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Separation of Sem conductor Devices Technical Field 5
This invention relates to the separation of

sem conduct or devices and refers particularly, though
not exclusively, to the separation of such

sem conduct or devices after yenoval of a sapphire
substrate. 10 Background GaN sem conductor devices
such as, for ex L Lt es ("LEDs"),

| aser di odes, %E@%rgt'%?g%rgﬁgyalﬁértgﬂ%&?%rs sw t ches,
and so forth, are widely used in many applications.
TYE Hicdi applications include, but are not limted
to, traffic signals, 15 nobile tel ephone display
backl i ghting, liquid crystal display ("LCD') back
Thisdmventiay, refatessta the peparation of seraigerdustor deidces@ndgeters. partiularty,

tﬁo@@ﬁ h6@dxcRBivaY, t8ahd sdpardibh bf Qﬁ:hss%mldéﬂmtd&/@e; SfterY&Roval of
LEDs, | aser diodes or lighting, gives relatively

aISGV\P'HPéHE%ﬁt% ty. Also, known techniques result in
sem conductor devices with a |ight output that is not
optim zed. Furthernore, those that forma second
substrate have great difficulty nanaging the 20 second
Besukybuade due to warping, and dicing through the
second substrate, particularly after renoval of the:

st _.subs r r L
GfaalNrsée&nc g%tgla%igvlcegousclg@e fo?gx%é) I%bp?mﬁ;tﬁllgg&a cl?e?r%g(rﬁgt?s )ylaser
d'saem cmilmedet@ctOGe\bfac%SOFSTh‘eltmﬁ hal ewifgsihi. Sess wisteby bgkidnig many

aBpI&Hﬁbﬂér ajR) Mnblin BagplidHiighd inkiudef p&@Park andt ehmltle@)i@r faffic S|gnals
nounted on the substrate and separating the su bst r at

"Tqbﬁ?ntq|?‘%‘°”?)|dl§f35‘b’Iqaﬁk'@f‘t”'@pll'?‘é\‘;( patptaf 5?@'?% (\}vﬁ’lq )echﬁé'ght'”g flash
lights! fcﬁ'cbﬁbﬁra@farﬁjFEotfabﬂh athd mpedasion &f daniuAciitridd Bémiconductors for use

| ect I d
B G P GP%emar Joi 14 0r ERPY AP g aps - go. known
téshbigeepu estilttin sseyr@ndidtandayfees Ivéthsallightr adteyt thaff jsrget optimized.
F%ttﬁ%ﬁo%f t \é' &%t 'fc?ffﬁI gtéfeor 19 bspgte Ipé:w‘/ref %@Qfeglﬁgﬁw hfzH5 ng the

sas sequent t separation o
se¢rnd syabtsw ave, to thﬁ@p'rtgf éne ﬁilcmgcthrqwgh e ?ﬁjoaqi SHeplratey @grticularly

aRbr BRGMITPHR first BGosieRas may be formed in an area
defined by the trench. The trench etching nmay be

through the epitaxial 35 layer. "IDVI>V (11111 T1I111
Sukdrhary! 11T VLT TLEEE T 1111 1111113 1HEE Ll
FErrr rreer reeer reer el 000007+

According to an exemplary aspect there is provided a method of fabricating
semiconductor devices. The method comprises providing a substrate with a plurality
of epitaxial layers mounted on the substrate and separating the substrate from the
plurality of epitaxial layers while the plurality of epitaxial layers is intact. This preserves

the electrical, optical, and mechanical properties of the plurality of epitaxial layers.

Subsequent to separation of the substrate, a first stage of device isolation may be
performed by trench etching. Mesas may be formed sequent to separation of the
substrate, the trench etching being along edges of each mesa. The mesas may be
formed in an area defined by the trench. The trench etching may be through the epitaxial
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2 After the first stage of device isolation the
met hod may further conprise pad etching. After pad
etching a final stage of die isolation may be
performed. Prior to the first stage of die isolation a
photoresi st |layer may be appjied to protect 5 regions
of an n-type layer of the plurality of epitaxial
yer ' et | i
A B Todl Sadtop sl IR, BE R el R cB it e proing
Afterypadeetannaosingl stegeiofdie iselationepay beapriforned.phot or esi st
| ayer may be renoved. A second insulating |ayer nay be
appl i ed over the exposed surfaces of the first
Prigiste tei gt stageof dteh@°'§t'fme§ RbPtoresist dayef navabe apglipdyte protect
réy‘tdwsébf GRMH-§pe Giyet bthepidrany af egitayigrayerSadriref ®bidighingeytocess.

FolIde 6t PaotlOs SaRhubE Mahrtiaf ol ol P sErREd Bftind the
meeat and te pray@esst lAyerfroay herepadoAesacend lirspkatingréayebenay be

?@%h'o@gr f?\\éfe[] gg%go%ﬁgce%u&ftﬁééﬁét ﬁ\gulgﬂﬁ ft‘f—'?ofi]\g c%%%el“é Q&taxial

er and of t ose
laevptSt and arerteryad the ¢nitaxiaiieyess. fap efcb\ng maydeherRjacsfto remove at least

a%ﬁ%ﬂ"\@ s%%r‘fdaﬁﬁlé%g'ié%r BRIxbEREl Fakt of ﬁfﬁé%ruﬁaceEéthhE ékgtaFBMayers A
take place throug %qipto surface texture

f@bﬁbgiworgﬂﬁtfla% naﬁy Qqq%pp@ \éggleépoqegfé”:fgcesﬁ éhef EF’rCPH% jnsulating
wbpbﬁu ﬂ% 5éntér50f| 1Ay xp Ry mfawﬁomdepméxuaem@’saém@sa Sfap for

elebgior Tereatcus Pirpor 55 SR SR SFNoRnACE e blfes, huguon the
gap taasuriate tBth)]@&\edxposedrfafai:QfShmaytablel ibyarsrelhedurthen ehotoresust

I%e X\Bg tbla zilé(rﬁgved Kh\%n\rﬂfﬁoﬁ%js JF‘F%%J ﬁ\% B Bl%ﬁpﬁcﬁﬁgr%eaey take place

on as a f ste ess

tmme@e'ﬂ@yofﬂmkm?@ﬁ"@onprl se: prior to separ ati on of

the substrate fromthe plurality of epitaxial |ayers,
forming at | east one seed |layer on th QI urality of

AZT VI8, F0I10D 2) GFey CRRAPE QTG Fetade Bt Le e onhe fwe taver
Tak nMedastmafartsaedmbasedic ségaeatiottae i finalystep ibehengocess.
relatively thick and being for at |east one of: a
structural support, a heat sink, a heat dissipater, a

Tha methtd m@sfudhersiopatien: priamtd separationef thersabstratefrom e plurality of

st?&a‘f ‘Pﬂgﬁc?ﬁhrgeyt Igfs?’ onggraé’dr %yérh@n qu Ai&af} P8 ltﬁ%ﬁdayers and

ohm c” con
fWW‘egraf\m?efB%VeaBpltheeﬁi ! 00 anqreey ﬂ?e/er Aypequtesriayer bslna.r%{?tlvw thick
2R bEiRG P et Rlast e Sa stﬁQtlﬁé])su@)drtaM ‘ﬂéatQafnkaa He gt dsdipates, a current
may be applied o F %F' Y tm=: ohm ¢ cont act
dl'sékpé?er 29d aﬁﬁéerﬁ“?ﬁjﬁg” ayeric rf)dg:’: of ﬂ%v'ctﬁsel ectric |ayer
may be renoved from above the nmetal ohm c contact
ée?c}/rg ¥H.e a??e%st one seed layer is formed:
(a) a p-type metal ohmic contact layer may be applied to a p-type layer of a
plurality of epitaxial layers;
(b) a layer of a dielectric may be applied over the p-type metal ohmic contact
layer and the p-type layer;

(c) the dielectric layer may be removed from above the metal ohmic contact
layer; and
(d) the at least one seed layer may be deposited on the dielectric layer and

the metal ohmic contact layer.
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(d) the at | east one seed | ayer may be deposited on
the dielectric layer and 35 the netal ohm c contact

| ayer. 3 After (d) and before the outer layer is
formed, the thick patterns may be applied to the at

| east one seed |l ayer, the oufer |ayer being forned
between the thick patterns. The dielectric may be an

A%(rJ (tgﬁar% bé?m%' thé bglgr lag%rqs ﬁ)(?rﬂéé Eﬁué fn krfB emg fdenég{phéot folthe at

I Ng t'o a further ex
leasqoem seman*aefer sth rosielr daer ebel'f@t f@ﬁﬂe%fbe%mtbgtth'ﬁ'g patterns The

d%%'ari‘ém%tﬁroﬁ&vdr%%ndg iffe SEPLAREN FRYBE 2SRl SMEPMitKH Hibcess.
a substrate with a plurality of epitaxial layers

nount ed on the substrate and applying patterns. An
A@bﬁr@hg |tayai‘rfurir&r fexemp@ry be;tememré he qa@l‘ldeelr aSmetTh'haE ob Lfhlerfcating

sticorocfefeefen radiendl bmEre PRVl g instlne S ofPaiy o
epitaxia) Iaaerhemtuntiadscm thatelstrate andrapeiytngdiattsmpa%remuterl@yaamformed

b@ﬁve@n'i ?‘L Tﬁ@ uttMg e?%%t‘?%fjﬁ@tn% trﬁ&V?rﬁ% for@Pfeast one of: a

sep ara e Su str efrom | ura
newuquaséraé@ % aljusiual SPRBOTH 7 Beat sinfed hﬁa*yd'ﬁ%Paé‘?f Pé‘éﬂér?”tld'*fﬁ‘ﬁate'

ah@'a@lé tBimiddl, foP Batseidvmitidibrcdevicd® ahb&epahiigy the siBstralefrom the
a material that does not adhere to the outer |ayer

p%'ﬁqfﬁ’ﬁﬂaﬂ%@ye@uter | ayer does not require dicing for
di e separatl on. The separatl ng the substrate from the

FBP‘%{ *ayé(r Oé SPLh sk g MYC% %aneg{steenggﬁgke t he

epi taxi ers are
preserves el ectrical, mschanl cal and opti caI

Tﬁ’lE%@ﬁé’rEé ?f%% éfrhemmenglghétt lenoteéHhteﬂaxﬂo%e |o§t\é?|'a§er subR8hat the

terns define 1 ndivi devi ces of
ogtgquyghmﬁg.tr&t regaife dieing fgrodlplsp;gﬁxattog 5%?%%'”9 Riee substrate from

tfﬁlaaﬁlgr%lﬁtp%f eb&&raela ¥ ey BerWHuI'édl@éjpﬁjﬁéhmdﬂgplﬂixdl R@éis apdtact and
sSee aye

ralit ers,.th
Riees AEcsERn g P Er N s Bl Bpi i avers
TBefpatt@ns hay dtfiledaditida degasdf treysemidosddaierdedices. p- t ype
metal ohm c contact layer may be applied to a p-type
| ayer of the plurality of epitaxial |layers and a |ayer
Rior to afipbiingcthe ipetterny: thee eayaispinéledpdofpening aklegstiqpgeseed layer on

t?bl? ah?%&ta@&ﬁa@@r‘é {h@f)%ﬁerﬁg‘gelh@%?ﬂleﬁm%é af/@%st o-ﬁB%eed layer.

ric may be renmoved from above
Bfaie éhecaid@%ﬁépnqz 8524 laverrg fogneq @y Aetal QBFIC qoRiAst 'an%w"ay be
JBEHQQBQ&B CyBQ Ié?@r bfhﬁe éluﬂillﬁﬁéfrebﬁa)dlaﬂllé@érsémﬂ d Ib@err‘ﬁfbédlelectrlc may

f t f ra
OB FRBIRACivet P DR TSI ERE: SRR PV Ry BT ) e dilect
|ayee arag tbe cdmavedi ﬁrcsadbb\ye tpeimeital tobmjir @otact @lyer. €hé atleast one seed

53818y BB BbboAONoR B ARSI NG Bha WAL dhAlls Ldrhlt B drv e
Xanple only exenplary
Brief Description of Drawings

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 exemplary
embodiments of the present invention, the description being with reference to the

accompanying illustrative drawings.

In the drawings:
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enbodi nents of the present invention, the description

being wwth reference to the acconpanying illustrative

drawings. 35 In the drawings: 4 Figure 1 is a

non-scal e schematic, cross-sectional view of a

sem conductor at a first stage in the fabrication

process; Figure 2 is a non-scal e schemati c,

F@tﬁ 93313 |ssaencotn %QI? sgNérﬁé(Y coéro?s ée%%:%?ﬂ@\g %F g Eerﬂﬁ:o@du%ﬁ)? Qpéjfirst stage
abrication process; Fi gur I's a

"Hbﬁﬁgﬂﬁﬂ@n§5ﬁéﬁ%tlc cross-sectional view of a

FRER S ang Hsﬁ 96a|@5cr@n¢ahb r fossSdeBiifhal Vel 38 afs@RidoRdidiéat a second
r ocess; ure 4 is a non-scale schemati c,

96§§h§§$WF IPTRFEEV of a semi conductor at a fourth
FRURDS i$ @ ridmescb@bfdheﬂhbtmmrqﬂscsem;al Wiy Wf @ Senhisorauctor at a third

enati c. cross-sectional view of a
Qag?nm t%ﬁ&%&'fgt'onﬂoces§l fth stage 10 in the fabrication

Fiasucscéssa nenguaale sehemnsate, poss- -secdibeal yiehveofpa isemiconductor at a fourth
s&@g§§m§gﬁ%kggﬁgnﬁk§¥/of a sen1conductor at a SIXth

bri Catl on process,; gure 7 1s
FI%'I’?— 5 (5 RONSYERIErpRheRatico prassssestienal Wawo msgrwcew*d%tor at a fifth stage

,@@gmggeg%ggﬂﬁmgg a seventh stage in the fabrlcatlon
rocess ure 8 is a non-scal e schemat

FIGUER 618 Bc1TGTHAR SAMETP, CPsSRFoBAeY a?e"%{ﬁm@‘f’@‘m At a sixth
sfat;agﬂhemtinbﬁuohabdsdeeatl on process; Figure 9 is a

: h ) . ,
Fgggjnm zgsﬁ% ﬁg@c’ g?a(:fe §ch§%ﬁtl cﬁg’s%-s’s?cgtgoélafﬂ&{/ ﬁﬁ 4 st\é\"gr%gr& ctor at a seventh
sfage iretbs fabfFicgtiongprd®@ss;s a non-scal e schemati c,

Fgg{u?eg§ |§§‘ﬁ%lhg% iR crBs SRicANAEG 0P s@hltﬁnalﬁ%rrbt af Qighth

bricati'on process; Figure 11 is a
Stﬁsﬁifs@alf@f@@th?@rpﬂqeés cross-sectional view of a

FRfird @qg‘@ur%nogcafét scﬁ@m@h@%bs sstRpel vidwtdne deabédnaattbost a ninth
is a non-scale schemati c,

%goc e IC%tILP roce
§§¥F QN’W?éﬁlof a semiconductor at a twelfth
Fiduaeg @0 iina tnbe-stalb sciamationcrps veeetonal 2BWHFf gusamit@dustonat a tenth

goré-ins&al r%gﬁb%gﬁ?&e%s cross-sectional view of a

m conductor thirteenth stage in the
Figups ! tistd man-gvatecsshematic, cross-sectional view of a semiconductor at an eleven

stage in the fabrication process;

Figure 12 is a non-scale schematic, cross-sectional view of a semiconductor at a twelfth
stage in the fabrication process;

Figure 13 is a non-scale schematic, cross-sectional view of a semiconductor at a
thirteenth stage in the fabrication process;

Figure 14 is a non-scale schematic, cross-sectional view of a semiconductor at a
fourteenth stage in the fabrication process;

Figure 15 is a non-scale schematic, cross-sectional view of a semiconductor at a fifteenth
stage in the fabrication process; and

Figure 16 is a non-scale schematic, cross-sectional view of a semiconductor at a

sixteenth stage in the fabrication process.

Detailed Description of the Exemplary Embodiments
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Figure 14 is a non-scale schematic, cross-sectiona
view of a sem conductor at a fourteenth stage in the
fabrication process; Figure 15 is a non-scale
schematic, cross-sectional view of a sem conductor at
a fifteenth 30 stage in thegfabrication process; and
Figure 16 is a non-scale schematic, cross-sectiona

Tyé @’gNoéev?ce§ %@s&%@g lﬁgiog/sa %téab@lc?tgb %e%tgx@t i&tErs! tn?ttéaﬁsst of a

I On proces
segle ﬁﬁ)ﬂh@r%ﬁ"ﬁﬁé‘dmﬁﬁ"e‘ﬁyeﬁ grallqthepitayil laws)c@sa ae@zﬂrrs lselestrate. The

cHRpEAMoRT Shdf ﬁlilzrkhé'ét @fdthta ré}fﬁaﬂﬂ' IE?@H; Z‘Hepé‘m*fseé@ tﬂehmafer design, and
consi st of a em conduct or

detedping fredight %@”él(w?vﬁiﬁép@) ofd}ghbthgté/«ﬁp)ﬁg eRitied k?gttl?ea?eé"ce?ﬂ@t are
fAbAbFeS FromOtAe avafert h,l!smhlfyes $hn®fbuifé’rea)%|ﬁ lig st @dpoksiyesrs the sapphire

ds,on. t he waf.er d d, .determ ne, the |ight
SESRE R RS reh s PR irifte P18 00 PhEsBERe Bihe AR br can
Irt this sphesificadisn thiralbyeaisend déactmbéd: at itgstrbted mMOnttep whthe thin buffer layer

nHi%l é%tr%r tbn IMr tilt nlnﬁyﬁera iréat[z/iefgstﬁiclg?%ilé)%q |ﬁﬂma9 %@ in the

hire st rate wt
WEﬁ@et°170mt060"3€66fﬁm1'h%wé?t'é%lh thiek Ruffen layerar fpllowedshi other fayers of,

farmx§m§|rae®aful mtawnnm hinsaNayesaime dmatsod@RR! iTResthRNve hlgh wafer
il]ustrat of the thinb

f
it s ot JiOES PTen iR Eoo er o1 e BUTEE! afer P o) Qo active
rdifnf TindliqyBtype dbpetaigydre arerddpbﬁtedr angectivetregidn is usually a double
h?tgmsgv\%geﬁna (ﬁ a swpgé%tgtﬁ A Lg%( we[i'oor mul tlljpfléc glgr?pn:tl? er&_g:%\f‘;’nd is for light
gé{!l@lth I BN it Imre@alde; inAdtBarl foNps anch s® fboexmnplé“ oquanhinedets. The
dgb&hﬁﬂﬁt%feé%nagglala%r\é .sn%shgfgﬁ mxew%lsargmo %&maaﬂem'&e%gsmon

er | ayers active reg

(‘MDY or polegifar wép@a'taxa;i SBEyr B\%‘éﬁb@%ﬁ éatheﬁwa%ﬂavv@ is in

tHEHhGrdr® aYS Ahddmelerd @DV mRRINEr ost ruct ure nade of a
single qguantumwel |, or multiple quantumwells and is

for light generation. But it may be in other forns
Tael plocass staas a&m&h@lsepprﬁreanbstmtej@tms appled1tb ittepostype ager 3 of

ol Shay LSS AP TE: B RSB e aroon
Fepsimabiojty, (the/BEvge layein e |n¢1wdﬂsrwwersfbeﬂdvethemctlwlamr 2, mylgdtgg the
t\kosbuffér Ia;y % LAY e cttﬁ&%y%rg %‘P&%@QQ%BB%;%E% tz;l)é‘ I%Wer 1 is relatively

crons. he process starts
t@mjbgtorraelky P mALe. dphpietaialiyess. thafe 1 AVIERPPe 4 amaléaw 5 is then
a Qleﬂ%lvér' tHénpny;tenbwéa A( %Mptyb@&ew& &rumnwbb opﬁ,cmtgbuue@N.Au) or
ouElteBl i g el mrtrenstirie (s ypronesgy, gtematiely.

ithedyove teRectiaet iMoee pb@feesbl it actscsuddifigsidrhiearriérto pbavehiesr minimize

d,ﬁﬁ%/gg%tqtgngf){%%, Iewrgr %gxg s referred to above. The

relalve thin - normally no nore,
but preferably | ess, than 1 mcron. A p-netal |ayer 5

s&ﬁdsﬂaeqhotoﬂme ﬂaﬁgk/ MPerch %a% té%(rpgseldgbf ‘Zo‘étté'rn Iél;J%?5p'ﬂ1l’>é9§done by
applying a thln layer of photoresnst (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 5. The etching 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 GaN 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.
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25 other suitable netal and is preferably relatively
thin so that it is transparent. Alternatively, it may
be reflective. More preferably it acts as a diffusion
barrier to prevent or mnimze diffusion into the
epitaxial layers 1, 2 and 3..Standard photolithography
and etching are then used to pattern layer 5. This is

Aqure? 7%¥ g (391 oagﬁ)%_.ey @r@% %jieplgsnltel %errtpg Fe agrgrtéé) ;r) Enset?ﬁ gﬁy'e opl\%gons 5
ab«}/ther reQ'ipetGaé\kbagrui eFigure by el Bpmand thinm fnlen depoisgon method. This
n2@t beT By 6;‘Ié’s)maS eénY1§§ce"dS ﬁé}m%élc VIR H%ﬂ%ggm (‘PEEGH ngsgi.:ttermg

the netal |aye tchi ng may wet che
CWROAAtRG, %Ptf}ﬂfég'li?&'edﬁwn'oélﬁ‘ém ng (see Figure 2). The
photore3| st 6(a) |s then renoved. The patterned | ayer

AP VIR i Brghe et ayBie HBFenavar il Brgpeaver 7

TEa Neé.lsiye theb. p%tnmeal andgseney atsahaskpﬂoapettafmh@ ¢ite bederageor. Wet

gwng or, d %ET% pf‘as%%tettgf'\r gf thg oxfg‘e I%é?‘? is cawedsdut ?Q@emde 7 in

ed oV r emal ni ng
tnea@re@s Z)(@i whewdhge and Photerepist @(p)elsm\redywhlleloxcm garatected by
t@ re§|¥t @(b?Fmg‘t& RicRink |T'ﬁb%ﬁ@r§bd B%nﬁﬁéﬁé}daye-rr%t@ is larger in

pl asma _enhanced chem cal vapor deposition
(GGF‘E@/@‘?) N'A§ peder ergonigjat th%\%%@'@&?rl offMmagting Hendssifresshe NiAu
Idyech ahdlt@sn the shizs DANINY layer Bitg tesp-§pe Baslag@nd, as shown in Figure
4photoresl st layer 6(b) is applied over the oxide |ayer
7. The resist is then patterned and serves as nask
for patterning the oxide |layer 7. Wet etching or dry

A@ts?\mvngw e@lufgesgathgts%ma{dgr%sigtf Ia?&eﬁ(gf(igqgml)\?éﬁe rsgﬁqd I%éer deposition

carrie
follaws casjis shewrpidtgire §i Jiheseed layer & emwéfarenmetaéIamrlsdrerefferably

ttﬂé@&ﬁ@r{eﬁﬂn@t‘él hfert NR dhewh Stl'?@fnm séfe@rm)engﬂ @I)ﬁt@cfts Gﬁtﬁ:ahdﬂ ddheres
r eCO I S
il 3o PR AR TG R Pesihe 18Vec 6™ Fine bRier Sheapin i efium. 1t s

fcnlewad by a@oeuuaeyads;o and h8s ldybed bi tAotalureyrer coppamndspiatively. Other

materléa or\%%y bg % ALf’he %ﬁs? e[egd Rger ﬂ%\rﬁ%f&%@h%&%d@%ﬁ%%&ty for the

gure
reflectiomcbf memgsnerbwyer the (it emsitting deviced ThSee@bridawe¢ layer 10 acts as

a%ﬂgﬁntﬂa%roérgbér@% cofber of ot%QIOWQtehQIs pldEd %n Qopbgﬁ?(sﬁaggs for

l'ayer 8 1s ferent metal |ayers, rr1Jre era
et‘?ﬂa@@ e it gepd larad) floayé'ﬁgsmmﬂ%ﬁwﬂ migH@ntact gyerspapd the

sérﬁbﬁ@ﬁdu]eﬂor %Qlﬂixﬁaﬂ eMi 1t B ANdnABNEsESd 1ayer d adt9 aé BReBlifYIayer for
5 and_ t iR layer 7. It may be of chronium or

st’ti’%leﬁ\"l‘?rﬁllﬂyerflo"?%t'onfol | owed by second | ayer 10 and third
| ayer 9 of tantal um and copper respectively. Qher 20

TR SFah b T UaSthuef O 8l BR /%1 g gt o
ttm‘t of Ggﬁwh(ﬂa ned a? eWhllﬂ ﬂteHBel'magh’tpaeﬂ'bm toafficiants/ofdlee Ofmie contact
|a§,g,(§om1 SREAL) a¥ETa1dP dRfeleht 3dm that of GaN (they are 14.2 and 13.4
respectively), they are relatively thin (a few nanometers) and do not pose serious stress
problems to the underlining GaN epitaxial layers. However, a copper layer to be added
later may be as thick as hundreds of microns and thus may cause severe stress
problems. Thus, the seed layers 9, 10, 11 can be used to buffer the stress. This may be
by one or more of:

(a) by having sufficient flexibility to absorb the stress,

(b) by having sufficient internal slip characteristics to absorb the stress,

(c) by having sufficient rigidity to withstand the stress, and
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a diffusion barrier, preventing copper or other
materials placed on top of it (such as, for exanple,
the third seed layer 9) fromdiffusing into the Chmc
contact layer 5 and the sem conductor epitaxia
layers 1, 2, 3. The third seed layer 9 acts as a
seeding | ayer for 25 subsequent |ayer formation. The

cogffigi the seed | ayers
9,(Sgo,bvl“%%éf%eehgﬁﬁgteé‘ﬁéigﬁgiié°%ﬁ°%S of GaN which is
3.17. Wiile the thermal expansion coefficients of the

|mmcss&9mra@éd thémyafﬁ Eéefﬁd‘ﬂznt@%t éwt)ueanrs@ @bﬁm didrdrefaBfiess than
fromthat of %/%ar e 14.2 and

tqaégbt@gtspwdﬁyerﬂﬂapdé of g]easlepm I§ye(rﬂprlls ?rgfefr%tw less than that of
tHERRpARiyver 9) F&F@(admlw e metsueyaemu DEys bé ich@ssum ithkd essficient of

DepRer PRy et of 4 DAY PR b My Yheonarhy osestent of
thenmedirexdansidn ofi6cy, and tf’@nhird layes Srreay acepeerseithes epedficieptef thermal
?Baqgloﬁ % 16 ENYS thid \Dgy §13$ﬂe11f iEtRE §Bt?1ernm exﬂzﬂwsfoﬂ%r@?aH&fﬁiom the

f'er the str
Qhwnig egntasy Siead ﬁ@ ‘%Xﬂff7 |t@tf@ﬁ*a'rdr90@;2¢rkmeir Py The thigkesssiss phiee seed

I§y(efse§510 { Pareobavih Rbcs B vkl @8 e stiabLEmle pithial layers 1, 2, 3 is
characteristics to absorb the stress, (c) by having

nigfzedi ent rigidity to withstand the stress, and 7

(d) by having graded thermal expansion coefficients.

In the case of graded thernmal coefficients, that of

the first layer 11 is preferably less than that of

It the ostec @oplpdragyer 9 s applibdt diettlyotb theh8iGzdayend and yhmid Gontact 7,

tr'lx_esdl%r%f\ggsqpltp(%l f%g?ngl I%?&rnts,%ﬂtrat%% mngg Jange tcﬁl:l(nﬁg ls@}ﬂ&r‘étlﬁ‘l and/or

chro
faloed. f |Bm qapositiig |he!Highty cémaﬂéas@rﬁ 8f 1(4 ag‘d thef diEfergnt mate”a's

plaﬁbéﬁlfarl ety el s HRRLA Mﬁér\éﬁttd'éeﬁC|Gﬂleéffth&hﬁnéxp%f'lsmn the stresses
her mal expansion o dthet rdI may ?
SR UPFIPCR ZBPRPE Hispiarghe iavem ae%iﬁ@f‘aﬁ’@ tant lower
lik&lihdod bNcratKisy, wayarbi @ﬁﬂfrffalmrentl'lse 6fst béwear lapdr 11 should be of a
n%f)% n%vlé &re[??i/tgy ?ondwegc{egﬁr C}e&} égﬁ‘uereng] l'&éang%gt @%rggs %dﬁnal layer 9
ndyi lelva @egsgier ofefidient obtbdrmi=) ek;za}nelps {f thete aretintermesiath iyers) 10,
tﬁ@m%\‘ﬁgdlgtevﬁ)érﬁFéﬂouto{}%v@tcﬁ@fﬁéerﬁ(s Bp&pgﬁ’él&aﬁétﬂber{ ﬁ%% §f layers

mze

e pont touk Pe Sreced from et G TRdpusr 17 Ta st o ecina laver ©

THRR ASY be no internicdRtdiafdretoeBcsrel Mayt hiehdy rel@Fed®dr desired number
expansion rates nmay cause cr acklf?n’_&,) separation, and/or

‘%‘féﬂt?rﬁ‘leé'ateéﬁyed%ﬁ%gnﬁ 9. BresiEsPI) of seed |ayers 9,

10 and 11 of different materials, particularly netals
Aﬁ%ngqﬁy\éhﬁegs%gqaerrse ég@gan%q fr%%ygtla & F)Iagé(d é g mﬁ,e Iayer of dielectric
ssipin e dort dnaopigh Athhwith gige pshdes mereétm«mg:bﬁo ®hatie tfh?ecoppef layer 9 to
Joﬁﬁéﬁlt {oatﬂé plt%etal layer 5.

For patterned plating of a relatively thick metal layer 29 of a conductive metal such as, for
example, copper, that will serve as the new substrate, electrical contact, heat dissipater,
current dissipater, heat-sink and physical support after the removal of the original
substrate 4, a pattern of thick resists 12 is applied to or in the outer third seed layer 9 by
standard photolithography (Figure 6). The thick metal layer 29 is formed in the regions
30 between and as defined by the thick resists 12 (Figure 7). The thick layer 29 may be

formed by electroplating, and may be formed over the thick resists 12 to form a single
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I'i kel i hood of cracking, separation and/or failure. The
first seed layer 11 should be of a 20 material with a
relatively | ow coefficient of thermal expansion,
whereas the final layer 9 may have a higher
coefficient of thermal expangion. If there are

i nternmedi ate Iayer(s) 10, the internediate |ayer(s)

coef f t
R eN5e55T RG0S el EXERISLED i HE5Re| lREyo
attive 1dyer 2tis ingieegasilyl ahle ta heagongdfictedhie th¢ Hgk layey 8p. The thick layer 29
mmq{eeofrgﬁy s@@atﬂé’tHld%ggs”&Qh 3k erol BY4Hipld 0.3 Hm LNRRE 27h, BEmore
ny required desired nunber 5p I nter nedi at e
ﬂlaé!y?e'f‘%‘ 10 (one, two, three and so forth) '
Alternatively, t he seed Iayers 9, 10 and 11 may be

g{éﬁt&e dbg\%ﬁawgltaﬁ \ﬁag%n %ﬁk?}g]%sre? ﬁtgﬁté{ﬁ th|§¢1se(ed&}aeYer may be
phittiallycetpipesr inltizgy eent& df dhe simehétbettvx@en e rpe$q5p'& foethel formation of

ri{%?c{é oho o?e?s s|'t:é3ﬁ2 ?ﬂg@@reg%ﬂd h%%gth%fmé\n c%t)eér 48 o (Figure 7)

ctive netal suc
TPQmaSé')@hﬁﬁyB@tag%@fpméfOVe‘ﬂ ﬁ@heswm serve as the new
substrate, electri cal contact, heat dissipater,
current dissipater, heat-sink and physjcal support .
Theresists heme¥ A8 PhP W@fe“@}féma.a? der@ﬂamp?uéstr %{taé‘yﬁ’ﬁ‘eémate”a' able
t® #rinehigh @Epédﬂk@tl@ p&isl STHR phtterappliectbstses 02 defineishtee ultimate

uter third, se Iayer 9 by 35 standard
Eﬁ%ﬂ%]dlst'zr‘?o Frhep‘%y “CFigure 6). The thick nmetal layer 29

is formed in the regions 30 between and as defi ned by

Ttngq‘erhma?? ff?éﬁf 8{)tﬁe ]s%pérﬁegﬂ &ra@n 4 u@ﬂqaﬁé@' pﬁé‘cbl(@p%lfeszegand 9). A

ectro
soff ehufferh matewab R3 ﬂ%@roe/td@d 1ttzatt @Cﬁ@wﬁ"%ﬁ mengmtée gvafgrppppart of the

n‘?‘é{@rpa‘%itthe QRS A thé\Sxpgoded I%wb?/ﬁﬁfabémgbf t]aelsﬁpérﬁb%hbé/t@téM The
hin, the heat generated in

rulfe] rgteaBl & {15V, dOnEAFEIRR] & BUPHBSTHELR. f AN SRy, an
drkilgidn, bayer a #Rrmamyud) eneial Bond ™S uvdxabi tee tike. ckness such

as, for exanple, 0.3 mMmm 1 mm 2 nmm or nore than 2

mm 5 Alternatively, before the application of the

A hiseldTr iesised & 4ihly & heamnH6rtoroggte thel sappitiredsubaljatp e to the interface

rid Y. ed h g r ;
B B R 58 015 O My kgt g oo
suhgttate & diost the TtypeBglirayes P dhe bgprat3egawbe diNeroipgi(@s shown) or

c%mﬁﬁ% k@ﬁqésﬁgth@':s'agbﬂn‘é sm)strater RiiSrehSed h@maﬁ’élglﬂfaiﬂge)f @pitaxial
mpr oved adhesi on. resists

'W%Mhé? t%cﬂ'\ura@v of o‘?P'te&%JnBV%S 'éLﬂtQCto%Zf‘hVeS?Wg? the electrical,
rmgmbzﬂlanabbm:al propéraesiofithgbluasiyet epitaatal laygatf 2ran3he Sofebuffer

yetrggmay?hen beererrn%\%dst s 12 defines the ultimte

This exposes the lowermost surface 13 of the n-type GaN layer 3. It is preferred for lift-off
of the substrate 4 to take place while the 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, mechanical and optical properties of the epitaxial layers are

preserved.

As shown in Figure 10, the individual devices are then isolated from each other by trench
etching from the newly exposed surface along the edges 40 of the mesa 39, as shown in

Figures 12 to 14, with a photoresist layer 41 protecting the regions of the n-type GaN-



10

15

20

25

30

35

shape and size of the devices. 15 The renoval or
lift-off of the sapphire substrate 4 then takes pl ace
(Figures 8 and 9). A soft buffer material 33 is
provi ded that encapsul ates the entire wafer, or part
of the material of the wafey, and the exposed | ower
surface 35 of the sapphire substrate 4. The buffer

g@#?rdhﬁtllg the Mn&ﬁvocg&r ?mé'@v@s tHé él@bbﬁrer Q@p%’s&f‘aro@nd the

one, an oxy, an emulsion, a glue,
mgpay89. @W@F'&Y“Béﬁtﬁ‘l\f@m%@ or the like. 20 A I aser 37
is used to apply a beam 36 through the sapphire

subst r at to the terfa bet ween t he sap
AliBRbeh: BedontmontaBes 6 R Papdieedore LpuparBatdint ocatons
ursalgpllfnbntamtrstmbaimairﬁms fiz ami theedias Egmaté‘diNThayle of 3dvahtage for

Iaser c%cgﬁ% a@B{%{% Q)?po(géé( Eldgls[}rgac%"él%f ﬁ‘lg VYﬂge %E/er § 9 l%ﬁ?&ﬁtgﬂ){ ﬁfrallel

Strafte
trpre.hyewrmlr;g '@Froaalaﬂ@lmuélcawg alpegesarppiint éf tpﬁié'ntﬂ"uﬁ* sflegon. This
a&E agllubﬁwnﬁinféa%ﬁ Eypstdr® fdrﬂﬁ&@@ed i @re‘%fe%sl‘fghYS&p&the
el ectrical nmechani cal and optical properties of the
plurality of epitaxial layers 1, 2, 3. The soft buffer
Al |ayee 42 BB STBRYis tab@redbﬁerr lﬁﬁ@\\(@cﬁhed Bhifsceep 0ReSiOf kger 7, the sides of

g DR TR S B PEd 31 ooty gt fESatett BV 3 Trglpld Peo

efchiag ¢hanhtbkes fldne teperhave thé SiQrylayes taexposathecturface i13rpfrtbee type
Ia%Qre:hqual ity of renoval, and for structural strength.

laving the epitaxial layers intact at the tinme of
renmoval the electrical, nechanical and opti cal

Aﬁ[n‘?rﬂé‘? éél:ﬁ%y@f 43 EeapSﬁEdt(ﬂ/él‘ @Ab ekﬁ%@ﬂ SuRd@s oPThESROMEFEr 43%nd the
hown in Figu 0, the indiyvidual dewcesaret@eace13

C?%‘é’l %ft”é%le’fﬂoé‘?ﬁ %ﬁe 6? I‘?@r" ing\3 gapRder et@?“&h‘?fﬁ@e PYRSSES A

ERSBMg)tales pRee thrsugH e gaph ® s uifae: rdgasthd @xmiset befate3a.

39, as shown in Figures 12 to 14, with a photoresi st

| ayer 41 protecting the regions of the n-type GaN 9
Theyesist 3t3da mémgvedn@ndes ohwigsigriaxse 4. is BRplied| avgy ab exppsed lower-

%aglég e?%:%?] tﬂos@’%ﬂ&%dwﬁ{ fNHdeaﬁBr%s 1@931:?&@:99 th-EhQalfe%Sdl@de (Figure

renoved. Alternati vel | ower nos
14Ltreush the - famersia Rk 7| a%.se%y l?WSb% w'bg\?e%r‘détof the thick

ph@&Ad 1 PB% expoded. al i gnment wi th the photoresists 12 and
the dies separated. This is of advantage for |aser
di odes as the exposed side surfaces of the n-type

A Qy&roraa)&aﬁﬁ 18 Ldasﬁeaaltsl @k |tfyerpa|bpiiieﬂ ejver tﬁdwmsebmfvmtrmmgayer 18
rrors, and thus caus

OB Gt 2t dER Fetter ShiTe Taupp<a e s het Helayers 18 are
a@ﬁliéd d.te@ﬂy ththeSIYéiNl eiyef 81(Figurer t8yedthe aadstdayeemmew;th theglayer 18

out i ed ov

Daiiich is B0vad Bvie 16 BeriShtadef oo dfaY T ok Mg n-type Gan
layer 3 where gap 17 was previously located. The layers 18 may be one or more
layers. All layers 18 may be the same or different. They may be, for example, 18(a)
titanium, 18(b) aluminum, 18(c) titanium and 18(d) gold, respectively.

The thick copper layer 29 is then polished flat (Figure 16). The dies are then each
separated by physical separation as the patterns 12 do not adhere to the copper of
the thick layer 29. This means that dicing, or another method of cutting, of the thick

layer 29 into individual devices is not required.



the n-type GaN | ayer 3, and the center of the n-type
&GN | ayer 3 (Figure 11). Pad etching then takes pl ace
to renmove the SiQ2 | ayer to expose the surface 13 of
the n-type layer 3. 15 A further resist layer 43 is
applied over the exposed sunpaces of the Si Q2 layer 42
and the center of the exposed surface 13 leaving a

P, 45, (SLE TR, 9, 105 SHISRPCoBM A1 s R ARG

iNergaes daghtwmmamltm@)ppﬁh@yereaﬂ seingl8né terminab e e dhterfering with
: [ I | e I 20
i P ek Gl Blerln P PERSELD PEVEL 15
Etching t hen takes pl ace (Flgure 14) through the Si Q2

I 7 I
V\(Iﬁélet[hél sa%jetr} %ersg:gg ﬁ’]:tﬂg f@r}(@ﬁé@g?es%&bh g‘é?grrg{gﬁlbgélments
oﬂ&eobrasentalrweratm@ titheill b pinderstapdeby thaser sidllesit m4t41evxleplrmology
c{r)]rlibt%{/rt)e%y @a‘\ﬁﬁ%er rllé:@o\ﬂsrk?hrg?& 65 aﬁ]tecrjéstg Sﬁgéeser‘én 8F Férﬂg'uctlon
maiyr ectd y t@dehe v@tnut ay depdtigdi gfros 153he Therese@ stinvention.
| ayer 44, with the layer 18 attached, is renoved

| eaving the layer 18 attached to the center 17 of the
n-type GaN |ayer 3 where gap 17 was previously

| ocated. The |l ayers 18 may be one or nore |ayers. A

| ayers 18 may be the sane or different. They may be,

for exanple, 18(a) 30 titanium 18(b) al um num 18(c)
titaniumand 18(d) gold, respectively. The thick

copper layer 29 is then polished flat (Figure 16). The
dies are then each separated by physical separation

as the patterns 12 do not adhere to the copper of the
thick layer 29. This nmeans that dicing, or another

met hod of cutting, of the thick 35 layer 29 into

i ndi vidual devices is not required. 10 In this way

the seed layers 11, 10, 9 and the copper |ayer 29 act

as reflectors to increase |ight output, wth copper

| ayer 29 being one termnal, thus not interfering with
light output. The second termnal is layer 18 on the
n-type layer 3 of GaN. 5 Wiilst there has been

described in the foregoing description preferred

enbodi nents of the present invention, it will be
understood by those skilled in the technol ogy

concerned that many variations or nodifications in
details of design or construction nmay be nmade w t hout
departing fromthe present invention. 11 CLAI M
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1. A nethod of fabricating sem conductor devices, the

nmet hod conprising: providing a substrate with a

plurality of epitaxial |layers nounted on the

substrate; and 5 separating the substrate fromthe
plurality of epitaxial |ayers while the plurality of
epitaxial layers are intact while preserving

el ectrical, nechanical and optical properties of the
cEkHﬁf”ity of epitaxial layers. 2. A nmethod as clained

I'n claim1l, wherein subsequent to separation of the

101. sulmsdthad & f@brfciaurrfgtseaﬁca;geumr &evés ¢he raethad ampristhg:
ger\fl\zrerg:jﬁro%dt ! enctl}os‘?r %r%ﬂgaspu% |ey WPEQ%{@F‘% arrﬁ%u%téy on the
of Mﬁﬂe@bsmiate the trench etchlng bei ng along

edges of eqeRafgShe slbstfite AoMEhBQurafty Iof eﬁltﬂléplaoyers while the

wherein the nesas are forned in an area defi ned
t r enBirality of Rpixid deyesssarg| afepipdhilePresexying aleglfical) @P?ﬁas'ca' and

wher gptital frpdrtisiinehiGRIitn of ésitakiBnapgd the epitaxi al
layer. 20 6. A nethod as clainmed in any one of clains

2 to 7, wherein after the first stage of device
I ol At methotihas rainead irf wlainhet, wrmm'nisyeseqmmdt &t chpargtion7 of the

A rregltfb%q'aés ﬁ:rL aétéﬁdof de?A g&gﬁo%é% ?bg re&fh e?@h%g

et ching ER
per f or med. 8 A rrethod as cl ai ned |n any one of cl ai ms

3 0] etﬂ@@'é?'imclﬁ’iﬁi DlwhePeih Rfeshd El%tfo%éﬂg&bgéqueq{ fé separation of

|solat|on a photoresist layer is applied pr ot ec

r egi Higssubstraie) the ¥rgnsd etengrbesg a"trﬁ@dﬁ?%ﬁ’f{;ﬂaﬂﬁ egd.

epi t axi al Iayers during the etching process. 30 9. A

met hod as d in claim8, wherein fol]low ng the

(1408 reglgbant Ghtm 4w bR meSa PiEPT Ll A OT Ry by the
Is expased around the mesa, and the photoresist |ayer

is renoved. 35 10. A nmethod as clainmed in claim?9,
wherein a second insulating |ayer is applied over the
expoderetbod paclainaskin claén fliar staim Aswnereiniige irefdretchingeis through
Si degqeq,fp,tg)hg |§}@|rtaX| al layers, 12 and a center of the
epi taxi al layers; and pad etching takes place to

renove at |east a part of the second insulating |ayer

t 05 ePAsBod as tlaffied iR@ng bHE BEEaidfs 2 foe7, wherein after the first stage of

device isolation the method further comprises pad etching.

7. A method as claimed in claim 6, wherein after pad etching a final stage of die

isolation is performed.

8. A method as claimed in any one of claims 3 to 7, wherein prior to the first stage of
die isolation a photoresist layer is applied to protect regions of an n-type layer of

the plurality of epitaxial layers during the etching process.

9. A method as claimed in claim 8, wherein following the first stage of die isolation a
first insulating layer is exposed around the mesa, and the photoresist layer is

removed.

10. A method as claimed in claim 9, wherein a second insulating layer is applied over

the exposed surfaces of the first insulating layer, the sides of the epitaxial layers,
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epitaxial layers. 5 11. A nmethod as clained in claim
10, wherein a further photoresist |layer is applied
over exposed surfaces of the second insulating | ayer
and the center of the exposed surface of the
epitaxial layers leaving a ggp for etching of the
exposed surface of the epitaxial |ayers; etching

t aki 9%y Blc%?@r olf“i ug@ &lgfsla??ram rgq E#gfet@ﬁlﬁg t%k%ét ® tB I'}gmove at

exposed surface 0

met higdstag peit of rmfdse?qqmdllrzﬁumlr_lglamh@r@ipﬁsq nerthurﬂtehetrrface of the
phot griesSiaplay %@yer is renoved and a new photoresi st

llayer I's applied; etching taking place to expose ends

of thick patterns. 15 13. A nethod as clainmed in any

ong, af methad B8 clhirhéd hlclaih ey, @VHred b etirtidr ehber:&set 1298r @rapplied
array of n- t Cﬁ@t’%hm C ctgntacts is for d

| ayePVer19XPOE s 10e SerYy (NRUIaip Péé eacﬁ%tgP of the
t o 1laxpgased lserfacecafpine eputagml layere leavng segar tmt ethingfof tHeeexposed

?g?fﬂg%@gc% Jf tReneHl‘b%hag ll%@%l ' fc)‘lngftalgrﬁd P%éé ﬂirougﬁ%’ fﬂE?agftgosurface

epi tiﬁ(h&ﬁitﬂez@(@@sﬁd %ﬁwq@ﬁhﬁwaéﬁ' lWerser Iayer on the at
| east one seed | ayer, the outer | ayer being
rel atively thick and belng or at | east one sel ect

f r B meth @4 6{,Halg}§ﬁén §|?'i"hb s¢herein the further, phgtorgsi gt Ia;gr |s removed
St r ughdiraahews ppgiorekist Rydragtappligdk etching @akinglplasd patgiose @nds of

currggt g|55|pater and as a termnal, for the
sem Of devices. 25 15. A nethod as clainmed in

cl ai m 14, wherein before the at | east one seed | ayer

appq @gt{ﬁgd af c% rﬁé’aoﬁléﬁg oﬂle f@l?hfs §f6rt2ra§r\{hiete$r¥%¢erid$e isolation an

epi t axanbf n- tafyepbmlczion@cllsaglfermftﬁ ogthg@indyredayerc i s
appl i ed over the p-type netal ohmic contact |ayer and
t he %ela er; the diel Ct“cl/L)a s removed from

abb‘\/é‘ pEBoGas SRimedin aneiig ol el 3f“'§n’?ﬁ§ CPHBMSIRY | east
one seed Ipamero $@afmpm$>f thedsubstratbdrodi thegidralitg of apitaxial layers,

and tformlng aﬁ leas dane seegllayepgﬁqt%g% uréhﬂy& pna&%l layers; and
forming an outer layer on the at least one seed layer, the outer layer being
relatively thick and being for at least one selected from the group consisting of: a
new substrate, a structural support, a heat sink, a heat dissipater, a current

dissipater, and as a terminal, for the semiconductor devices.

15. A method as claimed in claim 14, wherein before the at least one seed layer is

formed:

a p-type metal ohmic contact layer is applied to a p-type layer of the
plurality of epitaxial layers;

a layer of a dielectric is applied over the p-type metal ohmic contact layer
and the p-type layer;

the dielectric layer is removed from above the metal ohmic contact layer;
and

the at least one seed layer is deposited on the dielectric layer and the

metal ohmic contact layer.
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16. A nmethod as clained in claim1l4 when dependent on
claim 12, wherein after the at | east one seed |ayer is
deposited and before the outer layer is forned, the
thick patterns are applied to the at | east one seed

| ayer, the outer layer being;formed between the thick
patterns. 5 17. A nethod as claimed in claim15 or

cl 1%' mr%ghoa’\gseglgi'n{ed .P%raﬁ’ﬁ % %EH 'dgpénﬁeﬁ'tedne(%n%QZ %Qmﬁ Q‘Fer the

group consi
rret hetJeass ope ae¢relay¢rrrs @¢p@s'md1®dfh§fqr¢rt§\e %JtﬂttﬁyﬁstSrﬁ@fn@riethe thick

Sepabé‘ﬁérr‘?@aésap%héd foathe 3t RBSst olt@ ée@d ider, %@Gﬁeﬁlayér%emﬁ formed

nmet llaimed in any one of clains 1t
wher B?tM’eS” thé@ﬁk PalteiRed to apply a beamthr ough t he
substrate to an |nterface bet ween t he substrate and n-

luralit f e Xi a ers sep
su s r'H?tBO(I’ P%r‘f&t'ﬂ%&) ‘S? "2 hﬁr M Vmef Xi aelg?ganc [s selected
t he hemnh@gmngcsemmogeﬁahomdeﬁhéagﬂo@ﬁ consi sting of :
di verging, and collimted. 20. A nethod of
fabricating sem conductor devices, the nethod
cotfpAi methed apeleimediinglaim 43 Batheaeaniising die ssiParasipy g§ adipal step
epi t xhabrdcayers mounted on the 20 substrate;
appl yi ng patterns to the plurality of epitaxial
| ayers; formng an outer |ayer between the patterns;
t hep. Quﬁt@lhoh g laited ﬂgaﬂ} oheabtlaiths3! M8, hittedteiardiabeiingsed to

f t d f t

(o7 Sbot e oug S G BL BRoBR AL b4 o

si nk theapledity dfi sgiapiat @yersatocsepaete thli sispateefrom dhel phsality of
t ' . A .

cepar By RS LS G R fim BENALFT corlBing o. verging

epltandabmmawérs. 21. A nethod as cIained in claim 20,

wherein the outer layer is at least 1 mmthi ck 30
22. A nmethod as clainmed in claim20 or cl|aim

whet: i Rethad ofgbiselingsrmicargugipr Jeyiess the mﬁm’ ﬁPfBR”S"tgs A
net hod as pedvaiinged substasty wane giiralth af epita@l taye@2mounted on the
wherein the patterns are of a 35 material that does
not éHﬁ%’iae 'to the outer layer such that the outer
| ayer doespplging patieros toghelploiatity of epitagtiaklagerpar at i on.

forming an outer layer between the patterns;

the outer layer being at least 0.3 mm thick and being for at least one
selected from the group consisting of. a new substrate, a structural support, a
heat sink, a heat dissipater, a current dissipater, and as a terminal, for the
semiconductor devices; and

separating the substrate from the plurality of epitaxial tayers.

21. A method as claimed in claim 20, wherein the outer layer is at least 1 mm thick.

22. A method as claimed in claim 20 or claim 21, wherein the outer layer is at least 2

mm thick.

23. A method as claimed in any one of claims 20 to 22, wherein the patterns are of a
material that does not adhere to the outer layer such that the outer layer does not

require dicing for die separation.
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14 24. A nethod as clained in any one of clains 20 to
23, wherein the separating the substrate fromthe
plurality of epitaxial layers is while the plurality
of epitaxial |l|ayers are intact and preserves

el ectrical, nechanical and qptical properties of the
plurality of epitaxial layers. 5 25. A nethod as

cl g edethfd ?Qxlaﬂﬁ‘&i ﬂfaﬁdcﬁ\brﬁ ciiind 8o %23 VW}%"r&h e §arating the

patterns define 1ndivi devi ces of

sem eehiirate Bem dheipkiality obepilgxizeianers '&é"’"@? é??r@lﬂ"ﬁ‘"n‘i/ ghgpitaxial

one Qfyeflé MackBnd freddves\1dtfiaN niichicdl an@BRticei FrEpdriid of the
10 atterns there is included formng at |east one

seed p|“éa)}'8’r°f<?ﬁ'ti’1‘%?ap¥f”l§r ality of epitaxial layers, the
patterns being applied on the at | east one seed | ayer.

Zzzes gtrﬁ?%hé’? AR rﬁéoa 25%9 ong o? @Inﬂ% %Sto MW{?J}\ p@fp%'&grns define

one

met allndmrﬁnabdeymesaf:lﬂﬁelsaly@pn(i@toapp\rlmi@d to a p- type Iayer

of the plurality of epitaxial layers; a |ayer of a
dielectric is applied over the p-ty ge metal. ohm c ,
cotft dchethay 8 c'amfdi ipRaY g0% 950%6'1*13;?8 10 25 NIPIB PERY 1PjapPlying the
| ay epaitérng, etieneeid ihdlodedateaiag tdﬂ&edﬂ?bﬁé s@hdmla(yec(bﬁttﬁetplurallty of
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contact layer. 28. A nethod as clainmed in any one of

cl g‘)ea m{eﬁm& %szcﬁl & Su@é F‘rgﬁ lvs%%?ém béforléstﬁg a'i %as%éqe\?é’%ﬁ”ayer is

rough e to an interface
the daubetirate and n- the plurality of epitaxial |ayers

to separ atale phype ﬁH@ﬁBﬁrﬂfcecofnfa‘%maE/QﬁspédHl@& d ¥ &fype layer of the

epi taxi al |ayers, eam bei ng sel ected fromthe
gr ou;ﬁ"%@iﬁ&?fﬁpit%a'éﬁyersdl verging, and collimated.

a layer of a dielectric is applied over the p-type metal ohmic contact layer
and the p-type layer;

the dielectric layer is removed from above the metal ohmic contact layer;
and

the at least one seed layer is deposited on the dielectric layer and the

metal ochmic contact layer.

28. A method as claimed in any one of claims 20 to 27, wherein a laser is used to
apply a beam through the substrate to an interface between the substrate and n-
the plurality of epitaxial layers to separate the substrate from the plurality of
epitaxial layers, the beam being selected from the group consisting of: diverging,

and collimated.



