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WO 2005/076345 PCT/IB2004/003762 1 Title: Substrate with determinate
thermal expansion coefficient 5 Technical field The present invention
relates to a substrate for the epitaxy of a useful layer made of a material
HAMAEH A semiconductor materials. A substrate is cIoser%%W?%“éemmz
useful layer that it supports, and it may! thus have a considerable

influence on the structure of the useful layer, lo especially from a number
of aspects: According to a first aspect, the crystal structure of the epitaxy
substrdtslal Srebsitiate withciatermieaigttheranad expanaipb sreffisiont
and more particularly the crystalline nature and the lattice parameter that
the substrate has at this point, can strongly influence the crystal structure
1s of the useful layer. This aspect is particularly made use of during

epi | layer on the substrate, during which the lattice
parametEh®priesanidnyaaljen @Iﬁt%@sﬂéﬂbﬁtm it haursditpar ahatesetl
thesuhstiats b1 9rdatarail ichgeseraterasemicesdiearumiterai defects in

the thin RAUBHRIOOLBN L EARRYHBRTAIE BaRLINSIBRIRNBR: i
at Ieast?z? tEe surface, /bi gﬁrameter clé?&se ot ato consi ent
mateRa s %"Ss%ﬁﬁnﬁaﬁ RIS R5eLDRt H%ecf’t E CGiTEttRN
magsHarsithEapitaryMmogissiRiRestEst not have a thermal expansion
coefficieattoediiffetentireint 2asiait ofthee uq@na_il layerctatéhafvenkingpitaxy
e In e Y S R e M e HEQ@“‘%@%E%???%‘%
G IR AR B SVRIRILEE VRIS, RAGeine TR e GHGA e thet
ambie ruestipes Nareatibis ssvint| At ﬁifﬁﬁ‘ﬂ!wmf@ﬁﬁ%@éﬁ&é&ﬂéﬁi@i Slivepture

1.5 30 dfeqktiesfmaayéemperatures. Too great a difference in expansion

20

coefficieﬁﬁgeé 0 sHbsiRle n?éﬁjethgeuéfe@dl '1%&981561%%%3 layer
useful ba% F% inte nal str?é[ Sg sion orin c m%%gélong |
liaf18 {8%8YPHE Hf {8 FSE fity? ??h%a%%'ﬁ% eyt is in |
corﬁ@@tﬁ@ﬁtlméﬁhaﬂr@f tﬁ@%ﬂ@%@é@&f@@ﬁugﬁfﬁ%fore be chosen so
that the pubsgierterbinpageovessd trerned ssipansiomheoefficiefaicts in the thin
layers to be grown, the epitaxy substrate must therefore have, at least on
the surface, a lattice parameter close to that of the constituent material of
the useful layer. _
According to a second aspect, the constituent material of the epitaxy
substrate must not have a thermal expansion coefficient too different from

25 that of the useful layer, at the working temperatures.

The term “working temperatures” is understood to mean the
temperatures to which the substrate/useful layer assembly is subjected
during the industrial process involved, which includes in particular the
ambient temperature, the useful layer formation temperatures and other,

30  heat treatment temperatures.

Too great a difference in expansion coefficient between the substrate
and the useful layer induces in the useful layer high internal strains (in
tension or in compression) that are liable to degrade the structural quality
of the said layer.

35 The constituent material of the epitaxy substrate must therefore be

chosen so that the substrate has an overall thermal expansion coefficient,
at the working temperatures, close to that of the material of the useful layer
to be grown.



at the working temperatures, close to that of the material of the useful

layer to be grown. WO 2005/076345 PCTQB2004/003762 2 (crystal and
thermal expansion) properties cannot be separated and may not both
WBRUEHERt 0 the intended application. The choice of the matERAB 03762
useful layer to be grown is therefore very much limited to the possible
ch0|ces o the,c stltuent materia| of the' s bulk substrate. Furthermore,

the %'ﬁ(ﬁﬁ%aﬁﬁﬂs PimelcBrRABRINS REOBEPRsGRRACHRE SeRaFaiaR g may
whiupt Sefepagesmmgioihehiaterdedarmigaivthe structure of the useful

layer in Whicbibiey: batRdefcpdicad, |eftieioby tasy gy renticiateldiore
Thyg M&leﬁﬁé&é%?ﬂ% i VB SR cﬂa e mt%gﬂ&iéﬁ&f%e

Iayer &) rpose o ning a given gap an a given lattice
Ef’:)elng for example, highly deswable in the field of 1lI-V
aIons @Mmm&h&pm@ﬂmb@ﬁﬁmém cosprittstsuisshaterddveed 3he

ir}cbéiﬁﬂrﬂww@fcﬁﬂﬂdhf CppaGHe VIR %tbstr@teméhﬁigprahwaéi@nthe
(0] i C
SEYERE G 8&%]%359{ Y (GHRH ARBIFRIOA %‘Hﬁg"%ﬁ{fé}#ace 2t thereby

possible to m tch a desir ttice parameter wit
uséﬂﬂ%{%? 8% formed and/or to confine plastic defects. Multilayer
10 structurddHéve miveheraterialised angivee shychoaamnimpHiossrbidfdhe

struekefiel S Hamplisingea mupesssienalitaritgah lgivers daaweisy, shiinrdgiven
he?é&f@é“ﬁé?&?ﬁe{&h%‘@fm A& %QLEIﬁhe S%ﬂ V@ﬁ%ﬁ@ﬂr?ﬁ% RRYE of

(? rmal expansion coefficients Ing temperatures,
the)) Wilf 9<¥)5and differently and induce 25 expansion strains in the layer
that will Belggianedithdhsorp(ablemagipehemsinaiso mutatdestribsirate have

15 reIm«ﬂﬂd@dama\mtﬁihdﬁwmaﬁmpdsit@autﬁwéabmm% tiis egabim@ton of
deflecied)- | ;&m&ﬁﬁ%@ E‘l%'il Hirc,e'& &Bﬁ‘é Wﬁf&}‘? AR EP IS Yssible

RS SIHEE Br AT erm'tsz;&?” He oo b bR 5 AHver

thetorednanettnadioetal epifimeplastic defects.

Multilayer structures have thus been devised and used as

20 metamorphic or buffer structures comprising' a succession of severai
layers.

However, during heat treatments, if the various layers of such a
composite substrate have different thermal expansion coefficients at the
said working femperatures, they will expand differently and induce

25  expansion strains in the layer that will be formed thereon (and may perhaps
also induce strain relaxation by overall deformation of the substrate, which
thus becomes deflected)}.

The main difficulty that therefore arises is to find an epitaxy substrate
having a structure that permits a wide choice of materials with a useful

30 epilayer fo be grown, which offers:

+ good lattice matching with the material of the useful epilayer to
be grown; and :

« a thermal expansion coefficient close to that of the material of
the useful layer to be formed at the said working temperatures.

35 it is especially necessary to obtain this type of substrate when it is
desired to produce components made of -V material, for example for
applications in optoelectronics, for which the level of the photovoltaic
effects is controlled by the band structure of the li-V material.

In general, the substrates known in the prior art must often meet at
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be grown; and a thermal expansion coefficient close to that of the
material of the useful layer to be formed at the said working
temperatures. 35 It is especially necessary to obtain this type of substrate
when it is desired to produce compongnts made of IlI-V material, for
example for applications in optoelectronics, for which the level of the
platb et aictheftdotsieobonkmt| edtdnat ek dagysthacture of the 111-V

materighdn,geLialciBRSURSIaIRS %%{Fb{@@ Qa@gb@étm%m@%n@&{am
at3 least t\%o of the?zj\forementlone crlterl taken t(?& gether. The possib

JHBIEHE AP S ST R pRRELeS LI %B&” U %ﬁé??’f’w&éﬁ)%f éH&‘ace
stradharaipo raftictedf @h@‘tﬁmﬂ@y@r&%‘ﬂ@@@%mﬂwr surface are
therefore restricted, or even non-existent in certain cases. 5 Brief
dgné:fr([j)etgs%gl E&Q% rn/é-:-!r}]tlon Accordmg to a first aspect of the present
composﬂe support intended to receive a

transfé’rfﬁéa%%rfmad%rﬁif aspreRbIteh GseseiibivayiQallifeipde payidee a
caimpesite support anenidreitransiesies my@rnkﬂefﬁwmlageanmmbf material

%‘QQ&%@PM&M@% 8:’15]@ ﬁ‘&t&% gsﬁ & %’@g}{&g}ﬁéd layer
e R e,

plane of symmetry parallel to Its princip that it consists

cff’”ﬁ"&%rﬂ‘?a?ﬁ?gmﬁ ePRAREhE TR M SRSl r@%‘paﬂ?fﬁ?‘@é@ﬁ%ﬂ@ntf‘éf 4 has a
dpegifiethtd nmeratofes¥ramdigxienditty traiisverseipainseitheesidadfiththat it
pggﬁ]gé@g ng symmetry, and at least one pair of lateral layers, the layers of
each palr havin 898 WI h reiﬁlqect to thfe other: - arrangements in the

compostte S50k 5 ChIAYS RN afly" M%%‘iﬁéa SO HGEAb at a
maﬁ@f@rdsgﬂmmmd‘ asecexidntiogis mysssrlionrcodificiedss ctttiseplane of
teyRRAEMprant that are substantially identical to one another; and -
thicknesses tthla are s subst g%y?l%ldelgtlc%t ggpot er é}]nd w”? at the one
materials cohst ?utlng? fa ers of% 3'(’:om 0%i eysuppo arePehoen
SUiEh rz@w&ﬁﬂ‘?a%@fb@rmposne support has an overall thermal 25

expansion coefficiegéakiie temperatorepbditat éushese thdhaitbesmaltantially

expans g, REHGISRlPlYS R SLABSHGRIRKLH faver at the
emperat - second thermal expansion coefficients at the temperature T that

are substantially identical to one another; and
- thicknesses that are substantially identical to one another;

and in that the materials constituting the layers of the composite support are
chosen in such a way that the composite support has an overall thermal
expansion coefficient at the temperature T that is close to the thermal expansion
coefficient of the material of the transferred layer at the temperature T.

Other features of the composite support according to example embodiments
are:

- the materials constituting the layers of the composite support may be
chosen in such a way that the composite support has an overall thermal
expansion coefficient at several temperatures that is close to the thermal
expansion coefficient of the material of the transferred layer at these
temperatures;

- the material of the upper layer of the composite support, which is
intended to support the transferred layer, may be chosen in such a way as to have
a lattice parameter close to that of the material of the transferred layer; and

- it may include a central layer made of SiC and a pair of layers each
chosen to be made of one of the following crystalline or polycrystalline
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Other features of the composite support according to example
embodiments are: - the materials constituting the layers of the composite
support may be 30 chosen in such a way that the composite support has
an overall thermal expansion coefficignt at several temperatures that is
close to the thermal expansion coefficient of the material of the

t eYed et gempgratures; - the material of the upper layer
OFF@% HE.Aﬁ‘Mes%b%%T% qg

compaosite su which is 35 i?tende,d to%lﬁ) ort the transferred
[attr

layer, ATEPEENGhICeR FESAER ARREPASIHGVEVE Mite SIS BIAYRd 2
tprieaasf thefotawergedbyer vartbiercempgsiteasipprmanaiatidgzed in that
GeRYRIJA¥eE made of SiC and a pair of layers each chosen to be made of
one of the following crystalline or polycrystalline 4 materials: AIN, SiC,
sapphiré, SPCR&%&Q%%@@@&?@%@&I t of the invention, there is
providetl a piodesdFér gopmihdgsabaleten this composite support,

characterizeghist hakohveaipesesep opravidieateampesiesupport;

providing a growth strate; . cr. ineLt . he growth

Su bstrat'z; %%%\%E%itﬁee ﬁ%?%"r tt% ﬁéa%%%%%%g% Qs%%%}g?;{ %%I removing

the growth $ERMRS. he ORISR the process for forming a layer
on a comheosfteatavppast dheopdingeis eianfpteng@gbadiayenteara: cdmpsite

"uhesRaE e slehplowslucs gmngaents in the layer; - it may
ur

ermore include cr¥lstalllne growth of a useful layer on, 15 the alread%/ ,
transferred IhyRRYaI MR EIRAE T Rofe SHRRAE BeRPHI% RRITRRIENTS In

dompysents in the useful layer. According to a third aspect of the
invention, thergds RIRKERARC RFRARSES EpydRimiRIAMHRRENaOl flRIdyer on

BHbstrates com ré'%‘ln the 20 formation of a plurality of layers on a

Uil B L SFAP S

_ & &ﬁygﬁs"fm aracterized in that it comprises: _
providing a WanaycBiipesmare dgrelvdesapsieRteobmiqgucing components in

the useful layer.

According to a third aspect of the invention, there is provided a
process for forming a plurality of epitaxy substrates, comprising the
formation of a plurality of layers on a plurality of composite supports,
characterized in that it comprises:

= providing a wafer comprising a growth substrate and a
multilayer structure on the growth substrate, the multilayer structure
comprising a plurality of pairs of layers, each consisting of:

= a layer to be transferred;
¢ an intermediate layer underlying the layer {o be transferred;
+ providing a plurality of composite supports;

s several steps of removing layers from the multilayer structure,
each layer removal comprising the following steps:

e implantation of atomic species into an intermediate layer in
order to create therein a region of weakness in the vicinity of the implant
depth;

s bonding the layer to be transferred to one of the plurality of
composite supports;

e supplying energy into the region of weakness, in order to
detach the layer to be transferred from the multilayer structure;



multilayer structure on the growth substrate, the multilayer structure
comprising a plurality of pairs of layers, each consisting of: 25 a layer to

be transferred; an intermediate layer underlying the layer to be

transferred; providing a plurality of cémposite supports; several steps of
removing layers from the multilayer structure, 30 each layer removal
comprising the following steps: implantation of atomic species into an
intermediate layer in_aorder fo create, therein a regi f weakness,in, th
Vicinity of e RTINS T i e RIS oo e s B iebRe arer
tFRMAREIRY O Seigesies slayeorie Bapppmnsiesiatghnto fedegiog the
afpiaaknessstiaierdeido detach the layer to be transferred from the
_mulUIayer s;rupé%%;vﬂ?%_ :%%?&%%(Ff%@%“'ﬁ%%ﬁﬁ@%'%ﬂ&&ﬁ}% until another
intermediate layer remaining on the detached layer to be transferred, thus
ARY&h B ERnsIRE8AdareRsREhNd 5 removing material from the
multileytrestr feadueasntidiartbthasrdapss tddre foanmsferred islvealidije df Qihgaxy
features of the process for forming a plurality of epitaxy 5 substrates
according to example embodiments are the following: - it may furthermore
include an epitaxial nucleation layer for a new layer to be transferred, on
the multi-removal structure; and - it may furthermore include a plurality of
crystalline growth steps on the 5 plurality of transferred layers, so as to
form a plurality of respective useful layers. According to a fourth aspect of
the invention, there is provided a structure intended for electronics, optics

or optoelectronics, characterized in that it includes an epitaxy substrate
comprising a composite support and a transferred layer made of a

material chosen from crystalline materials. 10 Other features of the
structure according to example embodiments are: - the transferred layer
may be made of GaN; - the composite support may be a three-layer

support and may comprise:
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a central layer made of SiC; and 15 a pair of layers, each made of
sapphire; - the transferred layer may include electronic components; - the
structure may furthermore include a useful layer formed by crystalline
growth on the transferred layer; and - ghe useful layer may include
electronic components. 20 Brief description of the drawings Other

aSRRHSRRBCIFAN A dYaRIBE eI/ BRRSERE IR SalNNY!Il become

more clearly a ent on reading the following detailed description of
rotoned TP TSER BRUAG 77 (FRlEE Hulis RIS ) 6149: f new layer
nerbéifinsieardnpldhenduiis smbved fireriveetatse appended drawings in
which: ~ Figiig sl SheMesradieshenlie asier sipRIE MG 40 th teps on the

SR, s substiatsdiere peing shown penemaiealiina. ueer i ayers.
ross-sectional view, - Figuire 2°'Sshows a second tomposité suppor
accordieCreifisetai/ Entidh asre Eath Bsitveiifio fhRE e B AIFRYIGRB\Arstructure
sehevedically dttecpies o sectipiaivitwnics igheadishiovdithe stiessiudes
ISEribLti he thickness_ o ' ite.su [
e e oL e S B e
ifRdRigha magial SoReEEBRA BsIBR%ER A Fom which thin layers are
removethedSeahd<sarfdfeyisd ciu acconipy Sitexxapplere atootidiegt s@athe

invention; agpg Trg}@gﬁ&qg@y%}g@gﬂﬂgigfg@mﬁmm expansion
coefficients as a_ functign of the lattice parameters for various materia(lﬂs.
WO 2005/0 T3 £ BESHHE 250H603.75 ©DetailBIF BRRErlpiiR B Ingd may
iisoatRiisa:A first object of the invention is to produce a composite support
(i.e. one compyisénga RNsAHME Hges)dhgving a suitable thermal
expansion §Cé)efgipi§ﬂg C(Iacggeetaoc;‘hr%t 8f t(f)}esgr %{rj_lcj}ljne layer to be
transferred thereto (he. h oF on Whith Tayer ctronic, optical or
optoelectroffi€ EGRpBRed xRy M@@%é@ﬁtmiéww, at the
working-temperatruesiré sepporidrinaimaiejepichiddeanuestiongdo frockiEeby
aaﬁpﬂm g?»é{mt@%%%%@%%@[ﬁéﬁmte support that supports a

er

layer that has 10 been transferred eto, this transferred layer forming a

crystalline gt eful layer may include electronic components.

Brief description of the drawings

Other aspects, objects and advantages of the present invention will become
more clearly apparent on reading the following detailed description of preferred
methods of implementing it, these being given by way of non-limiting example and
with reference to the appended drawings in which:

- Figure 1 shows a first composite support according to the invention,
the substrate here being shown schemaﬁcaily in a cross-sectional view;

- Figure 2 shows a second composite support according to the
invention, the composite support here being shown schematically in a cross-
sectional view,

- Figure 3 shows the stress distribution through the thickness of the first
composite support according to the invention;,

- Figure 4 shows an epitaxy substrate according to the invention;

- Figure 5 shows a growth substrate from which thin layers are removed
and transferred on to a2 composite support according to the invention; and

- Figure 6 shows a graph giving thermal expansion coefficients as a
function of the lattice parameters for various materials.



support with a useful layer. A third main object of the invention is to be
able to obtain many more degrees of freedom than one had in the prior

art, as regards choice of the various materials constituting an epitaxy
VEQB8R4tE 3 hile greatly reducing 15 or even removing, the rd&thgfay/003762

associated with the risks of a substantiél deflection appearing, which had
to be taken into account in the prior art. This makes it possible to choose
constituent materlals of the substrate from a wider range of materials, the
chdetaiemhddsesisfiohunfithadntamiien the following criteria: 20 . the

surface latﬂﬁeﬂ be@éﬂ%ﬁeﬂw@ﬁﬁbeﬂ”t%ﬁ\leﬁﬁ ey %xeaw@ﬁt@o%g&@t(a e.
gft&g ﬁj‘é Hﬁt WFgea %LHF&% @rg?#\g?v'x snc%n
eS|re r IC an a xpan N propertes our
oft‘FRee {9 &LP%%P é&‘éhaerﬁa‘rﬁf@ B?é@fémﬁr{?ﬁg‘%sfﬁé’%ﬁé@fs@ (ie.
anc'htne@nmmIavarajbwme:thmtw@mqptnﬁeeﬁmmmponsmmmbe
profisaucddneselishce Qlppties pamew rRaretiir® the problem

of thermgal expay '%a?ﬂhk?@él?%?stﬁ&%% fidf Wg”i’&r nggaseln an CP:taxy

number of pos e ways o 5 oduging a substrate havin proper

to RS é‘&%?@&‘ﬂﬂsﬂﬁg s B%F%&HB%H@&%“&NPQ%%MF&@ iahas
10 fifttb@@]\etfansfer‘reﬂﬁherethetbmfﬁaescﬁem epytaxfosmirsgrateryetatirdirgrowth

thestipesviontrpddastiaul anethin useful layer having a crystal structure of

high Qua ARchull 980 é{ms' ARSI oo N JREIS Y Plbre

tax Ing t invention orm o

1%%359} ieedon dhaeoak B é?a%ﬁ{loblﬁﬁea%@g@ﬁﬂé ghoice of the
suwgwateesoai@aal@lmgrtaﬂth@nmmtwmf@cmm@mwpmmcmg

15 10 hesieg adavnginslite pEsigcebagragiitiatedraligl tedtagkénsirabubstantial
S“G@ﬁ%ﬁtu&ﬁ Qaﬂﬂg%w 9%%&’%&313@&4 ALt @Oaﬁ%ﬁf o

layer 2 comp Site support 10. The composn;e su por

accordln f% tﬂéa Rt | GR/sY Uﬁ’? VRRlsgls of the
corssisisaielaffors oatwctermrﬁ;w@ afppeater@lgpitagly choice being based

fundamentally on the following criteria:
20 o the surface lattice parameter; and
s the overall thermal expansion coefficient of the substrate,
in order to form, on the surface, a useful layer having the desired
crystaliographic and thermal expansion properties.

A fourth object of the invention is to propose a method of determining

25 the materials and the structure of a substrate that makes it conceivable to
consider the problem of the choice of lattice parameters separately from
the problem of thermal expansion, which makes it possible to further
increase the number of possible ways of producing a substrate having
properties close to those desired for the useful layer 10 be formed on this

30  substrate.

A fifth object is to form, on the surface of the epitaxy substrate
according to the invention, a particularly thin useful layer having a crystal
structure of high quality and with controlled elastic stresses.

As shown in Figure 4, an epitaxy substrate 30 according to the

35 invention has the form of a wafer, the surfaces of which are substantially
plane. |

The epitaxy substrate 30 according to the invention comprises:

- a composite support 10 having a longitudinal plane of symmetry
parallel to its principal surfaces; and




5 each have a thickness of the order of 1 pm to 1000 pm typically of the
order of 100 pm. Figure 1 shows a composite support 10 according to the
invention for solving the problem of the difference in thermal expansion

PRANEEWEE epitaxy substrate and the useful layer to be forffetTBHAEH62

the problems 10 of deflection sometimeé& encountered with substrates of

the prior art. Thl%{com osite support 10 has a lon |tud|nal [%_é)metrlcal

plane of symrctREHITahE¥BhAbARdNG FRERABIE AR a central
first layerThRaoatgresitet supmeat ek andordingkfizidhe inventicpexifieists of
temgeatiaiealegd extending substantially symmetrically around the

plane of r@%ﬁﬁu@ ﬁ'ﬁﬂu@rﬁaf r?ﬁ’%@%%ﬁﬁo@ﬁg gu&%ﬁi}'ﬁlﬁh@)maﬁy

each pal acmgt ayer o e same pair rran
oAU o IRRERS 26 o SRt g Ae b A To-pRiEEly it the
plar@dﬁ@fﬁ@@ﬁﬂw a second, substantially identical, thermal expansion

coefficierttiglitbel tenaiay dlwsnipcuné sappiisteniibvidriyieatiaicknesson for
Th"?sgﬂm ogie ﬁl‘%ﬁgﬁﬁ 1% sxbitsaag t@fe%ﬂ%f%%%éﬁ K% éReen the

cont same mmetr

ura ayers with respect to
0B R Bl AR Y S B I A A M blems
1 candoéﬁ@‘éeM@m@m@mwe@mmrﬁawgummﬁtﬁﬁy tHahsaprior art.

thicknesspiisfacingesieh stipport i ehissalsdongitotimeingibmetrical plane of
distr, gghqmg '%@ the composite 30 support 10 of the thermal expansions,
at thé temperature T, of the materials making up the layers with respect

to the pla 1WB%WMRH 188K Aubstantially the same
thermal expangicarimifiitsblaves théaiparafirshtherrat expaosiarceogifisient

14he diffar@ﬁ@@m&uth@mp@lrsmansioan@%wmﬁﬁ@ hepletnpriie sientetrically
cangpé@gdpﬁc%t ¥|5%Iéu6$ ngn%f the composite support 10 so

as to form a ectlo |ve tth r2' ' comﬁﬁ}gs tes or' thﬁ
asymmetry’ of ﬁlgﬁlﬁfﬂ Gﬁe& t HetfBEa GLR@RAacing the
layepthemayes pbﬁt@@l@ﬂ@cﬁﬁiguratlon of the composite support 10, the

layer - an arrangement in the composite support that is
20 substantially symmetrical with respect to the plane of symmetry, _
- a second, substantially identical, thermal expansion -
coefficient at the temperature T, and
- a substantially identical thickness.
This composite support 10 exhibits a symmetry with regard to the
25  configuration of the layers with respect to the same plane of symmetry 100
since there exists as many layers above the plane 100 as below it, and
since the layers of any one pair have substantially the same thicknesses
facing each other.
There is also a symmetry in the distribution within the composite
30 support 10 of the thermal expansions, at the temperature T, of the
materials making up the layers with respect to the plane 100, given that the
layer 2 has substantially the same thermal expansion coefficient as the
layer 2'.
The sftrains associated with the differences in thermal expansion
35  between the layers therefore cannot be partly relaxed by the bending of the
compaosite support 10 so as to form a deflection, given that the layer 2'
“‘compensates for’ the asymmetry of thermal expansion existing between
the layer 1 and the layer 2.
In one particular configuration of the composite support 10, the layer



WO 2005/076345 PCT/IB2004/003762 8 2' does not perfectly
compensate for the asymmetry of the thermal expansion existing

between the layer 1 and the layer 2 so as to form a slight deflection in the
VR AE¥LESupport 10 corresponding substantially to the oppbJif&2004/603762
deflection of the layer to be transferredBthereto, in such a way 5 that, when

the layer is transferred, the composite support 10/layer tg be transferred
as2orkSG Ok RERBCHn ERBRGTRalfs 8% APAESts ol therma
strespassips @sisting hahverydhe fayer 1 andribedayrr & s agyty form a

1/lgygndefiedtien ithe atriusie supiond @ yressovdingGibstaatiimynto
Stryeiug gb%y@étéré?{é&%mﬁ%éa ?16*\?&#&?@@%&1&?&%?6‘%&% c a way

betwee acent ers must ar e, otherwise some
d

5 il UNERaIRE 17YRb R ea AReR %Hapeearfalf%rf to be
pla@nﬂ@mﬁﬁﬂ@mbbehaméﬁfa@@ﬁazf&ﬂﬂ EW@M@eraHy the layer
2 that isinl 2aintessiay teHeneivedbsckanpiercashiayeritcanh hayer adypiget 1

thrvglﬁ% eas 0t HRePIHEN Y %MQHQ%&E@&%@?%@ IR YGRSy

ere ore a thickneSs capable of confining thése defects at its
mt@FfQ?f@)Nrth the central layer 1. Figure 3 shows a graph of an example
10 of the dis@ipuaiotaisr Biteptaal2guatibssedhplcipReoleuss X.altis, diffgrence in

deagirmthéipmbenesdnet)niamdayépiorriondhise/texigrgbihseamisesieme
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A2, respectively. 25 The internal stresses appearing in a
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20 stresses {plotted on the x-axis, and denoted by o) over the thickness
(plotted on the y-axis) of the composite support 10 at a temperature T.

The stresses in the central layer 1, in the upper layer 2 and in the
lower layer 2' are shown in the graph by the areas A;, Az and Ay,
respectively.

25 The internal stresses appearing in a layer correspond fo the free-
expansion strains of the material making up this layer, these stresses
deriving from the different expansion of the neighbouring layer.

Thus, Figure 4 shows that:
¢ A is substantially identical to Ay;

30 e Ay is distributed in two substantially identical areas, each one on
either side of the plane of symmetry 100,

This graph therefore demonstrates the symmetrical distribution of the
stresses with respect to the plane of symmetry 100 in a composite support
10 that is symmetrical in its layer configuration.

35 With such a structure of the composite support 10 according to the
invention, the possible choices of materials constituting a composite
support 10 with a low deflection are increased compared with a composite
support 10 of the prior art for which the various expansions existing
between the various materials constituting it must be taken into strict



10 that is symmetrical in its layer configuration. 35 With such a structure of
the composite support 10 according to the invention, the possible choices
of materials constituting a composite support 10 with a low deflection are
Vit 188 d mpared with a composite support 10 of the pridtdriFepodPiéF2
the various expansions existing betwe®n the various materials
constituting it must be taken into strict WO 2005/076345 = |
Pcmeqogazﬁmsﬁes rraliesn Af, B difReepres dOoPRRSiRRdReprEdbY &
expaoaipeans el et imnaicicosopdiesated expansion" solution. Figure 2

shows affi@ﬂ}@%'%éw&pgﬂc%@rmw t% quéax%rrﬁpagaarcbﬂwé thevers
a

PR i ) eSh, LRSI B e R 2 gt
5 ex;ﬁﬁﬁsﬁﬁﬁ'%e%@ﬁt@rgzmanﬂ%m tﬁa'rﬁlmﬂéaé/gén?g?y ngra each

striivirgganesadajiee ctheigiaiagapatistareificemtanet(Thl avith nes'ﬁ)scthe
to %&@%Qrﬁﬁwrﬂgvﬁégos%éhﬁéadﬂé WP BmilaiataNNubstantially

com 05|te Su 10 dISC S d o ith_tef; ure 1, this
five ayer co(r:npos er%ﬁ e)‘?halr)}% offs r[;1mmer15% 5#‘n%hermal expansion

with resé@é% FREBIARY (ﬂssf}'fﬁrﬁ'érﬁ?iwr ﬂﬂ?@@ﬁﬁﬁo%@%ﬂ@rﬁﬁ’ussed
10 theveforesfere arecxpigsimn icdbffidizatlapatoturdpodite umrom b8 exhibits a

traRgiarRdn,HckREwNE! @iﬁ)&h@@ﬂﬁmﬁ%@g@emm@ﬁmwmm@ 100.
leeW|se.r mcposn siJep or'ﬁerma nt%l é}grgf e ﬁ%ﬁg er 0%86

exhibiting hls Sy expanS|on with re o the p ane

syrﬁ?ﬁ&%%@aﬁ@%o‘ﬁﬁsﬁ% Sppmrsieidifgto Bﬂg’m%e fight Spfigetion

theadefiedingntptbielénasistemved by the particular configuration of a '
15 COMPOSifQEMARSricheh 6§ﬁéd§‘L$1;§@ﬁ|§e1|OV&5H5?§hﬂbeo$hﬁtﬁ% @hatOfive layers

MALHAIS Rl %‘%%gépt?fﬁ?& erdn?é‘rr%sﬁ“ %Bﬂé‘&@%‘iﬁﬁ&?ﬁ%“ﬁ%

of tﬁe comp OSIt an overa erma expansion coefficie

cntef.awnmt@xm@ﬁ%ﬁ%@&%ﬁ?tﬁw\%ﬁsaﬁgdméeéhﬁraﬁ?ﬁw
understdditckeietdefiechivthpriidemaisespiaagidy dbeffiertictitantdndiguration

COMBPOSIteFHPBSIE Zugfbroulsl Baverdifgvese ﬁ%madéfﬁfiha fiaglenoice of

e

corffigliafgmposite support 10 and an overall herma expansu)n coefficient
criterion. _ .

The expression “overall thermal expansion coefficient” is understood

here to mean the thermal expansion coefficient that the composite support

25 10 would have if it were formed from a single material.

The method presented below is a preferred, but not limiting, method
according to the invention for choosing the materials and the configuration
of the layers making up the composite support 10.

This method is divided into two phases:

30 (@) choice of a list of materials that can make up the upper layer of
the composite support 10, this layer being intended to be adjacent to the
jayer to be transferred, based mainly on a lattice parameter sufficiently
close to the material of the layer to be transferred;

(b) for each constituent material of the upper layer of the composite

35 support 10 in the step (a), choice of a list of materials that can make up the
other layers of the composite support 10, in such a way that the composite
support 10 has, in the end, an overall expansion at the working
temperatures which is close to the expansion of the constituent material of
the layer to be transferred.



of the layers making up the composite support 10. This method is divided
into two phases: 30 (a) choice of a list of materials that can make up the

upper layer of the composite support 10, this layer being intended to be
VEAeEAT % the layer to be transferred, based mainly on a |aRGG&B2004/003762
parameter sufficiently close to the matéihl of the layer to be transferred;
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This formula also takes into account the thicknesses of the
25  constituent layers of the composite support 10.

The overall thermal expansion coefficient « of the composite support
10 therefore also changes with temperature in an approximately constant
manner.

Figure 6 shows a graph in which lattice parameters expressed in

30 nanometres are plotted on the x-axis and thermal expansion coefficients
expressed in 10°K™" are plotted on the y-axis. |

Crystalline materials lying within the graph are shown therein by
circular spots:

¢ materials of cubic structure by open circles;
35 + materials of hexagonal structure by filled circles.

Thus, for example, if it is desired to form a layer {0 be transferred
made of cubic GaN material (indicated by GaN(c)), an upper layer of the
composite support 10 will be chosen, according to phase (a) of the said
method, made of sapphire or MgO. '



This formula also takes into account the thicknesses of the 25 constituent
layers of the composite support 10. The overall thermal expansion
coefficient a of the composite support 10 therefore also changes with

WERAMSEHS in an approximately constant manner. Figure 6¥&Hoiid4#/003762
graph in which lattice parameters expréssed in 30 nanometres are plotted
on the x-axis and thermal expansion coefficients ex&ﬁrfssed in 10"6K"1

are plottdd SVATE vk OTcHieafiR ks R FURIN TIRga Shea R verall
showpansiemaseftitiantotprscomaasiial Swprodibytetaveiagepdthe sum
cirMSthﬁtmmia@péhgfmwﬁifﬁimwtﬁﬁ hiidillashsirelest ma?;f@é_ of the
ex S I e C :
cartBoot §§§E§i G TG B etk ﬁ’e%ﬁ‘a"‘séf’*%g%%mgsﬁ%ﬁww
Seun IR GBS AR RRNS A A oaee SRRRDLaG RS FRaNY the
matfeeonehpppaesinrvgeffipienPoiBAlY6345 PCT/IB2004/003762 11 In
phase (bTied theappisiraeiHBiOy-ppRiaxinatinutee averalbrexpaiitittites a
coe t | "
therér%gﬁg% ﬂgn%iséﬁ [o e??cﬁr%gglﬁim ns itugﬁ%gn%qéméﬁngtm on this
OB LA RS, 1 FE8) SHPG A BV e SEF BTRFES R pective 5
10thermal exparétendsiigtié@mts of 6H-SiC and sapphire gives roughly the
thermal expansisureeeffisites phGatdtdriviosapphtinala e e myes; and

structure therefors, ConsHIILS 7 XBIIRASCIRNERETIHR B N tiE Bing

suitable fortthe formation on this composite support 10 of a cubic GaN
lay FUCR 'i{rﬁassesses: 10 little deflection; a surface lattice parameter
close to ftharmereatherartishtprin igbrapbhstaesiseghanohitosadoSiC
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into account phase (a) in the said method.

20 This is especially the case in SeOl (Semiconductor On Insulator)
structures in which a layer of insulation material separates the composite
support 10 from the transferred layer.

The production of a composite support 10 according to the invention
is advantageously carried out in two steps. '

25 A first step in the production of the composite support 10 consists in
providing a wafer that will serve as base element for this production, this
wafer being advantageously chosen to be made of bulk material.

The wafer constitutes, for example, the said first layer of the
composite support 10.

30 A second step in the production of the composite support 10 consists
in forming the other layers, starting from the first layer provided in the first
step, by deposition (of crystalline material, afnorphous material, etc.) by
ceramic production techniques, by sintering, etc.

This layer formation advantageously includes an operation of

35  transferring the layer to be formed from a donor substrate (made of bulk or
multitayer material) onto one of the surfaces of an already formed layer of
the composite support 10, this operation taking place in two successive
steps:

¢ bonding of the donor substrate to an aiready formed layer of the



composite support 10 and the transferred layer 20, there is no need to

take into account phase (a) in the said method. 20 This is especially the
case in SeOl (Semiconductor On insulator) structures in which a layer of
WL NS0 ¥aterial separates the composite support 10 fronT{HEB2004/003762
transferred layer. The production of a demposite support 10 according to
the invention is advantageously carried out in two steps. 25 A first step in
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This bonding layer is applied to at least one of the two surfaces to be

20 bonded together. |

Silicon oxide (also called silica or Si0O;) is a material that may be
chosen for producing such a bonding layer, it being possible to produce it
by oxide deposition or by thermal oxidation or by any other technique.

A surface finish step may be carried out before and/or after bonding,

25 for example by means of one of the techniques described above.

The said removal of material preferably uses one of the following
techniques, individually or in combination: chemical etching and/or
chemical-mechanical etching, polishing, lapping.

For example, it is possible o carry ouf optionally selective etching

30 operations on the materials to be removed, using an “etch-back” process.

This technique consists in etching these materials “from the rear” that
is to say from the free face of the growth substrate for the layer to be
transferred, in order at the end to preserve the layer to be transferred.

Wet efching operations using etching solutions suitable for the

35 materials to be removed may be carried out.

- Dry etching operations 'may also be carried out in order to remove

~ material, such as plasma etfching or sputter etching.

The etching operation(s) may also be only chemical or
electrochemical or photoelectrochemical.



If necessary, the bonding is accompanied by a suitable pre-treatment of
the respective surfaces to be bonded and/or an injection of thermal
energy. 15 Thus, for example, a heat treatment carried out during the
WBA%GSHengthens the bonds formed. The bonding may aReTH@82004/003762
strengthened by a bonding layer insert#d between the two substrates to
be bonded together. This bonding layer is applied to at least one of the
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20 After the various layers of the composite support 10 have been
formed using one of these techniques, the composite support 10 is then
produced.

A first method of prdducing an epitaxy substrate 30 (as shown, for
example, in Figure 4) comprises crystalline growth of the layer 20 to be

25  transferred on the composite support 10, for example by CVD epitaxy or
MBE. This first method means that the composite substrate 10 has at least
its upper surface made of crystalline material.

This epitaxy may optionally be preceded by the formation of a
nucleation layer.

30 With reference to Figure 4, a cubic GaN layer 20 to be transferred is
thus grown epitaxially on a composite support 10 consisting of a sapphire
layer 2'/6H-SiC layer 1/sapphire layer 2 structure. ‘

A second method of producing an epitaxy substrate 30 comprises the
following steps:

35 ¢ crystalline growth of the layer 20 to be transferred on a growth
substrate other than the composite support 10;

¢« bonding the composite support 10 to the layer 20 to be
transferred; and
¢ removal of material, the material to be removed being here the



action in a CMP process. That part of the wafer 10 that it is desired to
remove may thus be entirely removed by a single chemical technique or
by a chemical- mechanical technique. 10 This technique makes it possible
WP+ o maintain the surface quality and thickness urffoFHiR W82
layer to be transferred, close to those #itially. These techniques are
proposed here by way of example, but théy in ng way constitute an
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substantially the same lattice parameter as that of the wafer, the said
growth substrate then consisting of the wafer, the porous layer and the
20  nan-porous Si layer.

A second material removal technique called Smart-Cut®, can also be

used here, this comprising the following steps:
e implantation, before the bonding, into the layer to be transferred
or into its growth substrate, of the atomic species (such as hydrogen or
25  helium ions) for forming a region of weakness at a depth close to the depth
| of implantation; |
¢ then an injection of energy, after bonding, into the region of
weakness, such as a thermal and/or a mechanical treatment, or another
injection of energy, in order to detach the layer to be transferred in the
30 region of weakness.

Advantageously, the region of weakness is subjected to a heat
treatment during or after implantation in order to further weaken it.

This non-limiting material removal technique makes it possible to
remove, rapidly and en bloc, a substantial portion of the growth substrate

35  forthe layer to be transferred. _

It also allows the possibility of reusing the portion removed from this
growth substrate in another process, such as for example, a process
according to the invention.

The known Smart-Cut® technique is described, for example, in a number of



14 growth substrate and possibly part of the layer 20 to be transferred. As
previously, the bonding may be carried out with or without a bonding

layer. The removal of material may be carried out using one of the three 5
WOIRRAAG ®¥ehniques: A first material removal technique compfiEdg2004/003762
formation, in the growth substrate for tHe layer to be transferred, of a
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20 In general, the etching selectivity of a layer B with respect to a layer A
is quantified by a selectivity factor given by the ratio:

etch rate of the layer A

etch rate of the laver B '

25 The chemical etchants must therefore be chosen so as to maximize
this ratio in the case in which the layer A is the layer to be transferred and
the layer B is the remaining part of the growth substrate.

Thus, the layer 20 to be transferred will be hardly eiched, or even not
etched at all, by these chemical etchants.

30 By implementing such a preferred techniqgue according to the
invention, it is thus possible to form, on the composite support 10, a
particularly thin layer with a structure similar to the initial structure obtained
during its growth on the growth substrate.

By implementing such a technique, it is possible to form, on the

35  composite support 10, a layer 20 so thin that it has a substantially elastic
structure in such a way that it follows the slightest deformations of the
compasite support 10.

A layer about 10 nanometres in thickness may thus be formed.



35 for the layer to be transferred. It also allows the possibility of reusing

the portion removed from this growth substrate in another process, such
as for example, a process according to the invention. The known
VENEPEET6R technique is described, for example, in a numb&f &fgEs4003762
2005/076345 PCT/IB2004/003762 15 Works dealing with wafer reduction
techniques, such as for example that by Jean-Pierre Calinge . '
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chemical gghantsding of the layer 20G to the composite support 10 according

20 o the invention; ‘

(C) injection of energy into the region of weakness 101 in order to
detach the layer 20G to be transferred and that part of the intermediate
layer 40G located between the region of weakness 101 and the layer 20G
to be transferred, and thus to remove the layer 20G to be transferred;

25 (D) selective etching of the remaining part of the intermediate layer
40G on the detached layer 20G to be transferred, thus producing a first
epitaxy substrate 30; and

(E) removal of the remaining part of the intermediate layer 40G, so
as to recycle the multilayer structure, the removal possibly being carried

30 out for example by selective efching.

A multilayer structure ' finally obtained then consists of the following
layers: 20F/40F/20E/40E/20D/40D/20C/40C/20B/408B/20A/40A.

Steps substantially identical to the above step may then be carried
out in order:

35 « to remove, respectively and in succession the thin layers 20F,
20E, 20D, 20C, 20B and 20A relative to the respective regions of
weakness 102, 103, 104, 105, 106 and 107 in order to transfer them to the
respective second, third, fourth, fifth and sixth composite supports 20, so
as to form respective second, third, fourth, fifth and sixth epitaxy substrates



30 By implementing such a preferred technique according to the

invention, it is thus possible to form, on the composite support 10, a
particularly thin layer with a structure similar to the initial structure
VEReA&dS Hirring its growth on the growth substrate. By impldiaERBYLUBA62
a technique, it is possible to form, on th&7 35 composite support 10, a

layer 20 so thin that it has a substantially elastic structure in such a way
that3@iéstvs the slightest deformations of the composite support 10. A
layer about 10masopokiréseindbiaatioesmmatjidlyes bedotumesl 2849 removal so
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wegdpgficHl and the layer 20G to be transferred, and thus to remove

the 'ayerc?&%rﬁgl&e g@ﬁf%{g gr optoelectronic components may be produced

in the layer 20 to be transferred, before or after the layer has been
transferred.

Optionally, crystalline growth of a useful layer {not shown) is carried
out on the transferred layer 20 of the epitaxy substrate 30.

25 Electronic or optoelectronic components may be produced in this
useful layer, before or after transfer of the layer.

The present invention is particularly suitable for constituent alloys of
the layer 20 to be ftransferred that are chosen from the family of lli-V
materials or [I-VI materials, but it can also be applied to V-V alloys.

30 In the layers made of crystalline or semiconductor materials
presented in this document, other constituents may be added thereto, such
as carbon with a carbon or diamond concenfration in the layer in question
that Is substantially less than or equal to 50% or more particularly, with a
concentration of less than or equal to 5%.

35 The composite support 10 can be formed from all types of materiais
that are capable, in combination, of achieving the said physical properties
of the composite substrate (especially a thermal expansion coefficient
matched to the layer to be transferred thereto).

It should be pointed out that, in the case of alloy materials, the chosen

(5]



25 (D) selective etching of the remaining part of the intermediate layer
40G on the detached layer 20G to be transferred, thus producing a first
epitaxy substrate 30; and (E) removal of the remaining part of the

WiRéPPrddeate layer 40G, so as to recycle the multilayer struckGretRp4/003762
removal possibly being carried 30 out f8r example by selective etching. A
multilayer structure I' finally obtained then consists of the following layers:
20F Ry 20 ASER BB 4 tRPA0G AMRIPDURIADEPS D )9/A% 0S8 ps
substantially identical to the above step may then be carried out in order:
35 to remove, respectively and in succession the thin layers 20F, 20E,
20D, 20C, 20B and 20A relative to the respective regions of weakness
102, 103, 104, 105, 106 and 107 in order to transfer them to the
respective second, third, fourth, fifth and sixth composite supports 20, so
as to form respective second, third, fourth, fifth and sixth epitaxy
substrates WO 2005/076345 PCT/IB2004/003762 17 30; and to recycle
the respective multilayer structures after removal so that a subsequent
removal is possible. This multilayer structure | is particularly
advantageously used when 5 the formation of a layer 20 to be transferred
requires a growth substrate 50 that is complex to produce, such as a
growth substrate 50 comprising metamorphic layers. With this preferred
multi-removal process, such a growth substrate 50 is used for several
removal operations. 10 This therefore makes the process profitable,
especially as regards the economic cost that such a growth substrate 50
represents. In an even more advantageous configuration, this growth
substrate 40 is protected by a stop layer for the selective chemical
etching of the lower layer of the multilayer structure I, which makes it
possible, once the 15 multilayer structure | has been entirely consumed by
the various removal and recycling operations, to smooth the surface of
the growth substrate 40 by a suitable selective etching operation and to
possibly repeat the formation of another multilayer structure | for other
multi-removal '



operations. 20 Optionally, electronic or optoelectronic components may be
produced in the layer 20 to be transferred, before or after the layer has
been transferred. Optionally, crystalline growth of a useful layer (not
shown) is carried out on the transferreg layer 20 of the epitaxy substrate
30. 25 Electronic or optoelectronic components may be produced in this
useful layer, before or after transfetleffSayer. The present invention is
particularly suitable for constituent alloys of the layer 20 to be transferred

that are.chosen from the family of ll]-V materials pr 1l-VI magterials, but,it
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2005/0 76 RA5leasT AB2 quairooBiEder a dayikrgs thaylaxersnahgasmaajr having,
chirdeNRYeRpethishpe o 19 CLAIMS 1. Composite support intended

to receive a transferred layer mmade of aterial chgsen from crystalline.
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coefficient at a specifiéd temperature T and extending transversely on

either sid&BFEAESHRDAE AMRHEHAMIRNY AP RMG 18 paR BRRikF:
|ayet sp ttieaiafier srodeaieispaortsdibiriong the layers of the composite support

are chosen in such a way that the composite support has an overall
thermal expansion coefficient at the temperature T that is close to the
thermal expansion coefficient of the material of the transferred layer at the
temperature T,

2. Composite support according to the preceding claim, characterized
in that the materials constituting the layers of the composite support are
chosen in such a way that the composite support has an overall thermal
expansion coefficient at several temperatures that is close to the thermal
expansion coefiicient of the material of the transferred layer at these
temperatures.

3. Composite support according to either of the preceding claims,
characterized in that the material of the upper layer of the composite
support, which is intended fo support the transferred layer, is chosen in
such a way as o have a lattice parameter close to that of the material of
the transferred layer.

4. Composite support according o one of the preceding claims,
characterized in that it includes a central layer made of SiC and a pair of
fayers each chosen 1o be made of one of the following crystalline or



one with respect to the other: - arrangements in the composite support
that are substantially symmetrical with respect to the plane of symmetry; -
second thermal expansion coefficients at the temperature T that are
substantially identical to one another;amd - thicknesses that are
substantially identical to one another; and in that the materials constituting
thellawygesadinkacaienaisitd BippEs sapatitgehiin such a way that the
composite support has an overall thermal expansion coefficient at the

tgmperT;ureTt close to he thermal expansion coeffi |thaoft

material OP TS ransPerreBQayeEra%ﬁrtt?@ e‘rzr?ﬂq PRtFe TRPES onmip 3R qiefized in
é@ﬁbdﬁrﬁ@%ﬂaﬁ‘ﬁg to the preceding claim, characterized in that the

materiaks consgtuﬂmﬂ@eéay@ﬁm@bmmcwpp@ite auppafirretchoren o1 the
such a way th %qgltﬁssupport has an overall thermal expansion
coefficient at s vera peratuf‘es that is close to the thermal expansion

coefficiént of tIPé%‘Qﬂ@ﬁeﬁ‘ Sy sHERY AR layer at these temperatures.
3. Composite suppaitgroenrdin¢daaydrenotikegprededng stigtas,
charactgrized yJhghh ﬂw@?é?@fi‘lté’ftﬁéedém%é%eétfgﬁﬁﬁ CoRpposite

support, which is mtende&lto support the transferred layer, is chosen in
such a Way as MBS PRGE PR B se to that of the material of

the transferred layer. 4. Composite support according to one of the

rsecedipgdaigSocharaRigrzas, &t hatdtdBaiHRRE Sepber laxebmrdetefthe
SiC a igi a paijr. of Ia ers e ch cag nd_t‘o birﬁfr%e o{fn%rr\ee of t the f()SIIOW|qg of
c’?y%? neor rys Effng Aerists: %E sapp |re %? P
m&%@ﬁgr%m%@@’tﬁy@ﬂ% @¥®mposite support characterized in that

it comprises: providing a composite support according to one of the

pfeced@o%%'& oP%‘ﬂﬂﬂ aagr%v%p ﬁHbétr@é% %%/%éakgﬁ‘%ﬁga%mﬁ to

on the growt strate ndin ayertot He Composite SUPPOFL. an
r@tﬂmlgg%@@%%ﬁ%ﬁém it rthermore includes crystalisne growth of a
useful layer on the already transferred layer.

8. Process for forming a layer on a composite support according to the
preceding claim, characterized in that it furthermore includes a step of
producing components in the useful layer.

9. Process for forming a plurality of epitaxy substrates, comprising the
formation of a plurality of layers on a plurality of composite supports,
characterized in that it comprises:;
s providing a wafer comprising a growth substrate and a
multilayer structure on the growth substrate, the multilayer structure
comprising a plurality of pairs of layers, each consisting of;

® a layer to be transferred,

® an intermediate layer underlying the layer to be transferred;

® providing a plurality of composite supporis, each one
according fo one of claims 1 {o 4;

e several steps of removing layers from the multilayer structure,

each layer removal comprising the following



6. Process for forming a layer on a composite support according to the
preceding claim, characterized in that it furthermore includes a step of
producing components in the layer. 7. Process for forming a layer on a
composite support according to claimd®; characterized in that it
furthermore includes crystalline growth of a useful layer on the already
transferrsig:isyer. 8. Process for forming a layer on a composite support

accordnag to thenRERREEHID @f%@t@@féerg@mtaﬂt ihféfFHSHﬁ%elayer in
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y of layers on a plurality of composﬁe supports, characterized in

that it camprisegingigyieheglayeafiey sempiising@grayvinsubstraicpaneiay of

r%mpsgg&gtgﬂpi?t%ﬁ n the growth substrate, the multilayer structure

comprising a plurality of pairs of layers, each consisting of: a layer to be

transferfed; afYRBHNSHIBRSISYeITIACEIRIFRONS I&feVRPBIPanSRrREder to

etading thpluialgr oftoorbposttarssigparts, fach oftee actoitdaygto etreciiire;

claims 1 to 4; several steps of removing layers from the multilayer

structure, each layer removal comprising the following 20a steps:

implantation of atomic species into an intermediate layer in order to

create therein a region of weakness in the vicinity of the implant depth;

bonding the layer to be transferred to one of the plurality of composite

supports; supplying energy into the region of weakness, in order to

detach the layer to be transferred from the multilayer structure; 21

- selective etching of that portion of the intermediate layer remaining on the

detached layer to be transferred, thus producing the epitaxy substrate;

and removing material from the multilayer structure until another



layer to be transferred is reached. 10. Process for forming a plurality of
epitaxy substrates according to claim 9, characterized in that it

furthermore includes an epitaxial nucleation layer for a new layer to be
transferred, on the multilayer structure:{11. Process for forming a plurality

of epitaxy substrates according to either of Claims 9 and 10,

characterized iselleatitdustuningprefintiatigscatipturafityhef dnistatigtiiate layer
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of res ectweﬁgs ful Izﬁgers. 12. Structure intended for electronics, optics or
o%% tcr‘BR g‘f‘ %hﬁ_ cterized in that it includes an epitaxy substra_te
compristng a deMpuEIE BARHR dteardiie putiewrCitineiuracuniinenather

tiapsteisask tpygsfaade Bfragentadial chosen from crystalline materials. 13.
Structure according to the preceding claim, characterized in that the

transferred layer is made of GaN. 14. Structure according to the preceding
cflim, cRapsesiden frimirgna ebipltkielsapjionyisulstetaayaceeisst to
aridinofpelsmsictedeadr i dyarinfadhah®ite mulidegadnodayeial aaskation
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claims, characteri in that the transterred layer includes electronic
components. 16. Structure according to one of Claims 12 to 14,
chhractétivedsn thut farfoitge anpheraditiudd sepiisefu bbalyeﬁr%mgctbgrding to
cavFarine alrawﬁe onsthe 'Flj?ﬂiﬁ;ﬁ?é?ﬁ!éﬁ%@ﬁ Hﬁé{@ﬁt%ﬁﬁ;@ﬁﬂs}gg&gﬁ%s a
%ﬁ%ﬁ.g‘&fﬁ%gﬁ%@&%ﬂéﬁ s'tré;t)sa&t‘e ﬁweu%?utrjalﬁy}/ %rf I{}grlxj&%%rgc? fa&%r}é? S0
as to form a plurality of respective useful layers.

12.  Structure intended for electronics, optics or optoelectronics,
characterized in that it includes an epitaxy substrate comprising a
composite support according to one of Claims 1 to 4 and a transferred
layer made of a material chosen from crystaliine materials.

13.  Structure according 1o the preceding claim, characterized in that the
transferred layer is made of GaN.

14.  Structure according to the preceding claim, characterized in that the
composite support is a three-layer support and comprises:

» a central layer made of SiC; and

e a pair of layers, each made of sapphire.

15.  Structure according to one of the three preceding claims,
characterized in that the transferred layer includes electronic components.

16.  Structure according to one of Claims 12 to 14, characterized in that
it furthermore includes a useful layer formed by crystalline growth on the
transferred layer.

17.  Structure according to the preceding claim, characterized in that the
useful layer includes electronic components.



