Fabrication of Conductive Metal Layer on Sem conduct or
Devices Field of the Invention The present invention
w0 edoaness7t o the fabrication of a conductive nepEl/SGaWan00222
on sem conductor devices and refers particularly,
t hough not exclusively, to the plating of a relatively
thi ck conductive netal |ayer on |ight emtting
devices. The relatively thick conductive |ayer may be
for heat conduction and/or electrical conduction
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20  There have been many proposals for the electroplating of copper onto surfaces of
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.



10

15

20

25

30

35

Once the processes for making LEDs are conpl eted at
the full wafer scale, it is then necessary to break

wo b@snedser i nto individual LED chips or dice. FOF/SGHN3/000222

waf ers grown on sapphire3substrates, this "dicing"
operation is a major problemas sapphire is very hard.
The sapphire first has to be thinned uniformy from
about 400 microns to about 100 mcrons. The thinned
wafer is then diced by di anond scriber, sawed by a
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method for fabrication of a light emitting device on a substrate the light emitting
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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| ayer on the epitaxial |ayers renote fromthe
substrate; the nethod |nclﬁd|ng the steps: (a)
applying to the first ohmc contact |ayer a seed | ayer
of a thermally conductive netal; (b) electroplating a
relatively thick |ayer of the thermally conductive
metal on the seed |layer; and (c) renoving the
substrate. Prior to the seed | ayer being applied, the
first ohm ¢ contact |ayer nmay be coated with an
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nay be by photoresist patterning and then wet etching.
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haneQe asdemg oNWOodiicraélersl croneters. The rel atively
thick layer may be of height no greater that the

photoresi st height. The relatively thick |ayer. e
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on'a ace o ep |taX|aI | ayers opposite
the flrst ohm c contact |ayer a second ohm c cont act
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pgfplt eleeidgs! c@ﬁxﬁtsc the second ohmlc contact layer being one of opague,

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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contact formation and subsequent process steps nay
subsequently be carried out. The subsequent process

exposed epitaxial |ayer may be cl eaned and etched
before the second contact Payer is deposited onto it.
The second contact |ayer may not cover the whol e area
of the epitaxial layers. The light enmtting devices
may be tested on the wafer, and the wafer nay be
subsequent|ly separated into individual devices. The
light emtting devices may be fabricated w thout one
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surface itaxial.:la ers

¢ herR e en gty B o Ty e epraiab S B e ot
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between the first ohmc contact Iayers and the

rel ati veI thick |a L vely ?L Lhe! @y%
e séeo
meye Beéat'é{? t*&%‘s'?y% 6"% o I%8 ?ea Fle? smtc he ST e e e con
ohmic contact layer may be a thin layer in the range of from 3 to 500 nanometers.
The second chmic contact layer may be transparent, semi-transparent or opaque;

and may include bonding pads.

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



(9]

10

15

20

25

30

35

WO 206102958y be transparent,

ohm c contact |layer may be a thin layer in the range
of from3 to 500 nanoneters. The second ohm c cont act

and may include bonding pads. 5 For all forns of the
invention, the thermally conductive netal nmay be
copper. There may be a seed |ayer of the thermally
conductive netal appl ied to the adhesi ve | ayer. To

assi st out first ohnm
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surface of the wafer; (b) renoving the substrate from
THeBcoB Bifmic BRMct layer may be for light emission; and may be opaque,
transparent, or semi-transparent. The second ohmic contact layer may be blank or

patterned.

In a final form, there is provided a light 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:

sem -transparent or POP8GR®3/000222



(c) formng a second ohm c contact |ayer on a second
surface of the wafer, the second ohm c contact | ayer
whanwsogeshondi ng pads forned thereon. The seconPCDRGL03/000222
contact |layer may be for |ight em ssion; and may be
opaque, transparent, or sem -transparent. The second
ohm c contact |ayer may be blank or patterned. n a
final form there is provided a light emtting device
fabricated by the above nethod. Brief Description of
the Drawi ngs n order that the invention may be_better,
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fabrtri“@zi‘ﬁgﬁiﬁ‘tg%é‘er&?@?” %W e 2 is a schematic
r eprregeed iatal sohenatic tépeeskintetion ofthietightremittre\deyice of Figurg deéa
1 aty, fn 385ORhexhiBRSioh Brdcb; fabrication process; Figure
3 is _a schematic representation of tt}ﬁ] I(%ght ‘gr_mttimg
deviFiaurest s 8 5ligreati represgniption of the ighf &mitng, 4exice ghHPPYR ! i3HA
jor odiglls stagehh thefabridatips precdsgnat | ¢ representati on of the
1 OHuRIY ! i 1 RocBialoh GHIHE idnt@nifing] UKk Br 86364 o B

ffabrication p% ess; Figure 5 is a schematic
r eprdietaga in BhfeBicaite Pedht enmitting device of Figure
1 afrigaref7 if b Rcthaterepresdntution eftind light enoitingdeyte o6FiglFe d wt e
6 i (o =JolA i of the light emtting
dev?é‘ge"?a‘%u’g?m%fa&ﬁ%ﬁ&%%% h'%;t age in the fabrication
18r oFigyee 8 ikp oy ehart of We groskStermat i ¢ representation of the
light emtting device of Figure 1 at the seventh stage

in . ' N S, pagure .8 is a flow
chaHggaf'&?Eéécg?%%rgQg Ré g%%zﬁ%lde Déiglt‘:(?‘:tl ption of the
Pref erred Enbodi nent -

For the following description, the reference numbers in brackets refer to the

20  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 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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For the follow ng description, the reference nunbers
in brackets refer to the process steps in Figure 8. To

the process - the netalli%&ation on the p-type surface
of the wafer 10. The wafer 10 is an epitaxial wafer
Wth a substrate and a stack of nmultiple epitaxial

| ayers 14 on it. The substrate 12 can be, for exanple,
sapphire, GaAs, InP, Si, and so forth. Henceforth a
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bet ween

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.

there is shown the first SPEPSGI03/000222
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photoresists 26 to forma heat sink that forns a part
of the substrate. The copper layer 28 is preferably of

and is therefore of the same or | esser height than the
phot oresi sts 26. However, fhe copper |ayer 28 may be
of a height greater than that of the photoresists 26.
n such a case, the copper |ayer 28 may be subsequently
thinned to be of a height no greater than that of the
photoresists 26. Thinning may be by polishing or wet
etle fiowg 5, the erigiiabrubstiats lates 1216 theayeropvedid) ysig, loeexeamisy ed
af&@ﬁaﬁ&%ﬂ@ng@@k RERLD. Mbaaﬁém @lxm:ﬂ@NRh%nlaychﬁh Sahanpl ard

and known net resin

ST R st PP are (18 by Faksiie HBRPRRE

Depenci hgpaishingte weiesiahing. desi gn, processi ng of the

epi taxial layers 14 follows using standard processing

techni ques such as, for exanple, cleanin ),
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ORnd MBy B ih Bleh@lge SLDBIEDAIMGRAL, and p-type layers on the

original top surface 18 which is now covered with the

ohm ¢ 20, adhesion 22 and copper seed | ayers 24 and

t Reordb eddinggsicendeadmicrdopiectdaysp 8P, Hneyre prefrginay Plogesses Bay he

Olhb gérﬂﬁlneé5 Uihedd midyeoel  3dtRkarhgle] p‘hofohﬂébré;ﬁmegb)( é}sl)etcmng

r | e e method of Kelly [U K Kelly, .

Aﬁ% %ﬂé?ﬁpﬁgﬁﬁfﬁ??mgag R. Handschuh, and M Stutzwann
phys. stat. sol. (a) 159, R3 (1997)] The substrate
wn&h@qgé)wyw fd dBYosih bRt oRfmicWBhiad T-ybr 300

Figure 6 is the penultimate step and is particularly
rel evant for light emtting di odes where a second
ofihe chipgdiesnete thery dest®O(9P) brdaewn pod edandard pnethadsal The
l awﬁsr/cﬁesléanft% del s@taéra@m(my @d?gurﬁwﬂiongu.mam&%ea&rﬁpsai SO

f
© PO Bt Sl s AR, nfWhat 3. DPEVERES) )
afcﬂlbwabylsweardamnnwymb@waw the range of 3 to 50 n
thick. Prior to adding second ohm c contact |ayer 30,

‘ k[llhél\{])p r?ace n} tﬂ XitaQ alqu%§ %2 is ggfw\érably 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
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be perforned. These may be for exanple,
phot ol i t hography (92, 93), dry etching (94, 95), and

deposition of second ohmic contact l|ayer 30. The
chips/dies are then tested1099) by known and standard
nmet hods. The chips/dies can then be separated (TOO
(Figure 7) into individual devices/chips 1 and 2

wi t hout | appi ng/ polishing the substrate, and w thout
di ci ng. Packagi ng follows by standard and known
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nmechani cal support for the chip. t may al so be used to
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typical GaN laser epitaxial wafer structure (s shoin
in Table 2. p-type GaN contact |layer p At cladding
| ayer dopedr-tyr GaN vvav%eabgeuzi di ng | ayer

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.

Anneal i ng (98) may f ol PONSGI183/000222
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tn" well a 35G barrier layer Sf doped v GaN | ayer Si
waoelopsa2sona S n-type GaN contact | ayer 3 - dopeRCTISG20pp@00222

&GN Un-dcpect n ELO Un-doped GaN ; 2Am buffer 300

Sapphire substrate 4so Tabl® 2 For standard commerci a

GaN LEDs, about 5% | ight generated in the

sem conductor is emtted. Various ways have been

devel oped to extract nore light out fromthe chip in

non- GaN LEDs (especially red LEDs based on Al Gal nP

notW@aN)were Tixebebh destribeh in tite fo@Qbiag teskaion a pRfenb@ioRd of the

Lnny a
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f| r‘@[’at'é'?ﬁTP% m@@?ﬁaﬂ‘éﬁ in gpggn, Z@”Stwt'qnt@ pheratiph aesy R miade
t haviteflit téperimb bR pResdd invéitie® acts as a reflective
surface, or mrror, to inprove |light output. Although
the preferred enbodlnents refer to the use of copper,
any other platable material may be used provided it is
el ectrically and/or heat conductive, or provides the
nmechani cal support for the light emtting device. 1l
VWi | st there has been described in the foregoing
description a preferred formof the present invention,
it wll be understood by those skilled in the
technol ogy that many variations or nodifications in
desi gn, construction or operation nay be nmade w t hout
departing fromthe present invention.12



The clains: 1. A nethod for fabrication of a |ight
emtting device on substrate, the light emtting
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and a first ohm c contact %ayer on the epitaxia

| ayers renote fromthe subb trate; the nmethod including
the steps: (a) applying to the ohmc first contact

| ayer a seed layer of a thermally conductive netal;

(b) electroplating a relatively thick |ayer of the
tﬂﬁ%@?"y conductive netal on the seed |layer; and (c)
r M3 t he substrate. 2. A nethod as clainmed in
claim1l wherein the first ohmc contact layer is

cpat ed Had %} f?o%bﬁﬁﬁ 8 b h%w\é %Fmtﬁ{cg' &rwcg gn %BEJtJa&aHeQBhPf

t he see
claim ezmmvm e hayng o w'ﬁy@kﬂhmg ea*éaXtaé Iamru S st

phot orgxglicéonat ihyer BsthbebiiRl kigs ainttd frap kRt dubgratd; &
Ialmad in claim3 wherein the

eI ect r%%ﬁmci”dmgfh sfwe Telatively thick layer is
bet wed® t Replphpiodhedinig figtgontecinayer 5.sead laparinbe thegmally
cl ai med i RosiverRepf clains 1 to 4, wherein betvveen

t b d th ' f t dit
St ep” 80 aeRBerRy brEeReboRE PoRhGT e ML icon e
net hod as metadpmibelséed layemprd 3 or clai m 4, wherein the

phot orgsi sdmdphtRisDstake of a height of at |east 50
mcroneters. 7. A nmethod as clainmed in claim3 wherein

t he photoresist patterns have a thickness in the range
2.t 0 Z00ethod o oEimed & claimAl, mbbtegdtha $irst blaminedntaat layeyisone

of ¢l ab4Bq ith 4h R 1her Waﬁ%%'ga.cam opmggpgdque;t

patterns have a spacing of m croneters.
met hod as clained in any one of clainms 1 to 8, mherein
tBhe seedlethay es claned|ie claimopl atdimi 2y vaeep thb)sewd tdyeuts

pat t e 0kdtka wAR phRErBdid JaRPi MR rPERE QeBRSiating 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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subsequent|ly. 13 10. A nethod as clained in claim9,
wherein patterning is by photoresist patterning and

w0 b@s/ogssv2 et ching. 11. A nethod as cl ai med i n PCEHBG2083/000222

wherein patterning is by | aser beam m cromachi ni ng of
the relatively thick layel. 12. A nethod as clained in
any one of clains 3 to tl, wherein the relatively
thick layer is of a height no greater that the
photoresi st height. 13. A nethod as clained in any one
of claims 3 to 11, wherein the relatively thick |ayer
of thermally conductive nmetal is electroplated to a

hﬁl' ghty Weﬁl% &k ém fnhcﬁalrﬂr@tvme?e?rl ﬁ&ttéfm lsSby photoresist

subsequent 'y thi nned . A method as ainmed in claim
13, vvl«?é‘i*%‘i"?ﬂ?'ﬁ’lt?ﬁﬁ‘l"f?@et?’%”%y pol i shi ng. 15. A net hod as
clainmed in any one of clains 1 to 14, wherein after

1t’ep (A.Crbetﬁgbe %Ia&rv?’edgrﬂ?%r”ge\ghewn é{equ?né;sié &Ha&t béa% ngg on

a second surrace o t ax ers a secon
ohmi ¢ meghipingef theplaiively bk '@ébond ohm ¢ contact |ayer
bel ng sel ect ed fromthe group consisting of. opagque,

anspar & adsm-tran ren a
o Ao SER < PEPRHAES 1o A0 e “eaffuc
I ayer thick Iame's of a lisighhio aaerter that the phetdresigtheigt: net hod as
clainmed in claim15 or claim 16, wherein bondi ng pads

et hod B 20 RIS R SRR UGTPS Q1 g el
wher ethickadybreof tetegly Caludieinetatio rlesiriplatadriora heipli geeater

subsegiifite JRbBRESSNE s&BSseRlRFAhhégd out, the
subsequent process steps including dep05| tion of wire

bond pads. 19. A nethod as clained in claiml18,
viher eiimetiiog as xipiosd ih dgn 13 whatein thipeng is by pdliesined and
et ched before the second ohm ¢ cont act Iayer is
deposited. 14 20. A method as clained in any {c)

dPai md Mehgd s REMSHHR ARY e SR by T W@’"&B‘ﬁ'& %‘8‘%
| ayer theeeis indided @uenxtra lsiep wifl ddrmingr @aa cecdnd esugareoricthe

surf agﬁta%ﬁ 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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one of clains 15 to 20, wherein after formng the
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of the light emtting devices on the wafer. 22. A

nmet hod as clained in any ode of clains 15 to 21,
wherein there is included the step of separating the
waf er into individual devices. 23. A nethod as cl ai ned
in any one of clains 1 to 22, wherein the |ight
emtting devices are fabricated w thout one or nore
seloect eOméthednad diEmed iawEpy ornsi d’oztuhﬂgS af 19, IV\mapinl’tge second

oL S Mo icAflad ol s B\ iou 1ML Ao U o loclY

c cont act
| ayer s therepitayel yarype | ayers of the epltaX|aI | ayers.
25 A nethod as clainmed in any one of cIainB 15 to 22,

rel e sec nd .ohm c co t.act for.me
T A e ey I B e S s e P wnBien B B
as cl athesdcdnd obinig conteet lefer e isrmcitdeddestidg ofwiiedighi enm&ﬁa er

step (QlvicedbRineGhfel.C fil ms are deposited on the
epi taxi al layers and openings are cut in the

dielectric filnms and second ohm c contact |ayers and
baad padsetdapes tibieed imatyhencegh diais b tb ayewsereiﬁ Rherd\ is

met hod, as.&J @l g[%;iof g%b ?Jﬂk{g ﬁﬂ@ Gafdf infolitlivilRiarebiesl 4

wher ei N a?ter ste ectroplating of a thernally
conductive netal on the epitaxial Iayers is perforned.
283. A pehémcl as claimad vedny bneatiyclaine Dio 22, avhegeirl teOlight

wher ei Qm&tns easésna% s &f'wauv end%} Horé Qﬁupﬁﬁééﬁ@n the

copper ayers conprise
GaN-r eﬂrapreepnﬁ*aty’eroé 'apmgg pwsh'r@md 7% t i ng di ode
fabri cated by the nethod of any one of claims 1 to

2§4 15 EO hod ag%s{me Il o&s QQ{ &I% qqo thgr%m éﬂgpo ic
rigpieg 585 0L Ay

|ng evi ce
c o np r i Sqflfﬁjt 'émff’c AR P'&P’WP%W?’% of the ?F?'tla’ﬁ 'Ebfﬁ’m c contact

25. A method as claimed in any one of claims 15 to 22, wherein the second

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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| ayer on a first surface of the epitaxial |ayers, a
relatively thick layer of a thermally conductive netal

we@eoshzosfi r st ohmic contact |ayer, and a seconPCDhG12003/000222

contact |layer on a second surface of the epitaxial

| ayers; the relatively thisck | ayer being applied by

el ectroplating. 32. Alight emtting device as clained

in claim31l, wherein there is an adhesive | ayer on the

first ohmc contact |ayer between the first ohmc

contact layer and the relatively thick layer. 33. A

I3Dght Adaviet diddegattieatédisy tRsmethad dTakl i of bigi113828 Wher ei n

there is a seed |layer of the thermally conductive

metal between the adhesive |layer and the relatively

Bhi ckAlliglieamitting) device| qogintisinenenitexial daydey iacfestashnid ednteet! i n

any OR@er®h LArdt ¥Hacdor iR epRaxiaMAGEE! L RGd Y,

t hi ckthlﬁeam/aﬁr i gt I ea'st 0_n ?orr'efﬁ%%‘%?‘&:cgﬁéy%g& °A

|1 ght NS Fngechis, e e 3] SHEE Fariash vt seePael s

31 t ool coitest déver bhes sewondurtderi « thontpasdal lIARRY thes a

thin hi : af f . 500 nanoneters.
feRMly thibk bR _béngd‘%ghe.g by efégtmg%gﬁfm

36. Alight emttin Vi cée as d in any one of

clainms 31 to 35, wherein the second ohm c contact

32y erA light saittieg tievitefas olantel & IO BP, V@RS Hitre RarPddhesive

opaq , L arent. 37. A light

ot g PR EOTREORAL coffleRm BheukbPRSRA S i By’ o

36, WWE%@WﬁaWﬁ@‘@%%%ﬁH ohnic layer includes bonding

pads. 38. A light emtting device as clainmed in any
ne : I : 4 I, the thernmall

B0 o it iRy dtbich 8 e eI B2 MRS IETR A e (er
conprf $ Ramaip cendagive mstal tbetveapithearihebive dayer snd 8@. A
| i ghtrelativiely tHidkgaydevi ce as cl ai ned in any one of clains
31 to 38, wherein the light emtting device is

sel ected fromthe group consisting of: a |ight

i t ¢ lieht dPidiae devigs s £lalmesidp aa) engeof THINAD31 1 33 gherein
em t thHengatilewitia iasr i€ kBlea¥esh inkdromderdPmrK 0f clainms 31 to
39, wherein .

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.
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ohm c contact |ayer on a first surface of the

epi taxial layers, an adhesive layer on the first ohmc
contact |ayer, a seed |ayer of a thermally conductive
netal on the adhesive layer, and a relatively thick

| ayer of the thermally conductive netal on seed | ayer;
the first ohmc contact layer, at its interface with
the epitaxial layers, is a mrror. 42. A light
emtting device as clained in claim41l, wherein the

r ab.at i waibht entitikdeviay es claimed imeargronenof gaime (3 de 8% Whetsin
the gr ?\lég’lrs(f %F‘rﬁfc%t)ﬁtgw I!]agér aﬁtshﬁ@ttfac%'vﬂh ’th@ébltéhﬁ (Hyéﬁsc gla
connec an ni cal support.

em tti Mirofievi ce as clainmed in cIa|n141 or cIa|n142
further including a second ohm c contact |ayer on a

oﬁ ond glﬁ{\tf e?ﬂ%& P fde\Rce co%ﬁlllstlr?(%ﬁi}laxaél E%GFS a, fﬂa%hﬁﬁc&mfgct

in the ran
from 3lam oB@dirsh awfiaﬁ%@féheseprtwl layerp.j apirdhesivetaveRe) he '"SEe
as cl ajummd cbrﬁac@@jeroﬂ Geéaflay& 8f dthefhlally Qortlictivainextion tiche

|S§C g 2 :jgcg{;én&ec ﬁc;:(%rnt a?g &g ral? UB tglgknnparyérs gfs thQ qpe‘?rlnglg c%ﬁgﬁ:t:tn?en d

t r ans paetehtn seed deysie the-fitst aihraip gprdat 'ay% at ix lFtP@E}?? W"fh the

em tti podavier @8 nftqi med in any one of clainms 41 to
44, wherein the thermally conductive netal conprises

copper; and the epitaxial |ayers conprise GaN-rel ated
| ager sA ligit.emhiting dghite estéizimed ip arimidd ewbeseie thei raledvelyrihigny

O ne of Ia?ér@. oR & Jnor'é%eee@ted WoR R dlotp@ndistalh bf: @MettsinkYan

devi ce one o emtting diode and a | aser
di ode. ela‘?}f'cahF%CF%&"%?%FQWF@SPP ~of a light emtting

devi ce, the nethod including the steps: (a) on a

SYbStr Atie Wrikh Qie\\ﬁ@éc %rcla‘ffﬁém5 'c@irrn@ &lﬂlaﬁrh ﬂb Qun%NnElﬁdiu@é ed
epltaX|a Iae ormn% first % ont actH péer
on a f#pegond ohmxc ‘contact layeron a second surface of the epitaxial layél

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;



surface of the wafer; 17 (b) renoving the substrate
fromthe wafer; and (c) form ng a second ohm c contact

wo aysn28m a second surface of the wafer, the sSPCDRG2003/000222
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ohm ¢ contact |ayer having bondi ng pads forned
thereon. 48. A nethod as chainmed in claim47, wherein
the second ohm c contact layer is for |ight em ssion,
and is selected fromthe group consisting of: opaque,
transparent, and sem -transparent. 49. A nethod as
claimed in claim47 or claim48, wherein the second

ohm ¢ contac ] : .and patterned.
50. A |ight @nl"?%{??ﬁ%{hgS%ﬁ%@_ﬁ?ﬂﬁe&c@%ﬁ@y the met hod
of any one of) &rmaipgr8 sacpnd ghmaig comact layer gnehsecens surfagg)of
devi ce as cl ai (Rdwdidt, teadeddrOchmibi@bfthd 14yee hbvig bonding

emtting device |s selected fromthe group consisting
of : a light enP?#%ﬁ@e%ﬁgagT and a | aser di ode.

48, A method as claimed in claim 47, wherein the second ohmic contact layer
is for light emission, and is selected from the group consisting of: opaque,

transparent, and semi-transparent.

49. A method as claimed in claim 47 or claim 48, wherein the second ohmic

contact layer is one of: blank, and patierned.

50. A light emitting device fabricated by the method of any one of claims 47 to
49.

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.



