WO 2005/029573 PCT/ SG2003/ 000223 1 Fabrication of
Semi conduct or Dem“\lﬂm‘mmmlm of the Invention The
present inventio I the fabrication of

seni conduct or devicesisaed 5 refers particularly,
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WQ AYaEhdt exclusively, to the plating of a hdgGT/S6G2063/000223

on the seniconductor devick. Background to the
Invention 10 As $35iiebR BEEGhicHRNictGDNRYE devel oped
there has been a considerable increase 1n their
operational speed, and a reduction in overall size.

Thi Fieldoftael frivegtich N8j.or probl em of heat build-up in

t he ' duct or devjces, Therefore, heat sinks are
per e CLadt ialin, MRS Rone HAFRBIGLE, somappiand dovies"anc
ZenTVYAadicyaryd dvaugle notSexstusiveliat to the miatingaiok arteatsiit yn the
f absémvbrRdcisedocat ely fromthe sem conductor device
and are 15 normally adhered to the seni conduct or
device. just prior to encapsul ation. There have been
man Bagkgymositoshd lnverttive el ectropl ati ng of copper onto
surfaces of sem conductor devices during their
fabrication, particularly for use as. interconnects.
190 Aheenisgndrstendeyiceshave developedinetsiae bessra ehositieralde inprease
nmadin theiospesmioat efsdd Cindra redliti6 indvsrald FELE AT lis Shusing @major

Si [ e ' d i ndi h de.
(1 oo SR bR o SR it iEteba Dbchais ere
devPairg useddphele diseipate g heat frem heastmicondupls devitee Srmh deat
. S e o B ewE nd ore
"l%o nd urﬁxg @pa.dh?re% ?ﬁﬁ? ?epg?o"fj‘éﬁy\ffr%ﬂ'c?jﬂ?f\ﬁ@& genfsRIURtion-
c) f

wavel rug”® iii transi ior merit) Si 1300

(C) f) |
1. IfHet Kéve-bger?’%ny al ?&%éel@éﬂ%ﬁl@tﬂ% cﬁ cgg%gr or%‘ %rﬂaé&oof

3.4/ 360 g4. 6 700 a(pl.e . - .
semiconductor devices during " their fabrication,” particutarly for use as
interconnects.

20

The majority of current semiconductor devices are made from semiconductor

- -materials based on silicon (Si), gallium arsenide (GaAs), and indium phosphide

(I.nP). Compared to such electronic and optoelectronic devices, GaN devices have
many advantages. The major intrinsic advantages that GaN. have are summarised
25- inTable 1:

|Semi-  |Mobiity g |Band Gop. |BFOM | Meximm |
jeendugtor |(cm®Vs) |(&VY {{power | Temperatare
| wavelengih |transisior | (C )
, __{(rm} merit)
1 |81 1300 LUT127)1.0 300

GaAs  |5000 1.4/886 |9.6 300

GaN  |1500  [3.44360 |24.6 700

Table 1
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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.
. Consequently, electronic devices made of GaN operate ,
wa 2005/6d95131 gher power than 5 Si and GaAs and |
devi ces. For sem conductor l,asers, GaN | asers E§5/8G2003/000223
relatively short wavel ength. If such |asers are used
for optical data storage, the shorter wavel ength may
| ead Fram Babidit ghen ﬁééb@a?ihwear@ﬁa%sthla
the manufacture c@g %%ﬂ%g bg (gg %8{’}9"9
670, MB/ U1 sk VAT lI'qj:ﬁgsl JEE?;- ét '@aﬂag‘?ﬁj Baydsl b@ﬂﬂ QE[ASleemlductor
used CPesequantip dletrersid delived phdey mwpbﬁt@atmﬁﬁiﬁﬁéfr é)%/er than

aboutsi ghd GAB/afy H Ede@@&l | asers in the next-geferation
DVD pl ayers may have capacity of 26 GB/disk. GN

devices are nmade from GaN wafers that are typically

mul t Fel semiGahducey is&re, Gahblagd havel é‘#ela‘t.ﬁ%ﬁ%@gﬁao?lér'rgttﬁdnf Sch

asa frate, e sapphire s
E’P‘?& o Eéélasf e 4 F? iﬁ‘i’%ﬁ% the sharier warelengthamay fead-to a
gr ov\k“ﬂ*letf éﬁ&ﬂcw eGﬁ%ﬂ’ lasers . usee ffortthe nﬁhufgctuﬁeany@bSROI%l Qith a
1® | edphdiyef MciBioalis SRNE
(epi %lg)faltaslt &QI éﬁ) alﬁig$ ﬁgﬂﬁl re, FSZJ’“%; g?sgd 8?§‘ égr?é‘? used fer
in the opi P e[sa‘ﬂ’/'g‘r%caPSﬂB’fPf@@P'éd'éG@éiﬁke Gadelab@sin the
. pr obMehgenerstionWD blagses sayiete bicapmits6iP6cHdsk, 0 a
N esser ext ent, for GaN 20 LEDs. There are two maj or
d rovm n epl taxi al wafers: nolecul ar beam
epl t éks/ Y Efe mg from (Gan ‘%?f@ﬁlﬁ‘% are tupicelyl mmmmmaN-related
e p epitaxiad nayem@ued Bt 5.sapghired dBktate. URRAsapdfire sybsirate i

COan%[HIIS' Winches lﬁkﬁfdu; er agchar Ocﬁlie;esv#ré{é%hxla gflorn t%e epitaxial .

th eq J'or step phot

di el'@€ fsr i %”ef fo 'ﬁﬁ“ﬁ“e pésgrRich (Pﬁ"""eﬁﬁt(%ﬂ'\l-flebﬁldl roRteriatso (egitadatl films)
- f or gt |smhlrmm@tsuanspmtatamhtueésépnaﬁal MRS shdhl JURld %gcaUSe
in

vaf @eridit GrB@msGhh Band RBIL g%b{r%lqsls% &P wre pon
nd reliability testing. T A% S‘? B desSy rdtenp for GaN
Z?ﬁakll'ﬁg ‘LEDs are conpleted at the full wafer scale, it

is then necessary to break the wafer into individual
LEDTR&E: BR @6 "r,yog: g?dul f.er. own on sapphire
sub?@é tes, Fetho g{%f o \gga x'%ﬂ% &S gnqiRgHigE PgALeRitam

%p?ﬂ r’EEtF's"fQPé'Whﬂa'Fﬁ vapaye depgsitihi (MOCVD)s tBottasre twidely
be u$fidnned uni form y from about

- 25
Conventional fabncatuon 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 ére completed at the full wafer scale, it is
then necessary to break the wafer into individual LED chips or dice. For GaN
wafers grown on sapphire substrates, this “dicing" operation is a major problefn 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 limit throughput, cause yield problems and
consume expensive diamond scribers/saws.
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is then diced by dianond scriber, sawed by a dianond 09 FEB 2007
saw or by | aser grooving, followed by scribing with

di anond scri bers. Such pr ocessgs limt throughput,

cause yi el d problens and consdnme expensive di anond

scri berSP¥yLED cljpsogrewrpom sRpphire SURSYAIRE reaEire tei wike bgndsvan top of

on sappie ¢hip. S'hstt nmémryrbecpmlse 8apbhi@ is\bik lediGUACiBsuRbr bPcurrent

of th %ombtﬂn tt;FgUgﬁ tHeS1 06 %&m&wnepse g ﬁ&}%ss?@eo %wlc%gach %Hggond

electrical 1 nsula current conducti on

the 1003 aé%ﬁb%uh ﬂ%ﬂﬁéé{% theswaigh arpry dbg Beoand wirg bendgrggiyes the
Wre bowdlberprad:hlpalperswafsom atigt 16:94%fastdoapavad &r siagi®eaire bond
the seqend M%n*%@ﬁﬁllnctlrr %Hﬁﬁ&st h&@mBst Q\Wﬂp@&al@fLFﬁ@arQ%rown on

per waf er rlg to - single-wre

Do Lo S TBiee ARG a0t M PRALST PACaES Mrivaats. Sopvire
non- GaNoRgSs resipeesqgpasipgingn vield o requicasi mgdificabiart 106 besswigen tionding

use OnNerotlesses, hedides tﬁ@ ﬂsdﬁﬂ‘é}@a@'f the chif) rﬂ?@%ﬁ%hca&?!‘@\e‘%r& Bonding
bong)l n%r&c@?s%ﬁﬁwg??o %%a%g'}‘é lelg requires nodification

of one-wre reduces the useful
area of the chip, and conpl i cates the wi re bonding 10
pr oCes sSapptike it algoviEthermpbdkagion Foy bxhiie, BARGREIBndustivity at

not a %@Rj ro&nh ?Jrrﬂi@lattﬁé:)@WIRFn '{l’FQ s nﬁf&ﬁle%r %hall §3ppers thermal

t her nal °‘|“$ﬁ2 uct|V|¥% roomtenpera

40W Km SORictity af 380 K@n‘fﬁhﬁ éFDPH&ﬁ beaiﬁsé? itsspackagP Athe sapphire
conthuctinterfacy, tie he@8gendvaléchin thé attiveregioPotthé Pevice nlverfde thréugh 3
i ts packagfcréts df Ban %ﬁ@ ROY . lrn@ro;sr’of's%rﬁﬁrg ?ocr%achttnee%%%'élpfat sink.

generated in the act evl ce

P hr ougHisn Sossatfnss die b vif S fieinaly’ earoimans oy relasily
sapphire to reach the package/heat sink. As a
¢gnseqUenEaN LEReor$aPphitg: 1hp aptiyp region where dightisragneratedhis about 34
per 20or raioefran the ls@pphdsdbksitate. For GaN LEDs on

sapphire, the active region where light is generat ed

is abOLgun?m%rY] ‘2‘8 vgrtg)or;‘ fromthe sapphire substrate.
Summary 0 & TAVERTTON I n accordance with a

preferred formof the present invention, there is
pr ovi ded agcordahcemgith prefeered fobrb lof ®aipredsnt vaeﬁilon there is provided a

se niSC Y r\'ﬁé{ﬁt;do rfc:rd ?a\ﬁhga‘:t‘io ofa S ggﬁl&{n@&c‘? r. tdg\ﬁce oln a substra{t% e the

sem conduct or devi ce [
met hod JeMEPTRYPALIeviGe h%"ffl@ﬁa“?““’("év)“ @Yeé%tﬂ?edmf%&dw digg fha gteps:
of a thernal®y celdmptative ariageepii altheandlip.coaductie ragal afto. a

the sem conduct Orsurﬂfég'o@@ner SoRdoRducloP %\Il&ere?ﬂU@Sftot}r@{hg substrate
and cl ose to. theggé renovi ng

the substrate. %8‘83%%%?%8% ce may be a
si |¥%con- baséd dewm,ce'ing the substrate. :

The semiconductor device may be a silicon-based device.

in accordance with another form, there is providea a method for fabrication of a
35 light emitting device on a substrata, the light emitting device having a plurality of
layers 'wi.th an active layer; the-me_thod 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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In accordance with another form there is provided a
met hod for fabrication of a 35 light emtting device
on a substrate, the Iight enltting device having a
plurality of layers with an active layer; the nethod
including the steps: (a) elgctroplating a | ayer of a
therrmlly on al onto a surface of the
sem conducforqgrgwm qhe Suggra “fromthe substrate and
close to the active Iayer and Anended Sheet | PEA/ AU

0 9 REBoBREHRs, the (hbmallyessRMiche: IEJ&%m%W%Bé Q'i@at s.ﬁQ R%ea?

for ndyctive | as a
e el gk of Y BB B o arsenr e g

.-Bgm@'rcﬁﬂ% to 300 mcrons preferably 50 to 200 5

m crons. Ina further form t he present invention

proviyde . cat i o of a sem conductor
" devi ce gjrr{r%su rtgh(r?'ge é‘ggenL%%sAé'm E?r‘{ fit £ PRV iPC Bbiesimef &

pl ur SETPAYGtor devigo op subsirsfe, the eamiePrivritrddiicechaving a luesy of
10 (layersafipimeting ieiusiegtie bigyeer of a thermal |y conductive

tal t f ke duct d
Yemte {1am ¢ Ef“t""g BterBe .} MRl SRRl o =

relatively t§HEce PH)Rsemisergusior deviseremets from the sattsirate:
met al on (bhe ePctexpldiay errelatie’y thidena@t loy tHéOtHQerGW H&uductwe

met al of suf flegd 8Rthe ste&i' I qr?esth%r(l)naﬁ)‘ggc}{': c%¥e m%lﬁl é’$ §L§}é¥f”{

and 15 (c) r Vi n )Stra F1or

| ayer being Zn%P?ség"prP‘f‘F@ai%ﬁb?@ #y be coated with an
dhesi on ()l ayemavinBéfecuistritee el ectropl ating of the
relatively thick |layer the seed | ayer may be 20
patterned with photoresist patterns; the relatively
thick | ayer being electroplated between the
photioeitee seed Tver bainachpbimyiethe kagyrs heayeeshte ORKrA&Enesion

W t heyst. pafofeathé él@&roﬁl@ﬂwg\m B ré?éﬂvl-,n? Elﬂ!kng/e ﬁla gged layer may be

f
gﬁ {‘)t %Etgg%s\?ftjé gtfo%é%rq}sﬁ HXttegﬁd he rglﬁglveg(stﬁ&%{aygt befig lféectroplated
thei

At e °t°'ie§'3t?ray be by |aser beam ni cro- machi ni ng
of the relatively thick I ayer Betvveen steps (b) and
(©) 1riQ6e; BRY oha§ BILARIRY il AAGLLA D! R SR,
t . «
anneal.i n ayers T OV é’at PR PR with patiering being
performed subsequently Patternlng may be by photoresist patterning and then
25 wet etching. Alternatively, it may be by laser -beam micro-machining of the

relatively thick layer.

09 FEB 2007

Between steps (b) and (c) there may be performed the additional step of annealing
the layers 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 lthe 'range 3 to 500 microns.
More preferably, the photoresists have a spacmg in the range of 200 to 2,000
) microns, preferably 300 microns.
35 _
‘The relatively thick layer may be of a height no greater that the photoresist height.
Alternatively, the conductive metal layer may be electroplated to a height greater

Amended Sheet
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30 Preferably, the photoresists are of a height of at

| east 15 to 500 mcrons, nore preferably 50 to 200

m crons, and have a thickness in the range 3 to 500

m crons. More preferably, the photoresists have a

spacing in the range of 20Q to 2,000 microns,

pref rably 300 m crons. 35~The reI atively thi ck | ayer
@? pﬁ“ﬁ'@?'@‘ﬁf‘d brosugpessiently thinmat. THirgning el @6 B piikhing or

he| gkt etchiigt er nati vel y, the conductive netal |ayer may

be el ectropl ated to a height greater Anmended Sheet

| PEA/ AU O FEB 2007 5 than the photoresist and be

subs é\aﬂesiiﬁp | (9 1418 RALEE inqiuded Anreytravstyp tfdoriming e lai sebdnd Guice

Wet et toh sergjconAddie Hewide@emdte Jrofh wrenam@w trt?& néﬁF L lgg&qﬂ Bhmic

extr gork f a secon sur f
seni ¢ on%jcﬁ%%'eg rThfegéﬁcggffeq tha &C £ PEPNT piumic %‘1”5‘9 '?/3@[ yThetseeded

| ayef” hm"é\c@’é@bﬁb&’ 5ﬁ¥rf’?:°”ed’6ﬁt>%ﬂé‘é tiapsperent, Fivseaotniragdrent, and
| ay efmayredg bérerablsmcomdam:hmuc ORifnidt a&ﬁaci &¥RLton A s%gge%g

ohm Bro6&d8 tsftpt rrla?%@ an e ﬁ@ E eq%%)n? ﬂrgFesBlts%gg?r@?ruiﬂlde

51d sem ..t r%\%ggr ent
pat t evaten OIS c Thef ?%P?ﬁﬁﬂ iSenene petfasib Segsemmdonductor
pr oc 8e¥ies e henuipandicarcietericelChefiié theﬁé@or&‘d@ﬁ#&b’cﬁ]@cbiayer is

Si I e se ic t
s The oo ot B MRCE e RIS Ay 1R Buheinteror

second
devi E:hg-gecon BLPF%EET Hgsamisengusipidesige- bef ore t he second

ohm c contact |ayer is deposited onto it. The second

ohni Ehecwﬂ'tl@ﬁauctoahf&f cem 'BQttes?e%Vo%rt ) Eeerghogirf Crg)%?s_l_gnaymee

t he e sem con
sem g‘%%%ﬂ nt@ epc?é%efddrg%'”ﬁ‘é'gu%ge‘t'céét ed on the layers, and
the layers may be subsequently separated into

I ndi Vhedsedicobl@)étof @8y ; devi ces
fabrb&,g;u%oll:n\g/l 5t hout mg%ﬁ#‘a oﬁ%%ﬁgggy%tﬁgm ping, morﬁgq? i I§‘Pﬂ"ﬁg

d di cing. sem conduct or deV| ce conprises a
%rural ity of epi taX| al -layers, a first ohmc contact

| ay eFhebssimingnadustoa dévice Somprisieh &C;ﬁurélfty &fh—.%lt&%’l Fa%’s a fqut %h% S

I eMDEdRitakl @%rttnzﬁ\g Q%UQ%H @Frgagf:g ro;f]%t(\) epi tﬁgalgaryfsgsﬁ%gfe from the

| ay
| ay esr%mr%% d%? ﬂ'ét g@lﬂ%‘f?&‘aﬁﬂm‘?&s Eanbaet phvay Evernmy thh epitaxial
for nﬁ?t?f% ﬁ”ﬁ”’?)“ﬁ@f‘d’ alyneic sonedct ka2 may be formed on n-type layers of the

25 expitaxial layers.

After step (c), dielectric fims may be deposited on the épitaxial 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), electroplatmg of a

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

The invention is also directed to a semiconductor device fabricated by the abbve

method. The invention, ina 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 provides a semiconductor. device

comprising epitaxial layers, a first ohmic contact layer on a first surface of the
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25 expitaxial layers. After step (c), dielectric filns

may be deposited on the epitaxial |ayers. Openings 09 FEB 2007
may then be cut in the dielectric and second ohm c

contact |ayer and bond pads deposited on

the.epitaxial layers. Altegnatively, after step (c)

el ecépitopd alér e r@lfatlv%lyaplclz EFJraXI arfé a(ﬂg g&@hﬁég n'ggtl gn thg first

ot he he epit ik
per f%“ﬁ@%""{a‘rﬂ@)er Fﬂ/@H‘E P d¥5at dnkg pradoa g¢qond: plvic contact layer on a

seni ¥eduRtiane o éhei epiarianieyes athe detiieil ickARRY %emﬁ@h@dﬂ by
The éigtvepdtingn, in a preferred aspect, also provides a

. Idght emtting diode 35 or a laser diode fabricated
by the above nethod. In a further aspect, the present
i nveHteregnaygreci adbssiva l&em)rctml GitsCbriic cohRét Bfer bR Ihe ifd0

epi tawiicdontaé YsH6Sand thefrbibtR bl ontact |ayer on a
first surface of nt gr ywiéﬁiet | PEA AU O 9 FEB

2007_ 6 epitaxial layers, a relatively thick layer of
a t hEerfalpivply duskdaxst imag beet adastoso Mb&mfetefﬁhckoi?ﬂ"tﬁe second

wontdvaiic do& NaybrOmdyden lﬁmh%%]: m?t#e%nge% g?rp] 3% g?({] ?ﬂ?f)rgfters

cont t econd surface

eﬁ‘g se'%"ﬁx g“”"F é?ﬂ??féf ErMAY R "laaiPéie%éwgraawreanmt opgque;
eI ec"i GHV%‘PWO"QHMW may be an adhesive |ayer on
the first ohmc contact | ayer between the first ~ohmc

‘cont he.relatively thick |ayer. The
el a%f%/”{}) tthw?ng\'?/'é ?heﬁéeyrmﬁlg cgiduptye Sretabmaypeeopprst er s

Phi ck; and the second 10 ohmi c contact |ayer nmay be a

t hi nTHeay.ea bé at feed NARYS: Of
The SRGRAGL 1 thril C co%?act eaﬁéerﬁm'ﬁcaﬂguégg éﬂr%s aEE ? t5 the

sem -transrgarent or opaque; and nmay i ncl ude bondi ng
pads. For .all forms of the invention, the thermally

- condine tbnfieontta kieiaymd)beCRAPBEL fight Lo FH S8 'Lﬁé(sepc? & ana
needh tAYgh Rficd he thermal Iy conductive netal appf
to the adhesive |ayer. The seni conductor device may
be one of: a light emtting diode, a |aser diode, and

20 dnystanehes fam, tleviiccmovided ays@nicBmbBedevicd EoprisRE bfitakis
- pr ovay@ded adirss @FE HaHLG! 1Ner Qﬁval st SURIRY &5 tlne %DI?J) F ail(érg Ian

adhesive layer on the first ohmic contact layer, and a seed layer of a thermally
25 . conductive metal on the adhesive layer. '

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

30 A second ohmic contact layer may be provided on a second surface of the epltaxlal
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: opaque, 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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layers, a first ohmic contact layer on a first surface

of the epitaxial layers, an adhesive layer on the 03 FEB 2007
"first ohmc contact |ayer, and a seed |layer of a

thermally 25 conductive net al on t'he adhesive Iayer

There relatively thick. |ay
of hen;?é( pgﬁllt{n"tgté h%ﬁ 4 Hcét Arg&%p mv?ntl?n ﬁnv&dﬁ%g éréeét&dlgé y@f'catlon of a
30. A séE‘Bﬁ%PdUﬁtﬁi eevmth&dvethwwwmthem ovided on a
Sﬁcond (8u tr f ace substrdre withid gachiay of épﬁﬁﬂéﬁaye?s{"éh‘on%ﬁﬂ?g” ﬁlultn?ie GaN-
ohmicc con a a n ran

o g]rsn 3t %‘%}L Eaﬁ%?épgfsaf‘r‘fm'“ %(':%%3‘"8?1?:’?"&3 g‘é‘ﬁ rQE @ first surface -
| ayer rray c6ﬁﬁ5‘P|e§!§a%|‘ﬂ¥Fﬁg pads; and may be one of: :
oanuel(b)t I aREPairthe sawb&i»a&e‘f&rrﬁmé apeR@lNs s3g The ]
‘therma tjve ri se copper; an

t he epi t axi g‘f}g‘réyae?econ ﬁm{? oﬁé‘??@@é@’l\@ﬁ@ﬁg\dé&@%ﬁf@ epitaxial

The sem conéﬂyetso_rth%ieﬁﬂﬁpw wagpicheongact ilgjet havihg tioR@ng pads formed
devipce. - Angpgles, Sheet IPEA/AU 0 9 FEB 2007 7 ..ln a
~penultirmate form the present invention provides a

net hod of fabrication of a senm conductor device,- the

met hod Thackcembid reguetidn eorghet payer (nay bamoralgﬁUbrﬁfsEtaﬁ %nWrﬁa? b opaque,
FC)Slallilt al- 'tFa)ﬁsrﬁf’en@ R E@Tﬁf—@énslnér@xte e gé)cgg d Pnﬁ'rrn] %8;%%(]@@ rBWnt?ecblank or

rel ated epitaxial |ayers
cont actpap%l'ﬂ}"&on a first sur_fac_e, of the epi t axi al
| ayrs; (b) removing the substrate fromthe epitaxial

| ayers;, a cond. O c contact |ayer
onya Sé‘gghl al(fg')"? a{geer g?ﬁ'de‘gﬁ SF'QQP%‘P‘“F 39‘6?95@"1‘%@‘1 by the above
second B#fAde cont act I ayer having. bondi ng pads fornmed
10 thereon. The second ohm c contact |ayer may be f'or
ht" ssi onh;  and be opague, transparent,

com -t rRSHRPEI S AR BaF R iR IR o1 pekr s,
be ¥l ank or' patterned. 1.5 Ih a final form. there is
provi desrid DeseriptiRAbithdDrlvdsce fabricated by the-
above nethod. The sem conductor device may be ali ght
emtt| ng diode or. a laser diode. 20

_ “In order that the: invention may be better. understood and readily put into practical

effect there shall now be descnbed by way of non-hmltatwe example oniy a
© 25 preferred embodiment - of_the present lnventlon the 'description being with

reference to the accompénying ilustrative (’and not to sc’:al_e')' drawings in which:

Figure 1 is a schematic representation of a 'seﬁjiconductof device at a first stage in
‘the fab\ncatlon process; ' _
30 - Figure 2 is a schematic representatlon of the semlconductor device of Flgure 1ata
'second stage in the fabrication process;
Figure 3isa schematlc representation of the semiconductor devnce of Figure 1 at a
'thtrd stage in the fabrication process;

_Figure 4'is a schematic representation of the semicoﬁductor device of Figure 1 at a
35 fourth stage in the fabrication process;
Flgure 5 is a schematic representatlon of the semlconductor device of Flgure 1ata
fifth stage in the fabrication process;
Figure 6 is a schematic representation of the semiconductor device of Figure 1 ata
sixth stage in the fabrication procéss; |
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[ scription of the Drawings In order that the.
iBLl/:];t Pgn rm)F/) be better understood and readily put 09 FEB 2007
into practical effect there shall now be described by :
way of non-limtative exanple only a 25 preferred
enbodi ment of the present invention, the pllelscrltffalt io\r/]e

' ' reference to the acconpanying illus
‘?glrfg&r/}dg%?tgo scal e) drawings in which: Figure 1PCHESG2003/000223
schematic representati on of & seni conductor device at

i IFgurest @@eschamatic ieprésaRteiicnadfitsdi y @0k Qur
g rlsmg;e o iC rhﬂ)r.e%.ent at i é_n 0 "?’ﬁglﬁzgoér%e%gen%ruéﬁ'Ber?at
devi ce o?&@f%%eé _tfeie{%n%a ORRCBTE ¥age in the
f abr Figdtei®ona fewdiegof thepguess. 3 i s a schematic
representation of the sem conductor device of Figure 1

ird-stage in the fabrication process; Figure 4
?gs gbg%ﬂ!%”[n’gﬁc{:'p Ufdee-Pretarsed Eratfodimentseni conduct or

device of Figure 1 at a 35 fourth stage in the

fabr ' C eligure 5 is a schenatic _ L
r 2pr E@gﬁﬁ% g@f@’ﬁ‘go&?ﬂ%ms g‘:e"bjﬁ (RGO BYmbRss iin: ragfetrirgfer to the
at aPOfasPERPSIDAlgureisn t he fabrication process; Figure 6
is a schematic representation of the sem conductor

[ i at sixth stage in the

R or et '%#%géé%‘? s ARy i ot alep i theBALess -h@ mEBBzation
2007n W-B@@SW@Q@W@\Mf&'r/19(32003/_000223 8 Figure 7 is
a schematic representation of the sem conductor device
of F1'Lh%ur? at the seventh stage in the fabri c.atl on
process. el 3‘%{ A" gaaxiabwiler withra ekstdarnd vstatke nptipleepitaxial
5 Ddaverd ‘etobnmeﬂmupsﬁamzcﬁantdtaﬁfoPé@?@re,r%%gﬁrr%)g W’s i, ﬁfg;;d
ishe ! L b O, e ere ] ,

lgr acsgg(lt).rth' %@%ﬁoquﬁﬁéahérﬁohca y0g GalNdpeen @’n“’F‘i"@?ﬁ%‘_"@. subgrate
To rléf“@EbQ"‘éﬁe#ﬁﬁaW-éXmP_‘%. ke epilaxialdiera14 (oterf dalled emibRes) iap
t he apyterkeafsmultipieh @yerst addl tha dbwepartOs (Vhﬁ,thpis_tm Wg {e §ﬁa%
of ftslient i " | S an i taxial v
S el DY B b ubrer B T bR vesipe
| ayers 14 on it. The substrate 12 can be, for exanple,

2Q ap P Gal layars\34 is| anRyhiGi contaBtliaysk 20HAvihe ﬁﬁmplemgygrrs.t Ko
a Ga%@m&lapé‘éb %gadg@twarl é’%%géugﬁc’ ILyelr%Z,%rr]\d.Sa%ElP chaprpgr seed layer
SUb% r(lé‘lgt';lﬁe_ 2) (step 88) of a themmally conductive metal such as, for example,
' copper. The_thermally-cbnductive metal is preferably also electrically conductive.
The stack of adhesion layers may be annealed after formation. |
25
‘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 contains an active region that is
sandwiched between n-type and P-type semiconductors. In most cases the top

30 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 patterned with relatively thick photoresists 26. The photoresist patterns
35 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



12 will be -used as aflex anple_The

epitaxial.layers |4 (often _called epilayers) are. 09 FEB 200?
stack of multiple layers, and the lower part 16 (whi ch

is growmn first on the substrate) is usually n-type

| ayers and the upper part 18 is often p-type |ayers.

- w@ 09298\ | ayers 14 is an ohmi c contact | ayer -
having nultiple nmetal l[ayerg. To ohmic cont ag%qséifg93/000223

20 i s added an adhesion |layer 22, and. a thin copper
seefiqrefgepreferghly 0mi ryianoas, dedenglisy @p tBSYiesidn d thichmhenigsy The
condtghs $§ﬁg§g@den§y&me@£e dgs% exanpl e, copper. The

therrral y conductive netal i's preferably al so
electrically conductive. The stack of adhesion |ayers
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S for@t 515 B Thek sl it GRS prERRe 1Bl e capeer
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d ev th@@?:ore b &eeé%hfead" Iééser"‘ﬁé‘ d:ﬁﬁ th RO pﬁQtBFe@k@ S26‘5‘ nH&@vérV the

gont hat sandwi ched between n-type and p-t 5)
sem FEBR ﬂ%etré’taénaﬁ be AR peight greatey ﬂ@"ttaﬁ & hq plipkaresists 26. in
(S t §4sb a cRgw, thei dop nayelreasl m&ysb;e selEeastitifthidnay gﬂ’:‘e diBY\elglﬁttno :
e fe i S gur
1 bﬁﬁgn thQHtthdt %?'i‘h ﬁB ﬁl?§8§ \M%y l%yhﬁ%]lshérgp%r \‘yet :

usi 0g st andard phot o gr aphy
seeffthingy e P?ﬂt°fe§'sf§a?f5t"@y ﬁéﬂ‘aVW?tWerf@Pand\PéPMhQ ¢rippér plating.

phoRemaal mhpbeby a Tarddu aidkmwh et Suek BS for3Rarile, 8 in
preget nge of 3 to 500

m cr on%?g%{gﬁeﬁ%ﬂgb %EP{/H%'QFC"@%O m croneters; and
with a thickness of about 3 to 500 microneters. They

‘181 eDefehdih@ominb MenamREigh, %c&ésﬁ@c@ﬁ{ém Mfaém 1850RRUsIAY

200%5@2‘%&5%?9 %55’6 Ft%%g%sg% EXRiR oﬂ%a""wr(é‘?’ﬁ)gﬁa‘?ﬁ'@l’hy S

30081 BFYPE (821 Epdsedrairyon(83) RessiyationgB4ometaliizatibn (84), thermal
c hi precesditie(8cpahdisd Forthpatigwes B). deRERSEr MNis 4RV AReAIRSBHNo

(W ayer 28 of copper is then electroplated
onf§$ﬁhyégﬁgﬁk(90) between -5 photoresists 26 to form

heat sink that forns a part of the substrate. The

C OpTrerepitdx@y Byer@ ié Es@lly&ﬁzﬁifeaﬂ h&yﬁéflay%ré"'ﬂd &l‘hﬁwe Bﬁblrgar %E@Jte

heref ore
t hzﬁs ng?']; fa&é@ e B t?‘hs%%f% ZQHH'ST 5r"8’§’| °§’(e§8d2‘€§th the
Ho vidnis 20 t%ﬁ’éES'%fbié%)@Fd P@rgpeir sexg@ Inyeys B4 apf the klettrAntated thick
graﬁb@arrlaﬁ/&eua that of the photoresists. 26. In such a
scase, the copper layer 28 may be subsequently t hi nned
to be of a height no 10 greater than that of the
phd® 5\9@@55% oggnal FHtistiate keyerridys then teynoped @shising, forexavaple,

et ahd Method GrKeMIM. R KRR, & AmBRhERK. BimittRYR M¥hadfiud §iPved

A e, SYBREL Bl T 489 Rs (1997)]. The substrate may also be

removed by polishing or wet etching.

30
Figure 6 is the penultimate step and is particularly relevant for fight 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.



Renmoval may be by a standard and known nethod such as,

for exanple, resin in the resist stripper solution, 09 FEB 2007
or by plasma aching. 15 Depending on the device

design, processing of the epitaxial |ayers 14 folloms

andard processing techni ques such. as,
W&%O@%Fgﬁil eaning. ($0), lithography... .. .. PCT(%‘FPO:‘/OOOZZ?’
etchlng (82), device i sol at'on (83), paSS|vat|on (84),

met alidri waddddg dHAR corttéfuenéyad 30 plfribﬁﬁsﬁélﬁxgna(ryg%}oceéeg n%g be
The, wa 10.is.t hen anneal

for gure 4

o bittonngd, e v iah e Shoiticaara e SBi apseining
usu@‘*l §6)rend @hatblitmograppe(9pyers 16 on the ori gi nal
substrate 12; and p-type |l ayers on the original top
surface 18 which is now covered with the ohmic 20,
ad hé%’?eal‘f‘ng%e>a?ﬂy fellgw sy degesition| oA 9iupis coriach fagtert3Re
el ectroplated thick copper layer 28. 25 In Figure 5

h b 1 h
| ?E’Sﬁr "W‘%S 3100 Tich Wied, M oy Gpo gl Pondiit keeineg Jne
O figseqan ﬂF@“ 5] $ﬁpalrat9d (10Q) (Fawrd 3¢ imbdh jndixiddal Mevuces/chlps 1
St utriﬂnﬂrvﬂthotﬂh}iﬁpmg%oﬁéhlr@oﬂhe s(:ﬁﬁtraie'sgand Fﬁtr&)&ﬁg Zl)ug P-Qaﬁagmg

QJS tb?'égai? ga?ﬁk’ﬁwl‘g‘eﬁﬁng penul t |p?ralt :hlspgpo;nd is

part|cularly relevant for light emtting diodes mhere

a trmspameé oﬂhgb&taﬁ.gnsﬁm Lsaéf@féraﬁlg i fhe @%gs gf &%‘E}F

xial layers 14 i
35 4f iickre ey soau Sl Ee'ﬁtﬂz?cacﬂveasﬁepn 3o $ll§on-based
pr eefesncabdqctdrsr tirestpmseiate afithessrvicohdws Wr@‘@ﬂablkin th& ralfBy 6 1

r I t
1" b botnd ol S0 oy Ry 52 0 L2005
PCT'F@@%%@/ Bisoyhis configprafionris clgsatecn reiptivtinthick copnenpad 28,
| aytee raBOof hisatesoval i impidvaar y processes may be

per f or ned. These may be , for exanple,

hot ol i t ho 92, 93 etchin (94, 95) ahd
5 o’%"SI"IPTﬁ'\' gF a “(('%536)”19 ?aﬂvﬁ%qukdavel( Qg)maifatgﬁ fsef |t@woviﬁe

20d e poesihanicah seppor Heritite clomt Watayl adspetie Bd td bfbvnea lanﬁ:&ﬁfoﬁﬁeat
ar qeifnb\%n errﬁ Shee otivd %)on@évnlb@@i@par artn%; Q{(s],g %aus%@*or efrgcétncﬂl

s/ dies canthen
i nt°8 er‘? i dual devices/chips 1 and 2 without
I appi ng/ pol i shing the substrate, and w t hout dicing.

Paoﬁ\@gﬂaﬂgg step is performed at the wafer level (i.e., before the dicing operation)
25 and may be for several wafers at the one time.

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 laser diodes require
mirror formation during the fabrication. Using sapphire as the éubstrate comparea

30  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.



10 follows by standard and known net hods. The top
surface of the epitaxial layer 14 is preferably in the
range of about 0.1 to 2.0 microns, preferably about
0.3 microns, fromthe active region. For silicon-based
sem conductors, the top surface of the sem conduct or
is preferably in the range 0.1 15 to 2.0 microns,

y about 0.3 microns, fromthe device Iayer
W(Xs(ﬁ’tsﬁé%g tive |layer/device I ayer in.this_confRCT/SG2003/000223

| ayer it
for t L ) :

for Helgdo m&mmmmmwﬂ,
and nﬁﬁ%&% URE AoalidelNeC A connecti 'H’H The
Dl ati

bef or .

sever|a Aygre GalN wajprd

| aser %% - '

LEDs | B et 'f—?—@r—ence
i s thahn- n N ' ' ) :aa-ﬂ‘ﬁ'
1duri rgﬂﬁmﬂg@@g@ﬁamam |nq sapphire as G5 lm

% ubst] r_i-dored Gah ten oery $is it hout s h| re
as tih i

di ffi 5

wor se.” ATTer sapphirte 15 renoved, thetaser—wiHt—ave

guration is close.. to. a il ati vel y-thi ck copper pad
28 the rate of heat renmoval is inproved.
Addi tionallyv. or aIternativeIL the rel atively t hi ck

better perfornmance. An exaﬁ?ﬁ'%2of a typical GN | aser

09 FEB 2007

epitaxi al wafer structure is shown in Table 2. 0 9 FEB '

152007 VD 2005/ 029573 PCT/ SG2003/ 000223 11 My doped

p type GdN cont act er 0.1$Pm My doped p type A,
GdymLStaN’aH -FOBMeEFial &%

vvlavsengmndilctmg islepjtied. Varibds waps Hille BegnaRdvélogel RE exifatSfte Nt

e

N %"'9@6@%&% RGN TR deptely e 4B brseg onpgRBGre

wel FaN) ayer 38- In,,o0" Gao.DsN barter |ayer Si doped

20n type GaN wave gui di ng Iayer O 1211m Si doped n-type

’The &%gﬁrﬁlg%%n%c?g%r% !» g metal’ aAhg g%tlvé%y smogtﬁ is qunt ts¥1rr)'my

and therefore highly 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.

25

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

30 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. '

gl - BERS 0 oS % ofiahtl.. genetajse iGaie. .



SI doped n-type GaN contact |layer 3lyn Un-doped n :
type GaN 4 PnM Un-doped n type ELO GaN | ayer 6Nnt 10 69 FEB 2007
Un- doped GaN tenplate layer ! Si,N,. mask 2AM GaN

buf fer 300 Sapphire substrate 480m Table 2 15 For. _
standard__comercja... . GaNpp L fight ....generated_._in
#Ha&aimen conduct or 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,

not ﬁ@%od 2& f;%a$05r§ ta %wogp%c?od e?ltée lgﬁ?/sﬁéﬁ;rggaﬁges!er&?conductor

net al and relatively s

t her SPYFENaYINg RIPiralitof layars: the rogthdd igdhidingshessieds: t he first
ohm ¢ Cont(@)czipplya:yerseé’d]ayeabf a thtaﬁndllge&'rdhane We&ah]ptat}?st surface of the
or

epi taxial |ayghs sg is areflective sur
mrror, to a%/e r(g(\]/lfe&of(lzj“llvhfE out put 25 Al though reference

is made t & c“d‘iﬁ’ﬁéﬁ"at'”aﬁye'ﬁt"ﬁéﬁh%l lzstenbf the tatretly edndwsBye M&al on the

used provi cedd Ia&erl the Gkeally Edraldtve LY Hsuiak tthk ess to provide a
conducti ve, OJ{ ges the mechanical support Tor
t he sem con ctor evice. 30 Wiilst there has been

descri bed (G feMAEngthe eleiratry description a preferred
formof the present invention, it will be understood

DYyt has&hckds! techn 'ﬁ% at _many

vari ations- gréawe f%gq Vo"'ﬁesremﬂ-' 38%? ce Eé’ﬂ%‘?q‘(‘,’l‘&‘tﬁ"@ﬁh@wn layer
oper Qf'?rd?]a‘?i’élﬁ/a“%“med i@Werhout departing fromthe

present invention. G 9 FEB 2007 12. The clains: 1. A

met hed tion a_senj conduct or device on
'BSubS |;mgﬁ%d gﬁ@lgllm%%lr{cgn e POFIaI Szv\'vt&eéex%gm ??@d dayer is patterned w1th

plur & ?t?'ﬁs'?}fpaﬁ%wsé?e@re the electioplating stepoblidi ng t he st eps:

(a) applying a seed Iayer of a thermally conductive

qet al e of t sem conduct or

devi g méthodtias Iarrf?f% '§Lcj Hv&erg nftg? 5??%@9"9 ¢ iecRlativaly dhick layer is
of t %‘WFbe f’rﬂ'l‘clt‘ife‘i‘ibﬁ?flﬁ’ff‘ﬂ ve metal on the

5. - Amethod 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 layers to improve adhesion

6. A method as claimed in claim 3 or claim-4, wherein the photoresust pattems are of a
helght in the range 15 to 500 micrometers.

7. Amethod as claimed in claim 3 wherein the photoresist patitems have a thickness |n the
range 3 to 500 micrometers.

8. A method as claimed in any one of claims 3, 4, 6 and 7, wherein the photoresist pattemns
have a spacing in the range of 200 to 2,000 microns. |

9. A method as claimed in any one of claims 1 to 8, wherein the seed layer is electroplated

in step (b) without patternihg, patterning being performed subsequentiy.

10. A method as claimed in claim.9, wherein patterning is by photoresist patterning and then
' wet etching.
Amended Sheet
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'seed layer, the thermally conductive netal of

sufficient thickness to provide a heat sink; and (c)- 09 FEB 2007
removi ng the substrate. 2. A nethod as cl ai med in

claim1, wherein the first surface is coated with an

- adhesi on | ayer prior to aé%l ication of the seed

11 , A nethod as clainmed in claiml or claim 2,

viher elr'ﬁe '?°Heas Slamed|inglaim 8 wherginralieraing iniby ksergieemanigrsinstthining of -

pat t thenelatlyelf bviak idylye el ectropl ating step (b). 4. A -

rrethod as clainmed in claim3, wherein the

\?\éé'?#?cﬁ“n of the relatively thick layer is :
U '5?6#%%‘#’%9 Hf&taines hig 11, herel the tekaticelatbick layer is of a
cI ai heghtlnnguaatyrtomehmomteaismaght to 4, wherein between
steps (b) and (c) there is perforrred the additional
%Eep of anneal ing the layers to i nprove adhesion 6. A
t hOd "R As e i g e ¢hctpiny 3¢9 Al rwhdreinvthee redsitively bk layer of
phot teewills tondadtivenas! isiectoblatd @ h@H glehet 15 (h@'a&ﬁoégst and is
to 5%59%&35 RMBLRES: 7- A method as clained in claim3
wherein the phot or esi st patterns have a thickness in
the range 3 to 500 mcronmeters. 8. A nmethod as
161 ai frekttiod agpigimed & odm €3, AhBRindhinding S byPitilshing JMABS &lthhg.
t he photore3| st patterns have a spacing in the range
‘g 0 to 2,000 mcrons. 9. A nethod as clained in any
fmethodiafglaimet i agy ongheficisins t et 4swimekir afigestep ) there is inciuded
- el ecer egfaaster of fomitd €@ a (sagondi duRgdét of AR gé?ﬁnéHnatgwtor devnce - g second
patt Sﬁ'ﬁ“: ng?& Ikggf Qﬁer g&r %gh%%b&’)g%&? lggtfeﬁ%ﬁlgg sgleﬁtﬁd from the group

as clainmed in cl
phot B¥§EiNgof: ﬁa%qugrtwnwgreahamﬂ PREY-trangpereett chi ng. Amended

Sheet |IPEAJAU O 9 F E B 2007 13 11. A nethod as
1§| ai Hﬁ-‘rqetHoB an:@uhEh%cia‘{}@‘?é %{hﬁreo natg%: g({og rﬁleofq?? Rtl I?}%Er@rone of blank

beam m cro- mac
12, AMEABE as clained in any one of clains 3 to 11,
wherein the relatively thick layer is of a hei ght no

179r eab\%etﬂola%ts ctahﬁ‘ednthgg A %Sérséialrnqb %fiem l\)/a%\dm%f)?]c} EH% formed on the

econ %/oneio clains 3 to
reI a Ve Yr}'"l'cn CRY'™§er of thermally conductive netal
is electroplated to a height greater than the

1ghot an‘fé‘iﬂoataséﬂgnédsn ar?&%\%ﬁglrg@fshyttoﬁ?nmerem a 587‘) (c) oLmlc contact

as C ai ?qe J] W@ aim
pol i SOHT\ an 8y peauent moFI@ss 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 second surface is cleaned and
etched before the ohmic contact layer is deposited.

20. A method as claimed in any one of claims 15 to 19, wherein the second ohmic contact
layer does not cover the whole area of the second surface.

21. A method as claimed in any one of claims 15 to 20, wherein after forming the. second

ohmic contact layer there is included testing of the semiconductor devices on the
epitaxial layers.
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15. A nmethod as clained in any one of clains 1 to 14,

wherein after step (c) there is included an extra 09 FEB 2007
step of form ng on a second surface of the

sem conductor device a second ohmc contact |ayer,

t he second ohnic contact Htayer being selected fromthe

24 OUR | sting. of . o e, transparent, and

Jem rieaRga: Banpdingny off Rt 14, 2T Mierherd Foelvdee s step o
wher &iPAratgehssiavesridto ddividvalslentesct | ayer is one of bl ank
and patterned. 17. A nethod as clainmed in claim15 or

| ai ei n .bondi ng pads are forned on the . _
Zés:'ecoﬁ]é';]e 0 ofjnwg %{ii"cr)"ﬁa act™ %[S?gqj .C%T?. TR FfetRRSEn dhe samigopgstor Aevices

any ¥Rdagicated afithaut bne r Trdgre wwhierted Ifromf the rgraipegnéisng of: lapping,
ohm poiistonif sa8 bicin§.Or Mat i on and subsequent process steps
are carried out, the subsequent process steps.
i ncl udi ng deposition of wire bond pads. 19. A net hod
24s cf Methed ab laitediiman\8onendferiaims 1 td123, asvtipaetie SemRMductor device

f rised a ' e heers |
sur f edbiorises a@huiad ﬁ@&t_al Ié‘fe%,gg m\;ﬁcﬁﬂ%gﬁ?gp%u%or?g Crlrsit I,s]urface

cont¢ er. .1 s depgsited. 20.
any gf?ée %ﬁ&g Fidi3 refgoq? hmigfe WhElrRlS: et olmais GARta®s faypre being on
cont Bi&pe laygiy eftheckpiiaxiataversover t he whol e area of the

second surface. 21. A nethod as clained in any one of
| ai to 20, wherejpn after formng the, second

25 < - : .

éc:)hm E%ééﬁ%’ 3R PES Dy any ﬁ*é‘l“?s » NETEIR| thEjRegORIRiGgpnigEt leygeis formed
seni PbheR s fdhe axpitaxiehiatere  epi t axi al | ayers.
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@S chajr in_any one of claing 15 to 21, wherein

24 heréﬂeg'% |gi ﬁ%?ﬁ"&‘s% M 30K 08 BiFYPs 1 &elfarherin glteriten (ay diplgctric fims
i Nt 03 rfgPSFitetLe thed copiteéab Jay@8 . and operiidys chraButGh andTBiBledtit fims and

any €uaenddhmicl BhtEE laherd Mid Bend MMAEEEH el Gﬁth%%p?é&%@lggeg% g:j

devices ‘are fabricated w thout one or
fromthe group consisting of: |apping, polishing and
24i ci ﬁg'.ethzg?s oaimed iR EaY ens & Flaimsedo i1 whenginaatter 0ép (€), Albd@pidting of

t 0 28themiutly @nductitem&a bh RNAMEbAucHEIVEE s p‘éﬁm@&.ses a
plurality of epitaxial layers, a first ohmc contact
| ayer being on a first surface  of the epitaxial

- % ayef SefBrE EaiMpdimankene fiskaime24sto 26 laed Elaimsa7 wtferriappended to any
cont aretof Llaiye 28 tol2B| Wiger&R the B IR chridki@hve mafal LdMprises coprer and the

epi t @l i @Y Bbrris Rl BB N9Gles, el @ med Tn “any chai m

22, wherein the secon P | ayer is forned
-~ on n-type |ayers of the expitaxial |ayers.
29, A semiconductor device comprising epitaxial layers, first ohmic contact layers on a first

surface of the epitaxial layers. a relatively thick layer of a thermally conductive metal on
the first ohmic contact {ayer to form a heat sink, and a second 6hr_nic contact-layer on a
second surface of the ‘epitaxial layers an adhesive layer on thé first ohmic contact layer
betwee.n the first ohmic contact tayer and the relatively thick layer; the relatively thick
layer being applied by electroplating.

- 30. A semiconductor device as claimed in claim 29, wherein there is a seed layer of the

thermally conductive metal, applied to the adhesive layer.
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26. A nethod as clainmed in any one of clains 1 to 14, _
wherein after step (c), dielectric films are 09 FEB 2007
-deposited on the epitaxial |ayers and openings are cut

in the dielectric films and second ohm c contact

IaYer and -bond pads depositedbon the epitaxial |ayers.

A ﬁé?fh'e@da@mcﬂea?qmoplalrne@nynm obflaigis 20 @Bd I0; tvberdid the reiatively
wher ei thicRiay@is stlRBt DGicrombe/lkign! ating of a thermal |y
conductive netal on the sem conductor device is
perfornmed. 28. A nethod as clainmed in any one of
cPai nsAZaMicendogoradryioe aiclHnET imARhonEl shied2%- o 3Anyherdm e second
of cl abtimiic Ghtactiay@Bis atHIE 1a9érin thBeangh ef froM| 3 % 566 REHdRkieNe
metal conprises copper and the epitaxial |ayers
~‘conprise nultiple GaN-related | ayers. 29. A
s8ti coﬁ&ﬁ’@FW“ﬁ%’v‘?eﬁ@e @® 93imesim gnvepsiet e elaims 29ty G2swherein the second
first ofiwi contzantagetis belyaedstramtie dréupSdonsiSting foﬁ%%ad?:fe frdASparent, and
epi taxi@lichRAYGes, a relatively thick layer of
thermal Iy conductive netal .on the first ohn1c cont act
| ayer to forma heat sink, and a second ohnic contact
| ¥rer” Hrsemicorgioctondbvisel af alanedfin tieor@if tcRisado to AY BiferéM)the second
- adhesi yinit @Y IncRBedddRdihd patls, ONM ¢ contact | ayer
between the first ohmc .contact |ayer and the
relatively thick layer; the relatively thick |ayer
b&%-ng apphicendudiyr deliee & dpinad innapy oBOof cleirBeR9 BEACWIRKE the thermally
" devi cecatudila ¥Rl id RopgdeRiafy 4 - elM!ﬁlraﬁia?erE rh%ﬁﬁnsj]e mgltlpﬁee%gN-related .
| ayer immﬂﬁa thernally conduct1 ve
the adfesive” ayer Amended Sheet | PEA/ AU O 9 FEB
2007 15 31. A sem conductor device as claimed in any

os& of AC§eﬁicBBdu2@r ¥Bece3@s SMMREL NN aﬁ)h%né &k Q:‘a'lr?(se '2&1 to (381 GKerein the
| ayer J_;émé%t’ld*(:%?ggwce is @eﬁgtgﬁgm tl?fa groHp 8wlsgrﬁg OT I|%\|t gml‘tﬂg\g device,

sem cond
29 to Brf,.t(/ﬁ‘i@?‘%ﬁcf?‘"?ﬁe second ohmic contact' layer is
a thin layer in the range-of from3 to 500 nanoneters.

387. A ﬁ%%ﬁ&ﬂd&&tdéhcg%&ﬁmé‘@pl&k@' ?ze 'aqirs"f‘gé(mlg @&ﬂa%t Iayer on a first
cl ai s ohm™ cont

“layer 'S agee‘% &% %D(S‘a’f'?qéﬁefshﬁn ﬁ%ﬁfbe s ondis firgt. °h6'f° Gontact layer, and a
' opaqueseed faxergba thermoally genductiye mistat GrEthe;ptmeavﬁ layeB4. A
. sem conduct or device as cl ai rred i'n any one of clains.

-2 ei n..t he seco I ncl udes

it eSS Bl SRR BT s e drging g sy sk aver o
any on eélfenn#"aucn@uztyetrmetamn theh egedi layet, Hie teftmtivetmihicy layer acting as a
conduckdayginiret al is copper and the epitaxial |ayers

conprise nmuttiple GaN-rel ated epltaX|aI Iayers 36.

A sem conduct or device as clained in any. -one of

CP%U neA zgmpqgndggor denvice @b gla[n'wg in claim 37 or claim 38, further mcludmg a.second

ohmic contact. layer 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.

40. A-semiconductor device as claimed in ahy one of claims 37 to 39, wherein the second

ohmic contact layer comprises bor_iding péds and is selected from the group consisting of
: opaque, transparent, and semi-transparent.
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sem conductor device is selected fromthe group : :
consisting of: a light emtting device, and 09 FEB 2007
a'transistor device. 37. A sem conductor device

conprising epitaxial |ayers, a first ohm c contact

| ayer on a first surface of the. epitaxial |ayers, an
$idhesivemibaedstorafevitdas dldimed in QAose 6@1‘41@597 {oawewﬁlheréwﬁ'neahermally

seed I n
adhes,‘llo\iweg@cl"\ély?eneell %gf%%gi Cn?p%gnguct epd%’\‘/'?@ yeés C%Tpéﬁsﬁe%aN're'ated
in cl'8%§:37, further including a relatively thick '
| ayer of the thermally conductive netal on the seed

yer r .acting.as.a . heat )
e g LA KA GBI Bl B e
37 or clai® 882 ubsiiatfeyity #elrilyR] eaitaxiab layesm dompsising enultiple GaN-
contact | ayerei®id épita:ed Qiyers Sidfrhiag 8 fiedk ohrhie corfibt ta?é?'d’ﬁ'a first surface

| ayers; the ggqo contact |ayer being a thin
| ayer in the range o%]r%ygrsm 3 to 500 nanoneters. 40. A

seni conducPbrempvipp the substraiedometie eritagplyayerseandf cl ai ns
37 to 39, @hé&nging atd&&rﬁ&mm&%on@aﬂbﬁer%m Sdebnd AY8Ee of the epitaxial

conpri ses bo%%r@ G P S i B I%fetr kel d-nfg 'W3h |r¥ghp%d9{orm£1 thereon.

consisting o opaque, transparen
sem -transparent. Anended Sheet - IPEAAAUO 9 F EB
2007 A htethed . asAclamﬁeml i6 @ath g2 OﬁheG@Ntr@esea&deArﬁth&ﬂtabﬂa@FYs selected

one otﬁonﬂh@'gma nsIsQn 409 og%grt?ansparen gs?ﬁrag%qafegkl al

conducti ve “nmet
‘layers conprlse GaN—reIated Iayers 42. A nethod of
44abr i & atethod ap tiaithes @diain D GE Eigkn 45 WheRin thd16cBRIIMAEE contact iayer is

i ncl ugiend pla ﬁaﬁﬁﬁﬁémeﬁa) on a substrate with a
plurality or ‘epitaxial |ayers conprising multiple GaN

rel ated epitaxial |ayers, formng a first ohmc

¢0nt as serhiegndtict@iedcd fuirBhtes by $ha GRthodlof dy@ne P daid & 1o 44.

| ayers; (b) renoving the substrate fromthe epitaxial

nd rmn second ohm ¢ contact | ayer -

42" R berBinoliidroa s trokies T SRS aihereipdypreancopteior device is one
seconef: kg emittiog tevct, dndpemandtson degichondi ng pads f or ned

t her eon. 43 A nmethod as clained in claim42, wherein

Hwe sg 3 7 contact layer is selected fromthe
group” CBIEF ST ﬂ@"%@” % 3G BEON4 4R SpviGectht @ Sehstate, the semiconductor
- seni - davign Spdangeriuralitylof lafenymith adiedise layeni theedethdtl isdiaingtide2steps:

or claim 43 e%ﬁi’p%’hﬁb 4 Q?er%%: %ﬁnﬂb%rﬁu&ﬂ@‘n@%‘ialloﬁ%ersul'féc'ce of the

one of: bl an atterne _
devi ce fabri Eﬁ{P'E‘ﬁi‘ngmt T?é'c?ré?rﬂ?}ﬁ fom BRysuBsiBteoandctiasertg the device
42 to 44. layer; and

(b) removing thé substrate.

48. A method as claimed in claim 47, wherein the semiconductor device is a silicon-based -
device.
49. A method for fabrication of a light emitting device on a substrate, the light emitting device

having a plurality of layers with an active layer; the method including the steps: -
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46. A sem conductor device as clained in claim 45,

wherein the sem conductor device is one of: a light g FEB 2007
emtting device, and a transistor device. 47. A method

for fabrication of a sem conductor device on a

substrate, the sem conductor 1glevi ce having a

plurality (F elpeiippintingwa leyer of adbermaty doayetive rhhawameuﬁtb@durface of the

i ncl udi ng t heerfiédRBSctor (o@)uceet'eﬁr%é RO ahé 26 %@rcl%ﬁ 8 the active
thermal |y cogductlve material onto a Surface 1

sem conduct o 8e¥’ce remte fromthe substrate and

cl ose to t(Rerensvingte stsyale: and (b) renoving the
substrate. 48 A nmet hod as clained in claimA47,

erejin nductor evice is. a silicon-based '

evi ce. eh@ ai\cﬁe"}e Yo e A st t9n4gofvh%{e'mﬂgq1therma"y conductive
em t t'A¥ggis@ewire@ solh a substrate, the light emtting '
devi ce haV| ng a pl urallty of layers with an active
§1ayer the, net hod. i ncl ug t he. steps: Amended Sheet

| PEA/ NIPHOGA I 1B g 01‘7 SN t'l?lt%WF'UﬁP%ﬁ“iCWg laye igpks thickness
of ai® H@FWPIOVrmm@w$mQOMMnsaI onto a surface of :
the sem conductor devi ce rem)te fromthe substrate

nd o the pctive and renovi ng the
Bibsts APl St died bhitoo e St iersh erpomRly onducive taer s o
cl ai risthigneppofdrom Safest08imricredse t hermal |y conducti ve

| ayer is as a heat sink. 51. A nethod as clained in
claim50, wherein the thermally conductive |ayer is of

a thickness in the range of from3 mcrons to 300

mcrons. 52. A nethod as clainmed in claim50 or claim
- 51, wherein the thermally conductive layer is of a

t hi ckness of from50 to 200 microns. Anmended Sheet

| PEA/ AU
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