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,

i ght - emi t ti AyMETHQR F BABRICATING A SUBSTRATE MN PASTICULARIESR oses a
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ci rcunstances, the operati oQBIAIREDBYTHEQIETHOD | ayer to the support is
often achi eved by nol ecul ar adhesion, and in order to obtain ) a good

adhesi ve int erf inventier ielates fottbe digid af:methddstofefabnd:aimbestﬂlstretest oget her

to be prep I cBr be royght int act
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physi co- 15bmmme¢uwmatmet MR ECUI A IR SRRt PYRH Be u‘i’cbﬁde@nd can be
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
met hod corrgrttl]%?ﬁrfsgd &ﬁisaciﬂe{nl OW n édc@[ @g’LE%ﬁ eﬂg‘?a ﬁ;gorg g@/@ WY naterial
for form ray gobd admeweamerrac@m requitgsCthe %uﬁééésattﬁat ard t6 ed sti@ki ng a

the thin | ayer by dep05|t|ng material to form the layer
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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 optoe[ectrohics, 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




eont act’, such as polishing, planarizing, nmaking internediate |ayers, etc.
to be omtted, all of which steps can optionally be repl aceg ngﬁh% by
etching prior 11 May 2005 2 to formng the thick |ayer, whi 11 YA i on
can advantageously be acconpanied by hjgh tenperature treatnent. In
particular, in existing techniques of transferring a thin |ayer onto a

t hi ck support éand regardl ess of whether the thin layer is nonocrystalline,
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single pi ece n'éﬁ a%e%kﬁgslr%- prepared thick support, 't kew se constituted
by a single C%i" eq Y Milemperaturg reatmmnt.i nvention the thick support is
formed directly pparti ' r L rpl enenting fhe nmet hod of the

i nvention gives rPgae l?gaf,gﬂb'bg%%ﬂéﬁitgfsﬂ_@ v%snég{%@%{gm gtth'l'?a'%‘%r PRORssi bl e
to onit thethidhguporbtand regardiesssifehathep shed thin'Iapar isNEhoPBENRERhe

Advant ageoua)lgc %tgmhhe invq}rhtion the material constituting the support is
deposi t &d df PERYTG DR PHQIRNQUS. Plgka thin lgyenis transferced as asingleepiess t i on
(CVD) . Undeonteus 'previbGsimprapses. i f -that- is, abtai ned between
the thin |ayer If;lpnd T he” suppor t ﬁh?sdﬁg?u%(()g{éllﬁ%ﬁ’fseggéwtmt,e%p@tq S9f 1y in
terns of 15PBFBANNGTERS indthe/pesentdnvarition divelthdek stgport itoffied ird@ly gtener al |y

the case w rl ! thods. The thick | ayer can also correéspond to
deposi ti ng ﬁr}gttgﬁ,'hgé.rgﬁé\lhsrﬁ'gpge{??'m%tﬁ@ raethediaf the irvantien giveswiseeto t he

and) or. v scous.ar S, at req cane MG if RO it 1he dngif Ay cous! y
i npl enkht e @XPERSIVesieps @f preparingtsssfaces.whi ch the thin |ayer and the thi ck

| ayer are consti mat erial s possessing respective coefficients of
thermal expansi éﬁ%’ﬂ‘gﬁ%&ys‘%r'g}3{‘%#“\{3&'59% egnatenal eerstituling thesupposte or

i denti cal . i2depositaretibectyobnt fhe | 0B 4 Spydl ti.cul arl vant ageous
in the co?(tﬁés of maki ngfcorrpos?l{ﬁgqﬁjébr'st%f 'tbs C@%H"B%’sY%éraé%g@Pyst alline
thin | ayefCVR)-gUnder stchegifcupintaincasy thennterfsicalthatis obtSiHed BEwsPEE! at e t hat

S ol ycr [N r S, .cecamic, nultiphase, etc. Certain
t echP\i qﬁes?ﬁ'? ﬂ%&ér &ind 3HB app%%ﬁ is” of excellent quality, particularly in _tetms 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




-f)ért i.ctl ar certain deposition and/or growth techniques, enable thick |ayers
to 30 be fornmed at | ow cost. Thus, formng a thick |ayer of anprphous or
pol ycrystalline silicon carbide, for exanple, on a thin | aye?1 Ypy 2005
nonocrystalline silicon carbide, using the nethod of the invention nakes
it possible to form11 May 2005 3 silicon carbide substrates at a cost
that is lower than it would be if the substrate were to be nmade conpletely
out of -hi ghsiigetl icatbide subslyateal 4ti aecossithat i kawerbitea. it Ruotliebendf ¢he t he

nmet hod of t Lnyentio as t he advantage of . encouragi ng good _quality
growth of t sﬁ@’eey\feé? qeg?%t"??(fﬁ Pﬂ@pfqﬁégs%p%fr g'gﬁﬂﬂ%',ty aechystalingjesi r ed
to make subsilicor &€fbidk. | ower cost, it is possible in prior art nethods to

transfer a thin nonocrystalline |ayer onto an inexpensive support such as
a support nmde dfurthermere sthel Imetbodr ofatine pheentiomathasi tle adwietagehef sane
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thick layer will be of better quality than it woul d’ have been i
one- pi ece |2 dpetheds o dransier gathin imencesystallice tiayerkohtayan inexpérsive

t f ' : |0 | i th t, i.e. the thick,

[ ayer ¢ hat PPl A05CsaPtort RldR oPbBhervstaningcnl PRRFPhes, et y 1l

t hen bett erWhehdisé @anmﬂizliebeistmns@bh_@@tt@tth@ﬁnélhodtdfﬁhéf}hir&gibngﬁaiﬁi& are
ege

obtained wifthin that naterial, as is growh of privileg phases- However
this aanddE of dhexpengive; matesialis madaomthentiin ddyer lof a malaerialihawinignc| udes

an operati ) | at e | ayer . Q. _an r phou

Msulat or, TRddell P08, BRLIROE R BreP Eileifndnodlenlite. Bifi e, )
condi ti ons thickiayet Wi heha‘aﬁbettmﬁam’yahm WL hialke beBh I a bAYPleddMays ng the
net hod of t I nvention, the thin |ayer serves as a seed for seeding

monocr yst al®f fifeSase giatetial msrwid thickalayernbad been fransferind ditectik onto/tee.  These
condr & onS ISRURSP el Bt 4B 6l BT hAPANE SR hR Bk &
i ncl udes  atheainvention) 5 v, pdiydrystal; itheibelter coResid® bh@Weler GiRhBRArHfSt i €S
t a.ke‘n Sepa{haet \?Elt ougrgria{rlns %?gtc)aib?a%éc? \r.]v:ithin 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 nitride, or another such material, e.g. a compound of at
least two elements taken from the list compﬁsing aluminum, indium, and
gallium: ‘




| )

“' it :conprises an operation consisting in depositing a useful layer on one

and/or the other of the faces of the thin layer by way of exwae" {)#" S
useful .l ayer can be a material having a | arge band gap, such §§P um . 30.

nitride, alumnumnitride, or another duch material, e.g. a conmpound of at

| east two el enents taken fromthe list conprising alum num indium and
gallium 11 May 2 §c5 4 at least one useful layer is deposited before the
thick layer is f t one geefublayer isrileposited beforg/the thisk dmyevss foenbeds t er t he

thick | is f. T o - | ~and,. t hi | h
il ayer s gk ond Bt o MHBRABPA I WLEly LKAl 2207,
constituted by athewseiykyat bnd¢herthiek layer are b4 ddicsieli BfeA differbqr med by

deposi ting material taken fromthe list conprising: nonocrystalline
mat eri al s, %W?E&?stﬁgﬂlﬁyqe materials,- anorphous materials, materials

conprisgng a pl uygd i @ﬂ, | a re. | ess expensive
than the materi al c%ﬁ%%@%ﬁ?ﬁggﬁg t ﬁ%cg{/dgws%h%&'?%&ahdes an operation
of f;)_r{n' ?g a bonﬂi&?!d@a;ﬁyer mfdnhnedf thyi ?ﬁ;b@snﬁfl'_ g’Ea st halltareh Rom ﬂ’}{@ﬂstbei ng
constitute -materia en fromthe |is conpri sing: anor phous

mat eri al s %ﬁﬁ*ﬁ%lr@c g?%wqt‘?aiﬁnﬁ’rﬁ?‘ét?f‘ﬁiss Palysrysialiine) matenials, eamarmhogisch as
tungst en omatengls! Aixt&ridid ebfiPrisil b QK t hat pr.operties
Gan be corrbni1 ned (e. g.tégjd(gél’ %%g?rgplalpﬁ'ed?gl#%%ﬁgbg{s%%ndqﬁ%é%gg?%ga%S | ayer

~can be for IR&§ exerosive than theimatedgkconstitufiag diwhithth layem t he source  substrate,

for exanple; it _jncludes a step. of transferring the thin |ayer onto an
i‘nter)r@di ate suﬁﬂbﬁj‘y‘%&r?’bPP?@%‘PBﬂﬁ%ﬂ'ﬂﬁ@ bending fayge ondhetthis layen | ayer, -

g esmmonngt o o o i o, T 42 (2

Support; . the intermedi ate support Is
| ayer frofimpdsing: amemhicusematerials and polyarystalliss matefald eind maigtiiebl e to

. le th ' dj | R ti f f '
recycl e ﬁlatéd&ﬁf%t@ L& hingsBNSr tu'ngstleﬂcsgl#é%ee? it%gin%pgrgd%rlst%gd?hat these ©

bondi ng | ayer on
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,




25 i nt'er medi at e support before transferring the thin Iayef t hereon, said

- bonding layer being constituted of a material taken fromthsF MS%\Q
conprising: anorphous nmaterials, polycrystalline materi als, LMaY 2809 1 ¢
material s such as tungsten or tungsteh silicide; it being understood that

t hese properties can be conbined (e.g. polycrystalline and nmetallic); 30 -
the thin Iaa/er.is constituted by a material taken fromthe |ist '
conpri si ng: ANMNUR Ditide, ppd 2 cambinationseiarsuperpasitionoati at deastitwe of t ri de,
11 May 2005he&e pld@dfgi/m nitride, and a conbination or a superposition of at
| east two of these materials; - the thick layer is forned of a materi al
taken fromthe I ithe thidnlyesisnigrmedidfiacmateril likearfraarthe dist cothprising.
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weakness; the zone of weakness is nade ting atomc species in the

10 source db@samatasialsy the vicinity of a deternined depth; the thin |ayer
I s detached fromuthg. rce substr by .elim nati e..g. by chem cal.
etching, a zoneqmea&"? 3&%&%#&2@%@2@9@3\? 8114 Iﬁ“ﬁgkﬁ%\"gaﬂ%’"?h%f

remai nder ofeadkh@sgource substrate; and - the conditions under which the

thick layer is deposited are optimzed 15 so that the. thick layer has a
particul ar qual I Hig zeneaf wealngsshis ade byf inplanting etomic epeciesi ingthe

nmonocryst allj ne, r. al.lipe .insul atin d conductive; it bein

underSl%bZOdE{)h%? %U\%gir%t%I%{ﬁfees\gdhﬂgpf%idégelgglppcg%gﬁaha' |y ge :a\s/soc: at ed, | guch

as the monocr yst ikl i layer i GBRLRH Rom Yk shiiRe: stbBisfe bYTEliniRbGY, N i S )
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docurment, the term"atomic inplantation" 20 covers a .
borbar dmen®-9aibY iehgimigal etching, arranesthat isdatespisediiatween thethislaygr aadd speci es

of said spi Rt R M Rite BUbSBB o0 vim bei ng o tuated at &
deterni ned dept{theelontitisas tndeN@hReNBRIMARY I5ydriida8podiltRl 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, .
atom ¢.‘or ionic species are introduced into the material wth energy
distributed 25 around a maxi nrum "Atom c species can be inplapn @‘g |§é§ t he
material by wusing an ion beaminplanter, an inplanter that 6@ e by
imersion in a plasma, etc. The term"™atomc or ionic species” is used to
cover an atomin ionized, neutral, or nolecular form or any nolecule in
i onic or neutral Eorm or indeed a conbination of different atons or

mol ecul es in ioni E94Fe héxardiagrant shovang thestepssip e implempatation ofide

advant ages gfethb@®in %mdn%.ﬂﬂﬂﬁlemgﬁél&on reading the follow ng detail ed

description, and the invention wll be better wunderstood with the

hel p of the acconpiguse 2és drdiagrgs of the websha dnothéYﬁMlg?@Qéntaﬁo e 1 1s a

di agram shoyy he steps in, i npl enentation of th nmet hod i n accordance
with the in%@?ﬁ’%ﬁ‘;a@ﬁ%a&w@qhel effieRjir am of the steps in anot her

i npl emegt ati on ofFihii@ 3 A fidarla ] e i.nventign. 5 - Figure
3 is a diagram of -?he steps | &etﬁpgﬁ'{)%@g%yﬁﬁgﬁé 5t'm8f?"3ﬁ"?£q%ofret hod in
~accordance Wetrﬁemlmﬂmdamawﬁhﬂiejnva\ti@nts a diagramof the steps! in yet

anot her i npl emental of he method in accordance with the invention; -
Figure 5 is a di a@é‘é{%q‘o’rs ? g!?@pgpﬁﬁ $ieps dmyehanotheplimplementation of 10 t he

nmet hod i n ahemnethod i dedordamt® Wity falihhiioh! gure 6 is a diagram of the steps
in yet another inplenentation of the nethbd in accordance with the

invention; Figur&igure$.isa diagramnofathecstess #pget avsthe finpleinedtationt 6 medi at e
supporfnw t 1. layers, .as.ran be used in a variant of the nethod of
0 iie o i AhcoRiicR il

the 15 inven ZHVERH0Ar e di agrammmatic section views

hvent ton, The. method of | podrmall e atihe b St A efeiBhat o

i'nvention. The nethod of the inventio
manner wi t e MeRgdipascoianice silhdhe invehtionout non-1imiting i npl ementat i ons
cubetrai -1 1 RATE! il R néRageRe i o incitsmpbata T or i
a mechani catpport 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;




support’ for the thin layer, by performng the followi ng steps: - formng a
| ayer of anorphous material to make a bondi ng | ayer 10 on a*l1SH|5f 36 of a
source substrate 6 that is to be subjected to the inplantation Y

atonmic species, formng a |ayer of anofphous material on a surface of an

. internedi ate support 12 to nmake anot her bonding |ayer 11; inplanting atomc

species at a detegrmined depth in. R%source substrate 6 to forma zone of
weakness '8; 100,%@8?&%"?’?&“@0‘5@‘ grgyen theiguirtace of the fhip laysa2dbat 30 200,
det achi ng t&&Tés%mg &YRE 76n V&Wéaﬂﬁes%ﬂ‘}‘f substrate 6 via the zone of
weakness 8; 11 y 2005 300, depositing e thick layer 4 on the surface

of the thin | ayed08, elminatiogrthedpmditygy tayetshd0zamk 10ftoveepanstesth;thimmd - 400,
elimnatin ing.lavers 10 a 11 to separate the thin layer 2 from
the inter @8%%%#(?@3@?%%%&%@%‘?% of forming the bonding layer 10 and
of inplgnting atihai steps REFoRfingRe BorkRid & ] i i hid ed
above, or in another grder.' ‘I:Ee step ofdi ﬁg%ﬂ%%&@h}%@ﬁg g’?‘lg'lgfscl and the
step 200 ofspgeiesEanbg pevformedrin the eidep specifietbabove) @d in andthenaidepat ent FIR 2

corr iz el & T ston DR dmblafil Aol it At B Slepr0bf Hatshindnr L he
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the thin layer 2 can be subjected to additional technol ogi steps, prior
to being subj ectbe $teps if formingatie bendidgdayersi #@ ande 14 hcarkespapdrtod, in

order to f : ronjc. .15 conponents, ,.or it can e
addi t iloogal ﬁﬁﬂiﬁg é%{)eé??g&??hﬁﬁso‘?'ﬁ#wa{ HaPa o1 Or}glﬂﬁ {Tgli‘%ﬁl knowg} togtﬁ\éer Wi se.
The fol | owpegohakilledsnthpaitzes exanpl es of materials that can be wused for |

i npl ementing the first inplenmentation described above. 11 May 2005 8 Tabl.e’
| It should be observed that the thin layer 2 can be subjected to

additional technological steps, prior to being subjected fo the step 300 of
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.




iF\ I ayér 2 Internediate Supporting thick Bonding |ayers support 12

;@r dianond or nmono Sic of quality inferior to that of the

{ 'Mono GaN Poly Sic or nono Poly Sic or pg@or Si3N4 Sic or sapphire Al
poly GaN or dianond or nono Sic of quality inferior to that of the
| ayer (1001 45 1Poly Si or nmono Poly Si or nono SiQ2 or Si3N4 nono
or poly Sic or %" of 'u nmono Sic inferior to In the above tabl e, as in

1 to pean. "monocrystalline”

10,11 Mono Sic Poly Sic or nono Poly Sic or poly SiQ2 or Si Sic
1€%ﬁzoq’%yer

| ayer
Al N

N or
thin

Si Si
t he
and
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tion
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whi ch are ¢ommonly obtained for ----- -4 tieng - étCl W 2005 9
quality inferior to

that of the thin

layer
N Mono GaN Poly SiC or mono Poly SiC or poly SiO; or SigN,
W, SiC or sapphire | AIN or poly GaN

or diamond or
mono SiC  of
{ quality inferior to
that of the thin

| fayer
{111}, {100} etc. Poly Si or mono Poly Si or mono Si0, or Si;N
mono Sj Si or poly SiC or[Si  of quality 4
mono SiC inferior to that of

the thin layer

lin in
t hose

) In the above table, as in the following tables, the ferm "mono” is used
to mean “monocrystalline” and the term “poly" is used to mean
5  "polycrystalline®.

EXAMPLE 1
The first example corresponds to the first row of Table 1.
_ The first implementation is particularly advantageous for forming a
10  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




Stlicdn single crystals- This is due in particular to the crystal-draw ng

t echni ques which are nore conpl ex and expensive for m)nocrys%ﬂ%‘l i silicon
.carbide than for nonocrystalline silicon, and is also due to'tW&¥ trate
formng steps being nore difficult, nomge tine consumng, and nore 5
expensi ve, given the unfavorable ratio between the hardness and the
brittleness of silicon carbide. The nethod of the invention is thus
parti cul ar | silicuiv sivighy ewystalsor Thimkisndus uins padicelar vibt the hirysthbgeamdng®  of

il ' ' it bl | tipl t hi, 2 .be tak f
sour 6. suboErANEUES HRIhELE QTP oMK P RrPatNpEREnBREtNE SIRET or r e t o
a thick | ayglmifie hah%r%ﬁﬁecrféthﬂiﬁérm; dridCis2RRb | i k@Nhe CdulsSttate on

carbide lie mainly 1 n hi power sem conductor devices- Unfortunately, in
such -appl i clatrhings stepsr theing vieore  difficulti onpree time ceonsemingnsand ninore he

support _substrates that e |t to.b | ected,for recejvi the thin
layer 250f %’iHePé'Sﬁ' cgé‘?eﬁ\ 3@? 'ﬁ'ﬁr‘ag@%k’%lggﬁ? ﬁ%?ﬁg?'in@%s ,hagm%%a%#ji ations
require thepRteRestofslicod@esrhiod el ectrical and thermal conductivity.

Pol ycrystalline silicon carbide satisfies these requirenents. In sonme of

its properties, lihe methed yofcihgsinvestionisdhys traricularty edvaelegeeds ode: it

Conpat | bl o ‘6o SPbEPareh A Ryerb 270 oof tAMN S RS Fltild (v &
or 1700*C (thipnBgermt 216 Det taRbn drom e sMirce Subsiratess badtéath of thaseothirsar bi de

epitaxy and for annealing after atom c species have been inplanted).
“Fur t hel®or dayara tade tﬁnsg%ﬂ%@rﬁyﬁﬂ%h layerca of loweenst.car bi de requires little

25 si | con car T HaTefoiRy i Shido o Lo NE bR AEREPGRER, &' o0a
properties sehiconduatiradeélices. c hgnfort@ha®ly, aink sudhhapplicdtions, xeraim veayer 2 of
nonocrystalline silicon carbide on a thick |ayer 4 of polycrystalline
si | i con-cargstieliver sReqinatiPAY limit 1es suppath gubsirated thateargasuiIGdBURS y nmade
deposi t1 on Souieth PhargBivig AT, £RBr £ OF GieBH SABCT, HFREime
perf orred aircumb&inces| suchcapplications 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 commonly 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




11‘ May - 2005 10 deposition tenperatures, i.e. at about 1350-C for silicon

carbi de), by vapor phase epitaxy (VPE) or hYdride vapor phai.ng?'bg@y
(WPE), by high tenperature chem cal vapor deposition (HTCVD), "0 ot her
equi val ent techni ques. The thick layerl®% can al so be made using techni ques

derived 5 fromthose generally inplenented for nmaking single crystals, such
as sublimn Q'ﬁtm | t her technj % nerally used in nethods for
drawi ng bal Ig(.aﬁ e use ioaflgféjlﬂ% 1% r"ﬁ%aﬂtgggé ﬁg?r dhicon sarhsled by ¥aPMe poi nt
of view of delpassi tepitaxy (BPE) Yo Ihgdide "Rpopt : - “{?' ndi i ons,
high rates of growth, etc.), btﬁ? it can beb}g%\%aﬁpg%gg[is rEg]’m% hglg?)]oi nt of
view of 10 E8YratHs chemieal nvapar enosiions (HECB),haw ibyg othetli aquivaientof 50

mllinmeter herpi,hi i t 'y 300 nicror

Thi ck e o Tbucd. (el ik 19CH bl S1o8 e Rl-88 i3 Yechumire dehede by

cheni cal Svapgom twses genemliyi iniplgnentell fark inikiny AFRIEL cPstafd eﬂﬁ? ahout 100
e

pm per hour. u#i Fur#h&}r nore, using a surface corresponding to
monocryst al ISUREMIL feHinguess of ithemiachnigues geresallyd esediini metigRls fdre t hi ck

| ayer 4, depfgin . | yized,so as t roguce.
nonocrystal | | ngmsb%hpl)lglrat su eg{f%@r}e%gﬁésuﬁc@i %@@eg%?cfﬁg%lﬂﬁr?@ , the
thin | ayer 2fiaw of depositiors gaality gowdemperaturesTPRALUNBHA! ddndRiohbi Fikn! aver 4.
Dependi ng oEa Ee fde%ﬁﬁ;ﬁé 0 QFti m zation of the deposition paraieters and
dependi ng o i | Jé‘?}m' ean ibsnadvamtagesus ey dhapainteoftview lof | ayer 4
can be 1¢f pesst or of nmedium quality, but the resulting substrate WI I

neverthel ess present the advantage of being of relatively |ow cost.

Hpwever, it is aFen sjicesidarbideosubsimtes1inoimgy at alaidter (i Sk nlifvieterd to be

of good or @hm\je@é Iﬂogq cgjra lt%q!if the 25 application intended for the

~ substrate r T [rst'aYefHe s Advantagapusly Al0micsens Gronthicka The thiek nanner
as to form myspbptdgfak h t i Y M- IS, Very .t hick i.e. that is a

great deal t%(i cker t_hgﬁag %e@d%u}r%'ragggh%gé?#%{owgr Ey c%ﬂ@ﬂgivrﬁgof)n t he

appl i cat i ondenaesiticarwiihgeowdh taking plapt atranatatdfabode $00 pheger ipve. the thick

| ayer- 4,can be t_only of siljcon carbide, but of 30 polycrystalline
al uni _né% nitri dgﬁ'ﬂ@fe ProltiNd & SYfface fomesaeedingl 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




"The | nternedi ate support 12 nust be capable of wi thstanding the conditions
i n which the thick layer 4 of silicon carbide is grown, and ﬁ-‘@t ghﬁg 11
May 2005 be capable of being elimnated. The techni que sele qY

removing the internediate support 121dan determine the material sel ected
for mking it. If it is desired to sacrifice it by etching or by nechani cal

or chen cal -t : e 0 tching,and,r.enpval ,. a al so the
i nt er nedi at_béar sﬂppor of Pft' @BM\E@% nﬁ‘z'te {?&?'BP“FO%'%%Q‘E .fO’LJFFdB?V'Q%Bﬂe

ci r cunst andeiemmediatessupporniacavdsichnineSthedha&HBHSBIBEEE fslamakiny iCoFt silicon
can al so beg 'UZFd’ $gt it%]is _rrgre difficult to make conpatible with

deposi ti ng "t If&les|ed &3 5agufias; &by stehing of iycmechanjeal or chemieliereyal, i f t he

i nt ernedi a LB : red,. jt ible to
e marer | SerPlteifbhe BF olchirld SR Rincfl {REASLGE el ERele sipdl0R2 i ¢ 1 <
possi bl% t dselémest bpadfylowyamstl Under sudh cincumstahéste iok RivaAtagepaso bl y,
nonocrystalline sili coram.éarb de since it is not consuned and can be

reused. AdVENtRYEBYET P |<_'R“§r9?§ﬁisﬂﬂpﬁns%b6!‘39 o ysedydutl irigomoy
pol ycryst aliffidift Mak@rbcﬁﬁﬁatﬁb@m&ﬁ‘écfé ginﬁ ﬁlebﬁﬁtgdrpgaltb?eéf(é}% ﬁﬁeicl?' li con

oxi de. 15 The use of silicon oxXi S¥- 1t easier hin | ayer
2 from t helayetd.cén contsastaf thesintdrinediate seppotetRss térnovedf ard tecooeredxi de nmakes

it possib to.elimnate surface.irregularities and to perform steps of

pol i shi ng, *“i@ @h%PPET’ﬁ%, fo, P%%geﬂsvaleﬁg BE MepRRATSA,  HRdehswen ng t
silicqp oxgj : i |lg.g§§ : s easy to

I mpl enent . '20 nfﬁﬂi'%ngsr ?tggﬁéibdetog%lel%ﬁ?%n [ n'g,"h%?%?’é%fgﬂgﬁg"ﬁ’ggan al so be

repl aced Pessidyranoncasystafioe siliadn camidesinoplitds $idt iconsuméd ahdean$e 3N4) . \
Thi s mat erljegg an w thstand hi gher tenperatures than silicon oxide. This .’
advant age 1 e‘i)art icularly suitable for optim zing deposition of a thick

ayer 4 for thedviheeeusiyl drifietefighs OB ' 1Y IPNAGKY shald | 6F o
polycrystal line |ayer, or indee 25 en It 1s desired to I'ncrease the
rate of ddpdgiystaine siicen canbide covaraul ie abomrding fayee e ff ailicom ogitlet he net hod

e e St SAERY bERR 0 Rl 8 kel i Bl v o
- silicon caheisterce wabsead 89 IPRyRfiZed Méfifsiton’ offsiloh! 64l FhhKSs 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




|

|

- carbide which can _be in polyc

30 and-an intermedi ate support 12 of polycrystalline or nonocrystalline
silicon carbide; this structure is nade by a | ayer transfer Egpgoﬁoé own to
the 11 May 2005 12 person skilled in the art (e.g. an appli % a
Smart - Cue nmethod of the kind described2in French patent No. FIR 2 681472);
- 300, depositing a supporting thick layer 4 of silicon carbide, e.g. by

CvD at 1350 ta.the free rface of the thin |ayer 2; 5 - 400,

el i mi nat | ng%ﬁ%’%@ﬂ'ﬁﬁf‘& ‘F‘ﬁy%’? L9 agapplicatgn ehaBreat-Catt matod of the bat h of

hydr of | uor i &indcdebcABE HFGTaNSK 'ngm}rq@ }_—theégqagi,%te support 12; the silicon
' I no

0 ystal l'ine ‘or nonocrystalline formis inert
in hydrofluoric aeP®, depseiibgs: sitpparting dbickldayer AheSsilEsy caBRId, %.4.Mby hi S

bst Y1 o} h li shi f th f f the thick |
2o Snory o BV aP13a0-b Mg frgt ik Ba o e dhin ler 3hi ng bei g cuf e ent
since i 5 consti{n!m()'::Selifnhrfatihg«EtheSbldaﬁﬂﬁ‘&;.;tIaﬁélr‘:iel{)oeir{cf*l"f-b}ic{h%hniéaﬂl%gérﬁirgcsJ 14, when
ol, 7l IS ev

the thick layer, 4 .is deposited undei good contr Ible to
onit this pBihahioldiydeilupric Bsid Andgeecavesing, the tisiegnodiate sumiorshaptef t he

final substg B wils d e.qg tq. that the final substrat
14" has e SReq Girokfe whifh P46 B iy il ag monectaiSedPup & STe | m nat o

nodul es frdm tiydrofidgrc odcid,havherbhst ifddh Blide %Yf”{a,%&sow' st he
0o e

front face of the silicon carbide single crystal 2 final “substrate
14, i.e. t Hbs 589 ace of the thin | ayer 2, can be protected during

finishigg operat.i e 1 P | ar. the optional eration of ol i shing
t he rea?] face of ﬁ@ﬁg FPP@?AI 3@'@5@"[5{ atle tqgf. S{‘)l%a‘i?arpfb %b e'ﬁyﬁtrhéf ofguri ng

“the initialpolyoeystalidic tdikconetcassidef rbligh | POIRA Orbfgﬁ]gsgﬁﬁi]éhtl a¥eE % i

haturally protectied by the internediate ‘support

e frnal Substrate
14 obt ai ned°ByUHigs e & syepeHifacsiof thedinahsuhsiate tdokhemthe thick tayemn

presents ag jsng t in. layer 2 .and the thick |ayer 4 which
is highly conduﬁqseggt@? hwgﬁg‘été@ﬁgéﬁ'{)'saﬁ%e"t H‘%’ﬁ‘@?ﬂ? orgif thig pofisingy
deposi tingstdpe material of the thick layer 4 directly onto the thin
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




‘léyer‘u'z by the nethod of the invention makes it possible to avoid the voids

30 that woul d otherwi se be fornmed during bondi ng as occurs m?g& ug&ﬁg prior
art nethods; and secondly, unlike prior art techniques, the aY
intermediate layers of silicon oxideldr other material of the kind that
are generally used in 11 May 2005 13 adhesi ve techni ques. The nethod of

pol i shi ng. (RRCRVE TefiilEsy RS RitRad ot fryenton dod mkenghoBeine Gery”
inert. Thi s:rﬁiﬁtmttebgwifwénaramgaaﬁ@%ﬁyﬁ?é RS SilicoH ERMLTIB whichPR! vetp! ng are

made worse when using polycrystalline siltcon 5 carbide since the rates of
attack dur i @0di sherpgalyrery daerben Thisaisn padiculagyt adhemtageniusssiane gr ai n

boundari es I t] he jntrinsic . and bul k crystal

qual ity of o ae g?a‘?ﬁga%\ge%{?%e¢§§%%?r%eswg?n dSHig BRlENGIaIne, st '°¥?| certain
appl i cat i osarbidehsincaetheorhted dfhattacRveminigd Ppolishing® 9aly"BeRERM §Fhidg of Or M a

thi ck Iayei) 4 in which 10 the selected materials or conditions of

i mpl enent aPEBYPESrIraINS R AEIN boupdaries, andt alem as ar fuaction obthe intdnsicnt er f ace
which is a l("d?}{?bq : ricity or heat, e.g. by using an

I nt er medi atag&?gly’er oﬁ%‘ﬂf@ﬁﬁ%?ﬁéﬁeri al between the thin layer 2 and the

thick layer 4. Neeerfhieless, iimpheutdricaiobserved thateinnssrtad dpplitdtorisRat i on as
descri bed %&Wﬂ& can he the subject of nunerous variants; in particular,
the materi ¥ pdRntionRAn badmplemanted fa famac thickitayeg 4tinevhicher

mat erhpgl s | way. .of | & h . ow of, Tablke 1. In this
first tli@rrpl %‘%’%?@rﬁn %%ﬂét“ﬁeornéotrﬁg%f&t'h@’@'ﬂ%%ﬁ%hf El]e[ nleéhﬁg%?h%ossi bl e

to substi tinventidnesave fo ébtaimfandhioriace which ishe pboncdmick@ysh Sled@icypd 20 11,
by chem cal an operation of separ ating the internedi ate suppor.t’

tching, by, . . . .
12 and theortri?ﬁ é& %ﬂ&% fesmgdiate favepp! inpulating materalibabvaenthey  atomi c

mechani cal stresses. It Is a ossible to facilitate the step 400 of

el i m nating thdheofirdt imgplementatiohOofitha methoanel e ineattiont 19 dekbibed

I nt erpedi at,e 25 sugé)ﬁrt lﬁ.fro the thin | ayer 2 by techniques known to the
per soh® skiF0¥G 947 D¢ e subiect ¢f numereus ¥atigntenianpritisulan theemplaf@isg | ayer s

10 and 11,méfhtioned above can be substituted by using the other materials mentioned
by way of example in the first row of Table 1.

.speci es- i rlhtﬂﬁyér@@ﬁd%ﬂ& lﬁg%}p,grt 12, for exanple, and/or applying

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.




It"is also. possible to inplenent the nethad of the invention as described
above wi thout using an internedi ate support 12. This applies_ jn gart I cul ar
if the transferred thin layer 2 is sufficiently thick and i sThMae<84c a 30
material that is sufficiently strong. Ihus, a thin layer 2 of silicon
carbide having a thickness of a few tens of m crons can have sufficient
“mechani cal strq{]%'% h. 1% IY)B 005 14 It should al'so be observed that the
polarity of the It Higild alsebeobserved thatthe palertyd theklin layesd efsilicosur ce
Ssubstrate f ' h L ar it f e dnitial
our ce. subsraug EKEEHBRL IR SouTe RchaRll Ban e FoiPRel 4 bl M !
~ cor r esponddhetpwlaritye obthef intial soutce dubstratef G.c Tharnsblarity af cosiient cabideh 5 is
~well known ¢ h erson skilled.ip the art. Possibly, the thin |ayer 2 can
be taken fsrug’ﬁ%r?%e%wgg%tfbb}eélgm@ Q5yf0 3y Cylreg andgs @& eengept whidhus naki ng
|t possi blie el KABANAS tROpSISOhYKIHGE thd rtl PosLiBH BRMIPlaef 2 AR @Y de an
operation consisting in formng an 1nternediate’layer, e€’¢g. an insulating
| ayer, on ttAken fiom fheyseurge istibstrate 6 bydappiging itwg ttaesfersi thls lrazling 4 By way

of exanpl e,poggﬁleitgkgrg@?bsfaﬁ ;ﬁ%&;, can be a fine oxide (500 angstrons (A)

thick). Thi"'sTprovi an SiC substrate on insulation,

constituted by @ ishalBo!piseible 18T provide Odh %pfe'fdii%n L} O-ryﬁgdinﬁ]cﬁg{;ﬁqgg;eo“

silicon oxide, with both |ayers then being |ocate r 4 of
pol ycryst aifMeimrdiate jayen, eidr aaxiasplating 18yer, sercdhd thimniayer & Hefiaref i r st

i npi Lon. f the i i on i s .described bel ow.

of Dexath! odeflsiflia MREWIE B00 3| By Sy F SRR 48 R BetAe i Ghnde. for

opt oel ect .rbei-mﬁ@miﬂé?&dmﬁﬁgd%nwﬂl)itﬁkkk)’a‘rThi W&&@ fonZQxé'mt)% 55@1‘??0' exanpl e
abl e d &' fo

corresponds to the second |ine of 1, a conpri ses oW ng
steps whi chulstate eiwinsulatiang eanstituted fys iat ithig layehih df a$i€@ ¢h af fine

nonocr yst aj,d |y i Lf 1 de a source substrate 6 of nocrystalline
silicon ca!rnlt‘)éllﬂge@ér%%d}osﬁ@gﬂi %@%‘Pﬁﬁ?f’ﬁ‘ BB ﬁﬁ’é‘g%%’f'gitﬁ?ﬁ ) or by
nol ecul ar thickifapsi4 efpolydvigtallind SilicoA SBPekarmpig. @ bonding layer 10 of silicon
oxi de_on the thAn | ayer 2; . -
.15 - 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




.~ depostting a bonding layer 11 of silicon oxide on an internediate support
12 of polycrystalline silicon carbide; - 100, putting the twy bondin

| ayers 10 and | | into contact with each other, and bondi ng11tM€y38 i ng
layers 10 and | | together, 30 - 200, idetaching the thin layer 2 of gallium
nitride fromthe source substrate 6 via the interface between the thin

| ayer 2 and the source substrate 6 (e.g. by applying nmechanical stresses)
or Via a zéample, hyakinlaningegatemia spedies inving mo0scryaialiieg silicoa, canbidenpl ant i ng
atom c spegy | ‘ ystal,line.silicqon rhid of,, the source

substr a6 6 G fourkp SuBSRRF LR e Binds el of e hiareiz: 500,

deposi ting a thi 880, dysusitthgoh ﬂhCHkylfég&rSH%ﬂ ga?cujsﬂamﬁe%iw:lbb%idy pyCVD onto
the free sw@ce oI_. the thin Iai/er 2; and - 400, separating the

i nt er medi afe/R aplodhe figg tirdage ehihedgin lagendmndg | ayers 10 and 11, e.g. in

the 1 ntor modi at o Ssbea B Ml s{EPBY Wit fe bStafa, " e "
so- Gal | ed taechd8auid' 11,.eegnimad)athrofinydasiiiddy ddider widraly by Rembengi ng

| ayers 10 anqg L I . via a pre-weakened zone or otherw se, or by 10 using any
ot her techmag?f@'lmﬁﬁﬂnl"lﬁmﬂéhﬁéﬁ?ﬁﬁegﬁﬁ sHBEPeth 12nandithe beoediagdayersg a

substrate t | [T @) i g oned by
appl yi ng aqﬁeégﬁaﬁfggp,a ttﬁ%es?—%ﬁe&\({:ﬁtec%q{:a , %hg&ur%gg)igﬂ}%éeﬁ l&@g&gﬁﬁgss Q her
vari ants otheEhending lyecanOtande Y ivimgqste-Wénkeneti ionenst athepsise 360 bpf

depositing polycrystalline si]icon carbide can_be replaced by chemcal 15
vapor ihepoﬁﬁf'? @HY&?“%JPQHF%,E{ g’i“P“?"’r‘l@ theperaamskilled i theoart gadanapliegl | i ne

gal I ium nktak r ] [ gggbql" [ . e thick

| ayer 4. In%tsg'g%tgrto\%? %gg?a%gﬁgo y ryséfgsf/ﬁ inled} 82%@%%%% %ﬁé(?ebgf the !

t hi ck | ayeapplying e rhechanitahthémakl, chersieal; ele¢Rbstatio, otel stasgt her variant, the
the 20 intennediate support 12 is

Fep! aced by al GPRLARRLL (ESGMR LA &6 anvbiase. Tayering eheration
1 i ot e yopahgsrg ol taife <fich artian Fh R ol EReRCR e
net hotS i s vaper depesitien ofi polyerystallinecaluminumtritride 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.




of Exérrf)I e 2, except that a thin layer 2 is taken which conprises not only

the 25 layer of galliumnitride, but also a |ayer of the unﬂﬁ&%g%@%%
silicon carbide of the source substrate 6. This can be done g a

weak | ayer at a certain depth in the sdur ce substrate 6, e.g. by
I mpl anting atom c species.. Under such circunstances, in yet another

“variant, not only N s. 10 .and._l..| elimnpated, hut the
portion of the t h? ﬁ’refé’yﬁ ‘}%ﬁtg ﬁfgt %?ésﬁr?gé’ Of galllyy nitride ﬁ"é@#ﬁ?quﬁ% 18] so’

el i m nat ed, fayeridvs replaned by shaminuperitide Sesbmé ofee idibAall PiSdeedt by h- €. an

extra transfer  befor |l acing it on the internediate support 12. 11 My

2005 16 |nS§Pe°L" & hsﬁfﬂ%}?i Hr??@?a'%.h@qsagb& iegether | withn other i iderowdatet ut i ng

the thin | apgipodnts. repl aced by alum numnitride or some other material or

rndeed by a stack of different materials, possibly together Wth other

intermedi ate cofipdirdexaspla ohithe firstiipbendntation bf rthé mBHGIeRtiREI on of

t he nmet hod .l pnvent | IS described bel ow. EXAMPLE3 This exanple

correspondsﬁvghﬁg@fsn%esﬁﬂé%cw?)@f"al line silicon substrates 10 of |arge

di aneter. These substrates are expensive since they are difficult to nake.

As for nonocrystalline silicon carbide substrates, it is advantageous to
make a thi nEWLﬁﬁ nonoG ystalline material on a support of poorer

quality, for ex I a material that is polycrystalline, anorphous, or

otherwise. If t Fﬁ?’ﬁi’lea%?&esf’e"@%%@@&mgrrée@mséﬂh@e gilicmppubstratemen t here

%611 be podfilafjendiatfetsh fTieadl dutkin bfelndfle didde HiebtdrE;

phsyi co- Ghem cal difficulties at tﬁ(taéga %é*‘\;/éggﬂ?n "ia%efg]g’g,érgeddfggg‘lt ﬂ%

dif i cul ti dgaket &s fermonecrystalling siliconicaviside sabstrately, ais 2@vansiggoiBles i t

eposi t 1 ng TRake R By St monGHvhlsfie tratarfboha evpRARLCGPORIRE Qublies of | he
POSSI bl & Lo P oV Go an nt of L aRas ot A ERhs Ao bllS S BRNEE Fery,
dopi ng is j@e tindawer isdwaded ireatly iango assappianm dherntheré willdrt polighie t he
t hi ck iS’J‘yerdifﬁcﬁ!ﬁeQ eﬂ!-_é}fbngﬁlﬁod?ljﬁgﬁgess,,ophas%ictogchee%%glcde:fﬁtcnlﬁeg late ?hter alz((!:ha(lsive "
| 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;




and thérmal transparency of the interface.. 25 In this third exanpl e which
corresponds to the third row of Table 1, the follow ng stepihgre- 05
performed: - - a thin layer 2 of nonocrystalline silicon is Y g

insul ation (bonding layer 10 and/or 11J, on an intermediate support 12; a
thick layer 4 of polycrystalline silicon IS forned 300 on the thin |ayer

30 2 so as to hay Ieast 725 the internedi ate
support 12 is sepﬁ}I &)%l’h%ﬂg gg% %Ft'ﬁ?\y%tlcgl'ﬂ m cal
treatnent i silipgvitcoredxity (sgl ashgw@;d%mmrmacﬁﬂ) ar&ild)ﬂ frieBhahibAGemovsl de (e. g.
usi ng hydrof | uor| c acid) and/or nechanical renoval operations are

performed s8P@SlioRs reRAriormedisa A ta arsuredhatdhe surfacegose lof dnsilican t he t hin
| ayer 2 is ththg% "flb'tgﬁfg@yjqéecqg%faq{dﬂ ng operations are perforned on the

pl aneness, e -t Kness etc. (polishing, |apping, shaping
the edgés, cheni -dahnmgaqmmmSOére phﬁoﬁnetabnstﬂbqﬂéﬁér%sMthélttﬁéldﬁsst0 make
it conmply w,th tandtazi SEM or JEIDA, for exanple). As already
described a 'gEShElCs H@ shapipgtha edoes, demiedireatmephof

i nsul at i on ﬁﬁrﬁi&?sm‘nfa% Wih Baee» Wil Sorfi ith SREEBE shfin Be M ©

weakness 8 in a silicon source subs mng a sil1con oxide
~ bondi ng Iay@‘rJEIIDAofortebtampla)r ce substrate 6, and also in form ng anot her

silicon oxide bondin % ée %n th |nte nmedi at e su%port 12 of silicon
which can be p y-dascribed abaventhroiien o) s1aking asubsitate shsiican puf fing
100 t heg 15 HPial r rﬁ%ﬁﬂ din oget her
prior to det acﬁfgggh?@ ?Fﬁl n ayerlly %@aﬁmgsourcr%& rgtieot}%n&rhl s step
of maki ng aveakpess 4k i m afsilidoni samcersubstateatiami EEaforbmg mesﬂimm:d@y a

"Snmart - Cue tecg |qtée 8r rrpl e (see, French atent . FIR 2 681472, forf
exanpl e) . yehd O o elsé’&')‘ éuhﬁtéatﬁe@n %rﬂ%'“ ferniag | anatheron

i nsul ation ssl%ﬁiixfo%ttﬁ)ﬁm? 2@“?% Qmﬁ lﬁt%nsﬂ:};) ﬂ?’f% SHidh )@hknown

technique suitable f i ng t ayer | con om t he
source subsandiepalycrystalline or even monocrystalllne 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




One such technique can be the technique known as the "lift-off" technique,
whereby the buried silicon oxide is elimnated (e.g. the bonﬂ&g Iﬁ ers 10
and 25 11). Another technique can nake  use of mechanical str Y PR ead of
-using the above-nentioned lift-off t ebhni que, it is also possible to use
mechani cal, thennal, electrostatic, etc. stresses in order .to separate the -

two parts sj iel j dhesive jnterface, an epitaxial
i nterface, gﬁ@t@gs@@g&ML?%@ﬁ‘M&%ﬁ%&?Szg?fi‘? n g\ﬁ" W'?Ql{?’@?%sdi ate
support 12 tQanédiseptieathidiayen?) beird hedhtertbamte Suppdit $2 WBCHefond @ any

one of the tgdg.ESi v inﬁtjgrfaces bet ween the bonding lTayers 10 and | | and
the int er medPae GRS PY $8ch gpplaptalignaddi ti onal step of | | May 2005

L3 et i B 0

layers 10 and 11, in the thin layer or 1n
vi a t heSzoriiso badmplemanted émpadrtioy is fllpiomb aspatating thé thiwildyerzefreser ved

that the a - :oned form,ng operations Gan 5 also be inplenented in
part or inq%ﬁt%ﬁdd&et%’pggﬁ??ati ng the thin layer 2 from the internedi ate
support 12. It gthehduill alsebdebsirsed | Yot - of -
depositing the thick Iaggg‘ 4, | nsupgétii%ﬁez%ﬁ{éo% e"’,cbdn{;f(?‘l’%(?%?m?@ﬁond,

‘etc.) can BBICK layaed, ibsula (amoxide ayitride 2dismandastet e benrmedlsi that e 14 has

t he struct yr.e af . Shl] 0, Q. dnsulatign..In a variant of the exanple
doscribed AuDJaver:2, sd that Q&‘?eﬁ’@! Sibsidle JAnas g sinehire of sicampn | ayer 2.
The radul t insgidtional substrate 14 is particularly advantageous when it is
necessary to have good renoval of heat generated in the thin layer 2. 15

~I'p a second i npineh¥diiantiop therexarmplerdeshiltkcbabaves aithick tyepd, ofatiarbawn i n
R = 3, N is thick | 4 in_the
esor  boa BB B e thiny Byef o Hhe st il shbskal 4 isopadpuieR.
i nvent i on, advahtddeatisavhers Rfisl nebad@iry IPhhve gsm?é,rsga;o(;} r{dﬁﬁ gfehgpatg@ce of the
es O |

thin | ayer, § Tabl e 2 bel ow summarizes siI x“exanp second
embodi ment NJhe U9 1ay86 2ret hod of the invention in the context of making

g ‘5?2 g{lgiffog{ Cgﬁtaeé&%nd ihpléf8ntdSh do? il rr%tﬁgé of rtHeC irven rct)rii,cass’ sr?(;wn. "
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.




“11 Ma‘ty.2005 19 Table 2 Useful layer Thin-tayer 2 Internedi ate Thi ck Iayer |

4 Bonding 16 support 12 layers 10, 11 GaN or AIN or Mono Si{4 Rl boosS C
or-nono Poly SiCor S 02 or Si3Nd AlGaN or SiC (in partlcular ¥ di anond
or GalnN or recycled) boron nitride er GaNor Al Nor {111)Si PoI y SiC or

nmono Poly SiCor SiO2 or Si3Nd AlGN or SiC (in particular if dianond or
Gl nN or regd ¢d) boron nitride other GaN or AIN or Sapphire Poly SiC or
nono Poly SiCor S 02 or Si3Nd AlGN or SiC (in particular if dianond or
Gal nN or ,réiaaﬁh!edbaybo Fhinlayer 2 IntdnmetiataN or chﬁﬂaﬂ@ﬂo Bdndmg Pol y]Si C
or mono Pqly. AIN or S| Q2orS 3Nd | AlGaN or fl 11} Si or SiCi(in partlcular
i f di anong 1§r IC H GhlnN or s7apiPPErlEcycl ed) | boron nitrijdeyersi& 11GAN or
AN or Mg T Faby —GCaNor 502 S-S ALG {1
11) Si or Sl%lI |ﬁergfr) %ﬂgEP%’el tﬁwa}(roshig 8&@%@1 \P8‘§ s%%phqrr egipé ﬁ—
boron nit fjiAMBaNot heor | i ~aN or AllNSiOr (iVpaticalde iP[ diBalondAl NrAl N or GaN ot
S 02 or S'?d% Al GaN pr {I 11) Si or poly Si C of other sapghire dianond or
nN recycled)

boron nit{i EXAMPLE4 boron nitride
other _
GaNorAlNor | {111} Si Poly SiC or mono [Poly SiC or | SiO, or SN,
AlGaN or SiC (in particular if | diamond  or
GalnN or recycled) boron nitride
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




‘In this exanple (Ist row of Table 2) a thin layer 2 of nonocrystalline 5

~silicon carbide is made on an internedi ate support 12 of pol g{{:@g@%@#éi ne
silicon. carbide with bonding layers 10 and | | of silicon oxi de’between

them A thick 11 May 2005 20 |ayer 4 9} polycrystalline silicon carbide is
then deposited by CVD- The resulting structure is then subjected to

treat nent s | e¢f, i th structure constifute e thin

| ayer 2 on t{ék%ﬂ? h.s’cct?%fyé’%ﬁaﬂﬁ‘gf #‘gcrﬁnt ﬁ@m'ﬁs%t’ﬁrtﬁ‘é‘ai@gs éﬂr&./%ytﬂ)&y of

exanpl e t hi esultiegt sterture o theri Subjactetictl #8atdt SuRaME B8 db@fig # and 11
| or Wi thout mechanical "stress, or nerely by

in hydrofluoric acid, with (

renovi ng th"gnﬁ:g‘t"@r canstiyted oy ithe dhine davere2 sompbet thick layer $disanbthe al so of
t he bondi 1 | 16. of. Li

it e i o RRURtESuBa, by Jeaf Bt eXanBid B Heal cobfiRin SRhingo

car bi deSof thedarding lagersritanz 1 MICkiirofiberie! a6itiuvith @Y WithdGt @it cHahichlim

nitride is 10 particylarly suitgble for optoelectronic, applications.
EXAMPLE 5 ﬁtWSPh?%m@@ﬁEY égr@%‘é%ﬁw mgierit of the inlasediaie puppert 42andt ur e

conpri si ng paasibi f8h b i id | S me pt.ar pedi at e
support 12 pof sl{iy glc?lgycr ygg)gﬁfhln%elbﬁrfisfcdohﬁggr‘lbi ’d:{é'glﬁ¥1 E?Hg&}’rg%ﬁgpt@e%rfgri bed
above and Ig@iiiuny nilride dy elepositest bhcthe freé dacd ef ike mokwmystaliindisiconayer 4 of
pol ycrystal || ki con . carpi de | eposited on the thin layer 2 of (111)
P1 Y Con’ by celie PN BR it by B B usel aves 16 ot gellim Wiidesis rent 1
~a bat hyeof bﬁﬂf&id%ditﬁbie%ﬂ(Sbt&é!é&f&{icaé%{i(%ﬂfdba.”mham cal stress or any

€

other treatnent suitable for separatin thin layer 2 with the thick
layer 4 fromthe internediate support 12. Thereafter MOCVD is used to

eposit no I lJine galliumnitride on the free surface of the (I 11)
silicon \/\h%ﬂéf‘ééﬂteri al known for enabling good epitaxy of gallium

nitride. The thirthReegamiie ($ohd Tk of thd 6BBu Bty Sl caiAGhFIcouS! Y

l'imted to | ess than 1000A"so as to ena t hout
br eaki ng t8 thifelayeenal {EMpasilficonristforned aon ancintemmbdiate guppertviz iopus

ng{/gﬁ?ggk@%ﬁ%ﬂﬁgl %ﬁegargﬁéggbgﬁ?m@me} ge‘egcﬁ%ta?lne?brgve(atm& rhgtlvirncgiwa of the
: 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




80 i s frade on a pol ycrystalline silicon carbide internedi ate support 12
together with bonding |ayers 10 and 11 of silicon oxide bet“ﬁ?& tgﬁﬁﬁ after
which a thick layer 4 of silicon carbide is deposited 300 oh' V'Aé n

| ayer 2. The 11 May 2005 21 bonding I@kers 10 and | | are elinminated to
enabl e the internedi ate support 12 to be recovered. Finally, a useful

| ayer 16 of, gal.liumnitride js deposited, ,on the sapphire. Sapphire is

anot her nat%‘g]dgfg F“\)fﬁfs }Ié aﬁﬁo{/ﬁa%gﬁ%@g@q iRy egablg the ntermedigte sapnarm
nitride. EXMYBo focdvbrédll Finkflyoalusetut daplond bPYhiilin rita8fis W3Bolialy © above)
one of the structures described in any one o e three prec 8| ng exanpl es
i s made buton thesapphie. Sapphiratisdingibérmatesiahttait isckrsiwn fooenabliny giod s :

repl aced by f olycrystalline alum numnitride. EXAMPLE 8 1In
this examl%ﬁt@#‘?ﬁf@!ﬁ%" d‘?‘he above table) a structure is nmade of the

type described in any one of Exanples 4 to 6 above, but the thick |ayer 4
of 15 polycrystalline silicon carbide is replaced by a | ayer of
pol yerystalﬁmpb-ﬁl?i um nitride deposited by HVPE. EXAMPLE 9 In this

| i Xt h f t t ' d d i bed
Cnoany one. of 't 1L i sevRFuCBSTplel Rofitin S0 bR ik et onR 9 e <t ol | 1
silicon cardhudtred déd@ibedti® aRp Gnal 6f tht et prédedifg bﬁ&hﬂgfe%% l?%ade but

polycrystalline alum numnitride. In the |ast siXx exa s above, the
monocr yst altite daick layes ¢h of pelycerstalling silizen (carbidp isireplaced byr atlayersefpphire is

used a f " itride epitaxy. The advantage of silicon
car bi ?2) i s%tgﬁgwsﬁl@ec%égﬁﬁ@i' bﬁ'ﬁa‘%f thermal expansion is simlar to that of
galliumnitride. It should be observed that the thickness properties of the

thick layer._4 can be inportant, for exanple when it is desired to nake an
electrical EXMRBEE 8 30 with the rear face of the final substrate 14 or when

Sracuat! N9 heatinABRLATe Mt AR OPER Sodi HBiL) ' sehlifurd i€ Tillad SRE 16 15 2
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




11 May 2005 22 when it is desired to extract and control light emtted by
a diode or a laser nmade in the useful layer 16. It should ahs .apgod}‘pserved
that if.the thin layer 2 is of a thickness and if the materia
constituting it is of a stiffness that2Zre sufficient, then structures 5
equi val ent to those described above can be nade without using an

I nt er medi at u rg 12, Numerous ot her variants of this second
i npl ement at"?‘beri“ Eﬁgt é"ﬁ%t“ﬁ&g‘%a #Ja'f"ﬁé:of‘m'e'r'ﬂhtcﬁ‘m'ﬁ% by) & digsiesen allaserThus, the

step of formhdwintthe skt kayepygr 4 of polycrystalline SiC of al um num
nitride, or of ?allium nitride, can be 10 replaced by a step of formng a

thick |ayer 4 oftsiichkbalgo be asepmddhahif the thin layer Dishefra thivknesé and ifhe nat ure

of the int [e AL . . 1S ch ed.  Thus, nocrystalline silicon

car bi de caﬁﬁ ge Jg‘lé‘ﬁ %ﬁ%ﬁfég{"% i%tgiﬁloira ﬁﬁﬁ%’sistth@%ﬂ‘e icignty Hledgstrugtyregepl ace

‘the polgcr equnhldnbetosithbso ndaseiibed e abbvd N@in Y YH4dS @k cid?e%:ﬁhﬂ”h um
e” sl

nitride, 15 Simlarly, these exanples can be transposed to uation in
whi ch a uddetnedidesSuppeitad?2. al uni num nitride, of an alloy of al umi num and

allium or of ' nd i ndium etc, is forned in

gccor dance wit hNta ee%l) L&\%ék@?(“)’%%%ﬂ]ﬁﬁp d S(ﬁ“f‘ﬂé’%‘?@?‘iﬁ‘ltatloé‘ﬂfrti‘?fﬁ"@hoﬁal lium
nitride asotifecinvérdibnodrevaiso possibles Efhlls, iy Sfepldi f@rfmiﬁgltilu% HiRiayes e can
also be a nultilayer strycture conprising 20 a stack of |layers”of the

gal I'i um ni © ip&b’,cné qliRen ottoniaf y algeninum cnitidgyeor op tgadiium Injtridey chndbé f er ent

ki nds@f dgpj | Lol .on of the nethod of the
i_nvent1 igon,%?ééa%ﬁo%é:lstﬁbqgﬁawgé%thia&ﬁ)ﬁcr%%ﬁchamgnq GF RERCTPA AR the t hi ck
‘lgyer 4 is depdaidtiest wirizats, lthe naturé bethesmidinedrits sugsort @9%6@?&9 t he

descripti Qﬁ&% ven above for the second 25 inplenentation of t nmet hod of

~the invent mepochtalline silizen cagbifle qanske pisedi@ipasartiedariwhentit garon t he
6. The thiva frafedh @, BKRce" e SEGTRANR fSupd craitife T8 a%r i bod
bel ow wi t palysdrgstaliee aluminbmestrigeanpl es. 30 The materials used in the
cont ext of i t he%@m&lgﬁy??heeéeagyaln?&eg rc(:?m bé 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.




vsummarized in Table 3. 11 May 2005 23 Table 3 Useful layer Thin |ayer 2
Internmedi ate Thick |ayer 4 Bonding 16 support 12 |ayers
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EXAMPLE 10 ‘

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

5  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
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

10

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




metely by renoving matter. This provides firstly a structure constituted by
a’ stack conprising in succession a thick |ayer 4 acting as support for a
useful 11 May 2005 24 layer 16 of galliumnitride, itself cbVEPé@00$ a
thin layer 2 of nonocrystalline silicpg carbide, and secondly the

I nternmedi ate support 12 ready for recycling. In this case, and unlike the
second inplenentation of the nethod of the invention as described above,

t he nonocr ykysr NBrof galliur witride, titsetfecoveredbirda iiviai tapst Def aichdchgtdiimek | ayer
J]e of this third inplenmentation of

4 is forned 1 n_an er. exa

“the met hod 8'*'(%%'\/3%%&8% PEFeR *\E‘eét"reﬂ'@ @@WP%%T@GYGOT ecyeltd. and then
by ot op 80, of Mot Gaste ke the Weoshi el dIEol e WRRRAS £ 9
In yet anotiher inveatign easofdespriteed: mbove, e enemiaystalinefgailuen neitriied iof 15
the inventig 1 ructure of the kind described in
Exanpl egll |ésbést't§hbgfé{§ifb%h'f%3?y‘?fofsgﬂ ‘%'s the layer 2 of nonocrystalline

~silicon carbide renoved, but so also is a portion of the useful |ayer of
gallium nitride. It can be observed that the thin |ayer 2 of
monocryst al FXAMALB 1ton 20 carbi de or the useful | ayer 16 of

tall | d t ddi ti |
echnol ogi cal " st guolitF e B T8 1y ambltrartaion. gl meihed ot e ¢ ni ck
| ayer - 4, wiihveritioas thes sepstureskERSmpRe 10 @Hﬁﬂe%ﬁfﬁfew‘f & thﬁP[H§@P9”6is’ 'n

full or in part, or theﬁ can conprise makin orm e05|
addi t i thal TRORGREYSiAling s lcepc@rb;deaswthdram h:‘egvhysast@EBO& ofstitohing ialso be

served t &5?8 thin layer 2 of nonocrystalline silicon
gr bi de angﬁéﬁtntl%] bﬂ%&%?%?'g}ﬁy 16 of gallium nitride can be
determ ned by selecting the polarity of the initial source substrate 6.
Optional ly,_the nethod of the invention can include at | east one' double

transfer’ e FRAMR b ﬂ@l arity to be changed twice in succession. 30 Simlarly,

these exanpl es ﬁ??etbgnéthglnézpa(?ﬁﬁlg 5 hid Imp?e}%grsttatlon tﬁg 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




the i-hvention is used to forma useful layer 16 of alumnumnitride, or an
alloy -of alum numand gallium or of an alloy of gallium anf 'Mnd'bﬁ(?é etc.

i nstead of 11 May 2005 25 the galliumnitride useful |ayer Mgy cri bed
above. The galliumnitride wuseful lay& 16 can also be constituted by a
mul tilayer structure conprising a stack of layers of the galliumnitride,

alumnumnigride, etg. type possibly w th doping of different kinds,

etc. In ot ﬁé? ﬂ?ﬁ'&”(’hﬂﬁ%‘?e LE%{SL'M\?EV@F d6ops desciibed phev. aifbesgaiiwntnittidei s
changed. _ st [ r.hi i (Ln particular when
the i hter%&@ég@gggp@tﬁ% hrggcgi% fg@bﬁ% @P@%yﬁigﬁcg&&%%n S Brond or
some ot herstankt eff lagerst of thepgalliemt hitrideo | alemirsinelnitins &tcl types, nggbge or the

al um num ni.@r' de. 1t01lfn a 'fa.o rth enbodi nrent of the method of the
i nvention, "4 ior?g%oiq{ ergng Pa“_"-fi‘? Ca useful layer 16 is deposited on a thin
layer % itself lméthbﬁdal%htﬁrt?e 'n%itﬁé'ﬂ?%@frﬁeﬁlw&%tsuéﬁ?rtt ﬂ?g% chéRg%fpar ating

the internedi ate support _12' rom the structure con € thin
layer 2 andhufe mergarystaliiger silieorancarbideodeedsety (o pleadat wieh ttheck | ayer

4 on the thi r r..an the useful 15 |layer 16, i.e. on one side or the
~ other of thmé‘g’é'{'%@?usﬁ‘é’?’eﬁrf§t’??¥ﬂ » B ef§5 Usiils madey el diamend emeomeef ul

| ayer 16. ®thes rhdtafiainto SR ' i _ > ation is
illustrated, by two exair?gli es. %W%%@%’ﬁ"%@éa%%&é‘?ﬁ{eﬂ'ﬁ‘*@ | owi ng

steps are B@ﬁ'debrrred: forming firstly a structure constituted by a thin

| ayer of nonQc line .sili.con.carbide op a sourgce substrate 6 with a
zone &% V\_/eakn(g@sérl g‘?‘}’ﬂLS"@é’&’!Sﬁ%ﬂty"P% W@gfﬁ gvenligihas $howRtm bondi ng
| ayers 10 Pigurnsl 4 ubef®layRenstib ehosit ' I first

I mpl enent a.t’igon; - det ache?yﬁ the@téﬁion eIguaf/)grsa gﬁ?gﬁp?ﬁtggﬁﬁé&& g’?r ate 6
via a zonenigimegiaie aupRort 12 cpiipr tolnepianatingothei inlermadiategsyygrdrbt Adcm n t he

source su r ' bei,n ut, intq contact with the internediate
support 12 b @%8‘2’& (l%nﬂgs(ﬁgm%@&yukhqgé@ﬂr laygr gf apd) r@% r‘?@f‘ﬁlhlﬁyﬁre 1§a2nd um
nitride orprobeeding 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; '




.30 freg@ surface of the thin layer 2 of silicon carbide; 11 May 2005 26 -
detaching the assenbly constituted by the thin |layer 2 and the useful

| ayer 16 fromthe internediate support 12 (e.g. by treat ment 1 Me¥2W® h of
hydrof luoric acid); and - depositing aé¢hick [ayer 4 of polycrystalline
silicon carbide on the free 5 surface of the useful |ayer 16. EXAMPLE1l4
In this exanple, the procedure is the sane as in the precedi ng exanple,

except that the ‘Saigching thepassembily constituted diy thaikin ldye? simdthesedafl 10 | ayer

16 | I t . | ti h hi I 4 the thin |
2. ha mont | arg 18T B RloreBRRe iniden o e b FaDeRt BT o BN Bl n | ayer
2 toget her hydrbfiidee acid)f and | ayer 16 nmake this possible,. then the

i npl enent ations described above can be inplenented w thout using an 15
i nt er nedi at e supstsPesiting a:thigkylayarrbof polyerystaling sdlicon caviidé ontthadiesy an

i nt er megli atgSidBRR e %@ﬂéi& fgepositing the thick layer 4, but then using

a tenporary support erves as a stiffener during the step of
separating the thin layer 2 fromthe source substrate 6, the tenporary

support bei ved before depositing the thick |ayer 4. 20 The fifth
I mpl ement at%”@gg%ponds to methods of the invention during which no use

I s made either ' L.at A o) -t orary .support of
t he ki nd descri (tgﬁe(fﬁ%bggée'ﬁb%?ﬂie]% @&%#p@ﬁ%;t'%#ﬁ? h%ag'?gf n% é'?neat i d'&ﬂ t he
met hod of ekaniphyeaxcephthatithd atdp of depbsiting dhatifics RRP'4 ohdha8r@etiiown in
Figure 6. 25 Tts)'ués_, starti Bg froma source substrate 6 in which a zone of
weakneds  BWSE OB EePIBcer 0¥ acster of depositing thenthickJayerohion thpdindayer it i s
ppssible epther to separate the thin layer 2 directly, or else to deposit
useful layer 16 thereon prior to separating the thin layer 2 fromits
- source subst r at As6énentioaet labove oifi theothiokpeks aad the sBEndth dfhike tiin Jayerase, the
t hi ck Iaye& 1 ist depo.?i t%d on the thin | ayer 2 (thus '
: ogether "with the wuseful 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




réproducing the final substrate 14 of Exanple 1, for exanple). This
technique ran optionally be continued by depositing a useful |ayer 16 on
the face of the 11 May 2005 27 thin layer 2 which is opposi 1tEMe¥gfd§t s
face that has received the thick |ayer24 (thus reproducing the fina
substrate 14 of Exanple 4, for exanple). In the second case, the thick

| ayer 4 is deposited on the sane side as the thin layer 2 (thus

r epr oduci ng m'ﬂéaifeifn'hwh@bbsDpaoﬁtejfﬂomfltsﬁxeemﬂm has receieed the thivk lager4si de as

th f ul d | trate 14 of Ex |
10)e uagt :Jongm{' %’g‘:’é@@?’?%@ 1§ #ﬁ@r}gﬁ r%@rr]r!a%e @E?Q‘E&@%eeostepangog)
it is then possi I thet secopiue e th’ek'nayeme’fs poSiltiort BRY OftHE e ke 11 nal

substrate of Exanple 11, for exanple). Nunerou variants o
i npl-enent at fhsnthin layer %%u%m@t@m estinal subbisateriA e‘éﬁmmmletttm ooi ng

doscri bad i S pamesider s ¥ Rork0Rver ¥ GREREBBuing i SoBRalentd ot nod
of the inveof Emnphmﬁ)e Orstiombily) €. deb8tbed ﬁﬁh%@fé\“éhde%'ﬁ Ho (bee@gp vari ant

consists in ({t@t rocessing 15 the thin layers 2 as obtai ned prior to
deposi ti ng $¢@: ftHs den Pﬁ%@?'eio reave thadn layer aL(HmsarﬁpEEIucmk;eihBrf'nall ayers 2

are fixed Oé]-lt%tl%té]g#EXéfnb@rfﬁe%r%&%Eﬁ)@port 12 of large size. The shape of

this single Internediate support h be arbitrary (circular,
rectangul ar, et dm)meﬂmswmmntmmecimmmhmm% desBibddFoveriah Sldo can- be

I denti cal t he can_be different. Each of the thin layers 2 can be
subj eci@d ﬁ@%"@éﬁ%‘ﬁ‘ﬂ’@m%ﬁ@mwméﬁhﬁéﬂmﬁﬂ@e inventiani.n | ayer from the

i nternedi ate su r e t i nt er rredl ate
support 12 can g:gﬂa%ﬁ%‘% Wg%l?%srycfgeﬁo e‘@s?"ﬁ%eéﬁ |(§’é‘ HIR/%Sr ed in a:;
silicon oxulﬂ.tsiraﬂﬁgﬁmeenmplemenltatmhs| ﬁﬂﬁhe4nim&‘%ﬁmh@eﬁ%hﬁ@d carhdessenbl y

conpri sing trlﬂe %Lngl e internedi ate support 12 and the associated thin
| ayers 2 af@® | ayers 4 is subjected to a lift-off operation in a bath

of hydrofluorichgsdas &hohn ih e Und PAHMTTOhEEE RUDRAL brdGedsing €cYC! ed-
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 singie intermediate suppott 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.




in ye‘E-‘anot her variant of the inplenmentations described above, a thick 30

| ayer 4 is deposited on a surface that is |arger than the suﬁﬁce
corresponding to the main faces of the thin |ayer 2. This v hE09% shown
in Figure 8. 11 May 2005 28 In this vafiant, a structure is nade
constituted by a thin layer 2 on an internediate support 12 with bondi ng

| ayers 10 and | t ki nd in the firs

i npl ement ati on digstgﬁ ﬁeg 'é’b%\%ﬂmt%h? isqf'?gﬁ(ﬁ)ﬂ?@%ge? Bhard ’"d%ﬁfeé Ay sanpl e

carrier 20 intermeciinte supparri 2t it boiding 142r$ 4011 Phefininbhl, bf iy er 2 1S
|l e carrier 20 (see Figure 8a)- A thick

flush with {(.h sur fac %St.he sa : [

| ayer 4 is ’Hgﬁ“"‘l‘ciﬁ e téﬁﬁplﬁmé@@t'%ﬁﬁ%@edrﬂboﬁeeﬂhi&ﬁt&mﬂm‘edsmm sanpl e
[ 20. : ' ' ti |1y b bj ected t

Creat ment _shapab L BAE, cAaD IMeach 3 e RO B st of i, ayer

2. The 530 Winylayeo? influshpwithttbel suefges ofitheesathphs RMRFEIY (skeFageddd)! i s,

def ects, be&%hﬁg,’_ ettg.. ‘{he g}resgnt variant nakes it possiblée to élimnate
such edges. Wi 4 kg theh raed eR sAKd fee syrfaee androenipws ontstheat e of
di ameter gisaplelcatria2ol hat of the thin layer 2 and adapted to a line for
processing substrates of a given dianmeter, even though the thin layer 2

cannot be for medhelsublstratet foymeilt in dhis dwaly ammet eptiordilys by agitiédteli Stoal so
d t ‘ ' f J f | ngl thick | 4

o ural by QB sdlbICRs SRiEng tas bu@ing Gdges mhiae iy laxer 3 i 1y of
hin | / | ' . ) ' i

(111 L5 oot oja@ierif SSEnFHAHAY ol NBEIRG!, ©21

al so be inplenmented by formng a ayer 4¥on each nbl i es 20
_cpnst i t ut e@lbyTheprasest vasinnkmakes imssibletoeliningtesuchisligesyer 2 and pl aced

"dn a plane sa ri.er.. The, thjck | ayer 4 then drops back onto the
edges 8f t he mﬁ fagg?é‘ﬁ I5,alsq W?P{i’ﬁ?oﬁ? ¥?’h@"ﬁﬁlﬂh@;§u§$fpﬂﬁé’fi dig@etaron i s
menti oned gheater WhinCthat GinteSthin idyeP hﬂé;i ﬁ(dﬁl%téd;‘rf‘o %afi;"i’ér?&ef)ﬁogq‘égéig eposi ting

the thick layer 4 so as to 25 nmake a t ay as a s ystal .
Even if thég'aﬁ!ﬁ'at@?e of agivenddiametesrexentboagh thesthirhlagér 2 esmotdd formed good, it

can b‘iSQOOQir&RW{h &% dMIELPUS applications, for which crystal quality
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).




.heeds'to be very high only in the surface layer 2 or 16. Such variants of
the method of the invention are particularly 30 advant ageou,f p{hen it is
not possible to grow single crystals (as is the case for ga i YT?QQQride)
or when it is expensive to grow singl&9%rystals (as is the case for
nmonocrystalline silicon carbide). 11 May 2005 29 It is possible to perform

chem cal vapor osi t]on, of thick |ayer 4 of | | i bi d
surface | ayer Z?tdg i')?fﬁ "%EW Cés"aQOEQ@BO?' pn Ogégﬂ‘Fﬁ@a cgr owt h of
the thick \sAish arbitla! & 2P bifdce'RiyRP 2/BF NeNwAlN MeRSadls asihoddel faever al

tens to several hundreds of mcro per hour be observed that
in prior arseetiaghiheqgrewth tofithe Itbl;zbriayez 4 rehitsf Btelhusggowymhaatgapﬁort by

epi taxy. Under,such c tance strate st, be of very good

qual 11y so dewinySEvRial ERE 13 bRt eSS Re R ai al 1yt hereon | s
likew se of very gfiqk 65§ér\réd’thdt iR -prioP afStebRNBOES! tirl AYkrs Pefre@fenar e not
transferred. 10 In the nethod of the invention, the support, i.e. the thick

|ayer 4, camowdenradsuppor bywepitaxst Uidessuch ciecumstangss: thesubstralgal i ty can
often be inferior rticularly since jt i no necessari for
restarti ng 'Ett%% %Y CWI Pﬁmﬁtsr?elasvggr?ﬁ%‘f t\aﬁqﬁ§b®\%l#é§t§r§p ion is
transposed ebﬂaﬂhiiyemeréﬁﬁS?mféMQé of YeRU§SodquBY] HE) SR ASNDI @l@uwahaal lium
arsenide, or indeed to other materrals such as lithiumniobate., In yet

other vari &iﬁf@tsaf#ﬂﬁtt@mﬁﬂe&&e layer, e.g. an insulating layer is made

betwe the thi [ a2 an r. th ul r. 1 thi | ayer 4
or i n ed t he tﬁ\#?%ly'i\?g?ocgopﬁg 'Pﬂ%netl?g'eﬁfﬁ Své@ﬁ ' Qh%@%%ﬁ% %)?%ﬁpl e, this
i nt er nedi abe madkest ioder b@strmfé ibis #saportiwRosOfuality eadvitds bedArbr,t hi ck),
- etc. 11 May 2005 30 CLAIM5 11 A nethod-of fabricating a substrate

conpri si ngparticrlanly isingerit isaiot necessarily usedyfer restaring epitaxial aowlthani cal
SUPPOTE o P2 S WaanP 65 ufue ApRan ¥ AnBBbe) G ileos: e
semiconductors such as indium phosphide and gallium arsenide, or indeed to
15 . other materials such as lithivm niobate.j "
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.




.detachi'ng a layer of material for forming the thin layer (2) froma source
substrate (6); and then nmaking a thick layer (4) on the thin Lg% T, é%) by
depositing material to formthe |ayer which constitutes the 39
support. 10 21 A nmethod according to cB&im 1. characterized by the fact
that the thick layer (4) is deposited progressively, on the thin layer, by
a technique taken fromthe |I|ist conprising: chem cal vapor deposition,

| i qui d deposition, nolecular beam iMS@ion. 15 3/ A nethod 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 thinli Ayaethpﬁ)of f2bridating assubstiateccamnpiisiay teothin dyBr Tarfdtphpet er i zed
by the fact, t hat h“;nclu es, an .operation conS|st|ng i'n depositing a

useful |ay e‘?Y?"l“é}“S lipg & 'ESIPHB?“"F%I@@PBPW iRParti¢hlar forpplicy, 2jectronica, efet hod
di f h 25
accor di gg téptéélécmrﬁc@&h@h?étﬁb&corﬁg ﬁg'g%‘é[’jf@or éﬁ{sﬁé&?h act that at

| east one useful |ayer (16) I's depbs ick layer (4) is
f or med. 6/ A met mtammg)uad!aygr b rmtgnaln&)rcfbnningl the thin dayer (@h&onctaeri zed by

t he fact eful layer (16) is deposited after the thick
| ayer (4) AT ?‘CQD%L&??’P@?@ ‘g%'e?/ A nmet hod according to any one of clains 3
to 6, characteri aeki attm%kfl A dath ted by a
mat eri al haV| nﬂ] a | a[?yge bandavgég[(),) émﬁ&%‘ggit @16 OSIt Qt?}hbi | st

conpri si ng:fowa Qhwrnﬂhwhmnshiu@mth@meuhamcdbsuppwt corrpounds of at |east

t wo eIA‘FdTents taken fromthe list conprising alumnum indium and gallium
5 81 nmet hod according to any one of clains 3 to 7, characterized by the

fact that Eﬁ%e%dtd&oktﬁﬁg? W clbﬂ’:"?rcr(a']@% Bgﬁmé %c%ét WePthickAdydrS
deposited on a different Tace of the t
) is deposited progressively, on the thin layer by a techmque taken from the

list comprising: chernical 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,




<9/ A‘method according to any preceding claim characterized by the fact
that 10 the thin layer (2) is constituted by a nonocrystalli brial. 1
O A nmet hod according to any preceding claim. characterized wﬁl@ﬂg g%ct
that the thick layer (4) is fornmed bgldepositing a material taken fromthe
list constituted by: nonocrystalline materials, polycrystalline materials,

15 anor pho materials, materials conprising a plurality of phases, and
material s ?%5(‘ grlpén ?‘5‘?5 l’gﬁd‘éﬂgfi”r\'ﬁé"g-hSﬁ"’t’Hbs‘Et"é@nsqmmml’hgmt .t 8nd | ayer

111 A et hegmpeGILbngt Ib8staiy dbserd ' i he fact

that it incl Bdes a step of trans ggrt?ﬁ%ﬁ!@Wﬁﬁ%?‘{:@f}éﬁ&%@%ﬂgﬂﬁ%ﬁhn

i nt er nedi atndiwa,msstgalfi@d. (12) prior to forming the thick |ayer (4) on the
thin layer (2). 12/ A nethod according to claim 11, characterized by the

fact that the internediate support (12) supports a plurality of thin

| ayer s 5( 2) 8/ AmdtRbd AcBBIIRFItASAP bRk M cldims! P4 W
--characterized by the fact that ?'t inclaﬁggsaa{gr?’(])%‘g?é%tlggn @he %gﬁsi sts in
el i ni nat i nthat gach f dheaisicltl dagerp(I6) tand. theZthick llayerA(4)ds htegositabodiag t o
claim13, gl i ' hat ,the internediate 30 support (12) is

el i m nat ed& y'teg’gf)agea%fﬁﬂ%hﬂﬂia%%ﬁl{ﬂl ayer (2) fromthe internediate support
(12), in particular to enable the internediate support to be recycled. 11

May 2005 32 15/ A method according to any preceding claim characterized
by the fac¥ Amgihod aceerdingdesamnpresedingiaaim chatacterized bytthedacighatyer ( 10)

on theathig. | . re id. 1S detached.fromthe source substrate (6).
5 161fg\ ﬁﬁﬁé@“?&’?ﬁ%ﬁ'ﬁggf'gmﬁwt%%"!ﬂ"%{yéf qmg}%fﬁ‘ﬁm, characterized by
the fact that it includes an operation of form ng a bonding |ayer (11) on

the internediate support (12) before transferring the thin |ayer (2) S
t her eon. 18/ fanethogagsatding tvaay prpceding claim, thatmcterizedbytiae factthatt eri zed

by the fa t ondj layer, (10.. 11) is, nade  of mat.eri.al taken
fromthe ﬁ?%ttﬁﬁ%(;ﬁ%é}?gﬁnig&: *d;ﬁ]gppﬁgﬁe(pﬁﬁwggi %FE?‘GBSF&!WSEQW h‘?e lifat eri al s,
and et al Iconstitatetder bl s.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.




I5 181 A net hod according to any preceding-claim characterized by the fact
- that - the thin layer (2) is constituted by a material taken ifﬂgkéa list
~conprising: silicon, silicon carbide, sapphire, dianond, ga um nttride,
alum numnitride, and a conbination 0¥ a superposition of at |east two of
~these materials 20 19/ A nethod according to any preceding claim
characterized by the fact that the thick layer (4) is nade of a materi al
taken fromthe list conprising: silicon,. silicon carbide, sapphire,

di amond, graph W Aied L ' bLLd e Lpation or
. auper posi 11 onihcdRiqco T Lo Bhf BrocRuitl i Rhifdctdizealling aelthal
accor di ng tibirehyleprascepkimtios lohiferming ar artding ayer (10)tdretieattin fdar (2f he thin

| ayer (2) i,s .det. fr t he source substrate (6) via a zone of weakness
(8). 21/ A‘?‘F‘é?’ﬁdﬁ‘ggggﬁlﬁ’ma?&@g"%ﬁ%ﬁ“ﬁ??H'?S‘@%si‘é)ct erized by the fact that the
zone ofg 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 t1/dnineting accardingrte anyt onel of claims 44 ttertdz ebiatacterired bythe t hat t he

hin | is . d_f : b 6 | i pi nat i
zone 1 nt o Joculiah i HsRehah B, 2F Toind 1 Hehaiie R dd?) & Tihe sour ce
substrate Gﬁbmémate@(mmhqmyb@fa%ﬁrﬁﬁéfeﬁmghhé%in5ay%$%2ﬁhé%dﬂpd 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

| ayer rr ‘ A taglli ualkityw 10 241 A netho ording to
any prlggedﬁzgﬁgﬂgphg a@ﬁﬁ%@rﬁ T qﬁﬁf’%ﬁ"f@cﬁ?ﬁﬁ?“?ﬂﬁ éﬁﬁg‘?%ﬁﬁ‘#s under
‘Qﬂ"' ch the tifd dondimgelayet) (16 HEPES| hade 36fe AOMAtEHACthken FoARL thel list
~ebrresponds to a particular quality taken fromthe |ist conprising the

fol | owi ng §ABWHSINGs -araeRbevy siaterials pelytrysiallineaimatadals) anetalic and
conducti ve E{}%" §/ A net hod according to any preceding claim characterized
by the f acl"TRE™ the thick | ayer ~(4) is fornmed by using the thin |ayer
(2) as a seed layer for formng said thick layer (4). 11 May 2005

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.




B84 ABSTRACT A METHOD OF FABRI CATI NG A SUBSTRATE, | N PARTI CULAR FOR ,
OPTI CS, ELECTRONICS, OR OPTCELECTRONICS, AND A SUBSTRATE 5 ]c)ﬁll_lAl NED. BY THE
METHOD The invention relates to a nmethod of fabricating a su

conprising a thin layer carried by a3ddyer constituting a nmechani cal
support, in particular for optics, electronics or opt oel ectroni cs.

According t nt|o the 10 rrethdco es . the follow st eps:
det achi ng a&’£ ﬁﬁf’%’ Pof BRY PBF Rl HATse PQ?@CtEfrf-)e fl?b% sour ce

~substrate (Bt A%k @ i:i&%'f eyis ddih@ied fRGY tt{e“lsoaﬂzet Qﬁbétﬁk&etﬂ nfeezw (2) by

depositing material to form | ayer which constitutes t hani cal
support . 1%linAcatingsa zgwe lﬁtel@nsetibebmeﬂthehbln\mm(ﬂ) bod dihs reragindesoft hey wer e

when origi II file ccou has been taken of any
changes t hgﬁ S’rcﬁé;\yg %%tgr{gfn{@p %@Smgﬁﬁw P *PCT Authorities acting
ex offige, e.g. under PGI Rules 37.2,38-2, and/or 48. 3.

23/ A method according to any preceding claim, characterized by the fact that

the conditions under which the thick layer (4) is deposited are optimized so

that the thick layer corresponds to monocrystalline quality.

- 10 24/ A method according to any preceding claim, characterized by the fact that
the conditions under which the thick layer (4) is deposited are optimized so y
that it corresponds to a particular quality taken from the list comprising the
following qualities: monocrystalline, polycrystalline, insulating, and conducti{!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).






