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DETECTI ON FOR CHEM CAL MECHANI CAL POLI SHI NG Fi el d of the Invention The
present invention relates to chem cal nechanical polishing (CW), and 5
nore particularly, to optical endpoint detection during -
Background I nformati on Chem cal mnechani cal ?pol i shing (@%ﬂ@gﬂbﬁgggggj as a
cruci al sem conductor technol ogy, particularly for devices with critical

di mrensions snaller than 0.5 mcron One inportant aspect of CMP is endpoint
detection (EPD)) 4 ining during 10 the polishing process when to
tentinate the poI”wwmﬂmﬂnmﬂ‘mg users prefer EPD systens that are "in situ
EPD systens", whi PD during the polishing process. Nunerous in

situ EPD net hods havélstjé®dn proposed, but few have been successfully
denonstrated in manuf acturi ng environnent and even fewer have proved

a
sufficiently robmwmmmwmwmmmmrne production 15 use. One group of prior art
in situ EPD tech U ves the electrical neasurenent of changes in
t he capacitance, thectompedance, or the conductivity of the wafer and
cal cul ati ng the endpoint based on an analysis of this data To date, these
particular electrically based approaches to EPD are not comrercially
avail able. 20 One other electrical approach that has proved production
worthy is to sense changes in the friction between the wafer being polished
and the polish pad. Such neasurenents are done by sensing changes in the

notor current. These systens use a gl obal approach, i.e., the neasured
signal assesses the entire wafer surface. Thus, these systens do not obtain
specific data about |ocalized regions Further, this r .. _2_ 12 Novenber

2002 met hod works b EPD..f t LSSihJn | ar
coefficient of fri cfﬁsfﬁ‘}ﬂf'%‘éwg@ @ﬁ%%%%%&gﬁw(ﬁﬂg%m&ﬁﬁm ani um
nitride-titani um fil m st aBEQRWEHEMICAR MEOHBANPGA LaPALISEINGel ectri c
underneath the netal. However, w thadyangeq.ldpligs connection conductors,
such as copper (Cu), the associ at ed%r‘r‘r@‘r—%—wega' ls, e.g , tantalum or
tantal um nitride, nile heesentdnyesapn relatento shemical meehaniqahpolishing (EMR), ard t he
under | yi ng sdi efgfet farfoulaHyerd B tRAl &dpsieNdctéRIQRFAg heiMBpréfsslet ecting the
copper-tantalumnitride transition, then addi.ng an overpolish tine.
Intrinsic process variations in th&2EHE OrE¥H% onposi tion of the

remai ni ng fil m st ac®hdniiysimetRaticdl balishingg ChMIM)eas en@dryeidrak atoriald) @emiconducody be
| ess precise than is desi.rable. 10 Another group of .nmetho se n.
acoustic appr otg?'f}ﬂ“.ollqgﬁ ’ Barﬂc{flg{ly g?{o%ﬂcle%Wgtﬁpclrggglh@mﬁﬂﬂ%%soﬁ%aﬁ?% HiaPZOnga‘&%?
gener at es an a@nelgbpartast gspekt oh&MbsopdpamedetettiaudiPDhee s defeanmidgagaing) of

t he waf er bei dishe I at the interface between
the | ayer slfb anntgeng%ﬁ%ﬁo%&gg%e%ﬁ%%%h%&?%@@%g refl ected signals can be
used to determ ne tMany Hseskpretes EBD sysiemsdbangse "inaye EPAL systemss, which gfpvee | n

a 15 second acppiSt §rirfP PleO B6lshirRN pARENSt INidherS@N$P5i1l EFIS efeth6dsdRERC bednhe
acoustical signals generated duri Bgﬂ}gﬂﬁﬁ?@gﬁfs nal s hglve spectral and
S

anpl i tude contBRPOIRatPWy HY 2VEy SERHEL pBY % HIRRHEGGuring

However, to daémiroh@emt diriseveaeBweaohseproved slffiie@lyaidbabl forirbutiid prodactipei nt
-det ection %yst em usi ng acoustic nethods to determ ne endpoint. 20 Finally,
the present i nW&ntion falls within the group of optical EPD systems One
approach for opti caDn€ERDosy sofepsior sarbfintsite EPPe tabhsighess eavalves UtheS elePaiicalnt
No. 5,433,651 J i i . 1 i e t Aol ting
P tool |5 usgpiibdnPofthafes B HPLGRiBp 1P M dRahcdt oplelt ERaRly By cF I
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slurry and _polish debris.
y 20p 8ne other electrical approach that has proved production worthy is to sense

changes in the friction between the wafer being polished and the polish pad. Such
measurements are done by sensing changes in the motor current. These systems use a
global approach, i.e., the measured signal assesses the entire wafer surface. Thus,
these systems do not obtain specific data about localized regions Further, this



"Anot her approach is of the type disclosed in European application EP 0 824
995 A1, which uses a transparent wi ndow in the actual polish pad itself. A
simlar approach for rotational polishers is of the type disclosed in

Eur opean application EP 0 738 561 Al, in which a pad wt j i ndow
is used for EPD. 30 In both of these appro%ches varlous?%ggwgﬁﬂgfﬁbOEA

i npl ementing a transparent wi ndow in a pad are discussed, but making
measurements without a window was not considered. The nethods and

apparat uses disclosed in these patents require sensors to indicate the

presence of a waf&l wofld Bt Eareéﬁb%r He’f‘a‘l"C‘he rbtel?ﬁfsg‘?)rf%e u@bm&@&&ﬂ cibdenGES
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ffect
WhiTe tho. r ombraeis VrdtohS i 88 9ficliest ity BaRDEMARH 8P sl AL IR Sk M |
of this type dheaap tdh@:ﬂnalgndmgértnmtmw IpyToelgHH Rrecisd Han m@eg@/bdﬂsoesa 10 In
anot her aggroach, mﬁ)m@f%%up %flméth@dﬂs ades ﬁfaéo‘ﬁgtl@ﬁﬁprﬁa@‘x{m'lﬁ aamvg.tcouﬁed a
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wavel engt hs 'rauhhg ﬂh@%cﬁ&&d Rﬁ@tﬂdﬁ% qucr% beggv,dves| @lﬁrﬁmm%etﬁ% Bagk b de
of a wafer bein so tha am passes through the wafer from

I sh e
t he nonpol i shéerr@aea@al& avapabled au e@mge&t?wowgstaﬁswﬁ A methpdsder ow,
wel | defined Si@ﬁ;e{n[r@en pdigOWs correspond to changl ng thi ckness of speC| fic

types of | ms. Thi pr.oach has the dj e that rret al
| ayers ar ébadded tf?ai?g thgREpsent H‘é’e'étéoﬁ’sfaﬁ ‘fa’ R Qfﬁﬁﬁ‘fa% é&?
rapi dly. One éxmnppmoadh fdvi eptiopp&EPHS saﬂpnmas:h)fl the diype Idisskded rin 23.SU. Batent

Patent No 5, \%@% Q%63 6'%6139 &Q:Ené B3 5n 308, Fa ReAR tﬁ@@gﬁh%‘ﬁ%@@ﬁ%ﬁ%@% ort

or anot her. i S hee i S°a new ne or in s rovi
conti nuous sanpluser tan@nsm|CB@g|emmrﬂtr9ﬂeC@@nomalk signah ndbweysre thmd@mdcywng

tal |
metal |ayers, Bﬁxgh%é’éﬂ{e%m‘aﬂ)r@@éﬁ IpBcdudy W&es&@t&{h@%%ﬁaﬁﬂﬁ%ﬁgd&ﬁ%rxﬁOr

t he manuf actur] envi ronnent unma An app ratus 1S Prov, use
with a todf fdhepR) 1sh§n¢n§uqhﬁwgﬂn|q4ﬂa§ﬁ SgousmiiAe Sy eng PolEt Prisur f ace t hat

detects an endpoi ntAJthh@ ﬁﬁbﬂo&&ﬂ ng pf Ot;h@S?typel rdigied Mo dEwrePéan td’;hﬁhcatlon

t I dh h-h I t
T ber “opti c ot GoaL el whiEhusy BB WEHEVLA St Pt oS gl A”
source 3 5 pr (sumﬁtesa;jprthh fidrt i‘ntmcmabrpeﬂsiteer md re€dthbatypei disd¢losedeirf iBxeopeapt i C

cabl e propagat thcIaBSn EP-IE) 4738 §161 A? 1%&? ﬁad?\gi%?an optical window is used for EPD.

30 Inboth of these approaches, various means for implementing a transparent window in

a pad are discussed, but making measurements without a window was not considered.

The methods and apparatuses disclosed in these patents require sensors to indicate the

presence of a wafer in the field of view. Furthermore, integration times for data

acquisition are constrained to the amount of time the window in the pad is under the
35  wafer.



Tight: through the through-hole to illumnate the wafer surface during the
pol i shing process. The light sensor receives reflected |ight fromthe
surface through the fiber optic cable and generates data corresponding to
the spectrumof the reflected |ight. The conputer receiv ed
spectral data and generates an endpoi nt sﬁgnal as 5 a fuﬁ%gﬁéﬁéﬁqa:zﬁﬁk

refl ected spectral data. In a netal filmpolishing application, the
endpoint signal is a function of the intensities of at |east two individual
wavel engt h bands sel ect ed fronrthe predeternlned bandwi dth In a dlelectrlc

fi1m poli shing apbid 6Abid typd APRAPRI (HENR ol BolARSaR: b i Mer"
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ggf?;ﬁ%gagg g %’?l e t‘%ﬁ‘bﬂ‘fi&%@ pf%‘ ?r'é egvetrh aeﬂﬁﬁroafttg RIFeRA "I“f8‘r S n
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uherein. AP M ORI adoind BAERIE wakdr S iRa! be™brihe A4 ARARNIAnibhnl ARERA | 1

accordance with the present |nvention; Is a schematic didgramof a

light sensor Hsht beee i§ diractrd t&p\p@ﬁnerbasva&r amri ehgmi_vrry-ccrat@m 2Fhg lghabenrwr am
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exanpl e traj e?? @reywr F Capshy $RHCRRS. AUt Yrpu éﬁnbé?a ﬁi@“m&%ﬁ%m‘wgr gi on
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CVP machi nes ﬁle(sjs@%Jayab&@z{sley r rﬁ@g“%@eﬁﬂl heSBF fills e@“‘a&g?oa@ﬁ%‘%xs BsﬁPQPO”

t he pad Such& re sorretlrres ref as a polis
tabl e or 3 at¥m- P@W‘N@e5r§é&0§@pport means of the present invention is

ref grlred todhertelh nEﬁ‘%m @fth?%%b@@@lﬁ%hod@hﬂi Hﬂévdb?clfs‘iﬂ‘ﬂn@?@rtf&:aﬁgﬂkrSIW‘rﬂlgl isand 4
is ellrverea el [ I rec Yy e 0 e pad or roug ol.es an
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systemon t hemﬁMBm"yaehn Reork awisie sndltisle undédying @rfetztl heyemaf &in ineasufe diehrtiRd
agai nst the p@d surf.ace force The notion of the

h
waf er is arbi V%{Pyandtg’ﬁ?v’&n%st?ﬁfl%ﬁ%ﬁ@f h%mrgu“t%IEm %rmg HY’@?““&?"(Bund an axis
per pendi cifl ar to the pl ane of the vvaferS_U!m!Mpreferred enbodi nent 20

Further, as will bandascrhiied heliau el Al (Bl ﬂldgsmmmﬁ’@gre to

prefer abI y nonr ot at| 0 e a short lengt er optic ca
be inserted i ff@cenuckosdvairtEage l:hrateafréﬁc‘rs@an Pmaw @f PAishing PFQﬁeéﬁ i Bhene t he

notion of theeRpstiment, thlarpaéramsnmau@éseaep'dnemi REDRAIIFE Rt thidlghIdE, ABERS,
each point on_the p und er s cr r not i on agout its |r;ﬂ|V| ual "axi s,
whi ch is parafQUfe @ h@pWa lﬁy saa]éght senspp, and a computer. The light source

35  provides light within a predetermmed bandwidth The fiber optic cable propagates the



125 a.preferred enbodi mnent, the orbit diameter is |.25 inches Further, it is
to be understood that other elenents of the CWP tool not specifically shown
or described may take various fornms known to persons of ordinary skill in
the art. For exanple, the present invention can be adapt¢s NREembe? 2002t he
CWP tool disclosed in US. Patent No. 5,5%4,064, which is I ncor por at ed
herein by reference. 30 A schenmatic representation of the overall system of
the present invention is shown in FIGURE 1. As seen, a wafer chuck 101
holds a wafer 103 that is to be polished. The wafer chuck 101 preferably
rotates aboutn%ﬁ ThitBER 'tﬁé‘lthréﬁ‘glﬁhow% ﬁlmﬁatestﬁ@wféf Mce ﬂﬁhﬁgeﬁe ?oll?s‘ﬂldgs hi ng

pad | 09 nount onto backer 1 5) teﬁ?ac er éeﬁsgls in turn
nmount ed ont o Bropess. H&’@I@IH‘?{J SeRsak @C?MGS qe,ﬁlecgecb ightfrom dhe sudapsdarqughithe b pad

backer 120 isq Q%@&%d%en@fa%s%@c&%&pbﬁtﬁn@@@t]’[@ﬁébﬂi‘ﬁm of t‘h@Teﬂle%teMQighﬂber
2002 plate 14 is stainless s

é d n‘ﬁ ﬁ‘? X use th UII t abl e
o bar Do st or Tad Sormierscaess the FscHa0 SRecP  data AL Epnsratts A Cnstboins sisbhnds
plate 1405 s 5 €ggtienl onheirdﬂect\wrspmtratrﬂhﬁar Ieamnset{lnfim pslishinl dpplitatios, the

Pol | ohi ng. pactiggn} AEpfds e BRERRAe fub it oo doeS! R bl v A Rihlh °
conmuni cat es bdntdh selegted Hodre tbpepmd@@rmﬂm:m bantivedtbadlnbacdkiegdecttig OfilmFpolishimg, a

| 104 k
Sate. The catiichfy fhelafpdht et 1§ bcRRoR SR on @@Cﬂﬁﬁ%ﬁ*&aQ%ﬂ'Ego
to the pi nhol@t@pmeQtamqqquebt%ﬂ@fe@mmdrw digm t thicknesshe fhe prampuietb| e
assenbly 1'3”0' é&#ﬁn@%saché bmproufeeﬁgha 16 apéd%teﬂﬁeégnteﬁalané Slobthel polikiiRe @%@egacker

120 of pad asse one end i ber optic¢ capl.e 113 extendi ng
t hrough t he twbersmefe&éeowf S'gaﬂi R e Piweomw a‘?rttF"éﬁl nh’ﬁ BUIPHAG RPHCHol e 1

| Z Fiber Optérmpsﬂbhae&m @aembameaﬁpeﬁdschcbdsrdn@dohn@bfa‘sedtmeaﬁoxa&og@héror m a
wat erti ght sea

necessary to ?ﬂ‘gwif‘ef 8%53% ‘%Iﬁfgﬁ?|’Bﬂh‘t¥fﬂ?qg¥efdv?"ﬁa¥8ﬁl¥ é’g‘?wf EO%SWZWI%‘HGJ
systens as exmemzﬂnﬁn&medwl;ﬁeieycdbf&cmhehatedNbxrrysanﬂaﬁghslSng,dth:nsLu’Eltxs gpbastneds t hat
| at ti
doos ot ol HHEA L elRa, taﬂﬂf’({fﬁéﬁ” Eﬁmﬂﬂﬁg?u‘* O R [ Terely an
orifice in the pad backer in 5113 may be pl aced.

Thus, in the preseffe fopdRitd &Eectiﬁ'ﬁﬁﬁhﬁ&eéfﬁ@ta'tt@n@a%ph@va%ﬂa%ek §fﬂﬁ’st1n$&ﬁio‘ﬁd to

t he pad backer 0 Moreover cause 0 e use o open| ng
111, the fi bew110§€¢qsnecar5q>r@ reagly Appresiased Ew PSTCBEF \iPt Fhen(%%‘fﬁé‘”% &n@leg

ef<i sting [lﬁl ecfest ttdhewaa«dta]lggciﬁefonmdmpwitlsmerrgcmphnys@diriwngi Fehegith i very of
st urr W out a artec
G 11 e endd 1 he pot I T arciBit Qs R oR cit RRvaEANs RO 11 pocet e

optic cabl e 1&ih t}eqxxleseht)macntmpil cal coupl er 115 that receives light froma

25 light source 11 : 15
al so outputs a ref ec% eéé 1§hE§Hem‘RHE 'dfag{a Mfﬁtseg%ﬁsfwsﬁgk @w&ber&foptl c
cabl e 122. ThAGW@Edcted | ght Si gnal is gener ated in accordance with the

present invention, FRAJEEIA i RAM Pa‘?MPlet gqm&ﬁrspl@tﬂal%ﬁw des a control
signal 183 to Ilght source, 117 tg rect’s, the em ssi on .of ght front:ithe

light soddce 117. HRREGhE stam wéwméthespa& BYSERBYARE Use ln.tgmape%ué
preferably wFiGEREpectrum of [ight between 200 and 1000 nmin mavelength
and nore preferabl t rum of bet ween 400 and 900 nm i
oo B ST AL 42 SRESL BT eOlmbis S REL MRS, SR80 E' 5,
Conput er 121 shosding the anmdsr @gohahdt isirgvensed litithe natfervwhdn the twafatretatdseandi ght
source 117 aqﬂ %Q{bﬁﬁ? nmet hodol ogy. The conputer also provides an endpoi nt
trigger 12S i QVenber 2002 7 when, through the analysis of the
present i3venti on, FIGURES 88t nfedingranes illusiwatingdphsi effecss of rpphyisig ghliows has
been reached. nﬂe@eﬁ@ém@ﬂﬁ:‘tﬂdd@f g&@%%e $ARCREAPEARS dahie n‘x)réQéotr@AncE’%lﬁ ten of

the pad assenbly while’the wafér chuck's rotary position sensor
provi des the BISHH WVeHEE tion of the 5 wafer chuck to the corrputer 121

relslpeci i vel %/ Eﬁﬁpmm&§|5@ﬁ0 a?sé/ rmigrrms Zlmstrb@ngf theg G6rimatibn 'fl_dri]feoﬂh’:lkﬁd point
collection to i onal info r nsor,s
sensor identi W‘@Z(Wcﬁ gF &BCCEYHLH% qul‘% f%@ﬁieﬂg Qifélﬁp%{rﬁﬁ‘d Sﬁ'g ?ﬂfa}f?gt i on

of the orbital sensor and the rotary sensor determ ne which point. In
operation, soon after the CVMP process has begun, the start signal 123 is 10
provided to the conputer 121 to initiate the nonitoring process Conputer

| 21 then directs light source 117 to transmt light fromlight source 117
via fiber optic cable 118 to optical coupler 115 This light in turnis
routed through fiber optic cable 113 to be incident on the surface of the
waf er 103 through pinhole opening 111 and the



't hrough-hole 112 in the polishing pad 109. 15 Reflected Iight fromthe
surface of the wafer 103 is captured by the fiber optic cable |13 and
routed back to the optical coupler 115 Although in the preferred enbodi nent
the reflected light is relayed using the fiber optic cabjenbldmbet @bﬁ' be
appreci ated that a separate dedicated fibBer optic cable (not shomn?

used to collect the reflected Iight The return fiber optlc cabl e mnuld then
preferably share the 20 canal 104 with the fiber optic cable 113 in a
single fiber optic cable assenbly The optical coupler 115 relays this
reflected |i gy Si0nal pdiRhREHRoldsDGh RBSdEneANE oﬁ@%nib@dllniéﬁhtofstﬁé‘;%serﬂtlg-
Li ght sensor 119 is operatlve to provide reflected spectral data 218,
referred to Hevatignandt he refl ected spectral data 218, of the reflected

light to conputer FIGUREE lpaqtoadtﬁagﬁaagmuwmgdﬁaaxtayystshﬁtﬁ@treﬁrs@tan@@u@har 115
is that rapid ra%égé:erren dgé ad assenbly 107 is possible while

retaini ng theén& nee NIt BW&‘HB '}Yfmﬂﬁapt ection on subsequent wafers. In
ot her words, the fi ber optl c cabl e Detdled®essiiptiphy be detached fromthe
optical coupler 1

W th a new fiber optd e&bﬁ“éyﬁ%g)relgégfég%ﬁ%qu FERD Qs??%g@t il h;%&’nsaagﬂ%' ete

advant ageous!tp aunethdd el pragessagl the opticalidatd. Msmchlge&pwstaﬂnntdhdemmwher A
spare pad bac f i S i ace
the pab backal! To@aZETHE SelbBRad BT E SRl rfecls 36, Mindfisn
removed pad bgfexisd ta§§érﬁ§ﬂ}eﬁ §uttthe.hotdetg| Heuy qﬁnth%paswe@wnb@m t%wfqtg: pad for
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205. FIGURE 3 shows a top_ view asse 107. The pad backi
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backer |20 and energes in pinhole opening | 11 Further, clanping mechani sns
301 are used to hold the fiber optic cable 113 in fixed -9- 12 Novenber
2002 relation to the pad assenbly 107 C anpi ng nechani sns do not extend
beyond the plane of interface between the pad backer 120 and the polishing
pad 120.



Wth a rotating wafer chuck 101 and an orbiting pad assenbly 107, any given
point on the polishing pad 109 will follow spirographic trajectories, with
the entire 5 trajectory lying inside an annul us centered about the.center
of the wafer. An exanple of such trajectory is shown in waf er
103 rotates about its center axis 105 whife the polish pi%§¥§§”ﬁ¥%ﬁ¥@?
Shown in FIGURE 4 is an annulus with an outer Iimt 250, an inner limt

260, and an exanple trajectory 270. In the exanple shown, the platen orbit
speed is 16 tines the wafer chuck 101 rotation speed, but 10 such a ratio
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or, ex enlar gi ng
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can inpi ement a native approac hat achi eve“the sane result w thou
undue experi n’é’ﬁ‘tf%‘tﬂg@h Sidmptupssen | dl i i5g seitabler o1 cisceds sihectigby saatcg 1218 | s
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anplitude o e si uat es_consi dera n olis

uni formfil ns%glepgg@e%”‘ioa@l@ﬁX i orlef RIS géfy B ‘E)‘(} Fed? ﬁﬁ@fﬁ%ﬁst%?rg 125
anal yzing the spectral data to process EPD information to nore accurately
detect the endpoint. The anplitude of the reflected spectral data 218

coll ected during CMP can vary by as nuch as an order of nagnitude, thus
addi ng "noi se" to the signal and conplicating analysis. The anplitude

"noi se" can vary due to' the anount of slurry 25 between the wafer and the
end of the fiber optic cable; the variation in distance between the end of
the fiber optic cable and the wafer (e.g., this distance variation can be
caused by pad wear or vrbratron) changes |n the conposrtron of the slurry

o o o Y . Y



'12 Novenber 2002 -11 conbi ned by sinple average, boxcar average, nedi an
filter, gaussian filter, or other standard mat hemati cal neans when
cal cul ated pi xel by pixel over the reflected spectral data 218a The

snmoot hed spectrum 240 is shown in FI GURE 5A as a plot of4 ﬂRL %92
wavel ength. S Alternatively, a tine-averagi-ng techni que nay e use& on the
spectral data fromtwo or nore scans (such as the reflected spectral data
218a and 218b representing data taken at two different tines) as
illustrated in FI GURE 5B. In this techni que, the spectral data of the scans

eoul ting 1 n SERoB RN O R AALAAR Pt TR b BRI U ThF PRARIRA: el
in Fl GURE SC, of kte: moliphihg hakebeeatéachaf wavel engt h bands of ref | ect ed spect ral
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general, also i ns n unctio esponse,

dooctral 11 ol Eho dF BTl SR daBitosenior 1DFR CepReiig 1 v Btk
characteri sti epecoal ddie2V8irreferred td hereinaptthe reflactdd spetrabdaih 18, ofkke fdflected

i nherent inte ttsnc I? c—igis within the fiber optic 5 cables, all

undesi rably a % PRPHITE gnal. As illustrated in FIGURE SF, it is
possi bl e 2b renove Qneisivamsge prowidied bynbe bptical esyrdersd Shig thasrnapidi rzplagemdne
ol ot e, SPogt Rl ahbodhPlor sl it I S A R A AU H O
the pad 109 (pncagh@qmer)t Whiers: s darpdkar dwordsf thecfibsr pptiq giile 413 ynay mpéyt be
surface of a Qk@hhed ﬂ'r@rf\'tﬁ&bbé(&l BbRI& 1(1@ &hd-a ﬁevmswhés%s@ R73hsy 80 iRtalidd

partially pol | shed netallized sgm conduc
i nst r umrent - nok cf‘i‘@d""éﬁbeét Pefhn gl?&{ PB“"Sh‘éﬂ? l\é\{?) -a rF(QIraF’Fa&‘H?I? thig,; featupe i§i t h

sone noi s&0 st hivanpigeses utilized EBM&fngtdESd pbl@ﬁaﬁigt pads $€ treSpmxeheronesere pad

ordinary shill _in the er rocess .refl

spectral dat albmf a[s%mg)& B X% ﬁgﬁgﬁ%B&ﬁ Ela ésstetd Ecﬁ acgsthe acqe?’ﬁ&ffw
For exanpl e, afsemhlyomettenpolshed Teehnedjpebshafg paplftamidie Iénwmdppamsbuclan

i nstrument fu i -l ing, tine

aver agi ng.  anarrragd fefebiRath BRI B BPPU BHELED 1T,

t echni ques knovvn t d\fisne specifiaddrpagdetesmined mtngqan@n sme bydhelighs sessed 119, the
individuaiy egflecfodCpebidlatat oM st R RELBUCES theSTRELHr §%r9)n§hd kfantfitR@SSI Rk € 1O
use the anplitude ratio of wavel ength bands to generate an 20 endpoi nt
signal 124 directly. Further processing on a spectra-by-spectra basis my
be required in sonme cases. For exanple, this further processing may include
determ ning the standard deviation of the anplitude ratio of the wavel ength
bands, further tinme averaging of the anplitude ratio to snooth out noi se,
or other noise-reducing signal processing techniques that are known to one
of ord| hary Skl II |n the art. 25 FI GURES SGSJ |Ilustrate the endp0| nt
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12 Novenber 2002 -13 as illustrated in FIGURE 5J. In practice, as
illustrated in FIGURE 5K, the transition above a threshold value 501
indicates the transition froma bulk nmetal |ayer 503 to the barrier |ayer
505, and the subsequent |owering of the | evel below thre 7 r the
peak 511 indicates the transition to the gielectric | ayeﬁ%.e%go@ﬁgt h
bands 5 S20 and 530 are selected fromthe bands 450 to 475 nm 52S to 550
nm or 62S to 650 nmin preferred enbodi nents for polishing tungsten (W,
titaniumnitride {TiN), or titanium (Ti) filns formed on silicon dioxide
{Si 2). As described previousl t hese wavel engt h bands can be different
for differentcapuien kAls wirh ma%'rlé?@mfe&mmdpm@g%é@a%ﬁd The dntegratipnwiseg d be

determ ned e rcalwahgeslf%bmrstbhsomsewatthé i@ dtioRRimd m@r%b%a?ka‘a%ed may
be increased fo cover | @&?éﬁe t he, war er Wli scan

addi tion, any*BA4TEH o RRATHO R BHALL Sl ot hdppie ignal 124
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603, a tiner tb%@ﬁéxttp%&gggeThe t| mer is used to neasure the anount of tine
required fromthe start of %/P rocess_until the endpoint of the CWP
process Hfs been deyrapedq Il @1 g?%s‘?i’d?/rah]t EBYEY § spedPmeteZdvihele a

fail-safe end;pgpef’des 558 i‘g)ﬁ]acd(frdlag RO Wéleﬁ@dmtd’lh detegidd laria§ 200 thAgh@ede8d by a
certain ti ne,

nt | ish d based
solely on totpo{‘l1 Eté'l Bgﬁgfﬁtf%ﬂng f”ll’eg%?)%g B?&E%'Ibqsﬁ?rljlbg ‘gsgtsmgg%@ﬁ@gls@ no
waf er will bepestesliyodepstacedthenctiledied diplyt. d&hageﬂkctddougudpcidmr@mﬂmﬂlﬁgh% may
e nder ool | St RSHRNE 208 BRI Bk UE LR AR ETPoLRL
advant agddusi|thatis gopcstiens! & tﬁenetemtyanf light insthetriamewswavehengths regionsincidant
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box 605, the orrpute | 21 acquires the re | ect ed

provi ded by ttHBe | i gﬂpwwn%’srm@wwmtgn%cr&ﬂfféﬂ .sawr@f 9%@18éﬂqiléetﬂ\@dofsﬁ@ctra|
data 218 can slpectmmmbmﬁ)haff 186 réfRSledaipht BeotpEPISt @mpliddr 101l |ds iBhdtAved e
synchroni zed W imer for a preferred acquisition tinme of every 1
second, be s;}'tr{ % ed to the rotary position sensor 142, and/or be
synchr onizﬁed to t Ha Iphbof thls gardisturepit veill ibs@ppted@tedThat, bgfvhrgmtgade apmber afl

data 218 congf éegs gés %hé%@iaﬁ@cﬂ%? tﬁ’eal'éffaecﬂcegrsg@{?tﬁg @Jt% %{?fn‘ytyuﬁéﬂ\)a{ %d Of pgto

pi xel el enent tector arra
reflected spexgemgle, if thmzllgmtzsmqeshﬂehaszgwaki%ﬁrﬁwith afj berwesa 290\tect A0 mbi

where i rangesdfif HEBrOaR 980 2@@1%@1 bRE ;ﬁ)eew@%%ﬁdésfhes@&amma%fvewael
el enents 20S. Th& preferre ngnﬁ mz tinme o .acquire a reflected

spectral dat @?Ff ngth-hend seanp %ﬁOPhrgHSyv Sy linixedgr &Y grreasipgthes 1 s
m | I'i secQsds.numb¥est pidéls ROX thOWidth bEemSvm&léng\ml bafid k&L by edthlfied) Magyur or
conmbi nati on of tcﬂ_?hnl1 ues is a?tpl ie e reflected Zé)ecti;ogl data 2;8 to
produce a rediBRY"RBF é‘agloé'ﬁg APr "’c&ed%';‘mdf'ﬁﬁmd RPHRT GOBHYRS

t echni que f orpixatd 205.polishing is to cal cul ate the arrpl itude ratio of

wavel engt h bands ce Ofi.q bi { | e g nd
520 (RIBR) i o moadaCOReEn PHBHR"Efor Vieh bt bt pl SPGB R, DHE bR,

refl ectance dfateAé0 hagampad Pa‘é@eﬂ%(@d shewe i iETHREE) de@sed (cmmc)p susface.
measur ed 3gnd Adp tﬁ@BLa Bwi%r mrses@cdred wp&mmxg aarmb' @H@ﬁ%leoé&ffnl}%f 1f1'1ra${fd

presel ect ed vel eng band s divided a

second pr esewg’&“ H“\f&iﬁ/b‘lzeﬁﬁt OB’én%Fa( R\/\BQ’)“ f'btl?f'oﬂ%é‘ﬁe# "F@W%W%Pﬁ‘étlp% t hat
is one data @hbupgh sy pomtelnanﬂ ﬁcﬂhl’slli’iﬁ FpﬁﬂtIOchaﬁ lbe @adlportet fiter Bptic dabRI13124.

1 S Next at box g §F qg end &gk ﬁé,ols extractedfil'romthe

noi se- r educeF<&ngH IO '&898 okeg J7O pad gmersss i pnRgje oppng 111

noi se-r educed:mlmgnailammnsah&dlaalsmés@y arhesedntdpmildithesibgnapticledble FI¥ in fixed
dielectric processing, the preferred endpoint signal is derived from
fitting the reduced-noi se signal frombox 607 to a set of optical equations
to determine the filmstack thickness remaining, as one of ordinary skill
in 20 the art can acconplish. Such techniques are well known in the art.
For exanple, see MacLeod, THIN FILM OPTI CAL FILTERS (out of. print), and

Born et al , PRINCI PLES or OPTICS ELECTRONI C THEORY OF PROPAGATI ON
| NTERFERENCE AND DI FFRACTI ON OF LI GHT, Canbridge University Press, 1998



'‘Next , at box 611, the endpoint signal 124 is exam ned using predeterm ned
2S criteria to determne if the endpoint has been reached The predeterm ned
criteria are generally determ ned fromenpirical or experinental nethods.
For nmetal polishing, a preferred endpoint signal 124 ove | ary
formis shown in FIGURE S by reference nureral |24. As si%ﬁkﬂ%nhﬂﬁ @%E
process progresses, the EPS varies and shows distinct variation The signal
is first tested 30 against threshold | evel 501. Wien it exceeds |evel 501
before the timer has tinmed out, the conputer t hen conpares the endpoi nt
signal to level $S07 If the end nal. is bel ow SO7 before the ti
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has occurred, the process returns where ano dat a
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st opped. Additj onal lléﬂ is desired that a CVMP process should provide the
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same quality o€ $1ORCRET P esults across the entire wafer, a measure of the
removal rase, and tOrbitd posimionr sesoDV4d pravidesfthoorbial positian wﬁﬁxerpadlaxsmm)er

d h |
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and the rermva rate fr rocess at a
35 provided byersarsaphie erbiig sawarldﬁnﬁ@ewhwhéadw%@emi@taa a1g eamingnfrommpaddghal i ty

of the CVMBp  combination of the orbital sensor and the rotary sensor determine which point. Using
this synchronization method, any particular point within the sample annulus can be
detected repeatedly.
With additional sensors in the pad backer 120 and polishing pad 109, each
sampled with proper synchronous triggering, any desired measurement pattern can be
35  obtained, such as radial scans, diameter scans, multipoint polar maps, 52-site



-16- +12 Novenber 2002 process is defined as the standard deviation of the
time to endpoint for all of the sanple points divided by the nean of the
set of sanple points. In nathematical terns, the quality neasure

(designated by Q is' (1) X5 The calculation of Qnmay b
sui tably programed conmputer 121 The pardﬁet er of quallt$zg Wcﬂ?g not

useful for termnating the CVWP process, is useful for determ ning whether
or not the CWP process is effective. The renoval rate (RR) of the CWP
process is defined as the known starting thickness of the filmdivided by
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havi ng 2 161 1 <AisciasuTea e o SETATH SEH R St SR iTEmeRiAlfE fersbive @pRigpfhes jthat
confi gured t acheoptgaameréghtwifhounuidue ekpginensaionce to the wafer surface

t hrough a through-dol e in, the polishin t n t
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signal to at |east one predetermn it nicate st op
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surface. consumed in the process; changes in surface roughness of the wafer as it undergoes
polishing; and other physical and/or electronic sources of noise.

30 Several signal processing techniques can be used for reducing the noise in the

reflected spectral data 218a-218f, as shown in FIGURES 5A-5F. For example, a

technique of single-spectrum wavelength averaging can be used as illustrated in

FIGURE 5SA. In this technique, the amplitudes of a given number of pixels within the

single spectrum and centered about a central pixel are combined mathematically to

35  produce a wavelength-smoothed data spectrum 240. For example, the data may be



'4. The apparatus of Claim1 wherein the through-hole corresponds to a
slurry delivery opening -18 CLAIMS: 12 Novenber 2002 1. An apparatus for
use in a chem cal nechanical polishing systemto generate an endpoi nt
signal in the polishing of films on a sem conductor wafeqsf\gvkafder 2089
cheni cal mechani cal polishing system beingl-configured to cause a rezl ative
noti on between a polishing pad and the wafer surface during a polishing
process, the apparatus conprising: a |light source configured to generate
light of a predeterm ned bandwi dth; a fiber optic cabl e assenbly having a
first end and a g,e%ﬂgd encii, wherein the fiber o cabl e lshﬁonfhlgured to
propagat e | i gFfRMPIPLHPY FER'S éYﬁra%em?PE‘i@rtaﬁfe'Eaﬁ% RE ’é’? Lter, BaUSsIan gther
thrOlrJrglh hol e étgnddﬁda mﬂhémdlitlldag npeads whea Edlcuddted npixelf byt Hfﬁel i dver t_hatneﬂedtabl e
assenbl y ext endi into - i,n the pad;. a

| i ght sensor %Hfﬁg?le%%i %igﬂ ¥ RE¥B R%(% Frg{a‘hg% ?%%Pw&p‘{‘l‘@&% éﬂg‘ééeﬂﬂﬁ Y,
wher ei n t he | ofjdrhplaedesor waselcnghlﬂl gured to receive light reflected fromthe
waf er surface thro S I epar

cor responasang to ag‘gg@é{weuih zpfil:n[eﬁag&lr g%‘nﬁ %’ﬁé&% ﬁ.ﬁ? be L?S?lg 091 &% %tegt{ﬂg&gga | ed
to the |ight Semséwp whemeliensane Goepursethe getle@m gpectsel @tag% ravézwbe
endpoi nt si gngl prénihe fm&uk@ﬂ aptwé laﬁfeéé}kauéerspaa ma@trétwm FRGURE'SE. 21n filne

appar atus of C| arml erel Ut er further configured
generate a st &ENHERS $he W@C‘éﬁﬁﬁ’&d% “B)%/SCGBWSPF’H}B"‘L"H@Y@H@&S‘PEF ?‘BTP&POQdé‘gat
| east one cri pikels Gidom ede s Jresaltdgline ssibothepecsiimagiconmand to the

chem cal fHaCham Cakn %%éher tecqmlque illustrated in FIGURE SC, the amplitude ratio of

wavelength bands of reflected spectral data 218c are calculated using at least two
separate bands consisting of one or more pixels. In particular, the average amplitude
in each band is computed and then the ratio of the two bands is calculated. The bands
are identified for reflected spectral data218g in FIGURE 5C as 520 and 530,
15 respectively This technique tends to automatically reduce amplitude variation effects
since the amplitude of each band is generally affected in the same way while the ratio
of the amplitudes in the bands removes the variation This amplitude ratio results in
the single data point 242 on the ratio vs time plot of FIGURE SC
FIGURE 5D illustrates a technique that can be used for amplitude
20  compensation while polishing metal layers on a semiconductor wafer For metal
layers formed from tungsten (W), aluminum (Al), copper (Cu), or other metal, it is
known that, after a short delay of 10 to 25 seconds after the initial startup of the CMP
metal process, the reflected spectral data218d are substantially constant. Any
changes in the reflected spectral data 2184 amplitude would be due to noise as
25  described above. After the short delay, to compensate for amplitude variation noise,
several sequential scans (e.g., 5 to 10 in a preferred embodiment) are averaged to
produce a reference spectral data signal, in an identical way that spectrum 241 was
generated Furthermore, the amplitude of each pixel is summed for the reference
spectral signal to determine a reference amplitude for the entire 512 pixels present.
30  Each subsequent reflected spectral data scan is then "normalized" by (i) summing up
all of the pixels for the entire 512 pixels present to obtain the sample amplitude, and
then (ii) multiplying each pixel of the reflected spectral data by the ratio of the
reference amplitude to the sample amplitude to calculate the amplitude-compensated
spectra 243,



'system 3. The apparatus of claim2, wherein: the criterion is a threshold
val ue of the anplitude ratio; and -1g- 12 Novenber 2002 5. The apparatus
of Claim1l wherein the fiber optic cable assenbly includes a first fiber
optic cable to propagate light to the wafer surface and g § 9&%&2@?
optic cable to propagate reflected |ight -t2-omthe wafer sur ace 6
apparatus of Claiml1l wherein the fiber optic cable assenbly includes a
single fiber optic cable to propagate light to the wafer surface and
reflected light fromthe wafer surface. 7. The apparatus of Caim]

wherein the |ight tputs lLight in. ti t th
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surf ace, ({‘ gy 3 é)‘éﬁ!)a(ﬂﬁ g)%hgfeg r}getalﬂz%d' &Erﬁco%%&gﬁ “&%}L ﬁ(ﬂsutu?neﬁ? ﬁ@{n?ath%ed ' ght

of a predeterm n
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second end, tA&CF Mmeaps, & arasessigheqtehenecphdata ¢H|te ohsan tis smenth datadiesfbsed
partial ly intghdwieaé Rpu@4ol Bdr exampld me Jal’oﬂé'ﬁr‘éﬁ‘f@%ﬁ t%aﬂzqdéaeofcmuﬁ@é i's
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gener at e t he stepgeing, amplitude ratio determination, or other noise reduction techniques known
to one of ordinary skill in the art, can be used individually or in combination to
produce a smooth signal
It is possible to use the amplitude ratio of wavelength bands to generate an
20  endpoint signal 124 directly. Further processing on a spectra-by-spectra basis may be
required in some cases. For example, this further processing may include determining
the standard deviation of the amplitude ratio of the wavelength bands, further time
averaging of the amplitude ratio to smooth out noise, or other noise-reducing signal
processing techniques that are known to one of ordinary skill in the art.
25 FIGURES 5G-5] illustrate the endpoint signal 124 generated by applying the
amplitude ratio of wavelength bands technique described in conjunction with
FIGURE 5C to the sequential reflected spectral data 218g, 218h, and 218i during the
polishing of a metallized semiconductor wafer having metal over a barrier layer and a
dielectric layer The wavelength bands 520 and 530 were selected by looking for
30 particularly strong reflectance values in the spectral range. This averaging process
provides additional noise reduction Moreover, it was found that the amplitude ratio
of wavelength bands changed as the material exposed to the slurry and polish pad
changed Plotting the ratio of reflectance at these specific wavelengths versus time
shows distinct regions that correspond to the various layers being polished. Of
35  course, the points corresponding to FIGURES 5G-51 are only three points of the plot,



‘pol i shing conmand when the endpoi nt signal exceeds the threshold val ue. 4.
The apparatus of claim1l, wherein the conputer generates the endpoint
signal as a function of date fromthe |ight sensor generated synchronously

with the relative notions between the polishing pad and ’ii‘ﬁloﬁ@ﬁfb’ér%@bﬁace
such that the endpoint signal can be gemBrated for a selected spot on the
waf er surface. 5. The apparatus of claim1l wherein the through-hole
corresponds to a slurry delivery opening. 6. The apparatus of claim1
wherein the fiber optic cable assenbly includes a first fiber optic cable

Lo propagate, Ly ght PRI B eIt RS URSEEL e Koo
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sour ce out puthe pdagHitl 1iindieatentite transiiongpabe diehecinc taper 090 dWadtlengtarigedof 200
]EO 1000 nanogxy gf & 5%@areTJ}F‘ec?eBH‘?c§rﬁttﬁbsbe§Ids Qs s34y q%%rz%ita §5*6em898'P8‘%seEo s
urther configured to generate € endpoi nt signal as a function of an
anpl i tude r abp@nwfin prefersed embadimentp dprapaishing shrgstpnt Vha tiganium mitrige €TiN),
appar at us of o¢h@imint (M)efIRk Tokh&d BRRIKLR rdiéﬁdé:@S]UzQUf@ﬁ@scﬁ@ecﬁ%f@(ﬁ% ,the
bl PR g I e PO e
on a seni congradesses, wall eypiclly havkl bd deterayisddesmpiaellyi sing: a |ight source
confi gur ?6] to gengd %eeprleiseq\rt]tinv%%tign,bl%t%gygtig}\ Qﬁnes'may be increased to cover larger
areas of the wafer with each scan. In addition, any portion of the wafer within the
annulus of a sensor trajectory can be sensed, and with a plurality of sensors or other
techniques previously discussed, the entire wafer can be measured.
For a metal polish process, the specific method of determining the plot of
15 FIGURES is illustrated in the flow diagram of FIGURE 6. The process of
FIGURE 6 is implemented by computer 121 properly programmed to carry out the
process of FIGURE 6 First, at a box 601, a start command is received from the
CMP apparatus. After the start command has been received, at box 603, a timer is set
to zero The timer is used to measure the amount of time required from the start of
20  the CMP process until the endpoint of the CMP process has been detected. This
timer is advantageously used to provide a fail-safe endpoint method. If a proper
endpoint signal is not detected by a certain time, the endpoint system issues a stop
polishing command based solely on total polish time. 1n effect, if the timeout is set
properly, no wafer will be overpolished and thereby damaged. However, some wafers
25  may be underpolished and have to undergo a touchup polish if the endpoint system
fails, but these wafers will not be damaged The timer can also be advantageously
used to determine total polish time so that statistical process control data may be
accumulated and subsequently analyzed.
Next, at box 605, the computer 121 acquires the reflected spectral data 218
30  provided by the light sensor 119 This acquisition of the reflected spectral data 218
can be accomplished as fast as the computer 121 will allow, be synchronized to the
timer for a preferred acquisition time of every 1 second, be synchronized to the rotary
position sensor 142, and/or be synchronized to the orbital position sensor 143. The
reflected spectral data 218 consist of a reflectance value for each of the plurality of
35 pixel elements 205 of the detector array 203 Thus, the form of the reflected spectral



©-19-.12 Novenber 2002 wherein the fiber optic cable assenbly is configured
to propagate light fromthe Iight source to illumnate at | east a portion
of the wafer surface; a |light sensor coupled to the second end of the fiber
optic cable assenbly, wherein the |ight sensor is configys RvEmbefoBdze
light reflected fromthe wafer surface jirough the fiber optic cable
assenbly, the |light sensor being further configured to generate data
corresponding to a spectrumof the reflected light; and a conputer coupled
to the light sensor, wherein the conputer is configured to generate an
endpoi nt signal as a function of the data fromthe |ight sensor. 12. The
syst em of Cldatad1Blwilliiesr wictor Ry, wbenguranges Sofmuanette Npgpn mhietpNpg rapoeserts mi nat e
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Process, signal produced in box 607 For metal polishing, the noise-reduced signal is also
already the endpoint signal 124. For dielectric processing, the preferred endpoint
signal is derived from fitting the reduced-noise signal from box 607 to a set of optical
equations to determine the film stack thickness remaining, as one of ordinary skill in
20  the art can accomplish. Such techniques are well known in the art. For example, see
MacLeod, THIN FILM OPTICAL FILTERS (out of .print), and Born et al , PRINCIPLES OF
OPTICS: ELECTRONIC THEORY OF PROPAGATION, iN'lERFERENCE AND DIFFRACTION
OF LIGHT, Cambridge University Press, 1998
Next, at box 611, the endpoint signal 124 is examined using predetermined
25  criteria to determine if the endpoint has been reached The predetermined criteria are
generally determined from empirical or experimental methods.

For metal polishing, a preferred endpoint signal 124 over time in exemplary
form is shown in FIGURE $ by reference numeral 124. As seen, as the CMP process
progresses, the EPS varies and shows distinct varation The signal is first tested

30  against threshold level S01. When it exceeds level 501 before the timer has timed out,
the computer then compares the endpoint signal to level 507 If the endpoint signal is
below 507 before the timer has timed out, then the transition to oxide has been
detected. The computer then adds on a predetermined fixed amount of time and
subsequently issues a stop polish command. If the timer times out before any of the

35  threshold signals, then a stop polish command is issued. The threshold values are



a fiber optic cable assenbly having a first end and a second end, the first
end of the fiber optic cable assenbly being disposed partially into the
t hroughhol e, wherein the fiber optic cable assenbly is configured to

propagate light fromthe light source to illum nate at | _F b of
the wafer surface; a |ight sensor coupl ef-t o the second g%gfog?nit%he Plgger

optic cable assenbly, wherein the |ight sensor is configured to receive
light reflected fromthe wafer surface through the fiber optic cable
assenbly, the light sensor being further configured to generate data

cor espondi gL e BE BIAR by drHSIrES 88 Uelrhintltan VAR AUEOTRYERGiERUP! ed

to the |Iight sensor ere e conputer 1s configured to generate an
endpoi nt si gtake pisea function of the data fromthe |ight sensor. 12. The

system of claim lior &S polghif® P Pr&errbd chpdifekigh@Nfdsald 66 4 pidiepi nat e
t he polishing pracess when the eqﬂ$0Lnt si gnal nﬁets.at | east one | |
criterion. 1EEMaiMag tyckness vy tiglea; hHerenahiieliias testeq Rgalnst 3 BYRIGHM Eengining

t hr fe_shol dsdvatmam_@is tmesharmldvenﬁdef Itlgﬂ 'signalaidequhlle ucmrpm;»er than fibe ;fcnlﬁ@ifnum
configured tgq: (i enerat e the endpoint sigpa a function of, an

anpl i t ude raﬂPﬂ‘("&%S gFe 8%s$ef?%th§35g Tabas R}&BveP&héf‘ R CSSWH%’;’ tﬁﬁ'&l agfly pn 2

term nat e t hpredetermimeddixpd emewy offtiene drdesubsedpeitiyt isgieg Rastope paleshdmnasandhe

t hreshol d va clhal : ' rat es
the_endpoi nt " pigyder, 3iEs BUELARLEincrinfisfiisiath e B, 4F EATPUbAAERE 2,
synchr onous| ysvéd: hTherbraseoldvalye isdstarmined b tpbisiing sryefsbwatws, ibenpmeasanios t he
waf er Su'i@ac?erﬁé{ﬁiﬂgttm%eki‘@itﬁﬂgigﬁ'rﬁil%taﬁdzﬁﬁ‘%owm %eﬁﬁ@%ﬁhﬁ%&xﬂ&hﬁ%ﬁ& ect ed

spot on the wafer Surface. Novenber 2002 197 The system Claim
11 wherein tlﬁléfe%*@rlﬂ)ut er is configurable to generate the endpoint signal

whil e the chem calTherpbéfi¢ eAleriR@bi &Y SliesS eta®barrier/@ieleb &l 18gert WfeMafstim
are determined by polishing sufficient numbers of test wafers, generally 2 to 10 and
analyzing the reflected signal data 218, finding the best noise reduction technique, and

15  then processing the resulting spectra on a spectra-by-spectra basis in time 1o generate
a unique endpoint signal that may be analyzed by simple threshold analysis. In many
cases, the simplest approach works best In the ‘case of dielectric polishing or shallow
trench isolation dielectric polishing, a more complicated approach will generally be
warranted.

20 Next, at box 613, a determination is made as to whether or not the EPS
satisfies the predetermined endpoint criteria If so, then at box 615, the endpoint
trigger signal 125 is transmitted to the CMP apparatus and the CMP process is
stopped. If the EPS does not satisfy the predetermined endpoint criteria, the process
goes to box 617 where the timer is tested to determine if a timeout has occurred. If

25  no timeout has occurred, the process returns to box 605 where another reflected data
spectrum is acquired. If the timer has timed out, the endpoint trigger signal 125 is
transmitted to the CMP apparatus and the CMP process is stopped.

Additionally, it is desired that a CMP process should provide the same quality
of polishing results across the entire wafer, a measure of the removal rate, and the

30 same removal rate from wafer to wafer. In other words, the polish rate at the center
of the wafer should be the same as at the edge of the wafer, and the results for a first
wafer should be the same as the results for a second wafer. The present invention
may be advantageously used to measure the quality and removal rate within a wafer,
and the removal rate from wafer to wafer for the CMP process For the data

35  provided by an apparatus according to the present invention, the quality of the CMP



'20. The systemof Claim 12, wherein: the predeterm ned criterionis a
predeterm ned threshold value of the anplitude ratio; and the conputer is
further configured to: (i) generate the endpoint signal as a function of an
anplitude ratio of at |east two separate wavel ength bandgs I\?d\lég%ér)ZOOZ
term nate the polishing process when th&-endpoint signal exceeds the
predeterm ned threshold value. 21. The system of Claim 11 wherein the pad
backer includes a canal that conmuni cates between a first surface portion
of the pad backer and a pinhole opening in a second surface portion of the
pad backer, the sec urface rtipn. heing n confact,wth.th i shing
pad when th® P& Hag?r}gf’g H‘BI‘E% S?H&rﬂcﬂoei"g‘ﬂf’?lé)%p}h umgto- pAnoint,for ﬁ‘ﬁ ‘%?%'ﬁr

opti c cabl e samplepoings disiddd bp deadeanrofitheset afisdmple pbintshdnfmatbémativdl exnhendi ng
t hrough the pinh eni . {ally into the through-hole of the

pol i shi ng pa{ge ﬂygkim%yﬁo@g%mgee‘f&@ %g an endpoi nt during chem cal
mechani cal polishing of a wafer surface, the nethod conprising providing a
relative rotation between the wafer sur € and a pad, the pad contaql)ng
t he surface during a polishing process of tthe wafer surface; illumnating
at | east ca porti ) LG LI ]
spectrumSWni | e tﬁg\e\%g}c&?ﬁgﬁ;&r g@%‘é“ﬂgﬁdr?gﬁ B‘Eﬂ%%@qﬂgéﬁéﬁ%qoe (taeét ed
spect r um dat@lcolhe femmatergot guality & calthonehmot jugpiul ferr resenaging then GMR

regl 0][1 Wh|t| eprb&?.s,vi@ﬁi@ﬁ{l-‘fw de@@rﬁ\idifg R8boRer Graldt W&é@ﬂﬁéﬁ'@cmfﬁ g Vg' uef
as a function o itudes o a wo i ndi vi dua vel en ands o
the refl ected speﬂi?i?moﬁ rétezéqaﬂfjetﬁﬁm%d’r%‘fesﬁsa‘% ?cga e RV SIS ng
arrangi ng a thickedss aftthec filhaldlvidedstgethbltimervd Bndpoint e Mthepaafer-ad-hyafaxdemadalng

. ‘ . . ¢ ber .onfi 0
the 1 pgrt andt Ran€ el 3sPifon b el AR by SR T oRRIOK (RE SR "9
Novenber 200®afes.polifedsyst em of claim 11 wherein the through-hole
corresponds to a ﬂé’érﬁ%dﬂr‘ﬁb}.t&’%’f"%@%%PEPD%ﬁte@@es ASddCBoRk L Aiufirddve

wherein the fiber optic cable assenbly includes a first fiber optic cable
t o propagat eof theypeingiples plthgpfesentdnyentier agthare ok ghendgd £¢ Bajt thpinventiaibioe t o

propagat e r eflkpafRflal bEbédimeANIEREILYBRT Bor SUMPRS & light of THEpreyent BREIBure] ai m
11 vvhere|£ the f r..optic cable . assenbly includes a si ngl@@om ber optic
r

i.h y
cable to o%‘ét@%i“é‘?qdi igfihe art cam dexipgr WHhQU ipdug expegmentapiap MFALS ¥9%m t he
waf er surf acdifferkBt lighe sysdesnmoofspettaomettdk, owleer éian thwse| degdetibedbur cxheaut put s

light in a CQMBA&MQM? of the present invention can be adapted for use in grinding and lapping
systems other than the described semiconductor wafer CMP polishing applications.

Accordingly, while the preferred embodiment of the invention has been illustrated and

20  described, it will be appreciated that various changes can be made therein without

departing from the spirit and scope of the invention



‘'spectrumin the bandwi dth range of 200 to 1000 nanoneters. 19. The system
of claim1l, wherein the conputer is further configured to. generate the
endpoi nt signal as a function of an anplitude ratio of at |east two
separate wavel ength bands. 20. The systemof claim 11 mh@ggkﬁe eggput er
I's configurable to generate the endpoint'é?gnal while the c en1caf
mechani cal polishing systemis polishing the wafer. 21. The system of claim
11 wherein the pad backer includes a canal that communi cates between a
first surface portion of the pad backer and a pi nhole opening in a second

surface portion of bhe 106 SRGR Wi A&RisRRM:r | 0gL
contact wth ;he.pgr?gwpﬁgﬁgﬁ%\%}% 'tﬁ"et pad backer hol ds F{rﬁe Boﬁ @ﬁlil E%E pad,
and wherei n t iBeclgimpéaregigfined asdfpllewsissenbly i s di sposed in the canal with

the first end extending through the pinhole opening and partially into the

t hrough-hol e of the pol isshigprap@dfor2dse i drehdiital OhedhahRslt polBhRE HRLERAOLNT
during chem cal nechani ccﬁ’lgirgol.i shi,n f v.vafergﬂurface, t he net hod

0
conpri si ng: pRERATYUEAG &P t &R r”bt?‘a? iROHSIHRg \QE fHAMS RN e fempicilurtor Wafply o
pad, the pad g@ficactht blierhibsl nsdchidext pOlivhinposystepdieinghdonfgpred ce ssusefa relagveraf er
surf ace; venber ..20 daim22 futh

conpri si ng: gé’r%‘é% ib%%"“f’ﬂé _R?g &%%%@gg;g&%ggf 8{: Y& %,%'Sgtiﬁg plrcgcl[eﬁs‘, rtil%ﬁ I ng

the poli shi ngappasgessomprisigsponse to the val ue neeting the predetern ned

Fanges. bet veen vy ey BRGUREe sphEREREE MORHR M BF, BIARGLAY BEtlEs o "

Cl ai m 23 Werei n t Adibehewsifgeableoassembly hawing @ fifstorndi apdra, sespedh erdy. wherein the
fiber optic cable is configured to propagate light from the light source to the wafer
surface through a through-hole in the polishing pad, the first end of the fiber optic
cable assembly extending partially into a through-hole in the polishing pad,

a light sensor coupled to the second end of the fiber optic cable assembly,
wherein the light sensor is configured to receive light reflected from the wafer surface
through the fiber optic cable assembly and generate data corresponding to a spectrum
of the reflected light; and

a computer coupled to the light sensor, wherein the computer is configured to

generate the endpoint signal as a function of the data from the light sensor

2 The apparatus of Claim 1, wherein the computer is further configured
to.

generate a stop polishing command by comparing the endpoint signal to at
least one predetermined criterion; and

communicate the stop polishing command to the chemical mechanical
polishing system.

3 The apparatus of Claim 1, wherein the computer generates the
endpoint signal as a function of data from the light sensor generated synchronously
with the relative motions between the polishing pad and the wafer surface such that
the endpoint signal can be generated for a selected spot on the wafer surface.

4. The apparatus of Claim 1 wherein the through-hole corresponds to a
slurry delivery opening



27 The nethod of C aim 23 wherein the fiber optic cable assenbly includes a
single fiber optic cable to propagate the light and the reflected Iight
through the hole in the pad 28. The nethod of C aim 23 wherein the fiber
optic cable assenbly includes a first fiber optic cable IﬁhEWQRﬁQ?QGOQhe

| i ght and a second fiber optic cable tolgropagate the reflected Iight
through the hole in the pad 29 An apparatus for detecting an endpoint
during pobgéﬂﬁﬁg of a wafer surface, the apparatus conprising. nmeans for
provi di ng el"ative rotation between the wafer surface and a pad, the pad
contacting the surface during a polishing process of the wafer surface;
means for illumnating at |east a portion of the surface with |ight having
a predet er mi nedl. Apeapparatisnforiuseting ohemiealgnechanisal polishingysystan) 4o @dneratezans
for generating reflected spectrumdata corresponding to a spectrum of |ight

ref | ect ededdpoifttdighal egithe pwhitigs bh&lmefoara sethicatéudtsr Wefed Guitetd, $he dheraiedl
means for determning a value as a function of anplitudes of at |east two

i ndi vi du T

appar at uashsF Beldi %ﬁgﬁﬂ?ﬂ%%ﬁg SRR RIS bued Fpptihing
arranged with o eedp |y exte |ng|ntoathrough hol e in the pad,
the fi berP¥handd e&@eésa&é@rﬁwgﬁr E’é&l’ﬁ‘&eﬁf‘néhq IPPRTAILEFEMATSINg | ect ed

| i ght through the through-hole. - 22 - 12 Novenber 2002 illum nating at

| east a porti oalight sonecesonfigared v génetdte hightiveai predetersyimat bamdwidthj e t he waf er
surface is being polished; generating reflected spectrumdata corresponding

to a spectrum gffivet 8pfic Eﬁ’élé%@éeﬁﬂalf' h@ﬂhg faeﬁfseeh@andvaldeé’oﬂdh&W&Eelﬁwﬁé fig& 1S
bei ng polished; and determ ning a value as a function of anplitudes of at

st oo Ao BYE) FR PR g B LA SRGEE, PRSHEL R BL ih

assenbly with one end partially extending into a through-hole in the pad,
the fibera#porgh-helsiie thespelishing padothadtst ag afifbe ﬂbgh@ptmbimssmbnyeezmdmg
i ght through the through-hole. 24. The nethod of claim 23 wherein the

t hr ough- hpdrdiallgingo & throngh-Heleiiv eieypobipieing pad; 25. The net hod of clai m 23
wherein the fiber optic cable assenbly includes a single fiber optic cable

to propagate thg gm toraddplel %o ﬂﬁfsk,@&fdeéﬁdldf%ﬁwrogﬂge 19%s§aei ;\;nlle% t

26. The nethod of claim 23 wherein the fiber optic cab e asse

a first light sensor is configured to receive light reflected from the wafer surface through the fiber

optic cable assembly and generate data corresponding to a spectrum of the reflected light; and

a computer coupled to the light sensor, wherein the computer is configured to
generate the endpoint signal as a function of the data from the light sensor.

2. The apparatus of claim 1, wherein the computer is further configured to:

generate a stop polishing command by comparing the endpoint signal to at least one
criterion; and

communicate the stop polishing command to the chemical mechanical polishing
system.

3. The apparatus of claim 2, wherein:

the criterion is a threshold value of the amplitude ratio; and



fiber optic cable to propagate the light and a second fiber optic cable to
propagate the reflected Iight through the hole in the pad. 27. The nethod
of claim22 further conprising: conparing the value to criteria; and

term nating the polishing process in response to the val i

criteria. 28. The nethod of claim 22 wherld-n the spectruﬁ?Pgﬁggg@%gpggen
wavel engt hs of 200 to 10Q0 nanoneters. 29. An apparatus for detecting an
endpoi nt during polishing of a wafer surface, the apparatus conpri sing:
means for providing a relative rotation between the wafer surface and a

d, th d tacti h f g | i shi f th f
i tace; | -or 15 NovENbaPrUEES o Chind” asEn Te B Gl nils peerRl o
conpri si ng. niealngesf ofirsc fibirasptivgeableeto\prdpagatedight exldteewafen adface iahé rai ecoraind
means f or terﬁﬂe?%%{iggabtlpg) @?H%‘?é, %ﬁg@_&d’ﬁ@@%&nﬁh@%ﬂ?ﬁsﬁ&a@oat he val ue

nmeeting the predetermne apparatus o im29 wherein
the predeterm ned spectrum ranges between wavel engt hs of 200 to 1000

nanonet ers. 33. The appihatagpardfusplailaimd wrheresi rihe Hiber iapsie eable esseablye

assenbly incleggestn shflokiBerd dftR cabRYtd Gropapite u%ﬁk t?ﬁﬁ@%ﬁ:tr@urtff& dn;bg%ﬂec_?éad?)g he
) e apparatus o aim

reflected light thro the hole in the pad 3

wherein the ?k@é%"oﬂb‘?‘gé”aé%fﬁll assenmbly includes a first fiber optic cable
to propagate the light and a second fiber optic cable to propagate the
reflected |ight throughThdgpgaedtes bfiCldie Ipaden fHedighppaurat watpats Lafaiima30

wherei n the tor ugh- el &l e bRRRLR gt DY S5h0Y Sinbr RSN "9

8 The apparatus of Claim 1, wherein the computer is further configured
to generate the endpoint signal as a function of an amplitude ratio of at least two
separate wavelength bands

9 The apparatus of Claim 1 wherein the computer is configurable to
generate the endpoint signal while the chemical mechanical polishing system is

polishing the wafer

10 The apparatus of Claim 2, wherein

the predetermined criterion is a predetermined threshold value of the
amplitude ratio, and

the computer is further configured to. (i) generate the endpoint signal as a
function of an amplitude ratio of at least two separate wavelength bands; and
(i1) generate the stop polishing command when the endpoint signal exceeds the
predetermined threshold value.

11. A chemical mechanical polishing system for polishing films on a
semiconductor wafer surface, the system comprising:

a light source configured to generate light of a predetermined bandwidth;

a polishing pad having a through-hole,

a pad backer configured to hold the polishing pad,

a rotatable wafer chuck configured to hold the semiconductor wafer against
the polishing pad during a polishing process,

a fiber optic cable assembly having a first end and a second end, the first end
of the fiber optic cable assembly being disposed partially into the through-hole,



'- 23'- 12 Novenber 2002 neans for illumnating at |east a portion of the
surface with [ight having a spectrumwhile the wafer surface is being

pol i shed; means for generating reflected spectrumdata corresponding to a
spectrumof light reflected fromthe rggi.on while the Waflero?/BHb%?%Ow
bei ng polished; and neans for determ ning a value as a function o

pect rum dat a. Msgorber i Rully SR U TSGR oy sl Lo

optic cable assenbly arranged with one end partially extending into a

t hr ough- h#! émphitudseragigdof ethleasti e sensrate waysleagthisbands) gng (b aerarataghe rstop

| ight and the reflected |ight through the through-hole. 31. The apparatus
of cl ai m pélishirgy enmmarntewhebe eagdpoint sigall exasdethbltyreshodd uslas. a singl e fi ber
optic cable to propagate the light and the reflected Iight through the hole

in the pad. 324 Fhe RRPALALYSaRE 19@&@@&%&@@%@ gem—atfeg Bi%ren‘aPBih? s@ﬂalda%aa

assenbly includes a first fiber optic cable t pagate the [1ght "an
second fi per .opti.c, cahl e t.0o propagate the reflected light, through the hole
R ehe patiicySt of it ot e BEBPRR anat i s isnonay it i el matioRe
pad is a slurry delivery opening. 34. The apparatus of claim29 further
conpri si nbetweemrike fpoliskiogradi angl thee wakdrusurfage surh dhatatheagrdlpeinarsigrfabrean be
term nating the polishing process in response to the value neeting the

criteria. gaferatdd forappRERH Bpotdn BE ataferdrideer ei n t he spectrum ranges between
wavel engtﬁs of 200 to 1000 nanoneters. .A A Al 2. Al A3. AAFE. A

- ALALRALAsU aﬁaraﬁ{xs bt Qi f‘\wﬂeyeif‘ﬁxdatﬁrough-hole corresponds to a slurry delivery

opening.

6. The apparatus of claim 1 wherein the fiber optic cable assembly includes a first
fiber optic cable to propagate light to the wafer and a second fiber optic cable to propagate.
reflected light from the wafer surface.

7. The apparatus of claim 1 wherein the fiber optic cable assembly includes a single
fiber optic cable to propagate light to the wafer surface and reflected light from the wafer
surface.

8. The apparatus of claim 1, wherein the light source outputs light in a continuous
spectrum in the bandwidth range of 200 to 1000 nanometers.

9. The apparatus of claim 1, wherein the computer is further configured to generate
the endpoint signal as a function of an amplitude ratio of at least two separate wavelength
bands.

10. The apparatus of claim 1 wherein the computer is configurable to generate the
endpoint signal while the chemical mechanical polishing system is polishing the wafer.

11. A chemical mechanical polishing system for polishing films on a semiconductor
wafer surface, the system comprising:

a light source configured to generate light of a bandwidth;
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15 The system of Claim 11 wherein the fiber optic cable assembly includes
a first fiber optic cable to propagate light to the wafer surface and a second fiber optic
cable to propagate reflected light from the wafer surface

16 The system of Claim 11 wherein the fiber optic cable assembly includes
a single fiber optic cable to propagate light to the wafer surface and reflected light

from the wafer surface

17. The system of Claim 11, wherein the light source outputs light in a
continuous spectrum in the bandwidth range of 200 to 1000 nanometers,

18.  The system of Claim 11, wherein the computer is further configured to
generate the endpoint signal as a function of an amplitude ratio of at least two
separate wavelength bands
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fiber optic cable assembly being disposed partially into the throughhole, wherein the fiber
optic cable assembly is configured to propagate light from the light source to illuminate at
least a portion of the wafer surface;

a light sensor coupled to the second end of the fiber optic cable assembly, wherein the
light sensor is configured to receive light reflected from the wafer surface through the fiber
optic cable assembly, the light sensor being further configured to generate data corresponding
to a spectrum of the reflected light; and

a computer coupled to the light sensor, wherein the computer is configured to
generate an endpoint signal as a function of the data from the light sensor.

12. The system of claim 11, wherein the computer is further configured to terminate
the polishing process when the endpoint signal meets at least one criterion.

13. The system of claim 12, wherein:

the criterion is a threshold value of the amplitude ratio; and
the computer is further configured to: (i) generate the endpoint signal as a function of an
amplitude ratio of at least two separate wavelength bands; and (ii) terminate the polishing
process when the endpoint signal exceeds as the threshold value.

14. The system of claim 11, wherein the computer generates the endpoint signal as a
function of data from the light sensor generated synchronously with the relative motions
between the polishing pad and the wafer surface such that the endpoint signal can be

generated for a selected spot on the wafer surface.
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communicates between a first surface portion of the pad backer and a pinhole opening
in a second surface portion of the pad backer, the second surface portion being in
contact with the polishing pad when the pad backer holds the polishing pad, and -
wherein the fiber optic cable assembly is disposed in the canal with the first end
extending through the pinhole opening and partially into the through-hole of the

polishing pad

22. A method of detecting an endpoint during chemical mechanical
polishing of a wafer surface, the method comprising

providing a relative rotation between the wafer surface and a pad, the pad
contacting the surface during a polishing process of the wafer surface;

illuminating at least a portion of the surface with light having a predetermined
spectrum while the wafer surface is being polished,

generating reflected spectrum data corresponding to a spectrum of light
reflected from the region while the wafer surface is being polished, and

determining a value as a function of amplitudes of at least two individual
wavelength bands of the reflected spectrum data

23.  The method of Claim 22 further comprising arranging a fiber optic
cable assembly with one end partially extending into a through-hole in the pad, the
fiber optic cable assembly propagating the light and the reflected light through the
through-hole.
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fiber optic cable to propagate light to the wafer surface and a second fiber optic cable to
propagate reflected light from the wafer surface.

17. The system of claim 11 wherein the fiber optic cable assembly includes a single
fiber optic cable to propagate light to the wafer surface and reflected light from the wafer
surface.

18. The system of claim 11, wherein the light source outputs light in a continuous
spectrum in the bandwidth range of 200 to 1000 nanometers.

19. The system of claim 11, wherein the computer is further configured to_generate
the endpoint signal as a function of an amplitude ratio of at least two separate wavelength
bands.

20. The system of claim 11 wherein the computer is configurable to generate the
endpoint signal while the chemical mechanical polishing system is polishing the wafer.

21. The system of claim 11 wherein the pad backer includes a canal that
communicates between a first surface portion of the pad backer and a pinhole opening in a
second surface portion of the pad backer, the second surface portion being in contact with the
polishing pad when the pad backer holds the polishing pad, and wherein the fiber optic cable
assembly is disposed in the canal with the first end extending through the pinhole opening
and partially into the through-hole of the polishing pad.

22. A method of detecting an endpoint during chemical mechanical polishing of a
wafer surface, the method comprising:

providing a relative rotation between the wafer surface and a pad, the pad contacting

the surface during a polishing process of the wafer surface;
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25.  The method of Claim 22 wherein the predetermined spectrum ranges

between wavelengths of 200 to 1000 nanometers

26.  The method of Claim 23 wherein the through-hole is a slurry delivery
opening.

27 The method of Claim 23 wherein the fiber optic cable assembly
includes a single fiber optic cable to propagate the light and the reflected light through
the hole in the pad

28.  The method of Claim23 wherein the fiber optic cable assembly
includes a first fiber optic cable to propagate the light and a second fiber optic cable
to propagate the reflected light through the hole in the pad

29 An apparatus for detecting an endpoint during polishing of a wafer
surface, the apparatus comprising.

means for providing a relative rotation between the wafer surface and a pad,
the pad contacting the surface during a polishing process of the wafer surface;

means for iliuminating at least a portion of the surface with light having a
predetermined spectrum while the wafer surface is being polished,

means for generating reflected spectrum data corresponding to a spectrum of
light reflected from the region while the wafer surface is being polished; and

means for determining a value as a function of amplitudes of at least two

individual wavelength bands of the reflected spectrum data

30.  The apparatus of Claim 29 further comprising a fiber optic cable
assembly arranged with one end partially extending into a through-hole in the pad, the
fiber optic cable assembly propagating the light and the reflected light through the
through-hole.
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with one end partially extending into a through-hole in the pad, the fiber optic cable assembly

propagating the light and the reflected light through the through-hole.

24. The method of claim 23 wherein the through-hole is a slurry delivery opening.

25. The method of claim 23 wherein th,e.ﬁber optic cable assembly includes a single
fiber optic cable to propagate the light and the reflected light through the hole in the pad.

26. The method of claim 23 wherein the fiber optic cable assembly includes a first
fiber optic cable to propagate the light and a second fiber optic cable to propagate the
reflected light through the hole in the pad.

27. The method of claim 22 further comprising:

comparing the value to criteria; and

terminating the polishing process in response to the value meeting the criteria.

28. The method of claim 22 wherein the spectrum ranges between wavelengths of 200
to 1000 nanometers.

29. An apparatus for detecting an endpoint during polishing of a wafer surface, the
apparatus comprising:

means for providing a relative rotation between the wafer surface and a pad, the pad

contacting the surface during a polishing process of the wafer surface;
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means for terminating the polishing process in response to the value meeting

the predetermined criteria

32. The apparatus of Claim 29 wherein the predetermined spectrum ranges
between wavelengths of 200 to 1000 nanometers.

33.  The apparatus of Claim 30 wherein the fiber optic cable assembly
includes a single fiber optic cable to propagate the light and the reflected light through
the hole in the pad

34,  The apparatus of Claim 30 wherein the fiber optic cable assembly
includes a first fiber optic cable to propagate the light and a second fiber optic cable
to propagate the reflected light through the hole in the pad

35 The apparatus of Claim 30 wherein the through-hole in the pad is a
slurry delivery opening
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reflected from the region while the wafer surface is being polished; and

means for determining a value as a function of amplitudes of at least two individual
wavelength bands of the reflected spectrum data.

30. The apparatus of claim 29 further comprising a fiber optic cable assembly
arranged with one end partially extending into a through-hole in the pad, the fiber optic cable
assembly propagating the light and the reflected light through the through-hole.

31. The apparatus of claim 30 wherein the fiber optic cable assembly includes a single
fiber optic cable to propagate the light and the reflected light through the hole in the pad.

32. The apparatus of claim 30 wherein the fiber optic cable assembly includes a first
fiber optic cable to propagate the light and a second fiber optic cable to propagate the
reflected light through the hole in the pad.

33. The apparatus of claim 30 wherein the through-hole in the pad is a slurry delivery
opening.

34. The apparatus of claim 29 further comprising:

means for comparing the value to criteria; and

means for terminating the polishing process in response to the value meeting the
criteria.

35. The apparatus of claim 29 wherein the spectrum ranges between wavelengths of

200 to 1000 nanometers.



