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OPTICAL DEVICE AND METHOD FOR INSPECTING STRUCTURED OBJECTS

Technical field
The present invention relates to a device for three-
dimensionally inspecting structured objects. It is alsc directed to a
method for inspecting structured objects implemented in this device.
The field of the invention is more particularly, but not
limited to, that of measurement and dimensional control of devices in

the field of microsystems (MEMs) and in microelectronics.

State of prior art

Manufacturing techniques in microelectronics and in
microsystems (MEMs, MOEMs) progress in particular towards making
complex volume structures, capable of better volume integration of
functions of these systems.

The development of these techniques generates a change in needs
for measurement and dimensional control means, exactly to give
greater consideration to this volume aspect.

Optical measurement techniques, in particular based on imaging
and interferometry, are widely used because they can be integrated in
industrial environments and they can provide accurate information in
measurement ranges from a few millimetres to less than one nanometre.
They also have the advantage to allow measurements without contact,
without degradation nor preparation of the samples, with devices that
remain affordable.

It is known in particular imaging techniques based on
conventional microscopy, usually in reflection, which enable surfaces
and patterns to be inspected and dimensional measurements to be
performed by image analysis in a plane substantially perpendicular to
the observation axis. These devices usually comprise a light source,
a camera and an imaging optics with a suited magnification. Their
lateral resclution, in the order of one micrometre, is essentially
determined by the optical diffraction phenomenon, the magnification
and the quality of optics. The measurements are usually made in the

visible
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or near ultraviolet part of the 1light spectxum, which enables
diffraction to be restricted, and cameras and optics at a reascnable
cost to be used.

For the purpose of obtaining depth guantitative measurements

{(parallel to the cbservation axis), the imaging microscopy can be
complemented by interferential measurements, according to
interferometric microscopy technigques. The device is then

complemented by an interferometer which enables 1light from the
gsurface of the object to be measured (the measurement wave) and a
reference light wave £rom the same source and reflected by a
reference surface to be superimposed on the camera. Interferences are
thus obtained between the measurement and reference waves which
enable the topology of the surface to be measured with a depth
resolution in the order of one nanometre. For implementation reasons
similar to the case of imaging microscopy, measurements are usually
made in the visible part of the light spectrum.

The interferometric microscopy enables, for example, topography
measurements on a first surface, or thickness measurements of thin
layers substantially transparent to the wavelengths used, to be
effectively made. On the other hand, it can hardly make thickness
measurements of materials higher than a few tens of microns without
optical compensations delicate to implement, and of course it does
not enable silicon thicknesses to be measured, given that this
material is not transparent to visible wavelengths.

The issue in measuring thicknesses is effectively solved by
interferometric measurement techniques, in particular based on low-
coherence infrared interferometry. Indeed, a number of materials
widely used in microelectronics and in microsystems such as silicon
or gallium arsenide are substantially transparent for wavelengths in
near infrared. These are generally point measurement systems, namely
capable of measuring one or more heights or thicknesses (in the case
of measurements on stacks of layers) at a point of the surface of the
object.

Another issue in microsystems and in microelectronics is the
measurement of heights of patterns having a high depth to width ratio
(also called “aspect ratio®). These patterns, made in particular by

deep plasma etching
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(*Deep RIE”} can have, for example, the form of trenches or holes a
few micrometres wide and a few tens of micrometres deep. The
measurement of their depth is particularly difficult exactly because
of the aspect ratie. All the technigques based on an optical
measurement beam which has a high numerical aperture, which includes
imaging based techniques, whether interferometric¢ or not, and
confocal technigques, are inoperative because the beam cannot reach
the bottom of the structures under usable conditions.

Document FR 2 892 188 to Courteville describes a method and a
device capable of measuring the height of patterns which have a high
aspect ratio. The device includes a sﬁbstantially punctual
measurement beam, which covers a restricted region on the surface of
the object. The height measurement of patterns covered by the beam is
obtained by dividing the incident wave front between the high and low
parts of patterns and interfercometrically measuring phase shifts
induced between these fractions of wave fronts after a modal
filtering step. The device described in FR 2 B892 188 can
advantageously be implemented at infrared wavelengths to
simultaneously measure thicknesses of layers of semi-conductor
materials.

Characterizing elements in microelectronics or in microsystems
often requires simultaneously topolegy measurements and height or
thickness measurements performed in particular places. Locating these
height or thickness measurements should sometimes be very accurate,
for example in “chip level packaging” applications where apertures or
vias a few micrometres wide spaced apart by several tens or hundreds
of micrometres are pierced through the semi-conductor substrate. In
other cases, height and thickness measurements should be performed in
a region having a zrestricted range to take only some patterns into
account. In all cases, the infrared wmeasurement beam should thus hke
accurately adjusted in position and/or magnification on the surface
of the object.

Document FR 2 718 231 to Canteloup et al. is known which
describes a height or thickness measurement method using a peoint
measurement beam the position of which is viewed on a camera. The

measurement beam
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passes through the imaging optics of the camera such as to appear in
the field being viewed. This device enables the measurement beam to
be accurately positioned on the surface of the object. However, the
wavelength of the interferometric measurement is in this case
included in imaging wavelengths for which the imaging optics 1is
optimized. This is a strong constraint in the iwmplementation
described in FR 2 718 231, related in particular to the fact that
interferometric measurement techniques are mostly very sensitive to
parasitic reflections, multiple optical paths and other aberrations
of wave fronts which inevitably appear when an optics 1ig not
optimized for the operating wavelength. In particular, the method
described in FR 2 718 231 is unsuitable for an interferometric
measurement system in the infrared.

The purpose of the present invention is to provide a device for
inspecting structured objects, capable of simultaneously producing
topography  measurements, layer thickness and pattern height

measurements.

Disclosure of the invention

This purpose 1is achieved with a wicroscope device for
inspecting structured objects, including:

- a camera,

- optical imaging means capable of producing, on the camera, an
image of the object according to a field of wview, which optical
imaging means include a distal 1lens arranged on the side of the
object, and

- a low-coherence infrared interferometer, including a
measurement beam with a plurality of infrared wavelengths, capable of
producing measurements by means of interferences between
retroreflections of said measurement bsam and at least one separate
optical reference,

characterised in that:

- it further includes coupling means for injecting the
measurement beam into the cptical imaging means in such a way that it
passes through the distal lens, and that it intercepts said cbject
according to a measurement region substantially included in the field
of view of the imaging means, and

- the low-coherence infrared interferometer is balanced in such
a way that only the measurement beam retroreflections, taking place

at
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optical distances close to the optical distance covered by said beam
to the object, defining a measurement range, produce measurements.

The distal lens can be designed to produce images at wvisible
wavelengths. It can include z microscope lens.

The imaging system of the device according to the invention can
thus include compcnents conventionally used in microscopy, which has
substantial advantages in terms of costs and industrial development.
The camera can be a CDD camera.

The device according to the invention can produce an image of
the object at an optical wavelength or in a plurality of optical
wavelengths substantially included in a range of 200 to 1100
nancmetres, that dis in the near ultraviolet ({about 200 to 400 om),
visible (about 400 to 780 nm) and/or near infrared {about 780 to 1100
nm) .

The low-coherence infrared interferometer can produce, in a
non-limiting way, dimensional wmeasurements performed along axes
substantially parallel to the optical axis of the imaging system,
such as for example, layer thickness or height measurements. Thanks
to the wuse of infrared wavelengths, these measurements can be
performed through materials which are not transparent to the visible
wavelengths such as silicon and gallium arsenide.

The measurement beam of the low-coherence infrared
interferometer can include wavelengths between 1100 and
1700 nanometres. It can include in particular wavelengths located in
the vicinity of 1310 nm (nanometres) and/or 1550 nm.

The device according to the invention thus enables,
simultaneously:

- a sample or object to be viewed, imaged and measured by means
of an imaging system such asg a microscope,

- and measurements to be performed in accurately identified
regions of the object with the infrared interferometer.

According to the particularly advantageous characteristics of
the invention, measurements with the infrared interferometer are
performed through the distal part of the imaging optics, which

enables all the measurements to be actually integrated.
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This configuration zraises a particular difficulty because
interferometers are generally very sensitive to parasitic reflections
undergone by the measurement  beam, which quickly degrade
characteristics of measured phases. This is why generally they are
implemented separately from imaging systems, or in any case with
optics optimized for thelir working wavelength, in particular with
respect to antireflection coatings.

This problem is solved with the device according to the
invention by implementing interferometers which enable a “cocherence
window” substantially corresponding to the measurement range, to be
defined. In this way, only the retroreflections of the measurement
beam, that is the reflections going back into the interferometer
which occur at predetermined optical distances corresponding to the
measurement range, substantially contribute to the interference
phenomenon. The optical distance ig the distance “seen” by light, and
corresponds in a medium having a refractive index n to the geometric
distance multiplied by the index n. Thus, the measurement is
practically not affected by disturbances undergone by the measurement
beam in the imaging coptics.

The device according to the invention can further include first
magnifying means for changing the magnification of the optical
imaging means so as to simultaneocusly modify the field of wview and
the dimension of the measurement region in substantially identical
proportions.

These first magnifying means can be optical elements through
which the imaging beam and the measurement beam simultaneously pass.
They enable the region observed (the field of wview) and the
measurement region covered by the measurement beam at the surface of
the cbject to be simultaneously adjusted, so as teo adapt them to the
characteristic dimensions of the patterns of the object to be
measured.

These first magnifying means can include at least one element
from:

- a turret equipped with optics having different
magnifications, such as microscope lenses, and

- a variable magnification optics, such as a zcom with floating

lenses or replaceable lenses.
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The device according to the invention c¢an further include
second magnifying means enabling the magnification of the measurement
beam to be modified, so as to modify the dimension of the measurement
region relative to the field of view.

These second magnifying means, which can be optical elements
through which only the measurement beam passes, enable to provide the
device with a further degree of freedom for setting the dimension of
the measurement region.

The device according to the invention can further include
relative displacement means of the cbject and the optical imaging
means, enabling the field of view to be positicned at the desired
place on the object.

The device accoerding to the invention can also include relative
displacement means of the cbject and the measurement beam, that is
enabling the measurement region to be moved in the field of view.

The device according to the invention can further include
lighting means, producing a lighting beam with visible wavelengths,
arranged so as to illuminate the object through the distal lens. This
configuration corresponds to a conventional reflection microscopy
configuration.

According to one embediment, the device according to the
invention can further include, at the distal lens, a full field
interferometer capable of producing interference fringes superimposed
with the image of the object on the cameraz, so as to deduce therefrom
a topography of the surface of the object.

There are different well-known ways to make such full field
interferemeters, such as Michelson, Mirau, Linnik interferometers,
etc. Their principle consists in sampling part of the lighting beam,
reflecting it ontec a reference surface and superimposing it to the
light reflected by the object onto the c¢amera. The interference
fringes thus preoduced enable an altitude measurement of the surface
of the cbject te be calculated at each point of the image, and thus
its shape in space to be deduced therefrom.

The full field interferometer can include a dichroic element
substantially transparent to the wavelengths of the measurement beam.
This dichroic element can for example, according to the type of

interferometer
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used, be a mirror, a beam splitter plate or a beam splitter cube. It
can be arranged such that the infrared interferometric measurement
beam undergoes a minimum of reflections passing through the full
field interfercmeter, which remains fully functiocnal to the relevant
wavelengths of the imaging system.

According to this embodiment, the device according to the
invention enables profilometry measurements, that is of the three-
dimensiocnal shape of the surface of the object and measurements only
accessible through infrared interferometry, to be simultaneously
performed.

Acocording to one embodiment, the device according to the
invention can further include lighting means arranged opposite the
object with respect to the imaging means, including a light source
with wavelengths higher than one micrometre.

According to this embodiment, the measurements are thus made in
transmission. This embodiment is particularly interesting to perform
measurements with the infrared interfercmeter on the back side (that
iz the substrate) of microelectronic components for example. It is
thus possible to view, as light density wvariations, particularly
opagque regions such as metal tracks to position the measurement
region of the infrared interferometer accurately with respect to
these elements. It is possible to implement this embodiment with
cameras the sensor of which 1is silicon-based, which retain a
gufficient sensitivity at wavelengths higher than 1 micrometre for
which the silicon substrate of the object becomes transparent.

The low-coherence infrared interferometer implemented in the
device according to the invention can, in a non-limiting way, enable
to measure at least one of the following elements in the measurement
range:

- the optical thickness of at least one layer of material
substantially transparent to wavelengths of the measurement beam,

- the optical thickness of layers of a stack of materials
substantially transparent to wavelengths of the measurement beam, the
refractive indices of which are substantially different between

adjacent layers,
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- the height of patterns at least a high part of which and at
least a low part of which are included in the measurement region,
according for example to the method described in FR 2 892 188,

- the absclute height, in the measurement range, of points of
contact between the measurement beam and the object,

- the difference in height between peints of contact between
the measurement beam and the object at different positions on ths
object.

The low-coherence infrared interferometer implemented in a
device according to the invention is also capable of performing
measurements of refractive indices, for example by measuring optical
thickness of layers of materials the geometrical thicknesses of which
c¢ould be determined otherwise. This type of measurements can for
example enable the nature of a material to be checked.

To view the measurement region in the field of view, the device
according teo the invention can further include a viewing beam
superimposed with the measurement beam, which viewing beam includes
at least one wavelength detectable by the camera.

Thigs viewing beam can be adjusted such that it intercepts the
surface of the object according to the measurement region, which
enables the latter to be directly viewed on the image produced by the
camera.

The device according to the invention can further include
digital processing and displaying means, capable of producing an
image of the field of view including a display of the measurement
region.

This display of the measurement region can be generated by
gsoftware means and superimposed with the image of the surface of the
ocbject.

According to another aspect, it is provided a method for
inspecting structured objects including:

- producing, on a camera, an image of the object according to a
field of wview, implementing a distal lens arranged on the side of the
cbject, and

- producing measurements by interferences between retroreflections
of a measurement beam and at least one separate optical reference, from a
low-coherence infrared interferometer emitting this measurement beam with
a plurality of infrared wavelengths,

characterised in that:
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- it further includes a coupling for inserting the measurement
beam into the optical imaging means in such a way that it passes
through the distal lens and that it intexcepts said object according
to a measurement region substantially included in the field of view
of the imaging means, and

- the low-coherence infrared interfercmeter is balanced in such
a way that only the measurement beam retroreflections, taking place
at optical distances close to the optical distance covered by said
beam to the objeck, defining a measurement range, produce
measurements.

Locating the measurement region in the image of the field of
view can be stored during a prior calibration, in particular when the
position of the measurement beam in the imaging means, therefore in
the field of view, is fixed,

According to a particularly advantageous aspect of the device
according to the invention, information from the camera and the low-
coherence infrared interferometer can be combined to produce a three-
dimensional representation of the object.

A zepresentation of the object is thus obtained according to
additional aspects, which provides information which are very useful
and hardly accessible with separate systems. Indeed, it is possible
in particular:

- to make layer thickness or pattern height measurements very
accurately located with respect to characteristic elements of the
object, identified on its surface or by loocking through,

- to generate a three-dimensional representation of the object
including the shape of the surface and the thickness of underlying
layers accurately located with respect to this surface,

- for analysing high aspect ratic (narrow and deep) patterns
for which the profilometry alone is inoperative, to complement a
three-dimensional representation of the surface cobtained by
profilometry by the representation of patterns with their actual

depth measured by infrared interferometry.

Description of the figures and the embodiments
Further advantages and features of the invention will appear
upon reading the detailed description of iImplementaticns and
embodiments in no way limiting, and the following appended drawings

in which:
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- Fig. 1 illustrates an embodiment of the inspecting device
according to the invention,

- Fig. 2 illustrates embodiments of full field interferometers
in an inspecting device according to the invention, according to the
so-called Michelson configuration, Fig. 2a, and the so-called Mirau
configuration, Fig. 2b,

- Fig. 3 illustrates an embodiment of a low-coherence infrared
interferometer in an inspecting device according to the invention,

- Pig. 4b illustrates thickness measurements of layers obtained
with an inspecting device according to the invention, for a position
at the surface of an object illustrated in Fig. 4a,

- Fig. 5 illustrates height measurements of pattern obtained
with an inspecting device according to the invention, for a pesiticn
at the surface of an object illustrated in Fig. 5a.

In reference to Fig. 1, an inspecting device according to the
invention includes an imaging pathway and an interferometric
measurement pathway, which are intended to provide measurements about
an object to be inspected 4.

The imaging pathway includes a camera 1, egquipped with a CDD
matrix sensor 17. It also includes optical imaging means 2 capable of
forming an image 50 of the object 4 on the sensor 17 of the camera 1,
according to a field of wview substantially proportional to the
magnification of the optical imaging means 2 and to the dimensicn of
the sensor 17.

The optical imaging means 2 include, according to a
conventional microscopy configuration, a distal lens 3 arranged on
the object side and an optical relay or tube lens 23, through which
the imaging beam 22 consisting of the light from the object 4 and
projected onto the sensor 17 of the camera 1 passes. The distal
lens 3 is a microscope lens optimized for wisible wavelengths.

The infrared interferometric measurement pathway includes an
infrared measurement beam & inserted in the optical imaging means 2
by coupling means 7 such that it is incident on the object 4
according to a measurement region substantially included in the field
of view of the imaging pathway.

The measurement beam 6 comes from a low-coherence infrared
interferometer 5 and is brought by a single mode optical fibre 21 to
a collimator 20. This collimator 20 forms a substantially collimated

beam & which is
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ingerted in the optical imaging means 2 by a beam splitter plate 7,
which is preferably dichroic. The use of a dichroic plate, which
reflects infrared radiation and transmits visible 1light is not
esgential to the operation of the device but it enables losses and
parasitic reflections to be minimized both in the imaging pathway and
in the interferometric measurement pathway. The beam 6, substantially
collimated and deflected by the dichroic plate 7, is propagated in
the optical imaging means 2 along a direction substantially parallel
to their optical axis 24 to be focused onto the object by the distal
lens 3. The collimator 20 and the distal lens 3 are an imaging system
which images the core of the f£ibre 21 from which the measurement beam
6 of the object 4 comes. The measurement region covered by the
measurement beam & on the object 4 is determined by the magnification
of the imaging system 20 and 3, the diffraction and the possible
effect of a slight defocusing of the measurement beam 6.

When the measurement beam 6 is incident on the object 4 along a
direction substantially perpendicular tc the surface of the same,
within tolerance limits depending on its angular aperture at the
distal lens 3, the reflections which occur on the interfaces of the
object 4 are recoupled in the optical fibre 21 and processed in the
interferometer 5.

The device according to the invention includes displacement
means 10 which enable the field of wview to be positioned at the
desired place on the object 4. These displacement means include
displacement means in the plane perpendicular to the optical axis 24
of the sample holder supporting the object 4, and displacement means
in the direction of the optical axis 24 of the entire system with
respect to the object 4.

The device according to the invention includes means for
changing the magnification, seo as to:

- form on the camera 1 an image the field of view of which at
the surface of the object 4 is adapted to the dimensions of the
patterns to be inspected, and

- adjust the measurement region such that it is alsc adapted to
the dimensions of the patterns of the cbject 4.

The magnification is adjusted by modifying the magnification of
optical elements inserted between the dichroic plate 7 and the object
4 and through which the wmeasurement 6 and the imaging 22 beams

gimultaneously pass, so as
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to simultaneocusly affect the field of view and the dimension of the
measurement region in substantially identical proportions.

The magnification is modified by changing the microscope lens
3, so as to obtain magnifications in the order of x2 to x50 mainly on
the imaging pathway. Depending on the zutomation level being sought,
the device according to the invention is equipped with a lens holder
turret, possibly powered, which enables the lens 3 to be readily
changed.

By adjusting the magnification in such a way, the physical
dimensions of the field of view (view on the camera 1) and of the
measurement region (of the infrared metrology) are simultaneously
adjusted at the surface of the object, in substantially similar
proportions. In other words, with a lens 3 having a magnification
x20, a field twice as small as with a lens x10 is viewed on the
object 4, and the size of the measurement region on the ocbject 4 is
also substantially twice as small. This also enables in a single
operation the resclution of imaging and infrared metrology to be
adapted to the characteristics of the object 4. It is also worthy of
note that the pixel size of the measurement region as “seen” by the
detector 17 of the camera 1 1is substantially independent of the
magnification of the lens 3, and therefore this measurement region
can be accurately positioned using imaging at any magnifications.

The device according to the invention includes a light source
12 the emission spectrum of which includes visible wavelengths. This
light source 12 includes white light emitting diodes (LED). It emits
a lighting beam 25 which illuminates the object 4 such that it can be
imaged by reflection. For the sake of clarity, the lighting beam 25
is not shown in Fig. 1 after the plate 18.

In reference to Fig. 3, the interferometer 5 is a low-cocherence
infrared interferometer operating in the infrared, at wavelengths for
which many usual materials in micreelectronics such as silicon are
substantially transparent.

The interferometer 5 is intended to operate via imaging means 2
and in particular the distal lens 3 which are optimized for visible
wavelengths, which are standard in microscepy. But it is known that
antireflection ccatings of optics optimized for visible wavelengths

tend, on the contrary, te increase substantially the reflectivity of
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gurfaces in the infrared, sometimes up to 30%, which is very severe
measurement conditions for infrared interferometry. The wmethed
implemented in the interferometer 5 enables exactly to make it
substantially insensitive to parasitic reflections.

This result is achieved by implementing a low-coherence
infrared interferometry principle in which only reflections of the
measurement beam 6 that occur in a measurement region or Trange
encompassing interfaces of the cobject 4 (or at least at an optical
distance equivalent to the optical distance between the collimatcr 20
and the cbject 4 along the beam 6) can cause usable interferences.

The core of the interferometer 5 is a single mode optical fibre
based Michelson dual interferometer. It is illuminated by a fibred
light source 42 which is a superluminescent diode (SLD) the centre
wavelength of which is in the order of 1300 nm to 1350 nm and the
spectral width of which is in the order of 60 nm. The choice of this
wavelength corresponds in particular to component availability
criteria.

The 1light from the source is directed through the coupler 40
and the fibre 21 to the collimator 20, to make the measurement beam
6. Part of the beam is reflected in the fibre 21 at the collimator
20, to make the reference wave.

Retroreflections coming from the object 4 are coupled in the
fibre 21 and directed with the zreference wave to the decoding
interferometer constructed around the fibre coupler 41. This decoding
interferometer has a function of an optical correlator both arms of
which are respectively a fixed reference 44 and a time delay line 45.
Signals reflected at the reference 44 and the delay line 45 are
combined, through the coupler 41, on a detector 43 which is a
photodiode. The function of the delay line 45 is to introduce an
optical delay between incident and reflected waves, which is variable
over time in a known manner, obtained for example by moving a mirror.

The length of the arms 44 and 45 of the decoding interferometer
41 is adjusted so as to enable with the delay line 45 the differences
in optical paths between the reference wave reflected at the
collimator 20 and the retroreflections from the object 4 to be
reproduced, in which case at the detector 43, an interference peak 42

is obtained the shape and
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width of which depend on spectral characteristics of the source 42
(the wider the spectrum of the =source 42, the narrower the
interference peak 52).

Thus, the measurement range is determined by the difference in
optical length between the arms 44 and 45 of the decoding
interferometer 41, and by the maximum stroke of the delay line 45.
Moreover, as the reference wave 1s generated at the collimator 20
outside the imaging system 2, parasitic reflections in the optical
systems do not contribute significantly to interferences.

Figs. 4 and 5 show exemplary measurements illustrating the
operation of the device, after acquisition and processing on a
computer 16. Point measurements are performed with the infrared
interferometer at specific points of the surface of the cbject 4, at
positions 51 viewed on the images 50 of the =zame, sc¢ as to produce a
representation of the object 4.

Fig. 4 shows an exemplary thickness measurement. Fig. 4b shows
an interferometric signal 52 obtainred with the interferometer 5,
which corresponds to a thickness measurement of a silicon layer Ts
fellowed by an air space Tg. Each interface met by the measurement
beam 6 and giving rise to a retroreflection produces an interference
peak. Distances between peaks correspond to the optical thickness of
the layer, which is to be divided by the reflective index toc yield
the effective thickness. Fig. 4a shows the image 50 of the surface of
the cbject 4 with the location 51 of the measurement place.

Fig. 5 shows an exemplary pattern height measurement obtained
with the interferometer 5 as implemented according te the method
described in FR 2 892 188, by division of wave fronts. The measured
patterns are heoles. Fig. 5b shows an interferometric signal 52
obtained with the interferometer 5, for measuring the height H of a
hole. The hole surface and bottom each reflect a fraction of the wave
front of +the incident measuremsnt beam 6, thug producing an
interference peak. The distance between the peaks correspond to the
height H of the hole. Fig. 5a shows the image 50 of the surface of
the cbhject 4 with the location 51 of the measurement place.

Given that in the delay 1line 45, the differences in optical
paths are reproduced between the zreference wave generated in the
collimator 6 and the reflections from the object 4, the

interferometer 5 can be used to
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measure absolute distances or altitudes on the object. Indeed, the
position of the interference peaks 52 in the measurement range
depends on the optical distance between the corresponding interface
of the object 4 and the collimator 20 along the path travelled by the
measurement beam 6. It is thus possible to measure heights of
patterns or other relief elements, or a topolegy, by moving the
object 4 relative to the imaging system 2 and by noting the evolution
in the position of the interference peaks 52 in the measurement
range.

The location of the measurement region in the image 50 is
performed by a prior calibration operation of the device, such that
the viewed image can be superimposed with a wmark corresponding to the
position of this measurement region. This mark is visible at the
position 51 in the image 50 of Fig. 5a. The calibration can be
performed for example by arranging instead of the object an infrared
viewing map which enables the infrared measurement beam 6 to be seen
on the camera.

According to an embodiment, a light beam 15 with wavelengths
detectable by the camera 1 is superimposed with the measurement beam
6. This superimposition can be for example performed by means of a
fibre <coupler ingerted at the interferometer 5 ahead of the
collimator 20. This viewing beam 15 substantially travels the same
path as the measurement beam 6 in the imaging system 2 and produces
on the surface of the cbject 4 a spot detectable by the camera 1,
visible for example in Fig. 5a. It is thus possible to directly view
the position of the measurement region on the image 50 without prior
calibration.

Referring to Fig. 2, according to an embodiment, the device
according te the invention further includes a full field
interferometer 13, inserted at the distal lens 3. This full field
interferometer 13 enables the imaging device to be transformed into
an optical profilometer, capable of producing an altitude mapping or
a three-dimensional zrepresgentation of the surface of the object 4.
The altitude of the surface is obtained according to well-known methods,
by superimposing with light reflected by the object 4 on the sensor 17 of
the camera 1, a reference wave from the same light source 12 and that has
substantially travelled the same optical distance to the sgensor 17 as
said light reflected by the object 4. This reference wave is generated by

a reference mirror 31 located in one of the arms of
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the interferometer 13. It produces on the senser 17 interference
fringes the shape of which depends on the difference in shape between
the reference mirror 31 and the surface of the object 4. By
conducting a measurement sequence wherein, for example, the relative
length of the arms of the interfercmeter 13 is wvaried in a
predetermined manner, by moving the object 4 or the lens 3 and
interferometer 13 assembly, a plurality of interference figures are
obtained which enable the three-dimensional shape of the surface to
be calculated with high accuracy.

Different kinds of interferometers 13 are usable, depending in
particular on the magnification and the working distance of the
lenses 3. Among representative examples, there are:

- the Michelson configuration, shown in Fig. 2a, according to
which a beam splitter cube 30 {(or a beam splitter plate) is inserted
beneath the lens 3, and returns a fraction of the incident lighting
beam 25 back to a reference mirror 31;

- the Linnik configuration, which is an alternative to the
Micheison configuration and which includes a lens 3 in each arm of
the interferometer 13;

- the Mirau configuration, shown in Fig. 2b, according to which
a semi-reflective plate 32 returns a fraction of the incident
lighting beam 25 back to a reference mirror 31 inserted in the centre
of this beam 25.

For the sake of clarity, the lighting beam 25 is not shown in
Figs. 2a and 2b. Only the imaging beams 22 from reflections on the
mirror 31 and the object 4 are represented.

To integrate the interferometer 5 in the profilometer, it is
preferable to restrict the reflection of the measurement beam 6 on
the reference mirror 31. This condition is not indispensable but
enables the presence of a high intensity parasitic peak to be avoided
in measurements. This result is achieved by using a splitter 30 or
dichreic 32 element substantially transparent to the wavelengths of
the measurement beam 6, and which exhibits the desired reflectivity
(for example in the order of 50%) to the wavelengths of the imaging
system. It is also possible to implement a dichroic reference mirror
31, which does not or hardly reflects the wavelengths of the

measurement beam 6.
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A device according to the invention integrating an infrared
interfercometer and an optical profilemeter enables a three-
dimensional model of an object 4 to be built by combining all the
measurements in a single representation. This device is particularly
effective to control narrow and deep etchings such as holes shown in
Fig. 5a. Indeed, because of the numerical aperture of the imaging
beam 22 (that is the half ratio of its width at the lens 3 to the
distance from the lens 3 to the focusing point), the optical
profilometry can not access the bottom of the holes to measure the
depth thereof. This measurement is on the other hand accessible to
the infrared interferometer 5 as 1illustrated in Fig. 5. The
combination of measurements thus enables a more complete three-
dimensional representation of the surface to be obtained, including
regions which are not accessible to the profilometer.

According to an embodiment, the device according to the
invention includes a 1light source 14 which emits a beam 19 enabling
the object 4 to be lighted by going through. This embodiment enables
imaging in transmission of the object 4 to be made. For the sake of
clarity, the lighting beam 19 is not shown in Fig. 1 beyond the
object 4.

For applications in microelectronics particularly, the 1light
source 14 is designed so as to exhibit an emission spectrum extending
in the near infrared to wavelengths higher than 1 micrometre, for
which silicon is no longer wholly opaque. This light source 14 can be
a halogen lamp. It is then possible, even with a camera 1 the sensor
17 of which is silicon based, to obtain an image by looking through
enabling for example elements of circuits to be located on a wafer 4
to perform with the infrared interferometer 12, measurements at
accurate places through the back face of the wafer opposite etched
elements.

According to particular embodiments, it is possible to
implement in a device according te the invention, a light source 14
with an emission spectrum extending in the near infrared (wavelengths
between about 780 to 1100 nm) and/or near ultraviolet (wavelengths
between about 780 to 1300 nm), and to carry out imaging par
reflection of the object 4 at one or more of these wavelengths of the

source 14. It
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is also possible to implement a full field interferometer 13 with
such a source 14.

According to particular embodiments, the camera 1 can include
any device capable of carrying images of an object 4, such as for
example:

- a CMOS type matrix sensor 17,

- point or line sensors assoclated with scanning means enabling
all the points of the field of view to be covered,

- peint or 1line sensors, possibly associated with scanning
means enabling measurements to be acquired as lines.

According to particular embodiments:

- the beam splitter plates 7 and 18 can be replaced by any
means for separating beams, such as beam splitter cubes, - polarized
components, etc.;

- the collimator 20 can include displacement means 11 which
enable the position of the measurement beam & to be moved, and thus
the position of the measurement region to bz moved on the object
relative to the field of view covered by the iwmaging means 2;

- the device can include an additional optics 8 having a
variable magnification, through which the measurement 6 and imaging
22 beams simultaneously pass, and which enables the field of view and
the dimension of the measurement region te be simultaneously modified
at the surface of the object under substantially identical
proportions. The magnification of such additional optics 8 can ke
continuously adjusted by moving optical elements, or discretely by
replacing optical elements;

- the optical relay 23 can include a variable magnification
optics, which enables the field of wview and the size of the
measurement region to be varied on the camera 1. The magnification
can be continuously adjusted by moving optical elements, or
discretely by replacing optical elements;

- the light source 12 can include a halogen source;

- the light source 12 can include any 1light source having

spectral contents detectable by the camera 1;
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- the interferometer 5 can be implemented at any infrared
wavelengths, in particular between 1100 nm and 1700 nm, and in
particular around 1550 nm. The source 40 can be any type of source or
combination of infrared sources, producing a plurality of wavelengths
according to a continuous or discontinuous spectrum;

- the interfercmeter 5 c¢an include any types of low-coherence
interferometers. This can be a single Michelson interferocmeter with a
delay line in either arm. Optical delays can be decoded in the
frequency domain by spectral analysis techniques;

- the interferometer 5 can be partly or wholly made with free
propagation optics. The interferometer 5 can also be partly or wholly
made with integrated optics, in particular based on planar wave
guides.

0f course, the invention is not limited to the examples just
described and many alterations can be made to these examples without

departing from the scope of the invention,
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CLAIMS

1. A microscope device for inspecting structured objects (4),
comprising:

- a camera (1),

- optical imaging means (2) capable of producing, on the camera
(1), an image of the object (4) according to a field of wview, which
optical imaging means (2) include a distal lens (3) arranged on the
side of the object (4),

— @ low-coherence infrared interferometer (5}, comprising a
measurenment beam (8) with a plurality of infrared wavelengths,
capable of producing measurements by means of interferences between
retroreflections of said measurement beam {6) and at least one
optical reference,

- a vcollimater (20) and optical coupling means (7) for
injecting the measurement beam issued from an optical fiber (21) of
the interferometer (5) into the optical imaging means {2) in such a
way that it passes through the distal lens (3}, and that it
intercepts said object (4) according to a measurement region
substantially included in the field of view of the imaging means (2),

characterized in that:

- the optical fiber (21) and the collimator (20) are arranged
so that part of the measurement beam is reflected in the optical
fiber (21) at the collimator (21} to generate the optical reference,
and

- the low-coherence infrared interferometer (5) is balanced in
such a way that only the measurement beam retroreflecticns (6),
taking place at optical distances close to the optical distance
covered by said beam (6) to the object (4), defining a measurement

range, produce measurements.

2. The device according to claim 1, characterised in that the

distal lens {3) is designed to produce images at visible wavelengths.

3. The device according to claim 1 or 2, characterised in that

the distal lens (3) includes z microscope lens.

4. The device according to one of the preceding claims,
characterised in that the measurement beam (8) includes wavelengths

between 1100 and 1700 nanometres.
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5. The device according to one of the preceding claims,
characterised in that it further includes first magnifying means (3,
8) for chanaging the magnification of the optical images means ({2) so
as to simultanecusly medify the field of view and the dimensiocn of

the measurement region in substantially identical proportions.

6. The device according to claim 5, characterised in that saicd
first magnifying means ({3, 8) include at least one element from a
turret equipped with optics having different magnifications, and a

variable magnification optics.

7. The device according to one of the preceding claims,
characterised in that it further includes second magnifying means (9)
for modifying the magnification of the measurement beam (6), 50 as to
modify the dimension of the measurement region relative to the field

of view.

8. The device according to one of the preceding claims,
characterised in that it further includes relative displacement means

{10) of the object (4) and the optical imaging means (2).

9. The device according to one of the preceding claims,
characterised in that it further includes relative displacement means

(11) of the object (4) and the measurement beam {6).

10. The device according to one of the preceding claims,
characterised in that it further includes 1lighting means (12},
producing a lighting beam (25) with visible wavelengths, arranged in
such a way as to illuminate the object {4) through the distal lens
(3.

11. The device according to claim 10, characterised in that it
further includes, at the distal lens (3), a full field interferometer
{13) capable of producing on the camera (1), interference fringes

superimposed with
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the image of the object, so as to deduce therefrom a topography of

the surface of the object (4}.

12. The device according to claim 11, characterised in that the
full field interferometer includes a dichroic element (30, 31, 32)
substantially transparent to the wavelengths of the measurement beam

(6).

13. The device according to one of the preceding claims,
characterised in that it further includes 1lighting means (14)
arranged opposite the object with respect to the imaging means,

including a light source with wavelengths higher than one micrometre.

14. The device according to one of the preceding claims,
characterised in that the low-coherence infrared interferometer (5)
allows to measure in the measurement range, at least c¢ne of the
following elements:

- the optical thickness of at least one layer of material
substantially transparent to wavelengths of the measurement beam,

- the height of patterns at least & high part of which and at
least a low part of which are included in the measurement region,

- the absclute height, in the measurement range, of points of

contact between the measurement beam (6} and the object {4).

15. The device according to one of the preceding claims,
characterised in that it further includes a viewing beam (15}
superimposed with the measurement beam (6), which viewing beam (15)

includes at least one wavelength detectable by the camera (1).

16. The device according to one of the preceding claims,
characterised in that it further includes digital processing and
displaying means (16}, capable of producing an image of the field of

view including a display of the measurement region.

17. A method for inspecting structured objects (4), comprising:
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- producing, on a camera ({1}, an image of the object (4)
according to a field of view, implementing a distal lens (3) arranged
on the side of the cbject (4), and

- producing measurements by interferences between
retroreflections of a measurement beam (6) and at least one
optical reference, from a low-coherence infrared interferometer (%)
emitting this measurement beam (6} with a plurality of infrared
wavelengths,

- providing an optical «coupling (7} for inserting the
measurement beam issued from an optical fiber (21} of the
interferometer (50} and a cecllimateor (20) into the optical imaging
means (2) in such a way that it passes through the distal lens (3)
and that it intercepts said object (4) according to a measurement
region substantially included in the field of view of the imaging
means (2), and

characterized in that it further comprises:

- generating the optical reference by reflecting part of the
measurement beam in the optical Zfiber (21) at the collimator (20),
and

- balancing the low-coherence infrared interferometer (5) in
such a way that only the measurement beam retroreflecticns (86),
taking place at optical distances close to the optical distance
covered by said beam {6) to the object (4), defining a measurement

range, produce measurements.

18. The method according to claim 17, characterised in that the
location ©f the measurement region in the image of the field of view

is stored during a prior calibration.

1%, The method according to one of c¢laims 17 and 18,
characterised in that the information from the camera (1) and the
low-coherence infrared interferometer (5) 1s combined to produce a

three-dimensional representation of the object (4).



