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20 There have been many proposals for the electroplating of copper onto surfaces of
semiconductor devices during thelr 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:

Semix Metiy 15 |Band Gap  |BFOM | Meodnum
eonductor  {{em®Vsy  [{&VY {powwer | Tempersirs
wavelensth fimnsisto r [{ )
{m mert)
S 1300 11112710 300

GaAs |3000  |14/886 Jo.6  [300

CiaN 1500 34360 246 |00

BEOM: Balma's fioure of merit for power iemsisin ¥ perfomanes
A shoer wavelenoth covresponds to o tigher DVINCD capacity.

Table 1



" 946300 Ga1500_ _41360-4.700 1 FQM: Bailin fig= i
PMeT3t t 'orlaa-WTtr; n,- n T perform' re A shier

w\g\éo(g}{,gs,sgits cnu pp to a higfter DVD,' CD Capa?[g’f,ﬁs?g%qi*»@ﬁt)ﬂz

Tabl e 1 WD 2005/ 029572 PCT/ S&003/ 000222 2 Fr

1, it can be seen that GaN has the highest band gap
(3.4 eV) anong the given sem conductors. Thus, it is
call ed a wi de band gap sem conductor. Consequently,
el ectroni c devices nmade of GaN operate at nuch hi gher
power than Si and GaAs and | nP devices. 5 For
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sapphire, defects are generated in the epitaxial

| ayers. Such defects cause seri ous probl ens for GaN
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serious problems for GaN lasers and transistors and, to a lesser extent, for GaN
LEDs.

20 :
There dre 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 inspectionftesting, water thinning, wafer dicing, chip bonding to
packages, wire bonding and reliabiiity 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
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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(a) applying to the first chimic 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) rermoving the substrate.

Prior io 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 may be patterned with photoresist patterns; the relatively thick layer
being electroplated between the photoresists.



Summary of the Invention In accordance with a
preferred formof the present invention, there is
a 25 nethod for fabrication of a Ii
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adhesion. 10 Preferabl y the photoresists are of
heWﬂﬁﬁsﬁﬁmﬁfﬁﬁpé@?n@ﬂeﬁ1croneters and have a
thickness in the range 3 to 500 m croneters. Mre
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for electrical contacts, the second ohmic contact layer being one of opaque,

10

transparent, and semi-transparent, and may be either blank or patierned. Ohmic
contact formation and subsequent process steps may subseguently be carried out.
The subsequent process steps may include deposition of wire bond pads. The
25  exposed epitaxial layer may be cleaned and eiched 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 lested on the wafér, and the wafer may be

< 30 subsequently separated into individual devices.

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

polishing and dicing.

35  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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light emtting d e or ‘a | aser diode In a further
aspect, the pr esent i nvention provides a. Fight
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The second chmic contact !ayer may be transparent, semi-transparent or opaque;

arnd may include honding pads.

~25  For all forms of the invention, the thermally conduclive 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
30  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.
35  In yet another form, there is provided a light emiting device comprising epitaxial

layers, a first ohmic coniact layer on a firsi surface of the epitaxial layers, an
adhesive layer on the first ohmic contact layer, and a seed layer of a thermally



h

10

15

20

25

30

35

There may be an adhesive layer on the first ohmc
contact |ayers between the first ohmc contact |ayers
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In a final form, there is provided a fight emitting device fabricated by the above

method.
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

reference to the accompanying illustrative (and not to scale) drawings in which:
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devi ce of
fabrﬁe@fh%ﬁem%ﬁyﬁhqﬂl@fﬁé& gd s a schematl c

sepremfid iab enck of he plobgR! em tting device of Figure
1 at a 10 fifth stage in the fabrication process;

Figure 6 is a schematic representation of the Iight
em etaigd Besgrighonet tig Bigfesred Embogimest xt h stage in the
fabrication process; Figure 7 is a schematl c

rep Fgrts En%t \%S é\;i)rg %{?cﬁ&ngn theg I?éf?rgmet FILL s %Vﬂwg&eg rel’fargt tl?e

1 at rcati on
28nd process steps in Figure 8.

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 subsirate and a stack of multiple epitaxial
_Iayers 14 on it. The subsirate 12 can be, for example, sapphire, GaAs, InP, Si, and
so forth. Henceforth a 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 mulliple layers, and the lower part 16 {which is grown first on the
30 subsirate} 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. Detail ed
Description of the Preferred Enbodi nent For the

w@hdeOWiess description, the reference nunbers i’ET/SG%(}OS/OOOZH

brackets refer to the 20gprocess steps in Figure

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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|F§3rglhcmmme¢iqes spitagial ltyes 134 retipsised bat)just the Mlsfﬁzal ly n-type
| ayers and t'’he upper part 18 is often p-type layers On
GaN layers 14 is an ohm ¢ contact zler 20 havi nge
iR $PYT B Hiadteat: ”F‘%%/%?@E"WO"OB‘H%’%P“E@? é'letthl"aF;?B?erf 9s
aslderk ﬁbat&d‘l&&ﬁﬁtl@f@lah&}@ﬁhm@ﬂwtcwﬁktﬁﬁt he plodppsest paies

lfgyag of gﬂeté ?é{rigaslzg%&ﬁz‘;o%%#&? )pre?e;r%@ %hﬁer %ﬁ%é ¥o to 300 hhe

conducti ve
triEPEiETsymes g lrebly\280 miaretes apf aitlee Huﬂkyesawé about 3to

€08 Gidrbricdrd. YTh604e petdratty sepdia@d Fomadsctobthaddyessmbing ayer s
ety i ST R0 s Ging c BF il o G0 REE e e i

optiam fieneprdseon deyjeerdgsigeposi t ed and anneal ed on the
epi taxi al surface. It rray not be part of the original

e By oA = et DR g ovet £ (PELLOLT
Photowbighedito fiyetateersink-that frema A arpofttigoribsieats. c dhelaeRPsrT s.

IidYemRSk pr@ﬂsa%ﬁ of Qﬁeugr@ Ro bRYRF thh® thBr ctfmq)hotofesﬁcgrze%nhhg:on
SR GlR Pl R e ORI s PR S el 15
shrpeo layar 128 geaa fieyof @8@ght nrh@tert mrnthebtpfri@r photasebists ggefn 24
Is&n%agée Erfé%gpﬁéllr kafer b€ hdl by &beeéuehtgkhamﬁa&@m@alaab@h%

S
Pl 8 Wk B Biabapiest 2er STBTG Ty B paibind b Okt

8388ind. OThei pbotoeeitte RS mayrmreawroeb@reabva;d fﬁeothm:mrrﬂﬁté\gs ;

BRI by Be By &Kﬁaﬁﬁﬁanfafkn&hohﬂethad LiRh 2806 SFhmpRIMBRERNS .
The%1 are pre rabl%(d%ae a@P ted from each ot her by a

ATV YRy SOUT P ikt ers, depending on the
deS| gn of the final chips. The actual pattern depends

BBEpHENY 6Ftnd 8BS esign, processing of the epitaxial layers 14 follows using
standard processing technigues such as, for example, cleaning (80), fithography
{81), etching (82), device isolation (83), passivation (84), metallization (85), thermal
processing (86), and sa forth. {Figure 4). The wafer 10 is then annealed (87) to

improve adhesion.

The epitaxiat 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.



15 A patterned | ayer 28 of copper is then
el ectropl ated onto | ayer 24 (90) between photoresists

Wb 2008039859 a heat sink that forns a part of tgé?ﬁgﬂmymmzn

- substrate. The copper |layer 28 is preferably o
hei ght no greater than thateof the photoresists 26 and
is therefore of the sane or | esser height than the
phot oresi sts 26. However, the copper |ayer 28 may be
of a height greater than that of the photoresists 26.
In 20 such a case, the copper |ayer 28 may be

tS E sEque ?tthe/orbiﬂhll?.ﬂﬁﬁatb 2y Be12G thén r'@@nb\ﬂa'at(gﬂ Qsing) Fo?@iaﬂ‘fpfe

[ n
por ettty cplerl A HRLEY Apbachir & i &L haRisTog, srayf o
mayiursranhahysestelvent (2 f18% R3( 197 ofipenbyphiatmaygiso b&ke nmov aI

MaYerkReddy Rishhg B dicfgl known method such as, for
exanple, resin in the Tesist stripper solutlon or by

pl asma achi ng. 25 Dependi ng on the device deS|gn
pr 6igers Siinge pénuttiveteafep bak ispartib@yg raevbdt HialghiwstvSdidegs

st @HQ@%CL@?J %ﬁﬁhﬁ'cﬂﬁa&t ‘?aggpé(glé iejsdubenfza%ﬁ epf axi(sbl%ersngtle\?‘r ¥ oo

cl eanin

[ s@hé?m'g?rﬂo"( %Td'”gﬂé‘g%g%ﬁ? 2GR afdrd) Therpacand ¢hymig ¢ootac(iasy
t har mrefermpeaes@rdagor(saﬁ)wanaﬁdier& Ojt fisthdrB prefdratltd Birfidyer
d\’}@af "]FE raﬁ dd g@o %l Ed (87) to /30 "inprove

eS| aX|a 14 is usuaIIy made of
n type Iayers 16 on the orlglnal substrate 12; and

p lbfjbp & JcaMe E&cord ofinhie cd?ﬁécgiafv@laot HhBws H}refuﬁiﬁﬁ'% %%c%é& fhad S
ver per

see %VEEST%ﬁegﬁHD%h%f%?E@Fr%EFﬁ?eﬂaW%(%%gﬂsevEEBb%r
| d§®95R 8nd pTolaEp0RES6)72 PCT/ SG003/ 000222 9 In Figure
155, the original substrate |ayer 12 is then renoved

for exa the nmethod of Kelly [MK
e Pt n oo 5 e cson oot RMCEMER BT and V.
St ut zmann, phys. stat. sol. (a) 159, R3 (1997)]. The
Sulbétcrh%/@tegr%‘e #Hen Qesﬁ’&i fgémygﬂ\a\lt?%( Iaﬁglééaﬁlgérﬁgrn&ﬁo Urhe
PR & 9 b s D) FgR "L RS Bes Rt e
20 a aae Gowithoghapringimpirthingt thé Fylestra®) ang watblale diidgn eBadkaging

eﬁd}llbﬁ%b;ﬁétar’dﬁfﬁ%ﬁ@kréﬂnf'ng{hodé i ght enission. Bonding pads
32 are al so added. The second ohm c contact |ayer 30

is preferably transparent or sem -transparent. It is
‘mhe toprseffase abihy epitaxial layer 4y & preferably in the range of about 0.1 to

2.0 microns, preferably ahout 0.3 microns, from the active region. As the aclive
25  region of the LED chip in this configuration is close fo 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. |t may also be used to provide a path for heat

3¢ removal from the active region of the light emitting device chip, and may also be
used for efectrical connection.

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

35
The fabrication of GaN iaser diodes is similar o the fabrication of GaN LEDs, but
more steps may be involved. One difference is that GaN laser diodes require



to and may be in the range of 3 to 50 nmthick. Prior
to addi ng second ohm c contact |ayer 30, known

y processes nmay be perforned. Thes
‘?b%dégg% phot ol i t hography (92, 93), dry e?g%ﬁé&gmoozzz
(94, 95), and phot ol i t hograpghy (96). 15 Annealing (98)
may follow the deposition of second ohm c contact
| ayer 30. The chips/dies are then tested (99) by known
and standard methods. The chips/dies can then be
separated (100) (Figure 7) into individual

dev ‘ hout i .shi n
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epi dimuditahd ihayedity bithé irdF S b&IAM ¥olsd the range of about
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fromthe active region. As the active 25 region of the
L EDMghbapphire it emevetohe iger witl hove befterglefGtiahd@. A typical GaN
re'lﬁeFé’pﬂLMaltuQﬂePéfm&SQ%%oﬁflﬂTa 8, the rate of heat
removal 1s inproved over e sapphire configuration.
Addi tionally or alternatlvely, t he reI atlvely t hi ck
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fabr|_E:£EE&8lim6§$NNI EDs, but__nore steps nesps e
i nvgl-peth——cht=—t = i al - Ga as

15 :
reqyi’y : { or
f or al s t& IRger /50H) i on. ' L TE ag
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worse. 5 After sapphire is renoved, the laser wll

20 have better performance. fA,Lypi cal GaN | aser
epi taxi al wafer structure is shown in Table 2. to

For standard commercial GaN LEDs, about 5% light generated in the
semiconducior is emitted. Various ways have been developed to extract more light

25  out from the chip in non-GaN LEDs (especizally red LEDs based on AlGalnP, not
GaN).

The first ohmic contact layer 20, being metal and relatively smooth, is quite shinny
and therefare highly reflective of light. As such the first ohmic contact layer 20, at

30 its interface with the epitaxial layers 14, also acts as a refiective 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
35  the mechanical support for the light emitting device.
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sem ri ous ways have been
devg@gpe agm%&??ﬁngﬁ%fngf@ht 25 out fromthe chip
in non-GaN LEDs (especially red LEDs based on Al Gai nP,
not GaN). The first ohm c contact |ayer 20, being
nmetal and relatively snmooth, is quite shinny and
therefore highly reflective of light. As such the
first ohmc contact layer 20, at 30 its interlace with
the epitaxial layers 14, also acts as a reflective
surface, or mrror, to inprove |ight output. Although
the preferred enbodinments refer to the use of copper,
any other platable material may be used provided it
Is electrically andlor heat conductive, or provides

35 the nechani cal support for the light emtting

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

Wi Shehdoed formof the present invention, ﬁ*{éﬁ;ﬁ%m"“zn

under stood by those skilled in the technolog

many variations or nodifileations in design,
construction or operation may be made w thout
departing fromthe present invention. WO 20051029572
PCT/ S&003/ 000222 12 The clains: 1. A nmethod for
fabrication of a light emtting device on substrate,
t H#helclagid: em tting device having a wafer with
multiple epitaxial layers and a first 5 ohm c contact
| ayer on the epitaxial |ayers renote fromthe

subst r &t festhadier fatyican reéeHight-eniitting datice gntshisstrstee pre: liglta)

appl yi @&:tﬂn@ Jebi@e G {heshint %fi ifE tegﬁa%éf ra¥é'}s saﬁ? 4 faver

of a therma uctive neta troplating a
el at 1 GETG COYAR T 2) e HHoh BYEREATRA iy drRateeiy e
met al owthbdhidcigdvexthd siaper ; and (c) renDV|ng t he

substr éif Cgﬁ%n@’{d’[ﬁ& plele s ?I%t gcln%cpfgyer as %Ae Iy?rﬂ c% B thermalﬁ(

the fi contact Tayer is
adhesi on |@p&tivsmedd: t o appl i cat i on of t he seed | ayer.

3. A ngpj hosleclSplth@ianRetively SlcRilBel of theClhdinfng coNduesivel N
t he seed Igg ttern d with photoresist patterns

before the e 83??85 ?ﬁhé tep (b). 4. A nethod as
cl ai melg) i femdriothessubsiiater ei n t he el ectropl ating of the
relatively 20 thick Iayer i s between the photoresi st

T4 o° A8 REE) &P PR LEAT L AP by Tah e por s el &

p e r f orgveidd witeareaiidesiandavel pr@t epppicaanotat soxg l4yee waf er
to inprove adhesion 25 6. A nmethod as clained in

claimg3 ei.n the photoresist patterns
é. Am {hog as cmmed in cFaEm 1 or clalmp2 wherein the segd layer is

patterned with photoresist 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 ¢laim 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,

8. 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
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

wabdehnsrhave a 30 thickness in the range 3 %@Tgagmammnzz

mcroneters. 8 A nethod as clained in any one o
clains 3, 4, 6 and 7, wherjgin the photoresist
patterns have a spacing of 300 mcroneters. 35 9. A
nmet hod as clained in any one of clains | to 8, wherein
the seed layer is electroplated in step (b) w thout
patterning, patterning being perforned subsequently.
WO 2005/ 029572 PCT/ S&003/ 000222 13 10. A nethod as

cuﬁinegsin %;a|n19 mhe ein gatternlng IS

ph&t or g0 6%FF@PH|'?1§E%8 PRRIN \stteraing g H}g phajorgsist A

nmet hod paiermédgantdéen ivat etdhimpm 9, wherein patterning is by
| aser ‘beam m cro- nmachining of the relatively thick

| ayer. 12. A nmethod as clained in any one of clains 3

t d111, Ampiicdien cleimed inslain 9. weergin pekargikg & Ay eeribsare ficgp-

hei ght maehifgaR the heldtib@y thickhygphot or esi st hei ght. 10 13.
A nethod as clainmed in any one of clains 3 to 11,

wherein the relatively thick layer of thermally
cdAductimethodes alainied iedracing optizime @ tb 01 awiestimine rejateey er

than tiek lap&t.soafg%@ﬁanagﬂatbﬁhéw%%ﬁe@ m}qae@b' nned. 15

14. A nethod as clainmed in claim13 ereln thinning
is by polishing. 15. A nethod as clained in any one of
cli&i nmsA Inethod 24 claiwdad ircany caé bielaisis o (1¢) whetdiethe rélawely

i nc | u diﬁigk %?er %?(ﬁlérﬁalﬁftc%ﬁhuetfve fREMs %gacfp%ia"i’edstg %91? ghtti;ui{ atefCE

of ﬁﬁgl axi al yers a secon m c con ayer,
t he setE r?,s’sﬁ?fl‘i’t’sa%’f’seﬂﬂeﬂ“&we%el ng sel ected from
the group consisting of opaque, transparent, and

S - 4 u%?tﬁ?@éﬂb‘im g]iﬁ%anéﬁ%ﬂ%% tﬁlﬁriﬁéglbﬁglsh” cl a' m 15,

wher ei n e secon m c ‘cont act
bl ank and patterned. 25 IT A nethod as clalned |n
cisai mALmetbod ad azimed b, anybes gickirboned 1M whads @Aeested @F Med

on t the?@%oﬂglu&Grgncexﬁ'Q %‘e%cck fJ)rﬁXn%ron a second surface of the
epitendal 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 cfaim 15 or claim 16, wherein bonding pads are
formed on the second ohmic contact layer.

18. A method as dlaimed in any one of claims 1 fo 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.



18. A nmethod as clained in any one of clains 1 to 14,
wherein after step (c) 30 ohm c contact formation and

W%?[ﬁiﬁ@ﬁt process steps are carri ed out, thePC /SGZOO%/OOOZZZ

subsequent process steps including deposition Of "WTr
bond pads. 19. A nethod as,glained in claiml1l8,
wherein the exposed epitaxial layer is cleaned and

et ched before the second ohnic contact |ayer is

deposi ted. 35 WD 2005/ 029572 PCT/ SG2003/ 000222 14 20.
A nethod as clainmed in any one of clainms 15 to 19,

whefrei n,th ecopnd .ohm c coptact oes not coyer
¢ hedvnof Sl Spmen & Sicof & eie Jed & eRE Bpret o
| ayer s. ot@ni@dontagt lapet deesincdhsovel the whale ama afifye eoendshirfadeal ns
15 to 2fc eMRghiSdBsaf ter formng the second ohmc
contact layer there is included testing of the |ight
emtting devices on the wafer. 22. A nethod as

scl at.neda methath s aaedih aby Giends clhibnst 13 12 20, wiarmeifer folwiie

' 10 | f tjng th s
S o0 S 503485, RRALAL. Rl D ) ©
one of d4Vigesmpinewaler22, wherein the light emitting

~devices are fabricated w thout one or npore sel ected

LB 8 SR S0 o PR 30

10 cl ai s incluyded P8 stepbisersraiing the wafer fto individuel degiosst act
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| ayers are on p-type layers of the epitaxial |ayers.
25, A nethod as claimed in any one of clainms 15 to 22,
Wk i rfe FRITOL &8 GHRPSJ0 2Bk A% OLSRIMET 1 Zpephores sy bl
on n-t \gpdttingageyicss ok falivieated pitb@ioak o ayes seledd frén the
met hod g, eb&tsmgln%g@%%ﬂﬁ? Qha Gligd. s 1 to 14,

wherein arter ste Iefectric filnms are
deposited on the epitaxial |ayers and openi ngs are cut
i re4. t he étbbdest didingedfin dnysona ticisiens and 28 whekindba tiraicdhmic

| ayers Bk AR08 0pe RyERARL LAMbuaLRe el taxial

| ayers. met hod I'n any one of clainms 1
to 14, wherein after step (c), electroplating of a
t lesr malAl yetbanatuddirhaten B} ade @frtldilhe 18 pi 22awhakin ey sdcénd S

per for gﬁxqic contact layer is formed on n-type layers of the expitaxial layers.

26, A method as claimed in any one of claims 1 to 4, 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 1o 14, wherein after step {¢),
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
muitipie GaN-related layers.

29. A light emitting diode fabricated by the method of any one of claims 1 to
28.
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30 28. A nmethod as clained in any one of clains | to
27, wherein the thermally conductive netal conprises

wopPen29and the epitaxial layers conprise
GaN-related |ayers. 35 29. A light emitting df’éiggézoosmoozzz

fabricated by the method ¢f any one of clains | to

28. WD 20 0510 2 9 5 72 15 PCT/ SG003/ 000222 30. A

| aser di ode fabricated by the nmethod of any one of
clainms | to 28. 31. Alight emtting device conprising
epitaxial layers, a first ohrri c contact |ayer on a

f iap st ers, relatively

t hi ck f}%{é/éérr%%g? %r‘c%g? R’E 9%%’ q§9@'mﬁétt‘é?3 on the
first ohm c contact Iayer and a second ohm c contact

| ayer mngha eﬁﬂl@@ rﬁév@élécfnﬂﬁ@né)feplkgﬁ !%@ cft 44! thn‘i"cy &ntict the

relatl I, I%gugJ bei_ng

el ectr’ a'f PG~ 53° ”]“? %?X'%fﬁy?rﬁrlﬁ@‘%@hi thisk dayercdfa ned
in cl éﬁlwam contdtive imetad trethe fitss otic &dﬁa@ﬁhi\;é? ankQ dRYRr ON
the fighsle t eflrst ohm ¢
cont act q&%{r&pfgg&%ai F éﬂ%éfslqj U% (Wetﬁ? cﬂ?‘tﬁ"&y dpersgdie p

|i ght reé?ﬂ"?i’/ 5‘%%@?*&%3%@@&#%'%@ clai m 32, wherein
there is a seed |layer of the thermal |y conductive

t al v, ayver and the i5
:%I at ﬁggﬂt%ﬁﬂghgﬁﬁeaagt&%%eg 3&%%1 dﬁpregﬁp%rta ISRy 8eAEe as
cl ai mis¥er| °ﬁ thgfyst Gh’@'ﬁ ontact Byerdemten e 36} owiie taititt layde
rel at amhg/retahwe@km&;ay}@r is at |least 50 microneters
thick 20 35- Alight emtting device as clained in
one of clains 31 to 34, wherein the second ohnic

é’t‘mt aft foht epiting fieyics at Hipimed mypleim B2) whireintiangl aebed BEM 3

to 508 ﬂmd‘lmff @bRuctiBE mefht |bBln BT %c{geﬁg%%ﬁ g B |

cl ai Y ne of claims 31 to
secoﬁggﬂ @a%%ﬁfact | ayer is selected fron1the gr oup

consi sting of: opaque, transparent, and

sem -A r@ﬂ&ﬁﬂiﬁ@ Bbvicedé- claﬁhéd' id Qlt:y cﬁ{y e Ug@r% éjletg 3% ewhaer? B

cl aj ms

I
S bo o el o 2! ﬁeﬁfa'é%mﬁfawaae@maads

35. A light emitting device as claimed in any one of claims 31 to 34, wherein

the second ohmic contact layer is @ 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 emitling 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.,
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30 38.

of «cl

emtt

A light emtting device as clained in any one
ains 31 to 37, wherein the thermally conductive

ko opper and the epitaxial |ayers conp
|fp 9'éﬁ'IZCGaI\I- rel ated epitaxial |ayers. 35 39. 'i)k?{glcé%otsmoozzz

ing device as clained in any one of clainms 31 to

38, wherein the light emt&ing device is selected
fromthe group consisting of., a light emtting

di ode,

and a | aser di ode. WD 20051029572 16

PCT/ S&G2003/ 000222 40. A light emtting device as
claimed in any one of clains 31 to 39, wherein the

first
epléa
deV|c
conta
| ayer
| ayer,

3t he

i0

t het t
first
epi t axi
devi ¢
t hi ck
consi
conne
emtt
furth
se on

from

ohm c contact layer, at its interface with the

Xi 1S [00 5 g

o Bl BV G gelsd: £ ol aplelor s b ghrbct

ctthe fi fraygm@ppr@cf iayes tat 43 infeplaes Wih i epitapipk la\;@rSalis a

S, mgr adhesi ve | ayer on the first ohm c contact

a seed layer of a thermally conductive netal on

adhesi ve layer, and a relatively thick |ayer of

hex ngtt leyhitrgnaiuvicd congpriditg epitaakal layers eetlst ehyee portided
nga{; n & 0 Aflcelo PG EptaBls 15, ADARELARR LY helifte

e o&glwoaiaﬁ*éewer r? %Pfélairﬁf&i a tgrealli gen Ll‘r‘?g"‘f’r 'B‘P%Itqnx}tg? y
ddaés% lbﬁzr Qﬁﬁ aofe:aﬂmpms;el 19t ofl tHer weAviae cgikiodtipe

st ' .
ct"0re ar?ﬁec“ c a#ri{‘iglégw su n%% '?e’}.eﬁ%g.&é &%}‘r?(@eh“twm the
iﬁgmﬂEWEﬁ@S&§“UWG1ned in claim41l or claim42,
er including a second ohm c contact Iayer on a

d ial. | .
(R SRS s TP B Pl $ RN
3 iaygr is 20e 800ore srletedtiomghe drup gonkistigtol anfiept $itigan

15 devi ce asyich dbiebor ShadMechialfupsdrai N8 41 to 43,

wher ei
bondi

T COoM3SI

20

23

30

35

trans

45

46.

47.

in the second ohmc contact | ayer conprises

ng pads and is selected fromthe group _

StA light eafitting deyime seglaihedinsizim dhr, claimdi2sigrifer including

P&l LBnd oAmic contact layer on a second surface of the epilaxial layers;
the second ohmic contact layer being a thin layer in the range of from 3 to

500 nanometers.

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 ; opague, transparent, and semi-iransparent.

A light emitting device as claimed in any one of claims 41 io 44, wherein
the thermally conductive metal comprises copper; and the epitaxial layers
comprise GaN-related layers.

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.

A method of fabrication of a light emitting device, the method including the

sieps: |
{a) on a substrate with a wafer comprising multiple GaN-related
epitaxial layers, forming a first ohmic contact tayer on a first

surface of the wafer;
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51. A light emitting device as claimed in claim 50, wherein the light emitting
device s selected from the group consisting of: a fight emitting diode, and
a laser diode.



