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DETACHABLE STRUCTURE AND DETACHMENT PROCESS USING SAID
STRUCTURE

FIELD OF THE INVENTION

The present invention relates to the field of
transferring thin layers for applications in microelectronics,
optics, microsystems, etc. It relates in particular to a
detachable structure that may be used to transfer or to handle

thin layers.

TECHNOLOGICAL BACKGROUND OF THE INVENTION

Silicon or silicon-on-insulator (SOI) substrates are
widely used for the fabrication of microelectronic devices. As
is well known per se, such a substrate comprises a thin layer
of silicon and a buried oxide, positioned on a carrier
substrate. To enable an even greater integration of
transistors on these substrates, the reduction in the lateral
dimensions of the individual components and the fineness of
etching require substrates of increasing quality, both in
terms of crystalline quality and uniformity of layers.

For the production of an SOI substrate having the
required quality, high-temperature heat treatments are
applied, in particular to achieve the finishing of the thin
layer of silicon. In particular, a step of thermal annealing
at around 1200°C, under an inert atmosphere may be used for
the thermal smoothing of the thin layer in order to achieve
the required degree of surface roughness, typically < 0.2 nm
RMS, while retaining a very good thickness uniformity of said

thin layer.
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Certain applications require not only a high quality of
the thin layer in which the components will be produced, but
also a carrier substrate that has particular characteristics.
This 1s for example the case in the field of radiofrequency
(RF) components, for which it is advantageous to have a highly
resistive carrier substrate. A glass substrate may for example
be advantageous. Alternatively, when the carrier substrate is
made of high-resistivity silicon, it is advantageously
provided with a charge-trapping layer, so as to limit the
losses and distortions of the RF signal. Reference may be
made, on this subject, to the book “Silicon-on-insulator (SOI)
Technology, manufacture and applications” (points 10.7 and
10.8, Oleg Kononchuk and Bich-Yen Nguyen, Woodhead
Publishing), which relates 1in particular to SOI substrates

with a trapping (trap-rich) layer.

When the carrier substrate is made of a material other
than silicon (for example glass) or when it is provided with a
trapping layer, the heat treatments at very high temperature
for finishing the SOI substrate cannot be applied since they
would deteriorate the structure or the trapping layer.

However, without these treatments, it is difficult to

guarantee the required quality of the thin layer.

Several processes exist for transferring, to a final
substrate, a thin layer produced on an initial substrate and
having, before the transfer, the required final quality. The
initial substrate customarily comprises a buried oxide layer
on which the thin layer is positioned, the oxide layer itself
being positioned on a carrier substrate, suitable for
undergoing the treatments for finishing the thin layer.
Furthermore, the final substrate has the required

characteristics for a targeted specific application.
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Some transfer ©processes consist 1n attaching the
finished thin layer (positioned on the initial substrate) to
the final substrate, then in mechanically and/or chemically
removing the carrier substrate from the initial substrate,
thus transferring said thin layer to the final substrate. The
main drawbacks of this approach are the costs related to the
loss of the initial carrier substrate and the limiting
mechanical and chemical treatments that are 1liable to
negatively affect the quality of the thin layer during

transfer.

Other processes are based on a separation by
application of a mechanical stress or a chemical treatment to
a layer or a weakened interface present in the initial
substrate, between the thin layer and the carrier substrate of
the initial substrate, making it possible to transfer the thin
layer from the initial substrate to the final substrate.

The drawbacks of these approaches stem primarily from
the fact that the separation steps, by application of a
mechanical force to the initial substrate-final substrate
assembly or by immersion in a chemical solution, are liable to

negatively affect the quality of the thin layer.

Still other processes, based on separation at an
interface by laser (laser 1lift-off), require the use of a
transparent substrate (for the final substrate or for the
initial carrier substrate), which limits the field of

applications.

Finally, document FR2756847 proposes a process for
separating two elements of a structure by ion implantation.

This process consists in introducing ions at the interface of
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the two elements, these ions being capable of breaking the
interatomic bonds that exist between the two elements.
One drawback of this process 1s that it requires a

large dose and good accuracy regarding the implantation depth.

SUBJECT OF THE INVENTION

The present invention aims to overcome all or some of
the drawbacks of the prior art. One subject of the invention
is a structure configured in order to Dbe detachable at an
interface, and which may be used for transferring or handling

thin layers.

BRIEF DESCRIPTION OF THE INVENTION

The present invention relates to a detachable structure
comprising a carrier substrate and a silicon oxide layer
positioned on said substrate at a first interface. The

detachable structure is notable in that:
e the oxide layer has a thickness of less than 200 nm;

e light hydrogen and/or helium species are distributed
deeply and over the entire area of the structure
according to an implantation profile, the concentration
maximum of which is located in the thickness of the oxide
layer;

e the total dose of implanted light species, relative to
the thickness of the oxide layer, exceeds, at least by a
factor of five, the solubility 1limit of these 1light

species in said oxide layer.

According to advantageous features of the invention,

taken alone or in combination:
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the detachable structure comprises a thin layer suitable
for the fabrication of components and/or a thin layer
forming a barrier layer, positioned on the oxide layer at
a second interface;

the carrier substrate is made of silicon and the silicon
oxide layer is a thermal oxide;

the thin layer is made of monocrystalline silicon;

the thin layer is made of silicon nitride.

The invention also relates to a process for detaching

the detachable structure as above, comprising:

a) the attaching of the detachable structure to a second
substrate along a bonding interface;

b) the application of a heat treatment to the assembly
to make at least some of the light species migrate level
with the first interface or second interface;

c) the spontaneous detachment of the assembly at the
first interface or the second interface, forming a
detached surface of the oxide layer and leading to the
transfer of at least the thin layer to the second

substrate in order to form a composite structure.

According to advantageous features of the invention,

taken alone or in combination:

step b) 1is carried out at a temperature between 200°C and
600°C;

step c¢) is carried out during the heat treatment of step
b) ;

the roughness of the detached surface of the oxide layer
is less than 0.5 nm RMS;

the detachable structure provided in step a) comprises a

thin layer suitable for the fabrication of components and
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which 1is positioned on the oxide layer at the second
interface, and the light hydrogen and/or helium species
have been implanted in the thickness of the oxide layer
after a step of finishing the thin layer;

the step of finishing the thin layer comprises a high-
temperature heat treatment, in particular above 1000°C, or
even above 1100°C;

the second substrate provided 1in step a) comprises a
second carrier substrate, a trapping layer positioned on
the second carrier substrate and a second silicon oxide
layer positioned on the trapping layer, the second silicon
oxide layer being intended to be attached to the
detachable substrate at the bonding interface;

the second substrate provided in step a) comprises a glass

substrate;

the second substrate provided 1in step a) comprises a
second carrier substrate and a second silicon oxide layer
positioned on the second carrier substrate and having a
thickness of greater than 800 nm, the second silicon oxide
layer being intended to Dbe attached to the detachable
substrate at the bonding interface;

the detachment process comprises, after step c), a step of
heat treatment of the composite structure at a temperature
below 1000°C, in order to discharge the 1light species

still present in the transferred thin layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the invention will

become apparent from the following detailed description, which

is provided with reference to the appended figures, in which:
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- Figure 1 shows a detachable structure according to a first

embodiment of the invention;

- Figures 2a and 2b show detachable structures
respectively according to a second and a third

embodiment of the invention;

- Figures 3a, 3b and 3c show a process for fabricating a
detachable structure according to the second embodiment

of the invention;

- Figures 4a, 4a’, 4b and 4c show a detachment process
according to a first wvariant of implementation of a

detachable structure in accordance with the invention;

- Figures 5a, 5b and b5c show a detachment ©process
according to a second variant of implementation of a

detachable structure in accordance with the invention;

- Figure 6 shows an example of a composite structure
obtained after detaching a detachable structure

according to the second embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

In the description, the same references in the figures
might be used for elements of the same nature.

The figures are schematic representations which, for
the sake of legibility, are not to scale. In particular, the
thicknesses of the layers along the z-axis are not to scale
with respect to the lateral dimensions along the x- and y-

axes.
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The invention relates to a detachable structure 100
comprising a carrier substrate 10 and a silicon oxide layer
20 positioned on said substrate at a first interface 1 (Figure
1).

The carrier substrate 10 may be chosen from materials
compatible with microelectronic fabrication processes;
advantageously, it is formed of silicon, a material
conventionally used in the semiconductor industry. The carrier
substrate 10 may be in the form of a wafer having a diameter
from 100 to 450 mm and a thickness Dbetween 250 and 850

microns, for example.

The silicon oxide layer 20 1is advantageously derived
from thermal growth, when the carrier substrate 10 is chosen
to be silicon. The thermal oxidation may be carried out at a
temperature between 850°C and 1100°C, wunder a dry or wet
oxidizing atmosphere. Alternatively, it may be produced on the
carrier substrate 10 by a wvapour deposition (PECVD, LPCVD,

etc.) or ligquid deposition technique.

In the detachable structure 100 according to the
invention, the oxide layer 20 has a thickness of less than 200
nm, or even of less than 100 nm; advantageously the thickness
of the oxide layer 20 is between 10 nm and 50 nm.

It will subsequently be seen how this restriction on
the thickness of the oxide layer 20 provides a good detachment
efficiency of the structure 100.

The detachable structure 100 further comprises 1light
hydrogen and/or helium species 30, distributed deeply,
according to an implantation profile 31, in the oxide layer
20: the implantation profile 31 is illustrated in Figure 1, it
extends along the z-axis. The 1light species 30 are present

over the entire area of the structure 100 in the (x,y) plane.
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They are advantageously introduced into the oxide layer
20 by ion implantation. Alternatively, and in particular when
the light species must be introduced at a shallow depth, they
could be implanted by plasma immersion.

In the detachable structure 100 according to the
invention, it will Dbe possible to implant hydrogen alone,

helium alone or else to co-implant hydrogen and helium.

The concentration maximum of the profile 31 is located
in the thickness of the oxide layer 20, advantageously close
to the median portion of said thickness.

After implantation, the total dose implanted is found,
preferentially, for the most part within the oxide layer 20.

According to the invention, the total dose of implanted
light species 30, relative to the thickness of the oxide layer
20, exceeds, at 1least by a factor of five, the solubility
limit of these 1light species 30 in said oxide layer 20.
Advantageously, the total dose of implanted light species 30,
relative to the thickness of the oxide layer 20, exceeds said
solubility limit by a factor of five to twenty. Bear in mind
that the solubility 1limit of hydrogen in a silicon oxide 1is

1.5%21/cm’.

According to a first embodiment, the detachable
structure 100 therefore comprises the carrier substrate 10,
the silicon oxide layer 20 and the 1light species 30
distributed according to an implantation profile 31 in the
oxide layer 20.

By way of example, for an oxide layer 20 having a
thickness of 50 nm, hydrogen ions having an energy of 1 keV
could be implanted at a dose of the order of 4F16/cm®’. The
total implanted dose (4E16/cm2), relative to the thickness of

the oxide layer 20 gives a hydrogen concentration of 8°21/cm’,
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i.e. slightly more than five times the solubility limit of
hydrogen in the silicon oxide layer 20.

Typically, for an oxide layer 20 having a thickness
ranging from several nm to 100 nm, an implantation energy
ranging from several hundreds of eV to around 10 keV and a
dose ranging from around 1¥16 to 7.5%16/cm® could be used for
the implantation of hydrogen. Advantageously, for an oxide
layer 20 having a thickness between 10 nm and 50 nm, a
hydrogen implantation dose will be chosen between 1716 and
4%16/cm?.

The detachable structure 100 thus has the ability to be
detachable at the first interface 1, when it is subjected to a
heat treatment, the temperature of which is typically between
200°C and 600°C.

After heat treatment, the total dose of light species
30 implanted will be found for the most part within the oxide
layer 20 (either owing to the direct implantation into the
oxide layer 20, or owing to the migration of the species 30
into said layer 20). The concentration of light species 30
then exceeds the solubility limit of this same species 1in the
oxide layer 20, by a factor of five to twenty.

The oxide layer 20 being thin and the concentration of
the light species 30 being well beyond the solubility limit of
said species 30 in the oxide layer 20, the light species will
not be able to be absorbed by the oxide layer 20 and some of
the 1light species will effectively migrate to the first
interface 1.

This first interface 1 advantageously being a thermal
interface (i.e. derived from the growth of a thermal oxide
layer on the silicon carrier substrate), it has been shown
experimentally that the 1light species 30 ©preferentially
migrate to this interface, and that, above a certain
concentration, a cleavage of the interface occurs

spontaneously under the effect of the pressure of the light
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species 30. As will be seen 1in greater detail 1in the
detachment process, the detachable structure 100 may thus give
rise to a detachment Dbetween the oxide layer 20 and the

carrier substrate 10, along the first interface 1.

According to a second embodiment, the detachable
structure 100 further comprises a thin layer 40 suitable for
the fabrication of components, positioned on the oxide layer
20 at a second interface 2 (Figure 2a).

In this second embodiment, the 1light species 30 are
introduced into the oxide layer 20 after the production of the
thin layer 40 suitable for the fabrication of components.

The expression “suitable for the fabrication of
components” 1is understood to mean having the quality and the
structural characteristics required for the subsequent
fabrication of the targeted components. In particular, the
thin layer 40 has the required quality in terms of thickness
uniformity, crystalline quality and surface quality
(roughness, defectivity and residual contaminations). This
therefore assumes that the thin layer 40, positioned on the
oxide layer 20, 1itself positioned on the carrier substrate 10
has been able to undergo high-temperature finishing heat
treatments. In particular, a step of thermal annealing at
around 1200°C, under an inert atmosphere may be used for the
thermal smoothing of the thin layer 40 in order to achieve the
required degree of surface roughness, typically < 0.2 nm RMS,
while retaining a very good thickness uniformity of said thin
layer. It is noted that during these treatments, the 1light
species 30 are not vyet present 1in the detachable structure

100, in order to avoid any untimely detachment.

The thin layer 40 may be produced in various ways. In

general, the thin layer 40 is derived from a donor substrate 4
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(Figure 3a), attached to the oxide layer 20 at the second
interface 2. Note that, alternatively, the oxide layer 20 may
be present on the donor substrate 4 (at the second interface
2) and attached to the carrier substrate 10 (at the first
interface 1).

The attaching operation may be performed by any bonding
technique that is compatible with the high-temperature
treatments intended for the finishing of the thin layer 40. In
particular, the attaching operation is carried out by bonding
by molecular adhesion, a technique well known from the prior
art. Prior to the bonding operation, the surfaces to be
attached may undergo dry (plasma activation, for example)
and/or wet (chemical cleaning) treatments in order to improve
the quality and the strength of the interface. The second
interface 2 1s advantageously enhanced by applying a heat
treatment.

The donor substrate 4 next undergoes a thinning step,
upon completion of which the surface layer 40 will be formed
(Figure 3b). This thinning step may be carried out using

various techniques known from the prior art, in particular:

e the Smart-Cut® process, which 1is particularly suitable
for the formation of very thin layers (typically between
several nanometres and 1 micron in thickness): it 1is
based on implanting gaseous species 1into the donor
substrate 4 at the site of its attached face, prior to
the attaching step, in order to form a weakened buried
plane; after attachment, in a cleaving step, the donor
substrate 4 is separated along the weakened plane so that
only the thin layer 40 remains connected to the carrier

substrate 10.
e chemical-mechanical thinning processes, including
mechanical grinding, chemical-mechanical polishing and

chemical etching, which are ©primarily suited to the
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formation of layers whose thicknesses are between a few
microns and a few tens, or even hundreds, of microns.

Of course, the techniques mentioned above are not

exhaustive and other known techniques may be used to thin the

donor substrate 4.

With a view to fabricating the thin layer 40, the
thinning step further comprises one or more finishing steps,
capable of restoring the quality, in terms of surface and
volume, of the thin layer 40, as mentioned above.

The requirements in terms of finishing are even greater
when the thin layer 40 has a thin thickness, in particular
less than 200 nm, or less than 100 nm, or else less than 50
nm. It 1is 1in particular for the thin layers 40 1in these
thickness ranges that the detachable substrate 100 according

to the invention has the greatest interest.

When the thin layer 40 1is produced and has the
characteristics required for the targeted application, the
light species 30 are introduced according to the implantation

profile 31 into the oxide layer 20 (Figure 3c).

By way of example, in the case of a thin layer 40 made
of silicon having a thickness of 200 nm and a silicon oxide
layer 20 having a thickness of 25 nm, hydrogen ions having an
energy of 18 keV could be implanted at a dose of 4%16/cm?. The
total implanted dose (4E16/cm2), relative to the thickness of
the oxide layer 20 gives a hydrogen <concentration of
1.622/cm®, i.e. around ten times the solubility 1limit of
hydrogen in the silicon oxide layer 20.

Typically, for a thin layer 40 made of silicon having a
thickness ranging from several nm to 200 nm, and an oxide
layer 20 having a thickness ranging from several nm to 100 nm,

a dose ranging from around 116 to 7.5%16/cm? could be used for
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the implantation of hydrogen. Advantageously, for an oxide
layer 20 having a thickness between 10 nm and 50 nm, the
hydrogen implantation dose will be chosen between 1%16 and

4%16/cm?.

The detachable structure 100 thus has the ability to be
detachable at the first interface 1 or the second interface 2,
when it is subjected to a heat treatment, as explained within

the context of the first embodiment.

Note that, in the case of a thin layer 40 made of
silicon having a thickness of 200nm and a silicon oxide layer
20 having a thickness of 50 nm, the applicant has shown that
co-implantation of hydrogen and helium ions, by placing the
maximum of the implantation profiles within the oxide layer
20, at respective doses of the order of 1%16/cm® and 1%16/cm?,
would also provide the structure 100 with the ability to be
detachable at the first interface 1 or second interface 2,
when 1t 1s subjected to a heat treatment. The total implanted
dose of hydrogen (1E16/cm2), relative to the thickness of the
oxide layer 20 gives a hydrogen concentration of 2%21/cm’®, i.e.
only around 1.3 times the solubility limit of hydrogen in the
silicon oxide layer 20; the presence of helium therefore makes
it possible to reduce the required concentration factor of the

hydrogen.

Advantageously, according to the second embodiment of
the invention, when one of the first 1 and second 2 interfaces
is derived from a thermal growth of silicon oxide on the
carrier substrate 10 (first interface 1) or on the donor
substrate 4 (second interface 2), the detachment

preferentially takes place at this interface. Specifically,
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the applicant has been able to observe that the thermal
oxide/silicon interface Dbecame weaker than the Dbonding
interface after the detachable structure 100 had been exposed
to temperatures above 900°C (which 1is the case after the
finishing treatments of the thin layer 40). The migration and
accumulation of the 1light species 30 therefore takes place
preferentially at the one of the first 1 and second 2

interfaces which is a thermal interface.

According to a third embodiment, the detachable
structure 100 comprises the carrier substrate 10, the oxide
layer 20, and the light species 30 distributed according to an
implantation profile 31 in said oxide layer 20, and a thin
layer 45 forming a barrier layer, positioned on the oxide
layer 20 at a second interface 2 (Figure 2b).

The barrier layer 45 has the role of limiting, or even
preventing the diffusion of the light species 30 and therefore
of favouring the concentration thereof in the oxide layer 20,
in particular during the Theat treatment targeting the
detachment of the structure 100.

The thin barrier layer 45 could for example consist of
silicon nitride, aluminium nitrite, alumina or other
crystalline semiconductor (Si, Ge, SiC), directly deposited on
the oxide layer 20.

In this third embodiment, the 1light species 30 are
advantageously introduced 1into the oxide 1layer 20 after
production of the barrier layer 45, 1in order to 1limit the
application of a heat treatment to the detachable structure,
before the detachment step and to avoid any untimely
detachment.

By way of example, in the case of a thin layer 40 made
of silicon nitride having a thickness of 30 nm and a silicon

oxide layer 20 having a thickness of 30 nm, hydrogen ions
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having an energy of 2 keV could be implanted at a dose of the
order of 3%16/cm?. The total implanted dose (3%16/cm?), relative
to the thickness of the oxide layer 20 gives a hydrogen
concentration of ]P22/cm3, i.e. around seven times the
solubility limit of hydrogen in the silicon oxide layer 20.

The thin barrier layer 45 makes it possible to maintain
the confinement and the saturation of the light species in the
oxide layer 20: this favours the migration of said species 30
to the first 1 or second 2 interface.

The detachable structure 100 thus has the ability to be
detachable at the first interface 1 or the second interface 2,
when it is subjected to a heat treatment, as explained above.

The detachable structure 100 according to this third
embodiment may be used as temporary support for the handling

of partially or fully processed virgin layers.

The invention also relates to a process for detaching
the detachable structure 100.

This process makes provision for the use of a
detachable structure 100 according to one or other of the

embodiments described above.

The detachment process firstly comprises a step a) of
attaching the detachable structure 100 to a second substrate
50 along a bonding interface 3 (Figures 4a and b5a).

According to a first embodiment wvariant, the second
substrate 50 1is intended, on the one hand, to be thinned in
order to form a useful layer 50’ and, on the other hand, to be
attached to a third substrate 60 (Figure 4a’). The detachable
structure 100 in this case fulfils the role of a temporary
handle enabling the handling of the layer 50’ during the steps
of thinning the second substrate 50 and of attaching to the
third substrate 60. A detachable structure 100 according to
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the first or third embodiment described above will Dbe

particularly suitable for such a temporary handle application.

According to a second embodiment variant (Figure 5a),
the second substrate 50 has specific characteristics and it is
intended to ©receive the thin layer 40 suitable for the
fabrication of components (i.e. which is finished and has the
required quality), 1in order to subsequently undergo steps of
component fabrication, for a specific application. The
detachable structure 100 according to the second embodiment
described above 1in this case enables the transfer of the thin
layer 40 from the initial carrier substrate 10, compatible
with the steps of finishing said thin layer 40, to a second

specific substrate 50.

The detachment process according to the invention then
comprises a step b) during which a heat treatment is applied
to the assembly 150 in order to make at least some of the
light species 30 migrate level with one of the first 1 and
second 2 interfaces (level with the first interface 1,
illustrated by way of example in Figures 4Db).

Advantageously, step b) is carried out at a temperature
between 200°C and 600°C.

Since the oxide layer 20 is thin and the concentration
of the light species 30 exceeds the solubility 1limit of this
same species in the oxide layer 20 to a very great extent (by
a factor of five to twenty), the light species 30 will not be
able to be absorbed completely by the oxide layer 20 and some
of the light species 30 will effectively migrate to the first
1 and second 2 interfaces. If the first interface 1 (or
alternatively the second interface 2) is a thermal interface,
i.e. derived from the growth of a thermal oxide layer on the
silicon carrier substrate 10 (or alternatively on the donor

substrate 4), it will preferentially attract and trap light
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species 30. The increasing concentration of 1light species 30
at this interface will produce a cleavage of the interface
under the effect of the pressure of the light species 30.

The detachment process according to the invention
finally comprises a step c) of spontaneous detachment of the
assembly 150 at the first interface 1 (Figure 4c), giving rise
to a detached surface 21 of the oxide layer 20 transferred to
a composite structure 200 and to a detached surface 11 of the
carrier substrate 10. Alternatively, the detachment takes
place at the second interface 2 (Figure b5c), giving rise to a
detached surface 21 of the oxide layer 20 which remains on the
carrier substrate 10, and to a detached surface 41 of the thin
layer 40.

The expression “spontaneous detachment” 1is understood
to mean a detachment that does not require external mechanical
or chemical stress. It 1s the cleavage of the first 1 or
second 2 interface by the concentration of the light species
30 and the pressure of the gaseous species formed from the
light species 30 which induces the detachment, over the entire

area of the detachable structure 100.

This spontaneous detachment advantageously takes place

during the heat treatment of step b).

Obtained at the end of the detachment are, on the one
hand, a composite structure 200 comprising the useful layer
50" or the thin layer 40, depending on the embodiments, and,
on the other hand, the carrier substrate 10 of the detachable
structure 100 (Figures 4c and 5c). The oxide layer 20,
depending on whether the detachment interface is the first 1
or the second 2 interface, is found in the composite structure

200 or on the carrier substrate 10.
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The detachment process according to the invention makes
it possible to obtain a roughness of the detached surface 21
of the oxide layer 20 of less than 0.5 nm. This feature is
favoured by the fact that no damaging of the first interface 1
(or of the second interface 2) occurs during the introduction
of the 1light species 30, since the concentration maximum of
the implantation profile always remains, according to the
invention, located within the oxide layer 20. The detachment
interface is particularly smooth, especially in the case of a
thermal interface. The detachment along this interface
therefore induces a very low roughness of the detached
surfaces 21, 11, 41, corresponding to the roughness of the
interface before detachment. This makes it possible to limit
the treatments to be applied to one or other of the detached
surfaces 21, 11, 41 1in order respectively to finish the
composite structure 200 and to recycle the carrier substrate

10 for reuse.

Advantageously, the detachment process according to the
invention comprises, after step c), a step of heat treatment
of the composite structure 200 at a temperature below 1000°C,
in order to discharge the residual 1light species 30’ still
present in the transferred layers 20, 40 (Figures 4c and 5c).

In certain cases, the oxide layer 20 and potentially
the thin barrier layer 45 are removed to give access to the
underlying layer, for example the wuseful 1layer 50’ (Figure

4c) .

In one example of the second embodiment wvariant of the
detachment ©process according to the invention, the second
substrate 50 provided in step a) comprises a carrier substrate
51 (hereinafter referred to as second carrier substrate 51), a

trapping layer 52 positioned on the second carrier substrate
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51 and a silicon oxide layer 53 (hereinafter referred to as
second oxide layer 053) positioned on the trapping layer 52.
During the attachment step a), the second oxide layer 53 1is
attached to the detachable substrate 100 at the bonding

interface 3.

As illustrated in Figure 6, at the end of step c) of
the detachment process, a composite structure 200 is obtained
comprising a thin layer 40, suitable for the fabrication of
components and positioned on a specific substrate comprising a
trapping layer 52 and a second oxide layer 53, the latter
forming the buried oxide of the composite structure 200.

Low-temperature finishing steps may then be applied
such as in particular a heat treatment at a temperature less
than or equal to 1000°C in order to discharge the residue of
light species 30’ present in the thin layer 40 and in the
oxide layer 20 (if 1t is ©present). Finally, a chemical
treatment for removing the oxide layer 20 and a cleaning of
the composite structure 200 may be applied in order to obtain
an SOI-type substrate, with a high-quality thin layer 40 and a
specific substrate suitable in particular for radiofrequency
applications. The thin layer 40 may have a thickness of less
than 100 nm, or less than 50 nm, or else less than 25 nm.
Layers having such thicknesses and a high quality (in
particular uniformity better than + 1 nm, very low
defectivity, low surface roughness < 0.2 nm) are extremely
complex to fabricate on a specific substrate comprising a
trapping layer 52, especially owing to the temperature
restriction of the finishing treatments, to avoid damaging
said trapping layer 52.

The detachable structure 100 and the detachment process
according to the invention make it easy to obtain a composite
structure 200 with a high-quality thin layer 40, irrespective
of the thickness thereof.
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In another example of the second embodiment wvariant of
the detachment process, the second substrate 50 provided in
step a) comprises a glass substrate.

At the end of step c¢) of the detachment process, a
composite structure 200 1is thus obtained comprising a thin
layer 40, suitable for the fabrication of components and
positioned on a specific glass substrate.

A thin layer having a high quality is extremely complex
to fabricate on a specific substrate, of heterogeneous nature
with respect to said thin layer 40, especially owing to the
temperature restriction of the finishing treatments, to avoid
damaging the thin layer and/or the heterostructure itself
owing to the differential expansions of the materials forming
said heterostructure. The detachable structure 100 and the
detachment process according to the invention make it easy to
obtain a heterogeneous composite structure 200 with a high-

quality thin layer 40 transferred to a glass substrate.

In yet another example of the second embodiment variant
of the detachment process according to the invention, the
second substrate 50 provided in step a) comprises a second
carrier substrate (made of silicon or other material of
interest for the targeted application) and a second silicon
oxide layer positioned on the second carrier substrate and
having a thickness of greater than 800 nm, the second silicon
oxide layer being intended to be attached to the detachable
substrate at the bonding interface 3.

At the end of step c¢) of the detachment process, a
composite structure 200 is thus obtained comprising a thin

layer 40, suitable for the fabrication of components and
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positioned on a specific substrate provided with a thick
second oxide layer.

A high-quality thin layer 40 is in general complex to
fabricate on a specific substrate comprising a thick oxide
layer. For example, obtaining thin layers of silicon (< 100
nm) on thick oxides (> 400 nm) is complex owing to the low
elastic modulus of the oxide. Specifically, any mechanical
stress (polishing, fracture) of the thin silicon layer risks
leading to the rupture thereof owing to the deformation of the
underlying thick oxide.

The detachable structure 100 and the detachment process
according to the invention make it easy to obtain a
heterogeneous composite structure 200 with a high-quality thin

layer 40 transferred to a thick oxide layer.

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

invention such as defined by the claims.
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CLAIMS

1. A detachable structure comprising a carrier substrate and

a silicon oxide layer positioned on the carrier substrate
at a first interface, the detachable structure being

characterized in that:
e the oxide layer has a thickness of less than 200 nm;

e light hydrogen and/or helium species are distributed
deeply and over the entire area of the structure
according to an implantation profile, a
concentration maximum of which 1is located in the
thickness of the oxide layer;

e a total dose of implanted 1light hydrogen and/or
helium species, relative to the thickness of the
oxide layer, exceeds, at least by a factor of five,
a solubility 1limit of the 1light hydrogen and/or

helium species in the oxide layer.

. The detachable structure according to claim 1, comprising

a thin layer suitable for the fabrication of components
and/or forming a barrier layer, positioned on the oxide

layer at a second interface.

. The detachable structure according to claim 2, in which

the carrier substrate is made of silicon and the silicon

oxide layer is a thermal oxide.

. The detachable structure according to claim 3, in which

the thin layer suitable for the fabrication of components

is made of monocrystalline silicon.

. The detachable structure according to Claim 3, in which

the thin layer suitable forming a barrier layer is made

of silicon nitride.
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A  process for detaching the detachable structure
according to Claim 2, comprising:

a) attaching the detachable structure to a second
substrate along a bonding interface to form an
assembly;

b) applying a heat treatment to the assembly to make at
least some of the light species migrate level with
the first interface or second interface;

c) spontaneously detaching the assembly at the first
interface or the second interface, forming a
detached surface of the oxide layer and leading to
the transfer of at least the thin layer to the
second substrate in order to form a composite

structure.

. The process according to claim 6, in which step b) is

carried out at a temperature between 200°C and 600°C.

. The process according to claim 6 or 7, in which step c¢)

is carried out during the heat treatment of step b).

. The process according to any one of claims 6 to 8, in

which the roughness of the detached surface of the oxide

layer is less than 0.5 nm RMS.

The process according to any one of claims 6 to 9, in
which the detachable structure provided in step a)
comprises a thin layer suitable for the fabrication of
components and which is positioned on the oxide layer, at
the second interface and in which the 1light hydrogen
and/or helium species have been 1implanted 1in the
thickness of the oxide layer after a step of finishing

the thin layer.
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The process according to claim 10, in which the step
of finishing the thin layer comprises a high-temperature

heat treatment above 1000°C.

The process according to claim 10 or 11, in which the
second substrate provided in step a) comprises a second
carrier substrate, a trapping layer positioned on the
second carrier substrate and a second silicon oxide layer
positioned on the trapping layer, the second oxide layer
being intended to be attached to the detachable substrate

at the bonding interface.

The process according to claim 10 or 11, in which the
second substrate provided in step a) comprises a glass

substrate.

The process according to claim 10 or 11, in which the
second substrate provided in step a) comprises a second
carrier substrate and a second silicon oxide layer
positioned on the second carrier substrate and having a
thickness of greater than 800 nm, the second silicon
oxide layer being intended to be attached to the

detachable substrate at the bonding interface.

The process according to any one of claims 10 to 14,
comprising, after step c), a step of heat treatment of
the composite structure at a temperature below 1000°C, in
order to discharge the light species still present in the

transferred thin layer.



	18233SG103 DESC
	18233SG103 Claims



