
- 1  Process for fabricating a detachable structure in the  form of a wafer,
in particular made of silicon, and  application of this process 5 The
present invention relates to the field of the  fabrication of multilayer
wafers and in particular  separable or detachable multilayer wafers,
particularly  for the fabrication of thin wafers or thin components. 10 In
the microtechnology field, especially the field of  microelectronics, power
electronics, optoelectronics  and MEMS-type components, it is known to use
silicon  wafers bonded to an insulating layer of the SOI type  and more
particularly detachable structures comprising 15 an insulating layer
interposed between a silicon  substrate and a silicon superstrate. Such
detachable  structures have been proposed in document FR-A- 2 860 249. 20
The objective of the present invention is to provide  fabrication techniques
and structures that are markedly  different from those presently known. A
first subject of the present invention is a process  25 for fabricating a
structure in the form of a wafer,  comprising at least a substrate, a
superstrate and at  least one intermediate layer interposed between the
substrate and the superstrate. 30 According to the invention, this process
consists: - in forming, on a substrate, at least one  intermediate layer
comprising at least one base  material in which what are called extrinsic
atoms or  molecules are distributed, these differing from the 35 atoms or
molecules of the base material, so as to  constitute a substructure; - in
applying a base heat treatment to this  substructure such that, in the
temperature range of  



this heat treatment, the presence of the chosen 2- extrinsic atoms or
molecules in the chosen base  material causes a structural transformation of
said  intermediate layer; and - in joining a superstrate to said
heat-treated  5 intermediate layer so as to obtain said structure in  the
form of a wafer. The process according to the invention may  advantageously
consist in applying a complementary heat  10 treatment to said structure,
consolidating the bond between the superstrate and said intermediate layer
and/or inducing a complementary structural  transformation of said
intermediate layer. 15 According to the invention, said heat treatment
and/or  said complementary heat treatment preferably induce  mechanical
weakening, i.e. weakening through a  particular mechanical action, and/or
chemical  weakening, i.e. weakening through a particular chemical 20 action,
and/or thermal weakening, i.e. weakening  through a particular heat
treatment, of said  intermediate layer. According to the invention, the heat
treatment of said  25 intermediate layer causes microbubbles or
microcavities  to form in this layer. According to one embodiment of the
invention, the  substrate and/or the superstrate are made of single- 30
crystal silicon and the intermediate layer is made of  doped silica.
According to a preferred embodiment of the invention,  the substrate and/or
the superstrate are made of  35 silicon, of a semiconductor material of
III-V class, of  silicon carbide (SiC) or of gallium nitride (GaN).
According to a preferred embodiment of the invention,  



the base material of said intermediate layer is silica 3  and the extrinsic
atoms of this layer are phosphorus or  boron atoms, thus forming a
phosphosilicate glass (PSG)  or borophosphosilicate glass (BPSG)
intermediate layer. 5 According to the invention, the phosphorus
concentration may advantageously be between 6% and 14%,  without however
being limited to this particular  choice. 10 According to the invention, the
boron concentration is  preferably between 0 and 4%, without however being
limited to this particular choice. According to the invention, the heat
treatment is  15 preferably carried out at a temperature between 400C  and
1200C, preferably between 900C and 1200C. The process according to the
invention may  advantageously consist in attaching the superstrate to  20
said intermediate layer by direct (molecular adhesion)  bonding. According
to the invention, the substrate and/or the  superstrate preferably include,
respectively, on the  25 side of said intermediate layer, a thermal silicon
oxide or any other protective layer, preferably for  preventing or reducing
the diffusion of atoms between  the intermediate layer and the substrate
and/or the  superstrate. 30 According to the invention, at least some of
said  microbubbles or microcavities are open cells and  constitute, at least
for some of them, channels. 35 The process according to the invention may
advantageously include an additional step of reducing  the thickness of said
superstrate and/or said  substrate. 



- 4  The process according to the invention may  advantageously include an
additional step, possibly in  several phases, of producing all or some of
the  integrated circuits or components on said superstrate  5 and/or said
substrate. The process according to the invention may  advantageously
include an additional step of producing  grooves and/or etched features
through the superstrate  10 and/or the substrate. A second subject of the
present invention is a process  for separating the substrate and the
superstrate from  said structure. 15 According to the invention, this
separation process may  advantageously consist in applying forces between
the  substrate and the superstrate so as to break the  intermediate layer
between the substrate and the  20 superstrate. According to the invention,
said separation process may  advantageously consist in chemically etching
said  intermediate layer so as to obtain at least partial 25 removal of this
intermediate layer between the  substrate and the superstrate. According to
the invention, said separation process may  advantageously consist in
applying a heat treatment  30 causing said intermediate layer to weaken so
as to break the intermediate layer between the substrate and  the
superstrate. According to the invention, said separation process may  35
advantageously consist in combining at least two of the  above effects, i.e.
in particular in applying forces  between the substrate and the superstrate
and/or in  chemically etching said intermediate layer and/or in  



applying a heat treatment to said intermediate layer. 5  A third subject of
the present invention is the  application of said process to the fabrication
of  detachable structures for the purpose of producing 5 electronic and/or
optoelectronic and/or MEMS-type  integrated circuits, without however being
limited to  these above materials. The present invention will be better
understood on  10 studying structures and methods of fabrication of such
structures, described by way of non-limiting examples  and shown in the
drawings in which: - Figure 1 shows a cross section of a  substructure
according to the invention, in an initial  15 state: - Figure 2 shows a
cross section of the  substructure of Figure 1 in a subsequent fabrication
step; Figure 3 shows a cross section of a structure  20 according to the
invention; - Figure 4 shows a cross section of the structure  of Figure 3,
in a subsequent fabrication step; - Figure 5 shows a cross section of the
structure  of Figure 4, in a subsequent fabrication step; 25 - Figure 6
shows a top view of the structure of  Figure 5; - Figure 7 shows a cross
section of the structure  of Figure 5 in a subsequent fabrication step; -
Figure 8 shows a cross section of the structure  30 of Figure 3, in another
subsequent fabrication step;  and - Figure 9 shows a top view of the
structure of  Figure S. 35 Referring to Figures 1 to 3, the various main
steps in  



fabricating a complex structure 1 in the form of a  wafer, having for
example a diameter of about two  hundred millimetres, will firstly be
described. 6  As shown in Figure 1, in a first step, a substructure 2  is
fabricated which comprises a substrate 3 in the form  of a wafer and an
intermediate layer 4 on a face 3a of  this substrate. 5 As shown in Figure
2, in a second step, a heat  treatment is carried out on the substructure 2,
for  example in a furnace. The purpose of this step is to  induce a
structural transformation of the intermediate 10 layer 4. This
transformation preferably causes  mechanical and/or chemical and/or thermal
weakening of  the intermediate layer 4. As shown in Figure 3, in a third
step, the face 5a of a  15 superstrate 5 in the form of a wafer is attached
to the  intermediate layer 4. What is therefore obtained is the mounted
structure 1.  20 In a fourth step, a complementary heat treatment is
preferably carried out on the structure 1, for example  in a furnace. This
step may advantageously have the  purpose of consolidating the bond between
the face 5a  of the superstrate 5 and the intermediate layer 4 25 and/or,
possibly, of causing a complementary structural  transformation of this
intermediate layer 4. In general, the intermediate layer 4 is made of at
least one base material in which what are called  30 extrinsic atoms or
molecules are distributed, these being different from the atoms or molecules
of the base  material, and has a composition such that, when a  suitable
heat treatment is applied to the substructure  2, it induces, preferably
irreversibly, a structural  



35 transformation of this intermediate layer. This structural transformation
preferably causes  mechanical and/or chemical and/or thermal weakening of
the intermediate layer 4. 7  According to the aforementioned first step, the
substructure 2 may advantageously be obtained in the  following manner, by
carrying out the following  5 treatments. The substrate 3 may be formed by a
single-crystal  silicon wafer, the thickness of which may be a few  hundred
microns, for example between five hundred and  10 one thousand microns.
Starting from such a substrate 3, the process  preferably continues with an
oxidation of this  substrate so as to obtain a thermal silicon oxide film 15
6 on the face 3a, this film 6 possibly being obtained  in an oxidation
furnace at a temperature between 900C  and 1100C and possibly having a
thickness of between  0.5 and 3 microns. However, the film 6 could be made
of  silicon nitride, of silicon oxynitride. 20 Optionally, intermediate
treatments may be applied, in  particular an RCA chemical cleaning treatment
and a  chemical-mechanical polishing (CRP) operation may  advantageously be
carried out on the surface obtained.  25 Next, a silicon oxide layer is
deposited on the  oxidized face 3a of the substrate 3, said silicon oxide
layer containing or doped with a high percentage of  phosphorus and/or boron
so as to obtain the 30 intermediate layer 4 composed of a material of the
phosphosilicate glass (PSG) or borophosphosilicate  glass (BPSG) type. 



To give an example, the percentage of phosphorus in the  35 material
constituting the intermediate layer 4 may be  between six and fourteen
and/or the percentage of boron  in this layer may be between zero and four.
Such  deposition may be carried out using known techniques in  deposition
machines of the CVD, LPCVD or PECVD type. 8  The intermediate layer 4 thus
formed may have a  thickness between one and ten microns. In particular, a
phosphosilicate glass (PSG) containing  5 6.5% phosphorus may be deposited
in a PECVD deposition  machine at 400C so as to obtain an intermediate layer
4 having a thickness close to 1.5 microns. According to the second
aforementioned step, the above  10 substructure 2 is subjected to a heat
treatment in a  furnace, for example at a temperature between 400C and
1200C, preferably between 900C and 1200C. In particular, the heat treatment
may be carried out at  15 a temperature close to 950C for two hours and in
an  argon and oxygen or nitrogen atmosphere. Considering the chosen
materials mentioned above, such  a heat treatment, in the chosen temperature
range,  20 weakens the intermediate layer 4 by the fact that it induces,
generally in an irreversible manner, the  formation of a gaseous phase
consisting of microbubbles  or microcavities 7 in this intermediate layer 4
and,  correspondingly, an increase in its thickness. 25 Preferably, the
intermediate layer 4 therefore  undergoes a structural transformation and/or
becomes  spongy or porous. The quantity and the volume of the microbubbles
or  30 microcavities 7 depend on the composition of the  intermediate layer
4 and on the conditions under which  the heat treatment is applied to the
substructure 2. 



The microbubbles or microcavities 7 generated may have  35 a volume such
that they are open on the side facing the  face 3a of the substrate 3 and/or
on the side facing  the external face of the intermediate layer 4. The
microbubbles or microcavities 7 may furthermore,  optionally, be open
towards one another so as to 9  constitute channels, particularly open
channels, on the  end edges of the intermediate layer 4. The thermal oxide
film 6 may advantageously constitute  5 a barrier for preventing the
diffusion of species, in  the example phosphorus and/or boron, between the
substrate 3 and the intermediate layer 4. At the end of the aforementioned
second step, a  10 chemical cleaning treatment, for example a chemical
cleaning of the RCA type known per se, may  advantageously be carried out on
the surface of the  intermediate layer 4. Complementarily, it may be
advantageous to carry out, before or after this 15 cleaning treatment, a
chemical-mechanical polishing  ((7MP) operation on the surface of the
intermediate  layer 4. A complementary layer could also be added. The
purpose of these operations is in particular to promote  the direct
(molecular adhesion) bonding provided later.  20 According to the third
aforementioned step, the  structure 1 may be obtained in the following
manner,  carrying out the following treatments. 25 The superstrate 5 may
consist of a single-crystal  silicon wafer, the thickness of which may be a
few  hundred microns, for example between five hundred and  one thousand
microns. 30 Starting from such a superstrate 5, the process  preferably
continues with an oxidation so as to obtain  



a thermal silicon oxide film 8 on the face 5a, this  film 8 possibly being
obtained in an oxidation furnace  at a temperature between 950C and 1100C
and possibly 35 having a thickness of between 0.5 and 3 microns.  However,
the layer 6 could be made of silicon nitride  or of silicon oxynitride. 10
Optionally, an RCA chemical cleaning treatment and a  chemical-mechanical
polishing (CMP) operation may  advantageously be carried out on the surface
5a  obtained. 5 Thereafter, the substructure 2 and the superstrate 5  are
joined together by bringing the oxidized face 5a of  the superstrate 5 into
contact with the intermediate  layer 4 so as to obtain direct bonding. Other
bonding 10 techniques could be employed, for example anodic  bonding or by
bonding using an intermediate adhesive  layer. According to the
aforementioned optional fourth step,  15 it may be advantageous to carry out
a complementary  heat treatment on the structure 1 mounted in a furnace.
This complementary heat treatment may for example be  carried out at a
temperature between 200C and 1200C. 20 In particular, the heat treatment may
be carried out at  a chosen temperature for two hours and in an argon and
oxygen or nitrogen atmosphere. This complementary heat treatment may in
particular  25 have the purpose of increasing the energy of the bonds  at
the bonding interface of the structure 1 thus  assembled and constitutes a
consolidating heat  treatment. This complementary heat treatment may
possibly induce a complementary transformation of the  30 intermediate layer
4. 



The thermal oxide film 8 may advantageously constitute  a barrier for
preventing the diffusion of species, in  the example phosphorus and/or
boron, between the 35 intermediate layer 4 and substrate 5 and/or between
the  intermediate layer 4 and the superstrate 5. In so doing, what is
finally obtained is a structure 1  made up of a silicon substrate 2 and a
silicon - 11  superstrate 3 separated by an intermediate layer 4 made  of an
electrically insulating material. The structure 1 has the following
advantages.  5 The intermediate layer 4 is weakened but remains
sufficiently strong, and the interfacial bonds between  the intermediate
layer 4 and, on the one hand, the  substrate 3 and, on the other hand, the
superstrate 5 10 are sufficiently strong for subsequent mechanical  and/or
chemical and/or electromechanical and/or  electrochemical and/or
mechano-chemical and/or thermal  treatments to be applied to the structure 1
in  accordance with the processes normally used in 15 microelectronics,
without however degrading too  significantly the intermediate layer 4 and
said  interfacial bonds. The oxide films 6 and 8 constitute barriers for  20
preventing the diffusion of species, in the example  phosphorus and/or
boron, between the intermediate layer  4 and, on the one hand, the substrate
3 and, on the  other hand, the superstrate 5 during the subsequent  applied
treatments. 25 According to one embodiment, the substrate 3 may be
considered as a support and subsequent treatments may  be carried out on the
superstrate 5. According to  



another embodiment, the superstrate 5 may be considered 30 as a support and
subsequent treatments may be carried  out on the substrate 3. It would also
be possible to  combine these two embodiments. To obtain, at the end of
subsequent treatment, a  35 treated thin superstrate, for example with a
thickness  lying between a fraction of a micron and a few tens of  microns,
it is possible either to attach a thin  superstrate 5 to the intermediate
layer 4 or to attach  a thick superstrate 5 and then, as shown in Figure 4,
12  reduce its thickness. Such a thickness reduction may be  carried out by
means of known grinding, chemical  etching or chemical-mechanical polishing
techniques and  may also be obtained by a cleaving technique, for 5 example
by the process known today by the trademark  Smart-Cut. A trimming operation
could also be carried out on the  superstrate 5 so as to obtain edges of
high quality. 10 The structure 1 may be used for the production of
electronic or optoelectronic or MEMS-type integrated  circuits or components
on the silicon superstrate 5, as  such or thinned. 15 Having for example
produced such circuits, the treated  superstrate 5 can then be separated. To
do this, forces may be applied between the substrate  20 3 and the
superstrate 5, by any known means and for  example by inserting a thin blade
between the substrate  3 and the superstrate 5 or by a very high-pressure
water jet, which thus mechanically breaks the  intermediate layer 4, this
breaking being facilitated 25 by the presence of the microbubbles or
microcavities 7  



in the intermediate layer 4. Chemical etching may also be carried out, in a
bath, on  the intermediate layer 4 starting from its edges, for  30 example
by means of a solution based on hydrofluoric acid, which can easily advance
between the substrate 3  and the superstrate 5 thanks to the presence of the
microbubbles or microcavities 7. To promote this  chemical etching, it would
be possible beforehand to 35 produce holes in various locations in the
substrate  and/or in the superstrate, reaching the intermediate  layer 4. 13
The superstrate 5 may also be separated by a  combination of a mechanical
breaking action and  chemical etching of the intermediate layer 4, and
optionally of a thermal action. 5 One particular way of separating the
substrate 3 and  the superstrate 5 will now be described with reference  to
Figures 5, 6 and 7. 10 As shown in Figures 5 and 6, components or circuits 9
arranged for example in a square matrix and spaced  apart, may be produced,
by any known process, on the  thin or thinned superstrate S. Next, it is
possible to  produce, for example by suitable chemical etching, 15 grooves
or etched features 10 in two perpendicular  directions, reaching the oxide
layer 8 and allowing the  chips 11 having the components or circuits 9 to be
singularized. 20 Next, as shown in Figure 7, the structure 1 thus  treated
may be immersed in a suitable bath for  chemically etching the intermediate
layer 4 and the  oxide layer 8 in such a way that the various chips 11
bearing the various components or circuits 9 are 



25 separated or individualized. This chemical etching is  facilitated by the
presence of the grooves 10. Another particular method of separating the
substrate 3  and the superstrate 5 will now be described with  30 reference
to Figures 8 and 9. Through-holes 12 may be produced through the thin or
thinned superstrate 5, reaching the oxide layer 8,  these holes being
arranged at will one with respect to 35 another. In one embodiment, the
holes 12 may be  rectangular and arranged in perpendicular lines so as  to
partly define volumes distributed in a square  matrix. 14  Next, as in the
case shown in Figure 7, the. structure 1  thus treated may be immersed in a
bath for chemically  etching the intermediate layer 4 in such a way that the
superstrate 5 is separated and constitutes an apertured 5 wafer. This
chemical etching is facilitated by the  presence of the holes 12. Of course,
the substrate 3 may be used again as support  for a new superstrate 5. 10 In
another embodiment, the grooves, holes or etched  features could also be
produced through the oxide layer  8 and reach the intermediate layer 4. 15
The invention is particularly applicable to the  production of detachable
structures, the substrate  and/or the superstrate of which may be chosen not
only  from those indicated above but also especially from  silicon,
semiconductor materials of III-V class,  20 silicon carbide (SiC) or gallium
nitride (GaN). Obviously, throughout the foregoing text and in the  appended
claims, the term "substrate" and the term  "superstrate" are equivalent and
may replace each  



25 other. The present invention is not limited to the examples  described
above. Many alternative embodiments are  possible without departing from the
scope defined by  30 the appended claims. 15 - CLAIMS  1. Process for
fabricating a structure in the form of a wafer, comprising at least a
substrate (3), a  5 superstrate (5) and at least one intermediate layer (4)
interposed between the substrate and the superstrate,  characterized in that
it consists: - in forming, on a substrate, at least one  intermediate layer
comprising at least one base  10 material in which what are called extrinsic
atoms or molecules are distributed, these differing from the  atoms or
molecules of the base material, so as to  constitute a substructure (2); -
in applying a base heat treatment to this  15 substructure (2) such that, in
the temperature range of  this heat treatment, the presence of the chosen
extrinsic atoms or molecules in the chosen base  material causes a
structural transformation of said  intermediate layer; and 20 - in joining a
superstrate (5) to said heat- treated intermediate layer (4) so as to obtain
said  structure (1) in the form of a wafer. 2. Process according to Claim 1,
characterized in  25 that it consists in applying a complementary heat
treatment to said structure (1), consolidating the bond  between the
superstrate (5) and said intermediate layer  (4) and/or inducing a
complementary structural  transformation of said intermediate layer (4). 30 



3. Process according to either of Claims 1 and 2,  characterized in that
said heat treatment causes  mechanical and/or chemical and/or thermal
weakening of  said intermediate layer (4). 35 4. Process according to any
one of the preceding  claims, characterized in that the heat treatment of
said intermediate layer causes microbubbles or  microcavities (7) to form in
this layer. 16  5. Process according to any one of the preceding  claims,
characterized in that the substrate (3) and/or  the superstrate (5) are made
of single-crystal silicon 5 and the intermediate layer (4) is made of doped
silica.  6. Process according to any one of the preceding  claims,
characterized in that the substrate (3) and/or  the superstrate (5) are made
of silicon, of a 10 semiconductor material of III-V class, of silicon
carbide (SiC) or of gallium nitride (GaN). 7. Process according to any one
of the preceding  claims, characterized in that the base material of said
15 intermediate layer (4) is silica and the extrinsic atoms of this layer
are phosphorus or boron atoms, thus  forming a phosphosilicate glass (PSG)
or  borophosphosilicate glass (BPSG) intermediate layer. 20 8. Process
according to Claim 7, characterized in  that the phosphorus concentration is
between 60-o and  14%. 9. Process according to Claim 7, characterized in  25
that the boron concentration is between 0 and 4%. 10. Process according to
any one of the preceding  claims, characterized in that the heat treatment
is  carried out at a temperature between 400C and 1200C,  30 preferably
between 900C and 1200C. 



11. Process according to any one of the preceding  claims, characterized in
that it consists in attaching  the superstrate (5) to said intermediate
layer (4) by  35 direct (molecular adhesion) bonding. 12. Process according
to either of Claims 6 and 7,  characterized in that the substrate (3) and/or
the  superstrate (5) include, respectively, on the side of 17  said
intermediate layer (4), a thermal silicon oxide  (6, 8) . 13. Process
according to Claim 5, characterized in  5 that at least some of said
microbubbles or  microcavities (7) are open cells and constitute, at  least
for some of them, channels. 14. Process according to any one of the
preceding  10 claims, characterized in that it includes an additional  step
of reducing the thickness of said superstrate (5)  and/or said substrate
(3). 15. Process according to any one of the preceding  15 claims,
characterized in that it includes an additional  step of producing
integrated circuits or components on  said superstrate (5) and/or said
substrate (3). 16. Process according to any one of the preceding  20 claims,
characterized in that it includes an additional  step of producing grooves
and/or etched features (18)  through the superstrate (5) and/or the
substrate (3).  17. Process for separating the substrate and the 25
superstrate from the structure obtained by the process  according to any one
of the preceding claims,  characterized in that it consists in applying
forces  between the substrate (3) and the superstrate (5) so as  to break
the intermediate layer (4) between the  30 substrate and the superstrate.
18. Process for separating the substrate and the  



superstrate from the structure obtained by the process  according to any one
of Claims 1 to 16, characterized 35 in that it consists in chemically
etching said  intermediate layer (4) so as to obtain at least partial
removal of this intermediate layer between the  substrate (3) and the
superstrate (5). - 18  19. Process for separating the substrate and the
superstrate from the structure obtained by the process  according to any one
of Claims 1 to 16, characterized  in that it consists in applying a heat
treatment 5 causing said intermediate layer (4) to weaken so as to  break
the intermediate layer (4) between the substrate  and the superstrate. 20.
Process for separating the substrate and the  10 superstrate from the
structure obtained by the process  according to any one of Claims 1 to 16,
characterized  in that it consists in applying forces between the  substrate
and the superstrate and/or in chemically  etching said intermediate layer
and/or in applying a  15 heat treatment to said intermediate layer. 21.
Application of the process according to any one of  the preceding claims to
the fabrication of detachable  structures for the purpose of producing
electronic 20 and/or optoelectronic and/or MEMS-type integrated  circuits. 




