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rication of semiconductor devices and refers particularly, thoidifigt /000061

exclusively, to the fabrication of semiconductor light emitting diodes
(LEDs) with surface texturing for improved light output. Definitions 10
Throughout this specification optgoelectronic device includes light emitting
diodes ("LEDs") anfcPRIAEAH9R FE8SPAFSNGNETE BARY'S5E cification reference
to GaN devices such as, for example, GaN 15 LEDs, is to be taken as

iINGHyNgG ahdefgepnen to all semiconductor devices made of GaN-related
materials, including, but not limited to, GaN, AlGaN, InGaN, AlGalnN,
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have many advantages. The major intrinsic advantages that GaN has are
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Throughout this specification reference to GaN devices such as, for example, GaN
LEDs, is to be taken as including a reference to all semiconductor devices made of
GaN-related materials, including, but not limited to, GaN, AlGaN, InGaN, AlGalni,
and so forth.

Background to the Invention

The majority of current semiconductor devices are made from semiconductor
materials based on silicon (Si), galium arsenide (GaAs), and indium phosphide
(inP). Compared to such electronic and optoelectronic devices, GaN devices have
many advantages. The major intrinsic advantages that GaN has are summarised
in Table 1:
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From Table 1, it can be seen that GaN has the highest band gap (3.4 eV)
among the given semiconductors. Thus, it is called a wide band gap
WeethiaBRtidtor. Consequently, electronic devices made of GaNOpefas/000061
at much higher power than 5 Si and GaAs and InP devices. Green, blue,
and ultraviolet (UV) and white light emitting diodes (LEDs) can be made
from GaN wafers. For semiconducto?lasers, GaN lasers have a relatively
short wavelength. If such lasers are used for optical data storage, the
sherter Tehleeleigtin maydemthed GaM OdsigenishpachynGrardJakels ameng
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epitaxial layers deposited on a sapphire substrate. The sapphire substrate
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usEB BRI REP B FR 0P RATON processes usual?y include the major

steps: photolithography, etching, dielectric film deposition, metallization,
15 bowdipadvitesnzati omgdsdfemi Bt etideridsting ewafasatli mitigplanaad-wielng),
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thinped wafer is then diced by diamond scriber, sawed by a diamond saw
or by laser grooving, followed by scribing with diamond scribers. Scribing

of the sapphire may be by use of an ultra violet ("W") laser, but care must
be TarerPeo BesTFIPHESESEP ADELYIBY GRIFKGLIREPE RPIscular beam epitaxy

(MBE), and metal organic chemical vapour deposition (MOCVD). Both are widely
25  used.

Conventional LED fabrication processes usually include the major steps:

photolithography, etching, dielectric film deposition, metallization, bond pad

formation, wafer inspectionftesting, wafer thinning, wafer dicing, chip bonding to
30 packages, wire bonding and reliability testing.

Once the processes for making LEDs are completed at the full wafer scale, it is
then necessary to break the wafer into individual LED chips or dice. For GaN
wafers grown on sapphire substrates, this “dicing” operation is a major problem as
35  sapphire is very hard. The sapphire first has to be thinned uniformly from about
400 microns to about 100 microns. The thinned wafer is then diced by diamond
scriber, sawed by a diamond saw or by laser grooving, followed by scribing with
diamond scribers. Scribing of the sapphire may be by use of an ultra violet ("UV")

laser, but care must be taken to ensure the laser does not damage the GaN
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wibughRYLscause yield problems and consume expensive diaRond-,q05/000061
scribers/saws. Known LED chips grown on sapphire substrates require

two wire bonds on top of 5 the chip. This is necessary because sapphire
is an electrical insulator and current cgnduction through the 100-micron

thickngess is,petRgssible. pincs gach wire bond pad takes about 10-15%
of the wafer are%? the second wwe%h né Uce pmbr%“ﬂer%’ﬁch%?%‘?
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whitkoerhss pbihemsapisanaustamair interface. This is due to the large
difference in the refractive index between the semiconductor and air.

In general, the external quantum efficiency of GaN LEDs is less than the internal
25 quantum efficiency. If no special treatment is carried out on the chip to extract
more light, the external quantum efficiency is a few percent, while the internal
- quantum efficiency can be as high as 99%( 1. Schnitzer and E. Yabionovitch, C.
Carneau, T. J. Gmitter, and A. Schere, Applied Physics Lefters, Volume 63, page
2174, 18 October 1993). This large discrepancy between the two quantum
30 efficiencies is also true to other LEDs. lts origin is due to the light extraction
efficiency of most conventional LEDs being limited by the total internal reflection of
the generated light in the active region of the LED, which occurs at the
semiconductor-air interface. This is due to the large difference in the refractive
index between the semiconductor and air.
35
For GaN devices, the crifical angle to enable the light generated in the active
region to be able to escape is about 23°. Because the light emission from the
active region of a LED is directionally isotropic, and the light can only escape from
the chip if the angle of incidence to the cihip wall (often the front surface of the LED
40 chip) Is less than the critical angle, a small fraction of light generated in the active



35 For GaN devices, the critical angle to enable the light generated in the
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only escape from the chip if the angle of incidence to the chip wall (often

the front surface of the LED 40 chip) is less than the critical angle, a small

fraction of light generated in the active WO 2005/088743 .
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percent. nown that surface texturing can increase the light
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15 etching mask( Journal of Applied Physics 93, page 9383, 2003). The
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LED structure. For an LED with. a ngsak 8&)“3 rf?%e t‘pe%t e%asSi 3 &
miEWS[fgﬂeé?%H?‘?ﬂ@Sﬁaﬁ‘if}crdﬂ SMiZation of photons canbe achieved
by $ifi¥a2@3bdtheriah-ReRvtrEciencYRbayhERsHUBEre Ufh GeruFipre Yot ened
20 Thasfibe wiercipipastiedhaeHsse csimpetece oathan pf owectire grapabiliD
of phlRRS esFaRiNGP AMSIdRdaR LEPsuRBcEeHHlingd haRdRRIGRSR4N fhe
"9%%8&29%? ovr\{l?zra lér;[ho? I(E)Bhs can be achieved by surface scattering from the
microroughened top surface of the LED. Thus, the microroughened surface
structure can improve the probability of photons escaping tfo outside the LED,
25 resulting in an increase in the light output power of the LED.

The technique of surface texturing, however, has only been applied to the front
surface of the LED. The technigue has difficulties in device fabrication, especially
for GaN LEDs, where the layers above the active region are guite thin (about 300

30 nm), and etching of GaN is difficult. To texture the surface, patterns of depths of a
few hundred nanometers are often generated by dry etching or wet efching on the
surface. This poses considerable risk of possible damage to the active region, and
thus may cause a significant deterioration in the performance of the device.

35 Sumimary of the Invention

in accordance with a preferred form there is provided a method for fabrication of a
semiconductor device, the semiconductor device having a plurality of epitaxial
layers on a substrate, the plurality of epitaxial layers including an active region in

40  which light is able to be generated; the method comprising:



The technique of surface texturing, however, has only been applied to the

witPloSiudace of the LED. The technique has difficulties In device

fabrication, especially for GaN LEDs, where the layers above th& HEfgf805/000061

region are quite thin (about 300 30 nm), and etching of GaN is difficult. To
texture the surface, patterns of depths of a few hundred manometers are
ofte genera ed by} qey etching tetchlng on the surface. This poses
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sSsemiconductor device having a plurality of epitaxial layers on a substrate,
the lurality of epitaxial layers including an active region in 40 which light
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is réiR e aXﬁ‘éeed layer of a thermally conductlve metal may be applied
to the ohmic contact layer, and a relatively thick layer of the thermally
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500 micrometers, and may have a thickness in the range 3 to 500
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The teiaﬁvely thick layer may be of a height no greater that the photoresist height;
or may be of a height greater than the photoresist and is subsequently thinned.
Thinning may be by polishing or wet etching.

Step (c), i.e. the texturing of the rear surface, may be by standard patterning
methods. For example, it may be by patterning the exposed rear surface and then
etching. Etching may be by one or more of: dry etching, wet etching,
photochemical etching, laser etching, or other suitable methods. The texturing may

also be by photolithography followed by deposition of a layer on the exposed rear
surface and then lift-off.

As taught by Huh et al( J. Appl. Phys. 93, page 9383, 2003), texturing may also be
by depositing a thin metal film on the rear surface, and then rapid thermal
annealing of the metal to form a cluster of metal drops which is then used as an
etching mask for the surface texturing.



The relatively thick layer may be of a height no greater that the photoresist

_hei%h_j[' 25 or may be of a height greater than the photoresist and is
W&%é’éé’ﬁ%ﬂy thinned. Thinning may be by polishing or wet etcffirlgS Gtegs/000061

(c), Le. the texturing of the rear surface, may be by standard patterning

methods. For example, it may be by patterning the exposed rear surface

and then 30 etching. Etching may be%y one or more of: dry etching, wet
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Thedexit)riagemnyg alsadebyiheolithossapmedalinwed by deposition of a
layer on the exposed rear surface and then lift-off. 35 As taught by Huh et

al( J, Appl. Phys, 93, page 9383, 2003), texturing may also be by -
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5 anRedgiRtDf The e serRs FH BRI egf metal drops which is then used
as an etching mask for the surface texturing. WO 2005/088743
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text rin(ptmﬁl be varged as required or desired, depending on the design
8 dedto the rear s acc‘.ja afier the substrate is removed.
and/or process methods. After removing the substrate, the rear surface

may be etched (with or without 5 patterning), and then the rear surface
10 textdiredtep e mathedbpethaepsr{bcente ki) imgennagy the Dolaldeperarassipek
of ramiieslanessy adseddenthe aprsurface afterdhtalBRlra@itd ohmic
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inclu ed an extra'step of f second ohmic contact Iayelpon the

orming a
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15 second ohmic contact layer may be one of blank and patterned. Bonding
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rear sturft ce may be cl?%neghand etcgeghbefore tth econd ohntnc con&)act
Iay%ornlgcdeadggif% SENE Second SAMIC contact é’yae? ag\?f Aot covefthe e
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20 Seeeme-oiMigi2OeaNtAst phibiisIVaydhiR ReHERENEshaREAE ObuRIssCantant
laygr.servesdasthe textured surface.

The substrate may be patterned before the deposition of the epitaxial layers on the
substrate. Therefore, after the removal of the substrate, the rear surface is already
25 pattemed and thus no subsequent rear surface texturing is required.

it is also possible to pattern or texture the layers below the active region during the
deposition of the plurality of epitaxial layers. In this way the patterns are already in
the layered structure before the substrate is removed, although the texture is not at

30 the rear surface. Such patierning may improve the extraction efficiency of the LED
after the substrate is removed,

After forming the second chmic contact layer there may be included the testing of
the semiconductor devices, and the step of separation into individual devices.

35
The semiconductor devices may be fabricated without one or more selected from

the group consisting of: lapping, polishing and dicing.
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The substrate may be patterned before the deposition of the epitaxial
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rear surface is already 25 patterned and thus no subsequent rear surface

texturing is required. It is also possible to pattern or texture the layers
below the active region during the degosition of the plurality of epitaxial
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layer there may be included the testing of the semiconductor devices, and
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lay@erhbi, redativ@le metal may be applied to the adhesive layer. The relatively
thick layer may be at least 20 micromedters thick. The layer may be an adhesive
layer or a stack of multipie layers.

The second ohmic contact fayer may be a thin layer in the range of from 3 to 500
nanometers; and may be selected from the group consisting of opaque,
transparent, and semi-transparent. The second ohmic layer may include bonding

pads.

The thermally conductive metal may be copper, and the epitaxial layers may be
multiple GaN-related epitaxial layers.

The semiconductor device may be a light emitting device, or a transistor device.

The second ohmic contact layer may be blank or patterned.



thick layer may be at least 20 micrometers thick. The layer may be an

adhesive layer or a stack of multiple layers. 25 The second ohmic contact
WEAIREI 12 a thin layer in the range of from 3 to 500 nanomet&rESEARPS/000061

may be selected from the group consisting of: opaque, transparent, and

semi-transparent. The second ohmic layer may include bonding pads. 30

The thermally conductive metal may b& copper, and the epitaxial layers
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reprgsaptationefansprvssaduaiabreyice-aiadifstctageiir dhedabdeglian

progess ‘Ei ure é} iésegsschematic representation of the semiconductor
device 0 E_lgur A a second stage in the fabrication process; 15 Figure
S PO B FEHESERARE AP L REUTRS LT dIIER SFTSHra 3 B¢
a tisrehaiatpadninkie fabricdivo Pesssss; Figure 6 is a schematic

15repragasaiicnsehshamastasadtition semweeatiiguceddelive Erbdusiagea
in the fabricalion psesRnfHPUER is a schematic representation of the

semiconductor device of Figure 3 at . . .
Figure € is a schematic reprgsentgflon c?f the semiconductor device of Figure 3 at a

fourth stage in the fabrication process;

Figure 7 is a schematic representation of the semiconductor device of Figure 3 at &
20 fifth stage in the fabrication process;

Figure 8 is a side view of the semiconductor device of Figure 7;

Figure 9 is an underneath view of a single die produced from the semiconductor

device of Figures 7 and 8;

Figure 10 is a schematic representation of the semiconductor device of Figure 3 at
25  asixth stage in the fabrication process;

Figure 11 is a side view of the semiconductor device of Figure 10; and

Figure 12 is a flow chart of the process.

Detailed Description of the Preferred Embodiment
30
For the following description, the reference numbers in brackets refer to the
process steps in Figure 12. Figure 12 is illustrative only and does not include all
pracess steps that may be undertaken in a commercial situation, those steps not
required for a full understanding of the invention having been deleted for the sake
35  of simplifying the description of the process.

To refer fo Figure 3, there is shown the first step in the process - the metallization
on the p-type surface of the wafer 10.
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single die produced from the semiconductor device of Figures %ﬁg@%mmm

Figure 10 is a schematic representation of the semiconductor device of
Figure 3 at 25 a sixth stage in the fa rlcation process; Figure 11 is a side
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situatio S r r a full_understanding.o ention
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pr&s%\g% fphopts ?8*1§Fijﬁ?é i3 ugaly "sfgﬁ%{ﬁvf?fﬁ@w&%f@mﬁ FtPfé Brératen
thevtiveeaizatiotn entitleerpetypds uitdacecofitlichevhfend@n\O 0054 0887143

PG GRR02/0800H Wdikemigrot Oisigepitaniah wale V(Wd:twg) that are
S“Qﬁé‘}?‘ﬁ%t%e%ﬂgnﬁl@ﬂSEe%f '}’Q%Qlﬁzrﬁ W@l l%yqlgi éta%?ogf at Ffe%gt E#‘rate

2 can e orexampe S d so torth. Henc orh

hire
a GRS DB ARy BarH éﬁ'&m ¥ '%‘gi%ﬁlraueam&fs 1 2351 Been
usESNnGANGRIN W QIR GiWAlGaN apelipiedagefen 5 called epilayers) are
a stack of multiple layers, and the lower surface 16 (which is grown first
onéhffné%ﬁrarﬁm bEabYEPR RYSFOARR (e UPRSTPaE ﬂa%,&sgqmﬂ e
RGIErS A1 agive region fsafisn spndwiched bepucen. 10 And 19,
ﬁ'p en ma €0 uan Gim Well SJOF muftiple gaaftdm W\ Wets

M@W@?Etﬁ”éﬁhapée @RE??‘ﬁbt‘?M%ﬂénaIVﬁréﬁéﬂ N'ﬁfu&?ﬂﬁrﬁﬁﬁlén e AN
a segsk df apitedst thyere 10 layeiisciEdr tewartpkbeforeG alfdde DI, thepitaxial

Mudtiple guanisan wetlsars ofian Mﬁ@@ﬂi&@%@%&%wﬁ@é\%@w
m%ml@.éé\éfgéﬁa%] éB‘?r,ESB&? faGe9fd ﬁ] h%”&m% kﬁ.é’%‘ 5‘5?&#

aving multi met a ers. Contact
aéd' a{s'%lu?%ﬁégf'(g?po?%?nﬁoﬁ a{f‘?ﬁr@a'% FrsHdee \ﬁ?ﬁﬁh%’@bl?ﬁxﬁf IS%’F@P’J‘M.
Tf@%rejngm@@q@metmra@ﬁyés preferably also electrically conductive.

The stack of adhesion layers may be annealed after formation.

The ohmic layer 20 may be a stack of multiple layers deposited and annealed on
the semiconductor surface. K may not be part of the original wafer. For GaN,
GaAs, and InP devices, the epitaxial wafer often confains an active region that is
sandwiched between n-type and p-type semiconductors. In most cases the top
layer is p-ype. For silicon devices, epitaxial layers may not be used, but just the

wafer.

As shown in Figure &, using standard phiotolithography (88), the thin copper seed
layer 24 is patterned with relatively thick photoresists 28. The photoresist patterns
26 are preferably of a height in the range of 3 to 500 micrometers, preferably 15 1o
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 fo 2,000
microns, preferably 300 microns, depending on the design of the final chips. The

actually pattern depends on device design.

A patterned layer 28 of copper is then electroplated onto layer 24 (80) between
photoresists 26 {o form a heat sink that forms a part of the new substrate (Figure
6). The copper layer 28 is preferably of a height no greater than that of the



region in epitaxial layers 14 is reflected towards the rear surface 16 of

epitaxial layers - the rear surface 16 being that which interfaces with
W42, To ohmic contact layer 20 is added an adhesionPGy&2905/000061

and a thin copper seed layer 24 (Figure 4) (step 87) of a thermally

conductive metal such as, for example, 20 copper. The thermally

conductive metal is preferably also elé¢trically conductive. The stack of

adHESIBRFTERR RS Ang /Dl ARt haremo amiatier. Estdhmithiaylen@esingy

be a%tmmutﬁpleommmeﬁﬁshagl a@dnﬁ@ﬂ%ﬁjﬁggﬁéhtﬁﬂ%an that of the

semieandusiopsuiiasen s may 1L b parl 198 AgRELRIGLFpr GaN,

25 InP devices, the epitaxial wafer often’contains an active
regi%%étk?\gtg ps% n‘ecrv?/if‘fﬁaé:\ﬁci3 i){g VOS'S# (r}]){t%ﬁeo A" Be/ 5 & SeribHE e Be Ry
> moBPERELIERSiFNag e he BhSIpESIStsy 26 ipan devivast bpitemiaityties the
mageRpebatised  Rangust e bedfer S@ndamhownddmiguebd UsHGks, for
standangiphntnghograrki(§8hnthedlin SRS a8 JRXRL24 is patterned
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 'h‘ﬁ%?o‘?ﬂ HB ViR PIGIaT LrieRTR S Uha BBl ®RBoD Hitlometsiso
10 Thélprgrsd prefescaily ashaiaesdsioneeatih etherby aepagingad)) ftodange
gf 200, t%&ﬂ%@(ﬁ! rg@iwﬁd%ﬁfer@?w ag%naﬁaan%%a%agm@@p H&ma
eSigR-0f; alchi e pattern de s.0n devic ign.
A p?;tl%%ea i‘a%& 298 gfé%p|be(réi%“#r%e%?'elaé(]:?rggfgteﬁpésn%ef};\%? f? ?51%9 to
between photoresists 26 to form a heat sink that forms a part of the new
substrate (Figure 40 6). The copper layer 28 is preferably of a height no

15 gredteepitartiiaofihe WRIR00EIOBBRAFE GFSCRUNINOONR Lbstrate
phatoensists g6 aRaJSiNREIRERATIPRHAVE A IRRSCLNRIILIRAD 18, the
Photoresisis-204 grwgdle%dqée.cgggerrl%er 28 may be of a height greater
than that of the photoresists 26, In Stch & casd TheESpFaFiager 3%nias
be THSREL él‘ﬁtﬁ\'%rﬂ?ﬁ?@&’%‘b%gof a height no greater than that of the

photoresists 26. Thinning may be by 5 polishing or wet etching. The

20 phit6iwsists 26 angysubay=Rokhe: nenmover alestheePRIRS, RIRERSple,
Ramoyalhany e iy g13aaTe amkknawnamsiiad.syen as,for example,
nng@grﬁ%ﬂe 5Esslsts§§{|p£?r.§a IqE%nRor t%%glasma achmg.%ependmg on
the device design, processi § ofthe BpiaxiaHayEle TR EBLiAle 1er
stdRAaYaTRICESEHteehSighiee: stich aacibriaxiavmslds cleaminge(8e3n the
IitWQﬁHﬁW“d the epitaxial layers, after growth the substrate can be separated from

25  the epitaxial layers with separation being automatic, or by mechanical force.

Known preliminary processes may then be performed. These may be, for

example, photolithography (92, 93); dry etching (94) surface fexturing of the rear

surface 34 (95) and photolithography (96). The surface texturing (85) forms a
30 textured rear surface 34.

Figure 7 is the penultimate step. After the removal of the substrate 12, surface
{exturing is cartried out on the now-exposed rear surface 14 thereby forming the
surface patterns 34. The center part 35 of the rear surface is also etched for
35 subsequent deposition of the second ohmic contact 30. The centre area 35 does
not have fo be efched, if desired or required. Bonding pads 32 are also added fo
the second ohmic contact 30. The second ohmic contact layer 30 is preferably a

thin layer, or a stack of mulfiple metal layers and may be in the range of 3 to 50 nm
thick.
40



(81), etching (82), device isolation (83), passivation, metallization (86),

ng%gg%lgé}ggcessing (86), and so forth. (Figure 4). The wafer 10 is then
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annealed (87) to improve adhesion. 15 The epitaxial layer 14 i€ t&{impo5/00000!

made of n-type layers 16 on the original substrate 12; and p-type layers
on the original top surface 18 which is,pow covered with the ohmic
coniagtAmver ion.lay, A r.seed layer 24, apd the
eleggr%plggéﬁg(? %Eg?gﬁi%é%[ %%8%,&5%%?% Brﬂ‘r(é Cf,nt}%(é{ (%‘ i an aqj’ Stpae
Iayerp fllgr{ﬁe_no?erﬁ% o (91) using, for example, the method of Kelly
[M.K. Kelly, 0. Ambacher, R. Dimitrov, R. Handschuh, and M. Stutzmann,
Eh%ﬁest;g&bs(@)é_ﬁﬁe%éw@q Tblﬁ ﬁmf%”%\h@éﬁp Rewsmoved,
y 1ng. I IS grown hetween the . .
su E\?si%&anﬁﬁ&gg %?aé%%l@%s%@%%ﬁﬁ%? S é’t\f‘a égl (_:%ﬁ”ﬁ%s’cmps
separated hon SETRLS MeaSar TR r& It baphsisin Sargdnedriates, br
by THEEHEARAKRBIEETRIBYFN preliminary processes may then be
performed. These may be, for example, photolithography (92, 93), dry

etchiagdRausarianaiexpi LeRr ORhan

phgtgmg [ Qe@@%’ %g%%&%ﬁe%ﬁ%ﬁﬁag ';%%? ]%Arhr%(es%%ogigg L‘erteOdTretgr
surface &? Figure 7 1s the pentitimate S8p MR ASHR oo SossliFarebased
suBERERECLSIoR, thetorEiarmef IvT aRTRIECHtNGPT ihereiswiikipdhe darear0.1
SuifagB miteresyfdehivingatid. SmitacmpatberisebvEB&gant ek past-35af
(hespeansiiassisiaia eiAhgdRiS HsaaUERaARRARIRRRL N Gan 26,
seaNkOBMICGONAR ROmpRg&entre area 35 does not have 1o be

etched, if desired or required. Bonding pads 32 are also added to the
second ohmic contact 30. The second ohmic contact layer 30 is preferably
a ARpiiniply, o5raiastadinedf. rivgltpRlivadtahioly éneniad may Heeuseth® rangiof

3 Shanial thiolord WG 26P5/0889 RRCHS2A05/A00A6 L Riviprealing

(9moay fekewdhrsrnesitionteh Q, orafter the .
depasitia pf bond padp%g The cﬁp%ﬁ%%aeﬁﬁg\é%rgigdl ?S%;f%ye er%r\'ﬁﬁ}
and standard methods, The 5 chips/dies can then be separated (100)
(Figure 11) into individual devices/chips without lapping/pofishing the
subreletna agritireriodisin gt Peckagindefel|Gws byfore the dicing operation)

and may be for several wafers at the one time.

The fabrication of GaN iéser diodes is similar to the fabrication of GaN LEDs, but
more steps may be involved. One difference is that GaN laser diodes require
irror formation during the fabrication. Using 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.

The first ohmic contact layer 20, being metal and relatively smooth, is quite shiny
‘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, fo
improve light output. Light output is thrbugh textured surface 34,

In this way the textured surface 34 is fabricated on the rear surface being the
surface to which the sapphire was previously attached, and the reflective layer is
fabricated on the front surface of the relatively smooth epitaxial layers. Light
emission is through the rear, textured surface 34, and reflection is at the top or
front surface. This is the reverse of normal. In this way the original top layer 18

may be of a thickness such as that of an ordinary LED, for example, 0.1pm, and
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standard and known methods. The front surface of the epitaxial layer 14 is
greferabgém the range of about 0.1 to 10 2.0 microns, preferably about

E o

the top surface of the semiconductor is preferably in the range 0.1 to 2.0
microns, preferably about 0.3 microns, from the device layer. As the active
layer/ evice, I yer, in this configuration is Iose to a relgtively thick copper
¥8 8 #Fle rate o heat ﬁesrﬁcrl)%% aéf{?mp oved '8 Ad¥! %F\%'{ léh £
alt@ﬁfﬁﬁ?@efgﬁz%()ﬁe‘rﬁtvéiyiﬁhrck layer 28 may be used to prowde
mechanical support for the chip. It may also be used to provide a path for

heat,cameyal fromithssastive rr%groguﬁexécmefmm ay fﬁleseutast&%&%

for electrlca connection. 20 The E)Iatln%ste erforme at the wafer

leVRPEEY hafoPEHE |c?néh8p%r BS%?‘?é%af’%é?@réoﬁl
th@@h@ﬁ?’rﬂf HrEneveRip Hetrsh gp@aw)m%?“@@@@squsﬁml Ritivs thaion often
fabricatiorsahicraid (IB0Is nbit tA% nheréosteisnmashbeainaoly gattdtieshould

differepseisithal-Gal laaes digdes require mirror formation during the
fabrication. Using sapphire as the substrate compared to the method

without sapphire as the substrate, the mirror formation is much more
diffRiufteafidiane Guaing & RveRioniicRy efiery wredrasgonrdifietchivc
cantaity keter REettompimetaliapdiaibthsdhe simoothndsegeittishppprianties
theyeier admab ineilieclivagaf dight. me@mh&?@ 5i§5@&&:}i¢eqmﬂ€%m§aéef frgeD,
at_i it so is a reflective surfac
R S AR MR

35S ’R%??ﬁ%"?@ﬁﬁ@d’%ﬁﬁ%ﬁ&%ﬁfﬂéEfﬁ?f&i’&&i & trredigiapeg Pefueen
bdhsgfrine miupfaig torvascIRssipplaitivelydayvpracioadiychttechee!, efisdanwe
refieetive layerdsodedusinaietrandiel feanh shrtacssef therealativeles path
e@%@'ﬂ%&?tﬂé%&s@&&%}%'§MQHQ&&%§‘?@%@<M%$M@Q&%&
Sllection = ALINE o.qp, TN SHTace Lie s e augree ot normal
thls \SivagC eeorlgna p layér Y85 ybéorat ickneds 8RR %éafﬂ%t

ofdé?ﬁaGFﬁl seeE e finex @‘?[ﬁr‘? %HGW?@WSFP’C'DH
PCTISG2005/000061 12 the depth of the texturing of surface 34 may be

withttbagWidesrangeshelas Wbper, any other platable material may be used
provided it is electrically and/or heat conductive, or provides the mechanical
support for the semiconductor device.

The texturing of the rear surface may be by standard patierning methods. For
example, it may be by patterning the exposed rear surface and then etching.
Etching may be by one or more of dry efching, wet efching, photochemical
etching, laser efching, or other suitable methods. The texturing may also be by
photolithography followed by deposition of a layer on the exposed rear surface and
then lift-off.

As taught by Huh et al(, J. Appl. Phys. 83, page 9383, 2003), texturing may also be
by depositing a thin metal film on the rear surface, and then rapid thermal
annealing of the metal to form a cluster of metal drops which is then used as an
etching mask for the surface texturing. Texturing may be performed on the

deposited dielectric film(s), instead of the rear surface.

if the second ohmic contact layer covers large portion of the rear surface, the
texturing step may be formed directly on the second ohmic contact. In this way the

patierned second ohmic contact layer serves as the textured surface.

& from the active region. For silicon-based semicorftfciBitfr300s/000061



W?Pﬁfﬁ%s%'?ﬁis formed after the substrate is 5 removed, the prop
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15

example, from 0.01 um to 2 m . If the surface texturing is on the rear

the prior art may be largely avoided, as the total thickness of the layers
between the sapphire substrate and the active region often exceeds 3
microns (3000 rim), thus the formatign of the surface patterns should not
noticeably affect the active region. 10 For the surface texturing to have
significant effect on light extraction efficiency, the quality of t lereflect{'on
it SEOFHEE T Pa SRR TS T 3?8%8%@8[9{%}?&%%@8 for ?ﬁseoﬁgﬁ
to fimskithie. Sseaperecrier hithemelrpbpisiplavedraetibefront Biiffseds figady
substeatedtramoYed, sapshtien: ssufaspriexierogns dengionithe
newly-exposed rear surface, the reflection of the light is significantly
improved, as the distance between 15 the front mirror a}nd ;he‘ Orr(}e%rlr;surtfﬁece
is FeinaleRPrste RorAEIR) Briahs i BY HT8R O niersie T e SubStrate is
notieppaiiveds e Murtivtot esiiaishimers dretiistemyfdpmefoRstRE BRI
thersuppatraienidiile sudrcadexbsiagsdanever teduohtisutiates ithet at
disjance Aehueed R RLIR S Rupdiassaimiciaasidy aapidat savelso

large distance between the front and back, there is a high loss of light by
abeBFpIBIS BT ARG YFerence is made to copper, any other platable

material may be used provided it is electrically and/or heat conductive, or
proxigiesibe naeeaaniealcsiapiothéoiilegabrisondimior miefgved B Teidhe
texsuring ol thereasiv HaGRdRas Redy RiandarenAties ibaanaeshads nfay

example, it may be by patterning the e 8D mad
etRJOEShiRG r{”?gyt'tggsbi/no#égl ?’m%%rﬂgsﬁ?%r@ g’fc%%r%a?%v%ﬁ%%aing,ma ©

phtSeHEsaRaaine fEpih i e BESERYNREYY other suitable methods. The
texturing may also be by photolithography followed by deposition of a
layer on the exposed rear surface and 30 then lift-off. As taught by Huh et
al(, J. App!. Phys. 93, page 9383, 2003), texturing may also be by
depositing a thin metal film on the rear surface, and then rapid thermal
annealing of the metal to form a cluster of metal drops which is then used
as an 35 etching mask for the surface texturing. Texturing may be
performed on the deposited dielectric film(s), instead of the rear surface.
If the second ohmic contact layer covers large portion of the rear surface,
the texturing step may be formed directly on the second ohmic contact. In
this way the

- %%05/000061



Wﬁ’a%f)g?%g/ﬁz’efore the deposition of the epitaxial layers on the s
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40 patterned second ohmic contact layer serves as the textured surface.
CVO 2005/085743 PCT/SG2005/000061 13 The substrate ma

Therefore, after the: removal of the substrate, the rear surface is already
patterned and thus no subsequent reay surface texturing is required. 5 it is
also possible to pattern or texture the Ilayers below the active region
duri?ﬁet@ﬁ; r‘(lzlse.position of the plurality of epitaxial layers. In this way the
patterns are already in the layered structure before the substrate is
removed, although the texture is not at the rear surface. Such patterning
maylimproxeriroexisactipmnstiticienay e@theddaRol Bafter the suhstaisis:
removed. Whilstihare Qq,i,h.mﬁnotﬂ@ﬁﬁaiasﬂ:éveﬂaeon%e&%ﬁ%%@?ﬁ%@&%ﬁw of
preferred form of ;[Fe presen _invention, it will be understood by those

NEGY TTAMERT FEHERidRETH Mot dighsTabssignbe
constructiGR"SFabpsE e GReHIRE BEPHEENE: 15 without departing from the
present invention(a}ldippiviiy @ RAESHQBEEA3RE 6 PRPS/QOPE6E sbface
The claims: 1 A methph{og fRAgaHAD 9h8 HRIUARRIUGIRIABYISD S cing
semiconductor dewcg ahg\ﬁggog_ plurality of epitaxial layers on a substrate,
the plurality of 5e itaamaf3 ayers including an active region in which light is
able to be gene@éb‘?’ﬂﬁ’é‘?ﬁe‘ﬂ%ﬂ’@éﬁﬁﬁﬁsﬁﬁgﬁ ey FlyifRgaeichst eniexial
first ohmic contact layesrto andront surface of the epitaxial layer, the first
ohmic contact laygy als@aeiiRg rés auedlector; 10 (b) removing the
substrate from a rear surface of the epitaxial layers; and (c) texturing the
rear surface, 2. A method as_claimed in claim 1, wherein before the

subtrate 18 PEMAYRY SRBSLIARRR, thikieisebSein LRtz Espmavere

15 metal is efetai¥giiataskonyehefrbgdbrsrmalie Fosdytivietheid! as etmimpitinl on
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claim | or tlaiena;twharein before the substrate is

3. A method as claimed in claim 1 or claim 2, wherein before the substrate is
removed, a seed layer of a thermally conductive metal is applied to the
ohmic contact layer, and a relatively thick layer of the thermally conductive
metal is electroplated on the seed layer. |

4. A method as claimed in claim 3, wherein the front surface is coated prior to
application of the seed layer, the coating being one or more of an
adhesion layer, and a2 multiple layer stack.

5. A method as claimed in claim 3 or claim 4, wherein a patterned layer is
added fto the seed layer before the electroplating step, and the
electroplating of the relatively thick layer is between the patterns.

6. A method as claimed in claim &, wherein the patterned layer éomprises
photoresist patierns.

7. A method as claimed in claim 3 or claim 4, wherein the seed layer is
patterned before the electroplating step, and the electroplating of the

relatively thick layer is befween the patiemns.

be
gﬁg@%_ﬂosmooum
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V\ngﬂi% ﬁgg}&ct layer, and a relatively thick layer of the thermally conductive

removed, a seed layer of a thermally conductive metal is applied to the 20

metal'is electroplated on the seed layer. 4. A method as claimed§r/cfaifs/000061
3, wherein the front surface is coated prior to application of the seed

layer, the coating being one or morg of: an 25 adhesion layer, and a

multiple layer stack. 5. A method as claimed in claim 3 or claim 4, wherein

a patterned layer is_added, to the seed layer. before the electroplatin

st§'p, an tﬁneéaﬁ?gc??ocp%gﬂ% of t gre;’aﬁl\%g/e%ﬁ: eI5?/[‘;{(:}?ri1sol:r)1e{thv(\:i‘eseer‘ic3 ?h%yer
patterns.C808 SESTRERIREF EPEISiIfRed in claim 5, wherein the patterned

layer comprises photoresist patterns. 7. A method as claimed in claim 3

oreclaim 4, whgsginsthamees lavesis SpatienrisbefRradh®: patterns are

electroplating st nd the elec i&gf&gthe relatively thick layer is
between 1 aegﬁé%ﬁgm@eﬁégi %8%%%%5743 BETTS G2005/000061 15 8. A

method as claimed in claim 7, wherein the pattern on the seed layer
coprises peiteresistgmatkins®. tenefhddras &l&iniedtiaranytienpagems
claims 5 a\3, anhiekpiadhareatingss asesd ahiardaightin the range 3 to 500
micrometers. 10_ A method as claimed in any one of claims 5to 9,
wherein the patterns have a thickness in the ranggga 3 to 500 micrometers.

1011, A TEHB LS SAMFEI T PRRY BhE oF BITFng B (1 IR B RARS™S
patterns Hauee spspinginghinrenes ahgtCorZ2bPbrAeUs-microns. 12. A
method as claimed in any one of claims 3 to 6, wherein the seed layer is

i?%oi'%%ﬁﬂg@g%lgﬁ&%réﬂiﬁgylBﬁét%:»l?'ﬂl%@r&eéh ing parfRraedsubseayanty.
. ethod as claim claim wherein patterning, is

photores R ERE A LB A e SR P e
claim 12, wherein patterning is by laser beam 20 micro-machining of the
refetivelyAhimitayers thindetnistiwsihasiglawheim patieoing &f blaphstdresisy,
wherein Bgf@fRing and then wet etching.

4. A methad as claimed in claim 12, wherein patterning is by laser beam
micro-machining of the relatively thick layer.

15. A method as claimed in any one of claims 1 to 14, wherein before
removing the substrate annealing is performed to improve adhesion

16. A method as claimed in any one of claims 2 o 15, wherein the relatively
thick layer is of a height no greater that the photoresist height.

17. A method as clairﬁed in any one of claims 2 to 16, wherein the relatively
thick layer of thermally conductive metal is electroplated to a height greater
than the photoresist and is subsequently thinned.

18. A method as claimed in claim 17, wherein thinning is by polishing or wet
etching.
18. A method as claimed in any one of claims 1 to 18, wherein the texiuring

step (c) is by at least one method selected from the group consisting of:

(a) patterning the rear surface and then eiching,

LLOYD WISE



removing the substrate annealing is performed to improve adhesion 25
16. A method as claimed in any one of claims 2 to 15, wherein the

LLOYD WISE

WA Thick layer is of a height no greater that the photoresBER&IGRE05/000061

IT A method as claimed in any one of claims 2 to 16, wherein the relatively
thick layer of thermally conductive metal is electroplated to a height
greater 30 than the photoresist and is'§ubsequently thinned. 18. A
method as claimed in claim 17, wherein thinning is by polishing or wet

etching. 35 19. A fHebHBREoaranmetpliawrs tyfeptsiiames 4 lnyarswherein
the texturing step (cyusdpy abdgast dhefnaibod selected from the group

O0RI0BbY 43 RO e oREg S IRE8 RRE AR Bl ang then
) otoli r Yy 10llowed by
%ﬁ%ﬁ%ema?annreﬁqug P Q} e%g)o?f%%ﬁ Gcit&t%ff metal

)
deposition of a layer oh the rear surfac and then

“depositing a thin mefiPRihaistHeeraT avAEhissMadhion halsidtiremal

annealing of the metal to form a cluster of metal drops that is used as an

etﬁm'mg m?}féﬂfgﬂgiﬁéﬁﬂé@% @me? @El%&h&@iﬁétgm@lé%}rbﬁ]@}?‘nlﬁe of the

wherein etghing,is re of the _methods selected from the
&Q@ Qgrﬁn&e toéjﬁ: cons;sgn ci:fs chr% eg:ﬂiﬁx%tgﬁh%tclgﬂg

group cons’stln%of.,dry etching, w hing, pHotochemica
PAOTA HLID AU RFGIREIN-any one of claims 1 to 20,

laser etchiﬁg

1Owherein the texturing is of a shape and dimensions able to be varied. 22.

A nigthod Asretaimes driary Drenpbatanediie 2o WheraRatelrRmawg %
15 the subsiradeai sieRithenti LRl facg s gtched and the rear

surface is then textured. 23. A method as claimed in any one of claims |
to 23, wherein after the substrate is removed in step (b), at least one
layéf-addet T5 1198 RS S2INGS i IBECRRPiIsRIESI & d8t2dnwhiaspr afteexenredng

1524, A methisdsaissttiininestan tizytioneaf sleiasid sa:R23) wbareirstheigsise is

25

30

35

included ataeextrauségp of forming a second ohmic contact layer on the rear
surface, the second ohmic contact layer being selected from the group

23. A method as claimed in any one of claims 1 to 23, wherein after the
substrate is removed in step (b), at least one layer added to the rear
surface and the at least one fayer is textured.

24, A method as claimed in any one of claims 1 to 23, wherein there is
included an extra step of forming a second ohmic contact layer on the rear
surface, the second ohmic contact layer being selected from the group
consisting of. opaque, transparent, and semi-tfransparent, the extra step
being performed at one of: after step (c), and between steps (b) and (c).

25, A method as claimed in claim 24, wherein the second ohmic contact layer
is one of blank and patterned.

26. A method as claimed in claim 24 or claim 25, wherein bonding pads are
formed on the second ohmic contact layer.

27. A method as claimed in any one of claims 2 to 23, wherein after the
relatively thick layer is appiied, ohmic contact formation and subsequent
process steps are carried out, the subsequent process steps including

deposition of wire bond pads.



25 consisting of: opaque, transparent, and semi-transparent, the extra
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wElefsaring;performed at one of: after step (c), and between St%@@;ﬂﬂ%‘mooom

(c). 25. A method as claimed in claim 24, wherein the second ohmic
contact layer is one of blank and patterned. 30 26. A method as claimed
in claim 24 or claim 25, wherein bonding pads are formed on the second
ohmic contact layer, 27. A method as claimed in any one of claims 2 to 23,
wherein after the 35 relatively thick layer is applied, ohmic contact
formation and subsequent process steps are carried out, the subsequent
pro%gss sé ps t?r‘f’c?l? d %ﬁj ‘Wéﬁ@sﬁ% PO RiBBhd piade: i‘.’YW~m‘i&?‘9‘Pfed
WO 2005AT88TF4 SUPET /S GRO0SI0BBDE LR DS thethemras glaimedhiact
any one obglaimng:g4itec26, wherein the exposed second surface is

5 cleaned and etched before the second ohmic contact layer is deposited. 5
2026\ metRorg@%%(?Iaim'ed indany one of claims 24 to 28g wherein the
second ohmic contactiayer Aol KOFCBVEP TR 3n8Ia% KT RS 5pnd
surface. SUMHCFRIYABIENET clammert meaiienie i e to=p8unigherein if
the second 10 ohmic contact layer covers large portion of the rear

surdace, StaRdifbiSaPGERBGH Hifasiy QRthasss st FONRct 1axes

10 and the s¢ %ﬂdc &Qaci acgptc%(‘:fte !rayer iS tho%itextqr d surface, 31. A method
as claimed in any one of claims iﬂg%g whergin reeraérigu'i?)c?né’ﬁﬁaéﬁ) tie
step of sePFAIAMEA fitectharndtie sRaredsotpic canaridavas ensirtiedserenty
one of clatmeicleyadt lavhereimetieatusedsodackictor devices are fabricated
without one or more selected from the group consisting of: lapping,

pokighing angd.dising. %%ﬁ%ﬁﬁ‘&ﬂ)%éso?'&gﬁﬁﬁd n %P nengfglajms 1, to

15 32, Wher%ré tlag d%t“l}east one flrst_oh_mlc.co,ntact’ ayer Is on p-type layers of
the epitaXiSISeRE 33P &' SRRATBEPALUPNANS A 4RY%Rim 31, wherein the
second ohmic contact

32. A method as claimed in any one of claims 1 to 31, wherein the
semiconductor devices are fabricated without one or more selected from
the group consisting of: lapping, polishing and dicing.

20

33. A method as claimed in any one of claims 1 to 32, wherein the at least one
first onmic contact layer is on p-type layers of the epitaxial layers.

34, A method as claimed in any claim 31, wherein the second ohmic contact

25 layer is formed on n-type layers of the expitaxial layers.

35. A method as claimed in any one of claims 1 to 23, wherein after step (¢},
dielectric films are deposited on the epitaxial layers and openings are cut in
the dielectric films and second ohmic contact layer, and bond pads

30 deposited on the epitaxial layers.

36. A method as claimed in any one of claims 1 fo 23, wherein after step (¢},
electroplating of a thermally conductive metal on the epitaxial layers is
performed.

[#5)
N



25 layer is formed on n-type layers of the expitaxial layers. 35. A method LLOYD WISE

w§525$%}5§§'g4§n any one of claims 1 to 23, wherein after step (c), dielectric

ms are deposited on the epitaxial layers and openings are cub fnt' e 005000061
dielectric films and second ohmic contact layer, and bond pads 30

deposited on the epitaxial layers 36. A method as claimed in any one of

claims | to 23, wherein after step (c), }glectroplating of a thermally

conductive metal on the epitaxial layers is performed. 35 Lt.OYD "v slF,

WG 2(1(hfbBEVIRS BT 0D S0 £5y 3A atndtagitamibematy
any one of@idhwity8 3B B:omhesein dhierthexndaliiye cenidwiotiveyenetabmprise

comprisesHMgre canddbeEpitesial layers comprise multiple GaN-related
layers 5 38. A method as claimed in 35, wherein step (c) is performed in
the deposited dielectric film(s) instead of the rear surface. 39 A method

> for HbricaliSAERICH 88 FUBRUTICTEr HRTRE HhR G HiksHRYMEd s agosited
having a plgteHe Girepitasicad & e 'earawisstrate, the plurality of 10
epitaxial layers including an active region in which light is able to be

pE Sl e el e AR

at least or?gfﬁ?gﬁ' 0 V“r?ﬁca(%tﬁr aﬁg{)fé%/é ‘r% o) ‘%1/' ISRt A CYPT B dhig B\‘t‘fﬁﬁﬁ/’t)?g
10 of epitaxiciRBEEs AV 8t BHAGICEORRE (@ disovhietinkglaisia pbtfedaobe

and (c) repeoeingththsukétvdtesfrprisiagear surface of the epitaxial layers

such that after theyempyahghtBe subsliaifidthe BauHIRES &5 ALSAT ity

patterned. 20 40. A r&et&g%aqrﬁa?é@%ggnins%@% %9, wherein after removal

of the substrate no su%sequen rear surface texturing is required. 41. A

method for fabrictliPRIYR0RL IRR 8% st A eortrs davside Adinsigurface

15 of the plurality of epitaxial layers, the first ohmic contact layer
also acting as a reflector; and
{c) removing the substrate from a rear surface of the epitaxial
layers such that after the removal of the substrate, the rear
surface is already patterned.
20
40. A method as claimed in claim 39, wherein after removal of the substrate no
subsequent rear surface texturing is required.

41. A method for fabrication of a semiconducior device, the semiconductor
25 device having a plurality of epitaxial layers on a substrate, the plurality of
epitaxial layers including an active region in which light is able to be
generated; the method comprising:
(a) patterning the plurality of epitaxial layers below the active
region during the deposition of the plurality of epitaxial layers;
30 (b) applying at ieast one first ohmic contact layer to a front surface
of the plurality of epitaxial layers, the first ohmic contact layer
also acting as a reflector; and

(¢) removing the substrate.

35 42, A method for fabrication of a semiconductor device, the semiconductor

device having a plurality of epitaxial layers on a substrate, the plurality of



25 device having a plurality of epitaxial layers on a substrate, the plurality ~ --0YD WISE

f,epitaxial layers including an active region in which light is able to be ,

Wgéﬁﬁ&?gj@the method comprising: (a) patterning the plurality of epaxi4F/ 000061

layers below the active region during the deposition of the plurality of

epitaxial layers; 30 (b) applying at least one first ohmic contact layer to a

front surface of the plurality of epitaxiaf layers, the first ohmic contact layer

also acting as a reflector; and (c) removing the substrate. 35 42. A method

for fabricattoR Gt £ LEmiltEHINsdRGikE, FRELERidBIHLERE et o be

having a prNeiktyOihepitstied taymtsorwa substrate, the plurality of LOYI,

tr',1s, WO 2005(0B87#Ag 6didSH #RO5LO0MARI:I Rl Ja¥al Surface

including an active region.inWhich ightis able o he gsasrated: the

method comprising: éa) ap%ilt}/ir!g at))%g{]égl one ficr)st o‘ﬁrcnic %on? ct éﬁ/oe?%n%
> front surface of the® ﬁl’&ﬂﬁaﬁ t&yer, the first ohmic contact layer also acting

5 as a reflector; (b)) Rneuinh deh swhsbstiatédrom waearsertact bEthetaxial

epitaxial layers; (c)idepgsiting dielectric films on the epitaxial layers; and

(@) texturing thefjeééﬁyéﬁsﬁy%xéc@né%nﬁsmg%ﬁ%gﬁ’Ya98>§?§n8°mp”S‘”g
!

epitaxial layers, firs ())(pmlc %on(}a t layers on a front surface of the
epitaxial layers and %rc‘)j\r/'f'cﬂl%gea I \f%mgurface, and a second ohmic

10 contact layer on a rear surface of the epitaxial layers; the rear surface
beiny surfasertindnhetborisiddcd senmiciaguetitadaisgeas alainvain erus
43, furthepgomprisingr sielatiyebitbicdpiayel RbahaimalyGRgduivtive
metal on %B%Jé@t &'&‘“A%%&@%A%r eLs ?ae'“ g adhesive 5o the
the first ohmic contact layer etween? e firs GRmIC contact fayer and e
relatively efm@%x?éw?’rs; the rear surface being surface textured.

I5
44, A semiconductor device as claimed in claim 43, further comprising a
refatively thick layer of a thermally conductive metal on the first ohmic
contact layer, there being an adhesive layer on the first ohmic contact layer
between the first ohmic contact tayer and the relatively thick layer.
20
45, A semiconductor device as claimed in claim 44, wherein there is a seed
layer of the thermally conductive metal applied to the adhesive layer.

48, A semiconductor device as claimed in any one of claims 43 o 45, wherein
25 the relatively thick layer is at least 20 micrometers thick.

47. A semiconductor device as claimied in any one of claims 43 fo 48, wherein
the second ohmic contact layer is a thin layer in the range of from 3 to 500
nanometers.
30
48, A semiconductor device as claimed in any one of claims 43 to 47, wherein
the second ohmic contact layer is selected from the group consisting of:

opaque, transparent, and semi-transparent.

35 49, A semiconductor device as claimed in any one of claims 43 to 48, wherein

the second ohmic layer includes bonding pads.



20 45. A semiconductor device as claimed in claim 44, wherein there is a

seed layer of the thermally conductive metal applied to the adhesive LLOYD WISE

layer. 46. A semiconductor device as claimed in any one of claims 43 to
45, wherein 25 the relatively thick layer is at least 20 micrometers thick.
47. A semiconductor device as claimed iRtany one of claims 43 to 45,
wherein the second ohmic contact layer is a thin layer in the range of
from 3 to 500 nérertietetst@OierRe Assiamicbndutoredévivesat tlaimelbiein
any one of claimse48:tody covheteinmthe iseanRd HhmMICHaRiack jayebisrise
selected from tha.grasip SoRsistingfi @paque, transparent, and
semi-transparent. 35 49. A semiconductor device as claimed in any one of

claim 43&9 48, whereln th:r §§ﬁ8”d ohmic IaXer mcludes bagg(il
20 50, A 26miconduaaiiavice ke M SAmse in 4hyoh d SFmRmMY %@m

wherein the thefﬁ?a‘?ﬁynt‘aﬂﬁﬁw\?évﬁ?e‘ﬁaf‘?g%ﬁbm HRPIPHE EpfIEEkTSl 9%\96‘5%‘“
comprise multigleitheNsMidatet epiesiitel Heyses. 5 51. A semiconductor
device as claimed in any one of claims 43 to 50, wherein the

semicondggtor d\eééﬁﬁ‘c&ﬁcﬁmérm@fﬂ%&m&@ GRNSISHRgL 98 @B 49 kherein
emittjgg deV'Ce’tﬁ‘QQe@)H@Bﬁﬂ%&OJoﬁéé’ '?%ehls Aegiconductor d%XA%%u%‘é of:

claimed in any ne of claims 4 erein 1 the second ohmic-

contact layer is sePeC?eéa 9?o?nnfﬁe group consisting. of: blank, and

patterned. 53. A semiconductor device fabricated by the method of any

one of claffs 1 fosetficongucionremdetdtBatast by the method of any one of claims 1 to
42,

15
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