WO 98/ 03305

PCT/ US97/ 12386 METHODS AND APP. THE
| N- PROCESSYPEFB¥PF ON OF WORKPI ECES %%%"ﬁgﬁs
RELATED APPLI CATI ONS METHODS AINDARPDARAIAIS BOR THIE| ated to United

States patent applicati OINRROCESSSOETECBIONOF SMORKPIECESy 9, 1997,
entitled "Methods and Apparatus for the I n- Process Detection of W)rkpl eces
W t h a Monochromatic Li ght pgJquk$§ B Ao ated to United States
patent appl i cati on nunber TTed Jury 18, 1996, entitled
"Methods and Appgs applscation id fﬁatéd‘ltoFIUﬂﬂ&EStaBEtpﬁt’eht applichtion nummommcm ifiteda
CVP Envi ronnent . TECHNI CAL FI ELD

10 5 Janumedpio9demtitlediMatpdyandohpnassus fgeteleiPropessRetpriion o Verkpieces with

gfgg;ggﬁ éﬁg’ gﬂé{ecth? Qﬁ@hﬁ%o ce,’ @Bﬁ etgcf'ﬁaﬁ:ﬁ Ctgﬁr{x?eﬂ%thﬁé ﬁ?ieﬁ? aﬁplfégm?rbr\lp ber

process, afkeANIse, ﬁeatm@ulsarst% ErfitRA “Mapicnéasld prkmmfer the in-Pesesd Degctidreof

i n- situ, in-process |oss or breakage of a sem conductor wafer using
reflecti véNmrkpl&css in a CMP Environment.” BACKGROUND ART AND TECHNI CAL
PROBLEMS 1 5 The productloimmci rcuits begins with the
creation of high-quality sem . During the wafer

fabri Glﬁ | 0N pr GRRS SrestlSinVYatRSrellid, YRAGENP, 18UNBIBAS and appATatii fof deRttfy fig:
and diel ectric and conductor deposition processes. Because of the high

preci si on presence exfuextemhedus tohEctsr onl uz tprocessing t tlement dtlem & ehemigak ynechanigpl
extrenely flat surface is %gnerﬁ? é?nee

h
seni condudasariggios (CMP)gne p%ﬁ‘ﬁ?@&‘f aé‘r}g’%bog‘;[rﬁfi ﬁﬁ‘f‘ﬂb‘% %ffdsekeﬁgngz i

m croel ect Eﬂ,&h&rﬁ&ésy%sg ?5r£ﬁéé%%ﬁr£ﬁﬁﬁﬂldﬁaof Gﬁfe‘f\’ﬁglﬁg réHctios 8 tléES the size

COﬂtI nues tO ecrease an

of integrate
m crostructures per

waf er surfaces becones r e | nportan Ther ef or e, t en ach pr.o Si n
step, & i hey sm@rtwon eEé é@&ﬁf‘“f‘{) GUGRitS Peginsy, I“Qﬁ‘a\r,'\f;"z FTEHOTS L?rf f 5’@3

the wafer to.obtai | € wafd d Iﬁﬁlﬁﬁa
di scussi O#%};c&ﬁ@%ﬁgg{l?erg ﬁuﬁ %E}féw%%ggas)ﬁgtﬁn I[r%‘aééb b r‘)hraoceénsagsunaﬁrcfo P
appar at us m#fRg, etching,fant déstemid and cAndllc,torellepc&litan ﬂdocﬁsseﬁ’aBeamIsM thethigh pre3isin

I ssued February, 1989; Arai, et al 099,614, 1iss
Mar ch, 19%&quitedin g'qelpgodl@po&pf thesg, ngegqagp‘gﬁguxpg@angct@gg W@g u&g é&"’h"EﬁIV neeéle(fj

R

Such pg i ShicFE1dctron® dtriehpudbdif Erestedioh thedafse bafadel Asithe bizel of iraegrateti icirguits
one side of the wafer to a flat surface of a wafer carrier or chuck

and press mgtutm toderapase prrbths PUMBET QiamicFosHEeIESS per integrateds GILguItiRereases, 1ge ¢ need
f | ;
has an 1Or SRSt Hater SO b AS T 6k "ThHERe eRMcnHAC frabBiting Wy, i

al um num gy usieally neEetans RGiobisk af plAnarid the surface ainheatvhﬁ:r tpabthincthk dlattest surface
abr asi ves. Coer"rerm ally avail abl e polishing pads can be forned of various
possible

t e nu er of
: MS for precise

25 For a discussion of chemical mechanical planarization (CMP) processes and apparatus, see,
for example, Arai, et al., U.S. Patent No. 4,805,348, issued February, 1989; Arai, et al., U.S.
Patent No. 5,099,614, issued March, 1992; Karilsrud, et al., U.S. Patent No. 5,329,732, issued July,
1994; Karisrud et al., U.S. Patent No. 5,498,196, issued March, 1996; and Karisrud, et al, U.S.
Patent No. 5,498,199, issued March, 1996,

30 Such polishing is well known in the art and generally includes attaching one side of the
wafer to a flat surface of a wafer carrier or chuck and pressing the other side of the wafer against
a flat polishing surface. In general, the polishing surface includes a polishing pad that has an
exposed abrasive surface of, for example, cerium oxide, aluminum oxide, fumed/precipitated silica

or other particulate abrasives. Commercially available polishing pads can be formed of various
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inadequate in CMP environments that employ a large amount of polishing slurry and/or polishing

slurry having a variety of colors. Furthermore, the presence of slurry, deionized water, iodine (or
other CMP corr;pounds) on the pad and on the wafer itself tend to mask the reflected light signal,
30 preventing the signal from being properly detected by the photo detector. Consequently, many
presently known workpiece detection schemes often emit “false” readings whereupon machines
are shut down and processing halted even though all disks remain intact within their respective

carriers.
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surface of ja CWVP pol.ishing table, such that the probe projects a beam of
light at t hethus needegyhichPYRicqmes the gl&ﬂ"f“&&%?%%/&fé??epﬁﬁortqﬁg beam conpri ses a

narrow-band of wavel engths; i rimMAB}%Mﬁme”ed enbodi ment, a
nonochromatic |ight source is “enployed. ordance with a
further aspect ¢f acberdpticeseith thepreséntdnyention, miethods and tapparatus crel@esvided which

detector for detecting a portion of the light that is reflected fromthe
pol i shi By osercemeranyRiithe shortcomings of hepsiriagur ed to apply the refl ected

signal to a conyerter,which.converts ;the reflected |ight ,into a .

anal og el ectri c: Pa%qo&??gf:gwx one preferfed ety dﬁ’&‘g@radgﬂ eelsﬁﬁl%mmeﬂm’é‘gﬁé%?‘e
of the pregghir JMERBIIFAINCMIN BolMhirpiabR, shélf tHaP MECHIoBE préjedts 2 bBPLE BZht & e
processor that produces an output 1ndicative of the presence of extraneous
mat eri al  polishing table spfhtes hvhegeipatle beam comprises a Aarrawt bandaok vavblodgthenin a
of the present jnvention,utili.zes a substantially broad band Iight

source rat H@F’C’t‘haﬁ péefjﬁﬁﬁ%ﬁﬂ i it qquamcivso&ﬁneél_g%} ?P‘{r'f‘ﬁléeg‘r@?yd’finent, t he
out put 18f the def gedoPiance with 4 SirtBEOLBES 4 Y presenPIHvEMi o MO b RirieRIncludes a
accurately determnes whether a wafer or a wafer fragment 20 is present on
t he pol i shidetgetpafbr dytectivey a/portion ofthe tight thattis vedlectbd frant the palishirg tablet fthe detector
det ect ed signal.. In accordance with yet a further_ aspect of
the presenis sopligued ghapnly the raf??%‘cfg%ﬁ[ ©ra Conve“erf"fhéég?ﬁé’l‘ﬂ’@'& feflected l&ﬂi’[‘ dip én
on the pol [shi ey processor will send a signal to a CW

machi ne co%@%??lg%qﬁln% ately stopping processing of the CVWP nmachi ne, or
at | east those Inaccordanccwith eduriter aspectonfltol presendineestédny tiaf duzpited thycdnverter is
| ost or fragnmented workpi ece. é{? . The .above and ot her advant ages,
of thelPr e2rRlied R\acTEESFOT RS RIRAYCER AR SRS indisAtivE of the piesence of exHangoys mterial
for detect] t he: ce of a workpiece on a polishing pad during CWP
pr.ocessi ngbﬂ&e&qlsg{@%%g’n apparatus may include a probe assenbly di sposed

proxi mate the p@lnifatrag qutsbdatien of Hatpresent invéntion pfilikss asabstitiallydtoad band light
intermttent optical comunication with the polishi ng, pad as at | east one
wor kpi ece sasrgs rethes thag agnonaskromaticdighh souserd, Inghis egrhodisernt.che ewtiprt pithe detestor
direct an jnput | i.qght i . 1.Shl

recopt or cOARGETd esofun it B ocltic P SBebinlEpRer Bl e rgement
scatt ep@d {fsipe8ehhion Hergodiskingpad be apallyziap thrgrefledlive haorefstisiof didetgnedslghal.
process t he captured signal and _generate an output_ indicative of the
presence or absbheecwfancenwitk et @efusther aspect Bé th prespitnigvprtipn, if a dislodged or

PCT/ Uso7/ T3EENS8 waler 8 detected on the pofghipg: s -pIFFRSRF Ul 17 BRGNS ® CMP

FI GURES  machine controlfdrdith@ediatey 8topfingRR6¢dsyig \bf @He TMPB In&haiEploaray 16dPthose
machi ne useful in the context of the present invention;

Fi gure 2 i Brogessepwhichgoukd herpdvensely adierted &y dhe osigurfeagmentadoprkgicssr exenpl ary

orientgakion 5 | r Ge. Wi t.
Mventton, - The Endlethf o Salnlagel P HE EBRIRY MR LB AN I one form by
appl yi ng agh appafitisofantdtedRtingithsresenbe 8f a workpiece on a polishing pad during CMP processing.

Such an apparatus may include a probe assembly disposed proximate the polishing pad such that

the probe establishes intermittent optical communication with the polishing pad as at least one
workpiece is processed on the polishing pad, a light source configured to direct an input light
30 signal at a surface of the polishing pad, a receptor configured to capture a portion of the input
signal which is scattered from the surface of the polishing pad, a processor configured to process
the captured signal and generate an output indicative of the presence or absence of a workpiece on

the polishing pad.
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like. %"cc"ca .zxtagarkénggr?ﬁﬁ%l?sﬁ%x\%q%g, Figures 1-2, a wafer polishing
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present invention. Wafer polishing apparatus 100 suitably conprises a
waf er pobf siemef thepribse whi ch accepts wafers from a previous processing
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the wafers back into wafer cassettes for subsequent processing.
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i ncl ydes an nl oad, statian 102, a wafer transition station 104, a
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each 28ne tif output of 4he optical detetior tpidetermmest at Workpietd és whithé présiThe prafegred

embodiment set forth herein relates to the detection of semiconductor wafers on a chemical

Figure 8 is a schematic view of a probe assembly in accordénce with an alteri¥fe

mechanical planarization (CMP) polishing pad; it will be appreciated, however, that the principles
of the present invention may be employed to detect workpieces or other materials in a variety of
processing (e.g., polishing or planarization) environments such as, for example, hard disks and the

30 like.
Referring now to Figures 1-2, a wafer polishing apparatus 100 in the form of a CMP
system is shown embodying the present invention. Wafer polishing apparatus 100 suitably

comprises a wafer polishing machine which accepts wafers from a previous processing step,

4



rotatable table 120 wthin wafer transition section 104. Rotatable table
120 'al so suitably includes a plurality of wafer drop-o ' 118
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on one of polighelandadpitimyallyf rigses kheuyafetsatand meloddsahe twatfere baclo intp [wafertassaiteg dor
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present invention may al sq be | oyed. i, circunstances I t.all .
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cepect v ARG Bt 179y P2 0 s o SRIKIBHE ol i
surface of the wafer will be polished or planarized.

30 After an appropriate period of processing time, the wafers are removed from polishing pad
126, and carrier apparatus 122 transports the wafers back to transition station 104. Carrier
apparatus 122 then lowers individual carrter elements 124 and deposits the wafers onto drop-off

stations 118. The wafers are then removed from drop-off stations 118 by a second transfer arm
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particularly preferred enbodi ment ofthe invention, each probe assenbly 129
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detail ed description of an anal ogous probe configuration is disclosed in
uU. S. thaahepresen phvention oy Seremzployest inglsy eairext of virfuallg any numpberof ppdisking

Thin Fi | Mengybrdoreyer, the prB8Eat RigtRion may a5 R B mqVs 8 S0 g AR AT B
probe asge mg%oﬂs?&gé a0 ﬁﬂﬁ:ﬁoiﬂn? Byt tdEsame timB! $8£Btampl, RkdyOfakisrd Jaer
conprises a usi n

310 having a biTurcated fiber probe 312, a |ight
sour ce 3i8ssetteshry oty fuyindividual avorkpiedes in 4 single gassette. Cahsdquently beaause tBae,
a processor 324, and, | a CWMP contro r 326. enpl ar rkpi eces 306
o Ronnrantiendivearikpiger ke & Sl MP machiie pHER BB T RS OBy Ho YRR
table 12 rd ] ' [ i1t | 1 and 30 2. For
clarity, gtcﬁ%egfg%%rﬂogigﬂn%gﬁg)ﬁ? sﬂn?)kf’ ?éaagipﬂgpg% Egﬂldy)%( lkz.ibrlgér(%l"'nﬂ{ih:tﬁf'ed fromFigure 3.
Pr obe as ¥kl confineed sefaenteatl Figmard, ed rgspectiverprobe asseanbdly d28fiersafthbly
above) polishing table 128 and olishing pad 126 ngh t hat housi ng 310
and pr obeonfigurad enavafereasderappaIsaist I near sagd camier elemenp 4. sk 36g01588Ce B0 2| n
particul %&ne&fa&%%@%%%ﬁbﬁﬁn%ﬂ%@%&éﬂgﬂ eﬁéflﬁ)r&él atsée'ntlﬁy?‘gﬁ irs%&%‘fyéonﬁgured

6
PCT/ Y897 kd etft8lly engage asastalpprtiohtdT e puliisitihg pad uefate adjacear ¢ack cardppelements 2422
in an area that wi%l al |l ow the probe, to have a field of view which
enconpas $edetesiithe presrass phextianequs aterialiseh por JooRe fgeewater, or a wafer fragment
accordance w.th e+l ' : i | '
it abi y o6 the'SfhACot BOUBAELAE A0 dLARBLy 1 BBICP Beidibolbis i RGP
that a fiFggere’l3 ¥n@'\8. 3iBtHef codesh of tlis deswiption,Lpolishing pazic26yisi onef &xaniplobf ahe
carrier element. That is, if table 128 and pad 126 are . rotating

count er - praneksing elemgnt withwhighthg presantiigventioa anay keropfigured tointerdglope 312 s
configured such th [ f fra ' . ' - af
vi ew?13 i medPAE%F %%%ﬁgfg}gﬁnér%sgp éc%ftﬂ@gﬁéep%%\g r%smyqdhxlxe@]a}ggurlﬁpgfré.ﬂﬁ“g

thi s mangegrob®noheoafipadlty McSuel sukface titictérigics lof daets \baingr polished bprICMP
waf er fragment as soon as J)ossi ble and will stop_the pachine before other

waf er s capparetus(00d dndefeiied dpsaiiption 9f an anajogereprobe canfigysatipmisaliseiased #t Hrd ng
| ockwi robe. 312 will fi el i i
CL O <l RS SRS P21 L 80 MRk i Y2

accor danggr pb 7h- PeBcedt Melabdemen 6T Eilin Riyetshe present invention, housing
310 and robe 312 nmay be angled so that field of view 313 is naqt

subst2nt i al | y Kedenpmgonaw o Fighnerd, ga¢xemplary pogbe aaseraltly 408 SR accoBIaRE Prt e

oo B SRR T B0 el B S e
with a papticcuah@r shopbddkedsethos b ol opi %gal gﬂmpe&ﬁé&ter 370 @ prb@or 304 and

di
wi th continued reflerence to Figure 3,” pro 12 suitably conprises a
transnit aaCMPaddmerdlles 326. Exemplary workpieces 306 are shown being held by carrier elements

124 and polished by polishing table 126 as described above in conjunction with Figures 1 and
30 2. For clarity, the other components of apparatus 100 are omitted from Figure 3. Probe
assembly 129 is suitably mounted proximate to (and preferably above) polishing table 128 and
polishing pad 126 such that housing 310 and probe 312 are directed at the top surface of

polishing pad 126. In particular, probe 312 may be mounted under the multi-head transport
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through which light is transmtted fromlight source 318 to probe 312 and
onto the t of polishing pad 126. Simlarly, [?pﬁ

further co‘gr{%rg?}sbé;‘soga receptor cable 316 through 20 which ||8‘f1 %ec%ﬁed
fromthe posamdilyyiida)akick iy paatef ¢asrier wwmtm §2@ incarpares shistwidk alovgde probe

Phot odet ect qr 32 C reflected I| .e n onvent.s it,into
an anal og gq@c‘fﬁ‘q{?&f FligeS #’lﬁﬁﬁf’ OB At {ﬁr&rp‘?q)é{m&?g\?g? pg Si{‘BgB ad.
digital signal ﬁ%&fdﬁée&vﬁ%ﬂ@nm&a@@zmbeaﬁ%% Wsing 3103%h P?&@e ¥18Sis suitably
digital signal 330 fromconverter 322 and anal yzes | accord to an

al gori t hmmountefdibosaandadzetmwp dach detreer relaneent 124 ke thatganﬁbldl d’ viewti Jdatdf\each

of wafer or fer frag nts bein pre ent on_the polishing p If a
waf er o ga%l?agﬁlﬁﬁ etly en drome @?éée Cﬁr@éé tsz’lemséfhdg aéje 12 agq?@ﬁéﬂf?éaze

CcwP I | e | )
10 w1 ol Soui clitibie, dsThb Wiy BV 14 dePFidte I 0ol $1 2 B ER Eed
be sanpl equbly thik QR@faSeeWatey frhgihent) lel%htc@ﬁhéldjﬁshé‘@@m %ﬁx&ﬁatél?%pﬁmcbﬁﬂn

may be substantially continuous. I n accordance w further

aspect of Chi’iedgndésmtthe oamreri mrhis nginmeawobeasmbwwalaﬂbd@&t acbstpdgeslemafer

T oo g SRS PRI AT S L S AlEL LS e sl O,
t t e i t

ST L5, SBSAT. AP 90O ol e LA LDckBR! SIS 920 b2

fsun t ag Ie kahfigierad kb ﬁm ﬁsnwfaeewmw ﬁtzm&ueaeo &dﬁ;ﬁﬁkuwa@sf edeﬁ%e&&r efetaedrabhke
rom way

Cor por ati on of Imswémewlsan alternate embodimens|of ﬁmnyﬁsmm@gtxgm@ammgﬁm and

suitably co er t|c prefe

virtoal |y PR ¢hma B roRll B S MR ok fienni2 ¥ SorriebFinnaly pyPRRRRYHF Sithpad
i nterrogatibgn AJ &@&!sséaebélow i#t tho@Mersl, Hdkihg 390 taﬂ@ p‘P@Eé@lZeﬁﬁyaaadatﬁ%Eﬁsbe
at |east a portion of the 5 signal refl eéted by "t he wor kpi ece.

Si ni | 48 y angledtwidetsptano 3ROpatmd sthizve oprienine readigsmay sui tably
conprise virtually any photodet ect r,and A/ nverter rentl avai.l abl e,
In the préﬁé?qfa%f’cér%‘ Prﬁ’éﬁt““ ahyopstrst rRodimenty %ecasﬁﬁsa irentonuAnd

0 S A s A AL e
conpr i ses throligh aftdetnlifhe 13 rahirhirted 3bok Hghcowe 3t B o pootei3jaraad oaso thelop surface

PCMCI A interface wth processor, 324, such as, for exanple, nodel, nunber
PCMCI A- 16BDAgolishing pag\iZs| a%maflyomqh«ré 1R fysthen comaRiisa Tegepton epklay 16fthrough

Freno oces 3 sui t abl

Cenor 20 it Bet fleqred from she Rolis P FRER e Ml &R P bb G AR R0 320
from AD pheY&de&iios22D &@stveﬁh@%ﬂéctémhg&ﬁrehe@ ARAIBADERS § 1hicPdR StddRblectrical
326. In the preferred enbodi ment, processor 4 is suitably configured to

i nt er pr et sighgh¥28 @BGhin Surmmdonmeebp adigiwalsignel 330t 10 noavmmﬂéﬂeﬂ%mmsbr
al gorith f a.waf.er r. fragnent is esent on polishin

126 The 3PhEFRIRAIEL R (ERgurEY 1% R Sictudiii thatkoRtim
reflecti V?dﬁaﬁf,e%iclséléiwf té Ql%te%;ﬁé"ﬁ tHP kxgﬁﬂ' i Qnd]é‘aﬁ'xv%%? iver WW&@&S‘;}&&H& Being
pol i shed, ‘regardl ess of he typ pol ishing pad used or the style

'of wo2ibpi. pessedeom cheppolishivggipadTt Hﬁa Wsémeasr widehfragraent is detepreds prm:essof' 312415@&15 a

FA AT VA N R N AT e
par ti cul apl o eaal%a&ﬁ& (BEPSTLIREL of che polBAE5EPALy BEduibel BY toBOIRLAE 129

any general ‘purpose person
at any desired rate or the samplmg may be substantially continuous.

In accordance with a further aspect of the present invention, light source 318 suitably

30 comprises any source capable of applying the desired light signal to the surface of the pad. For
example, a tungsten halogen light source capable of emitting a broad band light signal, for
example in the range of 350 to 2,000 nm, and most preferably in the range of 400 to 850 nm.

A suitable halogen light source may comprise a model number 1L73A98, available from Gilway
7



This Sheet Has Been Replaced

Processor 324 is al jﬂl HMEﬂEﬂ lﬂr |gured to output sr gnal 332 to QWP
controll er 326. it o al 332 is a binary-
signal i nﬂoo&/ouog t ﬂ g%ﬁ%?* rEJIJqH rkpi eeen97/i13gs

polishingpad 1t will be understood, homBﬁ%(rACEBhat signal 332 may enbody
25 any stiPSHTER A8 AT B8R or char act eri SticS aboOUT the pol i shing pad

surface 126 negleRedhy cdbles 314 akdBY6 ¥ulthls FHo?rﬂﬁ"isc'ffgeQr I QB8] qn:%g O&Mgrred
I "en

controll er 326. I n accordance wi'th the ferre
i f si gnalend®elimnu, oattgsll)r ay @quomtqrampfbeaemployed\arrlath hassfheorile delivdrodged
froma carrier 124, con#rol l.er .326, wi || |ckI shut dqwn t he

mot or's ofPFHEBIAL Higha s(‘f%pi) gty spm)eteghwoa Gaptpresattleasha pertins of the

f b
Garmoed, SParoece Py PP oritte, Pty BEGGRE RS 320 o WD 2 may

cont rol | euirdbdf comprisovipriatly aayqﬁpﬁdc&t&twﬁr&)’D%ﬂ#&&r&.ﬁ&%ﬁﬂ&%@axlable Intht he
CWVP nmachi ne S main ‘gr ocessor/controller, or controller 326 nmay

confi gur ¢ qseé)qnbo fent, photadetagtarsuiiabl Y Comgrlsdsemodcbmtmb&x'ISéBSéB ﬁﬁmkdalp fiam
Conf hgur ?19 amsﬁr ! &4/ r 9 eO%SO 5ap3a%4 SuﬁﬁarY\}nr, in the preferred embodiment, A/D converter
PCT/ US9753238Rably comﬁ]@se@ﬂpf@@}iaﬁh@ld 12Wbi0B 0L e ?ﬁlvérazrtéa g'{ut 4 #’ ¢ﬁ¢{

326 conprises any type and confi gurat i on cont ro
shut # Ongintendacetvhich phviRessac B243such as, for example, mbdel mpebatPOMGIAL AIDAS] Sullasle on

of probe ass ly 129 articul ar, an exenpl ary met hod
(al gorit g’f @?ngﬂen °’6"|Bf‘*1‘3(:8{Jl Fregrapnt) Crltfommigr obe 312 will now be

described in 7. As bri ssed .above,
di 1f er ent typé’;écgrs%&’%r. Stk WY bR phindF ol ey b Rctfipepving o0
char act epinplt signal 1380 fiitrh IAVD ednvefdP3 Z0AdshlABAR PRI GUsaralQe TG si al 326.
di scussed i.n nore detail above, may utilize at least two different nds of

pads: a Brthemroterred emlmimsm, BEOGrSSOTARH Eruiseblyrcanfigured ino niteprat signal 330 and

b | | I gh h d
oii hSgoHEreldior-eiin ekl o o mPd aloBien st o ider s atfigrm et n
pad 10 6® b@ﬁﬁmﬁ’g\ CE! MieradlorRhs is Si@bBNDk E‘l'ircH L SARHE %.Eslhot;et e 3By

vary for each pal Accordingly, it may be prefer to enploy two or
nore pr odmc@msaxppafrélelpphs_mg pad amchite workpiece being pbhdiednmghrdj&é of dleg:ype efie

f h tj.vel t
ol v Bibite ety BF 62 Bt S pickr bEpg melithect AR fap ik Ao prssence of *
pol i shi nﬁr@%rﬁftﬁof slurry aﬁdll@ri'ggﬂmzfeh %la?e'??tlﬁle ?Fo&ksbgw Be atflé od tjﬂﬁecﬁ 'ﬂ?%% igﬁc? he

al so changed accordi ngly I ng now to FiIgures

conf2@ur ar wafenbr Wefes fragmedorathe padobea arficulatly preferredembdaimdhs prseedr s a
primary, gﬂ, col qred pad. In accordance with the preferred

enbodi rreﬁ‘l’t“‘“ OERINPISes 2OV SERETAY BIFROseIperianel eampumsry di sposed at an angl e of

O L0 cP s 324 LIS Rl S BBt 35904 B ROB S 26,
and 5. Sinvhe @réfymcpembedman,r sign'il 32 isuibirapy Yighil SRiIsRThgaROPlesaRE BF ':a])setnge of
about 60 and 20 prrﬁfer ut 45[err fromthe vertlcal axi s of pad

126. ThlasWP RIERS\AR BOA PRiL %gaﬂﬁ Ja¥dll e ygderstood hagreverthat signal 332 may embyi ng

oper a |te Light down ont o polishin

pad 126 6 i1y Hﬁﬁgl;er &%%rrn? ﬂmer g‘ll é}r‘r%ﬁ%&ei@ @ﬁ%‘f ‘é’ﬁ&ﬂ‘rs‘i%ﬁg B2 &Péo 8cc, 126 BFc8s5aryER, en
t he charcumivey tlsd propep infohfiation to tHel OMPoonkidllet 380! ored pad, reflected |ight
340 wil |l be reflected fromthe pad in substantially all 25 directions as

shown by ar r olesa@oedange Frithutles prefdrmed embodiareneyrif sighel 33cmdicates shasowadr a
pr obe

e

fragment has become dislodged from a carrier 124, CMP controller 326 will quickly shut down
the motors on the system, stopping processing and ensuring that the other wafers being
30 polished, and the CMP machine itself, are minimally damaged. In a particularly preferred
embodiment of the invention, controller 326 may comprise a separate control device connected
to the CMP machine’s main processor/controller, or controller 326 may be configured as part

of the main unit. Further, controller 326 may be configured as part of processor 324. As will
8



312 - will receive sone of the reflected light. As a consequence of the

pressure of the slurry, dei oni zed water flow ripple, air bubbling,
' carrier ay0®8m30A, and |ong termdiscoloration of the RSHAUSHOAE8Ener gy
recei ved HaypBrRRedby one sEitled iR the/argRaiktrolRY 320 cataptites GaYorphe ke confiiration
ener gy whi ch woul d ot herwi se be received absent these factors. As the

pad becomésonwpHeritapablef shutting doprethefoMint mathinecei ved |ight wil |

decrease. Usi a light-col ored pad he ;amount, ,0 i ght . feceived
probabl y i | | %0@%%?“@5“’%8% of REqpedgmbty 129, 4ld in pamigls? &5 FETRIA o
Figure 5, ] r t: ' 1 YS A . .
carrier ér ééﬁn%ﬁa\l@%?t W@gg%&%&ﬁﬁ%#@ﬁ&“@?@ ?‘JFS’E? ?‘?g{ipat edb? (ri%sr%r IB?%gle
312 wig | cefjimetibntwich Figures 4-7. As briefly discussed above, different types of polishing pads

WD 98/ 03305 , . , L .
PCT/ US97 exhibgalifferent reflggtverchgractggisdes. In pastiolar, GMP anbiskiag appanams 1981wkinh iy

‘pad. | d i hi . th - 3 f th
G si i not enrencnvech dal opals B nilihCless e dERHTRHBR g B Spstinar ™

reflecte d 9 10iEh (gBRerwily @khibfts @ sUBétents4) et PRt ebloragnd DM nl
Fi gure 5%??9}@%%? tgj@ra]r;egirmzl substanti al PSE%I}%H ning a cg)ne CC nI ﬂ'y

accor danpelisiing) padiiwehicls generallyf exthitsits amnanh derker color. BecmmsCofthei differeneminapugl
fromthe verticagl of. about 20[err] .- 4%[6err], nd preferably ab(%ut 33_[&err]
f r om'Phe colors ange‘ﬁqsémr%smrﬁr the, apglar plasement,of arebe 31)gBav Jarpiensady pads
oriented ,at gte r | | s o
the pr ob&ie T E7 hay SERSHrrRLE Etolox sova, & ASHEFIAEY th Wb Bent 109 Br ek
vaf er. Waghiet BRm2ho ¢824 2Ql, 02 dor ek idifésrer e bfibad Gsbdc Altdigadively, dpperakioftd
refl ected by the wafer IS not received by the probe, the processor
det er ni nesayt ingluds andy ene robwfoseach eaymen elemsst, soch that achesthgpelishing psdnare a
signal to, CVMP,control]er..326 to shut qff. the chiyne. ..

Ref er ri nGhHER eﬁi“éﬁﬂ’&h%mﬁ?f& Of,tﬂf 350%565&%F%6éﬁ59°5@¥1§m'st ics of the
secopdary, daRflrring now RACigHds!l4 RIS REe dbafigtsafsh of Houding 10208 Priied N 2tHlIS
enbodi nent of the |Event|on, housing 3 10 . and probée 312 are angularly
ori ent ednatv dbodisci88fdefor a- pooReyr,r lighirdlqredfmdablly abotdands [vath Jthe rpreferted
pl ane f the pad (angle D), .or about, O - 10[gerr] and preferahl bout
S[err] fE J@%n@l@mga}%taaﬁtpﬁ%bep’éa ae witably dissioseckseyn angle o abputAaad abaws
this aspeggd ' | 2R, Whi ' . ' f e :

surface §§ ?)rgéop ’%g%alﬂgérg%ta@r ;wel}r!m{ae%ée r#ﬁ%(?ﬁﬁfgﬁﬁ%#gtﬁ lgéio'\?m%ts ﬁglﬁgdg?g?t%d ?isr?g glg)'
Because @f intFigugdrdand 5. Sintibirlgt picber3 121s alsdeuislslp ditposedpbout 3099b abbut 408 and

| i ght eneréy I's absorbed so that probe 312 wi | | .. . detect_Jittle, if
any, 28capresetahly, alrentt4de fromyhe vemisel axds efradpl26p eThis issshommgindFigurespyband 5 as

- S5[err], tﬂhﬂ li,ght reflected by the slurry and dei oni zed water wll be
out si de e1‘°’I'el d of view of the probe, thus 20 ensuring that the probe
detects |ittl ©RingWpesftin, Fdbad12 suitably projects a Wiatelight Howa®Htd polstding Fadri26i f
a wafer or wafer fragment conmes withinthe field of view of 11 ght

343, t henkirgtarrier Elenizat 124 (et b whaink Figuren4 amdad)e aGofenabo whamtter@ofseef fhe

accor i nBrsrbateelopsaptd sb%ed Beft g be efected S fe B T erenpa iy <!

onl y 28[ effrberfdrid s Qﬁ‘é@ﬁfb?i AHOW 340 ih Mibhte §.CBRHMEnTaBRerS S LeREREr SdifiBE of %R:!I@e
f 2 5 Thus I e

the wafer. , 1T processor %%4 receives a signal indicating t
pr esence3t? wibfreaitesbrhé ghthe seflectpd bights sAs a consequendel of dhe pressure dfithe shurry,
waf er is present and, send Si |.to CMP cqntroller, 326 to stop the
nmachi ne. detonized water tlow fipgleotir u EAHex pEitatipRed g &enmy discoloration of the

RSN B Ohi .
Gittor 1 PhehEetiy hRfived RO o Bt ey SBLRMORLS sboy 7% BF IR chftey
‘angul ar  3Bidh wenldasthervied bdweusiaabsdh thad fREsree A3 1Re pabbdeemas itk dicolored,

accor di n%l y ) . .
30 the amount of received light will decrease. Using a light-colored pad, the amount of light

received probably will not be reduced by more than 50%.
Referring now to Figure 5, if a wafer or wafer fragment becomes dislodged from a

carrier element, at least a portion of the white light radiated from probe 312 will contact the
9



Referring now to Figure 8, a schematic representation of probe assenbly 129
I n accordance with an alternate enbodi nent of the present invention
is illustNQei0IBOs t he cont ext of a typical CWVP envir arcmEuss7/1Ressher

agan uti | &afeRp@r Qva?érq%?g%gggs bbpéked 9tHeGRliskhS B&. ARSLPH dince With this aspect of the

PCT/ US97/ fi¥888on, becausesafi thelldisyinicn cefledeee propentes of ehle izferethietlight e8 will be

configured o emt a,spubstanti nmonochr oprati c |l i ght beamTor use
as an mt’é"r‘f‘ﬁﬁ’ YRyYArds 35}8‘8 gfje%‘b‘efr@éfﬁ?“ B@%ﬁ??’g%%@%@wmvéaa ight

refl ected K njerrogat |

514, and 23332 uangly WANSHERCCIC, TRIRRN G Sl S FBial B Sdtne
i nto abcomnedl-Ciigitah a8zl ffoaw tH&v@ﬁcﬁBﬁiH&t yot Imeaxﬁisﬁx‘éférﬂ;lfgboutgo from the
therewith. It should be a reC|ated t hat control S|gnal

associ at eperpendicud fTherefore, lbmsn‘labbe g2 scdrrdnceﬂ atcahamgbtcffralbstxt %
and t hat ont r ol naI ital nt at.i rat her
than an ”éfh‘g‘ll (a“g%e AK}H}LC Pr° ‘?‘Pfe"PE%éﬁg d-%ﬁ h%ﬁh&f@leéﬁ%émmﬂm ,

probe as y\xa,geg t least
enmitter Zﬁg@} det ect%? gd%?sagﬁ% %c%ﬁsgr g ag*?gl V%%tlhﬁt hhgt}%%gggkf%fi %yrt&ﬁg’ afer
ass;anbl y is r::m@ dredﬁ@ed b)lr she %aaddjey tlsebﬂrctast t ﬁr detehnhiaatha]?m ‘Ivifgi; (2)8 Jnf?aférsflng'%ﬁ@xQ' \ﬁaso‘:j
appl yj 0g the i ght si o) sur f ace of polishing pa
196. 1Q disé s ‘j’é’é%ﬁ“ﬁﬁﬂ@? By SMB porfreling 326 1o shuyothdegnachine.

substanti ol | RERRAIEAIPL il PLasds bl beamcener ated b, an LED sou e
Ltd. of Jagamll(sow bediskyssédd %tabédraﬂ'xc%%mh this erRRdimBRH GG he BRendidf Hfoéi@%)o-

Those skilled in the art will appreciate that the present 1 nvention
may uti | iand panbe 312 arabmaﬂepbo@eemscémbbyt 8099 9e%maiq$refeodblpulmﬂmssh§rom the plane

produci g eBRPFb R ap shett O - 167 S piebeatly afiizos  rodh peapERFRS o the pad
al t erret QaggID o8h) MeDhccBiddree vﬂﬂ?ﬁ*ﬁ‘? peC ;@E{lé 913 tgcgl? vat.J'h s rﬂjgﬁiected to The

referenceto Figure 8, emtter 812 s inte ogatlon Si

814 to arsuefa@epfmed 126 heartcanrier elemens t24 (aos}ﬁﬂr& 1ﬁTFxgm}es 6andJ).pBecahstbof the dark’
Ref | ect ed naI 216 Whl h nay be r {ﬁb@é&gﬁd fromp |sh| ng 20 pad 126,
wa er f 1 GGIRAHSR b Eht,05eRdAIY (Al BT O BF)TES A thegrbed so ther probe 317 svill

transmt I,ﬁr}gr ce| Ves ef | ect

| i ght enteir%{g:‘git)(/:I Ht\/t\)nflfan g@é%%h%auent %2)%\%1& gg& pm €4 an &#?039%85“ gﬁéﬁf 1[\5}5

control gefigredd the sturby end dé¢iofized wardp vl e Dok ydeCidie fﬂ%ﬁi 8vib® of tRé PRSRS Hus

826, ichis c gure% to process control signal 820 and to produce an
ro

out ptY si€GHHINS ttheP Fﬁ‘é‘feéféﬂtﬂeobﬂotsmtepmesence of extraneous materi al

within a fiel vi ew 8 | icshi ad 1 It should

that pr ocessogieg?émﬁél ovf)éoll?%c%é-gzb#ﬁt AT, O ERTSS, i 5?35?0@?4""’(‘5‘@5[@? ?Eggofg‘%‘%
in of LiPRETA3), etk Ihk Rviffi Ibg Wefecid KAk 1B Yn b&'a@a SERNALE/-BPR g&:{%ﬁakular
ot herw se cooperates with the machi ne. As descri be

det ai : &0 the Wpﬁeo@ess@r @2es M{ﬁldelbowtxb@préngjmabec&d% prékeer312 i dxs nowcagihlagly
8 t t t

e dos cr EHEAREB RO R 8t Bt BSmeRiflerat ot ey bE SABErD{LEaK P estr.

mat eRisal Tihie)5f 5590324 ﬁ@exaéseaasxgﬂedetd?cahhﬁ ltge B;ese\ffcg\gf g&l%céggq%hg Nfie P@ée?s%r

voltage is neasured Wi thin the erm guen

appar at usvilldeterafinaithe 4 mfnrun@resaﬂu argl dehé apigabs €MP caxirbaéhemw&bﬁrthw
proximate field of view 824 when the anal og voltage is not nmeasured wthin
t he pred&® ®ned range. The voltage range indicative of the presence

2‘1 extraneous Biuid Bt nbrad RE&RL Alfletive characteristics of the light and dark polishing pads

are likely to differ from each other; therefore, as different types of pads are used, the angular
30 orientation of housing 310 and probe 312 may be adjusted accordingly.
Referring now to Figure 8, a schematic representation of probe assembly 129 in
accordance with an alternate embodiment of the present invention is illustrated in the context of
a typical CMP environment. Rather than utilizing a broad band light source, probe assembly 129
10
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 PCT/US97/ 1238 establi shed by performng enpirical r Vit

tests for \)@’rﬁ%ﬁ’?-’é"ées (e.g., sem conductor wafers) un?eéf'le/ggvgﬁ%ty of
oper at i ng saisatdy inchudss an dhfaned LoD resnitter. 8 Ihenfiginted ge emitragmnbemaytial ysmohechromatic
sel ected ording to the,operas h?g speci fications of probe 129 or

ot her conﬂiﬁﬁéh?ag Eﬂ% usH frEroggfipn signa a defgetnn 84 5 isentigyed &0 rceiyemiratleated

redeterm i | | t o 1Of '
P har act er (S 898 pFoduied DRESIHSE 8 iofert QARBEIRAM 8 %) BTN Sbfiirer B18 contigureq 10
age, or thenberkeeflected sighalr § Heintoraccoriimt syl 82@ haolrdgage analogevoltage associated
associated with the. r fbectivi.'% ﬁ'fgfthe waf er, the voltage .. range may
al so be cdbareyihel SP%‘ﬁﬁ ¢ appyesiafd that pontrol sigpal 3@ maydr asspriatedyith any number of
characteristl t Shi I . ' t h ]
procedure .ﬁéuﬁ&b&f elE&ﬁcal |§P e Fﬁﬁ%ﬁ%gj P g}rlar%nc%{r%ﬂhsgé%flé’?&p H@g geb& fr @g%p Bﬁeﬁ?’}@}éﬂl

| ower vol t@Her than @f ahdl6g Sighalve of a 1 0 first nunber of polishing pads
having a first reflectivity range and a rel atively higher voltage range

i n]g: cative of dndhsexemplanrbéemnase Clpbbdilshhﬁg;qba@ssehw lh@ ia as éntegrdl component that
For  exanp FuAtain SEEe BRIRE 812y ceireBR BT o Bpistir s % Wheii ot irobs sty

100, #lge poesehRhRlyRERCHSiAIBRatcARBG F12s MWREBIE of I ehnk Mk dcSired light si
approxi mately 6- 88130| tg, t he va(l)l t age rarllsg‘\é@i ndiocgélf}\?/legof I érﬁt lgoﬁ% % to the

pol i shi ng sprdake 825 of pobishingy pad 3 26apps alesaritied| aboge, vintermgationd signel 8b4 tramyebe a

range indicative,of dark col or.e l.i shing pads 1 i's ve

appr oxi mﬁ@?%l%ﬂrpgf}OO?%ﬂ%g&&@@ﬁJ@&bpqgraégn%ﬁqégg aé‘r@fb'ﬁrs@f”é’tea@%ﬁ preferred

sel ected : : X . '

The 11 kel Pisad ar ol 128 if@uliBbrcialy ayalR KM S RO EROUF Hnah clrferty Wb iR o

t hese exeput anmberd®$-49@HF2R88S). dihesaskilledinahslatwilbappretidte tHaethe pogentihvédiion

preseng i nvent i.on, hat the actual voltage |levels may vary from
t

.. and .
appl i dat i awyt%llyﬁp#qyc%{ﬁaeﬁhpfﬁ e assembly 129 gapable, of, prodysingpiptersogation signal 81,

initial tpapRk I r L:shi ctivity

char act erlfeg:tE f3’](1:‘;5#91-06?1 egﬁgg%ﬁ%ﬁf mgd; ‘?’gk‘%‘ﬁgb%g“a& l?%gglggrilo?)r to the Cw

pl anari zati on j swerianee withdis alternat@etmbadimenpkionesknt Rvemon) endlesth icobtitiet 0
conpensate for fluctuations in the reflectivity of the pol i shi ng pad
126 due t &ferenge to Kigurs) 8o emitics 412 gitaplydireciednterrpgation sigaalfj 4(te an argaiuppa thegap

procedure . ' I L i f: [ Shi s, .126
B e ampl oyiiyep STRbr POUSEAE bEHIAY. ReAREd el €1k MilotFhrRl be REHICEM AlhnBRf e
i nvol 20 dpddet26,ngafer fragments (os bliBAkxttaRohOFRAFal)0sluftybf @@alikedRs transmitted to
signal 814) at an area of g{)l i shing pad 126, e.g., proximate field of view
.824. The d¢testar tp. DetectopBbrregeives the reflestask light gnesaviovizick is subseqauently copverted

l ed t ' t 1 f : f ted traini
ot anal (oPaPatet 8 FF Pl ek R ChBierPsiisankBie B e Pert it Bibeersr
pol i shi Ng8YRANHIER is Chnfi@itéd & pidaesst domtrdl Bgnal QLS & PRAuBE ah Vit gharigh b
any desired anmount 30 of slurry, water, or other "normal" processing
mat eri al singicatenef the peseree of extraneoysinaterapl vithiez felded view 824 empelishingpad 126.

e 281 o ad b gk e o A1 ARG S
(i (2) nvert ercohh8cticn Wit qUgintd 3) orhHCES S 8Epalal cofiporY that otherwise cooperates with the
CMP machine. As described in more detail below, processor 826 produces output signal 828 when

control signal 820 has an analog voltage level between a predetermined range.
| As described above, processor 826 indicates the presence of extraneous material proximate
30 the area within field of view 824 when the analog voltage is measured within the predetermined
range. Consequently, apparatus 100 refrains from indicating the presence of extraneous material

proximate field of view 824 when the analog voltage is not measured within the predetermined

range. The voltage range indicative of the presence of extraneous material is preferably

1
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PCT/ US97/ 12386 sui tabl e conputing device (not shown) nmay establish

t he vol t sgeesiasgee associ ated with the out put t est skaEra$y7/i23ss. , t he
vol t age ekafell BY ipEabintifg SfpirRal feRERAY ebtd fhr RbripReSile BRI RINdLSBE WdrRgd-
The chet voeétigg:g rangegma;e be suitably estgbli hed %fr’perflorm' ng 9

st at i st iundér savasietysefopemting conslitions and ematonments. The veltaggirageonayf ascelnetdcted

al gorithns, .on a nunber, of ingdivjdual tes asurenents or sanpl es. 5

As with asmd@&ﬁ%mmwt%ée?qlgwoasabgwﬁﬁtlZgﬁhe@ﬂ ?ﬂ?’%nﬁﬂ“ﬁ?éggaéémﬁl‘??- Bt a
waf er or . | e 3 . S
out put Shaid begHPrpliatel IHTIRE i fing B StRaRY BydlbB it S bn 5B

i Med alchhicteisticsdofpolisiingTpadi 126, fodtxanpls] gidadolSr Gefievtivity! agelabr el Yike.

or additionally, trigger warning devices or control various other
conpone Auzthemmazp hgeanse thevodage range ispasopiatediwiithe reflestivitypfithe watesthe eoltage

out put signal 82 i | ' . ropr.iate.operating, 10 ..

par et EEg: mey it FEaRHp B bE BBty ARRPORERAIRIRRE R Y ics gt e |,
t he pr e?)grlg}ﬁﬁgslurryusgdrbgq&i,grmetCMprﬁédeaﬁmBlZ and detector 815 operate in a
substantially confinuous manner and processor 826 sanples control

si gnal 820 atPriordoperitrming thefCMPgproeadare, alreletively lomeryoltageprange indieative of a
822 .of the polishin ad be s | e .. probe assephl 29 and sanpl ed
coniRo1 U gibe” phpshing padnbedine ST ar deeg Visy BOESettn BiFuHiydichen ouns Mnes
the pr efiﬁfi&ﬁﬁ/ce&b&’gé&ﬁﬁtnmﬂ&%@?@%hﬁg $ad@ KRVIBS alsezond RHebBVity raR! m8¢ Geat

a frequency of approxinmately 10 sanpl es/ second. As described in nore

det ai | |esthblishett heiassimplar empiritad testingy aFpr azempldj my accordireedwithr thd prefegredi on
sensitivity or other | i.catiqn specific paraneters. ..

Pr ocessGF‘H’SQB“?FEyOEﬁEP%@Sam(RQQWeP&q etﬁﬂ'ﬁ’;ﬁ’ﬁgev‘ﬁ@ﬁf’rﬁpgeerfg{:a‘?ﬂaafﬁﬁ' Sefgetion is
recei vi ' ; : [ ut
i onal  SERSRIAGY 68 vols B e e L A PP R AT B % TR
conflisgumpprokimately érvolts tand tretvolthgesiangrahdi8@iveand dark kveloedulpodishiep padsc] 26H e atiose

a wafer or wafer fragne | S _prese on pol i shi ad 126, Progcessor. 826 is
Sui tabl gPRrgRERgly Q0. The fe3pdHHiEs olings SHEGerRALCIANE SFIEAF oA they do fo
char act et it , 3h1 ; Bl bal may
b pr o5 CrTiR, SortquRily 36 bRALRS (e REIIA S ESARRRHPn B AIck, 1t shouid bk WBked 10
126 and tisdt thiesy exemplaryueslthge rartghe aretnot enterfdedos kmitethe s@pé off dherpreseat invkntion,

Thus, even with the presence. of |arge amounts .25 of _slurry and/or
dei oni zéadmw,a%geg%ﬂe%mﬁg V&%J&‘B&P&&Faﬂe? R APPFH: esence of a wafer

or, waf ery f . agne . L Shi : uRat d ks ]
enbg I ment, &rﬁgz:esso?ioé% ﬁéﬂrb&?ﬁg{&?;@?? uﬁa%g?#dgg&a nu%ﬂléﬁgf}g?gﬁ{vﬁ?

pr ocess kharacterigtivs ef tise duireatpolisbihglpelkdd@$ prior to the CMP plandszaties prodeddrea Suck,
processor 826 is also suitab)y. configured to _geperate output signal 828,
i oh. i EPE Ot MRy SRIESINY (P B BRGRIrS i BUBHFRERD, OGE put
si gnal J: ' ' adi | t : : a
wor kpi e LoHhe a2 dleld kel LRPAriG] Gkt . T SAERENG ecbrARDIRRpRre ™,
be undemnsdydedartivalelyarseful vhen differant palishing|pad? R 6rany eraplopet)/ fremytime to tiraeli Aabl e
i nformati on or characteristics abqut surface 822 of polishing pad 126 .

nec &s aeyemplagydraiaipg procedyrg angyigpve disgctingadiagung sizealitanalogqus|to gptersogation

13 ﬂgfgggg’f)vg? BT %??Jolishing pad 126, e.g., proximate field of view 824. The training

PCT/ US9
procedure is preferably conducted without a wafer coupled to carrier element 124, therefore, a

reflected training signal (analogous to reflected signal 816) is produced via reflection from

polishing pad 126. Of course, the training procedure may be performed with any desired amount

30 of slurry, water, or other “normal” processing materials present to simulate the intended opérating
environment.

The reflected training signal is detected by detector 815 and converted into an output test

signal (analogous to output signal 820) by converter 818. Subsequently, processor 826, or any

12



Wth reference to Figure 9, an exenplary circuit 900 enpl oyed by processor
826 i s I llustrated as a schematic diagram Although Fié\{ﬁ(}ﬁﬁg depi cts
“two sim | aVPpMBEsing circuits, those skilled in the 23

recogni ze suitableppmpetispde8@G(nntshoivng oray @stabléshainy voltagbmnge fsspeiated ssithne output
circuits depending upon, inter alia, the nunber of probes 129 or, the nunber
of enitt ertgstgignal.g.e., th¢ voliags ra%edﬁg"&m%f tﬁemﬂe%wtst pfcthe gugensolishipg pgd.a hbe

brevity, r ' ' T | . SC | rei .
b 115  SEABSEIEEAEPOE IBAE Sl b B o SEBRARI-L T Doy
(ADC) 902, averaging exgforecasting atporithms ciga abbErdf iffididuslnest afeadireichtselraamples.

906. Contr ol ngnaI_ 820 is preferably fed to an . anal og input 908
associ a®ed wit AM@E.CH}WHH@WFW%W@BO%@W@ vathaFiggresnird; ifeosates or

orocessor WEF BARRENGE abRcBa ORI SLlblY dendi QBB Yol k' 10 CpRtplofibs
ext r aneous3aERHIgER 3h tun%ﬂnziﬁ&ﬁﬁed%&r SRutA0Wn Wmichine. Outpilt $2RAIFEIndy a\{temgatligélsl,

the predeterm ped vol tage range. In other words, calibration circuit
may dreadditianably ytriggpruwearmihg deviessoe nenttad vadoussetheratomponents of lapparetns |100f

var at i ondCHther ey TAeTge U mass cumsienst Bt nilapDi S 4 sdoral eerating

har dweyee. pAfaribtenosithe 5y dsth o Sedicd! db&ifthingfe bk ikeiibocdlOr BRMadd)CiN S Breferred
network of resistors 914 and/ or potentioneters 916 that functioh as a

vol t age diemtbaiment; esiittar #1 2bandndtenornt BT opaxbte in at substantially cintinubts Sbfineregnd
b | t tivel lized Wt | et f t ' t d
cgm? i gﬁ: ggyré)c\:/e%sc}gi @%%ﬁ%pé r?\émgv&(f?gq\,/@z%& aty a guitag{e%gm;ﬁgé-?%ggﬁ tglg]gggq y,atgp surface
cal i brati an)Qrtetdi d mfdy be sdibibd B 1 el
adapted 20 to C(Ljﬂntlrs}gﬁlg??\e d}elt ection s%ﬁ?ibtg?yiflf:@?/lyg@%?g%es %((r?cg'}%l S@#M%r%ay

pr ef er r ed bershbstjoanly, prodesseddiyrpredessor 826. In the prafetrzé embydiment? pracessof 826¢hmples
coupl ing capacitor 9%& connected between input 912 and the anal og

gr ound Shs SRk RIANSLR 2pECTFRCY PhapRpurakdly JoA0 samyrlesissend: s eesprbed irmores
h | t - H ] - I -

genor at ed (B velovy, 5By TRy WAk, BBl Wt AR elegoh BeieY yher
transi ent applidatiohepecific parameteresponse to certain operating conditions, such

25 as a sudden flow or_ripple.of slurry or water. Coupli nq capaci tor 918
control s the rdiracessorc§afygay includegny; geperal purposeconrelieniapable|of receiviag copteo!

i kel i hood; | 260 . er | o] f
pol i shi ng g §33 FepEhRENLA Sind BROIAGRENRRHILBa) 828, O e profBiibd BBolifent
tuni n@0 prooesot B26 itauitalily oonfipmrs tbiimeipyet @bntfol 0igasiB20 afid thereby determine whether

| nput 912, which r;g_y be a derivation of control signal 820, is suitably
sanpl ed by Watkr Govaerfragment s Resenh e golishing padni?6r Poacesson 26 is siitghly configpreds

h . . | . S] o l. .
hto cor r S gismbidBeREh-CRe e iPironsics o5 3BT PR D26 AR LGRS iferal
enbodi menthat My B¢ présentipdh ipolisHingpAd DB 2reg HATERS 611tA¢ tyye 8F PolisBidgSadd 20@hd slurry

nunber ADCOB0O4LCN, from Texas Instrunments. In the preferred
embodi nentsedorthestylegd yvarkpiess0opgingcpolished. Thus, even with the presence of large amounts

14 ' 8 .
pcry U257 P5 sy G ULHEEN woter procegips 526 it e fo gt the magiepts of a wafer or
resol uti owafér Bagmnentiompalisiing. fadvidiet sin 2paribdiy pieferred embddimbfi® pPocedor 8962

need not utilize all eight output bits, and digital words 920 are
pr ef er abl §uitgbleincludes a nymbsr pidigital processing componextsi(desgrbetbbglowd.i ng el enent

904 i's configu k%%etsgﬁt{eﬁ %gén){:?pr%%esggraﬁ% iSalso s%:%ﬁy E:onlzilgturefdrtg é?:nAePge output signal 828,

which may be fed to CMP controller 326. In the preferred embodiment, output signal 828 is a

30 binary signal indicating the presence or absence of a workpiece (or other extraneous material) on
polishing pad 126. It will be understood, however, that output signal 828 may embody any
suitable information or characteristics about surface 822 of polishing pad 126 necessary to convey
the proper information to CMP controller 326.
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5 902. Elenent 904 preferably nonitors each digital word 920 to determ ne
If the current digital word 920 is indicative of a current control

si gnal sawpla8/0d308i Nng a vol tage | evel between the pr @4AYERIRII38E r ange
associ ated w tgy; ' a .
oxtr ancous mat oL ereFRRE (o Puet o7l SxEhplafy WRLE 900 SRy Y pllkiihy s20
by a 74LSliiswded gahechematic diagramhalAlthongh Figaudret9oddplies oumd pirrilad prodBEsigdercuite)
exanple, in the preferred configuration that 10, 6 nonitors for_ voltages,

wi t hi n t hiboseskyieddn the ag will recognige thatFrocessor $24 anaydaeorporateagy numperof processing

associ ated_ . wi f.h t hig repr i vQlts . and secon

Mput s gpbidine BRof baliaid; the IR SE bidls 19 of Sd Rl LR a2
when the @ilizeBy appaiithal 00V tiRAake 60EIRGSH0E bAViF)SA19 Dn¥ PrdcB&Engéircuit will B
| east six volts but |ess than eight volts, the output of elenent 904 is a

| ogi ¢ hi g#escribedtheseisur r ent digital word 920 represents an anal og

ot put o o1 enbRteioop §:8ealy Bshdef BBl RbicE-SolisllSbiesk o Analed aiafass

al t er nat i 4@nitoring eleMBROIRAN hid ASomtpaEEREM J08" ddagoPRABkdITE20 i@?&k’érﬂﬁfr ifQio an
The output 922 of voltage nonitoring elenent 904 is preferably connected to

t he i nputamatog input 9GBuassotiated avithnADODH)2. An thel preferrdsesinbdsiiment, aunelpg inpd 208visy
be a single-pbit binary. si | ... Qut.put el enent 906 is configuyred such
Chat TR pbreanededtq  Blfriah bR 910 conGRuedao smebmas macesgrd O h b
number Ofwﬁélf‘éﬁx‘ftiﬁl'sY@mﬁqj'&Dt@'inH?@it% b gkiFRkSud Rterial €ar ﬁ@&em & Aczpét 664 is

si gnal sanpl es” have voltage | evels between the predeterm ne
det ect i orsubstangéallfyovithénx thegqmedetesmimeti ooltage range. In other workisncpliprativut gingtiit &1 @yt

906 provides, a neasure of confidence.tp reduce the |ikeljhood of
fal so detRecitany afivsied toampensas 108 Jerissiont Be ey cha spnasl gheanl EPprogherd by the

r epeat abl g ¢ r i I SUCSEN| Leth . hh&
exenpl ary‘ erﬁ%ipﬁ%"ﬁ?‘%%\ﬁﬁgﬁgaﬁ“&&? leﬂ %e%ggut gf%ﬁ%%%togbegtrécﬁrl)}dg@s an of the
ei ght1®i thardware. aRishdwi agFiguee 9 32libratiop kirchit 81 (ama LrE3tde M MDwg ek & radftorsIniaf t

e i Sme s B B dsep vl b et R Rt LAC TR
al | el anteiifidih iR SREGATRI AMiged bR aQlidty WPefbctbfic!BlnpBHE M hadddndighred
| ogi ¢ hi gch or el ght consecuti ve sanp gs. n response to such a

stat e, NAhRngauMmbEREL wiysoduces a logic |ow state 30 for output signal 828.
Qut put signal 828 may be coupled to directly to CWP controller 326 or

al ternati vel y, Theowpit of galitagion cifcpid 819, ien &1pus RRRamayibsicoppaciaddp asirsuibadapteg.
| t | ' . ' ' -

b SR S REnBBRRE R ey ALk OBh Ak BRSO ERE SR
processi ngaliet fb?lzt’QZd/ﬁiS%fgiSad@oﬁplhm dapaciet Op® corinetied between input 912 and the analog
15 WO 98 ] ] ) .

PCT/ US97/groumsbassociated svith ANC PR%-e Aihe reaisy Yahus plosuplipg caragitph 318 dntalrstrdhios

shown in FEi ) ' t
i nvent : onﬁﬁntg‘gll S@ﬁ% ngggé%%%un%%@gs%&myxggﬁkﬁw ﬁrgpég.%bmltbg ﬁ%ﬁg{&nml
chi ps f orsigial B26 Ry ekhibitteumbienttbaraciehiene iakéspbast tozetthia ope@ting cosdigows, such

processing art will also recogni ze that the functionality of circuit
900 My aasrcuddan flew gr Hipple ebsipzry gr water Sewpling w@pacitor 918 spuirels tig rate of change

ig_”St ruct i&']ﬁpﬁ@l?ﬁté aggigd}g Iey]rehn%. 0 1Rk Jﬁ%laﬁg?@t‘e@tﬁ 0k d;%%éﬁﬁgﬁ y

n and confl guration probe asse

in parti csutface 822 ePpoliphiag yad 126. Couplihgcapatitdri9 8 mityetei adiiistable tophatd@finsfuging|

fromemtter probe 812 w|l now be described in conjunction with

Fi gur e 8.0f the detection sensitivity of processor 826.

Input 912, which may be a derivation of control signal 820, is suitably sampled by ADC
30 902 to thereby produce a number of control signal samples (not shown). The analog control signal
samples are then converted into corresponding digital words 920 by ADC 902. The preferred
embodiment employs an eight-bit ADC 902 commercially available as part number

ADCO804LCN, from Texas Instruments. In the preferred embodiment, circuit 900 is configured
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As briefly discussed above, different types of polishing pads 126 exhi bit
different reflective 1 0 characteristics. As al so described above, probe
'129 i s deswWiodso33grosi ti oned at an angle relative to SurCEUBITA23860f
pol i shing RRHmLG @ggpgmlvgg ANt £ B ' rtj.cul ar - Js.positioned
such t hat ?rll)terro at i o%as_i;%nafm?&ﬁ{ef%&ﬁ?ﬁr g%ﬁ%ﬁ‘; ’{"6‘\%/{5?%080‘10."59‘1?55‘5‘38 n
126 at an Figgtre) 8DCIHOR weedndiGrititinelal? Bight outputbitg 68 AigianNtofisERe adbréfediblPfive
angl e of aﬁg roxi mately 15 degrees, relative to surface 822. The

al i gnnent fgf'g‘P%g-rray be sel ected according to the optical characteristics of

pol i shing pad 1 . rial. to be tect ed, or. probe 9
i tself. The use@glgaégpxg%n’eho?iﬂg)éfg%gegfg(?%s gﬁ%lggdeﬁqtrecewe ag?"iaﬁ'\fg‘ﬁtqu&'l‘t Pg m@ﬁe
consi st&nt902. Element904aprefiablpmonftoti dakl BigitavoMd 930 @ dewiRiie i@ thdliddedt Bifital
polishing pads 126 without having to adjust angle 832. Duri°ng
oper at i on, Weidi 920eis igdizative ehs cyrrpatojostrok signal sesipinbaving y voitage tevehbetween the
I'i ght ont i shin ad 126 .ne arri.er elenmepnt 124. G_ven the

char act er%g?‘lie(t:%m@?édpi%gg%sﬁ l?btgé T%%?get"?té% BE@eY;f P A¥atgn fragment, ;ps other
refl ect ed ekiraf8ouf takeaidl. Janky prefeyred eMBbE iz

appreci at ed_t hat ariil anount o}?‘EIei eht matynr%gi'r%g:#x‘g(Feltc@(ja4 sfér?h\z/arl OU?LI rlé%:lgpﬁtse
not shown skialfy peupled to the outpntiof ARIC 862.e Fopexadie,in\the prefertal confipusaivn thit
the li,ght reflected frompolishing p 26, as di scussed above in
conn eéﬁl oMARCF xII@F yeiages “Eﬁ?’fn "Z‘e rO%%l’sl ¥olisa tlement W ispkudpee G nput associgted
fromcarri St : Lty Qn \ nterr, i h,gnal 814 .
radi at ed :‘v‘rﬁ f)hmggm' tterﬁégefr%%nér\%af\lklo ?gﬁ? gg?%t%eg&\}éagﬁ enfm grg \%/Eaaftée)dr1“§f‘4ha%‘}r8f‘}§’,u‘ Qg
opposed t cepredentig foyr peits. TG, wherathe ocudenaigivil Word P2 Grepresentd aRafAlof Vol of
i nvention, lgecause ofb theﬁ_@i St.i ﬂCt re&l ective properties of the wafer

(rel at i ve 2t f§ast six valigbptlessthameight vodts, the patpyhefiphement 907 dna lagichigh. Hohe shmen
in reflec %;l,aﬁ' ' ' t 3 t he refl ecte
from poli ghl ngwgggbzl%gg}é%%ée?p%%%é g@ga?gé%sgrmaé:fy?@ése&\%%@%{ﬁﬁ ¥ {V&ES’ g’en
si gnall 582 ¢he outpespbelementod® isef logixt kv, s Etpngdnt 8046 niaycsmsloypatigitionalt fiedlteniaive
from polishin ad 126, 30 for&cessqr generates output signal 828 to CWP
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ar r angeneistmeakutede vari ous conponents which inplement the invention
vvithﬁéjé departing fromthe spirit and the scope of the invention as set
fort n t he awgﬁgwn@mmmodlmem shown in Figure 9, output element 906 employs an eight-bit

shift register 924 coupled to a 74LS30 NAND gate 926. Shift register 924, which is commercially

available from Texas Instruments as part number 7415164, operates in a conventional manner

such that all eight output bits become logic high only when digital output 922 is logic high for

eight consecutive samples. In response to such a state, NAND gate 926, produces a logic low state

30  for output signal 828. Output signal 828 may be coupled to directly to CMP controller 326 or,
alternatively, to any suitable circuit (not shown) for further processing.

It should be appreciated that the various logic states may be reversed or altered in a variety

of ways known to those familiar with digital processing without departing from the scope of the
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present invention. Furthermore, the various components shown in Figure 9 need not be discrete
elements, and the present invention may utilize any number of ICs, ASICs or other semiconductor
chips for purposes of circuit 900. Those skilled in the digital signal processing art will also
recognize that the functionality of circuit 900 may alternatively be realized with software
programming instructions rather than with the hardware implementation shown in Figure 9.

The operation and configuration of probe assembly 129, and in particular an exemplary
method of interpreting the optical signal from emitter probe 812 will now be described in
conjunction with Figure 8.

As briefly discussed above, different types of polishing pads 126 exhibit different reflective
characteristics. As also described above, probe 129 is desirably positioned at an angle relative to
surface 822 of polishing pad 126. Probe 129, and emitter 812 in particular, is positioned such that
interrogation signal 814 is directed toward polishing pad 126 at an angle 832 between 10 and 20 -
degrees, and preferably at an angle of approximately 15 degrees, relative to surface 822. The
alignment angle may be selected according to the optical characteristics of polishing pad 126, the
extraneous material to be detected, or probe 129 itself. The use of probe 129 enables the present
invention to operate consistently under a variety of conditions and with a number of different
polishing pads 126 without having to adjust angle 832.

During operation, emitter 812 suitably projects a substantially monochromatic light onto
polishing pad 126 near carrier element 124. Given the characteristics of polishing pad 126,
reflected signal 816 will be reflected from the pad generally toward detector 815. It should be
appreciated that an amount of light may be reflected in various directions not shown in Figure 8,
and that detector 815 may only receive some of the light reflected from polishing pad 126, as
discussed above in connection with Figure 3. If a wafer or a wafer fragment becomes dislodged
fr(_)m carrier element 124, at least a portion of interrogation signal 814 radiated from emitter 812
will contact the wafer or wafer fragment, as opposed to polishing pad 126. In accordance with this
aspect of the invention, because of the distinct reflective properties of the wafer (relative to
polishing pad 126), the amount of light energy contained in reflected signal 816 will be different
than the amount reflected from polishing pad 126 alone. When processor 826 receives control
signal 820 in response to a reflected signal 816 from a wafer rather than from polishing pad 126,
processor generates output signal 828 to CMP controller 326 to shut off the machine or to
commence other corrective action.

Although the subject invention is described herein in conjunction with the appended

drawing figures, it will be apprecijated that the invention is not limited to the specific form shown.
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CLAI M5 What is clainmed is: 1. An appar at us
for ‘detecting the presence of a workpiece on a polishing pa é?ﬂf a
‘chemi cal nWOPS9303| polishing (CMP) procedure, said appar atf}’s coérrdp??lzss_afng:
5 Vasiops mbdificatianstin thegeleginnand grrangementokpagis| ¢°§W§m§’a€’dldd’§%‘i§‘§§“é& eps

with a CVP ngchi ne,. .S ' e '

o Y B R s malREh of AR5, 358 TBhee ARl SR ot sowces.
pad as at c|,easier UAAHMOBLBIES BortvertBrs CARTHEstsSUEs ardiillugiehédsinithe Fivaks in schematic
a light source configured to direct an input |light signal at an area on

sai d sur f dore, it will be appreciatedithaterdp ther probestriegd be disposadapoximate thsoverkpigcessang
scattered |jght response associated with said 10 J.nput, Si | a .

2 or ocBes oplisiohs PesaREPTow T SEdeLeLeATPyRsTE Py b BBi Ry o P ippkpicce
response an er. ; [ 861

of 5 wor kg QeBY Tk 2nd quiF oRiRaliohd by difieth hORedif S0 EfarienRip GTER
appar at us vafiosd ednipohentshehieh implitnp tiecessmionceithmnit sieparting Huino dlet spitiband the
converting said portion of sa}d scaﬁtered I;ght response into an anal og

el ectri calsc@eg?féﬁqmﬁlﬁmﬂassﬂ ogth in thegppendadflaiM§s of claim 2, wherein said
processor further conprises an analog to digital converter for
converting said analog electrical signal to a digital signal

4, The apparatus of claim3, wherein said processor further conprises a
controller for anal yzing said digital signal fromsaid analog to
digital converter to determ ne the absence or presence of a workpiece
wthin said area on said surface. 20 5. The apparatus of claim
1, wherein said polishing pad is a |ight col ored polishing pad.

6. The apparatus of claim5, wherein said |ight source and said receptor
are directed at said polishing pad at an angle of about 45[err] from
sai d polishing pad. 7. The apparatus of claim 11, wherein
said polishing pad is a dark col ored polishing 25 pad. 8.

The apparatus of claim 7, wherein said |light source and said receptor are
directed at said polishing pad at an angl e of about 85[err] from said
polishing pad to elimnate a wet surface ef fect. 9. An
apparatus for detecting the presence of workpieces on a polishing pad
during 30 a chem cal nechanical polishing (CMP) procedure, said apparatus
conpri si ng: a probe assenbly di sposed proxi mate a polishing
pad associated with a CWPP system such that said probe assenbly
establishes intermttent optical comunication with said polishing pad

as at |east one workpiece is processed on said polishing pad,

18 a tungsten hal ogen |ight source configured to direct
an input light signal at a surface of said pol i shing pad;

a receptor configured to capture a portion of a scattered |ight response
associated with said i nput signal; and
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5 a processor configured to progmﬂlﬁlﬂ"imﬁmﬂwl of said scattered
| i ght response and to generate an OuMiat/ININEN Si Ml of the presence’

of a di sl oapeshizdy I | wor kpi ece "on S apEir/pS9711359sN g
pad. lgﬁﬂs %EZ‘ §E§‘I chti ng the presence of

wor kpi eces on a pol{i_ shi n@E Eduri ng chem cal nechani cal polishing
(CWP) procedurwhabiicthigeldd:at us conprising: 10 a probe assenbly

di sposed proxi nate a polishing pad associated with a CVMP system such

t hat sai d probk assAnipparaws fividetehtng thetpegsaidet afiatwargpiccaibn g polishimg pad during

W th sai ol i shing pad .. as at |east one workpiece is processed on said
pol i shi ng=adProcessing, compnsing | ght source configured to direct an input

| i ght ssi gnal ' LeSAi iBads : :

confi g%r ed toa%%rglt)ﬁ%&gsgor iogé;H %?ﬂgiagc(?g'{td{%?%% F %dhatssorcéast%dow&ﬂggshgg ?rgjtcg%e’

wi t h sai duth that sgidiprobe gstablishes intermittent optieal poraoemation withisgidrpedishing pad aests
said portion of said scattered |ight response and to generate an

out put i AgAst8Re werkgneqes Prcessed OB said PRlighing Bajed, broken, or ni sal i gned
wor kpi ece on - '  SIH N0 . . . 1ol ler ..
operatively coanll étse‘?cggg @%@p@?&%@gﬁl, B ‘\?Hlegrhélslﬁn gﬁtasg@eggng ?%%ﬁlé&%%ad’

causes sai d ChNAesssbredtnfigust apciptae additivh ofidaiddapaighal whivhiislscattRdtfrom the
11. The apparatus of claim1, wherein said processor is configured to
generfl e syrface of saig polishingRads 884 ve of the presence or absence of a

di sl odged, braok rom sall rKpis . Wit hi ' r aj
surf ace. 4 Sr%bes%or Wﬁ}g%ﬁ%ﬁ%‘%gﬁﬁ eg ¥ ﬁ%t%,drkﬁﬁ%lra% %; 0%33‘9']“3*%5‘%
sai d pr oGFskdprebénce @R hb@HEEOf 4 Wod@ieedntaid foliklihg pad.put i ndicative of the
presence of a wor kpi ece within said area on said surface; and

sai d processor.i s cbief anparass af slajole whereinsairuignadi soueqremprisell zangsten balogdne
absence 31‘ wor kpi ece within said area on said surface.
13. Th ‘@EB%‘F&?-US of claim1, wherein said input light signal has a

waveliggt h wi thi n 3Phd BEpdra0g6f clhind R PivBXieiiPdatl Prod@BoNeoiriies b phbfddetector for
approxinmately 2000 nanonet ers. 14 The apparatus of claiml,

wher ei n senverting saigwaptred light sigmal intp anpralogaletdcabmignal.  separated from a
wor kpi ece carrjer oci ated w t.h said yst em . . T
Apparatus of cl-a m TR garts St amat S Bhatl PSR on furer sompgiss L gl 8

gener at e digital converter for converting said analog electrical signal to a digital signal9
sai d- output in a manner independent of the reflective characteristics of a

slurry presentS.on sBhegpparatusg|claimidnyhergin said processor further ggmpriseyasontselier ferus

of clgiml1l,  whereipn said.n i ght sjgnal,.comprise L te |iaht

G gndf0 gty b Sid ol sigp ) om ol ablod B iR RO Iy By Wbilpn M dpsence or
processi NgeRh&IIBNY wofkhicteTH saidPpolRhBFHAH. configured to hold a

wor kpi ece agai nst said processing elenent, a nmethod for detecting the

presence of exi.ranebus apparstusadf olaingal dunthes ceosapirisipge h MR ceniraliey apsetiaelyon

of said workpiece . rocessi ng. sys sai d..nmet hod, ¢ I sing.the steps
of : - "EBnnblEd Tos0id prodegioy W PHEIS POLG PO PP YRETIOB (& AP @XOGFsibg ugon B
processi fgdighedtPihht PWONtpT8deSs pRiséht on said polishing pad.

25 7. The apparatus of claim 1, wherein said polishing pad is a light colored polishing

pad.

8. The apparatus of claim 7, wherein said light source and said receptor are directed
at said polishing pad at an angle of about 45° from said polishing pad.
9. The apparatus of claim 1, wherein said polishing pad is a dark colored polishing
30 pad
10.  The apparatus of claim 9, wherein said light source and said receptor are directed
at said polishing pad at an angle of about 85° from said polishing pad to eliminate a wet surface
effect.
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1 0 carrier elenent; 6
response to said interrogdtiOSHEEGMAS; B
refl ected sV@P80338ft 0 a ¢ontr i ndi cat i¥grVPAI/12386
presence of sai dlext rAaneeiisd Midetacang eoprEseate oSAwdrigie orepolishirt sandiridg a
signal is neasured within a predeterm ned range; and 1 5 refraining
from i ndi c &R Preesss, spEpEising the st&ps of: ext r aneous material proxi mate said
area when said congxal.. & | it Ni i .

pr edet er m ned rZﬁjge. IBE%Q at Mmel‘%&kg g&&e gr}g? %o gcgco\gqgr ta%é@?)gﬂglpgg R\ai?,mh that
wher ei n saisgidi 2 ek Gdavorkpiest g ptlished Bresad adtechdpolishing duad,s ubstantially
monochromatic |ight source. 109, A nmethod according to claim
18, wher®ein sai dg) i gispasingcepiobe ahovyensaidysustace phsaid pelishirg pad, such that said probe

20. A met hod accor di taclaim17  wherein said indicating,ste .o
ndi cat e SHETES e sustite,d e pBfiching HREHE s hoRoritkitis, FnnGYa Y the palihing
and wher ei ro%%&sfj' extraneous material conprises sai d wor kpi ece.

21. A method according to claim 17, wherein said processing el enent

conprises a 25 (pol i séppigingad istaxrogajion siglahfromedaid pbbe tr sapbpolishingpasisuffacs
and said directi step directs said I nt.errogation, signal gt an angle
bet ween 10 and ﬁg)gde g%‘gmgé‘lsﬁ?tfe\‘i%‘if’g“%lsz%‘%5?9%2@%“5@89; and

22. t hod cor gj ! ' : 7 L+S4 ; .

i ust 10 an (6 opaazing SIS SPGB oo ai shibfartiath 10 iy dta
i N respons eertaindgitd theabsendel oxgpresenqe of a workpiece on said polishidg pad fnathcaccor di ng

to claim 17, wherein _said control _si ?ngl_ has an assocj at ed 30 anal o% .
vol tage and sai d2met N8 methedaecording Fq elaim d hevhareigsaigrprobe is configured to optically

est abl i shi fLs L A i d anal og voltage indicative of a first
nunber of g‘?%agggéﬁd%dlsgﬁgﬁ)gﬁg%%t%é having a first reflectivity range;
establ i shi ng saild. pr ienstidduedordaipge claim 1 5ailtramsdidgey @) figgRr Sotaprisel directing

said predeterm ned . . . . 20
range 1§ i Fif pERbeResad pelishinepadisiFfacs A apangle ohpbous A" from said polishing pad surface.
establishing a sgcon e A9 f ' . I, nd af "] Fefolnts
nunber of 18! d%lre ocesga%éorgﬁfggr%%tggﬁ 2%\#%5&%&2%%%@8re \ég%%%%’te;& &
range. said probe at said polishihg padAuifetdwdn angle bflatitt 89° boai said polishhrey widrsusface
wor kpi ece processi ng system .5 conprises a chem cal nechani cal

pl anari zation (&) Jipstmathod @seordingetd elainpdds whaseim step (e) utilizes scattering angle
pl anari zat i,0n_pregedu t.her | h f

Gi rocting SpabRRy oL PR tonalidntBh N roltihii bad BTG fR MERLIRERS: Bletonce
pr oxi npDe sPdaild G@EKPi&de on said polishinggladment prior to said planarization
procedur e; detecting a reflected training signal produced
in response to 36id fihgimathef agegriing to claim 1§ wherein said wafenan saidpelishing pad has
refl ected trainin i.gnal J Ol t .skgnal .having an anal og

vol t age; difterent sgafeéxﬂg angfe%x%a%r@t%s%én éazé Pgﬁ?’ﬁgmaﬁg a range for said
anal og vol tage g¢f saijgla Qekipice bestbssiighystem hating a bARERiNpRdiflerit BAA £ Sdrii¥e:ldhent
the reflectivity of said processing el enent. 25 In a

cheni cal neeHigiredito pldnaworkpipemagaingd)saidyproesssing \alemers, pansthod for getertingdhe

25 presence of extraneous material on said processing element during operation of said workpiece

IR IIAMEWERIE, ora, £cogecce

processing system, said method comprising the steps of:
directing an interrogation signal at an area of said processing element proximate said carrier
element;
detecting a reflected signal produced in response to said interrogation signal;
30 converting said reflected signal into a control signal;
indicating the presence of said extraneous material proximate said area when said control
signal is measured within a predetermined range; and

refraining from indicating the presence of said extraneous material proximate said area
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15 acarrier el ewﬁ!ﬂ"ﬁ{ e agai nst said
pol i shing pad, a IS SHEET&tASC Efrﬁtb t he presence of
ext raneowsmml al on said poI [ Shl ng paRERLACEDg a p| anar iPLAYYSIW12386

pr ocedunghenSAidcohRiRfkighalSs AT REdshtedTnithin said predetermined ranggeans for
generating an |nterrogat|on si gnal for establrshrng optical conmmunication

With 18. anAam&lbD(kﬁccs!dm tp olanmmn'ghqram spiddnterragatiopaighakmrgenenated by
el enent du% %g ég, xgocgua“ Z rocedur e; 20 a det ector
conf i gurieHPpigaY g Rt OUC¥nal produced in response to said

| nterrogati ongsi gnﬂ'metﬁﬁ&‘ﬂéccfr&ih ‘i&@rﬁ%tl'sn%h%&‘tﬁs:{xﬂflfgﬁ?&cgﬂ éisgﬂﬁfnf}apéd)LED

control signal having an anal og-vol nmeans
conveés t ieagttérei Nng i N comruni cati on wi t h sai d detector; and
a processor connect ed to said neans, fqr converting, said processor bein

co Sf igured tf0  Ampthdascerdingda iy di whereigisgidandigating temindicates whensadput
t t
o - ar ket SRHGRTROR Blq ARG RbhdP AR Wherpin said oxpaneBlBlorh BB ©

26. Araidppedkpieds. according to cI aim 25, wherein said nmeans for generating
conpri ses an infrared LED em tter. 27. An
appar at us ac@dr di iy meshed ageerding towelaimild, whergimssid pricagsingaelemant comprises a

I g | r f
o ALY Bolishine gadihe ""”f‘éegﬁa‘e*ynrtar%oezr%%%%ﬁ?ce &l i Bt e fpe
t owar d Sﬁbﬁ‘o@ﬂidn‘ﬁ‘%l Y2 fafandle Beatwadiy| BalkE20\&iieck Pelative @Qame;meaﬁlgrseha&d ve to

sai d surface. An appar at us
accordi ng to 2 ai mnzseth éF@rﬁlﬂgchPhpﬂbb'bs@dhelcmmpﬂl%% the step of adjusting an

21 d
sampl e SRPEUBEREPHINS AR ERE R Bobtink By FRgh b Bhssohont il ebeS

si gnal sanpl eg, anthtrﬂetﬁémmﬁfofrdtﬁglt& craﬁﬁttvowhéﬂegn@td StR)1 QfgriaDh&s #h associated
correspondi ng nunber of i tal words; nmeans for

nmoniltSor |an§iogafohagn‘art§laﬂadimc tieitlrﬂm&dmpntiﬁsahftmpﬂafe if a current di gi tal
vord is o indheativesel A ehrenlGonLLaL S A0k, SRTRHR BNLRg A Yok Re

| evel bet weerfS€aH

appar at UfenfaeOAinga figst séfRicivitPrangber ei n sai d processor further conpri ses
means for producing said output, said neans for producing being configured

such that s arestabhshm said prcdﬂmpn&mawov\m anplep wdtagesuehitbal said poesictapimined

consecutlve .on id,digital words,are indicative 1 0 of control
si gnal ‘%g‘ﬁ%ﬁ?ﬁ%@%ﬁ?&"@%‘}?&@g“‘% %Iamget ween sai d predeternined range.

30. 20 A” app%"sﬁb}i%xﬂg Caosfe@bﬁtg rdn@e §612441d 4falog ‘%Mﬁr mﬁﬁmé 8f BGedBRANSurhBY: of
controlling the detection sensitivity of said processor, said neans

f or contpresessingyelenients havingerscoond rsflastivatyahngs. i nput of said ADC.

31. A t | 28, f | Si
ai i brati ng 24 d A GROEPE AECutiecCHART 7, VRN S QVCbRErE PRUPa Sygem
i ndi cat icygy ?ifses'S 3l gh&ﬁ?cﬁlamﬁﬁu@ﬁt ﬁlrahﬁ'izan@ﬁ‘ (ONEBY syflem confighfedd t@‘[ﬁrfo%n a

substantlal y within said predetern ned range, wherein said neans fo
cal i br atplangrization prpegshire; end saﬁm%@ﬁﬁldhemogmsemhd steps efinnected to an

ol 2P 25, " ndiise R e sep ahsridarcastjaic bt SR8 el e pR cafrer
indepen%%e@bnahmmraﬁ&%ﬁstsfdcéatrres of said polishing pad.

detecting a reflected training signal produced in response to said training signal;
converting said reflected training signal into an output test signal having an analog voltage;
and
30 establishing a range for said analog voltage of said output test signal, said range being

indicative of the reflectivity of said processing element.
25.  Inachemical mechanical planarization (CMP) system having a polishing pad and

a carrier element configured to hold a workpiece against said polishing pad, an apparatus for
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20 33. An apparfd ei-fg—toe~cl ai m 32, wherein said
planarization procedure errprwg %ﬁ HAS &ngs hing slurry di sposed upon said
pol i shi ng peM98@3d0her ei n sai d vBEPLA[#EDr ange |i s subst ant i al | JCT/US97/12386

i ndependenfetRting ¥e igzédene oF aRirRidosE hAeal Gisald lishiREshdSduting/ a planarization
34. A processor circuit for processing a control signal associated with a
ref | ect ed psoepdate, said apparatig cempiipingesponse to an interrogation signal

O oot el ot o g e BT BBl P bt ARgbAEopbiba SRR i
anal og-t o-gli zﬂéatﬁ*sai‘agﬁ‘ﬁ%ihg pad 410 84il GHTRE efetheh PRt 2 flak@ivatioh pfdcgark;

to thereby produce a nunber of control signal sanples and to convert
said cditrol siadedctaaopfizped totreceive a refleatast signapprodiieed imrespense tof saitl igterepigation
wor ds; means for nonitoring each of said digital words to

det er mi ne S8k current di gital word is 30 indicative of a current control
signal sanple ' | r I ST, | . |

o St e Aoy Lt Al SR 5L Lp RSy sl volge
i ndi cati veamfmédig for eawenimgdeinginesiinaunseition withesaidlletector; apd oxi mat e sai d

area when a predeterm ned nunmber qf consecutive ones, of said digital words
are a processor connected to said means for converting, said processor being configured to

i ndi catj ve_of con ' I V] . i 3 LSLI
bet vied o 2rdress B irbiref NEAA o R BoBRec i Siticpub OF e thien 16F 54 Bibbs
accor di ng hResalProRiRfhte $aid hrde when gaidianhlog leVéllis Withinkd pretdétermined Saigh.
processor circuit such that, when said control signal is indicative of said
ext raneous mat &6 al ,ABappanthhgngerding slaimABCwherein fgisk means 401 SEnGIALNE FOBWIISCS
predet erm ned.ran wherein said nmeans for calibrating receives said
control siaﬁﬁﬁﬁmﬁﬁ%ﬁ%e@%ﬁect ed to an anal og i nput of said ADC.

36. A processgr CiAg4dpparatie atcbrdiigtto climi2® Iereinsdid polishinopidhast febansly
for controlling the detection sensitivity of said processor circuit,
sai d ridanpldner pelishingsurfane andsaid msanmior gererating is positionadaaueh tha said interregatipn

ADC. signal is directed toward said polishing pad at an angle between 10 and 20 degrees relative to said

polishing surface.
28.  An apparatus according to claim 25, wherein said processor comprises:
an analog-to-digital converter (ADC) configured to sample said control signal to thereby

20 produce a number of control signal samples and to convert said control signal samples into a

‘corresponding number of digital words; and

means for monitoring each of said digital words to determine if a current digital word is
indicative of a current control signal sample having a voltage level between said predetermined
range.

25 29.  An apparatus according to claim 28, wherein said processor further comprises
means for producing said output, said means for producing being configured such that said output
is produced when a predetermined number of consecutive ones of said digital words are indicative
of control signal samples having said voltage level between said predetermined range.

30.  An apparatus according to claim 28, further comprising means for controlling the

30 detection sensitivity of said processor, said means for controlling being connected to an analog
input of said ADC.

31.  An apparatus according to claim 28 further comprising means for calibrating said

processor such that, when said control signal is indicative of said extraneous material, an input to
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said ADC is substantially within said predetermined range, wherein said means for calibrating

receives said control signal and is connected to an analog input of said ADC.

32. An apparatus according to claim 25, wherein said predetermined range is
substantially independent of physical characteristics of said polishing pad.

33.  Anapparatus according to claim 32, wherein said planarization procedure employs
a polishing slurry disposed upon said polishing pad and wherein said voltage range is substantially
independent of physical characteristics of said polishing shurry.

34. A processor circuit for processing a control signal associated with a reflected signal
produced in response to an interrogation signal directed at an area of a processing element ﬁtilized
in a workpiece processing system, said processor circuit comprising:

an analog-to-digital converter (ADC) configured to sample said control signal to thereby
produce a number of control signal samples and to convert said control signal samples into a
corresponding number of digital words;

means for monitoring each of said digital words to determine if a current digital word is
indicative of a current control signal sample having an electrical characteristic between a
predetermined range; and

means for producing an output indicative of the presence of an extraneous material
proximate said area when a predetermined number of consecutive ones of said digital words are
indicative of control signal samples having said electrical characteristic between said
predetermined range.

35. A processor circuit according to claim 34, further comprising means for calibrating
said processor circuit such that, when said control signal is indicative of said extraneous material,
an input to said ADC is substantially within said predetermined range, wherein said means for
calibrating receives said control signal and is connected to an analog input of said ADC.

36. A processor circuit according to claim 34, further comprising means for controlling
the detection sensitivity of said processor circuit, said means for controlling being connected to
an analog input of said ADC.
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