
METHOD FOR OBTAININGATHIN LAYER HAVINGA LOW DENSITYOF
HOLES The present invention relates to a method for
producing a final structure comprising a thin layer of
semiconductor material on a substrate, comprising the
steps of:  creating an embrittlement zone in the
thickness of a donor substrate,  placing the donor
substrate into close contact with a support substrate,
detaching the donor substrate at the level of the
embrittlement zone to transfer a part of the donor
substrate onto the support substrate. The invention
relates more precisely to a method of the above
mentioned type which allows improving the properties
of the thin layer, in particular by avoiding the
presence of holes within the thin layer. SMARTCUT(tm)
type processes, for which more ample details can be
found in the document 'Silicon-On-lnsulator
Technology: Materials to VLSI, 2nd Edition', by
Jean-Pierre Colinge from Kluwer Academic Publishers,
pp. 50 and 5 1, are an example of methods of the type
mentioned hereinabove and correspond to a preferred
embodiment of the invention SMARTCUT(tm) type
processes advantageously produce structures comprising
a thin layer of semiconductor material, such as SeOI
(Semiconductor On Insulator) structures and the like.
The embrittlement zone can be created by implantation
of species within the thickness of the donor
substrate. Implantation of species is understood to
mean any technique (such as bombardment, diffusion and
the like) suitable for introducing atomic or ionic
species onto the material of the implanted donor
substrate, with a maximum concentration of the
implanted species situated at a preset depth from the
substrate relative to the surface of said implanted
substrate. It is mentioned here that when a SeOI
structure is to be produced, a layer of oxide is
intercalated in between the support substrate and the
thin 



layer. For this purpose, the donor substrate may
comprise on its top a superficial oxide layer which is
to be placed, after the implantation step, into close
contact with the support substrate so as to form the
buried oxide layer of the final SeOI structure.The
implantation step can be performed either by
implanting a single species (such as hydrogen) or by
co-implanting at least two different species (such as
the co-implantation of both hydrogen and helium).
Following the detachment step, the thin layer formed
onto the support substrate presents a damaged zone
extending on a certain depth. In particular, holes may
be observed on the surface of the thin layer. Some
holes, which will be called "shallow holes"
hereinbelow, are blind holes which extend part of the
way into the thickness of the thin layer. Taking the
case of a SOI structure as an example, these shallow
holes extend in the thickness of the superficial thin
silicon layer but do not extend down to the buried
oxide layer. On the other hand, some holes may be
fairly deep, and may even extend all through the
thickness of the thin layer. These holes will be
called "killing holes" hereinbelow. Taking the case of
a SOI structure as an example, these killing holes
extend all through the superficial thin silicon layer,
down to the underneath buried oxide layer.
Furthermore, one understands that this killing holes
problem is all the more significant as the thickness
of the thin layer is low (for instance less than 800
angstroms). The resulting structures from SMARTCUT(tm)
type processes are used for applications in the fields
of microelectronics, optics and/or Optronics. The
specifications of the thin layer quality of the
structures used in these fields are thus generally
very strict. The presence of holes is a parameter
which to a certain extent conditions the quality of
the components which will be created on the final 



structure. Holes are thus to be as much as possible
avoided. Furthermore killing holes are killer defects;
indeed a component built on a killing hole will not
function. Shallow holes do not have such a disastrous
effect on operation of the components built upon these
structures. However, they form defects which it is
desirable to avoid.There is thus a need for a method
for producing a high quality structure comprising a
thin layer of semiconductor material on a substrate
which makes it possible to minimize the density of
holes within the thin layer, and notably the density
of those of the holes which are killer defects, namely
the killing holes. As mentioned here above, this need
is all the more significant as the desired thickness
of the thin layer is low, that is typically less than
800 angstroms. In order to fill the above mentioned
need, the invention proposes, according to a first
aspect, a method for producing a final structure
comprising a thin layer of semiconductor material on a
substrate, comprising the steps of:  creating an
embrittlement zone in the thickness of a donor
substrate,  placing the donor substrate into close
contact with a support substrate,  detaching the donor
substrate at the level of the embrittlement zone to
transfer a part of the donor substrate onto the
support substrate, thus forming an intermediate
structure, the method being characterised in that it
further comprises the steps of:  selecting: - a
thickness which is to be reached for the thin layer of
the final structure, - a maximal density of killing
holes to be observed within the thin layer of the
final structure, 



- a finishing sequence comprising at least one
operation to be performed on the intermediate
structure obtained after detachment;  determining a
minimum thickness of the part of the donor substrate
to be transferred onto the support substrate for said
part: - to present, after each operation of the
finishing sequence, a density of killing holes less
than said maximal density,- and to reach said selected
thickness once achieved the finishing sequence.
Preferred but non restrictive forms of the method
according to the invention are as follows: - the
embrittlement zone is created in the thickness of the
donor substrate at a depth substantially equal to or
greater than said determined minimum thickness to be
transferred; - the embrittlement zone is created by
implantation of species under a face of the donor
substrate from which the thin layer must be made,
according to implantation conditions adapted for
creating the embrittlement zone at said determined
thickness; - the thickness determination is performed
by taking into account the selected maximal killing
holes density, the selected final thickness, and the
effect of each operation of the finishing sequence
upon the holes density; - the method comprises the
step of selecting implantation conditions by selecting
an implantation energy substantially comprised between
15 keV and 120 keV, and preferably between 15 keV and
80 keV; - the finishing sequence comprises at least
one shallow holes depth reducing operations; - the
finishing sequence comprises a plurality of shallow
holes depth reducing operations; 



- the finishing step comprises at least one treatment
annealing (TA) operation, as a shallow holes depth
reducing operation; - the finishing step comprises at
least one polishing (POL) operation, as a shallow
holes depth reducing operation; - the finishing
sequence comprises at least one succession of the
following operations: rapid treatment annealing (RTA)
- sacrificial oxidation (SOx);- the finishing sequence
comprises at least one succession of the following
operations : sacrificial oxidation (SOx) - rapid
treatment annealing (RTA); - the finishing sequence
comprises at least one succession of the following
operations: sacrificial oxidation (SOx) - polishing
(POL) - Sox; - the finishing sequence comprises at
least one succession of the following operations:
sacrificial oxidation (SOx) - rapid treatment
annealing (RTA) - polishing (POL) - Sox; - a layer of
oxide is intercalated between the thin layer and the
support substrate, the structure thus produced being a
SeOI (Semiconductor On Insulator) structure; - the
thin layer is formed from silicon, the structure thus
produced being a SOI (Silicon On Insulator) structure.
Under another aspect, the invention also relates to
the structures obtained by the method according to the
invention, such as a SeOI structure produced by the
method according to the first aspect of the invention,
wherein the finishing sequence comprises a
RTA/SOx/RTA/SOx sequence of operations, characterized
in that the killing holes density of the thin layer of
the final structure is substantially 0,1 /cm2. Under
another aspect, the invention proposes a method for
determining the thickness of a part of a donor
substrate which is to be transferred onto a support
substrate, said part being intended to be thereafter
submitted to a 



selected finishing sequence comprising at least one
operation, the method being characterized in that a
minimum thickness to be transferred is determined for
said transferred part: - to present, after each
operation of the finishing sequence, a density of
killing holes less than said maximal density, - and to
reach said selected thickness once the complete
finishing sequence achieved.Other characteristics,
purposes and advantages of the invention will appear
to the reading of the following detailed description,
with respect to the annexed drawing, given as non
restrictive example, in which: - figure 1
schematically represents the hole density as a
function of depth within a thin layer; - figure 2
illustrates the effect of a RTA operation on a SOI
structure; - figure 3 represents the hole density
within a SOI layer before and after a RTA operation; -
figure 4 illustrates the effect of a POL operation
effect on a SOI structure; - figure 5 represents the
hole density within a SOI layer before and after a POL
operation. - figure 6 illustrate the effect of a SOx
operation on a SOI structure; - figure 7 represents
the hole density within a SOI layer before and after a
SOx operation; - figure 8 represents the effect of
sequences RTA/SOx and SOx/RTA on a SOI structure; -
figure 9 gives an example of the amelioration brought
by a method according to a possible embodiment the
invention; - figure 10 illustrates the amelioration
brought by the invention in term of final killing
holes density; - figure 11 is a flow chart
illustrating a method according to a possible
embodiment of the invention. 



The present invention can help in improving the
quality of a structure obtained by carrying out a
transfer process of the SMARTCUT(tm) type. The
structure can, in general, be any type of structure
comprising a thin layer of semiconductor material on a
surface exposed to the external environment. In a non
restrictive way, the thin layer of semiconductor
material can be silicon Si, silicon carbide SiC,
germanium Ge, silicon-germanium SiGe, gallium arsenide
GaAs, etc. The substrate support can be made of
silicon Si, quartz, etc.As already mentioned, a layer
of oxide can also be intercalated in between the
support substrate and the thin layer, the structure
therefore formed being a SeOI (Semiconductor On
Insulator) structure. The description hereafter deals
with SOI (Silicon On Insulator) structures
manufacturing, but the man skilled in the art will
understand that the invention is in no way limited to
this particular example. Figure 1 represents the hole
density as a function of depth within a SOI
transferred layer. The hole density is inversely
proportional to the depth, and decreases quasi
exponentially. Typically the deepest holes are between
1000 and 1400 angstroms deep, but their density is
then relatively weak (typically the density of the
holes deeper than 1000 angstroms is below 0,3 holes
per cm2) . It has to be noted that the hole density is
similar whether the implantation step is carried out
by implanting a single species or by coimplanting at
least two different species. A killing hole is a hole
which depth is equal to the thickness of the thin
layer. Hence, as it is illustrated on figure 1, the
killing hole density Dk is directly related to the
thin layer thickness T. This killing hole density is
thus all the more significant as the thickness of the
thin layer is low. 



Hence, a thin SOI layer.presents a high killing holes
density, whereas a thick SOI layer presents a low
killing holes density. As illustrated by figure 1, a
SOI layer which thickness T is greater than 1000
angstroms typically presents a killing holes density
per cm2 Dk less than 0,3. Several finishing steps of
the structure obtained after detachment have already
been proposed which generally consist in a sequence of
different operations and which aim at forming a thin
layer suitable for a use in the field of
microelectronics, optics and/or Optronics. These
finishing steps generally make use of operations such
as polishing (likewise referred to as POL
hereinbelow), thermal annealing in a neutral or
reducing atmosphere (likewise referred to as TA
hereinbelow;such as a rapid thermal annealing RTA),
sacrificial oxidation (likewise referred to as SOx
hereinbelow), chemical etching, etc. Rapid thermal
annealing RTA is generally understood to mean rapid
annealing (that is, performed over a period of several
seconds or several tens of seconds), at a high
temperature (for example of the order of 9000C to
13000C), in a controlled atmosphere (such as a mixture
of hydrogen and argon, or an atmosphere of pure argon,
or even an atmosphere of pure hydrogen). SOx is a
sacrificial oxidation divided into an oxidation step
and a deoxidation step, a heat treatment step
(typically 2 hours long at 1100C) being possibly
inserted between the oxidation and deoxidation steps.
Chemical-mechanical polishing (CMP) is an example of a
POL operation. The following sequences of operations
have for instance been proposed as finishing step of
the structure obtained after detachment:  SOx-POL-SOx
(refer for instance to publication FR 2 797 174);
SOX-RTA-POL-SOX (refer for instance to publication FR
2 797 713);  RTA-SOX-RTA-SOX (refer for instance to
the Applicant's French patent 



application filed on July, 27 2003 under n03 09304).
As concern holes, the applicant has observed that the
above mentioned operations can be separated into two
families. A first family concerns those operations
which allow reducing the depth of the shallow holes,
that is those holes which depth is lower than the
thickness of the thin layer being formed (or stated
differently those holes which do not extend down to
the underneath buried oxide layer in the case of a SOI
structure). A second family concerns those operations
which do not have any curing impact on holes RTA and
POL operations are instances of the first family,
whereas SOx and chemical etching operations are
instances of the second family.Figure 2 illustrates
the effect of a RTA operation on SOI structures 1a, 1b
composed respectively of a silicon layer 2a, 2b on top
of a buried oxide layer 3a, 3b (the support substrates
not being represented). Silicon layer 2a of SOI
structure 1a presents a shallow hole 4a which depth is
lower than the thickness of the silicon layer 2a and
thus does not extend down to the surface of the buried
oxide layer 3a. On the contrary, silicon layer 2b of
SOI structure 1b presents a killing hole 4b which
extends all through the thickness of the silicon layer
2b, down to the surface of the buried oxide layer 3b.
The RTA operation has a smoothing effect which helps
strongly decreasing (by a factor 2 to 3 at least) the
depth of the shallow holes (such as shallow hole 4a).
Indeed these holes can be stopped, in particular
thanks to diffusion and recrystallization, as it is
schematically represented on the right hand side of
figure 2 in respect of structure 1a. However a RTA
operation has no effect on the killing holes (such as
hole 4b) which extend, prior to the RTA, through all
the thin layer (in this case down to the surface of
the buried oxide layer 3a). As it is schematically 



represented on the right hand side of figure 2 in
respect of structure 1b, killing holes are not cured
by a RTA operation. Figure 3 represents the hole
density within a SOI layer before (top graph) and
after (lower graph) a RTA operation. Before the RTA
operation, the SOI layer of thickness T presents more
or less deep shallow holes, in a density, illustrated
by curve Cb, which depends upon the depth of these
holes. The SOI layer also presents killing holes in a
density Dk. As mentioned here above, the RTA operation
has no effect on killing holes. The killing holes
density thus remains unchanged equal to Dk. However,
the RTA operation helps to cure the shallow holes, by
decreasing their depth and even by stopping them. As a
result of the RTA operation, the SOI layer presents
shallow holes in a strongly decreased density, as
illustrated by curve Ca.Figure 4 illustrates the
effect of a POL operation on a SOI structure 5
composed of a silicon layer 6 on top of a buried oxide
layer 7. The silicon layer 6 presents prior to the POL
operation a shallow hole 8. As it is apparent on this
figure, by removing x angstroms of the silicon layer
6, thus obtaining a thinned silicon layer 6', the
depth of the shallow hole 8 is decreased. Furthermore,
the thickness of the silicon layer 6 being removed by
the POL operation can be adjusted (being more
important than the shallow hole depth) in order for
said shallow hole to be removed by the POL operation,
However one understands that if the silicon layer
presents a killing hole which extends down to the
buried oxide layer, after polishing said silicon layer
will still present this killing hole. Figure 5
represents the hole density within a SOI layer before
(top graph) and after (lower graph) a POL operation.
Before the POL operation, the SOI layer of thickness
Tb presents more or less deep shallow holes, in a
density, illustrated by curve Cb, which depends upon
the depth of these 



holes. The SOI layer also presents killing holes in a
density Dk. As mentioned here above, the POL operation
has no effect on killing holes. The killing holes
density thus remains unchanged equal to Dk. However,
the POL operation helps to cure the shallow holes, by
decreasing their depth and even by stopping them. As a
result of the POL operation, the SOI layer presents
shallow holes in a strongly decreased density, as
illustrated by curve Cp (which is identical to curve
Cb but shifted along the depth axis due to the POL
thickness consumption). Figure 6 illustrates the
effect of a SOx operation on a SOI structure 9
composed of a silicon layer 10 on top of a buried
oxide layer 11. The silicon layer 10 presents prior to
the SOx operation a shallow hole 12. As it is apparent
on this figure, the SOx operation reproduces the shape
of the hole and does not modify its depth.As it is
illustrated, if the depth of the initially present
shallow hole 12 is important, it is possible that this
hole extends, after a SOx operation, down to the
buried oxide layer (killing hole 12'). Figure 7
represents the holes density within a SOI layer before
(top graph) and after (lower graph) a SOx operation.
Before the SOx operation, the SOI layer of thickness
Ti presents more or less deep shallow holes in a
density, illustrated by curve Cb, which depends upon
the depth of these holes. The SOI layer also presents
killing holes in a density Di. As mentioned here
above, the SOx operation reproduces the shape of the
holes and does not modify their depth. The shallow
holes density is thus unchanged, and depends upon
their depth as illustrated by the unchanged curve Cb.
However the thickness of the SOI layer is decreased by
the SOx operation. As the new thickness Tf is lower
than the initial thickness Ti, the density of killing
holes thus increased from Di to Df. As it is apparent
from this figure 7, a SOx operation does not help to 



cure shallow holes, and result in an increase of the
killing holes density (this increase relating directly
to the consumed thickness Ti-Tf). As for the SOx
operation, a chemical etching operation reproduces the
shape of the hole and does not modify its depth. As
for the SOx operation, this even results in an
initially important shallow hole extending
subsequently down to the buried oxide layer, and being
thus "converted" to a killing hole (or otherwise
stated, it results in an increase of the killing holes
density). As it has been stated hereabove, a killing
hole present prior to an operation of the first family
(such as a RTA or POL operation), will not be cured by
said operation. Hence, as it is apparent on figure 8,
sequences RTA/SOx and SOx/RTA have a very different
effect.In the SOx/RTA sequence case, it is possible
that the SOx operation transforms an initially (after
transfer) shallow hole 13 into a killing hole 14. This
killing hole 14 will not be cured by the following RTA
operation. On the other hand, in the RTA/SOx sequence
case the same initially shallow hole 13 will be cured.
Indeed the RTA operation will decrease its depth (see
hole 15) while the SOx will thin the silicon layer.
The resulting structure thus presents a quasi
integrally restopped hole 15'. Of course, if killing
holes are present after transfer within the thin
layer, these holes will not be cured and will remain,
as killer defects, in the final product. Based on the
above observations, the method according to the
invention proposes to perform the steps of: -
selecting a thickness which is to be reached for the
thin layer of the final structure, - selecting a
maximal density of killing holes to be observed within
the thin layer of the final structure, and 



- selecting a finishing sequence comprising at least
one operation to be performed on the intermediate
structure obtained after detachment. A particular
finishing sequence is generally used on the structure
following the detachment step so as to improve the
quality of the thin transferred layer (for instance by
gumming out the roughnesses, insuring a correct
thickness uniformity) and make it suitable for a use
in the fields of application. This finishing sequence
is notably adapted for thinning the part of the donor
substrate transferred onto the support substrate (thin
transferred layer) so that the thickness of the thin
layer of the final structure reaches said selected
thickness. Said finishing sequence may comprise at
least one of the above mentioned operations (TA, POL,
SOx, chemical etching) and may consist in any
combination of these operations, such as the following
sequences which are given as non restrictive
examples:- RTA-SOx; - repetition of several RTA-SOx
sequences (such as RTA-SOx-RTASOx); - SOx-POL-SOx (and
any repetition of this sequence); - SOX-RTA-POL-SOX
(and any repetition of this sequence); - SOx-RTA (and
any repetition of this sequence). As mentioned above,
a RTA operation (and more generally any smoothing
annealing operation) helps stopping shallow holes. It
is thus advantageous to make use of a sequence
comprising such a RTA operation. Moreover, under
particular conditions, a RTA operation helps
encapsulating the oxide layer under a Si layer, which
may be favourable before performing a chemical etching
or a sacrificial oxidation (see for instance WO
2004/079801 ) However the position (defined in term of
remaining thickness) of such 



an operation within a particular sequence may be
important (see for instance US 2004/0151483).
Furthermore, a RTA operation is not effective for
carrying out a removal of material and thinning the
thin layer. On the contrary, a SOx operation is
effective for thinning the thin layer, in particular
for removing the zone which is damaged after
detachment or for obtaining the selected thickness of
the thin layer of the final structure. The thickness
which can be removed by a SOx operation is typically
comprised between 100 and 1000 angstroms However a SOx
operation must be carefully performed as it may
increases the killing holes density. It may hence be
judicious to perform a RTA operation between two SOX
operations. A POL operation also helps thinning the
thin layer by material removal but such an operation
results in a degradation of the thickness uniformity
and even in the thin layer being damaged. A POL has
thus to be as muchas possible limited, and to be
performed after a thinning step (such as a SOx) which
less damages the thin layer, or even after a RTA.
Typically a POL operation is combined with a RTA so as
to limit the removal of material between 200 and 500
angstroms (which helps to limit the thickness
uniformity degradation). The method according to the
invention also proposes to perform the step of
determining a minimum thickness of the part of the
donor substrate which has to be transferred onto the
support substrate for said part to present, after each
operation of the finishing sequence, a density of
killing holes less than said maximal density, and to
reach said selected thickness once achieved the
finishing sequence. Hence the invention proposes to
limit the density of killing holes within the thin
layer of the final structure by selecting an adequate
thickness to be 



transferred onto the support substrate and taking into
account: - the selected thickness which is to be
reached for the thin layer of the final structure, -
the selected finishing sequence of operation(s) (and
thus taking into account the effect upon holes density
of each operation of this finishing sequence). The
above discussed graphs (figures 3, 5 and 7) show the
effect upon holes density of each operation
(respectively RTA, POL and SOx). These graphs may
hence be combined to evaluate the effect upon holes
density of a complete finishing sequence (which may
have several operations performed in a particular
order, and which is adapted for thinning the thin
layer to the selected thickness). The appropriate
thickness to be transferred can thus be derived from
this combination of graphs so that after each
operation, the killing holes density is less than the
selected maximal killing holes density. Starting from
the selected final thickness and maximal density of
killing holes, it is hence possible to determine,
(taking the operation(s) of the finishing sequence in
their reverse order and starting from the last one)
which minimum thicknessthe thin layer must present
before a particular operation, and thus finally which
thickness has to be transferred. Taking the upper
diagram of figure 8 as an illustrative example, the
selected finishing sequence comprises a SOx operation
followed by a RTA operation. Graphs of figures 7 and 3
are thus to be combined. The minimum thickness Ti to
be transferred must take into account the fact that
the thickness of the thin layer is decreased by the
SOx operation (decreasing from Ti after transfer to Tf
after the SOx operation), which results in an increase
of the killing holes density. Let's consider than the
selected maximal density is set to 0,3 killing holes
per cm2. The minimum thickness Ti to be transferred
must then be 



chosen so that the thickness Tf after the SOx
operation and thus before the RTA operation (which has
no impact upon killing holes density but helps
lowering the shallow holes density) is greater than
the thickness for which a killing holes density of
0,3/cm2 is noticed (that is greater than 1000
angstroms). Turning now to the lower graph of figure
8, the selected finishing sequence now comprises a RTA
operation followed by a SOx operation. Graphs of
figures 3 and 7 are thus to be combined. In this case,
the first operation does not reduce the thickness of
the thin layer but modifies the holes density such
that the subsequent SOx operation is not susceptible
to create (a lot of) new killing holes (SOx operation
as illustrated on figure 7 but starting from a reduced
holes density profile after the RTA operation as
illustrated by curve Ca on the lower graph of figure
3). Hence, it is understood that for a selected final
thickness and a selected maximal density of killing
holes, the minimum thickness to be transferred in the
case of a RTA-SOx finishing sequence is different (in
the present case lower) than the minimum thickness to
be transferred in the case of a SOx- RTA finishing
sequence.Of course, the embrittlement zone is created
in the thickness of the donor substrate at a depth
substantially equal to or greater than said determined
minimum thickness to be transferred. According to a
possible embodiment, the embrittlement zone is created
by implantation of species under a face of the donor
substrate from which the thin layer must be made. Such
an implantation can be performed by implanting a
single species (such as hydrogen) or by implanting at
least two different species (such as the
co-implantation of helium and hydrogen). According to
a preferred embodiment of the invention, implantation
conditions are selected so that the implantation
energy is comprised 



between 15 keV and 120 keV, and more preferably
between 15keV and 80 keV. According to a preferred
embodiment, the finishing sequence comprises at least
one operation from said first family of operations,
that is an operation which allows reducing the depth
of the shallow holes and helps modifying the holes
density within the thin layer (see effect of a RTA and
of a POL operation on figures 3 and 5). Said shallow
holes depth reducing operation is for instance a TA
operation, or a POL operation. According to an
advantageous embodiment of the present invention, the
finishing sequence comprises a plurality of operations
from said first family of operations, that is a
plurality of operations that each allows reducing the
depth of shallow holes. This advantageous embodiment
brings an additional profit as it decreases the depth
of the residual shallow holes, and may even help to
remove these shallow holes completely. Figure 9 gives
an example of the amelioration brought by a possible
embodiment of the method according to the invention
wherein the finishing sequence is a SOx/RTA/POL/SOx
sequence of operations. Graphs of figures 7, 3, 5 and
7 are thus to be combined to determine, taking into
account the selected thickness to be reached and the
selected maximaldensity of killing holes, the minimum
thickness which is to be transferred for the thin
transferred layer to present, after each of these
operations, a density of killing holes less than said
selected density. In the top diagram, the implantation
step is carried out classically so that a layer of
thickness t is transferred onto the donor substrate.
In the lower diagram, the implantation step is carried
accordingly to the invention so that a layer of
thickness t+500 angstroms is transferred onto the
donor substrate. In the classical case, the first SOx
operation does not cure shallow 



holes and even leads to the formation of killing holes
(such as hole 16) extending down to the buried oxide
layer. These killing holes can not be cured by the
following RTA operation, nor by the following POL
operation. The final SOx operation will lead to a SOI
structure having a killing hole 18, and being thus not
acceptable in its fields of application. On the
contrary, in the case of the method according to a
possible embodiment of the invention, the transferred
layer is thick enough for killing holes not to be
formed (in a too important density exceeding the
selected maximal density) by the first SOx operation.
Thus, in this case the subsequent RTA operation (that
is an operation allowing to reduce the depth of
shallow holes, such as hole 19) will help to cure the
present shallow holes, notably by decreasing their
depth (see hole 19'). This RTA operation has no impact
upon the killing holes density, so that after this
operation, the killing holes density still does not
exceed the selected maximal density. The POL operation
will remove those shallow holes which are included
within the thickness of the thin layer which is
removed by this operation (in this case, those holes
that are less deep than p angstroms, such as hole
19'). The POL operation will decrease the depth of the
shallow holes that were, prior to this operation,
deeper than p angstroms. As for the RTA operation, the
POL operation does not impact the killing holes
density.Finally, at the end of the last operation
(second SOx operation), a thin layer is obtained which
presents the desired thickness, and a minimized
density of holes, and in particular few shallow holes
and a killing holes density less than said selected
maximal density. It has to be noted that this second
SOx operation carries out a sacrificial oxidation
adapted for obtaining a final thin layer 2 1 whose
thickness is similar to that of the thin layer 20
classically obtained. 



Hence this second SOx operation carries out a more
important sacrificial oxidation, adapted to compensate
for the thickness increase (+500 angstroms in the
present case) of the transferred layer. Moreover, the
preceding example shows that a profit is reached, in
term of density of killing holes, because the RTA
operation (or more generally speaking an operation
allowing to reduce the depth of the shallow holes) is
performed on a thin layer which does not present
killing holes (or at least which presents killing
holes in a density lower than a maximal density).
Furthermore, killing holes density before said
operation is controlled thanks to an implantation step
adequately performed, notably by increasing the
thickness of the layer being transferred onto the
support substrate. Figure 10 shows that an increase of
450 angstroms of the transferred layer, when combined
with a finishing RTA/SOx/RTA/SOx sequence of
operations, allows to decrease the density of killing
holes by a factor 5 in the final thin layer (thickness
200 angstroms). Indeed the left hand side diagram
drawn for a classically obtained SOI structure reveals
a killing holes density of 0,5 holes/cm2, while the
right hand side diagram drawn for a SOI structure
obtained as mentioned hereabove, reveals a killing
holes density of 0,1 holes/cm2 only. Figure 11 is a
flow chart illustrating a method according to a
possible embodiment of the invention for the
manufacturing of a SOI device. At block 10, the
specifications of the final SOI product are detailed,
in particular by selecting: - the thickness Tf of the
thin layer of the final structure,- the finishing
sequence of operation(s) of the intermediate structure
obtained after transfer (in this case a
RTA/SOx/RTA/SOX sequence), - and the maximal density
of killing holes DMwithin the thin layer of the final
structure. 



At block 20, a thickness to be transferred is
selected. At block 30, it is checked whether the
density of killing holes within the part of the donor
substrate which has been transferred onto the support
substrate is higher than the selected maximal density
DM or not. If yes, the thickness to be transferred is
increased (block 40) and block 30 is thereafter
repeated. If no, the first operation of the finishing
sequence is performed. In this case, at block 50, - a
RTA operation is performed. As already stated
hereabove, such a RTA operation has no effect on
killing holes, but helps reducing the depth of the
shallow holes. At block 60, the second operation of
the finishing sequence, a SOx operation, is performed.
As stated above, such a SOx operation is effective for
thinning the transferred thin layer, but increases the
killing holes density according to the thickness
consumption. At block 70, following the SOX operation,
and similarly to block 30, it is checked whether the
density of killing holes within the part of the donor
substrate which has been transferred onto the support
substrate is higher than the selected maximal density
DM or not. If yes, at block 80, it is checked whether
it is possible to decrease the thickness consumption
of the SOx operation (performed at block 60). This is
done by taking into account the selected particular
finishing sequence, and the selected final thickness
Tf. If the thickness consumption can be decreased, the
SOx operation is performed (block 60) according to
this newly set operative conditions. If the thickness
consumption cannot be decreased, then block 40 is
performed (that is increase of the transferred
thickness).Coming back to block 70, if the density of
killing holes after the SOx operation is lower than
.the maximal density DM, the next operation of the
finishing sequence (here a RTA operation which does
not consume 



thickness and does not modify the killing holes
density) is performed at block 90. A SOx operation is
thereafter performed at block 100. At blocks 110 and
120 operations are performed which are similar to
those performed respectively at blocks 70 and 80.
Following the SOx operation, and provided that (block
110) the killing holes density is lower than the
maximal density DM > the final SOI product conform to
the specifications (defined at block 10) is obtained
at block 130. Of course, it will be understood that
the flowchart of figure 11 is purely illustrative and
that the present invention is by no means limited to
the embodiments described and represented, but the man
skilled in the art will be able to bring many
alternatives or modifications there.THE CLAIMS 1.
Method for producing a final structure comprising a
thin layer of semiconductor material on a substrate,
comprising the steps of:  creating an embrittlement
zone in the thickness of a donor substrate,  placing
the donor substrate into close contact with a support
substrate,  detaching the donor substrate at the level
of the embrittlement zone to transfer a part of the
donor substrate onto the support substrate, thus
forming an intermediate structure, the method being
characterised in that it further comprises the steps
of:  selecting a thickness which is to be reached for
the thin layer of the final structure,  selecting a
maximal density of killing holes to be observed within
the thin layer of the final structure,  selecting a
finishing sequence comprising at least one operation
to be performed on the intermediate structure obtained
after detachment;  determining a minimum thickness of
the part of the donor substrate to be transferred onto
the support substrate for said part: 



- to present, after each operation of the finishing
sequence, a density of killing holes less than said
maximal density, - and to reach said selected
thickness once achieved the finishing sequence. 2.
Method according to the preceding claim, characterized
in that the embrittlement zone is created in the
thickness of the donor substrate at a depth
substantially equal to or greater than said determined
minimum thickness to be transferred. 3. Method
according to the preceding claim, characterized in
that the embrittlement zone is created by implantation
of species under a face of the donor substrate from
which the thin layer must be made, according
toimplantation conditions adapted for creating the
embrittlement zone at said determined thickness. 4.
Method according to any one of the preceding claims,
characterized in that the thickness determination is
performed by taking into account the selected maximal
killing holes density, the selected final thickness,
and the effect of each operation of the finishing
sequence upon the holes density. 5. Method according
to any one of claims 3 or 4, characterized in that it
comprises the step of selecting implantation
conditions by selecting an implantation energy
substantially comprised between 15 keV and 120 keV. 6.
Method according to claim 5, characterized in that the
implantation energy is substantially comprised between
15 keV and 80 keV. 7. Method according to any one of
claims 1 to 6, characterized in that the finishing
sequence comprises at least one shallow holes depth
reducing operations. 8. Method according to claim 7,
characterized in that the finishing sequence comprises
a plurality of shallow holes depth reducing
operations. 9 . Method according to any one of claims
7 or 8, characterized in that the 



finishing step comprises at least one treatment
annealing (TA) operation, as a shallow holes depth
reducing operation. 10. Method according to any one of
claims 7 or 8, characterized in that the finishing
step comprises at least one polishing (POL) operation,
as a shallow holes depth reducing operation.11. Method
according to any one of claims 1 to 7, characterized
in that the finishing sequence comprises at least one
succession of the following operations: rapid
treatment annealing (RTA) - sacrificial oxidation
(SOx). 12. Method according to any one of claims 1 to
7, characterized in that the finishing sequence
comprises at least one succession of the following
operations : sacrificial oxidation (SOx) - rapid
treatment annealing (RTA). 13. Method according to any
one of claims 1 to 7, characterized in that the
finishing sequence comprises at least one succession
of the following operations: sacrificial oxidation
(SOx) - polishing (POL) - SOx. 14. Method according to
any one of claims 1 to 7, characterized in that the
finishing sequence comprises at least one succession
of the following operations: sacrificial oxidation
(SOx) - rapid treatment annealing (RTA) - polishing
(POL) - SOx. 15. Method according to any one of claims
1 to 14, characterized in that a layer of oxide is
intercalated between the thin layer and the support
substrate, the structure thus produced being a SeOI
(Semiconductor On Insulator) structure. 16. Method
according to the claim 15, characterized in that the
thin layer is formed from silicon, the structure thus
produced being a SOI (Silicon On Insulator) structure.
17. SeOI structure produced by the method according to
any one of claims 15 or 16, wherein the finishing
sequence comprises a RTA/SOx/RTA/SOx sequence of
operations, characterized in that the killing holes
density of the thin layer of the final structure is
substantially 0,1 /cm2.18. Method for determining the
thickness of a part of a donor substrate 



which is to be transferred onto a support substrate,
said part being intended to be thereafter submitted to
a selected finishing sequence comprising at least one
operation, the method being characterized in that a
minimum thickness to be transferred is determined for
said transferred part: - to present, after each
operation of the finishing sequence, a density of
killing holes less than said maximal density, - and to
reach said selected thickness once the complete
finishing sequence achieved. 


