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T Separation of Sem conductor Devices for Light
Em ssion Technical Field 5 This invention relates to

oo MR 75 55t et
excl usi vel yy 59« t he separation of such sem conduct or

devi ces after renoval of a sapphire substrate. 10

Backgr ound far

examl e, S@ﬂ%l'az ﬁmo? ggg%g%ggctggpef%?#ilqh%?fél}lssmn

di odes, photo detectors, transistors, switches, and so

f peéHhicaAERigM del y used in many appl i cations. Well

known applications include, but are not linited to,

traffic signals, 15 nobile tel ephone displ ay
bae'm'nvgﬂv%@'at?ﬁ tquhe sexayation|of geraispagyctor Eemqs forbigt emission and

| Fegdrt i mncufdrlasfhou rh Gt %xél%vefcf?aﬁ@rtﬂé , sePBRiS® dF YubR - sed@nductor
brlca ion o nitride sem conductors for use

e‘ﬁ:elﬁf ©f f§§‘8¥a'g>?88%%9rn8f—’ SPhYAE ng, gives relatively
I ow productivity. Al so, known techniques result in
sem conduct or devices with a |ight output that is not
i mzed. 20 Summary According to an exenplary
gﬁ%‘tﬁm!ﬁ"ﬁére is provided a method of fabricating
sem conduct or devices for light em ssion. The nethod

c @Hﬂ@e?r%ng{i&é/r‘ GHvRgs %ugr'5as°‘ qgﬁ%faﬂ@%,}%?ﬁt}inzﬁigh gﬁo%le!s RXEBE) laser

epi taxi al layers nounted _ _
sHigdesatNAlg detertorsybatsisiare $witshes redpioufosthi esg widely used in many

E‘Epﬁhadtloak |W§él$ﬂ(ﬁ0\)mla| Sllc%f’kﬂ\spllnélﬁé’é '5u‘1’ a‘Pé n%P:utnﬁé‘d ), traffic signals,
el ectric

ORI elhons SBSh paShPERBRIR el foey e s Beckfnting, fasn

| tights for cdtodrag G sb fdrth. Skhedstaichon digallilire nftidessenftduéors for use

f o) % lation rfor

¢ PSR Ty Rhode b TaBE. el el I WY, A koown
f teﬁgrt'qtsﬂsag%ﬂtcw SQ]’@'WQ?@C@S@V&?{GB oMith @Wehtrmltmbtﬂiahlawa eptitrired.
conprise pad etching. After pad etching a final stage

of die isolation may be perfornmed. Prior to the first

stage of die isolation a photoresist |ayer nay be
appinimadly t 0 protect 35 regions of an n-type |ayer of

the plurality of epitaxial l|ayers during the etching
roceg .  Follo the first stage of die isolatiaon

PARGII5S dp' Py SHeTig b asRathIbEd B Gimiedha il o nabricating

t k@mﬁbﬁﬂu@f&sdé\tmésa%}f I@ﬁty eR@ssioRNOMRI. mdh &€ Catbrisady Sroviding a
osubstr(% Wa p‘]eurgl%) epltaX|aI 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 and mechanical properties of the plurality of epitaxial
layers. Subsequent to separation of the substrate, a first stage of device isolation is
performed by trench etching along edges of each mesa.

After the first stage of device isolation the method may further comprise pad etching.
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
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 SiO, layer may be exposed around the
mesa, and the photoresist layer may be removed. A second layer of SiO, may be applied
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2 over the exposed surfaces of the first Si Q2 |ayer,
the sides of the n-type layer, and a center of the
n-type | ayer. Pad etching nay take place to renove the
second Si2 |ayer to expose part of the surface of

- the n-type layer. A further phptoresist |ayer may be
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applied over exposed surfaces of the second Si Q2

| @V&rthé‘réQpéslaa s%ﬁgée%rofotfxe #.Fé‘?fs%(zplgf Cdth%% O%Césf ge é\EiRS%esgaer and a

n-type yer leavin hi'n
s Getercd ”@f" tyRe layet ﬂ@é etc yﬂé may t&ecnlﬁq&go reayovedieesqebad 8i0; layer to
t Bf(;ﬂiél batt Betrﬁas@rfb@s Stthé A%feliSyer UL RirthB&p W@sﬁﬁ%y@“ anae%g applied

The further photoresi st
ngglerﬁép?sgﬂﬁégaces /58( ﬁ\?\ﬁeﬁm %pé@ygrtaqdé%perﬁ%[)pf e exposed surface of
apel n-ope I&tec heavingnmgap ddreeteHiRE 6f the XPPRIESARES opfhe n-type layer.

t Ecﬂhgmftgﬁé] Iac?1 cfgh%?g%e Ifsﬁﬁﬁcg%teotﬂret H% eﬁpc{séﬂéurface of the n-

I WG #ayer The furibehribtaresistfiayet ey be campavies A déve psatprasiat lays may be
aﬁpﬁleﬁ'ﬂéﬂlngsﬁwgpta'kg ptalagtooé%tﬂﬁgesec’n Uﬂﬁ‘n é@%g&ﬂ may further
conprise: prior to separation of the Fate from

the plurality of epitaxial |ayers, form ng at |east

oAﬂerSc&@iiola&o’rEEn aftay bEn-Hoe roﬂl"nict dbn&fctserﬁé} B fotned 8Y MeSn-type layer.
at | east one

an outer, |la
g%mFiv&maytf %&?"é?”sre&?eﬁe%sf@ fieRyas %F ing! steR R/ the preRssaind
be| ng for at |east one selected fromthe group
c f ural . su a
e el hef e St e BBl pf e A FRraRIRN 0 purity o
t ewlw'ﬁhlayerﬁofprmln@ at easlconedsasddayer de\the pliralifOofBeditaxial layers, and

t
nmﬂb gh %@%" ::agﬁrteoarittﬁ@ thllfiéri%e fé%J Iggéfeﬁqe og@% I(??%Poetlr%@rglatwely thick

| 8Qrbbeing fos at gagh e taje %(saravp pwaﬂ@g of. I§) straiciuggy support, a

ofeaAABinRX4 Beat ARYipher, &Rﬂ?réﬁfhé%\b%ferté?ﬁ a3 attﬁﬁﬁné'[%a!he‘%@mc%nductor
coniast | ayer and the p-type layer; 25 (c) the oxid

| ayer may be renoved from above the netal ohnmic
contact layer; and (d) the at | east one seed | ayer

BRI ESABS bidsa E e | aver and the metal

ohm ¢ cont act and before the outer
| ayer @ fof ﬁé)tpe mﬁ@' *leélcorpia@ttl@fenmayﬂ)p appliethlol 4 ptypedayer of a

t higrafity of &@R%ikI m@sseed | ayer, the outer |ayer being
fornmed Setvve%& thick patterns. The thick patterns

may reflice ¢ e%l? 3 p¥idg H‘éy S6taepPligd.guer theop-fyRe nastlcohytic contact
alayerlahd trerp-ypelaydevi ce, and nay reduce stress in the
out er 8c?yerthe30§<ide layer may be removed from above the metal ohmic contact
layer; and

(d) the at least one seed layer may be deposited on the oxide layer and the

metal ohmic contact layer.

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 thick
patterns may reduce the area of the outer layer to the size of a cell for each device, and
may reduce stress in the outer layer.

Brief Description of Drawings
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Brief Description of Drawings 3 In order that the
present invention nmay be fully understood and readily
put into practical effect, there shall now be

descri bed by way of non-limtative exanple only
exenpl ary enbodi ments of the present invention, the
description being with reference to the acconpanying

] srabr tﬂEﬂ the p¢é's%W |ﬂge°m|or$ may bl qfn%‘é“sﬂ)%ﬁ ‘anf! rg#{{llg pillt ht practical

a non-scal e schematic, cross- se t1ona
sEfetoREecEhal new be dpsasibed by geay qfrnonﬂ@ltﬁm@r expatieonnly exemplary

pembodimentsi @‘Ufh@ Breb&t&nmiﬂoﬁcﬁaleede%@m%ﬁt bing with reference to the
Cross-se a seni conductor at a second

1accsf){'}?@@y'?%ﬂ%’ﬁ@t'\’%%ﬁa?’v@g?| on process; Figure 3 is a

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

sehe ARMEior at a third stage in the fabrication

process; Figure 4 is a non-scal e schemati c,

c FigEe. Kis @tnopreadle srhamatic, ciossesectanatiview of a semieorfduotot &t a first stage

Stn&g@fébﬂcéﬁbﬁ fRBgd: cation process; 15 Figure 5 is a
ﬁematl C, Cross-secti onal view of a

2 E o‘ﬁﬁfﬂ:fs’%} -scale schematie, cegsggaCtiondl Vigye of 3 5emisanduster at a second

petagemthe fabgeation frocessa non- scal e 3chemat| c, -

C -sectional _viewof a s n ctor t a sixt ,
SFRRE F5° b N Roalt | heRie” RRRaedBial el o stmicpndtctor at a thir
netags ndhefabodatiompiocessgr 0ss- sect i onal VI ew of a

S?@Pr“eot{‘%ughgﬁ _s&ie iR %\é‘?gt aosszé%lcl%n%g9|e\|/vnoftah?eeémconductor at a fourth

ication process; a non-sca
sétﬁ@*?rﬁtt'i‘%fabmaé@gp@%ﬁ onal vi ew of a sem conductor at

aRigeledt B noﬁlséﬂé sbHentdie Jr@é%féeE@nb%vPB%Wcon%h P( & atifth stage

n-scal e schematic, cross-sectiona lew o
s@ﬁ{‘%gﬁﬁﬁ?&%f’roé?ssa ninth stage in the fabrication
pFlgmeS&js 2mohisgale @cAéati, BroB9Becticrdl &iewC BEARBENfconductor at a sixth

tggg,nﬁﬁg{ahgg@é%ﬁ of a sem conductor at a tenth

1°CatT on process; Figure 11 is a
5‘§Ul”§c7a||$@ nonkRsAt Schematico srosseextiomat alewvof eveenficamductor at a seventh

sggbé:ﬂq,qéj@b@gat,@ﬁ R'%Bes%l even stage in the fabrication

Process, gure 2 1S a non-scale schemati C,
cFigus.- 8S'éc"t n%ma'e\ﬁcewa#c 5rO5EREQONR] ieMoeT aaseraicengettpt 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 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
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30 stage in the fabrication process; Figure 13 is a
non-scal e schematic, cross-sectional view of a

sem conductor at a thirteenth stage in the

fabrication process; Figure 14 is a non-scale

schematic, cross-sectional view of a sem conductor at

a fourteenth stage in the fabrication process; 35

F [ c t r tional

FaneE 18 s & rnSeile S Rp el M Cont 98, 308 1ehMRinguctor ot -
f sisteppthstagn iping fasisationrpiocgss.Fi gure 16 is a non-scal e
schermtl c, cross-sectional view of a sem conductor at

a sixteenth st age in the fabrication process. 5

Det ai | ed Description of the Exenplary Enbodi nents The
GRbtailed Deseriptisofithe Bxéaplary Embodiatehtcat ed from

epi taxial wafers that consist of a stack of thin

sem conductor |ayers (called epitaxial |ayers) on a

s abp PaNedeyighs desaribed elew ace fapoeated fnwnaapdaxmlvd{e‘resum @bnsist of a
“é‘t@cl@@f' thﬂ’@eﬁilcohéﬂﬁérﬁaﬁ?@&:@me% Mhtaki Qq éj%cﬂpﬁﬁe l?tﬂg'ate The

determ ne g col our (vvave

t ﬁ%[PPW“PP 3hd t@\’fMGtSéoof e SRR Vayess dem@s aﬂ”ethe water design, and
f adteintied e I|§tﬁtW0hh@vaW§lEﬁgjth) ddsigitlthat wanl Bérittbd bf e de@bé€£ that are

03|t substrate with a
ol el OEROEeRn PRublea BEPRGler Byabriiet Ehesiespnbe sapphire
esubstrate AYitN agthicldaeNs oftéminttheé sangpa0itd BT ami o ¢dmi ke diEEAIN or GaN.

i ﬁ\ l?@tspgﬁﬁ&ftlbp?m% Jé/e} } | Ho;trc{é’a@%{agtej OOQA\IUEQ f IC&Q%ptqqlﬁ% thin buffer
I'ﬁ@NOtflﬁf @Wﬁ\lm%ﬂﬁdOfsﬁaNoN(haN aind, 1r53aj\epetﬁa1ru~d anfbso forth, are
a@éﬁo@‘{e@i higgdthieé Wgh%r' cfu}él’lt{/ h- fykf?%')'{ar@%% St @eﬁgg &d'bn the buffer

ed on the buff
VS st Ay el ouRs e TRaIonF A p-yps dape layers ae
ddmmdutddayerhs atige rélpPOs Uiy Bhaodtd h&t@rdsﬁ%t@r@ ﬂn§de of a single

S S R B8 o o
| foghe supbras: for iesamplBugquantunelgts bd he Wepdsditon of fepitaxial tayels is usually

Th [
26 7l GERIE e e (USRS Ly el soan ety
MﬁFéalT h%*wne@ee?fé@q enitgia lammwr jhegpngenfrase alfew nasameters to a
erewtrﬁmsns( MBE"). The thickness of the epitaxial
layers is in the range froma few nanoneters to a few
m crons. The process starts after the sapphire

sThesprocese startsaaften el sapghitedsibistrathet inast aﬂmed ﬁbylethe?zn 8be layer 3 of

: 2g2allrun'9@ rildle xgbﬂ*]ttl{é Q.Fa uﬁ‘l\%ﬁ ceartrabcive ant \cﬁlheep &p{é?cglr\{eof GaN.

IH}PGQ‘WHIG‘ layery ‘eisaeliawlyyhmm mealhmoﬂmré ybuhprefanatﬂy lebgitthan 1 micron.
PA frﬁétéhé r |5Q§%1entgbgfbd]n\f§'r tHeY type 'ﬁ fretal Ehetdl lafer 5 ma
t hgn ap ))é over OFF g The t?éé tag? y
nygploge rﬂﬂﬂ (NiAu) or other swta Ie metal and is preferably relatlvely 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 epitaxial 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, followed by
resist exposure and development. The resist pattern 6(a) serves as an etching mask for
etching the metal layer 5. The etching may be by wet chemical etching or plasma dry
etching (see Figure 2). The photoresist 6(a) is then removed. The patterned layer 5 that
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be of nickel-gold (N Au) or other suitable netal and

is preferably relatively thin so that it is

transparent. Alternatively, it may be reflective. Mre
preferably it acts as a diffusion 30 barrier to

prevent or mnimze diffusion gnto the epitaxial

layers 1, 2 and 3. Standard photolithography and

e

tré;rnélﬁ@?r@{h% shhgéﬁj&ﬁ)et?%é gaﬂﬁfeﬁag\{ulﬁéﬁ a%arz fgmnﬁ: do {a@flg%r to the
i ﬁ tyq ?l‘é'azyr brAtngaling raay tlabﬁ;/elaceselthebwf@rm aﬁsr layeg §iisspatterned.
exposure and devel opnent. The resist pattern 6(a)

serves_a e({chn sk for 35 etching the netal

| VBT E O slibnalionie i TR d5B0RiGT RURT B SHAIING TSR fyeighortions 5
plaag the pi-type @GN hiyerg1 (Rigere F3) By raestZndardl thén mhxodeybaadmshwethod This

6 ' he atterned Ia

i, b8 by sl R el Bn By DUARE PRSPV, sputering
sévwr%t@namomﬂﬁﬁwta@@rteMQUaner to the p-type GaN

| ayer 1. Annealing may take place either before or

after layer 5 is patterned. A layer 7 of silicon

dASENEN Insriepe 4. @ %féﬁfef&m%ewé?yef RE) iearRliad eyerghensxide layer 7.
I auerresmrs trQﬁSpaﬁeﬁeal’éﬁdts@ﬂ/eﬁ)'atsyrﬁ&kcfaﬂ\bat%)/rﬁﬁg ﬂhe(&uwra?er 7. Wet

Bl 3§ AR eland lstireb RERF e BECF scepisgiou ofpe oxide 7in

( tHeECRE®' J(p) wherkttieere igno plmzezps:staa(b)oa rersvedt Wkife aditet Aplotected by

t %hr'gkl ?) u&W g{cﬂmg 9’24% Z)aﬁ’erngueg'?e %ﬂg ?es'i;sh ?aty%{)g(!%ﬁ’st larger in
r é@iasthaﬁ thet Nié\h lqm besortbet the §idayasy r@malm’skeﬁ@‘rds across the NiAu
p?atyéteﬁ thqgoﬁmﬁe%?ﬂeg%f N@M%ye?S td'fe p- t%ﬁ&f}bﬂga)@ 1d5§/shown in Figure

et ching (plasma etching) of the oxi ayer
carried out. The oxide 7 in the areas 7(a) vvhere

there is no photoresist 6(b) is renoved, mhile oxide 7

pr, h ) ns aft

ﬁgggg\%’fer néu eéseg]g n %g?né'é,reggtq%\é@ gr‘gés( WOVS 'i"s ?m%"ged oxide 7 in
aFigaret haerveheasNhAdry &jobing5mask tohdefine Hiee Ble@ dnaybmh The device is
I SRy Foreqds across the NiAu 15 layer 5 and down

t he si des of NlAu layer 5 to the p-type GaN | ayer 1,
as shown in Figure 4. As shown in Figure 5, the

SS@@J‘QJ éﬁ&ép‘é&ltlbrﬂfbﬁbwﬁ ()is bﬁovfrﬁlﬁm@ﬁe 5 ThighePrbl ﬁ‘éy@?@ is of different
ves as the % et chi ng

?ﬁi@yﬁﬁe p%%gﬁbfh%ﬁgfrﬁfef‘h@%{ﬁyaé ad sty The first ©seed layer 11
Sudﬁﬁmwwﬂh layid fadheres! wefbee thel I nayde Basidtthe Sid Obyedvrs, it %?ay be of

d 8 di f
A B o ot LYt ] i
asopploi@spectinely.f Otret mategidis Insaydie ubéd. Trefirstciesd Wyénh1 taprelferably has
g&?d’ F‘e‘ﬁec‘,’iﬁlt* erQhE h‘@ﬂe@lﬁ” { e generae if hﬁe ﬁg &0 ﬁlxgedgvnce The

chrom um or tltan I um
b§e°§@€ §hed |'aa(9@ﬂ0 BOtsaavd ditiupian Ibagrier. pge\@ntlmsaﬁmeum gihgr materials

cpnaeaf or &qupaqﬁ (sMéH ¥s, f6X é}@rnp@w t'hﬂJj SedRay &) Ursl diffd&iRg into the
st se er 11 ﬁr ef er abll}/
mlc con act Iay%r 5 and the semiconductor epltaX|aI layers 1, 2, 3. The third seed

Iayer 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
layers (Ni and Au) are also different from that of GaN (they are 14.2 and 13.4
respectively), they are relatively thin (a few nanometers) and do not pose serious stress

problems to the underlining GaN epitaxial layers. However, a copper layer to be added
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good reflectivity for the reflection of |ight

generated in the light emtting device. The second

seed layer 10 acts as a diffusion barrier, preventing
copper or other materials placed on top of it (such

as, for exanple, the third seegd [ayer 9) from

diffusing into the 30 Ghmc contact |layer 5 and the
S%rcﬂg)d Lb(ét 9L RRl tagxﬁﬁldréggyﬁrrﬁwﬂdps Zandsgmulr}ﬁ%)’ 5-]15% g&%ge stress

| ayer acts as
i emms@ mhusHee gersklpyers 8ntls 1hran bersad to @xfﬁ%trtt@ §iresgf Th|s may be
t bgoﬁ@@,dnbramr s 9, 10, 11 may be different from that

e the thermal expansion

coef {\IcY@Wg'”gﬁuﬁﬂsnt&%'ewé%ﬁ?sgéq the skessayers (N and
Au) (br e Wlteeindistifficienbtefaiostp charbctofsticaly dosbeythastresd 4. 2
and e relatively thin (a
few (%gnoﬁfer}% g %L#X'gktdgwl%[b Mg’gea%cs’gﬁ ugs & ¥e
pr odHk mdoytf@vm srasﬂﬁd émelrnnahaxgar(sm copffi l:larxtsal | ayers.
However, a copper layer to be added 6 I|ater may be as .
thick as hundreds of mcrons and thus may cause severe
s 188 sasqypfspdadethermal coefficipatss thatiof the Bistlager G preferabin less than
behatsEle E6cdad idyer 16, hﬁd%a& Qb6fhe sé&Und IARY 108 pr@ﬁéra%ﬂﬁeé%r than that of

ff t fl bilit
B I BB g i i bl b arcofioen o
s thiepnal hedparnsieT Dsmgc_ﬂwe_t secahd dayler ubemes,t be SantalurhOyitho coefficient of
gﬁg“r?%)e%g{ﬁsl@l/o?ﬁtg& éﬁrcgt'ag J‘Il‘% lée}%rrg':mag gper ethsétcrogf%gibnt of thermal
ce¥ianpien eh&s. Imthisteaydhe eoeiﬁcmﬂsa@fdbiertrhbemhsion are graded from the
COffid Cdnedat § anﬁ% Pert'm:o thb 15k J:d?%grr Iagé'r d SAP%W%rﬁ%tﬁzQ{)i%’ to have

| ess_t han he second [ayer

t Reeficentnef ?Xﬁ%?omwaﬁ differrsaict thab IaS/thIeéE:s@PQfﬁ&'fﬁSt Gpacerped, one metal
t Rgeddxbaktis v anSthefdntrectanpl €, the first layer 11 may

be chromumwi th a coefficient of thermal expansion

of 4.9, the second layer 10 may be tantalumw th a

c b dtief oudere poppef Iayermswmabppmmamedtlgm e BO3layarand©hmic contact 7,

tw rﬁﬁ%r@r}ﬁgg w?th%mfh(g F%%nglo att%nr@la)? ggjset%éc?(m géparation and/or

expans! on of
ctrdderei cPyeBosdingt hduiglity ok pegts layers &, e1ogaraijédi df rdiffareri gnaterials,

1§arﬂ1f@r@ rﬁétBl%%%Eh ﬁa\ﬁ&?a SitfeFent By C|e7nt Bpthtenﬁaltegbérglon the stresses

ernative iIs

eLF?rm?i' %%Rags's? AR gRaeRd tBreugh e 'awerﬁr %r1os‘iﬂ5’h1 Y \pith thg reguitant lower

t Wlﬁfoatdﬂomkmgns‘@fa%dn apdver fmdre Thbahr‘ﬁrse@é( m:.@edm whddi® be of a
er ontr

S BRler G e g pee R Risyr SParme e i S laver o

7may Pévet & bigblerfdoefficinotas thenmallexpansidne rifthéreaxe mbsmediate layer(s) 10,

. ' ' ) f
a0 245 RSB SRR O BN ol o vrs

‘ol ang Peandrahopidtberdrades, fronpthat picthe &irst iayeret tatoghatant the final layer 9.

thﬁl’{ér@t?n@ b ol iIReARddiRORIyE! £d, BPTheRS mby'B8 BRY reui@S! ®ired number
ofelntgrrrgeedlateelayers 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 to enable the copper 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
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of thermal expansion are spread through the | ayers 9,

10 and 11 with the resultant |lower |Iikelihood of

cracki ng, separation and/or failure. The first seed

| ayer 11 should be of a 25 material with a relatively

| ow coefficient of thermal expansion, whereas the

final layer 9 nmay have a hi gher coefficient of

8@5 t%g@?‘tﬁté‘ge?ﬁ %fttfée %‘ffﬁ{sﬁatﬁ ? 8gﬁeqn gh‘ﬁlc‘(aé/&sts( ?Q is applied
c e éheeﬁwt(eewéfseed( laes? on stratandaotolibegraply (Figuee 6). The thick

1ﬂne§an Qggr 2678 %rﬁﬁ@ﬁﬂ mebggl&{saﬁ%t&ém%%tdeﬁﬁeé Qﬁthg 'tﬁlé(t resists 12

at of final |ayer
$‘H? } n@tﬁ %Fé l3y&y &9 mey beé?mleﬁéw@'%gp'wgamﬂ rméuq Qe qu@ed over
othedte&k registeuatteforn3@ safgld ﬁie%ll ﬁaﬂio&tlﬁyér%gefﬁs e pBR layer 1 is

t Y@atwélpgl‘ﬁr? t@@geag%ff OrEFeQ)m %ctlly% yga%l Vel §a§|&,@?eeto|ct)£y:‘gpducted to

o’fhedhlel\t lererr30c  such as for exanple, AINw th vias or

hol es therethrough to enable the copper layer 9 to

connect to the p-type netal l[ayer 5. 35 For patterned
pPEeM3Htyelyt beJOFPéF%?PR}'éPHPntQﬁ |tftq<thl%tf%ﬁlst% & Hhethid sppe fayer 9 may be

t b@tlalw dtdhed e ¥R @ter Bﬁtrﬁ%ﬂeets%b%t\ﬁ/gérﬁthe %e%‘é& BB G6H the formation of
rrent dj ssi

C eat at er

8k RpoGR s IFS &) a&lipBia ofdhe e repoks oo iawre 7).
t Mieis bas @eraa{/arsagaedfmﬂ;breve@,acmeﬂai tern of thick resists
12 is applied to or in the outer third seed |ayer 9
by standard photolithography (Figure 6). The thick
n%ht-areSiSég/é? mEy besof amaterial sucthas. rfegexampl g (5Uh8t vihenpattech of the
afesr;efm%ﬂnéyth&neﬂam &Jspé 854 §% of e adlidegure 7). The

hi ck | ayer formed e ectroplatlng, and
nay be forned over 5 the thick resists 12 to forma

Sif BEhk prehdlasIppeHdtto |pabt'é}ﬁed2&atm@$ ist ddriddr duy REfolA Y thikk layer 29,

B A8 VLl 39 B BE e, SRR B S ot
t Matnk; foatrerthig layat 2&rthatreacdfythe thidkdayer 2B ds affgdtivelatréduded to the
.zé gﬁ?é g%n%r ﬁ'dﬁ%é ]a%ii I;ﬁula?het{i esglssrg I%eh ayer 9 may be

che e center of street 31
betmeen the nesas 32 for the formation of the thick

PhRS RIRYAISSrSift-be Jf'ﬁ'\egégpﬁhl;@ s&@f?‘at@'ﬁhérﬂ&kﬁée plbB& 5&e8 apd 9). A

copper | ayer 29 i gure . advan
Hggfo?\?éaugfd#feepe'm a bFﬁ@ Jocdshrougpthpgapriie SHbsiratet & tha interface
Sbmhecas thef @%pp?%@mpbﬂratesw- ahd H'%eptﬁéﬂl edyer st tot E@)aralé trllqe sapphire
2 [ te s e and z
CETRaE Mo B PN MG L5 BpSuEate Fpebs fihshelg 4 5 emovec
plrern |tlnﬁgpluraﬁtycqueplte)daldayerst ehilethe plimality hof ekitdxiay ¢ayeis intact. This

ng%ﬁér??ﬁé El'egtn[::s] &nb HeFharlidY ?op%ﬁg$#h%@§1ur%ﬁt eﬁﬁ%‘gﬂgfe%

usi ng atterne
| ayer 29, the ar ea of the thick layer 29 is

etligkdovsd e iiine88 stifade® of the n-type GaN layer 3. It is preferred for lift-off
of the substrate 4 to take place while the epitaxial layers are intact to improve the quality
of removal, and for structural strength. By having the epitaxial layers intact at the time of

removal the electrical and mechanical 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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20 size of the cell for each device, and thus the
stress is reduced. The renoval or lift-off of the
sapphire substrate 4 then takes place (Figures 8 and
9). A laser 37 is used to apply a beam 36 and t hrough
the sapphire substrate 4 to thg interface between the
sapphire substrate 4 and n-type GaN |l ayer 3 to
S RR8Y @to% ihd) theS SYRS! he oot
IR 2 Rrhd e BeRR, pRocB. RS RLE e OB Tl 7 B i ground e
r@]ﬁ%é Tr?rﬁ%rStﬁblsquwrampvgﬂ of epitaxial layers while
the pIuraIrty of eprtaxral |ayers is intact. This
serve electric and_mechani cal operties of

PREBRER: Ieyodiint 1re S Puf ndperaves Eaboe septad 2t ocatons

I ml\grgmmsht sithr fhaq&roﬁﬁesbs‘ts tthana ey @es qui\drétéd’ errg@ is bt adi\ﬁantage for
e substrate

Fagc'g&s qub %B(Jotse a'ge 3?’%‘%38 é’r!sP1 S Ir%PS Ryt arg&uﬁ%&@ﬁ%pamllel
t Hesqawmq g largg ame'mi\DélOtalw’(dnél(feﬂailomcﬂms atts sisraslight Amplification
B)éys)?éiﬁ'fdi‘gnﬁrﬁ\?‘eoegh& @r?‘éc?eld ig%ysuta intact at the time of

renoval the electrical %anlcal properties of
the epitaxial |ayers are preserved As shown in Figure

18, layeh@2ion8iosiislapplied %VérCtﬁé eRpRed la@fracle§ of ﬁhb%iloi ra989 £ sides of

e nch ,35 chi fro
SHETL B AR B2 L s Or e ke Ot et L e ). Pad
Felgbing theb2akes plate towdnova tpehsmnaa,@r ®texpayethelirface 13 of the n-type
pkgéﬁytrng the regions of the n-type GaN 8 |ayer 3

Ing the etching process. This | eaves the SiQ2 | ayer
7 exposed around the nesa 39. The resist 41 is then

r RARRAresht Fa?érr@tré WBpINd o(réﬁhé Q%'ég@s% actd SARE s %ﬁ{er 42 and the

the n-t be cl eaved at ocatr ons

aF‘?'E‘?ﬂ?éﬁ{% WP%/?%&W@%%& t5PdBg 39ap 16 fo5etrhingeof ecaxposed surface 13.

SEfeRing takds pihbé troughQhe G/ At 80@adeQéxturk AKLEXpAE QIR 285 13.

t he exposed side surfaces of the n-type layer 3 are

substantially parallel, thus causing a |arge anmount

ofhe tasist 48 i eameyied ot lacnaw casist Hyes44ist sppdied avéri ajihnéxposed lower-

a r a i

I fmrabéé E?JebpﬂoscSX%tn%H‘\Jnﬂ tﬂrgﬂg%&éﬁ%y %?chgrgltlﬁérg?a%s place (Figure
tespﬁe%é'ae Sif=flavess 4¢fandhb asidceeeddgyers B, untiidhe iedes obfhe thick

tb@teﬂmtmme%sb@yer 3, and the center of the n-type

&GN | ayer 3 (Figure 11). Pad etching then takes place

to renmove the SiQ2 |ayer to expose the surface 13 of

t Adayer by pgersl m/er matalsl areftheH rdpbred 6@!@& rééiét944 év?zh 'tﬁe Iayer 18

Lied ove Xpose surface
Wias SRpelr, ol Pr e S 156 B eRiauerya S dhat (g Jayers 18 are
ganplidd directlyetd the GaNabydriBe(Feyup® 38 wﬁearéeratsc& ¢%4 lﬁurhhhél @ayer 18
Surt ace extur.e

I th
A5heR < fvedh T4 orie HEE 4 Anadeddo hipiar Wi e wime Ga
rlagers3 vdhaseega;ﬂ47lv$asamblbe§ly weteddl Thedere s hiese ord or more
surfacgatI exceﬁ)él se. ali ned th thi ck atterns 12.

éﬁ}ﬁ{ﬁn HEFS tggéa ,el rent. They ay be, for example, 18(a)

titanium, 18(b) aluminum, 18(c )trtanrum and 18(d) gold, respectively.

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.



14) through the SiQ2 | ayers 42 and 7, and seed | ayers

8, until the ends of the thick patterns 12 are

exposed. A layer or layers 18 of netals are then

applied over the resist 44 with the |ayer 18 25

having a gap 17 at the center @f the n-type GaN | ayer

3 so that the layers 18 are applied directly to the

GgNgH;@%p tRe %géﬁlﬂéferéﬂ 1 (?;D h% gégﬁréezéowq%y Iﬁg %ﬂ?t ?Sremectors to

atmé&,aséélglﬂtcptﬁm wigheanpel Ryer 2% bmnmomq/pem@aNthusam int&fering with
I 1 may

pHLRRRE. e YR RIEH A Hrord83ril o Wi MY frotim

or different. They may be, for exanple, 18(a) 30

t

gg\?fﬂ’gﬂ tﬁg?’sepfi% l?é\/eerﬁ‘ééé'&} Iﬁ%ﬂ'?g otéggcgr)e?&h%a@icgﬂlmghe}érged& embodiments

péf F%EEFS?FQWVGWIO@W%W!UGPG Uﬂldersmodsb)aﬂf@sehﬁnlleeianhhe technology

S {

e Y S8 long 7 2 Ao n I Rl dccBructon

| M3y hi PeraymMere saetholby edeparting 10fr0!9 anttiet hepresgper invention.

| ayer 29 act as reflectors to increase |ight output,

with copper |ayer 29 being one term nal, thus not

interfering wwth [light output. The second termnal is

| ayer 18 on the n-type layer 3 of GaN. 5 Whilst there

has been described in the foregoing description

preferred enbodi nents of the present invention, it

wi |l be understood by those skilled n the technol ogy

concerned that many variations or nodifications in

details of design or construction may be nade w t hout

departing fromthe present invention. 10 CLAIMS 1. A

met hod of fabricating sem conductor devices for |ight

em ssion, the nethod conprising: providing a

substrate with a plurality of epitaxial |ayers nounted

on the 5 substrate: separating the substrate fromthe

plurality of epitaxial |ayers while the plurality of

epitaxial layers are intact while preserving

el ectrical and mechanical properties of the plurality

of epitaxial layers; and subsequent to separation of

the substrate, a first stage of device isolation is
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10 perforned by trench etching al ong edges of each

mesa. 2. A nethod as clainmed in claim1l1, wherein after

the first stage of device isolation the nethod

further conprises pad etching. 15 3. A nethod as

clained in claim2, wherein afjer pad etching a final

stage of die isolation is perforned. 4. A nethod as
claimed in any one of clainms 1 to 3, wherein prior to
tlegAimgst stage of die isolation a photoresist |ayer

is applied to protect regions of an n-type |ayer of

20 theApingthatlidf yalwicating seamicalduttay descedufor Nghttdmsission, the method
et chi ngobeGRss: 5. A nethod as clained in claim4,

wherein following the first stage of die isolation a

first Si@POVigNRra pebstRisowtl aapWiatity ethepitaxiah Jayarsdmoheted on the
phot or eghstrhatet ayer is renoved. 25 6. A nethod as

clainmed in cl in?5, wherejn a second |ayer of SIQ2 is _
appl i ed oﬁ?g?raﬁ'ﬂ% he SHRELe J§Ffﬁ‘ fhecrburaldy of eptaxiallayerssyigie the plurality
I ﬁyer , of énitaginldeyero fretiltactrwHily ﬁﬁesbﬂry@fkeleoﬁitldl &nd 86¢NaRicalProperties
t he n- : et ching takes place to renove

t he seé%tﬁgplgl?%gfmlgg'saﬁ?%gergxaﬂgse part of the surface

of the n-3upprauealytersepdetion ofAhersttistrdteas ficdt atage tbf idavice isolation is
claim ' f 4L @% ' er is

appl i eger(f)d\él‘@réé gyeﬁ?)@she%%@ﬁ'% es g% gffér?gﬁ éeeg%'nd Si Q2

| ayer and the center of the exposed surface of the

n-typeAlmatrsd beaminid id iR 1 WheRiCHed hedfirst L9 ¥PAIRL isolation
surfaCﬁ of rt]h f rq-tyge | ayer; SP?IChI ng taking pl ace

t hr oughe{ R ‘ﬁ’iﬂ hescamprisesPap 46f(Fe t he exposed surface

of the n-type layer. 35 11 8. A nethod as clainmed in

cl aign £, MA&S & @Ia‘ngl%o?znu&zsiaef %ge;}rg:aﬁ%rgﬁ’atgp%?l%& aéﬁal stage of die

renmoved and a new toresi’st

et chi nigolatiares ppifeimedt o expose ends of thick patterns.

5 9. Anethod as clained in any one of clains 4 to 8,
wherein after die isolation an array of n-type ohmc
conttact §thodasiGrined ih anonp of Jaims| 149 8r whergin priontetthefrst stage of

as cl adigwdbidtion @h?hbf@rel%isft :Hyéhisrapﬁliéﬁné IpfFteld réHic?nfoof an n-t)&pe layer of
separatio inal step in e process. .
et hogtasgmﬁaﬁgﬁ ‘??15’8"?’??' mfsmn%we@rcaﬁw@% 10 further

conprising: prior to separation of the substrate from

the spl Mnahdda¥asaifiBl edidla, lNﬁXr%rnSfbllofw?r{gnthg %rs?gtalgg 8Pdie isolation a

first SiO; layer is exposed around the mesa, and the photoresist layer is removed.

6. A method as claimed in claim 5, wherein a second layer of SiO, is applied over
the exposed surfaces of the first SiO; layer, the sides of the n-type layer, and a
center of the n-type layer and pad etching takes place to remove the second SiO,
layer to expose part of the surface of the n-type layer.

7. A method as claimed in claim 6, wherein a further photoresist layer is applied over
exposed surfaces of the second SiO; layer and the center of the exposed surface
of the n-type layer leaving a gap for etching of the exposed surface of the n-type
layer; etching taking place through the gap to surface texture the exposed surface
of the n-type layer.
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one seed layer on the plurality of epitaxial |ayers,
and formng an outer layer on the at |east one seed
| ayer, the outer |layer being relatively thick and
being for at 15 | east one selected fromthe group
consisting of: a structural sypport, a heat sink, a
heat dissipater, a current dissipater, and as a

o, of apmethet a3 fEmEATh GAREYShbron B onpraslss ByeR gemoved
seed | 3R NPY pholgresist layer. is geplied apd EVDBQ ttakealplack o expose ends of

cont acthickputérns.s applied to a p-type |ayer of a .
plurality of epitaxial layers; (b) a layer of an oxide
is applied over the p-type netal ohm c contact |[ayer

and % h& methgdpoas blaiyred;in 28y 00 of bieineX4 @es | vhEeédin iaer die iso(ljation an
emovegdy AR RO BBl 2l UG SEThAE el AVET

(d) the at [|east one see ayer
oxi de |l ayer and the nmetal ohmic contact |ayer. 30 13.

A mabhAtheBfoddsdvREd lnrl:la‘?rh%'f or mg\%ﬁ@' ({1%9%1??3500@ @%Iaﬁggl step in

before, the outer |ayer 1Is

are apPfPEgetS the at | east one seed | ayer, the out er

| ayer being fornmed between the thick patLernﬁ: &4. A

met Red, I?nca lerein the thic

pa tpgr e tr% uce ime d In any Qne d§5c\fmrﬂg%otatg,furtgg;eqoniqglsmgepnor to

si ze osepara@em bf thersubsicite ttewi the plueatity dfagbitedal JayedsS Soririhg at least

the owfRrseeh @RF on the plurality 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 selected from the group consisting of: a structural support, a heat sink,

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

12. A method as claimed in claim 6, wherein before the at least one seed layer is

formed:

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

(b) a layer of an oxide is applied over the p-type metal ohmic contact
layer and the p-type layer:;

(c) the oxide layer is removed from above the metal ohmic contact
layer; and

(d) the at least one seed layer is deposited on the oxide layer and the

metal ohmic contact layer.

13. A method as claimed in claim 12, wherein after (d) and before the outer layer is
formed, the thick patterns are applied to the at least one seed layer, the outer
layer being formed between the thick patterns.

14. A method as claimed in claim 13, wherein the thick patterns reduce the area of
the outer layer to the size of a cell for each device, and reduce stress in the outer
layer.



