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*159159* 1 DUAL ( CONFOCAL AND | NTERFEROVETRI C)
TECHNOLOGY OPTI CAL PROFI LOVETER 5 This invention
pertains to the technical sector of optical netrology,
i.e., in which there is no physical contacﬂwﬁmmmﬁmmmmmn
t he measurenent device and the sanple bein .
There are countl ess applications that require 1Qgso+

know edge of the topography of, the surface of an
object and thus determ nationt of its m croscopic

shapiL SUEINFGoral YRS TRYERFOROEXPRTE e, Tﬁ@mﬁ?p@@{r @bTeCAL
guality control process, uction of new
applications for 15 nater%¥$%¢@%%8§eM/nanufactur!ng
processes is resulting in a systematic increase in

the market demand for processes for the exam nation

of surfaces_and for the devel opment of optica

profil onet 1S |FP{H L QBNRBEERSAS tRertdaarteedinical sector

pﬁesewudaMJméﬁkdrm¢$plQger basewien idmae O "BEi BRysical
ve ed |erce in recent years to

ggﬁ%ﬁg?e p gagg i AR suPt FERERY oI BT Gar ®SS BBeh sample

Pﬁéngoﬁﬂ@éaﬁe@echnlque and t he |nterferonetr|c

techmque ahe rabl grE0 HBASUI EsSUT, 0 hy
reC|s ‘%% rellgbl on y esﬁ1é%%ﬁ§ffﬁgigﬁp ARV require

888&5 aFBs. QQRﬂﬁs%f &heexpraiaed pél e object
ahd nhasurdﬁmmmmpmaﬂtonle$flﬁMineﬂckﬁskb@lQOnEaﬁéb. Such
e ropetric. t ue_are, ver
%ﬁ%?gFg%tma nd (g?c%%%gé%ght y Th&%Eapd g:t é%u%fl?%egontrOI'

PWECEEERNI ques are nore conplenentary t han

coi nci dent Theonf pgaboauetibanetgsy. Grfocyg llcatlo s .for
Bagfllo ter allom1nea%urenent of 35 sur aces wth a

B5F&hGe o0F (IS UPRRUERT b VePyPFOGGRSeS 18 resulting in

a systematic increase in the market demand for processes

for the examination of surfaces and for the development of

optical profilometers.

In this connection, there are at present two
technoldgies based on image formation that have competed
fiercely in recent years to dominate the optical surface
metrolégy market.

Both the confocal technique and the
interferometric technique are able to measure surface
topography precisely and reliably on the micrometric and
nanometric scales.

Nevertheless, as explained below, the
measurement principles involved in the confocal technique
and the interferometric technique are very different, and
consequently the capacities of the two techniques are more
complementary than coincident.

Confocal profilometry.

Confocal profilometers allow measurement of

surfaces with a wide range of textures (from very rough

MU
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~an in pI ane scan mnmust be carri

*@00002* 2 surfaces to very snooth ones) by scanning
the sanple wvertically in steps so that each point on
the surface passes through the focus. The hei ght of
the surface at each point is established by detecting
the position of the 5 maxi num val ue of the axi al
response. Since only one or a very snmall nunber of
poi nts on the surface are illuginated si mul t aneousl y,
d out in order to

bui e axial res se e confocal inm
SHréfggﬁsve Pi chFT ¥t e%“%ﬂ#h qnetsﬁe B%?i n?§a1néilln|9hgthf0 Sample
werbicallhy fiml dtefpsi s ofhiathe daeits psedr Exanplhes sfirface

bgb§egyp&no£ugﬂ{ Of by 0';%58%% %?e eﬁv\%[%l?t.e ftj({_:\oghexas Urce at

I'n European patent E rs to an
BBEPCRP18EVil6e softablished thy satedfing Wonfpeal t beanef the

mkhmaﬁh hallwd neg i @Heab&iﬁéla%%cggéegcg%%rééép@hﬁgy ‘one or a

The illupination arra
FBE4 SHAGH BHTERTE R R T AN AR eiF § hbuminated
sb]naétanébasﬂydl adn ohinreflheet egtdm fntletf a8l cpkrgnedi sut in

_ i | th
éﬁagr q:.'J eﬁlﬂ.%’ace of&?@éﬁg%la 1.b I :‘rtéglr ng%{ﬁ ot%%relfocal

recei ver sur evi ce
LPRgRi ndil oPRPD Heradyced tdkeep e@@ﬂ-‘v@“llsuthac@qmts falling

pethonneHese:bhat otfhelew ot t3RNSiddv & deRfi ons of the
recei ver agct as.conf o? dj ap hrggrrs The signals from
ect h

the el ement&2BPLERe & RSt hgPer eOLi vPISH YL ITRHRE  are
deatrébed, oUisi dextahgliegcainplRoepere patehakeppo p48s, 803,

@ﬁ?cBaE@@e%g rata%l yOP%ﬂtz"‘nga%gyg. Sc}qatz\istege ithe path of a

eval uati on. pa ent oses a sim
spifeap! @@\ﬁ”&:e‘”?—ﬁhv\mnc hihhuninakiaat iferagt i andnd adetector

det et orher iid. 1@t ot dgdrhh &scoﬁiﬁﬁéﬁ i?ﬁr %n%'@eﬂt plane
18cLeLa o0 2n SPhES IS U "N IR o ene

ave varl akﬂ e Sl ze
PHRFH- oTh‘EEDédliiﬁti@Flf @eéﬂcsprtueei prrofuheorfe:tcrqfl plandi s sent

&ﬁﬁ@c@l??aﬂyokéddﬂﬂoPaﬁs%%dH“éﬁﬂft@erbe@ﬁh%mﬂﬂéE%ecelver
surfggéto%f tm%t Qbhgesen e 1m£§1§gro%0%he illumination
array on the receiver surface is performed so that the
light-sensitive regions of the receiver act as confocal
diaphragms. The signals from the elements of the detector
that receive only light scattered outside the focal place
are not taken, or are taken separately, into account in
the evaluation.

US patent 5,239,178 discloses a similar optical
device in which an illumination grid and a detector grid
are provided in a confocal arrangement in relation to an
object. The illumination grid may have a variable grid

size formed, for example, of a grid of LEDs.

Interferometric profilometry.

In this case a beam of 1light pasées through a
beam splitter. One part of the beam is sent to the surface

of the sample and the other part is sent to a reference
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35 of the sanple and the other part is sent to a
reference 3 mrror. The light reflected fromthese
surfaces is reconbined and forns a pattern of
interference fringes. Interferonetric profilonetry
makes use of phase shift interferometry (PSI) that
al | ows neasurenent of the 5 topography of very snooth
surfaces with subnanonetric regolution. The sanpl e,

whi ch nust be placed at the foCtus, is scanned
verticall teps that _are a_highly precise ,
PEEEPFon il h el cHE TS D | EFRY GFGSRR nfurfaces  is

peodubénaed phdséonmp afpaheesnrbﬁcentwhfe&dmte frlnges
converted - HEQrEQ? ﬂ1gt9' %:%%q.' rorgfeg‘ngkggpus% of phase

means of t e sult a ppi ng
$%¥€Fféﬁ5ﬁ§ﬁ?¢@msﬁ§yIQﬁﬁﬁkﬂ%ﬁ%ﬂs@ lgesvmenistaiement of the

66POGEAShY Nt &F T of OFR rymd M) Qﬁffhag%tQNiﬂﬂhtsﬁﬂhan?petrlc

t he_t hy of .spooth or noderately rou
LR AL Eion | CTRAXPATRL Contr4St. B1SEn®S Riaaas dicebhe Focus,
isi agesnedc wex tatcalie, b@sbtapSIwhmt(ﬁréha h@@ﬁiﬁ(ﬁrec1se
e h f 0
EORD D08 OF Vet BaPHE eRE D, b2 TP oot i Ppauce
RS uifdc eCfasdes tsmré@gh:,t h@hlfzbculss Thovieeitf®t ohto the

dhersspdaeingt 8_GRHROI Nhap S BYT aifed L0 by d%?'x%cuglgltable

t he $081t|on of the maxi mum of "t he envel ope

HHUETHRT O r B CEX3hPr es of this type of profiloneter
are descrIﬂmeeirfénomexam'pl @,rolfri1dﬁ1epﬁﬁltaﬁsc56&.s'é06;ert1cal

f filo
SeLertigin ottt lete bR e
I@P§@Fﬁé$é’|§ s¥RROER éﬁ?|WQ§ﬁﬁgt§§V1cabugyst$umfaces

Md}{m%hf@orb@?i@tﬁpbft %Fé ﬁge%:'feﬁcéh%%r Qg&qt% o 'Bfl%urs at the
f or.ne romi.|l r.e cte rom e (0] Surraces
ser Cé%l %\Al gl%dett ectilteocu%p{fogaleacgyﬁ%ﬁt Aﬂn the surface

C%fl |'@hﬁeﬁﬁm§éﬁl cdhereapoplesigi eeweed vent 80abdpyi dal steps
si.wt R hhet \A@seht @oiﬁ@glm P C@hﬂf)ﬁ%@e%%gean thPB96h the

ane erf ce fringe, so that the rear
%?em Shpeof F RnSHEEBRE| 831 c@remBmiats 15 obtained
Hxxﬁ&e@caingthhelmnxiqmdmeof the maximum of the envelope

of the interferogram.

Examples of this type of profilometer are
described, for example, in US patent 5,563,706, referring
to an interferometric surface profilometer. The 1light
reflected from a reference surface and a sample surface is
sent to an imaging optical system through a beam splitter
and interference fringe formed from light reflected from
the both surfaces is observed with a .detection optical
system. An alignment optical member is disposed in an
optical path between the imaging optical system and an
image plane of the interference fringe, so that the rear
focal point of the alignment optical element is located at
the image plane.

For example, US patent 6,665,075 describes an

imaging system using a phase shift interferometer (PSI)
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For exanple, US patent 6,665,075 describes an 35

i magi ng system usi ng a phase shift interferoneter
(PSI) 4 and further including a transmtter, a beam
splitter, a phase inverter and a receiver. The
transmtter transmts a signal pulse that is split
into a neasurenent pulse and a reference pul se. The
nmeasurenent pulse is applied tg a 5 sanple and a
relative phase shift is introddced between the two

|.se he inverter, which are reconbined to
%F‘m n?eg ﬁuﬁ%agt [at CFENgBLEEREd 1) PRam sSplitter,

a
pkaséveénvedBepabadt ab @3 it pring dﬁ%ﬁﬁﬁitﬂéﬁf&@ﬂ%mlts a
seLabiceysernimosi e Lt s el w00

a

Vers &
vpfprancentmtss ondher rdessurbreelntt tpulsm:l dentappjigd to

Q&ﬂﬁlés ardl agcl}%q_altq% t ¥R ?Q pa.ILQS }Af@'rglauge(&ssbetween

es b nmeans o eams tter
gla%htwat PEiFeSpEﬁ’h hen@heesr elqun,gmhn@ tagtal ygcombined
tef feehed bymbihedspulber ehlagctiisodetridethidye the recelver

transm ssi I I I refI ect by seco
reflecti onsgnl ng?ﬁe ref’Isgct’)é&n E5gh B%t W beam

griieeeron suntrsangedwanigtc oab |lne¢t1@ga1 me bynathen b&awm the
6@%&1&5[ apd regei ved-byeat’ |19§ﬁtreﬁgé% Ighetﬁgnngﬁtlcal

ned PSI and VSI interferoneters can carry

ment | .
Te’ﬁg‘?W‘F‘EE?rne%ﬁFéﬁfPﬁfis ofrh€éhe imcddsntt rild gbthd ‘beam  is
hﬂmnﬁ)djhédil cisttal eswo | Rpaddidll opathier @highNOckBEEI n§tC right

t asure ran Wth t
‘Jvléc?lé |é§eﬁgﬁlexfg?lﬁgaeskgga%o?ﬁ f‘g%ﬁﬁ] q ﬁ&%‘ t‘?%tlcal
Eﬁ%@ba@ke raflechégncangbt dasitioraddat neiftlledtigghllyy a first
f@ﬁié@@ﬂoﬁ moghh£25 “ﬁrﬁrlfeace@r&&sm&@léhf U%Eghﬁd Sﬁ%'m' &tally

COPJI_ nlg dissimlar _mter|als. devi ces al

(5t  cdtty oufecﬁ@ﬁlsu?fsﬁéﬁ{%lﬁ’f‘ sHﬁbE anth¢ exigfriection
Jex@f:%ltbxclabas refectibanu@itsnmreNowsrd-einttised hegain by

i Sddie LEANDACK 2haaPecddvan! HEME! Y ;L ted yeLl cal

measur enent_ ran oca pro | oneft ase upon
i mage forhRgi 6%°H§ Feadrianad a%%llea{}ﬁovsde igyianfesrmneters

dan meayrgf out very fast measurements on the micrometric
and nanometric scales. In addition, there is no intrinsic
limitation in the vertical measurement range with the VSI
technique. Nevertheless, both techniques have the drawback
that they cannot easily deal with highly inclined smooth
surfaces or with structured samples containing dissimilar
materials.

PSI devices allow users to carry out
measurements of shape and texture even at scales lower
than 0.1 nm. Nevertheless, they have the drawback of an
extremely limited vertical measurement range.

Confocal profilometers based upon image
formation as described above provide solutions to many of
the difficulties involved in the interferometry technique
and can even provide the best lateral resolution possible

with an optical system. Nevertheless, they have a limited
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the difficulties involved in the interferonetry

techni que and can even provide the best |atera

resol ution possible 35 with an optical system

Neverthel ess, they have a limted 5 vertica

resol ution inposed by their nunerical aperture value

and do not allow attai nnent of repeatabilities on the
order of 0.1 nm Confocal prof%loneters may be used

with lenses 5 with high magnification and nuneri cal
aperture, up t.0 150X .and 0.9 r ectively. .On_the
%gﬁé}cﬁgnofeost%Ut]'r%ni‘lﬁ‘?@é"teﬁoﬁb%oiz{) To QPRI PERLgRPerture
Vsl udewrcesdo snbitnid Etowi atpedament taof S58¥pehbitgbédlities on
fRgnLfhcat Len g?nnmg attained through the use of

ot her types o? enses, by they are 10 inpractical and
extrenel y eRpéasate praf ilonsi@ans oney dbsi rapte wéthavkenses

WiPhOhifRNMREGHI £ Bat i 6AN aPHOVudR riRRN e S-S W to 150X

smpoth . or _relatively . raqugh surfaces with a certain
%ggreéjb 51ncﬁqﬁﬂqeng%ﬁydeté¥hinE%FheiPtgﬁEpe,hand' the
mggmeécaeiop possahpeegioh P5T Qbﬁswmnlm@wnﬁayiﬂﬁsﬂimited
mtgra_%%qlcgt on 98 3 ﬁ%ﬂ@@orﬁggﬂfﬁ&}%‘& d08 BEESENineq
I nvention provides a new optic surface netrtology

BavPesht Shenonsphyafi cakhesnt ix@esuofackenseasutsnehhesy are
irﬁpif”]éclﬁidbm' aﬁ?Péiﬁﬁ?ﬂne@?ﬂe%cﬁbﬁéﬁﬁéQ”EF ric) 23 ,

t echnol o rofiloneter conbines in one device, _
t he advgmggé?, laﬁess?ﬁrﬁegﬁﬁilagﬁ ¢t daysid SRt gpmeter
oata ceonpacivisie erapdesentachbng rd nauodigh part xelBteively
:Pé@g%l‘ll UEIRIY LR 'J]V%@Eltgﬂnnac?egxfeeéls%q” fﬁcfigation to
confocal profilometer or as an interferometric

FPRRTTORRt eFhEhY | Shakeref TSI Ul €8F- a Whde seamjes of
dfsappl il gat neierdand Pr ey cHesrdss el orrdvant 29@fsbnanometric
&?Qfequently, the dual technol ogy optical profiloneter

of ~the invention provides all the features required

for anal yEie dgfresrntsurifwestgiora paeplidesndai snew optical

'éﬂﬁﬁé@éem&@foﬁggQaﬁEﬂﬂaé‘¥5rrﬁ@ﬁtﬁﬁ%¥§c§@dcéﬁggﬁ%t%urface

surfaces having

measur enents of ver fl at. and spoot
5 éual (confocal and interferometric)

URHUESTRTY ohttRE @
technology profilometer that combines in one device the
advantages of both techniques, this device being of a
compact size and containing no moving parts.

The profilometer of this invention may be used
as a confocal profilometer or as an interferometric
profilometer and is therefore useful for a wide range of
applications and provides further advantages.
Consequently, the dual technology optical profilometer of
the invention provides all the features required for
analysis of the surface of a sample and is suitable for
carrying out repetitive and accurate measurements of very
flat and smooth surfaces having aspect ratio on the
nanometric range.

The profilometer of the invention can also be
used to measure very rough surfaces with very high aspect

ratio and a steep inclination. Height measurements can
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nanonmetri c range. The profiloneter of the invention
can also be wused to neasure very rough surfaces with
very high aspect 35 ratio and a steep inclination.

Hei ght neasurenents can 6 al so be nade of structured
or stratified sanples containing dissimlar materials
and inclined surfaces, as indicated, using the sane
devi ce. The invention provides a dual (confocal and 5
interferonetric) optical profiﬁoneter conprising a

I ht source i ncl mtting_diode, heam
'IID Pttt &S, 529Bepdevi %Erléﬁlagﬁﬁﬂberorof gﬁf@F&Eéﬁgeab?aé“ples
ﬂvnt@sn@pg dheﬁsmslafhaaaanuakmham@eahbé1nedr@mrﬁxtes, as

Lga§g§tggnpﬁg ﬁ%aFHQVSQREOHlekgnSGS that may be used

to obtain’ con I mages and'interferonetric
| enses thath ﬁayl%%eﬂgb@ntopr@%téﬁﬁ i &t ek onkeonfocal and

i NBgeSerdhbt o cpaidghditar changeabher e %&m@lﬂgenaemght
nount e el.enent t.hat ows themto

Salefninatudtng, 2 hibbhdery Shnnnaiase r aram il it ers, a
@€bf | Hemeter famact irombes ThE platielroieneeabll et henicroscope

i@ﬂ@@éiO%Héééﬁgﬂﬁgfghaﬁéégbigl%ma%g &Q% &%ﬁggs comprise

generat| ng neans conprl ng a

SPRYRBRLPREDS) eRiseso- R ah| ARy m peed qr@cpbtartgplqgnfocal
ahhous ganer ahlt@&f@froa\e&equ@nmengés | £ hatn @l OBe used to

1t d f t
L ol Beb PR Bem, BLareens, 0 0 SR S0
mo¢a¢8©gaﬂ|ﬁgnsésmardrnpuhted1natunnr@taeiﬁgtelement that
obi &8 &HéﬁrESrBQEEFEQ?EHHQQ% d%%@&kiqut%[e (fe51red
ar "sp s e

conpl et ed wi si ng tter soci a
WRe okapEeh tPBe ?§pﬁﬁ?Ct28nThe light-enitting di ode
wi Il pref eriabdl premitl oie tsfrecbEUN 1 Illngﬁétnt\/ﬂdrh @s provided

&f{»‘fr%ﬁ% l%%%%g ngkggry%r@ and.d m@anLh'f f?rg%egsmg a

ows applyl ng ero roc pro
¥Eni ggeYeFaphage shliepng (LCPS)) rmcmedmmwow@‘hey LCOS

rﬁﬁ@ﬂﬁ‘l Dhy verdlilcils SCRRh 3@ thewhi fe lightence of
1llsun)11natlon ptplarLutrgI[nasnge %f val gggvfl(c)ltas, by means of
application of the suitable algorithms, confocal images,
or allows total opening of all the illumination pixels to
obtain interferometric images. The profilometer is
completed with a polarising beam splitter associated with
said micro-display.

The light-emitting diode will preferably emit a
spectrum of light with a coherence length ranging from 2
and 10 pm. This range allows applying ‘both the
interferometric profilometry technique of phase shifting
(PSI) oxr the profilometry technique of vertical scanning
with white light (VSI). The optimum range of wvalues for
the coherence length of the spectrum of light emitted is
between 4 and 6 pm.

Lastly, the profilometer includes a scanning
system to carry out the vertical scanning of the sample
required so that all the points on the surface pass
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the coherence length of the spectrumof light emtted
is between 4 and 6 m Lastly, the profil oneter

i ncludes a scanning systemto carry out the vertica
scanning of the sanple 35 required so that all the
points on the surface pass 7 through the focus. This
scanning is required for both confocal profilonetry
and interferometric profilonetpy (PSI and VSI). The
vertical scanning for neasurement of the 5 surface

raphy of the sanple is carried out by neans
ver?‘?%%l AnfioTyts syg&bf‘rﬁv\h?ﬁﬁnﬁwgbelsa |’r)t'/?1q3)’rl vgﬂr both
eeahscal appoéidehmectyi caidi vemtradieroefh)ic Botdfilometry

yste for or pi ezoel ectric-driven nmeans) may be
iontr%ﬁ?egggy means of open |loop or preferably closed

| oop systeFBe TeOhieaki mstanmindictioral meestirgmeati onf the

éﬁﬁ@&@@st@pogQﬁy%yn&ﬂttH@a§Hh§m@“1§”é%ff9@@t@ﬁtwﬂ¥1means
a_sturd npact design, which cap be attached, for

5 afpl'E L G AN CAT 8V PBBBI WP cCalRy GiR A motor-driven
memssr ene pievzakfddtatid- dxxmaﬁlmesnsfd@zexamwdth|§ystems

W&ié?'bPeﬂlggéég Pribnd }ée gﬁg%t%gkgroweontSOlled by

procedures con oca
TRARF L APemel RPN m@raﬁlx hel esrtenkeam s t@ms | t

to oper at eThas Ql%gﬂémﬁﬂrddﬁﬁ&iw @BHfP@QEhEhBﬂ hGRles a
interferometric Inag &9m6§egro i| I .Ng evi ce

T CHAT ST s TGN e esPE o g, agn sturdy,
¢¢mpa@W|@eSLgselwhlthecaappeoamumahea(nﬂmmopenhﬁms to the

Q%nn%&ns of éﬁ%er@t%Q? hﬁﬂ?nblgﬁdgydg% elheQ§ gflcult
are nount ed. e pro ofreter o e i nventi on .
ROG HetRS, vEPEat PRRTPSE cadryi ag odmcddmadht eposmlon, in

pﬂﬁ%@é@f'@dﬁﬁﬁr@i pia@ceaérébape and texture of all types
of surfac nlcroget jc an na o tric Eca

i ncluding s rugture orterRat iFi%d Sanplres s Fé.%.ﬂfture
Qﬁs%h%1Pﬁ@fhﬁp@ﬁtarsofﬂﬂhQaEm%enﬁnynapbﬂpvatn@n§qlpperate

ahi ch e fRyehi | Q'Fnag‘ifngt henanvesbiren ipgy Revised.oBY as an
fﬁief)egg%g {fc 1mgglng and profiling device for analysis
of surfaces simply by selecting, on the device itself, the
appropriate microscope lens. by means of the rotating
element on which the lenses are mounted.

*The profilometer of the invention is extremely
versatile for carrying out accurate measurements of the
shape and texture of all types of surfaces on the
micrometric and nanometric scales, including structured or
stratified samples containing dissimilar materials.

There are many applications in which the profiler
of the invention may be used. By way of example, the.
profiler of the invention may be used for the measurement
of high aspect ratio surfaces such as, for example, those
containing grooves, holes or indentations, steeply sloped
polished surfaces such as, for example, those of micro-
optical structures as micro-lenses and micro-prisms or on-

Si micro-finished surfaces, steeply rough and not very
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30 profiler of the invention may be used for the
nmeasur enent of hi gh aspect ratio surfaces such as, for
exanpl e, those containing grooves, holes or
i ndent ati ons, steeply sloped polished surfaces such
as, for exanple, those of mcro- optical structures as
m cro-lenses and mcro-prisns or on 35 S
m cro-finished surfaces, steeply rough and not very 8
reflectlve surfaces such as, f8r exanple, paper,
aces of v | ow r hnes contai ning dissimlar
{ia?Eﬂ%?sﬁEﬁgaég? 58C %Ehp goroSF?@Q Leor RARSEr GFitELaces
af cvedgviows roughntaee somthiibiitnign gl idisfingrnent maﬁaﬁMéﬁs such
dr ti rge ized surfaces . such as,
érgl ?JDP gg'&léﬁpgg Z)t%. Cé.feL a orm]?eglrectvﬁwort%c C al'ﬂl %%OdeV]. ces,
$ﬁ%@ﬁﬁ%ﬁiQWhlbl&KﬁqwﬂiﬁﬁﬁIﬁnﬁ|¢¢x£u5ﬂst&ﬁdrxﬁlinxyeﬂﬁuﬂarge
Suadd Operes o8 8hchn@eRr idd UBIgS10f 4 hhSu1aNVENHAR or a

is_set out, below. 10 In the confocal’ node, thé user

Wi ot s W lci%‘on@%ﬂtl Im%séﬁrﬁgco}ﬂétheﬁé’eand’%ﬂf\/at)és field
SNt adgiutics,i tatan.  program associ ated with this node. The

i ght sour ( dul at ed bea

t hat passé§$ h?ggahéﬁgééﬁ |%g gr%%ujprogig?m%%%ﬁ of this
%ﬂ%ﬁﬁ%&ﬂntl%rs%¢¥§yt hgkovi ght 15 refl ected by the PBS

falls uponrd hee LEOS B GR=d Sm&%’e andepd s ﬁ%gk‘ects%q.ects a
there with olarisation that depends on the sta

HGHPRY BERTBFREPEf 38R | Rk A RSN aﬁ‘atatWSltlon

remesendesoc Taeedi ghthr eiectwsidy The LOGhtpassese (LED)
h P I,SGr i mi_nation

S NIRRTV 408 B0, MBS, LY LR o,

b g %Rﬁ|%apo%§§%éh?9ahéamsSpéﬁtééﬁedH@ﬁ)andﬁh%rllght

theﬂ.h@c&;ﬁc} ltB}erthé %E@efal E?Oﬁgeﬁe th%n§co§h%u*&<’amdafsp1ay and
i ght.falls.upon the, surfac

rreg":seufrlee(ft u%o%r}l%? it the?| Paﬁ?rlﬁﬁff8pnn‘g‘élﬁeld§lp§&d5y on the
Stied o S lignest djeceadh Fheeli hr 2Bchefiléctrechadrion pattern

Aifddised QN thgesyy E@Eﬁ:ﬁgffg$té@n8 £ %§%9ﬁosopggses once

agai n through the mcrosco ens eam sp
agid tan HpaYgtar y¢ %%tl%%$rsygbéﬁ?(fﬁéﬁérp@ﬁ§ﬁtlp@'féﬂ made

hepoeert he HECD ddeffer@enmhens td1e damignmof  tdrel swid ackuafliary
&ﬂyical system, and is reflected by another beam splitter
to the microscope lens. The beam of light falls upon the
surface of the sample to be measured, upon which the light
pattern generated by the LCOS is projected. The 1light

reflected or diffused on the surface of the sample passes

once again through the microscope lens, the beam splitter

and an auxiliary optical system (field lens), to fall upon
the CCD device where the image of the surface of the
sample in the focus at that time is projected.

In the confocal mode, only one or a small number
of points on the surface of the sample are illuminated
simultaneously by the illumination pattern represented on
the LCOS micro-display and the axial response for each of
these points is calculated using the appropriate

algorithm. In order to cover all the points on the surface
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sanple in the focus at that tine is projected. 30 In
the confocal node, only one or a small nunber of
points on the surface of the sanple are illum nated
simul taneously by the illumnation pattern represented
on the LCOS mcro-display and the axial response for
each of these points is calculated using the
appropriate 35 algorithm In order to cover all the
points on the surface 9 to be9maasured,0I a seri ﬁs of
LI um nati.on tterns must pe.. projected onto that

Ele)Jr ace ~t6 obtdi it the” Vaf ud o?lgﬂgglng 3P P@gﬁ&’f?é st be
préjedeepoiant f ehhbngwifidier the dbotedih ohevivelud nof the
101 $) Wa¥spbAg.CoREOGRN kﬁ%g‘iao'i%t@t%ﬂ% th%igx the field
specific Vvertical position, "where the correspondi ng

Q/gl YikeWof IRhERAR| ¥RYr eSpensONEOCdadimags rts wiitaimed for a
fpgbefitheereieser gdsiltsid, tige POSthbOR RS value
TPu conf.ocal _ i mages &row de ver¥),h|tgh ) ntras%t,i h
3t nggel g sTBRPY S perr&d VR nPPRE ar near Nipger the
ey Whi le ttoe threegsomitid) af dikeafioeubr.omhue confocal
:{rﬂ)&é@s a@ﬁ%ﬁid@?@é%- WUES% s%f tgfn quqglg:h?/:hgf only

a surface requires”a segquence of confocal ima
REFFRIEPE pRahbs sRashaeamptiee | beaued whidef fheemreas at

ded Pht Sncénf+b8 BBRSI Bocb hBEéﬁri EBOES-RNd using the

appropri ate software, a 15 ree-di nensi onal
r econst r UITBRUEFIEHE sﬁ%f agf S s TOBRPAPREY. OF ofderSurface

requbres nat déegquepgeenfecohfomadedimagessyist @iffferent planes

r¢heal i he,s e .S .1 q | Rt .
L6 SRR s SRR QL O PRy b
%ﬁcjt 5 r sMEALS wRRR d5d r &diedi ARPYOPELaESl s@ftware, a

triesed udimens Tdnsl mkescdispassi be t o edyse Spalidce is
11{(&9 t?nv%rl%?e O%OOO:E%a%.rplfé)l[llSa CS%nveerI]ltcleonOa% J].-lélgées a

iens, maki ng it 1deal for measurenent gflcri.tical . ’

VTR i M6 ORreerhanenering gEarbe pAmphesimpgequired.

| enses With ©héargREAHEE eak ARBELYHEA( NBhe™ Y-8 1ometer
used, all ow measur enen ol i shed surf aces

R haBry g CreRREeTeRcs ity o t Srerapsg:poss: grceral
nesaige-lensesTivi g h oy - dtar geoswilkiag th Straie® spatial
éﬁwng %lol o%fgegeaosf”%ﬁ%t ;9\]:1 for a conventional 150X
lens, making it ideal for measurement of critical
dimensions on the nanometric scale. In this mode, lenses
with a large numerical aperture (NA) may be used, allowing
measurement of polished surfaces with very high slopes (up
to 70°). It is also possible to use lenses with super-
large working distances (SLWD), allowing measurement of
surfaces with high aspect ratio. In all cases, structured
samples containing dissimilar materials can also be
measured.

In the interferometric mode, the user selects an
interferometric microscope lens, and the acquisition
program associated with the lens is also activated. 1In
contrast with the confocal mode, the micro-display has all

its pixels open to illuminate the whole surface to be
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surfaces with high aspect ratio. In all cases,
structured sanples containing dissimlar materials
can al so be 30 neasured. In the interferonmetric node,
the user selects an interferonetric mcroscope |ens,
and the acquisition programassociated with the |ens
is also activated. In contrast with the confoca

node, the mcro-display has all 35 its pixels open to
i | | uminate the whol e surface té&%e 10 analysed at

h d the int rferone ric
%Q%S}’n %gt ?’tgne:)é:tmét)(rerﬁ% Sggeﬁotw%%'ec’t’éd ﬁutlr}tr?s’ifé‘d’thetrlc
ne@ewhbdléusinafteni patteunbnatednbe ohtgierted, but instead
tl@é e&ﬁ@i@”@&ffgce' E'Egg_sl;ltgﬁgg@%ﬁ R a%?‘taqf ein‘?E[e)&'s’feromet:rlc

beamemtted is asse roug h
ﬁWﬁ%ﬁssémﬁs%ﬁ?ht@@ﬂﬁ%ﬁ@ft@HQﬂﬂ§kﬁnf§b@ &Eammemltted is

saspte, tnﬁdugheth68@®1QEt%ﬁe SMHféﬁﬁ%éﬁdsptheEh%dllght to

eries interferonetric
PR el FaCt of nohF L 5ATERE. vane: Cor iEedmATy e MhFface ia
E%Wﬂﬁ@ingV|d®5¢ bytheansCob t hdeiflceppr oghieat € series of
BLOOFFd e LG SUNAGRd OPOULARRY H8f tRRonsanple belig ;o)

anal yse IS nD I que may e use
St%anrhée%&ur@ coﬁﬁenuownm VBEQVEABBth &ur f atesnsi t bf the

asp;bm;snor@&él CaV@bti€ih, I epgat ablikkh¥e ' e8R0EHESROT of the
é%ﬁ 515nterferoE£% $c | ens used, in other words, for

Pyl e ittt cal aperture. Likewise, the VS
techni que Traythés weee,t lneaBSsI etechhérmupoliphele used to
MJL?@@S %I{tq%@rfaﬁas %9 naé}f?g@éﬁ' c gﬂ.{é&@é with

r eat ab é/ or al val ues o nuner1 cal aper
5 %&?“@%ﬁ% theﬁttlﬁélvsrePéeﬁﬁba&étm thegaedieegl of the

ilmaa:ﬁarmnr&tmaﬂgbem§ ?Béﬁl n&hlugbadnéxurwdfaé edfoﬁngl‘le%lues
up.to prd. s

CnLe pr ?éggg?r?hegﬁ%$Wlfldnqﬁgge pb%ﬁhnhﬁPﬁ gay be

Lﬁcérmes%ﬁéiléﬁn %%emb%%hmesmﬁgcaﬁsocf rolgh 2®mrfaces

WMESn&)rﬁoﬁéltﬂﬁlé ORreR 1 d@I Criech BhOVE; t W R e3Ul 1$31ues of

nqllmS c_ya%.d ggegtlrpr)gl toIrn | Qdégglggr, mv?lfthethe I\E'TSH e?:e(c):rhnlque
the vertical measurement range is intrinsically unlimited
and very high scanning speeds (up to 100 pm/s) may be
used.

The profilometer of the invention is equipped
with a computer system that manages the programs of the
modes of functioning described above, with results
displayed on a monitor in the form of text, images or
graphs. The data displayed are, for example, isometric,
contour or profile representations, histograms, fast
Fourier transforms (FFTs), etc., of the topography being
measured, as well as standard microscope, confocal and
interferometric images of the surface of the sample.

The software 1is designed to determine the
geometric parameters of the surface being analysed
(height, width, inclination, volume) along with the

parameters of analysis (roughness, waviness, etc.), and
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graphs. The data displayed are, for exanple,

isonetric, contour or profile representations,

hi stogranms, fast Fourier transforns (FFTs), etc., of
t he topography being 30 neasured, as well as standard
m croscope, confocal and interferonetric inmges of
the surface of the sanple. The software is designed to
determ ne the geonetric paramgyers of the surface
bei ng anal ysed (height, width, inclination, volune)

n th 5 r gana sis (rou
\%é\f—/ll geééﬂsglryet cgyg H%'latr%e}l carrydoayutt fi Fer%ﬁ’ Llons
datareplataen dis oestpmeerpwiestduwred opoéntere The software
usnraa%@r Qﬂasﬁ@jd&ﬁ tdNexsoft Wasea b3eakso 1%8%%%51% or as

ort g a et |ntext formor as binar l'es
a5V| ©fr PRE ﬁ& oS EFdmtd nas Oﬁwéfef%lﬁ ement
apparatus maaedmaashheméual appaltaeliegybapkidCabn the dual

er |nv on canb onpl eted with
g%gﬁgh}?;}g% 5t élagfll Ry sa%ﬁfngg rltg’lenglnY% §pRpgan be
@PmR1¥tﬁév@ﬁ§m:ﬂyﬁQmE @banBOpetp@ndmgmgampkEsxrmbmprlslng
@@&'%@eﬁ§“§fok Qh%d¥éméﬁ@n§he%h $&nat %‘%ﬂﬁl lar to

10 controlle manual or t hey can be npto

tResortdsal tar'?@‘%o‘F’if he &rafid gresisT onEhesei ssepp can be

abhownsllpds Irrfalrmﬂalll’l%f Oc?rt hgeg}r earofbé haos.aﬂfpld@lbenbe In this
ure W e fi of view.o n, use

g&éé ngh éJ;uftp""%‘lcks andt%‘fsop]a?’fjo m%ﬁ?ﬁnaﬁ%ely allows

P%%b@%@’phng 1<!5f m?é@ur ereat of privgi I@sn;dretapogbaphneessured

extendi Raebeyndy &hevﬁb@‘%ﬁﬁtﬂéeW%gftfﬁe L1888 byP¥eans of
e field stitching technique. The

means ., of t .
?T%‘E',Efg%ﬁnt BPfar attiSan %}gﬁwﬁe @b’t'?ﬁ’l"@ttéd: wi t¥Pregraphic
hepsurénest agd, meefitlle$ obrustompdgtdish P& e&ﬂ@nﬁ&hg beyond

tEY erieneLE G L aehRiqueg.t o Jini mse |t the gumher 120 ¢ie1q
of mterferencelfrlnges appearing in the fiel d of
FrEErRIRE FBFrRBhENg - i She Aesenrsiest @mparaetmﬁad:arremlso be

odm@l etedl - v eehnal egy - epticC ak apgeqf inRerr JOrndd &€ -the pST
SePpLoTAL L IsResLon e eyl oL SULACSS e
ehelpreskerensce | ivengésnappehrhegcieatte. fikdd of view.
descripti ofhdM EL1REwILYEN s & description of an embodiment
of a dual technology optical profilometer for three-
dimensional inspection and measurement of surfaces. The
features and advantages of the profilometer of the present
invention will be clearer. The description will be given
hereinafter by way of a non 1limitative example with
reference to the drawing that is herein attached in the
present specification, which corresponds to a diagrammatic
general view of an optical profiler according to the
invention.

The dual technology optical profilometer shown
by way of an example in the drawing which is enclosed in
the present specification has been generally designated at
(1) .

The dual technology optical profilometer (1)
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hereinafter by way of a non limtative exanple with
reference to the drawing that is herein attached in
the present specification, which corresponds to a
di agrammatic general view of an optical profiler
according to the 30 invention. The dual technol ogy
optical profilonmeter showmn by way of an exanple in
t he drawi ng which is encl osed 1 t he present _
specification has been general € designated at (1)

EPHISEFArEY CoMERssY sy B T e (B) made wp
nﬁde @pghﬂpqwdngﬂmghmwemitghngedubﬂen@umMMkawuﬁénéhgth of
BYelaNObia0rs ASRLOILAN A LADOLL LRS! 96 PALE L of

The s pectrun1of s I|g

 bighe (yirkeda Wc&%@rﬂand@g@mﬂﬂﬁw ngilfqd@m 22t)o has a

d6h&repesf QE@@H& frRigiry tordnm t8 ald Qw ?gt}g}_ﬁ%%ea%k?fy from

h shif f t
LRk PR S o | hord LraE LSRR el Pher Ahaddd shi e
inghtferofetoiet r pricdcingitery (MS¢hnigudhe (eglrjcaland the
wPéPéiJFQFEE‘éEnH)nga i NehiEes 1 hear Srpciétllonk%)éy&téémque

olarising b
§%bkiated with a mcro-display (5). There are three

mcr OSCOFJeThSn%FﬁJ.Q:@l brSildmarded on aiLet qtﬂcrlg.ldes beam

ort t hem e .15 |nterchange
%éﬁ g%dlﬁ@‘on THe cﬁ%&ﬁgl ASde@ofPPhRrising beam
§mkﬁ¢¢©meﬂé} ddpothatetheithen mushesduapu&@ (Bhe
mcr OSCOFJe'Ehgpéesaf-é hrdd 3 E*Tfo oe];ﬂall (i%%sesenﬁ%s 7, 8)

t hat e used tootaln co I mages
TR §&r @ﬁ“eti“l Fotadids SHRPOKhEY b%) uséd p@yl@m aikem to be

iﬁﬁémwr eadilgyesdepndehg BhCrthdi sehayibfdl mode of

of the L1 um natiqn pattern nerati ng
neaggr%%alfhe Sibo éhﬁe N ?If%% rated, sgeﬁe to “use. The
T GFRE R | APNESE | $ a 7erﬁéaa¥ﬁr¢@nvenquodabr9£maes that
dﬁysbélﬁ@@d(ECLQg@aﬂﬂCé@n§b§913¥m39@$a@%dtfhé&¥¥¥fgﬁétrlc

ce of illum nation patterns
lense rInat may be useé p ta?n interferometric images.

Said micro-display (5) forms part of the
illumination pattern generating means. In the embodiment
illustrated, said micro-display (5) is a ferroelectric
liquid crystal on silicon (F-LCOS) micro-display adapted
to generate a sequence of illumination patterns. This
sequence of illumination patterns is such that it allows
either confocal images to be obtained or total opening of
all illumination pixels to obtain interferometric images,
so that the profilometer (1) can function either in a
confocal mode or an interferometric mode, as needed.

Auxiliary optical systems (14, 15) are also
included acting in combination with the microscope lenses
(6, 7, 8) so that the image in the plane of said LCOS
micro-display (5) 1is projected on the surface of the
sample (11) which, in turn, is projected on the CCD device
(12) .
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25 sequence of illumnation patterns is such that it
allows either confocal inages to be obtained or total
opening of all illumnation pixels to obtain
interferonetric images, so that the profiloneter (1)
can function either in a confocal node or an
interferonetric node, as needed. 30 Auxiliary optica
systens (14, 15) are also inc£yded acting in

conmbi nation with the m croscope”l enses (6, 7, 8) so

that th f s

n1§ro d?sLF@ ?E)CFQ%BEOJggF%' @qﬁwéJ%SW%uﬂg%ﬁoﬁqﬁPe lens
§&hpt e elp)orwﬁmonarl tk gro$cope ol ensed and tdre CMisition
SeyG£8m %séé@iaté& e h hec gonf ogdh - 0PgLa1 t hGoget i Ie\rllg also

m Ccrosco s a conventional mcr OSCOpe
%%%l‘é%t%gquﬁéﬁa &n?gl'ﬁr 0FPRRFEsbEPA el Wi eRifRap modulated
bearct oOnakighbde hax allsSOcoHI:ima(taéd?dbySﬁ\éﬁnbl Pt SUBLCLimator

d d f t hat
lL(ﬁD) bé@;rgmﬂ:s T l'Is ag & |$? e?g%gnglé%aglefs&ﬁé_gtter (PBS)

means o
f%)achgbet tPélrron@f i $hag bfmrm shl Liget (RBYectsd) byThée PBS

oar tof14 h@p@ﬁaﬁhef Llcbghtsnle%l a&tss?a?y (ts e E’%S fi)efldected

faIIs upagn . the LCOS m cro-d isre
I Wit ta fol BPLeaEPaN itRat tEéEen‘égpéﬁdPheO%t dike 1(ptate

mg’ﬂﬁi}l ttoo eacdripi xépr feReh dddiiminatimimatder bhattern

lre?#%%gaeg%es%?%rg fﬁe %%g g3?¥ %E‘ k‘%%t (@él once again
RARS M thspughdthes PB@f | €0t eecncbyam hepbéaalsplyistesr (4) and

i faslgbeéas eché eBead) sp Bt SEPWI 4N £ gthl_-
beam Q?ﬁ : 155 he surmgcé of m'%%oscope

|
%enﬁma e%h?%ﬂf 3 gbﬂ whi- cRhher Ream gt I&QFFeﬁ@lls upon
tgv@nesnattmlcdayof hehkeCERmpd. eprin} 6ad erdeeé&)lredﬂwlbl ghlbon which
Hﬂglf¥§ﬁ@ QétQELLU ggeggt%%ﬁ ﬁﬁﬁ§3n86sth grg c%ed (5).

nce %al n hr ou € m Croscope
éa spfstterted) %ddaﬁfaaﬁﬂl iary tie | eurisgst epf the

s&ﬂlp(]fe aksensdnéddhgatio ftaiﬂougqprtﬁ@emi?@pos@apéele%%)
tggampr%g%lg ter The %yrface of I< svstem
S Ui RAt e Feans? of ik EEOS“I’W% b2 HYS%D%VC(%]) Y
ngqiqakﬁnqes #), to fall upon the CCD device (12) of the
profilometer.

The surface of the sample is illuminated by
means of the LCOS micro-display (5) with a series of
illumination patterns and the appropriate algorithm is
used to obtain the value of the axial response for all the
points falling within the field of view, in other words
the confocal image of the plane of focus. These confocal
images provide very high contrast, since light is only
perceived in the areas near the focus, while the areas at
a distance from the focus appear as dark.

Measurement of the topography of the surface is
achieved through vertical scanning of the sample (11) by
means of a vertical scanning system (13), thus obtaining a
sequence of confocal images on different planes of the
sample (11) located at differing heights. On the basis of
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illumnation patterns and the appropriate algorithmis
25 used to obtain the value of the axial response for
all the points falling within the field of view, in
ot her words the confocal inage of the plane of focus.
These confocal images. provide very high contrast,
since light is only perceived in the areas near the
focus, while the areas at nﬁ di stance fromthe
focus appear as dark. Measure At of the t opogr aphy of
u roggh, vertical _sc nm

HEeg e, e e 8 O B psa R g o e,

sbsﬁenﬁi(-msylsmhaé obeabns hguat ierquehc & hef sumfacal of the

seges ondi fEar edie Pl aes bt ré%tc’i‘r:’ %@ mRke c(élghe surface
ocated at diff rrng herg@ts t he basi s of

HLeE FRAg¥Sedald Of thRE SaSisitesmidqes the value of

. sét wapegraphtlh:r eeywnmnfawadt regeongbsuetiban rek W8 ch the

B g, B MR, e,

pol n e sur b&in sai d
softmare dehernﬁnesca&esvahuenefS?SthetﬂaQOgm&phm&m@rise a

tﬁ@t@fddf‘ﬁ&@naheﬁﬁg Qﬁs'é' grj‘.efzeél@’gl:fgct fvaHle@é@s (PZT) .

axj al response I S obtaine vertical scann

%%1%eﬁifﬁ‘iss“snay‘%arpr%epan%%%?tlawvérweraneeensa may be

porezoel bed rbe - dearenofeapen( RA6p. orByire SR (18d<d loop
sPigzoel ectric-driven neans) may be 10 controlled by

%%ans of open loop or preferably closed | oop systens.

In the nodéndeSkei beede | edsesrited, a lenges nuieri cal large

I&ﬂﬁéfi&&l ( Q&rﬁﬁ¥ebe(l\i}§)eq'nayal HOWM: 884 ATy LGB! n e%surement
very hi gh sl opes (up t6 700

th
0 o e LAPERCEE WAtR Yapur Pidhos lasen rigp co 70°), as
wbhla@sese@SbaDmlthﬂémperwﬂa&géuwoﬁnmhgoﬁlsueh@ees (SLWD) ,
mcrmgqhmasesesme@% Qe L regLesa%sschl ALt ggggcg ratio.

sarrp es contalnin | SSI m materi a
asdrled C2FR/St heS ﬁP@FPEP@ne@?‘P@%dé?OQtﬁeH@&g velispgmilar

mmmmsa:b@ecizensléﬁ)bwm@@suﬁé@rf eronetric mcroscope
l ens, an the ch|S|t|on bro ram associ ated wi.th the

lens is al'so acttvatd ST iAT thse, G40, the active
M GRB | bgng 5 8hass an 1nterferometr1c microscope lens,

and the acquisition program associated with the lens is
also activated. In this case, the micro-display (5) has
all'its pixels open to illuminate the whole surface to be
analysed (11) at once. Here, illumination patterns are not
projected, but instead the whole surface (11) is
illuminated to obtain interferometric images for each
plane of analysis. The beam emitted. is passed through the
splitter (4), which sends the beam of light to the surface
of the sample (11), and the reflection of the surface
falls wupon the CCD device (12) . The series of
interferometric images resulting from the vertical
scanning of the sample provides, by means of the
appropriate algorithm, the surface topography of the
sample being analysed.

The profilometer of the invention is provided
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all its pixels open to illumnate the whole surface to

be analysed (11) at once. Here, illum nation patterns
are not 25 projected, but instead the whole surface
(11) is illumnated to obtain interferonmetric inmges

for each plane of analysis. The beamemtted is
passed through the splitter (4), which sends the beam
of light to the surface of the sanple (11) , and the.
reflection of the surface 30 faPls upon the CCD device

nt ronetric i es_ resultin
éron1?he\ﬁ?ql%élgygggﬁnﬁh % “@?%ggﬁnﬁ o ovd TS %f the
medes oPft hurappropinat edalsgmbetim dbeveur f adeh results
A OROEPRNY off & henorsiagyl e4 Be'tr}gea@élr}tﬁsegf %%x-gje r1images or

rofilonmeter of the invention is provid
é%ﬁﬁﬁﬁ T8¢t 3 h 4t SRdRAGSES %ﬁ%rpFGﬁ?aﬁ%a@Plﬁhe1S°metrlcr
cmmts:snof dunciprafiing d&%ﬁté@éﬁl’xh f’@&lﬂi/@x?sw t hl%@%@'ﬂé&ls, fast
e ni t t he orn1 text, im
apfgy gﬁgﬂﬁaPnR gx d aFES- % | Eopog SphY being
W%ﬁﬂquc a cwﬂlburas)r srt@@fdalrei repcessubata Onsonfocal and
fﬁtséloﬂil%fﬁetf?étlmgé’@é | &F EEé”éu?EQ’ée(EETﬁhe gggﬁg’lg

t he topography being neasured as stan
M cr oscopRROMBEHIT dRgen| AUEF f 6LERELY deisvagdedfwhat the

duel su(rcfcﬁﬁiepdﬁl t ks anpiter FAYeandtaMidlg RR&Ihnology optlcal

ﬁggglc % cri ed what th 10 _dual_.(confocal ,and .

| nt er erone r|§§ t et nM(?rese cal VPS5 ne?%?sbﬁts in
QQRpﬁﬁﬁnﬁﬁnt¢rﬁ@©t$@©l@@ﬁ@|@rgwungsacabrdanmmdaradupd that
ARE| dsesh 0r @¥iNgs caklohs eSSt 0od - LBakegaRY dfpﬁdé)rlate ,

Lggsllflcatlon can be introduced as appropri ate,

S5 i DAEIREYORF L BRY: 1R (RS ehl® 6FSERES rREnthsn 1npention
25 ssummeariisset] im die appended claims. 16 CLAIMS 1-

Dual (confocal and interferonetric) technol ogy

optical profilonmeter (1) conprising a |light source

(2), beamsplitters (3, 4)...and a series of 5

m croscope |lenses (6, 7, 8), characterised in that it
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further includes, illum nation pattern generating
nmeans (5) and that said m croscope lenses (6, 7, 8)

are interchangeable, said nicroscope |enses (6, 7, 8)

i ncludi ng conventional |enses that may be used to
obtain 10 confocal inages of the surface of a sanple
(11). and interferonetric |lenses that may be used to
obtain interferonmetric inages of the surface of the
sanple (11). 2- Dual (confocaliénd interferonetric)
technol ogy_optical profilometer (1) as clainmed in
claimi1, 9B*IMSracterised in that said illunination

pattern gener at il meansoe@spailse agndCOSinterferometric)

1 Gr.o-di spl 5 .4 3- I, (confocal .and . )
s Lol B idat Cama g R car pr GPTPBhedes (3) light
%@Jm%u nE?d) i n beanm gplicheract dBi, sed)i naidat ssaiskries of

dﬂ&k& SOB C i ght et .
g& S(confoc?aélr?saﬁﬁsd |%ter eromatrltclcrél te(%hqel%e@ il that it

protiYdee ert Hmige tdjos n?ét?:ﬁréll agﬁmqra"oxng means

(d)ai nd ctiesect saigedmibrbBabpbhe1baamsspliett er,(3)) are
1n3tezact§’°| arlgjpng beamdspl itter associated with said

M cf o- MpaaPSEeBfhf o ?n%ﬁ'\%l (&, 7, 8)
Jifmleidmg)neonvcylt1Deaﬁndlalga_,ea)ptthemal mpyofbel oms¢@r tblobtain

Ehfd @ ed ddyd aidp 2't:heCh§5\§“fta%@ sgd | pai d(11) and

m cro-di splay. (5)_1s ada genera e a guence _
O ST RATRET b péfet‘é@ﬁs ThaG ngmeY B@Gpos@?ftﬁe te obtain

iottent flewomdtoend im@ges Of tRehaverakt bhethe sample (11).
i1 1um natipn pixels ODGQE nggégg(coﬁgb S:bgﬁézgfggg%etrlc)

interferonetric 1 itages
HGeaterdlaanmapt tgal terhfiblogytept (tal apr oflpliowdt én clpaim 1,

el a ri;sed it
T SRS e AL A e
to 10 m

§°8Wé15€n€é‘|
makl ng it 3Ypossi Pluelto appcbx;szohh thearﬂi'lasel&hiefrtferometrlc)

Hé@HﬁaTgéyngﬂﬂlcii3%%%@g§5£¥téfs i)tgghQFgY% gnq ? im 1,
vertical”  "scanni ng I ght” profi Pv§ )a
characterised in that said llght source is a light-
emitting dicde (2).

4- Dual (confocal and interferometric)
technology optical profilometer (1) as claimed in claim 1
or claim 2, characterised in that the beam splitter (3) is
a polarising beam splitter associated with said micro-
display (5).

5- Dual (confocal and interferometric)
technology optical profilometer (1) as claimed in claim 2,
characterised in that said micro-display (5) is adapted to
generate a sequence of illumination patterns, making it
possible to obtain confocal images or to have all the
illumination pixels open, making it possible to obtain
interferometric images.

6- Dual (confocal and interferometric)
technology optical profilometer (1) as claimed in claim 3,
characterised in that said 1ight—emitting dicde (2) emits
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5 technique. 7- Dual (confocal and interferonetric)
technol ogy optical profiloneter (1) as clained in
claiml, characterised in that it includes a vertica
scanning system (13) of the sanple (11) , nmaking it
possible to 10 obtain a series of confocal or
interferonetric images in different planes of the
sanple (11) located at different heights from which,
by using the appropriate al gorifhms, the surface

t opogr aphy of. sai d sanple (11) is obtajned. 8- Dua
?cgﬁg‘BEgPX‘aﬁé ﬁ—ﬂf-‘gﬁ% e drietd i GhenTGRclrRgoyyrapgieal from 2
pool Dl gmet eakihy ds ?dﬁSﬁﬁiéltdﬂéﬂﬁmﬁkb%ﬁmaf?étﬁﬁgggdshift
i ' rei canning s Q e
%2%%?2@%9.’%% e TR YRR L h ety ana e
Yevhioahl amannanerfeibhet whiye tetaghtl ogyobplomatry (VSI)
peohhigaeter (1) as claimed in claim7, 20 '
characteriied in that sajd vertical scanning system

(13) of th S&ﬂﬁ?%@%ll) fonnfinged 4 and interferometric)
e ezoel egyr bptﬁibh\]’.e@rﬂﬁaﬂ%mel(tBZ‘T) (1)1Gs lfélladirg&lsm{:@f@iaim 1,
' nefri t echnol.o ptica rofilo er )
HPCADSELELATELR Shad oIVOLaRy 0 cal BOLILOT™ S
Tharert ellixedotfn that ssmiplecdadl ng sysieg (ilt3) possible to

Sod 19l heddyi dpans ebrddRend OQHtQE‘fgkgﬁggrli(&OQmages in
gygéggént planes of the sample (11) located at different
heights from which, by using the appropriate algorithms,
the surface topography of said sample (11) is obtained.

8- Dual (confocal and interferometric)
technology optical profilometer (1) as claimed in claim 7,
characterised in that said vertical scanning system (13)
of the sample (11) includes a motor-driven means.

9- ‘Dual (confocal ‘and’ interferometric)
technology optical profilometer (1) as claimed in claim 7,
characterised in that said vertical scanning system (13)
of the sample (11) includes a piezoelectric-driven means
(PZT) .

10- Dual (confocal and interferometric)
technology optical profilometer (1) as claimed in claim 8
or claim 9, characterised in that said scanning system
(13) is controlled by means of an open loop or closed loop

system.



