: YZe3eZCZ@ " ~Z6T. 3$WD 1121181011 PCT/1B01/ 01532 METHOD AND APPARATUS FOR
MEASURI NG A POLI SHI NG CONDI TION Field of the Invention ' S The present

i nventi onwgapAgal! y relates to d an apparatus fpfr/EeaedEs N a
polishing condition of a surfaﬁ@mﬁmnlm m@ﬂkct, and nore particularly to a
met hod and an apparatus for ne | i shing condition of a wafer
surface during chem cal nechani cal*ope®t shing (CWP). 10 Background of the
Invention Integrated circuits are typically formed on substrates,

parti cul atfSTHAD 208h ARBARATUS HROR MEASURENG & RQAEISHENG JONBEFRRN by
depositing different |ayers of conducting, sem conducting or insulating
nature. After deposition of each |ayer, features of the electrical circuits
rare incorporated, e.g) by éighichef D¢ nipvdreigayuenti al procedure, the
\Upper surface of the substrate becones 20 nore and nore non-planar. Thus,
the surface of the substrate has to be planarized in order to provide a
*subst ant ild yppdseralr Juwvdmaicon Fpenexahy erelaicds ptanarmeghodnagdn be

achi eved by chem cal chani cal iﬁgishing.écmgg. I n general during a 25
OVP procé¥l FPRURTHALECT SR 1D BOTHT T SrPoriehi R fead. The
exposedI Ssﬁhﬁifa&ee lthf tdie cﬂbﬁ)@élifﬁ:]&ucﬂ &ncllsmé’eﬁaﬂgm;ﬁtsirh%rma&iﬁgtm@ﬁi shi Ing Ead
on a polishing platen. A polishing slJurry is_ distributed. oyer the polishing
pad. The Ry FERTTHELE 5P PERT HEL RS b PR SBPEncOnt FLaR  OBre

cheni cal Iy @ Cdui ea @) ediliz i idi USherdilca l ahéaBavEc&£hepdTath say Ul C@n) i S
provhged at the interface between the pad and the wafer in order to

opti ntze the polishing. WO 02/18100 2 PCT/I1BOL /01532 In general, it is
desirable to control CMPeReRE8SERS, okFNtARIChvEALibAd an endpoint for
polishing or to determ ne the Thickness of a tayer.  According to a prior
art control process pre and/or ' 5 post neasurenent of wafers with either
manual orAUATRId e dardback £onteplids DPTEQIREA. oDV SUEIE L Es AVal | abl e by
which it 1s possible to neasure wet” wafers I mredi ately before and after

pol i shi ngramijeculare swhicer ivaferst HEheolntegorted clhecyir$ azeebefore and
10 afiter qolisii it 1S [ e,pol lshing. paraneters, and
theré?ore, toé&;#né%é%h%%p%lﬂﬁénge%%rl efags%fi%%ﬁ‘%?%%hlg fon. However,
such pr e semi/ernduositine asurisnsnta vietd ot beee s Afieexli depshtbge ohat t he
first

each layer, features of the electrical circuits are
incorporated, e.g. by etching. During the sequential
procedure, the upper surface of the substrate becomes
20 more and more non-planar. Thus, the surface of the
substrate has to be planarized in order to provide a
substantially planar surface.
For example, such planarization can be achieved by
chemical mechanical polishing (CMP). In general, during a
25 CMP process a substrate is mounted to a carrier or
polishing head. The exposed surface of the substrate is
moved against a rotating polishing pad on a polishing
platen. A polishing slurry is distributed over the
polishing pad. The slurry includes an abrasive component
30 and at least one chemically reactive agent; thus, an
abrasive chemical solution is provided at the interface
between the pad and the wafer in order to optimize the

polishing.
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or the first few wafers have to be polished w thout 15 optim zed paraneters
- they are polished "blind". Further, during a series production the

appear anogo@hb/igtee wafers might vary; the pre and/or post mpegagoesn@ss net hod
is not capable to consider such variations of the wafers. In order to find

the correct endpoint for polishing 20.several endpointing nethods are
avai l abl e. Current nethods include neasuring tenperature, friction,

vi bration, sonic |evel, and frequency. Further, various optical

measur enent sIargengaalable, is. Jesietbéet tei tynirad uClRFe pirocesikess .

Unf or t unat el t he [ ogesse 25.n rk.for_all _substances, in
particuIa%EW%E%eEnégx?ﬁgaiéap% géﬂ%%? $%5m§92%5ﬁ f negnggon seeks to
provi de adeetihminanthanthpprnesasofhachageri.gate or avoid these and ot her
disadvantaggﬁ and. lim¢tations.of tgf rigr irt. 30 Brief Degzription of the
Drawi ngs FI GC9OFHRIsEReRaPT¢O8r & n§°8 R+ pRFPCEFSaPtRe A4 mechani ca

‘pol i sifi ngpeppanesssrenent dofgwhBetBewdbhpeeshnatr mavaali of; WO 02/18100 3
PCT/ 1 BOL/ 01532 F| G _2 ggowg a Eart of a wafer; 3. shows an enl arged
?C nao

f EFl G
view of a@pEPPabicrfge LEPE 18 BROGETRER oRYERSPE @FSgram of a

et hod acges i 2191 & Oby henpeBSeat iENYeBEiBNe toSmPakakkegebesairieREi on of the
Pref erred, Enbodi ment According_to the present invention a nethod for

measur i ngtBed 2Ee1ighesaEet #BF BEtarsBPLacEiBY - aRuShfectbeonprises 10 the

steps of :nsel€6+iRg 8¢l erat EQAGPE: BnMBASHREMBOL FaLEeLRRHRE o8N f ace; taking
a picture of the surface within the neasurenent site; and analyzing the

pi ct ukle, 2fepepgobbskingnihgishropsibini kg ebaupei BheopolAshinef ace.
ACCOfd!“Qpéfhﬁ§9éﬁ§[ éﬁaegﬁeQEfBPg,pESSS§EihE¥§“Eh8“ beianiagparatus for
neasuring a pO IS |nchon It1on O a surtace or an o jeCt conpri ses: neans
for sel ecdunina &osaries produabisnr eHewevert espaht heesanfidor; pesans f or

taking a pi t f i LhLn gk sit.e; nmeans for
analyzindg%%%&%g%gé?6H§%§8§0§8§6¥%%?ér%&%?ﬁggﬁgggggF?éﬁiEggcgﬁggFion of the
surface. Refehei Agrsb F@ wafeaspbairehtagbpl roénshedcuichesta pol i shing pad

12. i ndow: 14 ] i LNt oli.shing. ep pd in the polishing
pad ?Eﬁndﬁg¥% l%%%igéf%ﬁgggﬁglz gﬁﬁgf%Fgléggﬁg#gﬁs %ggPﬁed by a 25
pol i shi ngriretldex nofiusimana serpesi prodedtibndehet Apppalkkeabiengfplthken 10 an

XY stage 18| i ded_t hat i i ght 20 and a |ight detect
22, DI 1 YRR ArPAREERFY: oF BEHBEF| FHGY PAt BASEONROALAPESRECS500 I . For

exanpl e, idendt obdpsOUECEo 200A88deRes36n! vghiadebrst 6F 2Renadflesposi ti oned
cl oser together and/or in,different angles éo t he ﬁafer i6 %han illustrated
in FIG 1. \ARi2f{eh bP thedaFRangerERttngpdpoint for polishing

20 several endpointing methods are available. Current
methods include measuring temperature, friction,
vibration, sonic level, and frequency. Further, wvarious
optical measurements are available, e.g. reflectivity
measurement methods. Unfortunately, these processes do

25 not work for all substances, in particular when an oxide
is polished.

The present invention seeks to provide a method and an
apparatus which mitigate or avoid these and other
disadvantages and limitations of the prior art.

30

Brief Description of the Drawings

FIG. 1 is a schematic drawing of a part of a chemical
mechanical polishing apparatus according to the

35 present invention;



be used to vary the optical properties. Further, it is also possible to
position the |ight source 20 and the WO 02/181f10 4 PCT/1 B0l 101 s32

| i ght detwet@@nsidd nuch closer to the wafer 16. This al | owecapgbi/e@si on of
di fferent polishing nethods. ' According to a preferred enbodi nent of the
present invention, the surface of the wafer 16 is oriented before 5 it is

| oaded on the polishing head. A singlé€ polishing head or a plurality of
pol i shing heads nay be provided. The rotational and/or translational

posi tion EthhE ghbwshangabheadfmaywhé€erpni t ored by a device that may be

i ncl uded ol i shing head or, on a shaft of th Q pol.i shing head.

Fur ther . BiGovs cERRKS BB PRLAGABH SAeFndLosl PG tof aon 20 M or der to
‘moni t or tmmreal shbwe a0Fabivorakrpodi kyeamobft hempehoshiaagopidahnen 10.
Therefore, the real tinme rotatignal pgsition of the polishing head, the
real tine positibf BhetHEeESPFsHPﬁﬁnESOHead in any translational notion,
‘and t e real tlne rotational position of the polishing platen 10 is known.
Consequent |y, i s possible to, predlct the p05|t|on of any location on the
waf er 16 and @Qt%l%fﬂu%a%r PEHOBNGE pbl adaBeRtat en 10 at
any time during 20 the pollshlng process. ThIS |nfornat|on is used in order
to locate a neasurenent site 24 to be nmeasured within a fewmllineters
(mreasur emd@goxdirg 240 Fhe pregagtFivvegfiopya methhed Kpswhed§urdngt he

rel ative 141 Ons.,Qf rofb52 h day [ i shing

pl at en ldggééiiﬁﬂjﬂg %% ?éﬁggﬁ Bgd 1§Hr?égka8fg%ﬂt8 é?anobﬁ%ﬁ%%Eb whi ch
a meddur erpatstépe o4: oﬁelhetmgea lecaglabooé thmeasndewens, sWken a
measuri ng_ Si 2 e e _th pad 12, a
picture ot & %ees%? g%%gbf %gﬁaage#§ﬁgg?é ?gkgﬁglEgggé%étkgt&E%UOM/14 30
preferablyhéymessmgemehtghite$ohndianamyginglthenpnatﬂ?e Thaecaher a 22
shoul d be.a_high speed canera 22. since.normal _p shln rocesses use

1 Tteen tOERETIRTES oloF cHOrAERSRe FERSHEARRCOETRRE. SR8 roal &1 me
scenari o, tiREco8dYREYLS hanbtharoadpéctOOEakheapﬁeeéntemireﬁtloﬁvo

02/ 181110 PCT/1B01/01532 5 garticular ne sugenent Sht% % m croscope nmay
al so Pe BeFBEATREYP O HEBPREM P02 ing condition o

surface of an object comprises: means for selecting a

location of a measurement site on the surface; means for
taking a picture of the surface within the measurement
site; and means for analyzing the picture and for
20 determining the polishing condition of the surface.
Referring to FIG. 1, a polishing platen 10 carries a
polishing pad 12. A window 14 is provided in the
polishing platen 10 and in the polishing pad 12. On the
polishing pad 12 a wafer 16 that is carried by a
25 polishing head (not shown) is positioned. Under the
polishing platen 10 an XY stage 18 is provided that
carries a light source 20 and a light detector 22.
Different arrangements of the illustrated components
are possible. For example, the light source 20 and the
30 light detector 22 may be positioned closer together
and/or in different angles to the wafer 16 than
illustrated in FIG. 1. Variation of the arrangement may
be used to vary the optical properties. Further, it is

also possible to position the light source 20 and the




site 24 on the 5 20. Preferably, 22 are nmounted ont end of the opti cal
acquisition system obtain a clear picture, the neasurenent wafer 14 is

i 1lum natwed daysmol i ght source the |ight source 20 and t he ggmaBbi/giesect or on
a small XY stage 18 for fine positioning. The light source 20 and canmera 22
can be mounted in any position relative to each other and the 10 wafer 16
that is found to be advantageous. It IS inportant that the window 14 in the
polishing pad 12 is transparent to the wave length of light to be used.
Further, Lhghef&ectcabrt Re pRlchskilages tbr yhenwhlferopnts.cathikzehavi or has to

be considered. In neral,, it is, desirabl.e to _use | ower wave | engths of
li ght, siﬁiiogﬁcﬁpgiﬁgﬁ%WQQeOﬁeﬁé%%5r5P5vP8 15 rmﬁ§%9é§‘ resol ution.
‘However, theawawedhiaggths ampsie fleeredmeabod eewitt b ft k& amgidssnyat eri al and

any chem cals used in the slurry, which has tqQ be considered, 20 After
taking a pr¥ERFECBr the partase Ofe ther ¥pLeE gtse&isctoé”&etn&eéioﬁieﬁ%ec he

measurenent $kt @oaliBg BhCiLHee pbol 13RANYZ 8dadioh SUe1ANYMNEisMnd he picture
IS sent to a corrput er w th pat tern recogni tion software for _exact
nmeasur enehaflop#t roRluERAAFYN AL BlishéRg bradgpprypbealE?ddsideel s of

interest arergpalyzgdiohie anal/%s! %I%fnsﬁ.g.%ig%’llégl ORI QYIS A Ry mation e. g.

on the reflectivity and on the color. The re ctivity can be used in order
to find apcéhgpdngat hgadi mgyabeemonigoriedhbigapdevass, thadch may &edpoint is
reached 1L88a" 8kl eRbi Bb 8SadU8 38t e L. .of the netal

| ayer. C&? g.or.ﬁitrige I§y2¥sﬁﬁﬁ kne?g ggn Eegf%§%§Eb§Eggﬁgrnining t he

col orllbf phdighéagbbead-afuryihed., Radgvioe havabeoasncdudasoon iihe in
various e i s e prese iovent jan. r agpl.g, ..t . is possible
o 55 meabar boAniE: Bratsa APs o dsay S8 bR Fbey sBEIHSaY, ik © [

02/ 18100 PCeEAtBOhADIPBRi6iba offil yhiei poflédhtingt pdaspredOaf the conputer and
t he vi deo

apture, | G _2.shows schematically a typical urface of a
warer 16 THREEhER: bR reRL PelRorotss ones BEsTss BB B LorT o
differ entpﬁliﬁhih%héﬁdtuthé gaauhelimaf gbgieioﬁhefrumﬁr @blaéfhde@i gnle(lt es a
nmeas ment site ich is to he analyze uring, polishing. After taking a
pictﬂ&g tﬂ?ﬁaghntﬂﬁymfﬁa T&lpﬁaahgoﬁéﬂnlZ?HQhFEeWF&@lf%épﬁ picture is
anal yzed bytatpehhEr pok€€8BAI biFORhe0bbMaERIngOpkhEGen3 19haws kakwan! ar ged

vi ew of the neasurenenigsite 24. On the basis of ,the pattern recognition
software, a FPRESGRPBRMERNt 1EakSHBOSEAPEFelC BRREIECE. thFe POSEELONaNd

intensitigs ghytDcAtxshSoAl tha! ghgel Wt Bha 2cdekknadidanghipakobe
recorded. The recorded information is )
any point on the polishing platen 10 at any time during
20 the polishing process. This information is used in order
to locate a measurement site 24 to be measured within a
few millimeters (measurement site 24; FIG. 2 and FIG. 3).
Due to the knowledge of the relative positions of the
wafer 16 and of the window 14 in the polishing platen 10
25 and the polishing pad 12 also a point in time known, by
which a measurement site 24 on the wafer 16 is above the
window 14. When a measuring site 24 on the wafer 16 is
above the window 14 in the pad 12, a picture of the
surface of the wafer 16 is taken through the window 14,
30 preferably by using a high resolution digital camera 22.
] The camera 22 should be a high speed camera 22, since
normal polishing processes use fifteen to two hundred
revolutions per minute. Thus, in a real time scenario,

time is very short in order to take a picture of a



15 processed as appropriate, including analyzing the spectrum the rate of
col or change, the color alone, the intensity, etc. Thus, a nethod and an

appar at uswipl2agm@ui ded for measuring any specified point opdMmeelss

i ncluding the 20 netrol ogy neasurenent sites while the process was running.
The net hod and apparatus give an exac% endpoi nt by neasuring the actual
remaining filmthickness or reflectivity of specific structures in real.
time. Additionally, it should be noted that the apparatus is 25 capabl e of

provi di ngpfr€iantaposbaporembhigstieaspienBniscrobbopéd maoWalaof bew chart
di agr am of qgthod 100_f or neaéurin% a oILsh'ng conditi,on of a surface (e.
g., thickheed)adrthen SppREropd gt thGaPBRF1¢E} 2CIBIRLLASH £¥6TEBhprises the

'steps of sel egtohger! foacheaahi éanEaﬁEﬁgiélf:ﬁﬁBDt thbkt ReddueRmche surface;
taking 120, a picture of the surface wthin neasurenent ,site 24; and

anal yzi ng5418® theDi totrvatsrdbtetfi heltmenpbetshyng coaBtt SGHTSE t he
surfage. 20WO 02/181110 7 PCT/1B01/01532 Preferably, the step of selecting
110 conprises orienting 112 the surface to be polijshed; |oading 114 the
obj ect on a Peeierrbly heblde AnghkoRPuseengl1a8dr Ehat 1kghposetrstorof the

pol i shi ngyheads molRheE8T 8R! ¥ shl€1SkePsLhgbakhngol 201 APl CtUre conprises
providing 122 wi ndow 14 in poflshlng platen 10 (cf. FIG 1); illum nating

124 the spes$iceoninougbhei hightigouned 26kéng ¢a®enadlgi cah piecture.
Pr ef er abl f ' ' 0 WeY 132 pi xel
o1 o el Shotadl B0BL YIS L0 POBTEL “RcADOURLE! I BT 7, e

y using ern recogni re nown in the art,
t her elffor evanber i 16 ushatat ed) foand hnabgzadyandBdoehespi xel s of interest.

Pref erably, e ste f | yzIi ng 0 rises, 15 term.ning 136 a
rerl ectivi iyt asd e FERPERRBnE: wERoR EEHEnaF, PRt e Fm ng 138 a
color (e.pad,1dfis heramépearens pol tkéi wgveohdngtlhnof PLéfhtabbypbenet hod 100

further co i sing .t he steps rotagi the. obj ect; and takin ictures in
20 synchroHRSacTBRART n FRE PEFSFPnaE ERe i Bnarro s or FaRFHGoBI EPBn 10 | <
rotated agsk i€l Ubelsadl6r tAKENtbNheyBchELAEZEA | OInWéhek R, r otatisng of the
platﬁg. Sgtaii can be cogbined so that, ogtignﬁllé met hod conpri ses

rot ati®ng ¥Fet Rt EANESE heOPoF | YAV RgL BRaERR; Oandly FinﬁlﬁgepFHF res in
synchr oni ZaféOnvabd M éM@Lhot BEbRIde B bBEE | OpEfcaboresolBeishep of
selectlngﬂpreferably conprises nopnitoring a real tine rotational position

of the pdiFWRVHy Neldd; WavRi LSRFRES peh| Pe i pempabiRiat VoRE thSsition of the

pol i shi ngyheasly MREe DN tORENEnG EBShi 3161 W= 01 Rt tRBak1 LSyt i on of the
polishing platen. Wile the invention has been described in ternms of
parti cul a#hieh RAured beespreisdanadnet hods, those of skill in the art will

?gdg{@hagga% g%ﬁi}‘?gd&%ié@&’k@%ﬁtﬂéfﬁé&t@@ttﬁé #3£80t ki mted nerely
predicted to contain the measurement site, the picture is
analyzed. For such analyzing, the picture is sent to a
computer with pattern recognition software for exact
measurement location determination; then, the appropriate

25 pixels of interest are analyzed. The analysis of the
pixels provides information e.g. on the reflectivity and
on the color. The reflectivity can be used in order to
find an endpoint during a metal polishing process; such
an endpoint is reached when the reflectivity changes due

30 to the removal of the metal layer. Oxide or nitride layer
thickness can be found by determining the color of the
area being analyzed.

Many modifications are possible in various embodiments
of the present invention. For example, it is possible to

35 measure multiple points on a wafer simultaneously, which



WO 02/ 18100 that the full scope of the invention is properly PCT/1B01/ 01532
determ ned by the clains that follow WO 02/ 1H100 9 CLAI Ms PCT/1B01/01532
1. A net hwd d2agiooeasuring a polishing condition of a surfagg/nehi/ersobj ect,
conprising the steps of: ~ 5 selecting a |location of a neasurenment site on
said surface; taking a picture of sai% surface within said nmeasurenent

site; and analyzing said picture, thereby determ ning said 10 poli shing
condition of said surface. 2. The nethod according to claim1l wherein said
Step of sk$eshlnglimbpedsks: thei speedgosatdesdompaeetroahné phlei shed; 15

| oadi ng sai d object on a polishing head; and nonitoring relative positions
of said pbtTShi FPPHEET: 3. The nethod according to claim 1 wherein said
'step of takimgca Pishows SONemasesally areypilcay suwfadewocifnaa polishing

platen: i 1L 0ELI 0 o8l SUClace Lcough, a gy ndg and akige 8 diorta
-anal Y3 ngseadLi s€Sdi fiebpent neDgcRi kel Stehtiinber eat thy weireg aepattern
o O S mena 28 e N e 89 PRt B Snent O b8 SRS 15 to
be analyzed during polishing. After taking a picture
through the window 14 in the pad 12, this wide field
picture is analyzed by a pattern recognition software.
10 FIG. 3 shows an enlarged view of the measurement site
24. On the basis of the pattern recognition software, a
fine alignment can be achieved, and e.g. the colors and
intensities of the pixels of interest within a defined
area can be recorded. The recorded information is
15 processed as appropriate, including analyzing the
spectrum, the rate of color change, the color alone, the
intensity, etc.
Thus, a method and an apparatus is provided fox
measuring any specified point on the wafer including the
20 metrology measurement sites while the process was
running. The method and apparatus give an exact endpoint
by measuring the actual remaining film thickness or
reflectivity of specific structures in real time.
Additionally, it should be noted that the apparatus is

25 capable of providing pre and post polishing measurements.

FIG. 4 shows a flow-chart diagram of method 100 for
measuring a polishing condition of a surface (e.g.,
thickness) of an object (e.g., wafer 16).

30 Method 100 comprises the steps of selecting 110 a
location of measurement site 24 on the surface; taking
120 a picture of the surface within measurement site 24;
and analyzing 130 the picture to determine the polishing

condition of the surface.



30 5. The nethod according to claim1 wherein said step of anal yzing
conprises determning a reflectivity as said polishing condition. WO

02/ 18100 wWelxhBfhe/ 01532 10 6. The met hod according to cl aipgrhpehéise N sai d
step of anal yzing conprises determning a color as said polishing
condition. 5 7. The nethod according to claim1 further conprising the
steps of rotating said object; and taKing pictures in synchronization with
said rotating. 10 8. The nethod according to claim 1l further conprising the
steps of rotetéhgrspigd, pehesbtap pEakebecantgt akOngoppetivees in

synchroni zation, wth said rotating. 1S 9. The hod accor di to claim1l
further cOMPREIRY %%2 §F§p§u6FathEPihﬁ ESEHSgE éCEOQﬁangaﬂgng shi ng
platen; anshdakidg Ri sbULSHRihE B¥AERT 8REZAbhOBoWihE Sakdregkativeg. 20 10.

The met hod according to claim 1 wherein _said step of selecting conprises:
noni t or i P FEePs t Phethet BPL&FRENG0BPRAoN of said polishing head;

“moni t@ring @f@@éﬁbﬂﬁ,tﬁﬁesg%%paal tBRShEi 0D00hk pakfuze eghlﬁiﬂisag head;
and nonitoring a real time rotational position of said polishing platen.
WO 02/ 181 vreHn®oizd1sdndow 14, imnpappahangsrisreredSulrég a polishing

condi ti ongfk . a U { 2¢6m0h280,9b) 861 thEOBRLEALRIENFBARR {9haRK! §9Ling a
| ocation of a neasurenent site
and taking 125 a digital picture.
Preferably, the step of analyzing 130 comprises
10 determining 132 pixels of interxest by using a pattern
recognition software (well known in the art, therefore
not illustrated); and analyzing 134 the pixels of
interest.

Preferably, the step of analyzing 130 comprises

15 determining 136 a reflectivity as the polishing
condition, or optionally, determining 138 a color (e.g.,
of the wafer) as polishing condition.

Preferably, method 100 further comprising the steps of
rotating the object; and taking pictures in

20 synchronization with the rotating. Optionally, polishing
platen 10 is rotated and pictures are taken in
synchronization with the rotating of the platen. Rotating
can be combined so that, optionally, method comprises
rotating the object and the polishing platen; and taking

25 pictures in synchronization with the rotating.

As mentioned above, the step of selecting preferably
comprises monitoring a real time rotational position of
the polishing head; monitoring a real time translational
position of the polishing head; and monitoring a real

30 time rotational position of the polishing platen.

While the invention has been described in terms of
particular structures, devices and methods, those of
skill in the art will understand based on the description

35 herein that it is not limited merely to such examples and



on said surface; 5 neans for taking a picture of said surface within said
nmeasurenent site; and neans fox analyzing said picture and for determ ning
sai d pol iwbi@gsegndi tion of said surface. 10 12. The appampgiygopsicsy ding to
claim 11, further conprising: nmeans for orienting said surface to be

poli shed; a polishing head; neans for | oading said object on said polishing
head; 15 neans for nonitoring rel ativé positions of said polishing head.

13. The apparatus according to claim 11, further conprising: 20 a polishing
platen havidlg gnd PO s8BZ8SoEOEht! iﬂ%ﬂ@ﬁ.bﬂgiﬁggoﬁéﬂrﬁce through said

wi ndow, and neans for taking a digital picture. 25 14. e apparat us

accor di nieteenined 12y thetabrivsnphati Agllawpattern recognition software
for determ ning pixels of interest; and nmeans for anal yzing said pixels of
interest. 30 15. The apparatus according to claim 11, further conprising
means for determning a reflectivity as said polishing condition. WO
-112/ 18100 PCT/1B01/ 01532 12 16. The apparatus according to claim 11,

further conprising neans for determning a color as said s polishing
condition. 5 17. The apparatus according to claim 11, further conpri sing:
means for rotating said object; and nmeans for taking pictures in

synchroni zation with said rotating. 10 18. The apparatus according to claim
11, further conprising:



means for rotating said polishing platen; and neans for taking pictures in
synchroni zation with said 15 rotating. 19. The apparatus according to claim
11, furthgp @QRHI Si ng: nmeans for rotating said object angcgaséh/@abi shing
20 pl aten; and neans for taking pictures in synchronization with said
rotating. 20. The apparatus according 4o claim 11, further 25 conprising:
nmeans for nonitoring a real tine rotational position of said polishing

head; means for nonitoring a real tinme translational position of said
pol i shing head; and 30 neans for nofLREMENg a real tinme rotational position
of said polishing platen.
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monltorlng relative positions of said polishing head.

3. The method according to claim 1 wherein said step of
taking a picture comprises:
20 providing a window in a polishing platen;
illuminating said surface through said window; and

taking a digital picture.

4. The method according to claim 1 wherein said step of
25 analyzing comprises:
_determining pixels of interest by using a pattern
recognition software; and

analyzing said pixels of interest.

30 5. The method according to claim 1 wherein said step of
analyzing comprises determining a reflectivity as said

polishing condition.
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steps of:
rotating said object; and

taking pictures in synchronization with said rotating.

10 8. The method according to claim 1 further comprising the
steps of:
rotating said polishing platen; and

taking pictures in synchronization with said rotating.

15 9. The method according to claim 1 further comprising the
steps of:
rotating said object and said polishing platen; and

taking pictures in synchronization with said rotating.

20 10. The method according to claim 1 wherein said step of
selecting comprises:
monitoring a real time rotational position of said
polishing head;
monitoring a real time translational position of said
25 polishing head; and
monitoring a real time rotational position of said

polishing platen.
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10 12. The apparatus according to claim 11, further
comprising:
means for orienting saild surface to be polished;
a polishing head;
means for loading said object on said polishing head;
15 means for monitoring relative positions of said

polishing head.

13. The apparatus according to c¢laim 11, further
comprising:
20 a polishing platen having a window;
means for illuminating said surface through said
window; and

means for taking a digital picture.

25 1l4. The apparatus according to claim 11, further
comprising:
a pattern recognition software for determining pixels
of interest; and
means for analyzing said pixels of interest.
30
15. The apparatus according to claim 11, further
comprising means for determining a reflectivity as

said polishing condition.
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means for taking pictures in synchronization with said

rotating.
10
18. The apparatus according to claim 11, further
comprising:
means for rotating said polishing platen; and
means for taking pictures in synchronization with said
15 rotating.
19. The apparatus according to claim 11, further
comprising:
means for rotating said object and said polishing
20 platen; and
means for taking pictures in synchronization with said
rotating.
20. The apparatus according to claim 11, further
25 comprising:
means for monitoring a real time rotational position
of said polishing head;
means for monitoring a real time translational
X position of said polishing head; and
30 means for monitoring a real time rotational position

of said polishing platen.



