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semiconductor devices during their fabrication, particularly for use as
interconnects.

The majority of current semiconductor devices are made from semiconductor
25  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:
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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 substirates, this “dicing” operation is a major problem as
sapphire is very hard. The sapphire first has to be thinned uniformly from about
400 microns to about 100 microns. The thinned wafer is then diced by diamond

35  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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packages, wire bonding and reliability testing. 30
Once the processes for making LEDs are conpl eted at
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the wafer into individual3 LED chips or dice. For GaN
waf ers grown on sapphire substrates, this "dicing"
operation is a major problemas sapphire is very
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device having wafer with multiple epitaxial layers and a first ohmic contact layer on

the epitaxial layers remote from the substrate; the method including the steps:
€] applying to the first chmic contact layer a seed layer of a thermally

conductive metal;
(b) electroplating a relatively thick layer of the thermally conductive

metal on the seed layer; and

(c) removing the substrate.

Prior o the seed layer being applied, the first ohmic contact layer may be coated
with an adhesion layer. Before the electroplating of the relatively thick layer the
seed layer méy be patterned with photoresist patterns; the relatively thick layer

being electroplated between the photoresists.
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the light emtting device having wafer with nultiple
epitaxial layers and a firdt ohm c contact | ayer on
the epitaxial layers renote fromthe substrate; the
nmet hod i ncluding the steps: (a) applying to the first
ohm c contact |ayer a seed |ayer of a thermally
conductive netal; 30 (b) electroplating a relatively
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| dgre plegiricab coiterto i EeOBRPABI FoRipsY tayer being one of opaque,

transparent, and semi-transparent, and may be either blank or patterned. Ohmic
contact formation and subsequent process steps may subsequently be carried out.
The subsequent process steps may include deposition of wire bond pads. The
exposed epitaxial layer may be cleaned and etched before the second contact
layer is deposited onto it. The second contact layer may not cover the whole area

of the epitaxial layers.

The light emitting devices may be tested on the wafer, and the wafer may be

subsequently separated into individual devices.

The light emitting devices may be fabricated without one or more of. lapping,

polishing and dicing.

The first ohmic contact layers may be on p-type layers of the epitaxial layers; and
the second contact layer may be ohmic and may be formed on n-type layers of the

expitaxial layers.
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for electrical contacts, the second ohm c contact
| ayer bei ng one of opaque, transparent, and

patterned. Chmic contact formati on and subsequent
process steps may subsequeftly be carried out. The
subsequent process steps may include deposition of

wi re bond pads. The 25 exposed epitaxial |ayer may be
cl eaned and etched before the second contact |ayer is
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For all forms of the invention, the thermally conductive metal may be copper. There
may be a seed layer of the thermally conductive metal applied to the adhesive

layer.

To assist in improving light output, the first ohmic contact layers, at the interface
with the epitaxial layers, may also act as a mirror. Any light passing through the

first ohmic contact layers may be reflected by the adhesion layer.
The light emitting device may be one of: a IigHt emitting diode, and a laser diode.
In yet another form, there is provided a light emitting device comprising epitaxial

layers, a first ohmic contact layer on a first surface of the epitaxial layers, an

adhesive layer on the first ohmic contact layer, and a seed layer of a thermally

and may be either blank or PCT/SG2003/000222
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25  patterned.

In a final form, there is provided a light emitting device fabricated by the above

method.
30  Brief Description of the Drawings

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

35  reference to the accompanying illustrative (and not to scale) drawings in which:



| ayers, formng a first ohmc contact |ayer on a first
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descrlptlon with 35 reference to the
accdMgatfge de?%ap(gg?‘)r"é’ﬁcﬁs (and not to scale) draw ngs
i N Wiguch¥ is\ABCROGESL BPO5ZRtPE T BEIGUINBhXERIce 7f Byl @t a

i s %nﬁtﬁ@é&@%'t&éﬁﬁéﬁﬁ%%é’s%‘ on of a light enitti ng
device at a first sta r"i rlllfprgbrlcat

Fir gUi0reD 5@ ShSeAlB FRETSE T ETUTetVER B PR = 2
®m titth stggedie thecabricdtioh-prgeese; 1 at a  second stage in the

fabrd eq GRld 87 &ﬁ&ﬁ%ﬁ?&wr&en{i—f& HoPtha libit efhithfg RIRE bEFigure 1 at a

representati o emtiing device of Figure
1 ats'xﬁ‘ Stalgﬁi'"rtﬂe??"afg"@'ﬁﬂﬁoqeffe fabrication process; Figure
4 | FigareSCib @ Retelrztic @mmﬁhbmﬁfltm»gbfemhm devighof I”smretliahtye
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and ’

To refer to Figure 1, there is shown the first step in the process — the metallization

on the p-type surface of the wafer 10.

25  The wafer 10 is an epitaxial wafer with a substrate and a stack of multiple epitaxial
layers 14 on it. The substrate 12 can be, for example, sapphire, GaAs, InP, Si, and
so forth. Henceforth @ GaN sample having GaN layer(s) 14 on sapphire substrate
12 will be used as an example. The epitaxial layers 14 (oftén called epilayers) are
a stack of multiple layers, and the lower part 16 (which is grown first on the

30  substrate) is usually n-type layers and the upper part 18 is often p-type layers.

On GaN layers 14 is an ohmic contact layer 20 having multiple metal layers. 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 example,
35  copper. The thermally conductive metal is preferably also electrically conductive.

The stack of adhesion layers may be annealed after formation.
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15 Figure .8 is a flow chart of the process. Detailed
Description of the Preferred Enbodi nent For the

wo olosomsmy description, the reference nunbers PET/SG2003/000222

brackets refer to the 208 process steps in Figure 8.
To refer to Figure 1, there is shown the first step in
the process - the netallization on the p-type surface
of the wafer 10. 25 The wafer 10 is an epitaxial wafer
with a substrate and a stack of multiple epitaxial
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epitaxial surface. It nmay not be part of the origina
nabtsmediayer CBINF cdpadk is st eldchibblated e dayert %(9@}3 betagéral

é\%ﬁo%sss@{lztéﬁg fi %’R%th@ét%ﬁik ;e ﬂ)%é ¥$ar{ 53hLEnttha. tThe copper
e ween n-ty co %uctors
lyer 78 it Prefarelly of eighppe 9’3?"8? thf‘%thg ‘{fﬁe"h"t"?sﬁ?:} A% on
BeieioBe 8, the gaih@xi Bbsel ayightstharathermbbtotveistasasd, Hipwrvey, dlst
&%E?rv@e? 3 rrég bE] Q)P%g) ggﬂt gé?ézgég tﬁa@thaﬂ@f'tﬁ@pﬂcﬁé}&gﬁf SG rIn ”
ugh s&?%eethﬁéeppﬁﬁ Pyer 2 may pe aibyequRRty g %ﬁf&t’%‘?ee adiehbie
diestepinad Graesi be ppatoresista 26. 2Biraing rady 'z bie pgjisbing for aet
ggvgﬁgl 8. pmt%aagﬁ@.r@ othdf ik a@}amowa gneeme 358 agtmrgo

oreters, “more ‘preferabl v 200 m croneter
Berdoval ’f‘ﬁ‘/ %e L] @W@%‘?“Sf““%\"ﬂbﬁ?th%d &} a%d@ W@P'Sn@f'&’%

thb essisastepppr @ivasrabl by peaparatied from each ot her by a
spaci ng of about 300 m croneters, depending. on the

desi gn of the final chips. The actual
Depending on the device design, processing of the epitaxial layers 14 follows using

standard processing techniques such as, for example, cleaning (80), lithography
(81), etching (82), device isolation (83), passivation (84), metallization (85), thermal
processing (86), and so forth. (Figure 4). The wafer 10 is then annealed (87) to

improve adhesion.

The epitaxial layer 14 is usually made of n-type layers 16 on the original substrate
12; and p-type layers on the original top surface 18 which is now covered with the
ohmic 20, adhesion 22 and copper seed layers 24 and the electroplated thick

copper layer 28.
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forms a part of the substrate. The copper layer 28 is
preferably of a height no greater than that of the
photoresists 26 and is therefore of the sane or

| esser height than the photoresists 26. However, the
copper layer 28 nmay be of a height greater than that
of the photoresists 26. In 20 such a case, the copper

| diy Eigure 8. theigridie! sibitedaent ip theniremevdd (94) Uséngofor examgleght
NQhe ﬂétﬁ@d &kentyfnm k&3to. AmblaBiter I @4RE&S RSiiahdgdun, BRE RNI ng

0 hot or esi st s
s e B3 e L R kel Rt B ot e
Rearoset byrpofistirg dowetetebingndar d and known net hod such as,
for exanple, resin in the resist stripper solution,

| asma achlnq 25 Dependi ng on the device
QT B GERR T Bt HoP AR TR 89S STt
UShB@ a §écarliﬁjﬁfndc foneceiagridg it aeddudi @uesh spiakialasyers of for

eé%[%ln? SIOI‘(): lgc%rc]i'ngﬁ ({s%g)ar %%cg Qcpogﬁ aﬁ’@secgr%ll%(% %o?xgkﬂg)’ef

evice assi vat

meP & prefeegbly sAnspES)t or F?T@rt'i@ﬂwafemf olt IR grefeaByy, 2 Bindaxed
f @hd May hdih @lélrengd bi 3 ibIse nwahiex. 10 is then anneal ed (87)
to 30 inprove adhesion. The epitaxial |layer 14 is
usual ly made of n-type layers 16 on the origina

s ifettp atiding sepondphihiqroniapidayes g rkwown prefreindly PycessPs gy
S%é &a%écg M«@sé:rhay e H&VéxﬁrﬁMS r;@ﬁm%éd;.fnh @5 gzt)rrarsz eRfing

esi on seed |l ayers an
&’ébﬁﬂPgﬁ%ﬁﬂPWagaaaés copper | ayer 28. WD

2005/029572 PCT/ SG2003/ 000222 9 In Figure 5, the

OlahRkalY (98 Wk el teldayditiod 8 deSorldbBRicTcBEY Rffer( 1)
usi ng, for exanple, the nethod of Kelly [MK Kelly,

O Anbacher, R Dinmtrov, R Handschuh, and M
Sfite zhiasidies pheythen dested. (98bby Knayn ¥69 staRdard 10eiyds.  The
SHMF«J.&I c%nrméﬁ Rl s‘éﬁarb@d tz Weshrdy) Rl ihdiuRagddicedBilips 1

|
o454 Potiray P ielue *?eo R 2o b o B8kelife o
afdilexorydteotar enddonvaeethpdsyer 30 i s added beneat h
epitaxial layers 14 for

" The top surface of the epitaxial layer 14 is preferably in the range of about 0.1 to

2.0 microns, preferably about 0.3 microns, from the active region. As the active
region of the LED chip in this configuration is close to a relatively thick copper pad
28, the rate of heat removal is improved over the sapphire ‘configuration.

Additionally or alternatively, the relatively thick layer 28 may be used to provide
mechanical support for the chip. It may also be 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 fabrication of GaN laser diodes is simHar to the fabrication of GaN LEDs, but
more steps may be involved. One difference is that GaN laser diodes require



I ight em ssion. Bonding pads 32 are al so added. The
second ohm c contact layer 30 is preferably

WO c@sspErent or sem-transparent. It is nore pPEr/8GzI05/900222

a thin layer 10 and may be in the range of 3 to 50 nm
thick. Prior to adding secdfd ohm c contact |ayer 30,
known prelimnary processes may be perforned. These
may be, for exanple, photolithography (92, 93), dry
etching (94, 95), and photolithography (96). 15
Annealing (98) may follow the deposition of second

* ohwiimor foowetiar durinag the fakBCatior. hUsiamsqpsMixéiass:heaauesttdtaeasbntpesatded

10

15

20

25

30

35

( 9t%)thebMetK66QM6]mﬂ§§Lp§ﬁea§§qﬁé' b%@ %ﬁmrr%h&ma&d?}'p

can_t hen be separated nt0|n|V|§iuaI
de@ﬁ%@f‘@ﬂ'ﬁﬁ?" of hig mé(fﬂﬂ 'Szgeﬁﬁf?hdmsel appi ng/ pol i shi ng
the substrat e, and w thout dicing. Packagi ng foI | ows
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0. 'ﬁse(éo'taﬁalﬂfa @W@W@,'Sﬁtﬂ&ﬁmtﬁbieﬂ about 0.3 nicrons,
fromthe active region. As the active 25 region of
the lED chip in this configuration is close to a
rel ht_&lﬂeﬁe\ipiyhe@hcmﬂ%r pad Z8,_TNe Tare afsmeal

r enmpysldon Ot [ B
Add] ‘s.:.’.:-‘.”,r'.w_.-'---*;,'.'_«:-' he relativdiie
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for  FiaNuhs Wkt 12 w al so_Dbe used T O Provi &:a path
f or hewmm fromthp active reqi orﬁ°éf t he
|i gh& L2 L Q124m o4 for
el eLtsrd et ot med
at . before tne dicCi ngmperat on)
and wafers at_the one t|11'm 35 The

f abyr +
f abir 1 3 O o S e L v

i nVioEagetie s@RGRT TT 67 6NCe T3 that GAN T aser mﬁ'ﬁd'é's
reguire WD 2005/ 029572 PCT/ SGE2003/ 000222 10 mrrot
formation during the fabrication. Using sapphire as
the substrate conpared 1taq the nmet hod wi t hout sapphire
as the substrate, the nmi ¥ 2formation i s nuch nore
difficult and the quality of the mrror is generally
WOr se.

For standard commercial GaN LEDs, about 5% light generated in the
semiconductor is emitted. Various ways have been developed to extract more light
out from the chip in non-GaN LEDs (especially red LEDs based on AlGalnP, not
GaN).

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 interface with the epitaxial layers 14, also acts as a reflective surface, or mirror,
to improve light output.

Although the preferred embodiments refer to the use of copper, any other platable
material may be used provided it is electrically and/or heat conductive, or provides

the mechanical support for the light emitting device.



5 After sapphire is renoved, the laser wll have

better performance. A typical GaN |aser epitaxia
WoRG08/02%r2 uct ure is shown in Table 2. My dopedP@F/BGH®3/000222

GM contact layer D.1511m My doped p-type Ate "&aal., N

cl addi ng Tayer 0.45m 10 Mlldoped p -type GaN wave

gui ding layer 0.12m My doped ptype Al k ao. &N el ectron

bl ocking | ayer 200 na.a, a9r Na , Aa -pen s active

| ayer i ..te~iat~aaaN welt la 3i5c! ~i. Gaa. /tit

bar Aw | ayer fO . Si doped n-type GaN wave gukti ng

| aywhilsttieré B een Giscitbep exdharotegping dekscriptiofpleteredNiorm of the

o sl bt B nB AR ¥Rl Ml o

n t"ﬂ!@o@m I'O#’ﬁﬁia "wﬁ B seEan. reonstivetion| @ creretipmyway e nfage
Un-vitage defdaig treipledteRedt ayitioh. Si aN mask 2Am  GaN

buf fer 300 Sapphire substrate 4$01'm 20 Table 2 For
standard commerci al GaN LEDs, about 5% i ght generated
in the sem conductor is emtted. Various ways have
been devel oped to extract nore light 25 out fromthe
chip in non-GaN LEDs (especially red LEDs based on

Al Gal nP, not GN). The first ohm c contact |ayer 20,
being netal and relatively snooth, is quite shinny

and therefore highly reflective of light. As such the
first ohmc contact layer 20, at 30 its interface
with the epitaxial layers 14, also acts as a
reflective surface, or mrror, to inprove |light

out put. Al though the preferred enbodi nents refer to
the use of copper, any other platable nmaterial may be
used provided it is electrically and/or heat
conductive, or provides 35 the nechanical support for
the light emtting device.



WD 2005/ 029572 PCT/ S&003/ 000222 11 Whil st there has
been described in the foregoing description a

wee@bmeeeserd form of the present invention, it RET/EGI93/000222

10

15

20

25

30

35

under stood by those skill g in the technol ogy that
many variations or nodifitations in design,
construction or operation may be made w thout .
departing fromthe present invention. WO 2005/ 029572
PCT/ S&003/ 000222 12 The clains: 1. A nethod for
fﬁgeri cation of a light emtting device on substrate,

t ¢ 99985t  enitting device having a wafer with
multiple epitaxial layers and a first 5 ohm c contact
| ayer b ISk f :
bt afeR B %ﬂ%ﬁ_ﬁﬁvtﬁ?‘%@é Sp AT, e tot
appl yi9igtieg deviee haMing @ waferswithc '%l%tep'Faé%EY%{S sedd frelyer
of a tdnetid@ntayt layep bsitne tebivRiamaart renfdl) r&h @RtJubglgs; iRy a
rel ati vet;“%/ itctﬂdd?ktleas}’e%é- of the thermally conductive 10
metal "BRFHICNELY I"fayer; and (c) renoving the

subst ralt e.applying\ortee ¢haic Brst eontaciiexer iarseed lavenof a théiepldyi n
the first .ghkfedRB:act layer is coated with an
adhesion | ayer prior to appljcation of the seed |ayer.
153, @ msbhiwes 8 arielPick dnar & ooty Foascive
wher ei n t et eitle bepddayel; gnd patt erned wi t h phot oresi st

patt ergs Rehng telifbb@ct ropl ating step (b). 4. A
nmet hod ‘as clainmed in claim3, wherein the

el ectroplating of the relatively 20 thick layer is
et weeénmethed phdeioed i daimplatwhereimsthe Brst Ahmie tchiatelct dagyer is

cl ai Mokt SAR&icRTaye! FHof® abpllcRtich-of WESE&I iByePet Ween
steps (b) and (c) there is perforned the additional

step of annealing the wafer to inprove adhesion 25 6.
A. et odhethsd et aleimed n riamh di on Gior2, othaien the sebddayenist he

phot o r;)ﬁt?éﬂ%d v@lﬁ%ﬂcﬁ&@ést patterns before the electroplating step (b).

4. A method as claimed in claim 3, wherein the electroplating of the relatively
thick layer is between the photoresist patterns.

5. A method as claimed in any one of claims 1 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 3 or claim 4, wherein the photoresist patterns

are of a height of at least 50 micrometers.

7. A method as claimed in claim 3 wherein the photoresist patterns have a

thickness in the range 3 to 500 micrometers.

8. A method as claimed in any one of claims 3, 4, 6 and 7, wherein the

photoresist patterns have a spacing of 300 micrometers.

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

subsequently.
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are of a height of at least 50 mcroneters. 7. A
nmet hod as clainmed in claim3 wherein the photoresist

wEaiosm29332 have a 30 thickness in the range 3 POI/SOED03/000222

m croneters. 8. A nethod as clainmed in any one of
clainms 3, 4, 6 and 7, whel®in the photoresist
patterns have a spacing of 300 mcroneters. 35 9. A
nmethod as clained in any one of clains | to 8, wherein
the seed layer is electroplated in step (b) w thout
patterni ng, patterning being perfornmed subsequently.
WO 2005/ 029572 PCT/ S&003/ 000222 13 10. A nethod as
C{%Ja' Mod refof 121 dBimed WNGSIR! ] vﬂf'épéir?'bé‘ﬁerr‘rgnd thoéorisllst A

otoresist patterning and then wet etching
rret hod2HRnieg A1 Heed Wehe!e™% m 9, wherein patterning is by
I aser beammcro- machining of the relatively thick

1qyer Ar\r}\ﬁhodaés HL m%l \%él;@rgp%r{%m 3'{? g{)gse?gea% @ICH)B 3

erern at Ive
he| ghtmaqwmgg@fé'ﬁ%fﬁlai’wﬁ?blt"h“tkﬁ?é’ebhot oresi st height. 10 13.
A nethod as clainmed in any one of clalrrB 3 to 11,
erein the relati t hick
dBnauermohsis simed R abuehe bt Ed % s kBT AR sl o
t han tiik lgyeois of alwigbt nm@ta@aétmbspb@;greﬂﬁtlfylgt\hl nned 15
14. A nethod as clainmed in cl ai m 13, wherein thinning

by pol j shi A ety |
i TS S HHED EPhOR DTSR 2P (L EpE MRy
i ncl uthid layer eftiierraally tangudive metehis rigctoplatedses deightgeafeace

of thﬁqan@rré'pth%;eésgt Ana)é%bgsegueﬁemmqe@hm c contact layer,
t he second 'ohm ¢ cont act |'ayer being selected from

the group consisting of opaque, transparent, and

gen - Amaatisdas elimed laind 13sithhedh thigniod @ibpredishing.cl ai m 15,
wherein the second ohmc cont act layer is one of

bl ank and patterned. 25 17. A nethod c| ai_med

dF.ai ATERUA 261 ATROLB S B AR Ty BEED HPestep

there is included an extra step of forming on a second surface of the
epitaxial layers a second ohmic contact layer, the second ohmic contact
layer being selected from the group consisting of. opaque, transparent, and

semi-transparent.

16. A method as claimed in claim 15, wherein the second ohmic contact layer

is one of blank and patterned.

17. 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)
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 epitaxial layer is

cleaned and etched before the second ohmic contact layer is deposited.
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formed on the second ohm c contact |ayer. 18. A nethod
as clained in any one of clains 1 to 14, wherein after

process steps are carried out, the subsequent process
steps including depositioni4of wire bond pads. 19. A
nmet hod as clainmed in claim18, wherein the exposed
epitaxial layer is cleaned and etched before the
second ohm c contact |ayer is deposited. 35 WO

2005/ 029572 PCT/ S&2003/ 000222 14 20. A nethod as
clomi mgok Inétheys editedih a0y ahd1ef ddimé 05 1019, wherkei the tdvend
secon ' t 0 e I

o ea ofRGo st B 35ts R e Gt ecrd BB oF
21. A thetepiexisbleyess-ai ned in any one of claims 15 to 20
wherein after formng the second ohm c contact |ayer

there is i cIud d testln t he
0T € ol i et SR ol g G2l siareinatSierming,
one of thelsa¢ams olirbic tantR ilayenthereds incltidesirtestingof tHedightambittioe d

t he stggmggoﬁﬁqug}lng the wafer into individua
devi ces. A nethod as claimed in any one of clains

| to 22, mhereln the light emtting devices are
f abri catmethotd hd)cldined freamyr ormoofeclamls a6tte@1f wbereih Riere is

group ﬁ&{]ﬁédgﬁéa él&p gepalrag BarePRlo'i f.dﬂ.g. RRdedi cing. 15

24. A net n any one of clains 1 to 23,
wherein the first ohmc contact | ayers are on p-type
| ayer s AGhethdtEas phimad irlbny aebSclaids. 1 & pEtWetiathe light

cl ai ”99 Et[r}g :ce%nge %bn%t@c% Wﬁho:l:»? oBé) fo?%oré/\’ggéc?éd’]frorn 8he

second ormed on n-type
| ayer sOgpP t"ﬁ'é’s“é’ﬁﬁf taamwoﬂsb!y%?@d d'ez@ A nmethod as
claimed in any one of clains 1 to 14, wherein after

SEA? p( R)rﬁetrfoglag lcf%‘i;ned d’l an olngnaf &glr%s q%J 9? 'thggmotﬁ ﬁr]gteohmlc

eprl't axi al
d|eIecF@ﬁ%ﬁ$W$$@€am@ﬂ@%@wﬂEOHhﬁ?%mEﬁﬁWQct | ayers and
bond pads 25 deposited on the epitaxial |ayers. 27. A

\rlr\ztt; hod an§ rLfagwadr]n %ﬂv orie'St c%gmsc ll?lo% lfvhérgm ]tﬁb second

ereln a &
ohmic contact layer is formed on n-type layers of the expitaxial layers.

26. A method as claimed in any one of claims 1 to 14, wherein after step (c),
dielectric films are deposited on the epitaxial layers and openings are cut in
the dielectric films and second ohmic contact layers and bond pads

deposited on the epitaxial layers.

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.

28. A method as claimed in any one of claims 1 to 27, wherein the thermally
conductive metal comprises copper and the epitaxial layers comprise

multiple GaN-related layers.

29. A light emitting diode fabricated by the method of any one of claims 1 to
28.
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el ectroplating of a thermally conductive netal on the
epitaxial layers is perfornmed. 30 28. A nethod as

webk@soed7i n any one of clains | to 27, wherei nP€T18G2003/000222

thermally conductive netal conprises copper and the
epitaxial layers conprisels nultiple GaN-rel ated
layers. 35 29. Alight emtting diode fabricated by
the nethod of any one of claims 1 to 28. WO

2005/ 029572 PCT/ S&2003/ 000222 15 30. A | aser diode
fabricated by the nmethod of any one of clainms | to 28.
30. Aallasghdiodedstiriatedisy tRembib&t & @PsreSir AGINRRAIS axi al

| ayers, a first ohmc contact |ayer on a first
surface of the epitaxial layers, a relatively thick
Bhy er Adiphtzemiting Hewiesdomprisisnenitexia! Vayerse afirstanhnticheontdct st

ohnmi Clay‘é?r&:éhCﬁrsﬂ s@bf&:’é of %dapﬂax%? %?5}9 &mf%h@ezlfﬁ\ﬂk %Er Liayer
on a eCO axi al ayers

"ot ot TP AP SoBl ol HGT g rtachigler. anc @ second
el ect ohopt abitag).l2y8P on /e lséaphd serfack t of e APt @R 1QBrsE ial NMed

i n cl @R lnickVBRk Biify 5;?%d%yief§c egpesi ve 10 layer on

the first "'ohm ¢ conta layer tween the first ohmc
contact layer and the relatively thick layer. 33. A
$2. ghtA lignt eritting deliveias elaitted & @IMBA vitRrehl PEiSH adhbi@Veei N

ther %Jg? oftha gy ﬁlberﬁig g%ntacpfa%ér BEwb0E {hgt?irstt ﬁhrﬁug %d T lIayer

net al bet ween ["fayer and
rel at%“GQTeye‘?W@Rh'?ké%Y& 34. A light enmitting device as
claimed in any one of clains 31 to 33, wherein the

elat 1 Cr oet
i i 15t &5icr B Bk ntlanh S 3hei2p B brere oo

any &ﬁ@eoﬁ'e@?aéh* ﬁ%"dB@"? et be\»ﬁem denadhelive davenant bleni c
cont agiitiveigytedk ldyer.a thin layer in the range of from3
to 500 nanoneters. 36. Alight emtting device as
clainmed in any one of clainms 31 to 35, wherein 25 the
e cofdioBhemiking demca e cleimasin pry ens| o staisas 3t tond3t Ivderginoup

cons itetréiBgyey fttick I9eAE B8east 5@9\1&@%@?& thicknd
sem -tr ansparent .
35. A light emitting device as claimed in any one of claims 31 to 34, wherein
the second ohmic contact layer is a thin layer in the range of from 3 to 500
nanometers.

36. A light emitting device as claimed in any one of claims 31 to 35, wherein
the second ohmic contact layer is selected from the group consisting of:
opaque, transparent, and semi-transparent.

37. A light emitting device as claimed in any one of claims 31 to 36, wherein
the second ohmic layer includes bonding pads.

38. A light emitting device as claimed in any one of claims 31 to 37, wherein
the thermally conductive metal is copper and the epitaxial layers comprise
multiple GaN-related epitaxial layers.

39. A light emitting device as claimed in any one of claims 31 to 38, wherein
the light emitting device is selected from the group consisting of: a light
emitting diode, and a laser diode.



37. Alight emtting device as clainmed in any one of
clains 31 to 36, wherein the second ohm c | ayer

w0 p@baeiss2 bondi ng pads. 30 38. A light em tti npCT8G2008000222
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as claimed in any one of clains 31 to 37, wherein the
thermal |y conductive netal s copper and the epitaxial
| ayers conprise nultiple &aN—reIated epi taxia

| ayers. 35 39. Alight emtting device as clained in
any one of clainms 31 to 38, wherein the |ight
emtting device is selected fromthe group consisting
of: alight emtting diode, and a | aser diode. WO
2005/ 029572 PCT/ S&2003/ 000222 16 40. A light emtting
degi ceAdightaratingedbvice anclgimene aly cob af dgmg B1tto3@gyherein

wher ei g 44 %{uﬁfc cﬁr‘itaé? RyyeiC aﬁgnﬁtéﬁcelmﬁm e epibxidl tyers, is a5

interface Wi e epitaxi al l'ayers, isa mrror,
41. A M@Kt emitting device conprising epitaxia
| ayers, a flrst ohm c contact |ayer on a first

> Hg g S}\@I‘t e ee\gc%)(clo%%n %%ﬁéxaal %;/e ﬁsd Iaefﬁétvo%mlica&’o%facp n

cont a er of
t her rralaw ooerflcﬁh surfageof iis: pitaXih oy ere ané&h%ﬂ@fe\}%few %[yta? firshnd

ior el aBr:mV@ le¥ntddh (tja‘;élfr L axearayf of & eetrhaly rBdduytive omil oh ithee
metal on see r,
1o ot B bl 1y S e
M r r or metéPon geelilaybt therfirst pimig C@Ri%qt &%efagt it infpifasa With the

clai m gl eeR Batdiforr el atively thick layer is one
or nore selected fromthe group consisting of: a heat

sink, an 15 electrical connector, and a nechanica
suppor A light Smitig degibe aeetkimed mgc'aie\ﬂﬁ ceheign Hledplaiglyithick
claim éger(?g orfel RifbrARlectd bR &le dr&ﬁ)l doHEifiBlg of aesaH, an

ohm c contact | ayer gn a_sec rface of the
epi t axPagiriqabspapector, apgia meghagiy S contact |ayer
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ngponeg ‘ﬁ%lft em%g IJZé &mauﬁéﬁ ih Uaﬂg4'fj8‘f\6léffﬁ 4§3urmealnﬂiﬁ&ing n
any one

cont ac® S?‘Eﬂ)% Ph'8'6 ﬁﬁft‘i‘% E’éerl?B ﬁoﬁeﬁﬂ’dpsé'& ce ‘ﬂghe %pctg)gig

the second ohmic contact layer being a thin layer in the range of from 3 to

500 nanometers.

44, A light emitting device as claimed in any one of claims 41 to 43, wherein
the second ohmic contact layer comprises bonding pads and is selected
from the group consisting of : opaque, transparent, and semi-transparent.

45. A light emitting device as claimed in any one of claims 41 to 44, wherein
the thermally conductive metal comprises copper; and the epitaxial layers

comprise GaN-related layers.

46. A light emitting device as claimed in any one of claims 41 to 45, wherein

the light emitting device is one of: a light emitting diode and a laser diode.

47. A method of fabrication of a light emitting device, the methed including the

steps:
(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;
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fromthe group consisting of : opaque, transparent,
and sem -transparent. 25 45. A light emtting device

thermal Iy conductive netal conprises copper; and the
epitaxial layers conprise;#aN-related |ayers. 30 46.
A light emtting device as clainmed in any one of
claims 41 to 45, wherein the light emtting device is
one of: a light emtting diode and a | aser diode. 47.
A nethod of fabrication of a light emtting device,

the nethod i on a substrate
With a waf er(‘ﬂgtéﬁgdvﬂgth{elgﬁostr?kta ?rgrﬁ'the%\éraz)r‘d t ed

epi taxial |afk fosmm @ﬁ?ﬁoﬂ‘{b olynie F?@w BhieR @ T easpRitbsuripes) efr
on a first sutkaggerOthet f2eontabiemic cYhat08ol B3Ry Bonding
PCT/SG2003/00022 &fo 17 ﬁf% renDV|ng the substrate from
t he waf er; and )rWS? a second ohm ¢ cont act

| ayer on a second surface of the wafer, the second

ohjg ¢ C@H}E@IS& ad éW t%Ed iﬂ%\éﬁnﬁ‘@? W?»@Qtrﬂge s&%ﬁ@oltn% E@ﬁiact layer

t her eon. %s C alm.?1e in claim4 f
wher ei i f%&g’%%ﬂﬂ‘ aPﬁfFée SUIp consisting,pl- PRAGHE:
en ssi Qranspmngit, iasd seli-gatspaterdtr om t he group consi sting
of : opaque, transparent, and sem -transparent. 10 49.
A method as clainmed in claim47 or claim48, wherein
t H- sedbmathehas Blaimee i Caip 47 £ &I 48, yrhsrely thy Isﬁq?lﬂd oBRig
pat t er nestactHer iford i Ivlanie mhd patiegnedevi ce fabricated by
the nethod of any one of clainms 47 to 49. 15 51. A
light emtting device as clainmed in claimb50, wherein
" 1 gnlsheamiting Skyics fbUsatsd ty Sheveptaes €Y PRI oap

consi stsgng of: a light emtting diode, and a |aser

5 di ode.

51. A light emitting device as claimed in claim 50, wherein the light emitting
device is selected from the group consisting of. a light emitting diode, and
a laser diode.



