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

25 in Table 1:
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From Table 1, it can be seen that GaN has the hi ghest
band gap (3.4 eV) anmong the given semn conductors.
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25
Conventional fabrication processes usually include these major steps:
photolithography, etching, dielectric film deposition, metallization, bond pad
formation, wafer inspectionftesting, wafer thinning, wafer dicing, chip bonding to
packages, wire bonding and reliability testing.

30

Once the processes for making LEDs are completed at the full wafer scale, it is
then necessary to break the wafer into individual LED 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

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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performance and reli abl lity. For GaN LEDs on
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Sunmary of the Invention In accordance with a
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t hesteps:hod including the steps: (a) electroplating a

I ayer of (f t hgeRbhingC®RGECHI ¥ %MI@réoﬁcjjucmt fatdrial 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 including the steps:



surface of the wafer renote fromthe substrate and
close to the 30 device layer, and (b) renoving the
substrate. The sem conductor device nmay be a
silicon-based device. 35 In accordance w th anot her
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(c) renpf@ ngerplying sailseadr layes. of 20 theraly coeductive metalgtol 3 fisst
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t hi ck Ia&pr RALNAL B Sstrate| ated between the
phot oresi sts. 25 The seed | ayer may be el ectropl ated

wi t hout patterning and with patterning being
performed subsequently. Patterning nay be by
200N OpRYr €6 thetsepdlaly@rbeing Gppiied, thé @afer wiay betadiedgith an adhesion
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pattemed with photoresist patterns; the relatively thick layer being electroplated

between the photoresists.

25  The seed layer may be electroplated without patterning and with patterning being
performed subsequently. Patterning may be by photoresist patterning and then
wet etching. Alternatively, it may be by laser beam micro-machining of the

relatively thick-layer.

30  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 range 3 to 500 microns.
35  More preferably, the photoresists have a spacing in the range of 200 to 2,000

microns, preferably 300 microns.



relatively thick-layer. 30 Between steps (b) and (c)
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annealing the wafer to i nprove adhesi on. Preferably,
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formed on n-type layers of the expitaxial layers.

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.



After step (c), dielectric filnms may be deposited on
the epitaxial layers. Openings nmay then be cut in the
di el ectric and second ohm c contact |ayer and bond
pads 30 deposited on the epitaxial |ayers.
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pads. 15 For all forms of the invention, the thermally
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layer of the thermally conductive netal applied to the
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one of a light emtting diode, a |aser diode, and a
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conductive metal on the adhesive layer.

There may be further included a relatively thick layer of the thermally conductive

metal on the seed layer.

30
A second ohmic contact layer may be provided on a second surface of the epitaxial
layers; the second ohmic contact layer being a thin layer in the range of from 3 to
500 nanometers. The second ohmic contact layer may comprise bonding pads;
and may be one of: opaque, transparent, and semi-transparent.

35

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

comprise GaN-related layers.



30 A second ohmic contact |ayer may be provided on a
second surface of the epitaxial |ayers; the second
ohm c contact |ayer being a thin layer in the range of
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opaque, transparent, and sep -transparent. 35 The
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into practical effect there shaII now be descri bed by
way of non-limtative exarrqpleo referr
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being with 25 reference to the acconpanying

20, |8t DBLdripRof BMfle BRdwihgs Scal €) drawi ngs in which:

Figure 1 is a schematic representation of a
sem conductor device at a first stage in the
f alin ioniat thatthg ingerdies may be better understood and readily put into practical

effect there shall now be described by way of non-limitative example only a
preferred embodiment of the present invention, the description being with

25  reference to the accompanying illustrative (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 1ata
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 1ata

sixth stage in the fabrication process;



Figure 2 is a schematic representation of the
sem conduct or device of Figure 1 at a 30 second stage
in the fabrication process; Figure 3 is a schenmatic
representation of the sem conductor device of Figure 1
rd stage in the fabrication process;_Fiqure 4
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The ohmic layer 20 may be a stack of multiple layers deposited and annealed on
the semiconductor surface. It may not be part of the original wafer. For GaN,
GaA, and InP devices, the epitaxial wafer often contains an active region that is
sandwiched between n-type and p-type semiconductors. In most cases the top

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

As shown in Figure 3, using standard photolithography (89), the thin copper seed
layer 24 is patterned with relatively thick photoresists 26. The photoresist patterns
35 26 are preferably of a height in the range of 3 to 500 micrometers, preferably 15 to
500 micrometers; and with a thickness of about 3 to 500 micrometers. They are
preferably separated from each other by a spacing in the range of 200 to 2,000
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(1 82§3PPEx %313(:%3 [ soI atl on (83) passi vat i on (84) :
asretal lization (85), thermal processing (86), and so
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substutzaiaan, phys. stat. sol. (a) 159, R3 (1997)]. The substrate may also be

removed by polishing or wet eiching. .

30
Figure 6 is the penultimate step and is particularly relevant for light emitting diodes
where a transparent ohmic contact layer 30 is added beneath epitaxial layers 14
for light emission. Bonding pads 32 are also added. The Ohmic contact layer 30 is
preferably transparent or semi-transparent. It is more preferably a thin layer and

35  may be in the range of 3 to 50 nm thick.
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for be use 0 provide a path
25r andaiay be for several wafers at the one time.

The fabrication of GaN laser diodes is similar to the fabrication of GaN LEDs, but
more steps may be iﬁvolved. One difference is that GaN laser diodes require
mirror formation during the fabrication. Using sapphire as the substrate compared

30 to the method without sapphire as the substrate, the mirror formation is much more
difficult and the quality of the mirror is generally worse.

After sapphire is removed, the laser will have better performance. An example of a
typical GaN laser epitaxial wafer structure is shown in Table 2.
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semiconductor is emitted. Various ways have been developed to extract more light
out from the chip in non-GaN LEDs (especially red LEDs based on AlGalnP, not

1

GaN).

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

25

Although reference is made to copper, any other platable material may be used
provided it is electrically and/or heat conductive, or provides the mechanical

support for the semiconductor device.

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

without departing from the present invention.
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For.. standard _ commercial... GaN_ _LEDS,. . about _
5la.. light.... generated_. in.. the seni conduct or is
emtted. Various ways have been devel oped to extract LLOYD WISE
nore light out fromthe chip in non-GN LEDs
(especially red LEDs based on 4l Gal nP, not &GN). 20
The first ohmc contact |ayer 20, being netal and
r'ﬁ-. tllvely snooth, is quite shinny and therefore
§i13IMP%ef | ective of Iight. As such the first ohnic
contact | ayer 20, at its junction with the epitaxial

| pyer sa %tho@l‘o? Riblicatién 6f%EJn%ﬁdu¥t%r FHNIcER @R m@hod BopAing: t O

|nprove li ut 25 Al ference
copper® anyPresdie e AEPL TR TP Hidy P gl e mounec
provi ded i tonitse Slbettate itheed piitgxia fagiére porhumtng @0 adive régiam, whare light is

provi des t%@'{gggaé}le%d support for the sem conductor
device, 30 Wil st ‘there has been describ

for ego(Phg JEWs %tﬁaatr?ns 'apﬂ?ré%‘ afirsbePntast on %?rSttSHEacepS’r' Hedmiptiple
i nventi on, dpitaxl Iab/erbehejﬂtstesuefaaecbdmbyemdmsm theisubstate; n

the t Q€ )hn°|f9rq'§(ngq‘§%ted If%é]ryon tYeat! Ic;%"st d?t@?lrs%onq%gfaimc ations

in des] gn construct n or operation m

wi t hodf) defRaming Age'ptvEMnte %éaxfsf ef@thfrmamwcaw metetgpphe seed layer,
WSE 12 Thedclains: 1. A nethod for fabrication of

sem CgQ)dUCtrQﬁm\?@’thé’ﬁﬁ)stréth nmet hod conprising: (a)

provi ding a rising a substrate and nmultiple
epitaxial layers mounted 5 on the substrate, the

eni t axd Mbthb@YLEISmES MIRNairs 1 Ngheddin M6 bi WSt bRObRIA oREfiret contact forms
i ght anSOh a(? cl:oent%ct)trokt)r?e fﬁ% %teu%aact ed liqe glugaht'y g epétagol?aalgrso f the

one | ayer
multiple epitaxial |ayers, the first surface being

renot e lfnéﬁﬁﬁd b\ @aitmbd mtcafh € or él5ih 2 Ah&FEiR thedirst @6ladt 80RPris@multiple
t he at 13eﬁlst one first contact layer; 10 (d) formng a

rel at i VEPYYER ck | ayer of a thermally conductive netal
on the seed | ayer; and (e) renoving the substrate. 2.

A, m=-‘|t h@ﬁﬂetﬂ% 54 @élﬁﬁ@@iln'aﬂy Gné‘éfmelpred@mﬁé @Ibﬂ'tst \bﬁ‘eréﬁt tHeG@8&tvely thick:
one

cont adlef BOYRES HeRStonS 3PPt M AP ARG §f Gpchanica support o
epi t axhalight eryitling de\dce, dlectitahadnertiorcioathatight emittirigafevitel and a heat

cl ai mghk RS IRhlerhilifg bdvicet contact conprises nultiple

5. A method as claimed in claim 4, wherein the relatively thick layer forms a further
substrate for the light emitting device.

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

7. A method as claimed in any one of the preceding claims, wherein the relatively thick
layer is at least 50 ym thick.

8. A method as claimed in any one of the preceding claims, wherein between steps (d)
and (e) there is performed the additional step of annealing the wafer to improve
adhesion.
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metal layers. 20 4. A nmethod as clained in any one of
the preceding clains, wherein the relatively thick
| ayer provides at |east one selected fromthe group
consi sting of: nechanical support for the |ight
emtting device, electrical cqgnection for the Iight
emtting device, and a heat S|nk for the Ilght

tt| cl.al med

Sher oi/hpHS 3 Famediodyy Pt B rHsrBfing R Sherdp Fedpalicy ok
SubStﬂ@@éSﬁﬁme@hde@@hPW@nlttlng devi ce. 6. A nethod
as cIained in any one of the preceding cl ai ns, mherein
the at, le one irst contact is_coa
B SRR e Seimedf by N o IrsecxfiES PELE: Biprep Sidigiep @) tere s
seed Ilrw}teed an gQraatepAf farhing d secnd tanitavkdyeron arsgcand surddce of the
It gsepre%ﬁﬁﬁytl 2 erg |t é@éond’%ﬁfa@t’ IélleF Ueﬁnd’ o84 t'ﬁ\(r? af Ietag't]' gk first contact
in an)}ay(?ﬁ 36&@?%&0&?@&%&5 ‘?‘F@"géFEFtﬁ% f’°’ﬁﬁ‘€r9é‘?%’ 0835{'%@% ﬁf °paq“e
st eps seat-trar@paremtoandddanddaesne i s perforned the
addi tional step of annealing the wafer to inprove
adhesion. LLOYD WSE 13 9. A nethod as clained in any _
dle of* PHBoGIsHanEhiy CEI%ﬂwhewfé?eeﬁqqortwrfa@ A theapjtaxial layers is
t hi ck clebpgdandietchEdberterd thpyseedreicbntaglizyet isgepodited. A et hod
as clained in any one of the preceding clains, wherein
after steﬁ (e) there is 5 included an extra step of
18r ni AkrsAiRIMebiA Cat 19 eryldr whsreimthe seennd cantadt layer degs not cover
the e Wil #tba bfayesesond Juffaceast alpkidl Rgdrs.| ayer being
opposite the at | east one first contact |ayer; the
second contact |ayer being selected fromthe group
dénsi ﬁme{@odoqs clqypghlg @ny onecafflaimsdAdp i, ahereindmrisecond contact layer is

t r ans panighttranskilssloh. and fdrehAR oAGCICARY |§"%¢£tlbé"¥ lnai m 10,
a

wherein the second surface of the epitaxi | ayers is
cl eaned and etched before the second contact |ayer is
déposiA reethod|gs, clainerkin Aoyonesf cleirisf@do 13 wokrainrthelgecond cbhtact layer is

wher eiifthé Rpgs 8eP50d rPiicRct | ayer does not cover the
whol e area of the second surface of the epitaxia

| ayers. 15 13. A nethod as clained in any one of
dbai mA m@hadoasicBimevhia rey onetdfielaissdo |tml14:whe|amtthd atyemst ane layer of the

for | 'fl%héoniarcﬂg %5@ br%‘ 38 %ﬁ&g bf 05 @quIQ%};e%C bind A8 SadoRid d contact

relativel aIﬁE In any one

cl ai néayiﬁgfoémi%m RibyB? E‘V‘?fs phige %%téﬁﬂdﬁyéff‘nt act layer is

16. A method as claimed in any one of claims 10 to 15, wherein after step (e), dielectric
films are deposited on the second surface of the epitaxial layers and openings are cut in
the dielectric films; the second contact layer being deposited on the second surface of
the epitaxial layers through the openings.

17. A method as claimed in any one of the preceding claims, further comprising, after (c)
and before (d), forming patterns on the seed layer.

18. A method as claimed in claim 17, wherein the patterns are also formed in the seed layer.

19. A method as claimed in claim 17 or 18, wherein the forming of the relatively thick layer
is between the patterns.

LLOYD WISE
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20 in the range 3 to 500 nmthick. 15. A nethod as

clainmed in any one of clains 10 to 14, wherein the at

| east one layer of the first contact is fornmed on LLOYD WISE
p-type | ayers of the epitaxial |ayers, and the second

contact layer is formed on n-type |ayers of the

epi taxial layers. 25 16. A nethod as clainmed in any

e of, cl 0to 1 erein
51 ec PR8I dalmoSindRim (0 Sireish Bt B BRs RS s o neiom
of t henogiaterthaalthd pajteindieghiithe pettarmseingrofa beightiohat ledsk 50 um and
di el ecd thicknebd s rahdtes 86@PM. contact |ayer being
deposited on the second surface of the epitaxia
| ayers through the openings. 30 17. A nethod as
A1ai meimethodas/clamed ofclaint @9, wheeedhenglativedy thisk layerrig foemed to a height
CONDI | 344 thelthSfattefland mb%ﬁé}{ugttﬁ%% formng ,
patterns on the seed |ayer nmet hod as clainmed in
claim 17, wherein the patterns are also forned in the
swed |Ayethod as3Gaith8d inAnyretdwdiamss 171tal nevhetein thé Mranstdy’ indlie method
18, [ ayer
R s (o i LV el = e
as claimed in claim19, wherein the relatively thick
|ZByer Amethod sedkimed m ahg b df thePedgtieqtieins Wiseneih th@ multiple epitaxial
patter, el
ot e Mt irFarRPPlel B b itend pefbrkel ke Bryeibve
521. A nethod as clainmed in claim 19, mhereln t he
rel at iAv@etiod &d aéqmbam%hy bse df@Hepeétetiig ARl Ghbrein %S(H) & performed
t han t@& wge & |and IS subsequently t hi nned. 22.
net hod" &€ " AiTEd in any one of clainms 17 to 21,
wherein the final step in the nmethod is the

%pafaiééﬁﬂcdﬁﬁuét&%emééd |§ng§5‘p'taX| al |ayers Into
|nd|V|d od as cl ai

one. o ile A BRSO RS HRETGTR SRR TGP A e gt s

epi t axi al dbleyebggenestédnt act until after step (e),

step (fForstReiAE oPME bRFE &f &itakif faybRinBlind SV&]st orddayefof a first contact
nmet hod as g ai red in any one of 'the preceding clains,

wherei n st is perforned 15 at the wafer |evel.
25. Amnﬂtaaerchyerttbe atdeast o Izyenpiithesfirstgomtadtt i pl e

epi t ax @latileA%RESIaydrdfa @19§rﬁaﬂ¥<bcﬁ1lduét|@é/ﬁkél SPORPEIARr, #1 active
active regiron In whi ch g
region being close to the relatively thick layer for improved heat transfer.

26. A semiconductor device as claimed in claim 25, wherein the first contact comprises

multiple metal layers.

27. A semiconductor device as claimed in claim 25 or 26, wherein the at least one layer of
the first contact forms an Ohmic contact to the first surface of the plurality of epitaxial

layers.

28. A semiconductor device as claimed in any one of claims 25 to 27, wherein the distance
between the active region and the first surface of the plurality of epitaxial layers is in the
range 0.1 to 2 um.

29. A semiconductor device as claimed in any one of claims 25 to 28, wherein the relatively

thick layer provides at least one selected from the group consisting of. mechanical
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able to be generated; 20 a first surface of the
plurality of epitaxial |ayers having at |east one

| ayer of a first contact thereon; a seed |ayer over LLOYDWISE

the at | east one |ayer of the first contact; a
relatively thick layer of a thermally conductive neta
on the seed |l ayer, the active region being close to
the relatively thick |ayer for, i oved heat transfer.
25 26 SR e ST doyite a8 SRERyOT o e P RIcoRdctor
wher eidevich@nd a heat sivb frr etsemisapductordevicaul ti pl e net al

| ayers. 27. A sem conductor device as clained in claim

or 26, wherein the at |east one | ayer of _30 the ,
e ot AL ARcar SITREN B e Y SHGRe 79 Mbpron the relatvely
sur f adiecloyer Feemp b durthkn supstete fepthe semiedndudtendevise. 28. A
sem conduct or device as clained in any one of clains
25 to 27, wherein the distance between the active .
rdgi orf* SEMICANACIqTdpyee a5 aimedn Ry st HRIMs£Gitq 30, yherein the relatively
epi t axhiel layenyseat astH0ipm thisle 35 range 0.1 to 2 pm 29.

A sem conductor device as clained in any one of clains
25 to 28, wherein the relatively thick |ayer provides
at?- | edstemigraducr devieapsidaimed in@Mpnsphclaigs o 4 3 hyherein there is an
mec harddaédivelldyelYeh té SHeast bneshtgtRorithct f296r Hebien the at least one layer of
Se”iCQHQ%&%B&aQ%M&ﬁSSe&h§@§riCal connection for the

evice

seni conduct or ,_ahtd a heat sink for the
sen conduct or device. 30. A semnmi conductor device as

cziafeli W_Bﬂdsdirrﬁcoﬂﬂl)btdg_ﬂe\l/(iéﬁc asCdigthétbin 3Ry 6rféfo?8airr]déﬁ?6 ft&%ﬂu&lﬁ& comprising a
rel ative t.hic ayer for.rs ur r su r at

for "t et Rt iRyEr o SHEn e ¢ g ARl epTafil [ e second
devi ¢ .esuﬁgpedje'@'g ngp,psitmtha rﬁ;st wecqbthe@gjn!d@o@gctﬂayem}jng selected from
wher eitRe rbl? Edabigting o ltrdinsplReh€ KerhiadRépateht, 8hd bggé. S50 pm
thick. 1 2. A sem conductor device as clained in any

one of clains 25 to 31, wherein there is an adhesive

| Hyer Aosenti¢ppdurtoridevict asaiiriméd in skaircdh vbereintizysecortaoneetrayer is for
the atjgh@@Rimigdiéh drdXmi@lontabgnd it FebdivaPiinaCt and the

seed | ayer. 33. A sem conductor device as clained in

any one of clainms 25 to 32 further conprising a 15

S35 ondh s=omidoRdictdr dgdce asrtiamentio olith 3orf3acehedin thBeecond contact layer
mul tip Liaxd gl - the second surface being
opposi%@tﬁﬂ% Q%%@Fogﬁﬁﬁgé%; the second contact |ayer

bei ng selected from the group consisting of:

t36ans pagedidonddototide icecasaarh&ih anyodhe ob pIAiEHSE5 to 35, wherein the thermally

conductive metal is copper and the epitaxial layers comprise multiple GaN-related
epitaxial layers.

37. A method of fabrication of a semiconductor device, the method comprising:
(a) providing a wafer comprising a substrate having multiple epitaxial layers

mounted thereon,

(b) forming at least one layer of a first contact on a first surface of the epitaxial
layers;
() removing the substrate from the multiple epitaxial layers to reveal a second

surface of the multiple epitaxial layers;

(d) processing the second surface by at least one selected from the group
consisting of: wet etching, and dry etching;

(e) forming a second contact layer on a second surface of the wafer; and



34. A sem conductor device as clained in claim 33,

wherein the second contact layer is for 20 |ight

transm ssion and Chmc contact, and is relatively LLOYD WISE
thin. 35. A semi conductor device as clained in claim

33 or 34, wherein the second ggntact | ayer is in the

range 3 to 500 nmthick. 25 3 A sem conductor device

oo T R ook iy U "

epitaxial layers conprise multiple GaN-rel ated

eyl L ax rﬁéth&oaééecra?’med?’lz claﬁn ﬁmm&@m%e deBbHd &ﬁﬁab@é&epﬂcs fét light
sem conduct or e net hod co sing: 30 (a)
provi d’?ﬂﬁ“‘%ﬁ"?ﬂaﬁ“g:f émqogxaﬁbar}jd I [?E'W‘é{h@ havi ng
nultlple epi taxial layers nounted thereon, (b)

r m 'lgmébocJ |m9(ﬂ|ﬁ c'aﬁ‘ﬁ/?f or%fe %Jfélﬁ ﬁIE SQ%B @&jftac"? féy@r is in the range
flrst sur ¥ e epitaxial Tlayers; (c) renoving
t he s&H%PW%WE”W*on1the nultiple epitaxial layers to
reveal a second 35 surface of the nultiple epitaxia
| ayers; (d) processing the second surface by at | east
one selected fromthe group consisting of: wet
etching, and dry etching; (e) formng a second contact
| ayer on a second surface of the wafer; and LLOYD W SE
16 (f) form ng bondi ng pads on the second cont act
| ayer. 38. A nethod as clained in claim37, wherein
t he second contact layer is for light transm ssion
and for Chmc contact, and is relatively thin. 5 39. A
method as clained in claim37 or 38, wherein the

second contact layer is in the range 3 to 500 nm
t hi ck.



