
;%&'(e3eIBBC\FXFhI6RITIf wf   MANUFACTURING PROCESS FOR A STACKED STRUCTURE
COMPRISING A THIN LAYER BONDING TO A TARGET SUBSTRATE DESCRIPTION 5
TECHNICAL FIELD This invention relates to a process for manufacturing a
stacked structure comprising a thin layer bonding to a target substrate.
The invention is 10 particularly applicable to the field of semiconductors.
STATE OF PRIOR ART Document FR-A-2 681 472 (corresponding to American
patent 5 374 564) discloses a process for manufacturing 15 thin films made
of a semiconducting material. This document divulges that implantation of a
rare gas and/or hydrogen in a substrate made of a semiconducting material
could create a weakened layer that could contain micro-cavities or
micro-bubbles (or platelets) 20 at a depth approximately equal to the
average penetration depth of the implanted ions. The implanted face of this
substrate is brought into intimate contact with a support acting as a
stiffener. Furthermore, heat treatment can be applied at a sufficiently
high 25 temperature to induce an interaction (or coalescence) between the
micro-cavities or micro-bubbles causing a separation. or fracture of the
semiconducting substrate into two parts, namely a thin semicunducting film
bonding to the stiffener, and secondly the rest of the 30 semiconducting
substrate that may in its turn be recycled as a donating substrate or a
support. The    



t 2 separation takes place at the location at which the micro-cavities or
micro-bubbles are present, in other words along the micro-cavities layer.
The heat treatment is such that the interaction between the 5 micro-bubbles
or the micro-cavities created by implantation causes a separation between
the thin film and the rest of the substrate. Therefore, there is a transfer
of a thin film from an initial substrate as far as a stiffener that acts as
a support for this thin 10 film. Ionic implantation refers to any means of
introducing previously defined compounds alone or in combination. Some
examples are ionic bombardment, diffusion, etc. 15 This process may also be
applied to the manufacture of a thin film made of solid material other than
a semiconducting material (a conducting or dielectric material) that may or
may not be crystalline. This film may be single layer of multi 20 layer
(for example see document FR-A-2 748 850). This process can be used to make
platelets, fer example electronic quality SOI wafers, at an attractive
cost, by transferring a silicon film onto a silicon substrate covered by an
oxide layer. 25 The article "A new characterization process used to qualify
SOI films" by H. NIORICEAU et a1 published in E.C.S. Proc. Vol. 99-3, p.
l73, discloses that an SOI wafer .Wade according to this type Of process
Cain be bonded onto an oxidized silicon substrate. The result 30 after the
silicon substrate has been removed from the SOI wafer and from its oxide
layer by means of a   Y  3 selective chemical attack (for example based on
HF) is another SO wafer with an inverted silicon film since the free face
of this film is the face that was bonded to the buried oxide layer of the
initial SOI wafer. 5 This procedure was used because it was possible to
examine defects in the silicon film. The purpose of this study was to
identify the position of defects within the film thickness, rather than to
make a new structure. 10 The articles entitled "Evaluation of defects in
surface Si near Si/BOX interface in SIMOX platelets" by M SUDOU et al.
published in E.C.S. Proc. Vol. 97-23, p. 119 and "SIMOX technology and
applications to wafer bonding" by A.J. AUERTON-HERVE et al. published in 



15 E.C.S. Proc. Vol. 95-7, p. 12 disclose experiments with bonding an SOI
wafer obtained using the SIMOX process directly on a silicon substrate or
pure silica substrate. This process comprises a single bonding step and is
followed by removal of the substrate from 20 the SOI wafer. The purpose of
these experiments was also to examine defects in the silicon film. A
similar approach was used in the article entitled "Ultra thin silicon films
directly bonded onto silicon wafers" by F. FOURNEL et al., published in
Materials Science and 25 Engineering, B 73 (2000), pages 42 to 46 to make a
dislocation network in an interface plane defined when a thin film and a
monocrystalline silicon, substrate are puT: intG G'G:ltaC.L. 'i:'_c
~'~'4lC~c.' ~.;GG"r, I":G~ ~~_G-;'1C_~= any information about the means of
obtaining the thin layer 30 in the stacked structure as described by the
invention.   4 Document FR-A-2 725 074 (corresponding to American. patent 5
863 830) discloses a process for manufacturing a structure comprising a
thin semiconducting film bonding to a target substrate. Initially, the thin
5 film is bonded to an initial substrate 'oy a first bonding energy. The
thin film is then transferred from the initial substrate to the target
substrate by applying tear off forces to overcome the first bonding energy
and bonding of the thin film on the target 10 substrate. This thin film may
be transferred by means of an intermediate or manipulator substrate that in
turn is separated from the thin film by tearing off. This process requires
that the bonding energies at the different bonding interfaces associated
with the thin 15 film must be well controlled to enable successive tearing
off.The technique knownas BESOI does not useseparation of athin filmby
implantation of gaseouscompounds. Oneof its maincharacteristics is to use
a20 crystalline stop layer toenable chemical (selective)attack
whilesupportinga monocrystalline layer,typically madeof silicon. This stop
layer is amonocrystallinelayer or anepitaxied layer. It may bea doped
siliconlayer, a layer obtained by epitaxy of25 crystalline material witha
nature different from thenature of thethin film(for example SixGel_X) ,
amonocrystallinelayer ofsilicon made porous formed.prom the solidpart of
t:~e s=licor_ substrate. Th'_5technique cannotmake use of an amorphous stop
layer if30 it is requiredto deposita monocrystalline film or.   5 this stop
layer. It does not provide any information about the use of an intermediate
substrate. Lrlith the known process for making thin layers of structures,
called the direct process and described in 5 FR-A-2 68~. 472 and based on
hydrogen implantation, molecular bonding with a final support and
separation in and/or close to the implanted area, it is difficult to obtain
some structures with specific properties, and/or these structures cannot be
obtained with a 



10 sufficient quality. In the following cases, the direct process cannot be
easily applied and the technical solution to be provided as described in
this invention is not simply an adaptation of the process. A first case
relates to the manufacture of 1~ structures of thin and/or very thin
stacked films with a crystalline layer present on the surface of an
amorphous layer. A first example is the manufacture of films with
thicknesses less than a few tens of nanometers, for example 20 nm thick
silicon films on 20 20 nm thick SIOz films bonding to a solid silicon
support. Bonding defects are then frequently revealed during the separation
step in the direct process, which can be demonstrated when the process uses
a separation step involving a low temperature heat treatment (for example
25 less than 500C); this separation step may or may not be mechanically
assisted. A second example is the case in which thin film structures with
specific properties GN.. subject2_1 ~o Neat tra t:~:ents at te~r~peyatuves
greater than the temperatures of heat treatments 30 applied previously
during or after thinning of one of the substrates used (for example using
thinning by the   6 direct process). Bonding defects, for example such as
bubbles inflated with gas, can then occur to the detriment of the auality
of the structure. A second case relates to the manufacture of 5 structures
in which bonding forces before the separation step using the direct process
are very low. For example, for some surface preparation conditions before
putting into contact (cleaning, level of the component manufacturing
process that generates a given 10 surface roughness), the bond between the
final support and the generating plate of the film to be transferred has a
very low energy. The separation step in the direct process is then
impossible. A third case relaxes to the manufacture of stacked 15
structures of materials for which the coefficients of thermal expansion are
too different. If the difference between the coefficients of thermal
expansion of the material from which the film to be transferred is made,
and the material of the final support is too high, the 20 bond will fail
before separation by the direct process if a heat treatment is applied to
the bond. For example, this is the case for silicon and sapphire, for which
the ratio between the coefficients of thermal expansion. is 2. 25 A fourth
case relates to the manufacture of structures in which bonding forces after
the separation step using the direct process must be low or very low. It
wa_; ;~~ c:~si=ub_~ for t_v? ',cc~.dinene_g_~ ~~~i the stacked structure to
remain low after the separation 30 step using the direct process, possibly
even lower than the force necessary for separation, such that   



separation wi=1 be possible at the bonding interface later. This is
applicable particularly when several treatments can reinforce the bonding
interface. In a first example that for example corresponds to a 5 removable
ta-get substrate so that it can be reused, thinning by sacrificial
oxidation of a silicon surface film of an SOI structure at 950C causes an
increase in the bonding energy greater than 1 J/m2 which is not conducive
to subsequent separation of the stacked 10 structure of the target
substrate. In a second example, thermal diffusion of compounds, local
oxidation, etc., may be necessary to treat a11 or some of the layers, which
is not a positive point for separation of the stacked structure since these
15 operations participate in reinforcing the bonding energy. It may also be
desirable to have a very low bonding energy in the final structure, for
example in the case in which it is required to make a deposit on the
structure, this deposit being r~ighly stressed 20 compared with a11 or some
of the stacked structure and the target substrate. This weak interface then
acts as a stress accommodation area. This is a support compliance
application. A fifth case relates to the manufacture of stacked 25
structures made of heteroger_~eous materials. The use of materials with
different natures, for example silicon or thermal oxide ;various
dielectrics, metallic cause bonding defects demonstrated in the direct 30
process. For example, the bonding of a silicon film covered by a silicon
nitride film, with a silicon   8 nitride fil:~ itself covering a si=icon
film, frequently introduces bonding de=ects that are easily demonstrated
during the separation step in the direct process. In this case, a filrr~ is
a substrate or a film or a stacked 5 structure covered on the surface by
the mentioned film. A sixth case applies to the manufacture of stacked
structures in which a phase change or a change in the nature of a material
may occur. For example, some materials cannot be used in direct process due
to 10 incompatibility with the thermal budgets. Thus a stacked structure
composed of a silicon film, a palladium film and a silicon wafer produces a
silicide above 200C that can g_ve a good bond. The bond degrades at higher
temperatures, for example above 15 900C which is the temperature typically
used to oxide a silicon film in order to reduce its thickness. Another
example applies to optical applications in which a metallic mirror may be
added to a silicon sheet by molecular bonding. Tzis metallic mirror cannot
be 20 heat treated at temperatures above a few tens of C, so that thermal
budgets that could be used in the separation process would be impossible.
The direct process cannot always be used to make stacked film structures
including the conservation of a 25 specific surface, called the front face.
In this respect, note as a first example the manufacture of stacked
structures in which it is l.tifri 1:,~~it i.~~ i 'Jli.cr.
~.M~.S''.i-~i.a'~C~ y'.1::~ Cvt~ _._~...v. ~or example, the surface
roug_zness of the structure thinned 30 by the direct process after the
separation step will need to be reduced dependir_g on the planned 



9 application. Ir_ the case of silicon, this reduction in the roughness may
conventionally be obtained by chemical-mechanical polishing (CMP). For many
materials, for example "hard" materials, thus polishing 5 is either not
suitable (ineffective) or takes too long (higher industrial cost). This is
the case of a structure thinned using the direct process terminated at the
surface using a sapphire, SiC or diamond film, for example. The surface
micro-roughness of the "hard" 10 film has to be reduced to satisfy the
required application. For this type of material, polishing by CMP takes a
very long time to implement and the uniformity of polishing on the
structure is very difficult to control. The extra cost involved is then 1~
very high if an epi-ready type quality is to be achieved. We can also
mention the manufacture of stacked structures in which one of the films is
provided with one differer_t characteristic on the two faces. This is 20
the case if the structure obtained by the direct process comprises a
surface incompatible with the planned used after the separation step. For
example, due to its polar nature, a monocrystalline SiC film has the
characteristic that the surface of one face is 25 composed mainly of
silicon atoms en one face (called an Si type surface) and the surface of
the other face is composed mainly of carbcn atoms (C type surface).
~,GiL4iilL,~ C~-T.'~:~n'.`_Cl ~._ ~p.tc.`-Il' Cn t~'.1C c`i._i~laIc~ L.1 t
o ft'ec~ Si type surface .s available. However the transfer of 30 an SiC
film, for example using the direct process, is accompanied by a c:zange ?n
the r_ature of the surface   10 due to turning over. The .nit the Si type
since this type of with SiC and is easy to bond Therefore, the free face is
5 transfer by the direct process. GaN layer. ial free surface is of face is
easy to polish by molecular bonding. of the C type after The same is true
for a Description of the invention 



This invention overcomes the disadvantages of 10 prior art and provides a
means of creating a stacked structure comprising either a film with some
specific properties, or a film with a least one surface with specific
proberties. The invention is based on the surprising fact 15 observed by
the inventors, that unlike the direct process for which the thin layer is
bonded to the target substrate and then thinned, a11 the defects mentioned
above can be avoided if the initial substrate is thinned before the thin
layer is bonded to the 20 target substrate. One or several intermediate
supports need to be used to invert these bonding and thinning steps.
Therefore, the purpose of the invention is a process for manufacturing a
stacked structure 2~ comprising at least one thin layer bonding to a target
substrate, comprising the following steps: a) formation of a thin layer
starting from an 1_1e1"1 ...~,15t~ .. ~t, t_1~ t.l='"_ l~yc= i:'.-"V~"'~~ c
. _ . ~ ~aC called the first contact face, 30 b) putting the first contact
face into bonding contact with a face of an interr;~ediate support, the
structure obtained being compatible with later thinning of the initial
substrate, c) thinning of the said initial substrate to expose a free face
of the thin layer called the second 5 contact face and opposite the first
contact face, d) putt?ng a face of the target substrate into bonding
contact with at least part of the second contact face, the structure
obtained being compatible with later removal of all or some of the
intermediate 10 support, e) removal of at least part of the interrr~ediate
support in order to obtain the said stacked structure. Thinning in step c)
or removal in step e) can use any technique capable of eliminating the
initial 15 substrate or the intermediate support. In particular,
separation, fracture (by the creation of an area weakened by the
introduction of gaseous compounds), mechanical and/or chemical attack. It
may be possible to reuse the substrate and the support, depending on 20 the
thinning and removal type. According to one particular embodiment, the
target substrate is only a temporary support for the thin layer, the said
steps in the process being entirely or partly repeated, the target
substrate being treated as 



25 the initial substrate or the intermediate support. Thus, the process
according to the invention can be used to transfer the thin layer from one
support to a::ot::er s~~pc;=~ as :rGny ti.~:~s as n~::essrf~ tc cbtGin a
stacked structure with the required characteristics, 30 and particularly a
stack with technological component levels.   12 The compatibility of the
said structure =n step b) a:~d/or in step d) may be achieved by forming a
thin layer in step a), in order to avoid bonding dafects during thinning in
step c) and removal in step e), S respectively. This compatibility may be
due to the finished th=ckness of the thin layer and/or the material or
materials making up the said thin layer. The nature of the intermediate
support and/or the target substrate in contact with the thin layer, may be
10 chosen to avoid any incompatibility related to a phase change of the
materials in the resulting structure. The nature of the intermediate
support and/or the target substrate in contact with the thin layer, may be
chosen so as to aaoid any incompatibility related to 15 heterogeneity of
the materials in the resulting structure. The nature of the intermediate
support and/or the target substrate in contact with the thin layer, may be
chosen to avoid any incompatibility related to a difference between the
coefficients of 20 thermal expansion of the intermediate support and the
thin layer. To enable this compatibility, the thin layer and/or the
intermediate support and/or the target substrate may comprise at least one
additional layer with contact face(s). Tn this case, before step d), 25 the
additional layer may be provided with all or part of at least one
component. The additional layer may be composed of an oxide or
polycrystalline silicon or a:-n.:.rp:~ous ..ilicor.. Steps a) and c) may be
such that the roughnesses 30 of the first contact face of the thin layer
and/or the intermediate support are less than the roughnesses of   13 the
second contact face and/or the target s~,bstrate respectively, the
compatibility o~ the structure of step d) being obtained by putting the
second contact face of the thin layer into bonding contact and by 5 removal
of the intermediate support. The bonding contact of the first contact face
and/or the second contact face of the thin layer achieving the said
compatibility in step b) and/or step d) may result from the use of a
treatment enabling 10 bonding contact. The treatment enabling bonding
contact may be mechanical-chemical and/or ionic polishing, insertion of an
intermediate layer between a corresponding contact face of the thin layer
and the intermediate support or the target substrate, or a heat 



15 treatment or a chemical treatment, or any combination of these
treatments may be applied. The treatment may be applied at high temperature
due to compatibility of the structure. Advantageously, step b) and/or step
d) may be put 20 into bonding contact by molecular bonding. The surface
polarity (related to the nature of the atoms on the surface) of the first
contact face of the thin layer may be different from the surface polarity
of the second contact face, the compatibility of the 25 structure of step
d) being obtained by putting the second contact face of the thin layer into
bonding contact with the target substrate, and by removal of i::,:~.
_..._LCL~I:~ ;i:L~ ..~:~.~ OiL ~r::., L_i~' ilrSt CJ:Z:c ~u. rt~=.._".. CJT
the thin layer that thus becomes a free face. The 30 structure
compatibility achieved in step d) may be obtained by putting the second
ccntact face of the thin   14 layer into bonding contact with the target
subst_~ate with a bonding energy appropriate for possibly removal of the
target substrate after step e). Advantageously, this bonding energy is low.
An intermediate step may 5 be inserted between steps c) and d), consisting
of making elements in the second contact face of the thin layer and/or in
the target substrate, the structure obtained after step d) being compatible
with the presence of the said elements. These elements may be 10 cavities
or a11 or part of components (microelectronics, optronics, etc.) and may be
made with a certain surface topology. Before step d), an intermediate step
may be provided consisting of a trimming operation in order to isolate at
least one l~ area of the second contact face, step d) putting at least one
of these areas into bonding contact with the target substrate. The trimming
operation may possibly take place before step a) . After the removal step
e) , the areas) of the layer that are not in bonding 20 contact with the
target substrate remain on the intermediate support and may be transferred
later. Step a) may be done starting from a substrate covered by at least
one layer of material. In this case, after step e), the process may
comprise a step 2~ consisting of eliminating the layer of material covering
the substrate in step a). According to one preferred embodiment: - S ter; a
J li:Cl '"C: ~s ~:;e ~iit~: U~:,.l G' WC^ G- C,c.~s'._'-,OL;S compounds
in~o the initial substrate through one 30 of its faces corresponding to the
first said contact face, to form a weakened layer  



15 separating the said film from the rest of the initial substrate and
possibly leading to a fracture of the initial substrate during step c) , 5
- step c) consists of making a preferred treatment to obtain the fracture
in the initial substrate at the weakened layer. This treatment may be
thermal and/or mechanical. The initial substrate may be single layer or
multi 10 layer. In particular, it may comprise an epitaxied layer. The same
applies for the target substrate and for the intermediate support.
According to one preferred embodiment, at least part of the intermediate
support may be removed by the 15 introduction of gaseous compounds either
through the thin layer after creating a contact, or through the contact
face of the intermediate support before or after putting it into bonding
contact with the first contact face of the thin layer, this addition. of 20
gaseous compounds forming a weakened layer enabling the removal of all or
part of the intermediate support, possibly covered by a film of the thin
layer, by fracture. In this case, the intermediate support may be reused,
for example, as a new support. 25 Possibly, the stacked structure obtained
at the end of step e) is thinned on the side of the first contact face.
~:_i:'.-, pLL,C.=~~ Ii-.-.~ l::Sc~. r~.'I"y CJOhd Ci'.lul~~y a:l'~
therefore high cost initial substrate, for example a 30 300 mm diameter
monocrystalline silicon., an intermediate support compatible with the
initial   16 substrate in the sense of step b), for example a
monocrystalline silicon substrate covered by an Si02 oxide film, a target
substrate made of polycrystalline of monocrystalline sil_con of lower
quality than the 5 silicon in the initial substrate, for example the thin
layer comprising silicon oxide on the monocrystalline silicon originating
from the initial substrate. Similarly, the target substrate may be other
than silicon. At the end of the process, the film obtained 10 on the target
substrate is then very good quality. Furthermore, the initial substrate may
be made, and the intermediate support will be reusable or may be
sacrificial depending on its quality or cost. Furthermore, an SiC or GaAs
initial substrate, an SiC 



15 or GaAs intermediate support, or an SiC or GaAs target substrate of
lower quality than the initial substrate material may be used, the thin
layer containing SiC or GaAs originating from the initial substrate. The
thin layer may also be a layer of a material 20 from Si, GaN, SiC, LiNb03,
Ge, GaAS, InP, sapphire and semiconductors. The invention provides many
advantages including the following: 25 - A monocrystalline film with good
crystalline quality can be transferred, while the stop layer for thinning
the intermediate support is an amorphous lCl~~~r . - A recyclable
intermediate support may be used, 30 for example by checking its bonding
energy, if the cost of the intermediate substrate (quality, nature, etc.)
17 is hig'n. Thus, a polycrystal=ine SiC intermediate support may be ~:sed
to transfer a high cost and/or high quality monocrystalline SiC film. As an
example, the bonding energy may be controlled by checking the 5 roughness
of an additional layer of Si02 deposited on the thin layer or on the
intermediate support. As ar_ alternative to control the bonding energy of
the intermediate support, it would also be possible to use a consumable
fi-~m (for example an oxide) on the surface 10 of this intermediate support
to recycle it (lift-off technique). - It is easy to choose the thickness of
the final buried oxide or the intermediate layer (dielectric, metallic,
etc.). 15 - The principle of the invention may be applied to layers made of
other r~onocrystalline materials made of something other than silicon at
least for one of the films in the stacked structure. In particular, the
process may be used to apply a sapphire, SiC, GaN, 20 LiDIb03, Ge, GaAs,
InP film onto any support. - This same principle may be applied to target
substrate types other than silicon, for example quartz or any substra:.e,
and advantageously a low cost substrate (glass, plastic, ceramic, etc.). 25
- This process may be applied to any type of semiconducting film, for
example to III-V, II-VI and IV semiconductors or to a diamond or nitride
film or any ~ t h a r t y p E: s. f f i 1'.~l , - O ~ C .: ..,..:p 1 ~ J a
i ::.a S ;; '_: C .'1 a S A l 2 ~ 3 r 



ZrOz, SrTi03, LaA103, MgO, Yba;~Cu_,OZ, SiO;~Ny, Ru02 or 30 other
materials, and particularly piezoelectric,   18 superconduct_ng,
insulating, metallic, ~yroelectric, monocrystalline and other materials. -
This process may be applied to materials with surfaces with polar
characteristics. S - This process may be applied repetitively to materials,
for example to obtain complex mufti-layer structures. - The manufacturing
principle for a monocrystalline film alone, for example silicon on a 10
final support, may advantageously be used in an application in which the
final support is a structure with at least one processed or unprocessed
layer. This monocrystalline film of transferred silicon then itself becomes
the subject of technological steps in order to 15 create a component. This
principle, if it is repeated, can be used for 3D stacking of technological
levels of components. - The process according to the invention can
compensate for several types of incompatibilities in a 20 particular
production. One or several intermediate supports may have to be used to
achieve this. - Initial substrates, target substrates and intermediate
supports may be stacked structures. 25 Brief description of the drawings
The invention will be better understood and other advantages and special
features will become clear after rGad:~?-1~ tu:: i. J:.10 ill: ~ d~sC't'~1,
tlJ:l, ~~ 1'~ E'.n c.:3 c: :-,G': limitative example, accompanied by the
attached 30 drawings among which: 



19 - Figure 1 shows a cross-sectional view of a substrate called the
initial substrate to which this invention -s applied, - Figure 2 shows a
cross-sectional view of the 5 initial substrate covered by a material layer
and to which an ionic implantation step is applied during implementation of
the process according to the invention, - Figure 3 illustrates the step in
which the 10 initial substrate is put into bonding contact through the
material the material layer with an intermediate support according to this
invention, - figure 4 illustrates the step in which at least part of the
initial substrate is eliminated according 15 to this invention, - figure 5
illustrates the step of creating a bonding contact with a face of a target
substrate, through a possible layer according to this invention, - figure 6
shows the stacked structure obtained by 20 the process according to the
invention. Detailed description of embodiments of the invention Several
examples of the use of t:nis invention will be described. Trese examples
are variations on a 25 process for embodiment of the invention,
consequently we will start by briefly describing this process using an
example and with reference to figures 1 to 6. r _ J_:_.. . ..uvnlJ ...
C-!'JS-S~~CC-::i:c.= s l.e,' LP _.:~1.~'~:i a 725 ~m thick 200 mm diameter
silicon wafer 1 forming 30 the initial substrate. Face 2 of the initial
substrate 1 is oxidized to a thickness of 400 nm by heat   20 treatment to
create an oxide layer 3 (see figure 2). A mufti-layer can also be used on
substrate 1. 



The next step is an ionic implantation of the initial substrate 1 by
gaseous compounds 4 passing 5 through its face 2, and therefore also
passing through the oxide layer 3 as shown in figure 2. For example, the
gaseous compounds 4 may be hydrogen ions implanted at an energy of 75 keV
and at a dose of about 6 x 101 atoms/cmz. This thus induces a weakened
layer 5 in the 10 plane parallel to face 2. The part of the substrate 1
between the face 2 and the weakened layer 5 forms a film 6. The assembly
formed by stacking the film 6 and the oxide layer 3 forms a thin layer 7.
The thin layer 7 has a free face 15 8 called the first contact face. The
first contact face 8 is cleaned to make it suitable for molecular bond, for
example by a preparation intended to make it sufficiently hydrophile, and
it is put into contact by molecular 20 bonding with a face 11 of another
silicon wafer 10 called the intermediate support as shown in figure 3. In
one alternative application, a layer (adhesive, meltable layer, etc.) that
can cause bonding with the intermediate support may be applied to bond to
the said 25 support. The assembly consisting of the initial substrate 1 and
the intermediate support 10 is subjected to a ~CiJa=atlo:i v reaW:i~u~, ~
~~ cxa:':~yJ_c c, t-_~aL Li: ~c! Li".cnt, 1 n order to separate the film 6
by fracture from the 30 remainder 9 of the initial substrate 1 (see figure
4) .   21 The film 6 remains attached to the intermediate support 10 and
has a free face 12. Advantageously, the thin layer 7 is bonded onto the
intermediate support 10 and is reinforced by a high 5 temperature heat
treatment. Depending on the temperature, the mo~ecular bonding energy
between these two parts may for example be of the order of 1.5 J/mz. 



The free face 12 of film 6 is then smoothed by a surface treatment, for
example by mechanical-chemical 10 polishing, or annealing possibly under a
partial or total hydrogen atmosphere, bombardment by isolated or
concentrated ions or chemical attack in order to remove a11 or part of the
film 6, thus freeing a face of the layer 3 if the layer 3 is sufficiently
selective with 15 respect to the intermediate substrate. It may be covered
by a film 13 that may be mufti-layer, and the free face of which forms the
second contact face 14 (see figure 5). The film 13 may be obtained by
deposition, by heat treatment, by chemical treatment, 20 etc. After the
second contact face 14 has been cleaned, it is put into bonding contact
with a target substrate 15. The bond may be reinforced by a high
tempera~ure heat treatment. 2~ The intermediate support 10 is then removed,
for example by grinding together with a chemical attack. The oxide layer 3
may also be removed to obtain the "r~..~. ,`_ a ._. k C,' S t t L: ~: L L:
r ~. S ::' i ~: n 1 ~~ .C 1 ~ _i ~: E G ~u- _ : ~_~ c .. _ ~ ~. ,i S ~.
target substrate 15, the film 13 and the film 6. 30 According to a first
alternative embodiment, the film 13 may be a 20 nm thick oxide layer
produced   22 thermally cn tre surface 12 of the film o. The target
substrate 15 may be made of silicon and oxidized on the surface (for
example over 20 nm) or not. In this case, the bond of film 13 on the target
substrate 15 may be 5 reinforced by a treatment at 1100C or a molecular
type bond. As before, bonding is possible using an adhesive or meltable
material or any other type of material. This would then give a high quality
stacked structure while avoiding the appearance of bubbles at the bonding
10 interface. The intermediate support 10 is removed by grinding followed
by a chemical attack in a tetramethylammoniurn hydroxide (TMAH) or potash
solution, the oxide layer 3 then acting as a chemical etching stop layer
for the silicon. This oxide layer 3 15 is eliminated using a hydrochloric
acid based solution. The final thickness of film 6 is adapted by thinning,
for example using sacrificial oxidation. A final thickness of 50 nm may be
obtained with a very good uniformity. 20 According to a second alternative
embodiment, the oxide layer 3 formed on the initial substrate 1 is 4C0 nm
thick. Hydrogen atoms are implanted under the same conditions as before.
After separation of t he silicon film 6 from the rest 9 of the initial
substrate 1, the 2~ film 6 is thinned, by example by sacrificial oxidation
to 30 nm, and is covered by a 5C nm thick oxide 13. The second contact face
14 is bonded to the target W.:~,):it-atc 15. -1_c:r: err,:-.:iit:s
re~.~-..ii~ i -lg c. r:iCj_~-_ t~.-:.".i E-icU,`.ure 



can then be applied without creating a risk of bubbles 30 appearing a~ the
bonding interface.   23 A third alternative embodiment can give a low
energy bonding interface on the target substrate. In ordar to achieve this,
the surface 12 of film 6 revealed by separation of the film 6 from the rest
9 of 5 the initial substrate (see figure 4) is smoothed, for example by
mechanical-chemical polishing. This thermally forms an oxide film 13 (see
figure 5) with a thickness of 1000 nm. The free surface of film 13 is then
roughened with an average RMS value equal to 0.6 10 nm, for example by
etching using a loo hydrofluoric acid solution for 12 minutes. After
cleaning, the second contact face 19 is bonded to the target substrate 15.
This target substrate is a silicon substrate that may have been oxidized on
the surface, 15 for example to a depth of 1000 nm. Its surface may have
been roughened to an average RMS value of 0.6 nm using the same chemical
treatment as was used for the film 13. The bonding energy is adaptable as a
function of the induced roughness and a heat treatment, if any. 20 At this
stage, it is possible for the bonding energy to be lower than the energy
necessary for satisfactory execution of the direct process, called the
threshold bonding energy. The silicon intermediate support 10 is then 25
removed, for example by grinding together with chemical attack in a
solution of TMAH or potash, the oxide layer 3 acting as an etching stop
layer. This o~:ide layer 3 1S ell?i:ln,xt~Q ';:`s' -~.'L~:iiil".~ L?~i.i:~
a ll~,':~~C7=~L:OryC a~lC1 so'_ution and the final thickness of film 6 is
adapted 30 by thinning, for example by sacr,_ficial oxidation.   2~ This
alternative embodiment is capable of producing a final film 6 with an
approximate thickness of 200 nm and with very good uniformity. The bonding
energy with the target substrate 15 is low, so that the 5 film can be
recovered at the end of the process by separation from the target substrate
15. Advantageously, before the film is recovered, it is possible to make
all or part of a component, for example for microelectronic,
optoelectronic, 10 photovoltaic applications or for sensors, etc.
Advantageously, according to another application, this type of stacked
structure with low bonding energy can be used to make film depositions or
transfers. Another application of this alternative is related to high cost
15 substrates. According to another alternative, an attempt will be made to
reuse the initial and intermediate substrates. According to this
alternative, the initial wafer may be made of high quality and/or high cost



20 monocrystalline silicon, for example a 300 mm diameter wafer. The target
support may be made of lower quality monocrystalline silicon, or low cost
polycrystalline silicon. The obstacles overcome using this process include
bonding defects or the appearance of observable 25 bubbles in the direct
process. In step d) in the first example, the free face of the thin layer
may be bonded directly to the target substrate, for example ir_' the Cct~~
11: v i:i'.'1. C~'.c G~r1_catiC.l ~._:Uul=Ea CJi~C:...::Z._n'~ bonding. In
a second example, in step d), the free 30 face of the thin layer or the
ta-_get substrate may be covered by an oxide film, for example to enable
bonding   25 on the low cost ta-get substrate. In th~.s final example, the
oxide makes it possible to smooth the surface to be bonded and the target
substrate will be made of polycrystalline silicon. 5 In this alternative to
the process, the intermediate silicon substrate may be low cost, for
example polycrystalline. An additional layer, for example :nude of Si02 for
surface smoothing, will advantageously be deposited on the intermediate 10
substrate. Also in this alternative, the intermediate substrate may be made
of high quality silicon. It will then be advantageous to recover it, for
example using a lift-off technique or by implantation of gaseous 15
compounds followed by separation, or for example by a technique after step
b) based on a fairly low bonding energy to enable separation, for example
by mechanical or pneumatic methods, etc. In a11 cases of this alternative,
the initial high 20 quality and/or high cost substrate, for example 300 mm
diameter silicon, will advantageously be recovered, for example using
gaseous compound implantation in step a) and separation from the rest of
the initial substrate in step c). 25 A fourth alternative embodiment car
provide a low energy bonding interface on the target substrate so that the
film can be released and the target substrate C c. . : ~~ ~;. = c :' J i ~.
_ ~ ~., . 1 f: l ~~ a - ~ .-'. ~ . _ .., ~ ~. i' c ~ :l i,_: C: ~ 1'". ~
;'. t , ~r: .11:i : t has many points in common with the previous 30
alternative, makes it possible to apply a number of treatments to the film
fixed to the target substrate,   26 



for example techr_clogical stems for making electronic components including
high temperature heat treatments. These heat treatments would make it
almost impossible to separate a film from a substrate produced using the 5
direct process. ~nle have already seen that it is pcssible to achieve a low
energy bond of the film on the target substrate, for example an energy of
0.5 J/m2. This type of bonding energy can be achieved despite heat 10
treatment at a temperature exceeding 900C, by maintaining control over the
roughness of surfaces before making contact to ensure that RMS values are
greater than 0.6 nm. These energies are then compatible so that the
"processed" film can be released 15 by separation of the target substrate
after application of the technological steps to make components. It is then
possible to recover the target substrate, which may be an advantage
considering its cost. Consider the 300 mm diameter silicon substrate as 20
an example of a high cost target substrate. Only the film part of the
substrate can be reused for the components and it may be important to
recover the initial substrate and/or the intermediate support and/or the
target substrate. 25 A fifth alternative embodiment is applicable in the
case in which the free surface of film 6 delimited in the initial substrate
is such that the direct bond Cu c; ta~get Sip iS~:raLe 1s 'v~r`i 'vvGa~:,
iG:L' Exa:`~.iJla d~,.;e t0 reughnesses over at least one of the two
surfaces to be 30 put into contact. The bonding energy on the target   27
substrate is then insufficient to enable separation of the film using tl:e
direct process. This problem is solved by preparing the first contact face
8 to make it suitable for bonding, for example by the deposition of a
sacrificial film, after the ionic implantation step, and by an additional
smoothing or planarization step. According to the invention, an
intermediate support is used, for example a silicon substrate possibly
covered by an oxide layer 10 (for example 100 nm thick) and with a slightly
roughened contact surface (for example with an average RCS value equal to
0.2 nm). The fact that bonding is applied on a surface with a low roughness
value results in a sufficiently high bonding energy so that the step 15 in
which the film 6 is separated from the initial substrate is possible later.
Once the separation has been achieved, a high temperature heat treatment
may be applied, for example to reinforce the bond or as a function of
operations 20 necessary for the target applications (diffusion of implanted
element, oxide film deposited later, etc.). A surface treatment, for
example mechanical-chemical polishi:~g, smoothes all or part of the
revealed surface of the film separated from its initial substrate. 25 After
cleaning, the free surface of the film 6 or the additional film 13, called
the second contact face 14 is bonded onto the silicon target substrate that
for ~xaii~l.S C :V~::?"~C ~:.~i c.n ai~i =Oisln~ ~eiy '_vf0 :.~ ~ t.`llck 



oxide layer, the surface of which is made rough by 30 chemical treatment.
Bonding may be varied by a heat treatment, but it remains low. At this
stage, t.^:e   2s bonding energy between the film 6 or the film 13 and the
target substrate 15 (or possibly its surface layer) is lower than the
energy necessary for smooth execution of the step in which the film is
separated from the 5 rest of the initial substrate. The intermediate
support 10 is then removed, for example by grinding and chemical attack and
the oxide layer 3 is eliminated by chemical attack. The final thickness of
the film 6 is modified by thinning, for example by sacrificial 10
oxidation. This thickness may be 50 r~m with very good uniformity.
Advantageously, this fifth alternative will be used when the initial
surface roughness of faces 2 or 8 corresponds to a topology etched on the
initial 15 substrate or on the initial thin layer or on the target
substrate. An oxide film 13 (see figure 5) with a thickness of 1000 nm may
be made, for example thermally on the surface of film 6. The surface
topology, that does rot initially enable the direct process, may be 20
reproduced at this step, for example by a chemical etching treatment. One
application example is the case of ducts placed at the bonding interface
with the target substrate and capable of inducing cooling of the structure
by circulation of a fluid. Another example 25 in another field is the
production of a texture at the bonding interface of the target substrate
for photovoltaic applications. Furthermore, this topology l;lay lJ:. i~;a;
:,~:: Gr:ClL3i~:c~-;' Or ~`3rLi~_ly W i ~ilc L3rgct substrate, and may or
may not be covered by additional 30 layers .   29 A sixth alternative
embodiment differs from: the previous alternative in teat the intermediate
support can be recovered. This solution is attractive since the
intermediate support is an element with a certain 5 quality to enable
separation of films and its cost can then be high. For example, the process
according to the invention may advantageously keep the bonding energy of
the initial substrate onto the intermediate support equal to a value just
higher than the threshold 10 energy necessary to separate the film from the
initial substrate. The bonding energy of the initial substrate and the
intermediate support may be controlled by checking the surface roughnesses
and heat treatments used, if any, in addition to the separation treatment. 



15 Considering that the intermediate support can be recycled, it is
possible to use expensive substrates as supports (compatible with the
application), or even substrates that are specially prepared to facilitate
separation at the first bonding interface. The 20 intermediate support may
be recovered after bonding to the target substrate using a "lift-off"
technique, or by mechanical and/or pneumatic separation, or by using a
process in combination with a gaseous implantation, these techniques
possibly being combined with each 25 other . A seventh alternative
embodiment is applicable par~icularly on the case in which the free surface
of t:=a f~l:u sepa-atac iro:a ti.e iui~_al sui~mrate -s difficult to polish
or if its smoothing quality is not 30 sufficient after a direct process.
3~ The surface roughness of films obtained by the direct process frequently
has to be reduced depending on the planned application, after the
separation step. Conventionally, a mechanical-chemical polishing is 5
eossible. However for many materials for exa~,ple "hard" materials
(sapphire, SiC, diamond, etc.), this polishing is either not really
appropriate (not effective for polishing a film of hard material since it
was developed for the same material in massive form, 10 or because the
quality is insufficient, or if there is a thickness uniformity defect), or
it takes too long (which increases the manufacturing cost). The invention
solves this problem. Consider the example cf an initial substrate 1 15
formed by a wafer of monocrystalline sapphire with orientation [1-102] and
polished on the surface with an epitaxial quality. The wafer may be covered
again with a layer of silicon oxide. The initial substrate 1 is implanted
by gaseous compounds, for example hydrogen. 20 If there is no oxide layer,
the implantation energy may be 60 keV for a dose of 2 x 101' atoms/cm2. In
the presence of an oxide layer, the implantation energy is increased to
take account of the thickness of this oxide layer. After preparation of the
implanted face 25 (first contact face), the initial substrate is pat into
contact by molecular bonding with the intermediate support. The sapphire
film is separated in or close to ire ;~re~;:ene,:i lCrar. After this
separation, it is desired to obtain a 30 sapphire film with low
micro-roughness. NIechanicalchemical polishing is very long to apply for
this type   31 of material, and the quality and uniformity of polishing a
thin film is difficult to control. The direct process cannot be applied
since the surface cruality is not of the epitaxial type or the implied 



5 extra cost is high. The sapphire initial substrate is sold by the wafer
supplier with a face that is already of epitaxial qual=ty, consequently the
invention can be used to obtain a stacked structure comprising a film for
which the free face (or front face) is this initial 10 face with epitaxial
quality. Therefore, the separation step between the film and the rest of
the initial substrate is made after putting the initial substrate into
bonding contact on the intermediate support through an additional initial
15 film. After separation, the free face of the sapphire film has a certain
roughness. A layer of material, for example a layer of Si02 is deposited on
the free face and mechanical-chemical polishing enables planarization of
its surface. After preparation. of this surface and 20 the corresponding
surface of the target substrate (for example made of silicon), the second
step of creating a bonding con~act is achieved. Removal of the intermediate
support reveals the initial front face of the sapphire film or the
additional initial film. This 25 additional initial film may advantageously
be a silicon oxide film. In this case, it may be removed by chemical attack
to release the initial front face of L; _ , , _ , ~ _r . , ~ ; ; LilC
.~.'a= =~fiirW i~:~i. .il. ~.:':~j ~ r:~:W is :c'. i~ C'W r.r~:~ ~ 1/
c=.:`1 oxide layer, this layer may be removed by chemical 30 attack.   32
An eiahtz alternative the case in which the film different characteristics.
in the state of prior a~ 5 epitaxy on the film 6, (material with an Si type
GaN film. embcdiment is applicable to is provided with faces with Th is is
the case menticned .t for continued growth in for example made of SiC face
and C type face) or a For example, an initial SiC substrate is covered by
an oxide layer about 400 nm thick. The initial 10 substrate is implanted
through the oxide layer by hydrogen atoms with an energy of l20 keV and at
a dose of 8 x 10'`6 atoms/cm2. The implanted surface is then made
hydrophile and is put into contact for molecular bonding with one face of
an intermediate support, for 1~ example covered by a 1 um thick oxide
layer. A separation treatment separates the film from the rest of the
initial substrate. The SiC film then bonds to the intermediate support
through the oxide layer. A surface treatment (for example
mechanical-chemical 



20 polishing or deposition of a film enabling planarization) makes the new
free surface of the SIC film suitable for subsequent bonding. This free
surface is made hydrophile and is put into contact for molecular bonding
with a corresponding face of the 25 target substrate. After a hick
temperature heat treatment intended to reinforce bonding, the value of
molecular bonding energy car. be equal to or greater har i ~~ /m = . The
intermediate support 10 is then removed, for 30 example by grinding
followed by chemical attack, the oxide layer 3 acting as an etching stop
layer.   33 Finally, the o<side layer 3 is re~;oved by attack using a
solution based on hydrofluoric acid. The final thickness of the film is
adapted, for example using a thinning heat treatment. 5 In this alternative
embodiment, a final thickness of the film 6 equal to 100 nm is obtained
with very good uniformity over a large part of the structure. The released
surface of the film corresponds to the surface suitable for continued
growth in epitaxy. 10 A ninth alternative embodiment is applicable to the
case in which it is desired to recover the intermediate support and in
which the film (or one of the films) has faces with different
characteristics. This alternative is a special case of the previous 15
alternative. After the step that consists of separating the film 6 from the
rest 9 of the initial substrate (see figure 4), an ionic implantation step
is carried out through the surface 12 to induce a weakened area in the 20
intermediate substrate or in one of the additional layers deposited on the
intermediate substrate or the thin layer 7 depending on their nature. it
may be a hydrogen implantation in the intermediate substrate with an energy
of 140 keV and at a dose of 8 x 10'6 25 atoms/cmz for the example of the
materials mentioned in the eighth alternative and in which the intermediate
substrate is made of SiC. lh ~.a~i~`.t Sl.:.~3~.=c.LC 13 pl,;t ~:~11.=G iW
.iW;l1'_g i:0:1=c?CL. with the second contact face. The intermediate
support 30 is then separated from the stacked structure and may be
recycled. Recovery of the intermediate SiC support is   34 economically
very attractive in the case ef a process for production of an SiC film on a
silicon target substrate. The ox-de layer 3 is removed by etching using a
hydrofluoric ac-d solution. The final film 



5 thickness 6 is adapted by thinning, for example by sacrificial oxidation.
A tenth alternative embodiment applies to the case in which the film and
the target substrate have at least one characteristic that makes the direct
process 10 incompatible. For example, it may be the case in which the
difference between the coefficients of thermal expansion of the materials
from which the film and the target substrate are formed is too great. For
example, silicon and quartz, silicon and sapphire, silicon and 1~ gallium
arsenide, Si and InP, Si and LiNb03. A heat treatment used before or during
the separation step by the direct process causes either separation at the
contact interface or failure of one of the two elements put into bonding
contact. 20 For example, the starting point can be an initial substrate 1
composed of a silicon wafer covered by a 400 nrr~ thick oxide layer 3. A
weakened layer 5 is created by hydrogen implantation at an energy of 75 keV
and with a dose of 6 x 1016 atoms/cm2. The contact face 25 8 is bonded to
an intermediate support 10 wit'r~ a compatible coefficient of thermal
expansion. This intermediate support may be another silicon wafer
C::~~.'.iCd ~j.' a ~.UJ 1"::.'. ~Ilil:is Oal.u.. ia1%Er. F"=cc:~ treat,:T~;
c:lLS can then be applied. These heat treatments enable an 30 increase in
the bonding energy, which will cause a high quality separation between the
film and the rest of the   35 initial substrate. once t!~e separation has
been made, the stack shown in figure 4 can be obtained. A surface treatment
minimizes the surface micro-roughness of film 6. After surface preparation,
if necessary, the stack 5 is bonded onto a target substrate, for which the
' coefficient of expansion may be very different from the coefficient of
expansion of the initial substrate, for example a quartz or sapphire
platelet and the intermediate support is removed, for example by 10
grinding, chemical etching, lift-off, etc. Another example of this tenth
alternative consists of causing bonding in step b) in which the energy
corresponds at least to the threshold energy below which step c) cannot
occur. Before step d), an ionic 15 implantation, for example of hydrogen,
is made in the intermediate substrate or in one of the additional layers in
this intermediate substrate through face 12. This implantation will induce
a weakened layer in this substrate, in which the separation will take place
20 during step e). The intermediate substrate can then be recovered and
reused. Similar examples may be obtained with initial substrates themselves
composed of a stacked structure, for example a silicon wafer covered by a
nitride layer 25 although the target subs~rate may be a silicon wafer
covered by a thick layer of thermal oxide. The coefficient o` thermal
expansion of the nitride film 



::'a~' i'~. grE.ate~: t.i_v;:': _ ._ i .~ ~% ii, 4i::1:. tile C:W iLlC:1
~_lt Of thermal expansion of tl:e oxide film is less than 10-5/k. 30 A high
terr~perature heat treatment used during cr after the direct process, for
example to thin the silicon   36 film by sacrificial oxidation, is not
compatibleforsome bonding energy conditions between the nitrideandsilica
films. In this case, the process accordingtothe invention solves the
problem. After step c),the5 thin layer is treated at high temperature to
thinthesilicon by sacrificial oxidation. After step d),anadditional nitride
layer (Si3NQ) is made on the freeface of the thin layer and the target
substrateiscovered by an oxide film (Si02). The two layerscan10 also be
deposited on the free face of the thin layeroron the target substrate. The
final stacked structurecorresponds to the thinned layer of silicon
supportedby the two films with very different coefficientsofexpansion. 15
According to an eleventh alternative, the characteristic that makes the
direct process incompatible may be a phase change occurring in a film. For
example, a palladium film put into contact with a silicon substrate enables
bonding by forming a silicide 20 due to a heat treatment at a temperature
above 200C. However, at 900C, this silicide degrades, for example making it
impossible to perform a sacrificial oxidation step at 900C in the direct
process. The invention solves this problem. 25 After making a thin layer 7
comprising a silicon film 6 on an intermediate support 10, the silicon film
is thinned at 900C by sacrificial oxidation, and the fVGalia~.111..~ Li_iu
~J Wi~.~.'n Cl~t.~~J.~.itvln d1 tei t!:u. s~ey~ smooth the free face 12,
and forms a11 or part of the 30 film reference 13. The heat treatment to
form a bond with the target substrate is then made at a temperature   37
below 87~C, and the bond will be good auali tv and the silicon film will be
the right thickness.   3g CLAIMIS 



5 10 15 20 25 30 1. Process for manufac~uring a stacked structure
comprising at least one thin layer bonded to a target substrate (15),
coreprising the following steps: a) formation of a thin layer (7) starting
from an initial substrate (1), the thin layer (7) having a free face called
the first contact face (8), b) putting the first contact face into bonding
contact (8) with a face (li) of an intermediate support (10), the structure
obtained being compatible with later thinning cf the initial substrate, c)
thinning of the said initial substrate (1) to expose a free face of the
thin. layer called the second contact face (14) and opposite the first
contact face (8) d) putting a face of a target substrate (15) into bonding
contact with at least part of the second contact face (14), the structure
obtained being compatible with later removal of all or some of the
intermediate support, e) removal of support (10) in structure. at least
part of the intermediate order to obtain the said stacked 2. Process
according to claim 1, characterized in that the target substrate is only a
temporary su~oport ~Cr tai':. tul::l 1 ~'y'ct, tile: S 1::: S~.:C~ .~ 1f1
tllC p~.CCc:::~ ~T.JCIP~j entirely or partly repeated, the target substrate
being treated as the initial substrate or the intermediate support.   



39 3. Process according to claim 1, characterized in that the compatibility
of the said structure is obtained in step b) and/or in step d) by forming a
thin 5 layer in step a) so as to avoid bonding defects while thinning in
stet cl and during removal in step e), respectively. 4. Process according
to claim 3, characterized in 10 that the said compatibility is the result
of the thickness given to the thin layer and/or the material or materials
making up the said thin layer. 5. Process according to claim 3,
characterized in 15 that the nature of the intermediate support and/or the
target substrate in contact with the thin layer, is chosen so as to avoid
incompatibility related to a phase change of the materials of the structure
obtained. 20 6. Frocess according to claim 3, characterized in that the
nature of the intermediate support and/or the target substrate in contact
with the thin layer, is chosen so as to avoid incompatibility related to
non 25 uniformity of the mate-ials in the structure obtained. 7. Process
according to claim 3, characterize) in that ti.e ~1G~`.,.ure GL tfl~
lnterlllF~~'..Llc:~_e S'..'.p i.~GW. an:.uj Gr tCle target substrate in
contact with the thin layer is 30 chosen. so as to avoid incompatibility
related to a difference between the coe~ficients of thermal   40 expansion
of the intermediate support and/or the target substrate, and the thin
layer. 8. Process according to claim 3, characterized in 5 that the th,'~n
layer and/or the intermediate support and/or the target substrate
comprises) at least one additional layer with one or more contact faces. 



9. Process according to claim 8, characterized in 10 that the additional
layer before step d) is provided with a11 or part of at least one
component. 10. Process according to claim 8, characterized in that the
additional layer is composed of an oxide or 15 polycrystalline silicon or
amorphous silicon. 11. Process according to claim l, characterized in that
steps a) and c) are such that the roughness of the first contact face of
the thin layer and/or the 20 intermediate support is less than the
roughness of its second contact face and/or the target substrate, the
compatibility of the structure in step d) being obtained by putting the
second contact face into bonding contact with the thin layer and by removal
of 25 the intermediate support. 12. Process according to claim 3,
characterized in Ltlct'.. t::c W::'::.ui.g COn taC i. O= ~:..1~ =ire ij
CO=It Gv.-i_. ~aCE.' and/or the second contact face of the th:~n layer 30
enabling the said compatibility in step b) and/or in   41 step d) is a
resist of the use of a treatment enabling bonding contact. 13. Process
according to claim 12, characterized 5 in that the treatment used for
bonding contact is chosen alone or in combination among the treatments
including mechanical-chemical and/or ionic polishing, insertion of an
intermediate layer between a contact face of the thin layer and the
corresponding 10 intermediate support or the target substrate, heat
treatment and chemical treatment. 14. Process according to claim 1,
characterized in that the bonding contact in step b) and/or step d) is 15
achieved by molecular bonding. 15. Process according to claim l,
characterized in that the surface polarity of the first contact face of the
thin layer (polarity related to the nature of the 20 atoms on this surface)
is different from the polarity of its second contact face, the
compatibility of the structure in step d) being obtained by putting the
second contact face of the thin layer and the target substrate into bonding
contact, and due to the removal 



25 of the intermediate support of the first contact face of the thin layer
that thus becomes a free face. le;. _='OC~W a:cOtdi?1g tJ Cla.i.~"~ _,
Ci.ar,-W :tc~lG~:1.1 that the structure compatibility achieved in step d)
is 30 obtained by creating a bonding contact of the second contact face of
the thin layer with the target   ~)2 substra~e with a bonding energy that
enables removal of the target substrate after step e). 17. Process
according to claim 1, characterized in 5 that an inter-nediate step will be
carried out between step c) and step d), consisting of making elements in
the second contact face of the thin layer and/or the target substrate, the
structure obtained after step d) being compatible with the presence of the
said 10 elements. 18. Process according to claim 1, characterized in that
an intermediate step is performed before step d) , consisting of a trimming
operation in order to isolate 15 at least one area of the second contact
face, step d) putting at least one of these areas into bonding contact with
the target substrate. 19. Process according to claim 1, characterized in 20
that the step a) is done starting from a substrate (1) covered by at least
one layer of material (3). 20. Process according to claim 19, characterized
in that after step e), the process comprises a step 25 consisting of
elimir_ating the layer of material (3) covering the substrate (1) in step
a). 2.. t'YJC.-'~,SS aC.:OrCai'.~lg t:: a'_':;ji G_"':~ of Cial..".:_ .J Oi
20, characterized in that the initial substrate (1) is 30 made of silicon,
and the layer of material (3) that covers it is made of siliccn oxide.   



r 43 22. Process according to claim 1, characterized in teat: - step a)
includes the introduction of gaseous 5 compounds into the initial substrate
(1) through one (2) of its faces corresponding to the firsr said Contact
face (8), to form a weakened layer (5) separating the said film (6) from
tl:e rest (9) of the initial substrate and possibly 10 leading to a
fracture of the initial substrate during step c), - step c) consists of
making a preferred treatment to obtain the fracture in the initial
substrate (1) at the weakened layer (5). 15 23. Process according to claim
1, characterized in that at least part of the intermediate support is
removed by the introduction of gaseous compounds either through the thin
layer after creating a contact, or 20 through the contact face of the
intermediate support before or after putting it into bonding contac~ with
the first contact face of the thin layer, this addition of gaseous
compounds forming a weakened layer enabling the removal of all or part of
the intermediate support. 25 24. Process according to claim 1,
characterized in that the stacked structure obtained at the end of step a )
1:~ tiiiit_1c'~, C: .lic S=.d~ Gi tt:C .L i r:~ i. CO": ~dC i c. ~~ . 30
25. Process according to claim 1, characterized in that it uses an initial
substrate made of   f 4~ monocrystalline silicon, an intermediate support
made of monocrystalline silicon, a target substrate made of polycrystalline
or monocrystalline silicon of lower quality than the silicon in the initial
substrate. 



5 20. Process according to claim, 1, characterized in that it uses an SiC
or GaAs initial substrate, an SiC or GaAs intermediate support, an SiC or
GaAs target substrate with a lower quality than the initial 10 substrate
ma~erial, the thin layer containing SiC or GaAs originating from the
initial substrate. 27. Process according to claim 1, characterized in that
the thin layer is a layer of a material from Si, 1J GaN, SiC, LiNb03, Ge,
GaAS, InP, sapphire and semiconductors.
.Aa.A.Ar.A_.A.A.A.A.A.AS.A.A.A.A.A.A.Ar.AS_.A.AL.Ay.A_.A%.A.A.A9.Ay.Ar.ASr.
A.A.Af.A.ASy.Ay.A.A,y6.Af.Af.Alfr.Af.Ay.AF.A
kwyVijkuv{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]caU]ca]ca]ca!_`bdI   _a?A^_  ( * B C H I M Q
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