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The invention also relates to a device for the implementation of
such a process.
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ANNEALING PROCESS AND DEVICE OF SEMICONDUCTOR WAFER

This invention relates to a thermal annealing
process for a wafer of material chosen among the
semiconductor materials for the purpose of detaching a
layer from the said wafer at an embrittlement zone.

And the invention also relates to a device purposed
to carry out such annealing.

Such processes and devices are already known of.

The wafer can be made of a semiconductor material
such as silicon.

The SMARTCUT® process is an example of a process
implementing such stages.

Moreover it is to be specified that the surface of
the layers thus created must generally respect very
strict specifications concerning the state of their
surface.

It is also common to find roughness specifications
that must not exceed 5 Angstroms in terms of rms (root
mean sqguare) .

Measurements of roughness are generally taken with

an AFM (Atomic Force Microscope) .
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1x1l pm® to 10x10 um® and less commonly 50x50 pm®, even
100x100 pm?.

Also of note is that it is possible to measure the
surface roughness by other methods, in particular via a
"haze". This method notably has the advantage of quickly
characterising the harmony of the roughness over a whole
surface.

The haze, which is measured in ppm, comes from a
process using the optical reflective properties of the
surface to be characterised, and corresponds to an
optical "background noise" diffused by the surface due to
its micro-roughness.

It is also to be noted that if the layers must
respect certain roughness values, they must also have a
harmonious roughness over their whole surface.

In other terms, what is desired is not only a low
mean roughness value, but also an even distribution of
roughness over the layer surface.

It is specified that known cleaving processes such
as the one disclosed by US 6 013 563 oxr US 6 048 411
(which are part of the same patent family) do not provide
an adequate solution for obtaining an improvement of
surface roughness - let alone more specifically an even
distribution of surface roughness.

The process of these patents indeed does not address
the objective of improving the surface roughness of a
layer.

The objective of these patents is a general
objective of improving the “precision” of a cutting
technique (see e.g. col. 1 1. 65 to col. 2 1. 12) - in
fact these patents do not aim at improving the roughness,

but more generally at avoiding the formation of multiple
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cleave

fronts during cleaving.It thus appears that the

aforementioned processes that allow, according to the

state of the art, the detachment following an annealing

of a layer from a wafer of semiconductor material, do not

always

result in layer surface roughness that zrespects

the aforementioned specifications.

Hence, there is a need to improve the controlling of

the roughness of detached layers following an annealing.

A

goal of the invention is to satisfy this need.

In order to meet this goal, the invention proposes,

according to a first aspect, a thermal annealing process

for a

wafer of material chosen from among the

semiconductor materials for the purpose of detaching a

layer from the said wafer at an embrittlement =zone,

characterised in that during annealing:

a basic thermal budget is applied to the wafer,

said basic thermal budget being slightly inferior to the

budget

necessary to detach the layer, this budget being

distributed in an even manner over the embrittlement zone;

an additional thermal budget is also applied to

the wafer locally in a set region of the embrittlement

zone so as to initiate the detachment of the layer in

this region.

Preferable, but non-restrictive aspects of this

process are the following:

[ ]
budget,
wafer,

during the application of a global thermal
different heating elements, located facing the

are selectively controlled;
the wafer is substantially placed vertically;

the wafer is substantially placed horizontally;
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U the application of a basic thermal budget is
carried out in a first stage, then an application of an
additional localised thermal budget is carried out in a

second stage;

e the application of a basic thermal budget is
carried out substantially simultaneously with the
application of an additional localised thermal budget;

) annealing is applied, simultaneously, to several

wafers;

J the flow of heat conducting gas is controlled in

the different regions of the surface of the layer;

. the said control is carried out using a damper
with a diffusion barrier geometry;

. the said control is carried out using a damper
with a perforated heating chamber geometry.

According to a second aspect, the invention also
proposes a device for the implementation of such a
process, characterised in that the device comprises:

e a multiplicity of heating elements designed to
face different parts of each wafer to be annealed;

e means of selectively controlling the heating
capacity of each heating element;

e means of controlling the distribution of heat
conducting gas in the device;

The preferable, but non-restrictive, aspects of this
device are the following:

e the heating elements extend  substantially
horizontally;

e the heating elements have a general circular

form;
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° the heating elements are placed one after the

other according to a substantially vertical direction;

. the device comprises a wafer reception area into
which the wafers are placed substantially vertically for

heating purposes;

L the heating elements surround the wafer

reception area;

¢ the heating elements extend substantially in the

same plane;

e the heating elements extend in a concentric

manner in relation to each other;

e the device comprises a wafer reception area into
which the wafers are placed substantially horizontally

for heating purposes;

. the said means of controlling the distribution
of gas comprise a diffusion damper enabling the flow of
gas to be provoked according to a desired configuration,
placed facing an opening enabling heat conducting gas to
be introduced;

L the damper has a diffusion barrier geometry;

e the damper has a perforated heating chamber
geometry;

Other aspects, aims and advantages of the invention
will become clearer upon reading the description below of
preferable embodiments of the invention, given in
reference to the annexed drawings in which:

. figure 1 is a global skeletal representation of
an annealing device according to the invention
corresponding to a first embodiment;

° figure 2 is a detailed skeletal representation

of part of this device;
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e figure 3 is a representation of the distribution
of haze on the surface of a layer, according to an

alternative of the state of the art;

e figure 4 1is a skeletal representation of an
annealing device according to the invention,

corresponding to a second embodiment;

e figures 5a to 5c¢ are skeletal representations of
annealing devices according to the invention
corresponding to a second embodiment, highlighting
different means of orienting, in a desired mannexr, the
flow of heat conducting gas.

In reference to figure 1 a first embodiment of an
annealing device according to the invention has been
represented.

It is to be noted that the wafers concerned with the
rest of this document are wafers made in a semiconductor
material such as silicon, and comprising an embrittlement
zorne.

The embrittlement zone could have been created via
implantation.

It extends in the thickness of the wafer at a
constant depth (this embrittlement zone corresponds to a
surface parallel to the sides of the wafer), thus
defining the layer to be detached.

In general, annealing which is the subject of the
invention can come under a process of the SMARTCUT® type.

The purpose of annealing which is applied to the
wafers is to help in the detachment for each wafer of the
layer of material which is defined in the thickness of
the wafer by the embrittlement zone.

The device 10 in figure 1 comprises a heating

chamber 100 designed to receive one or more wafers T in
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order to subject them to annealing according to the
invention.

The longitudinal axis of the device 10 is vertical -
this device thus resembles a vertical oven.

It is to be noted that the wafers T are placed
vertically in this chamber, and not horizontally as
commonly known.

The wafers are received in a boat 110 which in turn
is supported by a support 111.

The support 111 sits on a 1lid 112 which closes the
fire hole 120 of the device.

Means 130 of handling the wafers are also designed
for the introduction of the wafers into the device 10 and
for their retraction after annealing.

The chamber 100 is £fitted with an opening 101
located opposite the fire hole 120. A heat conducting gas
can be introduced into the chamber via this opening.

A multiplicity of heating elements 140 surround the
chamber 100.

These heating elements are placed one after the
other according to a substantially vertical direction.

These heating elements can for example be electrodes
capable of emitting heat when they are supplied with
electricity.

It is to be noted that such a device comprises means
(not represented in the figures) of rotating the boat
supporting the wafers around the longitudinal axis of the
device during annealing, as well as means of controlling
and of regulating the flow of conducting gas.

These means contribute to providing a harmonious

heating of the wafers (this corresponds to the basic
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thermal budget which will be made explicit later in this
document) .

Figure 2 provides a clearer view of the chamber 100,
the wafers T and the heating elements 140 (their number
being restricted in this figure for clarity reasons).

Means not represented in the figures allow for
selective controlling of the electric supply of each
heating element, so as to selectively control the heating
capacity of each of these elements.

Thus, the wvertical distribution of the thermal
budget applied to the wafers during heating can be
controlled.

Indeed the applicant observed that the usage of a
classical vertical oven into which the wafers would be
placed vertically as is represented in figures 1 and 2
produces a vertical temperature gradient.

And such a gradient resultg in, after the detachment
of the layer from each wafer, a vertical gradient of
roughness which endangers the harmony of the surface of
the layer.

Indeed the roughness distributes generally speaking
in horizontal “plies”, and is not even on the surface of
the detached layer (nor on that of the part of the wafer
located on the other side of the embrittlement zone).
Such an effect is represented in figure 3.

“Even” shall be understood as characterizing an even,
homogeneous distribution.

It is also possible to selectively control groups of
heating elements that receive the same set point for the

heating temperature.
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‘This is for example the case in an implementation
configuration of the invention in which the heating
elements are turns adjacent to each other.

In this type of configuration, it can be envisaged
to individually control the electric supplies of each
turn, or to control the respective electric supply of
different groups of turns.

In the latter case, due to the closeness of the
turns, there exists a hotter zone inside a group of turns
supplied in the same manner (this zone being typically in
the middle of the group, not taking into account the
neighbouring groups of turns).

According to the invention such hot =zones of the
device can be exploited, for example to apply an
additional thermal budget (which will be made explicit
later in this document) .

By selectively controlling the electric supply of
the heating elements 140 the space distribution of the
thermal budget applied to the wafers can be controlled.

It is also to be noted in figure 3 that the “plies”
are not straight bands, but have an undetermined shape.

This translates the effect of a difference of
thermal budget respectively applied to the central region
of the wafer and to its side edges.

It is also possible to selectively control the flow
rate distribution of conducting gas in a horizontal
section of the oven, so as to apply this gas flow rate to
different areas of the section with the aim of cancelling
out this unevenness observed on a horizontal section of
the wafer.

This selective controlling of the flow rate

distribution of conducting gas can be carried out as a
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complement of the selective controlling of the electric
supply of the heating elements that was mentioned above.

Thus, generally speaking - and as it will be
detailed below - the space distribution of the thermal
budget applied to the wafers lT is controlled wvia the
selective controlling of the electric supply of the
different heating elements, and/or via the selective
controlling of the flow rate distribution of heat
conducting gas on the surface of the wafers.

It is thus, in particular, possible to apply to the
wafers T a thermal budget that is evenly spaced out over
the entire embrittlement zone of each wafer.

This can be visualised for example via haze
measurements taken on the surface of the layers after
their detachment.

To perform an even budget application to wafers in a
type of device as those represented in figures 1 and 2,
the lower heating elements are typically supplied with
more electricity than the upper elements.

This compensates for the natural tendency of heat to
rise in the chamber, and higher temperatures are
generated in the upper part of this chamber.

In this way, the thermal budget applied to the
wafers 1s ensured to be even over the entire
embrittlement zone of each wafer.

More generally speaking, the selective controlling
of the individual electric supplies of the different
heating elements enables the precise controlling of the
space distribution of the thermal budget applied to the

wafers.
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This controlling of the space distribution of the
thermal budget applied to the wafers is used according to

the invention so as to:

. on the one hand, apply to the wafers a thermal
budget that is very even over the entire embrittlement
zone of each wafer (as described above). This thermal
budget (known as basic thermal budget) is controlled so
as to be:

> from a qualitative point of view, very evenly
spaced out over the embrittlement surface of each wafer;

> and from a quantitative point of view, slightly
inferior to the budget necessary to detach the layer from

the wafer.

° on the other hand, in addition to this basic
thermal budget, an additional thermal budget, controlled
so as only to-be applied to a localised area of each
wafer (creation of a controlled “hot point”). This
additional thermal budget can be applied for example by
selectively supplying electricity to one or more heating
elements, and adding to the aforementioned measures so as
to obtain a harmonious heating of the wafers. It is to be
noted that it is also possible to use a special
distribution of temperature in the annealing device (for
example by controlling the gas flow) so as to apply the
additional thermal budget.

And as will be demonstrated, these two applications
of controlled thermal budget can be carried out
sequentially one after the other, or substantially
simultaneously.

The global thermal budget thus applied to the wafers
(standard budget + additional budget) is therefore
different to that which would be obtained if the wafers
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were heated in a vertical oven where they would be placed
vertically. Indeed, in this case the thermal budget would
have a vertical gradient, as has already been
demonstrated.

The global thermal budget thus corresponds to a
thermal budget that could possibly have a localised hot
point in terms of the embrittlement =zone, but doegs not
have any variations spread over a large part of this zone
(for example over at least half of a characteristic
quantity of this zone - this quantity typically being its
diameter in the case of an embrittlement zone in the
shape of a disk).

The installation of figures 1 and 2 corresponds to a
preferred embodiment of an annealing device according to
the invention.

It is however also possible to carry out such an
even application of a global thermal budget with
different installations.

Figure 4 thus represents a device 20 which is
capable of performing an annealing process according to
the invention on a wafer T or on a multiplicity of wafers.

The wafer(s) extends substantially horizontally, in
a heating chamber 200.

The wafer is not directly lying on a solid surface.
It is supported by discrete holding means which contact
only a very small surface of the wafer.

This feature of not contacting a face of the wafer
to be cleaved with a solid surface is important, as it
allows homogeneous exposition of the wafer to heat.

The chamber is fitted with an opening 201 for the

introduction of heat conducting gas.
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It 1is to be noted that, if the simplified
representation in figure 4 showsg a single opening 201 for
the introduction of heat conducting gas, it 1s again
possible to envisage provisions to ensure that the flow
of this gas on the surface of the wafers does not
generate unevenness in the thermal budgets absorbed by
the different zones of the surface of each wafer.

In this regard, it can be envisaged, for example,
that the device 20 comprises several openings 201 for the
introduction of heat conducting gas, these openings being
then regularly placed around the periphery of the device.

It 1is also possible, as an alternative or a
complement, to envisage placing on the inside of the
device, facing the opening 201 (or each opening 201),
diffusion dampers enabling the flow of gas to be provoked
according to a desired configuration.

Such dampers thus guarantee that the flow of gas is
harmonious over the surface of the wafer.

Such dampers can have different geometries, for

example:

L a diffusion barrier geometry interposed between
the gas and the wafers, meaning that the gas must go
around the diffusion barrier so as to flow whilst facing
the wafers (this type of configuration is illustrated in

figures 5a and 5c¢).

o a perforated chamber geometry surrounding the
plates, whose openings allow the gas to flow towards the
wafers (fig 5b).

In all the embodiments of the invention (in
particular in the case of a horizontal oven or a vertical
oven) it is thus possible to control the thermal budget

applied to the wafers via two principal means:
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L the individual controlling of different heating
elements;
. the controlling of the flows of heat conducting

gas on the different regions of the surface of the wafer.

The device 20 comprises heating elements
collectively designated by the reference 240.

These heating elements are located on both sides of
the wafers.

Indeed, for cleaving the wafers, it is preferable
that the heating elements shall be disposed around said
wafers, and not located on one side only of the wafers
(as this would be the case for a furnace designed not for
cleaving, but for e.g. depositing material on one side of
the wafer).

The heating elements 240 can consist of a series of
individual heating elements (for example electrodes)
which extend over the two same horizontal planes (one
plane above the wafers, the other plane under the wafers).

Each heating element can thus be a circular element
placed concentrically in relation to the other elements,
the different elements having different diameters.

The elements are thus also placed concentrically in
relation to the wafers when the latter are in the
annealing position.

Once again, means (not represented) of selective and
individual controlling of each heating element can be
envisaged.

This guarantees that the global thermal budget
applied to the wafers complies with what has been

described above.
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It is also possible to replace the elements 240 with
controlled infrared lamps whose respective electric
supplies are individually controlled.

And elements 240 of electrode type (for example in
the shape of concentric circular elements) can be
combined with infrared lamps that provide supplementary

heat capable of:

® locally adjusting the thermal budget applied to
the embrittlement zone so as to constitute an even basic

thermal budget;

® Dbut also selectively creating a hot point in
this embrittlement zone by locally applying an additional
thermal budget.

In all situations, in all the embodiments of the

invention, the heating device is capable of:

® carrying out a harmonious heating of the wafers
so as to apply an even basic thermal budget to the

embrittlement zone of these wafers;

® whilst being able to apply a superior thermal
budget to a particular region of the embrittlement zone,
by creating a “hot point” in the embrittlement zone. This
can be obtained:
> either by individually controlling one or
more heating elements so as to create such a hot point
via the localised increasing of the heating (at a
specific time during annealing, or possibly throughout
annealing) . This corresponds to a preferred
implementation of the invention which was already evoked

earlier in the document;
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> or, according to an alternative implementation
of the invention, by exploiting the thermal configuration
of the annealing device of the wafers in question:

v by exploiting a particular flow of heating gas;

v in addition, generally speaking, if the heating
elements create, when they are controlled so as to apply
an even thermal budget to the embrittlement zones of the
wafers, a hot point in this embrittlement zone, it is
possible to wuse this hot point during the annealing
process so as to apply the desired additional budget.

While operating, the annealing device according to
the invention thus applies an even basic thermal budget
to the embrittlement zone of the wafers.

More precisely, this basic thermal budget
corresponds to an energetic budget slightly inferior to
the budget necessary to detach the layer from the wafer.

However the purpose, within the context of the
invention, is not singly to harmonise the thermal budget
applied to the wafers.

And the basic thermal budget 1is not designed to
completely carry out the detachment of the layer of each
wafer.

Indeed, such an even basic thermal budget is applied
so as to reach a budget slightly inferior to that which
is necessary to carry out the detachment of the layer
from each wafer.

In this regard, the localised region having received
the additional thermal Dbudget corresponds to an
initiating zone of the detachment.

In this initiating zone, the embrittlement zone of
each wafer has received the basic thermal budget per

surface unit as well as the additional thermal budget.
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For each wafer, the sum of these two thermal

is sufficient to locally initiate the detachment

budgets
of the

layer from the wafer in the part of the embrittlement

zone which corresponds to the initiating zone.

And this layer detachment then spontaneously

propagates to the rest of the embrittlement zone which

has received, per surface unit, a thermal budget slightly

inferior to that needed to carry out the detachment: in

these conditions, the solicitation corresponding

to the

propagation of the initial detachment is sufficient to

propagate the detachment.

And this detachment thus propagates over the
surface of the embrittlement zone, which leads
complete detachment of the layer.

The applicant determined that proceeding in
way led to more harmonious and lower roughness

compared with the case where the sole aim is to

entire

to the

such a
values

render

even the thermal budget applied to the embrittlement zone,

and to take the budget to a value allowing the detachment

of the layer.

The 1local application of an additional

thermal

budget so as to create a hot point can be carried out in

a constant manner throughout annealing. In this case, the

standard budget and the additional budget are
substantially simultaneously to the wafers.

It is also possible to carry out this

applied

local

application during a specific stage of the annealing

process, for example at the end of annealing.

And it is possible to treat a multiplicity of wafers

simultaneously in this manner.

After cleaving, the treated wafer can be taken out

of the heating device by the arm of a robot,

without
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needing any prehension chucks (the arm of the robot can
be a simple arm coming under the wafer to be taken, since
said wafer is not contacting a solid surface) .

It should be noted that the heating device of the
invention comprises specific means which allow performing
the thermal annealing of the invention.

In this respect, some of the known furnaces comprise
some of the specific features of the device of the
invention.

As an example, WO 99/49501 discloses a furnace for
depositing material on one side of a wafer.

But such device is fundamentally different from the
device of the invention, as its function (performing a
deposition) induces structural differences.

Such differences comprise

- the fact that the device of WO 99/49501 does not
comprise heating elements on both sides of the wafer to
be treated,
- the fact that in such device, the wafer is lying
directly on a solid surface : it is therefore necessary
to use means such as a prehension chuck to contact the
upper surface of the wafer to retrieve it from the
heating device,- furthermore, such device does not
address (and can not address) a configuration with the
wafers disposed vertically (option which remains open in
the case of the invention).

EP 291 147 also discloses a furnace.

But such furnace does not allow individual control
of different heating elements.

Furthermore, such furnace does not either give any
hint to control the flux of heating gases within the

furnace.
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Such furnace is therefore not suited to finely
control the heat budget brought locally to the wafer.
EP 1 258 909 discloses a device with means to
control the flux of a gas. But such control is very
5 different from the control performed in the case of the
invention : what is sought in this prior art device is a
mechanical support of the wafer by a gas stream, without
needing any other holders.
Of course, in the perspective of cleaving a wafer,

10 such support is not desired.
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CLAIMS

1. Thermal annealing process for a wafer (T) of
material chosen among the semiconductor materials for the

purpose of detaching a layer from the said wafer at an

embrittlement zone, characterised in that during
annealing:
. a basic thermal budget is applied to the wafer,

said basic thermal budget being slightly inferior to the
budget necessary to detach the layer, this budget being

distributed in an even manner over the embrittlement zone;

U an additional thermal budget is also applied to
the wafer locally in a set region of the embrittlement
zone so as to initiate the detachment of the layer in
this region.

2. Process according to the previous claim,
characterised in that, during the application of a global
thermal budget, different heating elements, located

facing the wafer, are selectively controlled.

3. Process according to the previous claim,
characterised in that the wafer is placed substantially
vertically.

4, Process according to claim 2, characterised in

that the wafer is placed substantially horizontally.

5. Process according to one of the previous claims,
characterised in that the application of a basic thermal
budget 1is carried out in a first stage, then an
application of an additional localised thermal budget is
carried out in a second stage.

6. Process according to one of claims 1 to 4,

characterised in that the application of a basic thermal
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budget is carried out substantially simultaneously with
the application of an additional localised thermal budget.

7. Process according to one of the previous claims,
characterised in that annealing is applied,
simultaneously, to several wafers.

8. Process according to one of the previous claims,
characterised in that the flow of heat conducting gas is
controlled in the different regions of the surface of the
layer.

9. Process according to the previous claim,
characterised in that the said control is carried out
using a damper with a diffusion barrier geometry.

10. Process according to claim 8, characterised in
that the said control is carried out using a damper with
a perforated heating chamber geometry.

11. Device for the implementation of an annealing
process according to one of the previous claims for the
annealing of one or more wafers, characterised in that

the device comprises:

° a multiplicity of heating elements designed to

face different parts of each wafer to be annealed;

° means of selectively controlling the heating

capacity of each heating element;

° means of controlling the distribution of heat
conducting gas in the device;

12. Device according to the previous claim,
characterised in that the heating elements extend
substantially horizontally.

13. Device according to the previous claim,
characterised in that the heating elements have a general

circular form.
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14. Device according to the previous claim,
characterised in that the heating elements are placed one
after the other according to a substantially vertical
direction.

15. Device according to the previous claim,
characterised in that the device comprises a wafer
reception area into which the wafers are placed
substantially vertically for heating purposes.

16. Device according to the previous claim,
characterised in that the heating elements surround the
wafer reception area.

17. Device according to claim 11, characterised in
that the heating elements extend substantially in the
same plane.

18. Device according to the previous claim,
characterised in that the heating elements extend in a
concentric manner in relation to each other.

19. Device according to one of the two previous
claims, characterised in that the device comprises a
wafer reception area into which the wafers are placed
substantially horizontally for heating purposes.

20. Device according to one of the nine previous
claims, characterised in that the said means of
controlling the distribution of gas comprise a diffusion
damper enabling the flow of gas to be provoked according
to a desired configuration, placed facing an opening
enabling heat conducting gas to be introduced.

21. Device according to the previous claim,
characterised in that the damper has a diffusion barrier
geometry.

22. Device according to claim 20, characterised in

that the damper has a perforated heating chamber geometry.
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