Jt Ma‘y' 2005 1 A METHOD OF FABRI CATI NG A SUBSTRATE, | N PARTI CULAR FOR
OPTI CS, ELECTRONI CS, OR OPTCELECTRONI CS, AND A SUBSTRATE T@M\IE? gg THE
METHOD The invention relates to the field of methods of fabri 8
substrates, 5 in particular for optics, electronics, or optoel ectroni.cs,
and also to substrates obtained by such nethods. Mrre particularly, the
substrates can be intended for nmaking mcrosystens, sensors,
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relatively I?R?gm%mand conpl ex. This applies in particular when the

suppor t i ngfog @f0$3§5t%$ﬁﬁf§9f3aﬂmhhﬁnmmg atiasarndiades; bte. i nvent ionis to

provi de a net hq%ﬂ rate.c 1.n er on a
support, which m%’ﬂ?iﬁ??%ﬂﬁll ﬂ%gﬁ?%a Wﬁ%ﬂ%ﬁ% h prior
art met hoda which aathmliaymmﬂn hegerifio aansisfed AP aidiecd Suistraaseatd of the
I hvention, there is provided a nethod of fabricating a substrate

conpri@i ng suURAAt: Ya rSWrWCé'ﬂ'lslﬁ@"C&Sl &'P@pﬁt@ﬁmt of bending thentbirmlayec al

support, OlicHR h&S or toel ectr m cs, the
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Si ”P' € 10 Hropdratti heRRIAH bofPRABLE Bperations of polishing, planarizing, physico-
15  chemical treatment, making intermediate layers, etc. and can be relatively
tengthy and complex. This applies in particular when the supporting substrate
is polycrystalline.
An object of the invention is to provide a method of fabricating a
substrate comprising a thin fayer on a support, which method is significantly
20  simplified compared with prior art methods and can be much less expensive.
According to an aspect of the invention, there is provic“i.é& a fnethod of fabricating
a substrate comprising a thin layer carried by a layer constituting a mechanical support, in

particular for optics, electronics, or optoelectronics, the method comprising the following
steps: '

-25 - detaching a layer of material for forming the thin layer from a sousce
substrate; and then

- making a thick layer on the thin layer by depositing material to form

the layer which constitutes the mechanical support.
The method of the invention is simple to implement and it enables
30  lengthy and expensive preparation of the surfaces that are to be brought into
contact, such as polishing, planarizing,'making intermediate layers, etc. to be
omitted, all of which steps can optionally be replaced merely by etching prior




30 Ienbt hy and expensive preparation of the surfaces that are to be brought

into contact, such as polishing, planarizing, nmaking inter |ate. layers,
etc. to be omtted, all of which steps can optionally be rgﬁfggggoﬁgrely
by etching prior 11 May 2005 2 to formgng the thick.layer, which formation
can advant ageously be acconpani ed by high tenperature treatnent. In :
particular, in existing techniques of transferring a thin |ayer onto a

t hi ck suppot@ {amming dber dhiek s layerWhetiibter fdrmatibRi Bah 2%8lakts rystalline,
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Advant ageou® 9 PR CHE 'i"ﬁggfﬂ"\soﬁ,c-)o Rethialaien isi transferred asiangingleepisemport i s
deposi t ed domtecs | predivus &hrrad! eni vappr deposition
(CVD). Under, suchpfci rgy'?r?traﬁr}écrgg,w(%res?@togtfflgé%%ﬁ&hgtegbﬁﬁi%é&%et ween
the ~thin |R§es viiRieanin bhemresentiiavantion tivethicsugport istisrmeRbie@f G |y in
ternms of 1 lygeticl cal -and/.or .t hermal  conductivity, which is not generally
the case W|5tth E tﬁ@r'%%&a &%@Hm‘?"“ﬁ%‘hﬁﬁp@w&oﬂﬁé?‘ed@?ﬁf@!pﬁtﬂlvﬁﬁrm%tﬂ)nd to
deposi ti ng substintiaksavingd) beRh8sd i Hgk}ﬁ . ' )y ver, t he
thick | ayer can equal I’%I I gié f'gr nme gf'?g)?ﬁgééibfr?a?geroﬁ'&mﬁ%al‘?g& ) Ef"éj nol t en
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i n the  coMeURl- DndReRiiitsummances, theinteriace thatiobidih baniaemey ot 2l || ne
thin thin layer and the support is of excellent quality, 'pa_rticularly in terms of -
15  electrical and/or thermal conductivity, which is not generally the case with
prior art methods. '
- The thick layer can also correspond to depositing metal, e.g. an
electrolytic deposit of copper. |
However the thick layef can equally well be formed from a material that
20 s molten and/or viscous or sintered.
| The method of the invention is advantageously implemented for
) making substrates in which the thin layer and the thick layer are constituted
by materials possessing respective coefficients of thermal expansion and/or
| crystal lattice parameters that are close or identical.
25 The method of the invention is also particularly advantageous in the
context of making composite substrates comprising a monocrystalline thin
layer, e.g. of a semiconductive material, on a support substrate that is
polycrystalline, amorphous, ceramic, multiphase, etc. Certain techniques, in
particular certain deposition andfor growth techniques, enable thick layers to
30 be formed at low cost. Thus, forming a thick layer of amorphous or
polycrystalline silicon 'carbidé, for example, on a thin layer of monocrystalline
silicon carbide, using the method of the invention makes it possible to form




-Féyenﬁ'e.g. of a sem conductive material, on a support substrate that is
pol ycrystal | i ne, anorphous, ceramc, nultiphase, etc. Certain technlque

in particular certain deposition and/or growth techni ques, thiey 095 ck’

| ayers to 30 be forned at |ow cost. Thgs, formng a thick |ayer of

anor phous or polycrystalline silicon carbide, for exanple, on a thin |ayer
of nonocrystalline silicon carbide, using the nethod of the invention
makes it poSii¢an eathidd suhstrateMtt 2005t thakid lewer thanbitdeodldbisé rifities at a

cost that i uld be if the rate were to be nade
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encouragi ng good quality growth of the material constituting the support
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a thick 10Iayer of |nexpen3|ve material is made on'the thin l'layer of a
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I.e. the thick, %%(er that is formed by the method of 15 the'invention, is

a pol y£Q ystayer Ct Hesxnsasivermatsiial isomadacrthe thin dayes of &t inateril having var i ous
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~ the various grains are obtained within that material, as is growth of privileged
phases. However this advantage can be diminished if the method of the
“invention includes an operation of forming an intermediate layer, e.g. an
amorphous insulator, between the thin layer and the support.
20 : Under certain conditions, when the thick layer is grown on the thin
layer by using the method of the invention, the thin layer serves as a seed for
seeding monocrystalline or quasi-monoctystalline growth in the thick layer. )
These conditions correspond to the thick layer being grown epitaxially or
quasi-epitaxially on the thin layer.
- 25 The method of the invention includes advantageously, but optionally,
the following characteristics taken separately or in combination:
- it comprises an operation consisting in depositing a useful layer on
one and/or the other of the faces of the thin layer; by way of example, this
useful layer can be a material having a large band gap, such as gallium
30  nitride, aluminum nitiide, or another such material, e.g. a compound of at
least two elements taken from the list compnsung aluminum, indium, and
gallium;
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‘quasi-epitaxially on the thin layer. 25 The nethod of the invention

i ncl udes advant ageously, but optionally, the follow ng char ;l-),gwgr-i ﬁé Cs
t aken separately or in conmbination: - it conprises an operati 'Xg Isting .

in depositing a useful layer on one add/or the other of the faces of the

thin layer by way of exanple, this wuseful layer can be a material having a

| arge band gap, s ?h as gallium .30 nitride, alum numnitride, or another
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properties can be combined (e.g. polycrystalline and metallic), the bonding

15 layer can be formed before the thin layer is detached from the source
substrate, for example;
-+ it includes a step of transferring the thin'layer onto an intermediate
- support prior to forming the thick layer on the thin layer;
- - it includes an operation consisting in eliminating the intermediate
20  support;
- the intermediate support is eliminated by separating the thin layer
) from the intermediate layer, in particular in order to be able to recycle the
intermediate layer;
"it includes an operation of forming a bonding layer on the
25  intermediate support before transferring the thin tayer thereon, said bonding
fayer being constituted of a material taken from the list comprising:
amorphous materials, polycrystalline materials, and metallic materials such as
tungsten or tungsten silicide; it being understood that these properties can be
combined (e.g. polycrystalline and metallic);
30 “the thin layer is constituted by a material taken from the list
comprising: silicon, silicon carbide, “sapphire, diamond, gallium nitride,




" the-internediate support is elimnated by separating the thin | ayer from
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the 25 internediate support before transferring the thin layer thereon,
said bonding |ayer being constituted of a material taken fromthe |ist
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these propepbi€mataiaide conbined (e.g. polycrystalline and netallic); 30 -
the thin layer is constituted by a material taken fromthe |ist
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is detached fromthe source substrate by elimnating, e.g. by chemcal.
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- the conditions under which the thick layer is deposited are optimized
15  so that the thick layer has a particular quality taken from the list of qualities
comprising: monocrystalline, polycrystalline, insulating, and conductive; it
being understood that two of these qualities can optionally be associated,
such as the monocrystalline and conductive qualities.
Above, and below in this document, the term "atomic implantation”
20  covers all kinds of bombardment with atomic or ionic species suitable for
causing said species to be introduced into a material so as to obtain a
concentration maximum of said species in the material, the maximum being )
situated at a determined depth relative to the bombarded surface. The "
- atomic or ionic species are introduced into the material with energy distributed
25 around a maximum. Atomic species can be implanted into the material by
using an ion beam implanter, an implanter that operates by immersion in a
plasma, etc. The term "atomic or ionic species” is used to cover an atom in
ionized, neutral, or molecular form, or any molecule in fonic or neutral form, or
indeed a combination of different atoms or molecules in ionic or neutral form.
30 Other aspects, objects, and advantages of the invention will appear on
' reading the following defailed description, and the invention will also be better

understood with the help of the accompanying drawings, in which:




1, .
Above: .‘and below in this docunent, the term"atom c inplantation” 20
covers dll kinds of bonbardnment with atom c or ionic species H’Iit 54) for
causing said species to be introduced into a naterial so as “S) 552 i a
‘concentration maxi mum of said speciesén the material, the maxi mum being
situated at a determ ned depth relative to the bonbarded surface. The
atomc or ionic sgecie .are _introduced into the material with energy

distributed 25 ar bSHEE hiHadiagim ahewing the stspssin caminipdeineptatioh edl theit o t he
mat eri al byméiﬁé@%@&ofd&ﬁc@%{ﬁ}ﬁgﬁﬂ\%ﬁi&g C)an I npl anter that operates by

imersion in a plasm, etc eter mc or ionic species" is used to
cover an atom i n° Figure 2ésia diagtanalof te sepkeas UndtherGhiBlerRntaivn BPgsUl € in

i oni c or neutr for r indeed_a conbination of different atons or
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descri ption, and t%e I nvent i%%llavh\} Iaf)mgelaéthgén g%?gbp&eﬁﬁ@g@%ﬁ%mgpﬂ t he
_hel p of theﬂ'&dﬂémdmﬂﬂ@rd@mwghthdinveﬂtimb: | | May 2005 6 Figure 1 is a

di agram showi ng t teps.ip an i enentation of the nethod in accordance
with the inventi oFHEE"'?‘“ ‘ﬁ%gﬁrdiaglamsgglh&i Hegpai yet enether dpplementatinrhof

i npl enent atﬁemﬂhoﬂhﬁacmmmﬁ@%mﬂﬂﬁe with the invention;, 5 - Figure
t her

3 is a diagramof_the steps in yet ano “inmpl ementation of the nmethod in

accordance wi t h "figure Sviera dingram ofi thersteps irsyet dhatbienimplemidhtatiohegs! i n yet

anot h [ o) f, the . hqod i n accordance with the invention; -
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i nventi on; e g@thod/injaccoriagcayriththeiiventien;spect i ve vi ew of an intermedi ate
be used in_a variant of the nethod of

support w th foug:t.hi ayer,s, as ran C .
thgp 15 invent Oﬁ|?c}hggng 1524 UPagrifntate perspective view of an intermediate

support with four thin layers, as can be used in a variant of the method of the
15  invention; and
' - Figures 8a and 8b are diagrammatic section views showing éxamples
of substrates obtained in a variant of the method of the invention.
The method of the invention is described below in detailed manner with
reference to five particular but non-limiting implenientations thereof.
20 In a first implementation, as shown in Figuré 1, a final substrate 14 is
) made comprising a thin layer 2 on a thick layer 4 forming a mechanical
- } support for the thin layer, by performing the following steps:
- forming a layer of amorphous material to make a bonding layer 10 on
- a surface of a source substrate 6 that is to be subjected to the implantation of
25  atomic species, forming a layer of amorphous material on a surface of an
intermediate support 12 to make another bonding layer 11;
-implanting atomic species at a determined depth in the source
- substrate 6 to form a zone of weakness 8;
- 100, putting the bonding tayers 10 and 11 into contact;

30 - 200, detaching the thin layer 2 from the source substrate 6 via the
- zone of weakness 8;




i gures 8a and 8b are diagranmatic section-views showi ng exanpl es of :
substrates obtained in a variant of the method of the inventjlp 3 met hod
of the invention is described bel ow in detailed manner with 'reéfefente to
five particular but non-limiting inpledentations thereof. 20 In a first
. inplenmentation, as shown in Figure 1, a final substrate 14 is nade
conprising a thinlayer 2. on . a thick layer 4 formng a nechanical support
for the thin | ay'g’PP'ﬁ p%??%mthé‘ﬁwr%WHWW%é%@e thin fayer ddhat | ayer of
anor phous ngdrRds| détbtﬁé&%ﬁé?%kﬁ@sé@y q 10 on a surface of a source
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of inplanting atom ¢ specjes _can be perforned in the order specified
above, or in andb@etteps @f formingether bpndingilaperant® rapdad néarespondde and t he
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cor r espondpesonbRilledimthegam. | ayer of anorphous material using one of the .
met hods known to the person skilled in the art. It should be observed that-
the thin |ayer B Shouldde ahseteddthad thedthinilayen 2t eamnid ibjadtedsttaps, pri or
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depositing the thick layer 4, in order to form all or some electronic
15  components, or it can have additional films deposited uniformly thereon,
epitaxially, or otherwise.
The following table summarizes examples of materials that can be

‘used for implementing the first implementation described above.
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i npl ementin
8 Table |

5‘corrp6nents, or it can have additional filnms deposited uniformy
The followi ng table su '

g theltMaKpO0S

Thin | ayer 2

support 12 layer 4 10,11 Mono

Sic Poly Si CTReON0 Poly Sic or poly SiQ2 or Si3Nd Sic AN or dianond or
Mono GaN Poly Sic

nmono Sic of

or nmono Pol yTH Gaver 2P0 O | Rl io€—of d \ |
or mono Silc of ’?ﬁm ity mtéﬁtﬁ}%‘ 0t hapURROMiNg: thick Boagliag ( 1@9érse
Poly Si or |nono Poly Si ofsoappmt § O2 or S}g nono Si ﬂ) ﬁ poly Sig
of u nono i Oilidl.: tr+or—toi-ln-the abaove tjable, as in thg follow ng tahl
the term"” rnmo ﬁ‘? used | Boledif ofmmenor yWdhal $iCner pONal Bt &8 pot
used to megn 5 "Pol ycryst‘?d I ne". EXAIVFIAI?& The first exa?rrpl e cbrres
to the firgt row of Tablg 1.7 : or diamond or | - '
mono SiC  of
quality inferior to
that of the thin
layer
Mono G . ; -
. aN Poly SiC or mono [ Poly SiC_or poly | Si0, or Si;N,
- SiC or sapphire | AIN or poly GaN
or diamond or
mono SiC  of
{ quality inferior to
that of the thin
| layer
111 : -
{111}, {100} etc. [Poly Si or mono Poly Si or mono | S0, or SN,

10

qualiity inferior to

that of the thin

| ayer

poly GaN or d

sapphire AN or

mono Sij

Si or poly SiC or
mono SiC

Si of quality
inferior to that of

the thin layer

i anond

t C,
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In the above table, as in the following tables, the term "mono” is used

to mean “monocrystalline”

"polycrystalline®.

EXAMPLE 1

and the term "poly" is used to mean

The first example corresponds to the first row of Table 1.

The first implementation is particularly advantageous for forming a

substrate comprising a thin layer 2 of monocrystalline silicon carbide on a

thick layer 4 of polycrystalline silicon carbide,

Silicon carbide is difficult to obtain in single crystal form, even with

diameters that are much smaller than those which are commonly obtained for




',‘J'he f,irst inplenentation is particularly advantageous for formng a 10

substrate conprising a thin ayer 2 of nonocrystalline sili Cﬂ: car @de on a
thick |ayer 4 of polycrystalline silicon carbide. Silicon ca Mag 2
difficult to obtain in single crystal Borm even with dianeters that are
much smal |l er than those which are commonly obtained for ----- ----- -- .
May 2005 9 silicon single crystals- This is due in particular to the

cryst al - dr asilico sinedchrirggials. whitié iar dugoine padicplaexdoatiee exysdakdsawingr

rmnocrystalg i ne si Iiglh%g car bi de tt]an for nnnoce:%stal | i neﬁi.l i Cﬁg and is
al so due t dePREIdEHWRhLe MofieRomplex apd exRensiaBF momerRstaline SIE (i me
consum ng, t%?ﬂid@oﬁﬁnﬁo?%ﬁéﬁ&ryﬁaﬂiﬁ_é aﬁﬁbdnb%ridnfsaéﬂ%adﬂee t6 ahe Osligiti@en the
hardness and the brittleness of silicon carbide. The nethod of the

i nventi on iformings stepst ibaingr ingraxadifficuligevate flime eensunginguband af@ee wi t h
thin | 2 of.sili. ' ' . | nul t i t hi 2
to be ¢ AkereRennve: L 40E, SBFoBblE Talih EABReET IR, Halide, G B ey S 5

‘to be transfsmdstd? sticocaibideayer 4 of |ow cost. Furthernore, the

applications of silicon carbide |i e_mai_nlg in high power sem conductor
devi ces- Unf ort Uit e1athod rof stheninygplion ds i thus  patiulativn aduagtageeys rfott i ve

ol cct ed t dnpaRsbHASE WBHRR oy gy 2o0TBR chitfle SEe bR hist | ¢
ci rcunst anchi lageieh2 ap el @iRkkh ditin Eg0Urce substrater®ant déachhaf ehaeothin
el ectrical and thermal conductivity. Polycrystalline silicon carbide

‘sati sfl@s tayers2 todgdransfesradto 3 thidolagend of low ¢gasbperties, it is very close

tnermalexpansi Srtnedtorey e A EHH6s o iR cotfig e Kty rich hBwerL ™ ©

t enper at ur egniit@iducin deviess. 20URoanatelyl 6A0Geho applicilibhs( toenad alewy es t hat

are required for restarting silicon carbide epitaxy and for annealing

after atonirestiplive speqifigalions dimit thﬁpsamce’afubﬂmt%émgfoaf@, syitable de bp

| pol Tycryst alld gt Sof | @Bk RhdChifyerS2 | bf ion carbide. In some

15  circumstances, such applications require the support to have good electrical
and thermal conductivity. Polycrystalline silicon carbide satisfies these
requirements. In some of its properties, it is very close to monocrystalline

silicon carbide: it provides a good match in terms of thermal expansion
coefficient and it is compatible with treatment at temperatures that can be as

20  high as 1600°C or 1700°C (temperatures that are required for restarting

silicon carbide epitaxy and for annealing after atomic species have been

}

implanted). : )

Furthermore, the use of polycrystalline silicon carbide requires little

modification to the technologies of those who commeonly use monocrystalline
25  silicon carbide. - ‘

Finally, polycrystalline silicon carbide presents good properties of
withstanding chemical attack. ‘

When making a thin layer 2 of monocrystalline silicon carbide on a
thick layer 4 of polycrystalline silicon carbide, the bonding layers 10 and 11

-306  are advantageously made of silicon oxide.

The thick layer 4 can be made by chemical vapor deposition (which

“has the major advantage of being capable of being performed at relatively low




fodi fication to the technol ogi es of those who commonly use nonocrystalline

25 silicon carbide. Finally, polycrystalline silicon carbide1p&§?§86$ good
properties of wthstanding chem cal attack. Wen nmaking a thinfayer 2 of
monocrystalline silicon carbide on a tHick layer 4 of polycrystalline

silicon carbide, the bonding layers 10 and 11 30 are advantageously nade

of silicon oxj - ' ay.er an de by . chem cal vapor
deposi tion (alnl C t:o-l:{:gesrﬁ '%Hrqéﬁﬁ%ﬁﬁle fg\?g’ﬁflﬁg&@ géfi %@%%Bl@)-o‘?ﬁb‘éﬂ@fg
erforned atphadeatepita P®) 1dr i 0Sjt m;agjr u , i.e.
gt about 1350-C forp sjinVi(‘(‘:(Qn)car g]ﬁ’gg??(%\?o\%g%g%g %Egés)gpépl ta y%%'vb@‘ or
hydride vapoleigsaiEre sheaysal (vamer  dapesiiogh(HTGVPRr at Whye ottfer néquivalsmapor
‘deposition or Lvalent, techni ques. The thick |ayer 4
caﬁ al so be(%ﬁ%ﬁ'ng}@ g@ﬁ%&%igégé% élga he mags, ?ﬁ?@%iewm| flgrived g
i npl enmenbed fran thusengesenatly einplomented, {dURTakigy sﬁ@éiéﬂygﬁst eglj@ih%ges or
ot her techni s.general.ly used in nethods for = draw ng af ['s. e use of
such t-echni cﬁg’g' mi"% E%‘Ehnéﬂ er piher tachpiause genenally obediiawmethatispéori ti on
ual it | o u , i f . ditiqQn hi gh ates of _grow h,
e, ) bt e e R A BERGRA s R ARy, g 6 e it " For

si l'i con car sif vevs obdepasiticn hasfity flow @hperitares? hoRQUniolhi SRdRIbRS kigh) . the
' ick™ | ayer 4

thick | ayer I.s ,advant ageously. 300 microns (pm thick. The t

of silicon @Pﬁi‘ﬁe‘i’? .‘-ﬁﬂ‘?gr&hgdéﬁﬂglb? awaatageou dram the popdrof \iewadi t i on

w th griem hehgki ng pl ace at a rate of about 100 pm per hour. 15
Furthernore, using a surface corresponding to the nonocrystalline mterial

of the thin | ayeFor silicon degrbisiet sulgstd@es thaginghiaCliahister of 50 RMAREIEEN
- Sheee R ek Ay Al 00 mromm G 2Tbe vk ot o
of 20 opt i et Lon of T re cuupide) I dNaftagl Bl hadk” BELChEE othe
i ntended  deposition with growth taking place at a rate of about 100 pym per hour. _
'_ 15 Furthermore, using a surface corresponding to the monocrystalline
material of the thin layer 2 for depositing 300 the thick layer 4, deposition
parameters can be optimized so as to produce a monocrystalline support
substrate. Thus, under these circur_nstances, the thin layer 2 serves as a
“seed for grbwing a monocrystalline thick layer 4. Depending on the degree of
20 optimization of the deposition parameters and depending on the intended
application, this monocrystalline thick layer 4 can be of poor or of medium
) ' - quality, but the resulting substrate will nevertheless present the advantage of
being of relatively low cost. However, it is also possible for the
monocrystalline thick layer 4 to be of good or of very good quality if the
25  application intended for the substrate requires that. The thick layer 4 can be
grown in such a manner as to form a substrate with a layer 4 that is very thick,
i.e. that is a great deal thicker than a few hundreds of micrometers,
depending on the application. In variants of the implementation described
above, the thick layer 4 can be made not only of silicon carbide, but of
30 polycrystalline aluminum nitride, of diamond, or of other materials.
The intermediate support 12 must be capable of withstanding the
-conditions in which the thick layer 4 of silicon carbide is grown, and must also




“applieation, this nonocrystalline thick |ayer 4 can be of poor or of nedium
quality, but the resulting substrate WII| neverthel ess prese?]tyt hg'

advant age of being of relatively |ow cost. However, it is a a}ﬁ G vie
for the nonocrystalline thick |ayer #to be of good or of very good
quality if the 25 application intended for the substrate requires that. The

t hi ck | 4 : | h to f hst r.at i th
ayer 4 tnd PRRICSE AR Sttt | e ROy E s Cernd ) Rrdliebd fan 5 fow

hundr eds ofinteimediatet upport tepandéegmine thBanaenhi s6668a for Makmgiiengs of the
I mpl ement ati.on desﬁi&ébed_ above, the thick |layer 4 can be nadé not only of

silicon cafifdglesigddo sacrifige i by riehing &r bynmeahanicalon ahiemi¢aldgemevalli anond,
f othe ' ' g ty 12 . f
it hSt ands (TP d8pS of el SATTIMGLR, 2uPRRL e TR SERRM.TA L ar bi de

is grovn, d#self must belofdowlcobhy Undebsudtecrapnstaacey, ibii atﬂaﬁidg@b(]@lt@d- The

techni que sel ected for .r.&rmv%]“ﬁ the _internediate support 12 can determ ne
the materi 4P° SEYBEHEY Npe. koW gost silicen;gan glsgebe rused; dutdlcisi moge it by

et chi ng_or dMfouIeRiake Morfatbhe Wi el iRl sijédtP Baioie, B B ufii ot o1 g

and renoval, and also the internedi ate su must be of |ow
cost. Undelaysudh Iiccontims; if theeinterinediate adpport 4060 smbvedisiel Alcaveded ni tri de.
Low cost s{dﬂhCﬁn can SH be used,. bgh jt is nore difficult to make
conpat i bl et h R EYEY ﬁ’g"?%é"%fﬁﬂﬁﬂe at gre e gxpeRsiveni Urdes ayer 4. 1 n
contrasl, fcuranddsCiT8 HobBISPRALS: ddlvdristbfHB SitoR A HAE DY Hefl,  then 1
is possible to use materials that are note’expensiVe. ey X iR 1o

ci r cunst an@essjbly, imorogsystalling silicon sadbide sinok Jids ywit abhsured ahtd @an bswar bi de or |
even, posl%iugé%, monocrystal line silicon carbide since it is not consumed .’
and can be sed. Advantageously, an internedi ate support 12 is used nade

Of  pol ycryst alAdvaAtajebiisigh é‘fﬁffﬂféi‘ﬁnea%\féfgﬂp;& 1 a490pdi A 3r¥§(§e1' of
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silicon oxide. 15 The usé of silicon oxi es -1t easier ake the
t hi n | ayerPolyayssaiinesilisoucarbideudawerast in cSboming tayier dd of sifiosn biide. of si | i con

otepstBr pol i SIS B S BiE mai.isagier dndpke die B jaweacd B and
| bondi ng sithe csvuraxisdbs®ate 6. Planarized deposition of silicon oxide makes it
possible to eliminate surface irregularities and to perform steps of polishing,
planarizing, cleaning, chemical preparation, and bonding silicon oxide on
| silicon oxide by techniques that are known and easy to implement.
20 The silicon oxide of the bonding fayers 10 and 11 can also be replaced
by some other material, for example silicon nitride (Si;N,). This material can
withstand higher temperatures than silicon oxide. This advantage is )
particularly suitable for optimizing deposition of a thick layer 4 for the purpose
of forming a high quality monocrystalline or polycrystalline layer, or indeed
25  when itis desired to increase the rate of deposition.
This first example of an implementation of the method of the invention
then comprises the following steps:
- making a structure constituted by a stack comprising a thin layer 2 of
| monocrystalline silicon carbide, two bonding layers 10 and 11 of silicon oxide,
30  and an intermediate support 12 of polycrystalline or monocrystalline silicon
carbide; this structure is made by a layer transfer method known to the

2




|

|

- then conprises the foll ow ng

silicon oxide by techniques that are known -and easy to inplenent. 20 The
silicon oxide of the bonding layers 10 and 11 can al so be rﬁm g‘lcaegogy sone
other material, for exanple silicon nitride (Si.3N4). This '|yP an '
wi t hst and hi gher tenperatures than silitéon oxide. This advantage is
particularly suitable for optimzing deposition of a thick layer 4 for the

pur pose of f ' hi gh | ity nmongcrystalline or polycrystalline
| ayer, or i ggéé{jﬁ‘ gg@%eﬁeiﬁg%gdéﬁim‘;ﬂ?ﬂ ﬂE@@é@@fﬂ%é)thDf #feposi tion.
This Tirst kiangdserbéd WFrLABh BARRL Mol PR Dbat et hod of the invention

I teps: - naking a’structure constituted by a
tS)t agk colrrpri si ng’ %OQ.MEIPOB&Q?ra S:meodin@mmckyweagl bmﬁlitsdd bﬁ?mégd@lw t Wo t
ondi ng | ayex; ilican oxide, . and an internmedi at'e suppor
12 of pol yc%éﬁ%céﬂ%@\%@?‘?@?&%éfetg%im'ﬂ qf darbide; this structure is
made by Sa | ayer {460 sdiginatmihpd : skilled
in the art %w% an appllr? ca?i on H(?Pagﬁslé rrtg- %‘“ﬁﬁg@%ﬁ"ﬁéﬁﬁrﬁ@n

descri bed i ¥ Hydiafleadc meid anek receating2he inteRNBdiattepaspdri N2; the

- ting & £l ide. e g by CVDat 13500C ont
the free supttboarPE ol ot be B bbuetali o rnprystalingdornds movi ng

| ayers 10 aind hydrdfiyorid eadid alwirirehs Neiliddh  dkideat fué?%r 0 r id and
recovering _tugaes int_erngdi ate support 12; the S|fl|§gcson C r%%é(gg itg' can be
in pol ycrystubstance. 8#d nonocrystal line formis inert in hydrofluoric acid,

wh i 1i con .gxi hesy v Ly _in thi b . and 10 - final
Cough 201 i shi ng oot neod PRy b Y elafadel . e ohide e, vordl |ine

s} licon camibeystalling hsifooni haiide L abiigh s#ﬁlfshﬁ,;?ke]ggiﬁer}’qﬁﬁ%% %ﬁ@gt iitt utes the

fear support fl‘:;;hcl 3& the final substrate 14; n ayer 4 .is
deposi t ed §HEE %& e gisupportiface of tedinabsstiales 14;0mloen thet thick layri shi ng

step. 15 Iy ;ge@@p%%ﬂ . ' . shape of .the final substrate 14 is
retouched, e.g. to %%g&&igpgﬁggr@h‘gﬁofﬁ#@ e %E??Séﬁlﬁ'%?@'ﬂ'ééh'ﬁ polishing eq
di aneter, step. _
15 If. necessary, the geometrical shape of the final substrate 14 is
retouched, e.g. to ensure that the final substrate 14 has the desired diameter,
to shape the way its sides drop, to eliminate nodules from the edge of the
substrate, efc.
Also advantageously, the front face of the silicon carbide single crystal
20 of the final substrate 14, ie. the free surface of the thin layer 2, can be

~ protected during finishing operations, in particular the optional operation of

, ) polishing the rear face of the final substrate 14. It can be observed that

" during the initial steps of the method of the invention, the thin layer 2 is
naturally protected by the intermediate support 12.

25 The final substrate 14 obtained by the above-described
implementation of the invention presents an interface between the thin layer 2
and the thick layer 4 which is highly conductive both electrically and thermally
since firstly depositing the}material of the thick layer 4 directly onto the thin
layer 2 by the method of the invention makes it possible to avoid the voids

30  that would otherwise be formed during bonding as occurs when using prior art

~methods; and secondly, unfike prior art techniques, there are no intermediate
layers of silicon oxide or other material of the kind that are generally used in
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‘to shape the way its sides drop, to eliminate nodules fromthe edge of the
substrate, etc. Al so advantageously, the front face of the sjgt&%og &%rbi de
single crystal 20 of the final substrate 14, i.e. the free %EéW%f the
thin layer 2, can be protected durind3finishing operations, in particular
the optional operation of polishing the rear face of the final substrate

14. | dur i i ni tial f the nethod of th
Fvention 2eSPR et Pl e Haidh, bl Mt st iakesibhosner dadi ot e
support .12 onaﬁth’&ﬁegi; odlplandiping@hid %liﬁhﬁ@itﬁt?gili@dl} w&icgé;%?chd%s rybed

i npl enentation of the invention presents ‘an interface tween the thin
|l ayer 2 ah@rd [id; ghemically erery inpitch This s ghiticutady daduantagdoashsiacect ri cal | y

and t her nal ' ' L] the material, of e thick |ayer 4
v ect Ty ofrableis ibpotshild %ré 3REE B4 WRel Usiia RovPyolaline Sikeres
possi bl t earids diricaetheorates 3 Atk d@iHg polidhiigvas B@mfééh"?ﬁbil%%irng
bondi ng as,occurs when using prior art nethods; and secondly, unlike prior
art techni HG@QEW%F@ b grain ibeuadasdes, and alseps rasfusctien lof dem infsingle or ot her

mat eri al ofpg ' tfp%? |1y used in 11 May 2005 13 adhesive

t echni ques. TPglk?eﬁ%' oI t @hfg%%h?i on also nmakes it possible to omt the

steps of pl anarNevertheless, floshsild itg: observed ithatninCesriiid ppitationss thery hard
inert, This is particularly advantageous since

d chem cal |
gpoblcerenrsn g%%qvgtr RdMertiongcan he inplefmanted ta fegmpthiek layeariinvwhieh | i con 5

d,
car bi- Si : t - dur | I.shi: b e rains or
ot vesd o MeCsditied Maerah & SRS o WhoRAnemBlidiE o el rRihOE 7 1
i ntrinsic inzentidnsdive ty sbtdin amdhicrfacefwhidteisgs bos coldiictsrt redlessicity t shoul d |
be observed that in certain a ations, the nethod of the invention can'

be i npl errg?ﬁré‘?i’ 109 B HFIRI AR 'E%W@te lnyen ohimsulating matedalhetweer thamat er i al s
obtain an | eaN R A Conductor of el ectriclty  or heat. e.g.
by using an i ntideniydt amplehsntations of theumattodgomhednialtiopehyeiesciithal t hin
| ayerlg an otvgecatnh. & l%hc-l} %Y:E]rec?;of numerou;s variants; in particular, the materials “
mentioned above can be substituted by using the other materials mentioned
by way of example in the first row of Table 1.

In this first implementation of the method of the invention, it is also
possible fo substitute the step 400 of efiminating the bonding layers 10 and
20 11 by chemical etching, by an operation of separating the intermediate
support 12 and the thin layer 2 comprising a prior operation of implanting
atomic species in the intermediate support 12, for example, and/or applying 3
mechanical stresses. It is also possible to facilitate the step 400 of
eliminating the bonding layers 10 and 11 and/or separating the intermediate
25  support 12 from the thin layer 2 by techniques known to the person skilled in

the art, such as forming channels in the bonding layers 10 and 11, etc.
It is also. possible to implement the method of the invention as
- described above without using an intermediate support 12. This applies in
particular if the transferred thin layer 2 is sufficiently thick and is made of a
30 material that is sufficiently strong. Thus, a thin layer 2 of silicon carbide

having a thickness of a few tens of microns can have sufficient mechanical
strength.




The first inplementation of the nmethod of the invention as described 15

above can be the subject of nunerous variants; in particular, the materials
menti oned above can be substituted by using the other mat er i &1 Y3209 oned

by way of exanple in the first row of Iable 1. In this first inplenmentation
of the method of the invention, it is also possible to substitute the step
400 of elim natlg ‘i F ding |ayers 10 and 20 11 by chem cal etching, by
an operation of ' gﬁ%{-ﬂ PSH G f %m%m?ém%p@laaty;fﬁdhe thip laygr 2 oksilicin | ayer 2

corrprl Si Ng @&yl t C
i nt er medi at(gEj gﬁggglr«?p?ﬁﬁ; ngs@é(rgéng?)b S?Ralta%p eagg ﬁ%ﬂﬂﬁh’& %tresses.
It is also tbemlaﬁtﬁof thef initial souitce Stﬂnstratm D pafiaritg lof & siédrearble bondi ng
~ layers 10 and/ or a ng the internediate 25 support 12 fromthe
Yog kbt e
thin |ayer éf ae %‘Wﬁsﬁﬁg‘i CerE i dhe a%lﬂ"ﬂéﬁaﬁpﬂ‘ﬂi’é“@ﬂh such as
for m ngs Chswallknofintd hepedonKIRY 4 the'rt Plsdibly, Methin faybS2hiige POSSI I €

to i nplenent the nethod he i nvention as ve W hout usi ng
an inter mad&@'éff@moﬁtﬁr sourge sphisttatep |Liyeapplying Ii\aottrzmslfem thtis trhakihg &nsf erred

thin |ayer nt i.ck and is made of a 30 material that is
sufficient lp%sE o ghafﬂﬂ%Eo‘aﬁWﬂVﬁel ayer 2.of silicon carbide having a

t hi ckness of a ftely aledpoakibie a6 éwﬁérhrh atoh' c |
strength. 11 May 2005 Sp14 It sh%} | d al so Eero%@ewsﬁ}hﬁnﬁ' Wm% arity of

the thin | #lemmedigie fyer.ce. aarmdlatmgklemelt r«nmthbetrmdayer Qlbeforat e 6 can

o Tndtpor aepyd HREIIR R 4.y HBY U rible NG dnimedias Fes Seo S race
o to Lhe Befealite axide (SOPaRgRA (AYthick). STHiS pilided: ToHExdifipfelan B5ES O

skilled in the art. POSSIb|y hin 1ayer can be romthe
sour ce sub8ubsitate @%W%ﬂﬁ#ﬂ%ﬁ n@ﬂ&hﬁlted dns feethint layer 1#alaf n§id ton @osisebl e to

change pol I I o] I rovi de .an o tion
consi st i ngﬁl:ién (():Iﬁérﬁa ﬁé(er g él’%@ (ﬁ%ﬁﬁg ‘y@h %gg‘biayeg: @‘e"aﬂe’pﬂslﬂg%(ﬁar%‘ fayer, on
the thin lwraeerbeémcﬂycrwamﬁ@@ﬂacbn or Ekamplel ck |ayer 4. By way of
exarrpl e the internediate | ayer ca
second exampie of the ﬁrst implementation of the method of the
invention is described below. By way of example, it corresponds to making a

substrate of gallium nitride, for optoelectronic applications in particular.

EXAMPLE 2
20 This second example corresponds to the second line of Table 1, and
' comprises the following steps which are shown in Figure 2:

) - depositing a thin layer 2 of monocrystalline gallium nitride on a source
( substrate 6 of monocrystalline silicon carbide by metal organic chemical
vapor deposition (MOCVD) or by molecular beam epitaxy (MBE);

25 - depositing a bonding layer 10 of silicon oxide on the thin layer 2;

- depositing a bonding layer 11 of silicon oxide on an intermediate
support 12 of polycrystalline silicon carbide;
- 100, putting the two bonding layers 10 and 11 into contact with each
other, and bonding the bonding layers 10 and 11 together:
30 - 200, detaching the thin layer 2 of gallium nitiide from the source
substrate 6 via the interface between the thin layer 2 and the source substrate

6 (e.g. by applying mechanical stresses) or via a zone of weakness made, for




-bé a.ftne oxide (500 angstroms (A) thick). This provides, for exanple, an
SiC substrate on insulation, constituted by a thin layer 2 of SiC on a
fine internediate |ayer of silicon oxide, with both |ayers ﬂhMﬁyggpif’\g
located on a thick |layer 4 of polycrystailline silicon, for exanple. 15 A
second exanple of the first inplenentation of the nethod of the invention
I s described below. By way of exanple, it corresponds to nmaking a
substrate &Xagwle.iyninlantingeatomin speriesinethier monocrygtaliine siliconscarbide

particul ar. ¢ XAV IS ond .exanpl.e corr nds jo the second |line

of Table 1°3d Jgggng%'llgsg@:s@ﬁ?ﬁ'fgﬁW%@F@%QPme@ﬁqﬁY%'%hom in Figure 2:

deposi ting a thi800adepostingf anRRCERYS! 3 bf g_@lya%tlaimal Slfiddn E8rbRde Bysour ce
ine silicon carbide by nmetal organic chem cal

substrate npnocryst al |
vapor depo%ﬁ@ﬂtqtgééég)suﬁacﬁy’fﬂﬁ@mﬁwfﬁémd epi taxy (MBE); 25 -

Kepositing a bosteertiting heretineil SO Sceiifibl e BFG0E uppor
12 of pol ytayess 40ldnde 14, é.gc imadaathiofdiydrofiic duidl or Rgerbiyeby Yémbangi ng

| ayers 10 ang L I into.contact with each other, and bonding the bondi ng

| ayers 10 Hf?gerl'a'l(blf B¥atng tg@ intepmgdiatee stpperhd 2t ard the hondiparayerst gal i um
nitride fr b | G ' r ne thin

| ayer 2 angqéﬁgqsﬁggggqgﬁég%r%g%g Eﬁ?ﬁzﬁe‘“{"g E%b&"gg‘%?ﬁ ﬁgqeeﬁeg%?@ghngt resses)

or Via a ztheebaidingddyees 0rande 11 fvia al pre-Weakened Tonkoreathepkiee, by bynpl anti ng
talline silicon carbide of the source

20 5% PGS i SRR K eSprocs ot s i
(FRF e SRR ol PSS VRIBIS T 3 L0ErRFEN iy O ot
i nt er medi aapplyog ponectianical,ithemadl] cieribal, blaetios@tic] etgestiest0 and 11, e.g. in
The i nt or mo a(UNEC SBEATS £ BAIRAG Gom oAt Thusche aieriiong the -
so- Gal | ed 3d0 6Nddpselting! SH Stdfihe YilicbA LRI dBYeah B TeHiA e by chemical
15  vapor deposition of polycrystalline aluminum nitride or polycrystalline galfium
nitride or by forming a diamond layer in order to form the thick layer 4.
-In another variant, the polycrystalline gallium nitride of the thick layer 4
is formed by high pressure VPE. |
In yet another variant, the polycrystaliine sificon carbide of the
.20 inten’nediate support 12 is replaced by aluminum nitride or sapphire; a thick
layer 4 of polycrystalline al.umihum nitride is then deposited 300 by CVD prior
to eliminating 400 the bonding tayers 10 and 11. )
' In yet another variant, the method is the same as in one of the variants
-of Example 2, except that a thin layer 2 is taken which comprises not only the
25  layer of gallium nitride, but also a layer of the underlying silicon carbide of the
source substrate 6. This can be done by forming a weak layer at a certain
depth in the source substrate 6, e.g. by implanting atomic species. Under
such circumstances, in yet anather variant, not only are the bonding layers 10
and 11 eliminated, but the portion of the thin layer 2 that is made 6f silicon
30 carbide is also eliminated, if two transfers are performed on the thin fayer 2,
i.e. an extra transfer before placing it on the intermediate support 12.




f he bonding layers 10 and | | via a pre-weakened zone or otherw se, or by
10 using any other technique known to the person skilled in *ﬂ&' aéb fnd
enabling a substrate to be separated into two portions in a 8Y%&Y%% i ned
zoned by applying a nmechanical, ther me!® chenical, electrostatic, etc.

stress. Other variants of -Exanple 2 can be envi saged. Thus, the operation

.'300 f d I ti ' ik :bi de . be . I b
chem cal 15 vapar Sdennel vegantsy S el U, Gt R Ronsalfhe Hadvg, -

pol ycryst al fayes Zyislreplaced hy aiundeuer niidd oF 86 othef nidtBAsl dray@ed By Qr der to
|.n-_anot pol ycrystalline gallium

formthe thigk,l ayer,.4. er variant, the |

nitride of tsﬁaeth r#c [ifeLsnt nlgteqags,f drasstpinytoaeiisr pvitls sofher Vinkermediatet
anot her var icafipouhBi§ pol ycrystalline silicon carbide of the 20

i ntennedi ate support 12 is replaced by alumnumnitride or sapphire; a

thick IPayer 4 ofv Burdyexgmplel bf ke dinstriimplonnértatioe of Thé heatiRPsithed 300 by
CVD pri or Weﬁt&‘ﬂk”@é*ﬁﬂ%ddgéo the bonding layers 10 and 11. In yet another

variant, the e % as in one of the variants of Exanpl e 2,
except that a thin layer 2 is taken which conprises not only the 25 |ayer
of galliumnitride, but also a |layer of the underlying silicon carbide of
the source 8 6. This can be done by forming a weak |layer at a

~certain depth iR rce substrate 6, e.g. by inplanting atomc

speci es. Under @EI%%‘%’?‘?@W&H%@? ?C?W K\g raapecstaliae sigen suhstrales y ar e
t he bomdi ngofl laptry Giakfbterdthdsel sublst 'é?‘% i Ofhel e Ui thin
| ayer 2 that is nmade of silicon ??Org}:ar %gxéﬁsl’ltsg%agsgnc% ﬁ‘ﬁ&n%?e@ﬁkwt WO
tjansfers drakeefsdar medoystallive siliconlcayttide Bubstiates, i6is mhn@gbba@af er

ot hor -var | hage ethfl a0t @pRbEH Ml kit o gnsunitont ohoews aunll, | ayer 2
STk of Qi LT e ant ool A%at35 TRy SaE, SFROPhRas, AotBHAEE i 2 o
conpounds. B¢ AipHayer isxkanded difectinento mssuppo, dnemtiadre aill e poishiret hod of
the —ifyentifButics, HARHMGURENELS, phsyico-chemical difficulties at the adhesive
| interface, degassing difficulties, etc. The method of the invention
advantageously makes it possible to avoid those difficulties, the support being
- made by directly depositing a thick layer 4 that forms a suppori on one of the
faces of the thin layer 2. |

20 . As mentioned above, the method of the invention makes it possible fo-

provide an interface of very good quality.

) Advantageously, doping is performed, possibly varying as a function of
depth while the thick layer 4 is being deposited so as to enhance the electrical
and thermal transparency of the interface.

25 In this third example which corresponds to the third row of Table 1, the
- following steps are performed:

- -a thin layer 2 of monocrystalline silicon is made on insulation -

{(bonding layer 10 and/or 11), on an intermediate support 12;

- a thick layer 4 of polycrystalline silicon is formed 300 on tﬁe thin layer
30 2 so as to have a thickness of at least 725 pm;

- 400, the intermediate support 12 is separated and recovered;




‘EXAMPLE3 This exanpl e corresponds to maki.ng nmonocrystalline silicon
substrates 10 of large dianeter. These substrates are expen@&% 2{)¢1q§e t hey
are difficult to make. As for nonocrystalline silicon carbid b tes,
it is advantageous to make a thin layét of nonoGystalline material on a

support of poorer quality, for exanple of.a material that is

| [ 1 bopded
i roct ]y onto o SNGBrRHeic pRafBnt BT petformeq uf, ipcid crtehiPaupl | o,
pl pnari zi ngsnicdrilsmwrt byide (@bsynsmg Kytrofiuoric abid)f drdidr h@éh@ﬁlc&lﬁ%ﬂ%?s' ve

i nterface, assing difficulties, etc. The rret hod of the invention
advant ageouQP%r afianeare Rerfsmediasas & anirg thaidbe surfaes zane ik $he siieons uppor t

bei ng nmade; ‘Eﬂelr ck layer 4 that fornms a support on
one of the r@a‘gg@ho ?'gsﬁgéé‘w@%‘ﬁf{@o As mentioned above, the nethod of
t heI i nvén;\ :j on nekemming qmsudﬂsealfeOpeM?\ecﬂeg&ﬂelmélﬁbrfe%e i - thieknesgood

qual ity ant ageou is performed, possibly varying as a
function of N8 (ﬁ‘ﬁ%ﬁ ﬁfﬁ’ri’@hﬁﬁ@ %P@K‘& shaping the edges, chempeal treaimept 65 t o
eprance. t I Shflate M5 bk AN aRAFRA Abnddilc SLERE A 25 11

this third exanple correspon Fow 0
fol | owi ng s@relEDAr&)rmalfnpla)ed - - a thi n Iayer 2 of nonocrystalli ne

~silicon i d ' | d d/ 11
Tht er madi at 6 sudoAtea. dscied bouS. e stah o graking 3 sabsirale of Sl | s
formed; 800 @ idsbtibR! can Bé!?erfoﬁﬂea Wl@a iﬁi’ar g, é%cfé%nﬁsﬁ Fneos ! eas}

725 pm 400, the 1nternedi support and recovered
May 2005 Iweqm;asss (Bomcaesﬂlaml sd»ureatsnblstraiee&mfdmfmdum s siliesi ioxieleet chi ng

' silicon/siliGn usin drofluorlc aC|d) and/ or mechani cal .-
rermval B’é’t"gﬂ G&i’é’ &E% %Q§ 3lg &nand alsyin ?'Pi’émQLﬁ"YOé'@%’ zone of

the siliconsilchh otxli'J% Ede'ihd @é@{}ﬂ or'usth@fmt@ &g ﬁféaél{pf?\é #0¢ Siiicor RhfENY

operations are performed on the planeness, ness
can be polycrystalline or even monoc:ystalllne and then in putting 100 the

15 bonding layers 10 and 11 into contact and bonding them together prior to
' detaching the thin layer 2 from the source substrate 6.
- This step of making a substrate of silicon on insulation can be
performed by a Smart-Cut® technique, for example (see French patent
No. FR 2 681 472, for example).

20 After the thick layer 4 has been formed, the silicon on insulation
substrate must be removed; this can be done using any known technique
suitable for detaching the thin layer 2 of silicon from the source substrate 6. )
One such technique can be the technique known as the "lift-off* technique,
whereby the buried silicon oxide is eliminated (e.g. the bonding layers 10 and

25 11). Another technique can make use of mechanical stress. Instead of using
the above-mentioned lift-off technique, it is also possible to use mechanical,
thermal, electrostatic, etc. stresses in order to separate the two parts situated
on either side of an adhesive ihterface, an epitaxial interface, a porous zone,
a pre-weakened zone, efc.

30 The intermediate support 12 can be separated via the first adhesive
interface or via any one of the adhesive interfaces between the bonding
layers 10 and 11 and the intermediate support 12, or if an additional step of




t he edges, etc. (polishing, |apping, shaping the edges, chem cal treatnent
of the final substrate 14 in order to make it conply with s%f dargs such
as SEM or JEIDA, for exanple). As already described above, ye % bf

- maki ng a substrate of silicon 10 on iHul ati on can be perfornmed by
inplanting atom c species in a zone of weakness 8 in a silicon source

substrate 6-,,%' 1 td i bondi ng.l ayer 10 opn the source
substrate 6l, andﬂnglEggMliﬂn‘E}L?eo("’r?larrslS Légbgng{%ﬂ?ssw&ngﬂ Eéelw}ﬁ’gﬂ]%yﬁ%er |1
on the i nt etGrand dtleirs theptbirt lay2r Af osin thedntenibaite §@f%d?€1@9iaﬁ/ﬁ1%yﬁr@ line or
even nonocr stal line &gd then in puffing 100 the 15 bonding | ayers 10 and
11 into con%g 5 WeepeH BY sych ierlentdigbner prior to detaching the thin

| ayer 2 from thegt gAuUbE r [ i ng a substrate of
silicon on insulation %abﬁéﬁ'gh %grgp(% %@"‘%ﬁé‘ﬁ% fg%j%g ?’8‘3??35088&3'? or
exanpl e ( setserpe ipplepmnted in port oFIiRAAl HaT43 %epé@tin?&ﬁ@ﬂiiﬁ)aye?@ fbmer the

thick layery4. en for the silicon on insulation substrate nust be
renoved; tﬁl"é"@%ﬁn%ﬁg‘&ﬁ?gpg&ﬂﬁg any known technique suitable for detaching
the thin |ayer & sHoutd hise®b bbSSRbdeh SUER
techni que ¢can be the techni que known azgj'l?tbﬁgo ﬁﬁ%bsﬁf@gft%%%%’:ﬁﬁ@gﬁe wher eby
‘the buri ed tick laygh4 oinpulation (an oxideitride( diamornidhetc)armi gfdnmedich the and 25
11). Anot hey;: .t haue 4can e _us f chani cal stress. Instead of using
the above- %Rt'?gér}g%% Fﬁﬁowgﬂﬁ@hﬁ‘f%ﬁﬁéfenﬁt‘ as e stystue nfesilicon, ea
mechanitcal jnsuldtiennal , el ectrostatic, etc. stresses in order to separate the

two parts situated on either side of an adhesive interface, an epitaxial
i'nterface, a poﬂndu‘sa'ﬁm@f thexexarapleaissernituzt] above, adhick Ir Bhef dimhendedi at e

. upport 12; epar.at e ig the first hesive interface or via any
one of the a ﬂggﬁ?\@iﬁ t@h‘%gégabe ﬁuftﬁ@a'dﬁﬁiéphﬁtratﬁa%i%P@@%'ﬁﬂyl | and

the i nt er madiamtageduspdidn tds neteddanpto ASG b | -4005

i npl anti ng, %orpic species (e.qg. hy(lj-foggﬁfg ngﬂgéwé?%goﬁ%ah gteﬂgp%%%di ng

| ayers 10 BiBet¥nlayerene thin layer 2, or in the intermediate support 12

via thg zone YRaY sdhniFiidndntfion uo(f?hé MRLROS BF o invention, as shown
: in Figure 3, a thin layer 2 is formed on a thick layer 4 in the manner described
-above for the first impiementation of the method of the invention, and then a
useful layer 16 is deposited on the free face of the thin layer 2.
Table 2 below summarizes six examples of this second embodiment of
20 . the method of the invention in the context of making substrates of interest in
the fields of electronics, optics, or optoelectronics.




“I't Will be observed that the above-nentioned forni ng operations Gan 5 al so

be inplenmented in part or in full prior to separating the th‘iPM!ayﬂﬁ@d

the internedi ate support 12. al so be observed that prior to the

step 300 of depositing the

t hi ck

It shoul

| ay 4,

i nsul ati on (an oxi de,

52 from

nitride,

thin layer 2 so that the final

di anond, etc.) can be fornmed on the
substrate Yhpas the structure of silicon on 10 insulation. In a variant
of the exanple described above, a thick |layer 4 of dianond is forned on
the thin |jdjseful2. lajbe| ThinayerR) Finttmedidest r at ef Thick fayerdt TBEmRARY
advant agecgl when it |s necessarfy to have good f[enpval" of Heat generatgd
in the thi ayer 2. {5 In a sedoitPPPRiZenent at [ on of the rdayesd 16 1€ hd
i nventi on,[ @y ' e g; t&T P=ts—fonredjana—thgik—tayer
4 in the rrannerapgbequ]grr glggb%ggove '?‘%‘1‘ ‘?‘Eeot ﬁﬁ@lt‘o ﬁ%@er%ﬁt at' :)${0610r 4m¥t hod
of the inyéiGaln, aad|then a udqedidl (in patticuld if pdidaiongi t st jon the free|face
of the. thi re%alflaﬁer 2. Ifable 2 bellow sumari zes sjx exanpl es jof this sec¢nd
embodi meng GMN20 t Pl net hod of [tBEYGIehent i on i hbeme niddeeqt of naking
substratesofferi Nnterest in the flields of electrpnics, optigs, or
optoel ectjonics. 11 May 2005 19 Table 2 Usefulj |l ayer Thin|l ayer 2
| nt er medi aGaNToi AN érefyfdr 11 SBondi| Mokl Gisusp aidnol PPolgy Bis 17| Sid, o%gl\%r Al N
or Mono S Rlé)ol‘;ﬁj Si ¢ or-nono P(I[f)y SiCor S 02 pr Si3Nd AjGN or Si in
parti cul af 1¥2i and¥d or Gal nN ¢ By praigyiap ik ldiamondi der [ot her GaNor Al Nor
{111)Si Ppginp C orgfono Poly Si%gr A2 or Si ALGaN ¢r SiC (in
particul aJ i ¥ di armor{c or Gl nN (%r g@él ed) borwﬂﬁ'{'hﬁ%
other ,
GaN or AN or | Sapphire Poly SiC or mono | Poly SiC or | SiO, or Si;N,
AlGaN  or SiC (in particular if | diamond or
{ GalnN or recycled) boron nitride
other
GaN or AiN or | Mono SiC or | Poly SiC or mono | Poly AIN or | SiO, or Si,N,
AlGaN or { {111} Si or{ SiC (in particular if | diamond or
GalnN or | sapphire recycled) boron nitride
other
GaN or AN or | Mono SiC or | Poly SiC or mono | Poly GaN or | SiO, or Si;N,
AlGaN or | {111} Si or| SiC (in particular if | diamond or
GainN or { sapphire recycled) boron nitride )
other
GaN or AIN or | Mono SiC or | Poly AIN AIN or GaN or | SiO, or Si)N,
AlGaN or | {111} Si or poly SiC or
other sapphire diamond or
boron nitride
EXAMPLE 4
In this example (1st row of Table 2) a thin layer 2 of monocrystalline
5  silicon carbide is made on an intermediate support 12 of polycrystalline silicon

carbide with bonding layers 10 and 11 of silicon oxide between them. A thick




‘othetr GaN or AIN or Sapphire Poly SiC or nmono Poly SiC or S 02 or Si3M

" AlGN or SIC (in particular if dianmond or GalnN or recycled)1g&r6230@,§tride
other GaN or AIN or Mono SiC or Poly SiC or nono Poly AIN or SIQ20rS 3N4
Al GaN or fl 11) Si or SiC (in particulZ} if dianond or IC H GalnN or
s7apphirerecycled) boron nitride other GaN or AIN or Mono SiC or Poly SiC

or nono Pol ' . Si Al GalNor. 11) Si,. or,Si I n_parficular
i f di anmond %V@Ggl ﬁf\lpgpggg%@ﬁl rsgmﬁ) c%\%i% ’%H’%’h #P?W%byo&ér i8N or AIN
or Nbno Si Qesultigl sirustve A therr s@jbked 5 #atiient sible AbCablRhirg tkl) Si or
poly Si C or .other sag{g@;ﬂég di anond_or boron nitride EXAMPLE4™In this

exagplje (I s$rycieo o yted Ay dhe Hhin I'%&eér220l©ffh?0iﬁ'é£fkr {ayenl4 j|f:'mn Eh&_s: licon
arbi do w t e mealbteRupBiE | Byl b BRRRBE ¢ nbRdl BBl e

car bi de with bondi ng |
thick 13 Mihelepdinglayémyidrantt ¢f iphydrofustiabbidngith iok WiBBuCREBhaRichS t hen
esul t i.n& structure is then subjected to treatnent

deposited by CVD- The L | \
suitabl e f oéf{re&& aeiery E))t,éemg\pp e matersh of the intaimegliate supporh 1R apdr 2 on
the thick | ' [ OFi.. le this
treat ment danoiolfalsorT ho hontiiy Seflte, B Bnd AP CFlnaty e UEHPlny B JBRO°
hydr of | uor iggiltun diitridetis depositechontthesfrbarfacalof thé rmsesocry@stallifg alilicohy

LB B B bEAEAT, 5 Re metis & * *°

10  particularly suitable for optoelectronic applications.

EXAMPLE 5
In this example (second row of the above table) a structure comprising
a thin layer 2 of {111} silicon is formed on an intermediate support 12 of

15  polycrystalline silicon carbide in the manner described above and having a
layer of silicon oxide between them. A thick layer 4 of polycrystalline silicon

- carbide is deposited on the thin layer 2 of {111} silicon by CVD. The resulting
structure is then subjected to treatment in a bath of hydrofluoric acid with or
without mechanical stress or any other tréatment suitable for separating the

20 thin layer 2 with the thick layer 4 from the intermediate support 12. Thereafter
MOCVD is used to deposit monocrystalline gallium nitride on the free surface

-) of the {111} silicon which is a material known for enabling good epitaxy of
gallium nitride. The thickness of the {111} silicon is preferably
advantageously flimited to less than 1000A so as to enable it to

25 accommodate without breaking to the thermal expansion that can occur

during the various operations mentioned above.

EXAMPLE 6
In this element (third row of the above table) a thin layer 2 of sapphire
30  is made on a polycrystalline silicon carbide intermediate support 12 together
with bonding layers 10 and 11 of silicon oxide between them, after which a
thick layer 4 of silicon carbide is deposited 300 on the thin layer 2. The



_-gél li-tumnitride is deposited on the free face of the nonocrystalline
silicon carbide of the thin layer 2 by MOCVD. The useful Iaﬁe&4 190(%
galliumnitride is 10 particularly suitable for optoelectro ay
applications. EXAMPLE 5 1In this exanpt® (second row of the above table) a
structure conprising a thin layer 2 of fill) silicon is formed on an

i ntermedi ate._ s rt 12.of .1 olycrystalline silicqon carbide in the manner
descri bed a%%'{f@%g%aeﬁa\%? r’i‘Bdaﬁ E%éﬁmﬁ'ﬁa‘%‘* e @Bﬁblﬁihﬁéﬂtﬁﬁl‘%é‘w §ll'f§}ﬂft_ A thick
aver 4 of Tplybevesaleredie Finally.C8 schitiddtold f SRR il 38 dePpsitdy n 1 aver

2 of (111) silicon CVD. The resulting structure is then subjected to
treat nent ioh desapphse. Gppplife isanathermoaterial that & knowtt foo ehablinghgovdc al

stress or .reattent suitable for separating the 20 thin | ayer 2
with the tﬂ#}cﬁﬁ%gﬁé@’%ﬁﬁlﬂﬁ?“{ he intermedi ate support 12. Thereafter MOCVD
I's usedsto deposit nonocrystalline galliumnitride on the free surface of

the (I 11) silicon which is a material known for enabling good epitaxy of
gal I i um ni tEXAMPLER& t hi ckness of the {111) silicon is preferably

advant ageously it e I an 1000A sq. as enable it to 25
accommodat e wit ﬁ%@lgb%ggﬁ‘hngﬁfmbﬁgoyﬁ@rrﬁm og%ﬁfg?i%r?%f)ﬁﬁl °@§n°fo&€ur
during the stactupstsdesmibati iip apy Bt ofaRe dhRceditg Wihiples i Tddd Bute! ement
(third row of the above table) a thin |ayer 2 of sapphPre 30 I's made on a
pol ycr yst altite faick layes oh of pelyctystalline siisai tasbide gp geplacad thygatlayar ofi t h

bondi | a d : L., con oxi de between them after which a

t hi ckr}l%aye*%hég%%sll |%I(E)";rt1’"ngjf£?§'t'h%é:'i s deposited 300 on the thin |ayer 2. The
11 May 2005 21 bonding layers 10 and | | are elimnated to enable the

i nt er nedi at e sugfort 12 to be recovered. Finally, a useful layer 16 of ,
gal I i um ni &7 'Eadeposi ted on the sapphire. Sapphire is another materi al

that is known far,en ' 0 epi,t axy of LI iymnitr.ide. LE7 1In
this seventh exg'rrt{)‘fgeé*%l‘"bﬁ]gt(ﬁﬂ} %8? iﬁ%@“?%ﬁa@@ﬁo ClyRds gfade.ef the
type described in any one of Examples 4 to 6 above, but the thick layer 4 of
15  polycrystalline silicon carbide is replaced by a layer of polycrystalline gallium
nitride deposited by HVPE.

EXAMPLE 9
In this example (sixth row of the above tabie) a structure is made as
20  described in any one of the five preceding examples, but in which the
polycrystalline silicon carbide of the intermediate support 12 is replaced by
polycrystalline aluminum nitride. | )

In the last six examples above, the monocrystalline silicon carbide, the

25 {111} silicon, or the sapphire is used as a substrate for gallium nitride epitaxy.

The advantage of silicon carbide is that its coefficient of thermal expansion is
similar to that of gallium nitride. |

It should be observed that the thickness properties of the thick layer 4

can be important, for example when it is desired to make an electrical contact

30 with the rear face of the final substrate 14 or when evacuating heat generated

- by components formed in the useful layer 16 is a deciding factor, or indeed




structures described in any one of the three preceding exanples is nade but

the thick | ayer 4 of polycrystalline silicon carbide is repl d. b | ayer
of 10 polycrystalline alumnumnitride. EXAMPLE 8 In this @@%%?%Off ifth

row of the above table) a structure i 24mde of the type described in any
one of Exanples 4 to 6 above, but the thick layer 4 of 15 polycrystalline

silicon carhide..i: epl aced | ayer of polyerystalline gallium nitride
deposi t ed B@A F&/ﬂ‘lﬁ dléiﬁ?}gﬁ% %P%Fﬁa?&i@"gﬂg?ﬂi}t@fﬂlgﬁﬁm 3 @hpdesf ot adasasove

tabl e) a stmadd irteiuseflifends. 20 described in any one of the five
precedi ng exanpl es, but in which the polycrystalline silicon carbide of the

i nternedi ate supgdeuldiaise berabseamedthbyif tipthjclayst 214 ofrethidkuasaand ii t ri de.

In the | ' | th talli Sili bide, th

25 (17 13 0 FateA TSR s, o oSSk Bre SilfeBatadtion SIS, U

nitri des epietaiglent The thosedaaabed abble At B Ififdd Swillth UkiRgCghlTi i ent
ri de. S

of thermal _expansion is simlar to that of galliumnit oul d be
observed t H4¢ ‘F@at@rﬁl@l@ﬁgs@-properties of the thick layer 4 can be

i nportant, for L3 ired tq. e an electrical, contact 30
wirr{)h t he re;tr hﬁf] g}éﬁ‘%@% ﬁ@%? ivﬁg?mguoggﬁ'?asteépﬁa ’WWW%J ?i’?&'}hﬁgat

enerated b impentiont sref Alsdrpdssiblet By | ; Wal factor,
or indeed 1 ey, 205 %z when Tt Qﬂ};gjgﬁé;gtekgéfggﬁggg%aﬁié&ﬁ%ggl;ﬂ? i ght
enitted byCh PGHstline JiGsaf alggiaumnnitide, uere bhilgalliyre mittide, icansbeul d al so
be obgerve | Lo . 2.0s of a.thickness and if . the materi al
const ;itg u;/i ﬁag %lt%ﬁi'ﬂj %%%é 6sf!t? ?@'h@éﬁh{cﬁﬁfegﬁeo &?Wh@é&ﬁ?ﬁb?rﬂ@ﬁ{'t@g?uct ures I5
‘equival ent to tlhadlerdesiants)ti abtre of fe RErRARIMSLHHH 195 AthiRRd.

int er medi a.[.he sur&?ort 12, Nunerous other variants of this secon
i npl enent at ik B¢nqoRstalling siicopcarbide icanche sed gincpartiswapwhenit ean Thus, t he

step of fasdn RstytRe),! MoCkebB¥E fie polycrystaliine silicon carbide or the
polycrystalline aluminum nitride. _

15 i Similarly, these examples can be transposed to the situation in which a
useful layer 16 of aluminum nitride, of an alloy of aluminum and gallium, or of
an alloy of galtium and indium, efc. is formed in accordance with the invention
jnstead of the useful layer 16 of gallium nitride as described above. The

- useful layer 16 of gallium nitride can also be a multilayer structure comprising

20  a stack of layers of the gallium nitride, aluminum nitride, efc. type, optionally
with different kinds of doping, etc.

) . In a third implementation of the method of the invention, as shown in
Figure 4, a structure is formed in which the thick layer 4 is deposited directly
on the useful layer 186, contrary to the description given above for the second

25  implementation of the method of the invention. The useful layer 16 is itself
deposited directly on the thin layer 2 after this layer has been separated from
the source substrate 6.
The third implementation of the method of the invention is described
below with reference to three examples. '

30 The materials used in the context of these three examples are
summarized in Table 3.
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EXAMPLE 10

in this example (first row of Table 3) a structure is made comprising a

thin layer 2 of monocrystalline silicon carbide on an intermediate support 12

of polycrystalline silicon carbide with bonding layers 10 and 11 of silicon oxide

~ between them, in the manner described above for the first and second

implementations of the method of the invention. Thereafter, a useful layer 16

of monocrystalline gallium nitride is formed on the free surface of the thin

10

layer 2 of silicon carbide by MOCVD. A thick layer 4 of polycrystalline silicon

carbide is then deposited by CVD on the useful layer 16. The resulting

structure is then subjected to a step 700 of treatment suitable for separating

the structure constituted by the thin layer 2, the useful layer 16, and the thick

layer 4 from the intermediate support 12. By way of example, this treatment

15

consists in etching in hydrofluoric acid with or without mechanical stress, or

merely by removing matter. This provides firstly a structure constituted by a

stack comprising in succession a thick layer 4 acting as a support for a useful

$ used

May

or

DI




Gal nN-or sapphire or dianmond or other other other GaN or AJN or Mono Si C or
Poly (or nmono) AIN or GaN Si02 or Si3N4 Al &GN or {1111 SiC or SiC or poly
AN or poly SiC or GalnN or sapphire + or dianond or other ®tMN8y280%hing
other + etching a Mono SiC or Poly (orzgono) AIN or GaN Si02 or Si3M
portion of the {1111 SiGor SiC or poly AIN or poly SJC or GaN or ot her
sapphire + or diamond or other etching other EXAVPLE1O In this exanple

(first row kyerdsiof g@ilium sitidetitself coveratiin a tbinpays Dof morfochitallindyer 2 of
an internmedi ate support 1

Dol yoryat al FIER EbldBoand Soenidy (evilemRdeie gty ¢ i ReYoIBE. s 1 con
oxi de between tjemis b4sd, tzmdnmmsr the eRbh@ SApRAIRAAT of it Meliida B0 Second

i npl enent atj ons of the method of t e I nven oreaf ter, a usefrul |ayer
16 of nnnotheyytVﬁml@meaﬁ‘gaieBmhﬂm|abnvelethes riemovegstalling f’gmufmﬁmgmef ace of the
th|n10Ia r.oi de, by, D. Athick |ayer 4 of

pol ycrystafﬁl%%sltgglb?@(gh?ﬁ@gﬁ%' %er%'stfﬂgﬁe eposited by CVD on the useful
~layer 16. The resulting structure is then subjected to a step 700 of
treatment sujtable for separating the structure constituted by the thin
layer 2, tHeXO8lE 11ayer 16, and the thick layer 4 fromthe internediate

support 12. By Y. 1.S LT 5. con sts |n etching in
hydr of | uori c ac}l}ﬁ a“%m§%ﬁ%8ﬂﬁ“ﬁé@'ﬁ§ Pé'& t@é‘so F renovi ng
mat t er. Thiisvention] tes stiictaid of Exé:hblécﬂ}liﬁrrra%sédd HIe‘ﬁdthByth% a’iz%or of  <ef ul

conpr|5|ng in succession a thick layer 4 acting as a suppor
y’—‘kOOEﬁ"OQQFWSi?'Me silicen C%jblda igwithidrawnies.q. sa stepcieoetchingdn hi n | ayer

2 of monoc iy, a@é@é #QS bi de, and secondly the internediate
pport 12 rea rnrzé%'/gf?ﬁ%l%ajh n this case, and unlike the second
trrpl enent ation of t he met hod of the invention as described above t he

nonocr stalllne alllumnltrldels
YS! AEXAMPER 1

in yet another example of this third implementation of the method of ,
15  the invention (third row of Table 3), a structure of the kind-described in
Example 11 is made, except that not only is the layer 2 of monocrystalline
silicon carbide removed, but so also is a portion of the useful layer of gallium
“nitride.
it can be observed that the thin layer 2 of monocrystalline silicon
20  carbide or the useful layer 16 of monocrystalline gallium nitride can be
subjected to various additional technological steps prior to being subjected to
) o deposition of the thick layer 4, with these steps seeking to produce electronic
components, in full or in part, or they can comprise making uniform deposits
of additional films whether epitaxially or otherwise.

.25 It should also be observed that the polarity of the thin layer 2 of
monocrystalline silicon carbide and that of the useful layer 16 of gallium
nitride can be determined by selecting the polarity of the initial source
substrate 6. Optionally, the method of the invention can include at least one
double transfer enabling polarity to be changed twice in succession.

30 Similarly, these examples can be transposed to circumstances in which
the invention is used to form a useful fayer 16 of aluminum nitride, or an alloy
of aluminum and gallium, or of an alloy of gallium and indium, etc. instead of




%5 .depbsited before the thick layer 4 is fornmed. EXAMPLE 11 |In anot her
exanple of this third inplenentation of the nethod of the 'ﬂ{@mb&% t he
structure of Exanple 10 is made and then the thin |ayer 2 of '1¥f&
nmonocrystalline silicon carbide is w t4%drawn, e.g. by a step 800 of etching
in a plasma (second row of Table 3). EXAMPLE12 |In yet another exanple of

this third jnmpl enentation o he nethod of 15 the invention (third row of
Tabl e 3), aﬂ‘@ Qaﬁﬁ'f'h Pg"‘éff ”Fﬁé" ﬁéyﬁﬂ %3¢ desedbedh abaegp The1galiummitlide except
that not onjskaji favel9s! frq I L L4l con carbide renoved,
but- so also is aJﬁgrt6i%x'%cg?gP%emﬁgg@%&/ﬁgée¢1h®%y8§wc3 ° TS At can pe
observed t Istackt dlelayaisnol theegalliuraf nitrise) ciyiairaint inftddsi dtcCBpes2Posgblyi de or

t he useful | r.16 of _nmonocrystalline galliumnitride can be subjected to
vari ous ad_dY'ﬁcgﬂﬂg ?@%ﬁ‘?ﬂ?f“géf‘é%le%gi eps prior to being subjected to -
deposi td on of t figothbi Gésﬁérﬁxetﬁeﬁatdre?d?tﬁ@ﬁﬁénﬁé&@% sﬁﬁ@&& 19 ié%hBﬁ@ ice
el ectronic__conponents, in full or in part, or ey-can conprise raki ng
uni f or m ded&¥s: gnongcrysialiing osilicorf | carbidehds hesede it ertidular avhari haewi se. 25

It should > 0ob d_t hat .t larity_.of the thin | 2 of
| rmnzc?;st a?r}t;éﬁé&fz?tfgi%@r %ﬁﬁﬂf*%@'%‘ggoF(%’é‘gb ﬂgﬂ'%g?fﬁ'gprwg)r/gfrlﬁomg gal i um
Nl 11 e cantie SAAPORARS (8! HEIRAINS SRR LAicR!ol B8 Ahihdh 20U oe

substrate 6, Optionally, the nmethod of the 1 nvention can 1'nc e at | east
one doubl Bitiideansfer enabling polarity to be changed twice in succession.

30 Sigiyl arly, t L, es,. be,,t to ci t i_.n which
the | Wenti on i 0 a0t BEERRFER, Al Melljal of yiivanton. mashowr e, or an
al loy of Bigurd 5usrussrll Gkt 18RS éigr)o_gﬁecﬁﬁnaé {rgﬁél er ?ﬂ%’f%&é}@q 6de.1. um etc.

i nstead of 11 May 2005 5 the liumnitri ayer as descri bed
above. Theligmediate aupportid2, prigsftol sepayatinglbedatermbdiatesuppot i 2 tumed by a

mul-t il ayery.st e | si,ng.,a .stack of |a s of .the galliumnitride,
al um num n?’? r#tﬂgtﬁ%t %&Pﬁrﬁ%%@,byg&%iﬂ?}r';ﬁwef 2 ang%e useful h'aygr 16 and
' proceeding to deposit the thick layer 4 on the thin layer 2 or on the useful
15 layer 16, i.e. on one side or the other of the structure constituted by the thin
layer 2 and the useful layer 16.
This fourth implementation of the method of the invention is illustrated

by two examples.

20 EXAMPLE 13
In this example, the following steps are performed:
-forming firstly a structure constituted by a thin layer 2 of )
- monocrystalline silicon carbide on a source substrate 6 with a zone of
- weakness 8, and secondly, an intermediate support 12 with bonding layers 10
25  and 11 between them, e.g. as described above for the first implementation;
- detaching the thin layer 2 from the source substrate 6 via a zone of
‘weakness 8 (e.g. obtained by implanting performed in the source substrate 6 |
prior to being put into contact with the intermediate support 12);

- depositing a usefu layer 16 of monocrystalline gallium nitride on the
30 free suiface of the thin layer 2 of silicon carbide; '




W th.dgping of different kinds, etc. In other variants, the nature of the

I nternmedi ate support 12 is changed. Thus, nonocrystalline si)jicon.carbide
is used (in particular when the internediate support is rechM@H?‘?o%r el se
use is made of dianond or sone other Z@terial to replace the
polycrystalline silicon carbide or the alumnum nitride. 10 In a fourth
enbodi ment of the nethod of the invention, as shown in Figure 5, a useful
layer 16 i s depodlatechingihe assembihagonstitutied diyl the Ithin dayet Dandithe usefal medi at e

St Thotur o cae 1By B TpRbBlele BupBT S R WkBRaM Fpch ok

pr oceedi ng hydrmmiacid)f@]d hick |ayer 4 on the thin layer 2 or on the
useful 15 layer 16, i.e. on one side or the other of the structure

constituted by tKiepesifing athigkdayershef pelgcrysiaflioe siliepacattide phithe feser t h

i mpl emregt atd f f~ the invention is illustrated by two
exanpl eg. Zwﬁyﬁgﬁﬂgﬁﬁﬂﬁéxaml e, the follow ng steps are perforned:
forming firstly a structure constituted by a thin |ayer 2 of

nonocrystall.i IJicon carbide on a source substrate 6 with a zone of
weakness B,émpi-gjcmﬁdl y, an internedi ate.support 12 with bonding | ayers 10

25 and | | bet h 4h8S | oV, or. the, first ..
i npl enent at i on\;N%? fé"'tgg%'f‘ﬁ'é’gttﬁg Pﬁ’?%a{’%gzsf t@_ f?ag'llé t%}se 'ggtn?c%regﬁg’é]?r ate 6
via a zone exmple adxeept thit (the Gtepo f Aepesitiny thanthiak layeg Ponfthe Rdfiin t he
source substrate 6 ‘?I’I or,to bei ng ut into contact with the internediate
suppork? 12T§yeﬁé'§d§ replacediby acttap of geppsiting Hie thinkdaysicd anithe thig dayerum
%tri de ongthe 30 free surface of the thin layer 2 of silicon carbide; 11
‘May 2005 26 - detaching the assenbly constituted by the thin | ayer 2 and
- the useful | ayAs néntionedhaboee] ifithes thicknete add IR® ktreAdth(df tBe thil Idyeat ment in
a bath of h){drqtal uorj c ei‘ci dL)|; and . '
: 2 together with the dseful layer - 16 make this possible,. then the
implementations described above can be implemented without using an
15 intermediate support 12 at any time in the method, or without using an
intermediate support 12 while depositing the thick layer 4, but then using a
temporary support which serves as a stiffener during the step of separating
the thin layer 2 from the source substrate 6, the temporary support being
removed before depositing the thick layer 4.
20 The fifth implementation comesponds to methods of the invention
_ during which no use is made either of an intermediate support 12 or of a
‘} temporary support of the kind described above.
A few examples of this implementation of the method of the invention
without an intermediate support 12 are shown in Figure 6.
25 Thus, starting from a source substrate 6 in which a zone of weakness
8 has been produced (e.g. by implanting atomic species), it is possible either
to separate the thin layer 2 directly, or else to deposit a useful layer 16
thereon prior to separating the thin layer 2 from its source substrate 6, via the
zone of weakness 8.
30 : In the first case, the thick layer 4 is deposited on the thin layer 2 (thus
reproducing the final substrate 14 of Example 1, for example). This technique

.can optionally be continued by depositing a useful layer 16 on the face of the




-~ 'depoOsiting a thick layer 4 of polycrystalline silicon carbide on the free
5 surface of the useful layer 16. EXAMPLE14 1In this exanple, the 8rocedure
is the sane as in the preceding exanple, except that the stébw@yz 05
depositing the thick |ayer 4 on the usefful 10 layer 16 is replaced by a
step of depositing the thick layer 4 on the thin layer 2. As nmentioned
above, if the thickness and the strength of the thin layer 2 together wth
the useful Rhipdayer@ which is pppogiiesisornlits, face lieat Hdsaeceivgd teethickt lagess

12 a0 any « AEC PP BN B 8 Bl stk gl Mor rcwbRleh o e cuppor 12

whi | e deposi tingirt e ddtionld das¥ ahe dhick Wyer 8 dépbSiton Bfé@&{mﬁstc%%HQPOf t
g

whi ch serves as a stiffener during the 'step of "separatin e In |layer 2

from the sothethinlayer 2ofthussreproducingiher ingl ssbphratet 14ef Egamplerdjverdonef or e

deposi ti j Lt h inpl t ds t

1ot hods %of 1csarESted 84 e teerifialil®re (b sedBuGERYE bidl RS RRETA 1

i nt er medi at of Exgnplet 10)2 Optionbily astdERABED With erRMAicedb Fidgﬂgkﬂ @@e@ﬁéﬁr i bed
oda o

above. A feévws)x%ggl es of this inplenentation of the net ) t he 1 nvention
wi thout an e flife dhelt BossiIp de remove; the thimiayer @ (thuguepraglucing thiedinal st ar t i ng

froma sour %Pé&fﬂ&"n@giﬁ %}!e&g@@one of weakness 8 has been produced

(e.g. by inplanting ato speci es { is possible either to separate the

thin layer 2 di rNamksousovariEinteof thedinpsiemientations idescliteabd chReigen prior
to separating the t‘?hd n layer 2 fromits source substrate 6, via the zone

of weakhessPBENYRAY itho tigoing heyerd theambiti afithe @yention.i s deposited on the
thin layer 2 (thg e&é‘rﬂéf&‘?%b“gaﬁ&f‘sf #35%0}%23%% t.e d?{ﬁ;{h&%%gﬁ_lm? 1, for \!

exanple). This techniqu ran optiona a
usef ul | aydliustiating thee ihplementations 3 theymeRRl of 7thehinvehfioie cah Wi ch i's

opposite frc%nrrj]t;iﬁ(asd.f ace that has received the thick | ayer 4
Thus, as shown in Figure 7, one variant consists in batch processing )

15  the thin layers 2 as obtained prior to depositing the thick layer 4. Under such
circumstances, the thin layers 2 are fixed on a single intermediate support 12
of large size.

' The shape of this single intermediate support 12 can be arbitrary
(circular, rectangular, etc).

20 Under such circumstances, the thin layers 2 can be identical or they
can be different. Each of the thin layers 2 can be subjected to a separate
operation of detaching the thin layer from the intermedia_te support 12. By )
way of example, the single intermediate support 12 can be a plate of
polycrystalline silicon carbide covered in a silicon oxide.

25 After the thick layer 4 has been deposited, the assembly comprising
the single intermediate support 12 and the associated thin layers 2 and thick
layers 4 is subjected to a lift-off operation in a bath of hydrofluoric acid. Each
individual intermediate support 12 is recycled.

In yet another variant of the implementations described above, a thick

30 . layer 4 is deposited on a surface that is larger than the surface corresponding
to the main faces of the thin layer 2. This variant is shown in Figure 8.




{thus' reproducing the final substrate 14 of Exanple 4, for exanple). In the
second case, the thick layer 4 is deposited on the sane side 5@ thin
| ayer 2 (thus reproducing the final substrate 14 of Exanple HfﬁﬁY 5 the
sane side as the useful |ayer 16 (thusz?eproducing the final substrate 14
of Exanple 10). Optionally, as described with reference to Figure 4 (see

t 800), it i sl e e the. thin |ayer 2 (thus
feSPoduCi Lg ![ heI ?'i Wg@a @lﬁ?s% ?grﬁcethgg Es&% pgn_s@y&'ad[}?y @iﬁ’ﬁﬂ?\‘é( It ous
vari ants of inféreidinie supporatfizonith Beading ambra A0VRICRNbakwRn hemPf BRI saged’

wi t hout goi beyond the anbit of the invention. For exanple, the various
oper ati ons @gg %/c%’eﬁ‘ t}'ﬁ%—l"f’fé tation desqiibed abiong. This strystwredathen ons of

t he net hod r%@ﬁlg : [ sho in Eigure 7,
one vari antﬂggﬁgﬁﬂ‘s? s in I%g{égﬁé} gdéﬁ'e%lg(?{r% rﬂ%@’?ﬁgﬁfﬁ'ﬁﬁﬁ?eﬁ%&g@%&%bt ai ned
~ prior t8& delpinslayeng is Aush ithithe sasface 6f thenstenpleusiiercdy @UETigiessa), t he thin

| ayers 2 ar ixed on,a single internedi ate support 12 of large Size. The
shape of t istﬁ'gﬁaeé'?ﬁ? 3}‘?{8& QR 5 rea sudage gadgvsifiows pniq the cul ar
rect angul arsanglechrrief@oUnder such circunstances, the thin layers 2 can be
I dentical or the can be different. Each.of the thin layers 2 can be
subjected to a é‘é\@arss{b%tralepﬁxrmedom difis dedypcdrinnoptitreallyhbe $ubjedtelir @M t he

suppor ¢ 15 eaBaealighie P miElng ns Biieeiaescges o fun vee2odter oo 11 a
I A8 A e R 57

conprising the single interne . e ass ‘thin
layers 2 afdf-t lne Rresenyvariant makes iligjossibisita eliminklef suchfddgeser ation in a bath

"of hydrofluoric id. . Fach  indjvidual internediate support 12 is recycled.
In yet anot her \7@ i‘gqﬂaﬁgfs fka Ef%f‘é’ﬁ@ﬂi’%??’o{%“ﬂ@s%ﬁPB@ﬂatﬁﬂﬁ\ﬁgﬁmﬁthhi ck 30
layer 4 i sgrepestizdtion &f Hurhactyehdt af ¢ g fags
corresponding to the main faces g}é %gh?h%o%rp%g% I%Z%érﬁtlﬁ'sﬁl\'lﬂécrelggﬁg i s shown
in Fi gure Bubstraiemof agiven diameter, even though the thin layer 2 cannot be formed

15  directly with said diameter. _
This variant is also advantageous when, during formation of a single
- thick layer 4 on a pluraiity of thin layers 2, a single support is-made for a
plurality of thin layers 2 and/or useful layers 16 (see Figure 8b). This variant
can also be imp!efnented by forming a thick layer 4 on each of the assemblies
20 constituted by an intermediate support 12 and by a thin layer 2 and placed on
a plane sample carrier. The thick layer 4 then drops back onto the edges of
) ~ the thin layer 2.
B A variant of the method of the invention is mentioned above which
~ consists in optimizing the parameters for depositing the thick layer 4 so as to
25  make a thick layer 4 as a single crystal.
Even if the quality of such a monocrystaltine thick layer 4 is not good, it
can be good enough for numerous applicatiqns, for which crystal quality
needs to be very high only in the surface layer 2 or 16.
Such variants of the method of the invention are particularly |
30 advantageous when it is not possible to grow single crystals (as is the case
for gallium nitride) or when it is expensive to grow single crystals (as is the
case for monocrystaliine silicon carbide).




.28 Im'this variant, a structure is nade constituted by a thin layer 2 on an.
i nt er medi at e. support 12 with bonding layers 10 and | betvveg? t he of the
kind made in the first inplenentation described above. This May¢ [

then placed in a sanple carrier 20 i @%such a manner that the free surface
of the 5 thin layer 2 is flush with the surface of the sanple carrier 20

(see Figure 8a)-, A thi| ayer 4 is then fornmed aop sajd fr sur,f gce and '
overflows onto tH& POSEi é’ %QWOEHEE??’Q?%OkBmﬁg?qyﬁrﬁkﬁqs way can

OPLi onal |y kol iRt L sutdSAIdTRRT bR enchiisT Al dek b

projecting edges of the thin 30 edges of a deposited |ayer
general | y meediegt ther growdh af ithe éb!pk dasfafeﬂt swhilse atill uga,ng wearg higtngales efent

vari ant nmakes oss le.to eli h. ed es This variant is also
advant ageot#® ‘f’%‘r(s E? é°§?1‘f?§?{péﬂrla§tr iiCEI Per it or t han that of the
thin layer 2 ang yglaps Sﬂsé&editﬂdtrlﬁ pfriéi' SR RERATLBS, thiRbrsAd &ffe ¥ited 0i ven
di anet er, even, though the t | ayer cannot. be forme 15 directly with

sai d di ametgsewn Tm € Stmﬂoahby |e$1ltaX)SO WMMQ%WW%@@ sybsieateat i on of
a single thi 4 on r al | t t hin support
s made. 1 Ssg o A e Gt ofiith Yo, 8, 6 shily X 8 B Fanblron® (20e
Figure 8b) ¢ PTﬁﬁuﬁilwafdr@éﬁ is Mawisd %ﬁvbﬁj g&m gUBEmYyEHe byo fa@rtmém-.u@etﬂhutck | ayer
4 on each of the "assenblies 20 constituted by an internedi ate support 12

and by a t ldefectsgrernat teangfesiedeed on  a pl ane sanple carrier. The thick

Iayer t hen dr b t h S ,,0f i ant of
the mathod of t Rotier G RER e TeiRER o subeiityidl dhe BUEK ey &, 30

opt i m zi ngbk hradwrstioes costispicedeRapslpptat whesd ity cay ofted b@qnmmto 25 |
- make a thick layer 4 as a single crystal. Even if the quality of such a ./

monocr yst apatticulariifisisicel ibigsot negessag useddor festarting epiaxialaro ugh for

numer ous. applic t| y hi gh
only in the sur A G, féﬁaﬁt tﬁ%G%Béi &%/S%ﬁﬁgbﬁ s'so?%%%é()é&l ﬁgd\é é‘-t he
i nvention g&miconductord audhyas ﬁﬂmdpaa@;m@@aﬁd\yaﬁmm tardemideyor frderidtbe to grow
single crystals (as is the case
15 _~ other materials such as Ilthlum niobate.
In yet other variants, an intermediate layer, e.g. an insulating layer is
made between the thin layer 2 and/or the useful layer 18, and the thick layer 4
or indeed the thin layer 2 and the useful layer 16. By way of example, this

intermediate layer can be made of diamond or of fine oxide (500 A thick), etc.




for galTiumnitride) or when it is expensive to grow single crystals (as is
the case for nonocrystalline silicon carbide). 11 May 2005 fﬁ" Igpbg

possi ble to performchem cal vapor deposition of a thick Iayg—) i

silicon carbide on a surface layer 2 08016 which then acts as a seed for
seeding. the growmh of the thick layer 4, while still using very high rates
of growh (several tens to several hundreds of mcrons per hour). 5 It
will be observed that in prior art t@eﬂmﬁues, thin layers 2 are often:
grown~ on a support by epitaxy. Under such circunstances, the substrate
must be of very good quality so as to ensure that the thin | ayer grown

epi t axi al | ylit Aenethodi of fabKeafirgea slubgkrate gemprisingld thin lg.y@.caﬁﬁb@§¥tao ensure

t hat def eclts are SFrﬁlitl transf@grr.eq. 10 I n the nethod of the invention, the
support, i.BYhTROSHIRg q aeehanical sippodainpharticular foppplics elactronissedit is a
suppor t swhagftoQdatrdiiYs 388 n¥th i ' Leularly since it is not
necessari | ;./ﬁgsed for ['est ar tti %@ﬁ?i‘ﬂﬁ%’?%@'%ﬁéﬁgot her variants, the
above descri pti odletachingaas fayse df tatetislefor feaningothautHio teyes Y2h f@m iandi um

phosphi de al L arseni or indeed to 15 other materials such as
l'i thium ni g%gl(%suqsf{%{ o?'ﬁ‘gﬁ'egari ants, an internediate |ayer, e.g. an

i nsul ating |ayer mgkindBIRick 4 Siehd i @@ﬂ{ t ul layer
16, and the thick Iaygg? 4 ory_&?n eed t%l@hrgﬁy%y@y%r asﬁ{?gtrﬁgteﬁég{oul | ayer
16. By way ferm thelaperwhichiconsiitutesthe diachenicaysuppoetn be made of di anond or
of fi r@oxide (500 Athick), etc. 11 May 2005 30 CLAIMS 11 A nethod of
fabricating a substrate conprising a thin layer carried by a |ayer

constit ut | 20 AameRlaEc6Rling kAR 1, iiibradblib&db@tnd fict BRl SIS O CS:

of 5 optoelectronics, the nmethod conprising t oW ng steps:” detaching
a. |l ayer of (4 depasiteckprogressively, ohéhe Hiim Idyay,cry 4 Bchniqua takes fomdtiesubst r at e

(6); and t{&§comprising: chemical vapor deposition, fiquid deposition, molecular beam
deposition.
15
3/ A method according to any preceding claim, characterized by the fact that it
includes an operation consisting in depositing a useful layer (16) on one of
the faces of the thin layer (2).

20 4/ A method according to claim 3, characterized by the fact that it includes an
operation consisting in depositing a usefu! layer (16) on the other face of the
) thin layer (2). '

. 5/ A method according to claim 3 or claim 4, characterized by the fact that at
25 least one useful layer (16) is deposited before the thick layer (4) is formed.

6/ A method according to any one of claims 3 to 5, characterized by the fact
that at least one useful layer (16) is deposited after the thick layer (4) has
been formed.

30
7/ A method according to any one of claims 3 to 6, characterized by the fact
that the useful layer is constituted by a material having a large band gap,




~making a thick layer (4) on the thin layer (2) by depositing material to
formthe |ayer which constitutes the nechanical support. 10 ﬁwé éhod
according to claim1. characterized by the fact that the thi &gﬁ 5 (4)
is deposited progressively, on the thBh |layer, by a technique taken from
the |list conprising: chem cal vapor deposition, liquid deposition,

mol ecul ar Paj‘%{np dggg&iti.og. 15 3/ A method according to any preceding
claim cha eff© By lish Lampiising; o galliym | niteidg d calusinugp i nagdnsi sti ng
i n depositi ( - . fthin | ayer
(2). 20 4y RAPBUNEEHE Rt 1B Rl HShefis, 3R Rom st B553Thg Meb A, Trar 1
i ncl udes amdiuperet galliuroonsi sting in depositing. a useful layer (16) on the
ot her face of the thin layer (2). 5/ A nmethod according to claim3 or
claim4, characterized by the fact that at 25 | east one useful |ayer (16)

i s depasi t atAhRéROE d‘cb@réiiﬁ'ﬁ fkah@bRE _cff@airigé e{ & ﬁﬁ&ar%?ﬁzaéta%af&fé gfgording to

--any one of clains 3 to 5, characterized fact east one
usef ul | aytat eagh af shedisebultiayerafity andhtbet thickkiayery &1) i¢ 4epbsited baem f or ned.

30 7/ A nefd ﬁﬁ?r i . n ne of clainms 3 to 6, characterized by the
fact thatalpg%ngse u‘#lﬁgygﬁl?ayf\%%nstitut ed by a material having a |arge
band gap, 11 May 2005 31 taken fromthe list conprising: galliumnitride,

alumnumnitride, and conpounds of at |east two elenents taken fromthe
list conpr/dh mpthed areerding forenyupiecading giaim, chardstdized hyshadactdbabr di ng t o

any opg ofgyclual T : erized by the fact. that each of the
- usef u?gl aytgg "?Q@Ggﬁ%?q?r%"gﬁﬁé‘%ﬁya?zﬁ}m@&f%ﬁﬁ%'ﬁa&%d on a different face
of the thin layer (2). 9/ A nmethod according to any preceding claim .

characterized by the fact that ) S
10/ A method according to any preceding claim, characterized by the fact that

the thick layer (4) is formed by depositing a material taken from the list
constituted by: monocrystalline materials, polycrystalline materials,
15 amorphous materials, materials comprising a plurality of phases, and

materials that are less expensive than those constituting the thin layer.

11/ A method according to any preceding claim, characterized by the fact that
itincludes a step of transferring the thin layer (2) onto an intermediate support
20 (12) prior to forming the thick layer (4) on the thin layer (2).

12/ A method according to claim 11, characterized by the fact that the )
intermediate support (12) supports a plurality of thin layers (2). 7

25 13/ A method according to claim 11 or claim 12, characterized by the fact that
it includes an operation which consists in eliminating the intermediate support
(12).

14/ A method according to claim 13, characterized in that the intermediate

30 support (12) is eliminated by separating the thin layer (2) from the
intermediate support (12), in particular to enable the intermediate supportt to
be recycled.




I0 théthin layer (2) is constituted by a-nonocrystalline material. 1 O A
- method according to any preceding claim characterized by thg Kﬂ%ﬁ?’@] at
~the thick layer (4) is formed by depositing a rmateri al taken‘% 0 ? e |list
constituted by: rnonocrystalline materi# s, polycrystalline materials, 15
~anor phous materials, materials conprising a plurality of phases, and
materials that are | ess expensive than those constituting the thin |ayer
111 A met hod according to any preceding claim characterized by the fact

That it ; .
| nter med at b SusSaREIGRBg 16 A7 pRicodlt ciafh, RARCGKBH BtheTBERNA o
thin | ayer it icludeg/anfoparation ofideraning rgbarading Eyer (10) ahtheatttie layeed2by t he

fact that th it i gt.e s ort (12) s rts a plurality of thin
~ layers .(2) _béjgrefgp%r/g&ﬁ‘g\eﬁgﬁ)rgg@cg?wrﬁésy Stﬁaﬂgi? 11 or claim 12,
characterized by the fact that it includes an operation which consists in
elimnating the internedi ate support .(12). 14/ A method according to

clai m 13, clédrfaawediad.aecardingHatarynena of caimsiitdtte 143Chatgeterized wthe s

el i m nated rating the thin.layer, (2) frqomthe .internpediate ort
(i) o ot REPE okRs. AR Sbrdtio 6E foibiha, & HobHRG: toveh T1HE ot e 11
May 2005 3atedrhédidieRippoft (A2rBsRid Gahsfering tRe €68 tHyed (B thbfBorchar act eri zed

"by the fact that it includes an operation of formng a bonding |Iayer (10)
on the thin layer (2) before it is detached fromthe source substrate (6).

5 161 me i : ny_one.of cl ai | to.1 aracgt.eri zed by
Che st o eHBA ARt 8Bl 6 B cuR 185 pheragteizBi muithE REYER (1) o
, tJ;e | nt er gwsli Inlindu @t (101211094 anadé rmal prdtbR@l tdk@n! o | @etis( 2)
~thereon.” 10 17/, A method according to claim15 or claim16, characterized
by the facCORRHESING: HENQIPhaUS gMatarials, ( polycrysialline meaterials, aandhtroetadlic t aken
fromthe | i’rﬁatteriéifnpri sing: anorphous materials, polycrystalline materials,
and netallic “materi al s.

15 18/ A method according to any preceding claim, characterized by the fact that
the thin layer (2) is constituted by a material taken from the list comprising:
silicon, silicon carbide, sapphire, diamond, gallium nitride, aluminum nitride,

“and a combination or a superposition of at least two of these materials.

20 19/ A method according to any preceding claim, characterized by the fact that
the thick layer (4) is made of a material taken from the list comprising: sificon,
: ) | silicon carbide, sapphire, diamond, graphite, gallium nitride, aluminum nitride,

and a combination or a superposition of at least two of these materials.

- 25 20/ A method according to any preceding claim, characterized by the fact that
the thin layer (2) is detached from the source substrate (6) via a zone of

weakness (8).

21/ A method according to claim 20, characterized by the fact that the zone of
30  weakness (8) is made by implanting atomic species in the source substrate

(6) close to a determined depth.




45 181" A nethod according to any preceding claim characterized by the fact .
that the thin layer (2) is constituted by a material taken {{ﬁnk% | i st
conprising: . silicon, silicon carbide, sapphire, dianond, ga é8 ride,
alum numnitride, and a conbination 63 a superposition of at |east two of
these materials 20 19/ A nethod according to any preceding claim

characteri z the fact tha t he thick |ayer ) |S de of, a_ materi al

t aken fromﬂﬁﬁ%ﬁ“@@ﬁﬁ?rpm - Ay Pf"écﬂf,clfa‘gﬁsl fé‘bﬁéc&bﬁf rized v thee

- di anond, gr e, { i fof ix AAHEG id o) ggg{, C jyrati on or
a superpositi owﬁ;fthgftlhltdeﬂéﬂt% '%?je?hese %‘tﬁeﬁéa:égg%zeeSS / %en@?gg

accor di ng telimingtingr ek indepoagdpebvaardbedhindayeri() ahd thiaoemainder ot he t hin
| ayer (2) i,s_detache [ e source,substrate. (6) via a zone of weakness
(8). 21/ A*ﬁ%t‘-‘%’é}e&é‘%ﬁff%%%w ‘%’fa&?ﬂ?%,c%ﬁﬁ‘%ai(?{f&"’gzed by the fact that the
zone ofs 30 weakness (8) is made by inplanting atom c species in the source

substrate (6) close to a determ ned depth. 11 May 2005 33 221 A nethod
accor di ng t%3/ Anpethed ascotdiag tasany precedingdirima chanactasredyby the fagtdbat t hat t he

one i ot or i€ eanduie SROSCWhI e ik S ] Kb Ble limBet N2 o0 ce
substrate ﬁﬁét,méﬂﬁc;epagmﬁpogagmﬁﬂjnogiygfgum.c{@ﬁgal A met hod according to
any preceding claim characterized by the fact that the conditions under

which the thick layer (4) is deposited are optim zed so that the thick

any pbearabAdfianb ARl &)y braBetg ot et YR il s °
~which the td esndifiorsy ubder whicH2€he 2hicR dair 4P i dépasiedsare dptahized so

corresponds to a particular quality taken fromthe |ist conprising the
fol | owi ng Hiakiit eogespands derd pedicularequalin taken Jram |thadist icapwrigingnie and

by he. 1 aclWPRIEyAEE dfodugafne, i RinEIASRHAS, Al oo Bl " oyer *

(2) as a seed layer for formng said thick layer (4).

e

15 25/ A method according to any preceding claim, characterized by the fact that |
the thick layer (4) is formed by using the thin layer (2) as a seed layer for
forming said thick layer (4).




i1 Nhy 2005 34 ABSTRACT A METHOD OF FABRICATING A SUBSTRATE,

PARTI CULAR FOR OPTICS, ELECTRONICS, OR OPTCELECTRONI CS, AND1ﬁM§U§§¥FATE 5
OBTAI NED BY THE METHOD The invention relates to a nmethod of ? ¢ ng a
substrate conprising a thin |ayer cartfed by a | ayer constituting a
mechani.cal support, in particular for optics, electronics, or

opt oel ectr opigg&.T AGCerfling to the invention, the 10 nethod conprises the
fol l ow ng steps: etaching a |l ayer of material for formng the thin | ayer
(2) .froma -source substrate (6); and then meking a thick layer (4) on the

the mechani éziﬂﬁ-?*@ﬁp&' aBRGRTRNG A0 SURSTRALE, 9N BARTHGULAB FORe
abst ract. asg ECWR@N@@ BRAOPIERITRANIES, ARD Acgow@goum nas

been taken o ny c anges that nmy have een na sequen he PCT
Aut hor i bi esOBE[NME;D&Y$HE|METHé)[g under PGT Rules 37.2,38-2, and/or 48.3.

The invention relates to a method of fabricating a substrate comprising
a thin layer carried by a layer constituting a mechanical support, in particular
for optics, electronics, or optoelectronics. According to the invention, the
10  method comprises the following steps:
) - detaching a layer of material for forming the thin layer (2) from a
source substrate (6); and then
- making a thick layer (4) on the thin layer (2) by depositing maten’ai to
form the layer which cons_titutes the mechanical support.
15
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30 |
Translation of the title and the abstract as they were when originally filed by the Applicant. No account has been
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