
1 METHOD OF DETACHING SEMI-CONDUCTOR LAYERS AT LOW TEMPERATURE DESCRIPTION
TECHNICAL FIELD AND PRIOR ART The invention relates to the production of 5
Semi-Conductor on Insulator (Se0I) substrates, more specifically UTBOX
(Ultra Thin Buried Oxide) type substrates.              Such Se0I
structures may be obtained after transfer of a semi-conductor layer from a
donor 10 substrate to a receiver substrate. The transfer may in particular
be obtained by a Smart Cutm type method or instead by bonding techniques
followed by thinning.              The Smart Cut method comprises, among
others, the assembly by molecular bonding of a donor 15 substrate with a
receiver substrate, the donor substrate comprising a weakened zone in its
thickness, an insulating layer being present at the surface of one of the
two substrates (or both) before their being placed in contact. The weakened
zone is formed by 20 introduction of atomic and/or ionic species within the
donor substrate.              For a more detailed description of this type
of implantation method, reference may be made to the work "Silicon on
insulator technology: materials to 25 VLSI", second edition, Jean-Pierre
COLINGE.              In general, the molecular bonding between the two
substrates or their surfaces may be obtained after a preparation of the
surfaces giving them either a hydrophilic or hydrophobic character. 



2              The use of heat treatments to transfer a semi-conductor
layer to the receiver substrate or further reinforce the direct bonding may
lead to, for a certain number of bonded structures, the appearance of 5
defects at the bonding interface, or even at the surface of the transferred
layer. These defects are due to the degassing of by-products from the
molecular bonding reaction: for example molecules of water, hydrogen or
hydrocarbons. 10For a certain number of bonded structures, it is known that
these defects may be resorbed by heat treatments carried out at very high
temperatures. These temperatures are for example between 900C and 1300C and
depend on the preparation of the surfaces before 15 bonding. Unfortunately,
for other bonded structures, this solution cannot be envisaged. The
limitation of the thickness of oxide on the surface of the substrates to be
assembled or the presence of different materials, or instead the presence
of component in one of the 20 assembled substrates, facilitates the
appearance of defects at the bonding interface, which cannot be resorbed
later. This is also the case of structures bonded with the Smart Cut layer
transfer method, in which a film is generally transferred onto a support 25
substrate by detaching, at relatively low temperature (around 500 to 600C),
a part of a donor substrate at a weakened zone.              In the case of
semi-conductor layers (of thickness less than ten or so lam or several tens
of 30nm), heat treatments, at temperatures below 1000C, for example between
600C and 800C, lead to the formation  3 of bonding defects in the form of
blisters or film free zones. These defects cannot be eliminated by heat
treatments at higher temperature. For example, the bursting of the blisters
is favoured by the thinness of 



5 the layers. These defects render the structures produced unusable. At
present, this phenomenon limits the production of structures of thin
(thickness less than 50 nm) or even ultra-thin (structures known as UTBOX)
oxide films, buried at the bonding interface. 10 The same problem is posed
for Si layers directly bonded onto Si wafers, thereby forming DSB (Direct
Silicon Bonding) type structures. A method for producingsuch UTBOX
structures is known from document U52005/00118789. The 15 method consists
in forming on at least the surface of one of the two substrates a
relatively thick oxide layer, implanting a substrate known as a "donor"
substrate in order to create therein a weakened zone, bonding the two
substrates, detaching a semi-conductor 20 layer from the donor substrate to
the second substrate known as "receiver" substrate and applying a heat
treatment. The final heat treatment is applied in order to reduce the
thickness of the buried oxide layer and thereby obtain a UTBOX type
structure. 25However, the final heat treatment for reducing the oxide
thickness as described in document US2005/00118789 requires the application
of high temperatures (of around 1200C) for several hours, and thus
necessitates specific and costly equipment.  4 DESCRIPTION OF THE INVENTION
The aim of the invention is to overcome the above mentioned drawbacks of
the prior art and, more specifically, to find a method for producing: 5- a
UTBOX type structure, comprising an insulating layer of thickness for
example less than 25 nm or 50 nm,              - or a DSB type structure,
which comprises a layer of material transferred from a donor substrate 



10 to a receiver substrate, in which there is no insulating layer between
the two assembled substrates.              To this end, the invention
relates to a method for producing UTBOX or DSB type structures comprising:
15- a) the assembly of a substrate, known as "donor"substrate,with a
substrate,known as "receiver" substrate,               b) a first heat
treatment for reinforcing the assembly between the two substrates, at
temperature 20 below 400C, carried out during the assembly and/or after
assembly, to reinforce said assembly,               c) a second heat
treatment at temperature above 900C, the exposure time between 400C and
900C being less than 5 minutes or 1 minute or 30 seconds.  25 The
application of the second heat treatment may comprise the application of a
temperature increase ramp, the average rate of which between 400C and 900C
is greater than 10C/s. Such a method may comprise a thinning of 30 the
donor substrate, so as to only leave on the receiver substrate a thin film
of material of the donor  5 substrate, the second heat treatment being
carried out after thinning. 



This may be carried out by mechanical, or mechanical-chemical method,
applied to the donor  5 substrate.              It may also be carried out
by fracture of the donor substrate, for example by a heat treatment at a
temperature below 400C. The assembly may be preceded by a heat treatment
step for pre-weakening the donor 10substrate.              The first heat
treatment for reinforcing the assembly and the fracture heat treatment may
be combined in a same heat treatment step.                 The fracture
heat treatment may be applied 15 for a time between 30 minutes and 15 h
and/or less than 5 h or between 1 h and 3 h.              Preferably, the
temperature is immediately lowered after the detachment of the layer from
the donor substrate onto the receiver substrate, in order 20 to limit the
heat budget or thermal budget applied to the final structure.
The fracture may be carried out by means of a weakened zone formed in the
donor substrate, for example of the type created by implantation of atomic
25 and/or ionic species or by co-implantation of atomic and/or ionic
species. The implantation may be a hydrogen/helium co-implantation.
The doses of hydrogen and helium may be between 0.5 x 10 16at/cm2 and 2 x
1016 at/cm2.  6              The total implantation dose may be less than
or equal to 6 x 1016 at/cm2, or between 1016 at/cm2 and 4x1016 at/cm2. Only
one of the two substrates (for example 5 the donor substrate) or both
substrates may comprise an insulating layer of thickness less than 50 nm,
for example a layer of silicon oxide (Si02), and/or silicon nitride
(Si2N4), and/or silicon oxynitride (SixOyNz). 



The thickness of the insulating layer 10 between the two substrates may be
less than 15 nm, for example if the fracture of the donor substrate, to
obtain the thinning, is carried out at a temperature below 400C. This
thickness may be less than 5 nm, for example if the fracture of the donor
substrate is 15 carried out by a heat treatment at a temperature below
250C.              In an alternative, the thin film, which results from the
thinning, is in direct contact with the receiver substrate: there is then
no insulating 20 layer on one and/or the other of the surfaces to be
assembled. A DSB type structure is then formed, by direct contact of the
material of one of the two substrates with the material of the other
substrate. The donor substrate may be formed from a 25 material chosen
among silicon, silicon with surface crystalline orientation (1, 0, 0) or
(1, 1, 0) or (1, 1, 1), silicon carbide, germanium and gallium arsenide.
The receiver substrate may for its part be formed from a material chosen
among silicon, quartz, 30glass.  7 BRIEF DESCRIPTION OF DRAWINGS
Other characteristics and advantages will become apparent from the
description that will now be made, while referring to the appended
drawings, which 5 represent, by way of indication and in no way limiting,
several possible embodiments and in which: - figureslAtolEarediagrams 



representing the successive steps of a first embodiment of a method
according to the invention, 10- figures2Ato2Darediagrams representing the
successive steps of a second embodiment of a method according to the
invention,              - figures3Ato3Darediagrams representing the
successive steps of a third embodiment 15 of a method according to the
invention.              Identical, similar or equivalent parts of the
different figures described hereafter bear the same numerical references so
as to make it easier to go from one figure to the next. 20In order to make
the figures easier to read, the different parts represented in the figures
are not necessarily to the same scale. DESCRIPTION OF SPECIFIC EMBODIMENTS
A first non limiting embodiment complying 25 with the invention will be
described below.              In figure lA is represented a substrate 1,
known as "donor" substrate, from which derives the semi-conductor layer of
the final structure 5'. The donor substrate 1 comprises on its surface an
30insulating layer 3. The insulating layer is constituted  



8 of a silicon oxide (3i02), and/or a silicon nitride (Si3N4), and/or a
silicon oxynitride (Six0y1%). The thickness of this insulating layer is
less than 20 nm or 25 nm or 50 nm, more specifically between 5 and 515 nm.
Generally speaking, the donor substrate 1 may be formed from a material
chosen among silicon, silicon with surface crystalline orientation (1, 0,
0), or (1, 1, 0), or (1, 1, 1), silicon carbide, germanium 10 and gallium
arsenide. The receiver substrate 2 may be formed from a material chosen
among silicon, quartz, glass. Either may have electronic components.
The insulating layer 3 is described in the present case at the surface of
the donor substrate 1, 15 but may very well be formed at the surface of the
receiver substrate 2 or instead on the surfaces of both substrates, so that
the total thickness formed by one or the sum of the two insulating layers
has a thickness less than 25 or 50 nm. 20A step of forming a weakened zone
4 is then carried out, thereby delimiting the semi-conductor layer 10 to be
transferred onto the substrate 2 known as "receiver", as shown in figure
1C. This semiconductor layer 10 may have a thickness less than 1 kim 25or
100 nm or 50 nm. The weakened zone 4 is for example obtained following a
step of implantation of atomic and/or ionic species or instead by
co-implantation of at least two atomic and/or ionic species, chosen for
example among 30 hydrogen, helium, at an energy chosen as a function of 



the thickness to be transferred of the semi-conductor  9 layer 10 between
10 and 150 key and a total implantation dose less than or equal to 6x1016
at/cm2, more particularly between 1 and 4x1016 at/cm2. According to the
invention, the temperature 5 applied to obtain the fracture is limited to a
threshold temperature below 400C. This heat treatment step may if necessary
be completed by an input of additional energy, for example mechanical, in
order to facilitate the fracture. It has been observed that this 10
relatively low temperature is beneficial to the quality of the bonding of
the layer transferred onto the receiver substrate. In a preferred manner,
the co-implantation with hydrogen and helium is carried out in normal dose
ranges around 0.5x1016 to 2x1016 Hf/cm2 and 15  0.5x1016 to 2x1016 He+/cm2.
These implantation conditions may be adapted in order to be able to carry
out in the silicon, at a later stage, a detachment, without exposing the
structure to a temperature above 400C. Thus, it is possible, if necessary,
to increase the 20 doses of implanted species to satisfy this condition.
In an optional manner, a surface preparation step is carried out on the
donor substrate 1 and/or on the receiver substrate 2 for the purpose of
their assembly. This step will be described hereafter. 25  Also in an
optional manner, the donor substrate may undergo a pre-weakening heat
treatment before being placed in contact with the receiver substrate. Thus,
the temperature applied to obtain the fracture may again be reduced, which
is an advantage 30 for the lowest thicknesses of buried insulator. For
example, a pre-weakening heat treatment at 250C for a  10 time from 10
minutes to 10 hours, may make it possible to limit the temperature
necessary to obtain the fracture to 250C, which is particularly worthwhile
for buried insulator thicknesses of around 5 nm or less. 



5 Finally, the two substrates are placed in contact with each other, so as
to carry out a bonding by molecular adhesion and thereby form the structure
5 as represented in figure 1D. Insulating layer 3 is between the two
substrates 1 and 2. 10Before carrying out the fracture, a bonding
assistance or bonding reinforcement heat treatment may be carried out, at a
temperature below 400C.                 In this way, the two assembled
substrates are never exposed to high temperatures (above around 15400C).
Once the assembly has been carried out, the structure 5 is subjected,
according to the invention, to a heat treatment, if necessary completed by
an input of mechanical energy, for the purpose of detaching the 20
semi-conductor layer 10 from the donor substrate 1. The detachment heat
treatment of the present invention is applied at a maximum temperature
below 400C, for example between 250C and 400C, and preferentially between
280C and 350C. The bonding assistance heat 25 treatment and the fracture
heat treatment may be combined in a same heat treatment step.
Advantageously, the detachment comprises at least one plateau of
maintaining the temperature at a temperature less than or equal to the
maximum 30 detachment temperature. Thus, the detachment as such may take
place either at a plateau or instead during a  11 



temperatureincreaseramp,withoutnevertheless exceeding the maximum
temperature of 400C.               The time of the application of the
maximum temperatureisbetween30 minutesand15 h, 5 preferentially for a time
less than 5 h, or instead more specifically for a time between 1 h and 3 h.
Finally, once the detachment of the semiconductor layer 10 onto the
receiver substrate 2 has been carried out, in a preferred manner, the 10
temperature is immediately lowered in order to limit the heat budget
applied to the final structure 5'.               With a detachment obtained
at low temperature, it is thereby possible to limit the production but also
the diffusion of gases or 15 impurities that could be found at the bonding
interface and thus, with these optimal conditions, of transferring a
semi-conductor layer 10 without the least macroscopic bonding defect, or at
least with a reduced defectivity. The final structure 5' thus has a 20 very
high quality despite the low thickness of the insulating layer 3.
With the chosen heat treatment conditions, for which the treatment
temperature remains below 400C, whether during the assembly or during a
fracture 25 of a weakened zone, no formation of molecular hydrogen that
would lead to the creation of bonding defects (bubbles, blisters) is
initiated.                 Indeed, it seems that the origin of the creation
of defects at the bonding stems from the 30 reaction: 2H20Si -> 5i02H2 (1).



12 The first part of(1)expresses the chemical reaction that takes place at
the interface: a thin film of water (thickness around several atomic
layers), trapped between the two assembled substrates  5 1, 2, reacts with
the Si constituting one at least of the substrates (for example if it is
directly exposed to these molecules of water as in the case of an
oxide/silicon bonding, or instead after diffusion of water through a layer
of oxide in the case of an 10oxide/oxide bonding).              This
oxidation reaction (second part of (1)) releases hydrogen, which is trapped
in turn at the bonding interface. In the case of thick oxide, this hydrogen
may be trapped in this layer. This is not 15 possible in the case of thin
oxide, as in the present invention, and consequently the excess of hydrogen
is probably the reason for "bubble" or "blister" type bonding defects.
Inotherwords,accordingtoone 20 interpretation, the molecules of H2 are
mainly formed at temperatures above 400C and the gaseous residues
(hydrogen, etc.) from the reaction, which takes place during the bonding,
remain trapped in the form of Si-H bonds. 25According to the invention, a
complementary rapid treatment is applied after fracture, detachment of the
semi-conductor layer 10 from the donor substrate 1 and removal of the
remainder of this donor substrate. Rapid treatment is taken to mean a
treatment taking the 30structure to a temperature above 900C in a very
short time for attaining this temperature, of is, or several 



13 seconds to several minutes, for example 3 minutes or 5 minutes.
According to the invention, the exposure time of the assembly is limited to
within the temperature range 4000 - 900C. It is in fact in this temperature
5 range that the defects linked to the presence of bonding residues present
at the bonding interface develop. Above 900C, these residues (H, H2, etc.)
diffuse very quickly without being able to form these defects, particularly
of blister type. 10For example, a very rapid temperature increase ramp is
carried out, from an initial temperature equal or close to room temperature
to a treatment temperature greater than or equal to 900C. A ramp applied in
this case may attain a rate above 15 10C/s or even 50C/s. This may be
obtained in ovens known as RTA (Rapid Thermal Annealer), as disclosed in
FR2845202, or instead in an epitaxy frame, for example an EpsilonTM type
model of the ASM Company or instead a CenturaTM model of the Applied
Materials Company. Such a 20 ramp may also be obtained with a "Spike Fast
RTP" type oven, which can attain ramps of 200C/s to 300C/s.
Such a heat treatment may be applied for a time from several seconds to
several minutes, in a neutral (Ar, N) or oxidising, reducing (H2) or
etching 25(H2 + HC1 for example) atmosphere. Such a rapid annealing and at
high temperature has the principal effect of contributing to stabilising
the bonding interface. Being particularly rapid, it does not allow the
molecules or atoms of gas 



30 or impurities that are found at the bonding interface to develop and to
create defects at said interface (in  14 particular, the reinforcement of
the bonding interface takes place before the creation of H2 molecules has
the time to occur or to have an adverse effect on the bonding). 5Finally, a
standard finishing enables the requisite structure to be obtained.
According to an alternative, represented in figures 2A-2D, a thinning is
not carried out by fracture of the donor substrate along a weakened zone,
10 but by a chemical and/or mechanical method that may be carried out at
room temperature. It is thus not necessary to carry out an implantation in
the donor substrate. Beginning with substrates 1, 2 of figures 15 2A and
2B, identical to those of figures lA and 1B, an assembly is carried out to
obtain a structure such as the structure 5 as already explained above
(figure 2C). The indications given above for the substrates 1, 2 remain
valid here. Again insulating layer 3 is between 20 the two substrates 1 and
2. Inanoptionalmanner,asurface preparation step is carried out on the donor
substrate 1 and/or on the receiver substrate 2 for the purpose of their
assembly. Such a treatment is described below. 25 A bonding assistance or
bonding reinforcement heat treatment may be carried out, at a temperature
below 400C. 



Once again, the two substrates assembled are never exposed to high
temperatures (above around 30400C)  15              Finally, a thinning of
the donor substrate 1 is carried out, for example by mechanical-chemical
polishing, grinding and/or chemical etching (TMAH or KGB in the case of
silicon etching). The structure of 5 figure 2D is thus obtained, with a
layer 10 of material, derived from the donor substrate, which may have a
thickness of several tens of microns, for example 20 microns, or less. As
in the first embodiment, a rapid 10 complementary treatment is applied
after thinning of the donor substrate 2 with the same effect as above
(stabilisation of the bonding interface, by particularly rapid method that
does not allow the molecules or atoms of gas or impurities that are found
15 at the bonding interface to develop and create defects at said
interface). Rapid treatment is taken to mean a treatment taking the
structure to a temperature above 900C in a very short time, of 1 s, or
several seconds, to several minutes, for example 3 minutes or 5 minutes. 20
For example, a very rapid temperature increase ramp is carried out, as has
already been explained above.              Finally, a standard finishing
enables, if necessary, the requisite structure to be obtained. In this
second embodiment, the second heat treatment may 25 be applied to the
assembly before the thinning step.              Whatever the embodiment
envisaged, a preparation treatment of the two substrates before assembly
comprises for example a treatment intended to render their surface
hydrophilic and/or to clean the 30 surfaces of the substrates before
assembling them.  16 



For example,a hydrophilic character surface preparation is carried out on
the donor substrate 1 comprising the insulating layer 3, but also on the
receiver substrate 2. 5The hydrophilic preparation of the surface comprises
a Sulpho-Peroxide Mixture (SPM) and/or Ammonium Peroxide Mixture (APM) type
chemical treatment and/or a treatment enabling for example a cleaning, such
as a degassing heat treatment (of water and/or 10 hydrocarbons), or instead
an "RCA" type treatment, in order to eliminate the contaminating particles.
As a reminder, the treatment by means of a chemical bath called "RCA"
consists in treating said faces successively with: 15- a first bath of a
solution known by the acronym "SC1", (Standard Clean 1), and which
comprises a mixture of ammonium hydroxide (NH4OH), hydrogen peroxide (H202)
and deionised water,                    - a second bath of a solution known
by the 20acronym "5C2", (Standard Clean 2), and which comprises a mixture
of hydrochloric acid (HC1), hydrogen peroxide (H202) and deionised water.
The substrates are then brushed and/or rinsed (with deionised water for
example) or even 25dried. In an optional manner, one or the other or 



both surfaces to be assembled may be subjected to a plasma activation
treatment, under an inert atmosphere, for example containing argon or
nitrogen, or under an 30 atmosphere containing oxygen. This activation, if
it  17 takes place, is carried out preferably after a cleaning.
The techniques described above according to the invention may be further
improved to obtain a very 5 thin insulating layer, of thickness for example
less than 10 nm or 5 nm, of very good quality, or for example an SOI with a
layer of oxide of the indicated thickness. To this end, a structure is
produced 10 according to a method according to the invention, the insulator
being an oxide layer, for example of thickness less than 10 nm or between
15 nm and 20 nm.               The partial dissolution of this oxide is
then carried out to bring its thickness to the final 15requisite thickness,
less than lOnm.               A dissolution technique is known from the
document of 0. Kononchuk et al. "Internal dissolution of Buried Oxide in
SOT wafers", Solid State Phenomena, Vol.131-133, p.113-118, 2008 or
US2005/00118789. 20 For example, the structure is treated in a neutral
atmosphere, comprising for example argon, and/or a hydrogen reducing
atmosphere, with a very low oxygen concentration (< 1 ppm), and at a
temperature substantially between 1100C and 1200C, and for a 



25 duration of between some minutes (for example 2 min or 5 min or 10 min
or 20 min or 30 min) and some hours (for example 1 h or 2 h or 5 h or 10 h)
for example. During this heat treatment, the oxygen present in the layer of
buried oxide is dissolved in the treatment 30 atmosphere through the thin
film of semi-conductor material. This is for example made of silicon, the
18 oxide layer Si02 dissolved then transforms into Si of good quality.
In the case of an SOI with a buried oxide of 20 nm, obtained according to
one of the techniques 5 according to the present invention, it is possible
to obtain a thinning of the oxide to a final thickness chosen for example
at 5 nm.              Advantageously, this heat treatment under neutral
atmosphere and at very low oxygen concentration 10 is continued at least
until the whole thickness of the layer of oxide formed on the side of the
donor substrate is dissolved.              Another embodiment of the
present invention will now be described with reference to figures 37k to 15
3D. The same elements bear the same numerical references as for the
preceding embodiments and will not be re-described.              Neither
the donor substrate 1 (figure 3A) nor the receiver substrate 2 (figure 3B)
comprise a 20  surface insulating layer. Indeed, it is sought in the end to
form a structure known as a DSB structure. Moreover, no implantation is
carried out.              A surface preparation of one and/or the other of
these two substrates makes it possible to 25 confer a hydrophobic type
character to the treated surface, for example according to an "HF last"
technique consisting in a cleaning sequence, the final step of which is a
cleaning by means of a solution containing HF diluted in water. This well
known 



30 cleaningenablesthesurfacetoberendered  19 hydrophobic. The technique
taught in patent application FR0606311 may also be used. For example,the
hydrophobic surface   preparation comprises a surface deoxidising
treatment; 5 in the case of a silicon surface, it may be a liquid HF type
chemical attack.              Once the surfaces of the donor 1 and receiver
2 substrates have been cleaned then activated, the substrates are assembled
(figure 3C) so that the 10 semi-conductor layer 10 is in direct contact
with the receiver substrate 2, in other words without the intermediary of
the least bonding layer, forming the structure 6 as illustrated in figure
3C. Finally, the heat treatment according to 15 the invention is applied to
the assembled structure 6 in order to reinforce the bonding between the two
substrates placed in contact. According to this heat treatment, a
temperature between 250C and 400C is applied for a time between 30 minutes
and 15 h, 20 preferentially for a time less than 5 h.              A
mechanical thinning by grinding of the donor substrate I (figure 3D) is
then carried out. A semi-conductor layer 10 of around 20 pm thickness may
thereby be created. 25The optimal heat treatment conditions enable the
transfer of a semi-conductor layer 10 of very good quality, with a low or
even zero number of defects, directly on the receiver substrate 2, and thus
enable a final DSB structure 6' of very high quality to 30 be obtained,
despite the absence of bonding layer, as illustrated in figure 3D. 



20              As for the quality of the interface obtained in the case of
a DSB structure, the same effects occur as in the case of the other
embodiments described above, with the presence of an insulating 5layer.
As in the first embodiment, a rapid complementary treatment is applied
after thinning the donor substrate 2 with the same effect as above
(stabilisation of the bonding interface, by 10 particularly rapid method
that does not allow the molecules or atoms of gas or impurities that are
found at the bonding interface to develop and to create defects at this
level). Rapid treatment is taken to mean a treatment taking the structure
to a temperature  15 above 900C in a very short time, of 1 s, or several
seconds, to several minutes, for example 3 minutes or 5 minutes. For
example, a very rapid temperature increase ramp is carried out, as already
explained above. 20In the case of figure 3D, the thinned structure may
undergo an annealing under hydrogen, in an epitaxy frame at a temperature
of 1100C for around 1 minute in order to reinforce the bonding interface.
25Example 1:              This example relates to a method as described
above in figures 1A-1E.                 A donor substrate 1 made of silicon
(1, 0, 0) is thermally oxidised on the surface so as to form a 30layer 3 of
silicon oxide (Si02) of 8 mm thickness.  21 



A step of co-implantation of helium and hydrogen at respective doses of
1x1016 Hef/cm2 and 0.9x1016 H-F/cm2, at respective energies of 40 and 25
key, is then carried out in order to create a 5 weakened zone 4 within the
donor substrate 1, thereby delimiting a semi-conductor layer 10 of 270 nm
thickness.              An RCA type cleaning of the wafers is then applied
for the purpose of the assembly of the 10 substrate 1 with a receiver
substrate 2 made of silicon (1, 0, 0). During the assembly, a heating
around 120C is applied to the totality of the surfaces of the substrates.
The treatment according to the invention is 15 then carried out by applying
a temperature of 300C for 2 h, to the assembled structure 5, making it
possible to detach the semi-conductor layer 10 from the donor substrate 1
and to transfer it onto the receiver substrate 2 while limiting the number
of interface 20 defects, and thus enabling a transfer of semi-conductor
layer of high quality.              Finally, the final UTBOX type structure
5' is subjected to a treatment to reinforce the bonding interface. In this
specific case, the final structure 25 is subjected to a temperature of
1200C for 30 seconds, in an RTA oven, the increase in temperature attaining
around 50/s, and thus the exposure time at a temperature between 400C and
900C is around 10 s. Finally, the structure 5' is subjected to a finishing
30 treatment comprising sacrificial oxidations and another RTA (Rapid
Thermal Anneal) type treatment.  22 It is observed that the defectivity
after detachment is reduced compared to known techniques. Example 2: 



5This example relates to a method as described above in figures 1A-1E.
A donor substrate 1 made of silicon (1, 0, 0) is thermally oxidised at the
surface in order to form a layer 3 of silicon oxide (Si02) of 8 nm
10thickness.              A step of co-implantation of helium and hydrogen
at respective doses of 1x1016 He/cm2 and 0.9x1016 fit/cm2, at respective
energies of 40 and 25 key, is then carried out in order to create a 15
weakened zone 4 within the donor substrate 1, thereby delimiting a
semi-conductor layer 10 of 270 nm.              An RCA type cleaning of the
wafers is then applied for the purpose of the assembly of the substrate
with a receiver substrate 2 made of oxidised 20 silicon (1, 0, 0) and
having initially an oxide thickness of around 3 nm. The sum of the oxide
thicknesses is around 11 nm, around 1 nm of which may be etched during the
cleaning steps before bonding, i.e. a thickness of insulator in the final
structure 25around 10 nm. A treatment according to the invention is carried
out, by applying a temperature of 300C for 2 h, to the assembled structure
5 (figure 1D), enabling the semi-conductor layer 10 to be detached from the
30 donor substrate 1 and to transfer it onto the receiver substrate 2 while
limiting the number of interface 



23 defects, and thus enabling a transfer of semi-conductor layer of high
quality.              Finally, the final UTBOX type structure 5' is
subjected to a treatment to reinforce the bonding 5interface similar to
that of example 1 (RTA 30 s, 1200 under B2). It is observed that the
defectivity after detachment is reduced compared to known techniques. 10
24 CLAIMS               1. MethodforproducingUTBOXtype structures
comprising: 5a) the assembly of a substrate, known as 



"donor" substrate (1), with a substrate, known as "receiver" substrate (2),
at least one of the two substrates comprising an insulating layer (3) of
thickness less than 50 nm, 10b) a first heat treatment for reinforcing the
assembly between the two substrates, at temperature below 400C, carried out
during the assembly and/or after assembly,                 c) a second heat
treatment at temperature 15above 900C, the exposure time between 400C and
900C being less than 30 seconds.               2. Method according to claim
1, the passage from the first to the second heat treatment comprising 20
the application of a temperature increase ramp, the average rate of which
between 400C and 900C is above 10C/s.               3. Method according to
claim 1 or 2, 25 comprising a thinning of the donor substrate, so as to
leave on the receiver substrate only a thin film (10) of material of the
donor substrate, the second heat treatment being carried out after
thinning.  25               4. Method according to claim 3, the thinning
being carried out by mechanical,or mechanical-chemical, method, applied to
the donor substrate. 5 



5. Method according to claim 3, the thinning being carried out by fracture
of the donor substrate. 106. Method according to claim 5, the assembly
being preceded by a heat treatment step for pre-weakening the donor
substrate.                  7. Method according to claim 5, the 15 fracture
being carried out by a heat treatment at a temperature below 400C, for
example between 280C and 350C. 8. Method according to claim 7, the first 20
heat treatment for reinforcing the assembly and the fracture heat treatment
being combined in a same heat treatment step. 9. Method according to one of
claims 7 or 25 8, the fracture heat treatment being applied for a time
between 30 minutes and 15 h and/or less than 5 h or between 1 h and 3 h.
10. Method according to one of claims 7 to 309, the temperature being
immediately lowered after the detachment of the layer of the donor
substrate (1) on  26 the receiver substrate (2), in order to limit the heat
budget applied to the final structure (5'). 11. Method according to any of
claims 5 to 



5 10, the fracture of the donor substrate being carried out by a heat
treatment at a temperature below 250C, the thickness of insulating layer
between the two substrates being less than 5 nm. 1012. Method according to
any of claims 1 to 11, the insulating layer (3) being an oxide, for example
a silicon oxide (Si02), and/or a silicon nitride (Si3N4), and/or a silicon
oxynitride (SixOyN,). 1513. Method according to claim 12, further
comprising a step of thinning the insulating layer, by treatment in an
atmosphere having an oxygen concentration less than 1 ppm, and at a
temperature substantially between 1100C and 1200C. 20 14. Method according
to one of claims 1 to 13, the donor substrate (1) being formed from a
material chosen among silicon, silicon with surface crystalline orientation
(1, 0, 0) or (1, 1, 0) or (1, 251, 1), silicon carbide, germanium and
gallium arsenide. 15. Method according to one of claims 1 to 14, the
receiver substrate being formed from a material chosen among silicon,
quartz, glass. 


