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Method of detaching a layer

FIELD OF THE INVENTION

The present invention concerns a method for detaching a layer from a
donor substrate on a receiver substrate.

BACKGROUND OF THE INVENTION

- A known prior art technique shown in Figure 1 for detecting a layer 2 to

be detached from a donor substrate 1 and described in US patent
application US 2007/0249140 (A1) is a method of detaching a layer 2 to be
detached from a donor substrate 1, comprlsmg the following steps:
a0) deposition of a metal layer 3 on the donor substrate 1 at a
temperature greater than 750°C,
b0)  cooling to room temperature the combination of the donor substrate 1
and the metal layer 3, said cooling causing by virtue of a ditference in the
coefficient of thermal expansion deformation in compression or in tension of
the metal layer 3, said deformation of the layer 3 generates a stress in

compression or in tension in the donor substrate 1. This stress causes

~ fracture on a fracture plane 4, said fracture plane 4 delimiting the layer 2 to

be detached, said stress leading to the detachment of the layer 2 to be
detached from the donor substrate 1 on the fracture plane 4.

After the step a0), a cooling step b0) is applied to the donor substrate

1 covered by the metal layer 3. Said cooling leads to the occurrence of a

cleaving stress in the donor substrate 1 linked to the difference in the
coefficient of thermal expansion between the metal layer 3 and the donor
substrate 1.

HoWever, the deposition of a metal layer 3 on the donor substrate 1
risks contamination of the Iayer 2 to be detached, which compromises the
operation of the device fabricated from this layer.

Moreover, the thickness of the layer 2 to be detached depends on the
cleavage stress exerted by the metal layer 3. As a result of this the range of
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available thicknesses of the layer 2 to be detached is necessarily limited by

" the characteristics of the available metals.

Furthermore, a detachment method involving differences in the
coefficient of thermal expansion that are too low necessitates process
temperatures that are too high.

The invention Itherefore proposes a method of detaching a layer 2 to

) be detached from a donor substrate 1 with no risk of contamination of the

material of the donor substrate 1 so as to ma‘ke fracture independent of the
differences in the coefficient of thermal expansion '
BRIEF DESCRIPTION OF THE INVENTION

The present invention aims.to remedy some or all of the aforementioned

. drawbacks and concerns a method of detaching a layer to be detached from

a donor substrate comprising the following steps:

a) Assembling the donor substrate and a porous substrate, so that the
porous ‘substrate and'the. layer to be detached include a contact surface, the
porous substrate including pores and crystallites,

b) Application to the assembly of a treatment of chemical modification of at
least the surface of the crystallites contained in the porous substrate, the
chemical modification being adapted to generate a variation of the volume of
the crystallites, said. volume variation generates a deformation in
compression or in tension of the porous substrate e'ssentially parallel to the
contact surface, said deformation in compression or i_h tensioh of the porous

substrate generates a stress in tension or in compression in the donor

‘substrate, said stress in tension or in compression being greater than the

mechahical'strength of the donor substrate on a fracture plane essentially.
parallel to the contact surface and delimiting the layer to be detached, said
stress leading to the detachment of the layer to be detached from the donor

substrate along the fracture plane.

By a porous substrate is meant a substrate of a microstructured |

material comprising pores and crystallites. The pores constitute a void
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between the crystallites of the material. The porosity of the material is
defined as the:fraction of unoccupied volurhe (pores) within the material.

By a fracture plane is meant a plane inrcluded within the donor
substrate, essentially parallel to the faces of the donor substrate, and
delimiting the layer to be transferred from the donor substrate. |

Accordingly, the chemical modification of at least the surface of the
crystallites transforms the material of which the crystallites are composed
into a material having a greater volume. This results in a modificétion of the
volume, and therefore a deformation, of the porous substrate. The
deformation in- compression or in tension of the porous substrate enables
generation of a stress at the level of the fracture plane delimiting the layer to
be transferred. Said stress being adjusted so as to be greater than the
mechanical strength of the donor substrate, a fracture occurs at the level of
the fracture plane. )

Moreover, it is possible to adjust the level of stress exerted by the

. porous substrate by way of its degree of porosity, its thickness or its stress

before assembly. A given porous material then provides access to a wide
range of thicknesses of the layer to be transferred. ‘ .

Furthermore, fracture is independent of the difference between the
coefficients of thermal expansion of the donor substrate and the porous
substréte. _

In one embodiment, the treatment is a heat treatment.

Accordingly, heat treatment enables generation of a deformation of -
the porous substrate by chemical modification of at least the surface of the
crystallites. The deformation is essentially linked to the variation of the
volume of the crystallites of the porous substrate, and induces a stress
capable of initiating a fracture in the donor substrate.

Moreover, the difference betwéen fhe coefficients of thermal
expansion is not takeh into account to generate the fracture and the donor
substrate and the porous sﬁbstrate may have the same chemical

composition and therefore the same coefficient of thermal expansion.
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In one erﬁbodiment, the heat treatment is- a thermal oxidation
treatment. | ‘

Accordingly, such a heat treatment enables deformation in tension of
the porous substrate. o

Applied to porous silicon, this treatment ndtably enablés oxidation of
the crystallites and increasing their volume. | / |
| Moreover the rate of oxidation of the crystallites enables modulat:on
of the deformation of the porous substrate.

In one embodiment, the treatment |S'executed by the action of a
chemical solution at a temperature below 100°C.

Accordingly, deformation in tension or in compression of the porous
substrate can be effected without risk of damaging the layer to be
transferred. ' |

This‘chemical treatment is notably particularly advantageous when it
is a question of transferring' a layer to be transferred including species liable -
to diffuse because of the effect of an increase in temperature and/or
incIleing micro-electronic devices.

In one embodiment, the chemical solution includes hydrofluoric acid
and the porous substrate includes at least one of the materials selected frofn
the following grbup: silicon, silicon carbide, silicon germanium. -

/ One embodiment includes a stép a’) executed before the step a)
consisting in deforming the porous substrate in tension or in compression.

Accordingly, the deformation of the porous substrate executed before _
the assembly step a) confers on the porous substrate a potential for
deformation of gfeater amplitude during the step b). The resulting stress in
the fracture plane is then higher.

In one embodlment the donor substrate and the porous substrate
have the same chemical composition. _

Accordingly, the fracture is not disturbed by the differences in the |

coefficients of thermal expansion.



WO 2014/037769 PCT/1IB2013/000653

10

15

20

25

30

Moreover, the fact of considelring materials with the same chemical

composition limits contamination problems.

In one embodiment, a dielectric layer is formed on the porous
substrate before the step a). ‘ |

Accordingly, after detachment of the the Iayér to be detached, a
silicon on insulator type structure is obtaineq. “

In one embodim’ent_, the donor su'bstrate"and the porous substrate
have the same chemical composition. v

Moreover, the donor substrate and the porous substrate may be of
the same kind. For example, the porous substrate and the donor substrate
are both silicon subsfrates. Accordingly, there is no risk of metallic
contarﬁihation.

Furthermore, _fractufe, is'not influenced by the differehces in the
coefficients of thermal expansion of the donor substrate and the porous
substrate. '

One embodiment includes a. step a”) executed before the step a)
consisting in weakening the fracture plane. |

Accordingly, the step a”) consisting in weakening the fracture plane
before assembly of the structure enables better control and better location of
the fracture plane and therefore the thickness of the layer.

Furthermore, the weakenihg of the fracture plane enables

consideration of a smaller deformation of the porous substrate during the

‘step b).

In one embodiment, the step a”) includes in series:~ v
- the implantation of atomic species in the fracture plane of the donor
substrate, '
- heat treatment at a temperature of the donor substrate below 400°C
in a reducing atmosphere. |
BRIEF DESCRIPTION OF THE DRAWINGS
Other features and advantages will become apparent in the course of

the following description of two embodiments of a transfer method in
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accordance with the invention, provided by way of nonlimiting example,
given with reference to the appended drawings, in which: _
- Figure 1 is a diagrammatic representation of a detachment method
employing known prior art tecHniques;
- Figure 2 is a diagrammatic representation of a detachment method
employing the techniques of the invention;
- Figure 3 is a diagrammatic rebresentation of a detachment method
employing the technfques of the invention; ‘ '
- Figure 4 is a diagrammatic representation of an electrochemical
anodization method; o
" DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

For the various -embodiments, the same references will be used for

‘elements that are identical or provide the same function, with the aim of

simplification of the description. o

The detachment method, shown in Figures 2 and 3, is a method of
detaching a layer 12 to be detached from a donor substrate 11, comprising
the following steps: » » '
a) Assembling the donor substrate 11 and a porous substrate 13 so that the
porous substrate 13 and the layer 12 to be detached include a contact
surface 10, the porous substrate 13 including pores and crystallites, |
b) Applicafion to the assembly of a treatment E of chemical modification of at
least the surface of the crystallites included in the porous substrate 13, the
chemical modification be'ing adapted to generate a variation of the volume of
the crystallites, said volume variation generates deformation in compression
or in tension of the porous substrate 13 essehtially parallel to the contact
surface 10, said deformation in compression or in tension of the porous
substrate 13 generates a stress in tension or in compression in the donor

substrate 11, said stress in tension or in compression being greater than the

- mechanical strength of the donor substrate 11 on a fracture plane 14

essentially paraliel to the contact surface 10 and delimiting the layer 12 to be
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detached, said stress leading to the detachment of the layer 12 to be

- detached from the donor substrate 11 along the fracture plane 14.

The donor substrate 11 may be constituted of all materials usually
employed in the micro—electfonics, optics, opto-electronics and photovoltaic -
industry. The donor substrate 11 notably comprises at least one of the

materials selected in the following group:. silicon, silicon carbide, silicon

~ germanium.

In one particular embodiment, the layer 12 to be detached from the
donor substrate 11 is an active layer formed of a plurality of superposed
semiconductor materials and/or comprises electronic devices.

Said devices are formed in or on the layer 12 to be detached before
the assembly step a). |

The porous substrate 13 may be constituted of all materials usually

employed in the micro-electronics, optics, opto-electronics and photovoltaic

‘industry. The porous substrate 13 notably comprises at least one of the

materials selected in the following group: silicon, silicon carbide, silicon
germanium. | |

In a particularly advantageous manner, the donor substrate 11 and
the porous substrate 13 have the same chemical composition.

The porosity of the material is defined as the fraction of unoccupied
volume (pores) within the material. Other parameters may be used to
Characte_rize the porous layer (pore size, mo'rphology, thickness, vpore
diameter, crystallite size, specific surface area, etc.).

For example, in the case where the material is silicon, it is a questibn
of porous silicon, generally classed into three categories by a person skilled
in the art: . ‘

- macroporous silicon, generally obtained from type n silicon and
weakly dope‘d, \ \ ‘
- mesoporous silicon, generally obtained from highly doped p"* silicon,

and.
<
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weakly doped. ' » .

The porosity P of a porous semiconductor layer is defined as the

fraction of unoccupied volume within the porous layer. It is written _

p=LPr
P

the density of the porous material. It mostly varies between 10 and 90%.

, Where ‘pv is the density of the non-porous material and p,, is

- The porous substrate 13 may be obtained in various ways.
~ The porous substrate 13 is advantageously obtamed by a step of

electrochemical anodization of a substrate 13'.

One embodiment of such electrochemical anodization is shown in
Figure 4. '

The substrate 13’ is pleced in an enclosure 17 including an electrolyte
18. | |

The electrolyte 18 is for example a solution including hydrofluoric acid
(HF). | |
~ An anode 19 and a cathode 20 immersed in the electrolyte 18 are
connected to an electrical power supply 21.

An electrical current is applied between the anode 19 and the cathode

- 20 by the electrical power supply 21.

Another, complementary or alternative solution consists in adjusting

the density of the electrical current applied by the electrical power supply 21.
~ The enclosure 17 is generally a Teflon® tank. |

Two electrodes 19 and 20, for example made of platinum, constitute
the anode and the cathode, and are connected to an electrical power supply
21, | | . ‘

Adjustment of the electrical current density and/or the appropriate
choice of the doping of the substrate 13’ enables a porous substrate 13 to be
obtained.

At the end of anodization, the porous substrate 13 is rinsed.

N
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In one particular embodiment of the invention, the porous substrate
13 may be deformed in tension or in compression during a step a’), before
assembly, in ord/e'r to generate a stress of greater amplitude during the step
b).

In a particularly advantageous manner, the step a’) includes thermal
oxidation. ‘

If the porous substrate 13 is porous silicon, the thermal oxidation may

- for example be effected at a temperature between 650°C and 1100°C, in an

oxidizing atmosphere in order to deform the porous substrate 13 in-tension. ,
During the step a’) of thermal oxidation of the porous silicon, the silicon
crystallites included in the porous silicon are oxidized at least at their
surface. Silicon oxide being mofe bulky than silicon, the volume of said
crystallites increases during the thermal oxidation step.

In a particularly advantageous manner, a dielectric layer 16 is formed
on the porous substrate 13 before the step a). _

The dielectric layer 16 'is advantageously /_formed by a deposition
technique, preferably the CVD or LPCVD or PECVD technique. :

The dielectric layer 16 includes at least one material chosen from the
following materials: silicon . oxide, silicon nitride orloky'ni‘tride, aluminium
nitride, aluminium oxide, hafnium oxide..

In a particularly advantageous' manner, a step a”) consisting in
weakening the fracture plane 14 is executed before the step a).

The step a") advantageously comprises the following steps:

- implantation of atomic species in the fracture plané 14 of the donor
substrate,
- heat treatment of the donor substrate 11 at a temperature below

400°C in a reducing atmosphere.

By way of nonIimiﬁng example, the species implanted are hydrogen
ions at a dosage below 5*10" atoms/cm®. During heat treatment at a

temperature below 400°C in a reducing atmosphere, the implanted ions
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create cavities that will coalesce without causing fracture in the fracture
plane, however. ' '

. The step a) may be effected by molecular adhesion type bonding or
by anodic bonding.

The step a) is executed so as to bring the layer 12 to be transferred

and the porous substrate 13 into contact along the surface 10.

The steb a) may be preceded by any treatment of the porous
substrate 13 and the donor substrate 11 aiming to strengthen the bonding
energy such as cleaning or plasma activatiqn. ' |

In a particularly adva}ntageous manner, the donor substrate 11 and
the porous substrate 13 are subjected to a heat treatment including an
increase in temperature after the step a). |

‘ | Tybical heat treatment temperatures are between 200°C and 700°C,
and preferably less than 400°C in an inert atmosphere.

"The function of thisvheat treatment is to strengthen the bonding

~ energy between the donor substrate 11 and the porous subsfrate 13.

In an advantageous manner, the porous substrate 13 is deformed in
compression or in tensidn during a treatment E. During the treatment E, the
crystallites included in the porous substrate vary in volume. Accordingly, the
porous substrate 13 is deformed in compression or in tension. This
deformation generates in the donor substrate 11 a stress that enables
detachment of the layer 12 to be detached at the level bf the fracture plane
14. ,

In a particularly advantageous manner, the treatment E is a heat
treatment. Even more advantageously, this heat treatment includes a
thermal oxidation treatment. _

Thermal oxidation of a porous substrate 13 including porous silicon at
temperatures between 200 and 800°C in an oxidizing atmosphere notably
enables deformation in tension of the porous substrate.

The chosen sizes of the crystallites, the porosi{y of the -porous

substrate 13 or the degree of oxidation are parameters that can be adjusted

10
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to impose a given stress on the donor substrate 11. Accordingly, the
thickness of the layer 12 to be detached is determined by these adjustable
parameters.- '

In a particularly advantageous manner, the treatment E is executed
by the action of a chemical solution 15 at a temperature below 100°C.

Accordingly, execution of the treatment E by the action of a chemical
soIUtipn 15 at a temperature below 100°C enables a variation of the volume
of the crystallites included in the porous substrate to be brought about,
without thermally damaging the layer 12 to be detached, however. This
effect is particularly advantageous for a layer to be transferred including

doping species liable to diffuse because of the effect of an increase in

- temperature or comprising micro-electronic devices.

_ In a particularly advantageous manner, thé chemical solution 15
includes hydrofluoric acid and the porous substrate 13 includes at least one
of the materials selected in the following group: silicon, silicon carbide,
silicon germanium.

A porous substrate 13 including porous silicon thermally oxidized
beforehand during a step a’) may notably be deformed i‘n compression by
the action of a chemical solution' including hydrofluoric“acid. Hydrofluoric
acid enables chemical etﬂching of the silicon oxide formed at least at the

surface of the silicon crystallites and thus reduction of the volume of said

. crystallites. Said volume variation then induces deformation in compression

of the porous substrate including silicon.

The ihvention notably enablles transfer of semiconductor layers with a
thickness that may vary from 0.1 to 100 ym.

Moreover, the invention enables the transfer of circuits formed on the
layer to be detached to another substrate to be facilitated. |
Finally, the invention applies to the transfer of numerous different useful

layers, notably strained useful layers.

11



CLAIMS

1. A method of detaching a layer to be detached from a donor substrate, the method

comprising:

assembling the donor substrate and a porous substrate including the layer to be
detached such that the porous substrate and the layer to be detached contact one another
at an interface, the porous substrate including pores and crystallites; and

after assembling the donor substrate and the porous substrate, applying a treatment
to the assembly so as to chemically modify at least some surfaces of the crystallites of the
porous substrate, the chemical modification generating a variation of a volume of the
crystallites, the volume variation generating deformation in compression or in tension of the
porous substrate essentially parallel to the interface, the deformation in compression or in
tension of the porous substrate generating a stress in tension or in compression in the donor
substrate, the stress in tension or in compression being greater than a mechanical strength
of the donor substrate in a fracture plane essentially parallel to the interface and delimiting
the layer to be detached, the stress leading to the detachment of the layer to be detached
from the donor substrate along the fracture plane.

2. The method of claim 1, wherein the treatment is a heat treatment.
3. The method of claim 2, wherein the heat treatment is a thermal oxidation treatment.
4, The method of claim 3, further comprising deforming the porous substrate in tension

or in compression prior to assembling the donor substrate and a porous substrate.

5. The method of claim 3, wherein the donor substrate and the porous substrate have
the same chemical composition.

6. The method of claim 1, wherein the treatment is executed by the action of a chemical
solution at a temperature below 100°C.

7. The method of claim 6, wherein the chemical solution includes hydrofluoric acid and
the porous substrate includes at least one material selected from the group consisting of

silicon, silicon carbide, and silicon germanium.

8. The method of claim 1, further comprising deforming the porous substrate in tension

12
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or in compression prior to assembling the donor substrate and a porous substrate.

9. The method of claim 8, wherein deforming the porous substrate comprises applying a
thermal oxidation process to the porous substrate.

10. The method of claim 1, further comprising forming a dielectric layer on the porous
substrate prior to assembling the donor substrate and the porous substrate.

11. The method of claim 1, wherein the donor substrate and the porous substrate have
the same chemical composition.

12. The method of claim 1, further comprising weakening the fracture plane prior to
assembling the donor substrate and the porous substrate.

13. The method of claim 12, wherein weakening the fracture plane comprises:
implanting atomic species into the donor substrate along the fracture plane; and

applying a heat treatment to the donor substrate at a temperature below 400°C. in a
reducing atmosphere.

14. A method for fabricating a structure useful for subsequent manufacture of a micro-
electronic device, an optical device, an opto-electronic device, or a photovoltaic device, the
method comprising:

bonding a donor substrate to a porous substrate along an interface, the porous
substrate including pores and crystallites; and

after bonding a donor substrate to a porous substrate along an interface, chemically
modifying at least some of the crystallites so as to cause a volume of the crystallites to
change resulting in the generation of compressive or tensile strain in the porous substrate
and compressive or tensile stress in the donor substrate, the compressive or tensile stress in
the donor substrate causing the donor substrate to fracture along a fracture plane so as to
leave a layer of material of the donor substrate on the porous substrate, the layer of material
being detached from a remainder of the donor substrate.

15. The method of claim 14, wherein chemically modifying at least some of the
crystallites comprises thermally oxidizing at least some of the crystallites.

13
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16. The method of claim 14, wherein chemically modifying at least some of the
crystallites comprises exposing the at least some of the crystallites to a chemical solution at

a temperature below 100°C.

17. The method of claim 16, further comprising selecting the chemical solution to include
hydrofluoric acid, and selecting the porous substrate to include at least one material selected

from the group consisting of silicon, silicon carbide, and silicon germanium.

18. The method of claim 14, further comprising deforming the porous substrate in tension
or in compression prior to bonding the donor substrate to the porous substrate such that

stress is present within the donor substrate prior to chemically modifying at least some of the
crystallites so as to cause a volume of the crystallites to change resulting in the generation of
compressive or tensile strain in the porous substrate and compressive or tensile stress in the

donor substrate.

19. The method of claim 14, further comprising forming a dielectric layer on the porous
substrate prior to bonding the donor substrate to the porous substrate such that the dielectric
layer is disposed between the donor substrate and the porous substrate.

20. The method of claim 14, further comprising weakening the fracture plane prior to
bonding the donor substrate to the porous substrate, weakening the fracture plane
comprising: implanting atomic species into the donor substrate along

the fracture plane; and

applying a heat treatment to the donor substrate at a temperature below 400°C in a
reducing atmosphere.
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