
Method for making a structure comprising at least one
thin layer in an amorphous material obtained by
epitaxy on a supporting substrate and structure
obtained according to said method The present
invention relates to a method for making a structure
comprising at least one thin layer in an amorphous
material obtained by so-called solid phase epitaxy
(SPE), on a supporting substrate. The invention also
relates to a structure obtained with such a method. A
non-limiting application of the invention relates to
the making of a semiconductor substrate, the upper
layer of which is doped for example for forming CMOS (
Complementary Metal Oxide Semiconductor) components,
such as transistors for example. In this respect, it
is specified that in the field of micro-electronics,
one may try to reduce the electrical resistance of the
layers of a substrate intended for making electronic
components. This reduction in resistance may notably
be obtained by increasing the concentration of the
carriers. This increase in the concentration of
carriers, the main steps of which are schematically
illustrated in Fig. 1, is obtained in a conventional
way by doping the substrate 1, illustrated in Fig. 1a
and generally made in silicon, by implanting a dopant
species 2, with reference to Fig. 1b. The implantation
is typically performed with dopant species such as
phosphorous or boron, for example. The substrate
obtained according to such a known method, with
reference to Fig. 1c, thus comprises an upper doped
zone 3 and a lower crystalline zone 4 . However, the
dopant species has limiting solubility which
corresponds to the maximum concentration of the
carriers, which may be produced in the supporting
substrate. It would thus be advantageous to be able to
dope the substrate beyond standard solubility limits
of the order of 1e20 at/cm3. For this purpose,
applying a so-called solid phase epitaxy (SPE) is also
known, the main steps of which are schematically
illustrated in Fig. 2.The solid phase epitaxy is
illustrated in Fig. 2 for treating a supporting 



substrate 10 which is typically in silicon. During a
first step (Fig. 2b), atomic species 11 such as
silicon are implanted from the upper face of the
supporting substrate in order to create an upper
amorphous layer 12 in the supporting substrate 10, as
illustrated in Fig. 2c. Thus, after implantation of
atomic species, the substrate includes a lower
crystalline layer 13 and an upper amorphous layer 12.
It will be noted that this implantation of species 11
also generates immediately underneath the amorphous
layer 12, a region 15 which contains a few atomic
species (such as silicon) in interstitial positions
without however the structure of this region 15 being
describable as " amorphous ". In a second optional
step, with reference to Figs. 2d and 2e, a doping
species 14 such as phosphorous or boron is implanted
in the amorphous layer 12. Next, with reference to
Fig. 2f, after the previous optional step for
implanting a dopant species, low temperature
recrystallization annealing is performed, the dopant
species 14 implanted in the amorphous layer 12 being
then activated so that the dopant species 14 is put in
a substitutional position in the layer 12 in a large
proportion. By low temperature recrystallization
annealing, is meant a heat treatment at a temperature
between 550 C and 650 C which allows recrystallization
of the amorphous layer 12 from the crystalline layer
13 of the substrate 10, this layer 13 playing a role
of seed layer. With such a technique, it is thereby
possible to activate the dopants beyond their limiting
solubility in the supporting substrate 10. It will be
noted that, in the case of silicon, the limiting
solubility of most current dopants varies between 1e
18 and 1.5e20 at/cm3 for temperatures from 800C to
1,150 C. With this increase in the solubility of the
dopants, the concentration of carriers in the
supporting substrate 10 may be increased, this causing
a lowering of the source/drain resistances of the
electronic components made on the substrate 



and, consequently, low power consumption of said
components.However, this technique is also associated
with a drawback. Indeed, end of range ( EOR) type
defects are generated at the end of the
recrystallization annealing, in the region 15
immediately located under the recrystallized layer 12.
These EOR defects are caused by crystalline defects
which appear during the amorphization step and which
develop during the recrystallization step. These EOR
defects considerably deteriorate electrical
performances and more particularly the mobility of the
carriers of the substrate 10 so that these substrates
are unsuitable for making electronic components. Thus,
the SPE type methods, if they actually allow the
limiting solubility of dopants to be increased in a
substrate, are associated with certain limitations.
The object of the invention is to give the possibility
of getting rid of these limitations. For this purpose,
and according to the invention, a method is proposed
for making a structure comprising at least one thin
layer on a supporting substrate, remarkable in that it
includes at least the steps of: - forming from said
supporting substrate a so-called intermediate
structure comprising: o an amorphous layer, o a first
crystalline layer containing point defects and
immediately located under said amorphous layer, o a
second crystalline layer located in the lower portion
of the intermediate structure, - bonding a receiving
substrate on the upper face of said intermediate
structure, removing the layer of the intermediate
structure in which point defects have formed so that
said amorphous layer forms the upper layer of the
intermediate structure. The structure obtained
following the method according to the invention allows
the substrate to be doped beyond the limiting
solubility of the dopants. 



Further, the dopable substrate does not include any
point defects.The amorphous layer is formed either at
the surface of the intermediate structure, or on the
intermediate structure by depositing an epitaxied
crystalline layer followed by total or partial
amorphization of said layer or even further by
depositing an amorphous layer, for example.
Alternatively, the amorphous layer may be made in the
intermediate structure so that it forms the upper
layer, the so-called surface amorphous layer of the
intermediate structure. According to another
alternative, the amorphous layer is made in the
intermediate structure so that it forms a buried
layer, a so-called buried amorphous layer, immediately
located underneath a third crystalline layer located
in the upper portion of the intermediate structure. .
Preferably, the amorphous layer is obtained by
implanting species in said supporting substrate. Prior
to the step for bonding the receiving substrate, it
includes a step for doping the amorphous layer by
implanting species through the upper face of said
intermediate structure. After the steps for forming
the amorphous layer and removing the layer of the
intermediate structure in which point defects have
formed, and prior to the step for bonding a receiving
substrate, it includes a step for doping the amorphous
layer by implanting species. The dopants implanted in
the amorphous layer are activated by applying a heat
treatment which recrystallizes said amorphous layer.
Said heat treatment is performed between 550 and 650 C
for one to two hours. The step for removing the layer
of the intermediate structure in which point defects
have formed is preferably obtained by creating a
weakened zone in the intermediate structure and then
by applying stresses. The step for removing the layer
of the intermediate structure in which point defects
have formed during the formation of the amorphous
layer is performed according to the steps of:-
implanting ions or gas species through the upper layer
of the 



intermediate structure so as to form in the
intermediate structure, a buried weakened zone, -
causing fracture in the weakened zone leading to
detachment of the upper layer of the intermediate
structure. Moreover, a structure is proposed,
consisting in a substrate comprising at least one thin
layer in an amorphous material on a supporting
substrate, remarkable in that it comprises a receiving
substrate, a central crystalline layer and an
amorphous layer, said receiving substrate, the
crystalline layer and the amorphous layer not having
any EOR type point defects. And a structure is also
proposed, consisting in a substrate comprising at
least one receiving substrate and an upper doped
crystalline layer which does not have any EOR type
point defects, remarkable in that said doped
crystalline layer has a concentration of dopants
larger than or equal to 1e20 at/cm3. Other advantages
and features of the invention will become better
apparent from the description which follows of several
alternative embodiments, given as non-limiting
examples, of the method according to the invention,
with reference to the appended drawings wherein, in
addition to Figs. 1 and 2 on which comments have
already been made with reference to the state of the
art: - Fig. 3 is a schematic illustration of the main
steps of the method for making a substrate according
to the invention, - Fig. 4 is a schematic illustration
of the main steps of a first alternative embodiment of
the method for making a substrate according to the
invention, - Fig. 5 is a schematic illustration of the
main steps of a second alternative embodiment of the
method for making a substrate according to the
invention, Fig. 6 is a schematic illustration of the
main steps of a third alternative embodiment of the
method for making a substrate according to the
invention, - Fig. 7 is a dose/depth diagram of SiGe
systems for different implantation energies,- Fig. 8
is a graph illustrating the concentration of implanted
species 



versus the depth in the substrate. We shall describe a
preferred embodiment of the invention in which several
alternative embodiments may be contemplated.
Alternative embodiment with a buried amorphous layer
and removal of point defects with weakening by
implantation With reference to Fig. 3, according to a
preferred embodiment of the invention, the method
includes a step for implanting species 3 1 (Fig. 3b)
from the upper face of a substrate 32 (Fig. 3a) so as
to form a buried amorphous layer 33, with reference to
Fig. 3c. Substrate 32 for example has a general disc
shape which extends in a horizontal direction.
Further, in the following text, by upper face, i.e.,
the top of the substrate 32, is meant the face which
receives the first implantation of species 3 1.
Substrate 32 is a semiconductor material such as
silicon. And species 3 1 may for example be Si. In
order to obtain a buried layer 33, the implantation
parameters are controlled in order to retain at the
surface of the substrate 32, a region 34, the
crystallinity of which is not changed by the implanted
species 3 1. After forming the buried amorphous layer
33, the supporting substrate 3 1 has a so-called
intermediate structure 32', with reference to Fig. 3c,
consisting of an upper layer 34 which has remained
crystalline, of a buried amorphous layer 33 located
under the upper crystalline layer 34, of a central
crystalline layer 35 containing crystalline point
defects immediately located underneath the buried
amorphous layer 34 and a lower crystalline layer 36.
These point defects are interstitial Si atoms, they
correspond to defects of the layer 15 of Fig. 2c-2e
and they are the cause of point defects of the EOR
type. Optionally, with reference to Fig. 3d, dopant
species 37 such as boron and/or phosphorus are locally
implanted or in the full plate in the amorphous layer
33 through the upper face of the intermediate
structure 32'.Ions and/or gas species 38 are then
implanted through the upper face of the substrate so
as to form in the substrate, a buried weakened zone
39, 



illustrated in dotted lines in Fig. 3e, according to
the Smart Cut(tm) method as described in the
publication, " Silicon-On-lnsulator Technology :
Materials to VLSI, 2nd Edition " of Jean-Pierre
Colinge by " Kluwer Academic Publishers ", pages 50
and 5 1. In zone 39 is located near the point defects
of the layer 35, formed during amorphization. This
weakened zone 39 is formed in the layer 36, near the
layer 35, and as it will be seen later on, allows the
portion of the layer 36 to be detached. This weakening
implantation step preferably applies an implantation
(with hydrogen exclusively, helium exclusively ...), a
co-implantation with at least two different atomic
species, for example hydrogen and helium, which are
sequentially implanted, helium being preferably
implanted before hydrogen. It will be observed that in
this example, parameters of said species implantation
are selected so as to form a weakened zone 39 under
the point defects 35 of intermediate structure 32'.
However, the weakening implantation parameters may be
selected in such a way that the weakened zone 39 is
located at the level of the point defects 35. Next,
with reference to Fig. 3f, a receiving substrate 40 is
bonded onto the upper crystalline layer 34 of the
intermediate structure 32' by any appropriate means.
In the following text, bonding means intimately
contacting the receiving substrate 40 on the
intermediate structure 32' in order to assemble them.
This bonding may be obtained according to different
methods: - directly contacting a surface of the
receiving substrate 40 in a semiconductor material,
such as Si, with a surface of the intermediate
structure 32', - forming an amorphous material layer
in order to make a connecting layer on a surface of
the intermediate structure 32' and/or forming an
amorphous material layer in order to make a second
connecting layer on a surface of thereceiving
substrate 40 and contacting the surfaces of the
respective connecting 



layers of the intermediate structure 32' and of the
receiving substrate 40, - forming a bonding interface
on the surface of at least the intermediate structure
32' and/or the receiving substrate 40, - combining
both of the latter methods. Accessorily, when bonding
the receiving substrate 40 on the face of the
intermediate structure 32', the method according to
the invention includes a plasma activation step in
order to enhance the bonding and allow transfer at a
lower temperature if necessary. With reference to Fig.
3g, the crystalline layer 36 of the intermediate
structure 32' is detached at the weakened zone 39
according to the Smart Cut(tm) method, by heat
treatment and/or applying stresses. One then proceeds
with abrading the upper surface of the remaining
crystalline layer of the intermediate structure 32',
for example, by means of a chemical mechanical
planarization (CMP) type method, until the amorphous
layer 33 forms the upper layer of the intermediate
structure 32' thereby eliminating the zone 35 rich in
crystalline defects. With reference to Fig. 3h, a
first final substrate is obtained, comprising a lower
receiving substrate 40, a central crystalline layer 34
and an upper doped amorphous layer 33. Optionally, if
the doping step has not yet been performed and if the
goal is to obtain a final highly doped crystalline
structure, dopants species 37' such as boron and/or
phosphorus are implanted in the amorphous layer 33. By
means of recrystallization annealing, performed after
the step for doping the amorphous layer 33, either
straightaway after forming said amorphous layer 33 or
after obtaining the first final substrate, with
reference to Fig. 3i, the amorphous layer 33 will
recrystallize from the crystalline layer 34 which
plays a role of seed layer. During this
recrystallization annealing, the dopant species
initially implanted in the amorphous layer 33 will
moreover be activated. This annealing for
recrystallizing and activating the dopant species 



comprises low temperature heat treatment performed
between 550 Cand 650 C for one to two hours. It will
be observed that the recrystallization annealing is
performed without any formation of end-of-range (EOR)
type point defects, the point defects having been
eliminated during the previous CMP type abrasion step.
The thereby obtained substrate, as illustrated in Fig.
3i, comprises a lower receiving substrate 40 on the
one hand, and an upper doped crystalline layer 4 1 on
the other hand which does not have any EOR type point
defect and which has a concentration of dopants larger
than or equal to 1e20 at/cm3. Such a substrate is able
to receive CMOS components such as transistors for
example. In this particular exemplary embodiment, the
receiving substrate 40 is bonded onto the upper face
of the intermediate structure 32'. Alternative
embodiment with a surface amorphous layer and removal
of point defects with weakening by implantation
According to another embodiment of the invention, with
reference to Fig. 4 , the method includes a step for
implanting species 5 1 (Fig. 4b) from the upper face
of a substrate 20 (Fig. 4a) in order to form a surface
amorphous layer 53, with reference to Fig. 4c. The
substrate 52 is in the same way as earlier, a
semiconductor material such as silicon. And species 5
1 may for example be Si. In order to obtain a surface
amorphous layer 53, the implantation parameters are
controlled in order to retain in depth a region 56,
the crystallinity of which is not changed by the
implanted species 5 1. It will be noted that the
amorphous layer 53 may also be directly deposited on
the substrate 52. After forming the surface amorphous
layer 53, the supporting substrate 52 has a so-called
intermediate structure 52', with reference to Fig. 4c,
comprising an upper surface amorphous layer 53, a
central crystalline layer 55 containingpoint defects
and a lower crystalline layer 56. These point defects
are interstitial Si atoms; they correspond to the
defects of layer 15 of Figs. 2c-2e. 



With reference to Fig. 4d, dopant species 57 such as
boron and/or phosphorus, are locally implanted or in
the full plate in the surface amorphous layer 53
through the upper face of the atomic structure 52'.
The intermediate structure 52' then comprises an upper
doped surface amorphous layer 53, a central
crystalline layer 55 containing point defects, and a
lower crystalline layer 56. By recrystallization
annealing, with reference to Fig. 4f, the doped
surface amorphous layer 53 will recrystallize from the
crystalline layer 56 which plays the role of seed
layer. During the recrystallization annealing, the
dopant species initially implanted in the surface
amorphous layer 53, will moreover be activated. This
annealing for recrystallizing and activating the
dopant species consists in a low temperature heat
treatment performed between 550 C and 650 C for one to
two hours. The thereby obtained substrate, as
illustrated in Fig. 4g, comprises an upper doped
crystalline layer 57, a central crystalline layer 55
containing point defects and a lower crystalline layer
56. Ions and/or gas species 58 are then implanted
through the upper face of the substrate so as to form
in the substrate, a buried weakened zone 59 in the
doped crystalline layer 57, illustrated in dotted
lines in Fig. 4g, according to the Smart Cut(tm)
method as described in the publication, "
Silicon-On-lnsulator Technology : Materials to VLSI,
2nd Edition " of Jean-Pierre Colinge by " Kluwer
Academic Publishers ", pages 50 and 5 1. The zone 59
is located near the point defects of the layer 55,
formed during amorphization. This weakened zone 59 is
formed in the layer 57, near the layer 55, and, as it
will be seen later on, allows the portion of the layer
56 to be detached. This weakening implantation step
preferably applies an implantation (with hydrogen
exclusively, helium exclusively), a co-implantation of
at least twodifferent atomic species, for example
hydrogen and helium which are sequentially implanted,
helium being preferably implanted before hydrogen. 



It will be observed that in this example, the
parameters of said species implantation are selected
so as to form a weakened zone 59 above the point
defects 55 of the intermediate structure 52'. With
reference to Fig. 4h, a receiving substrate 60 is
bonded onto the upper doped crystalline layer 57 of
the intermediate structure 52' by any appropriate
means. With reference to Fig. 4i, the crystalline
layer 56 and the layer 55 containing the point defects
of the intermediate structure 52' are detached at the
weakened zone 59 according to the Smart Cut(tm)
method, by heat treatment and/or applying stresses.
One then proceeds with a treatment for finishing the
upper face of the doped crystalline layer 57. With
reference to Fig. 4i, a final substrate consisting of
a lower receiving substrate 60 and an upper doped
crystalline layer 57 is obtained. It will be noted
that, in this alternative embodiment of the method
according to the invention, which allows a substrate
to be formed by direct silicon bonding (DSB) including
a highly doped zone without any EOR, recrystallization
of the amorphous layer 53 is performed before transfer
onto the receiving substrate 60, unlike the previous
alternative embodiment in which recrystallization of
the amorphous layer is performed after the transfer
where accurate control of the heat treatments was
needed in order to avoid performing heat treatments at
too high temperatures before SPE for activating the
doping. Thus, it will be observed that in this new
alternative embodiment, a too high heat balance should
not be applied, preferably a heat balance less than
400-500 C because the activated substrate remains in a
metastable state. Moreover, in this alternative
embodiment, an insulating layer may also be provided
for bonding.Alternative embodiment with a buried
amorphous layer and removal of point defects with
formation of a porous layer According to a third
embodiment of the invention, with reference to Fig. 5,



the method includes a step for forming a weakened
porous layer 6 1 (Fig. 5b) on a substrate 62 (Fig. 5a)
obtained in a semiconductor material such as silicon.
With reference to Figs. 5c and 5d, an upper
crystalline layer 64 is deposited by epitaxy 63 on the
weakened porous layer 62. The method then includes a
step for implanting species 65 (Fig. 5e) from the
upper face of the crystalline layer 64 so as to form a
buried amorphous layer 66, with reference to Fig. 5f.
Species 65 may for example be Si. In order to obtain a
buried layer 66, the implantation parameters are
controlled so as to retain at the surface of the
substrate, a region 67 which substantially do not
receive any species 65. After forming the buried
amorphous layer 66, the substrate has a so-called
intermediate structure 62', with reference to Fig. 5f,
comprising a upper layer 67 which has remained
crystalline, a buried amorphous layer 66 positioned
underneath the upper crystalline layer 67, a central
crystalline layer 68 containing point defects, a first
lower crystalline layer 69, a weakened porous layer 6
1 and a second lower crystalline layer 70. Optionally,
with reference to Fig. 5g, the dopant species 7 1 such
as boron and/or phosphorus, are locally implanted or
in the full plate in the amorphous layer 66 through
the upper face of the intermediate structure 62'. The
amorphous layer 66 is thereby doped With reference to
Fig. 5h, a receiving substrate 72 is then bonded onto
the upper crystalline layer 67 of the intermediate
structure 62' by any appropriate means. With reference
to Fig. 5i, the crystalline layer 69 or the
intermediate structure 62' is detached at the zone of
the porous layer 6 1, by applying stresses.One then
proceeds with abrading the upper surface of the
remaining crystalline layer 69 of the intermediate
structure 62' for example by a chemical mechanical
planarization (CMP) type method until the doped
amorphous 



layer 66 forms the upper layer of the intermediate
structure 62' (Fig. 5i). Optionally, if the doping
step has not yet been performed and if the goal is to
obtain a final highly doped crystalline structure,
dopant species 71' such as boron and/or phosphorus,
are implanted in the amorphous layer 66, with
reference to Fig. 5i, thereby eliminating the zone 68
rich in point defects. By recrystallization annealing,
with reference to Fig. 5i, the doped amorphous layer
66 will recrystallize from the crystalline layer 67
which plays the role of seed layer. During this
recrystallization annealing, the dopant species
initially implanted in the amorphous layer 66 will
moreover be activated This annealing for
recrystallizing and activating dopant species consists
in a low temperature heat treatment performed between
550 C and 650 C for one to two hours. It will be
observed that this recrystallization annealing is
performed without any formation of end-of-range type
point defects, the crystalline point defects causing
the EOR defects having been eliminated during the
abrasion step performed previously. The thereby
obtained substrate, illustrated in Fig. 5j, comprising
a lower receiving substrate 72 and an upper doped
crystalline layer 73, is able to receive CMOS
components such as transistors for example.
Alternative embodiment with a surface amorphous layer
and removal of point defects with formation of a
porous layer According to a fourth embodiment of the
invention, with reference to Fig. 6, the method
includes a step for forming a weakened porous layer 8
1 (Fig. 6b) on a substrate 82 (Fig. 6a) obtained in a
semiconductor material such as silicon. With reference
to Figs. 6c and 6d, an upper crystalline layer 84 is
deposited by epitaxy 83 on the weakened porous layer 8
1.The method then includes a step for implanting
species 85 (Fig. 6e) from the upper face of the
crystalline layer 84 in order to form a surface
amorphous layer 86, with reference to Fig. 6f. Species
85 may for example be Si. In order to obtain a surface
amorphous layer 86, the implantation 



parameters are controlled in a way well-known to one
skilled in the art. It will be observed that the
amorphous surface layer 86 may also be made by
directly depositing an amorphous layer. After forming
the surface amorphous layer 86, the substrate has a
so-called intermediate structure 82', with reference
to Fig. 6f, comprising an upper surface amorphous
layer 86, a central crystalline layer 87 containing
point defects, a first crystalline layer 88, a
so-called buried crystalline layer, a weakened porous
layer 8 1 positioned underneath said buried
crystalline layer 88 and a second crystalline layer
89, a so-called lower crystalline layer. Optionally,
with reference to Fig. 6g, dopant species 90 such as
boron and/or phosphorus, are locally implanted or in
the full plate in the surface amorphous layer 86
through the upper face of the intermediate structure
82'. The surface amorphous layer 86 is thereby doped.
By recrystallization annealing, with reference to Fig.
6h, the doped surface amorphous layer 86 will
recrystallize from the crystalline layer 88 which
plays the role of seed layer. During this
recrystallization annealing, the dopant species
initially implanted in the surface amorphous layer 86
will moreover be activated. This annealing for
recrystallizing and activating dopant species in the
same way as previously, consists in a low temperature
heat treatment performed between 550 C and 650 C for
one to two hours. The thereby obtained substrate,
illustrated in Fig. 6h, comprises an upper doped
crystalline layer, capable of receiving CMOS
components such as transistors for example, a central
crystalline layer 87 containing EOR type point
defects, a first crystalline layer 88, a so-called
buried crystalline layer, a weakened porous layer 8 1
positioned underneath said buried crystalline layer 88
and a second crystalline layer 89, a so-called lower
crystalline layer.With reference to Fig. 6i, a
receiving substrate 9 1 is bonded onto the upper doped
crystalline layer 86 of the intermediate structure 82'
by any appropriate means With reference to Fig. 6i,
the lower crystalline layer 89 is detached at the 



weakened porous layer 8 1 by applying stresses. One
then proceeds with abrading the upper surface of the
remaining crystalline layer 88 of the intermediate
structure 82', for example by a chemical mechanical
planarization (CMP) type method until the doped
crystalline layer 86 forms the upper layer of the
intermediate structure 82' (Fig. 6j) thereby
eliminating the EOR defects present within the layer
87. The thereby obtained substrate, illustrated in
Fig. 6j, comprising a lower receiving substrate 9 1
and an upper doped crystalline layer 86, is capable of
receiving CMOS components such as transistors for
example. Optionally, one proceeds with a treatment for
finishing the upper face of the doped crystalline
layer 86. A particular but non-limiting exemplary
embodiment of a substrate obtained according to the
invention will be described hereafter with reference
to Fig. 3. Example : With reference to Fig. 3, the
method for making a structure includes a step for
implanting species 101 , silicon, (Fig. 3b) from the
upper face of a substrate 102 (Fig. 3a) obtained in a
semiconductor material such as silicon, in order to
form a buried amorphous layer 103, with reference to
Fig. 3c. In order to obtain a buried amorphous layer
103, the implantation parameters are controlled in
order to retain at the surface of the substrate 102, a
region 104. The characteristics of the buried
amorphous layer (depth and width) are totally
adjustable according to the dose and implantation
energy. After having selected the iso-electric species
of the silicon to be implanted in the Si substrate to
amorphize it: Ge, Sn or Si itself, the energy and dose
should beselected. Here is the protocol with which
these characteristics may be established. The most
used model is that of the critical energy density as
initially proposed by Stein and Vook " EP. EerNisse;
Investigation of Ion Implantation Damage with Stress
", Proc. 1st INT. Conf. On Ion Implantation, Gordon
and 



Breach, London, 17 (1971 ) . When a critical
concentration of point defects is reached, the crystal
spontaneously transits to the amorphous state. The
defect concentration is related to the nuclear energy
density received by the target. With the critical
concentration of the defects is associated a critical
value of the deposited damage energy density in
nuclear collisions (EdC). As a result, if the latter
is reached, the crystal/amorphous transition occurs.
From this model, it is possible to infer the depth x
at which is located the crystal/amorphous interface by
means of the following relationship: Dose * Ed(x) =Edc
. The critical energy density Edc is a widely
investigated experimental parameter for amorphization
of Si by implanting Si+, Ge+ or Sn+ ions. For example,
in the case of germanium, this value is 2 eV/at. From
simulations by means of commercial computers such as
FLOOPS or LUPIN (registered trade marks), it is
possible to obtain the damage energy distribution per
incident ion at depth x (Ed(x)). For a given
implantation energy, it is then possible to localize
in depth the amorphous zone by plotting the curve
[Dose * Ed(x)] versus the depth x . The graph of Fig.
7 gives an example of curves for the case of a Ge
implantation at 15 keV (a) 25 keV (b) 50 keV (c), 80
keV (d), 150 keV (e) in a Si substrate. The critical
damage energy is taken to be the standard value of 2
eV/at. By means of these curves, it is then possible
to provide the characteristics of the amorphous
layers. At a given energy, for example 15 keV,
according to the dose of implanted Ge, the amorphous
layer will be buried or will open onto the surface. In
order that it should be buried as in said invention,
the implantation dose needs to remain lower than the
first value at abscissa x=0 of the curve corresponding
to the selected implantation energy. For example, in
the case of implantation of Ge+ at 150 keV (curve e)
in Si, theimplantation dose needs to be less than 5e13
at/cm 2 so that the layer is buried. Thus, with a dose
of 3e13 at/cm 2, an amorphous layer is obtained which
starts at about 140 A under the surface and ends at a
depth of 1090 A, i.e., an amorphous layer thickness of
about 950 A. The crystalline structure is therefore 



retained over the first 140 Angstroms. This crystal
film will serve as a seed for subsequent rebuilding of
the amorphous layer. After forming the buried
amorphous layer 103, the supporting substrate 102 has
a so-called intermediate structure 102', with
reference to Fig. 3c, comprising an upper layer 104
which has remained crystalline, a buried amorphous
layer 103 positioned under the upper crystalline layer
104, a central crystalline layer 105 containing point
defects and a lower crystalline layer 106. These point
defects are interstitial Si atoms; they correspond to
defects of the layer 15 of Figs. 2c-2e. With reference
to Fig. 3d, dopant species 107 such as boron and/or
phosphorus are locally implanted or in the full plate
in the amorphous layer 103 through the upper face of
the intermediate structure 102'. Ions and/or gas
species 108 are then implanted through the upper face
of the substrate in order to form in the substrate, a
buried weakened zone 109, illustrated in dotted lines
in Fig. 3e, according to the Smart Cut(tm) method as
described in the publication, " Silicon-On-lnsulator
Technology : Materials to VLSI, 2nd Edition " of
Jean-Pierre Colinge by " Kluwer Academic Publishers ",
pages 50 and 5 1. The zone 109 is located near the
point defects of the layer 105 formed during
amorphization. This weakened zone 109 is formed in the
layer 106, near the layer 105 and as it will be seen
later on, allows the portion of the layer 106 to be
detached. This weakening implantation step preferably
applies an implantation (with hydrogen exclusively,
helium exclusively), a co-implantation of at least two
different atomic species, for example hydrogen and
helium which are sequentially implanted, helium being
preferably implanted before hydrogen.Implantation of
hydrogen and helium is adjusted in order to position
the concentration maxima beyond 1090 A in the above
example. Hydrogen may be implanted for example at 25
keV with a dose of 1e16 cm 2 which positions the
concentration maximum at about a depth of 2500 A,
i.e., 1410 A beyond the 



second amorphous/crystal interface as this may be seen
in Fig. 8 . Helium will be implanted at about 40 keV
and 1e16 cm 2 which positions the concentration
maximum at a depth of about 2750 A, i.e., 250 A beyond
the concentration maximum of the first hydrogen
implantation. Fracture of the material will occur in
the " fracture zone" illustrated in dotted lines on
the graph of Fig. 8 approximately at the concentration
maximum of hydrogen, i.e. at about 2500 A under the
surface. With reference to Fig. 3f, a receiving
substrate 110 is then bonded onto the upper
crystalline layer 104 of the intermediate structure
102' by any appropriate means. With reference to Fig.
3g, the crystalline layer 106 of the intermediate
structure 102' is detached at the weakened zone 109
according to the Smart Cut(tm) method, by heat
treatment and/or applying stresses. One then proceeds
with abrading the upper surface of the remaining
crystalline layer of the intermediate structure 102'
for example by means of a chemical mechanical
planarization (CMP) type method until the amorphous
layer 103 forms the upper layer of the intermediate
structure 102' thereby eliminating the zone 105 rich
in point defects. The abrasion step consists in a
well-known mechano-chemical polishing called CMP, of
the present state of the art, in order to remove 1750
A of silicon according to the graph of Fig. 8 . With
reference to Fig. 3h, a first final substrate is
obtained comprising a lower receiving substrate 110, a
central crystalline layer 104 with a thickness of 140
A and an upper doped amorphous layer 103 with a
thickness of 610 A. By recrystallization annealing,
performed after the step for doping the amorphous
layer 103, either immediately after the formation of
the amorphous layer 103 or after obtaining the first
final substrate, with reference to Fig. 3i, the
amorphous layer 103 will recrystallize from the
crystalline layer 104 which playsthe role of seed
layer. During this recrystallization annealing, the
dopant species initially implanted in the amorphous
layer 103 will moreover be activated. 



This annealing for recrystallizing and activating
dopant species consists in a low temperature heat
treatment performed between 550 C and 650 C for one to
two hours. The thereby obtained substrate, as
illustrated in Fig. 3i, comprises a lower receiving
substrate 110 and an upper doped crystalline layer 111
with a thickness of 140 A. The detailed examples above
illustrate embodiments in which removal of the layer
of the intermediate structure in which point defects
have formed, is performed by detachment at a weakened
zone which has been formed in the intermediate
structure. However, these examples are not limiting
and it is also possible to perform such a removal by
etching after bonding, the rear face of the
intermediate structure in order to remove a controlled
thickness thereof, for example by etching or
polishing, of even by any other known form of
mechanical and/or chemical etching. Finally, it is
very obvious that all the layer transfer parameters
may be contemplated notably depending on the nature of
the implanted species, of the implantation energy and
of the implantation dose, and the examples which have
just been described are by no means limiting, as to
the fields of application of the invention.CLAIMS 1. A
method for making a structure comprising at least one
thin layer on a supporting substrate (32,52,62,82),
characterized in that it includes at least the steps
of: - forming from said supporting substrate a
so-called intermediate substrate (32',52',62',82')
comprising: o an amorphous layer (33,53,66,86), o a
first crystalline layer (35,55,68,87) containing point
defects and located immediately underneath said
amorphous layer (33,53,66,86), o a second crystalline
layer (36,56,70,89) located in the lower 



portion of the intermediate structure
(32',52',62',82'), - bonding a receiving substrate
(40,60,72,91 ) on the upper face of said intermediate
structure (32',52',62',82'), - removing the layer
(35,55,68,87) of the intermediate structure
(32',52',62',82') in which point defects have formed
so that said amorphous layer (33,53,66,86) forms the
upper layer of the intermediate structure (32', 52',
62',82'). 2 . The method according to the preceding
claim, characterized in that the amorphous layer
(33,53,66,86) is formed that the surface of the
intermediate structure (32',52',62',82'). 3 . The
method according to claim 2, characterized in that the
amorphous layer (33,53,66,86) is made on the
intermediate structure (32',52',62',82'). 4 . The
method according to claim 3, characterized in that the
amorphous layer (33,53,66,86) is made by depositing an
epitaxied crystalline layer (53,64) followed by total
or partial amorphization of said layer (53,84). 5 .
The method according to claim 3, characterized in that
the amorphous layer (33,53,66,86) is made by
depositing an amorphous layer (33,53,66,86). 6 . The
method according to claim 2, characterized in that the
amorphous layer (33,53,66,86) is made in the
intermediate structure(32', 52', 62', 82') so that it
forms the upper layer, a so-called surface amorphous
layer (53,86) of the intermediate structure (32', 52',
62', 82'). 7 . The method according to claim 2,
characterized in that the amorphous layer
(33,53,66,86) is made in the intermediate structure
(32', 52', 62', 82') so that it forms a buried layer,
a so-called buried amorphous layer (33,53,66,86)
located immediately below a third crystalline layer
(34,67) located in the upper portion of the
intermediate structure (32', 52', 62', 82'). 8 . The
method according to any of claims 6 or 7,
characterized in that the amorphous layer
(33,53,66,86) is obtained by implanting species in
said supporting substrate (32,52,62,82). 



9 . The method according to any of claims 1 or 2,
characterized in that, before the step for bonding the
receiving substrate (40,60,72,91 ) , it includes a
step for doping the amorphous layer (33,53,66,86) by
implanting species through the upper face of said
intermediate structure (32', 52', 62', 82'). 10. The
method according to any of claims 1 or 2,
characterized in that, after the steps for forming the
amorphous layer (33,53,66,86) and for removing the
layer (35,55,68,87) of the intermediate structure
(32',52',62',82')in which point defects have formed
and before the step for bonding a receiving substrate
(40,60,72,91 ) , it includes a step for doping the
amorphous layer (33,53,66,86) by implanting species.
11.The method according to any of claims 2 to 8,
characterized in that the dopants implanted in the
amorphous layer (33,53,66,86) are activated by
applying a heat treatment which recrystallizes said
amorphous layer (33,53,66,86). 12. The method
according to claim 11, characterized in that said heat
treatment is performed between 550 and 650 C for one
to two hours. 13. The method according to any of the
preceding claims, characterized in that the step for
removing the layer (35,55,68,87) of the intermediate
structure (32', 52', 62', 82') in which point defects
have formed is obtained by creating a weakened zone
(39,57,61 ,81 ) in the intermediate structure
(32',52',62',82') and then by applying stresses.14.
The method according to claim 13, characterized in
that the step for removing the layer (35,55,68,87) of
the intermediate structure (32',52',62',82')in which
point defects have formed during the formation of the
amorphous layer (33,53,66,86)is made according to the
steps of : - implanting ions or gas species through
the upper layer of the intermediate structure (32',
52', 62', 82') so as to form in the intermediate
structure (32',52',62',82') a buried weakened zone
(39,59) - causing fracture in the weakened zone
(39,59) leading to detachment of the upper layer of
the intermediate structure (32',52',62',82'). 15. The
method according to claim 14, characterized in that
the 



implantation step applies hydrogen implantation. 16.
The method according to claim 14, characterized in
that the implantation step applies helium
implantation. 17. The method according to claim 14,
characterized in that the implantation step applies
co-implantation of at least two different atomic
species. 18. The method according to claim 17,
characterized in that hydrogen and helium species are
co-implanted during said implantation step. 19. The
method according to claim 18, characterized in that
said hydrogen and helium species are implanted
sequentially. 20. The method according to claim 19,
characterized in that helium is implanted before
hydrogen. 2 1. The method according to any of claims
14 to 20, characterized in that the parameters of said
species implantation are selected in such a way that
the weakened zone (39,59) is located at the layer
(35,55) containing the point defects. 22. The method
according to any of claims 14 to 20, characterized in
that the parameters of said species implantation are
selected so that the weakened zone (59) is located
above the layer (55) containing the point defects. 23.
The method according to any of claims 14 to 20,
characterized in that the parameters of said species
implantation are selected so that theweakened zone
(39) is located underneath the layer (35) containing
point defects. 24. The method according to claims 4
and 13, characterized in that the step for removing
the layer (35,55,68,87) of the intermediate structure
(32', 52', 62', 82') in which point defects have
formed is performed at a weakened porous layer (61 ,81
) present on the supporting substrate (62,82) before
depositing the epitaxied crystalline layer (64,84).
25. The method according to any of the preceding
claims, characterized in that, during the bonding of
the receiving substrate (40,60,72,91) on the upper 



face of the intermediate structure (32', 52', 62',
82'), it includes a plasma activation step. 26. A
substrate comprising at least one thin layer in an
amorphous material on a supporting substrate,
characterized in that it comprises a receiving
substrate (40), a central crystalline layer (34) and
an amorphous layer (33), said receiving substrate
(40), the crystalline layer (34) and the amorphous
layer (33) not having any EOR type point defect. 27. A
substrate comprising at least one receiving substrate
(40,60,72,91 ) and an upper doped crystalline layer
(41 ,57,73,86) which has no EOR type point defect,
characterized in that said doped crystalline layer (41
,57,73,86) has a doped concentration larger than or
equal to 1e20 at/cm3. 


