1 Fabrication of Sem conductor Devices for Light

Em ssion Field of the Invention 5 This invention
relates to the fabrication of Seniconductor devices
for light emssion and refers particularly, though
not exclusively, to the fabrication of such

sem conduct or devi ces on a sapphire substrate. 10
Backgr ound to t he I nvention GaN sem conductor devices
such as, forfagsicatign ef Semigardustrdievicgs far bight Eyrissions ) |
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and dely used in 15 many applications.
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sem conduct or devices with a light 20 output that is
not optim zed. Summary of the invention 25 In
a0 ComBHaKground fo'th@Invehtidn preferred aspect there is
provi ded a sem conductor device for |ight em ssion
conprising: (a) a plurality of epitaxial |ayers
conprising an active layer for light generation,
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According to a second preferred aspect there is .
provi ded a sem conductor device for |ight em ssion
conprising: (a) a plurality of epitaxial |ayers
conpsuramagy dthelbéntnl ayer for [ight generation, an
- n-type layer for light transm ssion and a p-type |ayer

for |ight
25 In accordance with a first preferred aspect there is provided a semiconductor

device for light emission comprising:

(a) a plurality of epitaxial layers comprising an active layer for light
generation, an n-type layer for light transmission and a p-type layer for light
reflection;

30 (b) the p-type layer having thereon at least one seed layer for an outer

layer of a conductive metal;
(c) at teast one seed layer comprising a material for providing a buffer
for differential thermal expansion of the outer layer and the light reflecting layer.

35  The at least one seed layer may also comprises a diffusion barrier for providing a
barrier to diffusion of a layer applied to it from diffusing into at least one of the p-
type layer, the active layer and the n-type layer.



5 reflection; (b) the p-type |ayer having thereon at

| east one seed |ayer for an outer |ayer of a
conductive netal; (c) at |east?2one seed |ayer

conprising a diffusion barrier for providing a

barrier to diffusion of a layer applied to it from
diffusing into at | east one of the p- 10 type | ayer,

the active layer and the n-type |ayer. For the second
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conprise the term nals of the sem conductor device. 25
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CONMPrdngiing ife! Ural ity of epitaxial layers, the
pI urality of epitaxial |layers conprising: (a) a
p2type layer; 30 (b) at |least one reflective |ayer on
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The n-type layer may comprise an array of an n-type metal. The outer fayer and the
array of n-type metal may comprise the terminals of the semiconductor device.

25
According to a third preferred aspect there is provided a semiconductor device for
light emission comprising a plurality of epitaxial layers, the plurality of epitaxial
layers comprising:
(a) a p-type layer;
30 {b) at least one reflective layer on the p-type layer;

(c) an outer layer of a conductive material on the at [east one ‘reﬂective
layer;
(d) an n-type layer; and
(e} an n-type metal on the n-type layer;
35 )] an active layer between the n-type layer and the p-type layer;



5 The plurality of seed | ayers may conprise a first

seed | ayer of reflective material and having a first
co-efficient of thernmal expansion, and a second seed

| ayer of a second material having a second

co-efficient of thermal expansion;- the second co-
efficient of thermal expansion being greater than the
first co-efficient of thernmal expansion. 10 For al
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X Padisic®Tornfhg a layer of a p-type metal; and

{b) on the layer of p-type metal, applying a first seed fayer of a plurality

of seed layers, the first seed layer being of a first material that is light reflective and
has a first co-efficient of thermal expansion; and
{c) forming on the first seed layer a second seed layer of the plurality
35  of seed layers, the second seed layer being of a second material that has a second
co-efficient of thermal expansion, the second co-efficient of thermal expansion
being greater than the first co-efficient of thermal expansion.



(b) on the layer of p-type netal, applying at |east

one seed layer as a diffusion barrier for providing a
barrier to diffusion of a layet applied to it from
diffusing into the p-type layer. 5 One of the

pl-urality of seeds |ayers may be a diffusion barrier

for providing a barrier to diffusion of a |ayer

applied to it fromdiffusing into the p-type | ayer.
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According to a sixth preferred aspect there is
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According to a sixth preferred aspect there is provided a method of fabricating a
. semiconductor device for light emission comprising a plurality of epitaxial layers,
the method comprising:
on a p-type layer of the plurality of epitaxial layers forming a first seed layer
35  of a plurality of seed layers as a reflective layer;
on the plurality of seed layers forming an outer layer of a conductive

material;



material; 5 on an n-type layer of the plurality of
epitaxial layers formng an n-type netal in an array

at the centre of the n-type Iayer for mnimzing its
effect on light output; the n-type netal and the

outer l-ayer being the termnals for the sem.conductor
device. 5 The first seed |ayer nay be of a reflective
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on The method may further comprise: prior to separation forming at least one seed

layer on the plurality of epitaxial layers, and forming an outer layer on the at least

30  one seed layer, the outer layer being relatively thick and being for at least one
selected from the group consisting of: a structural support, a heat sink, a heat

dissipater, a current dissipater, and as a terminal, for the semiconductor device.

After the at least one seed layer is formed, and before the outer layer is formed on
35 . .the atleast one seed layer, the following steps may be performed:
(a) applying a p-type metal ohmic contact layer to a p-type layer of a
plurality of epitaxial layers;



35 the at | east one seed |ayer, the follow ng steps

may be perforned: (a) applying a p-type netal ohmc
contact layer to a p-type layef of a plurality of
epitaxial layers; 5 (b) applying a |layer of an oxide
over the p-type netal ohmc contact [|ayer and the
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order that the present invention may be fully
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Brief Description of the Drawings

25  In order that the present invention may be fully understood and readily put into
practical effect, there shall now be described by way of nondimitative example only
preferred embodiments of the present invention, the description being with

reference to the accompanying illustrative drawings.

30  Inthe drawings:
Figure 1 is a non-scale schematic, cross-sectional view of a semiconductor at a
first stage in the fabrication process;
Figure 2 is a non-scale schematic, cross-sectional view of a semiconductor at a
second stage in the fabrication process;

35  Figure 3 is a non-scale schematic, cross-sectional view of a semiconductor at a
third stage in the fabrication process;



35 Figure 3 is a non-scale schematic, cross-sectional
view of a sem conductor at a third stage in the
fabrication process; 7 Figure 4 is a non-scale
schematic, cross-sectional view of a sem conductor at

a fourth stage in the fabrication process; Figure 5 .
is a non-scale schematic, cross-sectional view of a

sem conductor at a fifth stage in the fabrication
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fifteenth stage in the fabrication process;

Figure 15(b) is a bottom view of the semiconductor of Figure 15(a);
Figure 16 is a non-scale schematic, cross-sectional view of a semiconductor at a
sixteenth stage in the fabrication process;

30  Figure 17(a) is a non-scale schematic, cross-sectional view of a semiconductor at a
seventeenth stage in the fabrication process; and
Figure 17(b) is a bottom view of the semiconductor of Figure 17(a).

Detailed Description of the Preferred Embodiments

35
The GaN devices described below are fabricated from epitaxial wafers that consist
of a stack of thin semiconductor layers (called epitaxial layers) on.a sapphire
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A layer 7 of silicon dioxide (SiO,) is deposited over the remaining p-metal layer
portions 5 and the P-type GaN layer 1 (Figure 3) by a standard thin film deposition

35 method. This may be by plasma enhanced chemical vapor deposition (“PECVD"),
sputtering, evaporation, or other suitable technigues.
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followed by second layer 10 and third layer 9 of tantalum and copper respectively.
Other materials may be used. The first seed layer 11 preferably has good
reflectivity for the reflection of light generated in the light emitting device. The
second seed layer 10 acts as a diffusion barrier, preverting copper or other

35  materials placed on top of it (such as, for example, the third seed layer 9) from
diffusing into the Ohmic contact layers and the semiconductor epitaxial layers. The
third seed layer 9 acts as a seeding layer for subsequent electroplating.
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-30  expansion, the stresses of thermal expansion are spread through the fayers 11, 10

and 9 with the resultant lower likelihood of cracking, separation and/or failure. The
first seed layer 11 should be of a material with a relatively low coefficient of thermal
expansion, whereas the final fayer 9 may have a higher coefficient of thermat
expansion. If there are intermediate layer(s) 10, the intermediate layer(s) should
35  have coefficient(s) of expansion between those of layers 11 and 9, and should be
graded from that of the first layer 11 to that of the final layer 9. There may be no
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The copper layer 9(a) is then polished flat (Figure 17) and the dies separated.
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~ increase light output, with copper fayer 9(a) being one terminal, thus not interfering
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DAt ARSIV B8 & D PORRR 2. 29 drove Fgnal rench
M ni riormiea g the layer 8%d aid &dhesioh.i ght out put, and i ncreasi ng
the diffusion of current. The array has a central
portion 19 to which a bonding part will normally be

appl AEEF, PoATING R He cBRer {aysr 9@8*%@? may be 1§t Wil pevetnh disg being
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phys rs@v&ral dies aarebe onaned aldhe bog tirhe fon gpagimeiot kghtadtpyt, or in any
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-type layers wll "have a common connection for a

es by neans of the copper layer 9(a). In this way
t he Afhosglviheddyedi®s shawn bhaviapesqizes calcifériearaingt taira® it may
for [ n any possible
conbﬁ%éfﬁ%ﬂh%¢ggén§§%§g$e fﬂg%proprlate control of the
n-type |l ayer connections. The copper |ayer 9(a)

Pr oVFdtefovarai Figh Uiy GEN tdyeis! iis @Bmmbe that ﬂhb! Iﬂl%t o ba)ﬁﬁﬁlcron GaN
%éo (rjnerlg%el? Eérg Fl&g’:e HE& er?:{%gécp a%] guug’ Lf psp e C'L'{Cﬁﬁ n8ncoaguqtuée gar %Jrrent

resence 0
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Whilst there has been described in the foregoing description preferred

embodiments of the present invention, it will be understood by those skilled in the
35 technology concerned that many variations or modifications in details of design or

construction may be made without departing from the present invention.



conduction, this |layer needs to be renoved by etching.
However, for the area where the bonding pad 19 is to
be deposited, it is advantagedds to keep this
nonconductive | ayer under the bonding pad 19, so that
the current does not flow vertically through this .
area, but spreads through the n-GaN | ayer 3. Fig.

17(a) 30 shows an exanple contact, where under the

ci r cliHECUAdMEI ng pad 19 the nonconductive material is
retai ned. Wiilst there has been described in the
foregoing description preferred enbodiments of the
present | AVEAIGORRUCar devige fer light efiRgiop SOy t hose
skilled ira)t he a3flurklitg lohepitagiyl legne esmerding et adwed Yayer for fight
vVari 0 [ [ f g Fe o 1
ConsEaRee e T A8 P Hons Berivbh 208 o IRy or ton
preséﬁ?dﬁﬁventlon 14 THE CLAIMS 1. A seni conduct or

dsvu ce fonb) i ghte LYHS RIS RabYRERS étgeas(@'Del s@etﬂ)la%]!c’r%riah)buter
of ep r onprising an active |ayer for

lig é£%§§2hg#g¥%r§ cian n-type |l ayer for |ight

tr ansm ssil®n aftieastgne sged lavaleamprigipg a mgterial fprafrp\iding bffer
(10) tdratifferehiidd hetnddl BXpaRat &Tthe AURS ROEr anl tHe&igﬁttreﬂéBﬁ]g&@@ﬂ

| ayer for an outer |ayer of a conductive netal; (c)

at | east one seed layer conprising a materi al for

pr oviedi ng Aasemudoneyctor tpvite ps dieifedriealeinall. vitrseindile at least one

expa@éédqayepgusé B ES d.h@ér&,rbaﬁrédfo} Br%wh.h@ tha.rr@f do%@rusla.g of a
& ek GopfeeRET o RELSHS ioct toaiae PLe P olp e BB daver

anlﬁﬁmweoﬂwbanﬁner for providing a barrier to
diffusion of a layer applied to it fromdiffusing

into_at |east one of the p-type layer, the active
| ayeP 15ASRECPTANCH gsyjse f‘fré{% misgion porapsisNBionduct or
devi ce fofta)l i ghtphesitssf emtaﬂainwerascmnsz(n@)anaacmwlagaérlfbryhght

Of epért %bﬁl arl ﬁl{ SIa nﬂr II@‘It q%n?r@?ﬁ (f ﬁ-Yy%E IL)%F for light

generatlo
PQangﬁ? i8f.on and a p type | ayer for Ilght 20

reflectiom (bihetogpelayey pairgaéontd battdbnk Besca@yer fr an outer

| eas seed | ayer for an outer |ayer of a
condLX?QFa %PHWEX‘L at | east one seed | ayer

conpri si n§la datﬂms@mebtalav&r@pmlﬁ@mg@rdiﬁusigh hgyrier for providing a

bar r bfiertt® dtididriist @layéafap@.eh XY e froR RIHuLIRG ifiPatl 1bast BRI the p-
the p- 25 type | ayer,

B R Pl To g meara oo el oy o

4. A semiconductor device as claimed in claim 3, wherein the at least one
seed layer also comprises a material for providing a buffer for differential thermal
expansion of the outer layer and the light reflecting layer.
© 30
5. A semiconductor device as claimed in any one of claims 1 to 4, wherein the
at least one seed layer comprises a plurality of seed layers, the plurality of seed
layers comprising a first seed layer of reflective material, and having a first co-
efficient of thermal expansion, and a second seed layer of a second material having
35  asecond co- eﬁ‘ cient of thermal expansion.



4. A sem conductor device as clainmed in claim 3,

wherein the at | east one seed |ayer also conprises a
material for providing a buffdf for differential

thermal expansion of the outer |layer and the |ight
reflecting layer. 30 5. A sem conductor device as
clained in any one of clains 1 to 4, wherein the at

| east one seed | ayer conprises a plurality of seed

| ayerSs, t Hesqhicanghiterydayice se ethimecaipesidmc® ieredi thg sacond co-
firstetRRAdol BibRhal MdxphiRiochestdrdferRbe thedkirst 3DQrRRMI H9thermal
first co-. efficient of thermal expansion, and a second
seed T&P"of a second naterial having 35 a second
co-efficient of thermal expansion. 15 6. A

sem gondugf éé?mc@ﬁéfdcﬁ)‘? d8ceGk alfRe it Brydn@ofdi2ms WSS, SinBrein the
t he secoqd co- efficient of t her mal” expansion 1 s

gr eat"@P% ‘I‘Yﬁﬁ“l”??é's?ﬁ Fngray. gt aé‘fnrtﬂ?ﬁ Beel of t her mal

expansion. 7. A sem conductor device as clained in any

one @f claj é@?ﬂl&m&ﬂ:toﬁ emeis%la'}néohiﬁ claﬁrr ?y\@'faerel iPhE Luter tayer and

conprises an array an n-t éger
sen ESHIAK PO VRRpPeEomer the nglofhesgermicondygtes deyice-
tithe outer layer and the array of n-type netal

C on‘pg,l se h@%gl C%Fumcﬁ?hg\nc%fforthgﬁt eﬁ%‘gljﬁggﬁﬁr?s n% quiL? Xlstf& epl“}aQual

em conduct or dev
conpﬁygfﬁﬁbe elurglity pizgpitaxel @f/eféﬁqrﬂﬁb‘%inal | ayers, the
pluralityof eglpttwg@lerl ayers conprl sing: (a) a p-type

| ayer; (Db)_at one.reflecti on the p-type
| ayer; 152b()c) gﬁg%%?nereﬂeé: Veerlaygfon tﬁ%Bﬁ%’ ?yeﬂle mat eri al

dh t he at (d)easen ouler layef bfe?cqonwtlvel mgtenial orf thp ablrash ongeflective
| ayepyerand (e) an n-type netal on the n-type |ayer,

(f) an actjve IaX? lPet\/\/ee the n-type layer and the
p-type Iab@r; ¥he e metal being arranged in an
array at fee cemnm@eo‘fetaﬂ tretha nitypedayeayer f or

M ni m zi ngy i tSal‘?gétﬁ@ray&%eweglhkeﬂl{%p%%yer ér,thenp {y}f@ﬁyer

net al andthe outer |ayer eln?ﬁ termnal s for the
& i BsRe BrlehRRinG fa”%d InpansATFRY RS Hefucane of g lupeylaver f°f
cl ai mintinizing itd effet & lighhaut@it;rthd heyppimstaibnd the @lites gt beid the

| 2 Sl AR R SEnBold b ifed | ayer of reflective

mat eri a avin Irst co efficient of thernmal
expansi on, and a second seed | ayer of a second
mat etd.al AasrhiBenhductor device as claimed in claim 9, wherein the plurality of seed

25  layers comprises a first seed layer of reflective material and having a first co-
efficient of thermal expansion, and a second seed layer of a second material having
a second co-efficient of thermal expansion; the second co-efficient of thermal

expansion being greater than the first co-efficient of thermal expansion.

30 11, A sermiconductor device as claimed in any one of claims 5 to 8 or ¢laim 10,
wherein between the first seed layer and the second seed layer there is at least one
intermediate seed layer of at least one intermediate material having a intermediate
co-efficient of thermal expansion, the intermediate co-efficient of thermal expansion
being greater than the first co-efficient of thermal expansion and less that the

35  second co-efficient of thermal expansion.



a second co-efficient of thermal expansion; the second
co-efficient of thermal expansion being greater than
the first co-efficient of therlfal expansion. 30 11. A
sem conductor device as clained in any one of clains 5
to 8 or claim110, whereirn between the first seed

| ayer and the second seed | ayer there is at |east one
internedi ate seed | ayer of at |east one internediate

mat er'iZal h%l%@"ﬁ@?”ﬁuqt%tdé\"?f?eﬁﬁ dairaed ip e of icgits Hip 8, claim 10 or
t her repdim @xpRRMIMAe obtér9ayenit of the Sécdheémerri@f f i ci ent  of

t hermal expansion being greater than the first
co-efficient of thermal expansion and | ess that the

35 sé@ond A 8ereitdndasterdevie i pleimedlin elripniht Podlaim1 B2, wherejy the
seN Gemeiet AbteHAY iees®snd IititdiBd ahd) tRNMMPABLAE HatdidTard all
to 8, Ia m 10 or <claim1ll, wherein the outer |ayer

i's ofdf{:ﬁ@ 'second material. 13. A sem conductor device

is claimed in claim1l1l or claim12, wherein the 5

refl aati ven fti@nhbitor d@\hﬁ‘e é%%m By cléﬂﬁg 5tt$‘§ or claims 11

|nternﬁgd‘2}e m@ erial are di fferent,

seni ¢% Gk 8\}‘“‘&’8‘95@"661‘%?‘??&& e, dﬁ‘H?)"rbHaé”%fm’cFP'%‘feﬁ%"gs‘“e
t16 8 sesond Inwatanisl diffiising mtdliBe epitagaldayarst he | nt er nedi at e
material is the diffusion barrier for preventi ng t he

10 second material diffusi nq into the epitaxial

| ayer's, 1% SeRIOAR{L BYiE B 186 Bernyone PhelEa 1itR 14nyherein
one die altailmgr & feltivikd, thisk @neisnfor bfleasd whe kelb@yd froth She group

rel a‘i;bﬁ’s%lt Xg LR Q%trﬁél&af §¥Jp81[t Qt hea?%t%& ?”ﬁea?%&s?@&t&d a{]cﬁ’r?ém

t he cons

4P nk d'Sﬁpﬁ%’a?”%ﬁ'Ss%tPrﬁmaé for the S(?HVC‘IO@?HC‘W devigi ssi pat er, and
as a termnal, for the sem conduct or devi ce. 16. A
semn ggndu%tor de ned, .in_an

cl a
o 168 nd BmIERES gres IR Lol He 8l 7o Tor Bieren
an otfeearrgyoeammipes armgniel j rortionngn poter ipgrion,candne deining) portion
the eeiMetily thO bhtn paﬂ@h B tHRUSREr dtichi 818; ouliddSofiéh &ind the
gﬁ?rtlon an lon[% N ]2 Lt f!(g &ﬁortlon bei ng for current
ss{°BUGR8 Yng IRr RMRRE Y or  device as clained in
any one of clainms 1 to 16, wherein the sem conductor

devi gg i sAase&@éohaaam Bivide aéeda%ﬁge afelate Hﬁé of ciSlaY G816, 2v§1eretn

18. A sem conductor device as clained 1 n any one of
cl aj 1€ Sgmicanasicigr deyige fsg gelfium nitpide semicopppstos devde: | ayer i s

of the second material. 19. A nethod for fabrication

9§ 22E emn ﬁ%@gﬁﬁﬁ&lﬁtoﬂge\“ 8%5 t:lgﬁned irggl'b( O%Q]oﬁglélﬁ’l@ 5 t5 Q%r 10 to 17,

hod conprisin
pl ur‘&h‘i”?'?“l?f°“€%fab/%@%flthelW@%?“ai he sem conduct or
device, formng a |ayer of a p-type netal; and

19. A method for fabrication of a semiconductor device for light emission, the
method comprising:
30 (a) on a p-type layer of plurality of epitaxial layers of the semiconductor
device, forming a layer of a p-type metal; and
(b) on the layer of p-type metal, applying a first seed layer of a plurality
of seed layers, the first seed layer being of a first material that is light reflective and
has a first co-efficient of thermal expansion; and
- 35 {c) forming on the first seed layer a second seed layer of the plurality
of seed layers, the second seed layer being of a second material that has a second



(b) on the layer of p-type netal, applying a first

seed |l ayer of a plurality of seed |layers, the first
seed | ayer being of a first ndferial that is light
reflective and has a first co-efficient of therma
expansion; and 35 (c) form ng-on the first seed | ayer

a second seed | ayer of the plurality of seed | ayers,
the second seed | ayer being of a second material that
has eosffisignidori thergwl exrfangiprihe spcani exorslficient: plathisimsh expaneion

SeCOonding Qredfef ingh me&"rsoéo-éfh%rmaﬂ th&?ﬁﬁﬂa&ﬁér@[&n bei ng
greater trh%n the first |ent of

expansi on.®”Y(b) 8% 'RE" P ggpeg}eab Y ﬁlel?a@flt oh ?)eﬁij"’fyﬁr as a
at | eifysion herisetod proxiging aabarger tdi diffugioh oh abjayer jagpliefi go it from
gowcﬂ:fugg ﬁtohﬁéﬁtyﬁéla‘yé? di ffusion of a layer applied to

from % ffusing into the p-type layer. 20. A
rret hod as cI al med in claim19, wherein one of the
pl ur &0i t y fofnethed ds clalnggen Slaing 18, dhdréioonewrf berplurgity dfoseeds
provigdengs @d@@sﬁ&n‘ akriet Ror %E.BM@ Q)eri@F ﬁo%xﬁu@ﬁ@ bf %gér la68liel ® it

it fromdiffusing into the p-type |ayer
met hdamidising o tp ?”fVB?]'aéS?r a sem conduct or devi ce for
libght em ssion, the nethod conprising: (a) on a

p-type | a)ﬁerﬁet%d o} féﬁﬁéah(%ry ofY se?rﬁ&otn?l{a tcﬁldew?ey fof ﬁ'gh?tamkgign the

seni conduct or devi ce, formng a |ayer o
met aMefRAGOMHISME) on the |ayer of p-type net aI
appl yi ng @) | east payre igees plupiglof &stadal l@bifsfoﬂﬁ]baﬁmlconductor

barrldg\ylce fB’F gég}/a&gopgi)y%g%{&t#%rndto di ffusion of a

| ayer f'usSing into the p-type
|1€ayer : 22(b A nep fedayesofol-bperegtal. aprlYing ahlcast onglreeejayer as a

t he affudi®aBArri@Ter BroQEing AYRirrier 30 JRREBY B 89ayar Bppie@kd ttMrom
f| rst seed | ayer being of a first

rmt eg%g?m% ﬁtgtmep"tyﬁ’ @f?f reflective and has a first

co-efficient of thermal expansion; and form ng on the

firspsseed rhé\b{&{ a@clﬁ%@"lﬁ’ csa%ﬁciza I au&e.nqﬁe tah%aﬁldhfeas!ele& Yayer
con see

f seed | aye
2 c o AHRLS PRI AEzeoh BT Ut s Bl g A mgferal tha i
t her lght reflectipaasl fen a frdt eo-slicienihf derred| ekgingint; aofl fdrinag walthe
expa ir
Copeﬂg]‘i s%@cé % ér%e&f{ﬁ%{e&f Ia%?%f‘trll‘ltse rﬁglr[‘]gh{y Zoggeeg\%%g{shtgg sg%ond seed
cl ai P PeingaRl aotreoRt matetiendhel dias o5 sggond xoorgftiqiang of thermal

CONpeipahsia, th eetind go-afficionttof thetnsey @xpadsiort Beings@eaetdhadeRdstfirst
fYefq. ?ﬁl%t%ﬁg&aﬂ gg{smpel ng relatively thick and

ei ng east one selected fromthe group
consisting of: a structural 30 support, a heat sink, a

heat 23]i sSsh Iﬁiﬂﬁbﬁ as BlafiHdrie Bhy SHeSSFicRRLTo, 208E28%IrtRer comprising

ter n?o n‘%ng an outer layer on the second seed layer, the outer layer being relatively
thick and being for at least one selected from the group consisting of: a structural

30  suppori, a heat sink, a heat dissipater, a current dissipater, and as a terminal, for
the semiconductor device.

24, The method of any one of claims 19 to 23 further comprising forming an

array of an n-type metal on an n-type metal layer of the plurality of epitaxial layers.
35

25. The methed as claimed in claim 24 when appended to claim 23, wherein

the array and the outer layer are the terminals of the semiconductor device.



t he sem conductor device. 24. The nethod of any one of
clains 19 to 23 further conprising formng an array
of an n-type netal on an n-typ® netal |ayer of the
plurality of epitaxial |ayers. 35 25. The nethod as
clainmed in claim24 when appended to claim23, wherein
the array and the outer |ayer are the termnals of the
sem conduct or device. 18 26. A method of fabricating a
sem conductor device for light em ssion conprising a

pl ur gl ty A0fmeaRidt W'féﬂncétﬁ@fe& Ssem‘idaﬁddf%ff hedice oBPTiist Bdlission

on a I taxial |ayers
form ﬁ'apf\ﬁ*pﬂguar@{fgﬁveﬁap'faé%gye %BF"%I“OBIOH’F’EI‘? of seed
| ayer s as oa amefpedeayer vighé plyrality ofoapitdxiat lapérel fczwimngya fiodt seaeldaler

| gyergga Iglram/ B&e@@la?é}g 8¢ a AU e @lflera conductive
materi a onh an l ayer the plurality of

epi t axi al NdJRpPYral B’r ??ﬁd dWeﬁ tow,lgg RBLoNer 15T oh agpqngyptive

at thetaeiehtre of the n- type | ayer for mnimzing its

effect on Lla yﬁg Va{yﬁr%f the I{grb? Fﬁta&?éﬂﬁyéapésa%ﬁrhm@ggn MH@ metal

outer | ayer ermn m cond

devi éean aZ"FV aNhFr@?’HE?d’féﬁe tVes B formipimigingits gffechiqa fight guiput;
tihe fHer Styps eathl lagy alie b@erOlyed beingfthee Grivigls M@ tBE isainicamiictor
has g.fids st co-efficient of thermal expansion, the

met hod 15 furt her conprising formng on the f| rst seed

| ayer a second seed | ayer of a second material having

a se;zxfand pomethdd aé %@tmesaf int didii NS, whsIRANGE Qist seb® |a‘§facransi a
co-etfflclent reat er

e PSS dstaft ol B gt EREMRER IR ShEg. vg oo
At hbethersomipeginafdrning rany-e drsesesd lavead n@om@see@oayemf g gecond

25 Oatfial HaWhd Q‘é‘écon@@o-@ﬁﬁ@ﬁt'@th@ﬂndﬁ @fﬁhé’i&h He deB@Ril coQRient
i nt ernEdl ate see

the. CRSA Sadtion y5as Seasr brnga s meethe gieelmeason.

internedi ate seed | ayer being of at |east one

mat epg al  RAYHA RMudiBdPhERg oAl sf &ng%' 59, Eﬁ”to o4 or 27, further

thermal ~expansion that is greater than t Tirst
&b- eF‘I‘ri“?f'F'QﬁtforB‘fngt?ﬁé?%P"%%W@i’ G Sﬁﬁ%l laygrsqn therflsst sere laver
secobadore dheefdcond sxt |aer tshteihted| the)ap Rast e .inidimedRte $ded layer

met hg\ﬂ%ga%f %{ agegné l?na?é?%l ﬂ% Ln 94#%&3%30& gffdtgeﬁ'rt 0%7thé:H:nai

28, elnt
mat effpapsionzpat 'ﬂgi?éteh gan é'%e @Pta‘?‘?rﬁ@f'qnh‘)fctﬁw ogapgiorcang [pgs

29, waeheisscont eo-efftibRof th¥rthal SQamsrdner i al , the second
E%at erial and the internmedi ate seed | ayer material are
20. A method as claimed in any one of claims 23 to 25, 27 or 28, wherein the

outer layer is of the second material.

30. A method as claimed in claim 28 or claim 29, wherein the reflective
30  material, the second material and the intermediate seed layer material are all
different, ‘

31. A method as claimed in any one of claims 19 {o 30, wherein the
semiconductor device is a gallium nitride semiconductor device. '
35 '



different. 31. A nethod as clainmed in any one of

claims 19 to 30, wherein the sem conductor device is

a galliumnitride sem conductd? device. 35 19 32. A

nmet hod of fabricating a sem conductor device for |ight
em ssion conprising a plurality of epitaxial |ayers
mounted on a substrate, the nethod conprising:
separating the substrate fromthe plurality of

epi t 8Ri al A ayesnrost whifshsicating a Ssepliagnducior ydeyfee efor thiahdti amission
| ayersmpfisthg Btfdinf 6f efaR8ICRYEr thoBhEE tohi £ aLibshaf, the method
mechani cal  properties of the plurality of epi t axi al

| ayer8TPEHS A nethod as claimed in claim32 further
conpri si ngepgratingrth¢ culssptar fadm dire pliality of gepddxidl daysts \wirile the
sged piu?éﬁ ofOQp ttalﬂg lQJ(éi% %l’é fn¥acP for etk 4P bieb AV Tahd rﬁ&‘ﬂanlcai

on the at | east one seed
I ayelpr %Fﬁ'és ?fﬁ?ee?'“rF'HX/gﬁp%iah'@yef%l atively thick and

being for at |east one selected fromthe group

CONSIag | N9, Abinod o3 Ll dh ey Y9 AYer cBinprdFRL o) W segdraton

heat dissip a cur
t er nifRng aIt @PSttCﬁ‘é Se%ﬁi’% c?ﬁdfﬁf‘clf'%fﬁ 'fﬂ ef\/%‘éx’a' i@emandAfOfm'”Q an
met hedtenlayet loaitiesl Ida8t dHeaiedd Bykr, thé elited |Byen beifg relldﬁeef;ammck and

I eastbelgg%{ %ﬁggsé Oﬁé/g‘{,%ted%roﬁ.l%gg%u%%&%s?rggd8r Sst‘uﬂ%r{f% fort, a

foI | HaRtngnks toe Peat atissingter.f rohEent disgipalep pang ﬁi]aateﬂ'ﬂ'ﬂfi}sp@" the
nmet akemibAdacteraddliaet | ayer to a p-type |ayer of a
plurality of epitaxial layers; 20 (b) applying a |ayer
of an oxi de over the p-type netal ohm c contact |[ayer
ahd Bhe pAteleod apyaigimed ip claine 3D whargin dfier g iatileadt agespeed layer

f romsabeeR, 4fioditRé e RRMeGORIRES o RY @ leadtBfle 66D layer, the
deposltlgpg?tt he at rhg?as_ one seed |l ayer on the oxide

| ayefPIQHEY FipRS roBe - ohmic contact layer. 35. A
met hod as (& ai epalyingia pitae el ochmivaoslact Iayfet &r a pihvep l4ve) of a

and E@;a%gfgﬁgx,a,%@,gr | ayer is formed, a pattern of
thick redists is applied to the at |east one seed

Phyer, th& out BPPYIE YB35 ISR el (B PilEM§iRlphmic contact
pat t iyer sl thelpHtgde layesi sts. 30 36. A nethod as cl ai ned

in claim &?’ mﬂ%o%inﬂ tﬁehﬁidg \‘é‘i{&rfrok'naéﬁ%{‘re I!hg w%ka?ghrﬁngf:&m&t layer;
and
{d) depositing the at least one seed layer on the oxide layer and the

25 metal chmic contact layer.

35. A method as claimed in claim 34, wherein after step (d) and before the
outer layer is formed, a pattern of thick resists is applied to the at least one seed
layer, the outer layer being formed between the pattern of thick resists.

30
36. A method as claimed in claim 35, wherein the outer layer is also formed

over the pattern of thick resists.

37. A method as claimed in claim 35 or claim 36, wherein the outer layer is
35  subsequently polished. ' '



over the pattern of thick resists. 37. A nethod as
claimed in claim35 or claim36, wherein the outer
| ayer is 35 subsequently poli28hed. 20 38. A nethod as
claimed in any one of clainms 34 to 37, wherein the
oxi de layer is silicon dioxide. 39. A nethod as
clainmed in any one of clains 32 to 38, wherein
subsequent to separation of the substrate the
fol | 3& ng Asmethed 28 daiped in @nyeng: of Slaims)34do BT. vderein theyexidsflayer
I sol ad é1eBn Qbxiga1di vi dual devi ces by trench etching
al ong,,edges o ach .nmesa; (b ad. et ching; C i e
ol 287 on T aroF B T Banhied 2B 4 9 e Wit siBsdiuent t
cont @epasation obhe pulsirpte tHedglewing tephare péorpedir al i ty of
epi taxi al hayersstirs@stsyel 8 isélhtfon S AiidUaP Bevices by trench etching
along edges of each mesa;

(b) pad etching;

{(c) die isolation;

{d) forming an array of n-type ohmic contacts on an n-type layer of the
10 plurality of epitaxial fayers; and

(e) die separation.



