| INDIRECT BONDING WITH DISAPPEARANCE OF THE BONDING
LAYER The field of application of example embodiments of the invention
is that of methods of producing semiconductor on insulator (SeOl)
structures which serve as substrates for electronics, optics, and
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concentration of germanium in the SiGe layer is high.

In order to carry out direct bonding of a SiGe layer fo a support
substrate, several methods have been proposed for treating the surfaces to
be bonded prior to bonding. In particular, cleaning of the surfaces to be
bonded together is generally carried out, before bonding, for controlling the
different parameters (such as roughness, particulate contamination) likely to
prevent the adhesion of the surfaces.

As an example, a method known as "hydrophobic bonding” may be
mentioned, in which method the surfaces to be bonded are prepared
(for example by immersing them in a HF chemical cleaning bath) prior to
bonding in order to render them hydrophobic.

However, that preparation tends to cause severe particulate
contamination of the surfaces, with the particular consequence of generating
defects during bonding.

A hydrophilic bonding method has also been proposed in which the
surface of the SiGe layer to be bonded is treated to render it hydrophilic prior
to bringing it into contact either with a hydrophilic silicon surface or with
a surface of silicon oxide SiO;



10

15

20

25

30

35

A hydrophilic bonding method has also been proposed in which the
surface of the SiGe layer to be bonded is treated to render it hydrophilic
prior to bringing it into contact either with a hydrophilic silicon surface or
with a surface of silicon oxide Si02. 2 One of the best known treatments
for rendering a layer hydrophilic consists in immersing the layer in a

che I H20). However, that solufion

crenaro S e R e o o oYeC R A
consiiad 8t uiMperatiery tﬁt@antweshmudaoe ehrestanht 6 btchipg raelution
(NMaOedldxPotré@iplly as a function of the concentration of germanium in

the PiGEdaer d0lisAsaR ALTRUO O URISL RO A 213 oo s

layer having low, concentration of %%fmanlu or ex

f& (QﬁH Hﬂ%”l@ BeRdist riasagea) ’tﬁéontrolled etchingina
SlGﬁI@}'@uﬁviJ adtigh MCGWMlQQgeamawméf%@mﬂ@ﬁQ%h a

fudéi@ﬂ'@ﬁ'ﬁh@@@ﬂbﬁeﬂ‘ﬂ?ﬁﬁcﬂ%&?@ hiflng lessalgun hang a low
f

conﬁ?gtr?lg%?t ermanium (jor e e 20% may be carried outin a

£ KRG 5 2 Sitsie 1&g migivigo 2

rel

lovy qmghtmimmfagenmgennma(mmne(dmmtanm%m%pmrmeb(@nd thus

boﬁ@lrﬁ{?@'r@yt Be éﬁﬂ@é rycmﬁ%\?éd '\é%ﬁiﬁbeﬁisﬁ Gy %Frﬁéﬁﬂgné high

e e AL B o Wt g ol ovarmpie, s

gen@‘ﬁﬂﬂ&hot"ﬁﬂl%pfb’@i@@bli@gd?dﬁdMSpéC|ﬂcﬁlm ifafercehiaving fialdew

-comfemmmﬂoefogmﬂw@mmﬂo(foFUéBE@h;QQOQ@m'Wé&m&&n%ﬁr@éﬁ%mofﬁ a

the ntra on |Ge er to
rel g %ﬂ Lf%r%zg %V}LESH Rould %rpoﬁolted adv%é%gé%’%ﬁ‘ &g @
hig dfm?ﬁa &#ﬁéh@ﬁggﬁ@wvégbfmﬁ@m@@%m@myéemamémm in
a setistaoteyechimtire. 25 context of direct bonding of layers produced in

they, t | 1\
IR AT A

lay el S &eSHBPRKas RS EatSe PlysH) Wt@@ay@ﬁéaﬁ&ﬁé%ﬁﬁ@ﬁfl%"{fdhaf
borelampigualibyeriof oridenaple, lagergafrailiatin) whichatmphehongded regards

speiRoR:the BYHaRS PR RIPBPHbplication of the invention.

Further, good quality bonding is even more difficult to achieve when
the germanium concentration in the SiGe layer to be transferred is high.

it shouid be noted that the disadvantages of direct bonding mentioned
above regarding bonding of a SiGe layer may also be encountered in the
context of direct bonding of layers produce‘d in other materials.

Thus, it appears to be particularly advantageous to coat a layer which
cannot be bonded directly to the surface of a support substrate (for example a
Ge layer) with a layer called a bonding layer (for example a layer of oxide or a
layer of silicon) which may be bonded directly to the surface of the support
substrate (in particular because it is possible to perform a surface freatment
of this bonding layer in order to clean it so that a bonding of satisfactory
quality can be achieved).

Thus, when the bonding layer is brought into contact with the surface
of the support substrate, advantage is taken of the good bonding properties of
the cleaned bonding layer and good quality bonding may be achieved.

Indirect bonding, then, is bonding via a bonding layer as opposed to

the direct bonding methods mentioned above.
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treatment of this bonding layer in order to clean it so that a bonding of
satisfactory quality can be achieved). Thus, when the bonding layer is
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. carrying out the oxi afi oW temperatures; |
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Although the germanium segregation phenomenon may be minimized,
in particular by carrying out the oxidation at low temperatures, the oxide
formed is thermally unstable.

Thus, that first technique cannot be used when forming a good quality
SGOI structure.

Instead of having recourse to oxidizing a layer of SiGe to obtain a
bonding laye_r, a further known method of indirect bonding consists in directly
deposiling a layer of oxide onto a layer of SiGe. The deposited oxide layer
must then be polished prior to bonding to a silicon support substrate.

However, the layer of oxide deposited on the SiGe layer then

. constitutes the buried oxide layer of the SGOI structure obtained, and this

leads to disadvantages. ‘

The density of that layer of oxide and its electrical performance may
prove o be insufficient (in particular in comparison with the density and
performance of a thermal oxide) for producing an oxide/semiconductor
intetface that safisfies the specifications in force in the semiconducior
industry. _

Further, the use of a deposited oxide may generally result in poor
homogeneity of the thickness of the buried oxide layer in the SGOI structure.
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formed. In such a case, SiGe is oxidized and the composite oxide Si,GeOs (y
and t representing the respective concentrations of silicon and germanium
in said composite oxide) is then formed.

The oxide/SiGe interface is then susceptible of constituting an
electrical trap for charge carriers. Finally, its quality is not satisfactory.

Finally, while such a technique allows good oxide/oxide bonding,
the effects of the difficulty of controlling the oxidation front (in particular a
poor quality oxide/SiGe interface in the case of overoxidation) are not
desirable.

One aim of the invention is to produce SeOl structures, overcoming the
limitations discussed above.

More specificaily, the example embodiments seek to enable indirect
bonding of a layer of semi conductive material to a support substrate via a
bonding layer, which bonding to the support substrate is properly
achieved, without recourse to total oxidation of the bonding layer,
thereby overcoming the problem of stopping the oxidation front.

In a first aspect, there is provided a method of producing a structure
comprising a thin fayer of semiconductor material on a support substrate, said
thin layer being obtained from a donor



The oxide/SiGe interface is then susceptible of constituting an electrical
trap for charge carriers. Finally, its qyality is not satisfactory. Finally, while
such a technique allows good oxide/oxide bonding, the effects of the
difficulty of controlling the oxidation front (in particular a poor quality
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seek to enable indirect bonding of a layer of semi conductive material to a
support substrate via a bonding layer, which bonding to the support
substrate is properly achieved, without recourse to total oxidation of the
bonding layer, thereby overcoming the problem of stopping the oxidation
front. In a first aspect, there is provided a method of producing a structure
comprising a thin layer of semiconductor material on a support substrate,
said thin layer being obtained from a donor 4a substrate comprising an
upper layer of semiconductor material, the method being characterized in
that it comprises the steps of: 5 forming on said upper layer a bonding
layer of a material that accepts diffusion of an element of the material of
the upper layer; cleaning said bonding layer for mastering its bonding
adhesion; bonding the donor substrate, from the side of the bonding layer
5 previously formed on the upper layer and cleaned, to the support
substrate; and diffusing said element from the upper layer into the
bonding layer to homogenize the concentration of said element in the
bonding layer and said upper layer, to constitute said thin layer of the
structure with 10 said bonding layer and said upper layer. Preferred but
non-limiting aspects of the method of the first aspect of the invention are
as follows: during the diffusion step, the bonding layer disappears by
blending into the upper layer to form the thin layer of the structure;
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1.5 following bonding and prior to diffusion, the method may include a
thinning step aimed at removing a portion of the donor substrate to retain
only a portion of its upper layer, so as to obtain an intermediate structure
comprising the support substrate, theSbonding layer and a thin layer

formed by the remainder of the upper layer; 20 thinning may be carried

out by detachment from the donor subst ite at a zone of weakness
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- comprising the support substrate, the bonding layer and a thin layer
formed by the remainder of the upper layer; ' _
« thinning may be carried out by detachment from the donor subsirate at a
zone of weakness formed prior to bonding in the thickness of said upper
layer; ‘ |
- the zone of weakness may be formed by implanting species into the
upper layer;

. oa protective layer may be deposited on the bonding layer prior to

implantation, said protective layer being removed prior to bonding;

= the thinning step may comprise at least one efching step;
« the diffusion step may be carried out by applying a heat treatment {o the

intermediate structure obtained afier thinning;
« the diffusion step may be carded out during a heat treatment for
- stabilizing the bonding interface of the structure obtained after thinning;

-« the heat treatment may be carried out between 1000°C and 1100°C for

about two hours; _

» -when the upper layer is SiGe, the diffusion step consists in diffusing the
element Ge from said upper layer into the bonding layer;

+ the step of depos;t:ng the bonding layer may comprise depositing a film of
strained silicon Si on said SiGe upper layer; |



bonding may also be carried out directly onto a silicon support substrate to
produce a good quality oxide/Si bong; The cleaning of the bonding layer
may be performed with a SC1 type solution; the step of forming the
bonding layer may also comprise forming, on said SiGe upper layer, a
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S nding layer disappearing by blending with said upper layer so that
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that a good quality SiGe/oxide bond is achieved;

= during the diffusion step, the element Ge diffuses into the bonding layer (or at
least info the non-oxidized portion of the bonding layer when a step of partially
oxidizing said bonding layer has been carried out prior to bonding) so that
a layer with a homogeneous concentration of Ge is obtained by assimilation
of said bonding layer with said SiGe upper layer;

» the cleaning step of a SiGe bonding layer may be performed according to a RCA
type treatment;

« the cleaning step may also comprise the cleaning of the face of the
support substrate which is to be bonded to the bonding layer.

In a second aspect there is provided a method of bonding together a first
and a second wafer of semiconductor material, the first wafer comprising an
upper layer and the second wafer comprising a free face, characterized in that it
comprises the steps of:

» forming, on the upper layer of the first wafer, a bonding layer of a material that
accepts diffusion of an element of the material of said upper layer,
* cleaning said bonding layer for mastering its bonding adhesion;
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the first wafer being connected to the free face of the second wafer.
Further characteristics, aims and advantages of the invention become 10
apparent from the following detailed gescription, made with reference to
the accompanying drawings given by way of non-limiting examples and in
which: - Figure 1 (Figures 1 a to 1 e) are diagrams showing the various
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shown'in Figure 1a). _
donor substrate onto a substrate support.
More particularly, the invention relates to an upper layer formed from a
material which cannot be bonded directly onto the support substrate.

Bonding is thus carried out indirectly via a bonding layer which is

- formed on the upper layer.

In general, the bonding layer used in the context of the invention is a
layer of a material: 1
« for which bonding to the 'suppbd substrate is mastered;
«+ and which accepts diffusion of an element of the material composing the
upper layer. _
it has to be noted that the bonding of a layer is regarded as being
mastered when a cleaning of this layer can be performed, before bonding,
during a surface treatment step, so as to control the parameters (such as
roughness, hydrophily, particulate contamination) which are likely to prevent
the adhesion of the surface. ' "
Figures 1a to 1e are diagrams showing the various steps in the method .
according fo.the inventijon.
Referring to Figure 1a, a donor substrate 10 is used which comprises a

. lower layer 1 and an upper layer 2.
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Referring to Figure 1 b, the method of the invention comprises a step of 5
forming, on the upper layer 2 of the donor substrate 10, a bonding layer 3
with the characteristics mentioned above. The method according to the
invention comprises, before bonding,% cleaning step (for example a
hydrophilic treatment) of the surface of the bonding layer 3, so as to

ensu artic nding strength, and 10 thus to master the
om0 B ol materia
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bompipgidayeftBe sores $obstatesl htodeiaiianty gopdriondibitgs sippesth, and

thifY 85 73Ry QiaR; B W%H@%#ayeﬁg %}9{% E3RPHNG B ace 4 of the

remg:{tder of the upper layer (l.e. a e same material as the
SUbSHEI5HPPS e bonding layer 3 and the support substrate 25 20.
- Finaly{ tneumhwwtmmuwmmlmtaatemamw aif diffgsingf the

Sdﬁgbg&et@wn&ﬁ%%ggdlsa@iﬁeme (’tt)S aSS|m|I tln ‘a@%ﬁ%sﬁ%%r fat g(a%%ethe
PR A P S B et e b s e o both
SL@W&%@%&@E@QG ivaedaat the material of said thin layer 2" is derived
from ﬂtﬁdﬂﬂtgrtalfpf;ghtléetléyﬁte?n@ém&aﬁd@q%i NVAYREP cMﬂtﬂu@é%Céﬁ@hép of
Q,eqqga;ﬁ,gf 5?5‘?1?{4}" %mﬁ JSlﬂ %cur&%% tgvu sQraqe géa teI’I8|ﬁJ: Sondmg

ayer andt yer3 S4id two J/ers consti

lash %|W%Mp% %&%ﬁrat%faﬁ)m’mﬁ iBPTOHIRG dALRIUS. ﬁrﬁigg@@égbt into -
intilestdbethfuctherthelwviwithfreiew ot e sdasuppolemeniation 26 the

inver}ﬁ%mng to Figures 1c and 1d, the method of the invention can include

- a thinning step to remove a portion of the donor substrate 10 to retain only a -
~ portion of its upper layer 2 and thus obtain an intermediate structure

comprising the remainder of the upper layer (i.e. a layer 2' in the same
material as the upper layer 2), the bonding layer 3 and the support substrate
20.

Finally, the method of the invention comprises a step aimed at
diffusing into the bonding layer 3 an element of the material of the layer 2’ to
cause said bonding layer 3 to disappear by assimilating it with said thin layer.

A homogeneous thin layer 2”7 is thus formed on the surface of the
support substrate 20.

Note that the material of said thin layer 2" is derived from the materials

- of the layer 2" and the bonding layer 3.

More precisely, because of the diffusion that has occurred between the
material of the layer 2" and that of the bonding layer 3, said two layers
constitute a single thin layer. 2" the material of which is homogeneous.

This aspect is described further below with reference to an
implementation of the invention. '
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9 Note that to cause the bonding layer 3 to "disappear” into the layer 2' to
form the thin layer 2", the thickness of said bonding layer 3 is adjusted to
allow it to reduce to a sufficient extent. Finally, a structure is obtained
which comprises the thin layer 2" on the 5 donor substrate 20. The
characteristics of the material of the thin layer 2" resemble those of the

material of the upper layer 2 of the starting donor, substrate 10. T o
pondhg! R0 G Ra R 2BAAIRE r%%rotﬂm@&?ﬁaﬁ@s i adayer 2
tostoustutes 1fOleyend”|inhierkpiakptesatiohssfithbonvingidavelatels tadjusted to

' a!%%'?’(i'ﬂg N cSIUCHER SRIBREISE R SIGe upper layer onto a support

substrate (for example made, of silicon). A structure campiisin iGe '

copel BalYorao) HEILER B OB thyarc Sritacs ae (IR Baon the
ddopesabgiiate ddnor substrate is used that comprises a wafer of

monogrestMbRgcsicaitans asiGatinardayae seid Bice Bppesdayse those

S R e G

a
~ has m@%hﬁmlaﬁi{@fsa?amerf&s%tﬁksww%é%ﬁadsﬁ%J%Wﬂﬁrsfﬂ%ﬁﬁ%%.in the

fireh) Atsinggigre comprising a SiGe upper layer can also comprise an upper

layer g @Iﬂéﬁgiﬁiﬁﬁﬁ%ﬁ%ﬁ%ﬁﬂﬁ BN SYOSHAE CORBESH I Miding any

example, a wafer o stalline silicon is used on which said upper
SURIEIE rERRBEEISe % PIBGULEPSIa Q¥R PR BT (for
emrq:l‘&etaadbmfgaﬁi’mdex}pite the 25 difference in lattice parameters existing-

betweenthedwe PGS PhasE Siepet e RElRYRIIRIBraAllgger layer

between the Si wafer and the layer of relaxed SiGe Is generally formed
Offr%ﬁ?'ﬁ%’e?\?ﬂ% a proportion of germanium that progressively increases in

quantity thahnctee Sfavagseopigrds dnapsebSefay s ueeddied sewriges a
w%]gﬁshgfeﬁ%n% _ tﬁgﬁ:@tr?ggggﬁ rgblﬂieé tgiGsiruspae r;fglmnqrigmq Sidgeupper

0 e on whic ilm of Si.has , arelati i ;
lag% éﬁ“‘glﬁ\{\é%ln,%c? t%ymi‘le.su%acerft ﬁ;é’f%ﬁm?t &%%h‘f& %é%{%}ﬂ%g{ in such

ofrthe suridce of sa

‘a case, a bonding layer of Si formed on said upper layer of strained SiGe has
_the same lattice parameter as the Si wafer and is thus not strained.

A structure comprising a SiGe upper layer can also comprise an upper
layer of retaxed SiGe. '

In that case, a donor substrate comprising, for example, a wafer of
monocrystalline silicon is used on which said upper layer of relaxed SiGe Is
produced via a buffer layer in which the lattice parameter changes despite the
difference in lattice parameters existing between the two materials, Si and
SiGe. _ ' ‘

The buffer layer intercalated between the Si wafer and the layer of
relaxed SiGe is generally formed from SiGe, with a proportion of gerrhanium
that progressively increases in quantity from the Si wafer fowards the upper
layer of relaxed SiGe.

A further example of the structure relates to a structure comprising a
layer of SiGe on which a film of Si has been grown, a relatively thin layer of
SiGe finally being on the surface of said Si film.

In particular, said film of Si constitutes an etch-stop layer when carrying
out selective etching of SiGe over Si.. |

Clearly, the invention also encompasses more complex structures
comprising a SiGe upper layer and one or more etch-stop layers.
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In particular, said film of Si constitutes an etch-stop layer when carrying

35 out selective etching of SiGe over Si. Clearly, the invention also

encompasses more complex structures comprising a SiGe upper layer

and one or more etch-stop layers: 10.0The silicon support substrate can

comprise at the surface a layer of silicon oxide SiO2 obtained

conventionally by thermal oxidation of said Si support substrate. - In a

first eFhisodifisent apme ihwehssrath saorORREserdaihBesyigRs & kyer of
sifligerexiae layes ofithisd efermbly fomaty frymineemedrysidiitierSiobutiid Si
< maé aés%%sg{)rmed from polycrystalline or amorphous Si. In a variation of

Y2 [ﬁrs el 'Bo%imen;, prior to bonding, partial oxidation of the Si lgyer i%

caridn B R ST AR o BORETBE NS T Her aver
O-ﬂ%‘ﬂgfgm the context of said variation, the layer of oxide SiO2 formed by

oxi [ r nebojad j iplakion i :
partiﬁﬂ{gs?é‘oﬁgm)ﬁﬁgg&tt?ﬁ R]Se( ?(?xidatiom&):‘?gﬁﬁ oﬁ%ﬁ%ﬁﬁbgﬁgﬁnay
alen BRCSTRE ST SDISIRURE £ P PEBUR Tl layer, which

overcipmes theifitinitationssaidntivsedatmadinmeshidpfiest faplansitationartial
o%%@&}‘i"f‘%? {Rdakemobing Ponslinto i wpanies afiayRShbanstinelayetera the

ayer of the surface of a Si support substrate (if the Si support
su{iBSE AESRIGRIIZNE): 20 and in the context of the variation mentioned

~ abovdn- theorntiteptapér seitheiainsidEolpaEiop RyEeoPiRaermed by

- oxidiReh of ﬁ@@?ﬁ%&{%’%%&k@(iﬁéﬂqiﬁga@@gﬂrt substrate is oxidized); -
Si

a bonding layer 2 on a Si support substrate. (if i gt

su bstlgalfgrgﬁ édyﬁ (Bgal}éa).o ?@y - Ff’na ?@éc%n%@#%o%%nﬂﬁeo {ﬁ{egﬁl%%%t%ﬂ?am,n
frthret beatulibg | 9jepres etorrybrensiiesntyeriaritayiih SHERREMIM said
bEPRGSH IERHS WHEIN thaé it raending iimiatioxidireenibselstladeean be

mastejed (6 350 oA ARRKE: (URENRLE S RREVESIIRS I9hding

conceﬁ'trésflon‘o germanium, typically less thafn 20%). In such a case, a

- peigertigfephicts as a bonding layer

— a Si bonding layer on a SiO; layer of the surface of a Si support
substrate (if the Si support substrate is oxidized);

and in the context of the variation mentioned above:

- a bonding layer formed from Si0» on a SiO, layer of on the surface
of a Si support substrate (if the Si support substrate is oxidized);

- a bonding layer of SiO; on a Si support substrate (if the Si support
substrate is not oxidized).

» In a second embodiment of the invention, the bonding layer can be a
layer of silicon-germanium with a germanium concentration such that its
bonding to an oxidized Si substrate can be mastered (i.e. as mentioned
above, for example, a SiGe layer with a low concentration of germanium,
typically less than 20%). In such a case, a SiGe layer acts as a bonding layer
in that it is possible to master its bonding, in particutar in that it is possible io

~ perform a surface treatment of the SiGe layer so as fo clean it and hence fo

ensure that a satisfactory bonding strength can be achieved.

Figures 2a to 2f show an example of the invention for indirect bonding
of a layer of relaxed SiGe to a support subsirate of oxidized silicon and the
production of a SGOI structure.

More particularly, this embodiment of the invention is carried out within
the context of a SMARTCUT® type transfer method.
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30 in that it is possible to master its bonding, in particular in that it is
possible to perform a surface treatment of the SiGe layer so as to clean it
and hence to ensure that a satisfactory bonding strength can be
achieved. Figures 2a to 2f show an éxXample of the invention for indirect
bonding of a layer of relaxed SiGe to a support substrate of oxidized

ili d th duction of ticularly, thi
T R A AT Y R
th@meﬁ(aimé@aﬁstwlmemﬁacmolzmhéﬂms togdtdhgaie= dition”

ywaaw%wé(odnﬁw«w&%wmtmQ%Hmn{a;ﬁd@aﬁwmnsulator R
Techpo Mate Is to éLSI 2" Edltlon %F] Plerre omg ,
rr|

Kluvl\}grf Hgmlc Gblls aha® p ] 'I?% Ure 24 wafer of
m@!@?@ﬁ§%§ﬂ@té‘t§@80§?pﬁ§e‘é’@%fﬁ? SPBah SRR taﬂlﬁé%ﬂ@cbﬁ@ﬁaa has

bewhlflbrﬁmwmltﬂ@yw@fnﬁ@l@mﬂ i@ 3 hiagdpesn formed via the

inter i Y I

advalsirc:itffaEg ec}ﬁsl g{gﬁén%%{ § %ﬁ%ﬁaé}gﬁaﬁo%%t%ée%éﬁ%gc@% %3 gﬁf%jrﬁama!

grpyviky @ ﬁ@%ﬁf@ﬁﬁe%%t53rwg@r WAdERHebending on circumstances; it is

typucﬁ&ytm@(memqmge@ Sritkedyodsiprite bproirbukigiaecs; iefetgpasaily
gﬂgg&;ﬁg Fn 35 constituted by the buffer layer 321

and he rofr axe e 322. A sypport substrate 40 formed from
oxicilfict SIHHBR iAo TEIRERGE FIRIREER, 2o BRaRIERafbior SREGRIDYY

_co%;twt&ybbiomaévmmw&’aaddJiﬁ@!ﬁsgersuﬁmﬁaxw @iIGth82/e of

gﬁ) 'Wi@%@@?%?rgﬁow%ﬁﬁ@%ﬁwﬁ d%)ﬁ?g%%?smf:ﬁr}n? ﬁoﬁf%b shown in
iGN D RIS S ittt R B e A L R Ty e R an
a ireheunigser Hytpviheldide cgutt@ Mezzgﬁwécﬁué@ﬁ eomprbidith@eaipper
ta;ﬁ@mmi@ﬁﬁ@tiwﬂkyr@@lm%@’mwb@fbfﬁiaé?d SiGe to increase its
t t t that
oo MR 85 2 A R o el etigliahe g oo

Wil ARSSERISLAIPRNGINg a{éVﬁﬁtﬁg@W fntedl BpPes @qum relaxed
Sigredthiusing known techniques such as CVD and MBE (chemical

The silicon comprised in the film 33 is effectively obliged by the layer of

relaxed SiGe to increase its nominal lattice parameter to render it

substantially identical to that of its growth substrate, and thus has intemal
fensile stresses.

The film 33 of strained monocrystaliine Si is advantageously formed by
epitaxial growth using known techniques such as CVD and MBE (chemical

. vapor deposition and molecular beam epitaxy respectively).

Epitaxial growth of the monocrystalline strained bonding layer 33 can
be carried out: | ' '

- in situ, directly by continuing the formation of the subjacent layer of
SiGe 322; or

- foliowing a light step of surface ﬁniéhing the subjacent layer of SiGe,
for example by CMP (chemical-mechanical polishing).

The thickness of the Si film 33 is quite low, below a critical thickness,
so that there is no relaxation within the thickness of the film 33 of the strain
imposed by the layer 322 of relaxed SiGe towards the nominal lattice
parameter of silicon and/or a generation of defects inthe film 33.
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vapor deposition and molecular beam epitaxy respectively). Epitaxial
growth of the monocrystalline strained bonding layer 33 can be carried
out: - in situ, directly by continuing the formation of the subjacent layer of
30 SiGe 322; or - following a light stej2of surface finishing the subjacent
layer of SiGe, for example by CMP (chemical-mechanical polishing). The
thickness of the Si film 33 is quite low, below a critical thickness, so that

there3@ish reliicatiofhikmASHe Anakedaane s 3 betheaesntration of
gémpaskirbyrihgdajeya22f b i kaxediGiGmpnyearisisiibesnenmnaPatticienply, the

nigAgmae s slisnandinasseryenaldefeiginbe fim 33. 12 Said

ritical thickness ﬁ/’ﬁ epends on the concentration of germanium in

the layaf H&EERMieh MpSidimhesaam . SRSiHbE thanAliR: tethat the
baodicentratiorwitie onit rith esorittilitic kinesssAidefithickBesarofitbarPicimarter

béh@isg ssieﬁrm%@aé@m 70 MhadReetaibeR/bng 1y %ﬁﬁmm\ﬁ&*'@;@man[um
onstitut d from sm% ém 33 can dJ ear% er bondmﬁ?‘s\/}'ﬁﬁi}ﬁ ﬁ} | ¢
WIS 5 ETIFRABS bl BeI ) BRI R o BARERTY o layer o
Sihield®ss, it being assimilated and homogenized with the layer of SiGe
322. |t sheylfd brsnasechthaiithassiedin Wﬁﬁ@é@@&ﬁmﬁémﬁ%@é‘ éaféefor that

el%f&gbr%io(ggcosuga eéf{ald dlfoS n of ermanlum in ;{p{e % r for
KOMOgenization wi ayero @EQ‘HBonQIde ﬁ 3;}

'h@BQQﬁm?@Q@ﬁﬁﬁmdﬁﬁd@ﬁ(@éﬁfr&i@@é’ﬁﬁe order of 20%, the thlckness of

the filgu33itwistdyaicalbrlbg Bicsctan N Geprevtniihe sb@irBesh of the
o&?é?’t&f%o’ezggﬂs ﬁ%‘ié!@%%ébm Al %féfﬁﬂééf’#@‘g@g ayer%éz‘@gl%%'ﬁn to

appearance py assimi atIOI"I with urin

prﬁ%@i&h%ﬁﬁ%’nﬁé‘ﬁ*ﬁ‘a‘?ﬁlﬂ%‘%ntwned therein. Alternatively, it is possible
to defibsitstrialyerdofiipoy8 rigstadiiaeatn yaxbonphd usySirockthe DiGe ippemplete

 aleyss a2z mibes il sined Smangenssiling 5l ifiEon of the

alternative, little or no strain Is observed in the Si layer. Thus7it Is
9?6@@@%‘3&5}36‘3? fg%‘?‘gf polycrystalline or-amorphous Si of the

desirédternatively, it is possible to deposit a layer of polycrystalline or
amorphous Si on the SiGe upper layer 322 rather than a film of strained

monocrystalline Si.
In this alternative, little or no strain is observed in the Silayer. Thus, it

~ Is possible to deposit a layer of polycrystalline or.amorphous Si of the desired

thickness with no limitations as regards its thickness, in particular when partial

“oxidation of said Si layer is envisaged prior to bonding.

Referring to Figure 2¢, atomic or ionic species are implanted in a
manner that is known per se, through the film of monocrystalline Si 33, into
the SiGe upper layer 322, o create a zone of weakness (shown as a dotted

B line) in the thickness of said SiGe upper layer 322.

in a particular impiementation of the invention, prior fo the implantation
slep, a step is carried out to'deposit a protective layer on the bonding layer.

Said protective layer can protect the surface of the bonding later, in
particular from the effects of implantation. |

More particularly, deposition of said protective layer is advantageous
when the bonding layer does not include an upper layer of oxide (said upper
layer of oxide being obtained, for example, by pariial oxidation of the bonding
layer, as is the case of the alternatives described below).
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thickness with no limitations as regards its thickness, in particular when
partial oxidation of said Si layer is envisaged prior to bonding. 25
Referring to Figure 2c, atomic or ionic species are implanted in a manner
that is known per se, through the filmt 8 monocrystalline Si 33, into the
SiGe upper layer 322, to create a zone of weakness (shown as a dotted
line) j the thrtdglness f S id ?Ge up er 2.1n

e B e TR e B B B g, goror

 stig@arade doe topsuspiapttttotive Iayer on the bonding layer. Said

proteTHee m@@ptn&@rtmw@@e\@fme herdisgrfatey, 44 padigiiasared,
oSN HIRSE § %Qﬁ%r”th'\ét’ g r%%h 'CE gn&e§8§ ton of Sr%tﬂfo[cgethe

protective lay r’ls a vanta eous whe des not inc

| b%ﬁ[ﬂ}ﬂ)éﬁ”ﬁ?@%f‘?fxrﬁ@(é&ia%pﬁlépsé”@?ﬁy@r‘@‘ é&ﬁiéﬁ@ﬁ%ﬁtﬁ?ﬁ'@éf%fm of

ox@Xiaablellibymartial oxidation of the bonding layer, as is the case of the

alternsfivem, described %@Jpwhéénw%rhrhteserr&%w pEiSifEraaes as

prior to bon ﬁ$n§ he donor structure to the supports bs rate The surace )
oI, KPOSUAG Y RATG f@%%éﬂ%}r yerephdBdrrAtg St n
parinalane theatisieohieatioodl heess;itdiceinforce the 5 bonding strength

of thedepry hsIRiGUAAI D EN SR NS Fa?&t@%iratﬁﬂ@ Q{F&f@é%ﬂ{ ng the

c%ﬁ&ﬁ”‘e ré%taii'ei”'”%%““e BRI AR S freo
sustateutt ofrdaemexidined Soppask s@hﬁtbﬂeie@er’er\«rﬁﬁ mas@enedzalloxrde

bdhaikgniamied deprsaaicture comprising the cleaned Si film 33 on its top

isb Tl tact,with. ft

Issupjoqoﬂr straé%]lttl'%rilgll E.i nglﬁéﬁ%rﬁ%éﬁ‘ '%%b ond t%s t?t%‘é%)g‘gre??éedca&“ be
@Wﬁé&‘?ﬂ al @rﬁﬂ%eﬁ@ﬁ%lﬁﬁ)léhﬂ%rﬁﬁﬁodmﬁ@ fBh &inthe imvention
menvisagddefibe variation to the first implementation of the invention

mentj ns%ﬁgpg%rﬁa%rtsttﬁaetﬂ%twedt@% fiAnes SAIB334a0 yﬂxadrzed

partr yoxrdrz rior to bonding to form a layer of thermal
prégjrb gtrfﬁea ﬁ’r¥?§§ hermal oxide in the superficial region of the

film 33.

This layer of oxide is then used as a bonding layer to produce a bond
on an oxidized support substrate. _

In a second alternative, the strained Si film 33 can also be partially
oxidized. The layer of thermal oxide that is formed is then used as a bonding
layer o bond directly to a Si suppori substrate and it then constitutes the
buried oxide layer of the final SGOI structure.

it should be noted that these two alternatives can also be lmpiemented
when the bonding layer is formed from polycrystalline or amorphous Si.

Returning to the description of the implementation of the invention,
following the indirect bonding step, a step of thinning the donor substrate is

- carried out to remove a portion of the donor substrate and retain only a

portion {and in particular a portion of the upper layer 322 of SiGe which will -
constitute the useful layer of the final structure).

[n the context of the SMARTCUT® type transfer method discussed
here, said thinning step is a step that is conventional per se for detaching the
donor substrate at the zone of weakness formed during the implantation step
mentioned above. |
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20 This layer of oxide is then used as a bonding layer to produce a bond
on an oxidized support substrate. In a second alternative, the strained Si
film 33 can also be partially oxidized. The layer of thermal oxide that is
formed is then used as a bonding layet to bond directly to a Si support
substrate and it then constitutes the 25 buried oxide layer of the final

SGOl.structure. It should b that thesg, t oaltern ives can bef h
G T R e SR 5t the
danwrpHbel @R IRSanseredtie hesevptont stubsliniplaisiahtite el et part

oitr‘tttt)@‘ﬂ@ﬁof@&@wét@t@etlﬂﬁiir@%@%tﬂ@rﬁ@ﬂtt@@@@@f ml@ip@trtggbe mfr}fg the
] t led,out e or supstrate an

éjalsr%r %r% a por?gtl gn |n%%tr{%:8u\ll[§re a{ Oé‘é) ()'r{lrttgé)l‘g the%%% er layer 322 of '
SiGe Mumw%ﬁt@tat@mwas@fmw@@& H%GW&?'@&LI&@@%@%%SUPPW
sg@@t@teombe $héAFR‘>TQtﬁ(rBpraﬁtanafemmettg;tbdlwasscednleelrefrsard SiGe

i the 35
T i e R it ﬁ?ée??éur.“%%?@? ntatio
step é’ﬁﬁ%ﬂ dPaoBiRtoNeb e BTG g 2R TR RY éﬁtﬁWﬁE)g
“Sig-frgmrtmiottheSlonorisabitiate by traasberrednditige anptptayer transfer“’

ABIRIERES, @t@é@é@t@t&vm%hrﬁb@eﬁpmﬁyQ?ﬁraﬁ@dbaa@éta%@@ﬁw.ng
fthe SlG er | ye 322 on ﬂ:lr?é/SIde the Si film 33.with respect to
e EEALRBAERE oAl i redat! thaimpLodds R sauiiprgyer
thiad oisizézesuppoer Bubbrarontthebithin sxample tieh thgeirazntion and
llfgg@g@gm%§gg%mpdmg to said portion derived from the upper
Iayer 2. It.should be menption ere hat,the documen
IB&HLS S‘?\e Qi SCP?OC} in th gl%on'a ’Eg&/ ES‘H&SS et al

etat ' raine II’]SU r b warer

l&aﬁtﬁwﬂnttmﬂwm Pipsicdiatiers, tb@| FVRUNDR P4 b@’hét 1@*@@@3 to the

| pﬁmm bﬁr@m@ﬁ@daﬁﬁmﬁ ﬁmzngdta@o&mmi@y@mmﬁmmﬂeﬁ the

e e o 8t o bondin

d.sc|o§éf@.ﬁ%em%tﬁwﬁeﬂ Qﬁgdacéttﬁaté haimspdiciienela, SG
sremtthataafdhe fortmtiaivasthat ibrefates arthegintidustifur bbadimgimekyer of

raGQR OB UAY SEYSIYELSK PR R SBaIR Md does not envisage the

~ diffusion of germanium from the layer of relaxed SiGe into the layer of

strained Si. ,

Further, in that document, the layer of sirained silicon that is
fransferred is deliberately thick so that it can be preserved and constituie the
acfive electrical layer of the final sSOI structure. |

Further, and in particular, that thickness is too great when compared
with the constraints imposed by the invention for said layer of strained Si to
disappear, as will be described in more detail below, by diffusion of
germanium into its thickness, assimilating it and homogenizing it with the
SiGe layer. |

Returning to the description of the implementation of the .invention,
following the thinning step and referring to Figure 2f, a step is performed
consisting in diffusing germanium from said thin layer 32" of SiGe into the
bonding layer (in this case the film of strained monocrystalline silicon 33).

And as was seen above, the strain which is imposed on said film 33 by
the SiGe layer encourages the diffusion of germanium through the film 33, the
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Si layer being ensured by the subjacent relaxed layer of SiGe. The

above-cited document does not teach the production of a SGOI structure

and a fortiori does not propose any solutions for bonding a layer of 20

relaxed SiGe to an oxidized support’substrate and does not envisage the
- diffusion of germanium from the layer of relaxed SiGe into the layer of

ined Si. | [ i
A NBATaTAT R SR iR S0 AT E A S T e

iddirgic2h active electrical layer of the final sSOI structure. Further, and in

rﬁ;téﬂagb&mthkggﬁggtésdéﬁqg%elat when compared with the constraints

y the inyention for said la f strained r

bed@é&?ﬁ’e@ﬁt%\({ﬁe‘ée‘d&g‘ IBERP é/ osnsw*!gtér%ﬁt%ﬁrﬁ%ﬁ% Istzéé"félyer

- thlckﬁé_ss, assimilating it and homogenlzmg it with the 30 SiGe layer.

- Retugpipgro the dgesaiptipyef tt@zi'mp&ﬁment@tiohmﬁmmmorgermaniwn
foIIowmﬁ thect nlng step and referring to Figure 2f, a step is performed
consf&l i'n germanium from said thin layer 32' of SiGe. in
bondlh@myéﬁ (bﬂﬁ*@t%éhﬁte Ll %%%W&i*?ﬁbﬁ&@%tﬁﬂﬂé@tn%&?%%'ge

?érAQLd’ 3 wiasoseamahavechestnpiaredivlitis ihaiqsedion sSxigrsess ibythe

SIS g laveranoanages iedlilusionat demaplimsbronaiiediBysss of
at %e meters 0 IIm 33 SiGe Ia r bein

theLBlIR SRR AT S BT FSReS e o TG BRI

inteheisagoesy eassirtulatadeit with the SiGe layer 5 32" obtaln a SiGe

layer & éjﬁq thasRamageneaus s‘i’fé@“ﬁ@ﬁt"ﬂe%@ﬂf@ﬁtf@ﬁ@ﬁe|§t$h@ttlﬁbhﬁ)tamed

noted t e concentratlon of manium in the Si S
afiRERanint sifatRiRG tﬁ@'f’%ﬁ%vﬁ%ﬁsl PhrE&ENT nE Fthe %)l(%‘gg é ﬁ)aaﬁex}e bnd
1300108 partawdat beodusarsf the ratio between the thicknesses of the SiGe

mer giﬁg%m@ﬂ@%a layer (e thisknessemehihedayersvahtagedosly be

re not to sc ai
C%F'ﬁi%%%ﬁpegoﬁ?ﬂﬁga it A0 giusien LEhe! Omﬁfmﬁtﬂﬁﬁﬁﬁrmften
of SMARTCUT® type transfer methods, to reinforce the interface between the
thin layer and the support substrate.

Finally, a SGOI structure composed of a , wafer of Si 45, a buried oxide

'iayer 46 and a th:n SiGe layer 32" is obtat_ned which benefits from a good

bond quality between SiGe layer 32" and oxide layer 48.

Further, it should be noted that the quality of the buried oxide is that of
a thermal oxide. Whatever the variation employed, said buried oxide is
obtained by thermal oxidation of the Si substrate 45 and/or by partial thermal
oxidation of the Si film 33.

As stated before, prior art oxide on SiGe depc)SItion techniques
necessitate polishing satd deposited oxide layer prior to bonding, which can

~ cause a lack of homogeneity in the thickness.

The invention permits bonding which does not necessitate a priot
polishing step of at least one of the surfaces that are brought into contact.
Thus, the buried oxide layer possesses good uniformity as regards thickness.

Clearly, it should be understood that this implementation of the
invention is not limited to the structure comprising a buffer layer that is
presented here, but can also in particular be applied 1o any sfructure
comprising a SiGe upper layer.
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after bonding and thinning carried out, for example, between 1000C and
15 1100C for about two hours. It should be noted that said heat treatment
can advantageously be carried out during conventional stabilization
steps, in particular in the context of BMARTCUTO type transfer methods,
to reinforce the interface between the thin layer and the support

substrate. 20 Finally, a SGOI structyre composed of a wafer of Si, 45, .

puridl SRS /8P 415 HRASTHACS ST 59918 ) 2R r o BB 1o
ndrdimidegbtel sibeonquality béastn IBEBEaRIG Iboyed egaediageitss. second
impieruiiRito U beaotrddhabie WHaityrsh Hamburigd avide:rithad okupport

sl Ry DRI AR BTN GO Rl RS ERor by parial

therrMorexiprasisetl e Sifiam ondingidvbeidre!satordiNoRdggmanium
colﬁi@@t Wmégémﬂiﬁﬁ@-%Qwﬁﬁéﬁ%@ﬁﬁﬁh@gf%dsm}etiﬂgglﬁkmm layer
aye Q n eneity in the
o D e B £ R hecesatate &
prior M rneciselofiat RIASK offe Wf@%t?hﬁcg’g’m%@fb%@ﬁ‘?n{ayen a
clsaniaglof thessiBe huymdeydddayeuposkass b gtiog uﬁijohrﬂtyciasning step
h%%%ﬁ&%é%%&%ﬁhﬁ'ﬁéﬁﬁm Eﬁgl%ﬁ? %ﬁ?ﬁ@%ﬁaﬂéa'%onding proves of

nplementation of the Invention is notJimited to the structyre comprising a
saiisHar RYe ARG 95 (R eniEE HRPBCKIN (Y ST RFRS SR PO SR BAGH™
cantany spictivelceerpiisingap SiGaupiety 12085, Buthshotigalggbaay be a

 hydiBrRodtharBaimaterial at e bantimalayeyds ok lindied taciisasing in

As already, mentione ove regardi e, second. implementation of the
SERVERGET \?/ﬂgh'ﬂcﬁéﬁé) ﬁ)oi‘#' iaf}g%lglﬁ}ﬁoﬂ E%%bs & emg Oenihaterial of
the behdingsRyel carheaSRiess IMsre wittise o SrTaaphihgmyepisthus

alksRg WilyarusroRNLUAL AR B dBmiealinl esstaan tAlis s dhaivhandingable

of said SiGe layer to a layer of gxide Sj e i
' t
oy Hoah F AL A oy 6 A GRSt spostrate
todiebwgsda cleaning of the SiGe layer is performed before bonding:

Suchip gleammnasiepolébingiies taiieinfarc@ithebonsirglstce gy andithe fow
c@r?ct:%irr}]c?gﬁ%%ng iggc%ol\ée&s%fd for indirect bonding of an upper layer of 3i1,Gey
with a concentration y of germanium that is higher (y > x), said Sh.Ge;
bonding tayer is strained by said Sti.,Ge, upper layer. |

In a manner that is similar to that described above regarding a bonding
layer constituted from a strained monocrystalline Si film, the strain imposed
on the SijGey bonding layer is a factor that encourages the diffusion of -
germanium through said bonding layer, for its homogenization with the Sis.
yGey upper layer. | ‘

The thickness of the SiiGe, bonding layer is selected so that there is
no relaxation of the strain throughout its thickness and so that said bonding
layer can disappear after bonding by diffusion of germanium through its
thickness.

It should also be noted that the steps for implanting and detaching at a
zone of weakness described above are only mentioned as examples of steps

 that can bring about thinning, on the donor substrate side, of the structure

obtained after bonding. ‘ |
| Other examples of thinning techniques are mentioned below. 1t should |
be noted that said examples in no case consti_tute a limitation, and the
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satisfactory quality for the SiGe bonding layers presenting a germanium
content typically lower than approximately 20%. Such a cleaning may be a
hydrophilic treatment, in particular a RTA type treatment (comprising in
sequence a bath in a SCI solution add a bath in a SC2 solution). 15 The
-use of such a SiGe layer with a low germanium content thus aIIows a

layer of SiGe having a germanium cofn gneﬁ{hat IS t igh to o
layeF 18'3H% 35 e(fg{}p o‘rr% e onor

suhsisttatin esterdandedvithsheuddibatbeddRBany@rRifPa-Sig_xGex bonding
Iayermféllaé@tﬁh;fag@%mnt@%é@fﬁ@ lémdthf;Iﬁ@fﬁ@tlb@mmal by
er layer of Sil, a conceniration a that is
SGBER, SR Srlcns Haes i ol L & SR I WS peen
weRisRnGs Y. fFFﬁ*@‘i‘ﬁQrﬁi‘e’ﬁﬂﬁtQ@%@ﬂF% MétTdescribed above regardlng
- a boringr leyensioneisutemhiom fostaiaespiaonivcysiatineiSilfitm, chemical-

enﬁé‘ai%‘*eﬁ#%gﬁﬁ'ééhﬂ?“?é@&n‘%ﬁ%ﬁéﬂﬂméﬁ@ 5@?&’ i e
omddBhRRRERS AREISES SS8yPE B TP T BH AL F bl be

metti@ed. bonding layer is selected so that there is no relaxation of the

372? NG et SHETRATSRNIG BRANGIAY ) ﬁ??ﬁ@ﬁ‘ﬁ‘és%“t n
YRGS o5 BHRHES St SR B AR e A

| zone'éhweakpammwéemwﬁwoalydmmusnéata@t@x@wm%w a Si

BIRRSH g@.ﬂg&i HeRRAUCtNRIS: qrp;m daper shhstirle sisle, of tieh-stop

structure

f opdi
at%%rhﬁﬂfhgg &E Fﬁé%eﬁ%ﬁetgaro I fl‘pft SO 91ra e’a;%@(e%'v ét saléﬂgg tr)ﬁ’p?g[seﬁ Ve

etbicgse constitute a limitation, and the 17 invention encompasses any
| type %t@ﬁtymm@ haseamthindbendoreilysuliatate ithactafdancearitithef a

methad of i T ?}é?gteg'?g m&n@&%oﬁa%éﬁéﬁéﬁgﬂgeFBF‘%'@H[&Gnductave

emov ng materia supplying energy to "'c r substrate at

marEal et Ras beckeBsiREREHe Py Ry RefEals ¥iRe!p 6%15%*’[5?@3*’3/ of

- aGihediterhnigpesiogrisistniettexaotes imvaetioanical or chemical-



mechanical attack by lapping and/or chemical-mechanical polishing, CMP.
Dry etching techniques such as plasma or spray etching can also be
mentioned. 10 Finally, selective chemical etching techniques can be
carried out, in particular when the structure to be etched comprises
etch-stop layers. This is particularly thg case with a donor substrate
comprising a Si etch-stop layer subjacent to a SiGe upper layer in which
said Si etch-stop layer can be used to thin said donor substrate, following
bonding by selective 15 etching. Eik&llylShe invention does not only relate
to the indirect bonding of a SiGe layer, but also relates to indirect bonding

10f RnnlsyRicoloreprs@iaretive snaictive thid wandadransiereriea of semi-
support substrate via the intermediary of a bondjn% layer using the

CRRMGH R MEtRUBH R 21 8 eR A S TRReRRY dhBHdavemhadrodifiped

fRAMArtsHie Adhisifaer cre@msing ReLGHpe MmajerdiaempdpRNEtor material,
substrate, said thi Iaﬁ/er bein obthinﬁﬂ from adonotr sub%rate

1R RO BB SUPIESS AL BAL FOPIRLRaF SRR Wethod being
charafeniieg ontbaidtgnmeprisgsrsiepsrafinddayingda saideriehiaysraepts
bondi %ga ier of ma}erial t?a%zggcce tsi dégfys' of an eITment_of the
materiTBPIRR ChplS PNt 2l sAb St s DS oV hastering it
bondictpadmes said -Hoonting | Hye dioromasbstnageitsrbonthag midhekibe ;
bondigg layer, Rreviauslformedsgnihe yppspiaverand cpanad gile ayer
support substrate; and - diffusing said element from the uppér Tayer irto

the bayeinig Usierfaonieamogetiize tmpeoriayatraiioh ofetied|cimdveinsthpport
bondiggé@ 121 aid upper layer, to constitute said thin layer of the
structure with ‘said bonding layer and said upper layer. 2. A method

accordifigisénelied etaemidradthetpauiaemantdpeanisigayer to
said eIReIdHRI HeUBRRENRLIB HISRRNUNSHRYE Pk HRIMIRG 1ayer

layer disappears by blending into said upper layer to form said thin layer

of the e SRI UBPATMRUBH A&V TRshinin dRYEL BE fre Birgbt s with
furtheg SRMYIRAAG layer and said upper layer.

2. A method according to claim 1, characterized in that, during the step of
diffusing said element from the upper layer into the bonding layer, said
bonding layer disappears by blending into said upper layer to form said thin
layer of the structure.

3. A method according to claim 2, characterized in that it further comprises,
following bonding and prior to diffusion, a thinning step aimed at removing a
portion of the donor substrate to retain only a portion of the upper layer, to
obtain an intermediate structure comprising the support substrate, the
bonding layer and a thin layer formed by the remainder of the upper layer
remaining integral with the bonding layer.

4. A method according to the preceding claim, characterized in that thinning
is carried out by detachment from the donor substrate at a zone of
weakness formed prior to bonding in the thickness of said upper layer.

5. A method according 1o the preceding claim, characterized in that the zone
of weakness is formed by implanting species into the upper layer.



following bonding and prior to diffusion, a thinning step aimed at removing
a portion of the donor substrate to retain only a portion of the upper layer,
to obtain an intermediate structure comprising the support substrate, the
bonding layer and a thin layer formed by the remainder of the upper layer
remaining integral with the bonding layer. 4. A method according to the
preceding claim, characterized in thaIt thinning is carried out by
detachment from the donor substrate at a zone of weakness formed prior
to bonding in the thickness of said upper layer. 5. A method according to
the preceding claim, characterized in that the zone of weakness is formed

b implanti egies into heu per F) el eth daccordingt
Cl)él\lrrnT1D f dar%a&: ericlzne f t% n%cgdrﬁ nseserEZ rgt’on |{ar ﬁ %rjltaﬁ R”S steBnor to

'rﬁm?é@aé'%eﬁbﬁiﬁ‘ib %ﬂ'ﬁﬁﬁe@tr@@%ﬁéﬁ@w Qai?.f P8Rl f%?érogaﬁ?'d bonding
|qyetestidepianiectibesrigyambeirgy reeiorethiectiording steplifg Atapethod
according to any one of claims 3 to 6, characterized in that the thinning

st rises at |east one etching step. 8. e accordin
7o P P A AE AR BBFIR e dRrto P AL ik e
tib?%ﬁ@)l?iﬂg acneRIisRsAIEASt @ IRcaiRkingciRRe structure obtained after
thinning. 9. A method according to claim 8, characterized in that the

8d'ﬂli§i8ihéae@é§o%i gﬁt’ooghrﬂtriréga '&%ng ent E?ia?k%!i&i%% ti?ﬁuaat the

nding interface of the structure obtained after thinnin

PHYEB SaffATBES Stdfiivo 2R ARGt NSt 'iﬁ%%%i% i%é?etrgﬁﬁii@ﬁ?'afe
Stwc&nr%dbiatr‘mt\ﬂﬁentm@w@g and 1100C for about two hours. 11. A
method according to any preceding claim, in which said upper layer is

foAned rom silico ium SiG chaggﬁtz%dzed Hetp%ﬁthggiff%e{iﬁgtep is

ste rr(‘:%ﬂgistsa?ﬁo pilf |ng t?tam.ieme rom-sai ayer

Oamﬁh@madwgzamﬁém@@‘érmh@abdrafﬁgﬂme dingripteriacgaf the
sthecsiep aftlrirmactgfteneéHanmidng layer comprises depositing a film of
strained silicon Si on said SiGe upper Iayer 13. A method according to

ai 2. characterized in that the bon |n er is formed itaxial
e R S B Eloh B ST B RN O GO GG LI s heat
tiggment is carried out between 100Q°C and 1100°C for about two hours.

11. A method according to any preceding claim, in which said upper layer is
formed from silicon-germanium SiGe, characterized in that the diffusion step

consists in diffusing the element Ge from said upper layer into the bonding
layer.

12. A method according to claim 11, characterized in that the step of forming

the bonding layer comprises depositing a film of strained silicon Si on said
SiGe upper layer.

13. A method according to claim 12, characterized in that the bonding layer is

formed by epitaxial growth of a film of strained monocrystalline silicon on said
SiGe upper iayer.

14. A method according io claim 13, characterized in that said the thickness of
said sirained epitaxially grown Si film is about 5 nm.



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

thickness of said strained epitaxially grown Si film is about 5 nm. 20 15.

A method according to claim 13 or claim 14, characterized in that bonding

is carried out on an oxidized support substrate to produce a good quality
Si/oxide bond. 16. A method according to claim 13 or claim 14,
characterized in that it further comp#d$es, following formation of said
strained Si film and prior to cleaning, a step of partial thermal oxidation of

id strained Si film to form a layer of a thermal oxide on the surface of

T8 ISR S5 T Al SER TG o ERAIAAB CPEL Bk RoNing
ishaeBissHingt ioBafie @xslitelroiBPOR 1 britate dieupisshicrisstanedoguality
Qureddecharghod quality oxide/oxide bond. 18. A method according to

claim 16, characterized in that bonding is carried out directly onto a

silicon support substrate to produce aggfo_od quality oxide/Si bond. 19. A

1RrethBPLIDRARG 1IN GRIB LA &8N0l 48 CRAGSIIFRR Nt dhgther
corspmisesofolevisog diognialjen isf saidstrathwitiSh Bo1ayhetotutone20ing. a
stepthndhasear drariacaitibrebarasierézasiadhal Him IeRAROAMNGr of a
tﬁ*%?@%”é’i '8X%h8%@ﬁ£‘§§%9§£85§'}g%%1§§ SAf,PGe upper layer, a film

(0]

with a germanium concen n so tha%onding of said
deposited SiGe film to a layer of oxide is mastered. 21. A method
1dcobrdinthtul chaicor2ih g haraleieriz€] chiracteezahdentraitivorafing is carried

SARTARBAP Brsald dgnesiad RUGOHMIHARSIENIH Heee: A eEP Luality
Oa).((i‘ﬁ%’d)l(ll‘] tsoclglm 20 or claim 21, characterized in that bonding 'is carried
outdi eé?ﬁ/ 0 an oxidized support substrate to achieve a good quality

SiGe/oxide bond. 23. A method according to claim 15 or claim 22,
1@araciaddestintbatdingng theindifbismeiemibek|prientisadiitigesarried

JUtuHRE RPN R0 HFh S s i4IR 2 Br8GED %Ogéo%oElﬁﬁﬁwaé;agelSi
of I ith sal

ermanium Is obtained by assimilation of said bonding layer w
IGe upper layer. 21 24. A method according to claim 17 or claim 18,
characterized in that during the diffusion step, the element germanium Ge

ffusafetRGtBedPEmg to any one of claims 12 to 18, characterized in that the
cleaning of the bonding layer is performed with a SC1 type solution.

20. A method according to claim 11, characterized in that the step of forming
the bonding layer comprises depositing, on said SiGe upper layer, a film of
SiGe with a germanium concentration so that bonding of said deposited SiGe
film to a layer of oxide is mastered.

21. A method according to claim 20, characterized in that the concentration of
germanium in said deposited SiGe fiim is less than 20%,

22. A method according to claim 20 or claim 21, chafacterized in that bonding

is carried out directiy to an oxidized support substrate to achieve a good gquality
SiGe/oxide bond.

23. A method according fo claim 15 or claim 22, characterized in that during the
diffusion step, the element Ge diffuses into the bonding layer so that a layer
with a homogeneous concentration of germanium is obtained by assimilation
of said bonding layer with said SiGe upper layer.



oxidized portion of the strained silicon film partially oxidized prior to
bonding, so that a layer with a homogeneous concentration of germanium
is obtained by assimilation of said non-oxidized portion of the partially
oxidized strained silicon film with said SiGe upper layer. 25. A method
according to any one of the preceding claims, characterized in that the
cleaning of the SiGe bonding layer is performed according to a RCA type
treatment 26. A method according to,gny one of the preceding claims,
characterized in that the cleaning step also comprises the cleaning of the
face of the support substrate which is to be bonded to the bonding layer.
227. A method o&borrding togethaima firstendlaisecddd oredezstefigehiin that

dEPMEUY QiR s1Bs f'ﬂ?‘?é ‘@?éﬁr{é?ﬁ @ﬂﬁ%ﬂlﬁ%%&%@é@ﬁ%g‘ﬁme non-

wafer CO I’SI e face arac at t comprises the
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obpriaethyeby assiitigataid bdndiig layer-ixidiastiengtitnbaidihg partially
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layer previously formed on the upper layer and cleaned, to the support
substrate; and - diffusing said element of the upper layer into the bonding
2y etbotbgenirding ondbertrgiol disqecedirgtdiaimes bomiagterized

inayelt anel é@dMﬁQ%ﬂ%ﬁéfﬁ@@ bending IRiesrdisarnesmngddadierding to a

ﬁy& %?é Fé%q ayer so that said wafers are bonded together, the upper
ayer’ofr the first Wafer being connected to the free face of the second

wafer.
26. A method according to any one of the preceding claims, characterized

in that the cleaning step also comprises the cleaning of the face of the
support substrate which is {o be bonded to the bonding layer.

27. A method of bonding together a first and a second wafers of semi-
conductive material, the first wafer comprising an upper layer and the
second wafer comprising a free face, characterized in that it comprises the
steps of:

- forming, on the upper layer of the first wafer, a bonding layer of a
material that accepts diffusion of an element of the material of said
upper layer,

- cleaning said bonding layer for mastering its bonding adhesion;

- bonding the donor substrate, from the side of the bonding layer
previously formed on the upper layer and cleaned, to the support
substrate; and

- diffusing said element of the upper layer into the bonding fayer fo
homogenize the concentration of said element in the bonding layer
and said upper layer, said bonding layer disappearing by blending with
said upper layer so that said wafers are bonded together, the upper

layer of the first wafer being connected to the free face of the second
wafer,



