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Despite the fact that with this known technology a high device yield can be achieved, the
reguiting structures have some disadvahtages. Whiie the sapphire substrate is less
expensive, and a more papuiar choice than a high cost GaN-substrate, it is non-conductive,
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which is usually in the order of 108/ cm strongly

restrains the efficiency of optical devices
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thermal drain between the active laver(s) and the carrier substrate. This way. the final
substrate can be well electrically contacted and the thermal stress during operation can be

kept to a low value.

According to a beneficial embodiment of the present invention, the semi-conducting nitride
substrate is 2 GaN-substrate or an AIN substrate. GaN and AIN can have the advantage that
the growth of these materials as well as their properties are relatively well known so that
these materials can be provided with a high crystal quality.



thermal drain between the active layer(s) and the
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resulting in an active |ayer of the final substrate
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occurrence of cracking effects in the active | ayer.

According to anot her benef$cial enbodinent of the
resent ntion...the.auxilia sub trate i.s

In & furlr SanRle 8F ePrens! JNEEIdD fy 5 & rPng g1k, omo  the

transferré QiAAR 8R)ck BIfTE B Gikalifd Blepree 1§ @cﬂﬂ@@dl OBreafitr. tIfhﬁ; way, the
interface between the transferred nrtnnge Iayer

transferrefienigridel laysr ycapabei Biolecsd FiRTy GhEmidermERSHSH emo e’t ﬁ%neahn"
2 bAYiBh(sh Svifl BdIHridenk t
e“"“"”‘?%‘ﬁs‘%?f%ﬁg‘fﬂgﬁ% nsreta1 r F‘%g‘} aye ¥ be olr e(S? he anneal 1|ng for or to
other ungtr@pioamdhisges efowethlitigr (Eaﬁltltar of tihnkridvalayert he
transferred nitride |layer can be protected from
chem cal influences in the annealing environnment

In anoth¥hbrefered ehBo@inkal WF 8R pr&ast iheetioathe ahrfiear thicomdrsjerred nitride
with the nitride layer or tg other unintentiona

layer is smandied afer Breydateghime a@%,ﬁénsf?;gpg PG & afgfx the apnegling swep. The

removal, o?ﬁqeﬁaﬁmeﬁﬁ%tdﬁﬁugﬁ%gs%f &d ﬁﬂﬁ@&d@ﬁﬁd@l@v&ﬁﬁrﬂ%@%%%m&ble
nventi on e surface of the transferred nitrid

for its uhm:ieon ias 2 g tihe siitatquent tabre‘s detiefcbdmips beiter depOSlted on a smooth

s BT e SR 3 B 18 OR1EL 108 ) ST

transferred nitride Iayer surface is favourable for

its utilisation as a hasis for subse uen

t
It is furthprmone adyinisEedt P eleradbydrast aRoRPIEX He 1Y% 6P a material of o
group cﬁtﬂ Uhd @98 ANGENS TROLDT RIGSY ephdeptly PRN AR @0RIPe@d3aN on the
or e or fter the annealing step. It is furthernore
transfena«ﬂmanﬂa@mwfttbe deplthsnt sipstriteatipe addtiensl tepitiapl layer(s) may be

well Slllt?ﬁi]i f &E%Xcglaf ﬂeg E’a% er%@!ﬁeelggt@f -ﬁfupw%%gﬁl_d AIGa(I\SIaKIn

andoped . GN an transferred nitride |layer of the

auxrlrar sub rate. The addi.ti onal ita
Ina ful'ﬂllﬁg @YO(UQ imeRE pf t[@lygqsgjat 1fl}5€nf4“8}1ﬁgtg t%i:ut: injermediate layer is
deposﬁeh%)‘t%é &) ieft AP PRELE] BeideORY&. Thik WU iR mbRlR 1ﬁtéhhl§tﬁﬁte layer
favour abl e enbodi nent of the present invention,

can forrrnert @fltmceccmtué vt at baptapeepitaxialgipisslevy %W@PH@”% the metal
t Aling

sposis 31 p0F RRLLASGAL A PLER 00T Sy W i o

order to ccmtaat afloy betwecatthd efsde onerepmditicanetalst wsed, eTIInay:em allow to

on the, netal es chagse toformthe
shift fm‘f“n’t @Eﬁggﬁ?% rgaqt a’%‘?‘”(“frtto@g%lﬁéoﬁgéi F % apply an

annealing step in order to create an aIon bet ween
the nitride material and the netals used. This can
in anothey ¢xswRi® of 1% PESIt AATCRUSEHEE MICOIIIREE CHBIAT a¥p v tige 2 fnal

carrier aﬁ‘(ﬁ] bt £ 0Pk Qﬁfal Qﬁjﬁﬁy bR lﬂ{e mlﬂ:ﬂﬂ%@@gtlag fof SXAER BarPsubdi@te. The

resent=i nvention furt her conprises
final carpmova:dpmgrda of mm@d mechmnwé rsurawdt frorleti rgnderrerhnignidy laa¢gr and the

deposie 3 R oA T B P el o P e
nmechani cal support for the transferred nitride |ayer

and the : .
In a beneficial variant of the present invention, the material of the final carrier is selected from

a group comprising silicon. silicon carbide and copper. These materials can provide good
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. Figure 1 schematically shows a step of providing a massive semi-conductive nitride substrate

according to an embodiment of the present invention;

Figure 2 schematically shows a deposition step of a dielecuric laver on the substrate of Figure

1



7 Figure 3 schematically shows an inplantation step
wo Jofs/desstructure of Figure 2; Figure 4 schEImEr20msopozso
shows a bonding step of the structure of Figure 3
with an auxiliary <carrier, Figure 5 schematically
shows a splitting step of tthe structure of Figure 4;
Figure 6 schematically shows a polishing step of a
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. Schematical | . E b Ofim @ et al
Figure By ey S e SRS BTy roindel®, )
schematically shows a final carrier with a reflection
, l.ayer:. Figure 1ermt Leal : Wpg sst ep
rioure ¥Rt el ST e PSP IR oL Y B Sl SRR SE P2
14 schematically shows the structure of Figure 13
, fter a.remy - bidtédive 1yRF bih He SRBture of
Figure 3R @icalt phiaws 2B hiar i B biriekie 187 on e it
Figurehe structure of Figure 14 after the renoval of a
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shown in the Figures are not true to scale. \Wile the
Figurelr &hematically shbive a resodalsten tidtle piotertive laveesidae UGS of

, di t LJ i the foll ow det ai | ed
g PRl HEPITERRICE, |0 0 0L OG0
understood that the follow ng detailed description
' L] ¢ : e L .
Fiours DRl o A RIS o] cRAENER citng sfbduie Figure

g enbodi nents disclosed, but rather to describe the

Figure 11 schematically shows a deposition step of a metal layer on the structure of
Figura 10;

Figure 12 schematically shows a final carrier with a raflection layer;
Figure 13 schematically shows a bonding step between the structures of Figure 11 and 12;

Figure 14 schematically shows the struciure of Figure 13 after a removal step of the auxiliary

carrier and the dislectric layer;

Figure 15 schematically shows the structure of Figure 14 after the removal of a
semi-conducting nitride layer, and ‘



illustrative enbodi ments nerely exenplifying the
various aspects of the present invention, the scope
of which is defined by the appended clains, Accordi ng,
WO 296/ HES3pr esent i nvention, an efficient met ROHERF06/000Zs0
produci ng substrates for _optoelectronic applications
i's provided which nmay be fised to fabricate
opt oel ectronic devices such as LED structures or
| aser diodes. The Figures 1 to 16 show an
illustrative process flow of an enbodi ment of the
present invention. Wth reference to Figure 1, a
QEtTIERN REEE] dHOthBistriE@fe of
Figure 1§§%@@g?§@%@%%ﬁﬁﬁﬁ?r§modl ment shown, the
Figure 13vassi ve seni-conducting nitride substrate is a
GaN- substrate 8 havi ng a nitrogen face 18 on top and
onits bottoma galliumface 19. The nassive
It should ba RoteatBel e SnperBiapsisaguR Bhikre Tgyse are Rt iyedw sealsi t h
a dislocation density of |ower than 106/ cnR. The
pl anarity of the substrate 8 is in the range of

While theppresertdnviertion edessiipsh Wit refeseRei 0dh AMERABERIGRRS ﬁ%iﬂtﬂd in
the foliawlnf%detgﬂgag@esﬁﬂbh Wfsl Wit ésolﬁftﬁe E?é%ﬁné@ :t%ﬁoélﬁ%erﬂrﬁjéts@@d that the

ate shed and has a surface rorg
following sietaiiedudesaription @s :wett @ Eparirgingsrare nobiniendas tol 'Hft? present

rnventran_Fﬁ Eﬁﬁrﬂt@é@%&&%o&%@h@éél@ée@ Bt réﬁPr'éPto]dékcﬁm the

ove ed technol ogy can al so be realise
illustrative smpgdimanssrmerein axerplidna thervatieus seppets @itae Bfe%t\tn‘fent'c’“
f HSidhiBs Or With a cubic or
mesc"?‘%agi‘bh'g%a &n@ﬁgc@éﬁ%ﬁ’ e S 8806/ 074933
PCT/ EP2006/ 000230 9 AIN substrate instead of the

Accerdmg ?r}(f?\%gﬂ?% it eRleS taﬁ%?fﬁ:t Gﬁ‘ﬂ mdhdd b BdLI b%ﬁ‘ét@§ fort he

e substr te 8 shoul

ens

optoelecirenineppiicatizis s pr@@;{wlﬁh may & YseHlde fabrippig &PE’G?WGF“C
%gqg BAVBsar gisgasi tion step of a dielectric

devices %ﬁh D:éjn'k le'%rrratgvsli,dlsve sem -conducting nitride
substrate B Thi s deposition step is perfornmed on the
The Frgu% T Qﬁrl fve#?@céé‘stﬁbwdzﬂ af Whsdofhént 97 thB esant
aye ca a material selected froma
inventiongr oup conprr sing silicon dioxide, silicon nitride, a

: conbi nation of these materials or other dielectric

materi al s whi ch have a good.adhesi on to%é he ni%_rdogen
With refarense ta Sigie { he SERN PEMIRG &fRassivepRET-GPRAUSERy Ninas substrate

-is showr! Wﬁte(e??)%@dn‘i‘réﬁt érﬁ:‘(nﬁuf@hﬁsﬁ%’%rt@%d@hr@hﬁﬁhe@ alibstrate is a

h not absol utel

GaN- suhs&a@ét;@awng 2 hisrogen meuweors d 90 ifs Rptieen 5 Ualiymiaee 19. Tne
massive "d%ﬁ{ @%trébeqﬁseé‘r\?%goﬁat RS yichuRe with 8'd@é¥ddalts§n density of lower

trated in Figure 3, the structure

than w%rrémae plapagiyra the subsimais &istia haiange §ped HBs T NiHdg
substrate 8 has a thickness of about 150 to 750 um. The nitrogen face 18 of the nrtnde

substrate 8 is polished and has a surface roughnass of iower than 0.3 nm RMS measured
with an atomic force microscope (AFM) over a field of some 1x1 .

The above described technology can also be reafised using a semi-conducting nitride
substrate of GaN with a cubic crystal structure or with a cubic or hexagonal monocrystaliine



i npl antation step. The species 10 can be of hydrogen,
hel ium or other elenents alone or in conbination. In
t he enbodi nrent shown, the species 10 are i anted
WORPESH748%er gi es  bet ween 20 and 200 keV and %T@P@Bg{@gﬁ@
between 10'5 and 10111 at/cnR. The species 10 are
inplanted in a certain depth d of the nitride
substrate 8 formng there a predetermned splitting
area 11, at and around the inplantation depth d.
According to Figure 4, the inplanted structure of

AIN subsirgigriesi@ad f thhexagooal GaN-subgiTaimBeln i (fdhess aasearine
citsioc:atf{f;:tr’?é.ig—:J g{ﬁt tﬁeaétfds 6‘68 s Stﬂgd B‘é”ébt\n}e%éa Rsﬁ';r’f deRm?%r leen 1ower.

aS| trate strate or a
Zn0O substrate but can al so be of another materi al

Figure %’“ﬂih‘éﬂtajﬂ?éely sﬁ{nﬁé b‘ﬁ%bésu%@&ﬁf)%%m&ﬂ a@éraabérlt emadsiee

y stresse
semi-cohgudtioginiitideSsustraad. " Thip demtmn Hemisiperomhed nm thel nfigogen

face 18 DPERITRGE s@os%‘%tesé’ ! ?‘llle glta[écw&%)ﬁeg;@%gﬂfbg%ﬁ%eﬁé%%’&@@mm a

auxi I Iary substra
group compfiging sikeun didxideh siliaox hitridey;, @ combiriaéien 6f these magmatsocpr other

ceioctrB RRbiids Wilen e BpP8atelion biine Rrddi tate Yol &g SHRT

subsirafer8. Ehesdielacitiviaysts)hd ag favakrhbly appoesitad bl chersicabyapour

depositi?ﬁ MRS tﬁ&.@g %Sseo\{ﬁ%(mnrég ?5%’38 RS Q'téﬂﬂfrg gﬂé\%vrp ﬁt&fﬁgﬁtjgr%?érpbe
themallt}lagmealedto gersify ths aitetedrtt:tayeﬁa)ﬁs with thernmal and/ or
nmechani cal treatnent. The stress applied due to that

treatment leads to the splitting of the structure of
As ilustfited incFigural3otng shiuetuos siiawre imfrigerd 25p implainted withepedies 10 in an

el 0, 5 BRI 5 gl TS s g

combinaifont He tHecerniEndirsenti shoendibe tspecien i © Bredenpdarted willt en@‘gmd

bntweerig? aﬁtg?bg kg\/ én& %Qﬁé} C% béwfegﬂstb&ténegl g&fat}cﬂe FEIshEALY 10 are

rrec layer
~implantebini a cotethudgptng oftitermidde Isa;zﬁrata Blieriming thrersas pragietarmnad

sitna 50T B AERRCHE PBabis L dBgiPst g o e ool

ave sp sur
i ncreased roughness after the splitting step. Wth

Accordtéﬁ #;ﬁﬂ%eﬁ Ef%i g%ﬂt%% il 2‘? ?aﬂpulr% g %po?tﬁgﬁtoh%%ﬁtabﬁ‘d side

with an suxilay eartiar &hf Thén auxiliary icdwicr éy%prezaraw easilicen ﬁsbstra’fE, GaAs

substrat%!,joc%\L'e:]s:%@1 Eut%tﬂ-?tsi’a' %41 Q%P] Sai,tié{o];t%ccgf a{ng:y‘%F Hﬁe? aﬁ%rcﬁ 'Pﬁfs relatively high

mechanicaV stabiity Airgs tthie mtﬂmfd mrihb@b@ﬁecstre%&dﬂmgwlowmg Smart Cut™
F 7

processr]ﬁ Wétécg\ Ot@e? {ng?% e Séuig%gﬁt in er‘?eocfpisg ?@taéaﬁ_r Fﬁ@ﬁe‘:{s %ﬁ(thar}f |

substraibl the hemeal |d\taatwyemefﬂ:39mtsaf fhreetipdliabd garmerdi zelcbesem @ adapted in

such a vlvgy et it is slowly higher than the thermal dilatation coefficient of GaN, resulting in

a structure having a GaN-layer with a slight compre_:ssion preventing an appearance of

cracking in this layer.

As shown in Figure 5, the structure of Figure 4 is split into two parts with thermal and/or
mechanical freaiment. The siress appiied due to that treatment leads to the splitling of the
structure of Figure 4 along the predefermined splitting area 11. The splitting step results in



As shown in Figure 8, the structure of Figure 7 is

wotzﬁb%fo%&l y anneal ed in an annealing equi prgd o dddeso
str

ucture is thermally treated in a tenperature
regi on between 500 and 1100 C in a gaseous
at nosphere which permts prieservati on of the crystal
quality of the GaN-layer 2. The annealing step shown
in Figure 8 can also be applied before the polishing
step shown in Figure 6 and can al so be applied
two strdEturst & yesitiabpatef thexomexsens-obsduciivenirida substrate &ansl an

R s et
semi~ogﬁ<tilﬁjﬁﬁ9 h{wfeaayeq béihg alparntdiftrgs imneammitcmgpcﬁmmrmmc e
e n the auxiliar arrier an
cupseRE o RS PR b Gos 43P AR B LSRRt S ovamese
aﬁertﬁb@umhggfgggan be deposited before the annealing step
shown in Figure 8, is renoved in a renoval step. In a

favourabl e exanple of the invention, the protective '
With réfédate bFigae &) ens anmieysuidiiateas chendataéd repalisbing step applied

for instance wth HE. The renmpval .ste syl t
on theishl sulzE4 1Py MEUNBEr " 3 ABGH s oSS elrES e Srtadirouonmess
of the @allibynofiaeeard 4tdpric 1svR! Wiick iscorBadéessl@mgatrombevhen measured
GaN-layer 2 is nonocrystalline with a crystal

with aEMi t y equivalent to the crystal quality of the
massi ve sem -conducting nitride substrate 8 as shown

in Figure 1. The surface of the N- | [ [
in the PexiEtaPy SIRYERIN TIENES aHBeCh Y Bieraoes S?S?eﬂ‘&%@ﬁf? Siaot 14
the Gah-layer 3. MTHESrot=Bt0Y rr%ék e3 @xoafarebiph didkectiiciegert i on,
~abodt 200nm WO 2006/ 074933 PCT/ EP2006/ 000230 11

Wth reference to Figure 10, in a further step an

As shcsiﬁ{ hﬁf& ngﬁﬁ_esftrrjhﬁirb g:f Higiﬁxm tsqtalemltlgy lmengalkt iruan arrealing
(0] e ayer . e Laxl a I .

oouiPmBES: (168 SHEPHTS SBTTAEFIER 1 S e RE N £ (ad AR fgedf 500 anc
1100 Wﬁta%a_s@?’ﬁ&gtﬁd@nggmmb?bammbe;rﬁmMitmng crybtal quality of the

eplttaxi a eposition step_.l S | Lt
GaN-2(35 2o FODBRINEE PP SRl FL OV B 9% PALPPIRELTER he poishing
step sHOROR if@ﬂl'eig%ﬁd'@%ﬁ bigp behuppied m;daug onie the acsfiark eubsitate 5 without

n- type GaN doped wt i .an Vi i )
i o152 VS e SR o, gl amcaing
step 1520 16/8R effortdniedtnr tiisordrigaiordebiat inedstsrfate bewaen the auxiliary

_epitaxial layer(s) 15 1is, in a favourable exanple of
carrieg é”‘i‘ﬁ\?é?‘ﬁ'?@ﬁc ‘a&ﬁ%gt 0.5 pm The conposition of the

epi taxi al layer(s) depends on the efficiency and the

wavel ength of the qgptoel ectronic._struct ' :
s s e s i OB G 4 R G e e asaing
step shbfn H ShQeE, iPrerewsi ih s refothletemi ihaxiaadurbblp exempleks the
‘ Is nearly equivalent to the dis]ocation | ;
ane“ﬂQﬁ‘eﬂ@rﬁr@ﬁeﬁt&{eq@ﬁ R P%{eén%{egt"ﬂ a %&ﬁ?[ﬁ%é%t ‘ﬁg‘rﬂ‘S‘a“C“"
with HEOG/H2Bmoll stsp B3RS i thy aasiilantsapstmis Stravingvesmooth and clean
galliun% Ff)ééea1x4l grl tolpac%%gé %)al\}l-\fagrgr £ nTﬁenéraﬁﬁg’yee? 2 is monocrystaliine with a crystal
guality equivalent to the crystal quality of the massive semi-conducting nitride substrate 8 as
shown in Figure 1. The surface of the GaN-layer 2 is nearly free from particies. The

thickness of the GaN-layer 2 is, inone favburabie example of the invention, about 200nm.




t hi ckness to advance current propagation in the

wo afkoessl ayer (s) of the resulting structur ePCIEPHIGERL30
step, shown in Figure 11, a netal layer 4 is
deposited on the epitaxial ,(|ayer(s) 15. The netal
| ayer 4 serves |later as an1b1mc contact to contact
the resulting structure electrically. The netal
| ayer 4 can be of N /Au, Pt, rhod| um or anot her

conduct’i ve materi al Wth ref to_Figqure.l .
With refereaee todrigyrer Oy In & TUphelsieR a0 GRIGHR 3Yh TP &Y ?%”c‘i%ft%‘?zn"” the galium
face 111 @Vtﬁé G%?\I-! ot sleprs bbi%hat iBper 15 pan bs asgpdsied thﬁ@rlmewnm!taxy
uppo ubstrate ch’is electrlcal
methodIMBONW BB oF FIVER THedPaprALYs SBRELOYEENT RO
depos@?@%@ﬁé Withe/ ranbe®ehivad 700a8Ad er00FCCan be of  silicon,

opper or "anot her conductive or sem -conducti ng
material. The reflection layer 17 can be for

For exhl%}eaﬂlf‘e ﬁéx:ﬁﬁb@er(@'d’éﬂbé?ﬂeﬁ% fHe Sibp erv\ihl Ridjumut)e:an #esof n-

ave

~“The ref | ect
type Grbidaped with SrENAGEVINE FICKISE: % o hogds of ofBhand i ABLR andror
of p- ty{ié‘braw%gédgﬁﬁ#eng hene mtétqmbmes%@ywe(aitaﬁél taﬁ@(z msr troa

on the emtted wavel {1 ?
favourtble cxampIEtdf P PRI ROUTRS BT 18P CRRSTRT Bl Ga eatadal laver(s)
depen@% Bn Bl é’fﬁé:&ﬁcgsarﬁ?f mEvyERSgthlr %Héjo;ik@eiéétﬁsrﬁ@ﬁﬂ.m.tre shizh shall be

and the reflectijon |

fabricdiechwitim g‘leseewtmg'ﬁ@bsﬁi@;ﬁg.% @@lgﬁaﬂcgéj@gsqy ail'yh%‘)i f g\yer(s) 15 is
neaﬂy%gqnﬁgleﬂ{‘tgt{ﬁé Yiféﬁﬂ:ah&? déih n#' & e STightal 5BSL§L@§trété ga ikt iridans lower

€ a contact therebetween

than w?fers% Ut i gﬁmraily@éiwﬁfaae%r?ﬁ Bae GPIEXENGYTY ebw@varg@greased
thiCkﬂ? 75 to ads ngci@/ l%ﬁwe Brop%gslat@ S BCtv8 1dvef By 6F tﬂé resluﬁmg structure.

, aux ry carrier "6 and t
dielectric Iayer 9 are renoved fromthe bonded

In a ndtt SHP! kel B i‘ﬁ% r‘?z”ﬂvQ'meﬁéi%erEh@dé@d@ilé@bn&f&@@plmrai layer(s) 18.

conpri se ni cal | appi ng and

The matal iayehé s8R later At A Q@W@CQWQ%PW 5%“9# E%SP%@G STFQ@EFP
eleomé?lﬁ’s THe rﬁ%t%haf%%gér?ﬁ(ﬁéf Nildu, Baanbaing! or eofriee torfductiveniaterial.

i con, al can be realised using
nechanlcal treatnment followed by chem cal treatnent

With @fé?&%qg F%UEW QEnAicANCS is SRvidkE o whﬁiﬁ glrafbetindayer 17 is

ack car be realised by inmmers t.ru el Bnductive
dopostetiaThe ohal aITe" TSRS 2P BTG SO CRIEIRTE et iraly dbnau
with av\ﬁb %Ecﬁrﬁﬁ! ;%Efs%f#’érﬁi é’@éb%eﬁﬁéld:oh&d‘wh&t Trsmﬁrma darrier 7 can be of

auxi ['iary Carrier can be exposed t t he
Siicort i CopparsaT ANHTSH LTSIV R SR BNOL B e lay [pe fefiection tayer

17 ca§ 85 'i‘a’erqﬁst%ﬁtfé & o, Rfurhifiah @r%vé\ywmén ﬁﬂtémllsytxaﬂ&egmd adfiectivity.
a next step shown in Fjgur ?rﬁﬁr@ﬁ > and
The refeclionuayer 17 scde laterRs @ MIA IR¥SHEFER0TT SRHER Gila:]
l l2ooth f
- the o @R Nalk 8! Said i SRRl dcpondingboh ife BRENSiaveABInG) of

thereel:lltim]e‘tslt:@mi of efficiency of the resulting structure
since such layers would only

As illustrated in Figure 13, the structures of Figures 11 and 12 are connected on the metal
layer 4 and the reflection layer 17 in a bonding sfep. The bonding step leads fo a molecuiar
adhesion batween the structures of Figures 11 and 12 to provide a contact thersbetwaen
using mechanical pressure and a certain femperature. '



| ead to an unfortunate absorption of photons. GaN
absorbs, for instance, WV radiation. Wth reference
to Fi ure 16, an electrical contact 21 is '

WO V8PPt axi ai | ayer(s) 15. The resulting g??%%?ﬁﬁgago
consi sts of the final carier 7, the reflection |ayer
17, the netal layer 4, the epitaxial layer(s) 15 and
the electrical contact 21. The netal |ayer 4 and the
reflection layer 17 formtogether a netallic junction
or netallic internediate | ayer between the carrier
substrate 7 and the epitaxial Iayedé

As showmrist Figilirect 4, int afumiber siep hegediapnpamier p %‘6\6&*8*%‘3{*0 layer © are

removed\nﬂlﬂﬁggar égg Fﬁuﬁ&!‘étth am Hn@V&rsté';? THéTeﬁ@'véiCﬁfé @rﬁé@ﬁ&:se

e structure shown |n Fi gv
mechanita |appmrmd/ormo¢;em@@esﬂwaw ag & ghgmisal ARakdsincthe Al 'éméﬁ“de
layer 2 a%%ﬁ @gc&s?njiip &pérp i AR AnEAL RSk 7 Q‘%ﬁ@ﬁbéd ‘ﬁﬂa RISl S be realised

ayers for preservation t he structur!_?
using meahahicsd M@aﬁnemmolw{spgay@emaétreaw §aqq5! ony & AMAsker HF/HNGO3

solution. ﬁ%%ghérﬁﬁgpﬁt%%w%gg Pg?éaiﬁéd P%ﬁ{e@ﬁ?ﬁ e &trudard iﬂ%tbath of said

ed structures are separated jnt
solution Mkngoan whisipmear witipwbich geristruatiael oan beyheld inaialion & inynich the

auxliary E?IS/JS.E gqm %ﬁ §1q$ Sﬁ?d% gle"\&ﬁe?rh &) sBikibY eTheRhoval ofwes ¥udRey

eltTmnated inutile | ayers
carmier caraglsd be resiised byl LBing cojytabermiea! rgaime&ppl i cati ons. The
good WD 2006/ 074933 PCT/ EP2006/ 000230 13 crystal
quality is very inportant for a hi %h effici ency an
In & next sw}:gsﬁoﬁrans-'p@.n df, thegaliurmuritrigiedgyeri2ns reaeve &gnhmef@pcture

shown tntL}ﬁgurgl l% rﬁ%\ﬁ%ﬁ lh@% aydd ‘éﬁﬁh a%: el M&Eﬁl’éﬁ ’Ga‘w%yé@ can

I nut ayers in the
resuit in aﬁ‘eahémc\emambﬁe’tiﬂmamyowsth&rraﬂuﬁmaﬁm@:ﬁrﬁmwa fayers would only

n_in b%)@ Hskdridg, U0 radiation.
lead to aﬁ’l‘ﬁ’ﬁorﬁ"fnﬁfc?%ﬁ%é Dq%b%ﬁ *ra a%é%%]bsr ﬁ}'T'he inventive
technol ogy uses the very good crystalllnlty of the

With refggp(?c t‘é?ﬁéllgrlt ry d%ﬂ%ké%‘{céﬁgo‘ﬁté e 15 ﬁﬂo&%@ﬁ ohiieshigkiaPlayé(s) 15.

substrate. This
way, the final active epitaxial |ayer(s) can be

r | &
The res 1qg:qnq%é.lr§ %{J@é‘ls& g{éc }r’%g?é}flﬁf?l t?%/ Yefiggﬁlﬁ“g?%rgﬁﬂﬁ% tal
layer 4, tmeédpntamaifiayra’(s)snﬁramittm Y eical ot B e ek avsaa gnd the
FEﬂECfIOIg [?39%'} f&gﬂo&%& & %eﬁal{ﬂg?gﬁbrg@f rﬁ%bgf trlﬁée}gi;t%ate t?ayer between
the carnecsubs&am T andithd a;mﬁ;abiﬁy%r(s). 162l Thedretplie inigrgegiate iayer can

1nclude?rH§) l I I%Jh%%%ﬁgﬁ %&5 {ayer therebetween, wherein

r1'ses” preparing of an aUX|I|ary
substrate wherein one sem -conducting nitride |ayer

in follcw'in_sg steps which are not shown, the structure shown in Figure 18 is further
processed by using lithographic and etch steps for chip fabricatior, deposifion steps of
dielectric layers for preservation of the structure and deposition steps of matal layers fo
realise contactslon both sides of the struciure. As last steps, the fabricated structures are

separated into chips which are packaged finally.

With the inventive method, a substrate with an active layer of very good crystal quality and
with elfiminated inutiie layers can be realised for optoelectronic applications. The good



pl aced on an auxiliary carrier; nmetallising the
auxiliary substrate on the side of the nitride |ayer;
bonding of the netallised auxiliary subst '
WO%‘W@%% carrier; and renoving of t%e aux?ﬁfglrj%%&&ﬂm
carrier -after the bonding gfep characterised in that
the step of preparing the auxiliary substrate
conprises: inplanting species into a certain depth of
a massive sem -conducting nitride substrate to form

crystal 'qhﬁlft? vty %?&férﬁ I é‘ﬁ%thsé%héiér‘ié ! d%ﬁ%’ﬁ{eggdr}agt@%p% gsﬁ'uctures, in

Loauxibrary carrier W t ) he nmassi ve se
- particulgr {orj leD Stiugidres afdasrivdiedgsa mirthepyers, fiaedo tom efihimation of GaN

N i . 1; 01T . . Ni i c at.e: ,
nutie 84613 17 tne fertes oty SR Sl Reud ordRfen BHESHIG] fgpe actve
layer(skigpulingine figh sfiiciency af ighttesiatioat e - al ong t he
. ' [ bt det e .

The inBRERFLENTIR R hk YA By, G it PBhp phfig buostrate n
a direckansferod @uparn elysaid subaieate iy e nal substratexi Thiawey, the final active
o : Laj _ orised.|
eptaxi My 8] con B, oFafin TP of hd ety SEHSAHSR, o€ With e same
good crgstsilisihieading & bigh awality Rnalssiciusese. 3. The net hod of

one of the clains 1 or 2, characterised in that the

massi ve sem conducting nitride substrate i s produced

with a dislocation density of |ess than 10*6/cnR. 4.

- The nmethod of one of the preceding clains,

characterised in that the nethod further conprises:

depositing of a dielectric |layer on the

serni -conducting nitride substrate; and inplanting

speci es through the dielectric layer into the certain

depth of the nitride substrate to formtherein the

predeterm ned splitting area. 15 5. The nethod of

one of the preceding clains, characterised in that

the auxiliary carrier is a substrate selected froma

group of materials conprising silicon, GaAs and ZnO.

6. The nethod of one of -the precedi ng clains,

characterised in that the auxiliary substrate is

anneal ed after the detaching and transferring step.



7. The method of claim6,, characterised in that a

protective layer is deposﬁ ed onto the transferred

nitride |layer before the annealing step and is

renmoved after the annealing step. 8. The nethod of

one .of the preceding cldiMMSchar act eri sed in that

the surface of the transferred nitride layer is ,

snoot hed after the detaching and transferring step or
1. afp efethdie ofnnedidimng astwpira®. fofhe mwetokledtrofic oampliioftiany ghe

edin Ialns arac rlsed in_t | east
SUbSthﬁ %‘%{W'al t 545t PG E}ng%lm © 4AYRR LBy ?:ﬁ}m%fc %5166 F%ﬁ  H¥lic
interrh@TRE u@bmeﬁbéﬁé&en@h&emltﬁ@%od cAinpa BEE; undoped GaN
and p-fype GaN s osited on the transferred.

ninregagag pggaéam@haryt S%EQ(WPF%W@L?B%]{ Fapquctiggnitrgilayer is

\ characterised in that the netallic
piaL{;E:H%%ler rr]tjejgl a e | yer is deposited on the at |east one
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2. The method of claim 1, characterised in that the semi-conducting nitride

substrate 1s a GaN-substrate or an AIN substrate.

3. The method of one of the claims 1 or 2, charactei'ised in that the massive
semiconducting nitride substrate is produced with a dislocation density of less than

10 6/cm”.

4. The method of one of the preceding claims, characterised in that the

method further comprises:
depositing of a diclectric layer on the semi-conducting nitride substrate; and
implanting species through the dielectric layer into the certain depth of the

nitride substrate to form therein the predetermined splitting area.
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5. 3/ dTi@5mefiog. ¢0) one of the preceding claims, characterised in that the

auxiliary carrier is a substrate selected from a group of materials comprising silicon,

GaAs and ZnQO.

6. The method of one of the preceding claims, characterised in that the

auxiliary substrate is annealed after the detaching and transferring step.

7. The method of claim 6, characterised in that a protective layer 1s deposited
onto the transferred nitride layer before the annealing step and is removed after the

annealing step.

8. The method of one of the preceding claims, characterised in that the surface
of the transferred nitride layer is smoothed after the detaching and transferring step or

after the annealing step.

9. The method of one of the preceding claims, characterised in that at least one
epitaxial nitride layer of a material of a group comprsing n-type GaN, InGaN,
AlGaN, undoped GaN and p-type GaN is deposited on the transferred nitride layer of

the auxiliary substrate.

10.  The method of claim 9, characterised in that the metallic intermediate layer

is deposited on the at least onc epitaxial nitride layer.

11.  The method of claim 10, characterised in that the method further comprises
providing the final carrier and bonding of said final carrier on the metallised side of

the auxiliary substrate.
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12.  The method of_ claim 11, characterised in that the matenial of the final carrier is

selected from a group comprising silicon, silicon carbide and copper.

13.  The method of one of the claims 11 or 12, characterised in that at least one
reflection layer is deposited onto the final carrier before the bonding step of the final carrier

with the auxiiiary substrate.

14.  The method of one of the claims 11 to 13, characterised in that the auxiliary carrier
is mechanically and/or chemically removed after the bonding step, wherein the nitride layer

1s used as a stop layer for the removal step.

15.  The method of claim 14, characterised therein that the transferred nitride layer is

removed from the substrate after the removal step of the auxiliary carrier.



