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
Manufacturingtechniquesiymickpelegtenicsandin oHFBICIASYSIAME SVENS 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, eX&@th t8'gile® £5 greater consideration to this volume
aspect. Optical measlifeé meRstRIChAK§DES, irigfiiasicitar badedcen thadireg and interferometry, are
widely used becaustnéreiocaln bepentiogratetiiedipgerssribisenvironments anditheyecsd pravide accurate
information in meastégowEbtinengessaimBradevsitimptiasnte less than onginanomaatee. 20 They also

have the advantage to allgys mgasurementsitiowt ctachwikagut slegradation nor prepgyation of the
samples, with devicgsdnas IR/ alLegRbIE:na cibiSdiPYR In Particular imagingdechiniques based on
, : 5

conventional microscopy, usually in re lection, which enable surfaces 25 and patterns to be inspected
and dimensional méhgsl%r(%ﬂ%@“ﬁ‘ir@éﬁs%@sp@ﬁyr%@}? By a8& hnalysis in a pPAlE 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 resolufibi, dncfhe@dreferrdf one micrometre, is essentially 30
determined by the optical difirctiongheromigasn, the magrigieatoivandaive qimality of optics. The
measurementsoare Wgkalydnadgnedsig progress in particular t owards making

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

15 greater consideration to this volume aspect.

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.

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, whi ch enable surfaces

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

30 determined by the optical diffraction phenomenon, t he magnification
and the quality of optics. The measurements are usu ally made in the

visible



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 surfacg qlfeggeugp‘j\g&&topgﬁ peasure t(tlggem%,s%ﬁment wave) and g, 10 reference light

wave from the same source a d refl_ectéad bdy a reference surface to be superimposed on the camera.
iffraction.to restricte cameras and optic S at a reasanable
Interferences are thus obfained between the feasurement and reference waves which énable the
topology of the surfat B pESHeasured with a depth resolution in the order of one nanometre. For
implementation reasons 9 sifiRHRESth el casEnGIbirfeRYInBUAIBRBSTOI9?, measuremerstgedienisually made
in the visible part of(thelleght sipectrzemation afike imteirfeponetisc microscopy enedsigs, fen éxample,
topography measurempsisabda fitst sur@aecaidhiclknasséneasurements of thin layesg sulsstantially
transparent to the WavelrRRs usedoteRs 20pHecivelyriadgefida the other hand, if capdyardly make

thic_kness measure%%iig ef n]rtgglt%gliagsn hc'iﬁgr% r&ﬁ%@ a fei,'\llght_egnsaag rr_q%rons Withoutrgp;irg%l qggnpgnsations _
delicate to implement, and of course it does not enable silicon thicknesses to be measured, given that this

material is not transParehio MsTBIECWRVE RGO SRS FESHE T measuring tHidkNES88S fs effectively
solved by inteferorRéRrEGH igstirvavan{ et HAfg e einSpYFicErdt b3Sed on low-cotféenke mfrared
interferometry. Indeetgrendervitzee of rnatesiaivestdealy theeaieranicroelectronic®éaienfesmierosystems such
as silicon or galliumrassenidecaresubstantialheirarspareaidoreiwavedengths in  30vaear wiftared. These are

generally point measisM@Bt BYSRNS: NAMalLapable ohsagasuring one or mokg heigdps or thicknesses

(in the case of meagursmeNisIANSiacks.At layersdat QUP%BFeOf the surface gt.the pbiegt,Another issue in
microsystemse_%nd in micrtg%%ctronicrsi is the 35 measurement of heights of %atgterns ha}{ing a high depth
a

. . similar case a MICrosc measurem . . n re usu .
to width ratio {also calied asp_eét ra%|o“}.g| Hese pat?5¥hs, made in particular by cﬁeep pﬁagma etching
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

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, give n that this

material is not transparent to visible wavelengths.

25 The issue in measuring thicknesses is effectively s olved by
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

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

35  measurement of heights of patterns having a high de pth to width ratio
(also called “aspect ratio”). These patterns, made in particular by

deep plasma etching



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 mgasurement 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. ([B%gblr’ﬁ%%t ER %ﬁg%gggmlg%t@yﬂlgf%scribes a meth_gqegqp A 1ek0,device capable

of measuring the height of E)atterns which have a hi%h asopect ratio. The device mclgdes arsubstantially
r ns micromet e

€ icrometres. wide and a few . S ep.. e .
punctual measurement peam; Wﬁlc‘?ﬁ covers a restricted region on the surface of the oBJecP. The height
measurement of palteTHECRAERAL B clﬁ‘érb'é&ﬁ‘i“%"@?}fﬁ'ﬁﬁﬂgby dividing the ihRfAEMREVESront between
the high and low 15fp#ies efpeittéris altl iRterRI¥ALasicBAREIN@As@ing phase shifts iPRliGeed between
these fractions of wavesfremtstaftemavhimhdzisfdteidhgstetal iedevice describedhimh FRuge892 188 can
advantageously be jimpigmented atdnfraues wavelkengihsdomimtltaneously measurgithigknesses of layers
of semi-conductor gQ\matetidSques, SFNHFISHENR SlRNGNLSI Microelectropics, AN Bigrosystems

often requires simu[k%r%%ggrﬁl& EQ@&!%&MrEQ%%el%ﬁ?m?e“é% n@mgnheight or thickgess measurements performed

. . sia(b . .
in particular places. Locating these height or thickness measurements should sometimes be very

tor
accurate, 25 for example TREHP Y& HacREgMG LR STSHERHEPE apertures of"0fa&"d few
micrometres Wile sfRyS8FA3ER Hynsaveing tenReigrRIMaHEES of micrometre &R g édidthrough the
semi-conductor sulssirete. [Atiothdheastayicaeidiviided thicknwesisntsasuirements shoulduetygerformed in a
region having a restrieigderseng ectontakecorbysemepatiarnginto 30 accounin ineadbgases, the infrared
measurement beanyshejdld s dgrascsyatelyadiusteddnqesition and/or gagnificatignion the surface of

the object. Docyment E;Rj@i&ﬁrg?tﬁéﬁ&&’eﬁ%@'ﬂb‘rﬂ glakeiS known which ﬂ@ﬁ@ﬂ%é @height or

thickness meal%urerya%gt metgt?eqnlsjswg]g a po eqt 35measurement beam the p05|t|0ﬂacs)£ V\éﬂllgh is viewed on a

metric measurin . S
camera. The measurement beam 4 passes't rougﬁ the |mag|ﬂg optics of the cBmera such as to appear
in the field being vieWeE TREEVICESRaBELRe PhedR(FrelBtit BEAm to be accufatly"B8%itioned on the
surface of the objedt94tivediEr; thé\wavedsagyth EEHeethteifer6MmeRi2 Afeasurement is fh tk& case 5
included in imagingadiaveigregshs farewhichi¢henirhging optieses optaveized. This is a strengteconstraint in
the implementationgiesenbadin MRa2ukl 8rikhedalated impasticilagetd the fact thai-tatexfesemetric
measuremenbigchnigidgsare mostly very sensitive to parasitic reflections, multiple optical paths and other
aberrations

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,

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-conduct or substrate. In
other cases, height and thickness measurements shou Id be performed in
a region having a restricted range to take only som e patterns into

30 account. In all cases, the infrared measurement bea m should thus be
accurately adjusted in position and/or magnificatio n on the surface

of the object.

Document FR 2718 231 to Canteloup et al. is known which
describes a height or thickness measurement method using a point
35 measurement beam the position of which is viewed on a camera. The

measurement beam



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 presept 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 [QrJaSRRGARGSTHENHPEbARIBES. lFludiog: a camera, 1, . @RYEalpading means
capable of producmtg ﬂé]glhe_ camera, gn.Image %Lg% Otlﬁ]ee%t according to a field of view, which optical

25imaging means inclu 3em%t\§?Weens arranged on @ Sidé of the object, and e bear {0

alow-coherenceinfrafetiitair8rdtar IR JBimyHa e dstife?Nent beam with a*pItiP4fFofhfrared
wavelengths, capabiavefpridd eEingim duirremmitis Bt ETsdtinterferencesbetweenS0réséreflections of
said measurenent beladacand iatalgastvanesepardte opticathrefemince, charactengedpiivshiat:

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
10 of wave fronts which inevitably appear when an opti cs is not
optimized for the operating wavelength. In particul ar, the method
described in FR 2718231 is unsuitable for an inte rferometric

measurement system in the infrared.

The purpose of the present invention is to provide a device for
15 inspecting structured objects, capable of simultane ously producing
topography measurements, layer thickness and patter n height
measurements.

Di scl osure of the invention
20 This purpose is achieved with a microscope device f or

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
25 imaging means include a distal lens arranged on the side of the
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
30 retroreflections of said measurement beam and at le ast one separate

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



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 ot?]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, definigga,MRASHLEMRALEARISRIPNERMegsUrements.  Thedistal legs can be
designed to produce Images a ¥|S|ble Wavelengqths. It can include a microscope lens. 5The imaging
to the € measure

. ect, defini a measurement range, produ e ments. .
system of the device according’to te mvention can thus include components convenrhonally used in

microscopy, which has suB&dlid| '8 5t dyeEHPIErS UPUssId™a48PiAdustrial develofihEnt. The camera
can be a CDD camipycFiEheldi4ae indeds dimis'RsaeRe IPfention can produce an image of 10 the object at
an optical waveélength or imha ipleg@alitsystboptical deaive Engths subistantially includedsntienrange of 200 to
1100 nanometres, tiad iscitithe@mpatehiérasiapidanpute0n iacd00 nm), visile¢phaumichOddo 780 nm)
and/or near infrared, (ghoiit 720405400 M 1PJRR low-raherence infrared;intefasgmgter can produce,

in a non-limiting Wa¥héj&g}neerr1 @Q%Ie@%%%uggmgnts performed along axes substantially parallel to the

optical axis of the imagln%%/stem, such asr?graexamgle, Ia%er thickness or height measurements. Thanks

to the use of infrared wavelén§ing fTELEAERLTENTERRE EhBE S riormed throlldhW¥faterials which are
not transparefPto tHE \i&kfe Avaletalgtneaeslierets Silith idligallium arsenidety ©of optical

Themeasurementb&araisfitibtowubsheiedmcaisifidecedn 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).

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

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

wavelengths such as silicon and gallium arsenide.
The measurement beam of the low-coherence infrared
interferometer  can include  wavelengths  between 1100 and
1700 nanometres. It can include in particular wavel engths located in
25 the vicinity of 1310 nm (nanometres) and/or 1550 nm
The device according to the invention thus enables,

simultaneously:

- a sample or object to be viewed, imaged and measu red by means
of an imaging system such as a microscope,
30 -and measurements to be performed in accurately id entified
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

35  enables all the measurements to be actually integra ted.



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 samplg 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 advantageousTmar@Ogl;%{jé‘t&gg qfag;eg igv%ﬂgglam%m[ ments with the infrared interferometer

are performed through the distal part of the imagin optics, which 35enables all the measurements to be
. interfero ters are ?enera{\( ver?( sensltive'to PF? crpt asitic re ect{on?
actually integrated. iS configuration raises a pafrticular difficulty because interferometers are

generally very sensifi& 98 pard¥itic e flcReHERRTerdsA by YAE M Pement beam, wHRAS quickly

degrade characteristige@f'isicasiiregepiiasesasaisTiiswhy edetally they are SAnmglemEated separately

from imaging systemg|eoremednsecaselyvithroptiesigptiyaiees for their working wameleasgthitn particular with

respect to antirefledjagscaatings. for thénisgpkolhlemvisesahved with the device aggandingtto the invention by

implementing interferometetsadichAnralig,a "coherence 10 window" substantially corresponding to the

measurement range, to bqhqsef};&gbqé In Ithis Way, v(\)/fﬂl.y ty%e agtroreflq:%trié)ps gf the measurement beam, that is
t

. . L m S . viceé acC 0 . . .
the reflections going back into. e interferometer whic occur at prede%ermlned optical distances

corresponding to the FEAS e MRRT FAle "SIBSRRERN ¥8hfiBute to the int@iFeteRIE ™ Shenomenon.
The optical diipancé"'@ﬁ’i’é Bletgntdly SeBpErpYAigHe H5dS8FHESPonds in a medilR%RalAitg a refractive
index n to the geontefiieddistarieavayuRifide byiiellastiens of Thus, the measuréemeassgrpractically not
affected by disturbanees uadesgoaediycthesmpagubatkenibgam in the imaging optiegsometer

which occur at predetermined optical distances corr esponding to the
measurement range, substantially contribute to the interference
15 phenomenon. The optical distance is the distance “s een” 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.

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

25 These first magnifying means can be optical element s through
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
30 characteristic dimensions of the patterns of the ob ject to be
measured.
These first magnifying means can include at least o ne element
from:

-a turret  equipped  with optics having different
35  magnifications, such as microscope lenses, and
- a variable magnification optics, such as a zoom w ith floating

lenses or replaceable lenses.



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 measuremgnt Q&ﬁd@ g[:ggg"%jr{@qﬁeomvi‘b%t%pje&%tqlmﬁ&irpultaneously aqdiysted, so as to

adapt them to the 30 chdaracte{/lstic dimensigons gf the E)_Qtterns of the object to be measured. These first
con nityl the IT1

g . Se a ng meagns enablin catign . the measufement .
magnifying means ¢an include a.t.qeas% one eler ent| ﬁ m: .acfurretequpecf)w opticshavingdifferent
35magnifications, sPRATAS tHiBPILESRE AR Ihtre dmensGa iable magnifitdiBA G Llich as a zoom
with floating lenses'egieetaealliediaised vi.  The device according to the invention can further
include seconddmagnifyingheseasts@dabhggftne mesgsifitadioneof thepneasurement besmetosbe modified,
so as to modify the #isogmsiath ohthednrRasueameptiegiendslative to the fipldwhuaws thd hese second
magnifying means, yhich,Gan ReuPleglkelsmetisthspugihyvhich only the mgagisermshnbbeam passes,
enable to provide thﬁeq]e?l\gscere\r/y]gm géf%ther degree of freedom for setting the dimension of the
measurement region. The glewce_ agco'rdin_ to the invention can further include 10 relative displacement
means of the object and th&®oPfids iﬁ?ﬁ&rfjﬁ%gn%%éﬁg, OFBRR G Me HEME of view to be posifitigd at the

desired placejé% thé&l@}b\j@&isplacement means of the object and the o ptical imaging
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
15  enabling the measurement region to be moved in the field of view.

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

20  configuration.

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

25 a topography of the surface of the object.

There are different well-known ways to make such fu Il 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

30 light reflected by the object onto the camera. The interference
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
35 substantially transparent to the wavelengths of the measurement beam.
This dichroic element can for example, according to the type of

interferometer



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 lighging 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 accordin&égl t@eaipn\(r%p’tigge%ﬁpsmﬁgp%qaitnggegg the distal lens, gpﬁugrfég!)q_iﬂterferometer
capable of producin i&;grfa(rer%%ngg fﬂigg(?}sts%gelrm%gsedrygitmqg{le image of theIri gtr)é'gcgu%n tem? camera, SO as
to deduce therefrom 25a'to o&rapﬂy o.f e surface Qﬂtﬁe object. There are different well-known ways
to make such full fi&%f‘f?}té??%f%‘?ﬁ%t%rg‘,"’é'ﬂt&ﬂ &5 fAfeRQs RaRRaU Linnik interfetthetérdietc. Their
principle consists infigdnsliisePPpaiar oftise (Rpfireg W nctiasliecting it onto a refeienée Gitface and
superimposingat to whaeel3@thg bt trefleeterd bysthe object onto the camera. The interference fringes thus

produced enable an altitudecsreasusementabsbieauface efibe ebjeaintp be calculatedatirach point of
the image, and thus,iis.shiRRR:IeSRACHIRPS Hedursstineratiom. The full field iptgeferpmeter can include
a dichroic element g UBSIANIBI,IASRAENG NG aYglendths of the measiyamentgam. This
dichroic element can for exam 1 ,.according to the type of interferometer 8 used, be a mirror, a beam
splitter plate or a b&SHREHIfttdPtBL. M2 BEURIRGEY d0chhat the infrared infeHtRPRNric
measurementlgeanﬁqﬁﬁﬂ%?ﬂ)oes a minimum of reflections passing through the full field interferometer,
which remains fully functidwedreinghéoreles aginBwiamesteribth seyfctheapsrediiag tsystem. Adeerding to this
embodiment, the deviegiaccandngdo ithedavightionnenablesapgofilometry measugpenisththat is of the

three-dimensional syppe aithesitffacaoffhgmbiechandJma@asurements only aggessife through infrared

interfer_ometry, to bg,iﬁjng%smyﬁ|¥h;p[g§ﬁf&{mgmmetre{0\ccording to one emb_odiment, _the dgvice
according to t mventlonAccgonr dturtE)(-:ir]ilsné:rln%g)gi Il%i&n{plg means arranged opposite tmsson%(%c'gnwnh respect to
t

. h . | measurements, are e
the imaging means, including aTPg Source wit \}vavelenqths Igher than one micrometre.
n

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
20 opaque regions such as metal tracks to position the measurement
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
25 which the silicon substrate of the object becomes t ransparent.
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:
30 -the optical thickness of at least one layer of ma terial
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

35  adjacent layers,



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 examplg. 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 camerastngq]gﬁmgrpg[tgy@q; ,@agilgc%ﬁ%ﬁeg,vyp{hich retain a suffigiept,sensitivity at

wavelengths higher than mlcromgtrﬁ_ for 25which the ﬁlllcon substrate of the object becomes
least a o art of which are included in the measu . rement. region, .
transparent. The Tow-cohBtence frared Interreromeater implemented in the ewcegaccordlng to the

invention can, in a AN SR E T8 PHESIRE LT IBR st one of the 86 Wfig elements in the
measurement range: 30- theepaeHiehRidfieSstes RerRsHSMsAE fyer 8f material subseaitkafly transparent to
wavelengths ofthe meagbrementhbearasurement tiraroptic dlethibglaness of layers of a stack of materials
substantially transparent tanyayelenegths atine reersnresnentbemms the refractive indigeseaf which are
substantially differefit hetw@aMmanaiareHd e Sied ar airbienhgight of patterng;gtdeasta high part of
which and at least %goe\é\{ 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 mEasHfEMEHE 88K thEIBREe MPiEEgitference in &gt Between points
of contact bethften $REPESTBE &t iR ARYEAIRY the Bt etdraPBifferent positions ‘oRNFEWMect. The
low-coherence infranegsintedeirorh esteaciivepiesnemtedaxrarieddevice accordintpaertie anvedition is also
capable of performingkmeasurementsatref activeindicash for example byickeaserisfgvoiptical thickness of

layers of materials thaigermetsicaldhickrasses vivhich gomidhedetermined gthgewisg . dhis type of
measurements canef)%@gaépgd@ gRable dhenateof aoatgrial to be chegked.

15 To view the measurement region in the field of view , the device
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
20 surface of the object according to the measurement region, which
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

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

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

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

35 - producing measurements by interferences between r etroreflections
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:



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 fyigam 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
@ncludg digitql processing ang displaving MEAN, %%Q;{?ﬂ ffrroducing an 25 im@[g&%mgtfield of view
including a display ggémnm%aesourt?gﬂﬁnnat ﬂ?fr'noeréhs - STplswalls;?lay of the meﬁldr%rsnent region can be
generated by software means and supequ 0Se with t?]e |¥nage of the surfaacé) of ?ﬁe object. 30According
to another aspect, iir‘f§‘t9fb\'7ﬁiﬁﬁaé"?ﬂéﬁ‘?83"?gll IN§[5ERE g Structured objectsTEHAFYY™  producing, on a
camera, an image & éecas]ecreatwsielsyPrralifid dhefdde W Limplementing 2 AR \eYS arranged on the
side of the objezt, arich8brgghariueang angasurements by interferences between retroreflections of a
measurement beam and atleasi-enerseeanaie-0pisal sef@serarydrom a low-cohereaaesiifared

interferometer emitting,{hissmeRsHEemasteampuith asimlity of infrared wayelgpgthgccharacterised in
that: 10 it further includes a gso%gé@

%f%ig ertfn gln%emeasurement be%m into |gheél)&)tical imaging
means in such a way that it passes through t

X the cﬂg%a ens and that it interceptos\,/ Said 3b1ect according to a
measurementlgegiotﬁe%rﬂbstPanflaeIIy?Pr’gﬁﬁ’de '%e fleldBIVIENELT (A¥fmaling means, &34

measurements.

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.

15 According to a particularly advantageous aspect of the device
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
20 additional aspects, which provides information whic h are very useful
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
25 object, identified on its surface or by looking thr ough,

- 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

30 for which the profilometry alone is inoperative, to complement a
three-dimensional representation of the surface obt ained by
profilometry by the representation of patterns with their actual

depth measured by infrared interferometry.

35 Description of the figures and the enbodi nents
Further advantages and features of the invention wi Il appear
upon reading the detailed description of implementa tions and
embodiments in no way limiting, and the following a ppended drawings

in which:



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 10measuggments. 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 %@P%CMBI;JQt%sdQXi%%&)%%Hm ggethgsbgyﬁption, informatiogw from.the camera
and the low-coherence Hﬁfratregeilrrl]'gl%gt%rrgmeter can be combined to produce a three-dimensional
representation of thaec%%Jg'gt..oA representation of the object is thus obtained according to 20 additional
aspects, which provides infofnfatigi #iH N 2e VY elstiuishtihardly accessible WitIEESSrate systems.
Indeed, it is possible & firasetinardevice accaidipgieetiayaetfitkness or pattern dsethiedurements very
accurately locabed watbaties péicidieochardigteristic Fide Azenatsl diche 250bject, identthéa dtirits surface or by
looking through, cord@@enpratig asthree-dimensional representation of the object including the shape of

the surface and the thickn_qﬁg afiHRESEYINoaNEs, asdiraislpeatied with respectdo;thisegurface,
for analysing high asRchiallo (NITWANM JESR) RRIgH3S0for which the profiomelry alone is
inoperative, to complement a three-dimensional representation of the surface obtained by profilometry by
the representation of pattefi% With tHaiFRItaP R PrAHELEUPS BY infrared interf&FORER7 “35Description
of the figures Hhd tHELRLRHRFEEevice JEERIABY RdD&MEIES and features dF fAEARGEIbN will appear
upon reading the détaikeel deescriptiohiest itmgitertienfadidias and embodiments in no way limiting, and the
following appended drawingsg. s whichtesl eight 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.

15 In reference to Fig. 1, an inspecting device accord ing to the
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
20 matrix sensor 17. It also includes optical imaging means 2 capable of
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
maghnification of the optical imaging means 2 and to the dimension of

the sensor 17.

25 The optical imaging means 2 include, according to a

conventional microscopy configuration, a distal len
the object side and an optical relay or tube lens 2
the imaging beam 22 consisting of the light from th
projected onto the sensor 17 of the camera 1 passes
30 lens 3 is a microscope lens optimized for visible w
The infrared interferometric measurement pathway in
infrared measurement beam 6 inserted in the optical
by coupling means 7 such that it is incident on the
according to a measurement region substantially inc
35  of view of the imaging pathway.

s 3 arranged on
3, through which
e object 4 and

. The distal

avelengths.

cludes an
imaging means 2
object 4

luded in the field

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

interferometer 5 and is brought by a single mode op
a collimator 20. This collimator 20 forms a substan

beam 6 which is

tical fibre 21 to

tially collimated



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 gg-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 tqg&gtégwﬁmgogbﬁ@q ﬂ]gé?%ti.ggaﬁg th %‘_JBE%?SOf an object ”\Hﬁgr%%?e“?, Fig. 4a, Fig.

5 illustrates height meé Slfrerrrg)?ergga of d%ﬁt(t)?cmT lgtﬁlréeo WlthIC n i|Cnspecting device actgocvqjgg to the
invention, for a position at the surtace of an o jec illstrated i Fig. 5a. 15In refferice to Fig. 1, an

inspecting device ati6FinG R the AR oM th e SN #i4gihg pathway and dAintérfé&fometric
measurement pathwesgnighieHhgrerrisdpiietthe pevofdeuiedBurements about al§soBfees @be Inspected 4.
The imaging pathwagrasictudés @camisr anibjneéguippiedhwith a CDD 20 matrixagepsethd@y Hnalso includes
optical imaging meansitapabieot fesmsingnan frageySthebthe object 4 omthessersaal 7 of the camera
1, according to a fielglpfygWsURsiantially Rropestianahio the magnification of the Qpticalimaging means
2 and lo the dimensjon, gl e, seaals 231 LRliEalnaging means 2 ingld, eggrging to a
conventional microscorP contl ur_%tion, 2 ‘distal lens 3 arranged on the object side and an optical relay or
tube lens 23, throudh iR RENR &GN BESHT SR8 of the light frofFtRE BHELE'4 and projected
onto the sensé? 17 BRtfe EsHRMEAC 2RI Histdisha 38Rns 3 is a microskbRIBESBiRMized for visible
wavelengths. Thish mheaesdhn teréerichedirie 2hé&amurbeighaéht pathway incladesaresrapedmmeasurement
beam 6 Inserted in shefopticajemagingreaedns 2nkeyscaumpingegeansy such that itisdingide@at on the object

4 according to a measidIRSRBRtIEEIA b uhstBRbal eduaeshipthe field  the magnification

of the imaging system 20 and 3, the diffraction and the possible
15  effect of a slight defocusing of the measurement be am 6.

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

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

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

25 displacement means in the plane perpendicular to th e optical axis 24
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
30  changing the magnification, so as to:

- 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 0 adapted to

35  the dimensions of the patterns of the object 4.

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



350f 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 ins%réed 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 reflectionst(gosipn%lgug(mi@edqggpmeiﬂegg%fiqi@gg}g pathway and in the interferometric measurement
9 . . (

pathway. The beammgésggsgﬁtnrteql %Olﬂ'@tgﬁ?%aﬁgngefﬂe%eod by the dichroL% rplate 7, is propagated in the
optical imaging means 2 a'i%ng gdirection subs¥antiaﬁ§/ %a?allel to their op{lcaf'axis 24 to be focused onto

the object by the distal 10 16828 HEEIRiMAEFLEY S G AN RS 3 are an imEgRTg&Fstem which
images the core of theofisre 2atargRrantifehRofsdnieR&ifietivent beam 6 of thé Bbjetnaitvies. The
measurement f2giothecoveetpbipthe Peasdingrefttbeamabcrehe object 4 vsl deirersopdd by the
magnification of tharinagingssystery ©¥Qranel e idwastfipption and the possihlealbeffenref a slight
defocusing of the mgasureeRt BEARE- which Whghihgdmeasdrement beam 6 s pacidgdit, on the object 4
along a direction suct?]sc,‘tna@g_ally 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 opticSY i3 PaRE PRAESELT N iR Tharf&ori&dr 5. The déVR&'according to
the invention HEIudEB ISR HENSHLAYEY S IHI difartBeie field of view t& B8DEsiidned at the
desired place on theetsjsendntTieaise isplacevrieet metmenincitede 25 displacesmediiemesdshs in the plane
perpendicular to thedytiealaxis24uoidhetaim piejéwolder suppodting the object 4agndirdisplacement
means in the directigppefitae. aptinal-avdsedahthapstiasysiem with respect totheakigst 4. The

device according to,the inysatigRdngludes means fof.30.ehanging the magnification, s¢ @ to: form
on the camer?% ano'l)rrég\tgf thg Eﬁglgz%féfi%\év r(gf which at the surface of the obj(a]cet glijig,ctagl%pted to the
: ,

dimensions of the paftern$ 0 be inspected, ang omen reggajﬁrét the measurement region such that it is
The magnificatid'fs adjusted by

also adapted to 35tﬁ'§°dﬁ’f?§f?§f8‘l'% B‘Fiﬁe@‘?)ziﬁ‘épnér Ut tﬁ'éoofﬂélaf“ 4.
modifying the magrfifieatigh Bf JptRielBlcthsrenastfe 1 HEten the dichroic HIRIBEY71ark® the object 4 and
through which the radrtrd entientr@racieritties iphdging 224 eams simultaneousiyppasstp ds

note that the pixel size of the measurement region as “seen” by the

20 detector 17 of the camera 1 is substantially indepe ndent of the
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

25 light source 12 includes white light emitting diode s (LED). It emits
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 5is a | ow-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 ima ging means 2
and in particular the distal lens 3 which are optim ized for visible

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

antireflection coatings of optics optimized for vis
tend, on the contrary, to increase substantially th

ible wavelengths
e reflectivity of



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, » the imaging pathway. Depending on the
automation level being sought, the device according to t%e 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

away, the physical 0 dimeRsions. AL NElalal eyvstiew.an the camera f)and of the measurement

region (of the infrared metrologyg are sim Itangguscljy ad!3 sted at the surface of the object, in substantially
L . easyremen onditigns or 1 red . Interferometry. . . etno .
similar proportlons.rpn other words, with a 1ens aving a magn?flcatlon x20, a field twice as small as with

a lens x10 is viewed"8l 1581 5"b e U HRAIHE stz &BPie fe%urement regiodoA & dbject 4 is also
substantially twice &8°si#RINTRMEI%E EraeddreEesingiie operation the resolution of imaging and infrared
metrology to béadapted tththerehdtraistearstmsof bie iolpjevtdint isialso-vedethy of note thatthe pixel size of
the measurement regigadasteseemedy thecizd detdetobdy ef the camera 1 is ististastially independent of
the magnification ofthe lensd. saehthergierecthis measiementfegign can be aggugatelygositioned using
imaging at any mager;{!&c [;[goglﬁg int rflc@% e) ig%b?gg%r%n%tt%atlge invention inCJLég gpltiggt source 12 the
emission spectrum or whic includes visible wavelen ths. This 25 light source 1 includes white light

emitting diodes (LEDYF Y ARGIHAY BaGS %%?’c%ﬁnminates the objE&°4"SRH flat it can be
imaged by refléttiod"HHE Ahie 40y BIaRMALCAR ARG 1A 25 is not shBWBASKTIERS: 1 after the plate 18.
In reference to Fig. 3, the Thegidesr ottt ertbiemdipnsdoheirerrcrodoinfrared interfepd¢pldtere operating in the
infrared, at wavelengtles fioichehioh dnanytaisualaraterialsiuminaicroelectronics suchyas ilgon are
substantially transpgji@nfource 4bnehiktasfaraipaianirezdntenied to operate viagmaghagagans 2 and in

particular the distal |gpse3highatG aPimizedfar ¥ishle naagvavelengths, whigh gre stapdard in

microscopy. Bltg it ip Ié@tggygv.%a(t)fq’ymtlreflqgt{gn C atlrf'lgg rgf Qrp'[ICS optimized flgFer (\:/[j'gllb|e() fvyhallé/elengths tend, on

. S h rder . . . e .
the contrary, 0 incraase substantially the refiéctivity of 14 surfaces in the infrared, sometimes up to 30%,
which is very severd M ed¥ e MERTRCOAYIIBNEFOF Hifrale d SR S mRtry. The meth@Sblemented in the

interferometer 5 en&BRES-exactly to make it substantially insensitive to parasitic reflections.

The light from the source is directed through the ¢ oupler 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 coupl ed in the
fibore 21 and directed with the reference wave to th e decoding
interferometer constructed around the fibre coupler 41. This decoding

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

30 optical delay between incident and reflected waves, which is variable
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

35 collimator 20 and the retroreflections from the obj ect 4 to be
reproduced, in which case at the detector 43, an in terference peak 42

is obtained the shape and



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 distangg 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 yhich js.a E‘éb%ﬁ&'%ﬂ‘@%@&?eﬁ%gﬂé’c‘@iﬁk@ the centre wavglength ofwhich is in the
order of 1300 nm to 1350 nm and the 15 sp;ecttﬁal width of ¥vhiﬁh is in the order of 60 nm. The choice of

. the “wider .the spectrum 0 e source 4 . narrg . wer the
this wavelength cor?espon&s in parﬁcu[ar to component avallabﬁlty Criteria. The Ilgent ff6m the source
is directed through tHE"EBURTEAH°4hd the fibre 21 to the collimator 20, to make the measurement beam
20 6. Part of the beam is rétectiedminagechiisre ranoatsielealingtbyiBdito make thefi@ferente wave.
Retroreflection$ comnmtiglfréemgtine l@ijeet 4 thee aoplad inarithe 4ibref 2lhandedirected with theingference wave
to the decoding intertefemeies aanstiusietareundthentidecodpler 41. This deegding 425 interferometer
has a function of angpiical carplaioeRath aumsof juhichare rgspectively a fixegrigresnse 44 and a time

delay line 45. Signac!s r%flqﬁéed tthe rqg rence 44 .Qr;gﬂ(ghte rgjelay line 45 are corﬂbin (g Ithrough the
coupler 41, on a detgtgt'o? 43 \}\%%:ﬁgissg p%otbg%é?fé“. The function of the delagﬁ'ﬂnte%O |'s%o introduce an 30

optical delay betweff FSERAPHIRARE LY ALY 'WHIEh is variable overlif& in a known manner,
obtained for eXmple by fig¥ingy athifraiiow exeREIBNGtERS B S niE'si@tand 45 of thé8idf®ding
interferometer 41 iscagipistedisdchasdeyienablierwidadlisdiadeknd line4s the differencessirgopiical paths
between the referercepvavel teflattedratthemdbicallinptaoz@dandithe retroreflectionsinem the object 4 to
be reproduced, in whigheasealthrdriest d3nanintartgrence peak 42 ispbtajpad the shape and 15

width of which depedagtgnssaq%@acm@qﬁ%@g% qf El‘]ges%g,rge 42 (the widgr,the grggggglgn of the source

42, the narrower th(reelpéggI]?z{tfﬂe%?tﬁggé(eSg). hus, the measurement range is determined by the difference

in 5 optical length bétween arms 44 and 45 of the decoding Interferometer 41, and by the maximum

stroke of the delay line 45" #18rRVE A Y FirPEHRE WA 1 gENe Fated at the cHIffEtBY20 outside the
imaging system 2, Sard¥fie AETREERI S198ah TReCBiptical $istéimsti®d not contribute SRETTR@INBY to

Interferences. which corresponds to a thickness measurement of a s ilicon layer Ts
followed by an air space Tg. Each interface met by the measurement

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

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

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

35 Given that in the delay line 45, the differences in optical
paths are reproduced between the reference wave gen erated in the
colimator 6 and the reflections from the object 4, the

interferometer 5 can be used to



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,31 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,sHGeniay&d S AllRES By @D dflespace Tg. Eagh |pigrfacg.met by the

measurement 20 beo%lrtriloga apqh%wilnrggrfgrsée to aeg%roggfliecttL%n '%gguuces an Interfergnr]lgrg praealé. Distances
between peaks c:ortpesponolp o the optlcaﬁﬁi&ness of the ayer, which is to be diwdedt by%e reflective
index to yield the eff8RE MidRHEBLF Y AR SHEWEthETIZGEDB0 of the surfAE 8 H#fEBBject 4 with the
location 51 of the nfédreRsehepsldeeconamg2Gaking s Bt exemplary patteravetsg Ry fieasurement
obtained with the Intedememete bBaassimplémente pasiber dimgnieatioes method descrieatitin 6R 2 892 188,
by division of wave fraais bhethacasisieddpalierns: agetbalesy, ig. Sb shows an intadesgrartric signal 52
obtained with the IngHgrPMSteS B fhmMGAsWingtheaeight H of a 30 holg,Jhe Lglgisyrface and bottom

each reflect a fraction X gthoesiyi\é%vgffrtggti%r ereelj]@gi%gar‘]}sn%%a%ug%nent beam 6, thus1t ﬁ{soqgrﬁéﬂg an

Interference peak. The distance between the peaks correspond to the height H of the hole. Fig. 5a shows
the image 50 of the'8lffface of the object 4 with the location 51 of the measurement place. 35 Given that
in the delay lif€ 45, the difféepeagNnob i anpATHE ™ regivdilcder biEtigBen the referefBelvave
generated in the cofifritmderaadthe aedfledtonseiaian idhebject 4, the Interfevometish 3hean be used to 16
measure absolute distaineesiopgttudessoseithpabiadth bdesdothe positionredpheitgterference peaks 52 in
the measurement ragpg@ slependsastherpticajisistancenbgtween the correspasgling: Ipferface of the

object 4 and the couggggprﬁoiﬁlgr@gi%@%w (gga,\_/is_ll%g_ by the,pneasurement begam §,Itjs thus possible

to measure hﬁights 01: Qr%tt ms or gtheg rg!irgf (?rLerﬂtht%’ ara toopology, by m \éérggntpn?r é%g%(ect 4 relative to
the imaging systempﬁ a,ndE y notlnd)ﬁweyevoﬂftl h'in the position of the Interference peaks 52 in the
measurement rang&'® V¥ HERAEHL A8 BR B BRGPERTARE FEGIBN in the imaBEBAPiE B8%THned by a prior
calibration operatioA"df¢{8HE¥ice, such that the viewed image can be superimposed with a mark
corresponding to the positiorpinthie rIeasbsdment pelionbeRisifaitk isavisible at thevplesition 51 in the
image 50 of Fig. Sadetdieapialfyradaiarcan be dbdpeidossaadianexample by anragirgénskeas of the object

an Infrared viewing gnapwjehsnahlesdhennfrarsd prasiHsment beam 6 to g seersp the camera.
According to an em&ggirp&mera ligbtbeam 2 vvimryg%\gggpgghsag&it_ectable by the gamgerg L is

superimposed with thlcla meazsourgment beam 20 1%. TtysE sy IIerltmposltion can be flor examn[])le performed by
means of a fibre coliplar ingorted at e tiSABroMEtEF S Shead of the collimaidf 20 s Viewing beam 15
substantially travelP 2S4S 5atH HEth STHB S B ERIEHTS in the imadihg &YERPAYSENd produces

on the surface of thenohfegtriecs sHdtedeticetabresnyt threchieiy 1, the camera 1,
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, th e device
according to the invention further includes a full field
30 interferometer 13, inserted at the distal lens 3. T his full field
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,
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 t 0 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



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 {nterferometer 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 altitudg, of the.s\face;is q}b%gggg%o[@n&ﬁgowa}-known methods, .35 hy.superimposing
with light reflected kﬁ( the %b'%%ct 4 (fn the Sensor 17 ofdllﬁe camera l, a referenche wave from the same light

nges the shape qf which ends on the differenc . e In shape bet n g
source 12 and that has substantially Prave 24 the"same opﬂcal distance to'the sansor 17 as said light

reflected by the obj&tt 45§ RIS FefdFehctwaifk [BgeHEidted bl M&rence mirror 3£'idtaf¥d in one of the

arms of 17 the Inte¥p8rpieger TSI pRedURSEORCtEsEhder 2P Mterferenc@lfriliges'atie shape of which
depends on the differeficerin tshapenbetivabn therfefererncelmiisonvdl and the surfacedfithexobject 4. By
conducting a measyrejaentisaueinee Whe reidinfoexamales the iejative 5 lengthea theaasms of the

Interferometer 13 iS5 Yarieshifa predsis
Interferometer 13 aigtgmel%%
ape

three-dimensional s

e surface to be calculated w

ort

alc

inegl MAPREina¥emoving the object4orihedeps 3 and

|
I I'U? f fi btained which ble th
Ul NS g e e g e

Interferometers 13 &fé US4BE "HESATHY i particular on the magnification and the working distance of
the lenses 3. Afhong repr@¥saikedeRhiniplisonpisre Liare usablghgd Michelson confRfIFROA, shown in Fig.
2a, according to whieficyeam bplittesriiifaeo80a(or Bibewmiaplitier plate) is inseideed P65 heneath the lens

3, and returns a fractiess of Anehgcigenthighitngdasss RBbrbaek to a reference mirror 31;

the Linnik

configuration, which is an_aieatiétocthegMiebelsapnvaanfigyration and which inclyglgsadens 3 in each
arm of the Interferomﬁg%géggﬁ%@ My@%qugiggggtméibown in Fig. 2b,|§gj:grgggget@ which a

semi-reflective plate 32 returns a fraction of the incident lijghting bea
Inserted in the?[%)ent%r’eengﬁaltlé Pgrésmg”zgdoremmsﬁ# {50 I

or the 'sake of clarity, the Iighﬂ(ﬁ'g

m 25 back to ta"rﬁtfierence mirror 31

de . .
e m% is not shown in

25 Figs. 2a and 2b PEAMNARESHAGiITTG BELAY 95 Fom reflections on the mirror 31 and the object 4 are

represented.

To Integi2fe thiak| rFrsYieiheBtescih théprifiomieter, it is preferable o Westrict the

reflection of the melgherrentriieaatic® endthéicef@niniee miensiB31. This conditioerid rotindispensable but

the interferometer 13;

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

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

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 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

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

31, which does not or hardly reflects the wavelengt
measurement beam 6.

hs of the



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 reflgctivity (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 inventionAirgg\gggtg}gO%MBa{ﬁg im,g%fg{qm@gﬁ@ngnan optical profilopgtes enables a

three-dimensional model of an object 4 to be built by combinin 1’;\II the measurements ilg a single
rferom !1 ofilometer bles three

. . Int eter _and an, optic r en . nree-
representation. Thls&ewce IS particularly @ CHective to control narrow and deep etéahlngs such as holes
shown in Fig. 5a. IfYB8¥ PECHEE 6f HeChiGPhdriCtapelive B the imaging b&4iH92¥ ({ifat is the half ratio
of its width at the lefM§BUWE TR TISfaFEeTrERERSEIAEPS Bte dhdcfocusing poing)isthatispacal profilometry can
not access the bottefieaiv¢he dooles tamreasidectheictiyslepth thereof. This reebdgershoentins on the other
hand accessible to thg hafraieddniederemetee hasdikistsgéadrén Fig. 5. The cambinatiagingf measurements

thus enables a morg.gRMpIata:thres-dinersiond rResemtation of the surfacqip Beppiained, including

regions_ which are ”é?%t%%%eﬁ%i Ietgg t ﬁsp@fl'é’%%t% C%ﬁ@cc‘%ri B[pgﬂ'go an embodime_rét, c’ghtleC 6ge\_/ice
according to the invention includes a :ght source 14 which 'emits a beam 19 enabling the object 4 to be

lighted by going thrBUJR™ R EMIBO AT SR EHABIRT iPh4ig'T transmission dP &% &4 to be made.
For the sake &Bclarﬂ?}?tkﬂh'@q'iﬁ‘ﬁtiﬁ@%@éﬁ%”@“@‘hlﬁt%%\ﬁn‘?tﬁ?ﬁj@f‘ 1 beyond thef! 206520 4° For

applications in micrtheletfranitsipereoniery, theatightsmigde in4 g designed so as to &xhilii¢ an emission
spectrum extending:smbivatioe astinfkarec tewavelie ngilisdaighendieanoin micrometngettortmgsch silicon is no

longer wholly opaqugnchbishichbseseaodbcan baed @ Balegen lamp. It is tharpessidig, even with a
camera 1 the sensqggl,gng)\jvwmgréi§o§gj:ggggigg§gﬁiletﬁ)r&@%an image by lqoking through enabling for

example ele ts of cirCLi\its tca.be located on wafer 4 to #e.rform Wiah th(? Infrared Interfegrometer 12,
C n empno cecordin (0] e

t th :
measurements at accurate B?éce% tﬁroelljngh the hack face of the water (');9p03|te etched 30elements.

According to particUPSFER0BH e MLIR RePGEiHIENE ifPRMent in a device XA e invention, a
light source 14 withoBisfis$ierPe Beltelipn estteiamyginTtheear Infrared (WabIBIfgiREEEVeen about
780 to 1100 nm) anckmingeartrattrasidetofwaveleagtis B5iadéween about 780-tothd 8&kend), and to carry
out imaging par reflasiipnted thptwhjech4 abanear snaie of these wavelengths of thgseuree 14. It 19 is
also possible g impjgpaent a full field interferometer 13 with such a source 14.

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

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

30 elements.

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
35  Dbetween about 780 to 1100 nm), and to carry out ima ging par
reflection of the object 4 at one or more of these wavelengths of the

source 14. It



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 ofgview 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 Q&amgsi&gqg ?rﬁp%%m §%¥F‘?fef&umi%ﬁep‘?l?‘”zed COmpoNngnts, eis.,kp- the collimator
20 can include displacement meélans 11 which enable the position of the measurement beam 6 to be

moved, and thus th%uf)ho%ﬁ%ﬁc%% he measurement region to be moved on the object relative to the field of

view covered by the imagfif§¥iRane B2 it EVRYESRnHIE F8" 4 itional optics®® MWy a 20 variable
magnification, throukh davieh theabifedistiemeniasan@fidingifgi22 beams simitgtebasliPpass, and which
enables the fiekld of es@wpland the dimension of the measurement region to be simultaneously modified at
the surface of the object unctenssbpantiaitsedentieal proportions. The magnification of such additional
optics 8 can be 25continugysly Adidsiad Hy MRving.onticakricingats, or discretely,byfaplacing optical
elements; the %pﬁj]g%lolrrﬁlsaéf t%gf%%poifqncelvqlqoeb% va[ei%la!e magnification optics, which enables the field of

. . CO - .
view and the size of the measurement region to be varied on the camera 1. The magnification 30can be

continuously %%justed by mfOVhG ot aPErée RESSBY dfSEPERLT BV Peplacing optical el&MEMs;

means enabling measurements to be acquired as lines

According to particular embodiments:

- the beam splitter plates 7 and 18 can be replaced by any
means for separating beams, such as beam splitter ¢ ubes, 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 imagin g means 2;

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

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

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

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 cameral. Th e magnification

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

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;



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,gnd 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-coherencg interferometers, This Bgr\rp[geﬁ]éigglea{\/lgqpeﬁon interferometer with a delay

line in either arm. O\%lcé‘iil dtaﬁlsays can be decoded in 5 r‘:rqun%”% Somain by sp%r%traalm%nfflrlyss

techniques; 10- the'In er%%me'Fergoa”c'%ﬂabeb%wavﬁ?)r} orwho y made with free propagation optics. The

interferometer 5 caRZiEYHA AT E? WHJIRF Aodte WitiNMedPated optics, i paMictisEPased on planar
wave guides. coMiRIPSEC! tRNEATPY EPHIBT I8 PCINHRSHT the examplesfust 1B@Esetibed and many
alterations cande medeality thesensnanmpdesiswithoutdepeating from the scope of the invention. 21
CLAIMS 1. A microscope dyefRidNsRARtINGuEH WeiLKREsORjeeES (4), iIncluding:cén&anaera (1),

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;

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

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

departing from the scope of the invention.



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 raegaps; (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* PHEISRPEIENKE eTLY iFHeTerdmBter (5) is balaft®&d  such a way that
only the measurem@ait'#iggim retroreflections (6), taking place at optical distances close to the optical
distance covered by said beeamd®)(td the object (4), defining a measurement range, produce
measurementss 25 2. doheadevigey aceeEdin gdeaslatbdchagasterised in thatithe eistablens (3) is
dﬁsign(t-:-d to Srpdtl;]cg_j,rgﬁgﬁiggﬂilﬁ@[ﬁ,jg@ygIlgggg,p%g to a fiel 3 'I;he device fqﬁq(gjpg,ﬁgrplaim }j or 2t
characterised in Istal lens (3) s,a microsgope lens. . The device according to one
of the preceding c|23§%¥:£ﬁ%?£8t8‘ﬁ§r}ésd@%) 'tr%r}gutgt%% %%%Leurse%rﬁent beam (6) inc?gahé%e%v%r\]/% %ngths between
1100 and 1700 nandtRelfee o5t - 2l The device according to one of the preceding claims,
characterised in that it furtiferJHoRFEE f stVHEghiF)IPIFIPRRS (3; 89%0r changing the YAAEnffication of the
optical imaged PneamsagRlesieBaseamnsitAlltdheauslyraivdify inkafidldvof view and thevdienethsion of

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:

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

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

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

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.



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 clamgs ZOC(paracterls dd in that |t fur hehr mcludes relatrve dlsplacement means (10)

of the object (4) and the optlcal |mgc?n e e aewge accordlng to one Of the

preceding claims, cHEfaCREY fﬁ%bt“ff"ﬁ[rt'ﬁét‘%?cﬁ'[fﬂé??elatrve displacenf¥Xf$BEHS $5(11) of the object
(4) and the measuréhigrihBrsaia (&) magnificRiommpidhd@pise! d8cording to one GPEREPrETEDIFR claims,
characterised ih thatsittdusitharireolstesdititing firie ansiéd29ngproducing a lighting dieemsidi2’sy with visible
wavelengths, arrangrahigas30s0eh @dsayhasHQattiangineiadhe object (4) thraoughiidie.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) capgbllﬁeog er\a/rod aleMsly Ot gicamera a(clfgh in 3elrference fringe§1 %%pgglignposed with

ice a

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

element from a

10 turret equipped with optics having different magnif ications, and a
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)
15 for modifying the magnification of the measurement beam (6), so as to
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,
20 characterised in that it further includes relative displacement means
(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
25 (11) of the object (4) and the measurement beam (6)
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
30  such a way as to illuminate the object (4) through the distal lens
3).
11. The device according to claim 10, characterised in that it
further includes, at the distal lens (3), a full fi eld interferometer
35 (13) capable of producing on the camera (1), interf erence fringes

superimposed with



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 wavglengths 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 highert,;g%agg%fqngrmg[t,rgo 14. The,devics agrerding to one ofatlfb%d%@&%pé@g claims, 15
characterised in th%th%r;ow-é%(t)hheeoren&gﬁénfrared interferometer (5) allows to measure in the measurement
range, at least one oFt%e%eilowmg ciements: 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 FFadt@devehattsdingHickairel inehacisttifcthe measurementi@dien, the
absolute height; in thi¢ firrleé asarermeetrangeesfapdohtsiotleontact between thenm@assiresent beam (6) and
the object (4). 2515subkendaviearmpaerdiognwenaobthcopeceding claims, chasagtetiseddmihat it further
includes a viewing gam (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 roce_ssinp and displaying means (16),
capable of prci%ucin an imad® of HEFHAF S VR IndiEdfg X didBFAY SF tHe measuremefitFagion.

characterised in that it further includes lighting means (14)

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,
15 characterised in that the low-coherence infrared in terferometer (5)
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,
20 - 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,
- the absolute height, in the measurement range, of points of
contact between the measurement beam (6) and the ob ject (4).
25 15. The device according to one of the preceding cl aims,
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).

30 16. The device according to one of the preceding cl
characterised in that it further includes digital p
displaying means (16), capable of producing an imag
view including a display of the measurement region.

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

aims,

rocessing and

e of the field of

including:



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 producingmeasurementsbyinterfgyencesbetween 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,

cha}ract_erise_d in that: 10- 1tpfr‘dﬁﬂlﬁ?{gin8h“‘13§aﬁ1&‘auE?L'jf‘%rﬁM&Hei”(ﬁe{ﬁi{'%ﬁlé@ measurement Ig am into the
optical imaging mee’}lr(':lsor(t%)I |rt10$auf(|:er|1 | away tlhaﬁ ean passes d’ghtg?ugh the distal Ielgss(gf; apdn th\t it intercepts
said object (4) accordplng tg a measuremérq{preglon ubsstantially included in‘the Tiélif 61 View of the
imaging means (2),244f SI% e RNFtEhTEhce infrared interferometer (5) is balanced in such a way that
only the measurement beabfPeidtitsefle iR EBENAKINgbYlace BEdRItReESdistaftieeetlose to the optical
distance covered byegaiellbeiam ¢63 toetiserohppcbdd), @etindng la measurementsanmgesepacaice
measurements. 20 optical &fdrb@dnethod ascesitirgdo islabal 17, characterisedeifeibraéithesocation of the
measurement regiogjpitherpage.Qf thefiekd £ vigWis stotsdlyring a prior calibfatigReg519. The
method according to.ong o{hglaims 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

representatioqgf the Obje%qa(ﬁfer'%d in that:

-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 s ubstantially
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 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.
25 19. The method according to one of claims 17 and 18
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).



