Fabricati on of Semn conduct or
I nvention The present

Devices Field of the
i nvention relates to the
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particul arly, though not exclusively, to the
fabrication of sem conductor light emtting diodes
(LEDs) with surface texturing for inproved |ight
out put. Definitions Thr bout th| cification
opt oel ect r oni cFapEGAtian qf %Sﬁ‘ﬂf’d’@g"‘it ﬁogrgn tting di odes
(11LEDs") and I aser diodes. Thr oughout this
| ef erence to GaN devi ces such as, for

egﬁﬂp féﬁea]téa%q'f Ds, is to be taken as including a
reference to all sem conductor devices made of
G%Ns ?éséﬁ Hl/ Hﬁﬂn%laeéssm thmébu@hung of Isericonsiuctor deviess and,
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dewmgshoaesa(LEas)awth swfﬂcs @ﬁud'@mfGUE‘P@NeWb?q Rts based on
silicon (Si), galliumarsenide (GaAs), and indium
phosphi de (I nP). Conpared to such el ectronic and
oPettiens r oni c devi ces, GaN devi ces have nany
advant ages. The maj or |ntri nsi ¢ advant ages that GaN
&iﬁ% q%urfle?’%Eén%ﬁﬁod Shtdeielréhicl deviRBGAdIudBg ligig andittig dicdes

wertrnasto t performance Ak t r v ng o
ahEP®) @dt'?slegﬂ%quVD/ CD capacity. Table 1From Table 1,
it can be seen that GaN has the hi ghest band gap (3.4
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and ulft aviolet (UV) and white light emtting diodes
(I?Ebg n be made from GaN wafers. For semi conductor
| asers, GaN | asers have a relatively short wavel engt h.

'fBaékﬂibuAcﬂSQﬁ&Ineémmused for optical data storage, the
shorter wavel ength may | ead to a higher capacity. GAs

| asers are used for the manufacture of C%DRC]\/B with a
The majority of current semiconductor devices are made from semiconductor

materials based on silicon (Si), gallium arsenide (GaAs), and indium phosphide
(InP). Compared to such electronic and optoelectronic devices, GaN devices have
many advantages. The major intrinsic advantages that GaN has are summarised

in Table 1:

Bemi~ Mehildy 1 |Band Gop  |BFOM Maxanum
conductor  |(em®Vsy (VY {power | Temperatre
wavelength |transizo | (€}
{rm} meri)
51 1300 1/1127]1.0 300
GaAs  |5000 1.4/886 9.0 300
GaM 15300 34360 246 |THO0
BFOM: Baliass figure of merit for power transisio © performance
A shorter wavelength cormesporgls {0 2 higher DVDICD capneity,

Table 1
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capacity of about 670 MB/disk. AlGalnP |lasers (also
based on GaAs) are used for the |atest DVD pl ayers

t he next-generation DVD players nmay have a capacity of
26 GB/ di sk. GaN devices are made from GaN waf ers t hat
are typically multiple GaNnrel ated epitaxial |ayers
deposited on a sapphire substrate. The sapphire
substrate is usually two inches in dianeter and acts
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Conventional LED fabrication processes usually include the major steps:
photolithography, etching, dielectric fiim deposition, metallization, bond pad
formation, wafer inspection/testing, wafer thinning, wafer dicing, chip bonding to

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
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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conduction through the 100-m cro p thickness is not
possi bl e. Since each wire bond pad takes about 10-15%

nunber of chips per wafer by about 10-15% as conpared
to single-wire bond LEDs grown on conducti ng
substrates. Al rmst all non-&GaN LEDs are grgvvnFon

n sub nd use one wire nd. For
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bondi ng processes reduces the useful area of the
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quantum efficiency can be as high as 99%( . Schnitzer and E. Yablonovitch, C.
Caneau, T. J. Gmitter, and A. Schere, Applied Physics Letters, Volume 63, page
2174, 18 October 1993). This large discrepancy between the two quantum
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.

For GaN devices, the critical 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 chip wall (often the front surface of the LED
chip) is less than the critical angie, a small fraction of light generated in the active
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region to be able to escape is about 23. Because the
light em ssion fromthe active region of a LED is

fromthe chip if the angle of incidence to the chip
wal |l (often the front surface of the LED chip) is |less
than the critical angle, aysnmall fraction of Iight
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P keditikYg ihiah yhcahseih tedight capuipiweg ofttioe IEN.Si de t he LED,
resulting in an increase in the |ight output power of
the LED. The techni que of surface texturigpq howev
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e?&%—%ﬂéd@ where the layers above the active region are quite thin (about 300
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 etching 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.
Summary 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 oh a substrate, the plurality of epitaxial layers including an active region in
which light is able to be generated; the method comprising:

and the |ight can onP@T/R6UMH@00061
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for GaN LEDs, where the | ayers above the active region
are quite thin (about 300 nm, and etching of GaNis

of a few hundred nanoneters are often generated by dry
etching or wet etching on the surface. This poses
consi derabl e risk of possible damage to the active
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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 aiso 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.
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or may be of a height greater than the photoresist and
i s subsequently thinned. Thinning my be by polishing

rear surface, may be by standard patterning nethods.
For exanple, it may be by patterning the exposed rear
surface and t hen et ching. tchlng nay be by one or

of : et chin wet n
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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
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
the rear surface. Such patterning may improve the extraction efficiency of the LED

after the substrate is removed.

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

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 |ayers on the substrate. Therefore,

is already patterned and thus no subsequent rear
surface texturing is required. It is also possible to
pattern or texture the |ayers below the active region
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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.
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adhesive layer. The relatively thick |ayer nay be at
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i | Higusé 1 being/giveamdlipteaipportniiesiodind te #9¢aRg SO whi ch:
E'ngggf &3 ;'s é Shémaie h&HBdhtidnR b 8RRbRIuLEINdice bt Gt stage in

: g froma sem conductor device; Figure 2 is an
i 1the/PHcRHRNIOEFS phot ons generated within the
S EMguUROM B LCichemalie vepresenbtidaiofj the eerhicorsiuetgr dsivige of Figwre B gt @

Opsl%%ntd%@gg knetﬁe {agncfall&'pprgé%?s escape cone; Figure 3 is a

3 Thre 5SmSR Gl oL OO o e o
a tﬁlmtm e fpfcatiseprbedsson of t he sem conductor device
uregf:J {sea':e‘%hé?';natlé ée%?&gntgtmﬂto@&@ sbiicbiBctbAd¥vice 3f tiglte 3 at a

a schematic representation of the
séﬂﬁ@@?ﬁﬂ@ﬂtg‘?fa@l@ﬁ'wrﬁ?esﬁl gure 3 at a third stage in
t hgukéXP fsiaCsehérhuiic m;memsuonmf theisemidondscter davite wbfipwe 3 ata

refaéeéegltn?,i] fg{hcgton pt;& ﬁsem conductor device of Figure 3

i'n the fabrication process; Figure 7
| Figuresg h@rﬁaielv@wrcé M@WW@W%@W@Q’@%% conduct or

deyduee o &f ar-rldfrRat vidw 6F 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

a sixth 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

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
of simplifying the description of the process.

To refer to 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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fifth stage in the fabrication process; Figure 8 is a
side view of the sem conductor device of Figure 7,

produced fromthe sem conductor device of Figures 7
and 8; Figure 10 is a schematic representation of the
seniconductor device of Figure 3 at a sixth stage in
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multiple epitaxial layers 14 on it. The substrate 12
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f @rtthe frbmrsurace of Gahla@ers| 14 i ehmicganiagt layer20 hgdng reyitiple
Orinéa RRBIs" &rhd 'é%ﬁ:rc@ﬁtgcﬂ%ewfzdi laus@ecw%@a rafec@noremmpéﬁhe
of ten cal a
ueen I B BYRF o RETHE: [SRSPRSFY db e dive
( whgiarhini epitgydab layers i1 ds refincted owardssthe seae surifase 1§k | epijaxial
n'léy)eél?,g ltf@’r@érsstﬁgéiz T ﬁelatggfh’ﬁ’rlf‘ag Mgﬁﬁ tmtéll‘?acbsﬁ'wﬁrﬁ trs]@d(}trgtetWeTo
san che

| S RlsonaE SRS adsB R SRR Yo T R RGP PR £ oD
mekt (Fighre 4)Uatep B vied |terhii/eondudive metab sodht as feroexample,
' %EEHH" ?ﬁ@hkﬁ‘naﬁ?%@udﬁé %?ar“s%f@@blkl als® eié'éir* Bally ¥oRduR s K
of, hre GaN LEDs,
¢ g ﬁ‘ﬁF'i ?feﬁ'aeseuéﬂxffa Hﬁ)(ax/@ﬂag"esfe@ a&?f?@f a&n\v | nGaN/ GaN or
Al GaN GaN Al GaN mul tiple layers. On the front surface
OfThQ%Nn’c%F fq ﬂ‘u?y b a3k Bﬂhﬁmﬁié’ &S epRUK ardanR@Xbd'6n

mul ti ers. hm ¢ contact | ayer 20 also
aéhesseagcoadwcéwééacsr 'bF‘aYn“Ptr tBJ-’r paft of g original water. For G

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

wafer.

As shown in Figure 5, using standard photolithography (88), the thin copper seed
layer 24 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
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
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 (90) between
photoresists 26 to 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



interface with the epitaxial |layers 14. Therefore,
i ght generated in the active region in epitaxial
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epitaxial layers - the rear surface 16 being that
which interfaces with substrate 12. To ohm c contact
| ayer 20 is added an adhesi fn | ayer 22, and a thin
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with a thickness of about 3 to 500 m'crorreters They
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pa terned copper is t at'ed
§ ?P@ﬁ}?ﬂt igk1copBe)la¥set&veen photoresists 26 to form a
heat sink that fornms a part of the new substrate
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25 1 thatepitdxiat bgerpWith tpetic iind@utonBtid) B HYOmMEFRYENIES fdRdk.

polishing or wet etching. The photoresists 26 nmay or
may not be renoved after the copper plating. Renoval
nB&yeovsie PIimigaryt piAcREFes &eW thetb A RrRsoiesd. s Jokseasay fler for

example, photolithography (92, 93), dry etching (94) surface texturing of the rear
surface 34 (95) and photolithography (96). The surface texturing (95) forms a
30  textured rear surface 34.

Figure 7 is the penultimate step. After the removal of the substrate 12, surface
texturing is carried 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 to be efched, 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
thin layer, or a stack of muitiple metal layers and may be in the range of 3 to 50 nm
thick.

40



w@e@soswihg of the epitaxial

10

15

20

25

30

35

40

exanple rinsing in the resist stripper solution, or by
pl asma achi ng. Dependi ng on the device design,

standard processing techni ques such as, for exanple,
cl eaning (80), lithography (81), etching (82), device
isolation (83), passivation; netallization (86),
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omat| c ani cal force
ﬁréigg'e%favﬁéy" iPeesiontaradon Risiase ip a lbvRly cereo,er " ped 28,
eﬂanatbethephemWaltshogbmdhy (92, 93), dry etching (94)
surface texturi ng of the rear surface 34 (95) and
photollthogra y (96). The surface texturing (95)
f Hfgitonall Vt%ﬂt%rp%tare'Veta? relzlively dhick3ayer 2B ghaveberused te |peovide
pemcHahicarsugposttiepthe hipe it miealsceraisb t@iorot/iae aS;iéIEthof aéA

1?emo§é1' rfnfoﬁlctg %gﬁ% %S%J}&iaegge %3&]' hr?adm%)zta%sor murs]ed {oﬁ glectncal

NOW expose ere
stAPedenpatt erns 34. The center part 35 of the rear
surface Is al so etched for subsequent deposition of

h cnrearea35d
not g@{lg?%ﬁ@r%[rﬁ %%Qﬁ *’gfg'élg‘l;lérl % gofe Heidelg °p§8ﬁ?ﬂ§ng
@H@%@%ﬁfé@ﬁ%%@%@%@%ﬁ@ second ohni ¢ contact 30.
The second ohm c cont act Iayer 30 is preferably a thin

| kof [t tal |agyers_ a y. be
 PhéTpofon B S5 sbe ok s U Fobredr of cPU A Bt
f TBPTE Siers W@yd@p@gql\tado rORst difierance ie dhat &aN lasey aliodd$ require
ahitrer fornf28on 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, to
improve light output. Light output is through 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

| ayers 14 fol | owsPCEBGZN05/000061
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into individual devices/chips wthout
| appi ng/ pol i shing the substrate, and w thout dicing.
Packagi ng follows by standerd and known nethods. The
f Er@ruepﬁtafrir@qsdmg fohuriaBd BAXiaftlbe WRANBTa WileirSngelsBbeES bry
in the range of bout 0.1 to 2.0 mcrons, preferably
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stigience betwsenyth ffe"t§h¢ h%ﬁkafhﬁr et'%'i"@’? lgsseof Hghy Ry ?bSPEH“P'éct ive
of light. As such the first ohmc contact layer 20, at
éﬁp re%;lée%gﬁ\/\sdfr'g%%et tgecosg |t aXI o&}I!'neir &?a\{a%lier rg\%ténﬁul %lé%?nel E‘se%
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| duphdh for B ¥erhibRdlictorldevies] surface 34 is fabricated on
the rear surface being the surface to which the

sapphire was previously attached, and the reflective
| Eheetexturing 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. 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
patterned second ohmic contact layer serves as the textured surface.



fabricated on the front surface of the relatively
snooth epitaxial |ayers. Light em ssion is through the
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In this way the original top layer 18 may be of a
thi ckness such as that of gn ordinary LED, for
exanpl e, 0.1mm andthe depth of the texturing of
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| oss of |ight by absorption. Al though reference is
made to copper, any other platable material may be
used provided it is electrically and/ or heat
conductive, or provides the mechani cal support for the
sem conduct or device. The texturing of the rear
surface may be by standard patterning nethods. For
exanple, it may be by patterning the exposed rear
surface and then etching. Etching may be by one or
nore of: dry etching, wet etching, photochem ca
etching, laser etching, or other suitable nmethods. The
texturing nmay al so be by photolithography foll owed by
deposition of a |ayer on the exposed rear surface and



waolessss7ung a thin netal

then lift-off. As taught by Huh et al(, J. Appl. Phys.
93, page 9383, 2003), texturing may al so be by

then rapid thermal annealing of the netal to forma
cluster of netal .drops which is then used as an
etching mask for the surfacg texturing. Texturing may
be performed on the deposited dielectric film(s),

@ @@ of the rear surface. If the second ohmc
con nfayer covers large portion of the rear
surface, the texturing step may be forned directly on

the Secmﬂetm%f: RIS bf a |s@mfc9ﬁo§|ct\'ﬁlabfe\ﬁc]§eth9%ﬁﬁd’oﬂ&@tor
second contact | ayer. serves as

surfac eg%’fe Vit PRAEY EP'@X'ﬁH?yE’B?’b%F‘Fl’éFﬁ% o‘%% BBy of
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substr a%&er I{Qeﬁlﬁn‘%{hﬁd c%&ngl{lgt he renpval of the

substra ear sur is already patterned and
t hus no subs@h&%‘ﬂ!’"&%éﬁas“s‘lﬁ‘ﬁf '&E@“‘?'@R‘t"iﬂc“ﬁﬁrpsa T sxprfase)
I't is al so possf ihkepitRiapaydremhs firsk ofirtix cortaet laper Ay &dtifg
bel ow t he actl\ég F(ﬁg& during the deposition of the
plurality of epl?am al’layers. In this way the
patterns ar bhramoxing the sylistiate fipay a deasturaceuelethe ebitadal
the substrate |a?erge,maved al though the texture i s not
at the rear su tterning may inprove the
extraction e(f’)fo@ré'i’gc il lJ?i'ac‘?_ED after the substrate
is renoved. Whilst there has been described in the

f of. eg0i NgleEPSd didihePiR cféunﬁ)ﬁ eﬁr@réﬁre&fér@fnms%strhms &N
i nventi on er S

et uRRel ot fu SRk e 00 (93 Akl

i n desitogveflestontayeruct i on or operati on nmay be made

W t hout departing fromthe present invention. The
clainms: 1. net hod for fabrication of a_sem conductor
G601 co. A THIPLE XTI ERE? | AESHIOS HABRHS e Sy o1
epi t axireovedy® seeddayen of alisdrmallyecontivévepinetabis idpyliedfto the
epi t aXighhnicl c@)(t@&%ylaln shaigwaq.vapmuyxreofﬁr%qh&mamowmcﬁ\tb

light is a ener a conpri si ng:
(a) appPteA s ge’eﬁ{’°ﬂ’9é%f§?q’t8ﬁ§e‘ﬂd?"i‘y§f ohmc cont act layer to

a front surface of the epitaxial |ayer, the first

oM ¢ QOR&RGE asl AR iR kiSith Rk the front surface is coated prior to
application of the seed layer, the coating being one or more of an
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 electroplating step, and the
electroplating of the relatively thick layer is between the patterns.

6. A method as claimed in claim 5, wherein the patterned layer comprises
photoresist patterns.
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 between the patterns.

filmon the rear surfPRCBESGz08000061
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as a reflector; (b) renmoving the substrate froma rear
surface of the epitaxial layers; and (c) texturing the

wherein before the substrate is renoved a relatively
thick layer of the thermally conductive netal is

el ectroplated on the reflestor layer. 3. A nethod as
claimed in claiml or claim2, wherein before the
substr ved e

bnduck MR Hong i 25 e ke Bpti b e elaver
| ayer ,cormpdsea ph@brasmstweﬂteynq hick | ayer of the thermally
conductive netal is elect ropI ated on the seed | ayer

4. A nmethod as claiped in

sr f acdkmethod gsielimes |3y °pg° ':E%mf gé? gvh Befn tP% Eg%efgfa

| ayer , oftaineightmthi rpgdd 8 kan@POomigrometersor e of : an adhesi on
| ayer, and a nmultiple |ayer stack. 5. A nethod as
claimed in claim3 or claim4, wherei at hernetd

| yer A methedes odaimadda a8k oae o Glaimsy oot ¥ eFFé € patieims
el ect rigpt attidkBesstiretpe rangel3 tdBO0ahigometers! at ing of the
relatively thick layer is between the patterns. 6 A
nmethod as clainmed in claim5, wherein the gatte

| Hyer A owfol sesiaipgtineeys RS OfRiaIE Brig 107Whex e"£§
cl ai Mgk B sFAcHg Be Ringé biiodtei2, 000heic@he t he seed | ayer
is patterned before t%e el ectropl ating step, and the
el ectroplating of the relatively thick | ayer is

btz weenmethed paitiaimed i, 2By ope efealaipd3 &6, c*{hafef?ébe $5d VAl it
7, Wheg&iBoikbe whidht ftBrmg, 6a|ﬂa'nﬁn@€bdmb paremensTbsdcmently.
ph otoreS|s? patterns. 9. A nmethod as clained in any
one of claims 5 to 8, wherein the patterns are of a
hid, ght A inettiddeasr claiged 3 tlainb 02 Whesein patiesniag is1by Pholeresiftod
as cl téingCl @i M8 5 to 9, wherein the
patte%}éggﬁgggng&tg%??%nessg in the range 3 to 500

m croneters. 11. A nmethod as clainmed in any one of
clai msA netiwd 143, claiined @i claitnh2, pyeeteiry pafterning 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 to 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.
19. A method as claimed in any one of claims 1 to 18, wherein the texturing

step (c) is by at least one method selected from the group consisting of:
(a) patterning the rear surface and then etching,

2. A nethod as clained in clai nPAT/SG2005/000061



have a spacing in the range of 200 to 2,000 m crons.

12. A nethod as clained in any one of clains 3 to 6,
woL@soss143 he seed |ayer is el ectropl ated w t hoR€T/SG2005/000061

patterning, patterning being perfornmed subsequently.

13. A nmethod as clainmed in claim 12, wherein

patterning is by photoresisf; patterning and then wet

etching. 14. A nmethod as clained in claim12, wherein

patterning i se m cr o- machi ni_n t he
relatively tﬁ)l) é%OtP@Wapglgouo‘WWt IReEStipe %Pg?yﬁ‘éﬂn ths reafy
one of clains Bbutiagebdd thahbft-eff, andef ore renoving the

i ngtAr ﬁ; fhgg(&ggb '&B&as'mﬁ% %el% %é@qﬂrﬁ %n tﬁ@’ e%}’ guﬁgg‘ SR %

wherei n the rel2pq Yemg ?ﬂﬂeé'l(‘gloéﬁhérmqt@ t%ﬁonﬁaﬁ@ﬁfgh@f metal
5greater that tlasppihatieussi stanlkehplinaskr thb tgxBii d as
claimed in any one of clainms 2 to 16, wherein t
relatively thick |ayer of thermally conductive mat al

i 52&| ech Pshrd eedaimed i daiingAt whereimetehing isdm onéer more of the

phot Or embthddsaR@cted f@Mhﬁ@@%ﬁBEb%lsﬁﬁb B aH- etéh%g ‘ﬁeﬂﬁ&ﬂﬁ%d
as cl ai | N.C |nn|ng|S

pol i shi® Oggl?em\/\iﬂ a@?'%?%'aseiwghﬁg met hod as cl a| msd in

10 any one of clainms 1 to 18, wherein the texturing step

(C21.1 S Ddhefby k€SS ﬂxeanV%Eé‘ Qﬂcla‘%ﬁé eE &5l V\fhér‘é?i‘ tﬁJ‘féxtQ{JﬁHP

consi sti_n tter e rear surface an
t hen etoéﬁ%%’e(aﬂ§ g%ﬁgf'?ﬂslalb g%\}fﬂﬁ'ﬁ fol | oned by
deposition of a |ayer on the rear surface and then

| 'izt of4 melﬁ&ﬂaé &dimbBy mdfl? QR Bi‘ @1 ko \nﬁﬂ@lteﬁ'nl fﬁfe} Jemoﬁ

t he regr surface an her mal annea
15 { he netéﬁ‘ "F’B"a\*“o\"rﬁe& (5 H‘?tf%ﬁf SB‘F‘aCFré? %theGraﬁﬂéhet’H%ftS“ e'S
used ashemriextirechi ng mask for the texturing. 20. A
nmet hod as clainmed in claim19, wherein etching is by
ogﬁ or nmore of the nethods sel ected fromthe group
S

i st MEthed as Fajmed gy eneyrft claing i 19923, pretelc Altarithe
et chi ngubstate it asradveatic Biepgb), 2 leabt oM kY6 &fled Italitiedat N

20 3NY ONGufloe ST ok Snher WISEELA the t exturing i of

a shape and nenS|ons a e vari ed.

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

25 consisting of. opaque, transparent, and semi-transparent, 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.

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 process steps including
deposition of wire bond pads.



22. A nethod as clainmed in any one of clainms 1 to 21,
wherein after renoving the substrate in step (b), the

WO eans/088THF ace i s etched and the rear surface iBCT/RGI005/000061
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textured. 23. A nethod as clainmed in any one of clains
1 to 23, wherein after the substrate is renoved in
step (b), at least one |ayqr added to the rear surface
and the at | east one layer is textured. 24. A nethod
as clainmed in any one of clains 1 to 23, wherein there
is included an extra step of formng a second ohmc
co?fi. act AImejhed applainted in @rons wf tlaios,24ttb 26, svhecirdthe lerposed
cont act sdoayelur&l RHeafdLHlE %ctre'a Y e HeOHR &ﬂﬂ? hghttécp 9
of : opague, transparent nd sem -transparent,

extra se H@P%ﬁagerforned at one of: after step (c),
and between steps (b) and (c). 25. A nethod as cl ai ned

I h t '
ori of e ShEafel il 3 GG b £ 0hEEH Y |
claim szfuﬁrcoeta@tulavemes wpisever thelydwigiags qf thegearserfdcer ned

on the second ohmc cont act | ayer. 27. A nethod as

I t
CHE TerPOBT Y iPed ey 80 Prfad pf aze" i ol esions
f or mat icbmicagnitasulpyss goeans lapgeopmtion of ttep seanswrfacer stee () is

out, thRrsHRE Qﬂé@l? lonPHhe GBShd SHRRS cbd?§clt %%P Gndf HROSIhALN
of wire, bond as claimed in any one

of cl aPHE“%’R"‘? aZ%”SQRﬁ%"?J]SPﬂ% ®exposed second surface

is cleaned and etched before the second ohnic contact

| ayer ias m@@s@@%& tc%ﬂ’nedzlﬁ an@ dﬁ@td? Q:%m?ss 2k é@bﬂeﬂtéérégré %E%ec %ne

of cl ai whe secon
| ayer d{gg‘geqwtﬂ? s"@BQfesrep‘i"ﬁ‘@"\}ﬁ%I“S'V'St‘%ge‘@‘test he rear

surface. 30. A nethod as clained in any one of clains

247210 28 moiagr 4l @tanhfedt?e @:8%‘%% P?J‘tﬁcﬂwhle%)fse'ihes

covers |l arge 1on o rear surface

per f or ﬁ%fﬂ'c‘c‘.ﬂdi“g‘?ft qeyicgmare Habrisated Wih sk A ol BAte astected fiam
and t héhegswpoohsisting of: iegpirigapdlishisy &1d dicngt he t ext ured
surface. 31. A nethod as clained in any one of clains

24 to 30, wherein there is
A method as claimed in any one of claims 1 to 32, wherein the at least one

first ohmic 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
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 (c),
dielectric films are deposited on the epitaxial layers and openings are cut in
the dielectric films and second ohmic contact layer, and bond pads
deposited on the epitaxial layers.

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



i ncluded the step of separation into individual
devices. 32. A nethod as clainmed in any one of clains

wa2405/088743 wherei n t he sem conduct or devi ces arBCT/SG2005/000061
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fabricated wi thout one or nore selected fromthe group
consi sting of: |apping, polishing and dicing. 33. A
method as claimed in any ong of claims 1 to 32,
wherein the at | east one first ohm c contact |ayer is

on_p-type | ayers of .the t

as3’c| aiy'§€1§*h°ﬁ aﬁﬁ‘?'”l?ﬁéﬂ ?ﬂyg’% ﬁﬁ%’?’éﬁ’ﬁ%{% WQS@B’HBGAB'ﬁ?W y

cont actcdndiyotive inetd ebmpdes wopper \and tha}eettmabﬂayetsecompnse

expi tax,lnﬁn| 'pié éé’l@-&ezateﬁ%l réA‘ net hod as clained in any one
to \

of clains erein after step (c), dielectric
films are deposited on the epitaxial |ayers and
opEdi NYs mathed asl tlaimad inhes, @herbi Glepi(e) if pdrfdEmen tiaiporited

hni d d on th
o A @ Rl W RapGRage Jopoced on e

of clainms 1 to 23, vvhereln after step (c),

el ﬁft r %lnf&ﬂoa qopfab.&aﬁdmeéfrm&émﬁc&fan@lémévme Hetsahicenducide
epi t axi

in any 'ée g¥v"lﬂ %\P'H’@R!%g ?péta’gg 'ayﬂ?eoﬂ‘e? ﬁ”qsﬁ%eatﬁ%f)lﬁﬁlmyfg

conductepitadiargdyats ipduging ereactofeppmpn andlhtchdlgbqoﬁtam tol be

I ayers déﬂEFE{ebstﬁe %gd &Un?pn&ﬁ?d“‘ related | ayers '38. fA ;
t as c i.n ste erfor

|mr? tge depos(g)lt g%e&"@l tg%qusgat? |pf'?F(t§)thqpﬁ’é’P€ ?he[ ﬂ‘é’aﬂy

rear surface. a&putasaalmydmd! thesulisetbtej cati on of a

sem conduct qf, geyifs chdl® éﬁxgi&mdemaeﬁaﬁ% é:f?onte@aﬁaea

a plurality of € |taX|a '])a/es on substrat e, f]
plurality of eplihagrielty I°59% al; '?V@f%merf@s RAMigontget fayer
regi on i n whi chisd aahd ad srefduit; and be generated; the

et hod Sompr kS idhbing He BRSKAE Hoha1hS SHRS bOhE el

to the deposition o ural.it |taX|a ['ayers
on the subst rate¥ers gygh tﬁﬁp?fS?T e "&P”Y%é’éfheoﬂ@“falt‘? dpe tear
ohm c contact basedsistleady patteiedsur f ace of the
plurality of epitaxial layers, the first ohmc contact

I ayer al so acting as a reflector; and
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 semiconductor device, the semiconductor
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;

(b) applying at least one first ohmic contact layer to a front surface
of the plurality of epitaxial layers, the first ohmic contact iayer
also acting as a reflector; and

(c) removing the substrate.

42, A method for fabrication of a semiconductor device, the semiconductor
device having a plurality of epitaxial layers on a substrate, the plurality of



(c) renoving the substrate froma rear surface of the
epitaxial layers such that after the renoval of the

waeshsgse, the rear surface is already patterP€dSGA05/000061
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A nmethod as clainmed in claim39, wherein after renoval
of the substrate no subsequent rear surface texturing
is required. 41. A nmethod f,gr fabrication of a

sem conduct or devi ce, the sem conductor device having

a pl lit f t I t

o1 U al | EGFalR ey DA PRVEING PRBT A alaal FRA 1 be
regi on gementeidcthe methbd consprigibg:e t o be generated; the
met hod ¢ °”pr<7? 'aé}ﬂ,b eq(aq eagﬁo‘né ﬁ(s[‘érﬁ’ﬂc &c!?u?acﬂbwr?cl & bt Q%rface

epi t axi al Ive reglon durin

deposi tion of ehie gpitaxal lpys). the f@bpfew.camtaqtéavé? $0 gqling
appl yi ng at Ieag;&re(ﬂ&gorfl rst ohm c cont act Iayer to a
front surfac:ﬁ* of the Iur

the first oh( Eenboegﬂg é bg{/%t% )%rg a%’ér s%cae otJ @1 ep%éxsal

"3 "8t ng as
refl ector; andlage¥ renoving the substrate. 42 A

met hod f or fé)bﬁédbéabhdmel&,ftncaﬂn%dﬁtﬁ@@ﬁtﬁﬁél%ye%eémoce the
sem conduct or. devi ce S\ gg A gl urality of epitaxial
IREGTIT

| ayers on a @ylsupngthe ality of epitaxial
| ayers including an active region in which light is

abje 10y Q@mﬂﬁrﬂﬁ&&t ﬁgncet&ﬁxpﬂﬁﬁgﬂ efhaSi@MBydrs)| fﬂ& oHn@d contact

appl yi ng at ast one first mc con er to a
front SeNersba pntiseacef theeripxial jRyats a"?wéc’“rq 3 rYREE
cont actsutfageandlas secand iohgicasontact tléreat @r reaf Ishrface najvtheng

the Su%&éﬁa‘\ gépo‘%ﬁ@ r@anfs%géce%%fn{;@&%c?iﬁx{u'% epi t axi al

| ayers )Si t1 ng el ectric on the
epitaxial layers; and (d) texturing the dielectric
fidamrs. Al3emiborRictbrC 0e\GbieCAs tlaithed i it eclaivo g3, ifgrtheq cepprisingi al

| ayers relgt!l\; tthl &r Sfoé]tﬂ‘% I Q%% tn%nmgta”) rl“e i &ﬁfﬁ@
W EE e il oY)

of the ép rs an g 'ectrve
surfac econta?tdfavar %@d&tws@n ﬁﬁlaese'e ﬁﬂvarcftn t ea@féfrohavp Gonfagtigyer
sur f ac @efifeech the first ohmic contact layer and the relatively thick layer.

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.

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

47. A semiconductor device as claimed in any one of claims 43 to 46, wherein
the second ohmic contact layer is a thin layer in the range of from 3 to 500

nanometers.

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.

49, A semiconductor device as claimed in any one of claims 43 to 48, wherein
the second ohmic layer includes bonding pads. '



w@b@so8y33 further conprising a relatively thi BRI/BG3®5/000061

epitaxi al layers; the rear surface being surface
textured. 44. A sem conductor device as clained in

of a thermally conductive nmetal on the first ohmc
contact |ayer, there being an adhesive |ayer on the
first ohmc contact |ayer bgtween the first ohmc
contact layer and the relatively thick layer. 45. A
sem conduct or device as clained in claim44, wherein

t haPe i & Sgmicapyciongryice g3 claied inaw pap (of cleitis da & 49, aherein
met al applthaniaﬂya:o.t\dleti\adﬂmiﬂ iis’}@JPg@)éﬂﬁ thelepitaxial 1a erslcor_nprise
sem con € . in any one of clains
43 to 4&4%',%,@5?@?%'5%3&?@ Welely thick layer is at

| east 20 microneters thick. 47. A sem conductor device

5 asstl ai AREmicbhdastyr delite 8 cifimad FBanf dnk B Gims WORI R Rnd B
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15

second ghm c. contact | ayer i hin layer in the
range o e.fs?'g'r??'y&%r ‘55(‘]'53 a??!?ﬁ%{’i@g‘_ thg group, cansfpting pfeia dighs r
devi ce emittiog déwnedandra teansistortieviod. cl ai ms 43 to 47,
wherein the second ohm c contact |ayer is selected

fr th roup consi sting of: opaque, transparent, and
STl - t PARCPSTERFIOr ShYice o Campd B,V Evs! AIDS b0, wherein
cl ai medhe se@ny olimie cofitact lidents séBcted b, thelgRiupicondidify of:
second H fnalp@¥&Ghed NCl udes bondi ng pads. 50. A

sem conduct or device as claimed in any one of clains
43 to 49, wherein the thermally conductive netal is
cdBper Aasehitdnduotypidévice fatirichtay By the GHuAdK 06 SnyBAk of hifs 1 to
GN-relgted epitaxial layers. 51. A sem conductor
device as clained in any one of clains 43 to 50,
wherei n the sem conductor device is selected fromthe
group consisting of: a light emtting device, and a
transi stor device. 52. A sem conductor device as
claimed in any one of clainms 43 to 51, wherein the
second ohm c contact |ayer is selected fromthe group
consi sting of: blank, and patterned. 53. A

sem conduct or device fabricated by the nethod of any
one of clains 1 to 42.



