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an epitaxially grown layer, i.e. a |layer obtained by

epitaxy, intended in particula for applications in

the fields of optics, optoelectronics, 5 or
el ectronics. Certain materials, for exanple silicon,
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Other materials such as galllum arsenide, gallium

nitride, indium phosphide, germanium, - or silicon

carbide; are also of interest. However, . not all of

those materials can be obtained by pulling ingots of
high cr.ystalliﬁe quality. Further, it is not élways'.
possible to ‘fabric:ate substrates from such _ilngots .
because the costs are too high or the method is too
difficult to implement. | _ |
- Thus, for.éxample, no method currently exists for
fabricating gallium nitride (GaN) ingots on - an
industrial scale. e - '
The document “Bulk and homoepitaxial GaN growth
and characterization”, Porowski-S, Journal of Crystal
Growth, wvol 189-190, June 1998, pp. 153-158, descxibeé
a method of growing a monocrystalline GaN ingot in the
liquid phase at a pressure of 12 to 20 kbars (12 to

20 x 10® Pascals (Pa)) and at a ‘temperature in the range

1400°C to 1700°C. However, those conditions are
difficult to implement  under mass production
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cgearfy 1nsugficlent for the env1saged applications.
Thus,  the market currently offers no
20 monocrystalline gallium nitride in the bulk form, of
high quality, of a sufficient diameter, “and at a
reasonable'price: . -

The prior art. discloses a number of attempts to

- fabricate substrates by epitaxy br_ hetercepitaxy in
25 order to .overcome the problem of obtaining certain
specific materials. ,

Epitaxy can combine materials with different
natures in the form of thin films and combine their
properties to _prodﬁce componénts, for example high

30 electron mobility transistors (HEMTs), diodes, oz
lasers. ' -

Hetercepitaxy consists of depositing the desired
materlal onto a support of dlfferent crystallographlc
nature by epitaxy, and then eliminating the support, if

35 possible and necessary for the remainder of the

process.
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if 35 possible and necessary for the remainder of the
process. 23 January 2007 WD 2805/014896 '
PCT/ EP2004/ 007578 3 The mmi n drawback of that
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To overcome that drawback, the Hmterial selected
as the support preferably has crystalline structure and
thermal"expansion coefficient very close to those of

the materials which are to be grown epitaxially. As an -

 example, gallium and indium arsenide or gallium and -

aluminum arsenide can be grown epitaxially on a gallium
arsenide support with crystallographic quallty that is

. sufficient to produce components.

However, other materlals, do not ‘always have a
compatible support that is in the form of a substrate.
This is particularly the case with nmterlals ‘such as
gallium nitride or cubic silicon carbide.

Until now, components having one of those two
materials as the active iayer have  been grown - by
'heteroepitaxy. . | o

Thus, for gallium nitride} light-emitting diodes
(LEDs) and lasers emitting in the blue, wvioclet and
ultraviolet as well as high frequency powér components
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now, conponents having one of those two materials as
the active | ayer have been gdown by heteroepitaxy. 35
Thus, for galliumnitride, light-emtting diodes

- (LEDs) and lasers emtting in the blue, violet and
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tHdrgi Baiminated and only the thick epitaxially grown
film is retained, which in turn becomes a substrate for
conventional epitaxy. Methods - of that type exist for
producing gallium nitride and silicon carbide, but the
quality of the .substrates obtained is generally
mediogre because -of the influence of the original
supporﬁ substrate of different crystallographic nature.
Thus, typically, large residual stresses are
observed in the case of the epitaxial growth of c_ubic
silicon ‘carbide on silicon. ' Such stresses generally
result in very substantial curvature of the epitaxially
grown silicon carbide once the original silicon support
substrate has been removed. That curvature renders it
unusable for all subsequent forming steps. _
Similarly; for the géllium nitride obtained, the
influence of the support substrate is'illustrated by

" the appearance of a very large number of dislocations

and by cracking of the epitaxially grown film as its
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silicon carbide on silicon. Such stresses gener
result in very substantial curyature of the
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- Further, the document “Physical propertles of bulk
GaN crystals grown by HVPE”, Melnik et al, MRS Internet
Journal of Nitride Semiconductor Research, vol 2, art
39, describes a method of growing gallium nitride (GaN)
monocrystals by HVPE on a monocrystalline silicon
carbide '(SiC) substréte, and removing that substrate
using a reactive ionic etching (RIE) technique.
However, that S5iC substrate takes a long time to remove
since it is highly inert chemically. o
Finally, the document “lLarge free-standing GaN
substrates by hydride vapor phase epitaxy and laser
induced 1ift-off”, Kelly et al, Jpn J Appl Phys, vol
38, 1999, describes a method of growing GaN by hydride
vapor phase epitaxy (HVPE) on -a sapphire  substrate,
then remov:Lng that substrate by laser-induced lift- off.
That technique 1is based on using a laser of a
wavelength that is absorbed only by gallium nitride and
not by sapphire. Scanning the resulting structure with
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Internet Journal of Nitride Sem conductor Rese@BGhauary 2007
vol 2, art 39, describes a nethod of growing gallium
nitride (GaN) nonocrystals by HVPE on a

monocrystalline silicon 25 c%r bide (Si C) substrate,

and renovi ng that substrate “using a reactive ionic
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‘ asp there 1is providéd a method of
fabricating an‘ epitaxially grown layer in -particular for
applications in the fields of optics, optoelectronics, or
electronics. '

Said method is characterized in that it comprises the
following steps consisting in:

a) implanting' atomic species within a first substrate
termed the "support substrate" to define therein a zone df
weakness which demarcates a thin ‘layer termed. the "thin
support iayer" from the remainder of said substrate;

b) transferring ontc the free surface of said thin -
support layer a thin nucleation layer of a nature which is

suitable for subsequent epitaxial growth of said
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Al so disclosed herein is an epitaxy support sulZ3Jaatary 2007

and a nethod for its fabrication. In a first aspect,

there is provided a nmethod of fabricating an

epitaxially grown layer in particular for

applications in the fields of optics, optoel ectronics,
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the support substrate fromthe thin support layer.

SURPRF e PRBACEHT eFablW t FiebsRmIcakht i o Yagjat tdgopeh to be

mifgtaded fromits support before the start of
epitaxial growh of the desired material, and thus
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conventional lapping or chemical or ionic etching techniques.

The‘inethod may also present the follqﬁing advantageous
and non-limiting characteristics, taken in isolation or in
combination: _

According to a first embodiment Qf'the invention, step b)
of transferring the thin nucleation layer is carried out:

- by implanting. atomic sbecies within a second substrate
termed the "nucleation substrate" to define therein a zone of
weakness which demarcates said thin‘nucleation'laYér from the
remainder of said substrate, theh

- - by bonding the two substrates one against the other,

so that their respective thin support and nucleation layers

are located facing each other, and
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ﬁﬂécmatheeskﬁbstpeemmmﬁmﬁahﬁdCO@Bthuﬂung Sald support
E?Q$OE§J EB%.pﬁﬁ?ﬂ%&%&%nfo%uﬂaﬁréﬁg the theﬁ$al

i ONS are sel ec en conbined Wt

'btud@atat e b t hepmraier afercondiseqeengl ai Byt out

SRR 98 SRl M&ﬁ?&é?naiéﬁét e, zdhe bRe@lkness

15 budget to_be supplied for ,subséquent]y

1GetHePRERT ahaﬂqetfe%nﬁpwaé@téwsn&ff XTI ﬁe&%ﬁggsled |

dus igicead BT - bifarHdhesegpl pirievediher il idudgebchupnti edind
the steps precedi ‘

e dadelimets | Srans Bre LarFTsa shE By BeRrimEY 5o

Advaﬂtﬂa@emﬁje;qualm, r eértee ndeemagindehe mut| daE onucleatlon
substrate ‘or the remainder of the support substrate is
detached by application’ of additional energy of
mechanical, optical, and/or chemical origin. . ‘
_ According to a second embodiment of the invention,
step b) of transferriﬁg the thin nucleation layer is
carried out: '

- by bonding a second substrate, termed the

“nucleatlon substrate” onto said. thin support layer, - '

- by reducing the thickness of said substrate from
its back face by lapping and/or chemical etching and/or
ionic etching to obtain said thin nucleation layer. ‘

Advantageously; bonding the two thin support and
nucleation layers is carried out by means of at least
one layer of intermediate bonding material, made for
example of dielectric material,'such as silicon oxide,

silicon nitride, and silicon-oxynitrides.
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substrate or the remainder of the support substrate is
det ached by application of additional energy omaJanmnyzmﬁ

wERbarisest . optical; and/or chemcal origin. (S’[‘/%I}’z(%m)o?w?s

to a second embodi nent of the i nvention, 25 st
of transferring the thin nucleation Iayer is carried

out: - by bonding a second substrate, terned the
nucleation'substrate onto said. thin support |ayer,
by redu t he thi ckness, of said substrate from 30

its bad o4 Bing appi tdareredr tehBnsERPOsic Aty nucleation
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I%éer Advan a%eo sl bond| the t th|n support
it gt |9n@a Y&F oot BHERE lc?‘fte’atbondmg

| easterieie nay &e Qﬁarﬁiédﬁbdltab@' b@a@dmgarfattemc@img

de fgqr. 35 f diel ect terial
S coh BRrR T on e FOHS, aNER | by the . method

orc;bnﬁtllslt@es:l.n2I&aphdrmaxal?@O?grdﬁ&rﬂj)Oﬁh@lmﬁtax1ally grown

eat’1"0n ["fayers ei

PEILER2004/ Q07 {8 8, The bondi ng. Sl ke 1q LN o o

g ort and nuc ditTectl'y-“one

LAstucheaddiver laven. the presence of at |east one ‘
Iayer 8hifnt ¢ pedi Alg 1%@1%}9 g{e%f'ffd wepg?;rdﬁ@@d by

out bé nol ecul ar bon 5 Adv a eou
sPepad) , crganist h@BG—‘H‘é@ﬁéh stV@DoF eﬁemaldq gn gr @RGP » by

t hgdephbaxiaddy - 9&1@% & Y@éx§0 g fopR qmﬁleeular beam
nucl ation | sai gln nucl eat'i,on I% ai d
(PRAERGE oMBES, | oBur “haphbEey, SHOCEA B 16 et Ion, by
gegﬁnaxlahemntekﬁﬂamﬂmuﬂQﬁmsw%%iﬁg?acxmﬁ& andﬁo ﬁgltaxy.
ri ase, epit mol ecul ar ‘beam

ezltax Y%@g§gegységfhode% utteP@% C%%p05|998ﬁ 1957 the
e@d@aﬁl@halaﬁﬁep o¥eelgmiwmat i OGpeotthin support layer,
{Jﬁs@em@f k1oARYBN A0E0US) V- ol die LBRLIA PORRLT SBfver o

15 ad t1 onal m nat
ARHOF S Pafye@lleleﬁertlm ﬂn@’eereaﬂu orrem@wnganmtegral with

p@@é'é&ﬂtﬁﬁfaiﬂyeﬁr%hn layer.

The epitaxially grown layer may be produced from a
wide band gap semiconductor material, for example
gallium nitride or cubic silicon earbide.

The epitaxially grown layer may be of sufficient
thickness to constitute a self-supported layer.

-According to a particular embodiment of the
invention, the thickness of the epitaxially grown layer
obtained at the end of step d) is insufficient to be
self-supporting, and the method comprises the following
additional steps carried out -between steps d) and e)
and consisting in: |

- applying a first layer of metal onto said thin
epitaxial layer and a second layer of metal onto a

third substrate termed the “acceptor substrate”,

- placing the two layers of metal in contact with
each other and bonding them together, o '
- to obtain the thin epitaxial layer transferred
onto Said acceptor substrate .at the end of step e).



| ayers of dielectric material remaining integral with

the epitaxially grown |ayer. The epitaxially gr2sWanuary 2007
'ayer may be produced froma 20 wi de band gap

sem conductor material, for exanple galliumnitride

or cubic silicon carbide. The epitaxially grown |ayer

may be of sufficient thi ckné®s to constitute a

sel fnsuppertedd| ayglect, . Acicardi ag tpmarlaaﬂtlazuln@lthod of
nent _of the 25 inventi or]rhs t he thicknes
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paggr%]ulqg our " betRed7 2§ €ps d lgangﬁle) f%\%gdscongfst PRELCS
opfeele3@ronappl ying a first | ayer of nmetal onto said

t hi | i yer, and second | a f netal ant
a gﬁ?rdhé%és?gr a% téP"n%Ht%%% "g%cepir%?h scﬁbs?m%]flses the
foplertingg stbes tapmsliagéng of: metal in contact with each

othel afg megamﬁf@ LOOELNGY o Fhih0 ODLELD: T RGLPLLLe
epl taxi a er transfterr onto said acc eptor
teyydsht Flg e"a@pncmt esibgiragedp te) dezsngart@ap:yilzom zop@ of

weéfhé%sseﬁﬁf& a%ﬁ%&ca%@sser & ' $hPhove agzt%q atm e% t"thln

fabricati ng an epl taxy support su rate 1 nten
- suppelfsd@vyetor feere thebrimindaropf apaiehitubsitakly gréwnlong

whidﬁyesralkinthﬁ?ritﬂlﬁlmaﬁ& $074 aRphi £ Qs astw%aﬁll el ds of
optics, E?t oel ectronics. According to th

i nvihh i é?ﬁanf I ifgt holt T orfpri slezest haur fasie owf ngastephin

suﬁ:SH]rst:' StdyR@ 1 thhdn i H@éﬁgﬂl%g qta@r@kco§pea0|1?§tﬁ@et it & is
first substrate termed the "support substrate" to

sulfetilfe fferdirequenhechi taxi@dk BV thhréh Sgéhncpatasially

grévh‘l N d@yer biyeriipdeh8ft iddl & bSMPRQY tintd¥ehce f HOMAAE the
mai nder of said substrate and along which said thin

twcrq T RRAES Aot PEARR M £a tAEY aUPROFE; sypytrate.
't adeEfRabeBgs DAL 0 4 fren swef aceSkesakdhd hi fhe  thin

nu%%ﬁ%ﬁig% 12 §¥ f% Egkglggcégﬁugéagbkgze&eéglg%e%a%or stel b)
of the method of fabricating an epitaxially grown layer.

Preferably, the bonding of the two thin support and
nucleation layers is carried out as previouSl&_mentioned.

Finally, In a third aspect, there is provided an epitaxy
support substrate intended to be used for the fabrication of
“an epitaxially grown Jlayer in particular for above mentioned
applications. | o - |

Said substrate comprises at least:

- a first substrate termgd “support."substraté"
comprising a zone of weakness which demarcétes a.thin layer
termed ﬁhe "thin support layer"™ from the remainder of said
substrate and

- a thin nucleation layer the nature of which is

. suitable for subsequent epitaxial growth of said



‘suitabl e for subsequent epitaxial growth of said
epitaxially grown layer, by inplenmenting a bordijaguary 2007
Wi 7 between the two, in order to obtain j ,
wggib{?gzgﬁgupport substrate. Advantageously, stepls‘?’f’?"%’P*"““ﬁ”
transferring the thin nucleatjpn layer is carried out
~~as above nentioned for stel b) " of the method of
- fabricating an epitaxially grown |ayer. Preferably,

the., j of the two thin suppoyt an ucl eati on .
| B ERELE L ASeh Lave oy Il TG 1ager being .
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faftr?%%t J?%%Bgf tonaen e%)}f%x?gl ﬁ)g@%?%lﬁnﬁagc%eﬁﬁgﬁdlng ma%erlal,_.
patdic @ara féte hboveiremeitensdl .appl i cations. Said |
5 Substr @&, Lonprd Alelfasics- %ﬂdrs%d%gﬁ%£i§§‘ of the
termed "support substrate®™ conprising a zone i .
WeBRIFESSLGthi chbesmmeat eBPRALRRK | aylgFomt er i@ t hefollowing
" daisk rSYRRA  Iny@s " 1o therd eaméadefs of rgai hecompanying
substrate and a thin nucleation | ayer the nature of: , ,
TENINIS suftasie Pd%m@lﬂfseqre@wléaﬂiasega| Hwatigms  of
S pod saB LEanngs VerORT at VOn2005/ 014896 PCT/ EP2004/ 007578
11 epitaxiall rown | ayer, said nucleation |ayer
"bei ng &Qoﬁéleed %%%ﬁlgjswpport filmeither directly of
by neamsFighirats | dastconBd |ayer difagrdmes nexk@tesenting: the
bgndi terial...ssUc a dielegiri rial .. 5.
- CPTEEREeRT, Hildheosi B MRRS0 b Fhek et ABbTEGaratien of
. bEBenBeippat et thominnentbbhowend description made

wth refeigices §0 e 2aCOMRAN:ag ralAB9S¥BLE ng the
provide non-limting. 1ndications of possible .
15 i dpf ERERDEL | DASCEISENS hetePawidigs? FHRes Implempntation
' ape thagmamho®Epresenting the different successive
st eps a first i.nplementation of_ the nmethod of the
i nvent?%n;S}é?fﬂidei%%ré’f ttgi‘{ﬁ arer disdﬁrﬂaayﬁdlcatlon' the
répf eseatitnd ayers shown in the figures are not drawn to
scale particularly as regards = their relative

10

20 thicknesses. _
The method of the invention uses a first substrate -
1 termed the “support substrate” and a second substrate
2 termed the “nucleation substrate”.
. The support substrate 1 has a face 130 termed the
25 “front Fface” intended to come into contact subsequently
- with the nucleation substraba'Z and an opposite face
110 termed the “back face”. ) o
| Similarly,'the nucleation_SUbstrafe 2 has a front
face 230 and an opposite back face 210. '
30 _ The material constituting the support substrate 1
is selected to have good mechanical strength even at
~high ‘temperafures' which may reach 1300°C to 1400°C.
Advantageously, currently commercially available bulk
substrates are used.
35 Purely by way of illuétrétion, it is possible to
mention silicon, sapphire, polycrystalline silicon
carbide, 6H or 4H monocrystalline silicon carbide,
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figures are .not dravvn to scale particularly as
regards their relative 20 tfppcknesses. The nethod of
the invention uses a first substrate 1 terned the
"support substrate" and a second substrate. 2 terned

I S at g" YERSFTasS uUbsigat eahd =
Egglaﬁﬂgc@q{ﬁ%&t e?(?rr%lgyfhgluf:ﬂg%nﬁfront facgzii mﬂf eﬁgled ine
PELEBNE 4o contact subsequently with the nucl eation

substirﬁbe ARG @bropPesstatace iblGdidmel the thaekits
Sim|arly, the nucleation substrat

g . f 2 has g .
’F‘? Hte f 508 236 Sand ekt Bho 2Btk  Face! 598, s¥PFRguent
opfieakablcogsbiitht i ag tiies Slmﬂﬁrﬁe substamat efl epstaxially -

elected to have good nechanic SLY, th, e -at, .
SEORE! Fhtel ) cetiph R Ty che enday *UE) Snich nas
Poe amedgesusie/, nomeraht 6y amonﬁér disald yFayaid¢ablie toul & and

',_f@bﬁgrﬂzs are used. 35 Purely by way of illustration,

I'S possible to nention silicon, @E’phlre
pol ych§seal expardid cdre euFbpasiopHsybsAgate 2 can be a

SBROCENhRL NG St £ON GRIJH d8s Zh PRNuRT )il%QQZIe Wisany ,
20057 014896 'PCTI £R20047 00757 5% %al Iiumnitrid

g EhNFOn al{ S murfiini G eCrBRAfe dRdS2 irnSARBY e ( zﬂb?mond
JAEL nuel eatsoni guebsinate) 2 Iérseii_'eﬁllhiﬁﬂuﬁo Igjj‘afldiés (ALN) .
ature and its ti.ce neters all ow subsequent 5
ST o T b bt ier et A SR of enrtomially
gr owifinet e anhalepdtiacti a1t t ogbewnblayaed odindiadlliicim hastride
%e nge %nc%o%[{g%f al ?ai)(ﬁ 6nu£:.SLgF1 'ogur%%b tx%t% aréi is
.\ an exXa he nucleati on substrat
Rxﬂfgmab.ylaeé@ﬁﬁ@@h ror { kbl br Palisosh &ekﬁﬂqqtﬁ@rblde
Micy desbBM ve, or galllum nitride (GaN), and when the

epitaxial layer is formed from cubic silicon carblde,
the nucleation substrate 2 is preferably (001) silicon

Si, or silicon carbide.
The two substrates 1 and 2 can be of identical or

‘different natures.

~ An operation for implanting atomic species in the
support substrate 1 and in the nucleation substrate 2
is then carried out, preferably on their respective

front faces 130 and 230. | - |
The term “Iatomic species implantation” means any

bombardment of atomic, molecular, or ionic species

which can introduce said species intoc a material with a

maximum concentration of said species located at a
depth that is determined with respect to the bombarded

surface, in this case the surfaces 130 or 230.  The
molecular or ionic atomic species are introduced into

the material with an energy that is also dlstrlbuted

about a maximum.



silicon (Si), silicon carbide (Si.C), sapphire, ‘
di amond, gallium arsenide (AsGa), or al um num2aiJaniae 2007
wbé@@&)gmgjdomever this list is not limting. W‘el‘bﬁﬁmoomo?ﬂs
cepitaxially grown layer of galliumnitride 15
"be fornmed, said nucleation subgirate 2 is preferabl y
sel ect ed from (111) silicon, silicon carbide (SO,
“sapphire, or galliumnitride (GN), and when the
epi t axi erg c car.hi
~the nucgﬁée%rb?%n é %#%é??@#%%%g erab Aﬂ 8%1) %s%*%lrﬁg%gn out,
2695 , espmpiliei; coastagbjate. iThe bamnsu.b@tlraaxt@s: loandk 2plasma

C@_&I[té%:ﬁfoﬂldﬁ%lgﬂ{egr different natures. An

operatlonfor |npla atom c species in the
suppor PRt Y 1 Sa?Pa‘gl AMHeanirtboR i o s@gstrigd put by

5 230n8d hesortirdeshout , peedesabby,on L8l 11 ASSRRELEV ionic
front .faces.130 ang 230. The term™atom c .speci es

i FPESHER i ofr® ek TQAF™ -bonbarUrhek ofi OBd6mi cspecies  can
rrakiaalmltagecmslpmma SpeRies al‘MﬂieChofz“anlh ntd&ﬂ’dﬁﬁaﬁ@bﬁ with
into. a.mterial with gs g% maxi mu

I

ﬁcentgra i WDt 22 P LB ed”‘é‘fnpale Jb%]twl%at
|s det Befiarethas t shoedpecbet andie hiombahded r&lg'efr%k:eto the

10 'flEgkétE8§F t@&né&EB%ﬁSS %ﬁp OF y %gggThﬁ?%qﬁ%ﬁcﬂh er the

I'ONI C atom ¢ Species-are |1 ntrod
nﬁ@@#ﬁ‘élel\ﬁd‘. Fradenmsagly YPmartsCakdoe distributed 35

about X i a 591
o ST B O 2 1
bebearPed otf, ther aR@hpPe, SWeFhgaha | bn deam mean ion

| pphabtakion & Lﬂﬁmﬁ TEMRBES GRR itAY afli®dtrate 1 into two
sai 5

15 et Ba ARG, PreRLRaBRYST e AR et O he “thin

spacpesti iaﬁym‘(’ogm&l tﬁ@afemamh@eﬁpﬂ‘l@ﬁ gand substrate,
i ogtts sutiacdire checEiaide dnbtb gl . tone of
" weakness 12 and 1ts front face 130.
In similar manner, following implantation, the
20 nucleation substrate 2 has a zone of weakness 22, a
thin nucleation layer 23, and a remainder 21.

Optionally, and not shown in Figure 1, it is
-possible to form ‘a layer of protective material on the
front layer 130 of the substrate 1 and/or on the front .

25 face 230 of the substrate 2. |
_ When such protective layers are present, atomic
species implantation can be carried out through them,
in - partlcular by 1mplantat10n over thelr respective

free upper faces. Said layers may be sacrificial
30 layers which act as masks and thus protect the
' substrates 1 and 2 during implantation. They can thus

be eliminated after said implantation.
The parameters for the two atomic species.
_ implantations, i.e. the dose and the implantation
35 energy, are selected as a functidn of the detailed

criteria given below.
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creates a zone of weakness 12 in the bulk of the
source substrate 1 at a nmeaRg on penetration depth.
It divides the substrate 1 into two 15 portions,
narrely a thin layer 13 terned below the "thin support

ItﬁlytnEIr ayego%fgeexr% en%ggget vvefen&t]%als(élg;}bqs% r%&egsﬁgégglg 1s

. tAreh | benfledntorfae e the0 nueled bl dar spRtERES of | GHchg that

Eﬂ&?nﬁ%tms'érg){btfm i%ﬁrpu?ha%@fsonl%Ub§hﬁatﬁ32 828 A ocated

zone o ness 22 nucl eation |ayer 23, and
fagigmmi erieh Qtlheastl onal ly, and not shown in Figure 1,
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o@qetltl%g 1% SREBLES At aphat 1S, firoft thecdlog8o of
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and t antation 35 energy, are selected as a

- then@URGIPE 3Hes HeR bR | 4dCAEFILESr FEEGHATDOABEL DS 4 -

JanuayoweAR, i/‘@ 2005 0448865 PTHE EPAHH A H07H 7 8utlboAsiing

shovvnln F|g - the su ort substrate 1 js_.then

_ %Hénnl}ﬁy@dﬁ 0 sﬁBgt ?gt &% TGRS ¢ Rt 18" 1east
ohléei nmt@,&m%dmaztaet ondaygr sLa@andi@8ued e docdtlet front
faC| ng]dgout fgt e SgbAg¥g@eag.Leoét'ﬁéi)'orb%@1d'ﬂge' $ront face

_230 of the substrate 2. Sa:Ld layers can, for example,

be the above-mentioned layers £for protection during
implantation or specific layers termed “bonding
boosting layers” and carrying refe'rencé numerals 31 and
32. The bondihg interface 4 is then the interface
between the upper face 310 of the layer of material 31

" and the upper face 320 of the layer of material 32.

As an example, said layers of material 31 and 32

can be formed from amorphous or polycrystalline silicon

or from alumina {Al,0s3)}.

Advantageously, said bonding boostlng ‘layers 31
a.ﬁd 32 can be layers of dielectric material selected,
for example, from siiicon oxide (S81i0;), silicon nitride-
(SisNy)}, or silicon oxynitrides (SiON). They may be-
identical in nature or different, and they have

.thfickness in the range from a few tens of nanometers to

" about 1 micrometer (1 pm).

Said layers 31 and 32 can, for example, be

obtained by plasma enhanced chemical vapor deposition,



nol ecul ar bondi ng. Such bondi ng techni ques are known
to the. skilled person and have been descri bed, 23 da#nuary 2007

. womopbasged n the work by Gosel e, "Sem conduct or X’gi‘ﬁzﬁ’zowomsm
bondi ng", Sciences and Technol ogy, QY. Tong, 10 U. -
Gosel e, Wley Interscience pubiications. The -bonding
interface between the front face 130 of the support
substrate 1. and the front face 230 of the support

su anth €Sy e ru |- oy : .
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anpblizhidpge bandingelasmaf ace v irmuhehethezonéentat@ation
begm t he. uppey, f 310 0 layer of mmterial 31 _
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Ascii wdahphe, isaickdompers 6 materaufiodstanch@Pattan in a
beAfor e ) phqus ol ystaldine silicon. .. ..
10 o%afsfom al %?n’eﬁ}z_}% AlZIC.)gSZ’%J. %Eﬁl(gnt g%%ouéﬂy%f%gji%j'%%nd?%%latlon
bdddELRF Ry eVEtB1 thed spvéaemmentayerrd of Jenerates| cozone

mahaldhal siekAaCt Gt i R dOr @x@mkerrhe@m Sildedy  various

OXi %Wl 02'21 SJ'L| i con I‘él t |,11:11e (Si3N4), or silicon

oXy PP LS ‘%53 PREYIREY be identical in

nat ur e Tore didtflereniataod t heg~havertdiskness 4 thecandard
15 TRIESiIom s COULAGRS LASANE 863 (S a0 gp 1
 eramphd a behydbogknepebpxildas mmmehhaated, ehdniscal is based

LORCEBSERIA L, 2adruschosanp O 20! e

subst r BeBAiEh i ©©ars  Réemed Promx¢ingenced by thermal

neRaebyYshy.l i nensk! beABaGaNB 48 adapted so that it has no
20 influence on the .zones of weakness 12 and 22 and does

not cause detachment along those 'zone$ at this stage.

The aim of said treatment is to obtain strong
bonding at the bonding interface 4 and to provide a
“stiffening” effect whichr.maintains the gro;ﬂ'th of

25 defects formed at the zones of weakness 12 and 22 in a
' plane parallel to that of said bonding interface 4.

The remainder 21 of the ‘nucleation substrate 2
shown: in Figure 3 can then be detached by supplying
energy of meéhanical, thermal, optical, and/or chemical

30 " origin. _ 7

In this regard, it should be noted that the two
‘above-mentioned atomic species implantation steps -are
carried  out with dose  and .implantation enerqy
parameters selected such that, combined with the nature

35 of the pair of materials c-onsti'tu_ting the support
substrate 1 and the nucleation substrate 2, the energy
budget to be supplied to carry out ‘subsequent
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The two contacting surfaces are bonded after suitable
surface preparation, for exanple and as is 5 &lJanuary 2007
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type chem cal s, by chenlco nmechani ca
pol i shing, or by plasna or yktraviolet-ozone
activation of one or both contacting surfaces.
U traviolet- ozone activation is exposure to
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pI an?‘u&@h dtl %{:o stfHE)%L ) Pfpsaind tReNdERg: i ey f@@ﬁeﬂgth of

he remai n e nucleatlon supstrate
thﬁ rqtieng é«aﬁe@fﬁéﬁe e 1%e?§§ﬁé&18§1k%s VP% ra‘ée said

£EReHEY :efhmiBehani Cehout henmwahdingti cal , and/ or

h | 30 | n, t hi d,_it sh .
e ks o Shhestt o raApe e ol o P uhepEted by

apppbrantgat 20N sstigfadlar e theamaled bodgedi t h fgase exagple by

ant a, ner.gy .<par r £cigd ﬁlbq{kéhgt for a
h g‘%ﬁlnﬁed V\ntheii %lgng u?legg%%f %t e paiPLr of ‘materials
gtuest ittimtsi.-ng t he support substrate 1 and the

' nucltg g%& sypstialgd.cdinecengray chudpet shq:»[ﬁ)_’.ej_ed, for
e}sigmgle, b}? g}?énr: 1§gtbggg§%gu%rgd;osr Jgerwsa{]\_/e sQresses on .
the remainder 21-of the nucleation substrate 2, or by
introducing a blade or a jet of fluid (liquid or gas),
for example, at the zone of weakness 22. Shear or
ultrasound forces may also be applied. X
Mechanical stresses can also result from supplying
energy of electrical origin . (application of an

electrostatic or electromagnetlc field). They can also

' oa.lglnate from thermal energy derlved from applying an

electromagnetic field, an electron beam, thermoelectric

. heating, a cryogenic fluid, a supercooled liquid, etc.

They can also be of optical origin, consisting in-
applying a laser beam to the zone of weakness, light
absoi:ption by the material then providing sufficient
energy to generate detachment along the zone of
weakness. ' ‘ '
Energy of chemical origin may be supplied by

etching in a chemical product.
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of the steps preceding detachnent. 5 Advantageous

sai d paraneters are selected spy that the thernal
budget to be supplied during detachnent of the

remai nder 11 along the zone of weakness 12 is greater -
than t heysiml &L er d u [ [ N ‘ .

al | of_bfahe st e%ééb%rg% édi%ﬁasgb% %gg‘é\@t gl?ﬁrre:%%tg%éd tghe 1t l_S'
sPeF$ e ddtcac Mmpgavfe ﬂlglmai faEface pellibe of the free

repmimder 2B ar ¢ cardied 1Qifeby deakbngy imker t Rek, flsidual

~shoul d 'be noted that the strength of { the bondi ng

i 8 Y P(HTEL MtLeD (P1%r BtePsaffar @gtaching the
detaeHnehi:s Bt houtrhinbordiyngrdie Ensedy10fit helg®lring the
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shewt iicwlEguiep@sibioa ofi wel atiere byErgrigyasafal growth.
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exerting bendin ensi e strésses on 't

rérai pden 2 mothots sucheats opheubse rmeehanicalbypolishing,

| heQANE N0 A BhadeAr @ dplicfed Uiy (11 QULE 093N+ (in

for exanple, at the zone of weakness 22. ear or T
Y RESEUHE TS cxsidmy faFs GHa Rkl i cellawisa veERbiANgal or ion

sﬁbé@@s_@@ l@@& @lﬁﬂsﬁ@ﬁu%ﬁloé{:ﬁﬂhéull?m yi ngI eperg%/ ?f

el ectrical origin (application of, an _electrostatic _or

el ect rtﬂag’ﬁ%‘f’i gp?FgFa’El.la?heE;aéﬁn 1 sdhigih gith e ucdmation

tIEy@ﬁl26ndkgwyﬂbit?gddhbmqwmﬂﬁnﬂd%?iﬁ1silicon carbide is
| ectro netic fie an .el ectron, beam - .

ther el SR ST nddY i FPIEER y odéni £51 13430 Possible to
qupepave| Ebel ifpsal, serfaceTRE) cmimd sithe heebhodpidesalribed

r{ o I St ' £ Vi aser beamto the
T oD Bl R AR 0 Sk Ly (e mat ori al

‘then pHei §PAg slayrEpedd an@rdy eoegerbrahe order of 10

opiragheestsal Qng bhe z2an® Ubout 10 micrometers . (10 pm)
thick, and preferably are in the range from a few tens
of nancmeters to 1.5 micrometers (1.5_um}.
- In advantageous manner, one of the two thin layers
13 and 23 is much thicker than the other, i.e. five to .
twenty times thicker than the other, such that the free-
surface 231 .is as flat as possible because of the
absence of residual stresses inside the stack of layers
shown in Figure 4.. ' o 7
' Said stack of  layers _constitutes an epitaxy
support substrate referenced 9. _'
The step shown in FigureVS is optional.
It consists of forming a fine nucleation layer 5

on the thin nucleation layer 23 by epitaxy in order to

obtain an epitaxy support substrate referenced 9'.
The two above-mentioned epitaxy support substrates

9 and 8' are advantageous in that the implantation made

in substrate 1 is realized before the transfer of the



35 weakness. Energy of chemical ori gin may' be supplied .
by etching in a chem cal product. 23 January Zf0Janudi)2007

wo 71004804896 PCT/ EP2004/.007578 17 Advant ageo%prﬁ@ggmﬂs

as shown in Figure 4, it is possible to inprove the
surface quality of the freeigsurface 231 of the |ayer
23 to limt its residual roughness observed after the
step for detaching the .5 remainder 21. This may prove
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can besaghi exedrby 5 [ did f esentprelibeds: %Lie?nasme same
chem co nmechanj cal pol i shing 10 t her oxi dat'i on the

HdaToviel 535 debRlat FHHSFHHEW&%]‘ O taczs. RTeduce
epdanpieyl1pl gsawnetichiayg, orti menbeﬁmmslae & usdeRl for

RO | ayBRi08 | sTEPEPRER ontdowhi GiFHEAN HLogzaphic

‘caidliidon ocfarthde 1ayet5 to be deposited by epitaxy, it

e D OERAB SR SRR, (DEh" B8 RS’ Foipithce

foue. dineferemceayeds 13hend @aaaﬂel@m t keedifderiasfts10 and

1%%%%@ erpc‘af%Q st 0 3ot fl0 MorANEt er spel 1Q1L9£])eatlon

thlc pre erably arelntherangefroma

taé?ﬁéf P mfomiter sleyer, 6 kit widl (1S@wuenhly be

| d@@%@ﬁﬁ;@gﬁ@&sw one of the two thin Iayers 13

and 23 is nuch thjcker an -the other
Fvonts { SRmcSEHTker (i oo BeRLICodazh Fag faw O said

flihee 12yestir facan?3le | grasnf kpt takipdssi e hecalserefanic
h ; -aksence of residual st i nsi th k..of

b2 et ABRsh o WRGPE) B8 3 1 5uPLATEE boan

epohskiyt (MBE)an epitaxy support substrate referenced

9. 38LIherStEPsRAWLH it 4GErS 5 ScHRt AR ‘be obtained
by hydride vapor._phase_ epitaxy, HVPE, or by spu_tterlng.

It is also possible to use epitax':i_'al lateral over
growth techniques, ELOG, or a technique known as
“pendeoepitaxy” in which motifs are -etched into the
thin nucleation layer 23 before depositing the fine
layer 5. Reference should be made to the article by
Morgan et al, ™“Evaluation of GaN growth imprmfement
techniques?”, Materials Science and Engineering B90
{2002), 201-205, for a description of these technigues.

~The list of said techniques is not exhaustlve

The material used to produce the fine nucleation

“layer 5 can also be different from that used for the

nucleation layer 23 and for the future epitaxially

grown layer 6. _
Raegardless of the variant selected, i.e. whether

“or not the fine nucleation layer has been- deposited,

energy is supplied to the stack of layers which is
sufficient to cause detachment of the remainder 11

along the zone of weakness 12, (see Figure 6).
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- detachment is then carried out, the susceptor (or
support} however maintaining the thin layer 13 and the

ve-nmentioned epitaxy support substrates
and 9' are advantageous in that,the inplantation nade

in substrate 1 is realized before the transfer of the

23 January 2007 WD 2005/014896 PCT/ EP2004/ 007578 " 18
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caBnBeodr QuaIeRidaxdal by BieMBhiah QRdH Gurst e cal
vapor deﬁosn tion (MOCVD) or, by nol ecul ar beam epitaxy
(MBE) . °RRE i AETRRIRRY on 12yercarEhfdal soube using” the

obéehnedueby dydidrdba@pab@haser@pi tdetyachdie Midyg the -

S utterlfng’. |t |S£éso possi bl e to use epitaxial

| 4PBF aPLoVER S ot h t echni ques, ELOG or a

t echni Qetakhowmtasisbpendsoefirdraxyhea nrebbdhdewt ifls of the
ed.,li hi_n ' ay. or .

EERBbEEn T IReOrrRS § o bt REbBE R S R gy o

toenpBadr t indiepyncebr gamestalal | 7" Evalamiioing GaNe  thin

%%&tm&y@ﬁenﬁs?fi HRChphguesny Mabesioa] S1SGEENCEs, the
and 'Engi neering B90 (2002), 201-205, for a '
desRe i PRt AhesBYBEC i dftfes. 1ETIRE95att of the molecular

- Seb i BEHNI HHeSti BgNot ag¥RausBiveand 32. . When the fine

nucleation 1ayér 5 1is not present, the multilayered
structure carries-general reference numeral 7, as can
be seen in Figure 6. . |

| .HoWever; detachment is carried out by faking care
not to move away the remainder 11 of the support

~ substrate 1 from the structure 7 or 7' and in
- particular from the support layer 13. In other words,

the thin support layer 13 stays in contact with the
remainder 1l1. = The two layers- 11 and 13 remain
“connected” beCause-their facing surfaces, respectively
111 and 131, are wvery rough, which ensures sufficient
friction to maintain the whole structure in place.
Further, the multilayered structures 7 or 7/ and
-the remainder 11 of the support substraté‘l can bé kept
against each other by a clip, for example, ' -
In a further variant, the stack of layers.T or 7f

and 11 can also be placed in an epitaxial reactor and
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grown layer 6. Regardless of the variant selected,
i.e. whether . or not the fing nucleation |ayer has
been deposited, energy is supplied to the stack of
| ayers which is 35 sufficient to cause detachment of

pnder 11 he..zane s 12, ;
LGS0, 1 Shandet Dol et al2. ohpesine
FETVEP2004 0075y 8end, khet rngnanteul arovaprgmise a clip
SPNRr 'C%L'ﬂgzgfr h‘ﬁitﬂu%h%atéé’fﬂel aK8ped ad NtBesupPld@thte, for
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- The epitaxially grown layer. can be_ constituted by
any material that can be deposited by epitaxy, for
example and preferably large band gap semiconductor
materials, - in - particular gallium nitride. or - cubic
silicon carbide. ' B
' Tn. a first variant, deposition 1is continued until
the layer 6 reaches a thickness of at least 100
microns, - whereupon it is self-supporting - and
constitutes a substrate which can in turn, for example,

' be used as a substrate for epitaxy.

Advantageously, said epitaxially grOWn' iaYer 6 is
obtained by a high growth rate epitaxial growth
technique. _ '

In - the case of gallium nitride, a particularly'
suitable method is hydride vapor phase epitaxy, HVPE.
Deposition is carried out at a temperatu:e in the range
700°C to 1100°C. | S

In the case of .cubic silicon | carbide, a
particularly suitable method is CVD carried out in a

cold wall CVD reactor. :
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Finally, as shown in Figure 9%, and adVantageously,
the multilayered structures 7 or 7’ are eliminated from
the epitaxially grown layer 6, for example by chemical f

etching, ©reactive ion ~etching (RIE) or chemico- -
mechanical polishing or .a combination of said
techniques. This results in the epitaxially grown -

layer 6 alone or with the fine nucleation layer 5.

In the J_mplementatlon described . above,' the
nucleatlon layer 23 was obtalned. by formlng a zone of
weakness in the nucleation substrate 2. However, in a J
-further wvariant, not shown in the figures, the thin
nucleation layer 23 can be obtained in a different
manner, by bonding a substrate 2 which does not have a
zone of weakness onto the support substrate 1 with or
without a dielectric layer 31 and 32, then by attécking
the back face 210 of said substrate 2, Attack can be
carried out either by chemical etching alone or by
grinding -followed by chemical attack and/or icnic
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materials, in particular galliumnitride. or cubic
silicon carbide. In. .a first variant, depositi o ddhuary 2007

WO £08biated until  the layer 6 reaches a thi ckngssepodborsrs

l'east 100 25 m crons, whereupon it is self-supporting
and constitutes a substrat epophich can in turn, for
exanpl e, be used as a substrate for epitaxy.

Advant ageously, said epitaxially grown |layer 6 is
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SRy HVPE.  Deposition is carried out at a
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15 cgastl t detaghsenid flae thetebtien ¢ayeked, omii chaksdng
cadvantagequs, for epLt axhah ngkeil ofwdPerrghethal sbpport

substrate 1 of the multilayered structure 7 which rests

thereon.

A layer of material is .then dep051ted by epitaxy,
but its thickness is less than about 100 pm so that it
is not selfmsupportlng . Said ep1tax1ally grown thlnf'
layer is referenced 6’.

Deposition can be carried out by one of  the
techniques described in the first implementation or by
metal organic chemical vapor deposition (MOCVD) or by
molecular beam epitaxy (MBE). _ ; - ,

. Such a thin layer can 'cdnstituté the active
portion of a component and it must then be transferred
to a third substrate or acceptor substrate which then
becomes the mechanical support for the final component.

, One example of a technigue for transferring said
epitaxially grown thin layer 6’ is shown in Figure 11.

This uses the metal bonding technique. Reference
should be made, for example, to US-6 335 263 for a
déscription of this technique.
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%bntﬁ@@ohlﬁM“@QcHe@%% bong @ﬁ@ﬁ%(&hb@95u§g'ﬁ¥”bﬂa the
i nsul at.or' ng ri ant of the nethod
GRESTEREChAIES bt PR oRve 1%P FitRTs a0 @ osuitable

'ﬂtmn;ﬁeratuseeaﬁdoprb@s@mt hod are identical to those
shown i,n Figures to 4.0of .the &irst netaod and re

not deseti bed agarht E?ter gv°i stBEPp MeYcHo EHBYst ALRm the
cfupryet ssshetwaite 1L0oFi ghee thin nsappbirti datyer 13, (see
G féyg cause detachment of the remainder 11 from

the support substrate 1 al ong the zone of weakness
12, ( qi@mreagnshown in Figure 14, the multilayered

structure 7 is eliminated until the epitaxially grown
layer 6' is obtained resting on the acceptor substrate
8 and capable of constituting a conducting structure.

Iin a variant, not shown in Figures 10 to 14, it is.
also possible to: deposit the thin epitaxially grown
layer 6’ on a fine nucleation layer 5 depoSitedton'the
thin nucleation layer 23 using the procedures described
above for the implementation of the thick. ep1tax1ally—
grown layer 6.

By means of the ‘method. of the 1nventloh, the
nucleatlon layer 23 of the support 1 is detached before

‘carrying out epitaxial growth of the thick layer 6 or

of the thin _layer 6" . A “pseudo-substrate” is thus

created formed by the multilayered structure 7, 77,

which thus enables an epitaxially grown layer to Dbe
made without beihg subjected to the influence of the
support substrate 1, and therefore without the
drawbacks of the prior art. In other words,' the layer
6 is rigorously flat, does not present cracks, has an



Sai d detachment is carried out using the .techniques
and energy conditions described in 15 connectizsatubty 2007

wozﬁrﬁ% gp shown in Figure 6. Said detachnent bE‘T/EP 004,007378
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ore, carried out taking care not to nov
remai nder 11 away fromthe &dpport substrate 1 of the
mul tilayered structure 7 which rests ‘thereon. 20 A
| ayer of material is then deposited by epitaxy, but
eixice Tlucknesgstslliéas ghan iabputaddOips shithaksist id snot
179t ;Se f-supporting. Said epitaxially-grown thin.
5& s referenced 6'. Deposition can be carried out
by omhnﬁethEamQBesecﬁthuesdeQOdlmﬁitmethavéhmibn are
g tation or by nmetal organic chemcal vapor
&ep03|t|on (MOCVD) or by nolecul ar beam epitaxy
EXFRNELE Suich Frasueligrer afan xorddidkut eptifrexd@lile grown
t and it. nust then be transferred
to a thlrd substrate or acceptor substrate which
thenﬂﬁgéﬁﬁﬁ?tr@aﬁecﬁﬁﬂhﬁﬂt%QppéﬁFOfo@tt&ﬂ*lhalSlllCOﬂ

nﬁ@m@?amn s@&ﬁ@érptetﬁﬁ:oi@llghe@rﬁm@ct hézs)r?mde %layer 32

ansferring, sai e xial 'y grown in layer

OQ% %ﬂ%¥ é%ﬁﬁ.ﬁ%%g the netal bonding

teCthduegeRefanaﬁceal%&nShQukda&Qedeeonfor exanplieport
-6 335 263 for_-a _desgqgri thi s, 1echni
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(Sﬁﬂﬁt&hﬁwm@ueac@ayansofoﬁnimmﬁnt@ngda Bilr stbtdfayed by

@%ogggﬁb 81 on the thin epitaxially grown |ayer 6
a second | ayer of nmetal 82 onto an acceptor

subsThat e BrpEarhethebtal Fay@tEignsand @R caheal s8ibacon
ni&Pkaeednby suﬁglttfa@ee supefd rposed | ayer ofofnet 86 kxilo

d/ Sai d- I
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tloongdict isaip@ane! ofubStrate 1, the energy was 95 keV and

the dose was 6 x 10'°H*/cm?. 7
The silicon oxide layers 31 and 32 underwent

chemico-mechanical polishing, CMP, to activate them and
encourage their bonding by molecular bonding.

The remainder 21 of ~the [111] silicon layer was
then detached by annealing at a temperature of 500°C
for two hours. Tt should be noted that the thermal
budgei_:' applied to ensure detachment in the silicon was
less than that necessary to cause detachment in the
silicon carbide so that detachment could not occur
along the zone of weakness 12. ' -

The structure obtained was " then placed in a HVPE
reactor and the remainder 11 of the support substrate
was detached, but without moving away from the other -
portion of the stack of layers, Jjust before a thick
layer 6 of gallium nitride (GaN) was deposited. Said
detachment was carried out by anneaiing at a
temperature of 1000°C for 30 minutes. '

The thickness of the GaN layer measured several

hundred microns.
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10 ref—rl ect light. The netal layers 81 and 82 are t hen-

placed in contact with each ot her as shown i n2BiJgnuay 2007

Wé]‘“‘%"t"g{%‘F interface fornmed i s bonded by treat])lz;f,}j}lép?_%mo_!,378

a sul tenperature and pressure. 15 The

remai nder- 11 is then noved apgy fromthe support
substrate 1 of the thin support |ayer 13, (see Figure
13). Finally, as shown in Figure 14, the nmultil ayered
S”UCt%@ 7réﬁa§hu@wat1qd Wad | dHes eRidvd aldwhaPr MY the

20 | a IS obtained resting on the acceptor

| slﬂ%?iiﬁ@egeglnd s¢apaivEef Tomsts t Glilmy natashddut i whemical

'sétgﬁiﬂge In a variant, not shown in Figures 10 to

it 1s als ossib) e to_deposit_the thin
epl taxT%‘Fl V& ng aEJé%CG 16weF 19heCalc e ioh vay¥r good.

Scdeposiledraphtite galtiiy. nucl eation | ayer 23 usi ng

elegecyl opdsatlil A0S | L LTSI o

tlﬂy@etdxﬁdmonbcmstarl\lanm arubidn &sllmbﬂabaﬁhla&yer 23

Opi 1 A EPR0Eh, fued TLAELE B ViR’ £ ORI R 1 ine

| 1 6SllAcv>pserua@l%®bsonatsetbatg:atﬂw52 thesuglh far aediicon
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enabl es an epitaxially gro l ayer made w t hout

" bei ng I teRd % heailsol ue%ﬂé@l@ﬂtﬁﬁe 3BEQppEr t support

subsitaites 11 @6@ﬂé&”f¥éﬁep&&}ﬂ@ﬁ%tbh@1d@”@@¥ﬁ&§nOéarblde

art t her ayer
(%egl(gﬁ g‘irlyowﬁt ad@ageﬁotO%réééﬁFOBr awﬁehaé gbtpined by
Mﬁﬂ;’l}ﬂ:ﬂﬂ@? V\D 2005/ 014896 PCT/ EP2004/ 007578 24
excel | tc e qual it nd its thickn
not II:%% t ed réceanC xgl}rpl eé%éjf qﬁ%’%t FFJ(?))E of E{%ﬁe silicon
mmm;ﬁahyogusubgtvaheb@cwwré EXARBREE Gl &f ofldot ke afnd a
Qo G¢ epi L axh WY PBPOMd for the SiC support substrate

-1, the energy was 95 keV and the dose was 6 x 10*°m*/cm’.

‘The silicon oxide layers -31 and 32 underwent
chemico-mechanical polishing (CMP) td activate them and
to boost. bondlng by molecular bondlng
‘ "The remalnder 21 from the [001] silicon layer was
then detached by -annealing at a temperature of 500°C
for two hours. It should be noted that the thermal
budget applied to ensure detachment in the silicon was
less than that necessary to cause detachment in the
silicon carbide, S0 that detachment could not occur

'along the zone of weakness i2.

The upper surface 231 of the [001] silicon was
then. prepared by chemico-mechanical polishing and..by
sacrificial oxidation type heat treatment.

The structure obtained was then placed in a cold
wall CVD reactor and a thick layer of cublc silicon
carbide was grown epitaxially.

The remainder 11 of the sic support sﬁbstrate was
detached, but without moving away from the other -
portion of the stack of layers, Jjust before a thick



galliumnitride | ayer Fwdrogen'mas-inplanted into a

[111] silicon  nucleation substrate 2 through &3 January 2007

Wozz'j,gfb;g%oxi de Iayer 32 obtained by thernal %'Tfﬁ’tzb(ﬂ%m:ﬁs

. 10

drogen was al so inplanted onto a. support
substrate 1 forned from pol ygystalline silicon
carbide (SiC through a |l ayer of silicon oxide 31
obtai ned by deposition. The inplantation conditions
19t he Sbfi ¢obiclSsULESAt iarsst (91@) 2 vy ed%sbmted

of .120 kilo electron- voIt V) and
%?l%gyﬂ%ﬁ‘éhméﬁﬁ WAd foRTTLRE SP %Mor?n’gﬁﬁ tPgt e At a

) ﬂemp@ﬁaeagégmm)o@sm%mm@ ntmmms.e was 6 X

RN I NN Al

ractdwadt emf bennand encourage their bondi ng by

mol ecyl ar P&ﬂgiﬂgerThﬁ e@%%agﬁﬁdgb . ] (and  the

silicon”| ayér was anneal 1 n
mlelrﬁjel@mredof stooctuter ?Wa@ur@lmln%tml ob}be thﬁr@dfal
diatigde thermal 25 budget applied to ensure:
detachment in the silicon was |ess than that

necesdf yregud&dss d%"tléb‘ﬁn%?ﬁe¥n°?h§l%lWi‘%oﬁfcé(PE"leé?OOd

'.cﬁﬁzslﬂh?!ﬂl +aghment Q;ﬁiél]dlﬂ},ﬂt oggdl  alLng thergone ldfctie
de:

kness 2 The g ure,obtai ned was then pl aced .i
0 ; 038+ of PRRE"t nELPGRa FHEE 11 6P { I adpradal

. shsiy ate tmastﬁe&acbém;cbutcmwbhmd lapeimg away from

the other portion of the stack of |ayers, just before
a thick layer 6 of galliumnitride (GaN) was
deposited. Said detachnent was carried out by
annealing at a 35 tenperature of 1000C for 30

m nutes. The thickness of the GaN | ayer neasured
several hundred mcrons. 23 January 2007 WO

2005/ 014896 PCT/ EP2004/ 007578 25 The renalnder 11 was

- then aned amay and the



nul tilayered structure 7 was elininated by chenica

etching. The resulting thick |layer of GaN was @B Jaeuary 2007

good 5 crystallographic quality. EXAMPLE 2:

Production of a thick epitaxially grown [|ayer of

monocrystal l'ine cubic silicon carbide Hydrogen was

inplanted into a nnnocrystallla% [001] silicon

nucl eati on substrate 2 through a silicon 10 oxide

CLhﬁﬁgr 32 obtained by thermal oxidation. Hydrogen was

SO inplanted onto a support substrate 1 fornmed from

polycrystalline silicon carbide (SiC) through a layer

fogil 1 .obtained b
1 ot SRRe Von T ORE P P EReRhtY B Ea Foier in

pagtbstiat e Qomerepza}mceméogy ofinl12@hkeV fdrdda = dbse opkibs,
an f e SiC SUpROL! substrate
orkedbae i M Tt Phetiisee SR e P g et e
combrieon thei dellasiass st8ds amhs32tungervent 20
chemc | cal I shj cvp ti t
and %5 qmgﬁgg?ggéngfﬁgl%yghnggéuIa%t%ondg £ % NEerate
terpadi ﬁd@r "2erpeom shWesIGOE]" Sid |@@fllﬂeay@relwa9 at h@cme of

weQEﬁ@«&é"e%hQ}éha”&@@fcﬁgth £ tt%merﬂﬁe thrﬁQ&)C {0 "thin

hours. It shoul d be noted that er mal
SuEEﬂﬁ%tl%ﬂﬁﬁrléﬁpm(¥h§n§9mélﬁﬁﬁna@ﬁnﬁﬁ%d|&vhﬁﬁéa§$l| con was

| esg) t hanhd1atr RS ESRALY R CA4SR dShAchiEntei Ntk thin

silicon carbide, So. that detachnment could not occur
SUBPRy AT ofe tBEN wBHRMRAGIO 1alife (fper Babtrgeviph is

suffatne FO01dusdddueqR WBSta3hit NerhRheRA efhBY epitaxialiy
chem co- mechanj cal polishing and by sacrificial

ILORR dGRYVN et MRIAmePF &Ry nénponcrh%g strtriafgce dptupprdthe
twdpsS then placed in a cold wall CVD reactor and a

t hi ck Iager of cubic silicon carbide was grown
epi FaxPaF3qrings thp et siRidsde P 190 S PR TS BURIFFHSGEt along
th8UbStF&dRndasy d@ﬁ@c@ﬁdweikﬂésﬁﬂtBﬁﬂtwﬂpyérﬁhﬁﬂ@&inﬁﬁ@”ﬁhe
t he ot her gortlon of the stack of ers, just before
thbp ﬁﬁgagrt yer in contact with said re ainder;
d} growing said epitaxially grown layer by epitaxy on
said nucleation layer; and S
e} moving away the remainder of the support substrate

from the thin support layer.

2. A method according to c¢laim 1, characterized in that step
b} of transferring the thin nucleation layer is carried out:

- by implanting atomic species within a second substrate
termed the "nucleation substrate" to define therein a zone of
weakness which demarcates sald thin nucleation layer from the
remainder of said substréte, then

- 'by bonding the two substrates oneragainst the

other, so that their respective thin support layer



23 January 2007 WD 2005/014896 PCT/ EP2004/ 007578 26
| ayer 6 of cubic silicon carbide (SiC) was depesifa@dary 2007
Sai d detachnment was carried out by annealing at a
tenperature of 1000C for 30 m nutes. The thickness of
the SiC layer neasured several 5 hundred mcrons. The
remai nder 11 was then noved g\ﬁay and the nultilayered
anft nueldastd oh Vageelardl Dat£tedyrachag €ath ofthet chidD.
The resulting thick layer of SiC was of very good 10
cryst aty cs%ert&%m}eg g itsredndehatf Vs DPrtgpeion substrate
def or natdmen the chendhbosines AR 8 rWaASaRskesi dual

3005 R PRETATHES 0A Tt RO OPPARFF CAFenoany e lobeed

soephéaxitednl yogboned lvayeer the npalitd G ahef piir of materials
applications in the fields of optics . :
“°op loteQCéLc ror&f’iaclzg, 8?p%?rgtct r'o |85§,g£%hai{"%%t et ¥ed GUFERLEOD
substrammprilsessritchgyf dhbgat ngo sbepsupphisddstfarg suliseghently
' t] on.c species . Wwthin a first substrate
cafEPURE PRE RRILGIRCIRET b et naofferkin Bone of
weazlbmes 0fis weakhessthwin chedemmutaties a&nehgn badeert tseppibided
duk " f-hi rt .l "fro e [.nder of said
usg&g%talrlgt gf E#&% %ga%gf g%{%%%lngn Sg{gh%gtfea@gegg'rface of
said thin support layer a thin nucleation |ayer of a

3. nat gr e Wi eh ds qsii tabl & fiqf zs,u%lsgét'g{gr SR 8% Bhat the
growh of sald epitaxially grown [ayer, lby :
parapt@fent 197y Bhdohdp ngrbhsetdticesherreepekdrtedt vty  that,

wh&et a6 N d hﬁi{kﬁ”ﬁl&dﬁét‘?ﬁe t&f §H@pfa%{e§i\%ﬁ§t r@n 2k QP bhg
the corresponding zone of weakness, but ile :

Sahdi FURPAF Ry SWETTRFR n adpperid | ayetedficdonsdettbitieh the

théhf NeiRjRdels KB Showd NGy Sl SRbdekatly 8LPWRing out
| ayer by ‘epitaxy on

detachment” of the  remainder along the zone of weakness is

greater than the cumulative thermal budget supplied during all

of the steps preceding said detachment and in that the

detachment steps | are carried out by heating.

4. A method according to claim 1 or claim 2, characterized
in that the remainder of the nucleation substrate or the
.remaihder of the support substiate is detached by application
of additional energy of mechanical, optical, and/or chemiéal

origin.

5. ‘A method according to claim 1, characterized in that step

b) of transferring the thin nucleation layer is carried out:



sai d nucl eation layer; and e) noving away the

remai nder of the support substrate fromthe t #3nlanuary 2007

support layer. 2. A method according to claiml1,
characterized in that step b) of transferring the
thin nucleation layer is car% ed out: - by inplanting
atonrc species within a seco substrate terned the

nucIeation substrate to define therein a zone of
weakness demarcates said thin e

e R T ool SR S S AT R o R

. subberdtwd saoisd r atéed cmharagaupsmrﬁIweayemeeby spedlding the

thggﬁ%ésf nﬁgﬁggklon Qrgggpgr |a¥erk%§ J@P“ar Zogﬁg?lng

a ef “are rocatéd aci ng Sach?
anah@Ibthmﬂqaﬂman}hnhe rrepdpbndépndé thehinucl eat bbhain said
th§ﬁQEhﬁ%£@109| Lhe correspondi ng zone of weakness; $

the paraneters or the two i mpl ant ati ons bei ng

sel ected so that when conmbined with the nature of the
6. palrt AL A &I d RlrSi nGORST LAY re

sar% nuS{eatléﬁ8 subétf %fgké%%ggeégggg b get §EE§RS%d
in behstr ppAdedof shests etuEnt3uyprogsr pyd n@u@tﬁatdenaéhnem is
caPfiddioUieTBY Nflgknd 089 LRE 1208¢ ohe WegkResy | ShliRBheLee
han the cunul ative energy budget supplied durlng

bo%Qﬂﬂhéﬁ§?eb%lprecedlng sai d detachment. 3. A nethod

according to claim2, characterized in that the

paraneters for the two inplantations are selected so
-t haf, meiiipch acerbiHA Wi (CRatReb natharacheriFrd gt éPrh| g2id

lamséftilrt.ﬂé]ﬁted§§tg BURROEd mihstinbat @ sapflasaic® dielectric
nucl eati on substrate, the thernal budget to be

makeiidtli-ed for subsequently carrying out detachment of
the remai nder al ong the zone of weakness is greater
han the cunul atjve thermal budget suppli ed durlng al |

{{ Bofethed ST PP dai £§25Ri 4 deRATERE 28R P ntEMGat the

dié¢hetrdet agheenkl Stiepsealetear Firefl Ut ibyn heatiddg. sificon
according to.claim1 or claim2,

t hod
nl%ﬁgfacFE?liﬁﬁfc gfﬁ%ttﬁﬁﬂfsrenalnder of the nucl eation

substrate or the remainder of the support substrate

IS he i cation ofadltlo

S achalf T Aeraart Bhartr imsaeny Cldim,"SHebhcorizea
in that bonding the twe thin support and nucleation layers
either directly one against the other or in the presence of at
least one layer of intermediate bonding material is carried

out by molecular bonding.

10. - A method according to any preceding claim, characterized

“in that before step d), the method consists in epitaxially

growing the epitaxially grown layer so' as to form a fine

nucleation layer on said thin nucleation layer.



TTRP cteels

origin. 5. A method according to claim i1,

characterized in that step b) of transferring 23h&nuary 2007

thin nucleation layer is carried out: 23 January 2007

29 by bonding a second substrate terned the

"nucl eation substrate" onto gaid thin support | ayer,

by reducing the thickness ofUsai d substrate fromits

back face by | apping and/or chem cal etching and/or
1lgéﬂlﬁetuﬁglQ%o&giggtégrkf%%hdlgigééhﬁ%¢ Eg?%% JAYEL saia

AThe accordf ng to“any

fiphamacleatzed layern hid bondliceg the hewrlt hhryassuippathkenical

is I is arri.ed,out._by nmeans of at

vaBf TMERSRCLOR | RID) > nfi v iag e b 8RR O By
(VAPHEL huod radeondangbdan clpditaxd, (MR adyercaziode rsputaering
deSAL  drBY Ny [ b ' er| IS _
A e e R
epefFax¥yn 7, characterized in that the dielectric
"material is selected fromsilicon oxide, silicon

nitride, and silicon oxynitrides. 9. A method
L2acortfithgdt Gogrydprecedi agycloapmoichidraceesdesddy icdains,
ch%PQ&té¥¥%ébngiﬁ|1%h£¥KJiEh'£bﬁ§HRB@5t 4G SN step of

layers either directly one against the other or in
clinEYridderbe 6PintsSunRexst lanerd i toin puekeatdioat dayer,

anbonﬁdé&hﬁﬁt eth&l 1a§ecarsiedayaul byr myieeubar; bordicagi a1
10, A nethod according to any preceding claim '
reRpLR G dpteenal i"hltthhége bRt idregistép Wovn Ravast hod
consists in epitaxially growing the epitaxially grown
| ayer so as to forma fine nucleation |layer on said,
13t htn H0EPEaticGATAager tO. 8RY. one of _the precedingngapjms.
ch2PfterdBedl inAtABt hokk agEiT-AiAY1 L 0gebwd Makr is produced
characterhze in that said fine nucleation layer is
et SERYEM Ve eEf T 13 por deposi ti on
(MOCVD), by hydride vapor phase epitaxy (VHPE), by
14?D£eﬁé%§gdkﬁ%@@&%?héa%g éfQ?Q’139yc%ggggggﬁ§e%tggr%ﬂ t the

epitaxially grown layer 1s formed from gallium nitride.

15. A method according to claim 13, characterized in that the

epitaxially grown layer is formed from cubic silicon carbide.

16. A method according to any one of the preceding claims,
characterized in that the epitaxially grown - layer is of

sufficient thickness to constitute a self-supported layer.

17. A method according to any one of c¢laims 1 to 15,
characterized in that the thickness of the epitaxially grown
layer obtained at the end of step d) is insufficient to be

self-supporting and in that the



deposition, by epitaxial |lateral over growth (ELOG or
pendeo- ( j epitaxy. ) 12. A method accordi ng 23jzmingry 2007
one of the preceding clains, characterized in that it
conprises the additional step of elimnating the thin
support |ayer, the thin nucl %ati on | ayer, and

possi bly the | ayer or |ayers of dielectric material

remai ning integral with the epitaxially grown |ayer. -

. ;A nethod according taq _any .0f the precedin
el ot e PR LR TR | i P At Shnt ¢ SKPRT | Gobt theh ot
bekayer dteppr diucet e)f aoth eondideihgnihgap sem conduct or
material_. 14. A nethod accordin oclaiml \ .
char act eaﬁpjztgén?n % hafr?lheclaé’ﬁlrt g’xgi af“FJf/'gigr (%gbl S j Ehin
epf.baxidl iy ogncgal |layerniand de. sddondA htelroth facoeradi ngpttoo a
th?k‘@l éﬂb]s?t’r]@EQaE e%lr ltﬁgd"égcé I?:%Fr tsuestre Iet'axI al 1y grown
ayer 1s torne rom cubic silTicon carbidé. 16. A
net hodlacioy dilg twe drayeose off mehelpriecedinngec!| aitil, each
ocRPATagheri gedadn thatel he cpidaxi al Ly orgpn; | aver. i Sensy
- of " sufficren i ckness constitute a
epsedfisidpportedn | aderer 17. tAemefdostdacoordi ngritdo amyeptor
R ai 1 characterized in that the
Sutﬁ%: nee%l§ gggt%]é} g’gi %?(110 a‘#ly grown |ayer obtained at
the end of step d) is insufficient to be
185€ld - RUPRO L iRg %}%-i 1fgt dheops u /
- method conprises t é%gﬁpgwaﬁg gé Fi}}?yongp}gg%g%s subdcrate
intaRdqedtoube betefeetrist the dpbahce)orandf censieptiitagially
grbiy BRPLYI NG BafdfShahayel Qo iBEal; M 0 5at tPi@J[ds of
epitaxially grown layer and a second |ayer of neta
°Pbhto PPHORIPACEUNSEr aPE eéeRbePTilve " ghebpitorized in that
1t SeRRdAiake " the R136LDEy thedsRohaystspfinretal in |
contact, with each ot%er and bondi ng them together, to
- obt &l nifRéarhing epttieki APESA Y okt ay e EAPST sppeBrate
tePdP SR dmagGeRtior susiigkeat @ atgdMecendic0bigt @0 Bne of
-18. A nmethod of fabricating an epitaxy support

"eREIRTT at’BLCh ntAHREH2 RS b uSBERT okadHFe FaBritatthen OFhin
suppoaPita%ral F¥om the remainder of said substrate and along

which said thin film and said remainder are detachable;
ii) transferring onto the free surface of said thin

support layer a thin nucleation layer of a nature which is

suitable for subsequent epitaxial _growth of said epitaxially
grown layer, by implementing a bonding interface between the

two, in order to obtain said epitaxy support substrate.

19. A method according to claim 18, _chara_cterized in that step
ii) of transferrin_g the thin nucleation layer (23) is carried
out:

- by implanting atomic species within a second substrate

‘termed the "nucleation substrate" to



grown |ayer in particular for applications in the
- fields of optics, optoelectronics, or eIectroﬁBe@numyZOU?
- characterized in that -it conprises the follow ng
steps consisting in: i) inplanting atom c species
within a first substrate terned the "support
substrate” to define therein3& zone of weakness which
denarcates athin layer terned the "thin .support
yer" fromthe remai nder of said substrate and along ,
dev‘\m%ht%%?ed%m P Afaiteakaras r ghbfthodamagcates said thin

: nud@&@iﬁ]hﬁb'l@yef | §rdad aﬁgf e&hd NAeONbO i@ Bt Sad,ac@eaf
Eaid t Eupgogt yer a thin nucleation |ayer of a-

8t By sSLHtt z%laée?o?n%f&?é&%n’fh"ép?tth&%va?o that
thgltﬁ\l\ltzl‘\e&fpfecﬁavd efiraxisabbyrt grown hayeéatidly layers are
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alf%%)u}es C)ggf??%adl%nggt zo%?/g?%‘b"leﬁﬁﬂl?%sg’ atoni ¢ speci es

mhehpﬂr&menyrendosumﬁbrawe 1mpnanmhﬁﬂ0ﬁs metheatedbacted so

thgyb§L£$tgom%?%é%3v#%ﬂu%¥ Er 32 d%&én%ﬁggeg% Hﬁ%erlals

ness \Which denar cates sa
congicl tedtingn kayeér fupmmithe substirater ofd saiaddsubsiciateion

su%?\ﬁ!;aré’%y %O%ﬁbggqﬁ%&l td&a%ﬂﬁé{q{aéﬁs l'?glere%[%@nggr Sggng_ the

so that r respective thih support
ZOMc¢>©aW¢amelsayesspasea.blla)ca:tr@dlﬁa@| tpteddte cieegy andget

sut) 1 46f a6hLBY9s 8 hes renmlader, of 01% éﬁﬁ.ﬁh&@{x}é’%n%‘f%t babi§et

al ong the correspondi ng zone ness
supiiiatedersng orllt ké the stRrisapractding beiidgdsedoread. so
t hat when conbined with the nature of the pair of
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to obtain said thin nucleation layer.

21. A method according to anyone of c¢laims 18 to 20,
characterized in that bonding the' two thin'.sﬁpport and
nucleation layers is carried out by means of at least one layer
of intermediate bonding material, such as 'a dielectric

material.



by bondi ng a second substrate terned the "nucl eation

substrate"” onto said thin support |ayer; - by radaouag 2007

the thickness of said substrate fromits back face by

| appi ng and/ or chem cal etching and/or ionic etching

to obtain said thin nucleation layer. 21. A nethod

according to anyone of claime318 to 20, characterized

in that bonding the two thin support and nucleation

)Aers is carried out by neans of at |east one |ayer
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silicon nitride, and silicon oxynitrides. 23 A

nmet hod according to anyone of clains 18 to 22,
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26. An epitaxy support substrate 1ntended to be used for the

fabrication of an epitaxially grown layer in particular for

applications- in the ‘fields of optics, optoelectronics, or
electronics, characterized in that it Comprises at‘l.east:

= a first substrate termed "support substrate" comprising a
zone of weakness which demarcates a thin layer- termed the
"thin support layer" from the remainder of said substrate and

- a thin nucl_eation layer the nature of which is suitable for
subsequent epitaxial growth of said epitaxially g,rown. layer,

sald nucleation layer -being bonded to said support film either



athin nucleation'layer the nature of which is

suitable for subsequent epitaxial growth of sa3danuary 2007

~epitaxially grown | ayer, said nucleation |ayer being
bonded to said support filmeither 23 January 2007 34
directly or by neans of at |east one |ayer of
intermediate bonding materi df, such as a dielectric
material. 27. An epitaxy support substrate according
to claim26, characterized in that said nucleation
difggkty i QF cBYeMEa S Ph At 1978 tniRDSeatd¥ss 194y eintexgedppte
boapl i@ xateuppDf ts1sibsbr at @ aceekdengatdarighai s 26 or
27, { characterized in that the support substrate is
made of a material selected fromsilicon, sapphire,
27po|zymrmabkynesup@iohctcommsaﬂmtde a®ddbingH to claim 26,
nonocr ' alliumnitri
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£iR9.nuleepibaxyawgupport substrate according to anyone

of clains 26 to 28, characterized in that the
nucl eation layer is made of a material selected from
28 gatt i ephtRixtyr sdepd@aNubssrhteonccqrSiihg 50 | ¢lzdmscacbbdez7,

ch&gdc@eirlszgﬁpriz{ ethﬂ a nd’sm%%lolrltumubas ?:ggl de s( Asme%g "of a
an um num ni tride

material selected from 51llcon, sapphire, polycrystalline
silicon carbide, 6H or 4H monocrystalline silicon carbide,
gallium nitride (GaN), aluminum nitride ({A1N), and zinc oxide

{Zn0} .

29. An epitaxy support substrate according to anyone of claims

26 to 28, characterized in that the nucleation layer is made
of a material selected from gallium. nitride (GaN), silicon
(Sl), silicon carbide (5iC), sapphire, dlamond, gallium

arsenide (AsGa), and aluminum nitride (AlN).



