sandwiched between n-type and p-type semiconductors. In most cases the top

layer is p-type.
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p hot 19{?6 ﬁ&lﬁé oh tﬁ@ demvéﬁﬁgﬁ 1 ﬁ%@&ing %Pﬁ@ @B ghi@ylﬂerg& ﬁm(vfhﬁmg

g greater t otoresi sts
| n 1%3@3%!%%1%*8%%8& Spheds. If%fé?m ® GRaping480), lithography
subse g ettihg/(82)) Hevivadsolatio@3)) passivhtiningsy), maamzytma@aer, thermal

t hal’b,%{gggmgo{as{)\gﬁd Q(bf&tﬁ gﬁéu?‘ér 'ﬁ'h e watdr3lig 9|e néytaefb(gp to

otoresists
?ﬁay 'WBPV‘E)éd'\eé'%ved after the copper plating. Renoval
may be by a standard and known net hod such as, for

B e pida P e 1 iy iy e e BRI 1601 L bl Goshfe

pl asna
pr oc‘@s@"dnlgtye? layers o e %rualna? franpOrdpR sutace 38 WB\'RB '%q“h@vered
with the ohmic layer 20, adhesion layer 22, copper seed layer 24, and the

30 electroplated thick copper layer 28.

In Figure 5, the original substrate layer 12 is then removed (91) using, for example,
the method of Kelly [M.K. Kelly, O. Ambacher, R. Dimitrov, R. Handschuh, and M.
Stutzmann, phys. stat. sol. (a) 159, R3 (1997)]. The substrate may also be

35 removed by polishing or wet etching.



standard processing techni ques such as, for exanple,

cl eaning (80), lithography (81), etching (82), device
‘”9§%FQ?$%% (83), passivation (84), netallizati 88T{5§3405/000062

thermal processing (86), and so forth. (Figure 4).

The wafer 10 is then annealed (87) to 25 inprove

adhesion. The epitaxial layer®14 is usually made of

n-type layers 16 on the original substrate 12; and

\% t yﬁgqré 8yEhe pévmntrmd p ﬂiﬁﬁ@barﬁmﬁﬂf reQz:Varttw u% emaig dicdes
| C | now _cov t t . C er

hounar? aSaf YBhE bonth et UG £ Mhhc bEWR! 2P syrtace g (or
el echanepthiaeritaxipayeks Ho fanght paissipn. 2Bonding pRiisy3R are Biso @fided.
ori gfﬂ'éa%cec&dbﬁﬁﬂuaf;&ltdcﬁftéﬁ!r 36?st 'r§1§HB§rh}2h§H| lﬁﬂ%hegr .t{(eﬂ'ﬂ—)ransrarent.
usi n or exa R e ne . e . e Y,
& s mertonr St Bhia it 1y end ey B ndemnee of arecm Bek

St ut zmann, phys. stat. sol. (a) 159, R3 (1997)]. The

subs : pehi
ot Sn P FadRY <8P o Eanb @ TRUE 80, Rioh Dk pLectls ey

i s tMfePeHRmEd: iTherednyhep 1 sepmrie. paRtpithagrappy (P2, XD ipuptehing

for (oa @5}l asdpHotdlithggrédphydes). where a second ohmic
ntact layer 30 is added on the rear surface of, (or

eneat h), Egitaxial | ayers 14, for |ight em ssion.
Bondigatina (fi8) may fefiew e depositienef second ahrgis comiart BIeRi3e-
contact layer 30 is preferably transparent or
semstran rent ..o 1t i r r ef I thin
oy R B per teses, BoUBY &pRitafS Tpniard b The
Pr i shipg/diesgan thgn de sepafateth(ii08) FigureaOtintp dnividugiodevicesichips 1
B €ldndi 1 Hithoub NppRGHEIBHIAG e BEbsBRE] SidTRiihoul IRME. NPatkBfing
for 8 an‘gl Giﬂrgﬁpcﬁt %I |£ho'gr$‘?%y (92, 93), dry etching
(94,°§§7,’%\ BRI PYHEIPEBhy (96). 10 Anneal ing (98)
may follow the deposition of second ohm c contact
I a)é Efthe ). suﬁga: &{lﬁ@édﬂdiiﬁﬂay@f ﬁhkfb%?%r_hlﬂfﬁ inatfle fa;aga obéé)olim%
an ndar . chi s n_t.hen ,
sepgﬁﬂa't%gg’%f'ﬁ%?rapg%awe' Tlcl(r‘OHF 'g_é c{mn%jh?vﬁc%éfegm‘ AZthe active
Wev iregiasy of theylight emiktingdinge Zhipj in thigieonfigisption dg glesei totai nelgtively
t he y5edo8dppart Pad 08 OthidVirhtB QW thedl fenfddal iIEAEOHdNGer Tl Eébﬁﬁire
e

by stainda{.dn and known net hods. The top surface of t

epi tBXI9P"ayer 14 is preferably in the range of about

0.1 to 2.0 mcrons, preferably about 0.3 mcrons,

I L Omld_iiihﬂ}aQPBr! %ﬂ{é_rrfaﬁwﬂa'l . r&\; r@ﬁtri]\feiyet_ _hféﬁ'tidﬁyrezs %Q¥ w%a{n_oosmvide
e li m i ode. chi n.this configuratjqon is

231 oducbieal sabpart 1 418 e [ alsp e e e ovigh & Path ot ngpt

heatemayaidfca thesactivepegivre df the tight emétingadewiae cip, and may also be

confykditbadidcRital connection.

The plating step is performed at the wafer level (i.e., before the dicing operation)
30 and may be for several wafers at the one time.

The first ohmic contact layer 20, being metal and relatively smooth, is quite shiny

- and therefore highly reflective of light. As such the first ohmic contact layer 20, at

its interface with the front surface of epitaxial layers 14, also acts as a reflective

35 surface, or mirror, to improve light output. This is achieved without additional
fabrication steps. The ohmic contact layer/reflective layer 20 may be of a pure



Additionally or alternatively, the relatively thick

| ayer 28 may be used to provide 25 nechanical support
W?&K 05(0A%7¢hip. It may also be used to provide ZCI&H005/000062

for heat renoval fromthe active region of the |ight

emtting device chip, and may gl so be used for

el ectrical connection. The plating step is perforned

at the wafer level (i.e., before the dicing operation)

30 andetatery abstadkaaf ndtipter aétalviayees; for akarbfle Nitde, Ru/Ae.. Indire Tin

firstog %ﬁgcmfn%ﬁsbﬂa\‘tﬁr 20, being netal and

relativ , s quite shiny and therefore

highly reflective of light. As such the first ohmc

cont aqmodgwm préferrediémbddirtentsvefer foalecusei df Bogpbe ahy 6thér platable
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refl €errve
out puthe mgtijanical §umnf@#@dngwwmwem| ti onal
fabrication steps. The ohmc cont act | ayer/ refl ective
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ohni dt BBHiSEVE S0P REFBHCA! (FUBPOTts "I‘?é{fv’@ Qndystory pad ;ﬁ“oﬁ!?%'i'ﬁ"
a5 b@ostuntgr, thrs enaking the redyat of dtewrigisal avtisiraie domewhat easier.

El ectroplating 10 of copper or other thermally and

el ectrically conductive materials . rretalég on the
Fef | oy, ash GaMATATES GoHE sle s Tramtier cleschefoshe
I 00 MrémovaKS telsubstrald) thivs asywarpiag biftendihgofthewhole wafer during or
t e”p%ﬁé’rw ﬁiﬁ%} Spth Qub@ﬁﬁ§ ﬁcgsergp E@Qre% 9!‘:%3:&?? mt;m&al light

relatively ec ropl at ayer ma¥
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nmechaan ﬁaﬂ fral pp sidé of thi dierta thectived Wstaesultaadly ame bonding wire is

el eCtr hﬁl} 1Lk fight e%% dHRK 46 oh R rh&ﬂ%l\f@tgubg two-wire

the or strate sonewhat easl er.
each bP"'dgﬂ& a%tmagqqpﬁ@e BPBHEuiEPe s isolated from ot her
di es before the renoval of the substrate, thus any

rp Wﬂst%ﬁr@ﬁ#%ﬁlg dgsfcbgéa“?n Ef(g%r o\?@fdgsrcn%isaggef?ﬁed f@lfrﬁ &f'the

e renova e substra es no sStress or
c r ac leeesen inverdion. iowilh be pndgrptood by Hepe skilled inthe teshnpiagy that many

Si ng Qariadiéns’ 61 Mblictiynst i &‘éﬁlghayﬁfstnilcﬁorﬂoe(bgériaﬁc?i hﬁy bg made
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to tl‘ﬁ"éﬁoqﬁ%’a%éﬁﬁtﬁ%@%{é{‘m \%'Jn one bonding wire is
requi red. Most GaN-based |light emtting di odes are on
the market require two-wire bonding, as the sapphire
is an insul ator.



25 Wil st there has been described in the foregoing LLOYD WISE
wdlesislobddti on a preferred formof the present

(lgnventilgon, it will be understood by those ski PCEFGS/000062

the technol ogy that many variations or nodifications

in design, construction or opggation nay be nade

W t hout departing fromthe present invention. LLOYD

W SE _ WD 2005/ 098974 PCT/ SG2005/ 000062 10 The cl ai ns:

1. AhechiBsitor fabrication of a reflective layer on a

sem conductor light emtting diode, the sem conductor

[ight, emttin i.ode, bei ng de. froma 5 wafer with

it o dprplef i Rt ol B erech@Taity o 4 Rembardipty on

conpr i si ngmitfsl diadegtha semicondustaniight evitirgatiodechesty roadedrom a

50Nt Sur Wk wlh mulifie Bpcbdap Ifers 2R o bl hlVfibfios Lhfprising

first ohm. contgct | ayer tggir]go ective _
material £8PYNY 84" Qhig contacttiyer on\ A, frpnty surfage of the multiple
i nt er f ace epitaxial layees, fhedindt obroicfcantact layér bing Af ARiABARNe Material to
clainmed i [ [ SN0 ing to
a front sarfadesfettiive it AMERLRLMn hetofSlte ]

seed layer of a thermally conductive netal; (b)

abectr opl Atmetipdas clainsdiivebiph 1 faitkde cbapreingof t he

th [ d Ji t d 15
(0 Femovidig s HbkCto LHird sufle 0 e Gnn@*Ehueptiaer f 2eea
claim 2, wher el@erioha thermpally cgpdyclivedsestatact | ayer is

coated W {bh anelactpitinga lreEtvelyDthick laybO o8 therbiyOtbn@ctive
t he seed | ayerme&pon%ﬁ@éégq%gdangs claimed in claim?2
e se !

or claim3, wherein ['ayer is patterned wth
phot or esi ¥ pateMoVipg thesubstate he el ectropl ati ng step
(b), the electroplating of the relatively thick.|ayer

bei ng bet t.he photoresi.st atterns. 25 5. A )
met hg'd as’'c eg’i‘or?ea ‘?ar%’“S‘gi? % e %Jf'ﬁ'(?feéﬂ {?Esh?t Pgmﬁ?, copfaet 'ayen is
bet ween stadtes withigh adhrsion daver prisr to dpplicptianfof thesded lager.
addi tional step of annealing the wafer to inprove
hesgi on. t ained ibh.claim4, wherein
e ?J'hot o?eeig?t'gbtdn%ap%&ﬁ ﬁé" Saélraém ?fa °ra°|a"§oi : h“é‘\ebﬁ% st s ? layer is
| east 50 PAtiemeamith photoresistipatiems defoses the | eldctrentating steapabimthe

4, wher ei gledtBpiaigosfahe séiativeP AhitIC NS hrgEbeiwedn e kRGBSR sist
in the rayaqtgmg to 500 mcroneters.

25 5. A method as claimed in any one of claims 2 to 4, wherein between steps

(b) and (c) there is performed the additional step of annealing the wafer to
improve adhesion.

6. A method as claimed in claim 4, wherein the photoresist pattemns are of a
30 height of at least 50 micrometers.
7. A method as claimed in claim 4, wherein the photoresist patterns have a

thickness in the range 3 to 500 micrometers.

35 8. A method as claimed in any ‘one of claims 4, 6 and 7, wherein the
photoresist patterns have a spacing of 300 micrometers.



35 8. Anethod as clainmed in any -one of clains 4, 6
and 7, wherein the photoresist patterns have a

spaci ng of 300 m crometers. LLOYD WSE 11 9. A nethod
as clainmed in any one of clains 2 to 8 wherein the
seed layer is electroplated in step (b) w thout
patterni ng, patterning being er f or med subsequent|y.
5 10. Anethod as clainmed in claim9, wherein .
patterning is by one of: photoresist patterning and
then wet etching, and | aser beam m cro- machini ng of

t he rePat i Vehsthadhs chinledjnany ofkf ddims AtorBeiviesh tBSseet Aidad
in any one ecrdplatid® stbp i) wihou ign ' i

thick I ayersuisséﬁ%f a helpg(ﬂt ﬁ‘o t\é@gé;fdegi p%‘ﬁg]{nﬁfbl ﬁ@é e
phot or esi st™RergAt" 12. A method as clained in any one
of élains 4 to 10, wherein the relatively thick |ayer

gf ot Eemmal |y nmeaiswetaamemt a&aﬂi & WeRfl bm}ngg ¢ by Qn@ of:
ei ght gr egh&kresi t ot oresi st_and i .
subsequent f"%ﬁt,’ﬁ?’%n‘?ﬁgﬁg‘? ngiﬂg i‘%ueg.e?%?' %%n'é?eh%aa%sm'm'
cl ai med i n "@nieE thgreldtively thigk lavef.0 12, wherein after
step (c) there is included an extra step of form ng

on 18 I ear SUhéRdCasQfaintddsn E'R/i dn@¥f ims 4 @yﬁr\tﬁheﬁeignslﬁé; %%?vely

LLOYD WISE

ohm ¢ cont Efrﬁgkl" ayer, t he sécond ohm ¢ contac

bei ng 20 selaced® ¥ ASROT RRSERE (st (op pRAtasssISHI 9B -

opaque, transparent, and seni- transparent;' the
second1 zag MiACT At a3 Glaimed Vredny né BIO-MRE @hﬁb@&&? RS Riatively
patterned. : : n | .

e el n-ai T FRARH AR e Sl blhyB R greq o
second ohnit@" {5REsist a5y subsaguenly thipRed by palishing| ai ned i n
any one of claims.2 to 12, wherein after step (c)

ohm ¢ 0Nt aGhethdRrAREINRE iPhY AUBRMEN D 1@r@1%%§18aft§rts%gs(c)

‘are carrie 1e_sybsequent process Step o

i ncl udi ng gg%ﬁ%f“f'?%ﬁ “of %gtsm?é’g@f""%r% el é“rfa%etﬁ%ﬁﬂtax‘a' |
pad. 16. -. RYffRERFANGYIM] QPAs (pyerrihetesonthonmic coptastiaenbeinge
expbsed ~i peliectedi fedm thaygedupi consistihee 6N ethqad) drafdparBR Jaraedeni. €
t he second gfPirentC B tREnd | AMRS cohtSct] - andP
net hod as ggﬁ%ﬁggd in any oneﬁocf(’h%clna{%ﬁgmi%getg%e %g?lgnz and
wherein the second ohmc contact |ayer does not cover
the whole area of the second surface of the epitaxial

| ayer si4. A method as claimed in claim 13, wherein at least one bonding pad is
25 farmed on the second ohmic contact layer. '

15. A method as claimed in any one of claims 2 to 12, wherein after step (c)
“ohmic contact formation and subseguent process steps are carried out,

the subsequent process steps including deposition of at lsast one wire
30 bond pad.

16. - A method as claimed in claim 15, wherein the exposed spitaxial layer is

cleaned and etched before the second ohmic contact layer is ieposited.

5 17, A method as claimed in any one of claims 13 to 16, wherein the second
ohmic contact layer does not cover the whole area of the second surface of .
the epitaxial layers. -

Amended Sheet.
IPEA/AU



Amended Sheet | PEA/AU LLOYD WSE 12 18. A nethod as
clainmed in any one of clains 15 to 17, wherein after
formng the second ohnmic contact |ayer there is LLOYD wisE
i ncluded testing of the light emtting devices on the
waf er, and separating the wafer,into individua
devices. . 5 19. A nethod as clained in any one of
claims 1 to 18, wherein the light enmtting devices
are fabricated without one or nore selected fromthe
~group consisting of: |apping, polishing and dicing. 10
20. A ne'thodAdeetnef as peided in amngne@heaims 10t A7, ergintafier f@ming
}/\,her ein ]tchehﬁﬁerssqon@hfdicrco?twrayamerelis”:iycmrdeci tSsﬁiQ@ofﬁlTetliMfﬂemitﬁng
ayers of t : - haod. a ,
claingd in .aﬁ;&gén(gerﬁﬁ% s ’aa?‘ér&gé‘%‘"t%g“el@fegﬁ o BB ouces.
second ohmc¢ contact layer is fornmed on n-type |ayers
of the €Rpit Axneathod| @myariged il anP2ne X dabhodo ag vieinn®é light
in claim 13, «MaRE 8bvked fatellanrRb®R wititolt ofdl & nRfd Edidtelii doMBtne

are deposited on the i taxial |layers, openings are
cut in the df’ré’Ypechsf’ﬁt'Eg%ﬁ?‘W’ﬁg' PRREINSBE§H89-ohni ¢ cont act

| ayer, and bond pads deposited on the epitaxial

| lay_eros. 22@.? 2B mebhoted Qixtledin talﬁ%} dhle RBShirhd M BRY, wheRiInMe first ohmic
cl ai ms 0 . S C
~electropl ati %%\tag%mg’r'tgﬁg? ﬁ%ﬁ l%mcogﬁgfé:tﬁad\llgyeﬁét al on the
epitaxial layers is perforned on a rear surface of _
t he epi t2&xi ah netipers claidbd B4ny Ana@tchiod 1230 08, @het®A the Recond

any one of chiMid@ntictiderdsTormel §f @—'lyﬂe IE)%E of lthMIaMaye )

condyctive netal conprises copper and the epitaxia

| ayers conprise multiple GaN-related | ayers. 25. ‘A

li ght erfftti AgeliPdefecidngsii dimdd whgrein hter nten (ob dicletricinys are
one of cl 3! n;:eéasitbmon @ edifbxial2ByersAoSBifgsCHO B G A fdi_eie&}hﬂ films
emtting diogg.e e , irst. .
ohm ¢ contact | af/%g? B%n?]é é\]}q‘fa?etgénytglaéaﬁ f ﬁc%x%{e%?ﬁ% on theSpitaxi
epitaxial |ay&ls, the first ohmic contact |ayer being

of afrefl ective material. and, at its interface with
the 352&pitaxehbd hayHh&d in 3G She@Bci@md? LM18 wherein after step (c),

electroplating of a thermally conductive metal on the epitaxial layers is

performed on a rear surface of the epitaxial layers.

© 25 24, A method as claimed in ahy one of claims 2 to 23, wherein the thermally
conductive metal comprises copper and the epitaxial layers comprise
multiple GaN-related layers.

25. A light emitting diode fabricated by the method of any one of claims 1 to
30 24,

26. A semiconductor light emitting diode comprising epitaxial layers, a first
ohmic contact layer on a front surface of the-epitaxial layers, the first ohmic
contact fayer being of a reflective material. and, at its interface with the

35 epitaxial layers, acts as.a mirror.

‘Amended Sheet -
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Amended Sheet | PEA/AU LLOYD WSE 13 27. A light
emtting diode as clainmed in claim 26, further _
conprising an adhesive layer on the first ohmc LLOYD WISE
contact |layer, a seed layer of a thermally conductive
metal on the adhesive layer, a8l a relatively thick
| ayer of the thermally conductive netal on the seed
| ayer, the relatively thick |layer 5 being one or nore
sel ect e?’f r ofn lighteergfita piodso AS ickimeign ofim 26, Hather &impksingadn
Ie| eﬁ: ri calt t C%ﬁﬁﬁl?@noﬁﬁ@?&oﬂﬁgm Hctqiﬁ)el_',glé&g%ygroflgﬁxenﬁlly
ig emttin i.ode as ained in claim of. claim
27, further E%F‘r‘i?PYesTeﬁ% on %‘eggg%'ﬁ%{%%rﬁ"ga6%%'{’&30‘[“1 'a(FEpr the
on a rear sulPEEl eppdyctive mesaltaaxheabeet! dayer dhe relptively 1ack layer
second ?hgn C be&l@dna & mbra)éaédéiﬁﬁoﬁghﬁgrbdziyigdﬁn%&sﬂtlyg?df:hd Reat &4, an
range of for . Iy i ght
emtting di o%&gg'%grlﬁ‘gg%%g?%%E%ag'ﬁ?ns%g?ﬁ'v_\/ner ein the
second ohmi c contact |ayer conprises bondi ng pads and
i's sel e?®ed Aligtrenitiag dode apclaitbd ic 6laisi28 bt diGm of, furtkdd asiEising
transpar ent, ; 8RenSfc bREDRPTR Qtfeaﬁgnfaé%éf g Iggitgggﬂlatygrjs;m%

di odg as clained in an one of clalms &

wherein the setcﬁ"er°ﬁ‘3|°|°§fxal%ﬁ’é?[le‘?"?g\?éh'ﬁléi’eéfn toeg AR o 3 to 500
copper ;- and Pfavemelgitt axi al | ayers conprise GaN-rel ated
layers. 20 31. Alight emtting diode as clained in

any one .,gf c}aj . 3 ein there.is an -
adhesi vezg'l ayjézzri]'bﬂg)r%mtrgt ﬁ%td??ér %’t 3 %'5 c'é'gn#ac -er?"é)gl‘%rs scond ohmic
bet ween t he. SIfaFis'EYer GRPRMEesCRARMiaE pads Bpdis gairgtet fam the group
rel atsi vel y t ¢ringiting efywaqueairedsmresead skrajtanspatntt he

thermal |y conductive netal between the adhesive |ayer

o, SRR B S it B s v
31, wherein p@aly enducivpensialtdemerieed egpesr: pw the ebigaislt laBG
m cronet er s ¢dmpdde. GaRnaatelidyetheet | PEA/ AU
20
31. A light emitting diode as claimed in any one of claims 27 to 30, wherein
there is an adhesive layer an the first onmic contact layer between the first
ohmic contact.laye_r and the relatively thick layer, and a seed Iéyer of the
thermally conductive metal between the adhesive layer and the relatively
.25 thick layer. ' '

32 A light emitting diode as claimed in any one of claims 27 to 31, wherein the
relatively thick layer is at least 50 micrometers thick.
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