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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 also directed to a 

method for inspecting structured objects implemente d in this device. 

The field of the invention is more particularly, bu t not 

limited to, that of measurement and dimensional con trol of devices in 5 

the field of microsystems (MEMs) and in microelectr onics. 

 

State of prior art 

Manufacturing techniques in microelectronics and in  

microsystems (MEMs, MOEMs) progress in particular t owards making 10 

complex volume structures, capable of better volume  integration of 

functions of these systems.  

The development of these techniques generates a cha nge in needs 

for measurement and dimensional control means, exac tly to give 

greater consideration to this volume aspect. 15 

Optical measurement techniques, in particular based  on imaging 

and interferometry, are widely used because they ca n be integrated in 

industrial environments and they can provide accura te information in 

measurement ranges from a few millimetres to less t han one nanometre. 

They also have the advantage to allow measurements without contact, 20 

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, whi ch enable surfaces 

and patterns to be inspected and dimensional measur ements to be 25 

performed by image analysis in a plane substantiall y perpendicular to 

the observation axis. These devices usually compris e a light source, 

a camera and an imaging optics with a suited magnif ication. Their 

lateral resolution, in the order of one micrometre,  is essentially 

determined by the optical diffraction phenomenon, t he magnification 30 

and the quality of optics. The measurements are usu ally made in the 

visible  

1 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 also
directed to a method for inspecting structured objects implemented in this device. The field of the
invention is more particularly, but not 5limited to, that of measurement and dimensional control of devices
in the field of microsystems (MEMs) and in microelectronics. State of prior art
Manufacturingtechniquesinmicroelectronicsandin  10 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  15 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.  20 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  25 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 resolution, in the order of one micrometre, is essentially  30
determined by the optical diffraction phenomenon, the magnification and the quality of optics. The
measurements are usually made in the visible  



 
2 

or near ultraviolet part of the light spectrum, whi ch enables 

diffraction to be restricted, and cameras and optic s at a reasonable 

cost to be used. 

For the purpose of obtaining depth quantitative mea surements 

(parallel to the observation axis), the imaging mic roscopy can be 5 

complemented by interferential measurements, accord ing to 

interferometric microscopy techniques. The device i s then 

complemented by an interferometer which enables lig ht from the 

surface of the object to be measured (the measureme nt wave) and a 

reference light wave from the same source and refle cted by a 10 

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 w ith a depth 

resolution in the order of one nanometre. For imple mentation reasons 

similar to the case of imaging microscopy, measurem ents are usually 15 

made in the visible part of the light spectrum. 

The interferometric microscopy enables, for example , topography 

measurements on a first surface, or thickness measu rements of thin 

layers substantially transparent to the wavelengths  used, to be 

effectively made. On the other hand, it can hardly make thickness 20 

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, give n that this 

material is not transparent to visible wavelengths.  

The issue in measuring thicknesses is effectively s olved by 25 

interferometric measurement techniques, in particul ar 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 f or wavelengths in 

near infrared. These are generally point measuremen t systems, namely 30 

capable of measuring one or more heights or thickne sses (in the case 

of measurements on stacks of layers) at a point of the surface of the 

object. 

Another issue in microsystems and in microelectroni cs is the 

measurement of heights of patterns having a high de pth to width ratio 35 

(also called “aspect ratio”). These patterns, made in particular by 

deep plasma etching   

2 or near ultraviolet part of the light spectrum, which enables diffraction to be restricted, and cameras and
optics at a reasonable cost to be used.              For the purpose of obtaining depth quantitative
measurements  5 (parallel to the observation axis), the imaging microscopy can be
complementedbyinterferentialmeasurements,accordingto
interferometricmicroscopytechniques.Thedeviceisthen complemented by an interferometer which enables
light from the surface of the object to be measured (the measurement wave) and a  10 reference light
wave from 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  15 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  20 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. 25The 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  30 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  35 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 tre nches or holes a 

few micrometres wide and a few tens of micrometres deep. The 

measurement of their depth is particularly difficul t exactly because 

of the aspect ratio. All the techniques based on an  optical 

measurement beam which has a high numerical apertur e, which includes 5 

imaging based techniques, whether interferometric o r not, and 

confocal techniques, are inoperative because the be am cannot reach 

the bottom of the structures under usable condition s.  

Document FR 2 892 188 to Courteville describes a me thod and a 

device capable of measuring the height of patterns which have a high 10 

aspect ratio. The device includes a substantially p unctual 

measurement beam, which covers a restricted region on the surface of 

the object. The height measurement of patterns cove red by the beam is 

obtained by dividing the incident wave front betwee n the high and low 

parts of patterns and interferometrically measuring  phase shifts 15 

induced between these fractions of wave fronts afte r a modal 

filtering step. The device described in FR 2 892 18 8 can 

advantageously be implemented at infrared wavelengt hs to 

simultaneously measure thicknesses of layers of sem i-conductor 

materials. 20 

Characterizing elements in microelectronics or in m icrosystems 

often requires simultaneously topology measurements  and height or 

thickness measurements performed in particular plac es. Locating these 

height or thickness measurements should sometimes b e very accurate, 

for example in “chip level packaging” applications where apertures or 25 

vias a few micrometres wide spaced apart by several  tens or hundreds 

of micrometres are pierced through the semi-conduct or substrate. In 

other cases, height and thickness measurements shou ld be performed in 

a region having a restricted range to take only som e patterns into 

account. In all cases, the infrared measurement bea m should thus be 30 

accurately adjusted in position and/or magnificatio n 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 point 

measurement beam the position of which is viewed on  a camera. The 35 

measurement beam   

3 ("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 ratio. All the techniques based on an optical  5 measurement beam which has a high numerical
aperture, which includes imaging based techniques, whether interferometric or not, and confocal
techniques, 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  10 device capable
of measuring the height of patterns which have a high aspect ratio. The device includes a substantially
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  15 parts of patterns and interferometrically measuring phase shifts induced between
these fractions of wave fronts after a modal filtering step. The device described in FR 2 892 188 can
advantageously be implemented at infrared wavelengths to simultaneously measure thicknesses of layers
of semi-conductor  20 materials.        Characterizing elements in microelectronics or in microsystems
often requires simultaneously topology measurements and height or thickness measurements performed
in particular places. Locating these height or thickness measurements should sometimes be very
accurate,  25 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 restricted range to take only some patterns into  30 account. In all cases, the infrared
measurement beam should thus be 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 point 35measurement beam the position of which is viewed on a
camera. The measurement beam  4 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  5
included in imaging wavelengths for which the imaging optics is optimized. This is a strong constraint in
the implementation 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 
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passes through the imaging optics of the camera suc h as to appear in 

the field being viewed. This device enables the mea surement beam to 

be accurately positioned on the surface of the obje ct. However, the 

wavelength of the interferometric measurement is in  this case 

included in imaging wavelengths for which the imagi ng optics is 5 

optimized. This is a strong constraint in the imple mentation 

described in FR 2 718 231, related in particular to  the fact that 

interferometric measurement techniques are mostly v ery sensitive to 

parasitic reflections, multiple optical paths and o ther aberrations 

of wave fronts which inevitably appear when an opti cs is not 10 

optimized for the operating wavelength. In particul ar, the method 

described in FR 2 718 231 is unsuitable for an inte rferometric 

measurement system in the infrared. 

The purpose of the present invention is to provide a device for 

inspecting structured objects, capable of simultane ously producing 15 

topography measurements, layer thickness and patter n height 

measurements.  

 

Disclosure of the invention 

This purpose is achieved with a microscope device f or 20 

inspecting structured objects, including: 

- a camera, 

- optical imaging means capable of producing, on th e camera, an 

image of the object according to a field of view, w hich optical 

imaging means include a distal lens arranged on the  side of the 25 

object, and 

- a low-coherence infrared interferometer, includin g a 

measurement beam with a plurality of infrared wavel engths, capable of 

producing measurements by means of interferences be tween 

retroreflections of said measurement beam and at le ast one separate 30 

optical reference, 

characterised in that:  

- it further includes coupling means for injecting the 

measurement beam into the optical imaging means in such a way that it 

passes through the distal lens, and that it interce pts said object 35 

according to a measurement region substantially inc luded in the field 

of view of the imaging means, and 

- the low-coherence infrared interferometer is bala nced in such 

a way that only the measurement beam retroreflectio ns, taking place 

at40 

10 of wave fronts which inevitably appear when an optics is 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
15inspecting structured objects, capable of simultaneously producing topography measurements,layer
thicknessand pattern height measurements. Disclosure of the invention 20This purpose is achieved with a
microscope 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 view, which optical
25imaging means include a distal lens arranged on the side of the object, and
alow-coherenceinfraredinterferometer,includinga measurement beam with a plurality of infrared
wavelengths, capable of producingmeasurementsbymeansofinterferencesbetween 30retroreflections of
said measurement beam and at least one separate optical reference, characterised in that: 
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optical distances close to the optical distance cov ered by said beam 

to the object, defining a measurement range, produc e measurements. 

The distal lens can be designed to produce images a t visible 

wavelengths. It can include a microscope lens. 

The imaging system of the device according to the i nvention can 5 

thus include components conventionally used in micr oscopy, which has 

substantial advantages in terms of costs and indust rial development. 

The camera can be a CDD camera. 

The device according to the invention can produce a n image of 

the object at an optical wavelength or in a plurali ty of optical 10 

wavelengths substantially included in a range of 20 0 to 1100 

nanometres, that is in the near ultraviolet (about 200 to 400 nm), 

visible (about 400 to 780 nm) and/or near infrared (about 780 to 1100 

nm).  

The low-coherence infrared interferometer can produ ce, in a 15 

non-limiting way, dimensional measurements performe d along axes 

substantially parallel to the optical axis of the i maging system, 

such as for example, layer thickness or height meas urements. Thanks 

to the use of infrared wavelengths, these measureme nts can be 

performed through materials which are not transpare nt to the visible 20 

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 wavel engths located in 

the vicinity of 1310 nm (nanometres) and/or 1550 nm . 25 

The device according to the invention thus enables,  

simultaneously: 

- a sample or object to be viewed, imaged and measu red by means 

of an imaging system such as a microscope, 

- and measurements to be performed in accurately id entified 30 

regions of the object with the infrared interferome ter. 

According to the particularly advantageous characte ristics of 

the invention, measurements with the infrared inter ferometer are 

performed through the distal part of the imaging op tics, which 

enables all the measurements to be actually integra ted.  35 

it further includes coupling means for injecting the measurement beam into the optical imaging means in
such a way that it  35 passes through the distal lens, and that it intercepts said object 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 40at  5 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 visible wavelengths. It can include a microscope lens. 5The imaging
system of the device according to the invention can thus include components 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  10 the object at
an optical wavelength or in a plurality of optical wavelengths substantially included in a range of 200 to
1100 nanometres, that is in the near ultraviolet (about 200 to 400 nm), visible (about 400 to 780 nm)
and/or near infrared (about 780 to 1100 nm). 15The low-coherence infrared interferometer can produce,
in a non-limiting way, dimensional measurements 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 use of infrared wavelengths, these measurements can be 20performed through materials which are
not transparent to the visible wavelengths such as silicon and gallium arsenide.
Themeasurementbeamofthelow-coherenceinfrared 
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This configuration raises a particular difficulty b ecause 

interferometers are generally very sensitive to par asitic reflections 

undergone by the measurement beam, which quickly de grade 

characteristics of measured phases. This is why gen erally they are 

implemented separately from imaging systems, or in any case with 5 

optics optimized for their working wavelength, in p articular with 

respect to antireflection coatings.  

This problem is solved with the device according to  the 

invention by implementing interferometers which ena ble a “coherence 

window” substantially corresponding to the measurem ent range, to be 10 

defined. In this way, only the retroreflections of the measurement 

beam, that is the reflections going back into the i nterferometer 

which occur at predetermined optical distances corr esponding to the 

measurement range, substantially contribute to the interference 

phenomenon. The optical distance is the distance “s een” by light, and 15 

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 optics.  

The device according to the invention can further i nclude first 20 

magnifying means for changing the magnification of the optical 

imaging means so as to simultaneously modify the fi eld of view and 

the dimension of the measurement region in substant ially identical 

proportions. 

These first magnifying means can be optical element s through 25 

which the imaging beam and the measurement beam sim ultaneously pass. 

They enable the region observed (the field of view)  and the 

measurement region covered by the measurement beam at the surface of 

the object to be simultaneously adjusted, so as to adapt them to the 

characteristic dimensions of the patterns of the ob ject to be 30 

measured. 

These first magnifying means can include at least o ne element 

from: 

- a turret equipped with optics having different 

magnifications, such as microscope lenses, and 35 

- a variable magnification optics, such as a zoom w ith floating 

lenses or replaceable lenses.  

interferometercanincludewavelengthsbetween1100and 1700 nanometres. It can include in particular
wavelengths located in 25the vicinity of 1310 nm (nanometres) and/or 1550 nm. The deviceaccording to
theinvention thusenables, simultaneously:        - a sample or object to be viewed, imaged and measured
by means of an imaging system such as a microscope, 30- 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 35enables all the measurements to be
actually integrated.  6        This configuration raises 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  5 implemented separately
from imaging systems, or in any case with optics optimized for their 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 "coherence  10 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  15 phenomenon.
The optical distance is 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 optics. 
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The device according to the invention can further i nclude 

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 5 

through which only the measurement beam passes, ena ble 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 i nclude 

relative displacement means of the object and the o ptical imaging 10 

means, enabling the field of view to be positioned at the desired 

place on the object. 

The device according to the invention can also incl ude relative 

displacement means of the object and the measuremen t beam, that is 

enabling the measurement region to be moved in the field of view. 15 

The device according to the invention can further i nclude 

lighting means, producing a lighting beam with visi ble wavelengths, 

arranged so as to illuminate the object through the  distal lens. This 

configuration corresponds to a conventional reflect ion microscopy 

configuration.  20 

According to one embodiment, the device according t o the 

invention can further include, at the distal lens, a full field 

interferometer capable of producing interference fr inges superimposed 

with the image of the object on the camera, so as t o deduce therefrom 

a topography of the surface of the object. 25 

There are different well-known ways to make such fu ll field 

interferometers, such as Michelson, Mirau, Linnik i nterferometers, 

etc. Their principle consists in sampling part of t he lighting beam, 

reflecting it onto a reference surface and superimp osing it to the 

light reflected by the object onto the camera. The interference 30 

fringes thus produced enable an altitude measuremen t of the surface 

of the object to 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 dichroi c element 

substantially transparent to the wavelengths of the  measurement beam. 35 

This dichroic element can for example, according to  the type of 

interferometer   

20The device according to the invention can further include first magnifying means for changing the
magnification of the optical imaging means so as to simultaneously modify the field of view and the
dimension of the measurement region in substantially identical proportions. 25These 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 view) and the measurement region
covered by the measurement beam at the surface of the object to be simultaneously adjusted, so as to
adapt them to the  30 characteristic dimensions of the patterns of the object to be measured. These first
magnifying means can include at least one element from:  aturretequippedwithopticshavingdifferent
35magnifications, such as microscope lenses, and         a variable magnification optics, such as a zoom
with floating lenses or replaceable lenses.  7        The device according to the invention can 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. 5These 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  10 relative displacement
means of the object and the optical imaging means, enabling the field of view to be positioned at the
desired place on the object. 
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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 interferomet ric measurement 

beam undergoes a minimum of reflections passing thr ough the full 

field interferometer, which remains fully functiona l to the relevant 

wavelengths of the imaging system. 5 

According to this embodiment, the device according to the 

invention enables profilometry measurements, that i s of the three-

dimensional shape of the surface of the object and measurements only 

accessible through infrared interferometry, to be s imultaneously 

performed. 10 

According to one embodiment, the device according t o the 

invention can further include lighting means arrang ed 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 15 

transmission. This embodiment is particularly inter esting to perform 

measurements with the infrared interferometer on th e back side (that 

is the substrate) of microelectronic components for  example. It is 

thus possible to view, as light density variations,  particularly 

opaque regions such as metal tracks to position the  measurement 20 

region of the infrared interferometer accurately wi th respect to 

these elements. It is possible to implement this em bodiment with 

cameras the sensor of which is silicon-based, which  retain a 

sufficient sensitivity at wavelengths higher than 1  micrometre for 

which the silicon substrate of the object becomes t ransparent.  25 

The low-coherence infrared interferometer implement ed in the 

device according to the invention can, in a non-lim iting way, enable 

to measure at least one of the following elements i n the measurement 

range: 

- the optical thickness of at least one layer of ma terial 30 

substantially transparent to wavelengths of the mea surement beam, 

- the optical thickness of layers of a stack of mat erials 

substantially transparent to wavelengths of the mea surement beam, the 

refractive indices of which are substantially diffe rent between 

adjacent layers,  35 

The device according to the invention can also include relative displacement means of the object and the
measurement beam, that is 15enabling 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 20configuration.        According to one embodiment,
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 camera, so as
to deduce therefrom 25a topography of the surface of the object.        There are different well-known ways
to make such full field interferometers, such as Michelson, Mirau, Linnik interferometers, etc. Their
principle consists in sampling part of the lighting beam, reflecting it onto a reference surface and
superimposing it to the  30 light reflected by the object onto the camera. The interference fringes thus
produced enable an altitude measurement of the surface of the object to 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  35 substantially transparent to the wavelengths of the measurement beam. This
dichroic element can for example, according to the type of interferometer  8 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 interferometer,
which remains fully functional to the relevant 5wavelengths of the imaging system.        According to this
embodiment, the device according to the invention enables profilometry measurements, that is of the
three-dimensional shape of the surface of the object and measurements only accessible through infrared
interferometry, to be simultaneously 10performed.        According 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. 
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- the height of patterns at least a high part of wh ich and at 

least a low part of which are included in the measu rement region, 

according for example to the method described in FR  2 892 188, 

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

contact between the measurement beam and the object , 5 

- the difference in height between points of contac t between 

the measurement beam and the object at different po sitions on the 

object. 

The low-coherence infrared interferometer implement ed in a 

device according to the invention is also capable o f performing 10 

measurements of refractive indices, for example by measuring optical 

thickness of layers of materials the geometrical th icknesses of which 

could be determined otherwise. This type of measure ments can for 

example enable the nature of a material to be check ed. 

To view the measurement region in the field of view , the device 15 

according to the invention can further include a vi ewing beam 

superimposed with the measurement beam, which viewi ng beam includes 

at least one wavelength detectable by the camera. 

This viewing beam can be adjusted such that it inte rcepts the 

surface of the object according to the measurement region, which 20 

enables the latter to be directly viewed on the ima ge produced by the 

camera. 

The device according to the invention can further i nclude 

digital processing and displaying means, capable of  producing an 

image of the field of view including a display of t he measurement 25 

region. 

This display of the measurement region can be gener ated by 

software means and superimposed with the image of t he surface of the 

object.  

According to another aspect, it is provided a metho d for 30 

inspecting structured objects including: 

- producing, on a camera, an image of the object ac cording to a 

field of view, implementing a distal lens arranged on the side of the 

object, and 

- producing measurements by interferences between r etroreflections 35 

of a measurement beam and at least one separate opt ical reference, from a 

low-coherence infrared interferometer emitting this  measurement beam with 

a plurality of infrared wavelengths,  

characterised in that:   

15According to this embodiment, the measurements are thus made in transmission. This embodiment is
particularly interesting to perform measurements with the infrared interferometer on the back side (that is
the substrate) of microelectronic components for example. It is thus possible to view, as light density
variations, particularly  20 opaque 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 is silicon-based, which retain a sufficient sensitivity at
wavelengths higher than 1 micrometre for 25which 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: 30- 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 35adjacent layers,  9         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 absolute height, in the measurement range, of points
of 5contact between the measurement beam and the object,         the difference in height between points
of contact between the measurement beam and the object at different positions on the object. The
low-coherence infrared interferometer implemented in a  10 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 could be determined otherwise. This type of
measurements can for example enable the nature of a material to be checked. 



 
10 

- it further includes a coupling for inserting the measurement 

beam into the optical imaging means in such a way t hat it passes 

through the distal lens and that it intercepts said  object according 

to a measurement region substantially included in t he field of view 

of the imaging means, and 5 

- the low-coherence infrared interferometer is bala nced in such 

a way that only the measurement beam retroreflectio ns, taking place 

at optical distances close to the optical distance covered by said 

beam to the object, defining a measurement range, p roduce 

measurements. 10 

Locating the measurement region in the image of the  field of 

view can be stored during a prior calibration, in p articular when the 

position of the measurement beam in the imaging mea ns, therefore in 

the field of view, is fixed. 

According to a particularly advantageous aspect of the device 15 

according to the invention, information from the ca mera and the low-

coherence infrared interferometer can be combined t o produce a three-

dimensional representation of the object.  

A representation of the object is thus obtained acc ording to 

additional aspects, which provides information whic h are very useful 20 

and hardly accessible with separate systems. Indeed , it is possible 

in particular: 

- to make layer thickness or pattern height measure ments very 

accurately located with respect to characteristic e lements of the 

object, identified on its surface or by looking thr ough,  25 

- to generate a three-dimensional representation of  the object 

including the shape of the surface and the thicknes s of underlying 

layers accurately located with respect to this surf ace, 

- for analysing high aspect ratio (narrow and deep)  patterns 

for which the profilometry alone is inoperative, to  complement a 30 

three-dimensional representation of the surface obt ained by 

profilometry by the representation of patterns with  their actual 

depth measured by infrared interferometry. 

 

Description of the figures and the embodiments 35 

Further advantages and features of the invention wi ll appear 

upon reading the detailed description of implementa tions and 

embodiments in no way limiting, and the following a ppended drawings 

in which:  

15To view the measurement region in the field of view, the device according to 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. This viewing beam can be adjusted such that it intercepts the
20 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  25 image of the field of view
including a display of the measurement region.        This display of the measurement region can be
generated by software means and superimposed with the image of the surface of the object. 30According
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 view, implementing a distal lens arranged on the
side of the object, and 35- 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:  10         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 intercepts said object according to a
measurement region substantially included in the field of view 5of the imaging means, and 
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- Fig. 1 illustrates an embodiment of the inspectin g device 

according to the invention, 

- Fig. 2 illustrates embodiments of full field inte rferometers 

in an inspecting device according to the invention,  according to the 

so-called Michelson configuration, Fig. 2a, and the  so-called Mirau 5 

configuration, Fig. 2b, 

- Fig. 3 illustrates an embodiment of a low-coheren ce infrared 

interferometer in an inspecting device according to  the invention, 

- Fig. 4b illustrates thickness measurements of lay ers obtained 

with an inspecting device according to the inventio n, for a position 10 

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 inventio n, for a position 

at the surface of an object illustrated in Fig. 5a.  

In reference to Fig. 1, an inspecting device accord ing to the 15 

invention includes an imaging pathway and an interf erometric 

measurement pathway, which are intended to provide measurements about 

an object to be inspected 4. 

The imaging pathway includes a camera 1, equipped w ith a CDD 

matrix sensor 17. It also includes optical imaging means 2 capable of 20 

forming an image 50 of the object 4 on the sensor 1 7 of the camera 1, 

according to a field of view substantially proporti onal to the 

magnification of the optical imaging means 2 and to  the dimension of 

the sensor 17. 

The optical imaging means 2 include, according to a  25 

conventional microscopy configuration, a distal len s 3 arranged on 

the object side and an optical relay or tube lens 2 3, through which 

the imaging beam 22 consisting of the light from th e object 4 and 

projected onto the sensor 17 of the camera 1 passes . The distal 

lens 3 is a microscope lens optimized for visible w avelengths. 30 

The infrared interferometric measurement pathway in cludes an 

infrared measurement beam 6 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 inc luded in the field 

of view of the imaging pathway.  35 

The measurement beam 6 comes from a low-coherence i nfrared 

interferometer 5 and is brought by a single mode op tical fibre 21 to 

a collimator 20. This collimator 20 forms a substan tially collimated 

beam 6 which is   

the low-coherence infrared interferometer 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
object,defining a measurement range,produce 10measurements.        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. 15According 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 representation of the object is thus obtained according to  20 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 25object, identified on its surface or by
looking 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 ratio (narrow and deep) patterns 30for which the profilometry alone is
inoperative, to complement a three-dimensional representation of the surface obtained by profilometry by
the representation of patterns with their actual depth measured by infrared interferometry. 35Description
of the figures and the embodiments        Further advantages and features of the invention will appear
upon reading the detailed description of implementations and embodiments in no way limiting, and the
following appended drawings in which:  11 
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inserted in the optical imaging means 2 by a beam s plitter plate 7, 

which is preferably dichroic. The use of a dichroic  plate, which 

reflects infrared radiation and transmits visible l ight is not 

essential to the operation of the device but it ena bles losses and 

parasitic reflections to be minimized both in the i maging pathway and 5 

in the interferometric measurement pathway. The bea m 6, substantially 

collimated and deflected by the dichroic plate 7, i s propagated in 

the optical imaging means 2 along a direction subst antially parallel 

to their optical axis 24 to be focused onto the obj ect by the distal 

lens 3. The collimator 20 and the distal lens 3 are  an imaging system 10 

which images the core of the fibre 21 from which th e measurement beam 

6 of the object 4 comes. The measurement region cov ered by the 

measurement beam 6 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 be am 6. 15 

When the measurement beam 6 is incident on the obje ct 4 along a 

direction substantially perpendicular to the surfac e of the same, 

within tolerance limits depending on its angular ap erture at the 

distal lens 3, the reflections which occur on the i nterfaces of the 

object 4 are recoupled in the optical fibre 21 and processed in the 20 

interferometer 5. 

The device according to the invention includes disp lacement 

means 10 which enable the field of view to be posit ioned at the 

desired place on the object 4. These displacement m eans include 

displacement means in the plane perpendicular to th e optical axis 24 25 

of the sample holder supporting the object 4, and d isplacement means 

in the direction of the optical axis 24 of the enti re system with 

respect to the object 4. 

The device according to the invention includes mean s for 

changing the magnification, so as to: 30 

- form on the camera 1 an image the field of view o f which at 

the surface of the object 4 is adapted to the dimen sions of the 

patterns to be inspected, and 

- adjust the measurement region such that it is als o adapted to 

the dimensions of the patterns of the object 4. 35 

The magnification is adjusted by modifying the magn ification of 

optical elements inserted between the dichroic plat e 7 and the object 

4 and through which the measurement 6 and the imagi ng 22 beams 

simultaneously pass, so as   

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 5so-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,             Fig. 4b illustrates thickness measurements of layers obtained 10with 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 position at the surface of an object illustrated in Fig. 5a. 15In 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, equipped with a CDD  20 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 view substantially proportional to the magnification of the optical imaging means
2 and to the dimension of the sensor 17. 25The 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 30lens 3 is a microscope lens optimized for visible
wavelengths.         The Infrared interferometric measurement pathway includes an Infrared measurement
beam 6 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 
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to simultaneously affect the field of view and the dimension of the 

measurement region in substantially identical propo rtions.  

The magnification is modified by changing the micro scope lens 

3, so as to obtain magnifications in the order of x 2 to x50 mainly on 

the imaging pathway. Depending on the automation le vel being sought, 5 

the device according to the invention is equipped w ith a lens holder 

turret, possibly powered, which enables the lens 3 to be readily 

changed. 

By adjusting the magnification in such a way, the p hysical 

dimensions of the field of view (view on the camera  1) and of the 10 

measurement region (of the infrared metrology) are simultaneously 

adjusted at the surface of the object, in substanti ally similar 

proportions. In other words, with a lens 3 having a  magnification 

x20, a field twice as small as with a lens x10 is v iewed on the 

object 4, and the size of the measurement region on  the object 4 is 15 

also substantially twice as small. This also enable s in a single 

operation the resolution of imaging and infrared me trology 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 is substantially indepe ndent of the 20 

magnification of the lens 3, and therefore this mea surement region 

can be accurately positioned using imaging at any m agnifications.  

The device according to the invention includes a li ght source 

12 the emission spectrum of which includes visible wavelengths. This 

light source 12 includes white light emitting diode s (LED). It emits 25 

a lighting beam 25 which illuminates the object 4 s uch 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 l ow-coherence 

infrared interferometer operating in the infrared, at wavelengths for 30 

which many usual materials in microelectronics such  as silicon are 

substantially transparent.  

The interferometer 5 is intended to operate via ima ging means 2 

and in particular the distal lens 3 which are optim ized for visible 

wavelengths, which are standard in microscopy. But it is known that 35 

antireflection coatings of optics optimized for vis ible wavelengths 

tend, on the contrary, to increase substantially th e reflectivity of   

35of 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 6 which is  12 inserted 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 light is not essential to the operation of the device but it enables losses and  5
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  10 lens 3. The collimator 20 and the distal lens 3 are an imaging system which
images the core of the fibre 21 from which the measurement beam 6 of the object 4 comes. The
measurement region covered by the measurement beam 6 on the object 4 is determined by the
magnification of the imaging system 20 and 3, the diffraction and the possible 15effect 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 to 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  20 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 view to be positioned at the
desired place on the object 4. These displacement means include  25 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  30 changing the magnification, so 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
also adapted to 35the dimensions of the patterns of the object 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 measurement 6 and the imaging 22 beams simultaneously pass, so as 
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surfaces in the infrared, sometimes up to 30%, whic h is very severe 

measurement conditions for infrared interferometry.  The method 

implemented in the interferometer 5 enables exactly  to make it 

substantially insensitive to parasitic reflections.  

This result is achieved by implementing a low-coher ence 5 

infrared interferometry principle in which only ref lections of the 

measurement beam 6 that occur in a measurement regi on or range 

encompassing interfaces of the object 4 (or at leas t at an optical 

distance equivalent to the optical distance between  the collimator 20 

and the object 4 along the beam 6) can cause usable  interferences. 10 

The core of the interferometer 5 is a single mode o ptical fibre 

based Michelson dual interferometer. It is illumina ted 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 1 350 nm and the 

spectral width of which is in the order of 60 nm. T he choice of this 15 

wavelength corresponds in particular to component a vailability 

criteria. 

The light from the source is directed through the c oupler 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 

20, to make the reference wave.  

Retroreflections coming from the object 4 are coupl ed in the 

fibre 21 and directed with the reference wave to th e decoding 

interferometer constructed around the fibre coupler  41. This decoding 

interferometer has a function of an optical correla tor both arms of 25 

which are respectively a fixed reference 44 and a t ime 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 30 

over time in a known manner, obtained for example b y moving a mirror. 

The length of the arms 44 and 45 of the decoding in terferometer 

41 is adjusted so as to enable with the delay line 45 the differences 

in optical paths between the reference wave reflect ed at the 

collimator 20 and the retroreflections from the obj ect 4 to be 35 

reproduced, in which case at the detector 43, an in terference peak 42 

is obtained the shape and   

13 to simultaneously 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  5 the imaging pathway. Depending on the
automation 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  10 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  15 object 4, and the size of the measurement region on the object 4 is also
substantially twice as small. This also enables in a single operation the resolution 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  20 detector 17 of the camera 1 is 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  25 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-coherence  30 infrared interferometer operating in the
infrared, at wavelengths for which many usual materials in microelectronics 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  35 wavelengths, which are standard in
microscopy. But it is known that antireflection coatings of optics optimized for visible wavelengths tend, on
the contrary, to increase substantially the reflectivity of 14 surfaces in the infrared, sometimes up to 30%,
which is very severe measurement conditions for infrared interferometry. The method implemented in the
interferometer 5 enables exactly to make it substantially insensitive to parasitic reflections. 
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width of which depend on spectral characteristics o f the source 42 

(the wider the spectrum of the source 42, the narro wer the 

interference peak 52). 

Thus, the measurement range is determined by the di fference in 

optical length between the arms 44 and 45 of the de coding 5 

interferometer 41, and by the maximum stroke of the  delay line 45. 

Moreover, as the reference wave is generated at the  collimator 20 

outside the imaging system 2, parasitic reflections  in the optical 

systems do not contribute significantly to interfer ences. 

Figs. 4 and 5 show exemplary measurements illustrat ing the 10 

operation of the device, after acquisition and proc essing on a 

computer 16. Point measurements are performed with the infrared 

interferometer at specific points of the surface of  the object 4, at 

positions 51 viewed on the images 50 of the same, s o as to produce a 

representation of the object 4. 15 

Fig. 4 shows an exemplary thickness measurement. Fi g. 4b shows 

an interferometric signal 52 obtained with the inte rferometer 5, 

which corresponds to a thickness measurement of a s ilicon layer Ts 

followed by an air space  Tg. Each interface met by the measurement 

beam 6 and giving rise to a retroreflection produce s an interference 20 

peak. Distances between peaks correspond to the opt ical thickness of 

the layer, which is to be divided by the reflective  index to yield 

the effective thickness. Fig. 4a shows the image 50  of the surface of 

the object 4 with the location 51 of the measuremen t place.  

Fig. 5 shows an exemplary pattern height measuremen t obtained 25 

with the interferometer 5 as implemented according to the method 

described in FR 2 892 188, by division of wave fron ts. The measured 

patterns are holes. Fig. 5b shows an interferometri c signal 52 

obtained with the interferometer 5, for measuring t he height H of a 

hole. The hole surface and bottom each reflect a fr action of the wave 30 

front of the incident measurement beam 6, thus prod ucing an 

interference peak. The distance between the peaks c orrespond to the 

height H of the hole. Fig. 5a shows the image 50 of the sur face of 

the object 4 with the location 51 of the measuremen t place.  

Given that in the delay line 45, the differences in  optical 35 

paths are reproduced between the reference wave gen erated in the 

collimator 6 and the reflections from the object 4,  the 

interferometer 5 can be used to  

5This 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 range encompassing
interfaces of the object 4 (or at least at an optical distance equivalent to the optical distance between the
collimator 20 10and the object 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  15 spectral width of which is in the order of 60 nm. The choice of
this wavelength corresponds in particular to component availability criteria.        The light from the source
is directed through the coupler 40 and the fibre 21 to the collimator 20, to make the measurement beam
20 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 reference wave
to the decoding interferometer constructed around the fibre coupler 41. This decoding  25 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  30
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  35 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  15
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  5 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 is generated at the collimator 20 outside the
imaging system 2, parasitic reflections in the optical systems do not contribute significantly to
Interferences. 
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measure absolute distances or altitudes on the obje ct. Indeed, the 

position of the interference peaks 52 in the measur ement range 

depends on the optical distance between the corresp onding interface 

of the object 4 and the collimator 20 along the pat h travelled by the 

measurement beam 6. It is thus possible to measure heights of 5 

patterns or other relief elements, or a topology, b y moving the 

object 4 relative to the imaging system 2 and by no ting 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 10 

performed by a prior calibration operation of the d evice, such that 

the viewed image can be superimposed with a mark co rresponding to the 

position of this measurement region. This mark is v isible at the 

position 51 in the image 50 of Fig. 5a. The calibra tion can be 

performed for example by arranging instead of the o bject an infrared 15 

viewing map which enables the infrared measurement beam 6 to be seen 

on the camera. 

According to an embodiment, a light beam 15 with wa velengths 

detectable by the camera 1 is superimposed with the  measurement beam 

6. This superimposition can be for example performe d by means of a 20 

fibre coupler inserted at the interferometer 5 ahea d of the 

collimator 20. This viewing beam 15 substantially t ravels the same 

path as the measurement beam 6 in the imaging syste m 2 and produces 

on the surface of the object 4 a spot detectable by  the camera 1, 

visible for example in Fig. 5a. It is thus possible  to directly view 25 

the position of the measurement region on the image  50 without prior 

calibration. 

Referring to Fig. 2, according to an embodiment, th e device 

according to the invention further includes a full field 

interferometer 13, inserted at the distal lens 3. T his full field 30 

interferometer 13 enables the imaging device to be transformed into 

an optical profilometer, capable of producing an al titude mapping or 

a three-dimensional representation of the surface o f the object 4. 

The altitude of the surface is obtained according t o well-known methods, 

by superimposing with light reflected by the object  4 on the sensor 17 of 35 

the camera 1, a reference wave from the same light source 12 and that has 

substantially travelled the same optical distance t o the sensor 17 as 

said light reflected by the object 4. This referenc e wave is generated by 

a reference mirror 31 located in one of the arms of   

10Figs. 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 object 4, at positions 51 viewed on the images 50 of the same, so as
to produce a 15representation of the object 4.         Fig. 4 shows an exemplary thickness measurement.
Fig. 4b shows an interferometric signal 52 obtained with the Interferometer 5, which corresponds to a
thickness measurement of a silicon layer Ts followed by an air space Tg. Each interface met by the
measurement  20 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 to yield the effective thickness. Fig. 4a shows the image 50 of the surface of the object 4 with the
location 51 of the measurement place.  25 Fig. 5 shows an exemplary pattern height measurement
obtained with the Interferometer 5 as implemented according to the method described in FR 2 892 188,
by division of wave fronts. The measured patterns are holes. Fig. 5b shows an interferometric signal 52
obtained with the Interferometer 5, for measuring the height H of a  30 hole. The hole surface and bottom
each reflect a fraction of the wave front of the incident measurement beam 6, thus 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 object 4 with the location 51 of the measurement place.  35 Given that
in the delay line 45, the differences in optical paths are reproduced between the reference wave
generated in the collimator 6 and the reflections from the object 4, the Interferometer 5 can be used to  16
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  5 measurement beam 6. It is thus possible
to measure heights of patterns or other relief elements, or a topology, 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. 10The 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 mark
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  15 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  20 6. This superimposition can be for example performed by
means of a fibre coupler Inserted 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 object 4 a spot detectable by the camera 1, 
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the interferometer 13. It produces on the sensor 17  interference 

fringes the shape of which depends on the differenc e in shape between 

the reference mirror 31 and the surface of the obje ct 4. By 

conducting a measurement sequence wherein, for exam ple, the relative 

length of the arms of the interferometer 13 is vari ed in a 5 

predetermined manner, by moving the object 4 or the  lens 3 and 

interferometer 13 assembly, a plurality of interfer ence figures are 

obtained which enable the three-dimensional shape o f the surface to 

be calculated with high accuracy. 

Different kinds of interferometers 13 are usable, d epending in 10 

particular on the magnification and the working dis tance of the 

lenses 3. Among representative examples, there are:  

- the Michelson configuration, shown in Fig. 2a, ac cording to 

which a beam splitter cube 30 (or a beam splitter p late) is inserted 

beneath the lens 3, and returns a fraction of the i ncident lighting 15 

beam 25 back to a reference mirror 31; 

- the Linnik configuration, which is an alternative  to the 

Michelson configuration and which includes a lens 3  in each arm of 

the interferometer 13;  

- the Mirau configuration, shown in Fig. 2b, accord ing to which 20 

a semi-reflective plate 32 returns a fraction of th e incident 

lighting beam 25 back to a reference mirror 31 inse rted in the centre 

of this beam 25. 

For the sake of clarity, the lighting beam 25 is no t shown in 

Figs. 2a and 2b. Only the imaging beams 22 from ref lections on the 25 

mirror 31 and the object 4 are represented.  

To integrate the interferometer 5 in the profilomet er, it is 

preferable to restrict the reflection of the measur ement beam 6 on 

the reference mirror 31. This condition is not indi spensable but 

enables the presence of a high intensity parasitic peak to be avoided 30 

in measurements. This result is achieved by using a  splitter 30 or 

dichroic 32 element substantially transparent to th e wavelengths of 

the measurement beam 6, and which exhibits the desi red reflectivity 

(for example in the order of 50%) to the wavelength s of the imaging 

system. It is also possible to implement a dichroic  reference mirror 35 

31, which does not or hardly reflects the wavelengt hs of the 

measurement beam 6.  

25 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 to the invention further includes a full field  30 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 representation of the surface of the
object 4. The altitude of the surface is obtained according to well-known methods,  35 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 sensor 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  17 the Interferometer 13. It produces on the sensor 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  5 length of the arms of the
Interferometer 13 is varied 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. 10Different 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  15 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 Michelson configuration and which includes a lens 3 in each
arm of the Interferometer 13; 20- 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
25 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 
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A device according to the invention integrating an infrared 

interferometer and an optical profilometer enables a three-

dimensional model of an object 4 to be built by com bining all the 

measurements in a single representation. This devic e is particularly 

effective to control narrow and deep etchings such as holes shown in 5 

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), th e optical 

profilometry can not access the bottom of the holes  to measure the 

depth thereof. This measurement is on the other han d accessible to 10 

the infrared interferometer 5 as illustrated in Fig . 5. The 

combination of measurements thus enables a more com plete three-

dimensional representation of the surface to be obt ained, including 

regions which are not accessible to the profilomete r.  

According to an embodiment, the device according to  the 15 

invention includes a light source 14 which emits a beam 19 enabling 

the object 4 to be lighted by going through. This e mbodiment 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. 20 

For applications in microelectronics particularly, the light 

source 14 is designed so as to exhibit an emission spectrum extending 

in the near infrared to wavelengths higher than 1 m icrometre, for 

which silicon is no longer wholly opaque. This ligh t source 14 can be 

a halogen lamp. It is then possible, even with a ca mera 1 the sensor 25 

17 of which is silicon based, to obtain an image by  looking through 

enabling for example elements of circuits to be loc ated on a wafer 4 

to perform with the infrared interferometer 12, mea surements at 

accurate places through the back face of the wafer opposite etched 

elements.  30 

According to particular embodiments, it is possible  to 

implement in a device according to the invention, a  light source 14 

with an emission spectrum extending in the near inf rared (wavelengths 

between about 780 to 1100 nm) and/or near ultraviol et (wavelengths 

between about 780 to 1100 nm), and to carry out ima ging par 35 

reflection of the object 4 at one or more of these wavelengths of the 

source 14. It  

30 enables the presence of a high intensity parasitic peak to be avoided in measurements. This result is
achieved by using a splitter 30 or dichroic 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  35 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. 18         A device
according to the invention integrating an Infrared Interferometer and an optical profilometer 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  5 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  10 depth thereof. This measurement is on the other
hand accessible to the Infrared Interferometer 5 as illustrated 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. 15According to an embodiment, the device
according to the invention includes a light 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 20object 4.         For
applications in microelectronics particularly, the light 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  25 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 30elements.
According to particular embodiments, it is possible to implement in a device according to 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  35 between about 780 to 1100 nm), and to carry
out imaging par reflection of the object 4 at one or more of these wavelengths of the source 14. It  19 is
also possible to implement a full field interferometer 13 with such a source 14. 
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is also possible to implement a full field interfer ometer 13 with 

such a source 14. 

According to particular embodiments, the camera 1 c an include 

any device capable of carrying images of an object 4, such as for 

example: 5 

- a CMOS type matrix sensor 17, 

- point or line sensors associated with scanning me ans enabling 

all the points of the field of view to be covered, 

- point or line sensors, possibly associated with s canning 

means enabling measurements to be acquired as lines .  10 

According to particular embodiments: 

- the beam splitter plates 7 and 18 can be replaced  by any 

means for separating beams, such as beam splitter c ubes, polarized 

components, etc.;  

- the collimator 20 can include displacement means 11 which 15 

enable the position of the measurement beam 6 to be  moved, and thus 

the position of the measurement region to be moved on the object 

relative to the field of view covered by the imagin g means 2;  

- the device can include an additional optics 8 hav ing a 

variable magnification, through which the measureme nt 6 and imaging 20 

22 beams simultaneously pass, and which enables the  field of view and 

the dimension of the measurement region to be simul taneously modified 

at the surface of the object under substantially id entical 

proportions. The magnification of such additional o ptics 8 can be 

continuously adjusted by moving optical elements, o r discretely by 25 

replacing optical elements;  

- the optical relay 23 can include a variable magni fication 

optics, which enables the field of view and the siz e of the 

measurement region to be varied on the camera 1. Th e magnification 

can be continuously adjusted by moving optical elem ents, or 30 

discretely by replacing optical elements;  

- the light source 12 can include a halogen source;   

- the light source 12 can include any light source having 

spectral contents detectable by the camera 1;   

According to particular embodiments, the camera 1 can include any device capable of carrying images of
an object 4, such as for 5example:  a CMOS type matrix sensor 17,         point or line sensors associated
with scanning means enabling all the points of the field of view to be covered,               point or line
sensors, possibly associated with scanning 10means 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.; 15- the collimator
20 can include displacement means 11 which enable the position of the measurement beam 6 to be
moved, and thus the position of the measurement region to be moved on the object relative to the field of
view covered by the imaging means 2;  the device can include an additional optics 8 having a  20 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 to be simultaneously modified at
the surface of the object under substantially identical proportions. The magnification of such additional
optics 8 can be 25continuously 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
view and the size of the measurement region to be varied on the camera 1. The magnification 30can be
continuously adjusted by moving optical elements, or discretely by replacing optical elements; 
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- the interferometer 5 can be implemented at any in frared 

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 plural ity of wavelengths 

according to a continuous or discontinuous spectrum ; 5 

- the interferometer 5 can include any types of low -coherence 

interferometers. This can be a single Michelson int erferometer with a 

delay line in either arm. Optical delays can be dec oded in the 

frequency domain by spectral analysis techniques;  

- the interferometer 5 can be partly or wholly made  with free 10 

propagation optics. The interferometer 5 can also b e partly or wholly 

made with integrated optics, in particular based on  planar wave 

guides. 

Of course, the invention is not limited to the exam ples just 

described and many alterations can be made to these  examples without 15 

departing from the scope of the invention.   

the light source 12 can include a halogen source;         the light source 12 can include any light source
having spectral contents detectable by the camera 1;  20         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 5according to a continuous or discontinuous spectrum;         the interferometer 5 can include
any types of low-coherence interferometers. This can be a single Michelson interferometer with a delay
line in either arm. Optical delays can be decoded in the frequency domain by spectral analysis
techniques; 10- 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.           Of course, the invention is not limited to the examples just 15described and many
alterations can be made to these examples without departing from the scope of the invention.  21
CLAIMS       1. A microscope device for inspecting structured objects (4), including:  a camera (1), 
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CLAIMS 

 

1. A microscope device for inspecting structured ob jects (4), 

including: 

- a camera (1), 

- optical imaging means (2) capable of producing, o n the camera 5 

(1), an image of the object (4) according to a fiel d of view, which 

optical imaging means (2) include a distal lens (3)  arranged on the 

side of the object (4), and 

- a low-coherence infrared interferometer (5), incl uding a 

measurement beam (6) with a plurality of infrared w avelengths, 10 

capable of producing measurements by means of inter ferences between 

retroreflections of said measurement beam (6) and a t least one 

separate optical reference, 

characterised in that:  

- it further includes coupling means (7) for inject ing the 15 

measurement beam into the optical imaging means (2)  in such a way 

that it passes through the distal lens (3), and tha t it intercepts 

said object (4) according to a measurement region s ubstantially 

included in the field of view of the imaging means (2), and 

- the low-coherence infrared interferometer (5) is balanced in 20 

such a way that only the measurement beam retrorefl ections (6), 

taking place at optical distances close to the opti cal distance 

covered by said beam (6) to the object (4), definin g a measurement 

range, produce measurements. 

 25 

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

distal lens (3) is designed to produce images at vi sible wavelengths. 

 

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

the distal lens (3) includes a microscope lens. 30 

 

4. The device according to one of the preceding cla ims, 

characterised in that the measurement beam (6) incl udes wavelengths 

between 1100 and 1700 nanometres.  

5- optical imaging means (2) capable of producing, on the camera (1), an image of the object (4)
according to a field of view, which optical imaging means (2) include a distal lens (3) arranged on the side
of the object (4), and  a low-coherence infrared interferometer (5), including a  10 measurement beam (6)
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 separate optical reference,
characterised in that: 15- it further includes coupling means (7) for injecting the measurement beam 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  20 - the low-coherence infrared interferometer (5) is balanced in such a way that
only the measurement beam retroreflections (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. 25         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 30the distal lens (3) includes a microscope lens.         4. The device according to one
of the preceding claims, characterised in that the measurement beam (6) includes wavelengths between
1100 and 1700 nanometres.  22         5. The device according to one of the preceding claims,
characterised in that it further includes first magnifying means (3, 8) for changing the magnification of the
optical images means (2) so 5as to simultaneously modify the field of view and the dimension of 
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5. The device according to one of the preceding cla ims, 

characterised in that it further includes first mag nifying means (3, 

8) for changing the magnification of the optical im ages means (2) so 

as to simultaneously modify the field of view and t he dimension of 5 

the measurement region in substantially identical p roportions. 

 

6. The device according to claim 5, characterised i n that said 

first magnifying means (3, 8) include at least one element from a 

turret equipped with optics having different magnif ications, and a 10 

variable magnification optics. 

 

7. The device according to one of the preceding cla ims, 

characterised in that it further includes second ma gnifying means (9) 

for modifying the magnification of the measurement beam (6), so as to 15 

modify the dimension of the measurement region rela tive to the field 

of view. 

 

8. The device according to one of the preceding cla ims, 

characterised in that it further includes relative displacement means 20 

(10) of the object (4) and the optical imaging mean s (2). 

 

9. The device according to one of the preceding cla ims, 

characterised in that it further includes relative displacement means 

(11) of the object (4) and the measurement beam (6) . 25 

 

10. The device according to one of the preceding cl aims, 

characterised in that it further includes lighting means (12), 

producing a lighting beam (25) with visible wavelen gths, arranged in 

such a way as to illuminate the object (4) through the distal lens 30 

(3). 

 

11. The device according to claim 10, characterised  in that it 

further includes, at the distal lens (3), a full fi eld interferometer 

(13) capable of producing on the camera (1), interf erence fringes 35 

superimposed with  

the measurement region in substantially identical proportions.         6. The device according to claim 5,
characterised in that said first magnifying means (3, 8) include at least one element from a 10turret
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)  15 for modifying the magnification of the measurement beam (6), so 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, 20characterised 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 25(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 lighting means (12), producing a lighting beam (25) with visible
wavelengths, arranged in 30such 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 35(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 eleme nt (30, 31, 32) 5 

substantially transparent to the wavelengths of the  measurement beam 

(6). 

 

13. The device according to one of the preceding cl aims, 

characterised in that it further includes lighting means (14) 10 

arranged opposite the object with respect to the im aging means, 

including a light source with wavelengths higher th an one micrometre.  

 

14. The device according to one of the preceding cl aims, 

characterised in that the low-coherence infrared in terferometer (5) 15 

allows to measure in the measurement range, at leas t one of the 

following elements: 

- the optical thickness of at least one layer of ma terial 

substantially transparent to wavelengths of the mea surement beam, 

- the height of patterns at least a high part of wh ich and at 20 

least a low part of which are included in the measu rement region, 

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

contact between the measurement beam (6) and the ob ject (4). 

 

15. The device according to one of the preceding cl aims, 25 

characterised in that it further includes a viewing  beam (15) 

superimposed with the measurement beam (6), which v iewing beam (15) 

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

 

16. The device according to one of the preceding cl aims, 30 

characterised in that it further includes digital p rocessing and 

displaying means (16), capable of producing an imag e of the field of 

view including a display of the measurement region.  

 

17. A method for inspecting structured objects (4) including:  35 

23 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  5 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,  10 characterised in that it further includes lighting
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,  15
characterised in that the low-coherence infrared interferometer (5) allows to measure in the measurement
range, at least one of the following elements:         the optical thickness of at least one layer of material
substantially transparent to wavelengths of the measurement beam, 20- 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,         the
absolute height, in the measurement range, of points of contact between the measurement beam (6) and
the object (4). 2515. 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). 3016. 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. 
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- producing, on a camera (1), an image of the objec t (4) 

according to a field of view, implementing a distal  lens (3) arranged 

on the side of the object (4), and 

- producing measurements by interferences between 

retroreflections of a measurement beam (6) and at l east one separate 5 

optical reference, from a low-coherence infrared in terferometer (5) 

emitting this measurement beam (6) with a plurality  of infrared 

wavelengths,  

characterised in that: 

- it further includes a coupling (7) for inserting the 10 

measurement beam 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 s ubstantially 

included in the field of view of the imaging means (2), and 

- the low-coherence infrared interferometer (5) is balanced in 15 

such a way that only the measurement beam retrorefl ections (6), 

taking place at optical distances close to the opti cal distance 

covered by said beam (6) to the object (4), definin g a measurement 

range, produce measurements. 

 20 

18. The method according to claim 17, characterised  in that the 

location of the measurement region in the image of the field of view 

is stored during a prior calibration. 

 

19. The method according to one of claims 17 and 18 , 25 

characterised in that the information from the came ra (1) and the 

low-coherence infrared interferometer (5) is combin ed to produce a 

three-dimensional representation of the object (4).  

3517. A method for inspecting structured objects (4) including:  24         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 object (4), and         producingmeasurementsbyinterferencesbetween  5 retroreflections of a
measurement beam (6) and at least one separate optical reference, from a low-coherence infrared
interferometer (5) emitting this measurement beam (6) with a plurality of infrared wavelengths,
characterised in that: 10- it further includes a coupling (7) for inserting the measurement beam 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  15 - the low-coherence infrared interferometer (5) is balanced in such a way that
only the measurement beam retroreflections (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. 20        18. The method according to claim 17, characterised in that the location of the
measurement region in the image of the field of view is stored during a prior calibration. 2519. The
method according to one of claims 17 and 18, characterised in that the information from the camera (1)
and the low-coherence infrared interferometer (5) is combined to produce a three-dimensional
representation of the object (4). 


