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Fabrication of Reflective Layer on Sem conductor Light
Emtting D odes Field of the Invention The present

| ayer on sem conductor light emtting di odes and
particul arly, though not exclusively, to such a nethod
and light emitting diode whkre the reflective |ayer
acts also as the ohmc contact to the front surface of
the light emtting diode. Background to the Inventi on

ght emtting di odes have been recently used in |arg
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digital assistants, traffic lights, autonobiles, and
so forth. Hi gher brightness is required before Iight
emtting diodes can be used for other applications
sudeld gt theilpyentiomnpl e, general illumination, as the
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efficiency. Due to total reflection at the interface

between |ight emtting diode surfaces (sem conductor),
orBaskground tocthe lqyentiaat | on of a |ight emtting diode,

the external efficiency of nost light emtting di odes
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Due to total reflection at the interface between 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 internal 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.



(b) replacing the absorbing substrate with a

non- absor bi ng substrate (F. A Kish, F. M Steranka,
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requj nunber of process steps. This is
ing}rﬁ%o?lg%rﬁt. Oten the reflective layer reacts with
the sem conductor |ayer and the solder materials, and
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s eRTUEPATRY & A5G PYMr f ace. GaN bl ue | aser
performance is also inproved by the renoval of the

Supst EaN-BasedVand AlGalnP light emitting diodes, the substrates are not good
thermal conductive materials, and it is desirable to remove the substrate. 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. Kneissl, 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



S. Wwng, M A Kneissl, US Patent 6,627,921 B2).
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sem conduct or expitaxial layers, to a nmechani cal

support (new substrate) by using eutectic bonding,

waf er bondi ng, or by using & ganic bonding material,
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15T 1 Kekac@hm ¢ contact |ayer being of a reflective

materlal to also act as a reflective layer at its

interface with the front surface. The nethod may al so
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The first ohmic contact layer may be coated with an adhesion layer prior to
25  application of the seed layer.

The seed layer may be patterned with photoresist patterns before the electroplating
step, the electroplating of the relatively thick layer 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. Patterning may be by photoresist patterning and then
wet etching; or by laser beam micro-machining of the relatively thick layér. The
relatively thick layer may be of a height no greater that the photoresist height.



step, the electroplating of the relatively thick |ayer
bei ng between the photoresi st patterns. Between steps
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of annealing the wafer to inprove adhesion. The
photoresi st patterns may be of a height of at |east 50
m croneters, a thickness in4he range 3 to 500

m croneters, and a spacing of 300 mcronmeters. The

S eeﬂtel’ngy\%ra I'ng'(l\fél e%crko Ey@rt %fi t}%anQIR'u tcorQ%Eév@ r FHe{ég 'may

patternin subsequent rni ng
B e o e 2 RS TN
Or fhhning Ry b®BRPBIAIRY. O- Nachi ning of the relatively
thick layer. The relatively thick |layer may be of a
hei ght no greater that the photoresist

SheiAftet step (ck theeet maycheyincluded anesixiia storephfomtingcdo @ eppesurigte of

t hqﬁ ith¥al GRBRAULLcY R SHRTiGLortRY Iafdr Ohé Eéblahcﬁbrﬁﬁ*c Eéhtakt layer

[ reater t han t ore
tpg IR TR RRcRrou DTRRUIR, OhelpoB. S rarent AP e
Af ttmnspateap 1(he)se¢dné ohmicwynthe layetohmcbmh oepatiemedt Bpndify
f Orgahdifiatl AmlcB3h el BnAlc bl £bd axi al | ayers a
ond ohm c contact layer, the seCcond ohm c contact
10Iayer bei ng selected fromthe group consisting of:
opadiee step (&) Nrid edtitact fomalativdnandr suhsgoaere rprocedd stepe oap cbe

Oh?ar%e&&ﬂt 6 bulsBEht PHBoe<0 Giebd AR adBBlilcR o e bﬁﬂfﬂwg

nmay b secon m c cont act
Af tTle expoaed e suppfe & "I?(ﬂﬁ’t‘%ﬁ'ﬁ’ layefpRythes1panstPnd Aihed %fﬂ'@
pr aeassondioni cdRtictifyeciadepositledo The sédord Shihie emmtayer may
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Dielectric films may be deposited on the epitaxial layers, openings cut in the
dielectric films and second ohmic contact layer, and bond pads deposited on the

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



Dielectric filnms may be deposited on the epitaxia
| ayers, openings cut in the dielectric filns and
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the epitaxial layers. After step (c), electroplating
of a thermally conductive netal on the epitaxia
| ayers may be performed. The thermally conductive
netal may be copper, and the epitaxial |ayers nmay be
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;sadhesive | ayer on the first ohmc cont act Iayer
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put Tnto practica ect there shall now be
descrl bed by way of non-limtative exanple only a
pr drief D&sdriptidhogtitheDiawdrigst he present invention, the
description being with
25 In order that the invention may be better understood and readily put into practical
effect there shall now be described by way of non-limitative 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 at 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;



reference to the acconpanying illustrative (and not to
scale) drawings in which: Figure 1 is a schematic
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stage in the fabrication process; Figure 2 is a
schematic representation of the light emtting device
of Figure 1 at a second stadge in the fabrication
process; Figure 3 is a schematic representation of the
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the Tabrication process; Figure 4 is a schematic
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Sor dueuse 7 isi sgheraatis repsesantation ehihe fight posjtting slevieesefiFignreot atithee
| i odeberitithde il he Gibviétion prbcdst;gte 1 at a sixth stage in
t he _fabﬁi caf‘ti onﬂ?rf cess; Figure 7 is a schematic

r epr BLRRISATCEE Y ' MEL YT Mt eni tting device of Figure
1 at the seventh stage in the fabrication process; and
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Description of the Preferred Enbodi nent For the

1% o1 | owd ng description, the reference nunbers in
br aFok albes fallewiag descriptive, fheoretesence tnembers nin Rirgpkete r8fer To the

ref 5ce£sostgdsglpfi§ur;8. there is shown the first step in
the process - The netallization on the p-type surface

of the wafer 10. The wafer 10 is an epitaxial wafer
Wi tTio refestolFigureat, ehetenid shovat the frstodtemnin lttiel prbeese p teametailization

| ayer ' trate 12 can be, for exanple,
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sapphire, I, and so forth. Henceforth a
GaN sanpl e having GaN | ayer(s) 14 on sapphire
Sulrakmatee 102 aniepitaxiabwaferomithassubstratexana stack bheuliplée epitaxial
| a (oLt 6 LAy, f o
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On the front or top surface of GaN layers 14 is a first ohmic contact layer 20 of a
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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reflective layer. To ohm c contact |ayer 20 is added
an adhesion layer 22, and a thin copper seed |ayer 24
(Figure 2) (step 88) of a thérmally conductive mnetal
such as, for exanple, copper. The thermally conductive
netal is preferably also electrically conductive The
stack of adhesion | ayers may be anneal ed afte
f or fashaws. in Tigererd, peing HpndaEd phetplthography(89)ythe ét"%f%’ew e
mul tawlzalnd mﬂ@::nSd WRipeRtiiefCthiak photoiesised 281 The phbteresist patterns
epi taxi al, _sur g
waf e?are aSranN?gf%é Aéagt &%IC d%? p?&ErEbI?L tthg“?a 5 & tP%bO
Svaf @tcrqmetqm mosmpraferably 280 AYaronyeters:cage ot @H'at:kniegs of about 3 to

sangby ,ﬁta.%gege; :m@n?ra pieﬁ%blyaéé{éarﬁteﬁ)f@ﬁl &eﬁbmensutstswcﬁ»g of
SEes etlo
i ol 300 DEran e dRbeneY hobS Ba BrupipS 865, Hhyzrual

t hi pattemmgeendseede\tumdeslgrm is patterned with relatively
t hi ck phot oresists 26. The photoresist patterns 26 are

of a he ht of | east. 50 m.croneters, preferably in
1 ok PRTRIEE Iy 28 56 BB AR SCOPRIGT 873 et LIy DB
m cptmtmetststsﬂs ta fodm\ai tteht sinktthat ddome 8 pard bf thé suhistr@e.t 'hE ©@Gpper
m Cn%ﬁa'?fgh %fﬁefeﬂsa@xf é‘ﬁé?grﬁ’ hssr%sébthxn HaPa R &fttJrés%te @a&ta is

paci ng m Cr onet er s @ |q9
on gt '5?\ SoTe P st ﬁ'aaghtctﬁﬁrp e Ahploresisis 2 Ha YEF i
depsoppis layer d& wiag de e aihgight dregtert than thatiofl thg phot@8sisté 26. In

150 ORReR o 'césht e @o@kﬁstet 3R lnt%% sg s&@meh Mhnedrto sggf)a height no

bet ween otoresi sts . orm a heat SI nk t forns
a peatergnan ket of e photpresisty izl cHPEE May ks by 8’°'f$§‘“9 or wet
pr estehingb [Tyie photéredists 2Binayior rgaycrmt be rehoaed dffeathe @bppeh plating.
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20phot oresi sts 26. In such a case, the copper |ayer 28
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25by'®ﬂ9§ﬁﬁma%w1ng Dependi ng on the deV|ce desi gn,
processing of the epitaxial |layers 14 foll ows using

The epitaxial layer 14 is usually made of n-type layers 16 on the original substrate

12; and p-type layers on the original front or top surface 18 which is now covered

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.
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standard processing techni ques such as, for exanple,

cl eaning (80), lithography (81), etching (82), device
pesloagaron (83), passivation (84), netallizat POVSGBH5/000062
thermal processing (86), and so forth. (Figure 4). The
wafer 10 is then annealed (87) to inprove adhesion.

The epitaxial layer 14 is ustally nade of n-type

| ayers 16 on the original substrate 12; and p-type

| ay ?tguc‘re @i 619 E Jﬁftlhgte'?%? Jn[i qglﬁar&}:la{l)pr@lew fo@g%lt &rﬁmw& 'dﬁ)hes

i's nOW cover esl on
22, Whesp ﬁe?ece@leehm'afewaczziaveaﬁa i$ [Feded @bfheorﬁﬁeﬁléﬁce wf dR'
C oppekath ¥gitaxiRdayets aF-fof lighe efissibri) EBding ipadal 325did alkd added.

Iay re dsleg?r{ h?cegclnwyei%l y&szf%%lx\%nsc?ﬁ%h c?ré%mgra%s?;rgrﬁ

5R mmmfnrabia adhindayesand manbmin theitarge o3 o 50 ngpthick.( q)

159, R3 (1997)]. The substrate nay al so be renoved by

pol i shing, or wet etchin enul timte
D bRl A s8R Bl Pyfact Ve iy SR Wfeste ey
di osererfoimede Thessaway e , fin ekampden pbetaithogeply (93 (03), siryaedching
on @qu,d gﬁ;p%m,,i,gﬁgphgf(ge) (or beneath), epitaxial |ayers
14 i ght em'ssi on. Bondi ng pads 32 are al so
dded The second ohm c contact layer 30 is preferably
t r Arepaling (88) may oliow thé depositiar of sécond dbhnhis contectlayer 8@.er abl y
a thin layer and may be in the range of 3 to 50 nm
thick. Prior to adding second ohm c contact |ayer 30,
kncklA HRBicle 37 tenn 8 SEBe DY rgove At PEBaAb ATetipHE s oThe
rmy;hipe/d.es tarn thex aepemratgth(00) (Figheor) and yndivddal d8@des/aipy 1

C conta

AT BB UE R g

y@\owsévswrdawpbw@m&ﬁe then tested (99) by knovvn
and standard net hods. The ChIpS/dIeS can then be

SEeRRL %&esgﬁs&oo(?}h (ér:? dgggl ?aygl) 14I Ftpﬁafé M'theuﬁh%ﬁqof aboxgt 0.1 to

devi ce

S B MiSEoBs. RiSTerably BRSO JINETONE ToPLBR 2GR GegiSt | e Rytive

20St a&isH 6f tkbhk &iiRg [RGB @Aip .in thiteconfijuration isadiesead atrBiatively

25

30

35

e ;
o Pkt bey B W ale B Bl Bloley o it 0G0 scBRR
t heorfiguratias. r egi on. As the active region of the | i ght

enitting diode chip in this configuration is close to

dlgﬁmal S Iarjr%l;rr]\lgf: vg dc pr Iatt\ﬁﬁthg&aﬁér% rl;\%} Ee gled 8%trowde

ver
mechamcal support for the chip. It may also e used to provide a path for heat

removal from the active region of the light emitting device chip, and may also be
used for electrical connection.

The plating step is performed at the wafer level (i.e., before the dicing operation)
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
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



configuration. Additionally or alternatively, the
relatively thick |ayer 28 may be used to provide

woO mesbmniical support for the chip. It my al s®dRSGBEH000062
to provide a path for heat renoval fromthe active
region of the light emtting device chip, and nay al so
be used for electrical connelti on The plating step is
performed at the wafer level (i.e., before the dicing

Ope%iah em sé@l@' ommt.a?eemtefar lap&y, BbrodxaliBib, em@humememﬁ, Tin
first.ohmc _contact |ayer 20, being netal

andqx\QFQirﬁ)\rEP’T' §’H’(f8t‘i’{t is quite shiny and therefore
highly reflective of light. As such the first ohmc

¢ on?\%ﬂ:gl’l @X gfef%%g eg'\'boc?utnénté F&e‘i ZJ A< ﬁse"\bf H;t)rleh ean{( 5@\@; platable

surface”o
pef F@t?ﬂ?'\f@yﬁ upetbrovigad "rﬁ ?'F?i'i'ca"bt @d(qnﬁ?aswquptgm or provides
out fetmecHdmical Supporiabr the/IRit eMittingdbvicaddi t i onal
fabrication steps. The ohm c contact |ayer/reflective
| ayer 20 may be of a purenetal or a stack of multiple
met By conehjrinasthe feflectior egr layer fgrination apd olapic cortatit fasmation in a
OXi gifgid btdSithe Hr@g_ érh of ﬁﬁ)dm ® :fr{éfhbhsubéﬂré@ @lé%\déch €lectroplating

f d to th
{ﬁgfe&b%esis it Syt DRGENE BB o ) o
el etbe reflegtivieymisrontbhonic ¢ratact loyan du prefevably atrrogm dermpieaguneh&his

nMechas Cﬁb SHBRA fembBratufddCudeti IRt pregant tdoﬂ&ndj epvacseses B)The
conbi ni the reflection mirr mati o

Pl BE Seftpeg tayH Y b G FpPes 2R LR BB U
of ibomyi segvet es aan oketlanicaiubpporhitthermg! eaduded.and an electrical
15! EGhb R qmsr}gak@% theHBRGVal &rtn@ariaﬁs« shbﬁrar@owwﬁmas.er

el ectrically conductive materials (e .g. netals) on the
reflective mrror/ohmc contact |layer is preferably at
I OOPrefeeablye bsdhulrget efhitting divdei diks ist iselated dromt @ber dies before the

t err,g%@at, }‘H tﬁecr‘?1 'ﬂ‘hs%?%?vg ggplFl% oPthé Gfgélé Gl?fer Eﬂ!i}%g or

relative el ectro
ex afisT be 'eZ'BUa'rﬂf H‘FéHbst“ﬁﬁeé’Res et cayse ﬁ" ess pr ?fas%s nipgividugd light
2ome Cémaittihg dibdesdigp Binte thé hetativaly thick Rglerdd eectricalidconductive, current

el egh %‘s%m%m%% B d.etttm TS| A\ Feldfie %ﬁgg}%kormngtvﬁ% is

ori gl na sonmewh easl er.
i gReuTeskiNast ReN-Brisd 30 eming s aie:cn the BAKEH AR dpsire

. befuondingd, e theeapphak isaih insblatos ubst rat e, t hus any war pi ng
or bending of the whole wafer during or after the
removal of the substrate does not cause stress or

25cr JWRilst there inpgibegn daedribed ip fhe frpgaing degerigticsrerrefieaed fomp pithe
th @rés%hmdeuﬁinyit {vinibe kindenst®dd by3hosk exlieditcAk techaoyy wiedt magy
cur rﬁ&lons or modifications in design, construction or operation may be made

without departing from the present invention.



can flow fromon side of the die to the other. As a
result, only one bonding wire is required. Most
wo thableasied | i ght emitting diodes are on the nEIKSG2005/000062

require two-wire bonding, as the sapphire is an

insulator. Wilst there has been described in the

foregoing description a preferred form of the present

invention, it will be understood by those skilled in

theaﬂ@GQﬂﬂJOQV that many variations or nodifications
esi gn, construction or operation may be nmade

W t hout departing fromthe present invention. The

Icl aims: A méhémtoh@abnéambn fotlar reaédtive tayerf or ar stilicdadictoe light

ayer on t
semi con dﬁ% ttm rlﬁé'gén? ?ndhc%} |gﬁlggrﬁgh gloge Qegrgg ?\%Jge rrf]rom a
faf er wi tvhfewitft mwt'n!e emﬁaxlabdaws oy ew@traiﬂ, the sethod camperising

It he net hs.shmrrprﬂss ioh@icedtiptagi Agerdorf r fidnt QlifACE oF AR aﬁ.tnp:e
ayer on

| ayer s, PREXFEE: *Eﬁﬁﬁs@e%@g B117igy b aTEhes e rateriatto

ref | ect i sleo anhbea iefiectivelapdr abitsdoterface with thefflopicturfeee. | ayer

at its interface with the front surface. 2. A nethod

as clainmed in claim rther conprising: (a) applying
Qo % fr oﬁf"eMP%tii‘@mS? '"t‘#@“??‘f@ﬁ”ifﬁ?ﬁ"?”%ont act layer a

seed | ay@) of applyingdo adlohtysucfecedofdbe frst oheti@tbgntacblayer a seed

el ectropl ati n%{l o{%@rﬁﬂa\fﬁf&ﬁd&éﬁbi%eéﬁyer of the

C

thermally con tive netal on the séed |ayer; and (c)
removi ngf®} he eAYeRIpROER relptively thigkigypr 28 the ey conductive

cl ai m 2, whereétal dnliee deed Byerpénd ¢ cont act | ayer is
oated wiih er prior to application of
£ *aygr?fnégﬁlﬁﬁé Qbstraty

t he see A method as clainmed in claim2 or
claim 3, wherein the seed layer is patterned wth
phod.or esA siethoa tak laitedois fcine 21 Whereih ad firepdtmiic Behtat @ger is

(D), the Sle§ Gith g,m\gg{svg aPdr. pt.lg}qo 5@.@.@{8 the L%dgé,?hayef

bei ng be meen od as
claimed in any one of clalns 2 to 4, wherein between
28t epns (A naidd (a8)cldied & elasimpeiof efaied, WhereindBe sean@ber is

step of p%ﬂ&%é‘é {ngplgl]oq'eél@ gﬁerﬁso béfg@ Slea%laﬁﬁﬂ er (b), the
electroplating of the relatively thick layer being between the photoresist
patterns.

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 és claimed in claim 4, wherein the photoresist patterns 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.



6. A nmethod as clainmed in claim4, wherein the
phot oresi st patterns are of a height of at |east 50

WO whResymt ers. 7. A nethod as clainmed in clai mCA/SG2005/000062
wherei n the photoresist patterns have a thickness in
the range 3 to 500 mcroneters. 8. A nethod as cl ai ned
in any one of clains 4, 6 and 7, wherein the
photoresist patterns have a spaci ng of 300

rgomst ﬁrn?etlgod fcmem’rga nS lo?&léTFIQZ kd'e, WR¥refitfe Sed Jayer is

cI ai erein t seed layer is elect ropl at ed
in st ep e\sstrqmateﬁdutste@aﬁbi yﬁ?ﬂﬂhgaﬁ%ﬁ%& SPIRTAEY BENH ge rformed
per f or regussefeamuent | y. 10. A nethod as clainmed in
claim9, wherein patterning is by one of: photoresist
patterning and then wet etching, and | aser beam

fri cA@machi methed @k dldimed dn laing . ywhergin |patteqpiag is by ong of:

net hod a hd?ér@dnd?%iﬁérﬂuné%ﬁdolii@n Qfet CetchingB afld tigsed Beam micro-
vvherelnt 9;{@ %%'QF&F ayer is of a height no
gr eat er ""f &ﬁﬁ POPREISYMREei ght . 12. A nethod as

clainmed in any one of clains 4 to 10, wherein the

rel giiv ekynétﬁbqu ctaaa/&r in %y B&e&md thy 4 @@ﬁtd uﬁ.uemethmaaal,eny
is el ectrg?I at ed

%hot or esthick layerds ¢ § @QB%’E’C?J@‘R ?‘ﬁ |p{ﬂ‘ﬁ‘é'83'%§‘e'ﬂ'btl i shi ng.

13. A nethod as clainmed in any one of clains 1 to 12,

Wﬂegfl n ﬂfﬂeﬂrod%ts%rs"ﬂéa) in tahFBr?e 6fSCIduﬂ§k sfEs) “mereﬁmé ?euas.t,&p

of form ng on rear surface it axi al

second ofitk @V‘?Id’ﬁ thermally cpdyctive Wétak'é E'Sﬁg’p'ﬁi%"?:a E"dﬁ’f{{ ﬁ@f’“e'
| ayer bethagthe phaarbsi< ahd isButisequegthothipnexthygiotishingg of :
(opaque, transparent, and senitransparent; the second
ohm c contact |ayer being one of blank and patterned.

14. 1% neh msthod @s clameddpy afone oficlaimss! e WaprRin After o)
one bonohhévg ifiAcluded ah @mraesiep)asf formingomcaoraat snhate®f therepitaxtal

| ayer. Yerfé %F{? é%t Q'feq the'sétbNd c%‘nﬁc 8;n a4 I%Le%eigg

to 12, erein a m c cont act

and subswlegiedtfropt 8@%@“%?@]% ingr @ Gﬁ?"«”Petﬂaflﬁeﬁre"tt fed semi-
206 UbS equertinspirét,ehe sttaiasohiniic | cotliactglaghe [hathgt orenofoblask and

| east orb%nx\dngg bond pad.

14, A method as claimed in claim 13, wherein at least one bonding pad is
formed on the second ohmic contact layer.
25
15. A method as claimed in any one of claims 2 to 12, wherein after step (c)
ohmic contact formation and subsequent process steps are carried out,
the subsequent process steps including deposition of at least one wire
bond pad.
30
16. A method as claimed in claim 15, wherein the exposed epitaxial layer is
cleaned and etched before the second ohmic contact layer is deposited.

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

the epitaxial layers.



16. A nethod as clainmed in claim15, wherein the
exposed epitaxial layer is cleaned and etched before

WO tdoeoseTiond ohmi ¢ contact | ayer is deposited. PAI7SGA05/000062
nmet hod as clainmed in any one of clains 13 to 16,
wherein the second ohm c contact | ayer does not cover
the whol e area of the second surface of the epitaxial
| ayers. 18. A nethod as clained in any one of clains 15

to g, Wagr&lda a@fctaﬁﬁeg .pw &g oF tansmgea@g@ﬁ QJ%@?eﬁm aff@moﬁﬁhg

| ayer there Is inc t'estin g
devi ces g segaad Qhipie F°"t%§h'ay% g}ﬁé‘ff'&t"F'Hﬂfdtt?Fé'"Q\&ff"éer "gf‘?ﬁ"@m 9
i ndi vi dugdvicdeun me wafed, And sepamtilitie @sfedhtainaidivainiedicas. one
of clainms 1 to 18, wherein the light emtting devices
are fabricated without one or nore selected fromthe
§rol® cohgnedhddngs oimef apgmnhgne pbEpE’i hép AHowheren Hig light
20. A nmeghiglg AevisdstdreBsbricited Mhdw %n@for Glord 8Blecled Rord Ihe
wherein the IS on p-type

rs
| ayers o$r°?%§"§'ﬁ|"9 QE Pﬁ?’"q gf}léﬁgg a’ﬁ’?&[ “® et hod as
clainmed in any one of clains 13 to 18, wherein the

secgfd ORWetholl 38 LRfled |m'3£/rﬁroné f &anga do w whefelfe fidYsHntic
of the expitaxial |a as clainmed in

1 ai m 13°°“m%'?3@fﬁ°ﬁﬁw§§9§ﬁf?’8fp'taﬁﬁagf'y§ﬁ ric film are

dep03|ted on the epitaxial |ayers, openings are cut in

Szﬂ (J{oﬁ ge'c‘amd%‘ %ﬁ&%%@ﬁ!%m%%ﬁ&hm tﬁ’é’?é’condA

osited on the I taxi al X 23.
et hod ot sanife axeh'séw%%" pS Bvsrs Rishorowg xfa layers.

wherein after step (c), electroplating of a thermally

pgonguct | Xﬁ’nem al cu@me& m§|aﬁnhi hlefin Aﬂ@ya&f(cs %uefé@ﬁaf: ﬁm%ﬁe

24. A od as almed 1 n any one of al ns

wher ei n qeResited @p {he erjtax ARy§st P'?Fé“’ﬁétaﬁﬂ o mPldéeé@tnc Fihs

copper adnd seéond @pinicaxmtadt Idyery endsbond ppds deposited dbi thk @pitaxial

GaN—rquL | ayers. 25. A light emitting diode

fabri cat )y the nethod of any one of clainms 1 to 24.

26. A sem conductor |light emtting di ode conprising
20BPi 432Xi aA methy@ &S claitmel i &y cnB B caime2ttadL, Wyt aften sip (c),

front susdA68a0G o AenERIahPEIRloth@%Riat on tRE ebitdkil 1294 E

performed.

24, A method as claimed in any one of claims 2 to 23, wherein the thermally
25 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

24.
30
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 layer being of a reflective material and, at its interface with the
epitaxial layers, acts as a mirror.
35

27. A light emitting diode as claimed in claim 26, further comprising an
adhesive layer on the first ohmic contact layer, a seed layer of a thermally



contact |ayer being of a reflective material and, at
its interface with the epitaxial |ayers, acts as a

WO 2005/098974 27. A light emtting diode as clai mTECT/$G200300062
26, further conprising an adhesive layer on the first
ohm c contact |ayer, a seed |layer of a
thermal | yconducti ve netal on the adhesive |ayer, and a
relatively thick layer of the thermally conductive
met al on ¢dnductieccnietebgrethe aghasive ddyen BRds yelatively khigkdgyer of the
bei ng onewpeimalkPEshas@ive Thetsl dnl BENSEEE 1gE0 R Fefifivdis thidRJayer
of : a heat sink, an el é: rical connector,

t K . antd qﬁ .
mechani caPeiNGUBIESY Moregelecked floghihe grRUP (CPRREUAY 8lga hgat sink, an
cl ai med i eleatrical aoniégtogrand b ariephadical supparther conpri sing a
sgcond ohmic contact layer on a rear surface of the
epi t axi al I_a}/er.s.; t he second ohm c_contact _| ayer bei ng
a theth | Syligh ?‘H'“Pﬂé’@%ﬁ’r’g‘”éa"BFd nGlim 26 oFlan g7 futshermarising
29. A |i ghéecomd dHmic gontHcOrlger @8 aabati stEfabeiof thel epitavial Biyers; the
wherein t e i ] - 0 '
bondi ng p% %"%fﬁ%%ﬁcgggéﬂ'%gfgéyg?a?%%I%%gﬁ]é'?eorggéécoﬁ%?‘s%t? r?%o
of : opaqu@nometgiisparent, and sem -transparent. 30. A
kg ght emitting diode as clained in any one of clains

26 tgo 29, retn the thermal | ndycti ve net al .
comt sod IE sBtborgisie s Salfed X i bk B Fong onmic

GaN- r el atcentattagyer somprises Londinth padsngnd [spgplegted dfeorn ghe group

cl ai med idangitirg BN6plie, tardpafent Bnd emiflansplehei N there
Is an adhesive |layer on the first ohmc contact |ayer

between the first ohmc contact |ayer and the
Isel &0 velAfightenotting dipde as claimiedin aeeehel dipleims @6 to A wherein the

ther mal | yh&rRBRUSIbY@ve Rictl BRPNREobhte, AHIBRI akidlYi8fers
and the rel ati vel | ayer. 32. Alight emtting

hi.ck
di ode as %Wﬁ?ﬁ?&fhﬁy’ﬁ}a}fh%%ﬁe of clains 26 to 3 1,

wherein the relatively thick layer is at |east 50

M cr@net & fynt Bhithg diode as claimed in any one of claims 26 to 30, wherein

20 there is an adhesive layer on the first ohmic contact layer between the first
ohmic contact layer and the relatively thick layer, and a seed layer of the
thermally conductive metal between the adhesive layer and the reiatively
thick layer.

25 32 A light emitting diode as claimed in any one of claims 26 to 31, wherein the
relatively thick layer is at least 50 micrometers thick.



