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A METHOD OF MANUFACTURING A THIN FILM OF SOLID MATERIAL

Technological field

The invention relates to a method of manufacturing
a thin film of solid material. This wmethod, in
particular, allows the transfer of a thin film of
homogeneous or heterogeneous solid onto a support made
up of a solid material of the same kind or of a
different kind.

State of the prior technology

Document FR-A-2 681 472 describes a method of
manufacturing thin films of semiconductor material.
This document discloses that the implantation of a rare
gas or hydrogen into a substrate made of semiconductor
material is able to cause the formation of wmicro-
cavities or micro-bubbles (sometimes given the name
“platelets”) at a depth close to the mean depth of
penetration of the implanted ions. If this substrate is
brought into intimate contact, through its implanted
surface with a stiffener and a heat treatment is
applied at sufficient temperature, it causes an
interaction between the micro-cavities or micro-bubbles
leading to a separation of the semiconductor substrate
into two parts : a thin semiconductor film adhering to
the stiffener on the one hand, and the remainder of the
semiconductor substrate on the other hand. The
separation takes place at the place where the micro-
cavitieé or micro-bubbles are present. The heat
treatment is such that interaction between the micro-
bubbles or micro-cavities created by implantation
induces a separation between the thin film and the rest
of the substrate. Therefore there is transfer of a thin
film from an initial substrate to a stiffener being
used as a support for this thin film.
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This method can also be applied to the manufacture
of a thin film of solid material other than a
semiconductor material (a conductive or dielectric
material) whether crystalline or not.

If the thin film defined in the substrate is
sufficiently rigid by itself (because of its thickness
or because of its mechanical properties) a self-
supporting film can be obtained after the transfer
annealing. This is what document FR-A-2 738 §71
discloses.

Contrary to this, in the absence of a stiffener, if
the film is too thin to induce the fracture over the
whole width of the substrate, bubbles appear at the
surface conveying the presence of micro-fissures at the
level of the mean depth of implantation of the ions. In
this case, the heat treatment does not produce self-
supporting layers but only produces flakes.

In the document FR-A-2 681 472, the heat treatment
is defined by the annealing temperature in a step
subsequent to the implantation .step. This annealing
temperature is greater than the implantation
temperature and has to be such that it causes the
separation between the thin film and the rest of the
substrate.

The documents quoted above specify that the heat
treatment is carried out at a temperature greater than
the impiantation temperature. Document FR-A-2 681 472
indicates that, in the case of a substrate made of
silicon, the implantation temperature is preferably

between 20°C and 450°C and that for the annealing, a
higher temperature 1is necessary (for example a

temperature of S500°C.
However, in certain cases and for certain

applications, a high heat treatment temperature can
present disadvantages. In effect, it can be
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advantageous to obtain cleavage of the substrate at
temperatures considered to be low, in particular at
temperatures lower than the temperature of
implantation. This is important notably in the case
where the transfer brings together materials with
different thermal coefficients of expansion.

It can be advantageous to carry out the ionic

‘implantation step at a high temperature, a temperature

which can be higher than the temperature used for the
heat treatment step. The interest in this resides in
the fact that,. if there is no restriction on the
implantation temperature, a high implantation current
density can be provided without being obliged to cool
the substrate. The duration of the implantation can
then be very much reduced.

In addition, between the ionic implantation step
and the heat treatment {or annealing) step bringing
about cleavage, the implanted surface can be treated,
for example with the intention of creating electronic
circuits in the case of a substrate made of
semiconductor material. These intermediate treatments
can be adversely affected if the annealing temperature

is too high.
Description of the invention

The invention allows the problems of the prior art
to be resolved. The inventors of this invention have,
in effect, discovered that it is possible to reduce the
annealing temperature if one takes into account a
thermal budget of the heat supplied to the substrate
during the course of various steps of the method (ionic
implantation step, possibly the adhesion of the
substrate to the stiffener, possibly intermediate
treatments and the annealing step that permits the
separation). By thermal budget, it is understood that
for a step where heat is supplied (for example, during
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the annealing step), one must not be concerned only
with the temperature but with the combination of time
and temperature when heat is supplied to the substrate.

By way of example, for a substrate made of silicon
and weakly doped, implanted with a dose of 5.5 x 10°
ions H+/cm2 of energy 69 keV, at a temperature of 80°C
for around 5 minutes, cleavage appears with a thermal
budget, in the case of an isothermal annedling, which
depends as has been seen on the time-temperature
combination. This thermal budget is 2 hours 15 minutes
at 450°C. If the implanted dose is greater, for
example, for a substrate made of weakly doped silicon
implanted with a dose of 107 ions H*/cm? of energy 69
keV at a temperature of 80°C for 5 minutes, the thermal

budget necessary to obtain éleavage is 1less than
previously. This budget is, for example, 2 minutes 22
seconds at 450°C or 1 hour 29 minutes at 300°C. Hence
cleavage occurs for thermal budgets, in the case of an
isothermal annealing, which are different to the
previous cases but which still depend on the time-
temperature combination. The choice of thermal budgets
can also depend on the type of material and its doping
level when it is doped.

By way of example, for a strongly doped silicon
(for example 102° boron/cm®) which is implanted with a
dose of 5.5 x 10>° ions H+/cm2 of energy 69 keV at a

temperature of 80°C for S5 minutes, cleavage is obtained

for a thermal budget of 4 minutes 15 seconds at 300°C

or 1 hour 43 minutes at 225°C. '
In the case where the thermal treatment is carried

out with a progressive rise in temperature, the thermal
budget applied to substrates during this rise in
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temperature must be taken into account since it
contributes to the cleavage.

In a general way, The choice of the thermal budget
to be used in order to obtain fracture depends on the
whole group of thermal budgets applied to the basic
material or to the structure starting with the
implantation step. All these thermal budgets constitute
a thermal balance sheet which allows cleavage of the
structure to be achieved. This thermal balance sheet is
formed by at least two thermal budgets : that of the
implantation and that of the annealing.

It may include, depending on the application, other
types of budgets for example : a thermal budget to
reinforce the molecular bonds at the adhesion interface
or to create these bonds and one or more thermal
budgets for the production of active elements.

Hence an objective of the invention is a method of
manufacturing a thin film of solid material that
includes at least the following steps :

— a step of ionic implantation through one face of
a substrate of said solid materials using ions capable
of creating in the volume of the substrate and at a
depth close to the mean depth of penetration of the
ions, a layer of micro-cavities or micro-bubbles, this
step being carried out at a particular temperature and
for a particular length of time,

— an annealing step intended to Bring the layer of
micro-cavities or micro-bubbles to a particular
temperature and for a particular length of time with
the intention of obtaining cleavage of the substrate on
both sides of the layer of micro-cavities or micro-
bubbles

characterised in that the annealing step is carried
out with a thermal budget made in relation to the
thermal budget of the ionic implantation step and the
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dose and the energy of the implanted ions and possibly
other thermal budgets inferred by other steps in order
to obtain cleavage of the substrate.

The texrm cleavage is defined in the broad sense,
that is to say to mean any type of fracture.

The method according to the invention allows the
production of a thin film of solid material,
crystalline or non-crystalline, which can be a
conductive material, a semi-conductor material or a
dielectric material. The substrate of the solid
material can be in the form of a layer. The thermal
budget made for the annealing step can also take
account of implantation step parameters such as the
dose of implanted ions and the energy.

The ions likely to be implanted are advantageously
rare gas ions or hydrogen ions. The direction of
implantation of the ions can be normal to the surface
of the substrate or slightly inclined.

By hydrogen one understands gaseous species either
in their atomic form (for example H) or in their
molecular form (for example H,) or in their ionic form

A", H2+, ..} or in their isotopic form (deuterium) or

isotopic and ionic, .. .

The thermal budget for the annealing step can also
be made in order to obtain said cleavage of the
substrate either naturally or with the help of stresses
applied to the substrate.

The thermal budget of the annealing step can
include at least one rapid rise in temperature and/or
at least one rapid fall in temperature. These rapid

- changes in temperature occur at the rate of from a few

degrees per minute to a few tens of degrees or indeed a
few hundreds of <degrees per second {(annealing
treatments of the Rapid Thermal Annealing (RTA) type).
These annealing treatments can offer an advantage for
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certain implantation conditions since they facilitate
the step of formation (or nucleation) of the micro-
cavities.

The thermal budget of the annealing step can also
be zero, the cleavage of the substrate being obtained
through the use of mechanical and/or thermal stress. In
effect, the thermal budget being a function of the
temperature applied and . the duration of the
application, the thermal budget for the annealing step
can have a temperature which varies, for example, from
0°C to more than 1000°C and can have a duration which
varies from 0 seconds to several hours. Hence if the
thermal budgets that precede the annealing step are
carried out with high temperatures and/or for 1long
durations and if the doses and the energy of the
implanted ions are high (for example for silicon, some
10t7 H'*/cm2 with an energy of 100 keV), the thermal
annealing budget can even be zero both with regard to
duration and temperature. Simple stresses will then
allow cleavage to occur. These stresses are, for
example, of the mechanical kind (for example shearing
forces and/or tensile forces) or of the thermal kind
{for example through cooling the structure).

The method can include, in addition, a step of
fixing the implanted surface of the substrate onto a
support. The fixing of the implanted surface of the
substrate onto the support can be done by using an
adhesive substance. The fixing step may include a heat

treatment.
The annealing step can be carried out by pulsed

heating.

The method according to this invention is
applicable in particular to the manufacture of a thin
film of mono-crystalline silicon. In this case, before
cleavage of the substrate occurs, all or part of at
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least one active element can be created in the part of
the substrate intended to form the thin film. If said
surface of the substrate is masked before the ionic
implantation step, the mask is such that the ionic
implantation step is capable of creating zones of
micro-cavities or micro-bubbles sufficiently close to
one another for one to be able to obtain said cleavage.

The method according to this invention is equally
well applicable to the production of a thin film
starting from a substrate, said surface of which is
patterned. .

It may also be applied to the production of a thin
film from a substrate that includes layers of different
chemical kinds.

It is also applicable to the production of a thin
film from a substrate that includes at least one layer
obtained by growth. This growth can be obtained by
epitaxy, it being possible for the fracture to take
place in the epitaxiated layer or on the other side of
the epitaxiated layer or at the interface.

The invention will be better understood on reading
the description which will follow given by way of a

non-limitative example.

Detailed description of embodiments of the invention.

A first embodiment of the invention carries out the
implantation step at a relatively high temperature.

So as to improve the productivity of the equipment
and in particular the implantation devices, it would
appear interesting to use machines supplying a high
current density. For example, currents of 4 mA over a
surface area of 100 cm® that would allow doses of 5 x
10® ions I—I*'/cm2 in 200 seconds or around 3 minutes to
be obtained. If this implantation is carried out at S0

keV (which gives a mean depth of the order of 500 nm)
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power of the oxder of 2 W/em® is obtained, which in the
case of silicon and for a normal implantation device
without cooling leads to temperatures of the order of

470°C.
To summarise in this case, the dose required for
the implantation has been obtained for an implantation

at a temperature Sf the order of 470°C and a time of

the order of 3 minutes.
If a stiffener is applied to this substrate and an

annealing heat treatment of around 1 hour at 450°C is
carried out on this structure, the thermal budget of
the heat treatment is such that the micro-cavities can
interact with one another and lead to the fracture.
Hence the transfer of the thin film from the silicon
onto its stiffener will be obtained.

This example well demonstrates that if certain
precautions are taken with regard to the thermal
budgets applied to the substrate in the course of the
implantation and the heat treatment, it is possible to
obtain the cleavage at a temperature lower than the
implantation temperature. .

In conclusion, the invention consists of carrying
out a heat treatment with a minimum thermal budget and
one that leads to cleavage. This minimum thermal budget
must take into account all of the budgets and notably
the thermal budget provided by the implantation and the
thermal budget provided by the annealing.

A second embodiment of the invention is applicable
to the transfer of materials having thermal
coefficients of expansion different to those of their
supports. This is the case of hetero-structures.

In the case of a transfer of silicon onto pure
silica, the stiffener has a thermal coefficient of
expansion different to that of the semiconductor
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material. The thermal budgets that allow the transfer
of mono-crystalline silicon in the case of 1lightly
doped silicon are of the order of a few hours (6 hours)
at 450°C. At this temperature, a parting from the
substrate and from the support (stiffener) brought into
intimate contact occurs during the annealing. This
parting occurs at the interface where they were brought
into contact and not at the layer where the micro-
cavities or micro-bubbles are located. Contrary to
this, if the thickness of the support made of silica is

sufficiently small (for example 400 um), the assembly
does not part up to 250°C. In the case where the
silicon is strongly doped (for example, a type p doping
of 10%° atoms of boron/cm?), the cleavage can be
obtained for a thermal budget of 250°C for 1 hour and

for an implantation of hydrogen ions of a dose of the
order of 5 x lolsif'ions/cmz. As has been said above,
such doses can be obtained with times of the order of a
few minutes in the case of an implantation temperature

of about 470°C.
Also in this case, the cleavage is obtained at an
annealing temperature lower than the implantation

temperature.
It is well understood that this works in the case

where the annealing temperature is greater than the

implantation temperature.
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CLAIMS

1. A method of manufacturing a thin film of solid
material that includes at least the following steps

— a step of ionic implantation through one face of
a substrate of said solid materials using ions capable
of creating in the volume of the substrate and at a
depth close to the mean depth of penetration of the
ions, a layer of micro-cavities or micro-bubbles, this
step being carried out at a particular temperature and
for a particular length of time,

— an annealing step intended to bring the layer of
micro-cavities or micro-bubbles to a particular
temperature and for a particular length of time with
the intention of obtaining cleavage of the substrate on
both sides of the :.layer of micro-cavities or micro-
bubbles

characterised in that the annealing step is carried
out with a thermal budget made in relation to the
thermal budget of the ionic implantation step and the
dose and the energy of the implanted ions and possibly
other thermal budgets inferred by other steps in order
to obtain cleavage of the substrate.

2. A method according to Claim 1, characterised in
that the thermal budget of the annealing step is also
made in order to obtain said cleavage of the substrate
either naturally, or subsequent to stresses being
applied to the substrate.

3. A method according to one of Claims 1 or 2,
characterised in that the thermal budget of the
annealing step includes at least one rapid rise in
temperature and/or at least one rapid fall in
temperature.

4. A method according to one of Claims 1 or 2,
characterised in that the thermal budget of the
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annealing step is zero, the cleavage of the substrate
being obtained by the use of mechanical and/or thermal
stresses.

5. A method according to any one of Claims 1 to 4,
characterised in that it includes in addition, a step
of fixing the implanted face of the substrate onto a
support.

6. A method according to Claim 5, characterised in
that the fixing of the implanted face of the substrate
onto the support is done by means of an adhesive
substance.

7. A method according to one of Claims S or s,
characterised in that the fixing step includes a heat
treatment.-

8. A method according to Claim 5, characterised in
that the fixing step is carried out by molecular
adhesion.

9. A method according to any one of Claims 1 to 8,
characterised in that the annealing step is carried out
by pulsed heating.

10. The application of the method according to any
one of the preceding Claims to the production of a thin
film of mono-crystalline silicon.

11. Application according to Claim 10,
characterised in that, before obtaining the cleavage of
the substrate, all or part of at least one active
element is created in the part of the substrate
intended to form the thin film.

12. Application according to one of Claims 10 or
11, characterised in that, said face of the substrate,

- being masked before the ionic implantation step, the

mask is such that the ionic implantation step is
capable of creating zones of micro-cavities or micro-
bubbles sufficiently close to one another that said

cleavage can be obtained.



e T e T M e .

10

e

| O A A 13

13. Application of the method according to Claim 10
to the production of a thin film starting from a
substrate said face of which is patterned.

14. Application of the method according to Claim 10
to the production of a thin film starting from a
substrate that includes_layeré of different chemical
kinds.

15. Application of the method according to Claim 10
to the production of a thin film starting from a
substrate that includes at least one layer obtained by

growth.
16. Application according to Claim 14,
characterised in that said growth is obtained by

epitaxy.

Sheet Has Been Replaced
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