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System and method for evaluation of heterogeneous 
deformations in multilayer wafers 

 
 

Background of the invention 
The present invention relates to the field of the production of 

multilayer semiconductor wafers or substrates produced by transfer of at 
least one layer formed from an initial substrate onto a final substrate, the 
layer transferred corresponding to a portion of the initial substrate. The 
layer transferred may further comprise all or part of a component or of a 
plurality of microcomponents. 

The present invention concerns the problem of the 
heterogeneous deformations that occur in a layer bonded by molecular 
adhesion to a substrate, and to be more precise on the transfer of such a 
layer from an initial substrate called the “donor substrate” to a final 
substrate called the “receiver substrate”. Such deformations have notably 
been observed in the case of the technology of three-dimensional 
integration of components (3D-integration) which necessitates the transfer 
of one or more layers of microcomponents onto a final support substrate 
but also in the case of transfer of circuits or in the production of back-lit 
imaging devices. Because in particular of the very small size and the large 
number of microcomponents generally present on the layers transferred, 
each of them must be positioned on the final substrate with great 
accuracy in order to comply with a very strict alignment with the 
underlying layer. Moreover, it may be necessary to carry out treatments 
on the layer after its transfer, for example to form other 
microcomponents, to uncover microcomponents on the surface, to make 
interconnections, etc. 

However, the Applicant has noticed that after such a transfer 
there exist situations in which it is very difficult or even impossible to form 
additional microcomponents in alignment with the microcomponents 
formed before the transfer. 

This phenomenon of misalignment is described with reference to 
figures 1A to 1E which show one embodiment of a three-dimensional 
structure comprising the transfer onto a final substrate of a layer of 
microcomponents formed on an initial substrate and the formation of an 

1 System and method for evaluation of heterogeneous deformations in multilayer wafers Background of
the invention          The present invention relates to the field of the production of multilayer semiconductor
wafers or substrates produced by transfer of at least one layer formed from an initial substrate onto a final
substrate, the layer transferred corresponding to a portion of the initial substrate. The layer transferred
may further comprise all or part of a component or of a plurality of microcomponents.         The present
invention concerns the problem of the heterogeneous deformations that occur in a layer bonded by
molecular adhesion to a substrate, and to be more precise on the transfer of such a layer from an initial
substrate called the "donor substrate" to a final substrate called the "receiver substrate". Such
deformations have notably been observed in the case of the technology of three-dimensional integration
of components (3D-integration) which necessitates the transfer of one or more layers of microcomponents
onto a final support substrate but also in the case of transfer of circuits or in the production of back-lit
imaging devices. Because in particular of the very small size and the large number of microcomponents
generally present on the layers transferred, each of them must be positioned on the final substrate with
great accuracy in order to comply with a very strict alignment with the underlying layer. Moreover, it may
be necessary to carry out treatments on the layer after its transfer, for example to form other
microcomponents, to uncover microcomponents on the surface, to make interconnections, etc.
However, the Applicant has noticed that after such a transfer there exist situations in which it is very
difficult or even impossible to form additional microcomponents in alignment with the microcomponents
formed before the transfer.         This phenomenon of misalignment is described with reference to figures
1A to 1E which show one embodiment of a three-dimensional structure comprising the transfer onto a
final substrate of a layer of microcomponents formed on an initial substrate and the formation of an  2 
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additional layer of microcomponents on the exposed face of the initial 
substrate after bonding. 

Figures 1A and 1B show an initial substrate 10 on which is 
formed a first series of microcomponents 11. The microcomponents 11 are 
formed by photolithography by means of a mask enabling definition of the 
areas of formation of patterns corresponding to the microcomponents 11 
to be produced. 

As shown in figure 1C, the face of the initial substrate 10 
comprising the microcomponents 11 is then brought into intimate contact 
with a face of a final substrate 20, thus forming the composite structure 
25. The bonding between the initial substrate 10 and the final substrate 
20 is effected by molecular adhesion. There is thus obtained a buried layer 
of microcomponents 11 at the bonding interface between the substrates 
10 and 20. After bonding, and as shown in figure 1D, the initial substrate 
10 is thinned in order to remove a portion of material present over the 
layer of microcomponents 11. A thinned composite structure 30 is then 
obtained formed of the final substrate 20 and a layer 10a corresponding to 
the remaining portion of the initial substrate 10. 

As shown in figure 1E, the next step in the production of the 
three-dimensional structure consists in forming a second layer of 
microcomponents 12 at the level of the exposed surface of the thinned 
initial substrate 10, or in carrying out complementary technological steps 
on this exposed surface, in alignment with the components included in the 
layer 10a (contacts, interconnections, etc.). For simplicity, in the 
remainder of this text the term “microcomponents” refers to devices or 
any other patterns resulting from technology steps effected on or in the 
layers and the positioning of which must be controlled accurately. It may 
thus be a question of active or passive components, contacts or 
interconnections. 

Thus, in order to form the microcomponents 12 in alignment with 
the buried microcomponents 11, a photolithographic mask is used similar 
to that used to form the microcomponents 11. Here similar masks means 
masks that were designed to be used in association during a fabrication 
process. 

The layers transferred, such as the layer 10a, typically comprise 
marks (or markers) both at the level of the microcomponents and at the 

additional layer of microcomponents on the exposed face of the initial substrate after bonding.
Figures 1A and 1B show an initial substrate 10 on which is formed a first series of microcomponents 11.
The microcomponents 11 are formed by photolithography by means of a mask enabling definition of the
areas of formation of patterns corresponding to the microcomponents 11 to be produced.          As shown
in figure 1C, the face of the initial substrate 10 comprising the microcomponents 11 is then brought into
intimate contact with a face of a final substrate 20, thus forming the composite structure 25. The bonding
between the initial substrate 10 and the final substrate 20 is effected by molecular adhesion. There is thus
obtained a buried layer of microcomponents 11 at the bonding interface between the substrates 10 and
20. After bonding, and as shown in figure 1D, the initial substrate 10 is thinned in order to remove a
portion of material present over the layer of microcomponents 11. A thinned composite structure 30 is
then obtained formed of the final substrate 20 and a layer 10a corresponding to the remaining portion of
the initial substrate 10.          As shown in figure 1E, the next step in the production of the
three-dimensional structure consists in forming a second layer of microcomponents 12 at the level of the
exposed surface of the thinned initial substrate 10, or in carrying out complementary technological steps
on this exposed surface, in alignment with the components included in the layer 10a (contacts,
interconnections, etc.). For simplicity, in the remainder of this text the term "microcomponents" refers to
devices or any other patterns resulting from technology steps effected on or in the layers and the
positioning of which must be controlled accurately. It may thus be a question of active or passive
components, contacts or interconnections.          Thus, in order to form the microcomponents 12 in
alignment with the buried microcomponents 11, a photolithographic mask is used similar to that used to
form the microcomponents 11. Here similar masks means masks that were designed to be used in
association during a fabrication process.          The layers transferred, such as the layer 10a, typically
comprise marks (or markers) both at the level of the microcomponents and at the  3 level of the slice
forming the layer that are notably used by positioning and alignment tools during technological treatment
steps such as those executed for the purposes of photolithography.          However, even if positioning
tools are used, offsets arise between some of the microcomponents 11 and 12, such as the offsets All,
A22, A33, A44 indicated in figure 1E (respectively corresponding to the offsets observed between the
pairs of microcomponents 111/121, 112/122, 113/123 and 114/124). 
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level of the slice forming the layer that are notably used by positioning 
and alignment tools during technological treatment steps such as those 
executed for the purposes of photolithography. 

However, even if positioning tools are used, offsets arise 
between some of the microcomponents 11 and 12, such as the offsets 
Δ11, Δ22, Δ33, Δ44 indicated in figure 1E (respectively corresponding to 
the offsets observed between the pairs of microcomponents 111/121, 
112/122, 113/123 and 114/124). 

These offsets are not the result of basic transformations 
(translation, rotation or combinations thereof) that could originate in 
inaccurate assembly of the substrates. These offsets result from 
heterogeneous deformations that occur in the layer coming from the initial 
substrate when it is assembled with the final substrate. These 
deformations lead to local and non-uniform movements at the level of 
some microcomponents 11. Also, some of the microcomponents 12 
formed on the exposed surface 14b of the substrate after transfer feature 
variations of position with these microcomponents 11 that may be of the 
order of several hundred nanometres or even one micron. 

The phenomenon of so-called “overlay” or misalignment between 
the two layers of microcomponents 11 and 12 may be the source of short 
circuits, distortions in the stack or connection faults between the 
microcomponents of the two layers. Thus if the microcomponents 
transferred are imagers formed of pixels and the post-transfer processing 
steps are aimed at forming colour filters on each of these pixels, there has 
been observed a loss of the colorization function for some of these pixels. 

This misalignment phenomenon thus leads to a reduction in the 
quality and the value of the multilayer semiconductor wafers produced. 
The impact of this phenomenon becomes more and more critical because 
of the ever increasing requirements in respect of miniaturization of 
microcomponents and their integration density in each layer. 

The method routinely used nowadays to determine if significant 
heterogeneous deformations are present in a multilayer wafer consists in 
determining the positioning of a number of microcomponents by carrying 
out optically measurements of position at the level of markers formed on 
or in the vicinity of those microcomponents (verniers, etc.). 

These offsets are not the result of basic transformations (translation, rotation or combinations thereof) that
could originate in inaccurate assembly of the substrates. These offsets result from heterogeneous
deformations that occur in the layer coming from the initial substrate when it is assembled with the final
substrate. These deformations lead to local and non-uniform movements at the level of some
microcomponents 11. Also, some of the microcomponents 12 formed on the exposed surface 14b of the
substrate after transfer feature variations of position with these microcomponents 11 that may be of the
order of several hundred nanometres or even one micron.          The phenomenon of so-called "overlay"
or misalignment between the two layers of microcomponents 11 and 12 may be the source of short
circuits, distortions in the stack or connection faults between the microcomponents of the two layers. Thus
if the microcomponents transferred are imagers formed of pixels and the post-transfer processing steps
are aimed at forming colour filters on each of these pixels, there has been observed a loss of the
colorization function for some of these pixels.          This misalignment phenomenon thus leads to a
reduction in the quality and the value of the multilayer semiconductor wafers produced. The impact of this
phenomenon becomes more and more critical because of the ever increasing requirements in respect of
miniaturization of microcomponents and their integration density in each layer.          The method routinely
used nowadays to determine if significant heterogeneous deformations are present in a multilayer wafer
consists in determining the positioning of a number of microcomponents by carrying out optically
measurements of position at the level of markers formed on or in the vicinity of those microcomponents
(verniers, etc.). 4          However, it is possible to proceed to these positioning tests only after thinning the
initial substrate and carrying out complementary technological steps on the exposed surface 14b of the
initial substrate 10.          Moreover, if alignment defects are detected in the initial substrate after it is
thinned, they cannot be corrected. In this case, the thinned initial substrate cannot be recycled. In the final
analysis, if positioning tests reveal in a thinned composite structure misalignments that are unacceptable
in terms of reliability and/or performance, the final substrate is lost, which significantly increases the cost
of production of multilayer wafers.          A technique for determination of misalignments in a
semiconductor wafer is moreover described in the patent document WO 2007/103566 A2. To be more
precise, this technique aims to evaluate misalignments liable to occur in a wafer during a photolithography
step, these misalignments resulting from mechanical stresses generated in the wafer.          In practise,
this technique consists in carrying out curvature measurements on one face of a layer produced by
deposition on a substrate. From curvature data obtained at different points of the layer, the internal
mechanical stresses of this layer relative to the substrate are determined. Knowing these stresses, it is
possible to evaluate the "movements" of this layer relative to the substrate. The evaluation of these
movements before or during a photolithography step notably makes it possible to determine how to
compensate or correct the photolithography parameters in such a manner as to minimize the
misalignments.          However, this technique concerns only the evaluation of deformations generated
over the whole of a layer produced by deposition on a substrate (or possibly by ion implantation,
annealing or etching). These so-called homogeneous deformations are in fact the result of a mechanical
equilibrium obtained over the whole of the layer deposited on the substrate. This type of deformation
exhibits a behaviour that is now relatively predictable thanks to the use of models taking into account in
particular the laws of mechanics and the thicknesses in play (cf. equation 5 on page 5 of the document
WO 2007/103566 A2). 
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However, it is possible to proceed to these positioning tests only 
after thinning the initial substrate and carrying out complementary 
technological steps on the exposed surface 14b of the initial substrate 10. 

Moreover, if alignment defects are detected in the initial 
substrate after it is thinned, they cannot be corrected. In this case, the 
thinned initial substrate cannot be recycled. In the final analysis, if 
positioning tests reveal in a thinned composite structure misalignments 
that are unacceptable in terms of reliability and/or performance, the final 
substrate is lost, which significantly increases the cost of production of 
multilayer wafers. 

A technique for determination of misalignments in a 
semiconductor wafer is moreover described in the patent document 
WO 2007/103566 A2. To be more precise, this technique aims to evaluate 
misalignments liable to occur in a wafer during a photolithography step, 
these misalignments resulting from mechanical stresses generated in the 
wafer. 

In practise, this technique consists in carrying out curvature 
measurements on one face of a layer produced by deposition on a 
substrate. From curvature data obtained at different points of the layer, 
the internal mechanical stresses of this layer relative to the substrate are 
determined. Knowing these stresses, it is possible to evaluate the 
“movements” of this layer relative to the substrate. The evaluation of 
these movements before or during a photolithography step notably makes 
it possible to determine how to compensate or correct the 
photolithography parameters in such a manner as to minimize the 
misalignments. 

However, this technique concerns only the evaluation of 
deformations generated over the whole of a layer produced by deposition 
on a substrate (or possibly by ion implantation, annealing or etching). 
These so-called homogeneous deformations are in fact the result of a 
mechanical equilibrium obtained over the whole of the layer deposited on 
the substrate. This type of deformation exhibits a behaviour that is now 
relatively predictable thanks to the use of models taking into account in 
particular the laws of mechanics and the thicknesses in play (cf. equation 
5 on page 5 of the document WO 2007/103566 A2). 

5          The technique described in the document WO 2007/103566 A2 is, not designed to evaluate
heterogeneous deformation resulting from bonding of two wafers, however, and in particular bonding of
molecular adhesion type the mechanisms whereof are still very badly understood at present.          The
Applicant has noticed that the behaviour of the heterogeneous deformations resulting from bonding by
molecular adhesion is random and in any event very different from the classic homogeneous
deformations. At this writing, no model enables reliable evaluation of the level of heterogeneous
deformations generated in a layer bonded by molecular adhesion to a substrate. There therefore exists a
requirement to evaluate in a simple and effective manner the level of heterogeneous deformations in
multilayer structures produced by bonding by molecular adhesion, at an earlier stage of their fabrication.
Obiect and summary of the invention           One of the objects of the invention is to propose a solution
enabling a response to be given to the requirement as formulated hereinabove. To this end, the present
invention proposes a method for evaluation of heterogeneous deformations in a first wafer, the first wafer
being bonded by molecular adhesion to a second wafer, the evaluation method comprising:          a step
of surveying a plurality of measurement points, each of the measurement points being locally
representative of the level of the exposed surface of the first wafer;          a step of determination of at
least one surface profile of the first wafer passing through a plurality of measurement points;          a step
of processing the surface profile of the first wafer to determine therefrom a magnitude characteristic of the
processed surface profile; and          a step of evaluation of a level of heterogeneous deformations in said
first wafer as a function of said characteristic magnitude. 
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The technique described in the document WO 2007/103566 A2 
is, not designed to evaluate heterogeneous deformation resulting from 
bonding of two wafers, however, and in particular bonding of molecular 
adhesion type the mechanisms whereof are still very badly understood at 
present. 

The Applicant has noticed that the behaviour of the 
heterogeneous deformations resulting from bonding by molecular 
adhesion is random and in any event very different from the classic 
homogeneous deformations. At this writing, no model enables reliable 
evaluation of the level of heterogeneous deformations generated in a layer 
bonded by molecular adhesion to a substrate. There therefore exists a 
requirement to evaluate in a simple and effective manner the level of 
heterogeneous deformations in multilayer structures produced by bonding 
by molecular adhesion, at an earlier stage of their fabrication. 

 
Object and summary of the invention 
 One of the objects of the invention is to propose a solution 
enabling a response to be given to the requirement as formulated 
hereinabove. To this end, the present invention proposes a method for 
evaluation of heterogeneous deformations in a first wafer, the first wafer 
being bonded by molecular adhesion to a second wafer, the evaluation 
method comprising: 
 a step of surveying a plurality of measurement points, each of 
the measurement points being locally representative of the level of the 
exposed surface of the first wafer; 
 a step of determination of at least one surface profile of the first 
wafer passing through a plurality of measurement points; 
 a step of processing the surface profile of the first wafer to 
determine therefrom a magnitude characteristic of the processed surface 
profile; and 
 a step of evaluation of a level of heterogeneous deformations in 
said first wafer as a function of said characteristic magnitude. 

 Thanks to the evaluation method of the invention it is 
possible to evaluate the level of heterogeneous deformations in an initial 
substrate immediately after it is bonded to a final substrate. 

Thanks to the evaluation method of the invention it is possible to evaluate the level of heterogeneous
deformations in an initial substrate immediately after it is bonded to a final substrate.  6          Based on
the evaluation of a level of heterogeneous deformation, it is possible to estimate the offsets that have
occurred between the buried surface and the exposed surface of the initial substrate. More particularly,
the method of the invention enables estimation of the level of misalignments that would be likely to come
about if microcomponents were to be fabricated on the exposed surface of the initial substrate.          Thus
a simple and effective evaluation of the heterogeneous deformations is possible before proceeding to the
thinning of the initial substrate. The evaluation method of the invention does not necessitate the presence
of microcomponents on the exposed surface of the initial substrate or even the presence of
microcomponents buried in the initial substrate in such a manner as to be observable optically through a
relatively small thickness of the remaining initial substrate. The evaluation of a level of heterogeneous
deformations may thus be carried out very far upstream in the fabrication process of a three-dimensional
structure.          The evaluation method of the invention is preferably carried out just after bonding of the
initial substrate to the final substrate by molecular adhesion. This avoids carrying out additional
technology steps (thinning, production of microcomponents, etc.) that could prove of no utility and costly if
excessive misalignments were detected afterwards in the initial substrate.          When excessive
heterogeneous deformations are detected in an initial substrate after bonding, it is then possible to detach
the initial substrate from the final substrate and to try bonding by molecular adhesion again. The
evaluation method of the invention thus enables reuse (i.e. recycling) of an initial substrate if the bonding
has led to heterogeneous deformation.          In a first particular embodiment, the surface profile is
determined by measurement points disposed along a diameter of the first wafer. This situation applies of
course when the first wafer has a substantially cylindrical shape.          It is thus possible to log
measurement points on different diameters of the first wafer in order to obtain data representative of the
heterogeneous deformations over the whole of the first wafer.          In this first embodiment, the
characteristic magnitude is preferably the second derivative of the surface profile. 
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Based on the evaluation of a level of heterogeneous deformation, 
it is possible to estimate the offsets that have occurred between the 
buried surface and the exposed surface of the initial substrate. More 
particularly, the method of the invention enables estimation of the level of 
misalignments that would be likely to come about if microcomponents 
were to be fabricated on the exposed surface of the initial substrate. 

Thus a simple and effective evaluation of the heterogeneous 
deformations is possible before proceeding to the thinning of the initial 
substrate. The evaluation method of the invention does not necessitate 
the presence of microcomponents on the exposed surface of the initial 
substrate or even the presence of microcomponents buried in the initial 
substrate in such a manner as to be observable optically through a 
relatively small thickness of the remaining initial substrate. The evaluation 
of a level of heterogeneous deformations may thus be carried out very far 
upstream in the fabrication process of a three-dimensional structure. 

The evaluation method of the invention is preferably carried out 
just after bonding of the initial substrate to the final substrate by 
molecular adhesion. This avoids carrying out additional technology steps 
(thinning, production of microcomponents, etc.) that could prove of no 
utility and costly if excessive misalignments were detected afterwards in 
the initial substrate. 

When excessive heterogeneous deformations are detected in an 
initial substrate after bonding, it is then possible to detach the initial 
substrate from the final substrate and to try bonding by molecular 
adhesion again. The evaluation method of the invention thus enables 
reuse (i.e. recycling) of an initial substrate if the bonding has led to 
heterogeneous deformation. 

In a first particular embodiment, the surface profile is determined 
by measurement points disposed along a diameter of the first wafer. This 
situation applies of course when the first wafer has a substantially 
cylindrical shape. 

It is thus possible to log measurement points on different 
diameters of the first wafer in order to obtain data representative of the 
heterogeneous deformations over the whole of the first wafer. 

In this first embodiment, the characteristic magnitude is 
preferably the second derivative of the surface profile. 

7          Moreover, the evaluation step of the evaluation method may comprise at least one of the following
tests:          a first test to determine if the second derivative has at least one change of sign; and          a
second test to determine if the second derivative has at least one absolute value greater than a
predetermined value.          Each of these two tests enables simple and effective evaluation of a level of
heterogeneous deformations in an initial substrate after bonding by molecular adhesion to a final
substrate.          In one embodiment of the invention, only one of the two tests described above is carried
out.          Alternatively, both tests are carried out to evaluate a level of heterogeneous deformations in the
first wafer.          In a second embodiment, the surface profile is determined by measurement points
disposed along a circle the centre of which coincides with the centre of said first wafer.          In one
particular embodiment, the evaluation method comprises carrying out the following steps:  determination
of a plurality of surface profiles of the first wafer, 
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Moreover, the evaluation step of the evaluation method may 
comprise at least one of the following tests: 

a first test to determine if the second derivative has at least one 
change of sign; and 

a second test to determine if the second derivative has at least 
one absolute value greater than a predetermined value. 

Each of these two tests enables simple and effective evaluation 
of a level of heterogeneous deformations in an initial substrate after 
bonding by molecular adhesion to a final substrate. 

In one embodiment of the invention, only one of the two tests 
described above is carried out. 

Alternatively, both tests are carried out to evaluate a level of 
heterogeneous deformations in the first wafer. 

In a second embodiment, the surface profile is determined by 
measurement points disposed along a circle the centre of which coincides 
with the centre of said first wafer. 

In one particular embodiment, the evaluation method comprises 
carrying out the following steps: 

- determination of a plurality of surface profiles of the first wafer, 
- for each surface profile of the plurality of surface profiles, carrying 

out of a processing step for determining therefrom a magnitude 
characteristic of the processed profile, wherein, during the 
evaluation step, the level of heterogeneous deformations is 
determined as a function of said characteristic magnitudes so 
determined. 

Alternatively, a plurality of logs of measurement points may be 
produced, the logs being spaced from each other and produced in the 
same direction. In this way, all the logs of measurement points produced 
are parallel to each other in a first direction. There may in particular be 
envisaged the situation in which the logs are uniformly spaced from each 
other and oriented according to the same first direction. 

Moreover, and still in the context of this alternative, it is possible 
to produce a plurality of additional logs in which the measurement points 
of each of the logs are in the same second direction, this second direction 
being different from the first direction mentioned above. For example 
logging of measurement points may be carried out in accordance with a 

for each surface profile of the plurality of surface profiles, carrying out of a processing step for determining
therefrom a magnitude characteristic of the processed profile, wherein, during the evaluation step, the
level of heterogeneous deformations is determined as a function of said characteristic magnitudes so
determined.          Alternatively, a plurality of logs of measurement points may be produced, the logs being
spaced from each other and produced in the same direction. In this way, all the logs of measurement
points produced are parallel to each other in a first direction. There may in particular be envisaged the
situation in which the logs are uniformly spaced from each other and oriented according to the same first
direction.          Moreover, and still in the context of this alternative, it is possible to produce a plurality of
additional logs in which the measurement points of each of the logs are in the same second direction, this
second direction being different from the first direction mentioned above. For example logging of
measurement points may be carried out in accordance with a 8 grid formed by lines parallel to the first
and second directions. This grid could be uniform and the first and second directions could be chosen to
be perpendicular.          Moreover, the measurement points of each log may be measured with a
measurement step, the measurement step being determined as a function of a dimension of at least one
pattern of the first wafer.          In one particular embodiment, the measurement step may substantially
correspond to half a dimension of a pattern of said first wafer. In one particular case, a pattern has a
rectangular shape on the exposed surface of the initial substrate, the measurement step substantially
corresponding to half of one side of this pattern.          The choice of an appropriate measurement step,
and this as a function of a dimension of a pattern of the first wafer, is advantageous in that it enables no
account to be taken of any infinitesimally small variations in the level of the exposed surface of the first
wafer, these variations causing very localized changes of sign of the second derivative of the
corresponding surface profile.          Moreover, the logging of a plurality of measurement points may be
carried out by acoustic microscopy. 
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grid formed by lines parallel to the first and second directions. This grid 
could be uniform and the first and second directions could be chosen to be 
perpendicular. 

Moreover, the measurement points of each log may be measured 
with a measurement step, the measurement step being determined as a 
function of a dimension of at least one pattern of the first wafer. 

In one particular embodiment, the measurement step may 
substantially correspond to half a dimension of a pattern of said first 
wafer. In one particular case, a pattern has a rectangular shape on the 
exposed surface of the initial substrate, the measurement step 
substantially corresponding to half of one side of this pattern. 

The choice of an appropriate measurement step, and this as a 
function of a dimension of a pattern of the first wafer, is advantageous in 
that it enables no account to be taken of any infinitesimally small 
variations in the level of the exposed surface of the first wafer, these 
variations causing very localized changes of sign of the second derivative 
of the corresponding surface profile. 

Moreover, the logging of a plurality of measurement points may 
be carried out by acoustic microscopy. 
 The present invention also concerns a method of selection of at 
least one structure comprising a first wafer bonded by molecular adhesion 
to a second wafer, the selection method comprising: 

a step of evaluation of the heterogeneous deformations in the first 
wafer of each structure by the evaluation method as described above; and 

a step of selection of one or more structures on the basis of the 
characteristic magnitudes determined for each structure evaluated. 

Accordingly, if the first test and the second test are carried out 
during the evaluation step, for example, a structure is selected only if 
these two tests are negative. 

The selection method of the invention enables retention, from a 
batch comprising a plurality of multilayer structures, of the satisfactory 
structures, i.e. those that have an acceptable level of heterogeneous 
deformations, and elimination of the structures having an unacceptable 
level of non-homogenous deformations. 
 The present invention further concerns a device for evaluation 
of heterogeneous deformations in a first wafer, the first wafer being 

The present invention also concerns a method of selection of at least one structure comprising a first
wafer bonded by molecular adhesion to a second wafer, the selection method comprising:        a step of
evaluation of the heterogeneous deformations in the first wafer of each structure by the evaluation
method as described above; and        a step of selection of one or more structures on the basis of the
characteristic magnitudes determined for each structure evaluated.          Accordingly, if the first test and
the second test are carried out during the evaluation step, for example, a structure is selected only if
these two tests are negative.          The selection method of the invention enables retention, from a batch
comprising a plurality of multilayer structures, of the satisfactory structures, i.e. those that have an
acceptable level of heterogeneous deformations, and elimination of the structures having an
unacceptable level of non-homogenous deformations.          The present invention further concerns a
device for evaluation of heterogeneous deformations in a first wafer, the first wafer being  9 bonded by
molecular adhesion to a second wafer, the evaluation device comprising:          measuring means for
surveying a plurality of measurement points, each of said measurement points being locally
representative of the level of the exposed surface of the first wafer; 
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bonded by molecular adhesion to a second wafer, the evaluation device 
comprising: 
 measuring means for surveying a plurality of measurement 
points, each of said measurement points being locally representative of 
the level of the exposed surface of the first wafer; 
 calculation means for determining at least one surface profile of 
the first wafer passing through a plurality of the measurement points and 
for determination of a magnitude characteristic thereof; and 
 evaluation means for evaluating a level of heterogeneous 
deformations in the first wafer as a function of the characteristic 
magnitude. 

It will be noted that the advantages stated and comments made 
with reference to the various embodiments of the evaluation method and 
the selection method of the invention apply in analogous manner to the 
various embodiments of the evaluation device and the selection device of 
the invention. 

In one particular embodiment, the characteristic magnitude is the 
second derivative of the surface profile. 

In this embodiment, the evaluation means may be configured to 
execute at least one of the following tests: 

a first test for determining if the second derivative has at least 
one change of sign; and 

a second test for determining if the second derivative has at least 
one absolute value greater than a predetermined value. 

The measuring means may be configured so that the 
measurement points of each log are measured along a diameter of the 
first wafer. 

Alternatively, the measuring means are configured to produce a 
plurality of logs of measurement points, the logs being spaced from each 
other and produced in the same direction. 

The measuring means may further be configured so that the 
measurement points of each log are measured with a measurement step, 
the measurement step being determined as a function of a dimension of 
at least one pattern of the first wafer. 

calculation means for determining at least one surface profile of the first wafer passing through a plurality
of the measurement points and for determination of a magnitude characteristic thereof; and
evaluation means for evaluating a level of heterogeneous deformations in the first wafer as a function of
the characteristic magnitude.          It will be noted that the advantages stated and comments made with
reference to the various embodiments of the evaluation method and the selection method of the invention
apply in analogous manner to the various embodiments of the evaluation device and the selection device
of the invention.          In one particular embodiment, the characteristic magnitude is the second derivative
of the surface profile.          In this embodiment, the evaluation means may be configured to execute at
least one of the following tests:          a first test for determining if the second derivative has at least one
change of sign; and          a second test for determining if the second derivative has at least one absolute
value greater than a predetermined value.          The measuring means may be configured so that the
measurement points of each log are measured along a diameter of the first wafer.          Alternatively, the
measuring means are configured to produce a plurality of logs of measurement points, the logs being
spaced from each other and produced in the same direction.          The measuring means may further be
configured so that the measurement points of each log are measured with a measurement step, the
measurement step being determined as a function of a dimension of at least one pattern of the first wafer.
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In one particular embodiment, the measurement step 
substantially corresponds to half a dimension of a pattern of the first 
wafer. 

Moreover, the measuring means of the invention may comprise 
an acoustic microscope. 
Brief description of the drawings 

Other features and advantages of the invention will emerge from 
the following description of particular embodiments of the invention, 
provided by way of example, given with reference to the appended 
drawings, in which: 

- Figures 1A to 1E are diagrammatic views showing the production 
of a prior art three-dimensional structure; 

- Figure 2 is a perspective half-section of a composite structure 
comprising a first wafer bonded to a second wafer; 

- Figure 3 represents, in flowchart form, the main steps of an 
evaluation method and a selection method conforming to one 
particular embodiment of the invention; 

- Figures 4A, 4B, 4C and 4D respectively represent a diagrammatic 
view of a first example of bonding a first wafer to a second 
wafer, the curve of a surface profile corresponding to this first 
example, the curve of the corresponding second derivative along 
a particular diameter, and a curve representative of the 
misalignments present in the first wafer along a particular radius; 

- Figures 5A, 5B, 5C and 5D respectively represent a diagrammatic 
view of a second example of bonding a first wafer to a second 
wafer, the curve of a surface profile corresponding to this second 
example, the curve of the corresponding second derivative along 
a particular diameter, and a curve representative of the 
misalignments present in the first wafer along a particular radius; 

- Figures 6A, 6B, 6C and 6D respectively represent a diagrammatic 
view of a third example of bonding a first wafer to a second 
wafer, the curve of a surface profile corresponding to this third 
example, the curve of the corresponding second derivative along 
a particular diameter, and a curve representative of the 
misalignments present in the first wafer along a particular radius; 

10          In one particular embodiment, the measurement step substantially corresponds to half a
dimension of a pattern of the first wafer.          Moreover, the measuring means of the invention may
comprise an acoustic microscope. Brief description of the drawings           Other features and advantages
of the invention will emerge from the following description of particular embodiments of the invention,
provided by way of example, given with reference to the appended drawings, in which:  Figures 1A to 1E
are diagrammatic views showing the production of a prior art three-dimensional structure;  Figure 2 is a
perspective half-section of a composite structure comprising a first wafer bonded to a second wafer;
Figure 3 represents, in flowchart form, the main steps of an evaluation method and a selection method
conforming to one particular embodiment of the invention;  Figures 4A, 4B, 4C and 4D respectively
represent a diagrammatic view of a first example of bonding a first wafer to a second wafer, the curve of a
surface profile corresponding to this first example, the curve of the corresponding second derivative along
a particular diameter, and a curve representative of the misalignments present in the first wafer along a
particular radius; 
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- Figure 7 represents diagrammatically an example of an acoustic 
microscopy technique for measuring a surface profile; 

- Figure 8A represents a perspective half-section of a composite 
structure comprising a first wafer bonded to a second wafer; and 

- Figure 8B represents the structure from Figure 8A as seen from 
above. 
 

Detailed description of one embodiment 
The present invention proposes a solution enabling evaluation of 

a level of heterogeneous deformations in a first wafer corresponding to an 
initial substrate bonded by molecular adhesion to a second wafer 
corresponding to a final substrate. 

Considered here is the case of the composite structure 125 as 
shown in Figure 2. In this example, the composite structure 125 is formed 
by bonding by molecular adhesion a first wafer 110 having 
microcomponents 111 on its bonding surface 114a to a second wafer 120 
so as to bury the microcomponents 111 at the level of the bonding 
interface. 

In the examples described here, the wafers used to form the 
composite structure 125 have a diameter of 300 mm. It will nevertheless 
be understood that the invention applies to other wafer sizes and/or 
shapes. 

There are described with reference to Figure 3 the main steps 
(steps E1 to E3) of the evaluation method of one embodiment of the 
invention, this method enabling evaluation of a level of heterogeneous 
deformations in the composite structure 125 shown in Figure 2. 

The Applicant has found, surprisingly, that it is possible to obtain 
information on the heterogeneous deformations in the first wafer 110 by 
studying the reliefs on the exposed surface 114b of the first wafer 110. 

Thus there is first carried out a step E1 of logging a plurality of 
measurement points, each measurement point being locally representative 
of the level of the exposed surface of the wafer 110. Each logging effected 
thus corresponds to a surface profile of the first wafer 110 in a particular 
direction or along a particular curve and over a particular length. 

Figures 5A, 5B, 5C and 5D respectively represent a diagrammatic view of a second example of bonding a
first wafer to a second wafer, the curve of a surface profile corresponding to this second example, the
curve of the corresponding second derivative along a particular diameter, and a curve representative of
the misalignments present in the first wafer along a particular radius;  Figures 6A, 6B, 6C and 6D
respectively represent a diagrammatic view of a third example of bonding a first wafer to a second wafer,
the curve of a surface profile corresponding to this third example, the curve of the corresponding second
derivative along a particular diameter, and a curve representative of the misalignments present in the first
wafer along a particular radius;  11  Figure 7 represents diagrammatically an example of an acoustic
microscopy technique for measuring a surface profile;  Figure 8A represents a perspective half-section of
a composite structure comprising a first wafer bonded to a second wafer; and  Figure 8B represents the
structure from Figure 8A as seen from above. Detailed description of one embodiment           The present
invention proposes a solution enabling evaluation of a level of heterogeneous deformations in a first wafer
corresponding to an initial substrate bonded by molecular adhesion to a second wafer corresponding to a
final substrate.          Considered here is the case of the composite structure 125 as shown in Figure 2. In
this example, the composite structure 125 is formed by bonding by molecular adhesion a first wafer 110
having microcomponents 111 on its bonding surface 114a to a second wafer 120 so as to bury the
microcomponents 111 at the level of the bonding interface. 
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Thus here surface profile means a profile representative of the 
relief (or level) of a surface in a particular direction or a particular curve 
and over a particular length. 

In the present case, each log of measurement points is locally 
representative of the level or relief of the exposed surface 114b of the first 
wafer 110 vis-à-vis an axis Z perpendicular to said exposed surface 114b. 

The or each log of measurement points is typically effected by 
means of mechanical or optical profilometry equipment (by interferometry, 
for example). The logs are preferably produced using an acoustic 
microscopy technique, this technique enabling advantageous reduction in 
the measurement time of each log. 

Figure 7 represents diagrammatically an example of an acoustic 
microscopy technique enabling measurement of a profile of the exposed 
surface 114b of the first wafer 110. 

A probe 147 comprises a source 148 configured to emit an 
incident acoustic wave 140 in the direction of the composite structure 125. 
This acoustic wave propagates in the first wafer 110 and then in the 
second wafer 120, thus encountering three successive interfaces, namely 
the exposed surface 114b of the first wafer 110, then the buried surface 
114a of the first wafer 110, and finally the rear face of the second wafer 
120. The acoustic wave 140 is partially reflected at each interface, each 
time producing an echo that is sent back to the acoustic sensor 150 of the 
probe 147. There is thus detected by means of the acoustic sensor 150 
the reception of the echoes 142, 144 and 146 respectively resulting from 
the reflection of the acoustic wave 142 at the rear face of the second 
wafer 120, at the buried surface 114a and at the exposed surface 114b. 

It is then possible to determine the distance between the wafer 
147 and the exposed surface 114b of the first wafer 110 from the time 
necessary for the echo 146 to reach the probe 147. Alternatively, the 
thickness of the first wafer may be measured at a given position from the 
time shift between reception of the echo 146 and reception of the echo 
144. 

By moving the probe in front of the composite structure 125, it is 
thus possible to produce a log of measurement points corresponding to a 
profile of the exposed surface 114b of the first wafer 110. 

In the examples described here, the wafers used to form the composite structure 125 have a diameter of
300 mm. It will nevertheless be understood that the invention applies to other wafer sizes and/or shapes.
There are described with reference to Figure 3 the main steps (steps El to E3) of the evaluation method of
one embodiment of the invention, this method enabling evaluation of a level of heterogeneous
deformations in the composite structure 125 shown in Figure 2.          The Applicant has found,
surprisingly, that it is possible to obtain information on the heterogeneous deformations in the first wafer
110 by studying the reliefs on the exposed surface 114b of the first wafer 110.          Thus there is first
carried out a step El of logging a plurality of measurement points, each measurement point being locally
representative of the level of the exposed surface of the wafer 110. Each logging effected thus
corresponds to a surface profile of the first wafer 110 in a particular direction or along a particular curve
and over a particular length.  12          Thus here surface profile means a profile representative of the
relief (or level) of a surface in a particular direction or a particular curve and over a particular length.
In the present case, each log of measurement points is locally representative of the level or relief of the
exposed surface 114b of the first wafer 110 vis-a-vis an axis Z perpendicular to said exposed surface
114b.          The or each log of measurement points is typically effected by means of mechanical or optical
profilometry equipment (by interferometry, for example). The logs are preferably produced using an
acoustic microscopy technique, this technique enabling advantageous reduction in the measurement time
of each log.          Figure 7 represents diagrammatically an example of an acoustic microscopy technique
enabling measurement of a profile of the exposed surface 114b of the first wafer 110. 
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In the example described here the measurement points are 
logged along a diameter D of the first wafer 110. In a second example, 
the measurement points are logged along a circle (or a circular arc) the 
centre of which coincides with the centre of the wafer 110 and the radius 
of which is less than the radius of the wafer. 

However, it is possible to carry out more than one logging of 
measurement points in any direction and/or over any distance. Moreover, 
the direction and the length of each log may be chosen as a function 
notably of the constraints and requirements of a given situation (the 
technology concerned, the required level of reliability, the equipment 
used, etc.). To continue the second example from above, the log may 
consist in a series of concentric circles the centres of which coincide with 
the centre of the wafer 110 and the radii of which are chosen so as to 
distribute the measurement points over the surface of the wafer. 

There is then effected a step E2 of determination of at least one 
surface profile of the wafer 110, each profile passing through a plurality of 
measurement points of a log produced in the step E1. A surface profile 
may thus correspond to some or all of the measurement points of a log 
produced in the step E1. If a plurality of measurement loggings were 
produced in the step E1, a measurement profile is determined for each of 
them in the step E2. 

Once the step E2 has been effected, processing is carried out 
(step E3) for each surface profile obtained in the step E2 in order to 
deduce therefrom a corresponding characteristic magnitude. As explained 
in more detail hereinafter, this characteristic magnitude may be of a 
different kind. 

To be more precise, the Applicant has determined that different 
treatments based on the surface profile determined in the step E2 enable 
information to be obtained representative of the level of heterogeneous 
deformations present in the wafer 110. 

In a first embodiment of the invention, during the step E3, a 
second derivative is calculated from measurement points obtained along 
the diameter D of the wafer 110. The second derivative calculated in this 
way provides information on the variations of the slope of the surface 
profile along that diameter. 

A probe 147 comprises a source 148 configured to emit an incident acoustic wave 140 in the direction of
the composite structure 125. This acoustic wave propagates in the first wafer 110 and then in the second
wafer 120, thus encountering three successive interfaces, namely the exposed surface 114b of the first
wafer 110, then the buried surface 114a of the first wafer 110, and finally the rear face of the second
wafer 120. The acoustic wave 140 is partially reflected at each interface, each time producing an echo
that is sent back to the acoustic sensor 150 of the probe 147. There is thus detected by means of the
acoustic sensor 150 the reception of the echoes 142, 144 and 146 respectively resulting from the
reflection of the acoustic wave 142 at the rear face of the second wafer 120, at the buried surface 114a
and at the exposed surface 114b.          It is then possible to determine the distance between the wafer
147 and the exposed surface 114b of the first wafer 110 from the time necessary for the echo 146 to
reach the probe 147. Alternatively, the thickness of the first wafer may be measured at a given position
from the time shift between reception of the echo 146 and reception of the echo 144.          By moving the
probe in front of the composite structure 125, it is thus possible to produce a log of measurement points
corresponding to a profile of the exposed surface 114b of the first wafer 110.  13          In the example
described here the measurement points are logged along a diameter D of the first wafer 110. In a second
example, the measurement points are logged along a circle (or a circular arc) the centre of which
coincides with the centre of the wafer 110 and the radius of which is less than the radius of the wafer.
However, it is possible to carry out more than one logging of measurement points in any direction and/or
over any distance. Moreover, the direction and the length of each log may be chosen as a function
notably of the constraints and requirements of a given situation (the technology concerned, the required
level of reliability, the equipment used, etc.). To continue the second example from above, the log may
consist in a series of concentric circles the centres of which coincide with the centre of the wafer 110 and
the radii of which are chosen so as to distribute the measurement points over the surface of the wafer.
There is then effected a step E2 of determination of at least one surface profile of the wafer 110, each
profile passing through a plurality of measurement points of a log produced in the step El. A surface
profile may thus correspond to some or all of the measurement points of a log produced in the step El. If a
plurality of measurement loggings were produced in the step El, a measurement profile is determined for
each of them in the step E2.          Once the step E2 has been effected, processing is carried out (step
E3) for each surface profile obtained in the step E2 in order to deduce therefrom a corresponding
characteristic magnitude. As explained in more detail hereinafter, this characteristic magnitude may be of
a different kind.          To be more precise, the Applicant has determined that different treatments based
on the surface profile determined in the step E2 enable information to be obtained representative of the
level of heterogeneous deformations present in the wafer 110. 
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The Applicant has noted, surprisingly, that the second derivative 
of a surface profile provides information representative of the level of 
heterogeneous deformations existing in the first wafer 110 bonded by 
molecular adhesion to the second wafer 120. In a second embodiment of 
the invention, there is determined during the processing step E3 the 
spread of a surface profile determined in the step E2, that surface profile 
corresponding to a circular log. The Applicant has observed, surprisingly, 
that the spread (as measured by a standard deviation or the difference 
between the maximum and minimum values) of a surface profile 
corresponding to a circular log also provides information representative of 
the level of heterogeneous deformations existing in the first wafer 110 
bonded by molecular adhesion to the second wafer 120. 

There is then carried out (step E4) an evaluation of the levels of 
heterogeneous deformations of the first wafer 110 as a function of the 
characteristic magnitude obtained in the step E3. This evaluation enables 
estimation of the misalignments that are liable to occur later in the 
fabrication of a heterostructure such as that described with reference to 
Figure 1E. 

Referring to the case of Figure 1, for example, the invention 
enables estimation of the level of alignment faults Δ11, Δ22, Δ33 and Δ44 
that would be obtained by fabricating the microcomponents 12 with a 
photolithography mask similar to that used to fabricate the 
microcomponents 11. 

To this end, the Applicant has found that there are various ways 
to exploit the characteristic magnitude (i.e. the second derivative or the 
spread) of a surface profile to evaluate a level of heterogeneous 
deformations in a wafer. 

Examples of using a second derivative of a surface profile 
enabling evaluation of a level of heterogeneous deformations (first 
embodiment) are described first with reference to the examples of Figures 
4A, 5A and 6A. 

In all the examples considered here, the first wafers 210, 310 
and 410 have a slightly concave shape before they are bonded to the 
second wafers 220, 320 and 420, respectively. For clarity, the curvature of 
the first wafers 210, 310 and 410 has been intentionally exaggerated in 
Figures 4A, 5A and 6A, respectively. Moreover, in each of these examples, 

In a first embodiment of the invention, during the step E3, a second derivative is calculated from
measurement points obtained along the diameter D of the wafer 110. The second derivative calculated in
this way provides information on the variations of the slope of the surface profile along that diameter.  14
The Applicant has noted, surprisingly, that the second derivative of a surface profile provides information
representative of the level of heterogeneous deformations existing in the first wafer 110 bonded by
molecular adhesion to the second wafer 120. In a second embodiment of the invention, there is
determined during the processing step E3 the spread of a surface profile determined in the step E2, that
surface profile corresponding to a circular log. The Applicant has observed, surprisingly, that the spread
(as measured by a standard deviation or the difference between the maximum and minimum values) of a
surface profile corresponding to a circular log also provides information representative of the level of
heterogeneous deformations existing in the first wafer 110 bonded by molecular adhesion to the second
wafer 120.          There is then carried out (step E4) an evaluation of the levels of heterogeneous
deformations of the first wafer 110 as a function of the characteristic magnitude obtained in the step E3.
This evaluation enables estimation of the misalignments that are liable to occur later in the fabrication of a
heterostructure such as that described with reference to Figure 1E.          Referring to the case of Figure
1, for example, the invention enables estimation of the level of alignment faults All, A22, A33 and A44 that
would be obtained by fabricating the microcomponents 12 with a photolithography mask similar to that
used to fabricate the microcomponents 11.          To this end, the Applicant has found that there are
various ways to exploit the characteristic magnitude (i.e. the second derivative or the spread) of a surface
profile to evaluate a level of heterogeneous deformations in a wafer.          Examples of using a second
derivative of a surface profile enabling evaluation of a level of heterogeneous deformations (first
embodiment) are described first with reference to the examples of Figures 4A, 5A and 6A.          In all the
examples considered here, the first wafers 210, 310 and 410 have a slightly concave shape before they
are bonded to the second wafers 220, 320 and 420, respectively. For clarity, the curvature of the first
wafers 210, 310 and 410 has been intentionally exaggerated in Figures 4A, 5A and 6A, respectively.
Moreover, in each of these examples,  
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microcomponents (211, 311 and 411) are present on the surface (214a, 
314a and 414a) of the first wafer (210, 310 and 410). 

In the first and second cases shown in Figures 4A and 5A, 
respectively, the first wafers 210 and 310 are placed on a support S 
(commonly known as a chuck) and have a concave shape on that support. 
The curvature of the first wafers 210 and 310 is directed away from the 
support S so that the surfaces 214a and 314a comprising the 
microcomponents 211 and 311 are exposed. 

The second wafers 220 and 320 are then placed on the surfaces 
214a and 314a of the first wafers 210 and 310, respectively, in order to 
proceed to bonding. 

A contact force is applied over a region (or at a point) on the 
second wafers 220 and 320 by means of an applicator tool (respectively 
denoted 231 and 331). The contact force generated by the applicator tools 
231 and 331 in each case enables initiation of a bonding wave between 
the first and second wafers. The first wafers 210 and 310 are thus bonded 
by molecular adhesion to the second wafers 220 and 320, respectively. In 
each case, the microcomponents are then buried at the bonding interface 
between the first and second wafers. 

In the first case (Figure 4A), the contact force is applied at the 
peripheral edge of the second wafer 220. In the second case (Figure 5A), 
on the other hand, the contact force is applied at the centre of the second 
wafer 320. 

The third case shown in Figure 6A differs from the first and 
second cases in that the second wafer 420 is positioned directly on the 
support S. The first wafer 410 is then placed on the second wafer 420, the 
face 414a of the first wafer 410 comprising the microcomponents 411 
being directed toward the second wafer 420. 

A contact force is then applied at the centre of the first wafer 410 
by means of an applicator tool 431 in order to initiate the propagation of a 
bonding wave between the first wafer 410 and the second wafer 420. 

In the three cases considered here a composite structure is 
therefore obtained comprising a first wafer bonded by molecular adhesion 
to a second wafer (as shown in Figure 2). Note that, in the examples 
described here, a contact force of 3.7 N is applied for 6 seconds to initiate 
the bonding wave. 

15 microcomponents (211, 311 and 411) are present on the surface (214a, 314a and 414a) of the first
wafer (210, 310 and 410).          In the first and second cases shown in Figures 4A and 5A, respectively,
the first wafers 210 and 310 are placed on a support S (commonly known as a chuck) and have a
concave shape on that support. The curvature of the first wafers 210 and 310 is directed away from the
support S so that the surfaces 214a and 314a comprising the microcomponents 211 and 311 are
exposed.          The second wafers 220 and 320 are then placed on the surfaces 214a and 314a of the
first wafers 210 and 310, respectively, in order to proceed to bonding.          A contact force is applied
over a region (or at a point) on the second wafers 220 and 320 by means of an applicator tool
(respectively denoted 231 and 331). The contact force generated by the applicator tools 231 and 331 in
each case enables initiation of a bonding wave between the first and second wafers. The first wafers 210
and 310 are thus bonded by molecular adhesion to the second wafers 220 and 320, respectively. In each
case, the microcomponents are then buried at the bonding interface between the first and second wafers.
In the first case (Figure 4A), the contact force is applied at the peripheral edge of the second wafer 220.
In the second case (Figure 5A), on the other hand, the contact force is applied at the centre of the second
wafer 320.          The third case shown in Figure 6A differs from the first and second cases in that the
second wafer 420 is positioned directly on the support S. The first wafer 410 is then placed on the second
wafer 420, the face 414a of the first wafer 410 comprising the microcomponents 411 being directed
toward the second wafer 420.          A contact force is then applied at the centre of the first wafer 410 by
means of an applicator tool 431 in order to initiate the propagation of a bonding wave between the first
wafer 410 and the second wafer 420.          In the three cases considered here a composite structure is
therefore obtained comprising a first wafer bonded by molecular adhesion to a second wafer (as shown in
Figure 2). Note that, in the examples described here, a contact force of 3.7 N is applied for 6 seconds to
initiate the bonding wave.  
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Heterogeneous deformations are then liable to occur in the first 
wafers 210, 310 and 410 following their assembly with the second wafers 
220, 320 and 420, respectively. 

It will further be noted that, in the three cases represented in 
Figures 4A, 5A and 6A, the second wafers 220, 320 and 420 are of plane 
shape. However, the second wafer may in each case have a non-plane 
shape, for example a concave shape similar to or different from the first 
wafer with which it is assembled. 

Once bonding by molecular adhesion has been effected in each 
of the three cases considered above, there follows the evaluation of the 
levels of heterogeneous deformations in the first wafer of each of the 
composite structures obtained. 

Initially, a log of a plurality of measurement points on the 
exposed surface of the first wafer of each of the composite structures is 
produced (step E1). 

In the cases describes here, the measurement points are logged 
along a particular diameter D of the first wafers 210, 310 and 410 by 
acoustic microscopy. 

Each measurement point corresponds to a height Z of the 
exposed surface of the first wafer relative to a predetermined reference 
height, each height being associated with a given position on the surface 
of the first wafer. In the examples described here, the position of each 
measurement point is defined by a position X along the diameter D 
concerned. 

Alternatively, each measurement point may equally be associated 
with a pair of coordinates (X,Y) corresponding to a position in two 
dimensions on the exposed surface of the first wafer. 

Moreover in each of the examples described here, the step E1 of 
producing logs of measurement points further comprises the production of 
a curve representative of the surface profile obtained in this way. 

On the other hand, the subsequent steps of the method of the 
invention may be carried out without it being necessary to produce such 
curves. 

Figures 4B, 5B and 6B represent the surface profiles 232, 332 
and 432, respectively, observed for the three cases considered. 

16          Heterogeneous deformations are then liable to occur in the first wafers 210, 310 and 410
following their assembly with the second wafers 220, 320 and 420, respectively.          It will further be
noted that, in the three cases represented in Figures 4A, 5A and 6A, the second wafers 220, 320 and 420
are of plane shape. However, the second wafer may in each case have a non-plane shape, for example a
concave shape similar to or different from the first wafer with which it is assembled.          Once bonding
by molecular adhesion has been effected in each of the three cases considered above, there follows the
evaluation of the levels of heterogeneous deformations in the first wafer of each of the composite
structures obtained.          Initially, a log of a plurality of measurement points on the exposed surface of
the first wafer of each of the composite structures is produced (step El).          In the cases describes
here, the measurement points are logged along a particular diameter D of the first wafers 210, 310 and
410 by acoustic microscopy.          Each measurement point corresponds to a height Z of the exposed
surface of the first wafer relative to a predetermined reference height, each height being associated with a
given position on the surface of the first wafer. In the examples described here, the position of each
measurement point is defined by a position X along the diameter D concerned.          Alternatively, each
measurement point may equally be associated with a pair of coordinates (X,Y) corresponding to a
position in two dimensions on the exposed surface of the first wafer.          Moreover in each of the
examples described here, the step El of producing logs of measurement points further comprises the
production of a curve representative of the surface profile obtained in this way.          On the other hand,
the subsequent steps of the method of the invention may be carried out without it being necessary to
produce such curves. 
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The study of the surface profiles 232, 332 and 432 has shown 
height variations of the order of 25 μm in the figure 4A example, 12 μm in 
the Figure 4B example, and 30 μm in the Figure 4C example. 

There follows the step E2 of calculating the second derivatives 
from the surface profiles obtained in the step E1. 

As indicated above, the production of the curves 232, 332 and 
432 is not necessary, as each second derivative can be calculated directly 
from measurement points of the corresponding log. 

In each of the examples considered here, the calculation step E2 
further comprises the production of a curve representative of the second 
derivative obtained in this way. The curves 234, 334 and 434 correspond 
to the second derivatives of the three surface profiles 232, 332 and 432, 
respectively. 

It is nevertheless possible to evaluate a level of heterogeneous 
deformations without producing any graphical representation of the 
second derivatives. It is possible to limit the process to the calculation and 
exploitation of the values of each second derivative. 

The second derivatives calculated in the step E2 enable 
evaluation of a level of heterogeneous deformations in the first wafer for 
the three cases considered (evaluation step E3). 

The Applicant has noticed that the second derivative of a surface 
profile is representative of the deformations on the surface of the first 
wafer and that by studying these surface deformations it is possible to 
evaluate a level of heterogeneous deformations in the first wafer. 

It has for example been found that the presence of at least one 
change of direction of curvature in the same surface profile demonstrates 
the existence of large heterogeneous deformations in the first wafer. 

In one particular embodiment of the invention, there is therefore 
effected a first test consisting in determining if a second derivative of a 
surface profile includes at least one change of sign. If this first test is 
positive, there is deduced from this that large heterogeneous 
deformations exist in the first wafer considered. 

The efficacy of this first test has been verified experimentally by 
evaluating the level of heterogeneous deformations in the three composite 
structures tested using the acoustic microscopy technique described above 
with reference to Figure 7. 

Figures 4B, 5B and 6B represent the surface profiles 232, 332 and 432, respectively, observed for the
three cases considered.  17          The study of the surface profiles 232, 332 and 432 has shown height
variations of the order of 25 pm in the figure 4A example, 12 pm in the Figure 4B example, and 30 pm in
the Figure 4C example.          There follows the step E2 of calculating the second derivatives from the
surface profiles obtained in the step El.          As indicated above, the production of the curves 232, 332
and 432 is not necessary, as each second derivative can be calculated directly from measurement points
of the corresponding log.          In each of the examples considered here, the calculation step E2 further
comprises the production of a curve representative of the second derivative obtained in this way. The
curves 234, 334 and 434 correspond to the second derivatives of the three surface profiles 232, 332 and
432, respectively.          It is nevertheless possible to evaluate a level of heterogeneous deformations
without producing any graphical representation of the second derivatives. It is possible to limit the process
to the calculation and exploitation of the values of each second derivative.          The second derivatives
calculated in the step E2 enable evaluation of a level of heterogeneous deformations in the first wafer for
the three cases considered (evaluation step E3).          The Applicant has noticed that the second
derivative of a surface profile is representative of the deformations on the surface of the first wafer and
that by studying these surface deformations it is possible to evaluate a level of heterogeneous
deformations in the first wafer. 
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To be more precise, in the first case (Figure 4A), there were 
observed on the surface 214b of the first wafer 210 misalignments for the 
most part less than 100 nm, and even less than 50 nm at the centre of 
the wafer. Only approximately 15% of the surface 214b have 
misalignments greater than 150 nm. These large misalignments are 
distributed at the peripheral edge of the wafer, in particular in the region 
close to the point of contact of the applicator tool 231. 

In the second case (Figure 5A), there were observed 
misalignments greater than 150 nm over approximately 50% of the 
exposed surface 314b of the first wafer 310. These large misalignments 
are distributed for the most part at the centre and at the peripheral edges 
of the surface 314b. The remaining 50% of the surface 314b has for the 
most part misalignments from 50 nm to 150 nm. 

In the third case (Figure 6A) it was observed that approximately 
75% of the surface 14b of the first wafer 10 have misalignments less than 
100 nm. Greater misalignments, generally from 100 nm to 150 nm, are 
present at the centre of the first wafer 410. 

Figures 4D, 5D and 6D represent in the form of curves the 
misalignments measured along a particular radius of each of the first 
wafers 210, 310 and 410, respectively. 

In these three cases, the misalignments present on the first 
wafer were measured using a standard measurement process, as 
described with reference to Figures 1A to 1E: the first wafer is thinned 
after bonding, after which there are measured the misalignments present 
between the microcomponents buried at the bonding interface between 
the two wafers and the microcomponents fabricated on the exposed 
surface of the thinned first wafer. 

The abscissa axis in Figures 4D, 5D and 6D represents the 
distance (in mm) relative to the centre of the first wafer. 

In the final analysis, the samples tested for the second case 
(Figure 5A) are those that have the highest levels of non-homogenous 
deformations. This is confirmed by the fact that only the second derivative 
334 of the surface profile 332 includes at least one change of sign. To be 
more specific, it has been found that the second derivative 334 includes 
two changes of sign, which reveals large variations of slope at the surface 
of the first wafer 310. 

It has for example been found that the presence of at least one change of direction of curvature in the
same surface profile demonstrates the existence of large heterogeneous deformations in the first wafer.
In one particular embodiment of the invention, there is therefore effected a first test consisting in
determining if a second derivative of a surface profile includes at least one change of sign. If this first test
is positive, there is deduced from this that large heterogeneous deformations exist in the first wafer
considered.          The efficacy of this first test has been verified experimentally by evaluating the level of
heterogeneous deformations in the three composite structures tested using the acoustic microscopy
technique described above with reference to Figure 7.  18          To be more precise, in the first case
(Figure 4A), there were observed on the surface 214b of the first wafer 210 misalignments for the most
part less than 100 nm, and even less than 50 nm at the centre of the wafer. Only approximately 15% of
the surface 214b have misalignments greater than 150 nm. These large misalignments are distributed at
the peripheral edge of the wafer, in particular in the region close to the point of contact of the applicator
tool 231.          In the second case (Figure 5A), there were observed misalignments greater than 150 nm
over approximately 50% of the exposed surface 314b of the first wafer 310. These large misalignments
are distributed for the most part at the centre and at the peripheral edges of the surface 314b. The
remaining 50% of the surface 314b has for the most part misalignments from 50 nm to 150 nm.          In
the third case (Figure 6A) it was observed that approximately 75% of the surface 14b of the first wafer 10
have misalignments less than 100 nm. Greater misalignments, generally from 100 nm to 150 nm, are
present at the centre of the first wafer 410.          Figures 4D, 5D and 6D represent in the form of curves
the misalignments measured along a particular radius of each of the first wafers 210, 310 and 410,
respectively.          In these three cases, the misalignments present on the first wafer were measured
using a standard measurement process, as described with reference to Figures 1A to 1E: the first wafer is
thinned after bonding, after which there are measured the misalignments present between the
microcomponents buried at the bonding interface between the two wafers and the microcomponents
fabricated on the exposed surface of the thinned first wafer. 
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Conversely, for the samples tested for the first and third cases, 
the second derivatives include no change of sign, which indicates that 
these cases lead to lower levels of heterogeneous deformations than the 
second case. 

It will be noted that the number of changes of sign detected in 
the second derivative of the same surface log may equally provide 
information on the level of heterogeneous deformations existing within the 
first wafer. 

Moreover, the Applicant has observed that a surface profile 
having strong slope variations and therefore high second derivative values 
could equally correspond to large heterogeneous deformations within the 
first wafer. 

Accordingly, in a variant of this first embodiment of the invention, 
the evaluation of a level of heterogeneous deformations in the first wafer 
is carried out as a function of the values of the second derivative obtained 
in the step E2. 

For example, there is effected during the evaluation step E3 a 
second test consisting in determining if a second derivative of a surface 
profile includes at least one value greater than a predetermined threshold 
value. If this second test is positive, that means that large heterogeneous 
deformations are present in the first wafer. 

Note that this predetermined value may notably be chosen as a 
function of the constraints and requirements of the situation concerned 
(technology concerned, required level of reliability, equipment used, etc.). 

The tests described hereinabove are nevertheless given by way 
of example so that other methods of exploiting the second derivative of a 
surface profile may be used according to the situation. For example, the 
number of times a second derivative of a surface profile overshoots a 
predetermined value may be taken into account, for example, and so on. 

Evaluating a level of heterogeneous deformations may also be 
envisaged that combines different tests relating to the second derivative 
of surface profiles, for example by cumulation of the first and second tests 
described above. 

There is described now an embodiment in which the 
characteristic magnitude obtained in the processing step E3 corresponds 
to a spread of a surface profile (second embodiment), this profile 

The abscissa axis in Figures 4D, 5D and 6D represents the distance (in mm) relative to the centre of the
first wafer.          In the final analysis, the samples tested for the second case (Figure 5A) are those that
have the highest levels of non-homogenous deformations. This is confirmed by the fact that only the
second derivative 334 of the surface profile 332 includes at least one change of sign. To be more specific,
it has been found that the second derivative 334 includes two changes of sign, which reveals large
variations of slope at the surface of the first wafer 310.  19          Conversely, for the samples tested for
the first and third cases, the second derivatives include no change of sign, which indicates that these
cases lead to lower levels of heterogeneous deformations than the second case.          It will be noted that
the number of changes of sign detected in the second derivative of the same surface log may equally
provide information on the level of heterogeneous deformations existing within the first wafer.
Moreover, the Applicant has observed that a surface profile having strong slope variations and therefore
high second derivative values could equally correspond to large heterogeneous deformations within the
first wafer.          Accordingly, in a variant of this first embodiment of the invention, the evaluation of a level
of heterogeneous deformations in the first wafer is carried out as a function of the values of the second
derivative obtained in the step E2.          For example, there is effected during the evaluation step E3 a
second test consisting in determining if a second derivative of a surface profile includes at least one value
greater than a predetermined threshold value. If this second test is positive, that means that large
heterogeneous deformations are present in the first wafer.          Note that this predetermined value may
notably be chosen as a function of the constraints and requirements of the situation concerned
(technology concerned, required level of reliability, equipment used, etc.). 
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determined in the step E2 corresponding to a log of measurement points 
of circular shape. 

To be more precise, there is considered here a composite 
structure 525 having a structure analogous to the structure 125 described 
hereinabove (Figure 8A). The structure 525 thus comprises a first wafer 
510 bonded by molecular adhesion to a second wafer 520. The first wafer 
510 also comprises in this example microcomponents 511 on its bonding 
surface 514a, these microcomponents thus being buried at the level of the 
bonding interface. 

In the logging step E1, the measurement points are disposed 
along at least one circle the centre of which coincides with the centre CT 
of the first wafer 510 (Figures 8B). In the example described here, logging 
is carried out along three concentric circles denoted C1, C2 and C3, these 
circles having a radius R1, R2 and R3, respectively (these radii being less 
than that of the wafer 510). 

It will be understood, however, that there may be any number of 
circles along which the measurement points are logged. This number may 
notably be chosen as a function of the accuracy and/or the reliability of 
the evaluation then to be carried out in the step E4. The number of circles 
and their respective radii are preferably chosen to distribute the 
measurement points uniformly over the surface of the wafer, so as to 
obtain data representative of the heterogeneous deformations over the 
whole of the wafer 510. Alternatively, it is possible to log measurement 
points along at least one circular arc the centre of curvature whereof 
coincides with the centre CT. It is equally possible to log measurement 
points along at least one spiral centred on CT. 

At least one surface profile of the first wafer 510 is then 
determined in the step E2, each of these profiles passing through a 
plurality of measurement points of a corresponding log produced in the 
preceding step E1. In this example, three surface profiles P1, P2 and P3 
are thus determined in the step E2, these corresponding to all of the 
measurement points logged along the circles C1, C2 and C3, respectively. 

The spread of each surface profile obtained in the step E3 is then 
determined (step E4). This spread calculation may be implemented in 
different ways. 

The tests described hereinabove are nevertheless given by way of example so that other methods of
exploiting the second derivative of a surface profile may be used according to the situation. For example,
the number of times a second derivative of a surface profile overshoots a predetermined value may be
taken into account, for example, and so on.          Evaluating a level of heterogeneous deformations may
also be envisaged that combines different tests relating to the second derivative of surface profiles, for
example by cumulation of the first and second tests described above.          There is described now an
embodiment in which the characteristic magnitude obtained in the processing step E3 corresponds to a
spread of a surface profile (second embodiment), this profile  20 determined in the step E2 corresponding
to a log of measurement points of circular shape.          To be more precise, there is considered here a
composite structure 525 having a structure analogous to the structure 125 described hereinabove (Figure
8A). The structure 525 thus comprises a first wafer 510 bonded by molecular adhesion to a second wafer
520. The first wafer 510 also comprises in this example microcomponents 511 on its bonding surface
514a, these microcomponents thus being buried at the level of the bonding interface.          In the logging
step El, the measurement points are disposed along at least one circle the centre of which coincides with
the centre CT of the first wafer 510 (Figures 8B). In the example described here, logging is carried out
along three concentric circles denoted Cl, C2 and C3, these circles having a radius R1, R2 and R3,
respectively (these radii being less than that of the wafer 510).          It will be understood, however, that
there may be any number of circles along which the measurement points are logged. This number may
notably be chosen as a function of the accuracy and/or the reliability of the evaluation then to be carried
out in the step E4. The number of circles and their respective radii are preferably chosen to distribute the
measurement points uniformly over the surface of the wafer, so as to obtain data representative of the
heterogeneous deformations over the whole of the wafer 510. Alternatively, it is possible to log
measurement points along at least one circular arc the centre of curvature whereof coincides with the
centre CT. It is equally possible to log measurement points along at least one spiral centred on CT.
At least one surface profile of the first wafer 510 is then determined in the step E2, each of these profiles
passing through a plurality of measurement points of a corresponding log produced in the preceding step
El. In this example, three surface profiles P1, P2 and P3 are thus determined in the step E2, these
corresponding to all of the measurement points logged along the circles Cl, C2 and C3, respectively. 
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In a first variant, the minimum value Vmin(i) and the maximum 
value Vmax(i) of each of the surface profiles Pi (i=1, 2, 3) are determined. 
These values Vmin(i) and Vmax(i) correspond to the measurement points 
of the profile Pi locally representative of the lowest and highest level of 
the exposed surface of the wafer 510, respectively. There is then 
determined for each profile Pi the difference ∆i such that ∆i = Vmax(i) – 
Vmin(i). 

On the basis of the values ∆i, a third test is effected to evaluate 
the level of the non-homogenous deformations present in the first wafer 
510. A predetermined limit value ∆max is fixed, for example. The third test 
then consists in determining if ∆i ≥ ∆max (for i=1, 2 or 3). If so, the level 
of non-homogenous deformations present in the wafer 510 is judged high. 
If not, the level of deformation is considered as low. The acceptability 
criterion ∆max associated with each value of the index i may be variable, 
notably increasing to the degree that the diameter of the circles C1 to C3 
increases. For example, for circles with diameters of 65 mm and 145 mm, 
the values of ∆max could be equal to approximately 5 microns and 
15 microns, respectively. 

A variant of the third test consists firstly in summing the 
differences ∆i and then in dividing this result by what is commonly called 
the warp of the structure, defined by the difference between the 
maximum overall height of the surface on which logging is conducted and 
its minimum overall height. For a structure uniformly curved as a 
paraboloid of revolution, for example, the warp is equal to the bow of the 
structure. The second stage of this variant of the third test consists in 
determining if the coefficient between the sum of the ∆i and the warp is 
less than a predetermined value, for example of the order of 0.7. If so, 
the level of heterogeneous deformations is considered low. If not, the 
level of deformations is considered as high. 

In a second variant, there is determined the standard deviation σi 
for each surface profile Pi. A fourth test is then carried out which consists 
in determining if σi is greater than or equal to a predetermined maximum 
standard deviation (for i=1, 2 or 3). If so, the wafer 510 is considered as 
having a high level of heterogeneous deformations. If not, the 
deformation level is considered low. 

The spread of each surface profile obtained in the step E3 is then determined (step E4). This spread
calculation may be implemented in different ways.  21          In a first variant, the minimum value Vmin(i)
and the maximum value Vmax(i) of each of the surface profiles Pi (i=1, 2, 3) are determined. These
values Vmin(i) and Vmax(i) correspond to the measurement points of the profile Pi locally representative
of the lowest and highest level of the exposed surface of the wafer 510, respectively. There is then
determined for each profile Pi the difference Ai such that Ai = Vmax(i) - Vmin(i).          On the basis of the
values Ai, a third test is effected to evaluate the level of the non-homogenous deformations present in the
first wafer 510. A predetermined limit value Amax is fixed, for example. The third test then consists in
determining if Ai Amax (for i=1, 2 or 3). If so, the level of non-homogenous deformations present in the
wafer 510 is judged high. If not, the level of deformation is considered as low. The acceptability criterion
Amax associated with each value of the index i may be variable, notably increasing to the degree that the
diameter of the circles Cl to C3 increases. For example, for circles with diameters of 65 mm and 145 mm,
the values of Amax could be equal to approximately 5 microns and 15 microns, respectively.          A
variant of the third test consists firstly in summing the differences Ai and then in dividing this result by
what is commonly called the warp of the structure, defined by the difference between the maximum
overall height of the surface on which logging is conducted and its minimum overall height. For a structure
uniformly curved as a paraboloid of revolution, for example, the warp is equal to the bow of the structure.
The second stage of this variant of the third test consists in determining if the coefficient between the sum
of the Ai and the warp is less than a predetermined value, for example of the order of 0.7. If so, the level
of heterogeneous deformations is considered low. If not, the level of deformations is considered as high.
In a second variant, there is determined the standard deviation ai for each surface profile Pi. A fourth test
is then carried out which consists in determining if ai is greater than or equal to a predetermined
maximum standard deviation (for i=1, 2 or 3). If so, the wafer 510 is considered as having a high level of
heterogeneous deformations. If not, the deformation level is considered low.  22          The variants
described above are merely nonlimiting embodiments of the invention and the person skilled in the art will
understand that other alternatives may be envisaged for determining the spread of a surface profile that
do not depart from the scope of the invention. 
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The variants described above are merely nonlimiting 
embodiments of the invention and the person skilled in the art will 
understand that other alternatives may be envisaged for determining the 
spread of a surface profile that do not depart from the scope of the 
invention. 

The processing step E3 and the evaluation step E4 of the method 
of the invention may be implemented, for example, by a computer, a 
calculator or any other equipment capable of calculating a second 
derivative or a spread from measurement points of a surface profile and 
effecting a test relating to a second derivative or respectively a spread, 
such as one of the tests described above, for example. 

The present invention further concerns a method (steps E1 to 
E5) of composite structures comprising a first wafer bonded by molecular 
adhesion to a second wafer. 

The main steps of the selection method of one particular 
embodiment are shown in Figure 3. 

A level of heterogeneous deformations in a first wafer is first 
evaluated by successively effecting the steps E1, E2, E3 and E4 of the 
evaluation method of the invention on the composite structure. 

During a selection step E5, there are then selected one or more 
composite structures identified in the step E4 as having a low level of non-
homogenous deformations. 

For example, it is possible to carry out the first and second tests 
or the third and fourth tests as described above. The composite structure 
or structures is or are then selected if the result of the tests effected is 
negative. 

It is also possible to carry out only one of these tests. In this 
special case, the composite structure or structures is or are selected if the 
test carried out is negative. 

However, the selection method of the invention is not limited to 
the two examples of tests described above. Other selection criteria 
bearing on the second derivative of a surface profile may be used, 
individually or in combination. 

The logging of measurement points in the step E1 of the 
evaluation method may furthermore be carried out according to different 
lines on the exposed surface of the first wafer. 

The processing step E3 and the evaluation step E4 of the method of the invention may be implemented,
for example, by a computer, a calculator or any other equipment capable of calculating a second
derivative or a spread from measurement points of a surface profile and effecting a test relating to a
second derivative or respectively a spread, such as one of the tests described above, for example.
The present invention further concerns a method (steps El to E5) of composite structures comprising a
first wafer bonded by molecular adhesion to a second wafer.          The main steps of the selection
method of one particular embodiment are shown in Figure 3.          A level of heterogeneous deformations
in a first wafer is first evaluated by successively effecting the steps El, E2, E3 and E4 of the evaluation
method of the invention on the composite structure.          During a selection step E5, there are then
selected one or more composite structures identified in the step E4 as having a low level of
non-homogenous deformations.          For example, it is possible to carry out the first and second tests or
the third and fourth tests as described above. The composite structure or structures is or are then
selected if the result of the tests effected is negative.          It is also possible to carry out only one of these
tests. In this special case, the composite structure or structures is or are selected if the test carried out is
negative.          However, the selection method of the invention is not limited to the two examples of tests
described above. Other selection criteria bearing on the second derivative of a surface profile may be
used, individually or in combination.          The logging of measurement points in the step El of the
evaluation method may furthermore be carried out according to different lines on the exposed surface of
the first wafer.  
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 “Star” logging, i.e. logging on a plurality of diameters of the first 
wafer, may in particular be envisaged. This technique enables a good 
representation to be obtained of the levels of heterogeneous deformations 
in a first wafer with a limited number of logs produced. 

In one particular example, there is produced in the step E1 a 
plurality of logs of measurement points, logging being carried out along 
first parallel lines spaced from each other. It is furthermore possible to 
produce additional logs along second parallel lines spaced from each other 
and that may be perpendicular to the first lines, for example. Thus logging 
is carried out in accordance with a grid, which grid may be on the whole 
or part of the exposed surface of the first wafer considered. 

Furthermore, if the first test described above is carried out, for 
example, of interest are only the changes of sign of the second derivative 
on the macroscopic scale. It is possible in practise that the exposed 
surface of the first wafer has infinitely small variations in level that are 
reflected in very localized changes of sign of the second derivative of the 
corresponding surface profile or profiles. These infinitesimally small 
variations may originate, for example, in very slight variations of thickness 
of the first wafer. This type of variation does not give usable information 
as to the level of heterogeneous deformations in the first wafer of a 
composite structure. 

To avoid having to take into account negligible surface defects, it 
is possible to carry out logging in the step E1 so that the measurement 
points are measured according to a measurement step. 

This measurement step could be chosen as a function of the 
situation concerned. It will preferably be chosen as a function of a 
dimension of a pattern of the first wafer. 

Here “pattern” means a geometrical arrangement disposed, or 
intended to be disposed, on the exposed surface of a first wafer, this 
geometrical arrangement repeating several times over the surface of that 
wafer. A pattern may for example correspond to a cell of one or more 
microcomponents disposed at several locations on the exposed surface of 
the first wafer concerned. 

For example, the measurement step may substantially 
correspond to half of one dimension of a pattern of the first wafer. 

23          "Star" logging, i.e. logging on a plurality of diameters of the first wafer, may in particular be
envisaged. This technique enables a good representation to be obtained of the levels of heterogeneous
deformations in a first wafer with a limited number of logs produced.          In one particular example, there
is produced in the step El a plurality of logs of measurement points, logging being carried out along first
parallel lines spaced from each other. It is furthermore possible to produce additional logs along second
parallel lines spaced from each other and that may be perpendicular to the first lines, for example. Thus
logging is carried out in accordance with a grid, which grid may be on the whole or part of the exposed
surface of the first wafer considered.          Furthermore, if the first test described above is carried out, for
example, of interest are only the changes of sign of the second derivative on the macroscopic scale. It is
possible in practise that the exposed surface of the first wafer has infinitely small variations in level that
are reflected in very localized changes of sign of the second derivative of the corresponding surface
profile or profiles. These infinitesimally small variations may originate, for example, in very slight
variations of thickness of the first wafer. This type of variation does not give usable information as to the
level of heterogeneous deformations in the first wafer of a composite structure.          To avoid having to
take into account negligible surface defects, it is possible to carry out logging in the step El so that the
measurement points are measured according to a measurement step.          This measurement step could
be chosen as a function of the situation concerned. It will preferably be chosen as a function of a
dimension of a pattern of the first wafer.          Here "pattern" means a geometrical arrangement disposed,
or intended to be disposed, on the exposed surface of a first wafer, this geometrical arrangement
repeating several times over the surface of that wafer. A pattern may for example correspond to a cell of
one or more microcomponents disposed at several locations on the exposed surface of the first wafer
concerned.          For example, the measurement step may substantially correspond to half of one
dimension of a pattern of the first wafer.  24 
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It will also be noted that the number of logs produced during the 
step E1 of the evaluation method could depend on various parameters 
such as, for example, the constraints of the fabrication process in terms of 
cost, time allotted to the tests for each batch of wafers, required level of 
reliability, etc. 

Moreover, a give level of heterogeneous deformations may be 
acceptable for a given microcomponent technology (because it represents 
a relatively slight constraint in terms of positioning photolithography 
masks) and unacceptable for another technology. Consequently, the 
following parameters could be chosen depending on the situation 
concerned: 

- the choice of the number of logs to be produced, 
- the line of each log (length, direction), 
- the number of measurement points per log, 
- the measurement step used, 
- the method or methods of exploiting the second derivatives 

obtained in the step E2, and 
- the criterion or criteria for selection of the composite 

structures. 
It will be noted here that numerous mechanisms may be the 

source of misalignments (or overlays) in a first wafer bonded by molecular 
adhesion to a second wafer. 

When a first wafer is bonded by molecular adhesion to a second 
wafer, the heterogeneous deformations generated in the first wafer may 
notably result from combination of deformations originally present in the 
first and second wafers before bonding. The method of the invention can 
thus enable pertinent information to be obtained on the deformations of 
the two wafers before they are assembled by molecular adhesion (degree 
of concavity, flatness defects, etc.). 

The present invention can also reveal, for example, the presence 
of foreign bodies such as a particle between the support S and the wafer 
directly in contact therewith. These elements may be the source of 
heterogeneous deformations in the first wafer and thus of misalignments. 

The invention can equally highlight problems of calibration of the 
bonding machine (notably at the level of the application of the contact 
force by the applicator tool). 

It will also be noted that the number of logs produced during the step El of the evaluation method could
depend on various parameters such as, for example, the constraints of the fabrication process in terms of
cost, time allotted to the tests for each batch of wafers, required level of reliability, etc.          Moreover, a
give level of heterogeneous deformations may be acceptable for a given microcomponent technology
(because it represents a relatively slight constraint in terms of positioning photolithography masks) and
unacceptable for another technology. Consequently, the following parameters could be chosen depending
on the situation concerned:  the choice of the number of logs to be produced,  the line of each log (length,
direction),  the number of measurement points per log,  the measurement step used,  the method or
methods of exploiting the second derivatives obtained in the step E2, and  the criterion or criteria for
selection of the composite structures.          It will be noted here that numerous mechanisms may be the
source of misalignments (or overlays) in a first wafer bonded by molecular adhesion to a second wafer. 
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Moreover, as indicated above, once the composite structure has 
been formed by molecular adhesion, the first wafer generally undergoes 
thinning. Now, after thinning, the evaluation of the heterogeneous 
deformations by the method of the invention is no longer representative. 
It is therefore preferable to carry out the step E1 of the method of the 
invention before thinning the first wafer. 

When a first wafer is bonded by molecular adhesion to a second wafer, the heterogeneous deformations
generated in the first wafer may notably result from combination of deformations originally present in the
first and second wafers before bonding. The method of the invention can thus enable pertinent
information to be obtained on the deformations of the two wafers before they are assembled by molecular
adhesion (degree of concavity, flatness defects, etc.).          The present invention can also reveal, for
example, the presence of foreign bodies such as a particle between the support S and the wafer directly
in contact therewith. These elements may be the source of heterogeneous deformations in the first wafer
and thus of misalignments.          The invention can equally highlight problems of calibration of the
bonding machine (notably at the level of the application of the contact force by the applicator tool).  25
Moreover, as indicated above, once the composite structure has been formed by molecular adhesion, the
first wafer generally undergoes thinning. Now, after thinning, the evaluation of the heterogeneous
deformations by the method of the invention is no longer representative. It is therefore preferable to carry
out the step El of the method of the invention before thinning the first wafer.  26 CLAIMS           1. Method
for evaluation of heterogeneous deformations in a first wafer (110), said first wafer being bonded by
molecular adhesion to a second wafer (120), said evaluation method comprising: 
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