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117 11 11 1 f I 1 *159159* Fabri cation—of

Sem conduct or Devices Technical Field | S
invention relates to the fabrication OWHMMWMHMW or
devices and refers particularly, thou

exclusively, to the renoval of a sapphire Y¥bstrate of
such devices. Background 10 GaN sem conductor devices
such as, for exdrabrigation ghSemicoadictgr Bevicesss (" LEDs"),
| aser di odes, photodetectors, transistors, swtches,
and so forth, are wdely used in many applications.
Veehnicad Gigld appl i cations i ncl ude, but are not |inmited
to, traffic S|gnals nobi | e tel ephone di spl ay

F’ﬁlg Ml vie AU r@&tes tb ‘Wa' Qbﬁ:cfay §r§ @J sé}ir‘l SdHdB%ok delgﬁnzg )ang?gfgrs”)amcularly

hti ng camner as,
frﬁégff a%reixea%w%h ‘Cb‘Pe g%mwah?ﬁ %ﬁapphlt?ét@éﬁﬁete ghwHsb deyisest or
use as LEDs, |aser diodes or |ighting, gives
relatively |l ow productivity. There have been many
proposal s for the renoval of a sapphire substrate from
Backgroumtict or |ight enmitting devices by use of a
| aser. However, in all instances either 20 the

PP AR SRS TR SR e U e, e
tibdess epfiotodetectotso ltrahst#enss switehescpad &b ddrth,ndre widely wisddiah many
%ﬁﬁﬁb&%ﬁs pr ﬁ khGwn & elhgltd%@tbﬂtl%é nidt ‘ﬁmltéé ] ARafitLignals,

een OSSI e to re
mobite. tgfephorepdisplae b@?kilghﬂegmmuéir thﬂh‘diﬁnla)cf h@Rl) r&@ck tighting, flash

ﬁg?ﬂ@fbﬁ&érﬁ)é}a@ &ha'ss fcfrﬁ”%@'fabr%gtloﬁ%gﬁgb(n&@?ﬁ%@' SHRSbriActdi for use

e spect there.is provi
H?n'ig)% ?ﬁsﬁh@ ?é%h"&'aﬁameerfg'a@xﬁ've@\g Profyetivifgt hod

corrprl ses providing a wafer conprising a substrate
[ 0 2 unted . on t
Bhe B BEah, ey LBl Kb g B OSBRI, e from
eqmlcq)duetbr Ilgtyemtlrrgemossmmtohe Imbsﬁpwemr iA alldosdarges either
t?les“‘etrﬁl&In@u&% R |t Bﬁﬁj&ﬂ tlhéﬁfdlﬁbete |a15 legf_??n?ﬂac@nthhg%lgmflcantly

[ural it |aI aersre
EPGB@'PQ &'? ; OrtAg SB@P@E&WW I'?é’eﬁaftfﬁ éPIP?JateCF irdo inslivisiyigl devices prior to

ﬁaldtb&hlroﬂr% sub&fat@' Iﬂhé’é hdtYbeBih pEdRibietsl ramolehg shibsiath by \8ser lift-off
artiall cap sulgi)ed with a

€°6 g i '%B'I’t Ce '"?E%’ S§Bﬂ'§i"¥'h'f OrELLMA@har at ed from

the pl urallty of epitaxial layers at the wafer |evel
nWN' e the plurality of epitaxial layers are

| ntact” while preserving electrical and nmechani cal

pecopting ites anf examplay pspechlitherg i nspridedxiaalméthgderaf Fapricating

%g?ﬁidgggﬁdé\%igrméefﬁ&hb@ EQHSHE el BRoVRIHYSE WafeP cdrRpridihg a substrate
[
with a plurality of epitaxial layers mounted on the substrate. Patterns are formed above

the plurality of epitaxial layers remote from the substrate. A second substrate of a
conductive metal is formed on the plurality of epitaxial layers remote from the substrate
and between the patterns. The second substrate, the plurality of epitaxial layers and the
substrate are at least partially encapsulated with a soft buffer material. The substrate is
separated from the plurality of epitaxial layers at the wafer level and while the plurality of
epitaxial layers are intact while preserving electrical and mechanical properties of the
plurality of epitaxial layers by applying a laser beam through the substrate to an interface
of the substrate and the plurality of epitaxial layers, the laser beam having well defined
edges.
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of the substrate and the plurality of epitaxia

| ayers, the | aser beam having well|l defined edges.

~~Lrer a1 eeeroreerrorerer orerrr rrrr ~~~~ *000002*

2 The well defined edges may be sharp edges. The

sharp edges may be fornmed by the use of at |east one

of : razor edges, cropping by a4 mask, an aperture, a

set of optics, and one or nore imaging |l enses. 5 The

Jobe welhdéfined edggsemayipe/ shieep sddescThedshamoergeamag tra lfermed by ¢he use

I rglqu;s&%gig%)g :ré}gr e eg' &g&\ﬁ;\nag)(b)ﬁ#ﬁfeéxg ggtaBE'EH ? d Qeqng)t ert|cs and one

ﬁamwwmaglngéeméaqasul ate the second substrate, the
plurality of ep| taxial layers, and the substrate The
further con‘grlse prior to formn

net ho
gae tsé?lcij rPré'T%g'f l8ysti My Be sriepted 559’&} agremyyision, @ rUQBgft 9'8%'0" silicone,
I@pb)wp@luﬁﬁh dﬂmen@ét@lﬁe o@vstamoddama waR. THesdH bufrel lntayeraf may fully

|
4Rt ng SHERS syrB0Re: 5B\l el e Bcertity syyBlete
The second substrate may be relatively thick and may

IEi'f?lefn*ﬂertho%tmé ﬁer%ﬂﬁ ﬁée pﬁorStB 'idllf(ﬁ rtf?é Mo otrminaat ﬂ% er of at
e el PR L iy

a cur
éﬁaﬁb‘l’r}ﬁ FhHPe metsl OFWLC @etﬁctlemaoﬂfcﬁ plurgiity PE@%‘aX'?JQaYHﬁ% and forming

Befeh&ong sE&Y Iap& oh tﬁ@@ﬁ@és@%h§b YR hasl Cmfnlc contact Iayer The second
phot ol i t ho e photoresi st nma of
Pbsértatﬁ ’@3&8 5 'ﬁ‘?@r%‘ﬁ'&?@ﬁ’ may-pedora;! °H‘é;9f @eSt%'Ft“FEg-égPpm a
ho4& sifke & GeRtdisipater ecur@hdissipetdrsdndatya feemindl, Br thetseficdhductor
that can form high aspect ratio patterns. The

gﬁd?osr esist nmay be SU-8. The photoresist nay be of a
material that at |east mnimzes by absorbsion 20 any

. L

P 1 B 18l v

Pha Iha'lhtrfgj ah leaptcldspicipmetess.: Theahpight may lee at leastik! ORavieremetsis. The

§h¢§l6l‘é3|sf Maybs of aﬁ%ﬁ?ﬁ@l thé}?‘:aﬁﬂiﬁnl rﬁg’HéébectQétld pHBterns. The photoresist
or e at lea

B B U e Btersit s b o p SRR LAl el Bitimiges fahporosion

amys ahockt d@ringhibe dases i litt ofp grdcess sausledl g tHeolas&dintenadtibe with the

%erﬁggr‘?dlﬂf?)? Heosg B?m%lngmg %Ffegﬁ 091]:3 o‘? vtess%hag tshoc%%v%/eé gf\d shock

SCri order e presen
frnvtenBefgre theyanplication |o§/ then dkotaresistd thmat leastdney sgagk layert may be

Bs.%suw &hed Rf thedentet %erescrﬁ Bﬁéét b@%eheméﬂseaécmeb&%t&as.yi%nems

non-limtative exanple onl %; exenﬁ
Eﬁ’B%&?"ﬁé%t"sth%Ptcf‘?fbp%?‘é‘s'@Fﬂe GentR At §as St’?ﬁﬁe descrl ption

being with reference to the

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:

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;
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acconpanying illustrative drawings. In the draw ngs:
Figure 1 is a non-scale schematic, cross-sectiona
view of a sem conductor at a first stage 35 in the
fabrication process; Figure 2 is a non-scale
schematic, cross-sectional view of a sem conductor at
a second stage in the fabrication process; 3 Figure
3 is a non-scal e schematic, cross-sectional view of a
SFfwm'rezen'si ach@rscate schetmatic] crasisagetional tieve dof absdndiedndactor at a third
8 §7he dEEMICR ode8s;2 non-scal e schemati c,
ss sec ona 'of a sem conductor at a fourth
ﬁmlgﬁe4|l$1 atrnos- scelbractzqt\at@n clopeentional ieW ofa eerBicprdugtor at a fourth

RRYe FPAL abrichtiRABrddess;Cr 0Ss- sectional view of a
sem conductor at a fifth stage in the fabrication

B3 i§:2 mniale sgheraatis. favr-sscional Wewoha spraiconductor at a fifth stage

mmgsaw.e@ttoh@?@&esyi ew of a sem conductor at a si xt h
?1: gqiéln the faprication process;

4F & "O0RCHE §S eme?cog S§+ é&?‘l°8ﬂ'a¥'gﬂ’/ Z\ﬁ ﬁm%f)nductor at a sixth
stage dothe attricatioatpracesgvent h 10 stage in the

@é&g%}é R6h- Qéa?ecgc?ﬂi.mal: & %H{sg-\'/s,?%tlﬁlﬁgla\nm Br g&%%o dU{:tor at ? seventh

_ , Cross-se sem con
at@geilrgmeFabrlgat@g@rqqsrss,he fabrication process; Figure 9

FRufe 83 F6RL&IS Qéh%miﬁlb Coroééfs‘éétﬁan%?ﬁéw %FélseMic%H‘ﬂ&for%t an eighth
sem conductor_at a nint stage in the fabrication

glage isthe faprjcatioq precess |s a non-scal e schemati c,
Grgesesgsgatndhr@hlevscawmaﬁc BrosS3b&RNEI UGS lof atsean&oaamdior at a ninth

e fabrlcatlon process; Figure 11 is a
ﬁ{?ﬁg th? [APLCIORRIGESSicr 0ss- sect i onal vi ew of a

Fgorec thh duz hom-scelle achenaltievarodshsestiagk view df laesehddinidocton atra tenth
g{aggﬁﬁﬁef bngéhroﬁ pJ‘O?ceEsc‘ a non-scal e schenati c,

ross-se &W'of a semiconductor at a twelfth
Pues dgésian "?mrécﬁ%tﬁﬁh%%ﬁtﬁcoﬁfoﬁ%éé@@ﬁa' \F%jmf ea semicgndyctor at an

BRVerftk 8tage ﬁﬁh@%ﬁb&mn‘bl‘d&%&‘ sectional view of a
?em conduct or % thirteenth stage in the

PHIS }?aﬁao?\onp?(?@ egcgemgqucg Gfoss-gactional Yiewoof asgec{pl@onductor at a twelfth

Sﬁbénﬂhembrlﬁdtmﬁfﬁ)fdtﬁﬁél onal view of a sem conductor at
n the fabricat ess

oyl 4215 7 0 SR et cnibiseP el Do 8L Bomiiaouctor ot &
wrmﬁnttfstagesemedembammroe&ssa fifteenth

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

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 substrate. The
composition and thickness of the epitaxial layers depends on the wafer design, and
determine the light colour (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
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stage in the fabrication process; and Figure 16 is a
non-scal e schematic, cross-sectional view of a

sem conductor at a sixteenth stage in the fabrication
process. 30 Detail ed Description of the Exenplary

Enbodi nents The GaN devi ces descri bed bel ow are

fabricated fromepitaxial wafers that consist of a

stack of thin sem conductor |ayers (called epitaxial
sahstmte)withm thickeesp loftere insthé stngat1o to 3tem, 8%d canEosithier AN or GaN.
ﬂ'r'lﬁls st&mﬁg‘l?th%fI%y’epE oy Hés%ﬁb&?c{qor llﬁz\éﬁ%]tgd dSF?{}dgf tt?@th nrb%ffer layer
wa desi gn, deter m ne

ma e |aeﬁ'g@vr9uffef laygrgheh as far emmplemereamly thickibyfferiayer and that is
d@)@uy %?échaﬁ uﬁ.ﬁ@nt.Jnahy us@éoe@k &aprmawa thRkiRIss ||l\J9tI‘1’@|rérbéea1 to 7

g/erls ir sited on the sapphire
M@P?tﬁiseTW 1’€H tiyely {higk H@% 'W éﬁwa!'ﬁ‘YV@tdh%Y Ptaﬂ@l@vqre neasiesqf GaN,
AIGaNamﬁN apGaNeAIGRiNNG Bnd\sd\orth. Galdchield hlbhl\AFafer quality, n-type layers

ARt PR o p B S, R B 20 isclosion Fily. pype

dopridHayerd arfef depositay e The activeasgionh &rusaalyngHeybleaheterostructure made
[

éﬁé ahdiy Slantiel el el J,ug.wm Ao Jntﬁéfohﬁgvm Yekabhdoh. But it may

be irc%h@sf@"nsmum es, rfarr@@mplet guamtlsn siptsr J heﬂep@sltldmoé epitaxial layers

[sChshily Sil Ynéti]' &grmlt:ﬁ&ﬁlcél %Sﬁr H@pcfsfﬁbﬂ) QARSCY) ‘Hrhﬁ(’ilecular bean

| ayers I nGaN, AIGaIn an

E?J af%r(t'\f’\BE ’I’o H@hFh&'f@e% @fh"\‘/?/a?%'la’“ah!?ly?rﬁy's R- tf‘?p’éngea{f@?“sa few

adronaidre o dllRpanicioasl on the buffer layers, followed by

an active region. Finally, p-type doped l[ayers are

deposited. The active region is usually a double

Tie¢ prooessr slartsuafter theedsappbife aubsiratgl 4hapiapriiedntant ithe ntype layer 3 of

g&”ﬂrﬁ Hﬂtrﬁieijé%ﬂ §, 448 &ﬂn ol P} Sctiv@ rlae{lalhg tHndQﬁgﬁrt e IQ rﬁ*r 1 of GaN.

ot he
Gerairrlising dresn MPﬁ éavaé%musﬂ%ﬁ" Bveré BP'PH%F%PCtl"ay%’PE:z ipguding the

twaltltfel 1abars @idethe @fr@aMysrscrb@ma@aJ abtIBOThedSBPS I1dyeP R is relatively

bSR3 B P g B o o g 1 vor

apliedvoveraimoprfpe iayet 0. Tihd patypei roetainayer Smaltse ¢friakelsgold (NiAu) or

. : ' . 4 jed ,
S8 8L bBly BRE  SARGALY TogHBR ARS8t RS TR ey,
it mawl tberrefigstive. oMorgarrefeeablyat/aats 2s aaliftysion dafrier Yqrreveny er minimize

@ﬁu@”ﬂtotﬁé’épﬁkﬁﬂb*&éU/Zar{oh:? n-type layer 3 includes
I'l layers below the active layer 2, including the

two buffer |layers, and the other Iayers referred to

Sﬁﬁda&d p'rﬁblﬁlltﬁodré(m@ dna)éﬁﬁfhlnl_;] dré tHeﬂh:%bd Ytﬁbéttelr’]rf aydt 5' _This is done by
t han

R i e o ot labe A ik B spep il et Jalowed by

teaipbexpbsurd laed detejgpmenet The teaigbpattermelp) bervexf as an etching mask for
. _ ) |

SLAREISALAL BN 1R oy PG il gasma e

#rhieg fsaeiFaure/2). The nlvatpresét @) Isdben mmov%rléhq)maﬂemedbayger 5 that

febnafieloh tRS s@fddb lof PRGN aYLEf wilReRE Q4 HRIORic Thth&IARr to the

p-type GaN layer 1. Annealing may take place either before or after layer 5 is patterned.

A layer 7 of silicon dioxide (SiOy,) 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 method. This
may be by plasma enhanced chemical vapor deposition (“PECVD”), sputtering,
evaporation, or other suitable techniques.
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diffusion into the epitaxial layers 1, 2 and 3. 25

St andard photolithography and etching are then used to

pattern layer 5. This is done by applying a thin

| ayer of photoresist (layer 6(a) in Figure 2) on to

nmetal layer 5, followed by resist exposure and

devel opment. The resist patte¥yn 6(a) serves as an

etching mask for etching the netal |ayer 5. The

s showmy imieigureet, laysenerid pHutoresist! layet 6(h) gampplieq beesitibe dxige layer 7.
f . |

Fhe s < BRE ool ol splif o8 eGP byferihdhel ek 7. wet

stehing e doyfetghing(plasma ratqhmgépf the pkifl¢ layerr %/is cagiedwutnihiecoxide 7 in

fh%"ﬁr@&st 7 E)”‘Wﬁéretﬂ‘i’er& h5.‘5‘no En&t&r@ﬁst% ib ?éfﬁéve& wrﬁ@rb?(ﬁie' 7dtotected by

may tae Iace elt fore or ‘after aye |1 S
B‘&tf@@?h@éa fem'ﬂSa@f@f evh'as dhe pattgined %ﬁaoa‘é ff(sgt @zy‘r 6(®) is larger in
d@@qaart e NIXEllayeh§ soan@ithé B ,NayeR t7a4em|a reMdbla@ra)ss $he NiAu

Bt Brarl B8 o8 ol hElmaes ity ﬁa@ 6" byPRTadnip Fioure

énhanced chem cal vapor deposition ("PECVD'),

sputtering, evaporation, or other suitable

techniques. 5 As shown in Figure 4, a second

pashewr 41 Eiguteal;dhe eedondiresistgpyer &6b) 3y eamaved. ddeddayeneposition

follows, R i§ Si’dwiin 'P?guH@nTﬁé‘Eé&f Iﬂﬁeq 8%‘ gf &ﬁér\éﬁtsm@tﬁl IH%%( preferably
for gatternlnﬁﬁ} e oxid aer . etchin

entifgrertonatahiayess. @ﬁ.SH@ryn ofhe 'Hé‘ S@ﬁi’ fpser bl eqntae apts wih Sncacheres
wal td e NIl Jlay@hs and itkeSiO,ildyer Yhat maeBs of tiebmiiebetitanium. It is

oGk ber Byt B lo et s S sl s cBer e Bhyihgl. Otner

fateriplatrhayr be dsexk cOmed finse seeslt layemyid rpréfelablyi sasl good aeflactivity for the

Fé?lgaioh %ﬁgbhﬁ Q%J&Jw g\ctrﬁ% Eiht gwﬁ@rﬂt c%%cet t‘I‘ﬁ‘e ssécg)%d s%}’oaﬁ\/lmi 10 acts as

2 KifUsoa 3, mﬁ\mt'mgawesort@hqrﬁeatpﬂqlwlecqgaw fogyak it (guch as, for
axanie) Whe 'tH”'rdFée%H N&er @) fr@n@l ASusHIOWS the Cﬁ'ln%' rcSntEG:t 15y¥® 5 and the

second resi st ved. See

RGBT ek s 752 3 SThelfBimotad a1 AR & pescigdayer for
Subgedquedt lagerddrndhitibh.er ent netal | ayers, preferably

three different nmetal |ayers, as shown. The first seed

| ayer 11 contacts with and adheres well to the N Au

The eoeffsieatrofitherm@l @dansigreof the sked laygrsiSe 1011 icaybe differsnt from

fh'af &rﬁéﬂr%vhll:ﬁ id $17. fWHIéjfgﬁ %Maﬁ&?%ﬂ &%ﬁl'blleﬂrg o‘?ﬂ‘% SHithi %gontact

aye of tantalum a especti ve
ﬁmrérﬁf‘ﬁ@dnﬂy) e @ésedd'ffwe f"PF‘sfhaéééoG@'\éy@}eYﬂfe 142 and 134

fb@ﬁédﬁbﬁ%' thehave Bnadely &lin @@ie'w\/thdnbmfeiérrs)tdﬂla do'ridt p&set ééﬁBus stress

Sobigm 1o ke oo ks epexiah Bvers qriongiston Cobfe fypr 0 be added
latez vireayt |bagas:¢r;mp<eas O’iUnoererof mait@hs aing lpham&zld' msteoq):eveife stress
C .
oo B oa R B 1] B 08 OB T ey e

I@anmmwbr epitaxial layers 1, 2, 3. The third seed

| 23@: %g?\%gﬁ? Sfidert AEXLIRG td 456 tﬁé’ Etres%O subsequent
%b) by having sufﬂcnent internal slip characteristics to absorb the stress,

(c) by having sufficient rigidity to withstand the stress, and
(d) by having graded thermal expansion coefficients.

In the case of graded thermal coefficients, that of the first layer 11 is preferably less than
that of the second layer 10, and that of the second layer 10 is preferably less than that of
the third layer 9. For example, the first layer 11 may be chromium with a coefficient of
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The coefficients of thermal expansion of the seed

layers 9, 10, 11 may be different from that of GaN

which is 3.17. Wile the thermal expansion

coefficients of the Chmc contact I|ayers (N and Au)

are also different fromthat of GaN (they are 14.2 and

13.4 25 respectively), they ae relatively thin (a few

nanoneters) and do not pose serious stress problens

trermaleexpaoson ohi 99 théadécopd tiayer 4D rhawbe dantalomewithr a aefficient of

'ﬁ%‘?rﬁ?lre g &@@gnmggqrd I%ﬁﬁ’@ Ep&%viﬁ’nty c%lé{f@%nt of thermal
hun mcrons an cause severe sStress
grRANSER®f 16‘ﬁu§1 thﬁh@ayﬁbegoem‘rt%ofghewl expangiam atsegradastfrom the

Uﬁnﬁ&lf:cfrﬁ‘éct B%d%l@?%?er 7R heMRi¥d E@ppepbé%/&nﬁ Rh aﬂ@rﬁ@ll\@fls to have

l'é@é havi n ficient flexib to absorb

59(? ts ?fngpgw Qpphgffgrﬁqcp dhat gt tnentp@pﬁrgtur%q q,%memed one metal
tdyar @phads while@aother chgadty. t he stress, (c) by having
sufficient rigidity to wwthstand the stress, and (d)

by having graded thermal expansion coefficients. 35 In
tfhiee odtsr cofpeg layelic? whs apptint doealyfto thec3iOs JayehatndOhinivecontact 7,

iHercﬁitf%'Jaﬁéég Hfg tﬁern g?% aﬁQL@( %tﬁsz glgguns rQ&(‘ Ig %Boé?gnon and/or

secon a con
failureer By po%tw 2 Iphalith at seqd layaes 9.n1G énqi dyeq’f differggr materials,

Bérﬂﬁﬁérﬁl métﬁ% Jabﬁ %Ewhg’ﬂ@ﬁffe;ént E@éﬁl(ﬁ&t‘bhfk@%élr@xpéﬁﬁbnathe stresses
coeffi ci ent t her mal expansi on of he sécond

RAE Gx‘?ﬁé‘ﬁ'% @rec saread hraugh l"?? layess s 19 %”%m with the resultant lower
tlll’eﬂihcb'ﬁd of&)ﬁéﬁkm@l @é’paﬁitloﬁ add/ofrdlufeher Hehﬁrﬁtdsdeay@fer 91 féﬂdul@*be of a

P%Ie{ Yvw\ giie gt'v\ﬁﬁ@me'ﬁge (gltgrﬁt?c;f éﬁ%ﬁ%ga)&an @ra reas tﬁe final layer 9

;aap haw @ higherccogffiaigsitbf trepmal dxpansinyi [Ethemrdra irtterediate layer(s) 10,

ﬁ’ie%eln?ééﬂte %?'ér‘?st)tosnﬁ{alg Eg\ged%o%g;e%ﬁf(s)l &%ﬁﬁar@lon%@tween those of layers

alternative cilents o

1 hapd 8i adeshosidde gradad feam thad ot BafiEst aver s ta ﬂ'c@rthﬁeﬁna' layer 9.
Théte mﬁyfﬂe nd lﬁbéﬁﬁedi‘aw M@M(Y\hjr Itr%réiﬁﬂp BS raal? %’Hu{rtlg@ bltsdes{réd number

co a e Irectly to the
3}1 %fﬁaé? laye %ﬂg( %ﬁ?ﬁ'&q Cgfg J1)t he differences in
their thernal expan3| on rates may cause cracking,

0, 1 B it

iﬁ&ﬁétﬁgﬁf tﬂe Seegérﬁ 3 yg(? gr?cy! P E%y gﬁ depi e Y& sfu?%? Igmr of dielectric
ﬁmheas; for sxanpm tAlwithMap ambpleb thegettioudhato engble thie Edppeetayer 9 to

g&ﬁ,@gtltgltr@rg_ & mcbf )85 expansion, the stresses of
her mal expanS|on are spread through the layers 9, 10

and 11 with the resultant |lower |ikelihood of
Fbﬁféﬁbfﬂﬂd pfa‘ﬁﬁ?ibﬁé remanwalp tHiew mél édd:h%s c'SB&rfthelftS\lill S@fas the new
mat.er rel a

Pt PERERE R Dwaf Pt Sep oS et el aho physica

Suppalt afterytbe reinal/al ofthe driginal mblstrgh dra patﬁrﬁ bftthiek reststs 12 is applied

_&L>h§rr ﬁh e 5318 f@rﬁéﬁgged { geJJ‘B\z%Eaﬂgﬁrdtﬁ%ﬁa dﬂﬁgﬂ Bh( (FIg¥EBf. Sthe thick
metal laye E@ris fasinedin thg pegicriscl? hetweancandiasaiséinest by thy dhvick resists 12
ﬁgtﬁé‘?‘ 9Thee\ﬂf3k T’J?@l“é@mgﬁ bg W&H\%g b§/ fé’&r&;ﬁléﬂngogné B8y bé fstned over

final
the thICk resnsts 12 to form a smgle metal support Iayer 29. 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 layer 30.

Alternatively, before the application of the thick resists 12, the third seed layer 9 may be
partially etched in the center of the street 31 between the mesas 32 for the formation of
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There may be no internediate |ayer 10, or there may be
any required or desired nunber of internediate |ayers
10 (one, two, three and so forth). 20 Alternatively,
the seed layers 9, 10 and 11 may be repl aced by a
single layer of dielectric such as, for exanple, AN
with vias or holes therethroufbh to enabl e the copper
| ayer 9 to connect to the p-type netal |ayer 5. 25
Frer thisk phetoresdtspl aatFiguye 6 and platirey ofvteé yndim cagpentzlyed 2% (Figure 7).
s FRORE aiifhoelhoRidd Sl Ne new substrate,

SCEFI Cal  cont eat di'sSSipater, current
di ssi pater heat sink and physical support after the

‘Tﬁ@@éﬁlls & mhy6e S’fr d r%t@ﬁél sﬁé’rpa% fGteRarfiple, 3SLP alt Sﬁ)ﬁotﬁér matgnal able

hick resists 12 I1s applied to or 1n the outer thir
wean high @ppegt Fjio gﬁ%ﬁsasdﬁ de pAtBPf the @%%}&de(ﬂpﬁ@tmﬁe'tmate shape
AR sikdbiake démdedl | ayer 29 is forned in the regions 30
bet ween and as defined by the thick resists 12 30
(Figure 7). The thick |ayer 29 may be fornmed by
€he cdmaypl atliftrudf, of amdsapphird sutfsbatesidthew eakes plaee (Figusés 8 and 9). A

Eﬁ‘ﬁ 'bﬁftfe? rg'lgtef idl 530 fs“BrSv.ééJ‘ G'Ia? e%%@hla%% RRO". é‘lhlje%&gr 209 pa’ﬁtS of the

geweabqféfep wafeaem! tre qxagseﬂ l<2~¢r§uﬁmee35e<aéhe| sapabirecsubstrage 4. The

S@ff@qﬁétgr‘ijal 33 m&i‘ﬁet foF SkahA¥Eh rather %ﬁ'ntﬂléneranﬁﬁdoﬁsl é(n epoxy, an
bef or e aatg | cat i on_of t'he1twh resists 12, th

FWP'ISH’"S%S'HGI gmabolienCryal Begdt', HP%‘ ;Préﬂedﬁ%d in the
center of the street 31 between the nesas 32 for the
t t he thick ht t
ATRSR R ed o 0B Bt B iR e Pnttyg bl 4 1o the

'ﬁhar&cdn@stvwee taei\sappfmgeswmra'tapt ane d-tgmth @aNolayerThéo separate the

i@%@ﬁ‘é §ut;ls?raf£a¥ H’Qrﬁ t PQ)FHZB{ESIQ II er 5”%? %?éor rﬁm?ﬁ@%‘v@gng (as
$haMNY ODQQ"F@?tP% TWW@Q%@Q efthe dﬁsef bram 86 g prefera e‘f’?'ﬁ‘@i'"ed or

ragp. umuermerama@e las2PBedrh zsereraf.veﬁm.femﬂam&;gnmsck of umformnty

lift-off of the hire substrate
VTR SRy talufer TH sbaPeeclais 98 TV Re G By shanivo e eer Bpam 36
8R:hi=s, for examisle, Hyhse oebﬁapsmb@tcéﬁat?&edgéé Iah%p‘eﬁlﬁlefcroﬂfng by a
r r n XPO
P % e T el o R e b B0 A e
been &6 may ev¢rl§p ig 3tsnapplication fayer theaendire theaintartabe rof the sapphire

§JB§' r§t’thnanoan ﬁ)ple'(%m ?'eraé‘ Efo@fpwld Sdle IRAH §d m?er%s‘é?s may be
t her nmal Bond wax, or th

gl
P%?é’erA ﬁ’?a'i“sh%"é‘@&"'ﬁf ABpI8e 53%M8’@’étﬁda’t WPB‘GQ?PQUﬁebeam For
&P # Maf BB atKrRbcierd 1@sdr BE2481dm.i nt er f ace between the
sapphire substrate 4 and n-type GaN layer 3 to
separate the sapphire substrate 4 fromthe n-type GaN
Asipaesul, thEhsappréensub6tratay i eenbvedr Jihagoft dafferdiy@m3p nady then be
r%mop ted. The edges 38 of the |aser beam 36 are
preferably well defined, or

The thick resists 12 and the soft buffer layer 33 minimize, or eliminate, by absorbsion any
“supersonic” shock including wave shock, shock waves and shock fronts, during the laser
lift off process caused by the laser interaction with the semiconductor. This assists in
reducing the tendency of the epitaxial layers 1, 2, 3 to crack during the laser lift off
process.

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



10

15

20

25

30

35

sharp. More preferably, the |laser beamis relatively

uni form although a lack of uniformty wll not cause
failure. The sharp edges 38 nmay be formed by shapi ng

the | aser beam 36 20 such as, for exanple, by use of

one or nore of: razor edges, an aperture, cropping by

a mask, a set of optics suchBas, for exanple, one or

nore beam i nmagi ng | enses. The | aser beam 36 may

of/rermoxng, and fot struspyudlistrangtionBy having the epitdxial tayeisantact at the time of
[ el 6Bl 8RR proBNE S edalillafhy KRGrcRRe
may be used. A beam honopgeni zer nay be used to

BERREVH B Figurd 90 RBE MRS R ices Qe thgrﬁrsgéﬁla%ﬁm dalch B@¥%r Bftrench
a u

a KrF excjner |aser at 248 nm As t, the )
5935'.5%"9@ *E‘a pewly gxrosgd surfaceAigngdhe eages ARl themesa 39, 3§ spown in
Bigurmwfzt tbgmf, ]I?ﬂh a{@w&gs?’: I3r Bheprétbétinly tﬁele_ﬁégfﬁins da\egﬁld/pe GaN-
: r,.l ayer nimze., oL elimupate

laéio? Blfing e nindiSeese, THEAEE NP tarfhg SuRoeed around the
plesz RY. Elreorekistvhivie theanemevedck fronts, during the | aser

lift off process caused by the laser interaction with

t he sem conductor. This assists in reducing the

f\kerpatively, e lewrsmesti sudiaseal 3 pidhe ndype lager 3gnaybe elgaved at locations

[ﬂ!htléligﬁﬂeﬁthﬁtﬂ t;hé Qihoifoirééﬁstsﬁigé g?@gr%g@ﬁss ?epigataég iN$ Piggiéreﬁgtﬁlarttage for
e | oywernpst sur ] - -
f@ef&%‘ﬁg@ﬁé'ae prgosed e Sirfaces Pl had-witavara are albsiartigheparalel
fhlecebg fovtirigemitroes, falﬁr'l thax balfsidgaa/?fgfb aficunt oftaal infeﬁhdl FEAE&6R. This
t . [ eV an or, struct.u

A a8 Rt micafion L EIER B imefdee %4 o8 ihfouRuta; ¢ ne
time of renpval the electrical and nechani cal

f in£&:~0f: ' j r ! .
Rlgarie oPsic s bAtficEBlordHs Bpostl Sifucal B MEIG! iithr, e sides of
the d1-yPe FEaN Bieredcinbihserentss of g aHyresGalcdayaig® fRigiie t1He  Pad

ateNihy thek pakee lagel td Refva GO} Neye? oedoddthefsulife 1Bsiahe n-type
s shown in Figures 12 to 14, with a photoresist -

9
é&? 41 protecting the regions of the n-type GaN
| ayer 3 during the etching process. This | eaves the

i 7 . ar 9 . i
BTt ST e 00 BP0 e d ROt LSl efle ane e
eqnterat therpefedisidace 13/lgavingg gap 36 fanetdbingaif drevexgosad surface 13.
AR AE9peL TR W W 5,103 Pk aigsy i it
di odes as the exposed side surfaces of the n-type

Tiiy edsisB 4811 remived ARt iaahdwy rgdrk Rlybels is hfphed BYerf AN éWpB&ed lower-

AR Pl g0 Ok pLA 2 el 8 e
tHphioligle e Si0,Igwere#efand 7,randoseed, layens] Slunticthe énds oblite thick
SAtfePHet 12 at@ exposed.

A layer or layers 18 of metals are then applied over the resist 44 with the Iayér 18
having a gap 17 at the center of the n-type GaN layer 3 so that the layers 18 are
applied directly to the GaN layer 3 (Figure 15). The resist layer 44, with the layer 18
attached, is removed leaving the layer 18 attached to the center 17 of the 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.
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A layer 42 of SiQ2 is applied over the exposed
surfaces of the SiQ2 layer 7, the sides of the n-type
GaN layer 3, and the center of the n-type GaN | ayer 3
(Figure 11). Pad etching then takes place to renove
the SiQ2 | ayer to expose the surface 13 of the n-type
layer 3. 20 A further resist 9ayer 43 is applied over
t he exposed surfaces of the SiQ2 |ayer 42 and the
center of the exposed surface 13 |leaving a gap 16 for

chi ng of the. exposed rf . hi t.akes
Thé PPyt 20 S BED Bolshel e, e 7B 1 BRS Fre then each
seqoated by phiysical skparation Bsehe patterhs 42 dosnatertherdtoathd capper of
Eﬁﬂ$%§ iéggéayer 44 is applied over all exposed | ower-

r

ept those aligned with thick patterns 12.
Etching then takes place (Figure 14) through the SiQ2

VPR R 106 B BB 158 BT IR Somndh ey BB B reRletors to

Ingyemise ligld cutputetitl copperciaydre? iy mr&adtecmuaal tHue noeintestering with

B4 e SRR s B 18 e Bl G

appl i ed dlrectly to the GaN |l ayer 3 (Figure 15) The

er, 44 [ attached
e el el ng BYEGq AL @b iterisl apbagiments

01f thehpresentyipeer@all itl will dre Bnddrstoed dypthbge \siilegrie \th® U&trmology

qc%fne% thgpﬁgnﬁggi %IO%? ﬁ) °éﬁ§°ag$“es dlﬂfqeg%)ﬂéﬁqfsdseﬂgﬁy or r%nstructlon
ray bémmademattmlutedep%tﬁr@)from tegpresent irk@0ton. al um num
18(c) titaniumand 18(d) gold, respectively. 9 The
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. 5 1In this way the seed | ayers 11, 10,
9 and the copper layer 29 act as reflectors to
increase |ight output, with copper |ayer 29 being one
termnal, thus not interfering with |ight output. The
second ternminal is |layer 18 on the n-type | ayer 3 of
GaN. 10 Whil st there has been described in the
foregoing description preferred enbodi nents of the
present invention, it wll be understood by those
skilled in the technol ogy concerned that many
variations or nodifications in details of design or
construction may be nmade w thout departing fromthe
present invention. 10
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CLAIMS 1. A nethod of fabricating sem conductor

devi ces, the nethod conprising: providing a wafer
conprising a substrate with a plurality of epitaxial

5 layers nounted on the substrate; formng patterns

above the plurality of epitaxial l|layers renote from

the substrate; formng a sedfnd substrate of a
conductive netal on the plurality of epitaxial |ayers
CeaiM® fromthe substrate and between the patterns; 10

at least partially encapsul ating the second substrate,

the plurality of epitaxial |ayers and the substrate

wi th A methpd bt fabedeativg isemiconduciordeyiseas the imeghadeomprising:
substrate Lat .
t he waf er déﬁ\pé d“; dA fe e+'jgbl¥sn® Sﬁybg@%e ;q/'ll 'g{‘ Qﬁélgzioglep'tama'
| ayer iayarSemomta@pnm jupsisateser vi ng el ectrical and

mechani cal f&&ﬁ@ E5diefis Hovd e BI'uHJiﬁldft it ﬁQ*etr@mraAte from the
| ayers by applying a |laser 15 beamth oug%

subst pesate) an interface of the substrate and the

plurality Qirm.ngpa ts@&érﬁi sub%}f%sef 4 RBndRHEE AN &l Pdrality of
wel | defined 9 as claimed in claimi1i,
I

wher efRitaxiaLlayers ferpple Frﬁ'@d“eeﬁﬁ’égatﬁraéd Qﬁ‘&’FB" ”‘&P@EE'“SQO 3.
A met hod aat tdast padiallyn efdapistlatihg Wees&iond tsudstei@r the plurality of

edges {eﬁﬁaxnaﬁ RLLE ang’ X’net rl]Jgstraltjes \?ﬂtr?; s0 bdﬁee %ate al; Pand | eCt ed
from P CONSI’S razor ed es, 'Ccropping

by a mask separaplgrthwsmstratesfmm thie nupalltycst emnadaUmeer@at the wafer

nor e nrag,,h.di @rﬂzspﬁ%ahﬁf épnlaﬁmtrlﬁ}e ?%ﬁ%& fwf'}\'iIéTEQsérOlne Bectrical

one o I"al ms ere
is seﬁ%ﬂ@eh#mﬁwmemﬁ Qhwedﬁlﬁgli%f"f PRitagial laygys é’mpﬁlﬁ"@ﬁ a laser

ar ubb@am Qlﬁ?dhéﬁ ﬁh@,sub&kdté EPBR int@FHRYE \of tHH slﬂ;straetdﬁarmbluramy of
nmet hod as cl ai ned

| ue,
' angPt Bl Brere ths fasSvbtap hevingial Selnetiadtgnt ¢ but for

material fully encapsul ates the second substrate, the

pI W ?lﬁorhgth%fi %p&L ﬂ%daih clé A L\ﬁhe ?iﬂdtrng q?ellsﬁé?ﬁéa %td‘aes gre sharp

as c n any
furthedgesorrprl SI ng: prior to 35 formng the patterns,
formng a thin |ayer of at |east one p-type netal
Ohmc 11
3. A method as claimed in claim 2, wherein the sharp edges are formed by the

use of at least one selected from the group consisting of: razor edges,
cropping by a mask, an aperture, a set of optics, and one or more imaging
lenses.

4. A method as claimed in any one of claims 1 to 3, wherein the soft buffer layer
is selected from the group consisting of: an emulsion, a rubber emulsion,
silicone, epoxy, glue, a thermal glue, Crystal Bond, and wax.

5. A method as claimed in any one of claims 1 to 4, wherein the soft buffer
material fully encapsulates the second substrate, the plurality of epitaxial

layers, and the substrate.

6. A method as claimed in any one of claims 1 to 5 further comprising: prior to

forming the patterns, forming a thin layer of at least one p-type metal Ohmic
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contact layer on the plurality of epitaxial |ayers,

and formng at | east one seed |ayer on the at | east

one p-type nmetal Chmic contact layer. 7. A nethod as
claimed in any one of clains 1 to 6, wherein the

second 5 substrate is relatively thick and is for at

| east one selected fromthe ddoup consisting of: a
structural support, a heat sink, a heat dissipater, a

cur r enbntaclilsysr patthe plusality afsepitakiel layera) and formingat least one seed

sem c A d.as clajned in any
one. ofbg! & e 474558 oiinstn Bl QBN Rplaeh VB o o
phot or eS| st fornmed by photolithography. 9. A net hod as
cl ' | aj rel P resis
nei ine. methe! & Bilimelt ) &y cho ot PR 7 25°6, Wiain fhe, gecond
cl ai nedbstrate: isaretat@elythick eind isHer htleght omes selecteddsim 109 group
m cro 1, c n
Cl ai meosgiRo o2 ghBfhel YepBon s MelP lcha Hek BRSipRler, a curent
mat er diskipateatandzas & erminal, b thes paroicomduictay dpwiceer ns. 20
12. A nmethod as clained in claim1ll, wherein the
photoresist is SU-8. 13. A nethod as clainmed in any
one8.ofA Bethpdasglaimed in apherephclaims pro¥ owbereisnt the patteins are a
a matg es by absorbsion any
shock %tr@ll'er?fghﬁg@fl ggﬁg%é@‘bﬁaﬁioff process caused by
the laser interaction with the sem conductor the shock
i nad udi fetnad dsefﬁ'éheeriﬁ cl%ﬁjn & Witfdrdih #8 bh&o 3%&1% of a height of at
consi stin f: wave shock, shock waves an
front @.aStlﬁ) MCTOMeRE as cl ai med in any one of cl a| nms 8
to 13 when dependent on claim6, 30 wherein before

he a pllcatlon of . the rPhotoreslst the at | east one
see afnethqds aspglaimed iy claigh 9q Wheree thee height gs aladeast 100
st r eemidishaRed mesas the phot oresi st patterns being
formed in the etched portion in the centre of each
street. 15. A nmethod as clainmed in any one of clains 1
t o 114A m&taw 'ae ctahﬁe@eamy' 6neséll (gl B to3t0, fwerein litee B SISt is

consi s ver ,.and col |i mt ed.
fI am terlal tha{ ca fg %igh aspect ratio patterns.

12. A method as claimed in claim 11, wherein the photoresist is SU-8.

13. A method as claimed in any one of claims 8 to 12, wherein the photoresist is
of a material that at least minimizes by absorbsion any shock during the laser
lift off process caused by the laser interaction with the semiconductor the
shock including at least one selected from the group consisting of: wave
shock, shock waves and shock fronts.

14. A method as claimed in any one of claims 8 to 13 when dependent on claim 6,
wherein before the application of the photoresist, the at least one seed layer is
partially etched in the center of each street between mesas, the photoresist
patterns being formed in the etched portion in the centre of each street.

15. A method as claimed in any one of claims 1 to 14, wherein the beam is selected
from the group consisting of: diverging, and collimated.



