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1 Fabrication of Semiconductor Devices Technical Field 5This invention
relates to the fabrication of semiconductor devices and refers particularly,
though not exclusively, to the removal of a sapphire substrate of such
devices. Background to GaN semiconductor devices such as, for
example, light emitting diodes ("LEDs"),llaser diodes, photodetectors,
transistors, switches, and so forth, are widely used in many applications.
Well known applicatidfebmicitice, dfiderdcootiliclioedevjdesffic signals,
mobile telephone display backlighting, liquid crystal display ("LCD") back
q%ré ip‘ fllﬁr]dwlights for cameras, and so forth. The fabrication of gallium
nitrae semiconductors for use as LEDs, laser diodes or lighting, gives
relatively low productivity. There have been many proposals for the
rerdo¥tBioa selpishife bebshacativoraf semieordistes diyisee midirejade vagisularly,
ouge i aXassidyOrene fe ol iBsLREKSH Rt Bers#Ak e Semgashactor
layers (normally including epitaxial layers) crack thus significantly reducing
yield; or the semiconductor layers are separated into individual devices
prior to removal of the substrate. It has not been possible to remove the
Basktyedariay/ laser lift-off for the entire wafer without cracking, or
separation before removal. 25 Summary According to an exemplary

aspeckthesadsaseyidag @ mathed ﬂfrf%%l%@?%ﬁr@iﬁ%Bméé%eé‘i_ﬁﬁi”), laser

The methodg‘?m rises providing a wafer comprising a strate with a
|

AloP&finPoPE é%ﬁp*é’l"?ai SHSIHtEY 51 2 Wb SR P ABNYLGRE 15RKAY many
abp\ratihespluféditykopepitaxidicsdipess insindte rdnathensubistitate to tetfionglgnals,
sl attephan3Qisaad uativgyRiatal g ferapstanitisap  wiadity ob siNtatiahg, flash
‘a er remote from i&he §u'91strﬁt1e g%d. bthe n t!e at%egps. The sgcotnd o
S A i TV e 60 WLl te SR e r e
pakiNg: éreapgndeied ohtng sifepigtativeitenaprotstifibstrate is

separated from the plurality of epitaxial layers at the wafer level and while

heRlurall glepitaxig) 'ﬁ}’&désﬁ@ YRGhIOIE, B %Yiggs%begﬁ%g&aém%te from

mechanical properties of the 35 plurality of epitaxial layers by yinga
PRSP FEligPiting HIsMiFSR b AP iRt iacar of tRWR\RSsiPafl BRlIRRS either
pleratityicirepitaxiddese(apthallpsecibdam heitdrigl wajkdasfioradkedgassignificantly

reducing yield; or the semiconductor layers are separated into individual devices prior to
removal of the substrate. It has not been possible to remove the substrate by laser lift-off

for the entire wafer without cracking, or separation before removal.

Summary

According to an exemplary aspect there is provided a method of fabricating
semiconductor devices. The method comprises providing a wafer comprising 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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2 The well defined edges may be sharp edges. The sharp edges may be
formed by the use of at least one of: razor edges, cropping by a mask, an
aperture, a set of optics, and one or more imaging lenses. 5The soft buffer
layer may be selected from: an emulsion, a rubber emulsion, silicone,

epoxy, glue, a thermal glue, Crystal Bond, and wax. The soft buffer

material may fully encapsulate the second substrate, the plurality of
dpitaxéd|defirers ecdpektimasbb strate sd¢es Methsithmay fastherycanfgriset by the use

BFIQY e foEming: tﬁ%d?%@%@%?c@ﬁﬁ”ﬁf%? thinslayen ot 1828t 8nSRcRRd one

metal Ohmic cintact layer on the plurality of epitaxial layers, and forming

&t 1835t 'BRE'Se

d'f&Ver on the at least one p-type metal Ohmic contact
layer. The second substrate maybe relatively thick and may be for at least

aRe ebrapsirbiCiyal WQ&L?@@&@*E si@m:aah&,?jh@lkiéigaé%b%&ugﬁﬂgion, silicone,
dissipater, and as a terminal, for,the semiconductor devjces. 15 The,
e L G B D U St may

SREABRENIS: iNfaSPBRNE A IRbIRNE: Bt weally eheritarirhesrs; i Ryistiats:

be at least 100 micrometers. The photoresist may be of a material that

578 fRsmdigh fapect atindrattesns: %hs@@%g%mﬁ% %ﬁé‘é}% t&n%%r of at

photoresist may be of a material that at least minimizes by a sion

SR SISk MOty T PRI SRE ! fﬁtﬁ%@%%ﬁ@&%*%ﬁ%@iég@ AYeraciRmiorming
witlhasteosesret yector the shea e ydiyig andéd Dionie odnteaviayshioThe second

sheskaysavies sockalinel finptsaReiore thearnlicationef thertqresishppor, a
%he tat‘l‘e;astl_‘one eed #a er ?%I gartlalliy et%hed in the center of each
3 B g t

ma
SRt B R Arshale t’h%%ﬁrgﬂ) RPHRHENE G ToRRe IPTNR aspigRaguctor
gevifsa-in the centre of each street. 25 Brief Description of Drawings In

order that the present invention may be fully understood and readily put

i ' , hall be d tbed b -limitati
A8 gl 5 s ool e S By SR e o

geadifidelRilsgshitA reirspsIRierso the BrieBhipaihbmat itnast 280 aigralriges. The
phiheradistmiagde of Kigaterihiithat namfsaalrigichepeaticticrpagesestinnaphotoresist

mﬁ\}"&fﬂﬁgm@ﬂg&gwgﬁ r%aﬁ/%teséﬁg‘?naterial 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 of: wave shock, shock waves and shock
fronts. Before the application of the photoresist, the at least one seed layer may be
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.

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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35in the fabrication process; Figure 2 is a non-scale schematic,
cross-sectional view of a semiconductor at a second stage in the

fabrication process; 3 Figure 3 is a non-scale schematic, cross-sectional

view of a semiconductor at a third stage in the fabrication process; Figure

4 is a non-scale schematic, cross-sectignal view of a semiconductor at a
fourth stage in the fabrication process; S5Figure 5 is a non-scale

stheenatie, £noss-<satiicnad viay, atesseadtordductor at a Bimistagadaihe a third

@Q&g@;img %%ﬁéh%ir%%%s@ is a non-scale schematic, cross-sectional

view of a semiconductor at a sixth stage in the fabrication process;
FIguR 4 s % Mhesea e ety sRrRcinaiofa b d girgiconductor at a fourth

stagicotickitioricatiarsevents; 10stage in the fabrication process; Figure 8 is
/iGOR-5GaleRANRIRBICNEIRSR-SGEHORBLYIRY QLR SPIUCARIICIGHAL AR fitth stage
giqﬁ]tl} %ta%?_ in the fabrication process; Figure 9 is a non-scale schematic,
cr}os%-ger(': ional RiEW 6t a semiconductor at a ninth stage in the fabrication
plgtess; i4 SFRRIrecals ischepriacalessaesheast Viawsy-sestivimandieivopha sixth
seuantkieieictiarneribestage in the fabrication process; Figure 11 is a

B 'rgcf"‘g §%§\U§ 'Ig %Eﬁéﬁgc EB@Q'S%'SWn%T gigﬁ rgf %Ogedntwjl(c::to%rd%&%P at a seventh
eléventh stage in the fabrication process; igure 12'1s a'non-scale
slaserindhie fepysationdtisreisiiew of a semiconductor at a twelfth 20stage in

theufal@icatiooproatsschematic, cross-sectional view of a semiconductor at an eighth
stage in the fabrication process;

Figure 9 is a non-scale schematic, cross-sectional view of a semiconductor at a ninth
stage in the fabrication process;

Figure 10 is a non-scale schematic, cross-sectional view of a semiconductor at a tenth
stage in the fabrication process;

Figure 11 is a non-scale schematic, cross-sectional view of a semiconductor at an
eleventh 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

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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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; 25Figure 15 is a non-scale
schematic, cross-sectional view of a seimiconductor at a fifteenth stage in

the fabrication process; and Figure 16 is a non-scale schematic,
sresimiseviibmahideve st eftse mituntiinge ! Ata eertrdstay bdreither AIN or GaN.

Iﬁﬂﬁ&%ﬁ@i\‘i@m@r@%s %%\ﬁj@&ﬂﬁ@&Gﬁﬁé.fﬁﬂmbtg;‘trﬁ@cﬁgﬂg@}ﬁéytl&efthin buffer layer
mhodiments e a evices gescripe elow.ar ricat om .
AR LB SRS ol R R B R e
ESRAXIEPREFE RS) BN s eisnBdtritBray Herves ac disfsbensoln 4Rl range 1 to 7
ﬁh&&me@mﬂm @Mt&nialtm&emmapmdsi@mmwfgf dﬁsigay@:@dmade of GaN,
Artaming thelahhrelon (wavslenath) of lightd ﬁt@h;efm%ﬁg&éﬁ&%%% layers

devices that are fabricated from the wafer. Usua In buffer layer is
R CHB SSRGS ik BEIPRE 12 Sl < QUSHiftY PIhRRIESS YRR frinAll: P-type
Joprgeld\@to 86 deppsita cAimbecivhargidN isruSadly kn dhisepegiicatiocttlisnade

dexeidgogusassiped o Husprtedanioref the @%er%ﬁp%ﬁﬁ%mpﬂﬁyéa@ it may
urre a}{

another buffer layer such as, for example, a relatiyely thick

R e RN SR BTy 5i5ect TF SR HATR & &
ith kaUsE% PN MrRialapigenictere g aglicrerae deeoSimn réfdepPthiek haftsular bean
dpyetis(oiEned o thrkiagersmagdespiaxaiN iAyéeals IANNN @A from a few

%ﬂ{&lgrsqgg E&J%@bgso achieve high wafer quality, n-type layers are
ited o

often deposited on the buffer layers, followed by an active region. Finally,
p-type doped layers are deposited. The active region is usually a double
Teterostraschmesrdide hé assipyle quasttan wekhsorppliidtpte intrentunpsveler 3 of
S n‘liﬂﬁél'éi %Qﬁﬂ%ﬁt%rﬁ}% hvamay JQRELBELIGTS SHH g%ré‘g'i of GaN.

example, quantum dots. The deposition of epitaxial layers is usually _

FREETBYG N F@%Héﬁﬁﬁ%&?%&o‘%!&ﬁ%%ﬁfbﬁy(@m6?&?)‘!3“)%?%‘%%&%8%"'”9 the
tapitutie (BB, arththeithardsgens théeepitdxiabtayehespryibe legage fsoriatively
tRiIfCW ARG EIE P HBNLFBIEFARG 14T HRaRreGRRs Harks @tRfidNRyer 5 is then

sapphire substrate 4 has applied to it the n-type layer 3 of gallium nitride
ARG AL RS, T o ATV Ml LRI [ G B EBFRLiIAY) or
qHenr siviphilsitetaEandyperiyEbl istatively hinlagshetiicbirtseatenerigmatively,
i2miachligehindwubrifertayay, inacidhe atbiikryers redetesd0sabayainimize
dfﬂEiBhtYrRS &@%ﬁ%ﬁ&d‘?&?g}éﬂw %héﬂ d él_ormally no more, but preferably less,

t

an 1 micron. A p-metal layer 51s then 20 applied over the p-type layer
1. The p-type metal layer 5 may be of nickel-gold (NiAu) or other suitable
Wnﬂr@&qﬂﬂajg’r@ﬁly eelab‘u&imghirgstodha:&'etdsd‘rm&;aanamr'/sltemmaﬁye%e by
dbPAeRee IE}?@VS\‘ MBF&&E‘??@M%FQ%SF%P&{ rﬁ&g%ﬂf \GJ AP PENENLA by

or minimize diffusion into the eprltaX|a layers'l, 2 a : ‘
resist exposure and development. The resist pattern 6(a) serves as an etching mask for

er,
axial layers

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.

A layer 7 of silicon dioxide (SiO,) 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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25Standard photolithography and etching are then used to pattern 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 pattem 6(a) serves as an etching mask for etching the metal layer 5.
The etching may be by wet chemical etthing or plasma dry etching (see
Figure 2). The photoresist 6(a) is then removed. The patterned layer 5 that

36 sbnvainis bigthe Surfesmad phyipeecsiNai@y &) wilhspine asathObdxide layer 7.

W@t%&@Y§EH&JB§t@ﬁVQﬁéﬁéwéﬁ%gra% Aaa@ﬂ!insaﬂ@m@kedo@@@eaﬁbew 7. Wet
bte Qre o fterl yer 5||s atter AH XeijOT S|I|c9n dl0X|d§: (u§ q%) .
PO 03 ﬁw n%‘%m‘i‘neg"p“?ﬁ LB ﬁay‘é’é‘ oIS B e Pty pa-cAlge 7 in

tayafqaeﬁ@@ryfmr@war@tmmweﬁﬁh&ﬂ@ﬂmmﬁvmatwbwp w@:ism@tycted by

be bysplasmarenbnscad cheneal vap patiepesitetohd REMDE)BBWIas M ger in
svapgration, QI A%t e?%'@é’k?é?ﬂ%” BG?a érésrsmawmé 5 I%ngﬁmgss the NiAu

secon photore3|s & Is applie over the oxide faye e resist
[Bftlehgpaned s %%Rf AL5IRHESR 1B isarrdRfgateasRidl ARyRlornetigure
étching or dry etching (plasma etching) of the oxide layer 7 is carried out.

The oxide 7 in the areas 7(a) where there is no photoresist 6(b) is

removed, while OXIde 7 protected 5 the resist 6(b) remains after

ARy Prie R el SEBHY r@étg {18y B®) s FPg¥PSh asr%%dti?é(ﬁ rfgPosition
fiawdageistsbowhan theu®ioR |Aheszae fayenhi axdifiereriorsts thgersiAueferably

Ay &@?M@\é&@ntta?e%d a8 ShdWAUTAYErS {edhtapelyPeceabtiavmh hndsadheres
sh \L(Vont é%ur ?ge QASdSl{h gé{%ﬁ? urJ;S the sgcorgd reS|st Ia%e h@(r% It is

emove eed ep OSI WS, as ISS own in I ure

89@1“81|§ydwwﬁaﬂawfé,'®f@féramﬁwe aweqe?ﬂ%e@qawg, Othef
asshiawmdhedirskacerhiayien tdseoniacts M@hfa%l@dﬁer@soue’éﬂeotmy for the

Féﬂé%\!ﬂé’%( econg?a%'&)% RS ékﬁﬁ% k&%\}?ée‘:hfﬂg‘é‘é%% Eé@H'Ié%r Bacts as

layer 10 and thi er 9 of tantalum and copper

?e%'ﬁé%‘f?\?e%’%”@fh@@@?ﬂﬁt&?%ﬂ%ﬁﬂ 9tB‘”ef H&%B“%Q'ﬁ?ﬁjé&@?a?/fe? fsuch as, for
prefeskhlihbalsigooxbdetgetiityrton thitusilp dtiontaf Rjimigenetatethieitifeand the

ght mutiiag: devicen Hyersacond serd lavesddasis as A difysiQa by Hyer for

greventln% gﬁper or other materials placed on top of it (such as, for
(e ayer 9) from diffusing into the Ohmic contact
layer 5 and the semiconductor epitaxial layers 1, 2, 3. The third seed layer

Q@Cé%é}ﬁc%ﬁ@%iﬂﬁa RUCEXBEREIGH BF RS A RIéosM@lian. MAebe different from
ff%c 2 %f?ha% of?ée a Isél%zn %Ir%gl %V%ﬁg Iat ers gﬁlc]ﬁg t% o{nhe/&(‘?mlc contact

eren et ermal expansion

@défﬁc(éhtercﬁ the) cﬁﬁmel%rﬁﬁ@ﬁayéf@mihahmﬁaéb R arfeldr feomh 13.4
tbabaatiGen) (HegyarsecldiveRndid Jadew 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 siress,

(b} by having sufficient 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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25 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 tiie stress. This may be by one or

more of: 30(a)by having sufficient flexibility to absorb the stress, (b) by

thaving suffanignt infefrial toipsehamdclayistitd toagbsertattrustradts, écybsfficient of

frving §kﬂ'ﬁﬁ£¢6ﬁ Hoditate m@hﬁﬁ@ngy@}egsﬁra% %eep@maﬁ E%\éi@fgcﬂfﬁ{d&‘ilhermal
thermal exp on G efﬁmerlqts 35ln the ca ng\;ﬁfdedt erm

e’é%??%ﬁ%rﬁf’s thiat oP e fYEY 35T ?éeBtrsePeraS ns'%aaf{ LPRged from the
@é@@ﬁ@%&?@# @(ﬁ%@'%d@!ﬁftﬁéosﬁt%m%wpfo iRy prSferAblgitersstivais to have
toatfiofdite thisstgaysioR tforpeampe thae dirsidayripblaay bencbrastiuhe metal

gg ﬁ[]‘gc\;\ﬁntecgng #ﬁ{gﬂ%g@pansmn of 4.9, the second layer 10 may
ic

nta um Wlt a coefficient of thermal expansion of 6.3, and the third
layer 9 may be copper with a coefficient of thermal expansion of 16.5. In

thilsenayeth eoppeffiaients whthapied eipathsionherSigradest framdtih Gibruatact 7,

Wrén@@g i ifRileHeinfal e IReHABA FARPRIIAYENS: AR QR NANEASH? and/or
ve 5 oe ficients of e aR&ansmn that differ such that at the tem?erat res

cern RRTHBEA P& ERF Y PR IS Eh Gth ! @b (itisEegl fapterials,
@@@p@ﬁt@y@e@fw%@mﬂmcﬁrétﬁwﬂ@ trefteent lof the Thah ¢ Qamienc dmtttesses
& M@rﬂmk@aﬁgjsdrfébf%tslraa@rm@k@mae%ergaélesw ?auﬁzn?r@qleagtam lower
e atlo or allu e tlng uraljt e ers
ﬁ(é?%ff of d% e?lén matetia gnpar? lﬁ)lgar' yrﬁnet als éac{:%%ad\ff\ a%lff% Our?lbe of a
podTialanton tirkaivalveRparrstisiamecstieased exenesienl ‘éb’tﬁ@%léﬁ?éﬂ@' layer 9
sireksl thucligiethedayis 9f tHeran dxdbavishhtharesuiand |owenddatiager(s) 10

m%%&@m%&&%&ﬁ%%%@'UB%fo?e%tFr BfSSQH?I%X&f B‘élt\ﬁgé?y{golgg &flayers

a material with a'relatively low coef |C|ento hermal expansion, whereas

A 1agesaetls! rﬂ%;?fﬁa% fEPRIghRY %foteﬁlﬁféh%?&ﬁérméh%éﬁ%u&&?@'nayef S
There auay inkermietiated@fetéyrd 00 the intermeadibéealay ex¢s)rsthouldebizadnumber

SORIEFREER RfSXPANRIAL, RRSMARR thass.ablavers 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 intermediate layer 10, or there may be any required or desired
Altterizdivell ithersrediiie tayerd BOqorienaydetieplacatchbya fongly. i2ger of dielectric

Al&araat?éeu@m@@eﬁmlmarﬁa% dihard hLRiahenreriaes Beashpsiayer 9 to

ﬁ¥ fd| Iect |c suc TF for example AIN with vias or holes
fReret

rt&ﬁg eYcopper layer 9 to connect to the p-type metal

layer 5.
For patterned plating of a relatively thick metal such as 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 metal support layer 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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25For patterned plating of a relatively thick metal such as 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 photolithograghy (Figure 5). The thick metal

layer 29 is formed in the regions 30 between and as defined by the thick
tesigisk RIBTo(EsGts d 7 Y Fidheetbickrdy@at?Q wiandenfdneedbby layer 29 (Figure 7).
¢lactraplaings andJoayikpiadnedgsthe thick resists 12 to form a

single metal support layer 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
tHiek¢aipts BOMay threatiorgibdrbeesises. for @(gurec PRI Qslatiyigtof thiaterial able
EB&B?rﬁQWd@é@rr&% (RigsHe. nd pigtbasothreadvrtiagelofiBapreVatmate shape
adhesion. the?e resists 12 may be of a material such as, for example,

886 any o Rer material able 5to form high aspect ratio patterns. The
pattern of the resists 12 defines the ultimate shape and size of the
davieasoderéingyal orlifapdhot thebsapphirg sulskestpldcth@giakes and 9). A
RIACS (frgyreifafad - &&ﬁ&é@‘%ﬁ&r QA@&%@E\E&'%B@KH@QJQ@P or part of the

encapsulates the entire wafer, or Eart of the 10 material of the wafer, and

BRI G e 1T SnrHe S8R LabpTRs S ARt e SPPPREBiRsIate 4. The
MmiferialdSiah reayfdreeXampleralaibberdeutsiosiensiticsiiegran epanpxy, an

amesHsionug @ H%rﬁéh@ﬂ@,%%@b Boetel Baner Waxker the like. A laser
37 is used to apply a beam 36 and through the sapphire substrate 4 to the

15 interface between the sapphire substrate 4 and n-type GaN layer 3 to

delseritétHe sagiprirarivrasam FEMHdoype CaNaaRRire3sTiRrgesmto the
ftcma hedivenging tapshevebersellimatads e asgesaR0bthe faperate the
ES% 20: %tl% fﬁrﬁé’ﬁ %P{S'lﬂ?é'é‘ NPlayd hPEfu r%of%é’rr%f% Rlyy the éﬂz%%mg (as

ISre a'[IV uniform, alt alack o rmit WI not'cause

FARYYR), W@W&Fﬁ%&b%%ﬂﬁ%@ ‘Efékf%rl?rﬁ% Wghé?)l‘ﬁr@ fefpsally yeedrAetiged, or
20aspicMas; fesfexabiyile byaiseah dneativayrenibrrazathedges, lack of uniformity

RN G IORRING. wa@ Eﬂ%ﬁkeég%%‘tﬁ ABYE FHAAD) %H&&ﬁﬁ&‘tﬂ@ia%@?b%’am 36

more beam imaging lenses. The laser beam 36 may overlap in its

SlnaatEh BREPRe RhtFe ﬂ%é’“ﬁtBFf&‘Eéeo‘?ftH%ZQéﬁﬂﬂ% &b 6&9&&&594 HRpPing by a
mappeaGalblapicSsiBbthss (it stae! taserscmtbex braer itaggirg) ieayese The laser

Hésﬁh éeb%m&@wge)g@meaﬁgwah@nugegt@@%ﬂfﬁ?@%@%&%@@%%@ sapphire

25exam t laser at 248 nm
PO TG e Tl oL e ol R e Fe mey be
thed bé resAByEAMBYTHESIER Y clfstdsed ihdenersist puffamageras beam- For
BNANDIEE; REEHBHRIE RiRBSas @RS Yim.

As a result, the sapphire substrate 4 is removed. The soft buffer layer 33 may then be

removed.

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
flift 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
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"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. 35 8 of removal,
and for structural strength. By having tige epitaxial layers intact at the time
of removal the electrical and mechanical properties of the epitaxial layers
afecpreserued fAsishauwnal istiergitiie BO htivinmnthiyidpigddevigessaneathenthe time of
leRlatakiom aack qHen DAhUSRAro-RHEING eGP S POPR e rved.
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 GaNlayer 3
dashguthéndtichitag! Priteislivitiis! ldenessthre §1Pisalpde Voxpeseu dheuhd trench
H?@wﬁ?@ﬁ@f%eﬁ@ﬁ??ﬁﬁéﬁedﬁsﬁ?ﬂ@é l@m@g’g{é %ﬁ?%ﬁ"(ﬁﬁ%ﬁ%@ 3%{3_, as shown in
wermost. surface 13 of the n-type la ay.be cleaved a ions in
R G e ore SR Tl R ateg AP R A BEFEeS can
BaoarRtdyenpthastietinsueiersthe Biplragsite stitataeof tRepasgpharound the
layes Soarensubsitantialyhearadlebviereby forming mirrors, and thus
causing a large amount of total internal reflection. This acts as a light
amplification system for improved, and directed, light output. 15 A layer 42
éF%fR?Q\fE‘)éﬁBﬁéﬂ”@@@PﬁHé%ﬁ?ﬁSs&%H?%E‘é\écﬁf‘ﬁéf@réﬁé‘?abé%rC‘F,atf?é? 8jdgeations
of dhenméyppeiBaNel ppotBesistd tiicapenter dittheepaygiedGaNidaiperf 2idvantage for
(AR dey oFafl eighing than E@h@ée@lﬁﬁﬁwéonz':%ﬁz@‘l’e?yébg §3Q%d§¥%ﬁﬂ%{g parallel,
ur

xpaose, the surface 13 of the n-type layer 3. further resist layer 43 is _
RSP Ex085t DU SELATS & B GO YR SN RIGF - T
fists erpsolighd anpfiicetvd Ryatange gapovedornsteliiegiast tigbteoxtivded
surface 13. Etching takes place through the gap 16 to surface texture the

osed.surface.13. 25The resijst 43 is removyed an new resist er 44
RIBNA 150 f dpbned T SR TNEL N BTGB! PXH e o

harteniire1 Sairiaypg thenddke scprire Hbeire-tyrs il dy e Sidgusydie.  Pad

di2rampltils rarzdczesiddaye rsrifo wintiltBe0s Neged tdhex ik ipaterascl P3asethe n-type
psed. 30A layer or layers 18 of metals are then applied over the resist

44 with the layer 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).

Ahetresistsial/oy d4 WiktlappécldgeeriBeattacised sisfremovbitidctidngret2 and the

Ry 1B AERPE I centeid i i pRene: CRNAgR i Whsi&82R ke 13,
%%Eiﬁewoug%ocated. T g Ia\éeg 18 a%/ bte one ggemore 3 Iagl rg,. All

§ang ¥ FRRrse the SPRIfRIRRERAR PS5 f5P °Pgh)
The resist 43 is removed and a new resist layer 44 is applied over all exposed lower-
surfaces except those aligned with thick patterns 12. Etching then takes place (Figure

14) through the SiO, layers 42 and 7, and seed layers 8, until the ends of the thick

patterns 12 are exposed.

A layer or layers 18 of metals are then applied over the resist 44 with the layer 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
fayers. 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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titanium, 18(b) aluminum, 18(c) titanium and 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 In this way the seed layers 11, 10, 9
and the copper layer 29 act as reflectogs to increase light output, with
copper layer 29 being one terminal, thus not interfering with light output.
The second terminal is layer 18 on the n-type layer 3 of GaN. 10Whilst

ﬁ‘x%r% P@%ﬂ%@%&@ H¥dRERInnY Q%Qm'&“ p'TGFT@rB?Qs are then each

embodiments of the present |nvent|on it will understood those
BARERISH (e RBKIRBISGP ¥aiRR AR REHRIRS VarRRiORE %ﬂW@dﬁﬂé&ﬁo‘F&Oper of

inectetellapédesign or construction may be made without departing from
the present invention. MCSLIP 10 CLAIMS 1. A method of fabricating
semiconductor devices, the method comprising: providing a wafer

%bmlﬁrrgﬁYgta%ﬁegﬁé@éwﬁ b pitrRigN6F BlsitaRrRAesIdaias Porditad eflasdors to

iaut&tsatﬁght outfaEnvig @@tﬁfm&mw%mgawahyrﬁfn@pItﬁ@f@h&m@fenng with

esub te: for substrate of a.co ive

iVt e R SR A
between the patterns;

Whilst there has been described in the foregoing description preferred embodiments
of the present invention, it will be understood by those skilled in the technology
concerned that many variations or modifications in details of design or construction

may be made without departing from the present invention.



10

15

20

25

30

35

10at least partially encapsulating the second substrate, the plurality of
epitaxial layers and the substrate with a soft buffer material; and
separating the substrate 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 ofjine plurality of epitaxial layers by
applying a laser 15beam through the substrate to an interface of the
Suldiiste and the plurality of epitaxial layers, the laser beam having well
defined edges. 2. A method as claimed in claim 1, wherein the well

defined edges are 3. A method as claimed in claim 2,
nelroit B R e SRR o O ORel S G he

from the grouproeingistingrafferacomedgieg, ereppsirgtbynitmagikyuemity of epitaxial
apertur@l a,seh A RRICS, tﬂ@@t?&‘?ré’tremore imaging lenses. 4. A method as

claimed |n any one of claims 1 to 3, wherein the soft buffer layer is
selected from HBGRobEH BBISSRRRYG e Pl"éﬁlﬂ}'ls%ﬁpﬁal’ﬁﬂt)@y%ﬁfﬁg?BW from the
siliconesubptiaieg; glue, a thermal glue, Crystal Bond, and wax. 305. A

method as C'Wﬁ%naﬁl@é{c‘aﬂﬁ Qlslaims Lt bonheigie heolPwehiurality of

materlalf %/ sulat cor:rgi gstraée-B the Iu all of e§|taX|aI
layers, i) as‘ﬁen {rare'e mm Ve ﬁ‘i}'\r"ﬁ r%/\/%ﬂ

claims 1 to 5 feirtls@plcontjirisingnosneriRiBhithenitgane pabsirale, fthenipigrality of
thin laygsiekal least ane B ynestrath@hmist MESLhRekkicantact Iayer on

the pluralty oL SpiZN ISR IR 0IEAT SNECSER HBLONE warer

at least one p- mic contact la met as c |me

any on@b@?’(ﬁ%ﬂﬁ@ e {h%BP RN ?H@aé‘@éé‘ﬁ’ﬁr§lﬂ5§t‘r‘3§?§t|§"?é‘fﬂ?ﬁ?éﬁf‘fﬁﬁ:ﬁ‘ecmca’
and is torcamensinmaesetected &fohetpeigiinu pfogiaisting efiscogteweiviied a laser
SUPPOfBe%MQﬁFo%'&M?e*L%E%?é'&?h%{’ﬁte%ﬁé@'ﬂfq}?é%*&lfa%%@%ﬁe plurality of

terminal, for the semiconductor devices. 8. A method as claimed in
any on&RipKiRe e lRRREhaRThE Rl Safiaed 98itotoresist formed
by photolithography.

2. A method as claimed in claim 1, wherein the well defined edgeé are sharp

edges.

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

MCSLLP



10

15

20

25

30

35

9. A method as claimed in claim 8, wherein the photoresist is of a height of
at least 10 micrometers. 1510. A method as claimed in claim 9, wherein

the height is at least 100 micrometers. 11. A method as claimed in any MCSLLP

one of claims 8 to 10, wherein the photoresist is of a material that can

form high aspect ratio patterns. 20 12. ;A method as claimed in claim 11,
wherein the photoresist is SU-8. 13 A method as claimed in any one of

claims Botadl2 jaybeceithin gl phditgresigtiisxei tamate nadthahdbieasSkast one seed
minimi orpsi ri la | process

causedYT %@e E%ﬁ%e%ﬁ%t%%a%%%ﬁ kﬁ% t%l%té]gr)n%d% § §§%§§tlh% 8sai'flock including

at least one selected from the group consisting of: wave shock, shock

waves anchsihoak de0Btsimed in 1dnyA metiwdc&erﬁ!aimwl 5] uyepsie ohe second
claims gu‘%&%%&i%(%%?ggdﬁ? kogn(%:%al@fgr §P l\évebs%r?'nnebseg%rc%etﬁ‘;rom the group

application o st, the at least one seed layer Is partially

etched GANPIBIEENGET dfEACH EH R IMRSN e MAE SHY tige|siadteiesipstter, a current

patterngi@giagefosmeddn Renake e POEissni dheieapig«feach street.
15. A method as claimed in any one of claims 1 to 14, wherein the beam

is selected 35from the group consisting of: diverging, and collimated.
8. A method as claimed in any one of claims 1 to 7, wherein the patterns are a

photoresist formed by photolithography.

9. A method as claimed in claim 8, wherein the photoresist is of a height of at

least 10 micrometers.

10. A method as claimed in claim 9, wherein the height is at least 100

micrometers.

11. A method as claimed in any one of claims 8 to 10, wherein the photoresist is

of a material that can form high 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.



