| METHOD FOR TRANSFERRI NG A MONOCRYSTALLI NE SEM CONDUCTOR LAYER ONTO A
SUPPORT SUBSTRATE 5FI ELD OF THE | NVENTI ON The present invention
relates to a nethod for transferring a nonocrystalline sem conductor |ayer
onto a support substrate and to a structyre obtained by said nethod.
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20 The Smart Cut™ process typically comprises the following steps:

1) forming an embrittlement zone in the donor substrate so as to delimit a surface
layer of the donor substrate which constitutes the semiconductor layer to be
transferred,

2) bonding the donor substrate onto the support substrate; when the formation of

25  a SeOl structure is desired, at least one of said substrates is covered with a dielectric
layer intended to form the BOX;

3) providing energy to the donor substrate so as to fracture it along the
embritttement zone, thus enabling the transfer of the semiconductor layer onto the
support substrate;

30 4) if need be, finishing by polishing, etching, annealing, efc. of the transferred
semiconducior according to its use.

The embrittiement zone is generally formed by implanting atomic species in the
donor substrate.

implantation may involve onily one species (hydrogen, for example), but also

35 several species, simultaneously or sequentially (hydrogen and helium, for example).



This inplantation distribution is illustrated in figure 1, which represents
donor Ssubstrate 31 covered with oxide [ayer 33 through which the
inplantation was carried out. Enbrittl enent zone 32 obtained via
inplantation is located just below (relajive to the surface through which
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I nteract The transferred layer can thus comprise a p-n junction, an n-p-n junction, a p-n-p
20 junction and/or any doped region for purposes of producing electronic devices.
However, implanted species have the effect of deteriorating the crystal lattice of
the material of semiconductor layer 3 to be transferred.
These defects in the crystal lattice are notably likely to alter the electrical behavior
of the transferred semiconductor layer.

25 Said defects consist essentially of point defects: implantation creates Frenkel
pairs (an interstitial defect plus a vacancy defect) which disorganize the lattice. The
dopant atoms also leave their substitutional position and thus lose their electrical
activity, referred to as deactivation.

The term “crystal defects” herein refers to these types of point defects as well as

30 to extended defects ({311} defects, dislocation loops) created by dynamic annealing
during implantation or during subsequent annealing.

By interacting with point defects (Frenkel pairs, dopants), these extended defects
hinder the reactivation process.
Finally, the implanted atoms (H and/or He) themselves constitute point impurities

35  (interstitial atoms) or extended impurities (platelet or {311} defects) which also interact
-with dopants of the transferred layer.



wi th dopants of the transferred layer. 3 To avoid these

di sadvantages, it is known in the art to apply to the structure conprising
t he sem conductor |ayer and the support substrate a high-tenperature (Le.,
greater than 800 C) heat treatnent after _transferring the sem conductor
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However, applying a heat treatment at a moderate temperature, ie., typicaily
below 500 °C, is not sufficient to restore the electrical properties of the transferred
semiconductor layer.

25 indeed, the presence of residual hydrogen from the implantation process hinders
dopant reactivation when a simple low-temperature heat treatment is carried out.

The document US 2010/0044706 discloses a method for transferring a
monocrystalline semiconductor layer onto a support substrate.
This method involves the steps of:

30 - amorphizing a buried poriion of a monocrystalline semiconductor to be
transferred from a donor substrate, without disorganizing the crystal lattice of a surface
portion of the monocrystaliine layer,

- implanting species in the donor substrate so as fo form an embrittlement zone
delimiting the monocrystalline layer to be fransferred,

35 - bonding the donor substrate to said support substrate, and

- fracturing the donor substrate at the embrittlement zone, so as to transfer the
monocrystalline layer onto the support substrate, the portion that has been kept



- fracturing the donor substrate at the enbrittlement zone, so as to
transfer the nonocrystalline |ayer onto the support substrate, the portion
that has been kept nonocrystalline being at the interface with the support
substrate and t he anorphous portion being at the surface of the structure
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be transf Frans?erred layer no longer contains the crystalline defects possibly generated by the
embrittlement implantation.
in particular, one goal of the invention is to restore to a transferred layer
comprising a doped region its initial electrical properties, in spite of the dopant
25  deactivation generated by the embrittlement implantation.
Besides, said method should be able to be implemented entirely at moderate
temperatures, i.e., not exceeding roughly 500 °C.

BRIEF DESCRIPTION OF THE INVENTION
30 In accordance with the invention, a method is proposed for transferring a
monocrystaliine semiconductor layer onto a support substrate comprising the following
successive steps:
(a) implanting species in a substrate, referred to as the donor substrate, so as
to form in the donor substrate an embrittlement zone delimiting the
35 monocrystalline layer to be transferred:
(b} bonding the donor substrate to said support substrate;



(b) bonding the donor substrate to said support substrate; (c) fracturing
the donor substrate at the enbrittlenment zone, so as to transfer the |ayer
onto the support substrate; (d) renoving a surface portion of the
transferred nonocrystalline layer. Said method is remarkable in that it
further conprises steps wherein: 5 a fPrst portion of the nonocrystalline
| ayer to be transferred is rendered anorphous, w thout disorganizing the
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In a part@_ul arly advantageous manner, recrystallization of the first
portion of ‘the transferred |layer is carried out by solid-phase epitaxy
( SPE) . Accorgijpg feAriscend ereodmest okilssinventioncamomiizaticragbeaig|fiystbe
bondedy t opdrien 8RR Gidnocrystaliine layer is implemented after the implantation step (a),

According to a particufar embodiment, the amorphization of said first portion of
the monocrystalline layer is implemented after the transfer step (c).

in a preferred manner, said amorphization comprises the implantation, in said
first portion, of atomic species whose atomic number is greater than or equal to that of

25 the semiconductor material of the monocrystaliine layer.

According to a particular embodiment of the invention, the semiconductor
material of the monocrystalline layer is silicon and the species implanted for
amorphization of the first portion are selected among silicon, germanium, xenon and/or
argon.

30 For example, the implanted species is silicon and the implanted dose is greater
than or equal to 5x10"%/ecm?.

In a particularly advantageous manner, recrystallization of the first portion of the
transferred tayer is carried out by solid-phase epitaxy (SPE).

Furthermore, the donor substrate can advantageously be bonded to the support

35 substrate via a bonding layer whose material is selected from metals, silicides and
group lil-V semiconductors, said bonding layer being deposited on the donor subsirate



35substrate via a bonding | ayer whose nmaterial is selected fromnetals,
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20
BRIEF DESCRIPTION OF THE DRAWINGS
Other characteristics and advantages of the invention will arise from the detailed
description which follows, in reference to the annexed drawings wherein;
- figure 1 is a diagram illustrating the implantation distribution in the donor
25  subsirate;
- figures 2A to 2F illustrate various steps of the method according to one
embodiment of the invention;
- figure 3 illustrates the implantation distribution of species enabling the
formation of the embrittliement zone and species creating the amorphization of a part of
30  the monocrystalline layer to be transferred;
- figures 4A and 4B illustrate two simulations of the amorphization
impiantation of a portion of the monocrystalline layer to be transferred;
- figure 5 presents curves of the dose to be implanted as a function of the
depth of the region to undergo amorphization for various implantation energies;
35 - figure 6 illustrates a siructure obtained by virtue of the invention, wherein
the active layer comprises an n-p-n junction;



30t he nonocrystalline layer to be transferred; -figures 4A and 4B
illustrate two simulations of the anorphization inplantation of a portion
of the nmonocrystalline |ayer to be transferred; -figure 5 presents curves
of the dose to be inplanted as a function of the depth of the region to
under go anor phi zation for various inplanfation energies; 35-figure 6
Illustrates a structure obtained by virtue of the invention, wherein the

active |ayer corrmgh:%esmafb TF Phitrbtenelio0d stepé of fd Geted abloldng/fo artiert e
various ste t hod accord ng to anot her enbodi nent of the invention;
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- figure 11 shows the SRP profile in the PN junction after a taser annealing;
- figure 12A shows the SRP profile in the PN junction after amorphisation and
15 recrystallization of a portion of the P layer;
- figure 12B shows the SIMS profile of boron, phosphorus and hydrogen in
the PN junction after amorphisation and recrystallization of a portion of the P layer.

DETAILED DESCRIPTION OF THE INVENTION

20 The semiconductor layer to be transferred is a monocrystalline layer of a
semiconductor material.

in the examples which will be described in detail below, said material is silicon but
the invention also applies to any semiconductor material, including notably germanium,
SiGe and group -V materials such as GaN, GaAs, InP, etc.

25 The monocrystalline semiconductor layer is part of a donor substrate, which can
be a solid substrate of the same material as that of the layer to be transferred, or a
composite substrate, i.e., formed of a plurality of layers of different materials, wherein
one comprises the semiconductor layer to be transferred.

The thickness of the semiconductor layer fo be transferred is typically between

30 200 nm and 800 nm.

Preferably, the layer to be transferred comprises at least one doped region.

For example, the layer to be transferred can comprise at ieast one p-n junction,
one n-p-n junction, one p-n-p junction and/or any doped region for purposes of
producing electronic devices.

35 The support substirate onto which the semiconductor layer is to be transferred can
be any type of substrate, semiconductor or not.



sem conductor material . In the exanples which will be described in
detail below, said material is silicon but the invention also applies to
any sem conductor material, including notably germanium SiGe and group
[11-V materials such as GaN, GaAs, InP, etc. 25The nonocrystalline

sem conductor layer is part of a donor s@bstrate, which can be a solid
substrate of the sanme material as that of the layer to be transferred, or a
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Layer 33 is, for example, formed by thermal oxidation of the donor substrate, but
any other method for forming said layer can be used.

implantation of the embritlement zone can be carried out with a single species
(for example hydrogen), but also with several species implanted sequentially (for

25 example hydrogen and helium).

Those persons skilied in the art can determine, according to the species to be
implanted and the material of the semiconductor layer to be transferred, suitable
implantation parameters (notably dose and energy).

Amorphization

30 Amorphization refers to disorganization of the crystal lattice of a region to a
degree that the region loses all its crystaliine nature.

In reference to figure 2B, portion 34 of layer 3 to be transferred is rendered
amorphous by means of an implantation of atomic species through layer 33 covering
donor substrate 31.

35 The implantation conditions are selected so that portion 34 which is rendered
amorphous is the surface portion of layer 3, adjacent to layer 33, and so that buried



Layer 33 is, for exanple, fornmed by thermal oxidation of the donor
substrate, but any other nmethod for form ng said | ayer can be used.

| mpl antation of the enbrittlement zone can be carried out with a single
species (for exanple hydrogen), but also mnth several species inplanted
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skilled in the art can determ ne, according to the species to be inplanted
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i npl ant ed,0As Gk oSG &4 as a function of the desired thickness and depth
of the |ayer of portion 34. anple, if layer 3 is of
silicon, the 'RSsEa@sP&ilf g3 iispf akeey the deﬁepélsamrylmpiamed is preferably

20 between 1x10"%cm? and 5x10"%/cm?,

A silicon conceniration greater than or equal to 5x10"/cm® makes it possible fo
compietely render amorphous portion 34.

Optionally, the implantation can be carried out sequentially, in two steps or more
so as to implant the total dose desired.

25 To render amorphous a given thickness, a sequential implantation has the
advantage of limiting the implanted dose compared to a single implantation.

In this case, at least two implantations whose energy is selected to have a peak
at different depths of semiconductor layer 3 are carried out successively.

Figures 4A and 4B present two examples of simulations of the dose necessary to

30 render amorphous a portion of given thickness of the semiconductor layer to be
fransferred.

These simulations use the Monte Carlo method and the graphs present the
concentration implanted (expressed per cm®) as a function of the implantation depth p
(expressed in angstroms).

35 The dotted vertical line located at 3500 A on the depth axis represents the
embrittlement implantation peak.

The wide arrow indicates the amorphous zone.



20between 'I xI 013/crn3 and 5x 10' 3/ cnR. A silicon concentration

greater than or equal to 5x 1013/cnB nmekes it possible to conpletely render
anor phous portion 34. Optionally, the inplantation can be carried out
sequentially, in two steps or nore so a%to i npl ant the total dose desired.
25To render anorphous a given thickness, “a sequential inplantation has the
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20 portion 34 is preserved, there will be two recrystallization fronts (one from said surface
portion and the other from portion 35), and lattice-mismatch defects will be generated
at the interface between these two fronis.

Figure 3 illustrates the implantation distributions in donor substrate 31 of species
enabling the formation of embrittiement zone 32 (peak P) and of species enabling the

25  amorphization of portion 34 of the semiconductor layer to be transferred (peaks P1 and
P2).

The amorphization implantation was carried out in two steps, with peak P1, which
is deepest, being located between less-deep peak P2 and embrittlement peak P.
Border 37 separates amorphized portion 34 from portion 35, which remains

30  monocrystalline.

Portion 36, which is closest to implantation peak P, was highly damaged by the
embrittlement implantation.

As will be seen below, this heavily damaged porstion 36 will advantageously be
removed after the transfer of semiconductor layer 3 onto the support substrate.

35 Peak P1, the deepest of the amorphization implantation, should thus be
preferably outside heavily damaged portion 36.



depth of the deepest inplantation peak is | ess than the depth of

enbrittl enent zone 32. Furthernore, care is taken to render anorphous
portion 34 across its entire thickness fromlayer 33. Indeed, if a
nonocrystal line surface portion between | ayer 33 and anorphous 20 portion
34 is preserved, there will be two recrfgtallization fronts (one fromsaid
surface portion and the other fromportion 35), and lattice-m smatch
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position of portion ch is rendered anorphous and does not involve any
ri sk of damagdization grweaniafiepora BoMYYsiAlEne portiorHeRa(aer asadi®rifiedg fto a
pr ef er r edsgisRaGiRstrysthiligatidAor phi zation step is carried out after the
transfer of the sem ondqct o layer onto the sup orkt srubstg te. ide In
this case, can@" Ve ipe BBPIPRRLN SiemLuRam Cn e rriel SRRy & pey
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substrat ea&érb&iat@%r%bgh%oﬁ r}?atran‘l'ee‘feers; depending on the material of layer 3, on the
implanted species and on the depth of implantation.
It is to be noted that when amorphization is carried out on the transferred layer, it
is still the surface portion of this layer relative to the direction of the embrittlement
25 implantation that has to be rendered amorphous; however, since the layer has been
bonded to the support substrate via this surface portion, the corresponding portion of
the transferred layer to amorphize is, in this case, buried at the bonding interface of the
bonded structure.
The method steps of this embodiment are ilustrated on Figures 7A and 7F and
30  will be described in more detailed below.
Bonding
According to an embodiment, after the embritilement and amorphization steps,
donor substrate 31 is bonded onto support substrate 1.
This step, which is illustrated in figure 2C, can be preceded by any suitable
35  treatment of said substrates (cleaning, plasma activation, etc.) to intensify bonding
energy.



15 inplanted ions cross the bonding interface) and to, on the other hand,
preserve, between the free surface of the sem conductor |ayer and the
portion receiving the anorphizafion inplantation, a nonocrystalline portion
serving as the seed for subsequent recrystalllzatlon However, the
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Bonding can consist of molecular bonding, thenmocompression, or any other form
of assembly.
35 Bonding energy can be intensified by means of stabilization annealing.



30Bonding is carried out by bringing together the donor substrate and the
support substrate, if need be by oxide |layer 33 or another bonding | ayer

such as descri bed above. Bondi ng can consi st of nol ecul ar bondi ng,
t her noconpression, or any other form of assenbly. 35Bondi ng energy can be
intensified by means of stabilization anh®aling. 13 According to

anot her enbodi nent (see nethod descri bed below referring to Figures 7A to
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buried in t he bonding i nterface. Portion
m)nocrystéiaibﬁ'ﬁ%t'%eﬁr‘ﬂ?%"%erﬁ'roég AYR®: has at its surface 15portion 36,

whi ch was heaNidecestanmpoed Pactlme eidmal the®nik suppiadmbd 9y meghshi@@ertion

36 can be removed from portion 35, for exanple by chem cal - mechani cal
pol i shi ngC% ?' orotheren "™s illustrated in fi gure 2E, the transferred |ayer
t hen tdnpri seAfterohadny stetadhidethsurdnsaiadguoott then d8hor, stibstkdt@gidehetri@greri ty of

t he def ecmstl;gg@;nz@up@mr%@hgél on and 20fracturing, and anorphous buried

portion ternative heavi |l y damaged portion 36 can be renoved
from t he tranB¢&er &d. WW@M&?rﬂegﬂdqﬁﬂeamth@Oi@uﬂa eurigsoint layet B4t the bonding
recrystal lrtgfceon step, which is described bel ow. Advant ageousl vy,
portion 36 is %d fter the recrystallization of portion 34, because
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25def g5t spoiot B8, whitlewbabealigaraged be traramphtstseRonpiapitignd t he
monocrystal | '§§d orttionogﬁ can be removed from portion 35, for example by chemical-
mechanical polishing (CMP).
As illustrated in figure 2E, the transferred layer then comprises monocrystalline
surface portion 35', lacking the majority of the defects related to implantation and
20 fracturing, and amorphous buried portion 34.
Alternatively, heavily damaged portion 36 can be removed from the transferred
layer only after the buried portion 34 recrystallization step, which is described below.
Advantageously, portion 36 is removed after the recrystallization of portion 34,
because the chemical-mechanical polishing implemented at this time helps eliminate
25 defects in the interface between the amorphous portion and the monocrystalline portion
remaining at the end of the recrystallization process.
Recrystallization

Recrystallization refers to the process of returning to the amorphous tayer portion
its monocrystaliine nature.
30 The recrystallization of portion 34 is implemented by solid-phase epitaxy (SPE).
This technique consists of, starting with a stack of an amorphous layer and a
monocrystalline layer, carrying out a heat treatment at a temperature at which the
crystal lattice of the amorphous layer reorganizes itself on the basis of the crystal lattice
of the monocrystalline layer (which thus serves as a seed layer).
35 For silicon, the recrystallization of amorphous portion 34 begins at roughly
300 °C; portion 35 of the transferred layer, which remains monocrystalline, serves as a
seed for this recrystaliization.



remai ning at the end of the recrystallization process. Recrystallization
Recrystallization refers to the process of returning to the anorphous |ayer
portion its nonocrystalline nature. 30The recrystallization of portion 34
is inmplenmented by solid-phase epitaxy (SPE). Thi s techni que consists
of, starting with a stack of an anor phou‘s‘*layer and a nonocrystalline
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heat treatment.
If necessary, it can be supplemented, after fracturing, by an additional heat
treatment such as rapid thermal annealing (RTA) or microwave annealing (MWA),
25  without exceeding the maximum femperature allowed by the application (for example
500 °C).
As seen above, recrystallization of portion 34 can optionally take place — or at
least be initiated — before fracturing.
This is notably the case when a bonding layer is deposited on the donor subsirate
30 at atemperature greater than the temperature at which portion 34 can recrystallize.
Finishing — Removal of a surface portion of the transferred layer

If portion 36, heavily damaged by the embrittlement implantation, was not
removed before the transferred layer 3 recrystaliization step, it can be after this step by
means of any suitable technique such as chemical-mechanical polishing, for exampie.

35 Besides, in this last removal step, the portion 35 of the transferred layer, that had
been kept monocrystaliine and has thus not been healed nor reactivated by the
amorphisation-recrystaliization, is alsc removed.



500 O). As seen above, recrystallization of portion 34 can optionally
take place - or at least be initiated - before fracturing. This is
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This step is similar as the one described with reference to Figure 2A.

Figure 7B illustrates the bonding step.

The embritiied donor substrate 31 is bonded to the support substrate via the

25  bonding layer 33.

The upper portion of the layer 3 o be transferred, that corresponds to the surface
portion of the layer 3 relative to the direction of implantation, is thus now buried in the
structure shown on Figure 7B.

Figure 7C illustrates the step of fracture of the donor substrate and transfer of the

30 layer 3 onio the support substrate 1.

Figure 7D illustrates the amorphisation step of the transferred layer 3.

As mentioned above, since the surface portion of the transferred layer 3 relative
to the direction of implantation is now buried in the bonded structure, the portion to
amorphize is buried in the structure, until the bonding interface in order to have only

35  one recrystallization front in the transferred layer.

Figure 7E illustrates the recrystallization step, the seed for the recrystallization

being the upper portion of the layer 3.



25bondi ng | ayer 33. The upper portion of the layer 3 to be
transferred, that corresponds to the surface portion of the |layer 3
relative to the direction of inplantation, is thus now buried in the
structure shown on Figure 7B. Figure 70 illustrates the step of
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First, it has been shown that the presence of hydrogen (from the embrittiement

implantation) in the active layer induces a deactivation of the dopants of the PN
25  junction.

Figure 9A shows the curves of an SRP measurement carried out on the PN
junction (the N layer 3b being at the surface of the donor substrate) before hydrogen
implantation (curve (a)) and after hydrogen implantation but before bonding fo the
support substrate (curve (b)), illustrating the concentration C of electrically active atoms

30 (in atoms/cm®) as a function of the depth d within the donor substrate (abscissa 0
corresponding to the upper surface of the donor substrate (N layer 3b)).

On curve (a), the N and P+ regions appear clearly.

On curve (b), the concentration of electrically active atoms has drastically fallen,
showing that the hydrogen implantation has deactivated the dopants forming the PN

35  junction.



Fi gure 9A shows the curves of an SRP neasurenent carried out on the PN
junction (the N layer 3b being at the surface of the donor substrate)

bef ore hydrogen inplantation (curve (a)) and after hydrogen inplantation
but before bonding to the support substr%te (curve (b)), illustrating the
concentration C of electrically active at’ons 30(in atons/cnB) as a function
of the depth d within the donor substrate (abscissa O corresponding to the
upper surfaceflgnﬂretgﬁa;ildshmas $mﬂosmrrcah9at(dﬁ liraypems3dn ) of@orcfm(‘a/}epl(l@s)photube N and
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Oxi des” I EEE I nternational Electron Devices Meeting
(1 EDM) Tec%érﬁac”;é%bgﬁ NV}?’L"% 58%5. p. 400,

This can be expiained by the presence of recombining centers.
More details about the electronic behavior of hydrogen, that forms donors in
silicon, which are supposed to lead to the apparition of recombining centers, can be
25 found in “Theory of Hydrogen-Related Levels in Semiconductors and Oxides”, C.G.
Van de Walle, IEEE International Electron Devices Meeting (IEDM) Technical Digest,
2005, p. 400.
To investigate the effect of a local heating, some samples of the reference SOI
have further been subjected to a laser annealing.
30 Such a laser annealing consists in irradiating the surface of the SOI with a laser,
with the effect of melting the silicon ai the surface.
Figure 11 illustrates the concentration, measured by SRP, of electrically active
atomns in a [aser annealed SOI.
This figure shows that, even at the surface of the SOI, the profile is not the one of
35 a P layer, meaning that boron has not been reactivated by the laser annealing.
in addition, the laser annealing does not have any effect in more in-depth portions
of the SOIL.



To investigate the effect of a |local heating, sone sanples of the reference
SO have further been subjected to a | aser annealing. 30Such a | aser
annealing consists in irradiating the surface of the SO with a laser, with

the effect of nelting the silicon at the surface. Figure 11
illustrates the concentration, neasured @y SRP, of electrically active
atons in a | aser annealed SO . This figure shows that, even at
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This is further confirmed by Figure 12B, that illustrates the concentration,

measured by SIMS, of B, P, and H in atoms/cm® (left ordinate axis) and Si and O atoms
(count, right ordinate axis) in the transferred layer 3'.

20 On this figure, it can be seen that the iotal concentration of B atoms is
substantially similar to the concentration of electrically active B atoms, which shows
that B atoms have been reactivated.

it can also be seen that the H concentration has dramatically decreased in portion
34 that has been amorphized then recrystallized.

25 Indeed, the H concentration shown on Figure 12A corresponds to the limit of
detection of the SIMS device.

The evacuation of H atoms is due to the rearrangement of the atoms during
recrystallization of the amorphized layer.
Figures 12A and 12B thus show that the evacuation of hydrogen has a direct

30  effect on reactivation of the dopants and recovery of the electrical activity of a doped
fayer.

It is to be noted that these experimental results have been given only as a
demonstration of the effect of the invention.
Of course, the invention is not limited to the above embodiment.



substantially simlar to the concentration of electrically active B atons,
whi ch shows that B atons have been reactivated. It can al so be seen
that the H concentration has dramatically decreased in portion 34 that has
been anorphi zed then recrystallized. 25I gdeed, the H concentrati on shown on
Figure 12A corresponds to the limt of détection of the SIM device.

The evacuation of H atons is due to the rearrangenent of the atons during
recrystallization of the anorphized | &lAIMS Figures 12A and 12B

t hus show t hat the evacuati on of hydrogen has a direct 30effect on
reactivation of the dopants and recovery of the electrical activity of a
doped layer. 1. A methoddor ganséerriog ednemeerystaiéwesamiperndugioniarer (BAMe 3 have
been gi vegqatkBsfe UBIMYIH A0 idlbviriuebiati dost he i nvention. O

course, the invention I'sS not

Iimted t
1. A et hod f of®) t IBRERES $75G1e8 f%ﬁé@%%% éEM fﬁ%f?@ﬁ?é&#&%qw SPW@? (S%) onto
a support substr afso fdin mQﬁé’rﬂbh@“I qBstrate (30l droshbgtietestenat (&2)deemiing5( a)

i npl anti ng speci in a sy ref rred to as the donor substrate,
so as to formi n?'?%’oa%%? %ﬁ’?r @i} C'Eftbrittl ement zone (32)
delimiting thg) rrti:macu:hngﬁwlexauﬂcbnuneutbﬂyyemr 3(1,'890 sadx! bﬂoptortaubﬁm‘te €4, (b)

bondi ng the. d@norRURRE A Soddt il Pard ] SURPERLAELASH e 63) 0 as 1

(c) fracturing’the ritt 1Ireman zone (32)
as tol0otransfer ttansfer dpdaver 33 G Berwgrat pyrtatailbstrate (1);

(d) removing g)syekdeiRg BRUHAEpEHion Behe fraRSEesd ﬁ@naa«vﬁawéta@bﬂ ine layer;
| ses st eps wher ei n:

sai d net hod being characteri it further r
Oa first PYFIIRCY 9 %ﬁaf@?ﬁ%ﬂlﬁgﬁ%@}%?%ﬁe{ ﬁ‘émP%Sf@‘rSt?@%e(Se'Be transferred is
render ed anor phous firstv dobt@ut () soir ipaninanotgystdiknec tayst dB) tcabtitcmstfired isecond
rendered amorphous, without disorganizing the crystal lattice of a second
15 portion (35) of the monocrystalline layer (3), said first and second portions
(34, 35) being, respectively, a surface portion and a buried portion of the
monocrystalline layer (3) relative fo the direction of implantation, the
thickness of said first portion (34) being greater than the thickness of the
transferred monocrystalline layer (3') after the removal of its surface portion
20 carried out at step (d);
. said first amorphous portion (34) of the monocrystaliine layer (3) is
recrystallized, the crystal lattice of said second portion (35) serving as a
seed for recrystallization, said recrystallization being carried out at a
temperature below 500 °C.

25
2.  The method according to claim 1, wherein the amorphization of said first
portion (34) of the monocrystalline layer (3) is implemented before the implantation
step (a).
30 3.  The method according to claim 1, wherein the amorphization of said first

portion (34) of the monocrystalline layer (3) is implemented after the implantation step

(a).

4. The method according to claim 1, wherein the amorphization of said first
35  portion of the monocrystalline layer (3} is implemented after the transfer step (¢).



15 portion (35) of the nonocrystalline layer (3), said first and second
portions (34, 35) being, respectively, a surface portion and a buried
portion of the nmonocrystalline layer (3) relative to the direction of

i npl antation, the thickness of said fir portion (34) being greater than
the thickness of the transferred nonocrystalline layer (3'") after the
renoval of its surface portion 20carried out at step (d); Osaid first

anor phous pori.i offhé 3athasf accedinitoens st elpimisnkbtq 4ywhergB)saidamamnzetian | i zed,
the cr yStalmd AL kifirliaitao, FPEANAR YohlRNAB ol IsBEcias whosLatbnior

recrystal atron, s recrystal l1zation being carrjed out at, a

t enper at urenkss| swosetercthanson eaHal fRatthdld OBéE%r%ﬁrﬂﬁortlec@f dnaeral RhdPein the
anor phi zahbRderpdtalipd ydrig)st portion (34) of the nonocrystalline [ayer (3)
is inmplenented before the inplantation step (a). 303. The net hod according
to cl& m1, wherein the anorphization of said first portion (34) of the
nmonocryst al | ige [Tayenet{®) adcsrdimpicentamt e ovhafdire thet Seanicangiuator aetesial &fttbyp (a) .
20 5. The h r di - i ' id
armor phi 2B GBI BOe EhE T P S Bbies e ool RIH 58" <o
atom ¢ spigei utioth@dparatseitcteditnmbeificans ggreaien. XaRan 2BF/Ceg¥aN- t o that of the
sem conductor material of the nonocrystalline |layer (3). 5 6. The
met hod according to claimb5, wherei n,t%g@emkc nd,lrjr%or mat er.i al qf t he
monockyst al | | e ITagdretpay apeording jte 57 ﬁ@'%ﬁ@c'i antey, FRFTE Srgieon

anmor phi zaghPmedhpkhtdidoss s ettt wan EB4YuaressEl@aned from silicon,

germani um xenon and/or argon. 107. The nethod according to claim6, wherein
the inplanted species is silicon and the inplanted dose is greater than or
equal to 5x 1€12/TtweRnethod according fo The ofreleivesd! &xéowkkraly the resestalfizatiPai ns 1
to 7, whergein ryst all i i : Lt i it
transfer ré’?’“?é{‘%?"’@f (lg@ c?;zylr‘% Frgtt]dg f%ﬂ?@ 833/’&2@? Eédéa'g&%d;gmeﬂﬁb Qsip‘ﬂ’%%éff%%a y

9. Thi& met$tdo. according to one of clains 1 to 3, wherein the donor
substrate (31) is bonded to the support substrate (1) via a bonding |ayer
whose material is_selected fromnetals, silicides and group |11-V

seni conduct or %, ari§ @%q78§86?ﬁ5 Rg ¢ g P igims; gt%g’p‘%%?rf’@g‘k%HBPWeSU&)SE%tF
substrat e(d13%3 tehtied 1§ argratppant sfibstiaee ¢Hbvia td bending layenevi(c82) matedal is
anor phi zati,on of said first porti f..: ' | r to be
transferr @%’9&68 from meta&c‘o.sﬁ?ﬂgs ?rié# ﬁ%&'%i@%:vo%é? E%\%ﬁuo ?‘? ;alrn%ﬁn%éﬁ! %ﬁgﬁg l%y&frhe

t enper@t uisedapbsitdtl ahtheripn26sdistibieg 31 hekter fornaliep of fheeembdtiemarirzop a3t he

tenper at up g, ab ik By dNef fdafcP thirlOpbHiBA (33f)of the monocrystalline layer to be

transferred.

10. The method according to claim 9, wherein the temperature at which the
25  bonding layer is deposited is lower than the temperature at which the first portion (34)

begins to recrystaliize.

11. The method according to claim 8, wherein the temperature at which the
bonding layer is deposited lies between the temperature at which the first portion {34)
30  begins to recrystallize and the temperature at which the donor substrate (31} fracturing

step is carried out.

12. The method according to one of claims 1 to 11, wherein after fracturing a
surface portion (36) of the transferred monocrystaliine semiconductor iayer (3),
35  damaged by the embrittlement implantation, is removed.



begins to recrystalli ze. 11. The method according to claim9, wherein
the tenperature at which the bonding | ayer is deposited |ies between the
tenperature at which the first portion (34) 30begins to recrystallize and
the tenperature at which the donor substrate (31) fracturing step is
carried out. 12. The nethod accdrding to one of clains 1 to 11,
wherein after fracturing a surface portion (36) of the transferred
monocrystal i ne SEE memddetardihgyetiahd) 2, Wistamagedrembvhig camabidut besrent

i npl ant ati on iP {.ermved. 21 13. The met hod according to claim 12,
wherein sSWHYBUA: is carried out after recrystallization, 14.
The met hod according to one of clains 1 to 13, wherein the transferred
5sem conduct or, | r C i Se : N, ,f I jynction.
5. The mot hob"ac ey BEAbS Segeel pe EEhEd 1o, MheB PR faliaian
subst rat es¢micopdinrilawes (A rormpaety d APredliegiosefor axarnpie @rjgaiinect i on and/ or a
nmetal zone. 1016. The nethod according to one of clains 1 to 15, wherein at
step (d) the secand portion (3551)Pgis renoved fromthe transferred | ayer,

after recrystaPliZ% NGNS a¢40ading rtet ongoof ictime 3h)to 14, wherein the support

substrate (1) comprises an electronic device, an interconnection and/or a metal zone.

10 16. The method according to one of claims 1 to 15, wherein at step (d) the
second portion (35) is removed from the fransferred layer, after recrystallization of the
first portion (34).



