Title: Substrate with determ nate thermal expansion
coefficient 5 Technical field The present invention
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| ayer made of a material chosen from sem conduct or
materials. A substrate is closely tied to the useful

| ayer that it supports, and it may thus have a

consi derabl e influence on the structure of the useful

| ayeFitles Suisseatgwigh degesninatetlernal expansgign coefficient
According to a first aspect, the crystal structure of
the epitaxy substrate in the vicinity of its interface
with the useful layer to be grown, and nore
paethmivhldidly the crystalline nature and the lattice
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usef uTheayem t tworking otemperatuses! iandndaestoed to mean the

YIRS BHes PIORATAH B%e GABLRLtAGSTRPRIRE efhsBRTbITEY subjected
during the industrial process involved, which includes in particular the
ambient temperature, the useful layer formation temperatures and other,
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.

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.



not both correspond to the intended application. The
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of the constituent material of the bul k substrate.
Furthernore, the applications of the conponents to be
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matching wth the material of the useful epilayer to
b@y@rﬁ)wn; and a thermal expansion coefficient close
to t hpjowdlvet,hdurng efiedtl tredtnidris uifefnd viadyes lagerdseof such a
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ML ELAAON stralinsSKaRE 14 er Fat 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
epilayer to be grown, which offers:

e good lattice matching with the material of the useful epilayer to
be grown; and '

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

It is especially necessary to obtain this type of substrate when it is
desired to produce components made of [lI-V material, for example for
applications in optoelectronics, for which the level of the photovoltaic
effects is controlled by the band structure of the 11I-V material.

In general, the substrates known in the prior art must often meet at
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substrates known in the priorg art nust often neet
atl east two of the aforenentioned criteria taken
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chosen in suc ) e composite support
over al symmetiieal withygseeeiiodbemiang efgyrametiye

t enper at ur esdedritpindrinat le¥pansiont diRffidientavdt MePRATGEture T
coefficient of the'ar]“it'%lﬁcl; gf the transferred | ayer
at t hetBdapRPubelARtilly idpRlral 2 QPG ARORET A conposite
support ar ethitkmesses ¢hdtairs sabsiantially idegtitdido lompearotiodr;
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nHtesiah EXpANgipR cepﬁ@rent@;féhe caterial fdhpdeanséerset fayer at the
Whir§perature T.

Other features of the composite support are:

- 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 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, is chosen in such a way as to
have a lattice parameter close to that of the material of the transferred
layer; and

- itincludes 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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layer; and it includes a centgal |ayer nmade of SiC and
a pair of |layers each chosen to be nade of one of the
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layer on PsiRmbel the lavgiderthe spempasitersyPpae; add e
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objeegf’emch it he | ﬁ?ﬁﬁ@‘ﬂgﬁégt ogtgﬁoéﬂé B‘ﬁgé@%ﬁg”ts in the

fdayerg a plurality of epitaxy substrat es, conprising
the format fEﬁ‘th%FmBré’|r|‘éhﬂiéstc)4'¥§’cfallin§y§r6§/tr9 Bf 8 dd%leflﬂ Q%*ég%bn the

of the said oSl t e suppor acteri ze
i talfeadydransieredilayggiang a wafer conprising a growth

substr at e jpfigtermoré iihdiMaes it slept of raducine compvdhBnts in the
subsil the}é the nultilayer structure conprising a

Tof pairs of |ayers, each consisting of: a
I ayer Aczobding rtarasthardram;ect dhe iobjext wE theaineehtigreis to propose a

Lﬁ%béé%“ JeF %Prﬂfﬁ ?’Iur‘aﬂt)p?:ft é@o%fye rs'hﬁgtrat%%d éd}nnﬁ%‘.g the

I NC S seve &(y ayers
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Pwin Shbsisale.aad & mulflaver SIELyS n ineeoTansbstrate, the
defukilayebetrdituge tonprisimge piurality wpairs ofiayidrs, éaghecorisisting

be ft ransferred;

e alayer to be transferred;

¢ an intermediate layer subjacent to the layer to be transferred;
and in that it includes several steps of removing layers from the multilayer
structure, each 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;

¢ bonding to a composite support of the layer to be transferred;

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

o selective etching of that portion of the intermediate layer
remaining on the detached layer to be transferred, thus producing the
epitaxy substrate; and

¢ removal of material from the multilayer structure until another

~layer to be transferred is reached.
Other features of the process for forming a plurality of epitaxy
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portion of the internediate l@yer remaining on the
detached | ayer to be transferred, thus producing the
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conpri ses ayer a pair
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furtherno
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#ﬂ“‘ﬁ r pects, objects and
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clearly apiravesful leyer @éblldﬁg elecirani¢ comipageulst ai | ed

description of preferred nethods of inplementing it,

of nonlimting exanple and
pended drawi ngs in which:

Fi gur @tﬁe:sb@;v@cta 6»;@51@ @mmsah@g@smrf%b ;ﬁ@@@hﬂlrﬂ@nﬁ@n will
nvent i e su sirat e

+ BRcomb Thble Deatt) ogaiedt bR rEaBRE(tne Taltfiad Bdfhies dgssription
aof pofened ongtheds ©f sSmpleonentangcibrtiiesg being biwen 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 schematically 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 a 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.
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the first conposite support ggcording to the
invention; Figure 4 shows an epitaxy substrate
according to the invention; - Figure 5 shows a growth
substrate frontmhlch thin Iayers are renoved and

@5 of § AeR e support according to the
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a
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mcrease the number of possible ways of producing a substrate having

properties close to those desired for the useful layer to be formed on this
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
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
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fifth object is to form on the surface of the epitaxy
substrate according to the invention, a particularly

thin usefu r hlgh

qual 1 . & | R 850 o el 11 0 |
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Ehe ul TRE cotbSsite BB T hs A Mot BRial bt REtrER Blane of
epsyrametyulik.r at e and t he useful layer to be forned,

and al eregﬁ‘\ﬂ%ﬁ@SEEE?m1°d‘g"|S??% h]en somet i nmes

encou e prior art. This
conposi te @wgptiat firsblaves 1shavingatfirst thermgkexransienroefficient

pl &g Qf)eéiﬂmbﬁ'bbelé)tgre Tﬁ%rfél‘)@féﬁmr@ SUBBRIntialy? symmetrlcally
consi st,s_of gentral first layer 1 having a first

t hdtopgd tgﬁﬁlﬁfﬁ oS Ypetry oo an gt a specified
t enper aé ur g pairasfdatexaldages@ and2t,ams lalyeyof each pair facing the

| | f t 100; d
S PTBL R LS RA™S Bnd™> * one ayer of each
palr f aci ng t han oavangement @f the sampgsiter :support that is
arr ange%’l?d;#t?ﬁﬁhlﬁlﬁenﬁﬁlgf?f&?l Whh Eé‘?&% to H@blahﬁ of slemetgf

subst an y sy :
symetry, a se%oﬁéCO%bs*EmaQila y |'@|@fﬂﬂq9éxalthefrﬁ@|r n@xpansion -

eXpanS'%ﬁ@éﬁfﬁ@ﬂhéﬁén‘@bréthﬂe Teamgrature T, and a
substantially i deBt gc? | n‘H@ g ﬁﬁl Thi s conposite
support 10" exH? SHbstantiallyideptical licknesSyard to t he

This composite support 10 exhibits a symmetry with regard to the
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
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 strains associated with the differences in thermal expansion
between the layers therefore cannot be partly relaxed by the bending of the
composite 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
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Thus, Figure 4 showst at:

e A;is substantially identical to Ay;
e A, 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.

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
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internal stresses appearing ig a |ayer correspond to
t he freeexpansion strains of The material making up
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i fihe mmsmeosumrﬁonar@doan Wt thermg exphngion coefficient
%ﬁqﬁﬁe support 10 therefore has an expansion
coefficient matched to the |ayer to.be tr

nsf
S ofing BXSsRn  ubrARRERALEKRRHIOT, CPBREIRGL s Uderstood
| Meesttd PReart-thecthes®al exapsmimrt eosfiipiemt tisatthe congicsite raypport

O IRERARAR bR Go BS S by 3 Vet
symetThe f@thaed presemped bekove ispp prefereest; dudiined litmitingy emethod
N2BHiRG 1o 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:

(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 adjacent to the
layer 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
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.



Since the deflection problemis solved by the
particul ar configuration of a conposite support 10
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will essentially be based on agsurface |attice
paraneter criterion of the conposite support 10 and an
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of (b) for each
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b D rareBhalSrie” B blar BlabT o he Rotihie ¥ipd 10 or

rralimarae&pamibrt ifethet sumfam of dhe tdoenpasiteosupport dPpbas circular
e)‘/r@ﬂw%tfﬁk&f 21 aql v ce réﬂxréo%s'cgﬁ:rulétgﬁ R{;OQ' []’Lrﬂfer N of

ranet er separat
pr epneitvent laparst ﬂ%FhﬁaPO'ébpﬁﬁﬁ%lséﬁPOt‘th‘é} QMya faganhfprmula of the
poggpiebl e to further increase the possible ways of
produci ng a conposite support having properties close
to those sought for the layer to be transferred on
this conposite support andftoheref axng. t he eventual
useful layer to be formed by epitaxy on the
transferred |l ayer. Advantageously, the constituent

mat er i Zhis dormile |ais@r takes timte cwepust tibes dbisknesses of the
arsoﬁétrfﬁéﬁhé%te“ §Ebﬁ4p%s,|t wqoexpansu on of a

crystalfine usual |estoaf|rst
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Figure 6 shows a graph in which lattice parameters expressed in

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:

e materials of cubic structure by open circles;
e materials of hexagonal structure by filled circles.

Thus, for example, if it is desired to form a layer to 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. |
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expansion if the surface of t{y conposite support 10
has circular symmetry) at a given tenperature is
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oveedvantageously carpetheubin teoateps.o that of GaN at the

wor ki g fFERES F W& Broduction 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.

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, ainorphous material, etc.) by
ceramic production techniques, by sintering, etc.

This layer formation advantageously includes an operation of
transferring the layer to be formed from a donor substrate (made of bulk or
multilayer 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 already formed layer of the
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substrate 10 nade of |ess roRyst materials. For
certain desired final structures, conprising therefore
g gsupBortugport 10 and the transferred |ayer 20,
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i énce" an erSC| nce nol o?yi
Q Y. Thegsaigheemoval o materlal preferably uses one of the foIIowmg

techniques, individually or in combination: chemical etching and/or
chemical-mechanical etching, polishing, lapping.

For example, it is possible to carry out optionally selective etching
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 etching operations using etching solutions suitable for the
materials to be removed may be carried out.

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

~ material, such as plasma etching or sputter etching.

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

electrochemical or photoelectrochemical.
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of thermal energy. Thus, for 4gxanple, a heat treatnent
carried out during the bonding strengt hens the bonds
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pir%ﬁgfgg(;ad-rﬁgtthg a&oﬁn@cﬁsfe@uﬂ}%f 101 &dimple by RS dgidxy 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.

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:

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

e bonding the composite support 10 to the layer 20 to be
transferred; and

o removal of material, the material to be removed being here the
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C @eBErilsas fatrasanipié imdoauraehhEPTO 84@7B8y%T; 20 to be

s, S SRP R e BR Ao 8 SR

t Ihrteatmapbs:rt&mo@nmsmje@tien b ehergyatin oedart toi detacip thee layer to be

Wan@rfegr\'ef@ hgfwgéwﬁgg}l ine material. This epitaxy my

optl ona e prece the formation of a

nucl ed© f@rﬁmr ayveak lgyen withinethengeowth sybglirate for theclayee to be
GQr’élanﬂ#ﬁid 2tﬂet @or’@@stléfj‘é‘rsfseéﬂ@éhtbgeb@e@ fBFAvl on a wafer of a

b}gi(%(lpg/qté tezraf G{E-P(g ; éé%‘%’ﬂc é\sc}rgbé{]o%? Cl’ygtallrne

Stnnatehar & g@ownccmdherqbd‘rods dayer, atiechom-paroepimaterial having

S BUBMERNAI. e e SRRick Balfict 81 B ine water, the said

- ogrewthy substratebthenacensisting ot e wafer, dbeppsrious Ieupband the
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1 Bdk conposite support 10 to the Iayer 20
q)‘Oneﬁ&rans Ie'fjﬁr)Jrézd and renoval of nmate

mat er Papesendhmaterialyemayal inghaique %rl@erémﬁt Qubsﬁaﬁt%so be
andeBgRyL bt'th &h nahgttrlrefdn@mg gpso be transferred.

o Dr e O banthS, TRl e TRt SRl hE e o lgfbreres
berdato itedyrowth sabsigatenef dhe taiemidispecies (such as hydrogen or
helium ions) for forming a region of weakness at a depth close to the depth
of implantation; _
e 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
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
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 Smart-Cut® technique is described, for example, in a number of



foll owi ng techniques: Afirst material renoval
techni que conprises: formation, in the growh

waeamshrase for the |ayer to be transferred, ofPer/meadd/ 003762

10

15

20

25

30

35

interface by form ng at | eastysone porous |ayer by
anodi zation, by inplantation of atom c species or by

aforRs @@éllﬁ@é&ﬁlﬁl\f/af@ﬁfrédm:tlbﬁct@éhrﬁm%s a6chl %@qbr RREMpRS that by
exa 1 n Oocu
SR oon )it Feifoch Al SIS 2nc

oredalnntIhlewerApmamoPubﬁsthalpgges S(Dland 8ér to detach the
woak Pog TRl "o BenhRBe Bl e HE employeRlfighemical
t @rl@éewwignmhamcalﬁ@l@@rfm thay@ar is advant ageousl y
formeg %‘ﬁe@rﬁéﬁf ﬁfatéﬁal%e?rhd\ﬂil GeChni Shé' ad‘&%tr@ihpaio ti Gnvention

t hen second er o oro stal I'i ne
mgeamrigesithe éﬁﬁm 0§ﬁ qf ﬁ'&e%ﬂwgﬁ tYR.?;Pe‘P @t%'ahfﬁmam' ofpiowed
mersleadctlbév enmmt@ bl?éta@bhahl?e/ trfaftlaqﬁainbf | thiet Irémalnmg growth
par r_a 0 waf.er e, saj
PLBETARLaTT hEFangl 2D, B8 st tEd oS, ekl i possible to
| agrmova e réraaiming pmataernies oﬁl thedgyear. 208 ostee radsfenedr i al
rem)veﬁhet ESIEEﬁ\%UEhQﬁIléa‘F%tmgtmgg lfé )carrﬁﬁpo@{ %9 W6t etching,

used he
i @mra{ﬁy'ag |3@r1etcb|@9<ﬁ0é1ttqmes%@b&ﬁ feg the maietlaié to @@eetched be

t ransfrper 8slebfivd Bhemidat étemwghm%ybéé firfed Qut tﬂyedry etchlng,
at OEE‘%&S eci es (,such as tit%‘dro en“or heliumions)

f §H as$reg etming opeRkiteseiCliNgs depth cl ose to the
dept hThk ietphiagt ahapnalsot higs anlyi nghesrhical) @lectrowheynical or

to the regi on of weakness, such as a
Wbskoa‘%?géﬂdoc?’%p é\macham cal treatnent, or another
i nj ecflihenlayer @fetaype fransfecred cansitutas hint this | silpationpa stop
r0s ftRE re[qghlhg dfhe RShAR %WE%P&%S grow h subst?te after

A ant ageous he regl on 0 ness | ecte
- hatgriak ieg Hﬁmgmer@ftbe threedechRigHest at | on' in order

to fung b@hem&h@ reteHing SBiettivigNof & MaydrBIWitRtrespédt to a layer A
rermvaltﬂ_t gb % f?&g&&%& oss bl e t renove, rapidly
afaeantilegby 4 sg c ’@\S‘?’i )Sﬁh%f [%e growth
substrate for the layer to be transferred. It also

al l ows the possibétthyrafe reUiHy lheParti on renmoved

fromthis growth cess, such as

for exanple, a pr%ggisis %%%o?%iﬁge lc?yi%e I nvention. The

known Snart-Cut (r) techni que i s described, for exanpl e,

Itgcﬁni b rerglfﬁmﬁet;:gap mrgpqrﬂeegpés?ednugg a8 'to maximize
this ratlo |n the case in wh|ch 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 etched, or even not
etched at all, by these chemical etchants.

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 obtained
during its growth on the growth substrate.

By implementing such a technique, it is possible to form, on the
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
composite support 10.

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



Jean-Pierre Colinge "Silicon-On-Insul ator Technol ogy:
Materials to VLSf, 2nd edition, Kl uwerAcadem c
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techni que that can be enpl oyeﬂ; is chem cal or
chem cal - nechani cal etching "fromthe rear"”. A

pr ef erpegha @atesr altustfRsmVval cémﬁbma fp%ﬁorw)l BgchbRiind'@o the

i nventl on, rses the use o
t yReNtign | ﬁi\l&ﬁmﬂve@ﬁ@s&aus @%ﬂqcmcfsayegaﬁﬁ%i&k%feﬂectlon
et chi IFQ @@tﬁf\eﬁﬁb\hbeaﬁpt@fesal forf prbeucﬂagaanlpngaunyowfhepltaxy

renupryales 0LshF as K ftmull® it SRR iR Fi88e, bl the -

tlrremowgaérofztbnn dayerst 2eAs 208, eZDCTﬁ@DseJZ@EI i20& aehdn?0@l in a
t
:nrﬁgl'th!ﬁ/emrueﬁﬁgq Og%rb% ?bi&ar)?ﬁlfy"?ﬁ tah%r%ﬂhﬂ%ub%rf@{é%bngo as to

sui 0
etteansier T'F\%msélaébt PR et e riERpOsiiec §HURBOHaYObaceqrdingedo the
oqﬁ\,@%,dﬁry et chi ng, such as plasma etch| ng or sputter

t chi t b I

o1 oot 1 ien BHEY Pt aRaTeD b RioB T R e TaNess 1200 205 20C,
t (20& ZOEarmIFean@QOCbm ialtetreste respedtivelysaithuattenediate layers
St I{l(f(iojgsq aﬁﬁ'?nga O@e(h RG] eRﬁ)rl)thfnng been

S ter a r erm
ofadvlaetagﬂoelelyt gmwn @@éaxmlly‘; Igwebwlayerh@ta;tlaguvw§1 the growth

Seéu%%h?te 59, @ngﬂg 'teBhiighifs 568PESICVYD R MBEET A s
quant | t|V|t act or ven B‘Yeal he rati o:

et ch rAaPEe errefimau F'dﬁ?ﬂovﬂ QOgSE ACEO ngme \wentiorrinsiudes
fuamepahaﬁé@hpﬁsés esfollbWingedpiratidres: chosen so as to

maxi m t. 0 in.th whij I
"o e (yBiPTaB of b SE86en b e nbatfnagHE eler 400
:resmbmhogcmge tbérejm;a geg:«gm mflsxfs«b%kn?se:j?T husthﬁt glelmty of the
1 e transferred w e har et
qxﬁ)lan'ﬁ%e??%’hed at all t hese chem caly etghgntsorBy )
i mpl ene(B) i banding: pf ﬁmqohaye&@@doﬂb@ iermpesitacaprerintd ascording
t ke th@yRdntieR; it is thus possi ble to form on the
conposi t ort _10, | ar | hin, |
oo S RiBIRh o ier i he bBien o VEAEMEs o bifer o
dtuetﬁeh ithe l@ye)ﬂl\z(bﬁotb béletrafsfmtéd anbsthatipart &ythe intermediate
[
YR et Paefis B E0C 18n o darB8S I dnd e B8 200

i ttoi’mstransfebed aand ﬁiu%ﬁoebmvedheﬂayﬁrtaiaﬁato be $naokfearaghy
that (Péoéél (‘ﬁ’ﬁ/et Bﬁl'g' SheSkrfififiRg B 8P thePintd Mfediate layer

03|
G on the dePached layer 20G to be transferred, thus producing a first

epltaxy 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
out for example by selective etching.

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

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

e 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



A layer about 10 nanonetres in thickness may thus be
fornmed.In the latter situation, a conposite support 10
waewsndizmy to the invention is highly advant ageons2004/003762

especially as it exhibits litj}e deflection. Figure 5
shows a process for producing a plurality of epitaxy
su:g(z %Ies 30 (such as, for exanple that shown in
Fi 4) by the mul tiremoval of thin | ayers 20A, 208,
2CC, 20D, teORCyclerthentespedivenmuliitayen styatres afier tersoval so

grtﬂyp &bk @{tlrgnmaplsgj&MSubstrate 30, so as to

trans er. t m eac osite support 10

accor di Mg multitayer stiushire dnis icwiarly adyagtagaausht uped when
5 CQaRBIfbARatidmef & tayerl 2yerIse #eRsferidl, red(ires A@owdBubdirdite 50

" Waf & rahiafud Bratlea o Bige ¥ououthSurstiate 1B bisising

agsaetdmgrphindaggrsbeen advant ageously grown epitaxially,

| ayer \}Wh tﬁ‘l)éep{r eﬁ?éﬂ Huﬂgre‘%%\;blyﬂ@%so%%é“&i%ﬁgﬁbépate 50

u3|ng 8 ues suc
priguser ée rwqraLnemﬁyaépppfa@@egs according to the

i nventyipg théféfd#é@ﬁal?essﬂ'n% rbeéés ﬁﬁiﬁ’éblé eésﬁé%‘i’alfy%si Rafds the
operath ecies Into

ns: ant ati.on
¢ FREONRIEF Gast @%&S@ye@w@ Siteate S0RRIH IS or 0! 1 a
r egi orinein ewsrkmess adiVantagedlis configuration, Ctﬁ|stgr©wmrshb$ttate 40

bkl BERCHER iBhes i {8 ¥Rlosfive shiri RTBaHSofie tower

oflayere ofythentrwlitilagen styictrefl, mzhemkeelltupombier onge the

15 d%aﬁlgb){eﬁt%éﬂruﬁ&eﬁg{agz% gegﬁeef&é??gg&gﬁ@bda%ﬁ@% iB8% removal
r @%wcaﬁllwaaanﬂ@@ngotp fhaotmibe syftacexfdhe grgwth substrate 40

tr%g gl{tggle %%%délgféseic%rf aﬁchﬁ éfrﬂ%’ﬁb B653iby Pépeat the
0 er
pdPigfor g ARUBE A EYer, oo (HE AfERcAuH-removal
aopmraéMs.t o be transferred, thus producing a first
20 Sg:f : a?pﬁwl&h?fgﬁ’ﬁégm Mté@gc{rg%\’@dmﬁénérﬁ azp'gé rE)'n.';'é’uced
t He e 1ayeny20 tet bactran@‘errede beéorev ar gitarsthel jemu h@s been

C"’l"éds%’rré’&‘t for exanple by selective etching. A
nmu layer structure |I finally obtained then consists |
of t héOPiAnallyi reystaling growth of a useful layer (not shown) is carried

ZQHt%PHh%QEn%%fé@Q(yéﬂ@b%ﬁﬁé@é‘ltéb@&tﬁ%@al’@eMOA St eps

subst gnt i

he abov
carri ddebent o6 BB cudbnarts JofY, R i s
suwmefsldayer, bbfore lor afteatransfel @‘:the layer.

The present invention is particularly suitable for constituent alloys of
the layer 20 to be transferred that are chosen from the family of Ill-V
materials or 1I-VI materials, but it can also be applied to IV-IV alloys.

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 concentration 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%.

The composite support 10 can be formed from all types of materials
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
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20E, 20D, 20C, 20B and 2QA relative to the respective

regi ons of weakness 102, 103, 104, 105, 106 and 107 in
we@e@sn7dzas t ransfer themto the respective secopPdr/IB2004/003762

third, fourth, fifth and sixtnsconposite supports 20

so as to formrespective second, third, fourth, fifth

an ' [ r : e the
rég%&%F$€%8§ﬁ%ﬁﬁydégf tg%égﬁ%ggéggqgkﬁpéﬁﬁ%%{ so t hat
a subsequent renoval is possible. This nmultilayer
structure | is particularly advantageously used when
the formation of a layer 20 to be transferred requires
a growth substrate 50 that is conplex to produce, such
as a growth substrate 50 conprising netanorphic

| ayers. Wth this preferred nulti-renoval process,
such a growh substrate 50 is used for several renoval
operations. This therefore nakes the process
profitable, especially as regards the econom c cost
that such a growth substrate 50 represents. In an even
nor e advant ageous configuration, this gromh substrate
40 is protected by a stop layer for the selective
chem cal etching of the |lower l[ayer of the nmultilayer
structure |, which nmakes it possible, once the

mul tilayer structure | has been entirely consuned by
the various renoval and recycling operations, to
snooth the surface of the growmh substrate 40 by a

sui tabl e selective etching operation and to possibly
repeat the formati on of another nultilayer structure |
for other nmulti-renoval operations. Optionally,

el ectronic or optoel ectronic conponents nmay be
produced in the layer 20 to be transferred, before or
after the | ayer has been transferred. Optionally,
crystalline gromh of a useful layer (not shown) is
carried out on the transferred |ayer 20 of the epitaxy
substrate 30. Electronic or optoel ectronic conmponents
may be produced in this useful |ayer, before or after
transfer of the layer. The present invention is
particularly suitable for constituent alloys of the

| ayer 20 to be transferred that are chosen fromthe
famly of H -V materials or HVI materials, but it can
al so be applied to IV-1V alloys. In the |ayers nade of
crystalline or sem conductor materials presented in
this docunent, other constituents may be added
thereto, such as carbon with a carbon or di anond
concentration in the layer in question



that is substantially Iess than or equal to 50% or
nore particularly, with a concentration of |ess than

wo@eoosquahks t o 5% The conposite support 10 can PEeT/fB20ow®3762
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fromall types of materials tfgqat are capable, in
conbi nation, of achieving the said physical properties

of the conposite substrated?mgi ally a thernal
expansi on coefficient matc the | ayer to be

transferred thereto). It should be pointed out that,
in the @mpogie aupport 0o pintetdad tdwr:'edeivzssartedris@eﬁedwayer (20)

be bi nar u ternar

f
orBae & & et einadt fost B3istaulte fausdine i that the assembly
r oy anaepitanyssdrsteade 1(39 g rch@Pdternizate imthat ihas @ mingitudinal

Cg);f Jfr%ﬁ{é(n@t glddgg??%lefsdu@%fpmfch{l %irféc!& and in that it
cmnélﬂf%ﬁfzed inthat it has a |ongitudinal plane of
symet ryy (g.088ntRar ﬂHteia)fe‘P (f)s %Id@'@#rsﬁ%@%gﬁ &Hhnsion

| it consi st centr
9%33'%“ it pt & SPﬁ%‘?ﬁal te@)&%ﬁ%ﬁr % X&‘?"éﬂ{g g{arﬁversely on
Sr&mlefrlsiﬂé éf&ﬁe@a’iwbﬁsﬁnme@kysah@ndl ng transversely on

| east. dhe Barrotsng bEEARARR Bvety 22751 8! 37 e Blers,of each
| i lsaving carehwishiresreot itothe otherwi t h respect to the
other: - arrgl ﬁts' it B CB&‘FH?B&&? §HB;E’6’&t I({(?)O)thﬁt are

that are subs rally symmetric
pl ane dubs{antial lvwrrmetncaléwahaeaneét teaﬂheeeéfaaﬁsf symmetry;

cogf I i ci ent Sse%bnijflﬁe?rﬁgpékﬁéhﬁ én Eotbﬂﬁierﬁls @t the temperature T
subst a | anot he
t hi ckngégé f@?'xu%%ftqgﬁfﬁia‘?”%aﬂe@%w to one

anot her; an dhlcknekws Mhearaaslmstamtmllqoﬂemudauto oge tanether;

S?%ﬁg" &iﬁ} tF% fﬁg{% %ﬁ‘p {Shue( pg)e{é Piéﬁg%%%bds%osupport

oVdPhlare tdhosenl inesycin g waydbet fchesucempcmtetwport (10) has an
C?Vfé él?‘iﬁgrﬁ\a]— etxpﬁﬁsbﬁ &Je‘?ﬁcﬁeﬁtoatt%ﬁ Pﬁié’f?iur@ﬁpﬂ{é%é”&lose to

I Cl ent e materi erred
(2bs thermnkexeanspmCRPEICONt Of (BenFReTal of sotr@nsferred layer

aqeoy gt the tempdigtups gcedi ng cl ai m char acterized 25 in
that the materials constituting the [ayers of the

conposite support (10) are chosen in such a way that
t e conpompbsits spppott ectdidingdo dime qwmemmg clempeharacterized

iR3Aa ﬁ%‘;t‘%r‘iélg'c“qwstlﬁ‘ﬁungq}ésrl ck’rﬁé?&t{@ﬁpbé‘rt (10)

expansi on oef
nmrerctrmSeofmtmht a ey matéhe mmosqtgogumor& i&3ehas an overall
Hﬁﬁﬁélt ?‘{[?insﬁh Qoéﬁlcm%e%ra‘? YeRpekatBRELfHH 1Y ddde to the
either o rece % ?‘
thermal expanS|on coe cne t of the material of the transferred layer (20) 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 (10), which is intended to support the transferred layer (20), is
chosen in such a way as to have a lattice parameter close to that of the
material of the transferred layer (20).

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



characterized in that the material of the upper |ayer
of the conposite support (10), which is intended to

wGeappord343 he transferred | ayer (20), is chosenPCTIBER0EHN03762
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a way as to have a lattice p%raneter cl ose to that of
the 35 material of the trans e)rred | ayer (20). 4.

c PR/ R el BE AN S ER spBPBRE. S Locs & contral

| ayer made of SiC and a palr of | ayers each chosen to

bg Made> 8L for%hrhiy & Wy bAg Q{é ort (10)_according
Q{FO ¥ I\Fdréﬁ Sﬁ?n ré, SI.

orpolycryst I'ne materi a
5 1o prefdle prceding¢laing qw@@teaﬁe%lrb §1°U§3r§@|§por t

(10) aacor&ysngmhe BRI of tthe 18y&ced) h &l ormh substrate (50)
onpri ses: crys i ne

er
rﬁ‘ tlﬁe]goméﬁe@ggyo nm a growth substrate (50)
Iot her teharbonkdingcofithedayer tettlmootrtposbersdgpgrtrotox hlad f
ayer to t 5y an removal o
t he grovvt EE@S%Q{T&;?% g?%@tm&ggé@%g%@s for formng a

| ayer on a conposite support according to the

%eced'P“rGCéésafd?’lfoﬁﬁ%aaCfa;ét éﬁ% bérnbbﬁte elﬁpﬁdﬂ bblédrﬁﬁfgeto the

includes a ste nents i1n aye
( Pojeeding SlalEbcharabteriae ‘Hgthé’tl &arh%rmoae 'aﬁweﬁte step of

Slpmudm@@@nrp@negtstm the daywrg20xharacterized in that it
furthernore includes crystalline gromh of a useful

| ayer on the already transferred | ayer (20). 8.
Pi7ocesrboess fomfammireg laalayer @m a mmpositet supp@madcording to

a@?r'rﬁ'?n?hér%c{é?&earrﬁ GER i rﬁte‘?‘ringke HE"&; ’st%ﬂﬁ‘\e' drowth of a

her more i nclu uci ng
c tigpBi dapes anrtheradregdytiansfegyed layer Fzﬁr)ocess for form ng
a plurality of epitaxy substrates, conprising the

f rratlon of %(5? urallt of layers on,a plur

t R aptdafioto th
o5 FITACE3H {05 FRUNiNg 2 RYSE LB A TP YO AUPRAM epcarringsto the
t@récedjh@r(ﬂarhercﬁa?dctemzédﬁah fhatiis fmﬂtéem;iﬂeugbludeen@ step of

C | rat e (50) and a

rrtﬁ)lr W%{&B @Pﬁgpﬁr'ﬁ tﬁ%ﬁ@*g@&m h substrate, the
rrultl | ayer structure conprising a plurality of pairs
| ay

%Bcigﬁﬂ {f&@ﬂﬁgsgaﬂﬂalﬂg °ft‘*3’ét?§¥ %Ppé@%s e5Bprising the
rﬁ@rémm gt @ plurpbly qfdayersaypa ploreli y4@yomeesﬂe4§rtppczrt$@)each

Slé*ébéﬁ:ﬁrﬁ’é tb Grihef |Cﬂéﬂﬁ’€s i Qob43 éﬁaﬂraélfef?rkéédn tABe it 18 éérﬁted out
it incl udefs sever.al ste rp ﬁ ers fromt

mistrY ayios fotiorapg s auf subSlRle GRkarid ytifir stucture
f @nl the ggavﬁhenﬂjstratetmhenhattllayerdtnmlmm coraprsingsa phurality of
a tder to create therein a

2)&' r?%év%aé%eﬂs@%ﬁ &vr cinity of the inplant

e alayer (20A, 20B, 20C, 20D, 20E, 20F, 20G) to be transferred,;

e an intermediate layer (40A, 40B, 40C, 40D, 40E, 40F, 40G)
subjacent to the layer to be transferred;
and in that it includes several steps of removing layers from the multilayer
structure, each 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;

e bonding to a composite support (10) of the layer to be
transferred;

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



depth; bonding to a conposite support (10) of the
| ayer to be transferred; supplying energy into the

wo eg@somn3ed weakness, in order to detach the | aper/1B20040®3762

10

15

20

25

30

35

transferred fromthe nmultilapgqr structure; selective
etching of that portion of the internediate | ayer

remai ni,ng i I f KRGS rh?éh
t hus pr,ong!éChO%gﬁt%i %‘:y t@%tﬁ ptotrrl%rgecgfgélgé‘ gﬁé lat('a layer
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