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METHOD FOR MEASURING THICKNESS VARIATIONS IN A LAYER OF A
MULTILAYER SEMICONDUCTOR STRUCTURE

FIELD OF THE INVENTION

The present invention relates to a method for measuring thickness variations in a
layer of a multiayer semiconductor layer, as well as o a system allowing appiication of
said method.

BACKGROUMND OF THE INVENTION

In the field of electronics, multitayer semiconductor structures are frequently used.

A particular example of such structures is a structure of the semiconduclor-on-—
insuiator {(SeQl) type.

A structure of the SeOl type typically comprises from its base to its surface a
supporting substrate, an electrically insulating layer and a thin semiconducting layer,
called active layer, in or on which electronic components are generally intended to be
formed.

When the thin layer is in silicon, the structure is designated by the term of SOI, an
acronym of “Silicon On Insulator”.

The electrically insulating layer is in a dielectric material, notably an oxide of the
material of the supporting substrate and/or of the thin layer. This layer is then usually
designated by the term of BOX, acronym of “Buried Oxide”.

Recently, SOI structures having an extra-thin layer of silicon have been developed.

These structures are designated by the term of “FDSOY, for “Fully Depleted SO,
i.e. a totally depletad SOL

By “ultra-thin® is meant a thickness of less than or equal to 50 nm, preferably less
than or equal to 12 nm, which may even be reduced down to about 5 nm.

FDSO! struclures are parlicularly advantageous for producing planar electronic
components, for example FDMOS (acronym of “Fuily Depleted Metal Oxide
Semiconductor”) transistors, for which the channel is formed in the or on the thin layer of
siticon.

Because of the extreme thinness of the thickness of said thin layer, the threshold
voltage of the transistor (usually noted as Vi), which depends on this thickness, is a very
sensitive to thickness variations of the thin iayer. _

For such applications, optimum uniformity of the thin silicon layer is therefore sought
so as to have minimum Vi variability from one transistor to the other,

Considering the small dimensions of these devices and their great proximity, it is
necessary to measure the thickness variation between points very close to each other, for
example every G.5 yn.
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This implies, during the method for making the SOI, measuring the thickness of the thin
silicon layer and of the electrically insulating layer, in different points of the surface of the
SO, in a wide range of spatial wavelengths, typically comprised between 0.5 ym and 300
mm. ,

Present measurement methods are based on optical measurements, notably
ellipsometry or spectral reflectometry.

In both cases, these methods imply conducting a large number of measurements by
iituminating the SOI with a light flux having several optical wavelengths, so as to not only
measure the thickness of the silicon layer but also that of the buried oxide layer.

However, with these techniques, it is not possible to conduct measurements with
spatial wavelengths as small as 0.5 um.

Thus, an ellipsometer allows measurements to be conducted with spatial wavelengths
greater than or equal to about 40 um.

On the other hand, these measurements take a long time and are a penalty in the
manufacturing cycie of the SOis.

Moreover, measurements conducted by ellipsometry or reflectometry with a single
optical wavelength would not give the possibility of determining with sufficient accuracy the
thickness of the silicon layer, since, for a given optical wavelength, the measured thickness
of the silicon layer depends on the thickness and on the néture of the underlying buried oxide
layer.

Embodiments of the invention seek to provide a method for measuring thickness
variations in a layer of a multilayer semiconductor structure, which gives the possibility of
conducting measurements in particular in the range of spatial wavelengths comprised
between 0.5 and 40 pm, which is not accessible with the present measurement methods.

in particular, said method should aliow measurements of thickness variations in the thin
silicon layer of an FDSOI structure, with an accuracy at least egual to 0.1 nm.

SHORT DESCRIPTION OF THE INVENTION

A first aspect of the present invention provides a method for measuring thickness
variations in a layer of a muliilayer semiconductor structure, characterized in that it
comprises:

- acquiring, with an image acquisition system, at least one image of the surface of said

- structure, said image being obtained by reflecting a quasi-monochromatic light flux on the

surface of said structure,
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- processing said at least one acquired image so as to determine, from intensity
variations of the light reflected by said surface, the thickness variations of said layer to be
measured,

and in that the wavelength of said quasi-monochromatic light flux is selected so as to

5 correspond to a minimum of the sensitivity of the reflectivity with
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respect to a layer of the structure other than the layer for which thickness variations have to
be measured,

said sensitivity of the reflectivity with respect to a layer being equal to the ratio between:

- the difference between the reflectivities of two multilayer structures for which the
considered layer has a given thickness difference and

- said given thickness difference,

the thicknesses of the other layers being identical in both multilayer structures.

in other words, both structures targeted above consist of the same layers, said layers
having the same thickness in both structures except for the layer for which the sensitivity of
the reflectivity is to be measured and to which is assigned a thickness which differs from one
structure to the other.

This sensitivity of the reflectivity depends on the wavelength of the light flux used for
the measurement.

For the application of the invention, the absolute value of said sensitivity is of interest,
the minimum sought sensitivity reiatively to a layer other than the layer to be measured being
zero or close to 0.

By a "multilayer structure”, is méant a structure comprising at least two layers which are
transparent at the wavelength of the quasi-monochromatic measurement flux.

By “guasi-monochromatic” is meant a light flux for which the spectrum extends in a
range of wavelengths which may extend up to +/~20 nm relatively to a rated wavelength.
When the wavelength of said guasi~-monochromatic flux is referred to, reference is made to
the rated wavelength. Naturally, a monochromatic light flux, i.e. having a single wavelength,
may also be used for applying the invention.

According to an embodiment of the invention, said image acquisition system is an
optical microscope.

According to another embodiment, said image acquisition system is a digital photo
camera for which the size of a pixel is less than or equal to 0.25 um.

Preferably, the numerical aperture of the image acquisition syStem is greater than or
equal to 0.8,

The incidence of the light flux on the surface of the structure is advantageously normal
to said surface.

According to an embodiment, said treatment comprises a calculation of a theoretical
reflectivity of the multilayer structure depending on the thickness of said layer to be
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measured for the wavelength of the quasi monochromatic flux and the determination, from
this calculation, of a mapping of the thickness variations of said layer.
According to an embodiment, said treatment comprises:
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- comparing the image with a calibration curve established beforehand, said calibration
curve providing a relationship between the grey levels of the acquired image and a local
thickness of said layer to be measured, and

- determining, from said calibration curve, a mapping of the thickness variations of the
layer on the surface of the structure,

Advantageously, the method comprises, prior to the acquisition of said at least one
image, the following steps:

- measuring the thickness of each of the layers of the structure,

- from said measured thickness, simulating the sensitivity of the reflectivity relatively to
each of said layers depending on the wavelength of an incident light flux, and

- determining, from said simulation, the wavelength of the quasi~monochromatic light
flux intended to illuminate the surface of the structuré, said wavelength being selecied so as
to minimize the sensitivity of the reflectivity with respect to a layer other than the layer to be
measured.

Said thickness measurement is advantageously conducted by means of an
ellipsometer or reflectometer.

According to a particular application of the invention, the multilayer structure is a
structure consisting of two layers transparent to the wavelength of the quasi—monochromatic
light flux on a supporting substrate.

In a particularly advantageous way, said multilayer structure is a semiconductor—on—
insulator structure comprising a supporting substrate, an electrically insulating layer and a
semiconductor layer and the layer for which the thickness variations are measured is said
semiconductor layer.

For example, said structure is advantageously an FDSOI structure, the layer for which
the thickness variations are measured being a silicon layer having a thickness of less than or
equal to 50 nm, preferably less than or egual to 12 nm.

Embodiments of the present invention also seek to provide a measurement system
allowing the application of the method described above.

A second aspect of the present invention provides a system for measuring thickness
variations in a layer of a multilayer semiconductor structure, characterized in that it
comprises:

- a device for illuminating the structure, adapted for emitting a quasi~monochromatic
light flux towards the surface of said structure,

- a device for selecting the wavelength of the quasi-monochromatic light flux,
configured for determining a wavelength corresponding to a minimum of the sensitivity of the
reflectivity with respect to a layer of the structure other than the layer for which the thickness
variations have to be measured, said sensitivity of the reflectivity with respect to a layer being
equal {o the ratio between:
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- the difference between the reflectivities of two multilayer structures for which the

considered layer has a given thickness difference, and

- said given thickness difference,

the thicknesses of the other layers being identical in both multilayer structures,
said selection device being coupled with the illumination device so as to provide to said
iflumination device with said determined wavelength of the light flux to be emitted,

- an image acquisition system laid out so as to acquire at least one image of the
surface of the structure by reflection of said quasi-monochromatic light flux,

- a processing system configured for, from said ai least one acquired image,
determining from the intensity variations of the light reflected by said surface, the variations
of the thickness of said layer to be measured.

According to an embodiment, the illumination device comprises a source of white light
and a wheel supporting a plurality of filiers having different wavelengths, the wheel being
adapted for rotating so that the light emitted by said source passes through a filter having the
wavelength determined by the selection device before attaining the surface of the structure to
be measured.

According to another embodiment, the illumination device comprises a plurality of light
sources each having a different wavelength and a plurality of the removable obturators
coupled with said sources and laid out so as to only let through the light having the
wavelength determined by the selection device towards the surface of the structure to be
measured.

SHORT DESCRIPTION OF THE DRAWINGS
Other features and advantages of the invention will become apparent from the detailed
description which follows, with reference to the appended drawings wherein:

- Fig. 1 is a sectional view of a multilayer structure, for which an attempt is made for
measuring the thickness variations of one of the layers,

- Fig. 2 schematically illustrates the reflections occurring in two layers of a multilayer
structure,

- Fig. 3 shows the curves of the sensitivity of the reflectivity of an FDSOI structure,
versus the wavelength, relatively to the thin silicon layer (curves Si1 and Si2) and
relatively to the buried oxide layer (curves BOX1 and BOX2),

- Fig. 4 shows a calibration curve of an optical microscope which may be applied in the
invention,

- Figs. 5A and 5B illustrate optical microscopy images acquired for two FDSO! structures
and Figs. 5C and 5D show thickness mappings of the thin silicon layer obtained for
each of said structures respecfively,
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- Fig. 6 illustrates an embodiment of an illumination device belonging to a
measurement system according to the invention,

- Fig. 7 Hlustrates another embodiment of an illumination device belonging to a
measurement system according to the invention,

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 illustrates a multilayer structure for which the thickness variations of one of the
layers are to be measured.

The siructure successively comprises from its surface S to its base a first layer 1, a
second layer 2 and a supporting substrate 3.

The first and second layer are in selected materials so as to be transparent at the
measurement waveiength, i.e. the incident light flux is able to cross each of said layers
and be partly reflected on the surface of the underlying tayer.

Generally, the semiconducling materials and the dielectric materials have this
property, provided that they have a sufficiently thin thickness, i.e. typicaily less than
500 nm.

A very fine metal layer (i.e. having a thickness of iess than 200 nm} may also be
applied in such a multilayer structure.

The person skilled in the art is able lo determine, for materials customarily used in
the fieid of electronics, the maximum thicknesses for which they are transparent to a given
wavelength.

The supporting substrate on the other hand plays a role of a mechanical support and
is generailly too thick (fypically a few hundred um) sc as o be lransparent lo the
measurement wavelength.

Said supporting substrate may be bulk or else consists of a plurality of layers of
different materials.

[n the example ilustrated in Fig. 1, the structure is therefore a bilayer structure, the
supporting structure nof being considered as a layer, the thickness variations of which
may be measured.

Neverthelass, the invention is not limited 1o such a struciure but may also apply to a
structure comprising three layers transparent to the measurement wavelength, or even
mare.

According to an advantageous application of the invention, the structure is a
structure of the semiconductor—on-insuiator type, in which the supporting subsirate is the
substrate 3, the electrically insulating layer is the burled layer 2, and the semiconductor
tayer is the surface layer 1.

According to an embodiment, the layer for which thickness variations are measured
is the surface semiconductor layer 1.
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In the particular case of an FDSOI structure, the layer for which the thickness
variations are measured is the surface fayer 1, which is a silicon layer having a thickness
of less than or equal to 50 nm, preferably less than or equal to 12 nm.

Fig. 2 schematically illustraies the reflections occurring in both layers of a multilayer
structure (the supporting substrate is not shown).

An incident ray on the surface S is parily reflected on said surface and partly
transmitted through the first layer 1.

This portion of the beam is in tuin parily reflected at the interface between the layers
1 and 2, and partly transmitted through the second layer 2.

The layers 1 and 2 have different refractive indices, noted as n1 and n2 respectively.

It is possible to express in a matrix form the reflectivity of such a stack of the layers 1
and 2.

The equation:

5 s[in)
Eg . i

M1
wherein E} and E; are the components of the incident electric field and the reflected field

on the layer 1, S is the diffusion matrix and Ef ., and E;,; are the components of the
incident electric field and reflectad field on the layer m+1, m+1 being equal to the number
of iayers of the multilayer structure (the index 0 corresponding to the medium surrounding
the structure),

may be writlen as:

i
S S
S = [5; S‘;j = Q—l [ﬁ*»'wi}vf“v) Lingme+1)

ety g } , __3._{1 ’"ﬁk] s
L

q; = fjcosgy = [ﬁf — ﬁ%sn‘.nqﬁro} /2, j is an integer comprised between 1 and m+1, ®g
and ¢, respectively are the angle of incidence on the surface S of the mulitilayer structure
and the reflection angle on the surface of the layer j.

The complex Fresnel reflection coefficients ry and fransmission coefficients tx are
defined by the following formulae:

- for polarization s {perpendicular to the plane of incidence):
S L L)
q+qx qi+qy

ik ik
- for polarization p {in the plane of incidence):

ey = ﬁi({j‘“ﬁiﬁ _ Zﬁjﬁkqj_
fx ﬁ%q}--ivﬁ?qk Jle :

- %?Ej'?ﬁqu
These coefficients ailow simulation of the reflectivity of the stack of the layers 1 and
2 for a given iliumination condition.
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The reflectivily of the stack of the iayers 1 and 2 depends on several parameters: the
thickness of each of the layers, the polarization of the incident light flux, the angle of
incidence and the wavelength of the light flux.

For a structure having layers 1 and 2 of different thicknesses, the inveniors defined a
gquantity, called sensitivity of the reflectivity, representative of the influence on the
reflectivity of the structure, of the thickness variations of each of the layers.

The sensifivity of the refleciivily relatively to a layer of the multilayer structure is
defined as being the ratio between:

- the difference between the reflectivilies of two multiiayer structures for which the
considered layer has a given thickness difference from one shructure to the other, the
thicknesses of the other layers as for them being identical in both structures, and

- said thickness difference. '

The thickness difference is selected according ioc the accuracy level of the
measurement which is to be conducled; the smaller this thickness difference, the more it
is possible to accurately determine the optimum measurement wavelength.

As an indlcatian, a thickness difference of 0.1 nm may be selected.

In other wotds, the sensitivity of the reflectivity relatively to a layer corresponds to the
pariial derivative of the reflectivity curve relatively o the thickness of the considered layer,
the puter layers of the structure having a fixed thickness.

For example, for a structure of the SO type as illustrated in Fig. 1, the sensifivily of
the reflectivity is calculated with respect to the semiconductor layer 1 by setling the
thickness of the burfed oxide layer 2 and by determining the refllectivity of the structure for
iwo different thicknesses of the semiconductor layer 1, the difference between both of
these thicknesses for example being 0.1 nm.

For the same structure, the sensitivity of the reflectivity is defined relatively to the
buried oxide layer 2 by setting the thickness of the semiconductor layer 1 and by
determining the reflectivity of the structure for two difierent thicknesses of the buried oxide
layer 2, the difference between both of these thicknesses for example being 0.1 nim.

In the case of a stack of three layers transparent to the measurement wavelength,
the person skilled in the art is able to delermine on this same principie the Fresnel
coeflicients.

Meatably, in the case when the siruclure comprises a surface layer, the thickness
variations of which are {0 be determined, and two underlying transparent layers, it is
possible to assimilate both of these lavers to a single layer having a reflectivity and
sensitivity which may be calculated from those of said two layers.

Fig. 3 illustrates the curves of the sensitivity of the reflectivity (noted as SR,
expressed in A" of an FDSOI structure versus the wavelength A with non—polarized light
caicuiated relatively to the silicon layer {curves Sit1 and Si2) and relatively to the buried
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oxide layer (cusves BOX1 and BOX2), for a thickness variation of the considered layer of
0.1 nm.

in this siructure, the silicon fayer has a thickness of about 12 nm and the buried
oxide iayer has a thickness of about 25 nm.

The rectangle in dotted lines appearing on this graph indicaies an optimum range of
wavelengths for illuminating the structure and for acquiring an image of the reflected light
in order to determine the thickness variations in the silicon layer.

Indeed, in this interval, the sensitivity of the reflectivily with respect o the buried
oxide layer is, in absolute value, a minimum {curves BOX1 and BOX2 passing through 0).

This means that the reflectivity variation measured with a guasi—monochromatic light
flux in this range of wavelengths (being expressed, on an image of the surface, by
intensity variations of the pixels) essentially depends on the thickness variations of the
silicon curve o be measured.

It is therefore possible to determine, from inlensity variations of the light reflected by
the surface of the structure, the thickness variations of the layer to be measured.

in the illustrated example, the oplimum wavelength of the light flux is comprised
between about 510 and 530 nim.

A quasi-menochromatic interferential filter around 515 nm, may therefore be
selected for forming the incident Hght flux.

Advantageously, the incident flux on the surface 5 of the structure is normal to the
latter, this configuralion simplifying subsequent processing of the inage.

However it is possible, by way of additicnal processing within the competence of one
skifled in the art, to make use of an image acquired by reflection of a tight flux not normal
to the surface of the structure.

For acquiring at least one image of the surface, various image acquisition systems
may be used.

Preferably, the numerical aperture of the acquisition system is of at least 0.8.

According to an embodiment of the invention, said acquisition system comprises an
optical microscope having a reflection mode, Le. allowing illumination of the mullllayer
structure through its surface S to be cbserved.

The system further comprises a sensor able to acquire an image of the surface as
seen by the microscope.

According fo anocther embodiment of the invention, said acguisition system
comprises a digital camera and allows direct acquisition of an image of the surface of the
structure on which is reflected the incident light flux.

In order that the resolution of such a device is sufficlent, it is considered that the size
of the pixels should be less than or equal to 0.25 pm. In other words, a pixel of the device
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should correspond to a surface with a side of 0.25 um or less on the surface of the
structure.

The microscope and the camera give the possibility of obtaining spatial wavelengths
up to 0.5 um, which allows sufficiently fine determination of the thickness variations on the
surface of the structure.

The images acquired by the acguisition system are typically black and white images
having different grey levels.

The acguisition system is calibrated so as to have each grey level {intensity of each
pixat) correspond with a corresponding thickness of the layer to be measured.

For this purpose, from several structures of a same nature, images of the surface of
are acquired by reflection of the guasi-monochromatic light flux and, on these same

"struciures, a measurement by ellipsometry of the layer is conducted, for which the

thickness varigtions are {o be measured.

A calibration curve of the type of the one ilustrated in Fig. 4 is therehy obtained,
which shows the thicknesses measured by ellipsometry versus the grey levels of the
acquirad image. In this figure, the grey lavels correspond to an arbitrary scale.

In order to bulld the curve of Fig. 4, the thickness of the silicon layer of 5 FDSOI
structures, for which the sificon layer had a thicknass comprised between 11 and 13 nm,
was measured by ellipsometry.

Moreover images of the surface of these siructures were acquired with an incident
guasi—moncchromatic light flux of 540 nm and the intensity of the pixeis of these images
was measured.

it was thus possible {0 associate a delsrmined thickness with the corresponding grey
fevel on the image.

The measurement points were then used as a basis for defining a theoretical curve
{c).

Once thig calibration is carried aut, it is possible to produce from the intensity of the
different pixels of an image, a mapping of the thickness of the layer for which the
thickness variations are to be measured.

Figs. DA and 5B show two examples of images acquired by means of an optical
microscope of the brand Axiotron2 in a reflection mode, comprising an cbjective having a
numerical aperture of 0.9 and a magnification of 100 times.

Figs. 5C and 5D respectively show the variations of the thickness t {expressed in A
(0.1 nm)) versus the distance d (expressed in pm) with respect to a reference point, in this
case locaied on the left edge of the microscope image.

The measurement system for this purpose comprises a processing system
configured so as fo determine on an acquired image, from intensity variations of the light
reflected by the surface, the variations of the thickness of said layer to be measured.
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The processing system may thus comprise a computer provided with a
microprocessor and a memory in which is recorded a program which may be executed by
the microprocessor and coniaining instructions for applying the aforementioned
compuiation steps.

The processing system may Turther comprise a screen for displaying a map of the
thickness variations of the layer to be measured,

Moraover, the measurement system further comprises a device for selecting the
wavelength of the guasi—monochromatic light flux, configwed for determining a
wavelength corresponding to a minimum of the sensitivity of the reflectivity with respect to
a layer of the structure other than the layer for which the thickness variations have to be
measured.

Advantageously, the processing system described above is itself configured in order
to simulate the optical response of a muliilayer siructure and to automatically select the
wavelength of the adequate quasi-monochromatic light flux.

For this purpose, the measurement system further comprises an eilipsometer or
reflectometer, which is used for conventionally measuring the thickness of each of the
layers of the structure from the reflectivity of said layers.

Alternatively or additionally, the measurement system comprises a graphic interface
on which a user inputs the characleristics of the relevant structure (material and thickness
of the different layers).

By knowing these thicknesses, the processing syslem applies a simulation of the
sensitivity of the reflectivity relatively to each of the layers of the structure depending on
the wavelength of an iliurnination fight flux and infers therefrom a range of waveiengths in
which the sensitivity of the reflectivity with respect to the layer(s) of the structure other
than the layer for which measurements of the thickness variations are to be obtained, is in
absolute value, a minimum,

The selection device is then able to provide the thereby determined wavelength to an
illumination device so that the latter illuminates the sfructure 1o be measured with a quasi—
monochromatic light fux having the desired wavelength.

At least one image of the surface by reflection of said light flux is then acquired.

Fig. 8 illustrates an embodiment of an fllumination device which may be part of the
meaasurement system according to the invention.

The illumination device comprises a source 100 of while light associated with a
reflector 101 and a wheel 200 supporting a plurality of filters 201, 202, 203, etc.

The wheel is movable in rotation about an axis X so as fo position, on the path of the
light emitted by the source 100 and sent back by the reflector 101 towards the structure to
be measured {not shown in this figure), the filler having the adequate wavelength for
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minimizing the sensitivity of the reflectivity with respect to a layer of the structure other
than the structure for which the thickness variations have to be measured,

In this respect, the illumination device is coupled with the device for selecting the
wavelength in order to impose a rofation of the wheel 200 depending on the selected
wavelength.

Fig. 7 Hustrates anather embediment of the Humination device.

In the latter, the Hlumination device comprises a plurality of light sources 301, 302,
303 {the number of sources is not limiting), each source having a different wavelength,

Each source is coupled with a removalde obturator 401, 402, 403.

In the obturation position, each obturalor is interposed on the path of the light
emitted by each source so as to prevent transmission of light towards the structurs to be
measurad.

The ilturnination device is moreover coupled with the wavelength selection device in
order to displace one of the oblurators depending on the selected wavelength, g0 as to
alfow illumination of the structure to he measured by the corresponding light source,

The illumination device further comprises, between the structure to be measured and
the whoie of the sources, an optical device comprising two mirrors 501, 502 and two
semi-reflactive plates 601, 602,

The semi-refiective plaies are laid out symmetrically to each other on the optical axis
Y.

The mirrors as for them are laid out parallel to a respective semi-reflective plate at a
distance from the optical axis Y.

Fach semi—refliective plate lels through haif of the incident fight.

Thus, if the obturator 401 is open, the light emitied by the source 301 is reflected by
the mirror 507 and is then half-transmitted through said plate 601 and haif-reflected by
the semi~reflective plate 601, this second half passing through the semi-reflective plate
802,

Optionally, alternatives or combinations of these embodimenis are possible, for
example by using a plurality of light sources each associated with a filter-holding wheel,

Finally, it is obvious that the examples which have just besn given are only particular
and by no means limiting illustrations as to the fields of application of the invention.
Notably, if the invention advantageously applies to the measurement of thickness
variations of a structure of the FDSOI type, it is not limited to such a structure but to any
muitilayer  structure comprising at least two layers transparent to the quasi-
monocchromatic light flux used for the measurement,
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CLAIMS

1. A method for measuring thickness wvariations in a layer of a mullilayer
sermiconductor structure, characterized in that it comprises:

- acquiring, with an image acquisition system, at least one image of the surface of
said structure, said image being oblained by reflecling a quasi-monochromatic light flux
on the surface of said structure,

- processing said at least one acquired image so as to determine, from the intensity
variations of the light reflacted by said surface, the thickness variations of said layer to be
measured,
and in that the wavelength of said quasi-monochromatic light flux is selected so as to
gorrespond fo a minimum of the sensitivity of the reflectivity with respect to a layer of the
structure other than the layer for which the thicknass variations have to be measured, said
sensitivity of the reflectivity with respect to a layer being equal to the ratio between:

- the difference between the reflectiviies of two muliilayer structures for which the
considered iayer has a given thickness difference and

- said given thickness difference,

the thicknesses of the other layers being identical in both multitayer sfructures.

2. The method according to claim 1, characterized in that said image acquisition
system is an oplical microscope.

3. The method according to claim 1, characlerized in that said image acquisition
sysiem is a digital camera for which the size of a pixel is less than or squai to 0.25 ym.

4. The method according to one of claims 1 to 3, characterized in that the
numerical aperture of the image acquisition system is greater than or equal t¢ 0.8,

5 The method according o one of claims 1 {o 4, characierized in thatl the
incidence of the light flux on the surface of the structure is normal to saild surface.

8. The method according to one of claims 1 to 5, characterized in that said
processing comprises a computation of a theoretical reflectivity of the multitayer structure
depending on the thickness of said layer to be measured for the wavelength of the guasi~
monocchromatic light flux and the determination, from said computation, of a mapping of
the thickness variations of said iayer.
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7. The method according to one of claims 1 to 5, characterized in that said
processing comprises:

- comparing the image with & calibration curve established beforehand, said
calibration curve providing a reiationship between grey levels of the acquired image and a
local thickness of said layer 10 be measured, and

- determining from said calibration curve, a mapping of the thickness variafions of
the layer on the surface of the structure.

8. The method according lo one of claims 1 fo 7, characlerized in that i
comprises, before acquiring said af leasi one image, the following steps:

- measuring the thickness of each of the layers of the structure,

- from said measured thickness, simulating the sensitivity of the reflectivity with
respect (o each of said iayers versus the wavelength of an incident lig ht flux, and

~ determining, from said simulation, the wavelengih of the quasi-monochromatic
fight flux intended to illuminate the surface of the structure, said wavelength being
selected s0 as to minimize the sensitivity of the reflectivity with respect to a layer other
than the layer {o be measured.

9. The method according o claim 8, characterized in that said thickness
measurement is conducted by means of an sellipsometer or a reflectometer.

10. The method according fo one of claims 1 o 9, characterized in that the
multilayer structure is a structure consisting of two layers transparent to the wavelength of
the quasi-monocchromatic light flux on a supporting substrate.

11, The method accarding fo one of claims 1 o 10¢, characterized in that said
multitayer structure is a semiconductor-on—insulator structure comprising a supporting
substrate, an electrically insulating layer and a semiconducting layer and in that the layer
for which the thickness variations are measured is said semiconducting layer.

12. The method according to claim 11, characterized in that said structure is an
FDSO! structure, the layer for which the thickness variations are measured being a silicon
layer having a thickness of less than or equal to 50 nm, preferably less than or equal to 12
nm.

13. A sysitem for measuring thickness variations in a layer of a multiayer
semiconductor structure, characterized in that it comprises:
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- a device for illuminating the structure, adapted for emitling a quasi-monochromatic
light flux towards the surface of sald structurs,

- a device for selecting the wavelength of the quasi-monochromatic light fiux,
configured for determining a wavelength corresponding to a minimum of the sensitivity of
the reflectivity with respect {o a layer of the structure other than the fayer for which the
thickness variations have to be measured, said sensitivity of the reflectivity with respect to
a layer being equal to the ratio between:

- the difference between the reflectivities of two mullilayer structures for which

the considered layer has a given thickness difference, and

- said given thickness difference,

the thicknesses of the other layers being identical ir both multilayer structures,
said selection device being coupled with the illumination device so as to provide said
Htumination device with said determined wavelength of the light flux to be emitled,

- an image acquisition system laid out so as to acguire at least one image of the
surface of the structure by reflection of said quasi—monochiromatic light flux,

- a processing system configured for, from said at least one acquired image,
determining from the intensity variations of the light reflected by said surface, the
variations of the thickness of said layer fo be measured.

14. The system according o claim 13, characterized in that the illumination device
comprises a source of white light and a wheel supporting a plurality of filters having
different wavelengths, the wheel being adapted so as {o rotate so that the light emitted by
sald source passes through a filler having the wavelength determined by the selection
device before attaining the surface of the structure to be measured.

15. The sysiem according to claim 13, characierized in that the ilumination device
comprises a plurality of light scurces each having a different wavelength and a plurality of
removable obturators coupled with said sourcas and laid down so as 1o only let through
the light having the wavelength determined by the selection device towards the surface of
the structure to be measured.



