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30 COMPRISING A THIN LAYER BONDING TO A TARGET SUBSTRATE TECHNICAL FIELD
DESCRIPTION  This invention relates to a process for manufacturing a
stacked structure comprising a thin layer bonding to a target substrate.
The invention is 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 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) 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 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 semiconducting film
bonding to the stiffener, and secondly the rest of the semiconducting
substrate that may in its turn be recycled as a donating substrate or a
support. The   2 



5 10 15 20 25 30 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 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 film. Ionic
implantation refers to any means of introducing previously defined
compounds alone or in combination. Some examples are ionic bombardment,
diffusion, etc. 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 multilayer (for example see document FR-A-2 748
850). This process can be used to make platelets, for example electronic
quality SOI wafers, at an attractive cost, by transferring a silicon film
onto a silicon substrate covered by an oxide layer. The article "A new
characterization process used to qualify SOI films" by H. MORICEAU et al
published in E.C.S. Proc. Vol. 99-3, p. 173, discloses that an SOI wafer
made according to this type of process can be bonded onto an oxidized
silicon substrate. The result after the silicon substrate has been removed
from the SOI wafer and from its oxide layer by means of a   3 selective
chemical attack (for example based on HF) is another SOI 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.
AUBERTON-NERVE 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 into contact. Tree article does
not provide 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 S film is bonded to an initial
substrate by 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 known as
BESOI does not use separation of a thin film by implantation of gaseous
compounds. One of its main characteristics is to use a 20 crystalline stop
layer to enable chemical (selective) attack while supporting a
monocrystalline layer, typically made of silicon. This stop layer is a
monocrystalline layer or an epitaxied layer. It may be a doped silicon
layer, a layer obtained by epitaxy of 25 crystalline material with a nature
different from the nature of the thin film (for example SixGel_X) , a
monocrystalline layer of silicon made porous formed from the solid part of
the silicon substrate. This technique cannot make use of an amorphous stop
layer if 30 it is required to deposit a monocrystalline film on   5 



this stop layer. It does not provide any information about the use of an
intermediate substrate. With the known process for making thin layers of
structures, called the direct process and described in 5 FR-A-2 681 472 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 15 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 SI02 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 are subjected to heat treatments at temperatures
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 quality
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 relates 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 may be desirable for the bonding energy of 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 will 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 target 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 highly 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 heterogeneous materials. The use of materials with
different natures, for example silicon or thermal oxide (various
dielectrics, metallic materials, semiconductor superconductors, etc.) may
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 film itself covering a silicon film, frequently
introduces bonding defects that are easily demonstrated during the
separation step in the direct process. In this case, a film 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 give 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. This 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 difficult to polish the surface film obtained.
For example, the surface roughness of the structure thinned 30 by the
direct process after the separation step will need to be reduced depending
on the planned   9 application. In 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, this
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 15 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 different 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 on one face (called an Si type surface) and the
surface of the other face is composed mainly of carbon atoms (C type
surface). Continued growth in epitaxy on SiC assumes that a free Si type
surface is available. However the transfer of 30 an SiC film, for example
using the direct process, is accompanied by a change in the nature of the
surface  



10 due to turning over. The init 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 properties. 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, all 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 initial substrate, the thin layer having a
~ree face called the first contact face, 30 b) putting the first contact
face into bonding contact with a face of an intermediate support, the   11
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) putting 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 a11 or some of the intermediate 10
support, e) removal of at least part of the intermediate 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
another support as many times as necessary to obtain a stacked structure
with the required characteristics, 30 and particularly a stack with
technological component levels.   12 The compatibility of the said
structure in step b) and/or in step d) may be achieved by forming a thin
layer in step a), in order to avoid bonding defects during thinning in step
c) and removal in step e), 5 respectively. This compatibility may be due to
the finished thickness 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 avoid 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). In 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 amorphous silicon. 



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 substrate
respectively, the compatibility of 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 the
intermediate support from the first contact face of the thin layer that
thus becomes a free face. The 30 structure compatibility achieved in step
d) may be obtained by putting the second contact face of the thin   14
layer into bonding contact with the target substrate with a bonding energy
appropriate for possible 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 15 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 25 consisting of eliminating the layer of material covering
the substrate in step a). According to one preferred embodiment: - step a)
includes the introduction o~ gaseous compounds into 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. The
process may use a very good quality and 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 silicon 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 layer. - 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 high. Thus, a polycrystalline SiC intermediate support may be used to
transfer a high cost and/or high quality monocrystalline SiC film. As an
example, the bonding energy may be controlled by checking the S roughness
of an additional layer of Si02 deposited on the thin layer or on the
intermediate support. As an alternative to control the bonding energy of
the intermediate support, it would also be possible to use a consumable
film (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 monocrystalline 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 LiNb03, 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 substrate,
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 other type of film, for example oxides such as A1203, Zr02,
SrTi03, LaA103, MgO, YbaxCuyOZ, SiOxNy, Ru02 or 30 other materials, and
particularly piezoelectric,   18 superconducting, insulating, metallic,
pyroelectric, monocrystalline and other materials. - This process may be
applied to materials with surfaces with polar characteristics. 5 - This
process may be applied repetitively to materials, for example to obtain
complex multi-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 reading the following
description, given as a nonlimitative example, accompanied by the attached
30 drawings among wh--ch:   19 5 10 15 20 25 30 - Figure 1 shows a
cross-sectional view of a substrate called the initial substrate to which
this invention is applied, - Figure 2 shows a cross-sectional view of the
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 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 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 the process according to the invention. Detailed description of
embodiments of the invention Several examples of the use of this invention
will be described. These examples are variations on a 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. Figure 1 shows a cross-sectional view througu a 725 um thick 200 mm
diameter silicon wafer 1 forming 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 1016 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
separation treatment, for example a heat treatment, in 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 molecular bonding energy between these two parts may for
example be of the order of 1.5 J/m2. 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 temperature heat treatment. 25 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
stacked structure shown in figure 6 and composed of the 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 on the surface 12 of the film 6. 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 tetramethylammonium 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 400 nm
thick. Hydrogen atoms are implanted under the same conditions as before.
After separation of the silicon film 6 from the rest 9 of the initial
substrate 1, the 25 film 6 is thinned, by example by sacrificial oxidation
to 30 nm, and is covered by a 50 nm thick oxide 13. The second contact face
14 is bonded to the target substrate i5. Treatments -requiring a high
temperature can then be applied without creating a risk of bubbles 30
appearing at the bonding interface.   23 A third alternative embodiment can
give a low energy bonding interface on the target substrate. In order 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 10% hydrofluoric acid solution for 12 minutes.
After cleaning, the second contact face 14 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 l000 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 oxide layer 3 is eliminated by etching using a hydrofluoric
acid solution and the final thickness of film 6 is adapted 30 by thinning,
for example by sacrificial oxidation.   24 



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 in the case in
which the application requires conducting bonding. In a second example, in
step d), the free 30 face of the thin layer or the target substrate may be
covered by an oxide film, for example to enable bonding   25 5 10 15 20 25
30 intermediate silicon substrate may be low cost, for on the low cost
target substrate. In this final example, the oxide makes it possible to
smooth the surface to be bonded and the target substrate will be made of
polycrystalline silicon. 



In this alternative to the process, the example polycrystalline. An
additional layer, for example made of Si02 for surface smoothing, will
advantageously be deposited on the intermediate 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 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
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). A fourth alternative embodiment can provide a low
energy bonding interface on the target substrate so that the film can be
released and the target substrate can be recovered. This alternative
embedime:~t, which has many points in common with the previous alternative,
makes it possible to apply a number of treatments to the film fixed to the
target substrate,   26 for example technological steps 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. We have already seen that it
is possible 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 on a target substrate is
very weak, for example due to roughnesses 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 the
direct process. This problem is solved by preparing the first contact face
8 to make it suitable for bonding, for 5 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 RMS 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 polishing, 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 example is covered by an approximately 10G0 nm thick 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, the   28
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
nm 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 not 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 may be made exclusively or partially in the target substrate, and
may or may not be covered by additional 30 layers.   29 A sixth alternative
embodiment differs from the previous alternative in that 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 particularly on the case in which the free surface
of the film separated from: the initial substrate is difficult to polish or
if its smoothing quality is not 30 sufficient after a direct process.   30
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
possible. However for many materials for example "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 of 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 put into contact by molecular bonding with
the intermediate support. The sapphire film is separated in or close to the
weakened layer. After this separation, it is desired to obtain a 30
sapphire film with low micro-roughness. Mechanicalchemical 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 quality 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
quality, 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 contact 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 the sapphire film. If this front face is covered by an oxide
layer, this layer may be removed by chemical 30 attack.   32 An eighth
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. embodiment is
applicable to is provided with faces with This is the case mentioned .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 120 keV and at a dose of 8 x 1016
atoms/cmz. The implanted surface is then made hydrophile and is put into
contact for molecular bonding with one face of an intermediate support, for
15 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 high temperature heat treatment intended to
reinforce bonding, the value of mclecular bonding energy can be equal to or
greater than 1 J/m2. 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 oxide layer 3 is removed 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 1016
25 atoms/cm2 for the example of the materials mentioned in the eighth
alternative and in which the intermediate substrate is made of SiC. 



The target substrate is put into bonding contact 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 of a process for production of
an SiC film on a silicon target substrate. The oxide layer 3 is removed by
etching using a hydrofluoric acid 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 15 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 nm 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/cmz. The contact face 25 8 is bonded to
an intermediate support 10 with a compatible coefficient of thermal
expansion. This intermediate support may be another silicon wafer covered
by a 200 nm thick oxide layer. Heat treatments 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 the 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 substrate may be a silicon wafer
covered by a thick layer of thermal oxide. The coefficient of thermal
expansion of the nitride film may be greater than ~ x 10-E/k, w:~ile the
coefficient of thermal expansion of the oxide film is less than 10-6/k. 30
A high temperature heat treatment used during or after the direct process,
for example to thin the silicon   36 film by sacrificial oxidation, is not
compatible for some bonding energy conditions between the nitride and
silica films. In this case, the process according to the invention solves
the problem. After step c), the 5 thin layer is treated at high temperature
to thin the silicon by sacrificial oxidation. After step d), an additional
nitride layer (Sl3Nq) is made on the free face of the thin layer and the
target substrate is covered by an oxide film (Si02). The two layers can 10
also be deposited on the free face of the thin layer or on the target
substrate. The final stacked structure corresponds to the thinned layer of
silicon supported by the two films with very different coefficients of
expansion. 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 pallaai~:m film is then deposited after the step to smooth the free
face 12, and forms a11 or part of the 30 film reference 1'?. The heat
treatment to form a bond with the target substrate is then made at a
temperature  



37 below 870C, and the bond will be good quality and the silicon film will
be the right thickness.   3$ CLAIMS 1. Process for manufacturing a stacked
structure comprising at least one thin layer bonded to a target 5 substrate
(15), comprising 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 10 contact (8) with a face (11) of an intermediate support
(10), the structure obtained being compatible with later thinning of the
initial substrate, c) thinning of the said initial substrate (1) to expose
a free face of the thin layer called the second 15 contact face (14) and
opposite the first contact face (8) . d) putting a face bonding contact
with contact face (14), 20 compatible with later intermediate support, e)
removal of at support (10) in ordE structure. of a target substrate (15)
into at least part of the second the structure obtained being removal of
all or some of the least part of the intermediate :r to obtain the said
stacked 



25 2. Process according to claim 1, characterized in that 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
30 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
step c) 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. Process 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 materials in the structure obtained. 7. Process
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 30
chosen so as to avoid incompatibility related to a difference between the
coefficients 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 thin 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 1, 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 that t:~e
bonding contact of the ffirst contact face and/or the second contact face
of the thin layer 30 enabling the said compatibility in step b) and/or in
41 step d) is a result 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 1,
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. 16. P~~ocess
Gccord=ng to claim ~., characterized in that the structure compatibility
achieved in step d) is 30 obtained by creating a bonding contact of tr~e
second contact face of the thin layer with the target   42 substrate 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 intermediate
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 eliminating
the layer of material (3) covering the subs~rate (1) in step a). 21.
Process according to any one of claims 19 or 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 silicon oxide.   43 22. Process according to
claim 1, characterized in that: - step a) includes the introduction of
gaseous 5 compounds into the initial substrate (1) through one (2) of its
faces corresponding to the first said contact face ( 8 ) , to form a
weakened layer (5) separating the said film (6) from the 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 contact with the first
contact face of the thin layer, this addition of gaseous compounds forming
a weakened layer enabling the removal of a11 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 e) is thinned on the side of the
first contact face. 30 25. Process according to claim 1, characterized in
that it uses an initial substrate made of   44 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 26. 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 material, 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, 15 GaN, SiC, LiNb03, Ge, GaAS, InP, sapphire and semiconductors.
.A&N.A9a.A9;
f.A&a.A&NyR.AuR.A9NyR.ALNfe.A&afR.A9afe.A&afy.A9ay,.A&uy?.A9Ny?.A9Nf?.A9afR
.A&uf.A9Nf.A9uf?.A9N.A9N@e.A&aS.Aa.A&uy,.A9ay,.ALN.A9Nf,.ALNf.A9Ny.A9a.A&uy
.ALay.A&ay.ALaS?.A9f.ALNf.Auf6.A9uy.A9;fR.A9af.Auy.ALay?.A&ay,.A9u,
1369<?Bx_rrs[]_behknH
PQzupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]cRa
U]c^aU]ca U]c^a]ca]ca]ca]ca]ca]ca U]c^a]cRa >@89hj~{|`art57UV
}xsnid_Z]c]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]ca]ca]ca]ca]ca]ca]ca]ca]ca!   %''++o,p,,,T-V-223366688999999|::;
N?Q?}xsnic^Y]]ca]caU]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]ca]ca]ca]ca]ca!Q?
A3E6EIIJCKjKkK|KKNPPQQSSWWWWQXSX\\]]h]k]]]^|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]c
a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca!^^(`)`F`aa
c#ccc@dCdeffgg]h_hbhchhhhhhhii6i7iGjHj}xsnid_Z]]]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]ca]ca]ca]ca]ca]ca]ca!Hj
kkkl%m(mJm/n1n8n;
n=n@nCnFnInLnqq*s,ssstuIwJwyyy}zupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]caU]ca]ca]ca]ca]ca]ca]ca!CE"%(+_A
F}xsnid_Z]c]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]ca]ca]ca]ca]ca]ca]ca!FGwx#$,/U{|#&7.1rulz}}xsnid_Z]c]ca]ca]c
a]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]ca]ca]ca!}P(+^ao&}xsnid_Z]c]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]ca]ca]ca]ca]ca]ca]ca!40'>QRueQMS58
"%|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!%-'>QRueQMS58
"%|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca1369<?iK-9@/10%"&'()-&L'10%"&'()-9F10%"
&'()-9@10%"&'()-9s10%"&'()-y10%"&'()-f10%"&'()-?Bx_iG-9@/10%"&'(!sm10%""&'(
)-!f10%"&'()-& 



M10%"&'()-f10%"&'()-L
10%"&'()-9F710%"&'()-_rXYZ[]_buV79LS10%&'()-``10%&'()-s10%&'()- 10"" 10""
10""! 10%""&'()-  10%"&'()-behknH  dBuV79L!10%&'()-
10%&'()-:LY710%&'()-9S/10%&'()-9`'10%&'()-LY10%&'()-
;<=>@}oP79L!&f`10%&'()- 10 10 10!10%&'()- !10%&'()- !10%&'()- @zX6P7!9,
"10%OO&'()- !y9, "10%@@&'()- !t9, "10%;;&'()-
y10%&'()-!!10%&'()-!!10%&'()-*efghj:?~\:!!~&!10%X"X"&'()-S/!&!10%]"]"&'()-S
/s10%"&'()- 10 10 



109, "10%&'()- !9, "10%SS&'()- ?N&-8opwU6+:
10"&!10%"&'()-S/!&!10%b"b"&'()-S/!&!10%]"]"&'()-S/!&!10%p"p"&'()-S/!&!10%f"
f"&'()-S/!&!10%b"b"&'()-S/pqrtuHdB:
10"&!~&!10%X"X"&'()-M*!&!10%]"]"&'()-M*!S&!10%""&'()-M*!&!10%]"]"&'()-M*ys1
0%"&'()- 10" 10"Rf p    wUG9: 10" 10b"b"
10b"b"!|93!10%b"b"&'()-!~93!10%X"X"&'()-!&!10%]"]"&'()-M*!}&!10%f"f"&'()-M*
!N&!10%""&'()-M*   x!"w#$lJ9: 10" 10b"b"
1!X!10%55&'()-#!!10%y5y5&'()-#!X!10%55&'()-#!!10%p5p5&'()-#s10%5&'()-
10b"b"$%%&'''''xj\N/&ys10%&'()- 10y5y5 10y5y5
10y5y5!}&s-!10%y5y5&'()-!t&s-!10%y5y5&'()-
&s-!10%pfp&'()-!!10%y5y5&'()-#''()*++wU6\N/s-10%&'()-!}9!10%JJ&'()-$!y9!10%
@@&'()-$!~9!10%EE&'()-$!~9!10%EE&'()-$!~9!10%EE&'()-$+,Q-R-S-T-V-3.rP/s-10%
&'!pL!10%$$&'()-0&f`10%&'()- 10XX 



10XX 10XX!}9/!10%XX&'()-c !y9/!10%@@&'()-c
3.:/80C11m263wU3P/!~L!10%22&'()-0!aL!10%&'()-0!|L!10%<<&'()-0!pL!10%$$&'()-
0!pL!10%$$&'()-0!kL!10%&'()-06333333l4x5rP/!~L!10%22&'!t9!10%N"N"&'()-!k9!1
0%E"E"&'()-&fs10%"&'()- 10EE 10EE
10EE!L!10%EE&'()-0x5v66O7U8e99wU3P/!}&F"!10%k"k"&'()--!|&F"!10%b"b"&'()--!&
F"!10%]"]"&'()--!&F"!10%b"b"&'()--!p9!10%J"J"&'()-!p9!10%J"J"&'()-99999O:|:
:;rS2 t9!10%;;&'()-% 10%&'()-!10%&'()-!10%&'()-f10%&'()- 10k"k" 10k"k"
10k"k";;*==8>c>>xV4rS2
!9!10%bb&'()-%!9!10%]]&'()-%!a9!10%&'()-%!}9!10%SS&'()-%
\9!10%&'()-%!X9!10%&'()-%>K?L?M?N?Q??>@rP2 !9!10%bb&'!s!10%""&'()-
!s!10%""&'()- f10%"&'()- 10bb 10bb 10bb!9!10%bb&'()-%>@ AAABCCz[9P2
!!&!10%k"k"&'()-3"&!10%&'()-3"!&!10%""&'()-3"!&!10%f"f"&'()-3"&!10%V&'()-3"
!s!10%""&'()- CDD0E1E2E3E6EFrS1!y9!10%@@&'()-,y10%&'()- 



10"" 10""
10""!x&!10%""&'()-3"!&!10%k"k"&'()-3"&!10%}&'()-3"FGHI"JJCKwU3rS1!!aL5!10%&
'()- !}9!10%SS&'()-,!9!10%JJ&'()-,!9!10%JJ&'()-,!~9!10%EE&'()-,!k
9!10%22&'()-,CKyKzK{K|KKOLvL@MrS1!p9!10%J"J"&'()-9!10%b&'()-!t9!10%N"N"&'()
-y10%"&'()- 10OO 10OO 10OO!L5!10%OO&'()-
@MHNN]O2P:QQwU3rS1!!}&%!10%u"u"&'()-!x&%!10%k"k"&'()-!&%!10%f"f"&'()-!N&%!1
0%""&'()-!k9!10%E"E"&'()-!k9!10%E"E"&'()-QQQQQRSTrP1!!}&%!10%u"u"&'!9!10%OO
&'()-0!~ 9!10%EE&'()-0!9!10%OO&'()-0y10%&'()- 10u"u" 10u"u"
10u"u"TUUVVWWzX6P1!!!t9!10%&'()-0!\9!10%#w#w&'()-0!x9!10%bb&'()-0!9!10%bb&'
()-09!10%&'()-0!9!10%SS&'()-0WWWWWWSXXrP1!!!t9!10%!d9!10%++&'()-0!i9!10%00&
'()-0f10%&'()- 10RR 10RR
10RR!9!10%RR&'()-0XlYYaZ.[-\\wU3P1!!}9!10%SS&'()-0!~9!10%EE&'()-0!~9!10%EE&
'()-0!I9!10%&'()-0!9!10%JJ&'()-0!N9!10%&'()-0\4]e]f]g]h]k]=^rP1!!}9!10%SS&'
!p9!10%77&'()- f10%&'()- 10bb 10bb 



10bb!9!10%bb&'()-0!f9!10%&'()-0=^D_F`aaaxbwU3P1!!9+!10%OO&'()-
!9+!10%SS&'()- !S9!10%&'()- !t9!10%;;&'()- !9!10%OO&'()- !9!10%JJ&'()-
xbccc c#ccerP1!!9+!10%OO&'!y9!10%S"S"&'()-!p9!10%J"J"&'()-f10%"&'()- 10 10
10!k9+!10%&'()- eDeeeffgxY7P1!!!&!10%u"u"&'()-g&!10%&'()-g!&!10%f"f"&'()-g
~&!10%XX&'()-g!t9!10%N"N"&'()-!y9!10%S"S"&'()-ghhhhhhRii~\:!!!!tL!10%;
;&'()-!\L!10%##&'()-f10%&'()- 10" 10"
10"&!10%"&'()-g!n&!10%z"z"&'()-gijjkkldlwX6~\:!!!9#!10%OO&'()-Y"10%&'()-!pL
!10%77&'()-!aL!10%((&'()-!IL!10%&'()-!a L!10%((&'()-dll%mJm5n6n7n8n;
nzl^P1f10%&'()- 10 10
10!a9.!10%&'()-9.!10%&'()-!9#!10%XX&'()-!}9#!10%XX&'()-;
n=n@nCnFnInLndE^P1f10%L710%&'()-9/10%&'()-9'10%&'()-9
10%&'()-910%&'()-`10%&'()-LnnoRppdqqwU3^P1!l10%&'()-3!l10%&'()-3!l10%&'()-3
!l10%&'()-3!l10%&'()-3!l10%&'()-3q'rrsssss+trS1!k9!10%22&'()--/10%&'()- 10
10
10!L*l10%&'()-:L*l10%&'()-:!L*l10%&'()-:+ttuvvvwx{Y:rS1!k9!10%&'()--/!9!10%
JJ&'()--/9!10%&'()--/!9!10%OO&'()--/
~9!10%&'()--/!I9!10%&'()--/xcyyyyyyy^z~_=!k!y9!10%@@&'()-Y10%&'()-@@10%&'()
- 10 



10
109!10%&'()--/!9!10%gg&'()--/^zz{w|}7~=zX6~_=!!}9(!10%SS&'()-!9(!10%OO&'()-
9!10%&'()-!~9!10%EE&'()-!S9!10%&'()-!y9!10%@@&'()-=rP=!!}9(!10%SS!y
&!10%S"S"&'()--/!~&!10%X"X"&'()--/S10%"&'()- 10gg 10gg
10gg!x9(!10%gg&'()-ywXMB7!! 10  10  10 &!10%
&'()--/!&!10%b"b"&'()--/!&!10%b"b"&'()--/!~&!10%X"X"&'()--/!~&!10%X"X"&'()-
-/\wU3MB7!!~9!10%&'()-S/!~9!10%&'()-S/!9!10%&'()-S/!~9!10%&'()-S/!~9!10%&'(
)-S/!T0-10%&'()-F\~\:!!~!t &!10%N"N"&'()-0!&!10%]"]"&'()-0y10%"&'()- 10m
10m 10m9!10%m&'()-S/!X9!10%mm&'()-S/zXJ<:!!~! 10k"k" 



10k"k"!&!10%k"k"&'()-0!&!10%b"b"&'()-0!y&!10%S"S"&'()-0!~&!10%X"X"&'()-0&!1
0%"&'()-0"%(uV7:!!9,/10%&'()-9&'10%&'()-L310%&'()-L10%&'()-&t10%&'()-y10%&'
()- 10k"k"(+_Aha?7:!!!m10%&'()-nY10%&'()-k!l10%&'()- l10%&'()- L10%&'()-L
710%&'()-hrP:!!!m10!yL!10%&'()-S/10%&'()- 10 10 10!,/m10%&'()-m
!m10%&'()-wwU6+:
10L!10%&'()-S/!}L!10%EE&'()-S/!SL!10%&'()-S/!tL!10%((&'()-S/!kL!10%&'()-S/!
tL!10%((&'()-S/>dB:
10L!9!10%OO&'()-0!9!10%OO&'()-0!\9!10%&'()-0!9!10%SS&'()-0f10%&'()- 10
10)*+wUG9: 10 10]]
10]]!}9!10%]]&'()-0!}9!10%SS&'()-0!~9!10%EE&'()-0!9!10%OO&'()-0!9!10%SS&'()
-0+,/UlJ9: 10 10]]
1!L!10%@@&'()-@/!L!10%EE&'()-@/!L!10%77&'()-@/!L!10%EE&'()-@/f10%&'()- 



10]] !"#&{\:0 !k9!10%22&'()-:'y10%&'()- 10 10
10L!10%&'()-@/!}L!10%EE&'()-@/!L!10%@@&'()-@/7+,zX9.:
10L0!10%&'()-3!~L0!10%EE&'()-39!10%&'()-:'!9!10%OO&'()-:'!~9!10%EE&'()-:'!y
9!10%@@&'()-:',-.1dB:
10!\9!10%&'()-0!9!10%OO&'()-0!~9!10%EE&'()-0!9!10%JJ&'()-010%&'()- 10
10opqru}oP: 10!\9!y10%"&'()- 10 10
10!a9!10%&'()-0!x9!10%XX&'()-0!|9!10%OO&'()-0u>RrCWczX6P:
10!~&!10%X"X"&'()--!&!10%]"]"&'()--!~&!10%X"X"&'()--&!10%&'()--!~&!10%X"X"&
'()--!y&!10%S"S"&'()--clwxyz}~\: 10!!-10%&'()-Z !-10%&'()-Z y10%&'()- 10" 



10" 10"9 7:10%"&'()-!&!10%b"b"&'()--u)6:7~\:~\:
10!!yL!10%--&'()-%!~L!10%22&'()-%!pL!10%$$&'()-%!tL!10%((&'()-%10%&'()-Z
10%&'()-Z 7|}~8rP: 10!!yL!10%-!~&!10%X"X"&'()-y10%"&'()- 10 10
10!\L!10%&'()-%!~L!10%22&'()-%8:P!)YzX6P: 10!a& !10%""&'()-!|&
!10%b"b"&'()-!~& !10%X"X"&'()-!&
!10%]"]"&'()-&!10%"&'()-!~&!10%X"X"&'()-YcrP: 10!a&
!10%""!L!10%77&'()-0!yL!10%--&'()-0S10%&'()- 10p"p" 10p"p" 10p"p"!&
!10%p"p"&'()-L]P\`wU3P:
10!}L!10%EE&'()-0!xL!10%<<&'()-0!xL!10%<<&'()-0!yL!10%--&'()-0!yL!10%--&'()
-0!L!10%77&'()-0rS1 1!t9:$10%;p;
p&'()-09:$10%P&'()-0!y9:$10%@u@u&'()-0!t9:$10%;k;k&'()-0f10%&'()- 10EE 10EE



10EE%&'wUG91 1!t 10bbbb
10bbbb!9:$10%bbbb&'()-0!9:$10%JXJX&'()-0!9:$10%XuXu&'()-0!x9:$10%SuSu&'()-0
!~9:$10%EuEu&'()-0'(+lJ91 1!t 10bbbb 1!~L
!10%22&'()-!tL!10%((&'()-!tL!10%((&'()-!pL!10%$$&'()-f10%&'()-
10bbbb[\]^a}oP1 1Y10%M&'()-f10%M&'()- 10OO 10OO 10OO!L !10%OO&'()-!xL
!10%EE&'()-!~L !10%22&'()-6h_@
1Y1L!10%(&'()-!pL!10%77&'()-M10%&'()-y10%&'()- 10M 10M 10MF
10%M&'()-hoxV4_@ 1!Cl"10%XX&'()-!tCl"10%SS&'()-!yCl"10%@@&'()-
IL!10%&'()-!;L!10%&'()-!yL!10%@@&'()-}^?4@ 



1 108G10%&'()-L0!10%&'()- !L0!10%JJ&'()-
9@/10%&'()-dl"10%&'()-!dl"10%&'()-yXdB@ 1 10!~L!10%EE&'()-!\L!10%&'()-!F
t!10%&'()-!F t!10%&'()-f10%&'()- 10 10&rz[9B@ 1 10!Lf2!10%XX&'()- L(!10%
&'()-Z!L(!10%OO&'()-Z9!10%&'()-Z !9!10%SS&'()-Z !p9!10%&'()-Z r4uS1 1!
`!10%&'()-! `!10%&'()-F10%&'()-yf10%&'()- 10bb 



10bb 10bb!sLf2!10%bb&'()- k0zX9uS1 1!9Y"!10%&'()- !9Y"!10%JJ&'()-
L!10%H&'()- !pL!10%77&'()- !kL!10%2h2h&'()- !XL!10%&'()- x~_= 1!!N&
!10%55&'()-Z10%5&'()-zy10%5&'()- 10 10
10LS2!10%&'()-!LS2!10%OO&'()-xD'zX6~_=
1!!}l"!10%y5y5&'()-:!l"!10%u5u5&'()-:&!10%&'()- !p&!10%]5]5&'()- !p&
!10%]5]5&'()-!t& !10%a5a5&'()->u}oP1 1Z10%&'()-zy10%&'()- 10y5y5 



10y5y5 10y5y5!}&4!10%y5y5&'()-!&4!10%u5u5&'()-!}l"!10%55&'()-:ue_wU3oP1
1!L%!10%<<&'()- !\L%!10%&'()- !yLS!10%--&'()-!LS!10%77&'()-!y` !10%&'()-Y
!N` !10%&'()-Y Qwi[M1 1!L%!10%<< 10EE 10EE
10EE!}L4!10%EE&'()-z!L4!10%@@&'()-z!xL+!10%<<&'()-!L+!10%@@&'()-MSq^<M1
1!!d9 !10%>">"&'()-!i9 !10%C"C"&'()-!X9 !10%""&'()-10%"&'()-l
m10%"&'()-y10%"&'()-58 z[9M1 



1!!0F10%""&'()- 9@/10%"&'()-!}& !10%k"k"&'()- !& !10%f"f"&'()-
9310%"&'()-!d9 !10%>">"&'()- !"%uV4
1!!p9!10%77&'()-9s10%&'()-m10%&'()-10%&'()- 10p"p" 10p"p"
10p"p"!x9F7!10%p"p"&'()-S-uV4
1!!p9!10%77&'()-9s10%&'()-m10%&'()-!pL!10%77&'()-!fL!10%--&'()-!p9!10%77&'(
)- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph FontZ=gq$S*06M<2B{HNTgZ`e7kpv|+"-qy~']!
"$&(*,.02468:<>@BDFHJLNPRT Q?^HjF}%?_b @?p $'+3.63x59;
>>@CFCK@MQTWX\=^xbegidl;nLnq+tx^z=\(h+,uc78Y'hrxu 6Times New
RomanArialCourier New"h Root EntryWordDocument.
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~   


