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2005/ 029573 *166166* 0223 1 Fabrication

of Sem conduct or Devi W‘mﬁﬂmﬂ@i“m) the I nvention The
present invention relates _to the fabrication of
JAB8HGuct or devices and *5°Tefers parti cul ardefysg2003/000223
t hough not exclusively, to I he plating of a heat sink

on the sem condpcbt"c():rat“gnev Background to the

I nvention 10 As Senicon eé'?' MAyctEDeisee devel oped

t here has been a con3|derable increase in their

ol Saélatdfgm}wesﬁgﬁd and a reduction in overall size.
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S erdeffaiafl evice. Such heat sinks are norna
fabrel catéé{%lgép‘gr ately fromthe sem conductor devi ce

and are is normally adhered to the sem conduct or
de\Ba2kgioufid tdthe MvehfloreNCcapsul ati on. There have been
many proposals for the electroplating of copper onto
surfaces of sem conductor devices during their

101 aifwisemicouductopdevides tiv@rdeyelbidd & haSbeeh Al GhGQMIRChSease

20

25

20 iTihe; m conduct or_ devi ces are
NG oo St PR SRESLEeC s e gyair

( s.WbYeghP i heghhuls-va i the SE@&%‘)ucmaMlqeﬁd Tberefohe et isiies are

<(:| | WBlng uSaimpaepdhissipatiinl hSétﬁfﬁ:H ﬁelsgmi%ﬂ?du%F B%Ctéu%‘ héat
e ,ﬁggl advant ages

S n;é‘rnlﬁﬁgllrec Qefgg%gts%d ‘ﬁ%ﬁ\?eﬁ%@"@mﬁﬂﬁwgeea\d 8

> i n "eEMlpadhereddorihe swcmqpbtogd@m@seam tcRinchpMatisroan

csmdu *pr (ciu / s) (W/ (power T raper t uet

A% trrssta r meat) Si 1300 1-1/1 I1L7

qﬁ&% 8‘5‘% 9 fé?pﬁigaf @%%6 iecEoriafing otragremEty Siriadesa
245%“'??rt9uctqrakﬂeél6§s 1during 1 theiid | fabrieation- particutarly| Iforll,gglas
| | interdchiects.

The majority of current semiconductor devices are made from semiconductor
-materials based on silicon (Si), gallium arsenide (GaAs), and indium phosphide
(InP). Compared to such electronic and optoelectronic devices, GaN devices have

many advantages. The major intrinsic advantages that GaN have are summarised
in Table 1:

Semi- Niobility g Band Gap. |BFOM | Mecimuom |
condugter | (cm®Vs) |V (power | Tempemmre
wavelensth {trensisio r fC)
Jfomj mevit)
Si 1300 Lu112741.0 300

GaAs  [5000 1.44886 19.6 300

GaN 1500  |5.4/360 |24.6  |700

Table 1
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*@00002* WO 2005/ 029573 PCT/ SG2003/ 000223 2 From
Table 1, it can be seen that GaN has the hi ghest band
gap (3.4 eV) anong the given sem conductors. Thus, it
is called a wi de band gap sem conductor.

wo Gimsasuent |y, el ectronic devices made of GaN
at much hi gher power than ;5 Si and GaAs and P Ehisinozs

devi ces. For sem conductor |asers, GaN | asers have a
rel atively short wavelength. If such Iasers are used
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about @GN lasers in the next- generation
DVD pl ayers may have a capacity of 26 GB/ di sk. GaN
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problens for GaN | asers and transistors and, to a

| esser extent, for GaN 20 LEDs. There are two nmj or
net3dadevises @feowﬁiﬁgff@fplqadwaﬁrsw}aétm typiaaliyemultiple GaRigblated
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wafer arerRgs Hp bpRsistos @Rd de @, e%P'i@“%rf@‘ GeN
2(’anéI-EF’@I i abi I ity testing. 30 Once the processes for

maki ng LEDs are corrpl eted at the full wafer scale, it

hérh%n t\r'],ecessgz_:‘e\(h reak the wafer into individual
DR e G dtehostpr e AN FRIFNAL WP MoleRyias Aparh epiexy
su W?E)a!@smetahrsaﬂiochhemmgl Vappe rapésitioni(MOTVDR| Béth BFeORbdM
as usgapphire is very hard. The sapphire first has to
be thinned uniformy fromabout 35 400 microns to

ab 00_m cron The thinned wafer is then diced b
e%ve fional f%{mcai?on processes usually include these major step)é

photohthography, efching, dielectric film deposition, metaliization, 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 éhips or dice. For GaN
wafers grown on sapphire substrates, this “dicing” operation is 2 major problem as
sapphire is very hard. The sapphire first has to be thinned uniformly from about
35 400 microns to about 100 microns. The thinned wafer is then diced by diamond
scriber, sawed by a diamond saw or by laser grooving, followed by scribing with
diamond scribers. Such processes fimit throughput, cause yield problems and
consume expensive diamond scribers/saws.



scri ber, sawed by a di anond saw or by |aser grooving,
foll owed by scribing with dianond scribers. Such
processes linmt throughput, cause yield problens and
consune expensive di anond scribers/saws. 3 Known LED
chi ps grown on sapphire subgtrates require two wire
bonds on top of t he ChIP Thi s necessar%’ %)ecause
sapPAPYELER cré\‘?? EPWLPT FAPRITE HETHRIES (5?““5?1 rocyre HeRgs on top of
c oncheathipo This lir maggdsatytrecali8® sappliregs at Riectigrbpsuldter ang turrent
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performance and reti ab| lity. For. GaN LEDs on
sapph?@N LERs cacepriEe. ARAYYE RRAR where ight isjognesriprblp gequys-4
26 aliondn fdvthe 4pphiteciubstrafer om t he sapphire substrate.
Summary of the- Invent| on In accordance with-a
preferred for the present invention, there is

pr ovrsag'ﬂ‘ 5’“2@2 eS8 for fabrication of a

sem conduct or .device on a substrate, the

seni ¢oaskobde ViB\E prefehed/iofig) obthg biesert iidvigntioh, thety &I‘pﬁowdehle

r‘EFs‘t h %getl}og ; cifI ﬁ ’Ea@gcalil{;h o?t § P §em1&o¢:2iucto¢ ! %Q\L&eo er1 ag ' Q&s@ate he

s u r f aﬁé@"’m““f‘ﬁré’%'é?r!‘%’t?ﬁ e@ww oa@w% @%W@CPF'BM“F Fﬂsps N
subst r at e (a)and elettaptiiga ldyae ofde tetreally apaductivamiatddl ¢is). a

removing the SURSEE A Ghe sEhfoR@ibol ABHLCIRote RN 8 iBYrate

be a silicon-based device. I n accordance with another
form there is?2pteeedelie 2eViENEW2PDr fabrication of a
3B |ight ¢wittirevgpvihethiecebstiatea substrate, the |ight

“‘emtting device having a pI urality of layers with an

a(?t ! \LﬁuelsearXiggn;ducthede%é rrrlgy eas Cl!cgnqklna%gd Eig]\neceSt eps:

An accordance with another form, there.is provided a method for fabrication of a

35 fight-emitting device on a substrat_é. the Iight emitting device having a plurality of
layers -wi.th an active layer; the-method including the steps:

(a) electroplating a layer of a thermally conductive material onto a

surface of the semiconductor device remote from the substrate

and close to the active layer; and
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(a) electroplating a layer of a thermally conductive
material onto a surface of the sem conductor device
renote fromthe substrate and close to the active

| ayer; and Amended Sheet WEA/AU 4 (b) renoving the
substrate. For both forms, the thermally conductive

| ayer nmay be as a heat si nk and may be of a

t hi cknegs) i n rehevingangaibafatd.r om 3 mcrons to 300
mcrons, preferably 50 to 200 5 mcrons. In a further
for ‘m the present invention provides a nethod for

f abrd &af |f‘t5ﬁ‘s dfe hermaliysangiriivec e rebtiece a0TRalsuinks aridata), be
t heof sghitimestdin titearangd ey frere 3hadtbROto B 0B Inid:

4 ay@icens.t he nethod. including the st@%@s réfe%gsysom 200
applying a seed layer of a thermally conductive netal
to a first surface of the sem conductor device renote
f r om & hghe ubst, rtied 6rese(rb)nv€||1t®6tdr@.ﬁﬂe§td R@tnad E&'féﬁrﬁcéﬁﬁhy

th o or Hévi s e Semic ;
Se;ﬁe‘ﬁtd ANel Qtf: Jerbﬂep%g'%mhcénra %r%c%ugtgg %tcglhavdﬁo a SL?rahty Sf

e
suflf“(eéﬁ éﬁtme”t%"lﬂk'ﬁ'é%?ets@pbr ovide a heat sink; and .15
1qc) rendwl ngppifieg sueed e of BIthérmalyp c&rl?i@ctﬁ@%tél Y & first

b | ac onductar device r
ei ng appl i gdy U&?th% Sorc %ﬁ"é?é’ RS oe 851"%?? owdheosfubftﬁée

adhesi 03 I'a e}/ﬁ@ ore e eléec
rel ativePy HeERPiaing ar relativels sk Iysyeat thenghetyeally 20nductive
patterned wntdel phdtecreasiagdr, haticthdl§ cohdustive edd bV&kiient

thick |ayer jghos &hehld PRLALRE s,pet ween the
hotore ists. The .seed | ayer rimy be el ectropl ated

' VVI t hout E?at tr%rP?erWé CHBSRI& h pat t er ni ng bei ng
performed subsequently. Patterning nay be by
phot or esi st patter ni ng and then 25 wet etching.
Al ternat tbvel | aser beam m cro- machi ni ng
of the® TefH .'e/ygr 9““‘? ?pekedi dFYersgEeEy\RR poatders ah Bhesivd
( c)'laxehe Beformipe biectpalafinr ot blatvedddict iaphate éﬁ@ﬁy&fmay be

2(an|mbm witth PRotbrad & pattdr ; | i
R R orarcl; ULl prgne

| east (fhgtﬁf? ®crons, nore preferably 50 to 200
m crons, and have a thickness in the range 3 to 500

M CTreneed lahdmeayteaditredilien wﬁﬁ&@t ﬂ?t@;ntea%B %tl’?‘ HQ%Yn?ngabemg
Spa&érﬁ%e'd %u%%guén%gg%atg)ernlng may %e ?By photoremst patternlng and then

LPr ef erab
23 wet etchmg Alternatively, it may be by laser .beam micro-machining of the

relatively thick layer.

Between steps (b) and (c) there may be performed the additional step of annealing
the iayers to improve adhesion.’
30

_ Preferably, the photoresists are of a height of at least 15 to 500 microns, more
preferably 50 to 200 microns, and have a thickness in :the range 3 to 500 microns.
More preferably, the photoresists have a spacing in tne range of 200 to 2,000
microns, preferably 300 microns.
35
‘The relatively thick layer may be of a height ho greater that the photoresist height.
Alternatively, the conductive metal Iayer may be electroplated to a height greater
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35 The relatively thick |layer may be of a height no
greater that the photoresist height. Alternatively,
the conductive netal |ayer may be el ectroplated to a
hei ght greater Amended Sheet | PEA/AU 5 than the
phot oresi st and be subseguently t hi nned. Thi nni ng may
be by polishing or wet étching. After step (c) there
naiPab ke pRetPragi a“%\‘?F Biveqagertly dpnned. Trinninarropydie ba pelisbiomor
suwbktatamingd of t he sem conductor device renpte fromthe
relatively thick | ayer, a second ochmic contact |ayer.
The contact |ayer may be a second ohm c contact |ayer.
Th&E stepnel theshpe be iFRkdRst an e stepml fotyenaprea efconpsuacs
5 t r ahtep agnsitdnduciin de\Se@Tembte AR Ql’ﬁwelyaﬂldk lafélya beof sty

bl %&Kac@rayé?afh'é%sﬂgé# laym %e%%tzcg\% ohmlc cgq%ct %y%r q’%ﬁsecond

sub seq uent process
su Bgféa GRmRet Bvecs &Ry ge §'Bee?5§pﬁ%5? ‘F*’Wé%ﬁé ang) sefeifieasnarenh anst
Wi may ben eitheadimnk Bh@atetpass ebhnie Comtakt SfU:’frfaﬂ&ﬁ afd stidquent

se oeggg%fs%y N CIAR: onPyTpees&'s&@@ﬁg, tegahed .%%L re

the second ohm c contact |ayer .
10 T Serasiighhef Vi PP Rasht ABg emy%ir Seqefif ws@cedw@rsemenqwen e
ar davicef - mdyhiee sexpen Ging etched defofe thé @eREionMBAbBIEN layer is

de\ﬁbﬁtﬁ:ted’ olnfb tT h’ﬁe §&%&&ﬂqy9&ngct Ig)gey h'ngz ﬁ%s o5 r p\g thSlé ta%g Olo n

ers, | ayers
seﬁ'éersﬁfY’%ﬁ sf"?ﬂ°8°“h?ﬁ"\7’f"iﬂ’t‘]3‘l‘°“lﬂ€9‘f"i?es The sem conduct or

devi ces may be fabricated w thout one or nore of:

15' appk Qgrnlcorfa%tbrsdéble& .ﬂgdbéﬂ{eedea %n tr?e0|agéase aﬁf? 'Iﬂe‘@é%“r%;%e

devi ce conpr pluralit epi t axi a
fi rsg?SGBWI%sepE’Bﬁ? 5'&0('”‘?"3?}@“%@??19 on a first surface of

the epitaxial layers rempte fromthe substrate. The

f i r'lf“hte s@#ﬂf&br%u&&”&e@ﬁ&s h\%y%ESfaMe@@iut%t Qn err%onjeaéfetgépm%f

it ayers; and the second ohm c contact
ﬁg anigm%brned on n-type |layers of the 25
2OexpltaX|aI | ayers. After step (c), dielectric films

Wawrb%eﬂ&mubre&_vﬁﬁ thh@’:S@P'at bR ofl PUBES 1ay@ eQ 'fu@g §hmlc
I A et s
epi 1asag T %Vé‘r@mlcmqn@r?ﬂalqw mRy be afi-péype davers of dhje, epitaxial

el exayersphddht BELoRd ofinicS Bortdteiap@Intay be GRABE A N-8paRlyat of E

2othgrunpterial) on the epitaxial |ayers may be
per%%}nﬁ Wﬁ%e invention is also directed to a

sem conduct or device fabricated by the above
After step (c), dielectric fiims may be deposited on the epitaxial layers. Openings

may then be cut in the dielectric and second ohmic contact layer and bond pads
deposited on the epitaxial layers. Alternatively, after step (c), electroplating of a

30 thermally conductive metal (or other material) on the epitaxial layers may be
performed. '

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

in a further aspect, the present invention prbvides a semiconductor device

comprising epitaxial tayers, a first ohmic contact layer on a first surface of the
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nmet hod. The invention, in a preferred aspect, also
provides a light emtting diode 35 or a |laser diode
fabricated by the above nethod. In a further aspect,
the present invention provides a sem conductor device
conprising epitaxial |layegrs, a first ohm c contact

| Q')Sﬁefxuaplayé?s f 'rEl%ﬁveﬁrqﬁlf:@ﬁ%r% tt alﬁmﬁmgﬁte%b&aq #I'P%%tAU

itaxial |ayers, "ayer
t H’é‘P‘ fopectddvsh E?cfPFK‘/é *ﬁ%& %wk awi Pﬁecqnp (O§nic ‘E?ﬁifﬁ:td%ebﬁ*ﬁ act
| eppeand tsoridceramtre: dpitatial Sayets; trandadveyarion yahveing pomtagt
| ay&brofMling Second surface of the epitaxial |ayers;
the relatively thick |ayer being applied by
el ectroplating. 5 There nmay be an adhesive |ayer on
t hEhefd mayt beainnadbesia@nitae bn kreyfiedt obeicwesBcttidver bdtwédn thedfsd C

C OfHnClonta@YSkr %Qhet Jaﬁtl\)’eﬂ/]tﬁ&t%%lry thick layer. The

relatively thick layer e at |east 50 mcroneters
thick; and the second 10 ohmic contact |ayer nay be a
t hihe rlelag'wew thick lapee maynigeatobast 50 MiGormhéters Qhici) 2RO et ebchd

10 Th&mﬁ@&ﬂ@:@t 183N ey SQQ‘irﬁﬂayérfthﬁé %BX of¥ork 5%1%0%%%”; ters.

.ﬁ% ég? Earent or opaque; I nciu _
Plc cPRpTHEaYs m?hee WW%F"to?Fm"ffﬁ'@pP’ﬁ@Wﬁﬁquyev

comdumﬂmw@ﬁﬂewahgmmw be copper. 15 There may be a
seed Iayer of the thermal |y conductive netal applied
sive | ayer. The sem conductor devi.ce may

F%ﬁ’Ef s °J QIvS Ao ihermpRlY Erngudive metalysay befoBRes, and

1520 a transistor device. In yet another form there is

pr INdrél Gy %S@ L&D RHEICEOthe Qﬁé{'\lnglﬁ CRIRLS A %Eﬂm%é"%
Xﬁ_ﬁg{/e'6¥e{| rst ohm c contact ayer on a t surface

axi al layers, an adhesive Iayer on the
flrst ohm c contact {ayer, and a seed | ayer of a

t haﬁm%nd\gér @\Q/ﬂ:@h’t%'b\é SndTBt §lmh@9mﬁtm df%q@ %ﬁés\éﬁdll‘rc@/g{‘d
Theremggﬁgbe further "included a relatively thick |ayer

2 T8 |y conductive netal on the seed |ayer.
30 A second ohmic contact |ayer may be provided on a

S e Gowl arsttef RER tRdre ish:ﬁoﬁi%ki a%hRtbndubRY 8dvice cB\lﬂﬁr isHg epiftslial

h f
£r "R e Bt RGBT 0 sl Sual whpple R =
| afék'eswaweowpﬁhﬁ diest 9Bmidioacfap dakst. and@dsersyaybreoiontherfally

250pafhtctive meRsEAhe Bdnesiddldyss M - t ranspar ent .

There may be further inciuded a relatively thick tayer of the thermally conductive
metal on the seed layer.

30 A second ohmic contact layer may be provided on a second surface of the epitaxial
layers; the second ohmic contact layer being a thin layer in the range of from 3 to
* 500 nanometers. The second ohmic contact layer may comprise bonding pads;

and may be one of. opague, transparent, and semi-transparent.

35 The thermally conductive metal may comprise copper; and the epitaxial layers may
comprise GaN-related layers.

The semiconductor device may be a light emitting device.
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- 35 The ‘thermal |y conductive netal may.conprise copper;
and the epitaxial :layers may conprise GaN-rel at ed

| ayers. The semi conduct or devi ce may be a |ight

em tting device. - Anmended Sheet | PEA/AU i'n a

penultlnate for the present7invention provides a

met hod ao‘ie"?'g'ﬂ?ﬁegh o’ﬁe BFesgnt IRyeR{ivnopravidesor MeipH & fabrigation of a
met homiceodiustir iigvithgns trepst ifcaling thestepdst rate, with a
p| Ur Aty &fa. Qmsttr%@ Rith lpm&ysofce%?yél Sl’éve% co{npnglﬁg Twifipie GaN-

rel at ed epitaxia
c osnt act | dyEisseriaripllaters Lﬁ’F‘H@é‘ ﬁﬁtcﬁ“"t‘%@“@t lyexionla first surface
| ayers; (bof theeemtakiabaydre: substr at e fr om t he epitaxi al

Iaver@eC %m@% ftr%réﬂ Pg?[%f'%'%qg m.c contict | ayer

on a surface 0 5’ BYe &8PS . t he
" secontf) ohnfPemiggAtsgsend efyraip cmmt WEbwndlsngpnpa;dsaa‘emf treckpitaxial

10 t her €0Niayekkl €t 8dthd O BiFhiE ébﬁ{ét:tagye} R%6hg 'F?Mmpf Lar formed
' ht em sgion: and nmay be opaque, ‘transparent, or

sem -trans%’gregﬂt The 'second ohnic contact |ayer may

be blank or patterned. 15 Ina final form. there is

- provi §rdséos® %G\Q:ntgdﬁgc@ ‘aygreﬁlxb ge %W h€ gﬁuggo byan% rx]nay bﬁt apague,

above,  net hod. The sem conduc
eni t t FAGPEEBE" %?rm‘é"‘ﬂ“é%%?“thBﬂ@w“Q ehrspucemtaozbéayer e lpeolmank or
of theatisrrmdi ngs in order that the. invention may be
bg#ter -under st ood and readily put .into practical
ect there shall now be descri bed -by way of
non- | it figg! iferen, ehesens rovided/a aem@ﬁncpqdexf eeviedfaondaedi oyethe above
of tnkegnoBr esent invention, the 'description being.
with reference to the acconpanying illustrative (and
not -.to scale) drawings in which: Figure 1 is a
- schemdihe semiepriestentiaidgeanayte alighearitimg et @F a ey diRieat
aopirst st'age I n' the fabrication process; 30 Figure 2

is-a. 6935?8 ] res ntation of the sem conductor
devi ¢ '8" élfe rawiRgsond stage in the '
fabrication process; Figure 3 is a schematic

r epr es\ﬁ %Fd@]: {hg{]thgfm\;ebtﬁorﬁﬁ'lg}' %g 'Bg&eqtugaergt%\o/é S (r)ef d{y %.ﬂ}néo practical |

hird stage rrcation process,
| s a s?ﬁ?@n‘&FTSCSWpF%&%t gesceredoby way @femnndmfdt»@t emample ony a

dexsi cepreibrrdd iR dinett - & the prasent invention, the ‘description being with
reference to the accompanying illustrative {and not to sc’:al_e) drawings in which:

Figure 1 is a schematic representatioh of a 'serl'niconductor device at a first stage in
‘the fabrication process; ' ' | _
30 - Figure 2 is a schematic representatlon of the semlconductor device of Flgure 1ata
'second stage m the rabncatlon process ' _
Figure’ lisa schematlc representation of the semiconductor devuce of Figure 1 at a
: 'thtrd stage in the fabrication process:
. Figure 4-is a schematic representation of the semlconductor device of Figure 1 at a
35  fourth stage in the fabrication process;
" Figure 5 is a schematic representauon of the semiconductor device of Figure 1 at a
fith stage in the fabrication proc=ss
Figure 6 is a schematic representation of the semiconductor device of Figure 1 ata

sixth stage in the fabrication process;

Amended Sheet
IPEA/AU
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35 fourth stage in the fabrication process; Figure 5
is a schematic representati on of the sem conductor
device of Figure 1 at a fifth stage in the
fabrication process; Figure 6 is a schenmatic
resentation of the sem conductor device of Figure 1

S_heet | PEA/ AU WO 2005/ 029573 PCT/ SG2003/ 000223 8
FIHIEE7 & d Sndm E:*}SEFEéeIn tléﬁe{ {8 g”r%%(%ndggﬁe evicd F] Figurg,1 aﬁ

sem con%uctor ev ce o Sev
i ihe %?éerfﬂaatﬁg%lathedﬁprﬁaf@@@s@esmm Figure 8 is a flow

C Iragife ®F alflo® chRdrOsF@seSprodesdet ai | ed Description of the
Preferred Enbodi nent For the follow ng description,

the referente numbers in brackets refer to the
petailed Desajpion of the Fueferr@d Edbodimenef er to Fi gbre 1,
there is shown the first step in the process - the
netallization on the p-type surface of the wafer 10.
TIE" Wigr Bflowitg descptionp theabaiapnogatiustberi inhbracksts sferatoethe
apebcasssdtepg lin Mguréwl ti pl e epitaxial layers 14 on it The
substrate 12 can be, for exanple, sapphire, GAs, |nP,
Si, and ‘15 so forth. Henceforth a GaN sanpl e havi ng
GAR refante Figbie 11 thepsnis shayhthe rsé stbrs tnrtad prodes withd mbiallizesienl
a%nwgdﬁéﬁmmfgﬁb_t axial .layers 14 (often

call ed epilayers) are.. a stack of multiple |ayers,

and the lower part 16 (which is grown first on the
s Ubswatet ) isias epifu@l Wafemwithypsubsteateami astdeit &@u&bl&@p@@l t

1 f 1

oS ATt 9150, RPN AR 5 B
TS° "Shntiencelrt a&aN sggr@le haying sGaMaMsw a'dhwh'mwsubaw
222 vdinieb usad bé BmeEinie The epithiaBiRis_ 12@&&&&1&& epu%)eré Hr€P
8%) sthfk & rﬂur]@’é'rg%% %‘%ngzgclgwgr JFte ]iba IcLll’lClI'S] V%rcsa tf rsF on the

% ermal 1 y co
pPE r%a*&b'ﬁ ysug %'U‘Yé? e apditheyPess Rt 48 !s\saéen p-tyRe lawac k of
adhesion | ayers nay be anneal ed after fornatlon

T r ck of | I & | ayer
I?Og%}\?’]ea (%erjgﬁ% ?saannzn%gf@ )éo %y%e s%ar‘ﬁntgon UCt 'slﬁ¥e¥sac

PPIHAFORER layer 294y 2ddgs ap ﬁ@eéson iversa2, anafagthin CFmer el fayer

GaA (Figmd 2) Bl 88) 678 themhallye@inkibived newkedh &5 tf&nexample

éfﬁ&' n§heatﬂerﬁ1% )J é’o%dﬁc%gé %Iataﬁ %ﬁrefl?rgbly a%n %g&c%lgézgg Ween

t Jﬁe 8@0‘1 Qi?@?es'P@ apﬂﬁ;}(;g] be gg';jeaiﬁdlaﬁvdmm ces, epit axi al
| ayers may not be used, but just the
The ohmic layer 20 may be a stack of multiple layers deposited and annealed on
the semiconductor surface. It may not be part of the original wafer. For GaN,
GaA, and InP devices, the epitaxial wafer often cortains an active region that is
sandwiched between n-type and p-type semiconductors. In most cases the top

layer is p-type. For silicon devices, epitaxial layers may not be used, but just the
-wafer.

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

M29578j xt h stage in the fabrication processPCASE200H00223



wafer. As shown in Figure 3, using standard

phot ol i t hography (89), the thin copper seed |ayer 24
is patterned with relatively thick photoresists 26.
The photoresist patterns 35 26 are preferably of a
height in the range of 3 to 500 m croneters,

WOR085/ ' : ' | '
Opt0e5/e295131 y 15 to 500 microneters; and with a t%@@%ﬁf/ooozzs

of about 3 to 500 micronetess. They are prefera
sepl%rc%tned fromeach other by a spacing in the range of
200 Co 2, RDErapi) 398 mizronso depgndin O HRCRGARY GAURLRAI chips. The
m cactually patteaf dupailsyonHePcddeglgans, depending on the
design of the final chips. The actually pattern
depends on device design. A patterned |ayer 28 of
stCJ ophrttamed: thxen 26| of copreplisathentl electtapldiay Biito Abef @E}gog} between
et prefiesish ' t rm eat 'sink that
phid BB EREShedt Snidfiat fgmrs_(l)an%ar@ %fB?Fe?L’bStfaé’y orTheeonper

f or s g r)art of the substrate.

pr 3?& B Is\preferably 9E heightiie ofates than thatan thehmbtorkistst2e and is
phdtorele®i ofttse Garda @r iissert HeRhEhak Qh@&:h&tgr%sét@r% FHioweis:S e
hei ot.qresists 26, However, the copper -
| ay%? eyl iy RO 8025 P tm it 0f ey phgtoreststs 3o In
phot'ot 2358+ the owpper layer 28 otay be sutmequentie tHRPBP RS bel A% %igﬂt%o

10ra ygrdzeter EMSBELEMNHE YonbiBieBiRs Dot i height .no 1
gr %b%ﬁ tl.nanrr cJhhat. %)bé:%t }heg@@%gt gpg@?"%{ g %ﬁé’.e l%’h?qu%?"ﬁ‘gm s
be by B’ol I SRTHYCBTS aR May &t Bd 1y be TereovsH eftentiséapber pReing.
mayReFOVaIRY the tby [restarsianivand kabwremetiae SGERE For Rk Fesin in
ReMiStWPQ%OWO@p%%iﬁE%cﬁH known nethod such as,

for -exanple, resin in” the resist stripper solution,
or by plasma aching. 15 Depending on the device

15 de Slegending oo tresdzivieg dedign, freceBing 87tha Epi&ﬁ)éﬁ%)ﬁer& g4s1fo%vjfs gz\%:\ﬁg

US sfifidard bR tﬁ@n&@%@i‘%{ﬁg SYamRls. cigaaing, (03t Bopormphy ..

ex RL . ng. o

( sg%f AR £32) ds¥ira sPigtipn((B3) paspivation 8A)i roetal(i39n (85), thermal
e Pekessing (8&)nand8b) fort. NETgaR| 4). [THE GR%RS 109

f OfhdRoveGERYRE 4) - The wafer 10 is thens g%ﬁ)ggﬁ'%%g(@)m
to inprove adhesion. 20 The epitaxial layer 14 is
usual ly made of n-type layers 16 on the original

sulbBe emkexal i2y2; 12 dispaill R8s bAYGHS 129Brs'1B8Snhd Gi
SUk3-3Rg p—l%ew%jeghni fhe Q%ll\r’xa?gv & d V\angt I h'g Oﬁr}%%%l ?%?qpate
adhesi on 22 and copper seed F%@Fgr Whichis foy gavered with the
e| Shmpip 681 aghegiop |22 cand oppeced dayers 28 and thel dedtiopitied tiick
t heopperiigyien2d. substrate |ayer 12 is then renoved (91)
25 Using, for exanple, the method of Kelly MK Kelly,
O. Anbacher, R Dimtrov, R Handschuh, and M
St iR thegsiigioal sybsimatedayer 17 iaheh58mova (1 A9, For eXdpie,
S Uihs triethib€ of iy il ROKENE O. Ambacher, R. Dimitrov, R. Handschuh, and M.
Stutzmann, phys. stat. sol. (a) 159, R3 (1997)]. The substrate may also be
-removed by polishing or wet etching.
30

20

Figure 6 is the penultimate step and is particutarly reievant for light emitting diodes

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

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

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



.renoved by polishing or wet etching. 30 Figure 6 is
the penultinmate step and is particularly relevant for
light emtting diodes where a transparent ohmc
contact layer 30 is added beneath epitaxial |ayers 14
for light em ssion. Bonding pads 32 are al so added.
d&s Chn1c contact layer 30 is preferably transparent
UG transpar ent It is nore preferably a trar/$@85/000223
and 35 may be in the rangd%f 3 to 50 nmthick WO

20 | 0P to addi -
oh%“'*@pi%%?ﬁﬁ TNt WS b ey shscaeeauey be
mayP® %’meseﬂff@ﬁmy tfehefgreexawnleb@hotoﬁthngr@h&m @3), dry etching

phqDQ|95)f,Bﬁtg§rﬁﬂhﬁho?I%§h , dry etching (94, 95), and
phot ol i t hogt aphy (96). 5 Annealing (98) may follow the
deposition of ohm c contact |ayer 30. The chips/dies

Sar eéAnnealing (983 tnag fioiO0 Jhelaigpdenionar tintic Soriadl 9&8& 3get hods.

The chips/dies can then be separated (100) (Figure 7)
int i ndi vi dual devices/chips 1 and 2 w thout
B rfyIPsies sae rifjen iestesiu(98) byt knowanahdnstahdend netitieids.g. The

$§<ch&m€g@@ ca;rmgg Bl RpraiBy (DN 79% e LR Rips
2 e%aB’W’ appwgfppigﬂ 8%3‘? saﬁ%ﬁe dmi \t"81°uf2°'9m9n Rasirging

10pr é‘?“@‘ﬁ’%’éﬁ %mmnd&n@ﬂmeﬁ\m fromthe active region.

For silicon-based sem conductors, the top surface of

th nductor i.s referably in the range 0.1 15 to
ghg? ﬁ% %P@f%’#ﬁ VYahisuis Freferahly in e sange obabauhe. to

d e\z;mcmw oreferdisly sfuat aa triiorans, trovyl @iel £4Qve fégloh %ﬁémdoﬂ-based
t h's&ntﬁ&ﬂﬁétgr‘érlﬂé 'togrku#férﬁa @%%e&?coﬁ?ur olg?ﬁt I Vexagléaw the r(':angg 0.1

enova

15 Adg‘i %ga}‘%?'lsypr&k%'yt WoHE-3 Rigrons, from ﬂlleeﬂ@iqe\m,ley Ashihe lactive

| ayeerd@@icarmyerhie this eshitatoh 6/ B to20rRCHAMR %Lpp%PPﬂPﬁé
foihet:ﬂSoﬁ@aPrenJo(r l'@)ﬁg%\:ﬁ’ be used to provide a pa
e

for heat renova active region/device |ayer,
and may al so be used for electrical connection. The

pl Additrvgaliyt @rpatietatetyf ﬂfeﬁ’@ﬁh\@ly it lélﬁf' o8 nl1£lvtfe| us(eh & provide

b
20 S:%&tﬁ;anfc%‘lva gb&'{ 3¢ tht%Echr P L I%F?' alsoifhléseg é%ﬁo(\flg? pcﬂﬁthot]or heat

Gafqmove! foay thei 96’5‘(@3'39'§"/§¢Wﬁel layert andt iay Blsbibe catd fon elekirical
Gabbribediisn. but nore steps may be invol ved. One
difference is that GaN | aser diodes require mrror
formati on during the fabrication. Using sapphire as
t hENRIBEE skapds ppripmPe gt Be waleridve! fiel betranihé kieig operation)

25 s appithdyebedsr debsraswdistt bthondtpge M rror formation is

30

much nore difficult and the quality of the mirror is

general | y worse.
The fabrication of GaN laser diodes is similar to the fabrication of GaN LEDs, but

_more steps may be involved. One difference is that GaN Iaser diodes require
mirror formation during the fabrication. Usmg sapphire as the substrate compared
to the method without sapphire as the substrate, the mirror formation is much more
difficult and the quality of the mirror is generally worse.

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



After sapphire is renoved, the |aser wll have better

performance. An exanple of a typical GN | aser

epi taxi al wafer structure is shown in Table 2. WO
2005/ 029573 PCT/ S&2003/ 000223 11 My doped p-type GaN
contact layer O 15Pm My doped,p type Ala hG3.L

cl addi ng | ayer p.4%um My doped p-type GaN wave

WOogustozyg7d ayer 0 12FLm My doped p type AIQ GaAN. . 00 -

el ectron bl ocking layer 20345 in "aw, ,.,e 'asa
-period y s active layer Irk, niGWN well layer
ki ai uGaam\ barrl er layer is h:.. Si doped n-type GaN
V\B_Ve (éln lll LTI II'I\II—I C 1213_—#1*51: ﬁLCSnAJ f\IhQ
A, n : Jd _A5m S| _doped BisRm/pe
| n0. | Gy guitatihe Gy BtE ailaing Bt
Un- do cP&dERhe o -!».‘ Yot bRENHath v .
GaN I k=8 &“fﬁ'u: L-‘:l 0 D ate 450 Tm Tabss 2 15
ouy : = i | J t \I =~ m’: o,
_Fory &3 ?..-s.ﬁidr* waveaudinl‘é . = = E_Dq ; Qout
. 5"81_de- he DGl Py - r__ aT=E~¥~Tan ,!-‘ iis
. L ddinty 13 0,4
em t { esildopktd c—:.',»_:W Tave peerm devetroped—to _"
nor e| LSl ddged miype eCNi p I N_non- 3Bm
(esppe? ntyPelG nP._not —20
The -i_n-d £l r . .
10 Un=iopd mplate Taver | SN, rhask .
rel a , =gt o
hi gh| \Saprbird seftmtee OT 11 gNL _AS SuCH tie fTTst—ggaie
conthct layer 20 at 1fs junction wth tne eprtaxral

15

20

25

30

| ayers 14, also is arefleﬁ1 i surface, or mrror, to
i mprove |ight output 25 Al ough reference is made to
copper, any other platable material nmay be used

provided,it is electri caIIy and/ or heat conductive, or

pr @-’W d&&.d&.‘i}e CQBI%QI%EI C@EN e oggoug OEE%t Dgeht Sgecarnega?gdd u"(1: ! t(t)wre o

semlconductor is emitted. Various ways have been developed to extract more light

out from the chip in non-GaN LEDs (especially red LEDs based on AlGainP, not
GaN).

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

Although reference is made to copper, any other platable maferial may be used
provided it is electrically and/or heat conductive, or provides the mechanical
‘support for the semiconductor device.

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

without departing from the present invention. -
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30 Whil st there has been described in the foregoing
description a preferred formof the present
invention, it will be understood by those skilled in
the technol ogy that many variations or nodifications
in design, construction or opghation may be nade
wi t hout departing fromthe present invention. LLOYD
Wishs: 12 Cains: 1. A nethod for fabrication of a
reflective layer on a sem conductor device, the nethod
conprising: 5 (a) providing a wafer conprising a
sluA stetrati dorviatribationlot 2 Eflectiepiayerh alsen@yetustontayie &te MBthod
Qgﬁ n bstrate, the multiple epitaxial |ayers
ng an active region where light is able to be
dé)ner ﬂ@di?ng(%waf?rdaowpwga% supgiaig wighyaulfinle epitaxigifayastmounted on the
|sﬁ§1§trféte0thae anultipleSdpitadit fagere ceprising afdttive RigRnQdeteaghias able to be
é@&g% the first surface being renote fromthe
rate, the at |east one first contact | ayer being
a faginaet |eaetiong Ershepnisrt layer pva Atstwriaee of theaMultinta ¢pitexial layers,
|tﬁe/ﬁ3‘§t sufféck bfemlj F@nﬁ&e florh @lealibstaleytht Bi 164t bRy @&t Bhtad layer being of a

adj ent to the at | east one first
cof%fé;’gtm \(e”a 3%3 %S%Ct'v&l%w ng the substrate. 15 2. A

et hodora@gcﬂ raiah\@dy thiek leyetioha dondvdtive eetal adiesenttto the atleash nee first
Qbﬁ@&kg@ngapt | ayer forms an Ghmc contact to the

surface o e plurality of epitaxial |ayers. 3.
Ad net HEEo4Y e %Hbﬁﬁ?q in any one of the preceding
clainms, wherein the at |east one first contact |ayer
Czome'tr%@%s Qi @alﬁﬁelt @herleﬁYrﬁara? :ﬁan%né flrsécdﬁ?atcfv‘\lﬁ&r #¥ms an Ohmic

prece g clains erein
t°ﬁ%‘a?té? the |f'%?“§fa%?fé¢@ FP'%{?'@# & epitaxiA lg¥eEs-at | east one
sel ect ed fron1the group consi sting of: nechanica
?gﬁw&ﬁold g% Elfa grﬁlsrgg;éng@g% Fﬁg%dlrg;ec C#erﬁlg gvgg eﬁqr&e etq%st ?ne first contact
é@yﬁkcm&“estrhlét'ﬂ'q Hetel l@ers ti ng device. 25 5. A nmethod as
clained i n any one of the preceding cl aims, wherein

L8 oA AL Y ol e UELAGT) SRS AL oy
mfpvainy aiderst ofe setpsted fremdiol grgurcdoasisting ofvimerkanicat syppait for the
|seARbnRBRr ddvics! el&ctbRBhnecéh AN EerhiSonBGasRdvivd, tahd é‘ﬂeat sink for
adheglon | ayer and a seed |l ayer is forned over

98T TR ®prior  to application of the relatlvely
thick layer. 7. A nmethod as clainmed in any one of the

%r RGRtHoR s ChaiddBh atYRE Bf the blaBedi! irhy! Ghn¥relnth& i iakidaBihick layer

forms a further substrate for the semiconductor device.

LLOYD WISE

6. A method as claimed in any one of the preceding claims, wherein the at least one first contact
layer is coated with an adhesion layer and a seed layer is formed over the adhesion layer prior
to application of the relatively thick layer.

7. A method as claimed in any one of the preceding claims, wherein the relatively thick layer is
formed without patterning, patterning being performed subsequently by one of. photoresist

patterning and then wet etching, and laser beam micro-machining.

8. A method as claimed in any one of the preceding claims, wherein the relatively thick layer is

. atleast 50 pm thick.
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formed w thout patterning, patterning being perforned
subsequently by one of: photoresist 35 patterning and

then wet etching, and | aser beam m cro-nachi ni ng. 8. ALOYD WISE

nmet hod as clainmed in any one of the preceding clains,
wherein the relatively thick bayer is at |least 50 pm
thick. LLOYD WSE 13 9. A néfhod as claimed in any

one of the precedi fter
% ﬁérpeéhngs c\aﬁr&ddragral c%s rOL‘ﬁ%ﬁ aregeaé\rg; Cc alras (\:A%ﬁ{eg\ %ﬂ%f SQ éisjh\ere is
isc.cied thrising Bae@ndconténd laggi qn@xqegq»nd|sarj@e§f the |gaitaxiaklgyqys. the second

s?Jchfeao%ﬁ'ng l%ﬁbcfége 91@ RiFse EJr%cé e Jeb&r%tcoﬁtHétfla'J}@eoelrtg%leﬁleﬁ @6l the group
ont act a er bei n%]fse eCte fromthe group

@6ﬁ§1"§PT ﬁ@a"('iP seflsY Bare%te?ﬂd BPREYar ent, and

transparent. 5 10. A nethod as clained in claim?9,
‘wqﬁrn?e't%dtag %!am%galﬁﬁmvﬁ@rﬁm|trﬂ-y&Eorid~°coﬁt@ét IdyeiBfor light transmission
£

ansm ssi on d for Chmc contact, and is relatively
anKifer. Ohmic CON%F%‘G r%l%""‘élyﬁ\"hed inclaim9 or 10,
wherein the second contact layer is in the range 3 to

111|0 A%Qthoa'QstcBﬁéﬁ'i?Aﬁ%m FHrBLARLLIRMe SE@hFBShtdd 1a9eys AR rBifige 3 to
Cl al ns to ,

. erei n the exposed second surface is
20ewhibigk-and et ched before the second contact |ayer is
deposited. 15 13. A nethod as clained in any one of

ﬁO?«i n&n%vgirats?:ﬁﬁ%% YOS Slelbs Elgﬁns (&M drERALAEL L)?éﬁes%c&i\‘a %ﬁrface is

e Brea of “the second surface.
clesiniad dnchstchsldbefoesithe AecRNY CAMRS! 'éYef@l %Pﬁ%te@ to 13,
mherein the at least one first contact layer is

fornmed on p ayers.of. t

e RSl ) Sl S SEU B MRS S torer o
hatyeves thefwhblearespif thyseedndlsafases.  15. A mst hod as

claimed in any one of clains 9 to 14 “wherein after

s e SN SRR P 1? erem tﬁe atqeas{ Qne flrst contact layer

34 AoReihed asrelaiBedp aphedth F'?Ig?I ayers,
BUbrmied ob heypdil@ksct theeptaxiahtgyers em?th mommt 'emﬁtSaf%ff"ed on n-
d@é%@ﬁ%éfﬂgga%é%ﬁgmgp t he second surface through the

nmet hod as clainmed in any one of the
precedi ng clainms, wherein the thermally conductive _
ﬁEtﬁaﬂnetﬁW disBed Dapperie diodinisiteto epiviresdiradfter stgr (a3, dielectric films are

?pgg) pﬁg}n thusecorpcj seﬁ %erl\bfqtﬂel e%ﬁ%l Ia r§r0§>enn;lg7s ar@bdﬁth@@’iel@@tnc films,

I'n any cl al ns,
land the eecosd emac{ @yeram@peat)ed OBU'etSH@}“g SPF&GCEQF?L@MWPFH'BQS

addltlonal step of annealing the wafer to inprove

F]P &@8 %ﬂ%ast(ﬁaclmﬁ% mfaal}? ?d ?f%he Oorégegﬁ? clhlﬂwsa\PNerQﬁlgeQﬁer%Q@ conductive

lvecked camifridps copperrand ghesritaxéat merﬁ)ﬁpnﬁmlée guligle Gallgplated 1ayqrg.
A nmethod as clainmed in claim 18, mhereln the patterns
are also fornmed in the seed

a7 &b mehod as ¢aimedinesy gpe ciféhe Wﬁ@%'é‘? ﬁlallrrﬁew?e& Hng twg((-:tj Qg;hse(c) and (d)

hieréik ipgddrined helditianaester o annealing the wafer to improve adhesuon.

18. A method as claimed in any one of the preceding claims further comprising, after (c) and

before (d), forming patterns on the seed layer.

19. A method as claimed in claim 18, wherein the patterns are also formed in the seed layer.

20. A method as claimed in claim 18 or 19, wherein the forming of the relatively thick layer is

between the patterns.
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between the patterns. LLOYD WSE 14 21. A nethod as
clainmed in claim 20, wherein the relatively thick
| ayer is formed to a height no greater than the

pattern height; the patterns being of a height of at LLOYD WISE

| east 50 Nm and a thickness la in the range 3 to 500
pm 22. A nethod as clained in claim 20, wherein the
relatively thick layer is forned to a height greater
than the pattern and is subsequently thinned. 10 23. A
nmet hod as clained in any one of clains 18 to 22,

é”(hﬁrn%'tﬂgdtagglairﬂeem clﬁﬁw% Wﬁbréuﬁfﬁeﬂ@éth@l tch‘k Iay%hle formed to a height no

;%g&ﬁ%.b%np%tgm @@%&agﬁn?@%) rﬁgoo a gglg OZ?XF‘I ast SBtp% and athlckness
ipfhetrrgeprte6edimg cl ai ns, wherein the rrul tiple
epitaxial layers are intact until after step (e)

step bei ng perforned

W@&“Oééséia@%’é’ac'?'ﬁ‘ @nvh%ﬁath&ffe'WS'yﬁP%@%Y&f e f°f eg e "Aé'g'“
gb@ﬁér&ha’h thé patefridndiissypeeduentyenret. t he waf er IeveI. 26.
A semi conductor device conprising: 20 mul ti pl e
epitaxial layers, the nultiple epitaxial ayer h hod
o Apnetradiag Cb?ﬁ“edd'&ﬁnweroéﬂ?'fﬁ‘ﬁ B WE?{GW’W b g megod s
e sgenibabens matiplk epigkianaerd intbsidividuatdeeites. ayer on a
first surface of the plurality of epitaxial |ayers;
the at least one first contact |ayer having, thereover
2. Panebadas|ojpirped ie RNy g5 of g SrecedingCIamayhgre/he BW[B‘B'SFP'\Pé'a'

ARdrabre ittae uhtl BRdr sEPNE)AQép (epyedig deefbmgdat tha watef legelt | ve
material to be a reflective layer. 27. A

senm conductor device as claimed in claim?26, where
2heA methbe astlaimre infany ste efdhg ggqedmgy@rms gpergig ﬁigpl &peﬁormed at

mél\nra\‘e‘? cemet al layers. 28. A sem conductor device as
cl al meélaln claim?26 or 27, wherein the at | east one

first contact |ayer forns an Chmc contact to the
D6.rAsdensaond e dedicetdomprisiid | pl e epi taxial |ayers. 35 29.

A sem conduct or n@ﬁu}ﬂe%ﬁﬂaﬁ%l |§i'é‘é mnulbe@éMaﬁélﬂhyeffs cOmpiigifg an
26 to 28, wherein en, the active

regi on and¢tHe ¥4t wRigH 'fggfs'é R 4 t??egeﬁfraf'egl ity of
epi t axi al | ayer at lesst bme firkteontaci dgyer @ alfurst@uanpmf the pioyatity of

WSE 15 Sg%&f@g{@gonductor devi ce as cl ai rred in any

one of cl 29, wherein the relatjve V)é
the at least one first contact layer having thereover a relatively thick

layer of a thermally conductive metal;
the first contact layer being of a reflective material to be a reflective

layer.

27. A semiconductor device as claimed in claim 26, wherein the at least one first contact layer

comprises multiple metal layers.

28. A semiconductor device as claimed in claim 26 or 27, wherein the at least one first contact
layer forms an Ohmic contact to the first surface of the multiple epitaxial layers.

29. A semiconductor device as claimed in any one of claims 26 to 28, wherein the distance
between the active region and the first surface of the plurality of epitaxial layers is in the range

0.1to 2 um.
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thick |ayer provides at |east ohe selected fromthe

group consisting of: nmechanical support for the

sem conductor device, electrical connection for the |ioypyge

sem conduct or device, and a heat sink for the

sem conductor device. 5 31. A sem conductor device as

clainmed in any one of clains k to 30, wherein the

E’;ﬁ | aéeg}lﬁ;og%%c trla%\?gez; acYa?rEeJ i gﬁon% off HEIL%%% doséb? %@STJC lse%ratively

thickdavar preidesiat igast ooe éelefﬁedcfrcw 8 98P eepsisting qﬁmtéamicad pigpport for

kRl sehice@dugtor &&ldehélé‘dfnda%bﬁﬁech@n faf the earitoridlctertelibeé, @Kd a heat sink
ctaor device as clainmed in any one of

%Frﬁﬁf”ﬁﬁnf Q@é‘mﬁhereln there is an adhesive |ayer
on the at |east one first contact |ayer between the at

|3¢aﬂ$$enﬂébﬂdtfjdtdr%fewé@£§cﬂ’éﬁ1ed |ﬂﬁW one@fBlair3@6 k@@ wh¥RInkthe relatively
eV|ce as cl ai med

ippver Bt i e R e TR Bl dFARSr Dot vean the
adhesi ve Iayer and the relatively thick layer. 35. A

%Qm é‘é?rﬂéi:lrheﬁc% d@ﬁé’é &SlAfedth @h\BH df BlaRRY6@081, ther‘élné}hé@atwely
rising a 20 second contact |ayer

0
%Ckéay%'éﬁhﬁa%a?f@ '(’—quf the epitaxial |ayers; the

second surface being opposite the first surface; the
§C/9Q§in &fﬁﬂ&c@&tde%@é/fsr clg?rﬁécﬂg aﬁ;%r%céf @Ig nfs@@% 551 @vhglrefﬁl{ﬁ)ere is an

consi st ng sem -transparen
PF%F@&’B?:V%&&” th%%‘ 'eaﬁtt %‘rﬁ’ L 6RItREE Y ba&?ﬁweaéleeﬁtar%{gat Goptact layer
a@haihera&iveiwtrankeayer.t he second contact |ayer is for

l[ight 25 transmission and is a thin layer in the

range of from3 to 500 nmthick. 37. A sem conductor

344 eamiepndydteridadier astlaingd i slainy$3. whaeiRghergisiapegdlayer between the
WhRdsRk ybhadiieeRBldhiccapguct i ve netal is copper and

the nmultiple epitaxial |ayers conprise nultiple

GaN-rel ated epitaxial layers. 30 38. A seniconductor

déwvA esnicpndedteridaviee #arlaingd in@ey ofe f Claimes262%34 WrtEF comprising a
WB&he 'céhtédi‘ %yér@fn'a%&én‘d%urféc@)befhe|e§|ta§fal by, kHetsRESrAGAr&e being
the fi % cont act X q ﬁ I rst sur; Ce: .
opposne the irst surface, the setond contact layer belng selected from the group consisting of:

opaque, semi-transparent, and transparent.

36. A semiconductor device as claimed in claim 35, wherein the second contact layer is for light
transmission and is a thin layer in the range of from 3 to 500 nm thick.

37. A semiconductor device as claimed in any'one of claims 26 to 36, wherein the thermally
conductive metal is copper and the multiple epitaxial layers comprise muitiple GaN-related
epitaxial layers.

38. A semiconductor device as claimed in any one of claims 26 to 37, wherein the reflective

layer is at the interface of the first contact layer and the first surface.



