;e3elJd@6TJ} @1- 12 Novenber 2002 ~~~~u~~~0~ i nmui ni A~bRi m~~ NI ETI 30D AN D
MPPARATUS FOR ENDPO | ~' T DETECTI ON FOR Cl 3EMLCAL MECHANI CAL PCOLI SHI NG Fi el d
of the Invention The present invention reI ates to chem cal nechani cal
polishing (CMP), and S nore particul arly,~lto optical endi@oNavemeeegddan
during a CWP process Back>;round |Information Chem cal nechanical polishing
(CWP) has energed as a crucial sem conductor technol ogy, particularly for
devices with critical dinmensions snaller than 0.5 mcron One inportant
aspect of CMP is endpoint detection (EPD), i.e ~, determning during 10 the

pol i shing process when to term nate the polishing. Mny EPD
systens that are "rr~ situ EPD systens", which provide Egmwmmmm\mm
pol i shing process. Numerous in srtu EPD met hods have been proposed, but few
have been successfully denonstrated in a manufacturing enV|ronnent and even
fewer have proved sufficiently robust for routine produc One
group of prior art rrr sitr~ EPD techniques involves the“wmwlnwmummm“
nmeasur enent of changes in the capacitance, the inpedance

conductivity of the wafer and cal cul ating the endp0|nt based “¥H*%n anal ysi s
of this data. To date, these particular electrically based approaches to
EPD are not commercially available. 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 neasurements are done by
sensing changes in the notor current. These systens use a gl obal approach,
i.e , the neasured sienal assesses the entire wafer surface. Thus, these
systens do not obtain specific data about |ocalized regions. Further, this

-, 12 NoveWbemﬁmmmmppmammpmﬁﬁ’mmrﬁE cfidbecause of

the dissimlar coe~cient_of friction ad andthe
tungsten-titaniumnitri @&B@Iém#ﬁ%ﬂ\ﬁﬁgif&ﬁ%ﬂswlﬂﬁ & i sh pad and the

dielectric underneath the netal. H@w@fthem¢3atlaﬁlvanced | nt erconnecti on
conduct ors, such c e associ ate ri.er et al . g.
tantal um or tant alaﬁ‘rﬁ ‘Hi%F d’i ?1’9’9/ Hé‘\?% 19 6B B?eéhTmftﬁ‘l Rolishipg c(ﬁ!\gﬁag“ﬁas
sinular t9 therepaeichiaripgodpeicelodndpaint Jhectiontduring arCet prapgzsoach relies on

detecting the copper-tantal um ni tﬁ g‘%% Egﬁ?F&! QRont hen addi ng an overpolish
time. Intrinsic process variation s and conposition of the

remaining film st é:dknv@ymeclnmml polsstung {EME s emengadi asta erptiglgsmicdnductony be
| ess precise, éc'ﬂﬂﬂ lgf rﬂa‘?‘ﬁ for dVicfRARGH1RA! ﬁﬁleﬂ&oﬁ@&rﬁa% tha8. 53 icron
acoustic appr.oac t acoustic appr oac an acousti c transducer
generat es an Ch@duwprtémsﬁ@nw oft GP ﬁreﬁéa@at deteetito(RD), He - sdptermining SUERg) of

the waf efg bemgp&@iuhgfgﬁ@l—,emeﬁeJJeﬁ%amh@s&lwh& at the int erface bet ween
the | ayers, a_sensor \g,tl.gggg ed to tect t Eg_ﬁ)flect ed  si | s can be

used to determ neM‘Hé”isﬁ’l'S(ﬂ{ SYpips { ﬁ'b%t"’lsé{ﬂf D, systgmg” sw iPEREEC I n
a 15 second E@@Jﬁhhﬁgauher;sxaghngaproa&@usv\lu@wro@semmu IBPI)SiRtéthb &s Ql@{lcefbberi he
r

acousti cal nal s ner du als ave spect

Aol 1t ude. coRTBRSSE AR ot \iBee obfiingoeases iR tRtriied £ CRany BrunE
However, to émtisnimeat enh&Serbécmerrmve@mn&rdcsﬂ&:yntgvmﬂuadofoe rontisd peodueticipoi nt
det ecti og?]syst em usi ng acoustic nethods to determ ne endpoint. 20 Finally,

the prestht FMvention falls within the group of optical EPD systems. One
approach for opti €de EBRidps)oft pner iast of sttheERYpeeciniguensmeblves the Slechatabnt

No. 5,433, 65 eEQ.‘rérﬂéx]it ngl%%ls n HE W@%}c?tgn@e W@qlﬁa\@dhﬁet Bfetgl @o’ﬁ?ﬂct%tyaof the

rotati ng CvP cal
However, thewafaicdod C@twbltmgah@sndnwt@wwdmm@egsalmaﬁﬁes d@tapﬂé@émesthem t he

wafer an inhg meexrafeag&éfc@@%swggrlﬂgwhé (PEAD SR SrfRELATy SBLSO

accurul ate sfurry an approach 1s o
di scl osed i n Eur of¥&rPtapptlreEed ApPERCY tlmmae%owﬂ prafp@ionyeshy s noaswpﬂar ent
wi ndow in t h@hﬁ%wﬁ{ tﬂ?.-ohicﬁbn %ﬁvéehstﬁé fvafd tRlidp b@fshé‘d)laﬁ@%ﬁé"pél@srh Oﬁé?at agjapal

polishers is of “the type disclosed in Euraop ean F Ication EP 0O 738 561 Al,
in which a pAYaMHrEReRih agAaneRy SARYREANZNESS 8 AF GIOTEPDEnE Ol e Y FMBESthese

approaches, yrbhaloaspro®Ns. ef Qhe inEabieBE BichildasdedséRiHRPEtRO twatkmsleRick n Bhupad
are di scusseﬁ_‘? but rYB.kICE)S d)gur errent thout wi, ndow was ngI_ngéwnm der ed.
The net hods HIF6F ApPemarqfsast PR 58 Hetangaqu aa’faé‘ﬁ? TE@QT 1 5oH¥ t o
i ndicate the presence of a wafer in the field of view Furthernore,
integration tinmes for data acquisition are constrained to the anount of
time the w/ndow in the pad is under the 3 5 wafer.



.f +3_ 12 Novenber 2002 In another type of approach, the carrier is
.positioned on the edge of the platen so as to expose a portion of the
wafer. A fiber optic based apparatus is used to direct |] ht at the surface
of the wafer, and spectral reflectance mephods are used toNgM8

signal. The dramback of this approach is that the process nust be
interrupted in 5 order to position the wafer in such a way as to allow the
optical signal to be gathered. In so doing, with the wafer positioned over

the edge of the platen, the wafer is su?éect ed to ed%e effects associ at ed
with the edgme@hod h'erlpdiqssfard"ala)g’or myta CMBsbachesevelf Gie dipgimidan meﬁi@mtuqf ng

ortion of t I .

gpproach is escrll[gé’n(‘ileﬁl &%@ 1gh S)Hfgg?ﬁgi?@gst% tﬁ? %%G@tﬁ%eoh{kn ano S?JCR
approach, t haessas dhe ipolish fptaédaft§|f the gfelactc pademeathathe B¥RRAIN Hwea wat@ht
beamis dir eg&%cp@ﬁm’@ﬁﬂnﬂé&ﬁoﬁ‘@oﬁﬂuﬁﬂﬁ tst]& %E Ltro erc(@ﬁ)e‘:{hé‘aﬁsoc}-ﬂ@d | a it

beamis InCI ent at a snal ang e SO e reflectio OCCUF The

i rregul ar toﬁt?&lf aphg Bane Qaratalymn i esE‘éYt V? {oxa xer;tfo Citlof‘éf‘@n'ts

pol i shing i ss@pRe tekhdfindeflying| éélB@nE herrreammoe rcuriiehe Apprbgchnediies oatue‘z@&xagw I
be essentially flat and there Ie 15 scatt rlng e to the

ver
t opogr aphy o ¢ FRPRESTAalumy, Nt qagsxgpn,t eg% RE 3P QPO Mg gildtEpgigey
in U S Pat enprdcedovarfatidds3in9hi thitheessliahd icompbsition bﬁt}termemanyp@ﬁhﬁ sm&rlwh is

that th I . be. | K t.
Vet anot her  Sige SR Fdp Sl ey int EL 6% o Breb s TR pefelfne "
wavel engiths i n t henotifer zaredp oeudtthods oﬁesaaxbe@anstmcapdmwhupbnatﬁmt laaanlsscde

f f b 0 f
The nonpol | <18t BrE el Rl bPboreREec IR BRRE G MR b Aedes cRiED oy
wel | defi nedtfsepsufacallayar@dcnﬁsthcowafésmm p@hsdﬂh@mgﬁwgetmﬂe%messcms sapetbﬂfl c
types of {11 MerrbRiie: AR AU chE el EAR A0l Atbor B8 AL P EnaTE! 2

Iayers are a he sensit he si ecreases
rapidly. Onecakheysed & detgmsing y*p%ﬂbcfma&ﬁo%ﬁ@ﬁop@om '@&?ro%Sea 1F polished, Jn a

Pat ent  Nps 5s&6§d%&st1€%§f5&‘o@éh tah%@@us%i*é@%@ni&‘t@@ﬁéﬂ bRttt Meaddashcl Signalge
ew net ho itu EPD t ha

sort or anot her t.is e IS a for in
provi des conﬁ?’?‘?ﬁﬂﬁg B%%Pﬂ’ﬁ) g‘fﬁﬁ’ SEals ﬁvﬁﬁ;ﬂﬁﬁrlaeandc"é??l%%(c%t?% theh sveyes
under|yi ng nmétrdg |thy efoarsecaf thegsmilisie dickl edioweverayer date athdrepihayilsies mase

of use for the manufact un envi r opnent r An ratu
bt ovi ded 1 or SRR AIREF oS SBARER asibm WP sigh BREE Rl RatE o
waf er surf acdeteimaine dedpaiits an endpoi nt of a poli shi ng process I n one

enbodi megy , he a? fl)attlﬂg prgs%létoﬁlecs.nt?onp rrL %@thﬂ?ﬁ\ g@%bg%fao HARICHBR Q,Q efizs. &

| i ght source, asse and a-conputer.
The i ght soQﬂéeamoq&ho v depsicel GIRD sy stema la Qfr dgetype rﬁl’ﬁ‘é@lseldamdﬂ 8t RateThe

fiber optic %bb%@r@ﬁ)@&%?xﬁ#m in wl‘nch]@wm\éﬁmﬂ%e Bﬁ% Awmaﬁdy@mhmfohe

t hrough-hol e to iflum nate e wafer surf ace duri,ng pol i shi'ng process.
The |ight selfsBedr & denses changes i e refigprrd Ppﬁ?ﬁtw%ur H&e\éevehrt%@gwmdw

fiber optic %ﬁblﬂ:a@é@qwm%ir@éesﬂ%@au@@ﬁtFﬁQMth&et@aﬂeh@nSﬂﬁﬁﬁé iof it he
reflected I| .The dco er receives the refl cted ?F% tr da and
lgcﬁx Andgalish

gener at €9 an RPY8h A 4 regonag a Bﬁ&‘fqr’?}ﬂatﬁﬁ Sspect r al
data. In a net aI mnbmepohp;&badhg iappf i that itgie, dxibﬁ)se@dholﬂhroﬁ)bﬁlﬂahppl@at@on

f t f t | t t di
sl act od 11 ot OERGh] oFfieR b Siraptieht HON (oY BELH RORT PR gSPROR ng
appl i cati on, sitiier eipgmachtfosi @ealonels polistecs wpaf fhet tyipegdstiotdte in ebhepead

£l fil
hickness. THPIEBIERP 8 Babrey e iyl hE O ahab S Brbf fer iR
criteri a3CandIrsba1bsaf tliese pppriosétiengvapioos essnsifoe mplbmemmgpoiranspsieghalindoseins t he
predet ernzi ng acFEx'eta‘?srch%eh’“&dé‘?ﬁal@{%&reﬁs%%m&?} ﬁéut%'\%%&lw?sﬁ& E'ngﬂene

systens, an aratus accbor resen I nvention er w gh t he
endpoi nt detE rrmthqdeam)dmaogysesaimbascchg\etbcsslmt@mr@wsmf mnsatscgn@dwataﬁw
reliability LSRRG |, at.ed n r

Thi s robust n%{sggé#g d ‘fes tﬁgqu%gfae?&;%sﬁés“w t%tﬁ%h?or? ?’ﬁ&g:ﬂﬁ&hgﬁg ik d'at%
product i on e#ffuissinfeate comtiastedpedhe rpERMPIGime Hie Wndowvrigshe pad is under the

35  wafer,



The. foregoi ng aspects and many of the attendant advantages of this
Jnvention will becone nore readily appreciated by reference to the

foll owi ng detail ed description, when taken in conjunction with the
acconpanyi ng draw ngs, wherein: 20 FIGURE.1 is a schemat il2 Novemshers2Q02n of
an apparatus fornmed in accordance with the present invention; FIGURE 2 is a
schematic diagramof a |ight sensor for use in the apparatus of FIGURE 1,
FIGURE 2A is a diagramillustrating reflected spectral data; 25 FIGURE 3 is
a top view of the pad assembly for use in the apparatus of FIGURE 1; FIGURE
4 illustrates an &xamphe typapLappyoachf te carmgruepogtponed onthelrdgpaflthepdatemg

and the pad & B CLePlE eblhdtane et A AR WBE b SaRoRS MRAEEG EOUAEES, |
of appl ying lighti ap tle susface of Hruwateq and tshesiral b@leétan@@meﬂmdus@fet emdem asplyz r al
data, in accgy %@ﬂ@ £ Yhi 'arm% ro?%ﬁ&“a b BY AR thFJp%n}u% §é< Eﬁuﬁb@?{

|IIustrat|ngt orn'at|ono one en 0|nt SI e spec
data of tshe ewuler txpesition t@ntwa&rgnaucbawaxabw @l o sher opsieal sm@l tqge EaiercBer

2002 poi nts {fn¢h heipohishk J@w&?éégﬁ&ﬁxonb&‘ O%F%éi@ ée:o‘f“th [:f?zﬂ@n efm%ftzﬁrg of

the present 1nvent I,%o; ram. [ I‘'ustrating
anal ysi s of @%Cﬁeéifmeﬂgarfﬁ@m@agmat?dqwabém E‘é&?c%f tRlish pag geiggricross the

i nvention. 5w@€é?wrﬁl€@1é3%ﬁﬁlmri§ @f@oﬁf&etw\ﬁ%m doﬂifﬁ—‘é!ély(éﬂ bRldatgSetample fEL hod

of EPD using. optical neans .a o) ing the optical
data. CMP naltH WBS °¥ 3nRreagh i HFS&E‘Lﬁfg Pacﬁéﬁh"alﬂ?“ﬁ\cﬁ)gﬁf%ﬁ%ggmf er or
substrati® to be phl usdieg apprsdehhehedivafer mafms o ef denpdd aemall Qﬁﬁfuhefbnﬁ(h as a

carrier, but.the haldi.n s of the nvent' n |s err d to 10
herein as a l%ﬁg?m&ﬂ%&t&%e%}m% e‘ge f{?ﬂvécé’la "\% Rarqcl 58%'? Ehi ng
pad and a neacsentoataugmmd ingtehsd ﬂmdmuﬁmrqﬂadnmmnmt 'ﬁ’ﬂam@m tspd@hphyes

the present Phy@aF st B fedtrfa Yu o Qrifem Wishidg 168508 RRBLS fiFFE fref
requi red forcamotn, shémtheamdfer sudfate well de esserially diet @od Ityerteowtllhbc sienf anke of

the pad t&%@ﬁ%hcm &%P@gﬁgaggéa%ﬂgﬁﬁtthé;wg\g/g %%ﬁl R eo(?agygr%fagﬁjfsf ace

of the vvafer ontro cause ace of

the waf er todibdossddsddd Raghinde. §.4&3.04b éﬁbﬁfdé@éuw Nﬁhdh{ﬁrtéstpfbemoaﬁbunt of
force The nombOedbrhiigriede dydlém%EttHetlﬁ@ﬁﬁbteE% Ma%ertﬁ’éﬁ%hs%?ﬁherﬁ‘bom its

center around an er pen lar .to the ne of th rin
preferred enbodi rr%‘t ancgberF‘iEPf‘H’éH entads W"I“‘I‘O’B& alé?&?‘i‘%’e r ‘E‘ﬁ\ﬁ“r?ﬁf}lson of
the polishing ghadnfrsrefr gecirail of BREML Atidemalipém tleenab&keld@ 6ﬁ’ler¢vaﬂe€m@hh of

fiber optic ¢ e to.be.inserted into advm hout breaki.n ad of
bei ng r O‘ttoat i ‘5*’3‘1 hiha ﬁﬂ’t&&ﬁ?“‘o‘?as{sﬁekﬁé’émgg“ﬁf%l fogp the ponp Fl?ee%eﬁ“ﬁ gt the
enbodi nment . wafeont r(élnanges dts theabtbrpmmtwlthm mhneowadvallndairgdegaecuralcwﬁraibwmot | on

about its in . f huck',s, ax

25 a prefer rée%gy sgr%?dd a[nmntghéf: C(L)‘P t&gﬁgér'r}éfgpe tfrﬁ?ga ﬁ%ggp o?—ﬂlr P?fe*h%
is to be undbssivendgd Hat at teltipkl mmahtasersfant hddddMe ﬁwo&afaotthspmsntfwtgzaﬂfl y
shown or de i i o r.
skill in thSt(FIE S%QIFWCEISQ%?F\@& %ﬁe %’Eehs %?%ﬁ%ﬁoﬁfﬁ Ch Sdcgg(ﬁb%gf'}ér use
in the GWP tB& PaiestNos&443.040). S. Patent No 5, 554, 064, whl chis

i ncor porated her egfnbyf thefeSbBUE thetiRfis Aas 8&%‘93&1&5%9’&@5%?@%%&9%5 AWhkile
overall systemof. the present 1nvention is shown in seen,

waf er chuck negdedyis|arewymggtod fon asipnBl DitBatipsoydesenntignes smpémg/aﬂémt;ﬁuck

101 pref er aimmurtyatas “aabpbwlm tn%lﬂﬁétdnqéﬂlylﬁé('rﬁetﬂloﬁyere‘ Baf nasfEtiviedAé

i ncludes a polishing pad 109 nt@ ont 0 acker 120. The pad backer
120 is in tufYF st Pé@’@ﬁﬁteéseaggéd &%Iﬁﬂ“-‘g}%‘ﬂ%’g AYIPAMENr ef erred 3 S

enbodi mgot, the pad backer 120 is conppasshrof uret hane and the pad backi ng
-6- 12 Novenber 2002 Bl ate .| 40 |acﬁ ai nl ess, st eel g .emhodi yent s may
use ot her suitabl yetus)is ArgYided, £orpuss ‘B&EI@ePO"ér‘fﬂr PUshing Kpm Jimgan fer |
the pad baclsemiroptiadter M&rlserfs&cnhaedbzmsandndth dfra pmtsﬁirnzrmaé‘es;s(liﬁ)tonshom)
that is operat,i v move_t he assenbl y. 107 the p eferre i I
notion. 5 Poel%lgbs |nr‘1én?’pé}6e PBRATAY ’ﬂ%}g St '8}3@’?%@‘} &g _Ia. hf‘ﬁ‘ﬁh }?Cg H%?dent
and conmmuni cates, afibér @ptm aahlzl assayptdyianlight $4nson anbe qmmbubercl@lre liJ.qu(f)soxﬁuet her,
a canal ,Lk04 acent

backi ngSFEJI at ﬂr_ng} Jelri%gr»l‘}é{ﬂ ol %ﬁ eﬁ%t%ﬁnﬂ{edr (%%%t“ ﬁ%qe% gﬁ%orc}pzt 1&508§g#%§h%ad
backer 120 to the pinhole opening 111. In a preferred errbodl ment, a fiber
optic cable assenbly including a fiber optic cable 113



10 is inserted in the pad backer 120 of pad assenbly 107, with one end of
fiber optic cable 113 extendi ng through the top surface of pad backer 120
and partially into through-hole 112. Fiber optic cable 113 can be igbedded
in pad backer 120 so as to forma watertigght seal with tHeNOXEMPEEREPZ120,
but a watertight seal is not necessary to practice the invention. Further,
in contrast to conventional systens as exenplified 15 by U S. Patent No
5,433,651 to Lustig et al thai use a platen with a wi ndow of quartz or

uret hane, the present invention does not include such a wi ndow. Rather, the
pi nhol e operlight through shertlireugh-hele dpi iflimimatenthenwalsn uagsk during, theh pelishingber
optic cable %gesgayl‘hla%gﬂ gaegr re-EQHé%réﬂ%c:%Behng ﬁ%%mhe atfae&'ta%u hfige Eibger

optic cable I's not se backer . Moreover, because of
the use of apmicmtéleeanﬁoge@ﬁ@tﬁsrﬂjtqEOIFCSPPH@“E|tBéF° émqtemwsmée tefleciegylishten be
placed wit h'%@é&nﬂftertr@@elﬁéﬁ'tﬁé rémctealspémam dbfacandagnbaedsain @tgoR®sighlli g pad
used for the I|ver %Eurr JJ averself/ ffetlggthe

process. “éH@i’?tO F“FgéP%‘ﬁE?e e8I TER ﬁg“ shing appUcagiog; sl e

t hr ough- h0| EanF»é’mt Kigharis Qpﬁxhcﬁlo@@&' ﬁeﬁﬂt%néz&@ﬁéf twlean 1ot in@ﬁhdtﬁh@b&mvelfen 15
that receiv %gt fr%n E5 t e 11% a fleier o a e 118.
The optical 223gHPelEcted gTomd e&u?‘%tﬁ dypdthy C&ﬁ% ’t‘op 1Sing ht
sensor 119 \/ap@héanbﬁrtmmndpolﬁabbmlIQBaseEh@oneﬁttm@bemhd r@l&ttedlsgeﬁl‘um?eo an
generated in_accordance wéw{a 1 Peéf)r esent _inventi ¢ escrj{geed bel ow. A
conput er 12 PHFEVTHEE2R% GIEF I SeEREfn 1%"%"8“&@% }5 8 117 (RIP W rect s
t he eni 48i orconfpatdsghe efdpoint sigeal|to phédesmmined chitéfia ahidestdpsghe pshishingeprbidsi s a
br oadband 3 Yy m IN t 200
and- 1000 nim {Heroiks SAEREIAE ishll AL Blelbrblds b P B T e iy, BF PSR,

bet ween 400 eazduoxgod)etmnansymmsl@r@mram qqqagismgew tha|psesest myEntidy, eogredter use
as the 'lghtwmwtec Ym dendTRbh ‘?ﬂetﬂ&t‘ol@% dwaﬁ@%egeagaa@%rtorsahe@at h¢g that

wilt activate ht source e co ut er
al so provi des lf’é?H“)é inAgsengs QfersFumplgted stm%%ehmzmbnméfhis rohRBRRSR t he
anal ysi §50f hil@s MeapphtatisiRESIE Rt in sk EPDORtesrBl@bntdAdirofkientendpai nt  of
the polishing has been reached.. O bltaI posi,.tion sensor 143 provides the
orbital position of the pad a et gl the Drawings - cpck' s rotary

position sensor 1@ fbfdg‘ﬁlr@%pédﬁfarﬁl’lgtuh\abf pesdtfendant abiviregds ofahiglinwtiek to

t he conputer_.12 respectlve ef 121 h on the t er of
the dat . coltBePtoas Srker el PGt i taEReE FROhE HefGuindo delnde
or bi t al senscbscnpaientwheretsakmmccbnjmacmmswtthdtecba;campwmdnamg‘srwheramd t he
conbi natpon of tRgse ag r r h

poi nt . Fn oper at :}gn soté)(rjl}g afst%ge:‘%thc ﬂwﬁnoﬁé{sxﬁﬁ?&gp fog’?éae[tgus?t%a%tgl gnal
123 is 10 proth @é@quenttlhteerkt:ieﬁrputer 121 to initiate the nonitoring process.
Conput er 121 ther}‘l@'{fl@:b%ik&@%aﬁ@ﬂfaﬁ?an’léﬁaanhttsfeﬁfb?%Fuié lahhe T,?]&atbsaht
source 117 via fiber optic cable to optical coupler l'ight in
turn is routéQUtRﬁrbugh fiber optlc cable 113 to be inci dent on the surface

?L thel Wat;] er 103 PttemttgbAgs %B?Fﬁn?ﬂlgﬂ:rdiﬂx tﬂrét]}ec@éaobpﬁa@altdlataough POltﬁ 112 in

e pol ishing pa : efTected lig ro surface o e wafer
103 is egptured S}&ﬁ’é‘i% if @r OPpYIFY efame&aﬁlsssaﬁhfvr B0 Bk AR 8Pt | cal
coupl er 115FI@URBOLgh in the preferred enbodi rrent the reflected light is
rel ayed using th l aptic cable 11 it wil beapreC|atedthat

separ at e dedi cat 2&&%? ﬁ‘bﬂa&esc%{b%a’? Sttr@?ﬁﬁﬁﬂ) foreg Sh¥EN, Bt 08 H) P%‘@t t he
reflected | ishtwing Thearreiasregibn teat isopivecsedavl the wafidrdvhdnethe praférefoshiby amhar e
the 20 canal 10%&“ the fiber optic cable 113 in a single fiber optic

cabl e assen‘f)li1 X %ptl cal coupler 11 Srelays this reflected Iight signal
t hrough3®i ber opFIGURHS £A BF2ateodiapgints slastsaimg| de@. eﬂfcoghtofampiw[g Wafous

or oot d sgeherdiii BUBENERRTEA eEh Bnitth cbf® B BB H” e

advant age ppmsmemvdnyonhe optical coupler 115 is that rapid replacement of

the pad assenbly rh@yRES ?@%‘R Bt d%tzlrﬁs 'ilﬁfsﬁht&]isg“%et R%Pﬁgeﬁ‘béﬂ bh¢/ eﬂﬁ%cﬁﬁ'zdpo' nt

det ecti on on subsequent wafers. er optic ca

may sinply senddﬂ:“&gh&pm tlemsnertalogats ohlthe rllsried light sizagicangd shew arsitiansenbl v
107 rnay be installed (conplete with a new fiber optic cable 113). For
exanple, this feature is 30 advantageously utilized in replacing used
polishing pads in the polisher. A spare pad backer assenbly having a fresh
polishing pad is used to replace the pad backer assenbly in the polisher.
The used polishing pad fromthe renoved pad backer assenbly is then
replaced with a fresh polishing pad for subsequent use. After a specified
or predetermned integration time by the |light sensor 119, the 3 ~
reflected spectral data 218 is read out of t he detector array and
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conputer 121, which analyzes the reflected spectral data 218. The
integration tinme typically ranges from5 to 150 ns, with the integration
"time being 15 ns in a preferred enbodinent. One result of the anal ysis by

conputer 121 is an endpoint signal 124 that is displ aye&IzMV@i\\t?Qro'!OO]?Z?.
Preferably, conputer 121 automatically conpares 5 endpoint signal 124 to
predeterm ned criteria and outputs an endpoint trigger 125 as a function of
this conparison. Alternatively, an operator can nonitor the endpoint signal
124 and sel ect an endpoint based on the operator's interpretation of the
endpoi nt si peials inzthe pphighingamsess it pEeRsEance Mith ane embodEnenymindiemregnt o
advance to {henlde—asd Process step. 10 Turning to FIGURE 2, the |ight
sensor 119 contai hs a_spectroneter 2Q1 that djsperses the |ight according
to wavel ength onﬂﬁHREétpécat Bew liagagm Jtustralag ﬂi‘%&aﬁbﬁﬁso%thﬁlfﬁﬂ%ﬂt?‘w signal

| i ghi - sensi ;nia\égorghwﬁygtf@qjﬁese}[hmvéﬁmt rometer 201 uses a grating to
spectrally separate the reflected_ligh The reflected |ight incident upon
the IigRtsensitive el enents 205 g@ﬁ@ﬁ%ﬁ@@%ﬂ@nal in each light-sensitive
elherrent (or "pi rehé bre&&ltﬁrh%htibrsrepegmrd ethal o!faEPDm irinnggFu'n&i neand aﬂdijajshi fi nh
the narrow wavel engt n. regi an 1,ncl gen o I I xe]..The. Itude of the
signal is aios%mﬁﬁk?go‘p‘tﬂr%%é?‘% &%%'CF@‘E%&Q@%H@&%? iyﬁb‘ianmﬁ% faeans

i nt egr at i onof hatding ractvhfze bedubgracd tabe palished 1 Siuchdioddihg \neeant atdgompiaey al

distribution.of the reflected,l.ight . 0 Gt er .121
1T ust rat eartredr s Eca e 3t Mg mhP R A eI HERo 1 ffomed i
appr ecilat edhdrhiatas alyatearchicky. tGMP matbines also pypialls imdEe 4 palishawppadtandra of

the refl ect C 1 i F, rof l.i,ght
sour co 117 GRaRABEkpRor i R SuBFpad Syt RS e SHBIRCS retelrch 5 apel
are 980 pi xpolishingstablehemn platanh Yot »tbe PROSSUPPRR)| Beans aofsthenareseridinyartianeisof a
wavel engt h Qﬁé}% i: 0 0 iy edaFed Y ' )

i ncreasing the ggeﬁr&%grgs %)f p%éﬁﬁgpzo%w&ﬁ ﬁagogﬁﬁgsghé%g?/el_ gﬁé/tefledband
sensed by e®iHKr girgelly hwheo@ﬂgchrﬁfrwm| PR/ URAVELORIES 26 BEoPYest Wy thegpad
te”bOd! BNt %dite'tﬁftl?% O AiFa0Y PO OLTBL. ﬁm@ Sl Qi:@rhé‘onlzt(ﬂé .CNEO%JE@h iR Ghews a
op view o e pad asse : e pad .backi ng pl ate as a pa
backer 120 ‘(’ﬁost”rgﬁ%\ﬁg 1ﬁff1‘¥alf bg)prgs&cﬁragﬂnitot t@dt Eﬁﬁ@ﬁr‘?’ﬁ‘&e@ pé‘é"&?‘%p t he
pad backer dmuritsofsfoeder ehé heotipal dfsthengatpad 4:0BrarPi mhoiks eoop@nangbdut itsand

t hrough-hol e 112 are,shown. near a.peint in t m he pol.i shing pad
109, thoughce %} ?)r&uﬂg th afuﬁep%?qdé%l?aﬁgE ége 1F8§“chﬁqbg \Séfgé'm-rﬁepre?eg%e;a optic
cabl e 113 eammbodiipesthr ough t he body of the pad backer 120 and energes in
pi nhol e~0peni ng Eur.the anpi C i 1B 3 toshal d the
fiber Stic cabl%mjlthehaly'n\wi be fSHIBRH"GSRE L RS Eog% ”?%ﬁ’é’p?@ﬁgt@‘_jt Re pad
assenbl y 10freferabdypomgtationdlanicsabie asharblengshraddibehentisrablere bsligsestedfinto
interface n k it fotBPdriab NhB OmBRsh he Wdghisa
rotating waf grﬁ?hﬁgﬂ%g%%gﬁgga?ng%g?togn%l |5221d Iassearibl y 107 ;Ogghg?/g/atednlspoi nt
on the pol i ‘SiitRd" wa?dprg@ged@emb_wmqnbvxlrsggero‘g%démaehPP&&T e8tthe pad undgreeest he
fﬂt e S5t r%i'&x‘?atr?r{dﬁo'n%baﬁk it IBH RN WM S parall@re thealafet child's Sentigr of

e wafer. An exa

| e of  such trajectory is.s 1 in F E 4. The fer
103 rot%t es? 4B GFgEt"é“t@éH’E‘@‘» e §rb1’0§‘axﬁi%t?re‘5t E-ggmb’bclhf’%h efodt &r kR ¥°\§
gggwn i 3 FI @d@ﬁté{id maaagh@ﬂmhtmzs\%ﬂthf @I@hlﬂb@lrndtisF&d’nﬁo&ﬂQ,sh@\ﬂﬂid}Q?@cﬁBeﬂi t .
, and an_exanpl e trajectaqr . Int exa . shown, t aten orbit
Speed i's 16MEY b6 EAQUSLATES RORYBIEORSISOS O oAy SN therarts oF aberple. oy i o
is not critthegresent inbentiopeambe atapréd fon@sehs P moaekwidsbédn MBS Pdtenta

preferred ogdi of, .;he .present .i,nvent i he | ocation of the orbital
notion of t Poﬂé%ﬁ%?’é”}ﬁ}blsi"gcoé%?{?tﬁfiﬁ&ﬁ ré@?f %?%FF FSwithin the area
ci rcumséri bed byAtdchempaid representafiort b€ theabearall 8Btent of ahé eresent thwentidneisout er

limt 250 i I | e a r.adiusy,0 , . l.t) the
waf er 103 i%oﬁ%ﬁgn]i: nat e 1(:0%? is%%ogs%gf% ' gﬁlgdklgnj?‘g?%\&%gg)%%ﬁqég gglrtlseb&
sanpl ed compdlisbeisThe wafer chick Ehibprtfaragiy rotates @hootsntergcaymads i05. ghmpadat ed
at least o 0 i i i i of ki sensor
Tio (A GURESTo, D7 Edes ' o n i R0 RuhGh SRl AT hath 196 Tl Fa

poi nt wi t hibackerel 2aipline tarnmanstedaanise adpad dagking eeatlddl y InFarperiedre, by
sampl i gt WAedHEdNdhd igg Adklr DXClCclhpdds Siatharahe 8 { HREYacREEN 11
the orbit from20 the er center and t%e nearest point, the reflectance
at the inner and outer radii can be detected. Thus, with a single sensor
one can neasure uniformty at two radial points. For stable production
processes, neasuring uniformty at two radial points can be sufficient for
assuring that a deviation froma stable process is detected when the
deviation occurs. 25 Orbital position sensor 143 provides the orbital
position of the pad assenbly while the wafer chuck's rotary position sensor

N " ) Y b1 Y Y



-

-10- 12 Novenber 2002 Cartesian maps, or any other cal cul able pattern.
These patterns can be used to assess the quality of the polishing process.
For exanple) one of the standard CVMP neasurenents of quality is the
standard deviation of the thicknesses of.¢the material réfoNewemier28ed by

t he mean of thicknesses of the material renoved, neasured over 5 the nunber
of sanple sites. If the sanpling within any of the annuli is done randomy
or asb5nthronously, the entire annulus can be sanpled, thus allow ng
measurenments around the wafer. Although in this enbodi ment the capability
of sensing tiHaedAPiis astaindgse steels @chﬁr@v%@dwermldiamgismleersi@ﬁgbicsnatamzﬂsafmate
appr oaches Ctﬂtgﬁgg ggﬁ%&i ah@ Q?t;%@né.h?uﬁﬁéfetﬁeeééﬂ backiy Siafe FAPIRLErefRS @F 91 NG

the orbit of t asse i NCT eases. the area a si gl € sensor can cover.
If the orbi tdrHenARMEON eans LAt Shewar thahis apgrasive ta grqys, the pad apsembly 1 iar
wi |1 be scanpegref@tr@Vd@pe thdtin. the inner iimt of the annulus coincides

with the wafer center. In addition, the fiber optic.end may be fransl ated
wi thin a3canal 10P4°1‘tSEbm5t 6@&3@9 rlfiudsy & ptﬁ?w%%a‘w@e k)&r? nE4hs!SoCORGEENe Aoy ng
assenbl ?/ Irbtolm:ﬁm B 'ca@éstwhmspmﬁo@io%@mﬁg?ne,in ﬂi&?a@fba@lfeﬁill’lar YFusthd, Iald'taﬂal_tlbﬁ a{t
can inplement .alterngtiv roaches chi eve . sane result w fhou
undue exper i‘mgi"bﬂ?e %?91%{)‘56 Eﬁ)ﬂ’]@zﬁ E@ﬁ ?‘ﬁ%cef‘bfheetlﬁc EPUEL rerz’F Caa%'alb% 8 is

general | y i nedgsdicemthetextaldreldetine oER2 sadshairdt 120e thebirdible Gienig tihe In

litud f th i | .fluctuat i Ly, - wh L.i shi -
G forn t 1 e aoginett Bl RaRC I Rl inflePad iR 1
anal yzi i@ t heirspeed mrathedpadabackepl i of padERrBembiyol(atwitn ote endrof fitec wiptit el vy
detect th i1Rt .., [ I . ]
ol | sct eq” darad g g Boi B Rlp bolface ot 64 Soiabiaob dle falitne o
addi ng " noi ghrougb-hpifel 13 dribar cptie celapil3 can Pagmbeddeddn pad-baekerrPiso wdeo
"noi se" can r¥ah Y WHeikRt se%h@itﬁ‘@ﬂr?ejﬁ‘atd Rdckst 0, Bula ,wﬁ%rgl}ge a8 nhelesaipd the

th
end of the fiber opticC cable; t variation in dista et ween the end of
the fiber op®iPEAtEHLRe igMentioRe Fuahes 11T BOMYrast {nFanvaNUQneh sYSIeraY rueXenplifah be

caused hy P3g VEAP0Ent WHI52433089); tcDagiEest hin thhause WpRednt Wl PLlvigdeey skurry
as it is conSuned in the Brocess:. chanﬁ s in surlIf;ice éou hness _of thg waf er
§ “GlcRp %

as it under GY8EZ BbHTedhAnAghe ArFge i mENtBR $SFAt 16k pdowi Ratshrtbes of
noi se. 30 Sewthold opégngll 1 prioensdy gy beafibniigules padrbdekertusedviich fibedupiing t he

noi se in the geflected spect,r dat a,218a- 218f ho, i n. .Fl SA- SF.
ror > examp! o CeEIAS S hERER, Mg HoBet Rlen B, BCHbr b iR TTA ¥ S
used as il | uwst rsatled tbnthel @IRBacBAr 12G t Miosedver; hidoguse, of ke anpl oft aideshadd a
iven n er - Dhxel ~i. t.hi Si sine ¥ t a
Jont a0 opehinR I XE dhe ¥Ber bty bl b ferSREphid L AR GRIUHECRRY
wavel engt h- $nlsstindhe pad Paskrscandupelzhiog m=dr uS@séafﬁanq deliveryl afsslyray vidiout 12

Novenber 20Qdyerddly GORBIiME theby v ;ﬂ@b&sévemg%, adVSA! JNYEEAQE ,mém@iiﬁﬁhg
filter, gaussian Tilter,” or other standard mat hematical means en

cal cul ated Pr%dP9 bgs ppimple raghthole b4 | ected spectral data 218a. The

smoot hed spect r UIREAQptis cNOMYB [eddHdRAEp1RA @&supfer Rl thAfreadilsilioHbRoNS%

wavel enath. 5 Altern vely, a tl.ne-glv;elr gglﬂ% tech{u q{ui rrlgy Bge used on the
spect r af> datight $rse Wy ¥R dnfhes optigfebledién LE enfical equplertda Aseettplls dat a
_2|1:3a and 2%8&1&2&2%%&5\'%@@? dﬁglﬁ_geamrlla_tvidﬂmwﬁfié eatemzz.: ﬂrﬁé}em&fed liﬁht
illustrated in F . In this t ni gue,. t he spectral . a,of the scans
r e comni nodiey I ETRmERIR the g LEE IR TG VS BRT F AR &Skt o
resulting in a srpodhputespicprovide? 4lcontraDsigmal a8 td ghtt soobhoei ddethad dicestsr at ed

ata 2160 afts CHRANET NEH o ahe fefsalfReTAT" S AT 858k 117 0s TELGRRRACCT "

one or B9reliphtxedwgce,l preferatly owmittara spéveruay of dipht drephvednu@80i anded@00 anoh | s

conput ed ang, he rafi L& aal T . are

i dentified S?E‘?@fmﬁ’e%}de@“se&efé’f{%aéﬂ’e‘aéﬁ SB%{?’.‘ EF%%@’%E@%’Q ﬂg%’%gﬁgﬁgw 15
respect i vel yavaianght ecAnitengstenehd® tio suigblraforcalse yay glechghimsbincade?.
variation e R t : kipd i =1 faeted in
Uhe. same vag p T e B L el o e e

vari ation. ¥4 sheaBD meghodolagyo The §PMPUieh 9ePHividgh enderdpopdi tigeg4250n t he
ratio vs. tine plot of FIGURE SC. FIGURE SD il lustrates a techni que that
can be used for anplitude 20 conpensation while polishing netal |ayers on a
sem conductor wafer. For netal |ayers forned fromtungsten (W, alum num
(Al'), copper (Cu), or other netal, it is known that, after a short delay of
10 to 25 seconds after the initial startup of the Chi netal process, the
refl ected spectral data 218d are substantially constant. Any changes in the
reflected spectral data 218d anplitude woul d be due to noise as 25

descri bed above. After the short delay, to conpensate for anplitude
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-12- 12 Novenber 2002 In addition to the anplitude variation, the reflected
, spectral data, in general, also.contain the instrunent function response.
For exanple, the spectral illumnation of the |ight sourég\llﬂ Fl %J& 1),
the absorption characteristics of the varj.ous fiber optilésNGRIMPRE pler,
and the inherent interference effects within the fiber optic 5 cables, all
undesirably appear in the signal. As illustrated in FIGURE SF, it is
possible to renove this instrunment function response by normalizing the
reflected spectral data 21 Sf by dividing the reflected spectral data 218f
by the refl eshaq tisoggiatheohiabisined tidpresent Trsteanaaridfs degdrimimddothai shepdndpeitt on
the pad 109 ] 3y dard" reflector is typically a first
surface of aéfﬁli\gﬁjﬁgshghgqaé@??nvg%%gte (e.g., a netallized plate 10 or a
partially polishe@rbitel absitigmdenser $oprhyidesrthevaftital pogitien of the pad assembly
| nst r unent - Nk 2eerSGER e dbsiin SARUA 125 pRovilsahé Ylufar dhidnidTend
sonme noise still present. In vi of the present disclosure, ‘one of
or di nar y SshiWifer ghigketoathe Gompuisri2dy resperdivelye ah@MpisT JR 88 SyReirpaige dbe

spectral dattﬁtg%éﬁéf i1 @b aoNediida MLl bsARnd] EsHhdtion"PHM AR FRSGE! aTRAS.
For exanpl e, e af orenenti oned tegiggbgjgs of anplitude 15 conpensati on,

i nstrument QTR s§RsAs ddeRsilies shich Ta aip 1,eRrBiIng {iAm agd dhagpmbinaiomal

aver agi ng, aRPbibitafSenset A et QB RBAJor @BterMinealHiEk phiat.se reduction

t echni ques known fo one, of ordipar Z%I in the algt, cg]n be used )

i ndi vidual Iy or i W%ﬁp%aﬁgﬁw ePHCEHolAThPEGIgnHIE SIPRt §i8N2hb2X Y| e
to us;% tllgz ?T@{'i'ti&dfltiﬁtl’lr:eaddnq)wér Mavelisitgiethd aARorih @ peaRsy. aCSn@[]te?%Z@_ﬁﬁ’émi nt
si gna rectly. Furt rocessi,ng. @n _a,spectra-by-spectra bhasi s, may
e r oqui ted FeGia st 177 5P SRS 1 FbrE BT RoHiRE D7 SRR R I e
det er m ni ng tl8eosspicdlacahiptbe il &t iTdws lgfht itherranptautediehroagh SbafoptivecabbevEl3engt h
bands, furthegn,,ti Y i I I u | se,
or ot her " noitgc et & _E’%E%Sﬁa?é ob B RARLhOL Wil Bh ool SFEHS Pt T ISC,
of ordi nary tBqugh-hole 1 Reinghe polbing pP@lRES SG SJ illustrate the endpoint

si gnal 4 gener ' | 11 nas i I ds

t echni q&g descri %ﬁ%c%ﬁé%ﬂ?ﬁé&”@g%%d?hwg%ﬂ%%ré@ t’%ca?’fﬁ‘é’)ég\g l}gﬂtg Féz}l 9&[&
reflected spablerldp sk @@1&3@#‘21‘8@3 andca XBRPIgnR i hg Aleoysdl insHienpreéred
netal | i zed @iHoaRnehGhe TeMRIARN lidhaME Pday@t @inOVIRY fiBerbaptld &dbld BYEri N

dielectric layer, The wavel ength bands_520 and 0 werge selected by | ooking
for 30 part 1AEHIEKIAGH St 3rGPRAM e GEE GRS GBI (RGY SpRRTH FIaY ngied P s

aver agi ng prooilesshdredetde Sighdditie renah fiber Gricroabliecioudd thebirefRysbly shiate WS

found that the li.t.ude ratiog. of l.engt h, bands changed as.the nmateri al
exposedg' 0 tqqgalg{égr\y@i &‘ﬁ&{bﬁﬁ??téchcaﬁgg\ﬁgﬂﬁﬁg@é] oetrtolpﬁ&cqﬁ%af‘sﬁfnib ‘of
refl ectance at tHBweopmticbuplerH S-mlays ahigtieBected dight signa thhmugh fibestomict

regi ons that NHeSHofL .t ar i I I [ i sh rse,
he por nt s CAP2E RaE ol WE LRUE sofMENT0 08, QR Bfte FeneERl

pl ot , 12 IspeasrabdataZi@2refdrseda hergings thetrefledted specuriRiasy 218, ofphactfleced as
illustratedyi I&g?ﬁl{fj the transition above a threshold val ue SO1

i ndi cates tklligngt{raanm |t§1)2flfom a bulk nmetal layer 503 to the barrier |ayer
SOS, and3the subdrpuedvaniagawrovidedoy theeontiseletoupderolStinthasirepid replacemensr t he
peak S 11 i g § i 4] tGhi ; tdhdhi length
bands S szor"’gh‘?ﬁsa?%%??‘&é?‘éﬁ%dﬁ? le sohi ﬁeﬁgtag{é'ﬁédg’%cr%%ﬁ)tﬂg%%%"ﬁgnz%?msf}zégy%gﬁ550
nm or 62S ©F BHECeNT Wakrer el ather MRSET. ndAtiber oPPtiSofabiti Iy mayn g8tRin bewy |

titani um ni tdetadRed froM sheQpticalt @bl (Tadd hinde®BpiEd¥BALIYN 051 iy BA it Ardde

(SiOz). As descr,ibed .previously, these wavel ength bandS can ke different
for differelfORRIEEr i“élﬁé & GV iTPFe rRAYIC @Vﬁiﬁla ocg-é’ée%",a l‘}yi)ifgéﬁ‘-‘l"?/ Woul d

be det ephvnadvanpieousiglutizedlinlrepihéify BEedsilishind\pa8S irothe polibiRg!r A spdtetpades
may be |ncrﬁa ed to cav r largg Elre:fls .of tHe. vvafgr W th ea&g S%f% LI:n
addi tion, aRgRsoraAPIRCIErIaVING fdfesh RAUSHPS Refe!saPsed) psTepiacy WignRag backer
trajectory assentdty senisedoligrt Whehusedppalishingt yadofroge fieoran@redopdibbacker

t echni ques pously discussed, the entire wafer can be neasured. For a
motal poi oA B BReReHer eBBEEE T s S PR P BB R Pie bl ot of 15
FIGURE 5 is ill ustfiextaegpetified bepfed ererninedymasgrationilGURE tig: ligh eeqmood &8,sthef

he protbss QRS Gt PR LA AF opPRelecr ol BT RARAER GILLC

fromthe CNII' apparatus. ARer the start conunand has been recewed, at box
603, a tiner is set to zero. The tiner is used to neasure the anount of
time required fromthe start of 20 the CMP process until the endpoint of
the CMP process has been detected. This tinmer is advantageously used to
provide a fail-safe endpoint nethod. If a proper endpoint signal is not
defected by a certain tinme, the endpoint systemissues a stop polishing
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3 S pixel elenents 20S of the detector array 203 Thus, the formof the
refl ected spectral -14 12 Novenber .2002 data 218 wll be a vector I~ b
where i ranges fromone to NpE, where NpE represents , the nunber of pixel
el enents 205. The preferred sanpling ti¥§ is to acquirelaNayemimre02
spectral data 218 scan every 1 second. e preferred integration tine is ,
15 mlliseconds. 5 Next at box 607, the desired noise reduction tecl >l uque
or conbi nation of techniques is applied to the reflected spectral data 218
to produce a reduced noise signal At box 607, the desired noise reduction

techni que fgympiREa]2 IPAHiEhanydes theordfirbed!spb@rdl RtAPTd. | tTHESntedtdtPnGime
wavel engt h ban "he_ refl ecisﬁnce ofhitgafl rst .presel ected wavel ength band

ds. 1
520 (R~,,bR‘YPiC§ﬁ>h@§§€Frfé%mz§rF81 dns i the duesrptier Hmebeng emp i a petetedyr |y,

the refl ectansaiiméntt hOns essancbMheakipsis 69 compakarigt his anehdpdfht (signahyl4 i s
measur ed antrwl1 its,.anplitude st orle,g i Irtmn@ry The an])%[i t ude af b,he lirsl
presel ect ed ﬁfa\?eqlﬁuzg‘ieﬂ BRAMEGT 1= b fre- LAY~ FUBRI Y 1 1 h B QM3 FRIYdEOBRATE e
second pr esaidpoinesigng\iek engtddeteamend CRteriaZ2nd tomtpuas am andpoig! teigeed 105 4534 i 0

that is on [ ~Ll e an r f ndpoi si gnal . (EPS)
124 15 redrPRi BEYRE shfopied e, ANSrmaR v BE veior 26 SRRRY dhe FpERTRIC

noi se- r educsighab il 2h aind psebdatti carnd endpdontx b&Rd . ofFahe negteaitopgs lintstpragtiont dfe the

noi se-reduc 4 f i [ 0, i i (o]

i el oot ri o Bpaint SR 103, AROePbbE pHedey 127 2Rt dhe NP Hpchint S lavange
fitting theorthelneddronsssyesi gnal from box 607 to a set of optical equations
to detgpmne th i tgﬁﬂj@'c I I R W=\ AV il
in 20 ?Ee art c:w%dg?otﬁplﬁi S _Sgbﬁﬁﬁz%ﬁr?%%gyg?gm%e slqp neg&ﬂﬂ{egé_r@é tg?d;. For
exanpl e, setspeBRes drdlightAFeerAINENP CraMetcARt NI T RRESIEEE 2y 203 Hhay indydesBor n et

ke L.mhmgss%@ﬁwg@%u Ehive Bl J0BONTRe TifsERmler JBROled WCTihENG
< : the~ & -~ [ e UnryerSi
Press,  1008PREY, SaBOReGIeL St SRR e e T < SRaMHed 8 ng

pr edet er m nessi®e eleintas 265 teenetetesrandigml iif eadieligmdensinte biamehetsr rghagthed The

pr edet egnu .criterj e generall yv.deatern~i ned from Lrical .or.

bxper | et Ara s prugetihalie HEaRRa YCRPNI S Bton rRsRERhsERD Frmn 100
over tine iupoexserppiacly Fler magmtisleadrthe sighdlGuREBoSproponishelr tenthe intepeatimn 124
As seen, as:tihe RILOGES: S ri i sLinct
vari ation ?‘H’g@si gna}?&lg_s&? i‘?‘%%@%@?‘i@%ﬁf‘%gg? EE? Cly‘ﬁrdeag %@%@%&%5&1 a‘teV\hen
it exceeds spestesl dsuribusiehorfahe meflactadi light imgutpiintal computet hl esnlfpustretedtinen
conpar es thggemdpopnt signal to level SO7 If the endpoint signal is below
507 before the tiner has. tined out, then the transition to oxi de has been

det ect 88. The cdRpighes! thiselisciemyse. dnvill bsrapgerciated Hel by vaexing shsuprmbsr afi ne
and subseqeld 309, 3Be8@8sotutidnOBf R ireffecteaniprogal Hitah® fbydye Vimess @¥r

bef f the. .n hol d, si I t | i i
PSsued ho RHPECS e DA SR o HESe Toush BB Pl Bise et S Rl niy
polki sh: ng aei@ﬁ allg_re/\?xfe@{SQ_;ﬁmIs ﬂ@i,ﬁheﬁ sachgpired] marowaés&esi_ghhﬂeinﬁroaﬁlﬁé bf anlst

t ake place.. For diel ectric. shi a preferred,en signal results
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case of dielectric polishing or shallow trench isolation dielectric
polishing, a nore conplicated approach ~~~ill generally be warranted 20
Next, at box 613, a deternlination is made as to whether or not the EI'S
satisfies the predeterm ned endpoint criteria if so, then at box 615, the
endpoi nt tt7gger signal 125 is transntitted to the CVMP apparatus and the
CWP process is stopped. If the EPS does not satisfy the predeterm ned
endpoint criteria, the process goes to box 617 where the tinmer is tested to
deterntine if a timeout has occurred. if 25 no tineoui has occurred, the

o o o B o v - ~ N~ o o o . o [ o o e



Additionally, it is desired that a CMP process should provide the sane
quality of polishing results across the entire wafer, a neasure of the
" renoval rate, and the 30 sanme renoval rate fromwafer to wafer. |In other
words, the polish rate at the center of ghe v~~afer shol?MNayemhes 2W2e 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
advant ageously used to neasure the qualny and renoval rate within a wafer,
and the renoval rate from~~~afer to wafer for the CWP process. For the
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Ta f
li ght of0a PHheWeiCEFFAHANIHARAGIET ROIN, EYENCHANCE @t HiyNRTA0d by afihgithg a
first end apd deteegeonThendviting eim@lensdnser bhdesn apfabire aalXoemitp a€ ewbi@biakpd to
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23 Orbital position sensor 143 provides the orbital position of the pad assembly
while the wafer chuck's rotary position sensor 142 provides the angular position of the
wafer chuck to the computer 121, respectively. The computer 121 can then
synchronize the trigger of the data collection to the positional information from these
sensors. The orbital sensor identifies which radius the data are coming from and the

30  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



partially into a through-hole in the polishing pad; a |light sensor coupled
to the second end of the fiber optic cable assenbly, mherein the | i ght
sensor is configured to receive light reflected fromthe surface
through the fiber optic cable assenbly apgl generate dataﬂ% §HEﬁQQP& to a
spectrumof the reflected light; and a conputer coupled to the |ight

sensor, wherein the conputer is configured to generate the endpoint signa
as a function of the data fromthe |light sensor. 2. The apparatus of claim
1, wherein the conmputer is further configured to: generate a stop polishing
command by dlaraizhmppsher swdpbérmalcalaglegiattem. aThésegattensecaartietused om assassd

cystem 3. 1he RSP of bt SRidHng HHRRE, _Pot WRaGRETGHE oF AN MU foNaEr ) o
val ue of then@aﬂmliehteuﬁeofr@aﬂiw isahel stand@d- deviatiovaditbe thizRseshef tenmatesal i s
further conf, %&H{} &aﬁd%hgmaa&fﬁmkms?ég%w %eﬁﬁgl‘e eﬁafggg%&fﬂvé}f an
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gener at e3t héh@a@pbgcnﬂsgmphgltebnifahﬁsamémgmén@ﬁ@bp@f the @mghaﬂ denecrardizmiyhe
threshol d vagug, mﬂrolmglgaw&ﬁﬁb@nﬂﬁu@ ka B ]samm%r @H\ﬂ :Ilfb‘%vxﬁ%'mééts ements

gener at es t he endpoi nt nal as a function of date fromth t sensor
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and the waf eyaféris fa@ﬁ@ve‘attcymdﬂh@tmbmeﬁmp%@fna% g5pbadhas cbxeb%a&f@)t&ﬂalhor
sel ected spot on the waf ér surface. The apparatus of claim1 wherein the

t hr ough- hol & "c%?l"’ree‘éaﬁlé}hds to a slurry deI ivery opening. 6. The apparatus of
claimlipherein tHe ddahgle, Qﬁtatgingam oriFis o€ hd yad ratskemlﬂys xﬁcx%hsrestthélab&r aoptic

SRR ey e TR e b
wafer will be scanned, provided that the inner limit of the annulus coincides with the
wafer center. In addition, the fiber optic end may be translated within a canal 104 to
stop at multiple positions by means of another moving assembly. In light of this

15  disclosure, one of ordinary skill in the art can implement alternative approaches that
achieve the same result without undue experimentation.

Simply collecting the reflected spectral data 218 is generally insufficient to
allow the EPD system to be robust, since the amplitude of the signal fluctuates
considerably, even when polishing uniform films The present invention further

20  provides methods for analyzing the spectral data to process EPD information to more
accurately detect the endpoint.

The amplitude of the reflected spectral data 218 collected during CMP can
vary by as much as an order of magnitude, thus adding "noise" to the signal and
complicating analysis. The amplitude "noise" can vary due to: the amount of slurry
between the wafer and the end of the fiber optic cable; the varation in distance

8]
(¥4

between the end of the fiber optic cable and the wafer (e g., this distance variation can
be caused by pad wear or vibration); changes in the composition of the slurry as it is
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 5A. 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
produce a wavelength-smoothed data spectrum 240, For example, the data may be

(9% ]
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7. .The apparatus of claim1l 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. 8. The apparatus of claim1,

wherein the I'ight source outputs Iight in a continuous T2 Novembens 2002
bandw dt h range of 200 to 1000 nanoneteré 9. The apparatus of claim1,
wherein the conputer is further configured to generate the endpoint signa
as a function of an anplitude ratio of at |east two separate wavel ength
bands. 10. The apparatus of claim1 wherein the conputer is configurable to

gener at e t hecoiinQ by sﬁdpﬂl@@\l/erﬁ\&h' bR xtdreavehe mulammn{gmbxaﬁqmes héméhéy st em
I's polishing the v~~a . A chemi cal ﬁeBam cla I shi g,? m for
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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 data 218g 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 5C.
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 data 218d 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,



a conputer coupled to the |light sensor, wherein the conputer is configured
.to generate an endpoint signal as a function of the data fromthe |ight
sensor. 12. The system of claim 11, wherein the conputer is further
configured to terminate the polishing prg gess when the drRdNevsrnbes 204
neets at | east one criterion. 13. The systemof claim 12, wherein: the
criterionis a 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 bands; and (ii)
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other means, to process reflected spectral data 218f to obtain the smooth data result
shown as spectra 245. For example, the aforementioned techniques of amplitude

15  compensation, instrument function normalization, spectral wavelength averaging, time
averaging, 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-57 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 sfurry and polish pad
changed Plotiing 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,



bands. 20. The system of claim 11 wherein the conputer is configurable to
generate the endpoint signal while the chem cal mechanical polishing system
"is polishing the wafer. 21. The system of claim 11l where n the %@ﬁ gagker
i ncl udes a canal that communi cates bet na first surfa Neyembeh 2002t he
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 t he pad backer hol ds the polishing pad, and wherein the fiber optic
cabl e assenbly is disposed in the canal with the first end extending
t hrough t heagilinsigh®l PIAGURE 30d 1pardctias,|as ilhiniatddnia HIKBLHU]QBKthetr@ﬁSxﬁdStﬁ
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conpri sing arrangi ng er optic cable assenb one end partially
ext endi ng |H'EQ§CQ§C%HF@)B@I*P&HY)I“@U dhbe drdermyped empiniealber optic cabl e assenbly

propagatd ng the ki g prafh tentied)ia 9ﬂlo|n| @ks hm:cuéqncxtebﬁedtw@&@a 15}%@ 24.
The met hod of clfaum23 vvhe ein the t r hholelsashﬁ Eegllver

openi ng. 252r¢#Har His Wafar &aﬂ 'oqagh $pam 00, (39 ROTQR © prithiadbe ) v
i ncl udes a samflseoffa msoramje&o@adzheaetnnwdopﬂ@aﬁla 4 plardlitglof sandrd breother

reflected | &e%muq\tl&rp?&qgusﬁyh&spu%s&i 'the énrtlﬁe Rf%&r can be measured.

For a metal polish process, the specific method of determining the plot of

15  FIGURE S5 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 1s received from the

CMP apparatus. Afier the start command has been received, at box 603, a timer 1s 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

umer 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 spectfal



26.. The nethod of claim 23 wherein the fiber optic cable assenbly includes
~a first fiber optic cable to propagate the |light and a second fiber optic
cable to propagate the reflected |ight through the hole jn . the pad . The
nmet hod of claim 22 further conprising: conparing the vafthpﬁegﬁpf@pﬁé; and
term nating the polishing process in rﬂébonse to the value neeting the
criteria. 28. The nethod of claim22 wherein the spectrumranges between
wavel engt hs of 200 to 1000 nanoneters. 29. An apparatus for detecting an
endpoi nt during polishing of a wafer surface, the apparatus conprising:

means for ReAVIIH 0 e d Gl SHeRlirafd SRR Bl IR IALRErC Y] AfesBR

pad, the pad contacting the surface during_a polishing proce f .the wafer

surface; tbe ppmben of Nuxed ghapenpe)S. SPFERTGd SRAPIHEL LAY Bt 19 @aQuireaa

portion of rbf@icusfertal WAth il 8 scahevéry avimBoad. S PE préferiddl InfedrforVahR is
surface is Eeliﬂ% é)po' | shed; neans for generating reflected spectrum data
correspondil dgrt'se l'§i|5-ectrum of light reflected fromthe region while the

waf er sgrface i N&gi Abgxd07shkeldedred nEsnseduetionlateinifuri 6g camyvidatién a$ a
et on of SRt H9250h Bk SERL L0 O RSNl b RaDgs el he
fiber opti cignabl Atdssei] yheadesand adiseireductng tecithiquer for ahétyl poltsbindiingoi nto a
I ough o el D Bl LOSE ORI GaERkAsR PP g aRRSRt ke
of clai m 3@rodsscednwarderigitibdendpil (Repdlie racasered] 3ndi Hel awplitude siiorgd énf i ber
0P 0L o OB B A et ek WAl e ol o
assermbl y i H&wugels measiredtangdiiseamplisedecsteres| is memeyophlifatmplitide [of ghg fieshd a
second fibgjre@Ricted GabLiendR UMAPA@IRL £ if Bvided by the amplitude of the second
preselected wavelength band (R,,},;) to form a single value ratio that is one data entry
vs. time and forms part of the endpoint signal (EPS) 124
15 Next at box 609, the endpoint signal 124 is extracted from the noise-reduced
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, sec
MacLeod, THIN FILM OPTICAL FILTERS (out of print), and Born et al , PRINCIPLES OF
OPTICS: ELECTRONIC THEORY OF PROPAGATION, INTERFERENCE AND DIFFRACTION
OF LIGHT, Cambndge University Press, 1998.
Next, at box 611, the endpoint signal 124 is examined using predetermined
25  cnteria to determine if the endpoint has been reached The predetermined critena 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 5 by reference numeral 124  As seen, as the CMP process
progresses, the EPS varies and shows distinct vanation The signal is first tested
30  against threshold level 501. 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 1s issued The threshold values are
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the value neeting the criteria. 35. The apparatus of claim 29 wherein the
spectrum ranges between wavel engths of 200 to 1000 nanoneters.
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cases, the simplest approach works best. In the case of dielectric pohshmg or shallow
trench isolation dielectric polishing, a more complicated approach will generally be
warranted .

20 Next, at box 613, a determination is made as 10 whether or not the EPS
satisfies the predetermined endpoint criteria 1f 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



&shxV7r S1! pY+g#10%& ()-Mt " g#10%&' () -
"g#10% e/ & ()-=!a #10%& ()-m a’ #10%& ()-m k> #109%&' () - thXYZ[ *s~_=! p! @ 109%& (
" )-SL10%& ()-4310%& ()-s 10 10
10" Y+g#10%& () - M k* Y+g#10%& () - Mbdb@_=q! | X@#10%8& () I@NARP{)2¢%P%410%
& ()-f XSH10986 9%&' ()-f@" 10%& ()- " 10%& () -
[Lj}A<~ =Iplt].-#10%AA&' ()--10%& ()-+109%&' ()-!k "S#10988& ()- @y" SH109%&' () -
@10%& ()-H JK_~];!p!'L"10%& ()- PF 10%#&s& ()-@10 10
107 1. - #10%& ()-'k’ | .-#10988& ()-"|.-#10% & ()- X' $QBs$\ WaX6~] ;
e #10%( 3& rdedvh it dO0ed &is(the I\&a[ﬁamp/&mat(c)n M S1OMB' 10) endpéGit LRYAN(IF the
CL"109%& () - YRZ
& ()-M k' #1568 )é}g&k’('jtg&% ‘ﬁ’ﬁfa /(%]Q ey o%}]hﬁs%tﬁf %amgle BO!R}]S J%f&}.ﬁemancal terms,
& ()-Mt" #1bemudity )neha(u(t( (desipodtpd bYRQ)ESE#109m& () -F ~10%& ()-!° 109RR& () -
109&' ()-109%&' ()- 10 10 10 )*,-<./
IXVAUVT! LK y" @10%& ()-"!y y" @10%& ()- . o
y" @109 ()- ! p THL0%' ()-!t T#10%&' ()-RF F#10%& () - )
1222223, 45~\: 1 1k!) " g#10% /& ()-0! g#10%88& ()-0910%& ()- 10 10
10" y2@ 5098 () - @lpy@l0ws of)Q ey telzccemphshet by Ismitghty pesgraimn@d computer
1" g#10%: ()
“gHLO%! () - g51x Sﬁio%ﬁé?’gj‘%f’ﬁ Yo gS‘h‘Eﬁ%’ not Bagdv! for pterminating he CMPH. w10
% s- #10% -1&OEess,115 ysefal §op d@er(n)mms»#@ %O&HW) EEMB/&rqgeswsmﬁemve
10?74@@ AABCa?M 'T}Q Feﬁm%&'a@ of the CMP process is defined as the known startin
10% & () - S'i{ &2 Pﬁ; %“é @10% & S310fo CCEFF I\/lgllDS&
10% & () -, 3Mckpes f(1 sagigeq by The umede; {pgint. 6%&"% fpr-1gr férSr&m@)’a5HHHHH
H MIZKA\O: ! ! dl Kisfrhéf 3Qe@at & deviabrbi o#lm;%m&MdeElby' 1h@%Refape 'RR %o theZ séilof 10:

wafers polished
The embodiments of the optical EPD system described above are illustrative
of the principles of the present invention and are not intended to limit the invention to
the particular embodiments described. For example, in light of the present disclosure,
15 those skilled in the art can devise without undue experimentation embodiments using
different light sources or spectrometers other than those described.  Other
embodiments 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.
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a light source configured to generate light of a predetermined bandwidth;

a fiber optic cable assembly having a first end and a second end, 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
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
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generated for a selected spot on the wafer surface.

5. The apparatus of claim 1 wherein the through-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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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 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
op£ic 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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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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FH10%0% () - 10%g3§16{f2tmg reHec ed gp?ec?rum cﬁ%&co(r}espondmg 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.

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 ﬁropagate 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 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.

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.



