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The majority of current semiconductor devices are made from semiconductor
materials based on silicon (Si), gallium arsenide (GaAs), and indium phosphide
(InP). Compared to such electronic and optoelectronic devices, GaN devices have
many advantages. The major intrinsic advantages that GaN have are summarised
25 inTable 1:
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GaN 1500 344560 246 700
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Table 1, it can be seen thax GaN has the hi ghest band
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GaN devices are made from GaN wafers that are typically multiple GaN-related

15 epitaxial layers deposited on a sapphire substrate. The sapphire substrate is
2usually two_inches in_diameter_and acts as the. growth template for the epitaxial . .
layers. Due to lattice mismatch between GaN-related materials (epitaxial films)
and sapphire, defects are generated in the epitaxial layers. Such defects cause
serious problems for GaN iasers and transistors and, to a lesser extent, for GaN

20 LEDs.

There are two major methods of growing epitaxial wafers: molecular beam epitaxy
(MBE), and metal organic chemical vapour deposition (MOCVD). Both are widely

used.

25
Conventional fabrication processes usually include these major steps:
photolithography, etching, dielectric film deposition, metallization, bond pad
formation, wafer inspection/testing, wafer thinning, wafer dicing, chip bonding to
packages, wire bonding and reliability testing.

30

Once the processes for making LEDs are completed at the full wafer scale, it is
then necessary to break the wafer into individual LED chips or dice. For GaN
wafers grown on sapphire substrates, this “dicing” operation is a major problem as
sapphire is very hard. The sapphire first has to be thinned uniformly from about
35 400 microns to about 100 microns. The thinned wafer is then diced by diamond
scriber, sawed by a diamond saw or by laser grooving, followed by scribing with
diamond scribers. Such processes limit throughput, cause yield problems and

consume expensive diamond scribers/saws.
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30 device layer; and
(b) removing the substrate.

The semiconductor device may be a silicon-based device.
35  In accordance with another form, there is provided a method for fabrication of a

light emitting device on a substrafe, the light emitting device having wafer with an
active layer; the method including the steps:
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its package at the sapphire 15 interface, the heat
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(a) jlgstroplating a layer of a thermally conductive
materiral onto a surface of the wafer renote fromthe
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substrat® P8 dT A ror frs, the thermally conductive
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surface of the wafer renote fromthe substrate;
25  The seed layer may be electroplated without patterning and with patterning being

performed subsequently. Patterning may be by photoresist patterning and then
wet etching. Alternatively, it may be by laser beam micro-machining of the

relatively thick layer.

30 Between steps (b) and (c) there may be performed the additional step of annealing

the wafer to improve adhesion.

Preferably, the photoresists are of a height of at least 15 to 500 microns, more
preferably 50 to 200 microns, and have a thickness in the rangé 3 to 500 microns.

35  More preferably, the photoresists have a spacing in the range of 200 to 2,000
microns, preferably 300 microns.
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may then be cut in the dielectric and second ohmic contact layer and bond pads
30  deposited on the epitaxial layers. Alternatively, after step (c), electroplating of a
thermally conductive metal (or other material) on the epitaxial layers may be

performed.

The invention is also directed to a semiconductor device fabricated by the above
35 method. The invention, in a preferred aspect, also provides a light emitting diode

or a laser diode fabricated by the above method.
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A second ohmic contact layer may be provided on a second surface of the epitaxial
layers; the second ohmic contact layer being a thin layer in the range of from 3 to
500 nanometers. The second ohmic contact layer may comprise bonding pads;
and may be one of: opaque, transparent, and semi-transparent.

35
The thermally conductive metal may comprise copper; and the epitaxial layers may

comprise GaN-related layers.
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thermally conductive netal7 on the adhesive |ayer.
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Description of the Drawi ngs in order that the
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illustrative (and not to scale) drawi ngs in which:

Figure 1 is a schematic representation of a semiconductor device at a first stage in

the fabrication process;
Figure 2 is a schematic representation of the semiconductor device of Figure 1 ata

30  second stage in the fabrication process;
Figure 3 is a schematic representation of the semiconductor device of Figure 1 ata

third stage in the fabrication process;
Figure 4 is a schematic representation of the semiconductor device of Figure 1 ata

fourth stage in the fabrication process;

35  Figure 5 is a schematic representation of the semiconductor device of Figure 1 at a
fifth stage in the fabrication process;
Figure 6 is a schematic representation of the semiconductor device of Figure 1 ata

sixth stage in the fabrication process;



Figure 1 is a schematic representation of a
sem conductor device at a first stage in the
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represent ation of the sem cdnductor device of Figure 1

n nihe fabricatiaon process.
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rep'r:?cg@gr?t%?ﬁ%vﬁ&grﬁ ﬁgaéqeer?rgconductor device of Figure 1
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Fi gpeRildd DéschpchnEtRd Préferrep Eamdbinaint on of t he
sem conductor device of Figure 1 at a fifth stage in
the fabrication process; Figure 6 is a schematic
r epFerstaatfaliowing deiscriptien, dearireferaenec tumberfeini brackgts efeg e dhel
at  Brocesks ¥lebs m(::@g.%g.n the fabrication process; WO
2005/ 02957 / S&003/ 000223 8 Figure 7 is a
schematic representati on of the sem conductor device
1of o gpierdo Higae 1, thére issshoemthie fisst afgp in the prioeesk altire roetallization
pr 0GERS; (gu,%cggﬂﬁe@afbﬁoa flow chart of the process.

Det arfD Description of the Preferred Enbodi nent For
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30 layer is p-type. For silicon devices, epitaxial layers may not be used, but just the

wafer.

Asﬂ shown in Figure 3, using standard photolithography (89), the thin copper seed
layer 24 is patterned with relatively thick photoresists 26. The photoresist patterns
35 26 are preferably of a height in the range of 3 to 500 micrometers, preferably 15 to
500 micrometers; and with a thickness of about 3 to 500 micrometers. They are
preferably separated from each other by a spacing in the range of 200 to 2,000



t he sem conductor surface. It may not be part of the

original wafer. For GaN, GaA, and |InP devices, the
wepiosazxisas waf er often contains an active regi POT/BGZ03/000223

is sandw ched between n-type and p- type

sem conduct or | n nost e the to
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photripr@eiaghesiod6 may or may not be renpved after the
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r esiTag epitexialigyer 14ip LeHalioMadegtt niiyPedRyRE S AUCthe AYginal syibstrate
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| i t RPGPERIPY28-(81), etching (82), device isolation
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t he on%i nal thonp teg e 18 which is now covered with
t he"®OHFH ¥ POGSNING QR 92 and copper seed |ayers 24

3and the el ectroplated thick copper |ayer 28. 25

Figure 6 is the penultimate step and is particularly relevant for light emitting diodes

where a transparent ohmic contact layer 30 is added beneath epitaxial layers 14

for light emission. Bonding pads 32 are also added. The Ohmic contact layer 30 is

preferably transparent or semi-transparent. it is more preferably a thin layer and
35  may be in the range of 3 to 50 nm thick.



In Figure 5, the original substrate layer 12 is then
renmoved (91) using, for exanple, the nethod of Kelly
W Mok02¢ses | y, O Anbacher, R Dinmtrov, R HaneeTkhG03/000223
and M Stutzmann, phys. stiat. sol. (a) 159, R3
(1997)]1. The substrat e

bol Pl R Rt Fatich Bt QU Gng, peFesses may be
penpérfarmed. eTisdse syt | for pantplec phdelithpgraphye®ne3).f diy etching
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for Ilght en1SS|on Bondi ng pads 32 are al so added.
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| ayer and 35 may be in the range of 3 to 50 nmthick.
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for the chip. It nay also be used to provide a path
f or Theeplating stepusiperformed atriee wefel ipeel fiegibeleredhs disieg [opsrafion)
28NdadBitaydeT6r BoersiaRekrd AthedneGinel cal  connection. The
plating step is perforned at the wafer level (i.e
before the dicing operation) 25 and nay be for
s ev Ereafiebrigatiasraf GaiN lasee digdrs is imiar tT ke fatuisation of CaN LEPs. @i

| as %Bredét@déerﬁay §e ﬁivéﬂleldar Ohd dﬁf&@mfeaib ﬁtﬁa‘t‘f @iaNOIEséPfdlcﬁaNrequ:re
ence
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3@ ur foriige métbod witholiicsapphirg as tbgsp@trgfapph mireor fpgmatiqe is much more

SUbGHb A £ $RGREHLEF the mirror is generally worse.

After sapphire is removed, the laser will have better performance. An example of a
typical GaN laser epitaxial wafer structure is shown in Table 2.



30 to the nethod w thout sapphire as the substrate,

the mrror formation is nmuch nore difficult and the
wa@@bsioeys7of the mrror is generally worse. AftB€T/SG2003/000223

sapphire is renoved, the | dser will have better

performance. An exanple of a typical GaN | aser

epitaxial wafer structure is shown in Table 2. WD
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LEDs .k Gdet — 6 Rt geret-at e+,

t he. . sem conductor is eniadiezl. Vari ous ways have

been devel oped to extract nore tight out fromthe
chip in non-GaN LEDs (especially red LEDs based on

Al Gal nP, not GaN). The first ohmic contact |ayer 20,
bei pgr BRhédrd agthniepdiAit Cull YEBSIDabdut. $%. yht t genslatednyn. the.

a_nd tnt}ccwguc%r?s JH\:%' V’T:ﬂ’oﬁg lﬂg%t Han b&fn o]el/@tgbted tdaédré&%rimt

unction wt
t heOléﬁfOt"atR? gitip |nayperCsaN1 DSa(P%C?lb/ fﬁd ILE'Pf é%ﬁeP\Pé AlGripR et
or @hmyor, to

20
The first ohmic contact layer 20, being metal and relatively smooth, is quite shinny
and therefore highly reflective of light. As such the first ohmic contact layer 20, at
its junction with the epitaxial layers 14, also is a reflective surface, or mirror, to
improve light oufput.

25

Although reference is made to copper, any other platable material may be used
provided it is electrically and/or heat conductive, or provides the mechanical

support for the semiconductor device.

30  Whilst there has been described in the foregoing description a preferred form of the
present invention, it will be understood by those skilled in the technology that many
variations or modifications in design, construction or operation may be made

without departing from the present invention.



i mprove |ight output. Al though reference is nade to

copper, any other platable material may be used
w@e@siotsds it is electrically and/ or heat condurti/86€2008000223

provi des the nechani cal support for the sem conductor

device. 30 Wilst there has been described in the

for |Bgndescr|pt|on a preferred formof the present

invention, it will be understood by those skilled in

t he technology that many variations or nodifications

I nt ﬁes It gg m@fﬁ?@tfdr%ﬁric@dbtnodf @B&ﬁ@édd@&or"@é&/tlceeonn‘é\%rate the
W ou arti 0 e pr venti on
2005/ 0295 ic q‘%@fﬁ %?9866@22‘@%@ 'E‘e"E?F "fﬂ‘&’"@l%ﬁ% 1.

A net hod for {alapplgiad & seeddéyenofseirernaideintiotivadmetalde adirst

Substrate, the Ty K3 r deV| ce having a wafer,
t he net hod incl uggﬁ Ptﬁe%{ep

ste %h E‘ yi ?3? seed
| ayer of a th&» r%c‘“i?’aé'%d%ch'e\%e'h‘re gk ©B¥era of j the thermally

surface of the \maiﬁcﬁzbuvem)aled:métsé@pé@tlaﬂ@ arelatively
thick I ayer o conductive netal on the
seed | ayer; C&I %ﬁ?dn:ag{neon%kér%tet he substrate. 2. A

et hod as clainmed in claim1, wherein the first

surbace Asnmtaedlaweum &@&Im 12 4GS @ik firstsertach s dbted Gith an
applicatian of t hod as cl ai ned

in clai nf4P" @V%{lpFﬁr oaRﬁheai\{%rf?{tQ%seegge%f | ayer is 15

patterned with photoresist patterns before the
el egt r ophahdtha & gﬁim@@)n cllim A RIS, dherCihahdTBkd Iayer is

(1AM S, ARCE L bt S ORBie ALbEEekah e Y

A nethod as claimed in any one of clainms 1 to 4,
whepei N ReiiRaRs SRRE in didih 3ameré.ﬁ }hete!"b%&spnétﬁg BEthé RINRSY

t he addi of,_anneal | the wafer to inprove
adhesi on}hbcw/)&er ?eﬁ‘g nihe péwpt;g[eﬁggr%ttﬁma aim3 or claim 4,
wherein the photoresist patterns 25 are of a height

Jé Inalg Pngd I AREkhod %stclémﬁ';QQn Qﬁﬁ&n@@%ﬁfm& 1 th- 4, HyhERh HRRLeBS steps

In c ot or esi
have o (o FEKELORS PR i Ror S8 5l SreRBnbeaRe o
30 8. A imprdveddigsioe| ai med in any one of clains 3, 4, 6
and 7, wherein the photoresi st patterns have a

spacing in the raneof 000 micron
P 6. g A method as clal edin clalm 9 or cgalm 4, wherein the photoreS|st patterns
25 are of a height in the range 15 o 500 micrometers.
7. A method as claimed in claim 3 wherein the photoresist patterns have a

thickness in the range 3 to 500 micrometers.

30 8. A method as claimed in any one of claims 3, 4, 6 and 7, wherein the
photoresist patterns have a spacing in the range of 200 to 2,000 microns.

9. A method as claimed in any one of claims 1 to 8, wherein the seed layer is
electroplated in step (b) without patterning, patterning being performed

35 subsequently.



9. Anethod as clained in any one of clains 1 to 8,

wherein the seed layer is electroplated in step (b)
wowrakoeds7pat t erni ng, patterning bei ng perfor meBCT/862003/000223

subsequently. WD 2005/ 029543 PCT/ SG2003/ 000223 13 10.

A method as clainmed in claim9, wherein patterning is

by ot oresi terni a

o B e Bl Yl o B iy Al P Ppretdessf
| aser beaatteming and tenv@téichingng of the relatively thick
| ayer. 12. A nmethod as clainmed in any one of clains 3
to 11, wherein the relatively thick |layer is of a

hei ght né ngateosiae claimedin ¢iaim Spiesrei e%fteé'tmgn%wﬁ%ef bepfn migro-
A met hod nashisih@ofedelativeRickaaer.of clains 3 to 11,
wherein the relatively thick layer of thermally
conductive netal is electroplated to a hei ght greater
t hai2.t he Apheshask assilaiimedsin @ny anes ofteiaimeérie 1y whiieiriae) relatiyely
A met hodyak ifykbais Br%dwetgntrﬁ:lgaéanarll%uh\eﬁgﬁatsaeasttheigﬁtnl ng is
by polishing or wet 15 etching A net hod as
clained in any one of clains 1 to 14, wherein after
18t e3.( c) A rodiigdensi ciaimencih @de dneadf asis & te i & whereinftbe reilatigely

on a sec fm‘ﬂ sy dr ﬁﬁﬁnéﬂfl c&nhﬁct*()@f'n%fal is @le&%@ﬁe@ OB Aight greater
cont act e sec ohm c_ cont act  ayer being 20

sel ect ed hP%IBﬁPP?f%'eﬂ?t@f] 'Séﬂ?ﬁﬂ‘éﬁ" Wiginged- opaque,
transparent, and sem - transparent. 16. A nethod as

cl ajjred A%&Ao@a@cﬂaﬁmdvm%m i3 WRreRPHRARE %fuy FolH AP et
| ayer is one of blank and patter ned. 2% A net ho
1%s” ¢l ai n#8"% clai m 15 or claim 16, wherein bonding
pads are fornmed on the second ohnmic contact |ayer.

18. 1ﬁ mk?x?égﬂoﬁ%s%laﬁ‘rké&ﬁﬁ @nor%néf fafiés Pto ‘9‘! %E@m Jaftq'éros‘ce"p“’(c)

wher €i n hm ¢ contact formatlon and
subsequetiereds 'BE'\éd§§ ag F@f?s“‘t%ﬂ‘g forming jop @ sgepnd surfagg of the water
subsequeatsefondcaatc soreges layad | thielisaepnd ahod tontaet Gfyenbeigg
ond padg, t C , .
D er el n piesta i 85" 0% Bl OF dpodierrHoired snd com
et ched b@?"@P%fe'ithe ohm ¢ contact layer is deposHed. 35
20. A nmethod as clainmed in any one of clains 15 to 19,
wherein : n i .
t ho ol & N8 S8 ple I bRl bRl i B A
PCT/ SG2093n®epiepisand patterned.

25
7. A method as claimed in claim 15 or claim 16, wherein bonding pads are
formed on the second ohmic contact layer.
18. A method as claimed in any one of claims 1 to 14, wherein after step (c)
30 ohmic contact formation and subsequent process steps are carried out,
the subsequent process steps including deposition of wire bond pads.
19. A method as claimed in claim 18, wherein the exposed second surface is
cleaned and etched before the ohmic contact layer is deposited.
35

20. A method as claimed in any one of claims 15 to 19, wherein the second
ohmic contact layer does not cover the whole area of the second surface.



14 21. A nethod as clained in any one of clains 15 to

20, wherein after formng the second ohm c contact
wo aysn24shere is included testing of the sem cPOTIEGL008/000223

devices on the wafer. 5 2214A nethod as clained in any
one of clains 15 to 21, wherein there is included the
step of separating the wafer into individual devices.
23. A nmethod as clainmed in any one of clainms | to 22,
wherRéi n AheethddOassusimezion dacenerof diginiscsto 20 ewtegdin aftea fogring
W thout gie 5onPDBrﬁm§ecl,oﬁ@Ete¢ayErr PBre ¢ .Lae.ngl[.ggap testing of the
conS|st|ngo a p0|S|ngan dicing. 24. A
met hod a§e’6'P%ﬂdH‘é€F£che§rﬂ? HEWErSE claims 1 to 23,
vherein the wafer includes epltaX|aI | ayers and, on a
fir sur,fa th XI .S e f

th eaéubs fL\r a%tﬁouo as Fla‘?ne?m %@{ 8%0 n?gﬁ} é‘% £1 W%r%m ﬁ]grg] is
ohm c ciadestthe %t?reﬁfsf'em?é@tﬁ@’fhér\l"afﬁft%édlw@&ﬂé*ﬁeyw@? the
epi taxial layers. 25. A nmethod as clained in any claim

er he s ond ahm ¢ cont ac y s for.ne

on ﬁx\,?yp 5{;‘8‘??5 FlaimRd, A0y Al 8Y © faﬁ’gf‘e? &' ﬁ% YA the
1fret hod aserit@idnaer demicesrgye fabpecatdd W@uh@elortr@rqaelected from
wher ei n - gktRfup $bRBtikdor: uapp%edomrrgla%mcings are
deposited on Fhe epitaxi al |layers and openings are cut
in the dielectric filnms and second ohm c cont act

| aye4. and rbethall geadsimed@pemi oredofosteimbid toA3t akerah the wafer

| ayers. t
cl ai ns 1%?“89% eﬁamhmgrl%% gﬁt gbadsiﬁgfj shifhc@Y R Epikial tayers

13 ect r opfedtote §oBrihe, stsiatae? (st @nguéﬁ%'%t fhe it ohmue
epi t axi atonkaaylayess bedng oqpertferiapeds. of 8@ epaxiaNayaet.hod as
claimed in any one of clainms 24 to 27, wherein the
t her mal | conductive netal ri ses copper and the
epi £axi af* Meindras JasTRS N SBY claim %r%p phereindie pespag @ltnic contact
| ayers. RBerisfosedion aybeddyers ofltbe iexpdtaxialigyeissi ng
?epltam al layers, first ohmc contact 35 layers on a

irst surface of the epitaxial |layers, a relatively

t hi &k | af &rethod ag *W@%P’I’M"&d\ﬁ&'é'&sl 118 theharein Aftgr ﬁ'@P ).
first ohdielectéoivhaart dbpgitad,onahckpitaxde Ggerd aMC>E2009s 2 O 713

PCT! SC2003/ GH0ARS nprk Sard Sl SRR Cork HyoP nd R 428

surface o |taX|a ayers atlvely t
| ayer beflapgsiggsn "@&PW@HP)@& ropl ati ng.
25
27. A method as claimed in any one of claims 1 to 14, wherein after step (c),
electroplating of a thermally conductive metal on the epitaxial layers is
performed.

30 28. A method as claimed in any one of claims 24 fo 27, wherein the thermally
conductive metal comprises copper and the epitaxial layers comprise
multiple GaN-related layers.

29. A semiconductor device comprising epitaxial layers, first ohmic contact

35 layers on a first surface of the epitaxial layers, a relatively thick layer of a

thermally conductive metal on the first ohmic contact layer, and a second



30. A sem conductor device as clained in claim?29,
wherein there is an 5 adhesive layer on the first
wobkmso2950nt act | ayer between the first ohmc PONB@ZMN3/000223
| ayer and the relatively thdck layer. 31. A
sem conduct or device as clainmed in claim30, wherein
there is of the [ 1y, con ve .
rotal . aOTotRst E fRetetii PUFER or fof SRR laféis tne
sem condm@atwelydmhlmr keingebpliedbylelpeirogiatingone of cl ai ns
29 to 31, wherein the relatively thick |ayer is at
| east 50 mcroneters thick. 33. A sem conductor device
as Pai mbuSHCARYCtendevise 35| Gl bl 39, wigteiR dhste i gn
tshe secomndhaslveiigyet ontisctirst dyrdd cortach ldyli ifetlveyiethe ifirst bilveic
range of chiomael Ba RN BRISES. 4. A
sem conduct or device as clainmed’in any one of clains
29 to 33, wherein the second ohm c contact |ayer is

sel agt ed Af dediBohietay dBViGe 4x0dMHrhed inl’ii[hlrﬁf30 \Zﬁbram@kae'g a seed
transpar -tr spar t. conduct or
devi ce a ygfoéﬂ\’?glaerm ﬁﬁsf’%gth’ mg%ﬂgp L|e °t§'=9 85"364'&'3' F

herein the second ohmic layer includes bondi ng pads.
25 36. AASSRICORIUME Bice A8 WhifRd ﬁﬁarﬁ}'oﬁé BEGhith S 2643Y310RRer&h

et al 1 s MEQHRURY A IDRER arEhs HEre R SEEonpr | S0

mul tiple GaN-rel ated epitaxial layers. 37. A
S € m3§ 0 n d R%Eﬁ’lfco%\ﬂopé’evﬁé aQ l:IQiI‘n@E th ng ofid Xf épe\"rﬁs 5’5 to%lza\lvﬁ'gf’em

Bl cot oa PG RBICOUEE BYE & FIIGOI e igrom s o 500

em tti ngnatewiees. and a transi stor device. 38. A
sem conduct or device conprising epitaxial |ayers, a
first ohmc contact |ayer on . a first surface of

t he
epi Paxi af* SPRFapductondeviey H%Q?'(P&d [NAP% PR FfaiBs 29 P S8: whgrein
ohni ¢ cotheaetondahenic, contack layes ésexblectay dromothe grdup @pmsiskihgy of:

sgonduct i e etahs g%nt LhescRfibaRbyent! ayer. WO
2005/ 02957§ PCT/ 03/ 000223 "16 39. A seni conduct or

device as clained in claim38, further including a
rel as.i vehAgemicormkictbadesice e clditned inkapy npd diyclataniuto B34 weherein

Tetal oL Ug.cRg Bk RS ncugbdorlifh pidsvel v thi ck | ayer

acting as a heat si sem conductor devi ce as
claimed in claim38 or claim39, further including a
2secodd oR ﬁemlcmmntta:cdevbaymlaumad i a8 ool cinid Zecte 36, whekein

epita
ol ng. o T eRpal Sonduife TEEPRDOAMLA (i hARH A Gmonse
nanomst emglttple GaN-related epitaxial Iayers

37. A semiconductor device as claimed in any one of claims 29 to 36, wherein
30 the semiconductor device is selected from the group consisting of: a light

emitting device, and a transistor device.

38. A semiconductor device comprising epitaxial layers, a first ohmic contact

layer on a first surface of the epitaxial layers, an adhesive layer on the first

35 ohmic contact layer, and a seed layer of a thermally conductive metal on
the adhesive layer.



10 41. A sem conductor device as clainmed in any one of
claims 38 to 40, wherein the second ohm c contact

WO a008/0295031pr i ses bondi ng pads and i s sel ect ed PET/FGR005/€00223
group consisting of : opaque, transparent, and
seni-transparent 42 A sem conduct or devi ce as
clal d |n an a t e :
t her %I 'y gon ‘U’ Or dewie %Jﬂaaﬁ%d gecgl;@o%%e&ﬁhg .8311?%@78
epi t axi alrelehtuyleﬁmck lemrrpf the dhamaaly rcendyiciiug metgleansthe sepdigyer,
43. A nmeyadiaffely iRl bR bitingads nast R conduct or  devi ce,
t he net hod |nclud|ng the steps: (a) on a substrate
with a wafer conprising nultiple GaN-rel at ed
épi Boxi alA bawiesrdyctérodavica gasaclfimed tin alaim c38c ontlaiot 3b,afpeher

on a fir ‘ﬁ\'i: dlﬁ%ﬁf ﬁ&)ﬁd ol?{'uc E&ﬁac‘(\@%é;r‘ bn ?(spc)onﬁ Em\éé Qﬂhé %ﬁaxial

Substrate ormng a secon
ohni ¢ coffveiEt the ggeopd gpmie goe@sh'aveg GF'f‘%\ééh"é)faYert'ﬁ dha angerof

t he secorem@hebOD Mbheets. | ayer having bonding pads
formed thereon. 44. A nethod as clained in claim 43,
wherein the second ohm c contact |ayer is selected
191 ot he Agemisonducias sieyiceag clgimed gzl ee of ¢lzims B8 kedd wheseiy

Z gm - 3|0tHers%B&rﬂadrﬁ{'t¥ confket laﬁrﬂiﬁinbr@s@s esnd;dgafbavae@na R’ delegien
or C

‘ayer isTaHde e SyoutliBhing o) Go e asrRrR: Sac SN W3 perent

sem conductor device fabricated by the nethod of any

oneypf ChakfRoftiictol Gevita as U\Qm%@@ﬁén@%aé éfclaims 38 to 41, wherein
PCT/ SG2003/,000 em. conduct or

R LT R A A B T K ok

i s one otoraprise GaN-raated byaryg devi ce, and a transi stor
device. 48. A nethod for fabrication of a
sem cond ctor devi ce on substrate, .t he

clhodst B

15505 20N SRR LN 460 SEBCRSIT T UEF cPe JeR iplucing
devi ce | tageteps:it he net hod
20 (a) on a substrate with a wafer comprising multiple GaN-related
epitaxial layers, forming a first ohmic contact layer on a first
surface of the wafer;
(b) removing the subsirate from the wafer; and
(c) forming a second chmic contact layer on a second surface of
25 the wafer, the second ohmic contact layer having bonding

pads formed thereon.

C 44, A method as claimed in claim 43, wherein the second ohmic contact layer
is selected from the group consisting of: opaque, transparent, and semi-

30 transparent.

45, A method as claimed in claim 43 or claim 44, wherein the second ohmic
contact layer is one of: blank, and patterned.

35 46 A semiconductor device fabricated by the method of any one of claims 43
to 45.



including the steps: (a) electroplating a | ayer of a

thermal |y conductive material onto a surface of the
wordosn2gsesot e fromthe substrate and cl ose to PEESG2003/000223

device layer, and (b) renmoving the substrate. A nethod

as clainmed in claim48, wherein the sem conduct or

devijge 19 s@mlc?h&dcfb%%vﬂ@%@ganﬁ’\@éf InGcim 45, %L}émhé %mlconductor

fabrl catlon devi ce on bstrate,
the |i gh#evigeris eng ¢ia '@é\ﬁ"&t&"ﬁ‘@\‘/'ﬁﬁ@“‘J\éfréﬁ‘s's\ﬁﬁrﬁﬂ‘”% active
| ayer; the nethod includi ng the steps: (a)

el eghr opLalifth Br kol br & StREIRLLY a&RAMA biiRirate, the
§ubst r at eerinehdotiors devics fidving wirferi with |aaglesice @m} (s) method

r enovi ng,ngngnéfﬁlgg{ebgte 51. A nmethod as cl ai med in any

one of clains 48 t rei_n .t he

conductive | aﬁ"!re"?cg' ‘i%t'"%allf’é(ﬁct°f§|t'?ﬁfma'&§° 'V,& '?ﬁé"f‘rﬁb@t
cl ai med i n cl ai nmuB4ge ofithe weienretriote ftohethemlblstyat@anwh!nse twtee
layer is of a tpickppssphn the range of from3

m crons to 300 r#%crons gS A method as clainmed in

18] ai m 51 or clBdiANeNa g PEEE-t he thermal Iy 30
conductive layer is of a thickness of from50 to 200

m c%)_ns. A method as claimed in claim 48, wherein the semiconductor device is a

silicon-based device.

15 50 A method for fabrication of a light emitting device on a substrate, the light
emitting device having wafer with an active layer; the method including the
steps:

(a) electroplating a layer of a thermally conductive material onto a
surface of the wafer remote from the substrate and close to the

20 " active layer; and

(b) removing the substrate.

51, A method as claimed in any one of claims 48 to 50, wherein the thermally
conductive layer is as a heat sink.

25
52. A method as claimed in claim 51, wherein the thermally conductive layer is

of a thickness in the range of from 3 microns to 300 microns.

53. A method as claimed in claim 51 or claim 52, wherein the thermally
30 conductive layer is of a thickness of from 50 to 200 microns.



