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1 Separation of Semiconductor Devices Technical Field 5 This invention
relates to the separation of semiconductor devices and refers particularly,
though not exclusively, to the separation of such semiconductor devices
after removal of a sapphire substrate. 10 Background GaN
semiconductor devices such as, for example, light emitting diodes
("LEDs"), laser diodes, photo detectors, transistors, switches, and so
forth, are widely usedd ications. Well known applications
include, but are not Iirﬁ%g%ﬁgx?ra f%esr?gﬁ% sdul %%%ﬂg?és-lephone display
backlighting, liquid crystal display ("LCD") back lighting, flash lights for
Teghoieal, Ealli so forth. The fabrication of gallium nitride semiconductors
for use as LEDs, laser diodes or lighting, gives relatively low productivity.

THRONBOWA 180R0IRHER %%BHE%%ﬁ%@%MQ&Q?&%W%@A@% particularly,

ggéPththtat islnot tltmlﬁed. Furthermore, those that form a secon

GbStrate REUECHehr Aifit g HARAGhE He>50"sepEvr Asutrareadige noval of

EFPIGe sHBstiRting through the second substrate, particularly after

removal of the first substrate. Summary 25 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
?#68nted on the substrate and separating the substrate from the

plurality of epitaxial layers while the plurality of epitaxial layers is intact.

Géns resenesitheelieotisalh eptical, aachmechanicalBrePeHies ¢ilthss), iaser

BBl Y615 B0 SUUSRONEN SR eRAion O IS HOSIRTS: ary

a first stage of device isolation may be performed renqhwég ir%'g. .
WREaEMRy féabiigusenalsatitrsdplrdto o e ibiniae, theméischignals.
rettiiin telsempaldisgled geskifreiagh linpadacrfdtal riiepay Mayve bawneming, fiash

Rharerdalingd By ERACHHIRSHENRN SChingMAYRE égmea%gﬁgoés for use

aespi&fyggl a5$ Igﬁr.é Afterl_the first stage of device isolation the me
May Tarther 80 bq, gpoa{d Ig{éﬁﬁ;‘g_glves relatively low productivity.  Also, known

techniques result in semiconductor devices with a light output that is not optimized.
Furthermore, those that form a second substrate have great difficuity mapnaging the
second substrate due to warping, and dicing through the second substrate, particularly
after removal of the first substrate.

Summary

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
layer.
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After pad etching a final stage of die isolation may be performed. Prior to
the first stage of die isolation a photoresist layer may be applied to protect
5 regions of an n-type layer of the plurality of epitaxial layers during the
etching process. Following the first stage of die isolation a first insulating
layer may be exposed around the mesg, and the photoresist layer may be
removed. A second insulating layer may be applied over the exposed

awaﬂ%smmeaaebrwmedexsr ihe sidesPhibe eRliaxial ayess e?&gtchmg
? ent etc he eqrtaxra%lalaeygfr f%lietchlng may take place to remoe

et D 1R IR PR RER5RE Dart of the surface

ast 10 a par?c?f € Se ond
of the epitaxial layers. A further photoresist layer may be applied over

eXposedheUriacesgh the @eqeagltlmla%frtgoreyer ﬁdﬁr}fhﬁa?%eér%%’&eto protect
e r axi ayers ea ap 1or etc ng o the
Pg@q’%}e %ﬁrfﬂé’z}g} egr Egltﬁ-éx gl a;%t S, BRe mglr r?(iéfsraﬂk‘é"&ﬂ %8 heplagrprocess.
ﬁ?ﬁﬂwﬁ toediiFtataoericie Baliopades beriatewries BpitariakhepersaPhed the
fueﬂaerapbdtmreﬁretolﬁ;iayeryemaydyeb@%Ir@ﬁm@dAm%\échh@tm@ﬁéﬁh@Wemﬂéy be
bearplicg: ﬁ&c@mg@@gaﬁgseglerﬁqet%rgrrr%%?arﬁg Ty SR

%e isolation an arra%% n-type ohmic contacts m e forme
XS5eARS 8roeHiRE Fh saﬂm%gr Kt cgmishing dresé@barraﬁwageanﬁmmat least
steqitinf the provebnsRBiTgdayethotkpsy farthe treompssespiorotaxial layers. A

W@F%fb%@ﬁaﬁ}é‘?ﬂeﬁi@aérgﬂblm Rl it Laimial @‘%ﬁ@sse%%qgsﬁ fating
}east or&etﬁeed ?ger on the Iurallt [h%feégltaxral layers, and forming an

aﬂ?eralayer ORINE P a8 BREE e #h@%ﬁ@?%% RyelRdTRvag anpar for
#iftiogii e sixrpser aurtanst PrkectvitesiaUielensl Sippuytnaheke sinke thheah the

ghissipaietca @*&[ﬁélttha@ﬁbé‘é%@éﬁfﬁa@é‘@ﬁﬁ@éﬁi%ﬁﬁayt@fsth%e further photoresist

levices, Bef%e c}r%%;s%tr east one seed Iayer is formed

i
%@QR Flagir?reta{ Amic contact1ayer may De appiedft8RR 5%y pE N Py é(ak)e place
’Blﬁ?‘ﬁﬁﬂ?’ SP%RBBHEEF@?@E‘%O (b) a layer of a dielectric may be applied
over the p-type metal ohmic contact layer and the p-type layer; (c) the

rrere&tr'gé%h rgmér?s,rsmqgsg érgﬁrk%%ﬂr%%sh%“ qLal ohmic comtact . ve layer.

@yer and (d) the at least onée seed layer ma e osrteg on the

S@Eﬁtrecrér;@r HHGe R TR AR W@‘Earﬁ%étf@@‘eﬁ*ep in the process.

The method may further comprise: prior to separation of the substrate from the plurality of
epitaxial layers, forming at least one seed layer on the pluraiity of epitaxial 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 of: a structural support, a heat sink, a heat dissipater, a current
dissipater, and as a terminal, for the semiconductor devices.

Before the at least 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 fayer 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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3 After (d) and before the outer layer is formed, the thick patterns may be
applied to the at least one seed layer, the outer layer being formed
between the thick patterns. The dielectric may be an oxide or a nitride.
Die separation may be a final step in the process. 5 According to a further
exemplary aspect there is provided a method of fabricating
semiconductor devices. The method comprises providing a substrate with

ﬂf@P(&‘)”E)ﬁ&’Be%%%@UﬂX?@Q?‘?%’ ﬂ%ﬂe@?tﬁ@%ﬁ&?ﬁgﬁéﬁ@ﬁgﬁg%gﬁgg o the at

Fatterns. An outer layer is formed between the patterns.

a5 183R G nYPhitie PSS reveatielng: reest: tetwesnstissinigk, petterns. The
steiectricahsyppert,caitieat sinitide heat dissipide maytur refitalisspateire pibocess.
and as a terminal, for the semiconductor devices; and separating the

B [ 2l e gt The g Bl m e

AeatEARdhier devisasotTAgherihesithenuuisas|ayevidngathabstreteowtr daglarality of
d@%(i@plbpﬁﬁﬁlﬂﬁ_ﬁﬁi@@@ﬁ%@@%mmaﬁm@%@“ggﬂﬁ%%pw&% formed
QRSB IERINOTFR IR Suete MRYRD YIS R PRI L eRIR e of: o
ayers are iRtact an preserve eI‘ecatncaf‘, mechanical and optica
PRYpRBRIESET tASPIGHIRY SUPBRtak BERl NS, aThRapdiseinriandy Wamnt dissipater,
indivdslaakaevigeHofiheaaruaancuctiideyjces AbREaRdaRPAIYIGE om the
B@p@gpgf Qﬂﬁé‘iiéﬁ‘ &g included forming at least one seed layer on the
plurality of epitaxial layers, the patterns being applied on the at least one
seed layer. Before the at least one seed layer is formed a p-type metal
Ohenicteoitecthiay bemtdydse 1applibdkocapdypeelayetraéithe plurality of
epitaxial layers and a layer of a dielectric may 25 be applied over the

t tal ohmic contact | d the p-type layer. The dielectric |
R R e S e e

erierdaxet dagenohagabiseddipvsitiod de shpadidiectiibd aperatidghermetalrate from
phpicenpiacddaves BreklescHoumnohe awies oPEk A el e kHBehtact and
L Mg oy e e R R A L Bl
Eh@RASRIRG RSt dnlyGpeh dgyieasont tha/armisantustaedeyiptidn being

with reference to the accompanying illustrative drawings.

Prior to applying the patterns, there may be inciuded forming at least one seed layer on
the plurality of epitaxial layers, the patterns being applied on the at least one seed layer.
Before the at least one seed layer is formed a p-type metal ohmic contact layer may be
applied to a p-type layer of the plurality of epitaxial layers and a layer of a dielectric may
be applied over the p-type metal ohmic contact layer and the p-type layer. The dielectric
layer may be removed from above the metal ohmic contact layer. The at least one seed

layer may be deposited on the dielectric layer and the metal ohmic contact layer.

Brief Description of Drawings

In order thai 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 iliustrative drawings.

In the drawings:
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35 In the drawings: 4 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; 5 Figure 3 is a non-scale
schematic, cross-sectional view of a seiniconductor at a third stage in the
fabrication process; Figure 4 is a non-scale schematic, cross-sectional

MEWOT B semiconecing At furth siagsn e fahric: gggn%{%?&saﬁia first stage

Flé%l%re 5'is a non-scale schematic, cross-sectional view
CRPRFERSY HPSPRTih stage 10 in the fabrication process; Figure 6 is a
Fgnrscale schersetie, schessatectionslsecivral sisenicopelutioicatmsitth second

stageindbefrbrcationdiqcess; Figure 7 is a non-scale schematic,

ross-sectional vievY of a semijconductor at a seventh stage in the ,
A healon DASUSeR s STIGTRYS RS RORELRaR. UeNeRRicRYSREE I Rtef tird
stirge of hestahricaiiupenessan eighth stage in the fabrication process;

FigueeidsanRansaals-sehamaticos5asRerlional view @hdconductor at a fourth

s,{emicog‘d%c or at a ninth stage in the fabrication process; Figure 10 is a
stade in the rapricailo fOCEess; . . .
non-scale schematc, cross-sectional view of a semiconductor at a tenth

Pigusers s i AR Fadf calionalio cares-Faglivaal Yiew £ pegtstadietiemhd difth stage
iarpeskaeatoabviersof a semiconductor at an eleven stage in the

fhrgagion ﬂ%%%&nﬁ%#&%é?% QL SERIRP GRS 8#&%%%&5%8&58{‘%51 sixth
view of a semiconductor at a tweltth stage in the fabrication process;
UG P8 fQieRfien BEIESSEhematic, cross-sectional view of a

Bemic@nslacton-atae thinaeath, stage-wethentabiivaton peadessilcigute d4eventh

gﬁaggyg@ﬁgqgigi@‘ﬁmrﬁ%@%sg’ross-sectionaI view of a semiconductor at a
t

fourte%n_th stage in the fabrication process; _ .
Figure 8 is a non-scale schematic, 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 eleven
stage in the fabrication process;

Figure 12 is a non-scale schematic, cross-sectional view of a semiconductor at a tweifth
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
fourieenth 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 15 is a non-scale schematic, cross-sectional view of a
semiconductor at a fifteenth 30 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. 35 Detailed
Description of the Exemplary Embodiments 5 The GaN devices described
below are fabricated from epitaxial waf rs that consist of a stack of thin

%@@9&%@8@4@@&%@'@& ifaxial affa‘r)fr%?n h'wa%ers%f%tgorw& ofa

composmon and t ness O e epitaxial la ers S onthe

ey’ %%@feﬁw@fﬁ@m@%wwwwgw o AgtRPitiebsEate. The
eonitesition theddinidkesesthat dre Badimateg: fsotetbedwaleritd sually adhign, and

B@@%Jﬁé/%%éms&ﬁ&mﬁlé%gi%%eo?ﬁ@m% ﬁm%%t@%%tﬁﬁﬁ@@@@% that are

ften in the ran%e 10 to 30 nm, and can be either AIN or Ga

%”8??8 SIS 1405 is etk e Piutal (RratS e Heppsipshenifif sapphire
BupRtakay@ith m dydseean oftreribifferdager thiat 3nayrberal relatbechiitbicN or GaN.

butey é@#@ﬁcﬁimﬁﬂ‘u?%ﬁﬂk@néﬁﬂ&%r%&@ Lrisdemeaiesn T&Mq}@%%%mf'&kiayer

buffer layer is follgw ther Iayers of, 10f

A e B ED Ral s AoD RO e ek e i e
ra%?sTa‘i%%ﬁl‘!ﬁ%@%@@té’@%fﬁlﬁé’%ﬁ@@%@r fafknietbvad Bethiker layers of,
f@rgmarriﬁi@athai\p N%N{O{a&d Iagers ane:senositedsd RetRCting S8QI0R ifigh wafer

HE Wy@ TQF%J %?Sogﬁtf%c%gogo %e Of Fg}'%rqf] sralltls'l n?o %wég than active

ultiple quantu and i genera ion: Bt 1t rmay be’ih 0
?89%9% sﬁ@ﬁ‘%[stHP%ﬁaﬁf?aéaV&&%ﬁiﬁ APaetEeTha hesagiysoration isfussigdixiatdouble
mtwmmﬂgaby oh etaingfg anintine migiabyapatsle poaiion WaEGY R’ bor light

@ﬁ&“'aéﬁﬁﬁﬂr%?t@é(%( M‘%Ef&%g%g&}?lﬁ%esf&oém%?@ 't%ﬂ JAVERIS The

e.range from a few nanometers to a few micron rocess Starts
R B SHI Gl AP ae'S ekl et (BT, GBI 3EoRgesositon
GG DMrd e @ty Hremeritaxin WEBEDr AbevibithyesLofahd tpdapidypyers is in

ey esrh oAl relvarsbnisiicthes MRJRyer 3 includes all layers below
the active layer 2, including the two buffer layers, and the other layers

referred to above. The p-type layer 1 is relatively thin - normally no more,

DR preferstiiplissaitendie sanRivon spoptirietd hapercblisdtiert hppitmelayer 3 of

gasuntypedayeead) the cﬁ;&m@ﬂm@abflaa@rvé Y beacat?]nwslf{%s&da(%%ubf GaN.
suitable re relative tlnsotatls

ﬁ%ﬁnﬁhﬁ% Mﬁer# trlg\]/?eae al'dpgrrﬁ%u be ?e? %lv‘zberiﬂor%precfteraﬁ Sl adfs'yeing the

Mﬁ@é{%ﬁ FEYRIEr qadpyéﬁ,@mebllqyﬁfﬁrfﬁ%red to above. The p-type layer 1 is relatively

thin — normaily no more, but preferably less, than 1 micron. A p-metal layer 5 is then

S.I}—

applied over the p-type layer 1. The p-type metal layer 5 may be of nickel-gold (NiAu) or
other suitable metal 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 minimize
diffusion into the epitaxiai layers 1, 2 and 3.

Standard 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, foliowed by
resist exposure and development. The resist paitern 6(a) serves as an etching mask for
eiching 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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diffusion into the epitaxial layers 1, 2 and 3. Standard photolithography
and etching are then used to pattern layer 5. This is done by 30 applying
a thin layer of photoresist (layer 6(a) in Figure 2) on to metal layer 5,
followed by resist exposure and development. The resist pattern 6(a)
serves as an etching mask for etching the metal layer 5. The etching may
be by wet chemical etching or plasma dry etching (see Figure 2). The

nhate#e%stsméam isidhen (§@9‘I§Qe£§£§té@g@é%@ %Iéﬁaﬁtnramwér%mms 5

will serve as an Ohmic contact layer t

th f N
T B8 B PR By el aes D B P ORHBRL o ey T
I&?/tér I?Pls%’att?é?ﬁféa enmaraydr TremsitRlonatioxidiegsite) i BESYSIRd emetering,

hepearinibgdereialdexacdoiioss 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,

87 shoustiifEBlsadeintgaRd BIRIMiRt e FRYo & Aralisscord rotsidsisyer 7.
Tayperea(d) its tappliectaved theiadde dayemasd e maistimihes prderagdr 7. Wet

QIBFL:%&EY%&W%J&%R%‘?&HIH& @I‘?h%x&?dé 57 7 %’%&rﬁé&&!ﬂg 9(3\9 ?f xide 7 in

etching (plasma etching) of the oxide layer 7 arrle out. The oxi

e YPESY ALY e iBaie iR PIPIRIBRIG IR @(m‘f%ﬁin $0de AR Gxnirsied by
eotesta Bty kOnthesrelistdd¢binenTdiapattenetchingnd hesipakigenéch) is larger in

sReoPATeFSNAVSEMPY isJaraetip aesadhanihe,Nink gl msadhak B Niau
|02 la ar 7 remal%gg >§tends across the NiAu Ie%% and down the

§I¥Fé "’% IS B (It [ B ARPIEFer I/ PESab ke FRLF RO YN f5Figure

#As shown in Figure 5, the second resist layer 6(b) is removed. Seed layer

deposition follows, as is shown in Figure 5. The seed layer 8 is of

nt me I Ia efera three different metal Ia er
% lr\g{‘ slge a er iﬂf cgﬁ 38?5 WI ﬁt [?1yc‘f §Leérl§'srevr\r/‘e SYSS: thge RISA ] %Pfggsmon
@H%@SI@?“%FWF‘E%? bEGEFb TGP ﬁf&ﬁﬁ?fﬁ?ﬂhﬁ}?f%lm‘\ﬁfédﬂﬁ?fefably
seconifféayarmanddhirddayemnd om%umm&mpne&dﬂabmﬁme%d adheres

Qihes 20 MagHals, %9% seb, | T%Iﬁeﬁ'ﬁﬁ gi@gg by t%;;PJ{% ﬁﬁ?%ya%%um It is

%ood reflectivity or e re ectlon 0 t emittin

Qe %éega%%m%eﬁhﬁa%“fd%/&‘s% *ar&m.aﬁdo%r fﬁ%\?@ﬁ‘(ﬁib Other
ceppeisomethies msatbridlseplastegbed ko of it (seiehably; fals quadnpiscthvty for the

ik rses [Ryerrany %ﬁH@Wf@ﬂ@rﬂi%gQﬂy& Cﬁ%%%%@%@é&@%?éh?o acts as
a diffusion barrier, preventing copper or other materials placed on top of it {such as, for
example, the third seed fayer 9) from diffusing into the Ohmic contact layer 5 and the
semiconductor epitaxial layers 1, 2, 3. The third seed layer 9 acts as a seeding layer for
subsequent layer formation.

The coefficients of thermal expansion of the seed layers 9, 10, 11 may be different from
that of GaN which is 3.17. While the thermal expansion coefficients of the Ohmic contact
fayers (Ni and Au) are also different from that of GaN (they are 14.2 and 13.4
respectively), they are relatively thin (a few nanorﬁe’ters) and do not pose serious siress
problems to the underiining 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 8, 10, 11 can be used to buffer the siress. This may be
by one or more of:

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

{(b) by having sufficient internal slip characteristics 1o absorb the stress,

{(c} by having sufficient rigidity to withstand the stress, and
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semiconductor epitaxial layers 1, 2, 3. The third seed layer 9 acts as a
seeding layer for 25 subsequent layer formation. The coefficients of

thermal expansion of the seed layers 9, 10, 11 may be different from that

of GaN which is 3.17. While the thermal expansion coefficients of the

Ohmic contact layers (Ni and Au) are glso different from that of GaN (they

are 14.2 and 13.4 30 respectively), they are relatively thin (a few
nanametsyhiaging sladea tResrapekiQuEisHesssRIgRlems 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

bréierre aftisdeddhsang! iegasiisionts othal o dhetiisst g td bisffueitrebly less than
siresstnEhiscnayider hy, ene efalmrﬁ@fse35r£mawrh@vmgr§&éﬁé®@%ss than that of

J}%X{pl &M&&F‘BS%? E‘%Erﬁ}!% ﬁ*le(l?l)réMa % ”ﬂg %Uff'%'en nternal S(‘;Pt ?oeﬂ‘zc:ent of

aracteristics to absorb the stress, by h avi ng su |C|ent rigidi

PRt RS St eds? dnd? 189y H@(ﬁﬁd %r@&éobﬂwéﬁﬂtﬂvéywﬁsffoﬁoeﬁrcrem of
iteefiiientiansivihe €dseraf tgeadied (Hyerrd at opeéficiepés wiababdtrcfiiatof thermal

layerddnismreierably; L%at cgaﬁrcgrr@eoﬁﬁg%g;'eyﬁgnﬂs%n% H?Q&&J 8 the

refer less than that of 5 the t layer 9

econd layer 10 is
§95}ﬁ.51%“%%5r ?§F|§§%r e as9 e RO SRR R ECcoUTRARASPRa RhAe Seed
lexprrision, dfl A@, ¢chessadoadclayerayGimabinbettastalothanithitaxcoddfieient 2, 3 is
@iniheaynal expansion of 6.3, and the third layer 9 may be copper with a
coefficient of thermal expansion of 16.5. In this way the coefficients of
thermal expansion are graded from the Ohmic contact 5 and SiO2 layer 7
to the third copper layer 9. The thicknesses of the seed 10 layers 9, 10, 11

IBERChRASE m&pm&qmaranamaﬁﬁh@j&ﬂr@%am the sitaxsiallayals dndicddntact 7,
fipiRedJL w%h%ﬂtﬁ{efﬁ%q%% SR 0ES AR STESHT e 21, andror

er 7 and Ohmic contact 7 rences’in
f@ﬁl WensiBh P&@'ﬁ%@y%%@"&fﬁkﬁ?@%%&?&t%n@%ﬁﬂi’oﬂ FaruAiifeagnt materials,
metosiityeplaradity obgegd ldjersrd cheridenl drafighiffarenpamtefialse stresses

Raricmarkymetals sackhhav %&Qﬁft‘%ea&&%eg@@ %8%%{1%% resuitant lower

% ?)pansmn the stresses of thermal expansion are sprea rou

K1 A Falner SRRaiet et EIbRr R &&%rkug should be of a
rsejsaicd tath andetifeiyurey Towfiifstiseethéayear &dpshsioid Wmnémitﬂe final layer 9

ABEA WikyRreladiebniaw rerfiFiepiAbihe pal &XRaR st WhsiE R 1., 10,
t‘ng%!e%edg ate layer(s) should have coefficient(s) of expansion between those of layers
11 and 9, and should be graded from that of the first fayer 11 to that of the final layer 9.
There may be no intermediate layer 10, or there may be any required or desired number
of intermediate layers 10 (one, two, three and so forth).

Alternatively, the seed layers 9, 10 and 11 may be replaced by a single layer of dielectric
such as, for example, AIN with vias or holes therethrough fo enable the copper layer 9 to

connect to the p-type metal layer 5.

For pattemned 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 photalithography (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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may have a higher coefficient of thermal expansion. If there are
intermediate layer(s) 10, the intermediate layer(s) should have
coefficient(s) of expansion between those of layers 11 and 9, and should
be graded from that of the first layer 11 to that of the final layer 9. There
may be no intermediate layer 10, or theye may be any required or desired
number 25 of intermediate layers 10 (one, two, three and so forth).

él&?{n&} W .gyg,sggd l@s}/ §le 8“};% 5}91@;']1 %atéélgﬁve f %ﬁ]equgyhaegﬂ ng%lr?erated in

)éer of dielectfic such as, for exam AIN with vias or h

Y@W&@Hﬁéﬂem@%@b&wﬁacray@ve;% R iriaidiBRe-gpe Hiskdpver 29
tage b8 . B@Mospritertidckplatirngdf astdlativedyntivcit hetal, |layem22 efra, or more
gRAdugciye 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
prigreptehthitioresikesapplicstgptibthedvelrebisto g thhithicesd taipgebypay be
@W%Eﬁa@hﬂiﬁ@t%ﬂé@gh%é@%@?@ bgglﬁ?ﬁﬂ%ﬁébnﬁi%ﬁy%f&gﬂ@ formation of

in.the region e s define e thick resi

R S e i B R e At 7

ISHR% EF GrapROtEINRSISE ﬂ@%'ﬂﬁ‘rm a single 8 metal support layer
29. As the p-type layer 1 is relatively thin, the heat generated in active

ﬁeée,reg,g& q@?ﬁa@@%?{%& %es&&pgy%?rde&% ‘?et E)kBI%¥%§1 gthgr fng’?e%jéi able

layer 29 may bé of any suitable thickness suc or exam

tp rfmfﬁ* f AthPSBPPhREC tRAEPD T 1S Nﬁgﬁﬁatﬂfewe Betista e dgipReafisrubimate
shepehidreigests th2,dbéctsrd seed layer 9 may be partially etched in the
center of the street 31 between the mesas 32 for the formation of the
féé:%ephotores ts 12 (F| ure 6 andtglatlng of the main copper layer 29

igu

T Fhit ﬁﬁ&iﬁ% AT B AT oA AAFRSRiPeL O IFHE T &5 9
st raaffeemsfterim aterial waeidas et eraanpldatStiBoerding atkfer, mateardlof the

RBteridodoma WgbrashefH sl padtRins: dhpaten phtberpsistadarate 4. The

ﬁg (!Br}ens} t? ﬂé”tgyate sha anx%smle of thegdeVIcesl 15 The, ngoval or
fi-off OF the sa phlrzz bs%raaie THe nata Eeﬁlﬁ ual—ogufleg g%ed@f,&poxy’ an

emulsion, a giue, athermai glue, Crystal Bond™, wax, or the like.

A laser 37 is used to apply a beam 36 through the sapphire substrate 4 to the interface
between the sapphire substrate 4 and n-type GaN layer 3 to separate the sapphire
substrate 4 from the n-type GaN layer 3. The beam 36 may be diverging (as shown) or
collimated. As a result, the sapphire substrate 4 is removed from the plurality of epitaxial
layers while the pluraiity of epitaxial layers is intact. This preserves the electrical,
mechanical and optical properties of the plurality of epitaxial layers 1, 2, 3. The soft buffer
layer 33 may then be removed.

This exposes the lowermost surface 13 of the n-type GaN layer 3. 1t 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
removai 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-
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soft buffer material 33 is provided that encapsulates the entire wafer, or
part of the material of the wafer, and the exposed lower surface 35 of the
sapphire substrate 4. The buffer material 33 may be, for example, a
rubber emulsion, a silicone, an epoxy, an emulsion, a glue, a thermal
glue, Crystal Bond TM, wax, or the like, 20 A laser 37 is used to apply a
beam 36 through the sapphlre substratge 4 to the interface between the

EQQPQ'E%%&Y’EJ&@E‘% dadype %M lay&! efrbeam g@%&*}ee%(%gg Qround the

substrat m the n ggfe GaN layer 3. T Iverging
TESBABWAY O EBIrh R dEraeOMsSult, the sapphire substrate 4 is removed

from the plurality of epitaxial 25 layers while the plurality of epitaxial layers

@é‘maﬁrevhﬂs@r@ﬁ@mg&%s&eorw'mm@ Ghani @%&}Pyg%r&r&%eﬁ%%mns

3. The soft buffer er 33 may then

of t{? ?ﬁburah% epr axial Ia ersl,?2 g{
Betd s %5%‘8&%9 &@@MB&%%&E%%@%‘H 'A-t598 %%N“age for
mﬁéﬂ&dﬁa@@réeemsw mﬂ@ﬁumeﬁ théhsubbipate vt taleesplatatidiijeparallel,

r&aeeepiramréaﬁ@r&@raﬁamgt&a{mﬁ@we@heaﬁ@dwo@tcrem;néﬁra%ﬁg&ron. This
structural stre aving the epitaxi ayers inta ta e time o

femoval th ﬁ eg F?ﬁ:aggé %ﬁ%%wpr V(E)%tlca rc)irsf)per § sf?Htéjre}prtaxral
layers are preserved 35 As shown in Figure 10, the individual devices

Aleydrer? isbhididrappiracivetiier by enchueicbing trensitheiapwly, the sides of
tﬁéﬂ?ﬁi%% Bufacs along the gdaes A0 of ihe H" 2 % hP}%’Eﬁ%}u’r:églr’{ £S pad

4, with a photoresist layer 41 rotectin he regio s 0
Fehothen B eiaRAg Tfhé%\%‘fﬁﬁ@‘*p? péyeTiiLIPaedhaudros réyefrﬂre n-type
leygodsed around the mesa 39. The resist 41 is then removed.
AIternativer, the lowermost surface 13 of the n-type layer 3 may be
leaved at Io% ations 5in allgnment with the photoresists 12 and the dies

WEIRIHERESTRYSE Bt RAPRNESRY To IR g RsLRY SR &' dip GEeef A2 and the
@Wmcéér@fqmneg/peda%ﬁalaaemrbs:@mﬂﬁllfy»mmrrm ottier ebypdesthingace 13.

ERIFIRESaRASIRLS BAIRINGA tRigecaBaunlal ialatdnirragbseligctinned s

acts as a light amplification system for improved, and directed, light
output. 10 A layer 42 of SiO2 is applied over the exposed surfaces of the
iR ASTstMaMed ardiaeawypeittavanydris apnticthe\sarmbrewbahed lower-

duigpesGadidayesss (Fighee Lith. thisd pateiiig therctakiag MHasadrEemRLeFigure
rﬁftﬁﬂ%ﬂaﬁ%r é‘?(ﬁxlg%r% tli‘f gr%fa}c%r%; sefetg ‘?aersD S 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
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.



layer 3. 15 A further resist layer 43 is applied over the exposed surfaces of
the SiO2 layer 42 and the center of the exposed surface 13 leaving a gap
16 for etching of the exposed surface 13. Etching takes place through the
gap 16 to surface texture the exposed surface 13. The resist 43 is
removed and a new resist layer 44 is aﬁbolied over all exposed lower- 20
surfaces except those aligned with thick patterns 12. Etching then takes

(El I t 102 layer 4 an r
e o e EIS potierce 8 e b Jafky SEECRENE Rlrs o
HetegsaretheriRiPpidh everehiayesal RaingPnmeayriLusspbpiggaing with
dan ddtptthTreesseond thermbipe SN Iayer Bsn-thsd theclayershfare
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
Yéritel therefae egypeesaierhife e niegeigapascimioprresrsy fodzedinents
Shenlayaesdi MayrseONe AimMauderriGotliiayerssdsimmabe the 88 ology

or different. They may be, for exam 18(a) 30 titanium, 18(15'< _
SRR, e A L A R FeRp AL e D cpgstuctin
lager 298 thenadelishedtfiat{Figdepdr8gThefdigs ardhhen patent  invention.
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 35 layer 29 into individual devices is not required. 10

In this way the seed layers 11, 10, 9 and the copper layer 29 act as

reflectors 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. 5 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.
MCSLLP 11 CLAMS 1. A method of fabricating semiconductor devices,

the method comprising:
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providing a substrate with a plurality of epitaxial layers mounted on the 5
substrate; and encapsulating the plurality of epitaxial layers and a part of
the substrate with a soft buffer material, leaving a lower surface of the
substrate exposed; separating the substrate from the plurality of epitaxial MCSLLF
layers while the plurality of epitaxial Iayé?s are intact while preserving

electrical, mechanical and 10 optical properties of the plurality of epitaxial

layers; andJemguing the soft buffer material. 2. A method as claimed in

claim 1, wherein subsequent to separation of the substrate a first stage of
device isolation is performed by trench etching. 15 3. A method as in claim

2, \R/hé?‘é'n‘?tﬁ?é’s‘%ﬁai’rrﬁaﬂ%éﬁ‘%‘ﬁB@@Hﬁ@h??&‘%eép%ﬂtﬁﬁmﬁ%”@ﬂﬁﬁﬁate

the trench etchingdieing aldry adgesobenlotrihesh epitAximetadsasinnted on the
claim 3 suaeegindhe mesas are formed in an area defined by the 20

trench. 5. A m@ﬁ'@&ﬂs@%&l@'fﬂ@%tlﬂeﬁ@@égﬁﬂuﬁ %Qet,lgeaﬁg chla t§m%?s§bstrate with

through the Lptr,amal Ia ethod as claimed in cl ereln
after thé firot LAy oart%fe B Pé'SPa? 6?1“‘[?{ %aect%%ﬂ?ﬁrﬁ%?%ﬁﬁt‘%‘é?ﬁad

etching. 7. A rﬁ@?ﬁtﬁ‘i‘% HgirhkeRirRtgairare, it eraipliaftef paiietehimysas while the
final stageraiidie’ exdtatianiiyperformetic80/RieAorasthndgasietdimedriRchanical and

claim 2@%&%&’%&‘8&&%&9\‘%@ ET§F;§E@%¢ éﬁsﬂkﬁaﬁ%@@%@d photoresist layer
is applied to protect regions gf an n-ype I%/er of the plurality of epitaxial
layers during the' et’ctﬁng process. Mg%?_ 12 9. A method as claimed in

claim 8, wherein following the first stage of die isolation a first insulating
layér ifangbsedsarmimetieanesd, andrte uibotaresistdayeaiatisemovedubstrate a

5 10. Ayaiatags AuslasesdnlalpSihsici asacend isulating layer is

applied over the

3. A method as in claim 2, wherein mesas are formed subsequent to separation of the
substrate, the french etching being along edges of each mesa,

4. A method as in claim 3, wherein the mesas are formed in an area defined by the
trench.

5. A method as claimed in claim 4, wherein the trench etching is through the apitaxial
layer,

6. A method as claimed in claim 2, wherein afier the first stage of device isolation the
method further comprises pad etching. '

7. A method as claimed in claim 6, whersin affer pad etching a final stage of die
isolation is performed. ' |

8. A method as claimed in claim 2, wherein pricr to the first stage of die isoation a

photoresist layer is applied to protect regions of an ﬂ-ty'pe layer of the plurality of
epitaxial layers during the etching procsss.
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exposed surfaces of the first insulating layer, the sides of the epitaxial

layers, and a center of the epitaxial layers; and pad etching takes place to

remove at least a part of the second insulating layer to expose part of the MCSLLP
surface of the epitaxial layers. 10 11. A method as claimed in claim 10,

wherein a further photoresist layer is appli€d over exposed surfaces of

the sec insulating layer and the center of the exposed surface of the
epitziia?{l]zﬁ1 %%%ﬁ!e%%i%'a"éegdaw P B PG SeiRdrpise the i cacgithedie isoiation s
epitaxial 18y SR &iekilg Bikin pishase dheougi the gapds AR MM Resist layer i
the expds@dvasiirface of the epitaxial layers. 15 12. A method as claimed

in claim 11, further comprising: removing the further photoresist layer;

applying.a-pewLhotoresist layer to all exposed surfaces except those
aligned with tgg%;{gﬁgrﬁésgna%%@%‘eWéWfﬁﬁ‘ﬁé%?ﬁSé%@@F&&ﬁé@ﬂm&Md over the
i

aligned WitAH @I???a?fetff?sfﬂ“éfé'kwg@aeiﬂdsrotnheiﬂ@i@l@fﬂ&ﬁ@@&xﬂ&tﬁers. and a
method &8 ldiftesl 4nitetdahiBevehenel paftatrlieyisplalion anarayof D-typ

e
. . _ f a part of
ohmic centactadsrieummdosthe,2iyRe:layar, Anld, A method as claimed
in claim 1 further comprising: prior tc})6 sepgarat%%nﬁgfstw?ga if%&%ﬁﬂ#@vem-

plurarqtonf e{?‘itgxial layers, forming at least one seed layer on the plurality

of epitaxial Tayere: atid Toring4A dterripr afutieabteastoneispeds applied ovar
layer, tHERSGRST fyEcBRing t@ setativelysihigh angyoeing.fonatleast Qpe;,, exposed
selecteduifors tiehgrepimcansissiagafia, Q%‘é’p%b%%ﬁﬁg%ﬁﬂg%‘%%%d surface of the

supportegrheat siaks af Issipater, a current dissipater, an
terminal, rcth;}%mic,? n%%%ﬁag%\é%gg IR R AR tPiuctaling exposed

14, wherein before tHe &t fesdebhe seed layer is 35 formed: MCSLLP 13
a p-type metal ohmic contact layer is applied to a p-type layer of the

plurdftycteshithriatlaivessin claim 11, further comprising:
removing the further photoresist iayer

appiying a new photoresist layer to all exposed surfaces axe

) ept those ali
with thick patterns: and P & aligned

etching the exposed surfaces that are aligned with the thick

patterns to expoge
ends of the thick patterns. i

13. A method as ciaimed in claim 8, wherein after die isolation an array of n

. -type ohmic
contacts is formed on the n-type layer. v

14. A method as ¢laimed in claim 1 further comprising:

| prior to separation of the substrate from the plurality of epitaxiai tayers
forming at least one seed tayer on the plurality of epitaxial layers; and ’.
forming an outer layer on the at least one seed layer,
relatively thick and being for at ieast one selected from the g
new substrate, a structural support, a heat sink, a heat
dissipater, and as a terminal, for the semiéonductor devices,

the outer iayer being
roup consisting of: a
dissipater, a currant

15.°A method as claimed in claim 14, wherein before the at

least one seed |a i
formed; e



10

19

20

30

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

and the p-type layer; 5 the dielectric layer is removed from above the

metal ohmic contact layer; and the at least one seed layer is deposited on MCSLLP
the dielectric layer and the metal ohmic contact layer. 10 16. A method as

claimed in claim 14, wherein after the at Iéast one seed layer is deposited

and before the outer Iaﬁyer is formed, thick patterns are applied to the at

least one seed RyENRACSIE PR BeRpidaYRdiDamien theathiekpe layer of the
patterns PR7alityrrbembaxias leveimed in claim 15, wherein the dielectric is

selected from theigyeupr 4 %icRESISHOGAHIAN QXiAGA0d Nilde, 18, A
method as¢imed i glaim 14 further comprising: ;ﬁﬁlli(gfl?ing the gﬁ%rc contact fayer

layer; and sepa{gltlr&gel‘g ividual devices by virtue of the thick patterns
being of a 20 matenial that do85 FiPAMERtBrthabsrel fajratagimtsatontact tayer;
the outetal}ﬂ/er does not require dicing for device separation. 19. A

method as clairtfedaticmy wreefClaimsid dopb8itaMhereln adaser L
apply a beam dbreugikibe substrate to an interface between theciytiﬁggf'gthe metal

and the plurality of 25 epitaxial layers to separate the substrate from the
plurzilgty of epitaxial layers, the beam being selected from the group
consStf?\dTﬁ?We"i‘@iﬁé’}%‘?ﬂj Boflififatdd, 20hteinetfied tas claimad ihelaiBd tayer is
14 wheﬁ@#Pﬂ*f@fbat@r bajee tizs @utickness seleedn BRI appicd to the at
consistisgeotal egs R EBdAERP 2 A0 2R Aot AS

ine ‘

claimed in claim 12 or claim 16, wherein the thick patterns de

uItin?:?t%\sha&e and size of individual semiconductor devices.
- A mathod as claimed in claim 15, wherein the disiectric is selected from the group

consisting of: an oxide, and a nitride.

18. A method as claimed in claim 14 further comprising:
polishing the outer layer; and

- separaling individual devices by virtue of the thick paterns being of &
material that does not adhare to the outer layer such that the ou‘ér layer does not
require dicing for device separation. '
18. A method as claimed in any one of claims 1 to 18, wherein a laser is used to apply a |
beam through the substrate to an interface between the substrate and the p}uré{ity of
epitaxial layers to separate the subsirate from the plurality of epitaxial layers, the

beam being selected from the group consisting of: diverging, and collimated.

20. A method as claimed in ciaim 14 wherein the outer iayer has a thickness seiected
from the group consisting of: at least 1 mm and at least 2 mm.

21. A method as claimed in claim 12 or ciairﬁ 16, wherein the thick patterns define the
ultimate shape and size of individuaj semiconductor deviges,



