1 Fabrication of Semiconductor Devices for Light Emission Field of the

invention 5 This invention relates to the fabrication of semiconductor

devices for light emission and refers particularly, though not exclusively,

to the fabrication of such semiconduc}or devices on a sapphire substrate,

10 Background to the Invention GaN semiconductor devices such as, for

example, light emitting diodes "LEDs"), laser diodes, photodetectors,

transistors, switches, and so forth, are widely used in 15 many

applications, Well known applications include, but are not limited to, traffic

signals, mobile telephone display backlighting, liquid crystal display

("LCD") back lighting, flash lights for cameras, and so forth. The

fabrication of gallium nitride semiconductors for use as LEDs, laser

diodes or lighting’ gRIE2TEMEABRISR HHEaUBRVIEPS ARsbighidinTssion

techniques result in semiconductor devices with a light 20 output that is

not optinfiz&tiofSuerinvanfiof the Invention 25 In accordance with a first

preferred aspect there is provided a semiconductor device for light

emisSion-GRMPLISING; lprajity. itaxial layers comprising an active.

layer for light %ﬂ?é?%%i é%%%%@l%?gr% osren]d%%t%%t%rrﬁ%%?(%ﬁf H&]’%{ emission

p-type layer for light reflection’ 59%3) Pe BSaKy P nihinG tFiesison ¥t such

least on& TEEY'THGEF F6VISPF GURPAPREP SFE8ESRductive metal; (c) at least

one seed layer comprising a material for providing a buffer for differential

thermal expansion of the outer layer and the light reflecting layer. 35 The

at legst engigeath MRV &lgecomprises a diffusion barrier for

providing a barrier to diffusion of a layer applied to it from diffusing into at

least one of the p- type layer, the active layer and the n-type layer. 2

According to a second preferred aspect there is provided a semiconductor

device ferMigRrEsIdLrn corisprisir: €a)fer pharality, ofepitaial bayers (“LEDs,

comprisirgpasicaletiventayerdontightrgenesasiarnad) mmbyRedayes onightused in

transmissing aflcatp iy PE SYe6IRY Atations include, but are not limited to, traffic
signals, mobile telephone display backlighting, liquid crystal display (“LCD") back
fighting, flash lights for cameras, and so forth. The fabrication of gallium nitride
semiconductors for use as LEDs, laser diodes or lighting, gives relatively low

productivity. Also, known techniques result in semiconductor devices with a light
20 ouiput that is not optimized.

Summary of the Invention

25 In accordance with a first preferred aspect there is provided a semiconductor
device for light emission comprising:

(a) a plurality of epitaxial layers comprising an active layer for light
generation, an n-type layer for light transmission and a p-type layer for light
reflection;

30 (b) the p-type layer having thereon at least one seed layer for .an outer

layer of a conductive metal;

{c) at least one seed layer comprising a material for providing a buffer
for differential thermal expansion of the outer layer and the light reflecting layer.

35  The atleast one seed layer may also comprises a diffusion barrier for providing a
barrier to diffusion of a layer applied to it from diffusing into at least one of the p-
type layer, the active layer and the n-type layer.



5 reflection; (b) the p-type layer having thereon at least one seed layer for
an outer layer of a conductive metal; (c) at least one seed layer
comprising a diffusion barrier for providing a barrier to diffusion of a layer
applied to it from diffusing Into at least one of the p- 10 type layer, the
active layer and the n-type layer. For the second aspect the at least one
seed layer may also comprise a material for providing a buffer for
differential thermal expansion of the outer layer and the light reflecting
layer. 15 For both aspects the at least one seed layer may comprise a
plurality of seed layers, the plurality of seed layers comprising a first seed
layer of reflective material, and having a first co-efficient of thermal

- expansian.@ifacecondesrebibieiala econd plelal BV Aco covice

second £O:e fgcgr%%tsigg@(%rrgglne‘xpansmn. The second co 20 efficient of
thermal expgansmn mayobé) tediter than the first co-efficient of thermal

expansion. Théh-typ8 RYEP Yy RERIEHEYSh SRmaidrarhasiye inetalor liont
The out@PTasAsPane tHelyRiriyest ALtjpe ietenisry, cordprisettbe manifwalgont
of the segfiectorductor device. 25 According to a third preferred aspect

there is provides} a sefdgapshiaier BEMEeEIREHINBRISIIRLOBIBFIBING, Juter
plurality,gjeeggtggg%[@y@é%ggg plurality of epitaxial layers comprising: (a)

a p-type layer; ééo (b) a@*t(ngtsotn(e)rg’ger(ﬁfe!]ective Ia%%r on GI;[Fe ,p-tg%e, Ia]yer' rgc

T corpr usion bacrier. for providi
an outer layer of a conductive matenal on (He at feast ona re ectlvepra@?,g a

(d) an nFPE 9 A-ERY 67 Soh P HaiLen H-Fng Jua& sassg)hie p-
actife |dyes Betnberttie Fvgpaddien-asmd lBverp-type layer; 3 the n-type

metal being arranged in an array at the centre of the n-type layer for
minimizing its. efeat apdigiostipudi Hae QMRS Pea) Ansldhe asder 1aysla for
being th&omnaiQQJ%%P%&QA@M&HP%%W&% of the outer layer and the light
reflecting layer.
15
For both aspects the at least one seed layer may comprise a plurality of seed
layers, the plurality of seed layers comprising a first seed layer of reflective material,
and having a first co-efficient of thermal expansion, and a second seed layer of a
second material having a second co-efficient of thermal expansion. The second co-
20 efficient of thermal expansion may be greater than the first co-efficient of thermal
expansion.

The n-type layer may comprise an array of an n-type metal. The outer layer and the
array of n-type metal may comprise the terminals of the semiconductor device.

25
According to a third preferred aspect there is provided a semiconductor device for
light emission comprising a plurality of epitaxial layers, the plurality of epitaxial
layers comprising:
(a) a p-type layer;
30 &) at least one reflective layer on the p-type layer;

(c) an outer layer of a conductive material on the at least one reflective
layer;
(d) an n-type layer; and
(e) an n-type metal on the n-type layer;
35 i f an active layer between the n-type layer and the p-type layer;



5 The plurality of seed layers may comprise a first seed layer of reflective
material and having a first co-efficient of thermal expansion, and a

second seed layer of a second material having a second co-efficient of
thermal expansion; the second co- efficient of thermal expansion being
greater than the first co-efficient of thérmal expansion. 10 For all three
aspects, between the first seed layer and the second seed layer there

may be at least one intermediate seed layer of at least one intermediate
material having a Intermediate co-efficient of thermal expansion, the
intermediate co- efficient of thermal expansion being greater than the first
co-efficient of thermal 15 expansion and less that the second co-efficient

of thermal expansion. The outer layer may be of the second material. The
reflectlv rlal he second m erlal and the intermediate material ma
all be df ere%{ e |n ernted é ateti aff'rraéa t’q eqdﬁ ?s?en {%{?ralayfer tor
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outer lalpenirre/f B retativestitsick deMiganay be for at least one of: a 20 '
structural support, a heat sink, a heat dissipater, a current dissipater, and
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portion being for current dissipation. QI' he” semiconductof device may
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the sec8t#Haferial. According to a fourth preferred aspect there is
pravided method for fabrication of a semiconductor device for light
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layer of ahg) urall see irst seed layer being of

ers, t
materla??" 15is9 gtﬁ?%ﬁec’f @y ér?db%?a% asver (LmigidR 819 THEHFHY O thermal
expansfRaaR @1FdrRtiMpoRaeRrst seetasperaiisrcha saetirmydr gfuter
the pluraliey T35 6F sédtklagess! theesetdind sdediiaywribamdhef weadanaerial
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co-efficignhetitheinal Sxpansiciebeip oseairs thap-thefrishe A ieientt
thermall%sawg %Uér layer may be relatively thick and may bhe for at least one of: a
20 - sfructural support, a heat sink, a heat dissipater, a current dissipater, and as a
terminal, for the semiconductor device. The array may comprise a central portion,
an outer portion, and a joining portion connecting the central portion and the outer
portion; the outer portion and the joining portion being for current dissipation. The
semiconductor device may be a gallium nitride semiconductor device: and the outer

25 layer may be of the second material.

According to a fourth preferred aspect there is provided method for fabrication of a
serﬁiconductor device for light emission, the method comprising: .
(a) on a p-type layer of plurality of epitaxial layers of the semiconductor
30 device, forming a layer of a p-type metal; and
(b) on the layer of p-type metal, applying a first seed layer of a plurality
of seed layers, the first seed layer being of a first material that is light reflective and
has a first co-efficient of thermal expansion; and
' (o) forming on the first seed layer a second seed tayer of the plurality
35 of seed layers, the second seed layer being of a second material that has a second
co-efficient of thermal expansion, the second co-efficient of thermal expansion
being greater than the first co-efficient of thermal expansion.



(b) on the layer of p-type metal, applying at least one seed layer as a
diffusion barrier for providing a barrier to diffusion of a layer applied to it
from diffusing into the p-type layer. 5 One of the plurality of seeds layers
may be a diffusion barrier for providin4g a barrier to diffusion of a layer
applied to it from diffusing into the p-type layer. According to a fifth
preferred aspect there is provided a method for fabrication of a
semiconductor device for light emission, the method comprising: 10 (a) on
a p-type layer of plurality of epitaxial layers of the semiconductor device,
forming a layer of a p-type metal; and (b) on the layer of p-type metal,
applying at least one seed layer as a diffusion barrier for providing a
barrier to diffugion of mlayéaé@pphgdy&iﬁ]fgggma‘ggwgigggg;pg,k@&géw or as a
layer. 15ifhatdeast eneReRM oY H-MaY GORRLSE & RIYL %?&%8% it from
layers, %Eg@;@q%g ﬂ@{%w)quglgrpf a first material that is light reflective and

has a first co-efficient of thermal expansion; and forming on the first seed
layer a second seed layer of the plurality of seed layers, the second seed
layer beitit§ 6F RsRBHY Pheredrlrmes Haste 20 Eedoneruisdiciontdot a barrier
thermal lexditisionf atryssecoind totéfividiftohshantal peypangion being
greater than the first co-efficient of thermal expansion. For the fourth and
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the senfiBORRIGRIBINtRGitsE ChaParrsysiaifrdtype metal may be formed on
an n-type metéblayercoftithdavsirbiityrsf meibdajapersiedhiear mpangkthe a
outer lay§usivaybbeithéotermitialg ofbthesemicrBRHEOR dEC8pRR to it from
Accordigiguang sistihdsaiesrageaspect there is provided a method of
falkicating a semiconductor device for light emission comprising a

plurality,of epitaxial layers, the method comprising: on a p-type layer of

the plu)rlg%?yaglléggftg&?a ﬁ%%i/lea Sforming s ﬁ?%t%@'&@gﬁﬁrs?ﬁ? éygrblﬁrgrl?fys%d
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outer |atp@fr@eri &esnglomtRng forming on the first seed layer a second seed layer of the
plurality of seed layers, the second seed layer being of a second material that has a

20 second co-efficient of thermal expansion, the second co-efficient of thermal
expansion being greater than the first co-efficient of thermal expansion,

For the fourth and fifth aspects the method may further comprise forming an outer
layer on the second seed layer, the outer layer being relatively thick and being for at
25 least one selected from the group consisting of: a structural support, a heat sink, a
heat dissipater, a current dissipater, and as a terminal, for the semiconductor
device. An array of an n-type metal may be formed on an n-type metal layer of the
plurality of epitaxial layers. The array and the outer layer may be the terminals of
the semiconductor device.
30
According to a sixth preferred aspect there is provided a method of fabricating a
semiconductor device for light emission comprising a plurality of epitaxial layers,
the method comprising:
on a p-type layer of the plurality of epitaxial layers forming a first seed layer
35 of a plurality of seed layers as a reflective layer;
on the plurality of seed layers forming an outer layer of a conductive
material;



material; on an n-type layer of the plurality of epitaxiai layers forming an
n-type metal in an array at the centre of the n-type layer for minimizing its
effect on light output; the n-type metal and the outer layer being the
terminals for the semiconductor devu:e 5 The first seed layer may be of a
reflective material and has a first co-éfficient of thermal expansion, the
method preferably further comprising forming on the first seed layer a
second seed layer of a second material having a second co-efficient of
thermal expansion; the second co-efficient of thermal expansion being
greater than 10 the first co-efficient of thermal expansion. The methods
may further comprise forming at least one intermediate seed layer on the
first seed layer before the second seed layer is formed, the at least one
intermediate s8eaNAysHRIRLCHI SRS entradalriareraiimgreren ntype metal
intermedigteac@ils ffictotre of themialedryparisionirthédiis gvester thaorthetpuy,
first co-efticientcofridieraral texpanrsieandilgssdéhamibasesond semiconductor
co-efficigrtf thermal expansion. The outer layer may be of the second
matgrial, The reflective material, the second material and the intermediate
seed Iay[% aterlaé rlnaey aII b gerent The semiconductor device may
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substratgdramctherelswalihohepiadaliayers while the 25 plurality of
epitaxial layers are intact for preserving electrical and mechanical

properties of the plurali |taX|aI layers. The method may further
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20
According to a seventh preferred aspect there is provided a method of fabricating a
semiconductor device for light emission comprising a plurality of epitaxial layers
mounted on a substrate, the method comprising:
separating the substrate from the plurality of epitaxial layers while the
25 plurality of epitaxial layers are intact for preserving electrical and mechanical

properties of the plurality of epitaxial layers.

The method may further comprise: prior to separation forming at least one seed
layer on the plurality of epitaxial layers, and forming an outer layer on the at least
30 one seed layer, the outer layer being relatively thick and being for at least one
selected from the group consisting of: a structural support, a heat sink, a heat
dissipater, a current dissipater, and as a terminal, for the semiconductor device.

After the at least one seed layer is formed, and before the outer layer is formed on
35 the at least one seed layer, the following steps may be performed; v
{(a) applying a p-type metal ohmic contact layer to a p-type layer of a
plurality of epitaxial layers;



(a) applying a p-type metal ohmic contact layer to a p-type layer of a
plurality of epitaxial layers; 6 (h) applying a layer of an oxide over the
p-type metal ohmic contact layer and the p-type layer; (c) removing the
oxide layer from above the metal ohmic contact layer; and 5 (d)
depositing the at least one seed layef on the oxide layer and the metal
ohmic contact layer. After step (d) and before the outer layer is formed, a
pattern of thick resists may be applied to the at least one seed layer, the
outer layer being formed between the 10 pattern of thick resists. The
outer layer may also be formed over the pattern of thick resists. The outer
layer may be polished subsequent to separation. The oxide layer maybe
silicon dioxide{tSubsegoignt te Beparatonglthess tlrstrages thetdolowingontact
steps mayebsperdormediayth (a) a first stage of isolation of individual

devices by trepgh etching,idang RGeS OFH8RCHLIESH RR3ASLCRING: (KL
die isolgfign; (d) forming an array of n-type ohmic contacts on an n-type

layer of the 20 plurality of epitaxial |ayers; and (a) die separation. Brief
Degcription of%ﬁe Drgl\%/\ﬁﬁsdté'%é?‘ﬁl%rlaésrtt T8t TR prédeit iRoertisHaMRa7 Bt
fully und&PetSBa AR REEK  put into practical effect, there shall now be
described by way of non-limitative example only preferred embodiments

of the présesitinvieatiohetite tiescriptinareingwdtlh paferesarido thets may be
accompayéngd hstsatbes dsasviags 3@ ImheudiajBgseiFi0re i ISedveen the
nofyscalg sehamiGearassrrestional Yiew,of seieonANRIQL L Acfirst mick

stage in thetf rication process, Flgpreg IS, a non-scale sct‘{,em gc, )
resists. [ he ouier ger may be 8 ished sybsequen ta sigara ion. 1 he oxide layer
cross-sectional view of a semiconductor at a second stage In the

fabricatlB® BPodiEs8: “&B3gure 3 is a non-scale schematic, cross-sectional

view of a semiconductor at a.
Subsequent to separation of the substrate, the following steps may be performed:

15 (a) a first stage of isolation of individual devices by trench etching
along edges of each mesa;
(b) pad etching;
{c) die‘isolation;
{d) forming an array of n-type ohmic contacts on an n-type layer of the
20 plurality of epitaxial tayers; and
(e) die separation.

Brief Description of the Drawings

25  In order that the present invention may be fully understood and readily put into
practical effect, there shall now be described by way of non-limitative example only
preferred embodiments of the present invention, the description being with
reference to the accompanying filustrative drawings.

30 Inthe drawings:
Figure 1 is a non-scale schematic, cross-sectional view of a semiconductor at a
first stage in the fabrication process;
Figure 2 is a non-scale schematic, cross-sectional view of a semiconductor at a
second stage in the fabrication process; .

35  Figure 3 is a non-scale schematic, cross-sectional view of a semiconductor at a
third stage in the fabrication process;



third stage in the fabrication process; 7 Figure 4 is a non-scale schematic,
cross-sectional view of a semiconductor at a fourth stage in the

fabrication process; Figure 5 is a non-scale schematic, cross-sectional
view of a semiconductor at a fifth stage in the fabrication process; 5

Figure 6 is a non-scale schematic, cross-sectional view of a

semiconductor at a sixth stage in the fabrication process; Figure 7 is a
non-scale schematic, cross-sectional view of a semiconductor at a

seventh stage in the fabrication process; Figure 8 is a non-scale

schematic, cross-sectional view of a semiconductor at an 10 eighth stage
in the fabrication process; Figure 9 is a non-scale schematic,
cross-séctionadl iviewetase micondigctorsatsciivnth gtagef in thwifatrication a
processirtgutayd hisarawn-86alesehematic, cross-sectional view of a
semicorgiiol ata nienih.etage ikihedallicatlioRPrRcess o IR ighiedd: is &
a non'Sﬁf?rl%tﬁﬁ@ﬁéﬂ%’%bﬁg%ﬁ%ﬁ%@?{?al view of a semiconductor at an

eleven Ts_talgrg In the fabrication process; Figure 12 is a non-sca
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fabricatiendptioeess;itigered3(o) isadattom view of the semiconductor of

Figure Fak £iwecH{aldSe s CalRSehamalicict/0pa-SartonRlMEW an
of %sergiié;gggggg%ql;eafa{)%g,ggg;&ggge in the fabrication process;
/ b . . ¥ .

Figure Is a bottom view of the semiconductor of Ficgure 14£a2; 25
. .9 is a non-scale schematlic, Cross-sec zonFi vne\f/ 2 semiconductor at a
Figure 15{a) is a non-scale schematic, cross-sectional view of a

semicordit oA A firERISHICIAGES T the fabrication process; Figure 15(b)
is a botfogHrgiélvivRthenseafcshaneior e Figartors(dpwifareenéesductor at a
non-scatetsclematite cioss:geqirotakyiew of a semiconductor at a
sixteenthgstage i e haheicalinsRiRCesss 30diaHN@idy () iSmDOMEESRt an
schemag@&,egr%gésﬁg‘qﬁig%hgggg)g gjogeggmiconductor at a seventeenth
stage Irl:ltgl;’]uerefngg aaltlgg]n—psgg%e'ssé:%;egggc, cross-sectional view of a semiconductor at a
twelfth stage in the fabrication process;
 Figure 13(a) is a non-scale schematic, cross-sectionatl view of a semiconductor at a
20 thirteenth stage in the fabrication process;
Figure 13(b) is a bottom view of the semiconductor of Figure 13(a);
Figure 14(a) Is a non-scale schematic, cross-sectional view of a semiconductor at a
fourteenth stage in the fabrication process;
Figure 14(b) is a bottom view of the semiconductor of Figure 14(a);
25 Figure 15(a) is a non-scale schematic, cross-sectional view of a semiconductor at a
fifteenth stage in the fabrication process; -
Figure 15(b) is a bottom view of the semiconducter of Figure 15'(a);
Figure 16 is a non-scale schematic, cross-sectional view of a semiconductor at a
sixteenth stage in the fabrication process;
30 Figure 17(a) is a non-scale schematic, cross-sectional view of a semiconductor at a
seventeenth stage in the fabrication process; and
Figure 17(b) is a bottom view of the semiconductor of Figure 17(a).

Detailed Description of the Preferred Embodiments
35
The GaN devices described below are fabricated from epitaxial wafers that consist

of a stack of thin semiconductor layers (called epitaxial layers) on a sapphire



Figure 17(b) is a bottom view of the semiconductor of Figure 17(a).
Detailed Description of the Preferred Embodiments 35 The GaN devices
described below are fabricated from epitaxial wafers that consist of a
stack of thin semiconductor layers (called epitaxial layers) or a sapphire 8
substrate. The composition and thickiess of the epitaxial layers depends
on the wafer design, and determine the light color (wavelength) of light
that will be emitted by the devices that are fabricated from the wafer.
Usually a thin buffer layer is first deposited on the sapphire substrate with
a thickness often in the range 10 to 30 5 nm, and can be either AIN or

GaN. In UM&Q&%%&%@%’%&Q RS 5k gé %eéfctrAQ%% %&é!'@g%‘tﬁgpe% 9P the
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layer 1. e metal laver of nickel-gold (NiAu) or other
swtablegr-net t‘eé?ﬂ(c)iarg p% ﬁﬁ%%rap y and etching ing e(lflr\le th%ﬁrﬂgtgr 52

paftsern W&‘i/%?ss This is done by applying a thin layer of photoresist (Iayer
6(a) in Figure 2) on to metal layer 5, followed by resist exposure and
developheins! Téer residgupaticthe Glaysersesiasian tchapghhaskikorate 4 has

etching ipgisnetat layerHpelibpetchingidmh maydeshy et ehamicaletchingive
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layer 5. This is done by applying a thin layer of photoresist (layer 6(a) in Figure 2)
on to metal layer 5, followed by resist exposure and development. The resist
pattern 6(a) serves as an etching mask for etching the metal layer 8. The etching

25 may be by wet chemical etching or plasma dry etching (see Figure 2). The
photoresist 6(a)} is then removed. The patterned layer 5 that remains on the surface
of p-type GaNN layer 1 will serve as an ohmic contact layer to the p-type GaN layer
1. Annealing may take place either before or after layer 5 is patterned.

30  The p-type Layer 1 is relatively thin ~ normally no more, but preferably less, than 1
micron.

A layer 7 of silicon dioxide (Si0g) is deposited over the remaining p-metal layer
portions 5 and the P-type GaN layer 1 {Figure 3) by a standard thin film deposition

35  method. This may be by plasma enhanced chemical vapor deposition ("PECVD"),
sputtering, evaporation, or other suitable techniques.



30 The p-type Layer | is relatively thin - normally no more, but preferably
less, than 1 micron. A layer 7 of silicon dioxide (SiO2) Is deposited over
the remaining p-metal layer portions 5 and the P-type GaN layer 1 (Figure
3) by a standard thin film deposition 35 method. This may be by plasma
enhanced chemical vapor deposition ("PECVD") sputtering, evaporation,
or other suitable techniques. 9 As shown In Fig. 4, a second photoresist
layer 6(b) is applied over the oxide layer 7. The resist Is then patterned

and serves as mask for patterning the oxide layer 7. Wet etching or dry
etching (plasma etching) of the oxide layer 7 is carried out, The oxide in
the areasswhmre ithdgedisareqphbitresistiG(byassiemoyetdenvivide toxisledd Byer 7.
protectethbydhe resish Gdaprematnssaiies eiching. dhe-natipmed seeoNder 7.
resist_layer éé%@&%%@ﬂ.@%ﬂ?ﬁ@mw %Huh@y&{dé (?emﬁtst@sr% K. The
layer 7 rS!H@'WQlQe g?gggqg/ﬁe?grgslsetlse %‘I'A\f'x%t G Slst G{Igills rgrwgvé © SII e ox[Je 7
NlAu layer 5 tot e g 5 AOWN | ure 4. TOW

shown iR ERR & Rlue rsc%’étoﬁ@ ré%xé? Dgyd Feéﬁﬁﬁq‘ggrer%?/é’&ffﬁf‘ﬁ‘fe%%md resist

etching Bf/efr?é% it BT ANTREBRT P AlA VRIS WekeiA)e BDalRtahE remaining
n-type GantayetrSsThe Neteltdnes i od tvefutiedeqth ofhie: lriype GaN p-type
layer 1, aad tyer quandbonwelFiayern2, but for a small part only of the

depth of the n-type GaN layer 3. The patterned oxide 7 in Figure 5 serves

as ]%]e d)% SESRW g go tqgggceo *E! resrsj EN lech?ve%%o?%Yel% egtschmg of

subseq entl for g % layer 7 5'iS remove
replacelcgr%ﬁ B Lfulfr’(::oa GFS s6156R H{}&egl%?(fé‘(tlﬁiﬁd‘réf%‘) {7t ‘esrets The
the entifét}s Suftale.fA prrstorEErRPiige Coltivey thendippieersve mggayer 2,
SiO2lay’t Br Thedsrdpakisf thy dedic)f ibahermpatdriager ByT20 lighirned oxide
exposure iarfigsubseguentdevelapmeinsonthatid eenersrevienswherenich the

except dbaccentabpat-afieragsas - over the P-type metal layer 5. The
third resist layer 6(c) extends around the periphery and toward the center,

with th hlr |stI e bein enera annular. As such the third
resist I:éér ig g}o‘[t% v)gr He'C ?l\f?glaﬁéérff’@ﬁ?? SY 519 55lng . iasgson

window &HirRg TEMWVE S fahBlReYRE 85 ertierppurtrsa. Lmbetiiessieger 6(c)

layer 8 EubvratidaNigver|ipe? Stloviinss Bxpuse thrsttryeob tesNiAupayends by

The thirghhesisblayent(eisdhemrenenee andseed Byredepsitiote except

follows@s dsnishemninEigte-8. The seedJayalis of threedifferant.metale

layers. E&?Jﬁgk&e%und the periphery and toward the center, with the third resist layer

6(c) being generally annular. As such the third resist layer 6(c) does not cover the

central portion 17 of SiO; layer 8. SiO, window etching follows to remove the

25 central portion 17 of the SiO; layer 8 above the NiAu layer 5 to thus expose the top
of the NiAu layer 5.

The third resist layer 6(c) is then removed and seed layer deposition follows, as is
shown in Figure 8. The seed layer is of three different metal layers. The first seed

30 layer 11 adheres well to the NiAu layer 5 and may be of chromium or titanium. It is
followed by second layer 10 and third layer 9 of tantalum and copper respectively.
Other materials may be used. The first seed layer 11 preferably has good
reflectivity for the reflection of light generated in the light emitting device. The
second seed layer 10 acts as a diffusion barrier, preventing copper or other

35  materials placed on top of it (such as, for example, the third seed layer 9) from
d‘iffusing into the Ohmic contact layers and the semiconductor epitaxial layers. The
third seed layer 9 acts as a seeding layer for subsequent electroplating.



30 layer 11 adheres well to the NiAu layer 5 and may be of chromium or
titanium. It is followed by second layer 10 and third layer 9 of tantalum and
copper respectively, other materials may be used, The first seed layer 11
preferably has good reflectivity for the reflection of light generated in the
light emitting device. The second seed layer 10 acts as a diffusion barrier,
preventing copper or other 35 materials placed on top of it (such as, for
example, the third seed layer 9) from diffusing into the Ohmic contact
layers and the semiconductor epitaxial layers. The third seed layer 9 acts
as a seeding layer for subsequent electroplating. 10 The coefficients of
thermal expansion of the seed layers may be different from that of GaN
which is.3.17. th thermal expansign coeffic ients of the

contactslﬁyers %\féﬁeg%n Ft rma 2180 dq‘?eor@ﬁt fsrorgl fat o'f'@’agﬁ ﬁgren‘%ﬁom that
14.2 and'5F8 4 Pé%b?cﬁvgly) fH‘é)}hﬁré ?éﬁ.féﬁ?ﬂ%iﬂ“(&?éﬁfﬁ&ﬁo%é@argj‘m‘c
and do KetipEdeyesefindnesspratefiertattient e nintiy G apithdatnd
layefs. Hawesargiated toapper tebeladdedddter nmyhetas) thickdasot pose
hundreds:@funigranrRspasic i S MRYutRHERE B! @ 5tERSS pyeklanaaeldiUsated
the seedday&rg %%G&HS@QJF?\Qﬂﬂ%éhﬁc@g@%n&@!ﬁ DN BE RY-ANG X may
more of: 10 FJ(as)ev reh%,}/len Pth) uentﬂ\%)él%lty to dapsorb the Stress, %p)o %r the
having suf‘huent internal aracteristics to absorb ﬁqe stress %
having SRS IRYRP Y %gﬂwgtﬁe stress, and (d) by having graded
thetnal expan$tbn co‘éﬁ‘éf@ﬁ‘%“"i@qfﬁ et é?ﬁjﬁfﬁdféfd%ﬁnal
coefficients, thét of thevfirstisy enfitiqutefdeaisly sisscitirant¢hisitosf theibsorb the
second layer 10, and dtedsof the second layer is preferably less than that

of the third layex 9. Foy exanyrienthe: igiipxanidlnanberhomiym with a

coefficient of thgrmal gxpap; %g%%&’éﬁh%w]ﬁ@?e%&%ﬂ‘o% lgyer 10, may be

tantsalum with a 20 coefficient of thermal expansion of 6.3, and the third
Iayér 9 may be co%Per with a coefficient of thermal expansion of 16.5. In

this way'tHee GGesfiei S irenil aPEigraitsitat &feride frror thisfsiOp less
layer 8 et BaiNfIhgesetonh & mute), aodfipd of laysend pedtasratieaipy tess than
have cogfficienis @ofexpansiorthakdifiesuehithgbat 1theijersparateswith a
concernggiRpe: MefahiayekamRRds /IR RIS GEIMEARES: Rantalum with a
20 coefficient of thermal expahsion of 6.3, and the third layer @ may be copper with a
coefficient of thermal expansion of 16.5. In this way the coefficients of thermal
expansion are graded from the SiO,layer 8 and GaN layer to the outer, copper
layer 9. An alternative is to have coefficients of expansion that differ such that at

the temperatures concerned, one metal layer expands while another contracts.

25

' If the outer, copper layer 9 was applied directly fo the 310, layer 8 and P-metal layer
5, the differences in their thermal expansion rates may cause cracking, separation,
and/or failure. By depositing a plurality of seed layers 11, 10 and @ of different
materials, particularly metals each having a different coefficient of thermal
30  expansion, the stresses of thermal expansion are spread through the layers 11, 10
and 9 with the resultant lower likelihood of cracking, separation and/or faillure. The
first seed layer 11 shouid be of a material with a relatively low coefficient of thermal
expansion, whereas the final layer 9 may have a higher coefficient of thermal
expansion. If there are intermediate layer(s) 10, the intermediate layer(s) should
35 have coefficient(s) of expansion between those of layers 11 and 9, and should be
graded from that of the first layer 11 to that of the final layer 9. There may be no



If the outer, copper layer 9 was applied directly to the SiO2 layer 8 and
P-metal layer 5, the differences in their thermal expansion rates may
cause cracking, separation, and/or failure. By depositing a plurality of
seed layers It, 10 and 9 of different materials, particularly metals each
having a different coefficient of thermal 30 expansion, the stresses of
thermal expansion are spread through the layers 11, 10 and 9 with the
resultant lower likelihood of cracking, separation and/or failure. The first
seed layer 11 should be of a material with a relatively low coefficient of
thermal expansion, whereas the final layer 9 may have a higher
coefficierieofatismaleexpansiothett thene sredntermeadiaterayens) H0mthe of
intermethiate daes (syshooldBS thavereoahficien(s) of expansion between
those of layers 1 1 and 9, and should be graded from that of the first layer

11to thgﬁé}gép\%&nﬂga%% E’Jalygege@g db% no_ 1 |nte ;gggéjéate Ia

or there may b required or degire number of IRterme Ya?esla%er%yf@ of
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AIN with vias or holes therethrough to enable the copper layer 9(a) to

© connectto thimdypemetsldayensly Fosgasterses BN LRI RIAINOY as the
thick metal suehas sePREsEMRtAN BENGG Bwtle ey b siiale.and 2 attern
negysinkalek the cemeyal ol e ononal sybsiuate 4 & paiier 10 of i
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photolithot rap% Al Lgreg@r) & rﬁ%ﬁ‘fﬂﬁa %ﬂ?él%g(é)slg'ﬁﬁftéb“‘}"? fReions
regions® ?fg ned 5 %kt?ﬁ%&t?églé;t@%i Biqiethe) Plafrd grentpsdbint swts 12
the thicke fesisisnglettsisirpaprsmigherrdetal support layer 9(a). 15
Alternatively, before the application of the thick resists 12, the outer, seed

copper Aayesi9emay:he-pactialliatehes !Hethﬁc!%%!i@fsofzthtﬁesé'{ﬁél Q@ééﬁ"@&!}er
the me%@ﬁ@&%é%ﬁ@ﬁp&%mﬁtR@'gEDPQ e&% eSI Jbzf\ngl t%e H)eesa% for the

plating %fr e main.c rq}ﬁa er9 ur |s as

of improved adnesio: E‘% heofgsrﬁgva 0 fﬁf'r(?f Fﬂ’?e"?é{f’)‘bﬁfr@%ﬂmrﬁ?éper
5 then (A%ESBIAEL B 18 VRS BRedrripReCH T RIMIATIEEMiques such
as, for example, that described in Kelly [M.K. Kelly, 0. Ambacher, R.

DirnitroVhRretavedschitibif ande\aptirz saastui@bysen Hads $Rled@i1dp9:1 R
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This exppRes. edowg&ﬂg; %%9@0%3;;0@%@% pe %%JN dayer 3. Itis

referre for I| f the substr to take p ace Wh lle to epitaxial 1a¥ers
gre %t sol. (a 8 fg% (1999? %he substrate may also be removed by poli shm% or

wet etching. This exposes the lowermost surface 13 of the n-type GaN layer 3. It is

25 preferred for lift-off of the substrate 5 to take place while to epitaxial layers are
intact to improve the quality of removal, and for structural strength. By having the
epitaxial layers intact at the time of removal the electrical and mechanical
properties of the epitaxial layers are preserved.

30 After the removal of the original substrate 4, the thickly plated metal 9(a} acts as:
the new mechanical support; and during operation of the semiconductor device is
able to act as one or more of: a heat sink, a heat dissipater, a terminal for the p-
type layer 1, and as a current dissipater. As the p-type layer 1 is relatively thin, the
heat generated in active layer 2 is more easily able to be conducted to the thick
35  layer9(a).



intact to improve the quality of removal, and for structural strength. By
having the epitaxial layers Intact at the time of removal the electrical and
mechanical properties of the epitaxial layers are preserved. 30 After the
removal of the original substrate 4, the thickly plated metal 9(a) acts as:

the new mechanical support; and duting operation of the semiconductor
device is able to act as one or more of: a heat sink, a heat dissipater, a
terminal for the p- type layer 1, and as a current dissipater. As the p-type
layer 1 is relatively thin, the heat generated in active layer 2 is more

easily able to be conducted to the thick 35 layer 9(a). 12 As shown in
Figure 12, the devices are then isolated from each other by trench

etching froshthe mefibrexpbded Guifaseraltrg the-edges0bibe sresayatench
shown irtdhigiifies 1dstacld, suids & phaserasisklawesB(d)PItecing 2henown in
regions pEihe NS 4Gl JARAckdUrIRGLNS FIGRIDG NI ALERidhs of the n-ype
AlternatlcggllyragggJ%W]sﬁ{gqgés&g%fg% a3 of the n-type layer 3 may be

cleaved at locations in"alignment with thie photoresists 12 and the dies
separated. This is-of advantage for laser diodes as the exposed side

surfaceGHTIREVRLy e Iy ereriagsstarmiaiy pavetidtyendsroausingeaved at

large anrsatitnsfitosédinterhelrdfiepticniethis 12Gactscadaa ghdrated. This is of
amplificatiemisystemdes-igpeavetrard@diactad dghlovtpule Rageighing are

takes plags@fed fRRIMIRY tﬁuﬁfgéﬁ%é;sé Ilglélg%hr Qﬁ%lr?"o‘?ﬁ%@lﬁ if?ta)épn%?‘?glecgot . This

surface he SI02 layer 8, the si of the n-t G er 3, and the
conter o e e S R B etk
projecting portions 14 15 and recess portions 15 of n-type GaN layer 3.
The resfS3%6 MBS HRIPT BV EfeaTary Sixth Tilsise(fjeappiied overtithexposed
exposedusegtactdhofiiie avtyBet@alddayér® angbéeabutesPetphery @hter of
the SiOhéayen8 txNhusleavea-gapdhdar @ig isalatiomdieinhAkesons 14

plage (Rigyre:d4) ibrRighdbendihganrl f@hd the SiO2 layer 8, and seed
layer 11 until the ends' of the thick photoresists 12 are exposed. The

resist 6 )résrgeng%ved, At\hseventh resist layer 6(g) is applied over all

exposed TowearsuifAced FORTREEATE L "SHe5(Ey ariethrsfig g posed

adjacertffreeeftdroftiee RRbBYeaNarg the PuipharerzBypténtGiPgigyd B to

remainshiFidaae 2z e der italpies.1 Btofinstypesmetalsraredhan aepliedhe

over theyapsist 6(g) Matlsthelayer 8, and seed layer 11 until the ends’ of the thick
photoresists 12 are exposed. The resist 8(f) is removed.

A seventh resist layer 6(g) is applied over all exposed lower-surfaces from the edge
of the SIO; layer 8 through to adjacent the center of the n-type GaN layer 3, where
25 acentral gap 17 remains (Figure 15).

A layer or layers 18 of n-type metals are then applied over the resist B(g) with the
layer 18 at the gap 17 at the center of the n-type GaN layer 3 being applied directly
to the GaN layer 3 (Figure 16). The resist layer 6(g) with the layer 18 attached, is

30 removed leaving the layer 18 attached to the center 17 of the n-type GaN layer 3
where gap 17 was previously located,

The copper layer 9(a) is then polished flat (Figure 17) and the dies separated.
35 In this way the seed layers 11, 10, 9 and the coppér fayer 9(a) act as reflectors to

increase light output, with copper layer 9(a) being one terminal, thus not interfering
with light output. The second terminal is layer 18 on the n-type layer 3 of GaN and



layer 18 at the gap 17 at the center of the n-type GaN layer 3 being
applied directly to the GaN layer 3 (Figure 16). The resist layer 6(g) with
the layer 18 attached, is 30 removed leaving the layer 18 attached to the
center 17 of the n-type GaN layer 3 where gap 17 was previously located.
The copper layer 9(a) is then pollshe’d’flat (Figure 17) and the dies
separated. 35 In this way the seed layers 11, 10, 9 and the copper layer
9(a) act as reflectors to increase light output, with copper layer 9(a) being
one terminal, thus not interfering with light output. The second terminal is
layer 18 on the n-type layer 3 of GaN and 13 this is as an array at and/or
around he center of that Ia r 3 thus nimizing its  effect on light outpu
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being 10 physically mterconnectea bt being electrically isolated on the

n-type layer side by virtue of the silicon oxide layer 8. The n-type layer

connectiti®s RelipHeciA’ hecopaaheeenfid) it sias praceeehntiwitivbe dies being
addpesseiblecaidividuwatiyedeligstivelyg @ledniaty islesise drotheesiisedayer side by
combinatiar of peeTeitesionxiibeipdy e layers il e 36BN wil be in
connectipn faE Ak qﬁ%@%m%@g&c%fanh@vwg@%@x@gb%%,VQJ&Q@ W&%Jﬂ%n or
15 seveyal s 620 heanelaled i g coe IMelorn waximum bl oulpl, .
or in any ossible combination oF sequeng 5 y appropri%l épc tro1 6

n-type 18787 2ORAREREALOTRE Whper RyR P ?‘i)‘i?Pé’\‘?fd@‘éeEBWmBhth’s Way S the
cornectfAt§ 8 e priypOrriger stibe iy it ‘straginuantiosuipwort; antd any
acts as accehtrmenmheatisink:. Feeiepresénceppbthietoxiderayer Sprowdesayer
electricalisaleiton. and pseyentsdeakageolfAihargh taadayerl8ishe p-type
shown hayingR Ssyas: SrRHar A0daet aay.it Y stwoﬁ%?f@m@'%e

form anrg hag f.array. For owing gﬁ ayers,

common that t 89 S0 Bt ?mu F%Vﬁ %? g%ﬁa}gé% ’?ijy ﬁer‘f?rits doskage.
%ped and thus it is electrlcally nonconductive, For current conduction,

'thls layetiieetistis Iseeretidvetony rvilng. Hdemie asrcfomirnddnd aitwerd may

have any suitable form and shape of array.

For growing high quality GaN layers, it is common that the first 0.5-1.5 micron GaN

25 layer 4 in Figure 1 is undoped, and thus it is electrically nonconductive. For current
conduction, this layer needs to be removed by etching. However, for the area where
the bonding pad 19 is to be deposited, it is advantageous to keep this
nonconductive layer under the bonding pad 19, so that the current does not flow
vertically through this area, but spreads through the n-GaN layer 3. Fig. 17(a)

30 shows an example contact, where under the circular bonding pad 19 the
nonconductive material is retained.

Whilst there has been described in the foregoing description preferred

embodiments of the present invention, it will be understood by those skilled in the
35  technology concerned that many variations or madifications in details of design or

construction may be made without departing from the present invention.



the bonding pad 19 is to be deposited, it is advantageous to keep this
nonconductive layer under the bonding pad 19, so that the current does
not flow vertically through this area, but spreads through the n-GaN layer
3. Fla. 17(a) 30 shows an example cgntact, where under the circular
bonding pad 19 the nonconductive material is retained. Whilst there has
been described in the foregoing description preferred embodiments of the
present invention, it will be understood by those skilled in the 35
technology concerned that many variations or modifications in details of
design or construction may be made without departing from the present
inventiofpuklc@XRWISE 14 THE CLAIMS 1. A semiconductor device for
light emission comprising: (a) a plurality of epitaxial lavers. comprising an

active layer for Ilght ner gn n-type Xer for Ilght transmission
‘{ ly%F tora(ﬁwcé or | %?r]m n cowig %
and a p-type layer forli ection; yer-having thereon

~ at least one se@d layér ‘P&V il c?ut%‘?'téfé%}aéﬁ?ré 8%8&&&@%%?&16 (eyegtor liont
least ongeggi@tcmy@t CovmsriSiyRy S iiirisdTorprviding a Bk 1aGTder light
differentiglettiermal expansion of the outer layer and the light reflecting

layer. 2. A semigondugtos-geyiegeasaclaimeein slaisihryhsseinyhigdatn outer

least ong, geed laygralko.remprises a diffusion barrier for providing a
barrier to dlffui on of 8 Ia%ﬁzr a;’pé:)heq to It from diffusin & Q atleast one of

the p-type la the actlve ay erei% ¥]er c%mpmsm a [ha erla o} prow ing a
seticonti AiGraeR/ite 8P IE‘HP%?H%%W‘? BBW{b?Y?{n‘a‘d(éfA{QBMFﬂﬁf;Wf'ayer
epitaxial layers comprising an active layer for light generation, an n-type
layer forzlight tramsmiissidrriandesios typeldayat fockght! 28nwefiectiors: (bythene
p-type |layed hgungdherenratdeasisenesaaddayertopn niter tayeisehar a
conducty f@&éﬁéﬂ@xﬁ%ﬁ?&#@ﬂ#‘g $26 9 RYS FOTRRS NG, AUSINN DATLRSer

LLOYD WISE

for providing a l?arn{er to diffusion of a layer applied to it from diffusing into
1 & %’
at least one of th p- 25 type layer, the active layer and the n-type layer.
3. A semiconductor device for light emission comprising:
(a) a plurality of epitaxial layers comprisihg an active layer for light

generation, an n-type layer for light transmission and a p-type fayer for light
20  reflection; ‘ '
(b) the p—tybe layer having thereon at least one seed layer for an outer
layer of a conductive metal;
{(c) at least one seed layer comprising a diffusion barrier for providing a
barrier to diffusion of a layer applied to it from diffusing into at least one of the p-
25  type layer, the active layer and the n-type layer.

4. A semiconductor device as claimed in claim 3, wherein the at least one
seed layer also comprises a material for providing a buffer for differential thermal
expansion of the outer layer and the light reflecting layer.
30 .
5. A semiconductor device as claimed in any one of claims 1 to 4, wherein the
at least one seed layer comprises a plurality of seed layers, the plurality of seed
layers comprising a first seed layer of reflective material, and having a first co-
efficient of thermal expansion, and a second seed layer of a second material having
35 a second co-efficient of thermal expansion. .



4. A semiconductor device as claimed in claim 3, wherein the at least one
seed layer also comprises a material for providing a buffer for differential
thermal expansion of the outer layer and the light reflecting layer. 30 5. A
semiconductor device as claimed in any one of claims 1 to 4, wherein the
at least one seed layer comprises a p1uraI|ty of seed layers, the plurality of
seed layers comprising a first seed layer of reflective material, and having
a first co- efficient of thermal expansion, and a second seed layer of a
second material having 35 a second co-efficient of thermal expansion.
LLOYD WISE 1s 6, A semiconductor device as claimed in claim 5,

whereinghe secqad egreffgient ot bewipl arpansion s gieglerban e .,

first co- %glment Qf% mal expansion. 5 Aﬁem conductor evice as

claimed in any one of dlaims 110 6, fei nty P15 Esiip s &g ™!

an array oFan fi:type metal. 8. A semiconductor device as claimed in

claim 7, wherein the outer layer and the array of n-type metal comprise

the ferminals of teaisemictndiedteradetbdivadi0 HyArsemiconsluictar, daviee the
for light eyrissige eonprising arplusaditynafepitaxial layers, the plurality of
epitaxial layers comprising: (a) a p-type layer; (h) at least one reflective

layer orgthe p -1yps I%X%u gi an qut {n!g er [931% OQHUCt'Vt en”cl)a&grr gyecr)ré o
the at Ie?st one re ective la er n n-ty

metal off TS LS/ TE YRS 811 AR, Eﬁ%elé?y@P’Bét@%@@rf?ﬁécﬂ“%?r@%?eand
the“b-type Iayer, 20 the n-type metal being arranged in an array at the
centre df the nétypaitaperdor dmindrfrizingt kmiefiectandighieutpudlithe epitaxial
n-type mesal, andpttrapusesdayes besrgdheriasginals for the

semiconductorgevicg, plgp@qaggmiconductor device as claimed in claim 9,

wherein the Ity of gead, e BYRIS EUNRIIRES 8 L5l sged laver of
reflectlve mate(rlal ananhQ%Yépg ?

ayer of a conduotlve material on the at least one reflective
layer;
(d) an n-type layer: and
(e) an n-type metal on the n-type layer:
® an active layer between the n-type layer and the p-type layer:
20 the n-type metal being arranged in an array at the centre of the n-type layer for
minimizing its effect on light output; the n-type metal and the outer layer being the
terminals for the semiconductor device.

10. A semiconductor device as claimed in claim 8, wherein the plurality of seed

25 layers comprises a first seed layer of reflective material and having a first co-
efficient of thermal expansion, and a second seed layer of a second material having
a second co-efficient of thermal expansion; the second co-efficient of thermal
expansion being greater than the first co-efficient of thermal expansion.

30 11. A semiconductor device as claimed in any one of claims 5 to 8 or claim 10,
wherein between the first seed layer and the second seed layer there is at least one
intermediate seed layer of at least one intermediate material having a intermediate
co-efficient of thermal expansion, the intermediate co-efficient of thermal expansion
being greater than the first co-efficient of thermal expansion and less that the

35 second co-efficient of thermal expansion.
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efficient of thermal expansion, and a second seed layer of a second
material having a second co-efficient of, thermal expansion; the second
co-efficient of thermal expansion being greater than the first co-efficient of
thermal expansion. 30 11. A semiconductor device as claimed in any one
of claims 5 to 8 or claim 10, wherein between the first seed layer and the
second seed layer there is at ;east one intermediate seed layer of at least
one intermediate material having a intermediate co-efficient of thermal
expansion, the intermediate co-efficient of thermal expansion being
greater than the first co-efficient of thermal expansion and less that the 35
second co-effigiesth ebibesalparRsiam ddiOND ME SEiaik $20 A claim 10 o

semicongyetor drvige @s claimad iR anyaneHf claims 5 to 8, claim 10 or
claim 11, wherein the outer layer is of the second material. 13. A

semicoq uctoE\device i(sj claimed in claim 11 or claim 12, wherein the 5

~ reflective 'mqterigﬁr’fﬁgr‘sg%%ﬁaer\ﬁ%?e’?igfaérﬁﬁdtf'?ecfﬁ‘l’@rme?ﬂﬁ%‘%?ﬁe?’i’ﬁ?%‘% the
all differdRei1y MREEmidBhFIERF daviedrh st aitelttiatipbn e arttiae 2l

5 to 8 offiffadms 11 to 13, wherein the intermediate material is the

diffusion barrier for preventing the 10 second material diffusing into the

epitaxiaj Jayers. shinid RLBNFABALCIArARvice-Amh ¢ IR d AW 088 Uaims 11

claims |40 34, WhGIel e QUIREIIVGEIR T'AUVGH ICk and I8 for AL Ieast

ong Se'?gégﬁj frrn%@ntq%i%gg in(E.OO&SIS'[IiI‘ggdg'fi a structural support, a heat
sink, a Reat disaigater a-Ciant T 5RRShAYSR and as a terminal, for the

semiconductor device. 16. A semiconductor device is claimed in any one

of claim®$7 to ASewiserdiistthecdinags cansrsessy ceawhtportionodn. ovterin
portion, t@ndugjoimengsperitoniycohrecting iheacenisabposientanddheiautesup
portion;cdieiauteoPOstioR BiehthepdHONIRGPAIIONbRIAY FNRUIEENE current
dissipatiQu,lL, AReIcRRALGIOLARYICS AR RABEGLIRANY one of claims 1

to 16, wherein the semiconductor device is a gallium nitride
semiconductor device. 25 18. A semiconductor device as claimed in any

one of d&ims 6 I6BGPIFR 19V FeFBIR A ARePIaRECIEBF thédsEesfgren

materialhel 3ray retodefo efalsricaltiorrtoha e mico mpustor aeviegdontighrtion

emissiofntizetingetaockarnpuisistgand the outer portion; the outer portion and the
20 joining portion being for current dissipation.

17. A semiconductor device as claimed in any one of claims 1 to 16, wherein
the semiconductor device Is a gallium nitride semiconductor device.

25 18. A semiconductor device as claimed in any one of claims 5 to 8 or 10 to 17,
wherein the outer layer is of the second material.

19, A method for fabrication of a semiconductor device for light emission, the
method comprising:

30 (a) on a p-type layer of plurality of epitaxial layers of the semiconductor
device, forming a layer of a p-type metal; and

(b) on the layer of p-type metal, applying a first seed layer of a plurality

of seed layers, the first seed layer being of a first material that is light reflective and
has a first co-efficient of thermal expansion; and

35 (c) forming on the first seed layer a second seed layer of the plurality
of seed layers, the second seed fayer being of a second material that has a second
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30 (a) on a p-type layer of plurality of epitaxial layers of the semiconductor

device, forming a layer of a p-type metal; and (b) on the layer of p-type LLOYD wisk
metal, applying a first seed layer of a plurality of seed layers, the first

seed layer being of a first material that is light reflective and has a first

co-efficient of thermal expansion; and 35 (c) forming on the first seed layer

a second seed laver of the plurality of seed layers, the second seed layer

being or a second material that has a second LLOYD WISE 17

co-efficient of thermal expansion, the second co-efficient of thermal

expansion being greater than the first co-efficient of thermal expansion.

() on the JAEL L Py melal, BBPN oL RSO 6P ST 85 Boepion
u

diffusion barrier for row 2 barrier to Sion of a ayer appli ed 10 1t

from 5*%ﬁﬁ8§irﬁ@t?ﬁt8afh@epﬂt fe ARy ﬁ}frr[ﬂ%tﬁ’i?&rﬁéoﬁtalmed in claim

19, wherein of® of tHs SIErAMR) BFrEIE TRy RPN aiffASToDarR_IFGY 25 @
providirsiffastvartierieo tiffosiddingf a rayér dppliéeito iof frolaveliffusing inté from
thesp-typeuayentd B -ihengthod for fabrication of a semiconductor

device for light emission, the method comprising: (a) on a p-type layer of
plurallty f ep| u eyjce f
o typeﬁr’n ol %hgg%%:g{g %%TT E!‘ét%??”%b %}%%ett{g oFQj@‘WaﬂtﬁMe‘%ds
one seéﬂ'?ésyér adéﬁﬁs'a [Gh fﬁ%t?t?er o7 Prov ﬁfn f[)ﬁﬁtpg 8?( RSP
a layer BppIiErEH9inie e aiffa’iA¢into the p-type Iayer. 22. A method as
cldiimed in claim 21, wherein the at least one seed layer 20 comprises a
plurality2of seeddayersia fuisicaeaddoyeshemgeia Hestemmtaigal hatden, the
light reflegiive anghas;a first co-efficient of thermal expansion; and

forming on the first S%GQ '%%ﬁ%ér%?%%%%?jé&%éﬁfaﬂfayé% Bt@r'%@'été/m‘%’éo%ﬁﬁétor

layers, the se ong sei a er e|n se ond material that has a
second & ’Ceﬁ T8 TRSHR Py anS|on *the second co-efficient of

théfmal expan@l)on b&hiyrRvatet ﬂw‘c\(ﬁetﬁl?tﬁ‘ts?pg’g‘%aéfﬁﬁéH‘E%F‘tﬁ%t‘?ﬁ%ﬂ as a
expansitifuszs, mmrstfrocreyidiemapireany dffesion cdhimisyen 2polied xpit from

further eiprisingthe p-type layer.

22, A method as claimed in claim 21, wherein the at least one seed layer
20  comprises a plurality of seed layers, a first seed layer being of a first material that is

light reflective and has a first co-efficient of thermal expansion; and forming on the

first seed layer a second seed layer of the plurality of seed layers, the second seed

layer being of a second material that has a second co-efficient of thermal

expansion, the second co-efficient of thermal expansion being greater than the first
25 co-efficient of thermal expansion.

23. A method as claimed in any one of claims 19, 20 or 22 further comprising
forming an outer layer on the second seed layer, the outer layer being relatively
thick and being for at least one selected from the group consisting of: a structural

30 support, a heat sink, a heat dissipater, a current dissipater, and as a terminal, for
the semiconductor device.

24, The method of any one of claims 19 to 23 further comprising forming an

array of an n-type metal on an n-type metal layer of the plurality of epitaxial layers.
35

25. The method as claimed in claim 24 when appended to claim 23, wherein

the array and the outer layer are the terminals of the semiconductor device



forming an outer layer on the second seed layer, the outer layer being
relatively .thick and being for at least one selected from the group
consisting of: a structural 30 support, a heat sink, a heat dissipater, a
current dissipater, and as a terminal, for the semiconductor device. 24.
The method of any one of claims 19 {o 23 further comprising forming an
array of an n-type metal on an n-type metal layer of the plurality of
epitaxial layers. 35 25. The method as claimed in claim 24 when
appended to claim 23, wherein the array and the outer layer are the
terminals of the semiconductor device. LLOYD WISE 18 26. A method of
fabricating a semiconductor device for light emission comprising a

plurality of epitaxigl layers, the method com r|5| QN 2 type layer of the
plurality of epltaxml ayers f o?mrf%&rgfrst screngcf ?a er 5 ofp fFaligofmission

seed layersas ¥ feReEivelS pg?x'SHat}f?ésptﬁﬁﬁTﬁVB‘? %%H‘Fé%rs forming an

~ outer layer of &eSritiRaiRCHTAtRRiRl BV aRitge layrss tofthes plirellityedfiaver
epitaxiaPiayerelorafirrganvartyase métalivinamrarray at the centre of the
n-type layer foominimizingitseiesct ppeightatguin 10:thepstyRenetd ctive
and the @uigrlayer being the terminals for the semiconductor device. 27.

A metrod = AR A B A e o
a

reflectlve material asa |r tc icient exp ansioh nt%e metal
method 15 further conTERsny & Wéﬂ?h@ﬁ‘l%f‘%ﬁ?ﬁl%@?e@%&%&OUtPUt
seed laydt Bf“%%’%éﬁﬁﬁb%faﬁéﬂlJF%\}ﬁé@aP@é@dh@l ieometfisiéett bf theninedductor
expansié#idhe second co-efficien of thermal expansion being greater

than the first co-efficient of thermal expansion. 28. A method as claimed

in any ome of claimnd®.20:12740 250k adurtheLRA0uc0marising fauming., .
at least gRg| n&em@%%ﬁﬁsnﬁ%q l@f%ﬁ A, %%@a%to%%ﬁdra %E(peﬁsforei%‘

e
second 1f's%gd Ie%ezrrggno rmed etgtt east one intermediate se § Mothod
be|ng of at feas jeRchpit LIS ShoRt IR RateceRt éﬁ?&éﬁ*f?bf’f & second
thermal "B EhBsR RS B sReeltieah Hasrna csrafmidaribestaenmed-efficient
expansigihantel exganhian tbiecseeanttiv éifi Gientaétitermaliexpansiomsa.
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28. A method as claimed in any one of claims 19, 20, 22 to 25 or 27, further
20 comprising forming at least one intermediate seed layer on thé first seed layer
before the second seed layer is formed, the at least one intermediate seed layer
being of at least one material having an intermediate co-efficient of thermal
expansion that is greater than the first co-efficient of thermal expansion and less
than the second co-efficient of thermal expansion.
25
29. A method as claimed in any one of claims 23 to 25, 27 or 28, wherein the
outer layer is of the second material.

30, A method as claimed in claim 28 or claim 29, wherein the reflective
30 material, the second material and the intermediate seed layer material are all
different.

31. A method as claimed in any one of claims 19 to 30, wherein the
semiconductor device is a gallium nitride semiconductor device.
35
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29. A method as claimed in any one of claims 23 to 25, 27 or 28, wherein
the outer layer is of the second material. 30. A method as claimed in
claim 28 or claim 29, wherein the reflective 30 material, the second
material and the intermediate seed layefymaterial are all different. 31. A
method as claimed in any one of claims 19 to 30, wherein the
semiconductor device is a gallium nitride semiconductor device. 35
LLOYD WISE 19 32, A method of fabricating a semiconductor device for
light emissitndcomgnsatigosepleméadityd oftepitadalidaygrsemosintecbopraing a plurality
&&ﬁﬁ%@Jatmsm%hh%hwa@U@éﬂgiefqrr@imgt@d%@,ﬁpﬂa@gseed layer on the
plurality of & It?%'éaslt %égp g a)Xeir Orértsh%n%tflcgarasﬁg an outer
one see a§er the outer | aye e|n Fatlve thick arating the
?Mﬂﬁfé@ﬁbﬁ?ﬂﬁ@“ﬁlﬁ?ﬁﬂt@ﬁ aphax 8[ Iaxfér%emu@%v(s%m ity of

epitaxial layers are intact for preserving electrical and mechanical
propertigs-efitietiduiaiy-ef repiteialayers: &ad Ayaethorkasglaimegor
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; H& glaimS2.0hersinthe %&%FJ%%@&F OhiahleRSt ARG SRS IO N urality of

group conS|st|ng of: a structural Support, a heat sink, a heat dissipater, a
PRt 'ASipater, and as a terminal, for the semiconductor device. 15 34.
A method as claimed in claim 33, wherein after the at least one seed layer
i formadycand betoriemtdenauder kyenisdormeduan Hyeras feast iome seesklected
%ﬁaﬁ?lfhé*&of&!'ew'a&,ﬁge&sa%mmm% @)hapRlying @leBfP@FmQrtae! current

ohmic contact Iayer 08 90r¥ﬁ)e Ig er of&a pl UJallt)é of epitaxial layers; 20
&)S)Sgﬁ S/lﬁ'é a?sfaygrrrp)'f‘an [0)( sove?otrﬁe% tyoe fietal ohmic contact layer

and the p-type layer; (c) removing the oxide layer from above the meta!
ehmic eontacidayetairasdifd)=leEositing dineitdrlbast: oretseeddayenenitiiermed,

Q%@&#&%ﬂﬁ@@&#éh@@%&bﬁh&ﬁ@n %%@mu@/@ed layer, the following steps are
performed:
(a) applying a p-type metal ohmic contact layer to a p-type layer of a plurality of

epitaxial layers;

(b} applying a layer of an oxide over the p-type metal ohmic contact layer and the
p-type layer;

(c) removing the oxide Iayér from above the metal ohmic contact layer;
and

(d) depositing the at least one seed layer on the oxide layer and the metal chmic

contact layer.

35. A method as claimed in claim 34, wherein after step (d) and before the outer layer is
formed, a pattern of thick resists is applied to the at least one seed layer, the outer layer being

formed between the pattern of thick resists.

36. A method as claimed in claim 35, wherein the outer layer is also formed over the pattern

of thick resists.

37. A method as claimed in claim 35 or claim 36, wherein the outer layer is subsequently

polished.



35. A method as claimed in claim 34, wherein after step (d) and before the
outer layer is formed, a pattern of thick resists is applied to the at least

one seed layer, the outer layer being formed between the pattern of thick
resists. 10 36. A method as claimed :IZE} claim 35, wherein the outer layer is
also formed over the pattern of thickresists. 37. A method as claimed in
claim 35 or claim 36, wherein the outer layer is subsequently 35 polished.
LLOYD VVISE 20 38. A method as claimed in any one of claims 34 to 37,
wherein the oxide layer is silicon dioxide. 39. A method as claimed in any
one of claims 32 to 38, wherein subsequent to separation of the substrate
the folloWing steP&iare T RimAbE: HY aractipitivtatietoBisulatiem bfe oxide layer
individullsdigvicdiedtsy-trench etching along edges of each mesa; (b) pad
etching39c) dié iseftation; ddfednningyan-drayiek ndypan IMiLFONIACIRAN (0
an n-typegayesoiiie slesphualibrabepiianial layers, and () die

separation. () a first stage of isolation of individual devices by trench etching

along edges of each mesa;
(b) pad etching;
(c) die isolation;
(d) forming an array of n-type ohmic contacts on an n-type layer of the
10 plurality of epitaxial layers; and

(e) die separation.
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