PROCESS FOR SMOOTHING THE SURFACE OF A STRUCTURE
FIELD OF THE INVENTION

The present invention relates to a process for
fabricating a structure successively comprising a useful
semiconductor layer, a dielectric layer and a carrier
substrate. It reiates in particular to a process for smoothing
the surface of the wuseful layer. These strxuctures are
egpecially applicable in the fields of microelectronicsg,

micromechanics, photonics, etc.
TECHNOLOGICAL BACKGROUND OF THE INVENTION

Various processes allowing an intermediate structure,
comprising in succession a surface semiconductor layer, a
dielectric layer, and a carrier substrate, to be formed are
known from the prior art. It may for example be a question of
layer-transfer fabrication processes (such as the processes
known by the names Smart Cut™ or Eltran™) or even of the
oxygen-implantation fabrication process (known by the acronym
SIMOX: Separation by Implantation of Oxygen).

This intermediate structure, during a following finishing
step, undergoes various treatments in oxder to convert the
surface layer into a useful layer having all the expected
properties especially in terms of average thickness, thickness

uniformity, roughness, crystal guality, etc.

These known processes are especially employed for the
fabrication of eilicon-on-insulator (SOI) structures. In this
case, the surface layer which will become the useful layer and
the carrier typically consist of silicon and the dielectric

layer of gilicon dioxide.



These SOT structures must satisfy very precise
specifications. This is especially the case for the £final
roughness of the useful layer and the thickness uniformitiesg
of the useful layer and of the underlying dielectric layer.
Satisfaction of these specifications is required for the good
operation of the semiconductor devices that will be formed in

and on the useful layer.

Among the standard finishing treatments applied to an
intermediate structure, smoothing annealing treatments that
consist in exposing the surface layer to an inert or reducing
atmosphere brought to a high temperature, typically above
1100°C, are known. This treatment, inter alia, allows, by
surface reconstruction, the roughness of the layer exposed to

the high-temperature atmosphere to be decreased.

These annealing operations may be carried out in furnaces
gsuitable for treating a plurality of SOI  structures
simultaneously, under a controlled inert or reducing gas flow
in order to promote the thermal homogeneity of the furnace.
This gas is filtered in order to be extremely pure (less than
1 ppm of impurities) as any contaminant (0,, H,0, CO,, etc.)
capable of reacting with the silicon disrupts the surface
smoothing. Imperfect smoothing is characterized by a degree of
regsidual or non-uniform roughness at the surface of the useful
layer.

It will be recalled that the roughness measurements are
generally carried out using an atomic force microscope (AFM).
Wwith this type of apparatus, the roughness 1is measured on
surfaces scanned by the tip of the AFM microscope, ranging
from 1 x 1 um® to 10 x 10 um® and less commonly 50 x 50 um®, or
even 100 x 100 um’. It is also possible to measure the surface
roughness by other methods, in particular by means of a “haze”

measurement. This method has in particular the advantage of



rapidly c¢haracterizing the uniformity of the roughness over
the entire surface of the useful layer. This “haze”, measured
in ppm, is derived from a method that uses the optical
reflectivity properties of the surface to be characterized,
and corresponds to an optical signal scattered by the surface,
owing to its microroughness. It 1s specified that the “haze”
values that will be disclosed in this text are expressed in
arbitrary units and were measured according to the same
protocol and by the same device, in this case by an instrument

of KLA Tencor Surfscan SP (registered trademark) type.

In the high temperature and annealing time ranges used
for smoothing the surfaces of the SOI structureg having a thin
gsurface layer, a phenomenon of dissolution of the underlying
oxide layer is capable of occurring. The disgolution
phenomenon 1is in particular reported in the document “Novel
trends 1in SOI technology for CMOS applications” by O.
Kononchuck et al. that appeared in the journal Solid State
Phenomena, volume 156-158 (2010) p. 69 to 76. This document
specifically explains that, in the high-temperature inert or
reducing treatment atmosphere, the oxygen atoms of the
dielectric layer are capable of diffusing through the surface
layer and of reacting with the surface thereof in order to
produce volatile species (gaseous silicon monoxide SiO) which
are evacuated into the atmosphere of the furnace by the inert
gag flow. This document also explains that for SO0I structures
having a thin surface layer, the diffusion of oxygen through
the surface layer is limited by the ability to evacuate
volatile gpecies from the surface of the structure, and
therefore that the extent of the dissolution phenomenon is
locally linked to the gas velocity of the atmosphere of the
furnace in the wvicinity of the surface.

I1f the gaseous silicon monoxide (Si0O) accumulates at the

surface of the superficial layer during the heat treatment, it



therefore locally slows down the dissolution, leading to
differences in thickness of the surface layer and of the
dielectric layer on the final product, which is particularly
damaging. In order to limit the local accumulation of 8i0O it
is necessary to maintain a high gas flow in the furnace, since
the Si0O is precisely evacuated via the inert or reducing gas

flow circulating in the furnace.

The applicant has observed that despite the controlled
uniformity and purity of the gas flow in the furnace during a
smoothing heat treatment at high temperature and under a high
inert or reducing gas flow, certain SOI structures have “haze”
levels greater than the expected level. This is in particular
true at the edges of these structures, as illustrated in
Figure 1. Peripheral zones 100 of high residual roughness are
present on the useful layer: they are shown on the “haze”
mapping of Figure 1 by darker zones, representative of a
greater roughness (note that the central part of the mapping
has darker regions in the form of butterfly wings, also known
as “haze cross”, which do not <correspond to a dJreater
roughness but to an artefact of the measurement method used).
The peripheral zones 100 are a problem for the final product
for which the surface roughness and its uniformity at the

surface of the S80I structure are key parameters.

Thus, ‘a smoothing annealing operation according to the
prior art makes it possible to generally smooth the surface of
the SOI structures, guaranteeing a good thickness uniformity
of the final S80I structures (owing to a sufficient evacuation
of the volatile species 1linked to the dissolution) but
generates, on certain treated structures, peripheral zones 100
of residual roughness that are incompatible with the roughness

specifications of the final product.



OBJECTIVE OF THE INVENTION

Embodiments of the invention seek to provide a process
that can obviate the drawbacks of the prior art. Embodiments
of the invention provide a process for smoothing the surface
of a silicone-on-insulator structure that can make it possible
to 1limit the appearance of peripheral =zones of residual
roughness, without degrading the thickness uniformity of the

surface layer and of the buried dielectric.

BRIEF DESCRIPTION OF THE INVENTION

Embodiments of the invention provide a process for
smoothing a silicon-on-insulator structure comprising the
exposure of a surface of the structure to an inert or reducing
gas flow and to a high temperature during a heat treatment,
the process comprising a first heat treatment step at a first
temperature and under a first gas flow defined by a first flow
rate. The process is noteworthy in that it also comprises a
second heat treatment step at a second temperature lower than
the first temperature and under a second gas flow defined by a

second flow rate lower than the first flow rate.

The first step of the ©process enables the effective
surface smoothing concurrently with a uniform dissolution
phenomenon. During the second step of the process, a smoothing
of the surface may also be carried out and may rectify the
peripheral =zones of residual roughness generated during the
first step. The temperature conditions of the second heat
treatment are such that the dissolution phenomenon 1is very
slow or even non-existent, which makes it possible to reduce
the gas flow and thus to limit the contaminants injected into
the furnace that are capable of hampering the smoothing (in

particular by creating said peripheral =zones of residual



roughnesgs): the sgsecond step of the process therefore makes it
possible to improve the smoothing of the surface, in
particular at the peripheral zones, without degrading the
thickness uniformity of the surface layer and of the buried

dielectric.

According to advantageous features of the invention,

taken alone or in combination:

e the process comprises a preliminary step of supplying the
SOI structure comprising a thin surface layer positioned
on a dielectric layer, itself positioned on a carrier
substrate, the surface layer having a thickness of less

than 500 nm;

e the first temperature 1s greater than a threshold
temperature and the second temperature is lower than said

threshold temperature which is between 1150°C and 1170°C;

e the first temperature 1is between 1160°C and 1200°C,
preferably between 1170°C and 1200°C;

e the gecond temperature is between 1130°C and 1170°C,

preferably between 1130°C and 1160°C;

¢ the second heat treatment step comprises a hold at the

second temperature of a given duration;
¢ the duration of the hold is between 1 min and 2 h;

e the second heat treatment step comprises a temperature
decrease ramp of between 0.1 °/min and 20 °/min, starting

from the second temperature;
e the first flow rate is greater than 20 slm;
¢ the second flow rate is less than 15 slm;

¢ the inert gas is selected from argon or a mixture of

argon and hydrogen;

¢ the first heat treatment step and second heat treatment

step are linked together during the same heat treatment.



BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the invention will
emerge from the following detailed description of the

invention with reference to the appended figures, in which:

- Figure 1 presents a “haze” mapping measured on the
surface of an SOI structure comprising peripheral zones
of residual roughness;

- Figure 2 presents steps of fabricating an SOI structure
according to the Smart Cut® process;

-~ Figure 3 presents a graph with the maximum roughness
level measured on each SOI structure after a smoothing
process of the prior art;

- Figure 4 presents a graph with the maximum roughness
level measured on each SOI structure after a smoothing
process according to the invention;

- Figure 5 presents a graph with the maximum roughness
level measured on each SOI structure after a smoothing

process according to the invention.
DETAILED DESCRIPTION OF THE TINVENTION

Figure 2 presents steps of fabricating a silicon-on-
insulator (SOI) structure 11’ according to one embodiment of
the Smart Cut® process. A silicon donor substrate 1 undergoes
a thermal oxidation step (Figure 2a) in orxrder to make the
future buried dielectric layer 2 of the SOI gtructure increase
in size. The thickness of the oxide could for example vary
between several nanometres and several hundreds of nanometres.
The donor substrate 1 1is then implanted with light ions 3
(Figure 2b). By way of example, a co-implantation of helium
(1°16/cm®) and of hydrogen (1°16/cm®) could be carried out, at

an energy suitable for the desired thickness of the future



gilicon surface layer. This implantation step formg a buried
fragile plane 4 in the donor substrate 1. The implanted donor
substrate 1 is then assembled with a carrier substrate 5, for
example by bonding by molecular adhesgion (Figure 2c). A
detachment annealing operation, for example in the temperature
range 350-600°C, then makes it possible to make cavities in
the buried fragile plane 4 increase in gize in order to give
rige to the separation of the donor substrate 1 at this plane
4. An intermediate SOI structure 11 is then formed (Figure
2d): 1t comprises a surface layer 10 resulting from the donor
substrate 1, positioned on the dielectric layer 2, itself
assembled to the carrier substrate 5. At this stage, the
gsurface of the surface layer 10 is rough (for example, of the
order of 3 to 10 nm RMS - AFM measurement). In order for this
surface layer 10 to be compatible with microelectronic
applications, it 1s necessary to reduce its roughness,
uniformly over the entire surface of the S0OI structure, to a
value of the order of 0.05 to 0.5 nm RMS (AFM measurement).

For this, various treatments may be carried out, in
particular steps of sacrificial oxidation and of chemical
mechanical polighing. It nevertheless appears that, for thin
surface layers 10 (for example having a thickness of less than
500 nm, or even less than 300 nm), the thickness uniformity of
which on the substrate is critical (typically PV (peak-to-
valley) < 3 nm), the polishing, although effective for
reducing the roughness, suffers from too high a non-uniformity
of removal to be compatible with the specifications of the
final SOI structures 117.

It is therefore particularly advantageous to apply
smoothing heat treatments, that make it posgsible to obtain a
greater final thickness uniformity of the useful layer 10/
(Figure 2e).

During these smoothing heat treatments, the surface of an

intermediate S80I structure 11 is exposed to an inert or



reducing gas flow, at a temperature typically above 1100° C:
under these conditions, the surface mobility of the silicon
atomg 1is high and leads to a smoothing of the surface of the
expoged surface layer 10. The higher the temperature, the more
effective and faster the smoothing of the surface. The inert
or reducing atmosphere to which the structure is exposed is
preferentially composed of argon or a mixture of argon and
hydrogen (for example < 1% hydrogen).

These heat treatments are advantageously carried out in
large-sized furnaces that may contain a plurality of
intermediate SOI structures 11.

The applicant has observed that certain SOI structures
positioned in the wvicinity of the injection of gas into the
furnace have “haze” levels greater than the level obtained in
the rest of the furnace. This i1is in particular true at the
edges of the structures (illustrated in Figure 1). These
peripheral zones 100 of high residual roughness on the useful
layer 10’ are a problem for the final product for which the
surface roughness and its uniformity at the surface of the SOI
structure 11’ are key parameters.

This residual roughness may be identified on the “haze”
mappings (Figure 1) and from maximum “haze” values measured on
each SOI structure 11’ after the smoothing treatment. Figure 3
presents, on the y-axis, the maximum “haze” values measured on
the structures positioned at varioug locations (x-axis) in the
furnace. It clearly appears that the structures in positions
74 to 86 have a higher “haze” level compared to the other
positions: in particular, a “haze” level greater than 0.17
(arbitrary units) 1s not compatible with the targeted
applications.

The applicant has deduced from various tests that these
zones 100 of residual roughness, preferably at the edges of
the SOI structures, were due to the exposure of these edges to

fresh gas comprising, even in a very small amount,
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contaminants (for example O, Hy0, CO,, etc.). Specifically,
the presence of contaminants of this type disrupts the
gsmoothing phenomenon by locally blocking the mobility of the
silicon atoms at the surface. Peripheral zones 100 then remain
on the treated useful layer 10’, in which zones the roughness
is greater than the expected level, which makes the final SOI

structures 11’ incompatible with the targeted applications.

The process for smoothing an SOI structure 11 according
to the invention comprises the exposure of the surface of the
gtructure 11 to an inert or reducing gas flow and to a high
temperature, during a heat treatment. It comprises a first
step of heat treatment at a first temperature and under a
first gas flow defined by a first flow rate. During this first
step, a first smoothing of the surface of the surface layer 10
takes place along with a first dissolution of the underlying
oxide layer 2. The first temperature is selected from a range
of high temperatures, in particular between 1160°C and 1200°C,
and preferably between 1170°C and 1200°C. This is thus in a
thermal budget range where the surface smoothing is effective
on a silicon surface layer: the first smoothing makes it
possible to reduce the roughness, at the surface of the
surface layer 10, over the entire range of spatial frequencies
desired, from 0.1 nm to several microns, in a reasonably short
time, that may range from 5 min at 1200°C to around 2 h at
1170°C.

As mentioned previously, within this range of high
temperatures, a phenomenon of dissolution of the buried oxide
layer 2 may occur. To avoid degrading the thickness
uniformities of the surface layer 10 and dielectric layer 2,
it is therefore important to maintain, during the smoothing
annealing operation, a gas flow that is sufficient to evacuate

the SiO volatile species formed by the dissolution phenomenon.
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During this first step, the gas flow in the furnace is
maintained at a high first flow rate, in order to avoid any
accumulation of volatile species linked to the dissolution
phenomenon of the oxide layer 2. Preferably, the first gas
flow rate is greater than 20 slm (standard litres per minute).
The dissolution phenomenon is thus homogeneous enough not to
deteriorate the thickness uniformities of the surface layer 10
and buried oxide layer 2 to the point of making them

incompatible with the targeted application.

This first heat treatment step of the smoothing process
according to the invention makes it possible to eliminate a
large portion of the roughness of the surface layer 10 and to
achieve a good mean roughness level on all of the structures
treated in the furnace. Nevertheless, there remain peripheral
zones 100 of residual roughness, in particular on the SOI
structures located in the vicinity of the injection of gases
into the furnace: this local residual roughness makes said SOI
structures incompatible with the expected specifications (the
maximum “haze” values on these structures exceeding 0.17

(a.u.}).

The smoothing process according to the invention
therefore comprises a second heat treatment step at a second
temperature lower than the first temperature and under a
second gas flow defined by a second flow rate lower than the
firgt flow rate. During this second step, a second smoothing
of the surface of the surface layer 10 takes place. The second
temperature is lower than the first  temperature; in
particular, it is chosen from a range of temperatures between
1130°C and 1170°C, and preferably between 1130°C and 1160°C.
This 1s thus in a thermal budget range where the surface
smoothing 1is still active but where the kinetics of the

dissolution phenomenon are very slow. The phenomena of surface
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smoothing of the surface layer 10 and of dissolution of the
buried oxide layer 2 are both thermally active, that is to say
that they are faster the higher the temperature. The smoothing
phenomenon has thermal kinetics defined by the activation
energy for the surface diffusion of the silicon atoms which is
equal to 2 eV. The dissolution phenomenon has thermal kinetics
defined by the activation energy for the diffusion of the
oxygen atoms into the silicon which is equal to 4 eV. The
dissolution is therefore wmuch more sensitive to  the
temperature than the smoothing. Thus, during the second step
of the process, at a temperature below 1170°C, and preferably
below 1160°C, the dissolution is virtually zero {(speed of the
phenomenon is very low) whereas the smoothing remains
significant, even though it has a lower effectiveness than at
higher temperatures.

During this second step, the gas flow in the furnace is
advantageously defined by a second low flow rate, in order to
limit the amount of contaminants in contact with the surfaces
of the SOI structures. Preferably, the second gas flow rate is
less than 15 slm (standard litres per minute); advantageously,
the second flow rate is of the order of 5 slm. The speed of
dissolution being very low, the accumulation of - Si0 at the
surface of the SOOI structures 11 during this step is
negligible and therefore there is no degradation of the
thickness uniformities of the layers, despite the low gas flow
conditions.

The applicant has surprisingly observed that this second
heat treatment step of the smoothing process according to the
invention makes it ©possible to significantly lower the
roughness level 1in the peripheral zones 100 of residual
roughness, until it dis made compatible with the expected
specifications of the final product. The reduction in the
amount of contaminants linked to the low gas flow rate (second

flow) thus enables the smoothing phenomenon to take place with
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a good degree of effectiveness on the peripheral zones 100,

despite a second temperature lower than the first temperature.

The first step and the second step are carried out
respectively at a first temperature greater than a threshold
temperature and at a second temperature lower than a threshold
temperature. Said threshold temperature is between 1150°C and
1170°C, in the case of a silicon-on-insulator structure of
which the thickness of the surface layer 10 1is preferably
between 200 nm and 500 nm. For thicknesses outside of this
range, the threshold temperature could be substantially
different, 1in particular due to the dependence of the
dissolution phenomenon on the thickness of the surface layer
10.

In the case of other structures, comprising in particular
a surface layer 10 of different nature (for example, SiGe,
carbon-doped Si, etc.), the threshold temperature could be
within a different temperature range, since it is dependent on
the smoothing phenomenon (surface diffusion of the atoms) and
dissolution phenomenon (diffusion of oxide through the surface

layer 10).

According to a first method of implementing the smoothing
process according to the invention, the first heat treatment
step and the second heat treatment step consist of two
different annealing operations, between which the  SOI
structures 11 treated return to ambient temperature.

According to a second method of implementing the
smoothing process according to the invention, the first heat
treatment step and the second heat treatment step are linked
together during the same annealing operation. According to a
first variant, at the end of the first step, the temperature
follows a decrease ramp that goes from the first temperature

to the second temperature, for example, while maintaining the



14

first gas flow. Alternatively, the gas flow could be gradually
reduced during the decrease in temperature, until the second
temperature is reached.

The second step then starts, under the second gas flow,
with a hold at the second temperature, for a defined duration.
Said duration could vary for example from several minutes to
geveral hours, in particular from 5 min to 2 h.

According to one variant, the second step starts when the
temperature changes from the first temperature to the second
temperature. The gas flow then changes from the first flow to
the sgecond flow. The gsecond step does not have a hold but
takeg place during the temperature decrease ramp for example
of between 0.1 °/min and 20 °/min, starting from the second

temperature.

It will be recalled that the accumulation of wvolatile
species (S10) linked to the dissolution phenomenon is faster
the thinner the thickness of the surface layer 10. The
smoothing process according to the invention therefore is more
advantageous the thinner the surface layer 10 of the SOI
structure 11 and the more demanding the roughness and
thickness uniformity specifications of the useful layer 10/
and dielectric layer 2 of the final structure 11’. Preferably,
the smoothing process according to the invention is

advantageous for surface layers of less than 500 nm.

Two implementation examples will now be described, with

reference to Figures 4 and 5.

Example 1:

The smoothing process according to the invention 1is
applied to intermediate SOI structures 11 compfising a 300 nm
surface layer 10, a 30 nm buried oxide layer 2 and a carrier

substrate 5.
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The first heat treatment step and the second heat
treatment step are linked together in the same annealing
operation.

The first heat treatment step consists of an annealing
for 135 min at 1175°C (first temperature) under a first argon
flow, the volumetric flow rate of which ig 50 slm. The S0OI
structures 11 located in the top position in the furnace, that
is to say in the vicinity of the injection of gas, have a high
“haze” level, linked to the presence of peripheral zones 100
of residual roughness.

The graph from Figure 4 presents, on the y-axis, the
maximum “haze” value measured on each structure, the S0I
structures 11 being located in various positions (on the x-
axis) in the furnace. The dotted-line curve corregponds to the
maximum “haze” values after an annealing equivalent to the
first heat treatment step of the process. It may be observed
that several structures, especially those in positions 85 to
110, have maximum “haze” values greater than 0.15-0.17 (a.u.),
which makes them incompatible with the targeted application,
the specification of which requires a maximum “haze” of less
than 0.17.

When the hold at 1175°C of the first step is completed,
the temperature follows a descending ramp, under the first
argon flow: the second heat treatment step of the smoothing
process starts as soon as the temperature reaches 1160°C
(second temperature); the argon flow is then defined by a
second volumetric flow rate of 5 slm. The second step in this
case comprises a temperature decrease ramp starting from
1160°C under the second gas flow.

At the outlet of the furnace, the treated S0I structures
117 have a “haze” level that is greatly improved relative to
their state before the first heat treatment step; this
improvement corresponds to the great reduction of the residual

roughness in the peripheral zones 100, in particular for the
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SOI structures located in positions 70 to 110 in the furnace.
The golid-line curve corresponds to the maximum “haze” level
of the S80I structures treated with the smoothing process
according to the invention.

It is advantageously observed that the smoothing process
according to the invention reduces the roughness level over
all of the S0OI structures treated, bringing the maximum “haze”

level down to values of less than 0.15 {a.u.).

Example 2:

The smoothing process according to the invention is
applied to intermediate SOI structures 11 comprising a 300 nm
surface layer 10, a 30 nm buried oxide layer 2 and a carrier
substrate 5.

The first heat treatment step consists of an annealing
for 5 min at 1200°C (first temperature) under a first argon
flow, the wvolumetric flow rate of which is 25 glm. The 8O0I
structures located in the top positions in the furnace, that
is to say in the vicinity of the injection of gas, have a high
“haze” level, linked to the presence of peripheral zones 100
of residual roughness.

Figure 5 presents, in the form of a box plot, the maximum
“haze” values measured on each structure, the S0OI structures
being located in various positions in the furnace. The box on
the left corresponds to the maximum “haze” values measured
after an annealing corresponding to the first heat treatment
step of the process. A high dispersion of these “haze” values
within the range 0.18-0.24 (a.u.) can be observed, which makes
the corresponding SOI structures incompatible with the
targeted application, the gpecification of which requires a

maximum “haze” of less than 0.17 (a.u.).

The second heat treatment step of the smoothing process

according to the invention consists of an annealing for 2 h at
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1160°C (second temperature) under a second argon flow, the
volumetric flow rate of which is 5 slm.

At the outlet of the furnace, the treated SOI structures
11’ have a greatly improved “haze” level (corresponding to the
great reduction of the residual roughness in the peripheral
zones 100). The box on the right in Figure 5 includes the
maximum “haze” values measured on each S0I gtructure treated
with the smoothing process according to the invention. It is
observed that all the values were lowered below 0.17 (a.u.),
which is the expected maximum “haze” value for the targeted
products. A very marked reduction in the dispersion of the
maximum “haze” values 1is also observed: the smoothing process
according to the invention therefore clearly reduceg the
roughness level over all of the S0OI structures treated.

The first heat treatment step and the second heat
treatment step may be linked together in the same annealing

operation or consist of two separate annealing operations.

Of course, the invention 1s not limited to the
embodiments and examples described and embodiment variants may
be introduced thereinto without departing from the scope of

the invention as defined by the claims.
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CLAIMS

A method for smoothing a silicon-on-insulator structure
comprising the exposure of a surface of the structure to
an inert or reducing gas flow and to a high temperature
during a heat treatment, the method comprising:

a first heat treatment step at a first temperature
greater than a threshold temperature which 1is between
1150° C. and 1170° C., and under a first gas flow defined
by a first flow rate greater than 20 slm; and

a second heat treatment step at a second temperature
lower than the first temperature and the threshold
temperature and greater than 1130° C., and under a second
gas flow defined by a second flow rate lower than the

first flow rate and less than 15 slm.

The method of claim 1, further comprising a preliminary
step of supplying the SOI structure comprising a thin
surface layer positioned on a dielectric layer, the
dielectric layer positioned on a carrier substrate, the

surface layer having a thickness of less than 500 nm.

The method of claim 1, wherein the first temperature 1is
between 1160° C. and 1200° C.

The method of claim 3, wherein the first temperature 1is
between 1170° C. and 1200° C.

The method of claim 1, wherein the second temperature is
between 1130° C. and 1160° C.

The method of claim 1, wherein the second heat treatment
step comprises a hold at the second temperature of a given

duration.

The method of claim 6, wherein the duration of the hold is

between 5 minutes and 2 hours.
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The method of claim 1, wherein the second heat treatment
step comprises a temperature decrease ramp, starting from
the second temperature, at a decrease ramp rate of between

0.1°/minute and 20°/minute.

The method of claim 1, wherein the second flow rate is

about 5 slm.

The method of claim 9, wherein the inert gas is selected

from argon or a mixture of argon and hydrogen.

The method of claim 1, wherein the first heat treatment
step and second heat treatment step are linked together

during the same heat treatment.

The method of claim 1, wherein the first temperature is
greater than a threshold temperature and the second
temperature is lower than the threshold temperature, the
threshold temperature being between 1150° C. and 1170° C.

The method of claim 1, wherein the second temperature 1is
between 1130° C. and 1170° C.

The method of claim 1, wherein the second heat treatment
step comprises a hold at the second temperature of a given

duration.

The method of claim 1, wherein the first flow rate is
greater than 20 slm, and wherein the second flow rate 1is
less than 15 slm.

The method of claim 1, wherein the inert gas is selected

from argon or a mixture of argon and hydrogen.

The method of claim 1, wherein the first heat treatment
step and second heat treatment step are linked together

during the same heat treatment.
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18. The method of c¢laim 1, wherein the surface of the
structure 1s smoothened and dissolution of an insulator

layer occurs during the first heat treatment.



