
WO 2007/110515 PCT/FR2007/000534  1 Method of detaching a thin film by
melting precipitates  Prior art and technical problem The invention concerns
a method of detaching a thin  5 film from a substrate by melting
precipitates. There is known already, from the document US- 5 374 564
(Bruel), a method of fabricating thin films of  semiconductor materials
comprising the following steps: 1. bombarding a face of a substrate with
ions, in  10 order to implant those ions in sufficient concentration  to
create a layer of gaseous microbubbles forming  microcavities defining a
weakening layer; 2. bringing this face of the substrate into  intimate
contact with a stiffener; and 15 3. separation at the level of the layer of
microcavities, by the application of heat treatment. In the above document,
the ions implanted in step 1  are advantageously hydrogen ions, but it is
indicated  that rare gases can also be used. As for the substrate, 20 in the
examples considered, it is formed of silicon, but  it is indicated that it
can also consist of  semiconductors from group IV of the periodic table of
the  elements, such as germanium, silicon carbide or silicon- germanium
alloys. 25 In the above document, separation is achieved by  means of heat
treatment, but it is then proposed, in  variants of the method, to bring
about the separation by  applying, in association or not with such heat
treatment,  a detachment stress (for example, inserting a blade 30 between
the two substrates and/or applying traction  forces and/or bending forces
and/or shear forces, and/or  applying ultrasound or microwaves of carefully
chosen  power and frequency). See in particular the document US - 6 020 252
(Aspar et al.) and improvements thereto. 35 The above technique has been
tested on substrates 



WO 2007/110515 PCT/FR2007/000534  2 formed of other materials, with
implantation of other  ions, light or otherwise. The defects created in this
way have been given  various names: not only gaseous microcavities, but also
5 flatter defects (sometimes referred to as  microplatelets). Generally
speaking, this technology uses gaseous  microcavities localized in the
substrate, at a depth at  which it is required to "cut off" a thin layer. 10
However, the principle of bombarding a substrate  with ions is also known
for other purposes. Thus it is  known to use such bombardment, in the same
field of  semiconductors and microelectronics, to carry out doping,  with
efficacies in direct proportion to the implantation  15 doses. In this
regard, various studies have been carried  out with a view to characterizing
accurately the  consequences of such doping, i.e. to characterizing the
crystal defects or inclusions that can result from such 20 doping, and,
where possible, to determining how to avoid  or at least minimize such
deterioration. In particular, S. K. JONES et al., in the paper  "Enhanced
elimination of implantation damage upon  exceeding the solid solubility",
Journal of Applied 25 Physics, Vol. 62, No. 10, 15 November 1987, pp. 4114-
4117, discuss the implantation of ions of gallium or  phosphorus, or even
arsenic, in various substrates,  including silicon, and come to the
conclusion that, if  the peak concentration of the doping impurity exceeds
its 30 solubility in silicon at the annealing temperature, there  is
improved elimination of defects of type II (consisting  in particular of
dislocation loops) when the  precipitates, formed because of the excess
implanted  species, are dissolved. To be more precise, they found in 



35 particular that implanting gallium ions in silicon at WO 2007/110515
PCT/FR2007/000534  3 100 keV and at a dose of 1015/cmZ leads to
amorphization  of the silicon, with a gallium concentration peak that is
greater than the solubility of gallium in silicon both at  900C and at 1100C
(the limit of solubility of gallium 5 in silicon is hardly of the order of
2.1019/cm3 at 900C  or 5.1019/cm3 at 1100C); however, 16 hours of annealing
at 550C leads to recrystallization of the amorphous  phase, and if this is
followed by annealing at 900C for  1 hour, precipitates are formed which
dissolve if the 10 temperature or the duration is increased (for example to
8 hours at 900C), eliminating defects of type II. J. MATSUO et al., in the
paper "Abnormal solid  solution and activation behavior in Ga-implanted Si
(100)", Applied Physics Letters, Vol. 51, No. 24, 14 15 December 1987, pp.
2037-2039, discuss the effects of  annealing on silicon doped with gallium,
and come to the  conclusion that the behavior on annealing substrates
implanted with gallium is different from that observed  with other dopants.
To be more precise, they found that 20 implanting gallium in silicon at 70
key and 1015/cmZ,  followed by annealing for 10 s at 600C, led to
amorphization of the silicon, that the gallium  concentration peak
(2.1020/cm3) at 70 key is ten times  greater than the solubility limit of
gallium in silicon 25 at 900C, and that annealing at 1100C for 10 s cause
the  gallium to precipitate. Studies carried out to investigate the
phenomena of  formation of precipitates of gallium include that of  S. DHARA
et al., "Mechanism of nanoblister formation in 30 Ga+ self-ion implanted GaN
nanowires", Applied Physics  Letters, Vol. 86, No. 20, pp. 203199, 1 to 3
September  2005; the authors found that implanting gallium in GaN  nanowires
at 50 keV and 2.1016/cm2 led to the appearance  



of precipitates of gallium with a diameter from 50 nm to 35 100 nm, and that
there was a deficit of N atoms and an WO 2007/110515 PCT/FR2007/000534  4
accumulation of Ga around the region of voids. Note that gallium can be used
in the field of  semiconductors and microelectronics for applications  other
than doping, in particular synthesizing certain  5 materials. Thus M. K.
SUNKARA et al,. in "Bulk synthesis of  silicon nanowires using a
low-temperature vapor-liquid- solid solution", Applied Physics Letters, Vol.
79,  No. 10, September 2001, pp. 1546-1548, describe a low 10 temperature
vapor-liquid-solid synthesis process that  uses low-solubility solid metal
solvents for silicon and  other semiconductor materials. They propose in
particular  synthesizing silicon nanowires using gallium as solvent,
building on a Ga-Si phase diagram that shows that there 15 is a eutectic
compound, Ga(l_X)Six with x=5.10-8%, which has  a melting point of 29.8C
(equal to that of pure  gallium). Definition of the invention An object of
the invention is to exploit structural  20 modifications found in various
implantation techniques,  other than voids or gaseous cavities, to enable
detachment of thin films, without having to generate  microbubbles or
microcavities or microplatelets, and in  particular enabling use, both for
the substrate and for 25 the implanted ions, of species that do not form
gaseous  molecules. It aims in particular to exploit formation of
appropriate precipitates. It is based on the fact that, by judiciously
choosing, for a given substrate, the implanted species  30 and the
implantation conditions, and also the conditions of any subsequent heat
treatment, some of the inclusions  and precipitates formed as a consequence
of implanting  



ions in the substrate have a melting point within the  range of temperatures
at which it is usual to apply a 35 treatment such as annealing (typically
between 50C and WO 2007/110515 PCT/FR2007/000534  5 1100C), so that
detachment can be achieved when these  inclusions or precipitates are in the
liquid phase, and  have a behavior in relation to the substrate that
approximates that of microbubbles or microcavities. 5 Thus the invention
proposes a method of fabricating  a thin film from a substrate, including
the following  steps: (1) implanting in the substrate ions of a non- gaseous
species, that species and the implantation  10 conditions being chosen as a
function of the material of the substrate so as to enable the formation of
precipitates confined in depth, distributed within a  layer, those
precipitates being in a solid phase having a  melting point below that of
the substrate; and 15 (2) detaching a thin film by breaking the substrate
at the level of the layer of precipitates by applying a  detachment stress
under conditions in which the  precipitates are in the liquid phase. In this
method, and in contrast to the method  20 described in the document US-5 374
564, the ions  implanted in step 1 are therefore not gaseous species:  the
implanted ions are of any non-gaseous ion type,  adapted to form in the
substrate, after implantation,  alone or conjointly with the species (or a
species) 25 contained in the substrate, precipitates having a melting  point
within the range of temperatures in which it is  usual to apply treatments
to the substrates, thin films  or components used in microelectronics. Note
that, in the aforementioned documents by JONES  30 et al. and MATSUO et al.,
the presence of gallium  precipitates is required only to dissolve them and



thereby eliminate defects resulting from implantation.  There is no
disclosure therein that these precipitates  have a low melting point or, a
fortiori, that this can be 35 exploited to bring about detachment at a
temperature at WO 2007/110515 PCT/FR2007/000534  6 which these precipitates
are liquid. Similarly, in the aforementioned paper by DHARA et  al., who
detected the formation of gallium precipitates  after implanting gallium in
GaN, there is no suggestion 5 of obtaining any benefit from those
precipitates; note  that the document indicates as a problem the fact that
gallium melts at 302.8 K, with the result that the  document cannot be
considered as containing even the  slightest recognition that the
precipitates can be 10 exploited to bring about detachment under conditions
in  which they are no longer solid. With regard to the document by SUNKARA
et al., it  has been stated that it proposes to exploit a Ga-Si  eutectic in
the liquid state, but is concerned only with 15 synthesizing silicon,
independently of any idea of  implantation with a view to detachment. The
various advantageous features of the  aforementioned method, where
appropriate combined,  include: 20 - implantation of the ions, in practice
by  bombardment, is preferably effected at a temperature  below the melting
point of the precipitates, which in  particular enables the precipitates to
begin to form in  the solid phase, 25 - the melting point of the
precipitates is  advantageously above room temperature, which guarantees
that, at room temperature, the precipitates are in the  solid phase, which
minimizes the risk of unintentional  separation, 30 - implantation, in
theory by bombardment, can be  



effected substantially at room temperature, which  corresponds to conditions
that are particularly  beneficial from the energy point of view, -
detachment can be effected after increasing the  35 temperature of the
substrate above the melting point of WO 2007/110515 PCT/FR2007/000534  7 the
precipitates, which implies that the precipitates are  normally in the solid
phase and go to the liquid phase  only when that is required; this
detachment is effected  at a temperature at least 15C above the melting
point of 5 the precipitates, for example, which contributes to  ensuring
that all the precipitates are in the liquid  phase, regardless of their
locations and their sizes, - detachment can be preceded by a plurality of
cycles that vary the temperature of the substrate  10 containing the
precipitates on either side of the melting point thereof, which contributes
to increasing local  weakening of the layer in which the precipitates are
confined, for example because of the change of volume  associated with the
successive changes of phase; the 15 plurality of cycles includes around ten
cycles, for  example, or more, which implies very significant  weakening; if
the melting point is above room  temperature, this plurality of cycles can
consist in  varying the temperature of the substrate from room 20
temperature between a temperature above the melting  point, - the melting
point of the precipitates can be  chosen above room temperature and below
200C, which is  generally considered a low temperature; to this end, the 25
ions are advantageously chosen within the group  comprising cesium, gallium,
rubidium, potassium, sodium,  indium and lithium (although this list in no
way claims  to be comprehensive, as many other precipitates can be  obtained
by implantation that have a melting point in the 



30 range concerned); if a melting point of the precipitates  is required
above room temperature but below 100C, which  is beneficial from the energy
point of view, the ions are  advantageously chosen within the subgroup
comprising  cesium, gallium, rubidium, potassium and sodium (although 35
this list in no way claims to be comprehensive, as other WO 2007/110515
PCT/FR2007/000534  8 precipitates can be obtained by implantation having a
melting point in the range concerned); a precipitate  melting point above
room temperature but below 50C can  even be chosen, which implies only very
moderate 5 variations of temperature, in which case the ions are
advantageously chosen within the subgroup comprising  cesium and gallium
(although this list in no way claims  to be comprehensive, as other
precipitates can be  obtained having a melting point in the range
concerned), 10 - the ions are advantageously gallium ions, which
corresponds to a practical instance of particular  benefit, all the more so
in that its melting point is  particularly low, - the substrate can consist
of a solid part, such  15 as a wafer; alternatively, the substrate can be
merely a  layer carried by a support, for example referred to as  the
support substrate, within a part (such as a wafer)  formed of a plurality of
stacked layers, in practice of  different materials (in this case, in the
context of the 20 invention, the substrate referred to is the layer in
which the precipitates are formed; this layer called the  substrate is
usually, although not necessarily, the  uppermost layer of this multilayer
part, possibly covered  with a much thinner layer, for example of oxide), 25
- the substrate (and therefore at least the portion  of the aforementioned
part in which precipitates are  formed) is advantageously of a crystalline
(monocrystalline, or even polycrystalline) material, 



- the substrate (and therefore at least the portion  30 of the
aforementioned part in which precipitates are  formed) is advantageously of
a semiconductor material, - the substrate is advantageously of silicon,
which  is also of great practical importance; however the  substrate can
also be chosen more generally from one or 35 more materials from group IV of
the periodic table of the WO 2007/110515 PCT/FR2007/000534  9  elements, -
if the ions are gallium ions implanted in  silicon, they are advantageously
implanted in the silicon  substrate at an energy of at least approximately
100 keV  5 and a dose of at least 1015/cm2, - alternatively, the substrate
can be of gallium  nitride, which is also of great practical importance;
more generally, the substrate can also be chosen from  materials in groups
III-V of the periodic table of the 10 elements, especially AsGa and InP, or
a material from  group III-N (for example GaN, InN, A1N); in a further
variant, the substrate can also be chosen from materials  from group II-VI
such as ZnO or ZnSe, for example, - if the ions are gallium ions implanted
in a  15 gallium nitride substrate, they are advantageously  implanted at an
energy of at least approximately 50 keV  and a dose of at least 1015/cm2, -
the precipitates can essentially consist of the  species implanted in the
substrate, which contributes to  20 minimizing deterioration of the
substrate outside the layer; alternatively, if they are not formed only of
implanted ions, these precipitates contain, in addition  to the implanted
species, a species contained in the  substrate; this applies in particular
to the eutectic  25 that can be observed between gallium and silicon, - the
face of the substrate through which the ions  are implanted is
advantageously brought into intimate  



contact with a stiffener; however, a stiffener may be of  no benefit,
especially if the thin layer finally obtained  30 is sufficiently rigid to
be self-supporting, - the face of the substrate can be brought into
intimate contact with the stiffener at a temperature  below the melting
point of the precipitates, for example,  which in particular avoids them
coming into intimate 35 contact when the precipitates are in the liquid
phase, WO 2007/110515 PCT/FR2007/000534  10 - this bringing into intimate
contact is effected  at room temperature, which is also particularly
beneficial from the energy point of view, - the bringing of the substrate
into intimate  5 contact with the stiffener is effected by molecular
adhesion, which is a well-known and proven technique for  bringing materials
into intimate contact; heat treatment  is advantageously applied to
reinforce the bonding, i.e.  the interface between the substrate and the
stiffener; 10 - this bringing into intimate contact can also be  effected by
depositing a layer sufficiently thick to form  said stiffener, - that layer
is advantageously deposited  epitaxially from the substrate, typically to a
depth of  15 several hundred microns (this epitaxially grown layer and the
substrate are therefore advantageously produced in  materials that are
identical or at least compatible from  the crystal lattice point of view);
in this case, the  substrate is preferably carried by a support substrate 20
having a coefficient of thermal expansion significantly  different from that
of the epitaxially grown layer, in  which case a variation of temperature,
for example  lowering the temperature after epitaxial deposition,  causes
stresses in the precipitates, which encourages  25 rupture at the level of
those precipitates, - the detachment stress is mechanical, for example,  



enabling good control of its amplitude; it can also be  chemical (it can
exploit the stresses generated by the  presence of the precipitates;
selective chemical attack 30 can preferentially attack the stressed areas of
the  substrate), - this detachment stress is advantageously  substantially
localized in the layer of precipitates in  the liquid phase, which avoids
stressing the rest of the  35 substrate, WO 2007/110515 PCT/FR2007/000534
11 - the localized detachment stress can be produced  by inserting a blade
between the substrate and the  stiffener, which is a technique well known in
itself, - this detachment stress can be applied in the form  5 of traction
forces applied to the substrate and to the  stiffener; these forces can
instead be bending forces  and/or shear forces, which are also techniques
well known  in themselves; this stress can also be applied by means  of
ultrasound or microwaves of appropriate power and  10 frequency, - the
stiffener can be produced in the same  material as the substrate; however,
the stiffener can  also be in a material having a coefficient of expansion
significantly different from that of the substrate, given  15 the low
temperatures that the process employs, - this method advantageously further
includes a  finishing treatment applied to the face of the thin film
exposed by the detachment, - this method advantageously further includes  20
steps, known in themselves, between implantation and  detachment, of
fabricating all or part of microelectronic  components, - this method can
further include heat treatment,  for example annealing, adapted to encourage
the  25 appearance of precipitates following implantation 



(preferably before bringing into intimate contact with a  stiffener, if any,
to minimize the mass to be heated to a  high temperature; however, this heat
treatment can also  take place after such bringing into intimate contact, in
30 which case the precipitates are formed in a number of  steps). Objects,
features and advantages of the invention  emerge from the following
description given by way of  illustrative and nonlimiting example and with
reference  35 to the appended drawing, in which: WO 2007/110515
PCT/FR2007/000534  12 - figure 1 is a diagram showing a substrate  subjected
to ionic bombardment and inside which a layer  of inclusions or precipitates
has been formed, - figure 2 is a diagram showing the implanted and  5
weakened substrate after bonding a stiffener, and - figure 3 is a diagram
showing the assembly from  figure 2 after application of detachment stresses
(in the  form of mechanical stresses) at a temperature at which  the
precipitates are liquid. 10 Figures 1 to 3 represent the main steps of the
method of the invention. Figure 1 represents a substrate 1 (sometimes called
a wafer), in theory produced in a semiconductor material  such as silicon.
15 The latter substrate is subjected to ionic  bombardment shown
diagrammatically by the arrows 2. The  non-gaseous nature (i.e. the species)
of these ions is  chosen as a function of the nature of the substrate
(formed of one or more species of atoms) and the 20 implantation conditions,
i.e. the bombardment conditions  (primarily the dose, the energy and the
temperature) are  chosen to create precipitates that are confined in the
depthwise direction, to enable the formation of a layer 3  of precipitates
(or inclusions), those precipitates being 



25 formed of implanted atoms and where applicable of atoms  of the
substrate. These precipitates also have the  particular feature of being in
a first phase, namely a  solid phase, and of having a melting point within
(or  even below) a range of temperatures considered as 30 moderate
temperatures in microelectronics, and therefore  compatible with the
substrate. This melting point is  advantageously below 200C, or even below
100C, or even  below 50C. The bombardment is effected via an upper face 4 of
35 the substrate, where applicable covered with a layer 10, WO 2007/110515
PCT/FR2007/000534  13 for example of oxide, obtained intentionally or not.
This bombardment causing the formation of  precipitates can be accompanied
by conjoint or posterior  heat treatment to diffuse the implanted atoms to
form the  5 required precipitates. The layer 3 of precipitates and the free
surface 4  delimit the future thin film 5 to be obtained, while the  rest of
the substrate, under this layer 3, is designated  by the reference number 6.
This thin film typically has a 10 thickness of the order of one micron, or
even less than  one micro, or even less than one tenth of a micron. Of
course, the dimensional proportions between the  various layers of figure 2
are not shown to scale, to  clarify the diagram. 15 In the example shown in
figure 1, the substrate is  solid, i.e. forms the whole of the
self-supporting part  (such as a wafer) that is used. As is described
hereinafter, this substrate is alternatively only a layer  (carried by a
support) within a part formed of at least 20 two layers (at least the layer
forming the substrate and  a layer forming the support) of materials that
are in  practice different, what is essential for implementing  the
invention being that the precipitates are formed in  



this layer forming the substrate; the substrate is 25 preferably the topmost
layer of this multilayer part  (which does not rule out there being a very
thin covering  layer such as the layer 10 referred to above). In figure 2,
an optional support substrate 7,  sometimes also referred to as a stiffener,
is brought  30 into intimate contact with the future thin film; here it is
bonded, preferably by molecular adhesion, to the free  surface 4 of the
substrate through which the ionic  bombardment took place. Alternatively,
this stiffener can  be produced by deposition on the future thin film by any
35 technique known to the person skilled in the art (for WO 2007/110515
PCT/FR2007/000534  14 example chemical vapor phase deposition, etc.). This
stiffener can be produced in the same material as the  starting substrate 1
(or with that material as an  essential constituent: it can be an oxide of
the species 5 constituting the substrate, for example). It can also  consist
of a material having a coefficient of thermal  expansion different from that
of the substrate provided  that that substrate/stiffener combination is
compatible  with later heat treatment. In fact a stiffener of this 10 kind
can be omitted if the thin film finally obtained is  of sufficient
thickness, in particular to be manipulated  without damage. In figure 3, at
a temperature at which the  precipitates forming the layer 3 are in the
liquid phase  15 (which can involve heat treatment at moderate temperature),
detachment stress, here a stress  concentration, is applied, preferably at
the level of the  layer of precipitates. This localized application of
stress is here obtained by means of a blade the tip 11 of 20 which, given
the dimensions of the thin film (typically a  few hundredths, or even
tenths, of a micron), faces the  interface between the substrates and also
faces the layer  



of precipitates. Alternatively, the mechanical stresses  are applied by
applying traction and/or bending and/or 25 shear forces, as is known in
itself in relation to  detaching thin films; this application of detachment
stresses can also be the result of applying ultrasound or  microwaves of
judiciously chosen power and frequency.  Alternatively, the detachment
stress is produced by 30 chemical attack, for example selective attack
exploiting  the stressed state of the area of the substrate in which  the
layer of precipitates is formed. The passage of the precipitates from the
solid  phase to the liquid phase can be the result of simply  35 applying
mechanical and/or chemical stresses. Otherwise, WO 2007/110515
PCT/FR2007/000534  15 the rise in temperature can be simultaneous with the
application of these stresses, or precede them, with the  aim of achieving
an even distribution of temperature,  ensuring that all the precipitates are
in the same state. 5 The thin film is advantageously detached at a
temperature different from the implantation temperature  and the bonding
temperature, so as to cause the  precipitates to change phase (solid to
liquid) at the  time of detachment, and at that time only. Furthermore, 10
being able to bring about successive changes of phase  (solid, then liquid,
then solid, then liquid, etc.) can  increase the weakening of the layer 3 by
the  precipitates. However, it is clear that, if the precipitates are  15
liquid at the end of implantation or during bonding, that  is not
unacceptable, provided that excessive stress is  not applied under these
conditions (moderate implantation  doses must then be used, to prevent
detachment occurring  at too low a stress, especially too low a mechanical
20 stress). Given that the layer of precipitates is weakened by  



the fact that the precipitates are in the liquid phase,  this localized
application of mechanical and/or chemical  stress causes separation of the
substrate/stiffener 25 combination until they are completely detached, with
the  appearance of a space 8 between two parts, namely the  remainder 6 of
the starting substrate and the stiffener 7  to which the thin film 5 remains
attached. Finishing treatment can then be applied, in known  30 manner, to
confer on the surface of the thin film exposed  by the separation an
appropriate surface state for  further use of the thin film. This finishing
treatment includes conventional  mechanical polishing, for example, followed
by high- 35 temperature annealing treatment to heal any structural WO
2007/110515 PCT/FR2007/000534  16 defects that may exist in the thin film.
Various examples of the choice of substrate and  implanted ions, together
with appropriate implantation  conditions, are set out hereinafter. 5
Example 1 Initially, a substrate of silicon, for example  monocrystalline
silicon (although a polycrystalline  substrate can also be used) is
implanted with Ga' ions  under the following conditions: 10 * energy 100 keV
* dose 1015 CM -1 This implantation is effected substantially at room
temperature. The depth of the gallium peak obtained in this way  15 is 75
rim below the surface (this value has been validated  by simulation using
the SRIM (Stopping and Range of Ions  in Matter) software. The substrate is
then bonded, by molecular  adhesion, to a support substrate, produced in the
same  20 material as the initial substrate, for example, here 



silicon. This bringing into intimate contact is effected  substantially at
room temperature. An annealing treatment at 1100C for 10 s is then  applied
to the assembly, which contributes to reinforcing  25 the interface between
the two substrates; precipitates of gallium or of Ga(l_X Six type (see the
aforementioned  papers) are seen, localized to the depth of the gallium
peak. These precipitates are liquid above a threshold of  30C and, under
these conditions, weaken the implanted  30 substrate. Applying mechanical
stresses at a temperature above  this threshold (for example at 50C), i.e.
at a  temperature at which the precipitates are liquid, for  example by
inserting a blade between the initial 35 substrate and the substrate forming
the stiffener, then WO 2007/110515 PCT/FR2007/000534  17 leads to separation
of the two substrates, not at the  location of their molecular bonding
interface, but at the  level of the liquid precipitates within the initial
substrate: there is obtained in this way a thin film of 5 the first
substrate transferred onto the stiffener  (whence the term support
substrate). Detachment has also been obtained by chemical  attack exploiting
the fact that, at the location of the  layer of precipitates, the silicon is
stressed by the 10 presence of those precipitates. The known SECCO chemical
etching technique is employed for preferential etching of  stressed silicon.
Such etching in combination with the  application of mechanical constraints,
in practice  additional to the prestressing caused by the  15 precipitates,
therefore facilitates detachment. Finishing treatments of polishing type
(conventional or chemical, annealing, in particular) are  then applied to
eliminate the residues of precipitates  and to obtain a surface state of
good quality. 



20 The thin film can then be treated using techniques  known for implanting
gaseous ions. There can be, between implantation and detachment,  steps of
forming on the free face 4 all or part of  microelectronic components. 25
Example 2 A silicon substrate, for example with the same  characteristics as
the starting substrate of example 1,  is implanted with Ga' ions under the
following conditions  (substantially at room temperature): 30 * energy 100
keV  * dose 1015 CM -2 As in example 1, this corresponds to a gallium peak
at a depth of 75 nm in the substrate. Annealing at 1100C for 10 s causes
precipitates to  35 appear, as in example 1, localized to a depth of 75 nm.
WO 2007/110515 PCT/FR2007/000534  18 The substrate is then bonded, by
molecular  adhesion, to a support substrate (differing in this from  example
1, where this bonding is effected before the  annealing treatment). This
bonding being effected at a 5 temperature below 30C, the precipitates remain
solid. As in example 1, the application of mechanical  stresses at a
temperature above 30C (for example at  50C) by inserting a blade between the
two substrates  causes the assembly to break at the level of the 10
precipitates in the first substrate, which are in the  liquid state. There
is therefore obtained, as in example 1, a  thin film transferred onto a
support substrate, and  finishing treatments (polishing, annealing, etc.) 15
eliminate residues of precipitates and produce a surface  of good quality.
As in example 1, this thin film can be  subject to treatment enabling its
use. Example 3 



A silicon substrate is implanted under the same  20 conditions as in example
1 (or example 2), and then  bonded to a support substrate and annealed for
10 s at  1100C, as in example 1. A series of temperature cycles (for example
around  ten such cycles) around the melting point of the  25 precipitates,
i.e. around 30C, with temperature variations between 20C (or room
temperature) and 40C,  for example, is then applied: the precipitates
therefore  pass cyclically from a solid phase to a liquid phase and  vice
versa, changing volume (gallium is more dense in the 30 liquid state than in
the solid state), which locally  increases the deterioration and therefore
the weakening  of the layer of the substrate in which the precipitates  are
concentrated. Applying mechanical stresses above 30C, as in the  35
preceding examples, for example towards 50C, then causes WO 2007/110515
PCT/FR2007/000534  19 the assembly to break at the level of the liquid
precipitates. However, the mechanical stresses necessary  for this are lower
than in examples 1 and 2 because of  the supplementary deterioration induced
by the series of 5 temperature cycles; application of the same stresses as
in the preceding examples therefore leads to rupture more  quickly. The same
treatments are applied as before, from the  finishing point of view and then
from the point of view  10 of use of the thin film obtained in this way.
Example 4 A substrate, produced in gallium nitride GaN (in  the wurtzite
phase, for example) is implanted with Ga'  ions under the following
conditions (substantially at  15 room temperature): * energy 50 keV * dose
5.1016 cm-2 



There are obtained in this way precipitates of  solid gallium (see the
aforementioned paper by DHARA et  20 al.), localized at a depth of 24 nm
below the implantation surface (including according to SRIM  simulations).
Given that nitrogen is a gas, there are also  microcavities filled with this
gas. 25 In fact a higher dose can be used if a greater  quantity of
precipitates of the same kind and at  substantially the same depth is
required. The GaN substrate is then bonded by molecular  adhesion to a
support substrate, for example a sapphire  30 substrate, the temperature of
the steps involved in bonding remaining below 30C, so that the precipitates
remain solid throughout the bonding operation. Heat treatment including a
step at more than 30C  (for example at 50C) is then applied to the assembly,
35 which leads to a change in the phase of the precipitates, WO 2007/110515
PCT/FR2007/000534  20 which become liquid, and weaken the substrate at the
level of the layer in which they are concentrated.  Applying mechanical
stresses at a temperature above 30C, by inserting a blade as in the
preceding examples,  5 causes separation of the two substrates at the level
at  which the liquid precipitates are concentrated. A thin film of GaN is
obtained in this way which  can then be subject to all the appropriate
finishing and  use treatments. 10 Example 5 Starting from a part formed of a
sapphire support  substrate (alternatively, this material can be a material
other than GaN) carrying a GaN layer a few microns thick;  the substrate, in
the sense of the foregoing description, 15 is therefore formed here of this
GaN layer. After forming  precipitates in this layer by bombardment
(assisted or  



not by heat treatment), for example using the data of the  previous example,
there follows epitaxial regrowth of GaN  (typically effected at a
temperature between 800C and 20 1100C) over several hundred microns. The
precipitates  are liquid at the epitaxy temperature. As the temperature
falls, fracture can occur at the level of the area of  precipitates (still
in the liquid state) because of the  difference in the coefficient of
thermal expansion 25 between the material of the support substrate (here
sapphire) and that of the epitaxially grown material  (inducing stresses at
the level of the structure), where  applicable in combination with
application of an external  mechanical stress. After this fracture, a solid
GaN 30 substrate is obtained formed of epitaxially grown  material and the
portion of the starting substrate  situated above the area of precipitates.
This example shows the benefit that there can be in  introducing species
having high melting points. 35 Other pairs of materials can be used in
accordance WO 2007/110515 PCT/FR2007/000534  21 with the invention. Thus
various examples of atoms that  can be subjected to ionic implantation are
indicated  hereinabove (including gallium), with their melting point
(depending on what is required, elements with a low 5 melting point may be
preferred (typically less than about  200C) or on the contrary elements
having higher melting  points may be preferred): - mercury -38.87C  - cesium
28.5C  10 - gallium 29.8C - rubidium 38.89C - phosphorous 44.2C (non
metallic)  - potassium 63.25C - sodium 97.8C 15 - sulfur 119C (non metallic)



- indium 156.6C - lithium 180.5C  - tin 231.9C  - thallium 303.5C 20 - zinc
419.5C  - tellurium 450C  - magnesium 649C - aluminum 660.4C  - cerium 799C
25 - calcium 839C - germanium 937.4C (non metallic)  - silver 961.9C These
atoms can in particular be implanted in bulk  or non-bulk, crystalline or
non-crystalline,  30 semiconductor or non-semiconductor substrates, in
silicon or in a silicon-based material (for example silicon oxide  or even
silicon carbide or silicon nitride), or even in  other materials used in
microelectronics (GaN - see  above, GaAs, a-Si :H, diamond, sapphire, in
particular, 35 see germanium and its alloys with silicon), even in a WO
2007/110515 PCT/FR2007/000534  22 material from group III-V, group III-N or
group II-VI. As is known in itself, various treatments can be  applied,
between the steps of the process described with  reference to figures 1 to
3, with a view to fabricating 5 part or all of microelectronic components on
the free  surface of the substrate, before it is brought into  intimate
contact with the stiffener. WO 2007/110515 PCT/FR2007/000534  23 CLAIMS  1.
Method of fabricating a thin film from a  substrate, including the following
steps: (1) implanting in the substrate ions of a non- 5 gaseous species,
that species and the implantation  



conditions being chosen as a function of the material of  the substrate so
as to enable the formation of  precipitates confined in depth, distributed
within a  layer, those precipitates being in a solid phase having a  10
melting point below that of the substrate; and (2) detaching a thin film by
breaking the substrate  at the level of the layer of precipitates by
applying a  detachment stress under conditions in which the  precipitates
are in the liquid phase. 15 2. Method according to claim 1, characterized in
that the implantation of the ions is effected at a  temperature below the
melting point of the precipitates. 3. Method according to claim 1,
characterized in  that the melting point of the precipitates is above room
20 temperature. 4. Method according to claim 3, characterized in  that the
implantation is effected substantially at room  temperature. 5. Method
according to any one of claims 1 to 4,  25 characterized in that the
detachment is effected after  raising the temperature of the substrate above
the  melting point of the precipitates. 6. Method according to any one of
claims 1 to 5,  characterized in that the detachment is preceded by a  30
plurality of cycles that vary the temperature of the substrate containing
the precipitates on either side of  the melting point thereof. 7. Method
according to any one of claims 1 to 6,  characterized in that the ions are
chosen within the  35 group comprising cesium, gallium, rubidium, potassium,
WO 2007/110515 PCT/FR2007/000534  24  sodium, indium and lithium. 8. Method
according to any one of claims 1 to 7,  characterized in that the ions are
of gallium. 9. Method according to any one of claims 1 to 8,  



5 characterized in that the substrate is a layer carried by  a support
substrate. 10. Method according to any one of claims 1 to 9,  characterized
in that the substrate is in a crystalline  material. 10 11. Method according
to any one of claims 1 to 10,  characterized in that the substrate is a
semiconductor  material. 12. Method according to any one of claims 1 to 11,
characterized in that the substrate is in silicon. 15 13. Method according
to claim 8, characterized in  that the gallium ions are implanted in a
silicon  substrate at an energy of at least 100 keV and a dose of  at least
1015 /cm2. 14. Method according to any one of claims 1 to 11,  20
characterized in that the substrate is in gallium  nitride. 15. Method
according to any one of claims 1 to 11,  characterized in that the substrate
is in a material from  group III-V. 25 16. Method according to any one of
claims 1 to 11,  characterized in that the substrate is in a material from
group III-N. 17. Method according to any one of claims 1 to 11,
characterized in that the substrate is in a material from  30 group II-VI.
18. Method according to claim 8, characterized in  that the gallium ions are
implanted in a gallium nitride  substrate at an energy of at least
approximately 50 keV  and a dose of at least 1015 /cm2. 35 19. Method
according to any one of claims 1 to 18, WO 2007/110515 PCT/FR2007/000534  25
characterized in that the precipitates consist  essentially of the species
implanted in the substrate. 20. Method according to any one of claims 1 to
19,  



characterized in that the face of the substrate through  5 which the ions
are implanted is brought into intimate  contact with a stiffener. 21. Method
according to claim 20, characterized in  that the bringing of the face of
the substrate into  intimate contact with the stiffener is effected at a 10
temperature below the melting point of the precipitate.  22. Method
according to claim 20 or claim 21,  characterized in that the bringing into
intimate contact  is effected at room temperature. 23. Method according to
any one of claims 20 to  15 22, characterized in that the bringing of the
substrate  into intimate contact with the stiffener is effected by
molecular adhesion. 24. Method according to claim 23, characterized in  that
heat treatment is applied to strengthen the  20 interface between the
substrate and the stiffener. 25. Method according to claim 20, characterized
in  that the bringing into intimate contact is achieved by  depositing a
layer sufficiently thick to form said  stiffener. 25 26. Method according to
claim 25, characterized in  that this layer is deposited epitaxially from
the  substrate. 27. Method according to claim 26, characterized in  that the
substrate is carried by a carrier substrate  30 having a coefficient of
thermal expansion substantially different from that of the material
constituting the  epitaxially grown layer, so as to cause stresses to
appear on a variation of temperature. 28. Method according to any one of
claims 1 to 27,  35 characterized in that the detachment stress is
mechanical WO 2007/110515 PCT/FR2007/000534  26  and/or chemical. 29. Method
according to claim 28, characterized in  



that this detachment stress is substantially localized at  the level of the
layer of precipitates in the liquid  5 phase. 30. Method according to claim
29, characterized in  that the localized detachment stress is produced by
inserting a blade. 31. Method according to any one of claims 1 to 30,  10
characterized in that it further includes a finishing  treatment applied to
the face of the thin film exposed by  the detachment. 32. Method according
to any one of claims 1 to 31,  characterized in that it further includes,
during or  15 after implantation, heat treatment to encourage the  formation
of the precipitates. 




