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WO 03/ 098148 PCT/ BEO3/ 00083 -2 The invention also relates to a nethod for
measuring in three di nensions a topographi cal shape of an object. Such a
devi ce amatormsysads are known from EP- A-0679864. In the kneem/Bieyh@es and

met hod the |ight source outputs a path of 5 illumnating |ight which
crosses the light path diverging optical elenent formed by a hol ogram and a
| ens array and reaches the confocal topographrcal mask conprising a

pi nhol e array. The path of illum nating- Irght which is formed by an array
of small spots after passing the mask, ends at the object to be measured.
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sensor nenber, where the I ncident 1ight sensed and further processed by
the i mage processor in &ubbra ercae&tnekmeﬁmcbafmkéewdrfmmilaﬂpa%%ﬂ&@% of the
consi dered obj,e sion ns are
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to shift in tigat ahith BClormedane an aridyedfeseiall spedts drter@aeemg%e%dsmgl y the
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determine a three drmensronal shape of the considered object. In order

15 to determine the third dimension, means are provided for modifying the
relative distance in the z-direction between the object and the object-
position-in-focus. In the known device, the latter means are formed by a
set-up comprising a scanning member on which the confocal
topographical mask, the light path diverging optical element, the sensor

20 members and the confocal objective are mounted. The movement of the
whole set-up in the z-direction causes the object-position-in-focus to shift
in the z-direction over a predetermined distance. Accordingly the relative
distance in the z-direction between the object and the object-position-in-
focus changes, thus enabling to determine the third dimension.

25 A drawback of the known device and method is that the
confocal topographical mask as well as the light path diverging optical
element, the sensor members and the confocal objective are all moved
together in the z-direction in order to modify the relative distance
between the object and the object-position-in-focus. The movement of

30 such a relatively heavy set-up requires some power and is not the most

appropriate choice for high speed on-line determination.



WO 03/ 098148 PCT/BE03/00083 -3 It is an object of the present invention to
realise a device and/or a nethod for neasuring, in three dinensions, a
shape of woo3obgiect, which device uses an arrayed confocalpCrrEEBN@SSyst em
operative at high speed and enabling a fast neasurenent. 5 For this

pur pose, a device according to the present invention is characterised in
that said confocal objective is a 3D confocal objective nmounted at a fixed
position within said device. By using a-#ifxed 3D confocal objective only

t he topographical mask is noved over the successive positions. Since the
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such a manner ,
confocal objective fixed. On the contrary, the alternative embodiment

15 ilustrated in figure 11 of the prior art teaches to keep the mask fixed and
to move a part of the confocal lens. Starting from this prior art, the skilled
person is thus led away from fixing the confocal objective.

Preferably said 3D confocal objective is being designed in
such a manner as to limit spherical aberration and coma in order to keep

20 imaging errors in said confocal images at a maximum of two pixels. In
order to obtain a good image quality at the level of the image processor,
some constraints have to be imposed on the confocal objective. These
constraints are met by setting a limit to the spherical aberration and coma
of the confocal lens.

25 A first preferred embodiment of a device according to the
invention is characterised in that said confocal topographical mask is
formed by a microlens array mounted on said scanning member and said
device further comprises a single pinhole located at a focal point of said
photoelectric sensor member.

30 Preferably said illumination source comprises a high-density

LED array with a further microlens bonded on top of it. In such a manner



WO 03/ 098148 PCT/ BEO3/ 00083 -4 sufficient light intensity is provided. A
second preferred enbodi nent of a device according to the present invention
i s characwermsmsesi4s n that a |linear polarizer is applied i mca/BEas/dooss ght

path at an illumnation side of said diverging optical 5 elenent on which
other side a quarter-wave plate and an anal yser are applied. In such a
manner "noise" |light originating fromreflections which do not contribute

to the reflected |light to be nmeasured, r4-consi derably reduced. Athird
preferred enbodi nent of a device according to the 10 present invention is

characterised jp. that. igd scanni ng.mepber conprises a scanning signal
gener at or proWﬁ@&F'ﬁigﬁéQEﬁ}siyi'%.Br(gl'%eed?gs of scanning signals indicative
of said successive posi A §8sondprétefreasthpedinterinell adddeEazREoRfNddo

connected to said i nage processor for supplyin sai d scanning signals
t her et o, saidthmpte:saelntaujt\ne'ntdme_aetsl§b|araﬁ§anmﬁ-cj3 mstmg@dmeaarr@lanzerrlsta ledy of
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sai d i mage processor being provided for receiving each tine within a sane

ser ihesf of sgaﬁﬁpﬁ@-slhgﬁv@hs’cll prareECogisev Higbhedgipatingifpm relestions whiches,
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val ues form ngedisgdigd confocal response signal, said i mage processor being
provided for associating to those intensity values form ng said confocal

f
response 25 signal, thoé\ethéréaﬁfﬁife?fée%ﬁ@?ﬁﬂ@mﬁé‘b%%ﬁ?wﬁ@_aﬁ %”%d@itf‘?pns
having 1 el t0oredlfl GRENAGA! 1d CRABBRASEANA - (Y SHRP! Lhidd et N

signal s processing ele e latter operate synchronously with
the scanning comprises d besnrdnglignal gerfeastor providedifog geMbeatnges execiesof a
first array of sensing, elenents and a s(icond array o rocessi ng el ements

enabl es to 309°5pFaRNipg Signals indicasiverafsaid sHaERRSIYG ot lighty 4 SGRUBGsi ng of
the sensed | igar gbRURONGERGESHdctEY tOBld PAAGE ProcRReH 18nEufifingd t he
said scanning signals thereto, said photoelectric sensor member
15 comprising a first array of sensing elements, said image processor
comprises a second array of processing elements, each processing
element of said second array being each time connected to a number of
sensing elements of said first array, said image processor being provided
for receiving each time within a same series of scanning signals
20 successive ones of said intensity values, each of said processing
elements being provided for differentiating said successive intensity
values among each other and retaining those intensity values forming
said confocal response signal, said image processor being provided for
associating to those intensity values forming said confocal response
25 signal, those scanning signals representing those positions having led to
said confocal response signal. By supplying the scanning signals to the
processing elements, the latter operate synchronously with the scanning
member, thus enabling a fast processing. The presence of a first array of
sensing elements and a second array of processing elements enables to
30 split the sensing of the incident light and the processing of the sensed

light, thus increasing the total process speed and making the device even



WO 03/098148 PCT/ BE0O3/00083 -5 nore suitable for a fast neasurenent. By
differentiating the intensity values, the confocal response signal can be
ret ai ned wo m3nod1as t he hi ghest intensity value. The anmoumCT@E0ga0&3t o be
processed is therefor reduced. The shape of the object can quickly be
determ ned, since the scanning 5 signal, corresponding to the highest
value, is easily recognised due to the synchronous operation of the
scanni ng nenber and the image processor®-A fourth preferred enbodi ment of
a device according to the invention is characterised in that a sanpling

menber is nmounted 10 between said first ar of...sensi enents.and said
second array B1oTR - Ytad k@r 8l nmasgéq@eggﬁ%yi%féerﬁgﬁ.ﬁ@?g gé?rfa ensVi ded
for sanpling vafesd We%f@éépég%n%%@ghél%drﬁbéretbm &m&%amwerat ed
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val ues stored "each tine in a sane one of said nendory elenents. This
enabl es to reywwonousi apeediiop tdfe therogaanoing moember yand| e imape
treated withoyut 20 substantially affecting the reliability. Afifth
preferred enb B ERP of a devi ce accor di ng to the present invention is

characterised in that saifdufthiprbferd emeoament éya lavRe &icorgiagitoahsame
nunber of elenents, each processing el ement being provided for storing as

a stored inteyentionalsushamciarisadsdoi hatd ansapplings reg@kent isamoyntedal

i nt ensi ty val ' ssin S ' rovi.ded for I ng,
under control BgP"’e«:‘%&%a@? ﬂfsﬁeasrgqyggtggggﬁﬁb %I‘%g{#%gaplgi %éHgl%’,coﬁp %ﬁgyca:o[frrent
intensity val Eﬁbde%shiggél@mddt@,%aimgambﬂngdneﬂnb'eebsirfgypmaid@d fandafrpling
overwriting the stored intensity value if the |atter is |ower than the

current intendt By PreicieTMigdasynpting daiey Bt albes gpnesatads SYpsddi ded
i gnal o The REORgroeTeOfE Al WERT o0 Balcll) FRALEL gaRS, Ploredtieathitin N0

said processing elements having a memory element provided for storing

15 each of the intensity values sampled within a same series of scanning

signals, each of said processing elements being provided for determining

a maximum intensity value by interpolating the intensity values stored

each time in a same one of said memory elements. This enables to

reduce considerably the amount of intensity values to be treated without

20 substantially affecting the reliability.

A fifth preferred embodiment of a device according to the

present invention is characterised in that said first and second array have

at least a same number of elements, each processing element being

provided for storing as a stored intensity value in an associated memory

25 element an initial intensity value, said processing elements being

provided for comparing, under control of each of the subsequent

scanning signals, if the current intensity value is higher than the stored

intensity value and for overwriting the stored intensity value if the latter is

lower than the current intensity value, said processing elements being

30 also provided for storing upon each storage operation the current one of

the scanning signals. The highest intensity value is easily and quickly as



WO 03/ 098148 PCT/ BEO3/ 00083 -6- well as reliably determ ned. Preferably
sai d scanni ng nenber conprises a voice-coil actuator connected to said
conf ocal wopogesaphi cal mask and is provided for inposingPaTBROBH@as
novenent to said mask. A voice-coil actuator 5 enables a precise and
reliable novenent of the mask. The invention will now be described in nore
detail with reference to the draw ngs, show ng different enbodi nents of a

device according to the present i nventiBn. 1n the drawings : 10 figure 1
illustrates the optical principle as used in the device according to the

i nvention; figune il lustrates fhe light intensity of the reflected |ight
i nci dent on pﬂ\ge"s%sﬁrseé)'?l)&é#% rln_“ig&'a function of the noverment of the mask
for one sensing el enent prdfardiiigWefd Sdanhitf Miémder Joammidesabl YoitBoflevi ce
where the mask is forned by a mcrolens array and a single pinhole; figure

4 i1l ustrat es asbladomeomndatsd thsaigeoonfocahiopegiarhical maak@ndris prpvdadi ser, a
quarter-wave te and an analyser: figure 5.5l rat es. ssi,bl

conf ocal z-reg%ﬁrgf{&o@p%r?aIV?Ptﬁ?Yf'ﬁéﬁ?rggﬁgt(gns 'é} rﬁgg%s?r g@gg'eq%ﬂofﬁﬁgt%ﬁ){s of
the inmage sengnadlessd pravidesard folRILRS Rfovehterlof e hedaski i gure 8 illustrates
by neans of a flowchart _a nmethod for distinguishi gg a local and a gl obal

nmaxi num from each ot her Thei iguestian jwill urew abe sdesahibrflt incanere datadbpébt i ve as
e " . o o oot v
St qure soeterende fo AR IERNER ShoRd SiEHER SbdfBnRERt BeEE E

drawi ngs a sarecoefiey e preserinbestidieen assigned to a same or anal ogous
el ement. 30 The present invention relates to a device and al so a net hod

for measuring, in threeltiheed@MoRgs : a t opogr aphi cal shape of an obj ect,
10 figure 1 illustrates the optical principle as used in the device

according to the invention;
figure 2 illustrates the light intensity of the reflected light
incident on the sensor member as a function of the movement of the
mask for one sensing element;
15 figure 3 illustrates schematically the device where the mask
is formed by a microlens array and a single pinhole;
figure 4 illustrates schematically the device where use is
made of a polariser, a quarter-wave plate and an analyser;
figure 5 illustrates a possible confocal z-response signal;
20 figures 6 and 7 illustrate embodiments of the image sensing
elements and processing elements;
figure 8 illustrates by means of a flowchart a method for
distinguishing a local and a global maximum from each other;
figure 9 illustrates schematically an objective as a
25 component of the device where use is made of a two-part objective; and
figure 10 shows a table with an example of a memory
content.
In the drawings a same reference number has been
assigned to a same or analogous element.
30 The present invention relates to a device and also a method

for measuring, in three dimensions, a topographical shape of an object,



WO 03/098148 PCT/BE0O3/00083 -7 i.e. 3D surface profiles, with a speed
conpatible to the one used in industrial manufacturing processes. For
on-1line appldoggiuons within a rmanufacturing process, thePciTmEoabéossted for
such a measurenent is about 0.1 sec and preferably | ess. The objects to be
nmeasured generally 5 have dinensions xyz = 50 x 50 x 3 nm wherein z

I ndi cates the height direction. The required accuracy is in the few mcron
range, in particular when electronic cofponents are considered. It will
however be clear that the present invention is not limted to the exanples

i here bef Neyer t hel d for t ke.qf clarity, the ref d
Ol oowi 1 b8 3 e Aiaslin ot @ Srabdcraiprtle i die.us8chr di ng
to the i nventiiQdusteal mMFRFadriAg  BosRessENNFOE abn-lif@ 0hpslicayishs "vitdiRe abasi ¢

principle of a confocal imaging  systemis described in "confocal scanning
optical i cr oseapyfagtuingepeacess, theding alipdteshdor seciT. R measuremeand & S.

Ki no publi shed cadem c 15 Press 199 A _|ight, point source, defjned by
a pinhole, is q??é&étﬁse? P_PEJrﬁfﬁe?{gb'%/r%%s%_Eﬁféecf’_t’lteﬁrsoi?g*ﬁe gﬁe%r@gtgiegg_ralfyhe
l'ight refd ect e@verdiMensRRisthyz 250 RBPRI B eimi wher@iged indicdtBs tRE)IRGghtve back
to the pinhole. If the pinhole and the spot on the sanple point are at

t hei r conf ocaldirgetion.sThe ikequirast aeairady lis ghthe evenicroineranoe, papartiaylarhe

inhole to a detector,|located at the 20 ide, he ,0bj ect ves out
bt "Focus. t he WIS BERIrORE e rRdartS e cof Bl d LTS RV T EEE VR T <
def ocused at the gresértl iqvemibrhenaet Hemed @othedagamplysoy@bni fhereObéfofet ect or
| ocated on the other side. The confocal imaging systemis independent of

details of tNeverihelass praffpr dhe sakgcelictarity elheureferredugranple will be
reflecti y' ty %rgggqh%yghoﬁgg\éag%sacgiipﬂ@ﬂand enabl es to be inplenmented w thout
: e

mechani cal xy nni angi ng the optical path distance

between the object surfiheadaick hbsoralbigeet theanvétibrdedplses aaraiidyadt o t he
i nvention keeps the optical path distance fixed but |let a confocal

t opogr aphi cal CORRAR! NBVASING FtErdodie Rasife PrNGIPIe@fi BncomgeehdPasing, the
oot o oave - ABcADS TBSELRRY OGRS SRS CAERSTRE IR PR 2
imaging systems” of T.R. Corle and G.S. Kino published by Academic
15 Press 1996. A light point source, defined by a pinhole, is used to
iluminate the object through an objective. The light reflected from a point
on the object is imaged by the objective back to the pinhole. If the
pinhole and the spot on the sample point are at their confocal points, the
reflected light is efficiently passing the pinhole to a detector located at the
20 other side. If the object moves out of focus, the confocal relation is not
valid and the reflected light is defocused at the pinhole and hence does
not pass through it to a detector located on the other side.
The confocal imaging system is independent of details of
the surface profile, structure, texture, roughness, reflectivity or colour
25 variation and enables to be implemented without mechanical xy
scanning. Instead of changing the optical path distance between the
object surface and the objective, the device according to the invention
keeps the optical path distance fixed but let a confocal topographical
mask move up and down in the z-direction. Furthermore, the device uses
30 a 2D image sequence sensing and processing by means of a

photoelectric sensor member, preferably using CMOS technique and an



WO 03/098148 PCT/ BEO3/ 00083 -8- inmmge processor. A basic problem overcone
by the present invention is to deal with an enornous data rate. As a
nunmer i calwexanpdies assune 1000 x 1000 parallel confocal @cTaBEMEsy. | n
order to achieve few mcron 5 accuracy around 1000 or at |east 100 inmages
sectioning the 3 mmz interval stated above are needed. In order to
achieve the maximumtinme of 0.1 sec, one needs to acquire and process said
100 to 1000 inages wthin these 0.1 sec¢® i.e. there should be dealt with a
rate of 1,000 to 10,000 inmages/sec or nore, each inmage conprising 1M

pi xels. This i 10 data rate of 1-10 billion pixels per second m ni num
preferably mﬂrz?a%ﬁgoc #€5ent i nvention presents a system capabl e of

acqui ring and processing bh&ie proBess erdorhbi ls){]dlﬁ’é gbré_gérﬁft- infveditlog id to
illustrates the optical principle as used in the evi ce and net hod
accordi ng to tdeal withem engrmoud dafatrate i@ nureehical example,| aggpumedQP 10

provi e o, 1) YR TR, A e TR, W PSRt G RGRAS' °
paral I el g 1| uriceatdchydarouat 1R Br 14t leAst 100t inkedds deawsrdhgaheps imal z

element 3, for exanple fornmed by a beanmsplitter, is placed into the |ight
path of the ilintafiahatated abpyatargaweded. khardes toraniiemedtireomaginemgling t he 20

l'igh h of ' I ' .
can be’ seon 1 S hsrt 31 et dchulle ahd Hrocds SEPPYo M0B0 MR, %,y
el ement 3. Thaviihin tinesealinget) pb! tHeearshblld Ideudealavdth arvate dfotogernseous

manner a pinhole array 4, which is part of a confocal 5.t opqgr.aphi cal
mask, provi ded 50 boRERS/$EHE" MRe; PREMAALE FPMRTRIRY Béﬁwﬂsw 9i$ha

ol urali £ of prEpatedtyR) bR bpERGe.scloRahmiaLf, Brémrady S ThE0" °
pi nhol es, eacprésentigventiongresentscd sEstemncapdide of BOquiningl antepracessingi th a
pitch of 50 t., The snal| ots ,energing fromeach of these 30 pinholes (for
the sake of clB® l’??g%wwzﬁ@iqs?éﬁ’éa@pot has been designed) is WD 03/ 098148
PCT/ BEO3/ 00083 Figure 1 illustrates the optical principle as used in the
device and method according to the invention. A light source 1 emits a
15 light beam 10 provided for illuminating an object 6. The light beam 10
crosses first a projection objective 2, provided to convert the light beam
10 into a parallel illuminating light beam 11. A light path diverging optical
element 3, for example formed by a beamspilitter, is placed into the light
path of the illuminating light beam 11 and is provided for diverging the
20 light path of beam 11 and a path 14 of light reflected by the object. As
can be seen in figure 1, the illuminating light beam 11 is not affected by
element 3.
The illuminating light beam 11 illuminates in a
homogeneous manner a pinhole array 4, which is part of a confocal
25 topographical mask, provided for converting the illuminating light beam
11 leaving element 3 into an array of small spots. The pinhole array 4
comprises a plurality of pinholes, for example a quadratic matrix of 1000
x 1000 pinholes, each having a diameter of 5 p on a 50 x 50 mm plane
i.e. with a pitch of 50 u. The small spots emerging from each of these

30 pinholes (for the sake of clarity only a single spot has been designed) is



-9 focused by neans of a |arge aperture objective 5 in such a manner, that
a focused beam 13 is incident on the object 6. Since those small spots are
i nci dent wo iBhesiabj ective 5, the latter maps them on the ®ojTam03/0d(88 S
objective 5 preferably has telecentric properties to obtain identical 5
I1lum nation properties across the objects xy-di nensions (horizontal
orientation within the drawing). If the z positions (vertical position
within draw ng) of pinhole array 4, obj8ctive 5 and a surface point on the
object 6 are such that the arrangenent is conf ocal i.e. a spot is mapped
onto a sharpﬁgm nt, at the specjfic obéect Iocatlon a | arge anmount
I

of the 10 ref 564 BY giansiiA lerge gppUure QalreF ‘é% 6\ SuRAINBRRS!,
| denti cal pat f, foc'usﬁe b(j)e%her SéﬁnCIH?ﬁPﬁﬁ hﬁle tr@l Smbghﬁ*ﬁe sﬂgﬁlb%&et beam

14 enmerging from eplnh e4|s ecte
beansplitter aremadent aather abjesliee i tee Tatterhraaps dhemi an tie obfewt.ubleid 15

onto the photo tri e nenber sensor 8 i rol|.ed a d read
out by inmge @@%NGC%SQ Hé@qgﬁt?%ﬁ@?‘:@n?rﬁ RQRettSS: ﬁ% B %C'QGBP HAlile of
obj ect 6 4 her u cgfe‘?t it f t er

I |Jttl e | I%ht \?v!dlnﬁmgﬂc’ﬁ lIt ct e% b%%égﬁ P\l?% C{br]:éébtgu ngo ebggﬁpﬁe(r&ﬁ?&oﬁfté{lf o)éus

surface area @riemtatioaf witikin theedrpivirg ). Wmlelnp%émsr(vertmall |pOBéIOBIWIéhIrTB.XI mum
| i ght andfor the foca res ons nal, at that relati eloctlon of
pi nhol e array JSQSPIF&QI%WFQ Q?PIGICSWE and,ghay a‘f%Bo'&t)Hpéﬁﬁl bﬂ% fat i on
s met (conf ogahreOfidreat BYd é‘ﬁérﬁ’%@r}\entT B'c%rifécal' |.& U spat %%EPpé@%n&Pb' d line
shown in figure 2. In order to obtain the third di mension i

necessary to shatph peint rat dhe spdeifie abjent s utfacedoration i targe dimamtiafithen t he

| | ust d 25 J t h I t th t dth
obj oot - bai « FenEatad B ot i< oBinel Rutele it B AGER uhe fadticB bath. ot ance:
conprise a s¢anABhdEIhklo the &RgIIMI'pﬁrﬁ'héIBeTﬁ@n‘gﬁGBbaﬁpW@hﬂﬂbin@&IonﬁﬁSk 4
is nounted. The scanni ng nenber 16 enabl es an up and down noverent, 30

shown by arrodhe Dther sidee ofrdbk Rinhplenfoisedafieetpd iy dasrsplitiey Irenoed WO
037098148 PCT/ %Fr%%oé’o‘}ééwe =}‘.OThe light is then focused 15 onto the photoelectric

sensor member. The sensor 8 is controlled and read out by image
15 processor electronics 9.

If due to the surface profile of object 6 there is no surface at
the position of focal point, only very little light will be reflected back into
the pinhole by the out-of-focus surface area 6. Therefore, the pixel within
sensor 8 will receive maximum light and form the confocal response

20 signal at that relative location of pinhole array 4, objective 5, and surface
6, where the confocal relation is met (confocal optical principle). This is
ilustrated by the solid line shown in figure 2.

In order to obtain the third dimension it will be necessary to

modify in a predetermined direction (the z-direction in the illustrated
25 example) the relative distance between the object 6 and the object-
position-in-focus.

Those means for modifying the relative distance comprise a
scanning member 16 on which the confocal topographical mask 4 is
mounted. The scanning member 16 enables an up and down movement,

30 shown by arrow 17, of the mask or pinhole array. The scanning member



t heref or noves the mask over successive positions in the predeterm ned
direction and over a predeterm ned distance of for exanple 3 nm It has to
be not ed wioa/ops14¢ he devi ce or method according to the preI@aHo3ov8ENt i ON
only the confocal topographical mask 4 is nmoved 5 during the scanning
novenment. The other conponents such as the objective remain fixed. The
scanni ng member further conprises a scannlng signal generator 18 provided
for generating a series of scanning sign®s indicative of the successive
positions reached by the mask during its 10 novenent. The different
scanni ng 5|gn?}i ﬁ%thln series of scanni hus represent the
Gretpg.m

di fferent posi FYRs themaskQVer aH%q:ess@%ngpgﬁgps s h‘eup'f el0YRRect ed to
the sensor meghegtdHEnd B@ef et@Frﬁ&%ﬁ%éta‘n@e@f@'&rei&nﬁlﬁp@hﬁnthe scanni ng

signals to them As can seen In figure 1, the objective 5 1s placed 15
downst ream consi dered Itr’nasrte be hatedntiat ngthmdawderoemuetbndcﬁccormngﬂm ng

k. Si t k th f t by th k
T abso- moviie Rresest TRl Shindne ratesR dapodiprin duesk 476 oved T hs
map the dj ffeyanh Sﬂgﬁg' t&@ﬂﬁ@ RbvE8idehe’ Thk Bmegh&ompbﬁeﬁlﬂsf Egeenis qRkect -

I n-focus-position ect. 20 An advantage ot changi ng the opti cal
di stance bet \/\/ebjectlheremaiﬁﬁ»m. |l ens 5 and the mask 4 by neans of the

scanni ng menber, is h t he mask ha a u%ﬁercnass t han _for exg&g q

Ni pkow di sc descri bed C}ERNEIG P! 5 CPOREPCriets CRMUBE 49 i gher
accel eration @eﬁé}étbmgls pravibiagt fir bbﬁ@ﬁdtlrf@\ee%mbsl Bpt sRhng Ssigedlst i on.
25 Moreover, the device according to the invention is easier to build

because the windi¢aityedpt thesucpessie positionsorgastied beribesmasll durngoBpect 6

remai ns xed X h vi ce.
The scan{ﬁ ng m%@?een%% ﬁweg‘%@l 8%%@"& %ﬁﬁ%é@ﬁt@é %gs(f‘?fe%ebf;g%%'@r&:g | ens
can easily bes@m&ltgetﬁué Ofemml tie tdiffefdre @oelftuomsevvhe%(tdanntdge digresient
enbodi nent, the scannin is for exanple formed by a voice-coil

actuator. Duedepetaier ¢ wth&faggnmct@ﬂetw\m%ﬁogeu@emw BRI 0B9ge- 11
processor in order to supply the scanning signals to them.

As can be seen in figure 1, the objective 5 is placed

15 downstream, considered in the illuminating path direction of the moving
mask. Since the mask moves, the array of small spots output by the
mask will also move in the predetermined direction. The objective 5 will
thus map the different small spots at different height onto different object-
in-focus-positions of the object.

20 An advantage of changing the optical distance between the
confocal lens 5 and the mask 4 by means of the scanning member, is
that the mask has a lower mass than for example the Nipkow disc
described in US-A 5,737,084. This lower mass enables a higher
acceleration resulting in a faster linear movement instead of a rotation.

25 Moreover, the device according to the invention is easier to build
because the working distance between the confocal lens 5 and the object
6 remains fixed, since the confocal lens 5 remains fixed within the device.
The scanning member is fully enclosed in the device and the confocal
lens can easily be changed for changing the field of view.

30 In the present embodiment, the scanning member is for

example formed by a voice-coil actuator. Due to the small mass of the



pi nhol e array, a fast novement is possible. Therefore, several mmmay be
traversed within only a few mlliseconds. This inplenents the fast z-
scanni ng weqguaiopsds f or in-1ine measurement in order to achiperTmBHoas1083
measurenent tinmes. Since a snmaller aperture objective 7 is used, all of 5
t he novenent of pinhole array 4 remains wthin the depth of focus, so that
the collection of light into sensor pixel 8 is not affected by this
movement. The pinhole array undergoes pridferably a continuous up or down
novenent, and each scanning signal within that series 10 corresponds to a

articular z-position of the pinhole array 4 ilJumnating |ight beam
10, out put by PiTeS AGAY. 3daRLERIOVEMANt 1t RGSS Bl St arRISTEr S weral BN OBPkct | ve 2
and the bea”BBle'tEﬁ\iérrseQd Withf{ GEQfé‘?%\ﬁrerﬁ@I%%ﬁgﬁES-”?ﬁiﬁiﬁvbpé@péﬁf%t tr%ea%'? Lng to

| i ght beam 12 and | eavi ng one es w ocused by the
obj ective 5. btarrieg asquitdpfoi in-me aheasSurementaik @ddurtongchiesenfastnent

and the point P on object 6, qn which he focused.spot Ls incident, are in
focus. the ToltEsSUrapBet ties. Bindee arglel anariite cPiSaNof 1 UBSt A GH t he
other hand th tidh HiRRYR aPS) ¥ AamSiB! WitiATHB! d&pthereiachs, bbght
T e | ot RidieRnt dt HRAYR piREy ey then be Sn o ecls, b
beansplitter thaintter ealtactivheobligbtintoesénses pixeR8 isnaot raffecteds dry thisber 8.
Consi dering a fixed rﬁi xel within sensor nmenber 8, the light intensity seen
by this pixel MAeM&Mus generally be very low. As an exception, when the

confocal condition betwera difitolé-RREY Lhdergoes preferdigl e abrfucls @pioecti ve
5, and surface 6 is net, the confocal response 25 signal will be forned

because t her edaiwhl revemenki rand okath glscapaieg i signalhi withink ethat Bygerigsor di ng

the position of the nhol e_arr 4 at..th ol Nt i where a maxi num
light i n{oe_nsi p9rr§§pgﬁi§em8aagpuf%g-g%ﬂg%q Sbﬁ?ep%g?réaa}rﬂggsm ement of the
correspondi ng z co-ordi patigurinatingllighebe@nMo,Rutput BE HeeNgiet- solinge,ivatlensi ty
as a function of z-position 16 seen by a given 30 pixel could |ook Iike

the solid Iinéushemssithefprgiaction. objertne 8o rebeARIREIteDdsB ordep tonst ead
of using a pi Pgaoc!heth%rrl’r%%kff% EB& 5&%&?@' to light beam 12 and leaving one of

the pinholes will be focused by the objective 5. If the actual position of
15 the mask 3 during its movement and the point P on object 6, on which

the focused spot is incident, are in focus, the focused spot will be totally

reflected in point P. If on the other hand they are not in focus, only a

small amount or even no light will be reflected. The reflected light will

then be diverged by the beamsplitter 3 and reach the objective lens 7
20 and the sensor member 8. '

Considering a fixed pixel within sensor member 8, the light
intensity seen by this pixel will thus generally be very low. As an
exception, when the confocal condition between the z-positions of
pinhole array 4, objective 5, and surface 6 is met, the confocal response

25 signal will be formed because there will be a maximum of light seen in
this pixel. By recording the position of the pinhole array 4 at the point in
time where a maximum light intensity is observed by the sensor pixel 8, a
measurement of the corresponding z co-ordinate of surface point P is
achieved. The intensity as a function of z-position 16 seen by a given
30 pixel could look like the solid line shown in figure 2.



t opographical mask 4, it is also possible to place a mcrolens in each

pi nhol e, facing the side of the light source. This would inprove the |ight
ef fi ci encyoaB/opdias devi ce. The microl enses woul d focus al | Pcm@mdendoss i ght 5
into the pinholes and collimate all light returning through the pinholes
into the sensor direction. Insufficient collimated Iight, Iight incident
between the mcrolenses or noise |light reflected by the object or optical
el enents downstream of the pinhole arrdf’could be bl ocked by the latter
array. According to an alternative enbodi nent the confocal 10

t opographi cal mask is forned by.a mcrolen ay. at the sition of the
pinhole array 4. In thi Sé‘?ﬂﬂ)d FTthe"nQ 7 n@?%ﬁcg nifi % Zg)ri QBFOC. r‘gﬁcaét t he
focal point ofoddipafRiERr aRRI £Ck i1y Qido bodBble 18.place TNaNEroldhd irdidagh3. Any

ray of light 25 not passing through the mcrolens' focal point would hit
that single ppithole facimgetheosideof ithe lightspuiteo | Tdismoultimpeenthehlightensor .

gt ned s aelienngh s dEuERy d Per Micrb SreBR P fia B Al Tinidert ichen, | °
focal poigsnt apfotthe phffoela _b&mﬁfa_%r%falulcﬁ@h_t hetufrfig@'thieRigRtthé Didkdles fitsor

menber 8 (telecentric objective). The Iimted aperture of this objective
repl aces the thenseheor direction. dnsufficient soHinaated lightt hghthineidsinéreetyeene. | f

20 microl enseg_are used, the pinho r ) t i he smal |
acceptance r aleripteRsen drnfien IGaCrsech 67 e et Brdittal b fels
aperture of t@ewnktreghmnet theryismie aragiicrtd beasokud by sy eteparmelf ective

pi nholes. As explained in the latter section, the light source defining 25

light filtering and det ACEPIENE| tonmetit alkgrinablive ppmhadimeshske, eandegalal |y
o T nd. ¢ . ! e !
Cont) o on FSULURRR nRHRE Ko B0 S RHEOIRIGFA) B it pRGURRThE

configurations ew have

scanni ng nmenbeinHote a@tagr4r inehishembodihoed a sogde papioje @0 isHecatedeattthe
surface. 30 The confocal objective, 5 has %o be7 éui table to ,operg':/ over
the whol e opt feGal PoEHf e ramers eRieck¥e /by AR’ -<c @R FNAYNHBHSkFe Ya WO

03/ 098148 PCT{SERRHAA038 ot BadBnyAhASTRAMHAS rGRAGHS (BLaRBOHE v or der

not to affect
that single pinhole plate 20 outside the pinhole and not reach the sensor.

15 For the purpose of this discussion, the camera objective, figure 3, is
imagined as a two-stage objective, the first half 7-1 imaging onto the
focal point and the second half 7-2 from the focal point to the sensor
member 8 (telecentric objective). The limited aperture of this objective
replaces the function of the array of pinholes at the microlens plate. If

20 microlenses are used, the pinhole array could be omitted since the small
acceptance range of the microlenses arising from the small numerical
aperture of the illumination/camera objectives would serve as effective
pinholes.

As explained in the latter section, the light source defining

25 light filtering and detecting element defined by microlenses, eventually
combined with additional pinholes, can have many (static and non-static)
configurations of which a few have been described. It is used as a
scanning member to determine the confocal topography of the object’s
surface.

30 The confocal objective 5 has to be suitable to operate over

the whole optical scan such as realised by the scanning member over a



quality. This requires an appropriate designed lens 5 which is capable to
keep Il ens distortions low wthin a 3D volune. Lenses are usually designed
for optimabodiosdiesti ons within a 2D pl ane orthogonal to tireTBROpOOSAlI axis
and at a fixed optical distance fromthe |ens. Scanning an object's
surface is therefore nostly done by noving the object in the z- direction
or by changing the optical distance between object and objective Iens. The
confocal objective 5 used in the devi ce" B nethod 10 according to the
present invention is therefor formed by a 3D confocal objective. Sharp

[ [ f f 2D obj ' fulfil f b [
condi tron. 1 n Ihkalme i dgRbRE EBRLGS it I oPER ndfrip tfect S8R GBS vor uire
can be adequatghblity"FRRE@quES Oalﬁ][hﬂp?f)bﬁétb%ég@@@d EsUBBwhichigyR%Babletos

property can not be naintaine or larger nunerical 15 apertures, except
for a magnifi &eepolensqdigtortionsnlow Twighia 8oR@ tvVahivearlensgss are besually t he

article "The e si,ne. congdi tior rel ' [ diti in
geonetri cal Oabelgg\edpfo.r‘]ggg?# é?ﬁﬁ%“éu Y@hﬁ?rﬁ m&%&% 0988823?_%& ing
on Educats on apticdlr axisidhdl b aOtdd opti€d! distank@SffomTtire |dndl tSfaming @he bei ng
I ncorporated by reference within the present 20 description. In order to

achi eve a sui toRic's| surtpse3p therafore masyy png byraeyes themtieetdn thgpert ures,

wth the rersaerigbuet dbrentint e HBHedl fuBhes AP Bl ER0or T
case of magni fobjdtivenesiual to one. 25 For practical purpose however some

spherical aberration is_acceptable. Detailed nunerijcal sjmnulation shows
that up to magnificatioAhefcanfocsl ghiectivantr ueed iapdet dpeiceoer methgds, the
spher i cajo aberabifty 8% & YBERNNIENIPR 1RUEHICIRRELYLPTEh tahBEger o
keep imaging errors up to maxi num o two pixels at the 1evel 0 he

sensor. 30 Refobjedting. Bagk invagihg obraafist 2Dtolgjket relgaires dhes fuliilmést dfothiee
i nposed on the 3D confocal, |lens 5 can be derived b%/ optim sing the axial WO
0

03/ 098148 PCT/BEE37108083ditlons Inaidgal Raerdal asareaiicat ORRS ammnfintg eRieetie as
expressed in ealphd ofad 1 Mequately mapped into an infinite image volume.

However this property can not be maintained for larger numerical
15 apertures, except for a magnification equal to one. These conditions are
described in the article “The Abbe sine condition and related imaging
conditions in geometrical optics” of Joseph Braat, Fifth International
Topical Meeting on Education and Training in Optics, Delft, 1997. The
latter article being incorporated by reference within the present
20 description.
In order to achieve a suitable large 3D volume imaging at
larger numerical apertures, it would be necessary to comply with the
Abbe sine condition as well as with the Herschel condition. This is
however contradictory except for the case of magnification equal to one.
25 For practical purpose however some spherical aberration is acceptable.
Detailed numerical simulation shows that up to magnification of +/- 5 and
numerical apertures of +/- 0.3, the spherical aberration and coma can be
kept sufficiently small in order to keep imaging errors up to a maximum of
two pixels at the level of the sensor.
30 Referring back to the Braat article, the constraints to be

imposed on the 3D confocal lens 5 can be derived by optimising the axial



the article, in such a manner that coma and spherical aberration remain
within the set limt. The optim sation can be achi eved by conputer

si mul at i owo o3lesipar anet ers whi ch are avail abl e for tuni ngpParsBHBe0083 maxi num
nunerical aperture and the wavel ength of the used Iight source. A larger
wavel ength is favourable in order to nmaxim se the imaging volunme of a 3D
confocal objective. An alternative enbodi nent consists of using a set of
two 2D-optinized standard | enses and fi¥ed positions for the mcrolens
plate 10 4 and the object 6. Such a two stage confocal lens is shown in

fi 9 and ' ' 70, havi f | h f d
fixed part 7ENCHRIAGPenbEMNeI Baging YOUME e9.xtessea dnerpaiepafte 72 i n
pet veen. SUCH the BPicilin' udPa nbheiChat EBMAAE Shharicl dttPain FEAIAD the
lens 70 closest to the object I.e. by changing the optica C}I stance 15

bet ween t he olyithin thadsethdinienThé Coptithisatiom htarr dfd echeavedably tomputdre

object's surface is converted into a collimted bhbeam this lens 70. This
col | i mated refiBEEYANbe o%ﬁfaﬂ'@t?r%@éﬂdbyar@h@‘@g%@ﬁd%/reﬁ%m'?ﬂ, af¢ x88 in

posi tion,: ont i XS BRiE4I0 Al frau >anf ocal
| ens set -5up a?%é%?ﬁlgtma ver%eésli %E?'ﬁ?@e?’@pﬁ%al aggél gn (Ogttgﬁdg?’gazﬁ 0
opti m zed | ensesraanAbkargere djavietengh as nfeyowhahie cionpaderd tavimaximisé gee 3D

confocal lens, a fix*egg Objc§Ct osi ti onﬁgndt.f i xed microlens position. This
i s however at MAENGIRHTE Ard APHHOFIRGR! PRIECHYRi ch has to be moved and which

movenent is outside the deuite®maAing dribbMirieHt BorIesTdudifg tdh8et ¥ tvooNMENL .
Furthernore, it is nore difficult to exchange the lenses Tf for 25 exanple

different fiel2d-optimizegsstaodact! lepsesquidrfieed peositibrs &rbibei misnoleph @hatei n
figure 9 the conf | . to raphi cal sk is fornmed b m cr.ol.ens array
conpar ablth o Aed Bneti T iTHALA on Tage, Driseing i Sl irehts B
enbodi ment  of afnidgG'cBrﬂPﬂses ARV P PaMS7 (G Ehawifg &b fddae | hi 1], @siar atfe@di n
figure 3, is chosen tor the 30 canera objective (not shown), i.e. a single

pi nhol e | ocat ®@rbdtlnehaving a viocak igpstbbizecyithea WS UB SRAUPET/ BEDS/ 00053
-15 The devi C%elt\ﬁegﬁ.rgugﬁ%aggf-ﬂg i B8R gd %@ah'tﬂgtobﬁgﬁrs%urf;@ee by moving

the lens 70 closest to the object i.e. by changing the optical distance
15 between the object and the lens 70. The light reflected back from the
object’s surface is converted into a collimated beam by this lens 70. This
collimated reflected beam can be imaged by the second lens 71, fixed in
position, onto the fixed microlens plate 4. Advantages of such a confocal
lens set-up are that a very simplified optical design (standard 2D
20 optimized lenses can be used) is obtained when compared with a single
3D confocal lens, a fixed object position and fixed microlens position.
This is however at the expense of a higher mass which has to be moved
and which movement is outside the device and is therefor exposed to the
environment. Furthermore, it is more difficult to exchange the lenses if for

25 example different field-of-views would be required.
In the embodiment shown in figure 9 the confocal
topographical mask is formed by a microlens array comparable to the
one illustrated in figure 3. Consequently with the embodiment of figure 9,
an analogous set-up as the one illustrated in figure 3, is chosen for the
30 camera objective (not shown), i.e. a single pinhole located between a

two-stage objective.



anount of light to be supplied increases with the speed at which the

object is displaced, i.e. shorter exposure tines, and wth the volune to be
i nspect edwofanpdies nore, the anount of "signal"™ |ight i.e. pCh@BHB/gIB3
reflected 5 fromthe surface of the object and reaching the sensor nenber 8
by the optical path designated by 13, 12, 14 and 15, strongly depends on
the reflective properties of the object. The required maxi nrum anount of
light power for the collimated |ight be®m 11, taking into account |i ght

| osses at various conponents of the optical path, can be of the order of a

Specd and vol ure. Do 1 BetdRV iR Vedhasmongind, GBS EH Mty FAE ! oo,
the integratbafbunt B IRfhtBI 68 Jupplis8NAEIeadBBDRIth NRE dpReRPaf dfifich Shehort,

so a high light intensity is required to overconme this problem A common
| i ght source objgtisdisplaced;is. shorter expostredijaes, arsl with the mMolwaveeto ban

extrenely intense |i Qur.ce everal hundre . t),. woul e

Feau red t o datpesied purPRhPedRE FEdinr §OREBIRDt Lctig oM EefedEe ¢ e
em tted lg ght froanthesusast bPtHY SlEEEaRd PEAREAg ¢ kbABdetamid8 bhapen 11. In
order to provide well-defined focal points at the mcrolenses 4, the

nuneri cal apepptiealspath dasignatediiynd. 62, dptand 18s skienglyadepensisoon daeer a

§2Li Eél %Et‘hdgﬁﬁc&i%%?éﬁrﬁ%doéﬁ@é BPJEy e Lo dER Redlid 4PBLOLGE Y cedi'on
ng:]u?ac!t grfads smﬁg;c?]rsmg;ddg%egéfggggadﬁ% w&dﬁﬂ?gcﬁﬁggﬁgﬁffesﬁi ch in

turn i s bonded¥adewscampenentsi¢fikhe aptizs! paths caphecef thevarggr phadewrdenser

e.g. 10,000 L LES i 0 : I : Ldiyng the
very | ar@e i gﬁt\ﬁi&]ﬁt%ﬁ%}tlﬁgr glg{)ﬂér gﬁdé.)nt%Pg%i F\éﬁné'laas‘%é?ﬁ;gﬂ ?‘Sﬁ?“%ﬁ :gplbgﬁcy of
this source aagagcwidmel Ol enshelratigirement ifer berydimv atand-stile tibfes, aheay,

usi ng a transparent, adhesive or nolding substance, This would serve to

col limate a | #1g@rtiondiEte shwhich the seasor mambenhas KyoBsratads o shat he
P e e T e T At
an array of |aser di odea gormmdrhbght gdurce used in the prior art is a Halogen
15 bulb. However, an extremely intense light source (several hundreds of
Watt) would be required to deliver the required light energy. Only a small
part of the emitted light can be used to produce a proper collimated light
beam 11. In order to provide well-defined focal points at the microlenses
4, the numerical apertures of the illumination optics as well as the
20 camera optics should be rather small, around 0.01. Such highly
inefficient light source would suffer from low operating lifetime.
Another alternative design for a light source 1 would be a
high-density LED array. This is manufactured by means of bonding bare
LED dies onto a substrate, which in turn is bonded onto a heat sink. In
25 this manner a very large number, e.g. 10,000 LED dies can be put into a
50 mm by 50 mm area, providing the very large light intensity required.
To increase the light efficiency of this source a second microlens plate
can be bonded atop the LED array, using a transparent adhesive or
molding substance. This would serve to collimate a larger fraction of the

30 light emitted by the LEDs in the measurement path.



coupled into a fibre-optic bundle. The other end of the bundle would serve
as a high-intensity |light point source, which can effectively be 5

convert edwonBos4pr operly defined collimated beam Laser ®oamdos000s3
however a di sadvantage introduced by nost conmon | aser sources. The
coherence of the light output source can be reduced by using an array of

i ndi vi dual gai n-gui ded di ode | aser sources, by allow ng controlled but
relatively large tenperature variations18f the lasing nedia (resulting in a
10 broader wavel ength range) and coupling the Ilght into a fibre bundle,
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i ght can be nated .as . illustrated in b ar

pol arisel® 21 rHr‘?é WAYRIRNA: [F198 111 PEPI 'Eé\nqﬁae'gﬂ‘é ﬁEﬁ %cfﬁ(?e bgnQ%
quarter-wave Malﬂiv@é@ﬁ@%n@mmg Aheeiffsredelighirapipakioledgiig.ay 4 and an
anal yser 23 in the canera light paths. The WO 03/098148 PCI/ BEO3/00083 -17
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b artho00eS. WAERIiESPBY 854 365k e e & oo oMy bR ntBs e, |

hi ghly transniger dbdedrtolinghide pRIdR-h@HsIng Itbrﬁalyeattechmg a piezo- or voicecoil

15 vibrator to the fibre bundle and shake it. This continuous movement of

the fibre bundle would also change the path lengths of the light rays. The

frequency range is selected such that sufficient averaging is obtained

during the time that one z-slice is recorded. During the image exposure

time, i.e. during the recording of one complete movement of the scanning

20 member, the voice-coil actuator 16 moves continuously in the z-direction.

The image is formed by light integration in the camera 8, 9 and this,

itself, already constitutes a phase averaging.

A major source of "noise" light consists of unwanted

reflections from the various elements in the optical path. A significant

25 portion of the noise light originates from the reflection at the microlens

and/or pinhole array 4. This source of noise light can be eliminated as

illustrated in figure 4 by using a linear polariser 21 in the illumination path

following the objective 2 a quarter-wave (A/4) plate 22 on the object side

of pinhole array 4 and an analyser 23 in the camera light paths. The



5 direction and strongly reflective for light polarised in the x-direction.
Refl ection preserves the polarisation direction. Reflected light from
optical ewemsnsH4glownstream of the polariser 21 and bef or @CIBE0s/OE@8S er -
wave plate 22 is linearly polarised in the y-direction. Because the
beansplitter is nmade highly transm ssive for this polarisation, it will not
10 significantly reflect towards the canera 8, 9. The |inear analyser 23 in
front of the canera, having optimal t rasmi ssi on properties for |ight

pol arised in the x-direction, will further reduce the Iight with this

pol ari sation. Liqght f1 ect ed fro he  sur ect cularly
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WD 03/ 098148 P : en
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bet ween ouri ng pi nholes or’ microlenses. Its effect can
e.g. be reduced by theTheeIu@éaraa$1@BJs|era2@rN1wfmn0bq>fecthevmrﬁera) fiaeing of the

canmera. Returni ng to figure 1, the proce ht reflected by 5
the object 6 PPliMShtiansmigsion [REORRES T Oﬁi’ﬁ'btsgog%ﬁg a’égﬁéF*éﬂ'?edNﬂl mage

processor 9. A 4RQUARY fREHRPRGRE WAR fiis [BlasSItRA L'TEPT‘?’F‘éer%té’d’“?rom the

surface of the object is circularly polarised by the quarter-wave plate 22.

15 Part of this light travels back along the path 13 and will pass the quarter-
wave plate a second time but in opposite direction. The signal light will
undergo a polarisation change from circular to linear in the x-direction.
The beamsplitter 3 will efficiently reflect this light towards the camera 8,
9. The reflected light has the proper orientation in polarisation to pass the

20 analyser with minimal attenuation. This set-up (polariser, beamspilitter,
quarter-wave plate and analyser) would serve to reduce unwanted
reflections directly from the illumination side of the microlens array or
pinhole array 4 into camera 8, 9 and enhance the signal-to-noise ratio.
Polariser and analyser could be combined within the beamsplitter 3.

25 Further reduction of unwanted reflection can be achieved
by :

arranging the various optical elements with a small

deviation from perpendicular to optical axis;

by applying anti-reflective coatings to the optical elements.



the i mage processor 9 will be described by referring to reflected |ight
obt ai ned as described here before, it will be clear that the sensor nenber
and t he iwage/psiacessor coul d al so be used for processi ngprt@/BEBH@SS ed

| i ght obtai ned by another confocal imaging system The sensor nenber and
t he i mage processor have to deal with the reflected light |eaving each of
t he pinholes or mcrolenses of the nmask 4. In the nunerical exanple of a
1000 x 1000 pinhole array matrix the ser$or menber 8 would need an array
of 1000 x 1000 sensors, preferably 15 forned by CMOS sensors, in order to
simul taneously handle the reflected light.. Moreagver,.,since th sk 4 1is
movi ng, a sequence of 1600thes ﬁ%@ezqfsﬂg'@@ ﬁsnﬁ'iféé'tap(ebsm%‘?%t"éﬁt ga[ﬂmng a
si ngl e sweep ' . | i ] ni ng
et of the maoip oL Hnndig cf TACREA SR TRELIO Oe o dond Hefr&r BT

achi eved wi t htlve 188 ofrasmalP8pérbadioijedtived’ tefrantrefitbeslamenao 10 billion

I xel dtob . by t ' . E f ast
Dcaul 3i Lion' i s posst bl SREATBGH Grfiaurb. g PPCECRG o BRdion S ieted By
probabl y anot g Jueh s i9redflsdiPbyPheASEhSYCHentbdMsdahdSheasidiategand an

extrenmely intense T1ght source, quiring 10- i1 l1on pixels per second
data rates. |imabe precssspr §. Altholigblihe opevatich obthd senserumembars ander to

sk, the photdbIiBEsr: RIOCERRy: Iriier deseripnd dus Fard fo JBRafeyr e ng

el enents 811 upBNRa@nsk tdRcHiBBIChelR BRSOt GANIPHE SElBap thAEand sérgdr Of
processing elements 9 as shown 30 in figures 6 and 7. Each processing

el enent of thenerebendndr they irhage proeessort ¢ord calppdeg asedofey piaeBesingf

sensi ng el enent f the first ray. 0 L / 8 -19 In
the exanffl e i Ir?@%qq?%ﬁ'@ﬁt phtamedf}f)g %‘f)t%ﬁe oi{fggﬁéﬁ%gi@rg?sgg %n eg(\a/\r/l]asec;]nr t he
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member 8 would need an array of 1000 x 1000 sensors, preferably
15 formed by CMOS sensors, in order to simultaneously handle the
reflected light. Moreover, since the mask 4 is moving, a sequence of 100
to 1000 z-slice images are generated during a single sweep operation of
the scanning member. Since the whole scanning path of the mask 4 is
about 3 mm long, this operation can easily be achieved within 100 msec,
20 leading to a data rate of 1 to 10 billion pixels per second to be processed
by the image processor. Even faster acquisition is possible in conjunction
with still higher data rates, probably another factor of 10 can be achieved
with a fast actuator and an extremely intense light source, requiring 10-
100 billion pixels per second data rates. In this example a 1:1 objective 5
25 is assumed. '

In order to process the different images acquired during a
scanning operation of the mask, the photoelectric sensor member
comprises a first array of sensing elements 844 - 8,» and the image
processor comprises a second array of processing elements 9 as shown

30 in figures 6 and 7. Each processing element of the second array being

each time connected to a number of sensing elements of the first array.



I ncident on one of the sensing el enents independently and assune one
processing el enment for each pixel. In this case during one scan of the
scanni ng wenmBers1ls, this pixel will see |low light intensitgeTmE®Bo@B3the 10
time and one maxi num of intensity sonewhere within the tine interval used
for the z-scan, approximately 100 nsec as an exanple. The processing
requires the determnation of the point in tinme during the scan where the
maxi mum occurred and thus where its conflcal response signal was forned.
The result per pixel is not any greyvalue or light 15 intensity, but the

timestanp indicating when the maxi mum occyrred. The, tinmestanp is
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supplies the _generated scanning signals to the proceigi ng el enents 9. The
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signal was formed. The result per pixel is not any greyvalue or light
15 intensity, but the timestamp indicating when the maximum occurred. The
timestamp is indicative for the scanning member position. For each pixel,
there is sufficient time for processing: assuming 1000 z-slices, the data
rate is of only one value per 100 psec, or 10 kHz since each pixel is
considered independently. In essence, 1 million parallel processing
20 elements are used in order to deal with the 10 billion pixel per second
data rate. Due to the high z-sampling rate no special algorithm (e.g.
interpolation) is required to determine the z-position at maximum intensity

with an accuracy of a few microns.
There are many ways to implement this parallel processing.
25 What is required is that the scanning signal generator 18 supplies the
generated scanning signals to the processing elements 9. The scanning
signal generator comprises for example a clock or time register and the
clock pulses output by this clock are converted into scanning signals
enabling a time controlled movement of the scanning member 16. By

30 supplying the scanning signals to both the processing elements and the



1. Initialise running maxi numto zero or another initial intensity value
and store as a stored intensity value the initial intensity 10 value into
a menory wbesesi4of the processing el enment; 2. Under cont pceli/BHo3e@sh of the
subsequent scanning signals wthin a sanme series of scanning signals,
conmpare the stored intensity value with the intensity value currently
supplied by the sensing nenber. |In the present exanple the conparison is
executed every 100 sec. The 15 conpari<®n itself is for exanple realised
based on a greyvalue; 3. If the current intensity value is higher than the
stored one, the current intensity value is stored_into,the nenor | enent

overwiting ER¥NUBRY "’E‘W@bgiadh@d)"Q. §RiNg ngdﬂe'f‘ﬁsn@“afoélf’m%e”@ﬁlem s
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al so 20 stored 1n order to he stored intensity val ue. on the
other hand t reensityr@md thepesition gf thal mask sTheeeanning sigre isfpralxamplet he
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posi ti on%v\/nergﬂgﬂmpﬁhd%ﬁﬁ%gggéﬁt?%%Eeagéﬁ%bt g’lfl-%ﬂg?,s the position of the
di fferent points on theAoppssiblei proeassing algetithmmiaxedutesl b@peaamihget he
stored maxi mum i nt ensi té vaLues coul (? al so b; ref\aﬁjout , es;{hi s, woul d provide
a standard vi RERFS SR /BMenh oRpfises forgxamiple e TRloW DR SeRder tel ecentri ¢
light condition. WD 03/ Q98448 RCTHRRN R8mum b ZBRY Gorakfofifitelmtal

possibilities to physicall'y T nplenent "t he processing elenents and the
sensor el enentrdensityvealer and staretasl@ostored dntessitn yakieethminitialdotensipy

required. Wth datja rate of one pixel per 1 i..e. 10MHz, the
greyval Uds of VEIE 'Bf%%l"%erﬁ?ryoﬂgmggﬁ)ﬁﬁﬁ"ecg[ﬂct?sﬁggE)eq%'%%&téssed. A digital
processor with a clockratgngér dortRy dfwadhest thesubseqiariti stanwirigsignalat a
menory of 1000 runni ng maxi mum val ues and 1000 ti nestanp regl sters woul d

perform the amibin ensamieswericseel seanningsignals, ehmaaig§e steTgReNtPISKl ¢l ock
rate than 10 '\\//I;Fu’e \|1th Vt\ﬁé“inqegéalty value currently supplied by the sensing member.

In the present example the comparison is executed every 100 psec. The
15 comparison itself is for example realised based on a greyvalue;

3. If the current intensity value is higher than the stored one,
the current intensity value is stored into the memory element overwriting
thereby the stored value. Each time a storage operation is performed
subsequent to a comparison, then the current scanning signal is also

20 stored in order to timestamp the stored intensity value. If on the other
hand the current intensity value is lower, or even equal, to the stored
one, then the stored intensity value remains unchanged,;

4. At the end of the scan, the stored scanning signals are
readout from each of the processing elements. Since those scanning

25 signals correspond to the position where a maximum intensity value was
obtained, the position of the different points on the object is easily
determined;

5. Optionally the stored maximum intensity values could
also be readout. This would provide a standard video image of the object

30 surface 6, taken under telecentric light condition.



possi ble to have several columms of the sensing el enents share a sane 10
processing elenment. O her inplenentations could also be used. For exanple

i nstead oWoIBOs1mg t he maxi mumintensity val ue as a di gi t ®CTxBx08/@008AN

anal ogous storage coul d be considered such as for exanple a voltage stored
in a capacitor. The incom ng pixel greyval ue corresponding to the 15 |ight
intensity would then also be supplied as a voltage value. The conparison
operation such as presented under step -2lwoul d then be executed as an

anal ogue vol tage conparison. The storage of the scanning signal providing

the tinmesta coul d be namec, | one aci tor bit. Th [
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stored in a capacitor. The incoming pixel greyvalue corresponding to the

15 light intensity would then also be supplied as a voltage value. The

comparison operation such as presented under step 2 would then be

executed as an analogue voltage comparison. The storage of the

scanning signal providing the timestamp could be dynamic, i.e. one

capacitor per bit. The decision step (3) would then be implemented as a

20 set of switches controlled by the comparator. If the running maximum is

to be updated, the switches lead the current of the running greyvalue to

the capacitor and the current scanning signal to the local timestamp
registers.

An alternative approach to the method described here

25 before and using an intelligent CMOS sensor, is to use a parallel-readout

very fast standard CMOS sensor without on-chip processing. This

alternative is illustrated in figure 7. Assuming for example 64 parallel

readout channels with a rate of 50 MHz each, the cumulated data rate is

3.2 billion pixels per second. In the present context this is to be regarded

30 as rather slow. Using this sensing principle, one would weaken the

confocal principle by reducing the numerical aperture of objective 5. This



conpatible wwth the requirenents of in-line nmeasurenent. The drawback 10 of
this nethod is the enornous volune of electronic equipnment required to
deal w t hwolwsst4paral | el readout channels : 64 digitizer PCTEBEIBONSS Y
banks, and 64 processors are needed to do the required maxi num cal cul ation
and interpolation. That is, one essentially needs 64 conplete inage
processi ng systens; otherw se, the processing of 100 mllion 15 pixels
required in this approach woul d take to@2ruch time violating the

requi renents for in-line neasurenent. This conplexity could be traded

agai nst acquisition time. Wth 16 channel parallel readout in above
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Figure 5 illustrates an exanple of a confocal z-response curve for a

si ngl e x\- pi x6f thipgnethadie the epormousivelumeg @f electranie eguipment rsaiireds
maxi mum at z1.pr J | . Wht i e pSC uence.
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image processing systems; otherwise, the processing of 100 million

15 pixels required in this approach would take too much time violating the
requirements for in-line measurement. This complexity could be traded
against acquisition time. With 16 channel parallel readout in above
example 128 msec can still be achieved which is quite acceptable. The
memory banks have to contain the data which are required for the

20 numerical interpolation for each separate pixel. The size of the memory
banks can be limited by storing only the intensity values in the
neighbourhood of the maximum intensity, the maximum intensity itself
and the timestamp (only 1 byte in this case because the number of z-
slices is 100) corresponding to the maximum value for each pixel.

25 Suppose that five sample points (pixel greyvalues for
different z positions) are used as data enabling an interpolation in order
to obtain a maximum intensity value corresponding to the surface z-
value. Because the scanning member operates mechanically, the pixel
values arrive as a time sequence. Assume a z-scan of 100 images, the

30 five sample points need to be found around the global maximum intensity



10 corresponding timestanp (z1) are stored in the nmenory whereas they

correspond to the local and not to the gl obal nmaxi mum The subsequent two

greyval uewo(oB/ogsids g) cause then a problemas it is not cl ean/BHgbévss they

bel ong to the global maximumor not. If they would not belong to the

gl obal maxi mum they coul d sinply be ignored because they have a | ower 15

val ue than the greyvalues b, ¢ or d. However if the greyvalue of f and g is

requi red because they are part of the gi®pal maxi mum (f - k, z2), then

they can't be ignored. Thus even if only five sanple points are used it IS

nevert hel ess necessa o foresee at st _ni ne, nenor dresses C
bio e el feif

D, EL F, G zvalye it sgrieg, of U oyaltee YEPER Uhrﬁ?fnsaPBdéV 20

maxi num two ?)qu atiBh. the last two in the tine sequence and one for a

z-bit (2) and anot er one (J) for a history flag as will be described

herei nafter. The image Ergwes&nlhg;tmﬂmn examipte oheaed:@n&ncal REsposeguence

counter i which is, comon for all els withi.n_the Iéi | d- of - vu?w 25
I

The processi n&uﬁl_ﬁ;fpf@cﬁ' etWeo'?“ﬁ'aﬁé %§§8? in, & fighre eihmlFa ch i s
|11 ust ragsed ' %%inﬂuﬁ?a@ ”ﬁrdl%éldérzﬁ’ghgﬁﬂ thuMSbflﬁz WFtHlnetHe %EQMV” in

figure 1 ustrated in al gorithm conprises t
foll owi ng st egsquenie.OB¢CAEBABS §ﬁ‘é/—|BEé§/iﬁ(lﬁeacoanGaIS&SNSSse cautedn Sluci‘re a new

series of scanning signals is start th al gori t,h nltlallsed by
each of the |F\%‘@éﬂlﬂ>@%8§§?'??g”°teq)@ﬁﬁﬁ?@$ %s}gouﬂfbe den]j I’b . each of
the menory storage | ocagjRisthetimB sequenee Borfes {JEndgito lhé‘&%ebueﬁée‘@?' | as

t he |mage sequence counter |1 are set to an initial value for exarrpl e 0.
This is ill usscamrmdgmretdhensddnayl happenothat diveegreyvapegiia ) pnd thee
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correspond to the local and not to the global maximum. The subsequent
two greyvalues (f and g) cause then a problem as it is not clear whether
they belong to the global maximum or not. If they would not belong to the
global maximum they could simply be ignored because they have a lower

15 value than the greyvalues b, ¢ or d. However if the greyvalue of f and g is
required because they are part of the global maximum (f - k, z2), then
they can’t be ignored. Thus even if only five sample points are used, it is
nevertheless necessary to foresee at least nine memory addresses (A, B,
C, D E, F, G, Z J)five (A, B, C, D, E) for the current running local

20 maximum, two (F, G) for the last two in the time sequence and one for a
z-bit (Z) and another one (J) for a history flag as will be described
hereinafter. The image processing member further needs an image
sequence counter i which is common for all xy pixels within the field-of-
view.

25 The processing applied by the image processor uses an
algorithm which is illustrated in figure 8 and will be described by using
table | shown in figure 10.

As illustrated in figure 8, the algorithm comprises the

following steps :



531 =i +1: the counter i is increnented by one unit as illustrated in
colum 1 of table |I. 54 RDC : the value stored at nenory location c is
read. 15 WbH p/0981@ont c : the actual greyvalue p i s conpar edTvBHRB/OGISE
greyvalue stored at menory location c. If p has a higher value (y) than
the one stored at nmenory location c, then there is stepped to step 56. If
on the other hand p has a lower or an equal value (N) than the one stored
at nmenory 20 location ¢, then step 57 i4 "executed. 56 ST NM: because the
actual greyvalue p was higher than the one stored at nenory |ocation c,

this signifies.t probably a new nmaxi val ue has been recogni zed,

whi ch i npli es%Q:N%! t &36 etr”ﬁ?i %H‘qvﬁtsgr'faﬁg&?ﬁ%'?ryngo%%?8n'sct°‘ta'ftﬁ ’fté?l owi ng
25 write operation isalfagithmeid QpiBAseN Dy edeh &8 tle Sinkagel p_robessir;\?: 2, F
= Gand G = p. Mre details about this particular operation as well as of

other wite operationeletegnisi bed in the subsequent steps will be given in
t he exanpl e scri bed hereunder and referrin o figure and,table I. 30
57 STNNM besilféé't'h—e‘]a'épuér r899'&|°6§“?£"¢'8§@’r3ft°ﬁ IeatoRe A Bres | n
nemory | gcation ¢, this actual gpeywafuescan gmet Jbeas VR348 Tmage

PCT/ BEO3/ 00083 -25 considered as a maximum The following wite operation
is then performed F = G G = p.s@gience counter t aigr setite areinitial ygluerfar = 2,

found. 599 STL - p 18 stored i nekanpE; bR AteR LT B BReORH ™ O
decrenmented (J=J - 1) if duringopfapre P8J=2. 60 ST2 : p is stored in nenory

| ocation E (E :ec?[% and J is decrenented J =J-1 if during step 58J# 2. 61
LST SC ? : t h&RRDPSWE D fthedatpalyrrupaiied areyw v Pngush gadiuphbed biydheast 10

O L £ oSy BenohgBlnef? TRea0 | B VR il kebafg! e
element for further processing.
53 i =i+ 1 : the counter i is incremented by one unit as illustrated in
column 1 of table I.
54 RDC : the value stored at memory location c is read.

15 55 p > cont ¢ : the actual greyvalue p is compared with the greyvalue
stored at memory location c. If p has a higher value (y)
than the one stored at memory location c, then there is
stepped to step 56. If on the other hand p has a lower or
an equal value (N) than the one stored at memory

20 location ¢, then step 57 is executed.

56 ST NM : because the actual greyvalue p was higher than the one
stored at memory location c, this signifies that probably a
new maximum value has been recognized, which implies a
write operation into the memory location c. The following
25 write operation is then perfformed A=F,B=G,C=p,Z =,
J =2 F=Gand G = p. More details about this particular
operation as well as of other write operations described in
the subsequent steps will be given in the example
described hereunder and referring to figure 5 and table .

30 57 STNNM : because the actual greyvalue is lower than the one stored in

memory location ¢, this actual greyvalue can not be



scanni ng signal was the |last one of the series. Referring back to figure 5
and row three of table I, one can observe that if the actual received

val ue p =we,03i09848 t he first greyvalue 15 shown in figurePEI/RH0&o@8sint er i
= 1 since it is the first pixel value received. As at storage location C a
greyvalue 0 is stored (C=0) and as a > 0 (step 55), step 56 is executed.
This neans that at storage location C, the value ais stored (C = a). The

vaI ues stored at F and G are shifted t@&5A and B respectively, i.e. A =0,
= 0. As a maximumis presurred J =20 2 and the value stored at Gis

shlfted at F, i.e. F =0 whereas the actual 8 géYalue a.]s alsg stored at

G (G = a). The fact thafons'deredas adpaxmiymyfhe fellawing; write,0RerafiPR 1$ o nake

a distinction between b maX| mum Therefor, besides the
five menory | ocations atHe%ﬁ%rf&r}%ﬁ: gh? G are reserved. Fi naI ly z =1

i ndi cating th&8 .t 2 e thersis anifiedfif U Fe2, RElicatiagrthat deriggdhs precadingrum i s
presunmed. The next greyval ue i.e. gr eﬁyvaécﬁe b.is now gons dered and
counter i is incrementedfof30§ stepa REeSUet BN MU WaSfQR4-h row of table I.
Since C 3 a agg STcp 8 s?or%d(lﬁtrFIQ ?%uddaﬂoar@xma& p§ anl $iLbedteRerfted.
respectlvely IS overwitten = b). Geyvalue a store is 30
stored at B (B = a) {ahvelJFt)lfidurA:g gepydBl#2b is again a presurred maxi mum
Z =1 and thu

= 2 and J =, 2. WD 03/09814 CT/ BEQ - 26 t he
fifth row of %Qé?ipt'%ét%%é%a”@éﬁ?fyj?% ée(E E goﬁ %’&‘?”I@lt = b
and ¢ > b an anal ogous; oper. epclhi bed here before i's executed
|l eading to : i = g J Pﬁ%ﬁ”n@n‘sté@%ﬁg%—b G= ¢,Z=3,J=2. 5 The

subsequent gr éy\A,sSIuSCH’?( sberd rsevalf)etdmf thoevactual zsbaenﬂnp sighal wasthd &ast
considered. Counter i is set and d < c (see

figure 5% d is not consPﬂ%Péa 3§§'e§ ﬁﬁ’)@?ﬂﬂmgasﬁ%”?qﬁer efor there is stepped

to step 57 whepesirp=: thandufine &ecunﬁg tﬁe-al?oﬁﬂ*ﬁn Gﬁnﬂshe@uPW%Mahy at
step 58 there Is established that the actually stored 10 value at J = 2 so

that there i s sw t chedcarnisg érgragwaﬁéhe Igst-ong efdhes@iesquent greyval ue and
J =J - 1leading to D egerrlng back to flgA?erg)and row three of table |, one can

observe that if the actual received value p = a, i.e. the first greyvalue
15 shown in figure 5, the counter i = 1 since it is the first pixel value
received. As at storage location C a greyvalue 0O is stored (C = 0) and as
a > 0 (step 55), step 56 is executed. This means that at storage location
C, the value a is stored (C = a). The values stored at F and G are shifted
to A and B respectively, i.e. A= 0, B = 0. As a maximum is presumed J =
20 2 and the value stored at G is shifted at F, i.e. F = 0 whereas the actual
greyvalue a is also stored at G (G = a). The fact that G is shifted at F and
G = p is to enable to make a distinction between a local and a global
maximum. Therefor, besides the five memory locations A to E, also F
and G are reserved. Finally Z = 1 indicating that at the first one of the

25 scanning signals a maximum is presumed.
The next greyvalue i.e. greyvalue b is now considered and
counter i is incremented to i = 2 as is shown in the fourth row of table I.
Since C = a and since b > a (step 55) the greyvalue-is stored at C
respectively G is overwritten by b (C = b). Greyvalue a stored at G is
30 stored at B (B = a) and F = a. As greyvalue b is again a presumed

maximum Z=iandthusZ=2and J = 2.



new maxi mum greyval ue is found, Z renmai ns unchanged. G eyvalue e follow ng
greyvalue d is also smaller than greyvalue c stored at nenory |ocation C
Ther ef or Woap/08448 s again 15 executed leading to F = d ardT@Ee3/e00880wever
at step 58, there is now established that J # 2 (J = 1) so that there is
continued with step 60. At this step J is decrenented to J = 0 and E = e
as subsequent greyvalue. Again Z remains unchanged as no new maxi mumis
recogni sed. Reaching the next greyvalue2f-(i = 6) there is established 20
that f <c sothat F=eand G=f. AsJ # 2 and J =0, J is not further

decrenented since only }\WO gr eyval ues b% ORd t he actual maxi mal value (c
in the present exanpl e)Ahtlke dibths reverdqta dbeasylbseauent areyyalefa®lis ng to
identify the 1y e i d,gr ' res e
actual maxi w?ngﬁééé%%azggse?;i n@%ur?%rerﬁ %ﬁcﬁ\r%éedc}%aéb%%nﬁgwgﬁagﬁsm%@25 IS
recogni sed. Thereshéfoaz)iscexequtey \eddirgg to: be I dasiald ed,i G zyc(F =b,/B.=
Although g > f,_g is,still smaller than the greyvalue ¢ stored at C
Therefor F =¢f£5»J32.J = 0 and z remains Z = 3 (steps 57, 58 and 60).

Or eyval o€ €30, ot oved ol aaybsehyent QrekDafotd RXUBHHE didin BUOBE plBlh) |
switched to stilnaDbeIdeRisted PCHLRENBIOSMES i = £22nd since C=cand d < ¢

56 eadi ngt 0: A=f , B=q. C=h, J=2, F=g, G5 h. _Si i is found, Z
nas 10 be. adaptesdge sk b Apleatieriint o MEHaMicand fhetsie) e dTal | o
than h, the gehHal wWRI{dRUBYSHAERAFAE BRBRAYG! acy! l.@.”FJC= Slark @ D4 F = h

and G=] 5 and at step 58 there is established that = 2. Therefor there
is switched tSsbese@sumtlyr st step 58 therelisaastablished thatnihes 2etualy atoredw

TR Lo T 8% S Lo St . B LBt ke
k and E = k. $QvsEjuensiggdVdies ahBal =a) -| petiding o A £0d larichg grneywahses f to

k representing the gl obal nmaximum are now stored and not a to e
representing aewdvaximuaioneywaluhis foued eAtreanains unehandeds enables to

Greyvalue e following greyvalue d is also smaller than
greyvalue c stored at memory location C. Therefor step 57 is again
15 executed leading to F = d and G = e. However at step 58, there is now
established that J # 2 (J = 1) so that there is continued with step 60. At
this step J is decremented to J = 0 and E = e as subsequent greyvalue.
Again Z remains unchanged as no new maximum is recognised.
Reaching the next greyvalue f (i = 6) there is established
20 thatf <csothat F=eand G=f As J=# 2and J =0, Jis not further
decremented since only two greyvalues beyond the actual maximal value
(c in the present example) are considered. J has a flag function enabling
to identify the position of the considered greyvalue with respect to the
actual maximum. Byte Z remains further unchanged as no new maximum
25 is recognised.
The subsequent greyvalue to be considered is g (i = 7).
Although g > f, g is still smaller than the greyvalue c stored at C. Therefor
F=f G=g,J=0andzremains Z = 3 (steps 57, 58 and 60). Reaching
however greyvalue h (i = 8) this greyvalue is larger than greyvalue c

30 stored at memory location C, so that at step 55 there is switched to step



recogni se a local and a gl obal maxi mum from one another and retain only

t he gl obal nmaxi mum as confocal response signal. Mreover, by the 15 storage
of the Z welmmsiusi s possible to retain al so that scanni n@CcIiBRIa0008aMONQY
the considered series that has led to the considered maxi num and thus to
determ ne the position of the mask and derive therefromthe required Z
position of the object 6. Once the scanning operation is determ ned and the
20 necessary greyval ues are stored in t#€ -menory |l ocations Ato E and the
maxi mum at 2, an interpol ation operation is required to obtain the correct

maxi num val ueﬁﬁ?ﬁ%ﬁqlﬁéegt \@I i t%thd an]t) r2 d for &I S I'flgnﬁ)ges{% new
possi bl e al goPPt ower - |'g er~
((gvliu))2.u éﬁﬂm—as\‘o&ﬂd’@h%g to Héjad%rb g@&;z =ugrepresent s the greval ues

gv stored at Ive nenor ocations toE(A—l ...., E=5). This
met hod provides sinil arTbeltsnleeqeemhgreynaluesd {g=a9) p?remaﬁer tigprelherteat per

sensi ng el enent or eac one byt 148

PCT/ BEO3/ ooosQCfuag@mP%ﬁPr‘?A@ ﬁwi@feﬁg'%ﬁ f‘}v/\%)t éggﬁ THAGE =]
correspogdi ng na%g_ é’q’Béttﬁgrezﬁ%b‘-‘téﬁl'i%d(t%aW@Q %eréfsﬂmérecis kasHeg of the
|nterpolat|on? imlar to the previous nethod, two maps can therefor be

transferred tto step 59m@erepd0€és-s1 lngbearamd Dnag. Zaarruam$2t=uatne@oerxewr nal |y
or also 5 integrated within t

a Fg: %se f. ma con@ t he nmaxi num
Ut onsi ty. val DERANGM decAOmssd: ATt aa ok al Jieteads
topography. Agg ﬁéra&g@%c*k'@hva@q 'tQ’JEQS'Lﬁé}‘éf&dﬁlgtdéUr‘é‘és wt ®ar®

canera as a stan aner a m ght be consi dered use that one 10
coul d di sregaFc |, @ =rkeamdr&rs kor mati on and sinply integrate p| er

Intensities over some tifr Berlod (9l SERRIANONIG 1S i GRRER.E Bk N
representing the global maximum are now stored and not a to e
representing a local maximum. The present algorithm thus enables to
recognise a local and a global maximum from one another and retain
only the global maximum as confocal response signal. Moreover, by the

15 storage of the Z value it is possible to retain also that scanning signal
among the considered series that has led to the considered maximum
and thus to determine the position of the mask and derive therefrom the
required Z position of the object 6. _

Once the scanning operation is determined and the

20 necessary greyvalues are stored in the memory locations A to E and the
maximum at 2, an interpolation operation is required to obtain the correct
maximum value. Different algorithms can be used for this purpose. One
possible algorithm is power-weighted-center-of-gravity

5
> (gvw)).
Zmax = 1—5————
> (gv@)y
u=1
25 where u represents the grevalues gv stored at the five

memory locations AtoE (A=1, ..., E=5).
This method provides similar output as the one using a

processing element per sensing element. For each pixel one byte for the



CMOS canera. Wthin one and the sane nounting position within sonme

manuf act uri ng equi pment one could thus acquire 2D or 3D i nages as desired.
15 The oppolBwesiehoi ce al so is possible. If readout of naPCMBRO3/GIBYVal ue
as discussed above is undesirable (for silicon |layout or other specific

i npl enentation-rel ated reasons for exanple) and the intelligent CMOS
sensor woul d produce only the position of maxi mum one could add a second
beansplitter into the arrangenent of fig8-1 and add a 20 standard CMOS or
CCD canera after this second beansplitter. This canera would integrate

light over the time of the entire z-scan. In this vva¥ t he standard 2D
i mage is obt afHEUMEYN t IteNStY: rvalde ad@dr dWoankYtES AOF utheeCOUESPAREINGs t he

measur ement deyj i bt ad:d ) i i | ; i ght
sour ce. ol ose. {LeHRNER PRS2 byieh S peARHE Brcalsk SPREAREApdIBY)
confocal prop&imjiaratudthecp@vistisametierd, hwbhmapg ltahdbesdfos bestoainsféired, tot he
i mage conprised of the maxi num, K greyval ues during the z-scan corresponds to
the normal 2D3nHERI¢ FOLRPUNT SRRYHY thal Had Bp| F@?ﬁtﬁgt %‘i‘imqqm erﬁ"éﬁt be

useful simnce i j Vil e jo@rCt b | b pffering
types of 5i |1 UW%Q'{%%%WV}%“S@% OS%T%ga g@%ﬁ%E%@? 8@%83%@%3%&@‘?&&%% devi ce
f or measuri ngintensity gelugisnfonseants pixel tamgo gnatiter calapsbaptains’ than soibfaeet , sai d
devi ce conpri ?i n(g}qgn arrayed confocal imaging systemhaving a |ight source
provi ded for T9RQUHPARY-ing 5 said object and a |ight path diverging optical

el ement, provided for gdnseHe pesTblBaydtition lid URE Naddifinall 688 SFubps by
said light source and a path of reflected |Igg[ refl ected by said object,

sai d conf ocal camegaag a standand 20r ¢camaerac dhmightdie eonrsidersdausafobibgt @phi cal
mask proyvided fo onverji il lum nating_ligh om.ng out fromsaid |ight
pach 6 vir gi ngode fitPeard dhgnmdimhy rafaiosy Ao Sy lheral iRy
confocal | mMgifensif¥s bost SehklRhe PEABA ictpRspoRaNGIBH stiPidaed integiRitiay! ded

for orienting said illumnating PI ght towards sai d object and said
reflected |i gliMOSweaera Wihincend aodithe Gaowe apMntiag pasition witbindeemeo form

a confocal | mngaeﬁufggthﬁng equipment one could thus acquire 2D or 3D images as
desired.

15 The opposite choice also is possible. If readout of maximum
greyvalue as discussed above is undesirable (for silicon layout or other
specific implementation-related reasons for example) and the intelligent
CMOS sensor would produce only the position of maximum, one could
add a second beamsplitter into the arrangement of fig. 1 and add a

20 standard CMOS or CCD camera after this second beamsplitter. This
camera would integrate light over the time of the entire z-scan. In this
way the standard 2D image is obtained by this extra standard camera.

A further variant of the measurement device is obtained if
light source 1 is replaced by a light source close to the object 6. In this

25 case the set-up loses its confocal property and becomes a "depth
through focus" sensor. Also, the image comprised of the maximum
greyvalues during the z-scan corresponds to the normal 2D image for this
second form of illumination. This might be useful since in this way images

of object 6 may be acquired with differing types of illumination.



device further conprises a photoel ectric sensor nenber provided to 15
receive said reflected |ight having passed said confocal topographical

mask and wWefi3metiegl by said |ight path diverging optical elpemmsrosasnd3to
convert the latter light into an intensity value, said device conprising

al so a scanning nenber on which said confocal topographical mask is

nmount ed, said scanni ng nenber being provided for noving said confocal 20

t opogr aphi cal mask over successive positd%ns over a predeterm ned distance
in order to nodify a relative distance in a predeterm ned direction

bet ween said object and the object-position-in-focus, said device further
conpri ses an inmage processor connect e€LAIMS) d phot oel ectric sensor nenber
and provided for formn conf.ocal. 25 re e sig a I ating said
obj ect shape from said go’gf o@%‘f'gei rigéeg{eaaisg‘ﬁ@edﬁat ﬂ@{a?fgdﬂe sfog{sat ve

di stances in sghdhrapRiest Shapaest afi disjeét, Qhidedevisn complisiiy et aagetihe

obj ect-position-in-focus by said photoelectric sensor nenber, said
confocal obj econfasabimagingreysterschaing aright s@Hree RyQvidedsioydlluminating

obj ect-position:jn-focus said. arr of,. pé!.f‘p it sal

successi po§l"‘{4 W&?C(Ec%(fa%ﬂ@?\ts %thi ﬂ'@@bbsépﬁ‘g%o%@oca ’ \L}%og@}agggo?%

PCT/ BEO3/ 0008 gjivergifigoRipat ioflliiratidg ightf eetplt o saidilight nepuntedingt aa f i xed
position within Sard device. 2. A device as clained in claim]l,

char act er i sed path tafateflectied lign taflectrtibyobpisc Phigst.i saileforfogakigagdiagi n such

a manner as t | [ r ' r : ep

I magi ng error%y%%ﬁgyﬁ%égﬁﬁ]&%?gi%a%ggi&aélquﬁg%&nﬁén’%orbgts R pi(/ggglgs&ﬁ& A
device as cl aicaadertingCillaminatingr light comiegtaarti e saidt light pati diveogihgcal

t opographi cal mask is formed by a mcrolens arra mgunt ed on sai d, scanni ng
menber atl saioptigely eleanentr imer ag oafprY s seallo sep I%a'gi?ﬂ’fgpﬁall Jraged at a
focal point of i |C gm révi | almed in
claim 3, char asg?%ﬁé@ﬂ%}rﬁnﬁgrﬁ:{éssa? gsﬂgila%glgloe pI %&ré\”?édﬁg'\égtﬁg%@ leﬁf ocal
poi nt of a twihshiagtng gkl vwaieshidvebjept anddaichrdflectad lighttaivards said

hot oel ectri c sepsor, said sjngle pinhole bein . .
P conPocaI topograpﬁ{ca?J mask in order % ""®rm a confocal image, said

device further comprises a photoelectric sensor member provided to
15 receive said reflected light having passed said confocal topographical
mask and deflected by said light path diverging optical element and to
convert the latter light into an intensity value, said device comprising also
a scanning member on which said confocal topographical mask is
mounted, said scanning member being provided for moving said confocal
20 topographical mask over successive positions over a predetermined
distance in order to modify a relative distance in a predetermined
direction between said object and the object-position-in-focus, said
device further comprises an image processor connected to said
photoelectric sensor member and provided for forming a confocal
25 response signal and calculating said object shape from said confocal
images acquired at different relative distances in said predetermined
direction between said object and the object-position-in-focus by said
photoelectric sensor member, said confocal objective being provided for
mapping at successive object-position-in-focus said array of small spots

30 output at said successive positions, characterised in that said confocal



15 nmount ed between said two-stage canera objective. 5. A device as cl ained
in claim3 or 4, characterised in that said single pinhole is located in
an opti cawopanbsias said reflected |ight between a two-st ®ge/BHop/eassve
form ng a sensor objective. 6. A device as clainmed in claim1,
characterised in that said 20 confocal topographical mask is forned by a
pi nhol e array, each pinhole being provided with a mcrolens. 7. A device
as claimed in anyone of the clains 1 to®,- characterised in that said
illum nation source conprises a high-density LED array with a further

m crol ens bonded on top of it. 25 8. A device as claired i n anyone of the
claims 1 to 79bjeshy¥e d¢ e BPseenfogak phiectve APYNtaR; #tae e dsBosibien J¥HHRi ses an
array of Iasegaiddam(ges havi ng an output coupled into a fibre-optic bundle.
9. A device as clained in anyone of the clains | to 8 characterised in
that a |inear polarizer2j A dgyite @d dlaihedial claim dhtharatterisiedan thd0said

illum nation side of said diverging optical elenment on which other side a

quarter - wave _éDa@@nf@ﬁa' _the&ﬁ'&? yEdieing desinadkd S_\r‘@‘ o/pdRersapde R/ 00083
-31 10. A devhﬁﬁeﬁél%b@r@@rn' Sn@BEMRE iR forlBF & lkakpEi r%jaitﬁg %rror@hﬁ{é’ﬁ&e“ sed

in that said scanning ne conprises a scanning sig gener at or
provi ded for genfecalimages st meaximbnmsofdwa pigelsi gnal s i ndi cative of said

successi ve positions, sai canni ng .si gnal gener,ato eing 5 connected to
said i mage Br ocessor fog- 3\1%%‘1"9?@_@g‘§%'ﬂge‘£lf‘_aaﬁl"ﬁé @i%rfg}%agtfaﬁéf‘gﬂ%ﬁ"agai d
phot oel ect ri cs5@NBRfIRIMORIpogRATHiIER! Rthsk fis T frmiidr gayoga; Srgfc%l%hggaﬁia ment s,

sai d i mage processor conpris€s a second array of I ng elenents, each
processi ng el emamtedbnssdid ssaooing menber del agidedavica furtherotomeptises 8o a

nunber of sensing el.ements o ai,d first 10 array,. sajd. i e processor
bei ng pr'dvi dea'nﬂ% Q'BE&EPVFOH?GE@@H fi tﬂﬁa\n W\'Pﬁ Ofagé'gnghggjrqq%&”(&f SEEHni ng
signal s succegfdmMgeones of said intensity values, each of said processing
el enents being provided for differentiating said successive intensity

val ues anobng each ot her 4afAdlevics a$ slaigedhosdain B celaragtarigedds thak saidg sai d

conf ocal respons?
single

;S)in%rc])ﬂal is located at a focal point of a two-stage camera objective
placed in front of said photoelectric sensor, said single pinhole being

15 mounted between said two-stage camera objective.

5. A device as claimed in claim 3 or 4, characterised in that
said single pinhole is located in an optical path of said reflected light
between a two-stage objective forming a sensor objective.

6. A device as claimed in claim 1, characterised in that said

20 confocal topographical mask is formed by a pinhole array, each pinhole
being provided with a microlens.

7. A device as claimed in anyone of the claims 1 to 6,
characterised in that said illumination source comprises a high-density
LED array with a further microlens bonded on top of it.

25 8. A device as claimed in anyone of the claims 1 to 7,
characterised in that said illumination source comprises an array of laser
diodes having an output coupled into a fibre-optic bundle.

9. A device as claimed in anyone of the claims 1 to 8,
characterised in that a linear polarizer is applied into said light path at an

30 illumination side of said diverging optical element on which other side a

quarter-wave plate and an analyser are applied.



15 said i nage processor being provided for associating to those intensity
val ues, form ng said confocal response signal, those scanning signals
repr esentwogstbsige positions having led to said confocal reTmmIseonssgnal .
11. A device as clained in claim10, characterised in that a sanpling
menber is nounted between said first array of sensing 20 elenments and said
second array of processing elenents, said sanpling nenber being provided
for sanpling at a predeterm ned sanplinglrate said intensity val ues and
out put at parallel read-out gates of said sensing elenents, each of said
processi ng el enents having a nenory el ene Le g&fvide i ntensity
a

or storin
val ues sanpl ed within al3afrededcs & gleimedd R QFdaﬁlg?'“&éh?%fQ»sai d
processi ng el i | Al eToR ESNhh ity
val ue by int e?ﬁ%@gﬁrﬁ%d{]ﬂéﬂéﬁ%’%ﬁ%g?bﬂingarﬂgg?ésﬂcgr I%&ﬁ%l me Pn%@}garre one
of said nenor geatmtempovided. foh géeeratingaa series fdscanniigasignal3, indfcatieet er i sed
In that said second array, has at, | east (? sanme,nunher of el enents as said

first 30 arr8Y,SadchUGHESENEsPRGIIONENSHT LEAHYING RIP-d 9eHRTPhrPS§IR%as a

stored intensi I L | nﬁyg? : h L hiat ensi t
val ue, V\% 03/ Béﬁﬂ%@bgg?/%é@gﬁggg@)%ggmsa| u\é)lp g}é@?iﬁ‘r\dggg?gﬂgﬁtsgb%%?ng Y
provi ded for ¢twerpty,isud phuteelectitt sehsaf meralnér ocbmiphisingulas Ecpl earrays @finni ng
signals, if the current intensity value is hi %her. t han the stored

i ntensity val §8N&RE $'6P‘e(5\t/%r§ﬁ'¢t'%}?@et REOCESSPE FOMAKISER s SPCPRALATRY A he

latter is 'ngfo ééémgt @%rgé%t"serétachn RitRsking Bletfents 8f and péé&%sbn_a%

el enents being al'so provided for storing ugon each storage operation the
current one obetrigeeacatimengpreiegted K a Idimberdeiv$ensing etdnae misdofisaidfisadne of
the clains 1 to 12, . characterised in that .said scannin er conprises a
Vo1 cer ool acliad: bR ORABA BRe ST EaS B aa o EREY R R e TR B g
provided for 51Q5in@P8EldY Gt $ddMPing ERIRIBEudcsSiak dom@s lof did ity ce as
claimed in claim13, characterised in that said voice-coil actuator is
connected to xaluest i eachermfodwsid pryoceRrsdng o eleANtsor beiRnd PiPvidesht faind f or

gener at 110, 2 STMLARSIRT g, el Bikaqy DoietPhiveily SBER HiheShat
retaining those intensity values forming said confocal response signal,
15 said image processor being provided for associating to those intensity
values, forming said confocal response signal, those scanning signals
representing those positions having led to said confocal response signal.
11. A device as claimed in claim 10, characterised in that a
sampling member is mounted between said first array of sensing
20 elements and said second array of processing elements, said sampling
member being provided for sampling at a predetermined sampling rate
said intensity values and output at parallel read-out gates of said sensing
elements, each of said processing elements having a memory element
provided for storing intensity values sampled within a same series of
25 scanning signals, each of said processing elements being provided for
determining a maximum intensity value by interpolating the intensity
values stored each time in a same one of said memory elements.
12. A device as claimed in claim 10, characterised in that
said second array has at least a same number of elements as said first
30 array, each processing element being provided for storing as a stored

intensity value in an associated memory element an initial intensity value,



15 which is provided to generate said scanning signals fromsaid
di spl acenent signal. 15. A device for neasuring in three dinensions a
t opogr aphwoaB/osdiape of an object, said device conprising a0T@ARaY@EI3

confocal imaging systemhaving a |light source provided for illumnating 20
sai d object and a light path diverging optical elenment, provided for
diverging a path of illumnating light output by said I i ght source and a

path of reflected light reflected by said -obj ect, said confocal imaging
system further conpri ses a confocal topographi cal mask provi ded for

converting illumnatin ht coming out fr said |i ath div ing 25
optical el emeﬁt'g"rcrjtl Pfose ”% epepts *%?Igg Iprgﬁg?g%%%‘?’@péﬂﬁgoﬁ gler ?ﬁﬂjfﬁd’? system

further conpriseg atﬁgeﬁgg@iaﬁjﬁgﬁh@ i &g! ﬁ'gﬁ'r re?i’i'nrﬁ@b&%vélﬁbqs

illumnating I'rght towar sal ect t towards
said conf ocahghepot@aapﬂnecatoredsnhténmtyrvmluet and diom averenitingathei stoged sai d

devi ce further co hot oel . ectri c,sen nmenmber rov ed tq 30
recei ve said frg?”% u?l Gm% W&\‘?f@ %s@@ns%?dcq,r{ﬁ?to’@%ﬁ Gptiidal
mask and def | I eto VO
07 6001as por PRSP Rg g8hterlts Beind 8o GovRicl @rgﬁf'gﬁﬂ"fﬁt %ggﬁ%f(ﬁtg Rsity

val ue, said depetatloodhpmmengoaemtheasmnngrswnmrber provi ded for

nodi fying a relative digtapce i.n a red erm ned di ctipon be en, said
obj ect and the obj ect - pié'& V"i"%asf‘gﬁme 4R 3YRBG; ¥ ﬁﬁf’%‘f@ ‘Lgﬁp ’ses an
| mage processehakRREReHeth (tAaP $Hid dsdiMPiRe! Pehbe? E6MPpABeTEADGSIcaR|l
provided for form ng a confocal response signal and cal cul ati ng said

obj ect shape acmt@aaqmrmtﬁcb@awdlqmgwlé@mgraéhlcat mgiskfandeproviasicaforve

di stances, in rm ne rec etween said object and the

obj ect - posi ti ﬁ'ﬁpﬁgﬂﬁg& SW% qﬂeqd L‘%ﬁ‘gac fic sensor menber, said
confocal objective conpiisgsdevidd astcldithedin @Ieﬂﬁp%dcﬁafdcfter@ddlrﬁmnd part
being fixed whereas said first part is nounted on said scanni ng menber

whi ch is provpaisdveise-cedvadigateniisl connestiedotar BnodRticad @needsr weoyided ttPons i n
o2 Doens! o BiBfr el bASReR Bhger 869U 0508 ] el st
provi ded for gaRPopEaRiensbaeEbeingecaiedtéd to said scanning signal generator
15 which is provided to generate said scanning signals from said
displacement signal.

15. A device for measuring in three dimensions a
topographical shape of an object, said device comprising an arrayed
confocal imaging system having a light source provided for illuminating

20 said object and a light path diverging optical element, provided for
diverging a path of illuminating light output by said light source and a
path of reflected light reflected by said object, said confocal imaging
system further comprises a confocal topographical mask provided for
converting illuminating light coming out from said light path diverging

25 optical element into an array of small spots, said confocal imaging
system further comprises a confocal objective, provided for orienting said
illuminating light towards said object and said reflected light towards said
confocal topographical mask in order to form a confocal image, said
device further comprises a photoelectric sensor member, provided to

30 receive said reflected light having passed said confocal topographical

mask and deflected by said light path diverging optical element and to



15 position-in-focus said array of small spots output at said successive
positions characterised in that said confocal topographical mask is forned
by a m crebens9sns ay and sai d device further conprises a Ca@EmB3/0@shhol e

| ocated at a focal point of said photoelectric sensor nenber. 16. A device
as claimed in claim15, characterised in that a 20 telecentric aperture is
nmount ed between said first and second part. 17. A nethod for neasuring in
three di mensions a topographical shape 3 an object by neans of an arrayed
confocal 1imaging system said nethod conprising an illumnation of said
object through a |ight path diverging optical elenent provided for
diverging a 28OBMTH 13 IatEr igntiala AR ALY KAlieaSHLIFYIsS FEMPEEINGAIEPghe
reflect ed by saseandhy Semied BrdViddy dbr ImbiAg!a NeIdtveNditaRSS ifda?
confocal inmaging system conprising a confocal Topographical mask
converting il predetatringd| diggdtioncnetivegnosaidf okjectsand the ghtjegapdsittbn i-gi ng
optical el enent intoe_pag arrafs(‘| f  snmal| spotsm said smal | sgots b&i ng
oriented t owalf¥&!Ss 3 §6)'EEt Hﬁeéc@ﬁ‘ﬂf@ﬁﬁoﬁﬁl' BEF SIPLTES AN PRINGGIEE HEr
orients id ' hf&n S iged! fot & phi sk in
or der to%?or m"sgfdlcgﬁ§t;6g§dtr?ﬂ“n§8g?d\2ai d [§V% g%{/j %gg‘ggalj& / gggg%o%o%cg{foé%4

confocal i nmageedpEinsg sigpal and ¢alculatingtsaid ejedtcskans dromesaid rcanfoeal

havi ng passed,.said confocal to r aphi cal sk and .being def|ected hy said
i ght path di VBAGPhECOHPaart Ntatent reielye SRGNGEP dbi prl DEASIF ™08 ver ¢ i ng
the latter |igftbclidh DetlebmtRN$idbleM2hNE . theabbiebRbOSHoAlIS UL BYPSAiIgES 2
scanni ng operation conprising a novenent of said confocal topographical
mask over sucepbstielectiiosensonmenber, psaidec@nfaraleobjeativecomptisesar figst

pr edet er g ned _di,stance jn_order t di_f [ Y .St an [ ai d

bt edot or I nea 2ie-avsan Badia <sRoil atadngfdpforeds SRR AR

obj ect - posi ti efouriled @HUSaids8tghriiRg AEmber twigich dsrprovies for mowipg 4&id .
processing wherein a confocal response signal is fornmed fromdata supplied
by said phot ofrsdart evessnseessieapositigns sk pigdeierminsg sbiectian gyer As

o oL T SRR AGahel BAT I AN PSRt Eealo LR BblcKE
obj ect - posi ti gaid torifocalsodyctbai beiphqirogidedtfor enaggirsp at sBObEsSive object-
15 position-in-focus said array of small spots output at said successive
positions characterised in that said confocal topographical mask is
formed by a microlens array and said device further comprises a single
pinhole located at a focal point of said photoelectric sensor member.
16. A device as claimed in claim 15, characterised in that a
20 telecentric aperture is mounted between said first and second part.

17. A method for measuring in three dimensions a
topographical shape of an object by means of an arrayed confocal
imaging system, said method comprising an illumination of said object
through a light path diverging optical element provided for diverging a

25 path of illuminating light and a path of reflected light reflected by said
object, said path of illuminating light crossing a confocal imaging system
comprising a confocal topographical mask converting illuminating light
coming out from said light path diverging optical element into an array of
small spots, said small spots being oriented towards said object by a

30 confocal objective which further orients said reflected light towards said

confocal topographical mask in order to form a confocal image, said



15 said confocal objective maps at successive object-position-in-focus said
array of small spots output at said successive positions, characterised in
t hat sai dwoanfgsiag obj ective remains fixed during said sc®am/BE)3/0@8s at i on.
18. A nmethod as clainmed in claim17, characterised in that said scanning
operation conprises a generation of a series of scanning 20 signals

I ndi cative of said successive positions and a supply thereof to said i mge
processor, said inage processing conpris¥s a receipt, each tinme within a
sanme series of scanning signals, of successive ones of said intensity

val ues, said processing conprises a differenti?ting of said successive
i ntensity val Gesfogabimagadieing seppbed ta a PN{QRIBEHNBrSaNseE dnembertaltas ¢ y

Compr 1 ses. an SeTRS PSR T cHERRR KRR oL R &SP UAREraPY: 00

conpri ses an asso ose’ 1 n y valu fornrng sal nf oca
response si gnghidoflighhqseths dviendging pszl elementy esasidt photoehertdge psenddrons
having |l ed to said confocal response signal. .
converting the latter light into an intensity value, said method also
5 comprises a scanning operation comprising a movement of said confocal
topographical mask over successive positions in a predetermined
direction over a predetermined distance in order to modify a relative
distance in said predetermined direction between said object and the
object-position-in-focus, said method further comprises an image
10 processing wherein a confocal response signal is formed from data
supplied by said photoelectric sensor member and wherein said object
shape is calculated from said confocal images acquired at different
relative distances in said predetermined direction between said object
and the object-position-in-focus by said photoelectric sensor member,
15 said confocal objective maps at successive object-position-in-focus said
array of small spots output at said successive positions, characterised in
that said confocal objective remains fixed during said scanning operation.
| 18. A method as claimed in claim 17, characterised in that
said scanning operation comprises a generation of a series of scanning
20 signals indicative of said successive positions and a supply thereof to
said image processor, said image processing comprises a receipt, each
time within a same series of scanning signals, of successive ones of said
intensity values, said processing comprises a differentiating of said
successive intensity values among each other and a retaining of those
25 intensity values forming said confocal response signal, said image
processor also comprises an association to those intensity values,
forming said confocal response signal of those scanning signals

representing those positions having led to said confocal response signal.



