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The majority of currenf semiconductor devices are made from semiconductor
materials based on silicon (Si), galfium arsenide (GaAs), and indium phosphide
{InP). Compared to such electronic and optoelecironic devices, GaN devices have
many advantages. The major intrinsic advantages that GaN have are summarised
25 inTable 1:

Sermi-  |Mbiy # |Band Gep. |BFOM | Maseum

conduclor [fem®ivs)  |(sVY (power | Temperafure
{wavelength [tramitor |10 )
frm} et}

Si 1300 L2710 300

GaAs  [3000 1144886 |96 ]300
GaN  [1500  |3.4/360 |24.6 |700

" Table 1



From Table 1, it can be seen that GaN has the hi ghest
band gap (3.4 eV) anong the given sem conductors.
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Consequently, electronic devices made of GaN operate
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Once the processes for making LEDs are completed at the full wafer scale, if is
then necessary to break the wafer into individual LED chips or dice. For GaN
wafers grown on sapphire substrates, this “dicing” opération is a2 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 limit throughput, cause yield problems and
consume expensive diamond scribers/saws.
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the Invention In accordance with a preferred form of
t he Fpr @aeliEDs amsapphirerihe adiiee egios where\lighd éthyenera2l inatohiozl4
2b O nficH froRpthd QippRife stbsi@id, conduct or device on a
substrate, the sem conductor device having wafer with
a device layer, the nmethod including the steps: 30
(a) Sammryrquheanmgom | ayer of a thermally conductive
material onto a surface of the wafer renote fromthe
subst ratg and.cl ose to the devi ce | ayer; and (D)
Qydanee with B Prsfeqted foref e ieEash Rien. thRse iscRIoviday
29e me$od i foorfativiestied de\d ceemicdbductor adsvize dance Yadstiate, the
ano@m{onéﬁoﬁ?\ﬁ%q{a%né walF Qih dedvide EFMQ rleflod including the

fabrication o
steps:

@ electropiating a layer of a thermally conductive materiat onto a

surface of the wafer remote from the substrate and close to the
30 device layer; and
{b) removing the substrate.

The semiconductor device may be a silicon-based device.
35  In accordance with another form, there is provided a method for fabrication of a

light emitting device on a substrate, the light emitting device having wafer with an
- active layer; the method inciuding the steps:
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light emtting device on a substrate, the |ight
emtting device having wafer with an active |ayer;
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heat si nk, anacﬂvajaybeaﬂdof a thickness in the range of
from 3 m@ronstRing 82 sthstiaRns, preferably 50 to 200
mcrons. 10 In a further form the present invention
provi des a nethod for fabrication of a sem conductor
deviroebatinfosrhd) sfeﬁiadrmallytcbmdlsmei layenshayg boas allkadt siek, lmay mayg ba
waf ef ;. .t : '
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W t hout patte atterning being
per f or ned su%?@ g}ﬁ aﬁ%ﬁ rning may be by
phot or esfcst rpmb\tlmtmﬂ@siaaﬁei then wet etching.
Alternatively, it may be by |aser beam m cro-nmachi ni ng

of the relatively thick-layer. .30 Between steps (D)
and (c) there may be perforned the additional step of
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25  The seed layer may be electroplated without patterning and with patterning being

30

35

performed subsequently. Patterning may be by photoresist patterning and then
wet eiching. 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 wafer to improve adhesion.

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 rangé 3 to 500 microns.
More preferably, the photoresists have a spacing in the range of 200 to 2,000
microns, preferably 300 microns.
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20 ayBressemifondyctas idepicgscnay bk Edbdcatad; withpit) ong gfgjorp@f: lapping,
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After step (c), dielectric films may be deposited on the epitaxial layers. Openings
may then be cut in the dielectric and second ohmic contact layer and bond pads
30 deposited on the epitaxial layers. Alternatively, after step (c), electroplating of a
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 above
35 method. The invention, in a preferred aspect, also provides a light emitting diode
or a laser diode fabricated by the above method. '



35 nmethod. The invention, in a preferred aspect, also

provides a light emtting diode or a |laser diode
worhhdeetad by the above method. WO 2005/ 02957
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first ohmc contact |ayer between the first ohmc
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| ay conductive netal applied to the
adhgﬁsc{‘ﬁge f%@gﬁﬁlwak%e sem conduct or device may be
one of a light emtting diode, a |aser diode, and a
15 r aRariall foomns ofdive ineentidn) the diterraaillp threluctive metal tnbeiseccopser.

provi ded a sem conduct or devi ce conpri sing epitaxial

| ayers, a first ohmc contact |ayer on a first surface
of TR 81 thex? seeq lgyer of thy thermallyrpadychie metab apRiiRd tip dne
fi radnesiniyer.cont act | ayer, and a seed |layer of a
thermally conductive netal on the adhesive | ayer.
There may be further included a relatively thick |ayer
20 Thesemirandugior Jevice M e pveot: #iighhemiling fiRde. adasgr '%‘i?e?“d
30 HMraerphgevitBimi ¢ contact | ayer may be provided on a
second surface of the epitaxial |ayers; the second
ohm c contact |ayer being a thin |ayer in the range of
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There may be further included a relatively thick layer 'of the thermally conducfive

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 chmic contact layer may comprise bonding pads;
and may be one of: opaque, fransparent, and semi-transparent.

35

The thermally conductive metal may comprise copper; and the epitaxial layers may

comprise GaN-reIated layers.
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em conductor device may be a light emtting di ode or
a laser diode. 20 Brief Description of the Drawings In
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r e aghnkspargitlor sérhidrapspadnt. CRle se€inti@fihicichitsio lagdraddy bedtanber
described by way of non-limtative exanple only a

pr P EPVES enbodi nent of the present invention, the
description being with .25 reference to the

14CCH @mﬁwcﬂﬂ theré 18 rdvitlel \éese&ma,dduwi dbvitegataicaed By ReiaboR:
. Figure 1 is a schematic representatlon of a

sen‘F%h?'l uctor device at a first stage in the
fabrication process; Figure 2 is a schematic

I ePitR:emicahdueBr ddict hey S@mafﬁeﬂmb Qlodélerd igeer @ibdeli gure 1
at a 30 second stage in the fabrication process;

Figure 3 is a schematic representation of the
20s e rBrind Pdsrrintion githe Beavdfgs=i gure 1 at a third stage in
the fabrication process; Figure 4 is a schematic
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ot B SPOA 6 Bveer Py BR B BRI g o i, BleEar
Fi gaifeet tBeriesshall o dwaddscribed pyewan oA nprolimilgfivet gx@mple only a
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fabrication prog
25 reference to the acco panymg ﬁustratlve (and not to scale) drawings in which:

Figure 1 is a schematic representation of a semiconductor device at a first stage in

the fabrication process;
Figure 2 is a schematic representation of the semiconductor device of Figure 1 ata

30 second stage in the fabrication process;
Figure 3 is a schematic representation of the semiconductor device of Figure 1 ata
third stage in the fabrication process;
'Figure 4 is a schematic representation of the semiconductor device of Figure 1 ata

fourth stage in the fabrication process;

35  Figure 5 is a schematic representation of the semiconductor device of Figure 1 ata
fifth stage in the fabrication process;
Figure 6 is a schematic representation of the semiconductor device of Figure 1 at a

sixth stage in the fabrication process;



Figure 6 is a schematic representation of the
sem conduct or device of Figure 1 at a sixth stage in
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foll om ng description, the reference nunbers in
brackets refer to the process steps in Figure 8. 10
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of the wafer 10. The wafer 10 is an epitaxial wafer
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photh§rseaycepdycippsuriapre | Imay ook be phrt pathbearipisal wafer. For GaN,
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sandwiched between n-type and p-type semiconductors. In most cases the fop

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

As shown in Figure 3, using standard photolithography (88), 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



35 26 are preferably of a height in the range of 3 to
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removed by polishing or wet etching.

i

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 Chmic contact layer 30 is
preferably transparent or semi-transparent. It is more preferably a thin fayer and
35 may be in the range of 3 to 50 nm thick. '
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_ difficult and the quality of the mirror is generally worse.

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



typical GaN | aser epitaxial wafer structure is shown

in Table 2. WD 2005/ 029573 PCTI SG2003/ 000223 11 5 10
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bei ng mmiesmnht« eI atively snpboth, 1s quite s!'ﬁnumnv
and therefare hj ghl Vi reflective . of 1] ght As siich the

first ohmc contact |ayer 2Qu#at -its junction with
the epitaxial layers 14, also is a reflective surface,
or mrror, to inprove |ight output.

15 :

_For._ standard _commercial GalN. LEDs,. about. 5%. light generated in the . . .
semiconductor is emifted. 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).

20
~ The first ohmic contact layer 20, being metal and relatively smooth, is quite shinny
and therefore highly reflective of light. As such the first ohmic contact layer 20, at
its 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 cother platable matetial may be used

provided it is electrically and/or heat conduclive, 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 undersiood by those skilled in the technology that many
variations or modifications in design, consiruction or operation may be made

without departing from the present invention.
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and 7, mhereln t he

6. A method as claimed in claim 3 or claim 4, wherein the photoresist paiterns
25 are of a height in the range 15 fo 500 micrometers.
7. A method as claimed in claim 3 wherein the photoresist patterns have a

thickness in the range 3 to 500 micrometers.

30 8 E A method as claimed in any one of claims 3, 4, 6 and 7, wherein the
' photoresist pattems have a spacing in the range of 200 to 2,060 microns.

9. A method as claimed in any one of claims 1 to §, wherein the seed layer is
electroplated in step (b) without patterning, pattemrng being performed
35 subsequentiy.



phot oresi st patterns have a spacing in the range of
200 to 2,000 mcrons. 9. A nethod as clained in any
we'Rofb2o§75ai M8 1 to 8, wherein the seed |ayer pargaaoesnonas
el ectroplated in step (b) wsthout patterning,

patterni ng being performed 35 subsequently. WO

2005/ 029573 PCT/ S&20031000223 13 10. A nethod as

cl ai hed 4 netteid rasQclaimerk ine Claimp &t wiarein pgttdraingys by photoresist
photoresmg&emﬁggﬁnqﬁﬁme@m then wet etching. 11. A
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A nethod as clainmed in any one of clains 3 to 11,

whe gQJ tn th@ethed é’d(’sla\llﬂéd/m atn!v lofi& of @MME 305 11 Relersl thy relatttlvely
conducti Clr reater
han T he oI of Sheffp safsa“*%fﬂ%%ﬂwﬁﬂtmef;s&*%phtng
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step (c) m‘%ﬁe%fé%ﬂww Fﬂ@éﬁw%we%flﬁ P&ctgqr’@&déqa Pesifﬁﬂ'ﬁater
on a sectaditephdtaesistehd isisabssgiently thisnekecond ohni ¢
contact |ayer, the second ohm c contact |ayer being 20
selected fromthe oure consi sting of op a%w

t r ahbpar 8feethodag c £l & avhersin thipging libipe £ wet
1£] ai ned ethigd.ai m 15, wherein the second ohm ¢ cont act
layer is one of blank and patterned. 25 17. A method
as clainmed in claim15 or claim 16, wherein bonding
pad®- ar eA Meliores clgied fibanyernsiaf clgimg tiocknwirrein Iaﬁ%:ﬁtep (©
18. A nehbaeds iasudel an exch step dfRymingen efse@habtﬁ‘&cé.oﬁme Wker
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subsequent rocess st
265 ubseq ueﬁecgﬁ d‘@és@eﬁf@wscqnwéﬂmsu?f'n gp%ed@nﬁwaﬁm oAndygemi-

bond padfensgdent A nmet hod as clainmed in claim 18,

wherei n the exposed second surface is cleaned and

etched before the ohm c contact |ayer is deposited. 35
A method as claimed in claim 15, wherein fhe second ohmic contact layer

is one of blank and patierned.

25
7. A method as claimed in claim 15 or claim 16, wherein bonding pads are
formed on the second chmic contact layer.
18. A method as claimed in any one of claims 1 fo 14, wherein after step {c)
30 ohmic contact formation and subsequent process steps are carried out,
' the subsequent process steps including deposition of wire bond pads.
19. A method as claimed in claim 18, wherein the exposed second surface is
cleaned and eiched before the ohmic contact layer is deposited.
35

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.



20. A nethod as clainmed in any one of clains 15 to 19,
wherein the second ohmc contact |ayer does not cover

area of the second surface. WO 2005
Vo8B 1000205 14 21 A ethod as cl ai reaPFRsghg0ezzs
one of clains 15 to 20, wherein after formng the
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25
| 27. A method as claimed in any one of claims 1 to 14, wherein after step (c),
electroplating of a thermally conductive mefal on the epitaxial layers is
performed.

30 28 A method as claimed in any one of claims 24 to 27, wherein the thermally
conductive metal comprises copper and the epitaxial layers comprise

multiple GaN-related layers.

29, A semiconductor device comptising epitaxial layers, first ohmic contact
35 layers on a first surface of the epitaxial layers, a relatively thick layer of a
thermally conductive metal on the first ohmic contact layer, and a second
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S end4 ondal eérpitordiastorodevias aChlgmnediEl ahy o Of cRies 2 to GB, avheFein

29 to 3 Sm? @@&58 'oﬂmlcscgnttaaq Sl 58@&931 ?r#)r%rthg §%k§ SOI'IS%th of:

sel ecte romthe g nS| stin
2% t ti ngPPAeNA: Eensparﬁaf %’dtsﬁ'aﬁsﬁ“ﬁ%" devi ce. 38 A
- sem conductor device conprising epitaxial |ayers, a

fir 0 t e St f he.
epi %taXI gﬁpéeﬁrgcgog%&&' devd:e% c'iam%h {u,\wne of%l%{%‘n az%% { \n%gr%m
ohm ¢ cdbr grepnd ‘Hw'ayeaﬁ'ﬁluéﬁsﬁwg rdar of a thermally
conductive netal on the adhesive [ayer WO 2005/ 029573
ZSP CT:!BSGZ %Oggch%gggc:éor device as claimed in any one of claims 29 to 35, wherein
the thermally conductive metal is copper and the epitaxial layers comprise

- multiple GaN-refated epitaxial layers.

37. A semiconductor device as claimed in any one of claims 29 to 36, wherein
30 the semiconductor device is selected from the group consisting of: a light
emitting device, and a transistor device.

38. A semiconductor device comprising epitaxial layers, a first ohmic contact
layer on a first surface of the epitaxial layers, an adhesive layer on the first
35 ohmic contact layer, and a seed layer of a thermally conductive metal on

the adhesive layer.



16 39. A sem conductor device as clainmed in claim 38,
further including a relatively thick [ayer of the

conductive netal on the seed |ayer,
Wbt%% \L#e7 y thick layer actijpg as a heat sink. Pg’bﬁ%ZOOXOO{)ZB

sem conduct or device as clainmed in claim38 or claim

39, further including a second ohm c contact |ayer on
a se¥ond A sehizorduotor dhecse pé tokined in Elaire 38, futher weludingd a
ohmi ¢ con&@ﬁfeuy HA%Eayd? O e tl?erhglirrboh(ﬂ%ﬁ\re tnBtall dHeiné S6La8ayR,

from3 to 500 nanoneters sem conduct or
devi ce ad? %’EE'F'Y?@H'“FW""W?“B%@S dreatfiging 38 to 40,

wherein the second ohm c contact |ayer conprises

@0”%”9 Qf\agér]p%&%uctgr ﬁ&hc%C:E glaimfeﬁ %”Jiahﬁ %r QM Riaim 39, further

consisting o
sem-tr aﬁf@b&mgmsecam ohrm%@!mcé vﬁmaﬁéﬁcqnévu%e gkthe epitaxial

cl ai med |léﬁve%nﬂ'1e @B6n@f otfiebditacBBydr Beiftd a iR & in thelrandeftfr
t her mall¥m g@lve mat al conprises copper; and the
epi t axi al 1"%}8 n8MRFPse GaN-rel ated |ayers. 20 25
43. A nethod of fabrication of a sem conductor device,

johe gpet h mehﬁh%hmcanaewcms o8RBT ary®he BFcid@ims P & 402hKerein
with a fer co I‘IS

bt t ai e SegarLOR T e Buer cPpEisos Hcins i 26 = 2peled
on a firgom ﬂmlgrtbtmcaensna‘hng tfe opaafue,rtragdpparank aod seng-tradsparent.
substrate fromthe wafer, and (c) form ng a second
ohm c contact | ayer on a second surface of _the wafe

t he*%ec oﬁ&e'ﬁﬁﬂ?%‘c@bﬁ‘ﬂ“&e s F'%f?'@f’ AR OAT O Lritlad yto 4;361‘&”‘*'"
15 or ned t therisemmally. oddducivempdidl comprises baripae dnd the epibaxial I4Bars

wherein EJ&%&@&QQ%I&%&W&ON act layer is selected

fromthe group consisti of opaque, transparent, and
sem - 30 transparent. 45. A nethod as clainmed in claim
43 43. cl Ainmmba of Wdbeicatiom oft 4 sersieahdadoralenice the swthad including
| ayer i sy, of blank, and patterned. 35 46. A

sem conduct oP devi ce fabr| cated by the nethod of any
2Gne of cl ai ns{@ygn & ybstmte With o y@Er GoYpslg multiple GaN-related
PCT/ SG2003/ 0002 2pitaxial layers, forming a first ohmic contact layer on a first

surface of the wafer;
{b) removing the subsirate from the wafer; and
" {c} forming a second chmic contact layer on a second surface of
25 the wafer, the second ohmic contact layer having bonding
pads formed thereon.

- 44, A method as claimed in clatm 43, wherein the second ohmic contact'!ayer
is selected from the group consisting of: opaque, transparent, and semi-

30 transparent.

45, A method as claimed in claim 43 or claim 44, wherein the second ohmic

contact layer is one of: blank, and patterned.

35 46, A semiconductor device fabticated by the method of any one of claims 43
o 45.



17 47. A sem conductor device as clainmed in claim 46,
wherein the sem conductor device is one of a light

woodsiopgs7sievi ce, and a transistor device. 48. geREEde5000223

for fabrication of a sem conguctor device on a
substrate, the 5 sem conductor devi ce havi ng wafer

\(Ma; he?egﬂ&lés%ﬁlc naéﬁctor dﬁvag %%T&an?géj in cl %W@% 83}}?296%%‘38 ctor
mat eri al deitag !%lones:tﬁ ﬁflraht@nmngtdﬁ@mmcba trareisot éeviceom t he

substrate and cl ose to the device layer, and 10 (b)
reno %Pfs te., 49. A nethod as clained i

cl ai vm%'? ad %Cag%‘.ﬁféoﬁ‘ﬁ'ﬂ%cl" oy pvie op & %’bstfafe the
sFli con bssmcbndmmrcdawcé&aﬁﬂg wafaredithod device flafaf;i Bat meihod

of a ligh C,gmgtth%gg sdeV| ce on a substrate, the |ight
emtting device aV|n wafer with an active |ayer; the

met hod i ncl udi @Y e{eﬁ@P agiaspiayer kg themaaly peshelive metegal onto a
| ayer of a ther melifate 6GROMITEA rRotEREM tHeBubsHaleQind close to the

surface of the e fromthe substrate and
cl ose to the \A@&ﬁc{me\(yep?%aeer and (b) renoving the

Hypstrate. 51. (bhwnwea@swtm med in any one of
clains 48 to 50, wherein the thermally conductive

| ayey, 1S As heats . .25 B2 A method. as clained .
ci a8 51 2 TrBed 85 e it B Y Lo B R povRe = 3
of a thi cﬁlliln@‘s@SefthVhFe range of from3 nmicrons to 300
m'crons 53. A nethod as clainmed in claimb51 or claim

% es?‘ 'B?él?‘f%’ﬁggﬁfwﬁ%l %6@30 : Otgqgs etv{cg gn a s}ibstratie,s thg fligh%

emitling device having wafer with an active layer; the method including the
steps: |
(a) eleciroplating a layer of a thermally conductive material onto a
surface of the wafer remofe from the substrate and close to the
20 : active layer; and
' (b) removing the substrate.

51. A method as claimed in any one of claims 48 to 50, wherein the thermally
conductive layer is as a heat sink.
25
b2, A method as claimed in claim 51, wherein the thermally conductive layer is
of a thickness in the range of from 3 microns to 300 microns.

53, A methoed as claimed in claim 51 or claim 52, wherein the thermally
30 conductive layer is of a thickness of from 50 to 200 microns.



