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1. Fi el dyadodd@sdinvention The present invention relates gereusoihysso the AV )
cheni cal mechani cal polishing (CVWP) of seniconductor wafers, and nore \_ .~
particularly, to techniques for polishing end point detection. 2.
Description of the Related Art 15 In the fabrication of sem conductor

devi ces,therg i r.fQr rea i } kehi ng,

but 1 ng ENDEOINE EFRC IR SUFHIAT ref CHECAT NMECHANRAL ",
the formof multi-level sPOKISHENG APPLICATEONSite | evel, transistor

devi ces having diffusion regions are fornmed. |In subsequent |evels,

i nterconnect nmetallization |lines are patterned and electrically connected
to the transistor devices to defi med 20 functional device. As is
well known, patterned conductive [mummmmmmlmﬁsul ated from other conductive
layers by dielectric materials, such as silicon dioxide. At each
netallization level there is a need to planarize netal or associ ated
dielectric material. Wthout planarization, fabrication of additional

netal lization |ayers beB% B’E Fre ogfficult due to the higher
variations in the surfa . i cations, 25
nmetallization line patterns are forned in the dielectric nmaterial, and then
nmetal CMP operations are perforned to renove excess netallization, e.g.,
suth ag. Figldef thd Imvelsborpri or art, CMP systens typically inplenent belt,
orbital, or brush stations in which belts, pads, or brushes are used to
scrub, buff Thanstepat iisfenfonatRies gonerally ios thes elienioalf amthartic epadishingnhance
the CMP operation. Slurry is nost usually introduced onto a,30 novjng

pr epar EMP) of seminopductorgaferse prd mose pamicilarly, R achmgies iRk POUSNPLSY i but ed
over the, Lel ration surface as well as the surface of the sem conduct or

waf er B&"ﬁ&"‘g Yag, WO 03/ 002301 2 PCT/ USOL/ 20283 pol i shed, or otherwi se
prepared by the ocess, .The distribution is generally acconplished by
a conb?nQP?%iPt@P%Eghﬁl@@%eﬁt of the preparation surface, the novenent of

t he sem conductor wafer and the friction created between the sem.cgnductor
wal®r and tlhether fabrieationopf sermicaRductos dgvines.e e ssnavge\gﬁ @Bgéo%rceflﬁgnal vi ew

of a dielegtric [ . un i i caf i . tcitcgitConMmonN
in Congp?raﬁ?qsngncmgélgém hgﬁﬁgl d}lga‘rgrahfglggel%ééﬁl it Z?%lgﬂ%ggﬁéﬁi@att% ?l%cggti on
li nes. gdigeirs i el fofim lof yiilti-1621 stasctaresli At i substiate level, tdansistor d®dcaseposi t ed

over the etch-patterned surface of the dielectric |ayer 1t(?)ﬁ, The,.di ffusion
bar ri ehayiagdiffusien regiopgame frmesg Injsubseqpent Jevels, mtereonrigeh metalization aeg) |

tantal um (T nt a b T T, [ i i f Rlqum
nitri dgxe( %’%‘%I;"D%&n%né gir‘# %i]lcéﬁrﬁ; f h%%?ge&%eﬁ"??%& |S?)fr Eds%?%hyg%rd%iﬂgg *%33%%04 has
begp dematichaldevite! 6 id aellr@dwinhpsienssiscondudtivp ieyerd ary énsulided fremfathered over
the diffusion barrier |ayer in a way that ,f,illrfﬁ t_Be etcheﬂ f .ures in the
di el eccpnductizg dayenby diskighicemnaerials, Buch; as; filiGonHipKpe- it &3F ‘W‘E@Qﬁq"?ati on
material iS,.alsq | ht.ab 05 0 : : 4 | nvaRe|r to
renove zil?‘ﬁ’i: égerls vfegr %{}l ﬁ%&e nt 8 n@&#lﬁ% Efega%’ g)rt %ﬁ{)jcel%t?ﬁ edla:llgétﬂ? ﬁ%ﬁ%ggll red o8
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chem cal nmechani cal planarization (CMP) operation is._perforne
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operations are performed to remove excess metallization, e.g., such as copper.

In the prior art, CMP systems typically implement belt, orbital, or brush stations in
which belts, pads, or brushes are used to scrub, buff, and polish a wafer. Slurry is used to
facilitate and enhance the CMP operation. Slurry is most usually introduced onto a

30 moving preparation surface, e.g., belt, pad, brush, and the like, and distributed over the

preparation surface as well as the surface of the semiconductor wafer being buffed,
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1B, the overburden portion of the copper |layer 106 and the diffusion
barrier |layer 104 have 20 been renoved. As is common in CMP operations, the
CVP oper ayoosrodiagit continue until all of the overburden ne¢pbsiieisson and
diffusion barrier material 104 is renoved fromover the dielectric |ayer
102. However, in order to ensure thagt all the diffusion barrier |ayer 104
is renoved fromover the dielectricayer 102, there needs to be a way of

nmoni tori.n he pr.ocess state and,t ate of Sur. |ng|ts
avp pr bt nt BURRERF gt AICnb VEVE! Bite , 38 EBndt e YeBelllf | oF

nul ti - fdcBih ﬁb{%dqgﬂi SdrhnRioh e R mhEvande Of tHePrafefichduifass) kitd beentdi- PO nt s
(e.q. sucf? as to ensure that Cu is renoved fromover the diffusion barrier

| ayer; Ofafthd semiconduster wafax andhibe drietiansereated betmieen thesgmricandueteriated ahdom over
t he d| | ectri cq | ayer). Thus, end-point detection techniques are used to
ensur e REPALAYO c#ﬁ e desired overburden material is removed A common

propl em wi o | ANghoRR % &%mecﬁ%naehewt O8] cﬁ@sdw ®yes 103 dndsigonp'® degree

of over-etching is required to ensure that all of the conductive nmaterial
(e.g., fabstatidn peicessn thatitise raopimary 1m|cfomeis¢ct§mgbdamase¢nel arytbrdu,a_bm)amagcene moved
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pr eventNiGIROMREE, metatizayen fines "#ﬁ%%% P@)ﬁ ﬁg@ Yfé?“’%n | i nes.

A si deggfokied oRdr maa&me&fen%a%ﬂ@w&f metmédtﬁala%r m&erTMffﬁEibﬂ Gairfert hat

di shing 108 occurs over the netallizati onm@}s o is desired to remain
e

w. t hi nlayerm aslissweld imwn,llawcam 2itanfyro nitridpi @btm éEdetmtadym pitridepy es

lizati terd al t.ha an shs feature
aﬁ?‘?n(})tﬂ{‘? qf; tﬂ&lu th‘r @eaﬁg ﬁ&%gi“&ﬁég QPC?Hg%gh%igrnance of
the | “Bﬁh&%?&ciom Bokr dPobifdll toithe desired MibBRS, 'a\(ﬂ?y&)layei\fldﬂis)fbrﬂiﬁﬁ h
di shing can Cause a desiréd integrated circuit to for its intended

pur posever heydifisib@ tefriendayer pra way that fille|the ephedsfpaturemin thesditloptria 1pes 150 | s

desi gn to,rotate arou roll.ers 151 be t st ens,
pl at en?&s %mf)(fé‘f:?sls’dﬁe‘ﬁ&%%n@@? ery Ad &%éﬁlo{lo e"ap slf’re?"é%%yont 0
Whi ch gepiiitéd owr'uhe £8d aRBS. TR Srdés 'th‘ﬂ:ni’O\féfthésh%R/eriaﬁl%ieﬁl%aa‘imaﬂd‘tol:deﬁﬂée 1B.
One way of performng end-point detection is to use an optical detector 160

i n15nhi-the deisyed mtsrcamlct meitailivation fines ang kssoeiated Sdas (oot shepvin), lrechgmdcal 50 and
onto the surfac er 100 bhei n oljshed. In order to acconplish
optlcame%fi?&“‘ﬁgﬁf‘%b G I‘E’SICP1 ais formed into the pad 150. In
sone embodi i&%ﬂin%nu&ﬁlﬁ B@@ve15the1,5@l\m%pe9ﬁoﬂd?s AUeBIHRE toO terievd Sﬂllé)ttﬁ? 150a
strategically placed in different |ocations of the pad 150. Typically, the

pad s| oietalliZaion suaterihd ﬁlogrm{:tr theadi¢leesrio dayler 102. n¥oriinstance; aseshiompeintFigiet he

ol i shi 0 er addition to t a 150 | at sl ot 154a

Ps Llef 'H%g C%Pfc H{éj%ﬁlpﬁ Ogglf c!o?%r lﬁYeéBg)ﬁ%E&g’te %ﬂsém? gﬂgggi%&?{e VS | ow t he
OP3g Caheeh%mowai bgs Ranfflor gefﬁ‘loﬁé 3hé CMPdperititinomast cbh@ndb&dml50 and
onto t desired surface of the 20 wafer 100 duri ng4po| i shi n By using the

opt i cahll déthecavorbum métallizagiop @sd idiffusiancbamderanaterial 1 llwmoved m\(ﬂél of

t ai | f f f Thi t . q
o, meabkpge et IS HSegVer i orde iy iR Rl on st Brerod ' 0"
patt er RSrehBGEd ¥idth Qverttﬁbedxeleb&ﬁelhyéiqmc thefe Adds tobé AavEYNOOMbhiEGHNgEME- poi Nt

detection is suitable for sonme applications, optical end25 point detection
may noprooessasteiquendethe rstate o€ shaniwafes swkice diring det GMP; processingesi Thid i or

different regio zon of .t ond er to
iné‘{)ecf oy ’?fﬁﬁne%otﬂe@ @W‘%ﬁ‘r"ﬁ?nl lifl"sfeg \Qg\ggsspjepa%opé [ﬁéeg‘%?ngel sever al
pad sl gééa t 20¢krfah MBld lAhdSERRE U 2 2. Phithes 15 baufe Gateu 1&&@&@ fidhDbverar e
defined in the pad 150 and the platen 154, there may be a greater

det ri mhet élffusmp éoatnem payer;tand tpensuse ﬂhvg thee diffysion tarierdayes s removedtfeom 100.
tht s BSYﬁIISrFBﬁ d} Ct gerg E'Lust ggd 01nt gtgct\l,\(n)nl tlechl%ltlaqu%ls L ES%dqg %n&u?e EhQ? aﬁ urber  of

of the desired overburden material is removed. A common problem with current end-point

30  detection techniques is that some degree of over-etching is required to ensure that all of the

conductive material (e.g., metallization material or diffusion barrier layer 104) is removed



150 as well as conplicating the design of the platen 154. WO 03/002301 4
PCT/ USOL/ 20283 Addi ti onal ly, conventional platens 154 are designed to
strat egi ¢ah biooasal y certain degrees of back pressure to thE/gsdndsd to
enabl e precision renoval of the |layers fromthe wafer 100. As nore platen
slots 154a are defined into the platen 154, it will be nore difficult to
desi gn and i npl enent pressure applying platens 154. Accordingly, optical

end s_ point detection,is ra I B i t QWP
vt offb B on 1 Flice 14 PO Aok, RS P FRERbrec i odvlll ] |

t hr ouglagntza@bd fiRésenA sigfectOsf ifpetipenend poiat détédionwirioveripolishipgds thag t he CWP
systemis ability to precision polish |ayers of the wafer. Figure 2A shows a

par t i dishing ok28 ceatirs owen thei awtablization dayerphaly i desited oedteanain Wilip o1 after

the tqp,layer h under gope a SS., iLnd: Sk fmpurity
R e e T R e

tr @nsjish AesircdnhdNedvepa dishaied fehtafeSovRE ehd Mblallizatied lihed dDishiag s kixgven si | i con
substrate 200. As shown, each transistor has a_gate, source, and drain,

whi ¢ htoaimepattithei pesfoeianostas the intergenngetemgiailizgtion ey & Bpgatiye WaY: @hhat i ng

P-type transj.stors and N- e.transist.or r es,.a I ary netal

di el et ?Hl%?ﬂi’tﬁ?%"ra ntezg@gié:?cu?%t%&%ﬂqx&s l%tlgg#gg&%rl gél ayer 202 is
fabri cat edpygs 1¢REowE apHor tadt BelttOMPSsRtet af ¥hiBla pADDFG I ae@ggalbd 0
phot ol i t hography, etching, and deposition techniques are used to create

t ungstatate praugd rolidds At As ipeommpn érs bely CMPrpysterns glaten pH4ippositivngd ovi de
| ectrical ect | et t h y 12 d [ve feat
b ¢ hinder st E0fo RO e o Riereeie SAREY wole? SB A mePleL bl FREE y Cver °°
the f 'FSEtas dh&¥€ G Higurk AW O’%ﬁ2w%ndf pefFGing @nlipdast deledtioauenid anal
e

phot ol'i t hogr aphy, etching, and position techniques are used to _create
coppeoptidahdetectar kftincwhiok light is@pplietiathroughithe plateankP4dtheousitthe pad 29@r 204.

The copper. vias 220 ovi de ctrical.conpect,ions n.t. per |ines
214 1 A o St Sfeer b it FonESeons iiont BESLOR -G BRH bR G0 Mo 210
i Nt hgoiht dstdctlorY£pad S8E1308 1€ forhbE htd i gad!1159. B §eh@e@BodineaB@e pad/P process
to planarize the surface 25 of the wafer as described with reference to

Fil§ur &S0 nay imludeeaniimhenof passloxilfita strategically plageddodifferentlogaions bf e

di shing, h but jllustrated .wit t 0. Ej 1B) .
At ¢ or padobgh Vet T B8 stols, e 2Ry hed il SR o, Binkp B
syst emldpfc't gh ke %ctﬁ;s ekdi@dnD ah aliditiof 1 e SRLIHIOTSVa, ¥ pRiedlbiersdalie waf er

has undergone optical” end-point detection as discussed with reference to
Fi gur defire@ imtie pl@en AS4.s BbevplatedBlat 184 ispdssigned tecallow the optied bearg o bayer have

been subjected.to photo-corrosi dur th 0310

PCT/ UBﬁsfé‘gg’Z%hdéFé’g?tF‘bﬁg%r%Eoé@g Ehel'ﬁﬁd Eﬁ%tag%c%n}cy\géﬁ geﬁlr?‘i%géﬁ%e?/fe ®to be
p%@ti?}afeylgggﬁﬁqé ishifght photons emitted by the optical detector and reach
the P/ N junctions) which can act as solar cells. Unfortunately, this anmount

of |ight, Byhusihg the optival détegton it isfrassiblst tocasrerthin adevedof eanpovahebe a
t ast r ophi i ffect. &.ln thi th
copperHitath Bins S iBe Nhichsufthie.  Thif Sekich ERERGHCS eBR olliBiete ¥ oq ¢
di ff eﬂﬁa&le&%flttﬁe ffm b @nsBé&ﬁdfgttﬂ&in&&ferenEB PatBdrH$ Ferei9OEBY Rl opticd @ektog heni cal
a

sol utions plied to the water surface, can include electrolytes, which

have 6@ afitheugh optical esd-pointdetedtiontis isuiable forcagme applieations.rapiisaleendand hol es

ht_are transferred acrqgss {he PLN junctions. ,The e . . I.rs

Bt oDYEhArEeaEn Firy TS TEopteare B e SRR e kDR O dBuRaCR T oy o
The | Qiffeddi G88lofabr k6HeS of Mitkisénidoridatton wadr 10! f B erdectobiabpeediffdrmtt wo si des
of the junction. This potential difference increases with light intensity.

. Accor domeglof theawafend 08) i it nesassaryotordefine gevesalipad sois 1 30a asf welhas peygeali on, t he

i d, Cu -~ cu2 26- . T d i_oni i
canP GPlakalct 455 cAs et SofUs el in;ths B RPEHGRE oPfin B sty 15 °3
2e- ~pEd grdifdr Aedriditintdl RRpALL DPbPthe POliEHISE Being Pérfathirdloartheawsfe 800 Thas M 15 - ~

M+ + ne-, and the general reduction formula for any netal is M+ + ne- ~
MBO Foiis, thersurfacef ofrthe pad hSbwilpbroaltsredoduedeithmnumbes of slots fermedintathepad be nade

to an.article by A..Bevepina.et NPT -Corrosion Effects During Cu
Inter&S@ﬁ%ﬂ?ﬁ%g@%cﬁﬁﬂ%]&&ﬁflg"Bgihﬁ%a}tig{s]gieﬁ in the 196 h ECS Meeti ng,
Honol ul u, Hawaii (Cctober 1999). Unfortunately, this type of

phot o- corrosi on di spl aces the copper lines and destroys




20 the intended physical topography of the copper features, as shown in
Figure 2B. At sone |ocations on the wafer surface over the P-type

transi st Qf§os/dopsp1Phot o-corrosion ef fect nmay cause corrodedwggepaessi nes 224
or conpletely dissolved copper lines 22b.. In other words, the

phot o-corrosi on may conpletely corrgde t he copper line such that the |ine
no | onger exists. On the other hand, over the N-type transistors, the

hot o- ion eff 5 . i . Thi
o o ¢ o Rendlsh ohyeTibnd pARH, 5% 3P SRR drafchealty Bfly QUERA, T ©
cause &’e%gée% of B&fiEsit SutdBlthé BRUES0 folallBpidciichiepndvabpfthe Myers favre tetef ect i ve

devi ce ans the 'entire chip nust be discarded, thus, decreasing yield and
dr ast i wafet 09.nxsemorenplateneslets sis4afare defined ptocthe | pisten Attt WillThg BOE f ect |

however,, wW.| | generally.occur _over the. L e f ] : §Ng many
of t hediffigylidogd l%@a‘{/ﬂﬁg nens PIEERYTE ,ap@y mgg{ljdrtésné , lﬁhﬁcggfsdg@%',ﬁgﬁ%%@%ﬂaof
Fabyi C?&ihpﬁbtectiom QPRI mPle e irtSlte 23 &3bdln CMIe wysiémtand alsr gges ng,
there Ts a need for CMP end-point detection systens that do not inplenent
opt i caprobilemsdn thescomplete detottionpofandsiomn tereushawi diffesent Zonesr regiopy ehient

di shi d, i.d t f, . A i Shi UMVARY OF
THE: | NV PO i B ed G R B B Rt RS 18 b ater 000 By
providing end-point detectjqn systens and t hods tlo be usea itn ] he

cheni cal nmeEiB; %ﬁhoamawﬁgw-ssmwé%ggm PHEP R YEPEOMRCRHON d be
appr ech @t gﬂertlggté?é) i(}ggrgﬁﬁss&&&er dﬁ%ei‘édsp%&aegﬁ ?fbcleﬂpl gsmRptemdaid MpEREOUS Ways,

i ncl udi'ng as an apparatu em a device or 10 a method.
Foro exasnplhsatidn) q,h@gejﬂﬁjg&aﬁhlyy and iewhlinlmmcchaiqg_ese cP-vypcgtransim adeSN-tumil
systens, rotary pad systens, as wel|l as orbit p st ens ever a

i nvent {rersisiom 6 f%bma;*,e%mtq e %i%eﬁﬁ‘%CWrﬁ?Eﬁafeo%%r S&Eé\‘f?’i ¢ch BB 1 n one
enbodi gent 1 chanl &R i | S m 6Pe system
i ncl udggs %g%tg’l sl%gﬁ:? hé?dpgiéﬁt' %tléh??ccfon diaglt}rlg% a@%;?&r%{%é ??%geaﬁﬁﬁﬁkom a first
poi Nt hleerfatiy Pagsdransistots add CNstypee trangistatss creates | aichothpleroentary cwatal gured t o
hold a substrate to be polished over the polishing pad. The carrier is

desi gnéiglechicsgmicpnepgio PPXEYi¢es t he polishing pad in a polish location
that is between the first point and the second point. A first sepsor is

| otsat ed at A Iistf dielectrigolayer 207 i fabsigated oyer the transigorscand, sybretensflr at ure of

t he polj shing pa a second.sensar .1 S _:l. . ot and
or' ept Caneiged Do dBotaR e R B weReliBl s\ RERTD BOEt EE
sensin NPR% 8412 € The IugRhi plupe @10 0prpvidd utertrical

t enper g%nggtgﬁ%éfsgggg?(gé@%ﬁt _when chan edﬁgi_gndigglges aq; enoval of a desired
| ayer tommctions tetwesnr the eopper linest218rand the artinenteatuzesnen MsUARSISORd N4 or i ng

end- point fqr.chem cal chani . i.s.hi IS 1:di . d

i ncl ud&€opd g*f’}e(‘fﬁf a%er&gﬁflgﬁ cgﬁgg%aq‘gde+‘{%t]%# sgrgg%eg&fg gn i g2 Sri_reagd '?(B;ﬁ IJr%tf))ve

I pgar lies 2170 @otkeitidihl phorlidogiaphy, fetchty, andidegpsiion theliriques aze petlitshi ng
| ocation so as to renove a first layer of material from_the fer. The
met hod cfeatetdopperivins| 228aad seppsr diges2 14 indhe sesppbdiglegiric layer:2Q4- Eggicg?ﬂeﬁg pad

belt at,a N | gcatjion that [S. || e . | 4-sj on and
sensi ndiaa 220Bn0 clspeiet aretdiont REMskY bt R B e Weopadler 17, A0
that i gnd iHeQB8pper linbs 212 drftke RRkitENpRGs LITitthofirst lyen, a 30 tenperature
differential T's cal cul ated between the second tenperature and the first

WD 03/ 002 32&%&%&9&@ ﬁ%ﬁf‘g&@a %B]'?]ﬂe? CMP pRaRECd PlahdifzeitReTRaraat ur e

differenti en n such t'hat the change 1 n tenperature
di pf er entheawafesas duitribad with oéfemncetooBighres fl A+ Ha, ¥epying anapproximaelytilé waf er .

Suich. a8 (rish BPECIE e, neh P e, e ST BHerE S ERRERE BT
anot ety ey BRtioBBaoMP piRERD thd WireRRicahid j7d WiertlSey fstopl. mat eri al

removal troma wafer face is disclosed. The nmethod includes: (a}
» providing aFiE@:'e'ﬁ'sﬂgws the partial cross-sectional view after the wafer has undergone

optical end-point detection as discussed with reference to Figures 1C and 1D. As shown,

30 the copper lines 214 on the top layer have been subjected to photo-corrosion during the




pad that is configured to nove linearly; (b) applying a wafer to the
polishing pad at a polishing location so as to renove a | ayer of materi al
from t hewwwdgdoazoiC) sensing a first tenperature of the p@doraisongopesd at a
first location that is before the polishing location; {d) 10 sensing a
second tenperature of the polishing pad at a second |location that is after
the polishing |ocation; and (e) calculating a tenperature differenti al

bet ween t Hae@RBGREcesE NPhE Bhotbeoaddon hebelieverlt totterfaaiAlywassed!by IBROPKRENS
enbodi ment, an end-point detection nethod is disclosed. The net hod

i ncl udes: emitieddryohe dptiepl aleesiar 2hd mepch dke PNbjungfipnsy whichacanedce ps sadartdells.

pol i shi ng d, at 5. Rpal ishi | ocatbon soO tQ. I ve I,rst.|layer of
ot er 1 i  PRRHeRHe e Aol Rt bE B §Blch R 38y, bl TR Boel (h@binuEn: g
pad at ancddgghgﬁggﬁogﬁictclaﬁbsibﬁeﬁg&pre t he polishing |location; (d) sensing a
second tenperature of the polishing pad at an OUT |location that is after

the Sebond 1 obaIE ek el Bnl e Mo BR LR Vias by LREE] bl 8"

change i nele@ificdlEnaonnedied & &bfeftnt batest theP/N jlartiehamue sheiyéheidhiscaidjore of a
renmoval of the first |ayer fromthe wafer. Wierein, the pad is one of a

bel t pad, chemiedblselugans applicdttathe pyafer samfaseaeancinplude elegualytesy wikich Agyeetbes and
advant ages,.0 e .present inyvention wll beco arent from.the foll ow ng
et ai | oq GrEk Pt FPrBR 57 ElericBY SRR il R oRR B ab s teRPr a6roen 86 s,
i || ust r at p/AgiubdtioNY TAE cRERGHhSle phigs g{dt@%g%kﬁéd i thé cﬁé@&e@ézpdray@w fhen. W
O 03/ 002301 '8 BRI EF DESCRI PTI ON"OF THE W NGS PCT/ USQ / 20283 The pr esent

i nventQ oreledttital field: Eheiintyodnedd cartiers dnduge a petenthal| différomcechetveden ¢he tvossides pt i on
in conjunctjon wW.th fhe acconpanyi ng.draw ngs, ..in which Ijke reference T
numer Al o Qb Brdken | TREPEERIR Eitemoginse i LR tiPuit Ackdings: srB a
Cross seciiL gk c¥inelfe@to ﬁae‘i’.—ﬁh@ﬁi‘aﬂhb zun!cﬂ&?; rthéjéd Hégg@g g&ﬂod’ed? XY HO@Y* QDT ocess

that is comon I'n constructing mascene an amascene i nterconnect
met al | i z&Theoprodhiced solabld ishit ispeciesean dififguarte shel Gthernelectiods okiee thepedutiomr t
belt CWP systemin,phich aﬁ:l‘)lzd Is designed to rotate around rollers and an
optical ei8-OseHTh{Ciletrelt b is Nete hat she graeral aerrsign fopmpla fontymetal is M

Cr 0SSSechli [ . eﬁq Egng r i p- r op

I ayerslsﬁas_t)u@gg'lf ﬁ%hﬁl\ﬁaﬁég%ﬁg@%ﬁg’%‘?g@lggg I gur g&gﬁ Agﬁ&/\’rge ? %o%oéggo er%:t i onal

vi ew of tififoraiotest plinelcomedibt effebs; keferendei dan e nrde s an 2AickS ByeA. Béerinaf er
has undergone through photo-assisted corrosion due to, for exanple, optical
end- poi ntet @bs ‘@hotasQorrasion-Effgets Duning v intesconneetionGleaningse| todenyblshed ivl- poi nt

detection,s e ' ccordapce W th one. e { rent of the present

i nvent i O:}J}e@%Lﬁ@sg%eg%ﬁongﬁ%%a&@(gﬁbg%%i on of a padpt hat is noving
linearly. Figure 3Cillystrate side view of a garrier applyi a waf er
to a paé. Fi gHpfortypately, g“%ﬁ)’ﬁ’% Ogéﬁawrf@am%aiﬁsﬁm é’&rcé’PB@. h&g ‘é‘ill agﬁt'@y‘ﬁA
sho a : ' ' [ | - 0 PN | er

g 020", T BREREE phi¥Al 0oEphy of 1t Bp6ik thdrtret B Bhowd if FlghlMBNADRID B

| ayer beilogatiofbn ther wafet surfaee rovepthe P-npe transistos)Mheqhetatdrrosion effecti may udes

end- poi nt detection, in accaordance with gne enbodi ment of the present

i nvent i orfause;cgereded copperiines 826 op gorapletsls dissabied copRer dines 246 dpiotier Werdsys tine
tot i 28 : : i ! . >
BACE 11 o the pREGIORANGE nbly!chuiiitiels TARCN RS coBber e ARG cnd IUERS hHer ™ 017 ©

i nvent i orxists, WdnCthe dtlith Haad] bverahe Do rtfandistoly, ahe phdtd-candsion effedt iy

reference sensors R are ) _
25  cause copper deposit 222 to be formed. This distorted topography, including the corrosion

of the copper lines, may cause device defects that render the entire chip inoperable. One
defective device means the entire chip must be discarded, thus, decreasing yield and
drastically increasing the cost of the fabrication process. This effect, however, will
generally occur over the entire wafer, thus destroying many of the chips on the wafer.

30 This, of course, increases the cost of fabrication.



WO 03/ 002301 9 PCT/ USOL/ 20283 arrange around and proximate to a carrier
(therefore, any nunber of pairs of sensors can be used dependi ng upon the
appl i cat ix@hdsooksogure SB illustrates a table having targetrdreuspenedssr e
differentials for each zone of a wafer, in accordance with one enbodi nent
of the present invention. 5 Figure & illustrates a schematic diagramof the
sensors 1 through 10 shown in Figure 5A. DETAI LED DESCRI PTI ON OF THE
PREFERRED ENBCDI j_nv ' i R i Lshhag (CVP)
end- poi nt 9@§Ygghgibé%9@@éﬁ@&%§31%%@ﬁ%%g ogh%ﬁ%ﬁgﬁgﬁ??hﬁgghgﬁhggstens
are di 3g!Rseplekitnt BptidadldeRviong an eaabilg bieoisiomembpaius detoetiorf tcprbwerdi | s are
set forth in order to provide a thorough understandi ng of the present

i nvent idishinglandwaivoid threnged de perforBEXREOQVEr- PRSI skilled in the art, that
the present invention may be practiced without sone or all of these
specific details. In other instances, well known process operations have
not been described in 15 detail in order not to unnecessarily obscure the

pregent invention. Figure SHviIARY gF €NE INVENTIGNO0 i ncl udi ng an end- poi nt
detection system in accordance wth one enbodi ment of the present

i nvention. e_end-poi nt det i . [ j Byidig! &fdepotRnSor s
310a and 31%"@&5‘?%&% &heegﬁ%g%ltﬁg%ezl%ﬁ?%gﬂsr{g?sgﬁgéeggr]ggiﬁﬁatlg&?o a carrier

308.  AiefestidiP!syst9WAd fbBRoELS i1 uABin shedelsdngivald neohdnidall polishihgrof20 301
and apply the wafer 301 to the surface of a pad 304. The pad 304 is

desi gneubstrtersuréace layerpad Inshowd e ppiresiaed shas the RURENE dRyeRHQN £8B Peang

302b. The  pad, 304 i s generall. .QVi L&h t } in the
cher cARPHEERIEE SPORR0r SongNelpaR e itk ot ot e AviaR e Vot | 0 (5
Sy §HeM308naHS Fok Redmslesthe prevesi invertidhocahdrcusdd Gritthlihedr bettqradesystents,t o a

track 320. The conditioning head is designed to scrub the q'sééjlrfac of the 25
pad 304ofaryt pat systemsnas weld ias orbitghpad systemsn Seyers] inyentiysermbodiments ol e  nown,

t he conditiaoning of the pad,3 is designed to re-condition the surface of
t he pad’f%sﬁﬁt‘f‘?ﬂeqq‘[‘?ﬁra&fgesfﬁée%ﬁ@?%r mance of the polishing operations. The
sensors 3103pad 3dAiméR, dehbanal neehditcd ipotishing aystaml odisdlasedof Thehe pad
304, while the carrier 308 rotates the wafer 301 over_ the surface of the

pad 304ystdmciockidesgd polishing ped thatris serfigeshtognevestinagrly; fram A Arst AL 4y t h t he

carrier 308, but wll renmain at 283
appPoxiSHeand RORA ¢} GATIGVR gﬁ? Hﬁ"b@t%@%?ﬁ g%g%sgé\@ %&é b%t%gg;lé#%ﬂ i%%par e
prefer aiey tﬂeeﬂaﬂﬁﬁiﬂ% BiE IRBTRfrer Wdesizne@ asapplythetsabymtatcuthe pofistimgpasiad 304
during a CWP operaiion. The sensed tenperature is then p i ded t o0, sensing

[ ro
si gnal sn30Sdishriocationthanfs betwaens thedirstprinandthe second HQEty b Kirst SPRTQL IS

processor 312. ha he rrier i hﬁ%ﬁi i oner
308a \AHPEzﬁeql%t %%‘f%ﬂ%‘ﬁ%#?%ﬁge? Sgnag t? ge?lg%g% ﬁi’t%géerri&gt? cg(?)déé gﬁgs a sgg’l at ed
waf er 304 HV&lonl 8nddRss R4tetim tHaesedoridepdinand3 drentéd goiras t8Besdecars OWE op vi ew
of a portion of a pad 304 that is noving in the pmotig irection 305. As

sh@dn, teinpemature iofrthe®lisking qadr edhpysensias ©hrthe N 384 QVntemPSERICHAR 0 ¢t he

pad 304. The sensors 310a an 108 ar . 04 as

shown i‘i?“};éu'ig’adﬁp ug weﬁ%ﬁﬁ'éms&éﬁaslg}lr@ %Ba%%dg@%%%@saé e@%??fged

above, dq.cHek 1dyef BbM tMé dubskate. carrier 308, but remain at the sanme relative
d

position over the pad 304. Accordingly, the sensors 310a and 310b are
desi gned to fe fiked oIVMEHET; ATErMetHBY Sfck Nmdnité¥ig Cetld-point for chemical

mechanical polishing is disclosed. The method includes providing a polishing pad belt that
25  is configured to move linearly, and applying a wafer to the polishing pad belt at a polishing
location so as to remove a first layer of material from the wafer. The method further
includes sensing a first temperature of the polishing pad belt at an IN location that is
linearly before the polishing location and sensing a second temperature of the polishing
pad belt at an OUT location that is linearly after the polishing location. Then, a
30 temperature differential is calculated between the second temperature and the first



direction toward the pad 304 and away fromthe pad 304 synchronously with
the carrier 308. Thus, when the carrier 308 is |owered toward the pad 304,
t he sens@fsosih@wiand 15 310b will al so be | owered toward HdTRUussuRésse of the
pad 304. In another enbodi ment, the carrier 308 can nove independently from
the sensors 310a and 310b. In a preferred enbodi ment of the present

i nvention, the sensors 310a and 310b are designed to sense a tenperature
emanating from:t a Let g iSEER hé i N
constatﬁrt"‘g?rra CYi £%\1/1\A G ﬁgde%eﬁagt %@%t erég% %Oté{lgi\f\nﬂlulﬁgtcoﬁgiﬁsgali Egitteﬂrlrper ature
20 fromahgeir kdipedtarenditiedfdal nisndichtivenoft hecrhovab of s firstdayesffraertbeor 310a
and sensor 310b. Typically, the heat is lfibs.orbed by the wafer, the pad

mat er i wifer.o Wihgseinghe [finstrigyes can be sy dayesyfhais dabricated9yet 2 WalFh SYFRL 3%r oduces

differences. in te ur HE(H B be sensed. Thus, the sensed tenperature
trig ”ﬁ&f‘% %fr_ie (o C.
for se S SRPPR) LO ab 5?

enperature "in" (Tin) and the tenperature sensed

at sensor 310b. wll be a tenperature "out" (T : e

di f¥ erenti § )an%hpq e@r’n‘_é foagn, &%@Pgﬁﬁfénﬁﬁﬁﬁgc@ﬁ%de@ﬁ{ ?fr (&)H%%ﬁt . The

t .e”pefx%}ggh&'ﬂ biafaS S0t idfact & GMNBd aThemetfbdahdlodesi () providiag aglolifhiogr e 3B.

Fi gure IlTustrates a side view of the carrier 308 applying the wafer 301

to t hepadathaB ¥ configustuotentoveh inezalys i(e) aprdging mpWRiss 1@ Hie PRlskingapad ghat s

hel d b tai ni i ng 308b i t he. pad . t 22. As
e paPlBbIPEIGGRIOn S $510 HOPTRA 10T af Pl frasp e PUEE (Gf Gorkiel S22

det ect tefhobfatRE of e a}f‘oli-éirﬂgg ?Q&ih 4 first PRGN Gt Rbedsie theSgolBhing 16dagion] (d309a t o

t he end-point sign ssor 312. The sensor 310b is also, WO 03/002301
111(PCTéenSng/ 2 6288d cempérafurceaf the polisking @ad at @ngseend locatiorpthat inaftesr9ei de t he

o 0 CSBUBTTED ocRHon e (TS 118 Bubly Siqehdlf SEPRACHE soBC 0,

pr oxi nat el y. ?ns“%gttgﬂi cratied) that the tenperature can be sensed
accur at e ff‘aé%‘gd%ﬁ an proéi ded to the end-point signal 5 processor 312. For

exanpl e, thf,} ﬁi%q‘i?(}rei‘h"g’rdg%aﬁ e&ggggpﬁ]ﬁp 'téafoﬁqn.?ms&'ist AadlodedeYTIRY RetpBliveen

about 1 m | ou't Imeters fromthe surface of the pad

304 whgRnides @?ﬁé\ﬁdin%%pélﬁh'ﬁl@pgbaﬂt o) appdyingfaewafsf 1o the pblishing pad et of t he
pad 304. The sensor 310a shown in Figure 3D, .in a ﬁf)efe”?? enbodi nent, is
podd t i polishing lonationaso 8 to emake atfirst layen efmaterial fromthe gafery (9 S6B8188 4t he pad
304. 1Q ln thi referr i : feaaéd:y

i nf rargfftgeé%%gtgpetﬁéﬁe %@%‘@gﬁ? ?Iaﬂ?g%q %&ggg%ﬁ@gﬁ tg ngo?%% rgg*g{l% of the pad
304 as(dyhending a¥Botnd thinp&atteyof the pblishimgl parbati anOUIITlecaticorth@as aftenée

exenplary infrared tenperature sensor is Mdgl No, 39670-10, which.is sold
by Col polizhing:rlogation; Lﬁr‘;gn‘f%qma@@g & t%P‘?ﬁ@Hrel-liql%f%rFmF‘ﬂ. %?Weﬁﬂofhr‘?erse%odi ment ,
t he sepnsors .310_n [ W ey=To ' Rpideeatg@r ri er
308. 1%@?{“?{?5%&;1@%, B%%é&z[gega;t(ﬁ)%é ahgr@gg&sl%%gﬁeédxa%g?%ﬁﬁhﬁ% t heﬂbgaar rier 308
at 2q digtaaarl ! thatchisgebiRiinge rdicatioeitof Bl @mwivalaof theclirsatayenbon 48 wafehes, and
most preferably positioned at about !/a inch fqrp?rPnPélhe %ltgg f the carrier
308. PWiaseinbihg pad fscongof @ibely pad; atable padadgtasy p g sors 310 do not
interfere with the rotation of the carrier 308 since the sensors_310 are
fixed rel at Othéryaspects bl advantages of the@resanty insentipngvillsbecgrr; apRAERt o™ ot at e

the wafer 301 up, 20 inst. th a I. -l : 3

cross- isc Wé‘?é) @‘fté“'ﬁ%g%s?q‘l’émﬂi @(g% ijnr ?031 J‘F%}% g? %g@thgtag%gngqa?xflgg !}g}r‘]\@g’g’r’r i er

| ayer BERA inéfes of e drbdeakmeattion. of the di ffusion

barri e?lﬂr ér?g?g%gﬁéﬁ’g thepltg%g)glr {Iﬁgayer 10% can vary from wafer-to-wafer and
surface zone-to-surface zone throughout a particul ar wafer being polished.
However, during a polishing 25 operation, it wll take an approxi mate
amount of tinme to renove the desired anmount of material from over the wafer
301. For instance, it will take up to about a tinme T2 to renove the
diffusion barrier layer 104, up to a tinme T, to renove the copper 104 down

o

. to the diffusion barrier layer 104 relative to a tine To, which is when the

pol i shing operation begins. 30 For illustration purposes, Figure 4B
provides a tenperature differential versus tinme plot 400. The tenperature
differential versus tinme plot 400 illustrates a tenperature



WO 03/002301 12 PCT/ US01/ 20283 differential change over the pad 304 surface
bet ween the sensors 310a and 310b. For instance, at a tine To, the

t enper at wWoFhobiogr enti al state 402a will be zero since trcTpEdolRéE8ng
operation has not yet begun. Once the polishing operation begins on the
copper material, the tenperature digferential 402b will nove up to a
tenperature differential (err)TA. 5 This tenperature differential is an
increase relative to o i TRHSPR. erature of the pad
304 increases as the gl &(% RAhﬁn‘h%mby t he application of
the wafer 301 to the pad 304. The tepperature glifferegtial. gerré}' al so

i ncreases tIheapeasentainventione willabe Jeashily: yadersiged By thg dpiloying ofgt e@ol i shed.

Once the copper | aver 106 i . S 6 U ikee Fi gure
ot HESDB et T S SR HE, lingsy B RhiE S rckhole T o
As t heyfherd1b abPenabatikd SfuctipdlelentBatser i al begins to be polished, the
tenperature differential wll nove from402b to 402c. The tenperature
di ff erenti g i lsbokBnailVie® dfSa diBlecierieps anticrgbimgnrer at ur e
di f51t erenti gﬁlg@giqéoﬁltﬁ??g%‘?%tdﬁgs S%ﬁg di ffusion barri e?ﬁ?ayer g10§mies a
har derfabmdaibh aprotésanthahés coppem imygenstnong Alamagesne aand dBaldlamessensh barri er
| ayer 104 is 15 renoved fromopver the dielectric layer 102, nore dielectric
mat er i Biercgnpect prealiz t’(?“ﬁ’é""f)ﬁ‘?‘f%ﬁ“"tshus causi ng another shift in the

ure

t ture differential at a tjme T2 At thi int. the.t
i 1 o1 ont 1 aiguosdC\ane 1 o aamoear el COIR jokes which e i eUEBRa L 1) 7o
d TC will th f QLR ; ture differential
Changeeiarofhy torbth i B ol B BOAT e ARG Bl 1 BEBRET B U1 Fnge 404 w1
t ahout g time 20 T2. | der t ' i tine t
StH the poties gt sepeeerhom SO0 BR B e Eo RRRRE R3S, | 7 10,

is ade %pel!a r@?ﬁi{ SHeCeRDVEC rédegd.ectric layer 102, an exam nation of
t he tr%ﬁsml%enrr etvgée}ﬁ 4020®\gnd 402d is preferably nade. As shown in Figure

4C, the target -bQJ TRES; ' I | hidnd@4or ¢higBPWN i n
magni fi Catigﬁm%%g%$0$¥%g{o§@m%pgﬁ% g&i gﬁhgg\%{r’églﬁ b]|11)::gihﬁts P1, P2, %3, P4, P5,
P6, angigdfe PX. affdpahe wademhas aidengdnk ethtamgh erhatasassistiids ¢arasioni due tsrfey TB and
(err)TC. As shown, tine T2 actually spans between a time T2 (Pl), and a
time TeXample, opical gadrpeint Helegfio®s and nost accurate end-point, it is
necessary to ascertain at what time to stop within tipe T2. The different
poifits Pi tFigoregBAPFhaws apEMPesystany ineludipgcan BYd-point Ssiertions sY¥emy 17 est

waf ers havj ng t sane terj an .t hi cknesses. By exam ning the

di ffer%‘???r‘iaﬁ‘ggfe?’gﬁﬁg?ﬁ@b 8‘%5"?\% ege(#ﬁéﬁ?@;ent periods of tine as well as
t he thicknesses of the associated | ayer it 15 possible ascertain a
preci si on tFigsreiB shawaa tog Vg %H‘&“ﬁ%PF%H?%ES‘%‘BE’F°&’P?£‘H§“&§'r WD 03/ 002301
13 PCT/ USQ1/ 20283 i nstance, the polishing operatio magl be stopped at a

poi nt P5 40Biguresi@ Hiustrates a sisle yiewpeia cpnoer apRiyang 3R fiChHEY B‘?ﬁfover-pol i sh tinme.
The over-polishing technique is typically used in the prior art when it is
uncertai n WAnrd 3 ish fooresdetailedaniew ef FiguseddC.or any ot her | ayer being
polished has, in fact, been renoved fromover the base |ayer (e.g.,

di ehectric Faymes $A shoWeweumss-sdedonal e taf rgdieteetricr lapes &i diffusion hewiert i me
differential 402c and tinme differential 402d, ictli | S. E ssi.blﬁ t 0. ascertain
the préyen andng coBpert ket 1§achy of ithe coRPeS JaYeL:40Gn fgﬂ"ﬁﬁ E&S‘Eﬁ Yo 4RE exact or

near |y SAted i0hd Rliivea e Nt BEGHti et BRI chdPordt AbRORSH lipNed

probl e I'ng over - pol1shi ng damage than can occur to
sensi t hx@rdafte withdAe enbodingnt bizthe preseritiimestion. f eat ures. 10 Figure 5A
illustrates a top view di agram of anot her enbodi nent of the present

i nvention i pidsClBa 2Rl W@ providef a semperaturd differongdl ersendinge [photy inf
reference sensors R are arrange around and proximte to the carrier 308.
Ho®é v e mccordanst withadnb emodisent obilie presentangeniover of pairs of sensors can
al so be used. In this enbodinent, the sensors are divided into five zones
over the waFigurdSAnijlustrhtes acdp view tdiegrsra oof ranpther smbadimeat of ithec present15 305,

tenperature djfferentials are determne et ween. sensors an 5 and 6,
1 and 2nventigiin Which gpl WcPfé‘?nsﬁﬁc]thB ug?‘ﬂ@saé‘\&?aéf%te 5?@"egcegf‘efn1sgr|$ éﬁ?ﬁeal s
(err)T1 through (err)T5 define zones 1 through 5, respectively. For each of
these zones, there is a determ ned target tenperature differential for
ascertaining end-point. By calibrated tests, it may be determ ned that
target tenperature differentials for




20 each zone may vary as shown in Figure 5B. For instance, zones 1 and 5
may have a target tenperature differential of 15, zones 2 and 4 may have a
t enper at W& osbhs@renti al target about 20, and zone 3 nay pravese2bmsPeErature
differential of about 35. By exam ning the tenperature differentials in
each of the zones, it is possible tg ascertain whether the proper end-point
has been reach for the different zones of the wafer being polished in

Fi gure 5A. 25 cor di nqgl th I t i ar e

Caual | YAERAREAEFE PR G A eIy niBel {f Blcrf sth Pt

anal yzﬁsggdggefnaﬁ @ﬂgnmr@ﬁﬁ@{ﬁohhe waf er surface, it is possible to ascertain
nore precise end-point over the different zones of a given wafer. O

cour se, oG shGRstRRASPlaSIcRYin duisokABRakes defRRGHIiTE: siRBoRT NUMDer

of zones desFre to %e nonitored. 30 Figure 6 illustrates a schematic

di agr agrwafer,tifheccostance with onéembodimkot efitheipresent Rivgniien.5A. The sensors 1
through 10 (e. g. , such as sensors 110a and 11 0b of Figure 30 WO
03/5002301 1Figited infstraikd A8schenatiardiaprae df ithe aenposs 1ithroughal0 stowmw oixi mate to
the pad but I'n a stationary position that does not rotate as does the

carri eFig8®PA.By determining the tenperature at the different |ocations over
the pad 304 as a polishing operation is in progress, the tenperature
differentials (err)T1l through (err)T5 can be ascertained at the different
relative locations of the 5 pad 304. The sensed signals 309 are then

communi cat ed P AIREDDESERIPIION OFAHE PREFERREBEMBODEMENT'SpOI Nt si gnal
processor 31Z 1S confrgure 0 1nclude a nulti-channel digitizing card 462

{or digitizAnGineéntioni for. chémital- meelranizial golishing i (G edd-pemt i detestion i gured t o
sanpl e each of the signals _and provide an ap rgg*ia%cﬁ ggtgut%]ﬁGB to a CWP
cokt r osystemscadpethpdy for, implemeniing g rséffte@ér‘?g‘ﬁ % g flOPEcess t he
si gnal Y i : ' | tinObd 1ofd fido4 @BfbuprOVi de

t hem O@eesgzr?@%& gﬁ%&%}éﬁﬂ%ug%%%i%{g&dfﬁl g{/ oﬁ%dggtofi_ ed;bgr aphi cal El(iji spl ay
466 neyndepstindi of the prséntdhvention. Itnwiblr eaurele(s@dd) howeveriol onej skilledtin at e
pictorially the different zones §f§ theﬁg&f r hein é)ce)alyc?sﬁﬂ d and .?i gnify
when t the astyhab thei presenb Hyyeninmmay be PRACHFCd WHROR! FOFR,Or, ‘glssret%PEf} r zone.
If the - PRI ' el ERAGD f n +4HeH igone, it
may bed%%gssi %{ Q&?ﬂoﬁlgégf%%’ y&gr opr | aﬁgc%sgcofeggggigﬁebtﬁ%@%e% er .or change

t hgs polidtgihin@daast hralnepsseaily obsdure tha pssergiimentibmcat i ons i n whi ch pol i shing
is slowin order to inprove the uniformty of the CMP operation and thus
enabl e the pRARMAGhGs ATMP dydtemB00t¢I0digH atitentHpeintalerrtion systemniifi or m

manner (i.e.,” at about the sane time). 20 As can be appregiated, the
end- poactordapes withi ong embodiznept of dhe DraseRtninVeRIoRas THE IGRMAY GetRRion)| | owi ng

nore precision CMP.operations : 1 regi ons
ot hosyatart i+ trsfega SR e ot 10 al 2% BBRUGRICHAS SBaBRARAES, PO 00
been r grpusde kERAYirREr 308 ABdewels Widwas, ehd arflerc3(8ais deyighedtotimidre svafeandi t i on.
It sholld al so be noted that the nonitori ng enbodi nents, of the present

d

i n2@nt Beharat apph the wabar304 te the surfagscof ampad §03.qLhe pa 30418 deignedQmavet hat nay

Phe’ enpbhpomboRiiERIf, 302 M RO 0% 4R 08¢ TREGGS0K E s’ TR V.
al ter e?ﬁerYdeBE\ﬁtlﬁ k184§ 306 thiteassieRGntthe Ghidnhibal shedhanicalt polishingasfethe wvafax 1ot ary

tabl e at is positioned beneath a gad. Thus,. the ngni t_or'bn%# s&{lmre of a
passi va0hohi thisrembgdirhent, the EMP, system 3Q0 alag inclydes,a copdifienipg e3P 1914t hi ng of

a wafer, yet ovi de r reci.se .i pdi [ s oA recisel
G Sconts sabessBl BfeRh 225" YRlsTigR5ubE Bt LBy od e BIG REFLS of hePr o' =l
| et pad 304%itbgeh dasirdCrhatier! Gf b otbits manrek. phsfisrwell keowngliheent s, it
Wi be appreciated that those skilled in_the art on J adi t he

pr ecedicongditioring pf thet pash30hds designedrig retcanditianthy sushice 0 rélamaag‘%‘atﬁ ous

al terations, .additions r Al equi val ents thereof. For exanple,

t he en&pmvﬁpxe(?g{fggﬁmgﬁogﬁ}cn%ﬁ%%ggée%- work for any polishing platform

(e.g. belt, ThabdnBors300&knd 3 10biré asigret o e finetl dver adovation pEthegid B04r

substrate, such as, 200 300 rm3l1 and | ar s wel | as, othegr sizes and
3p ng

shapes while thescartiesr398gptatesthe wateg 30h qverithes 32’%;95 & PRGN ArceHingidtes al |
| t ti o . t ot VA" : [l wthi
© ha0, 7 ieBpars 10, AR RMT, ndt RO i 8 Lare OR TUN PR %4 sali®) | 1L 1 1

03/002301 16 CLAIMS 1. A chem cal nechanical polishing system conprising:
PCT/ USQ / 20283 a polishing pad configured to nove linearly froma first
point to a second point;

D




a carrier being configured to hold a substrate to be polished over the
polishing pad, 5 the carrier being designed to apply the substrate to the
pol i shi ngy@ashorshid Polish location that is between the fip@ayusehossand the
second point; a first sensor located at the first point and oriented so as
to sense an IN tenperature of the pglishing pad;, a second sensor |ocated a
the second point and oriented so as to sense an OUT 10 tenperature of the
POl IS hiphiftle 18catibn RREMULADIARECHEN! TR sBRbisSHl0AarRY SIGHTUASpreepabipd i
claiml, Wher ein 4 tenperature differential between the tenperature and
t he | Nempemmiatansers iwhichsenseothe derdperatare gfché pad 304 dfringreChibeparatian. 15 3. A
chem cal mechani cal pol,ishin sil t.em as .reci tgldc,wé cl gi #169%3 Eﬂsrei n a
changethensengsd, emneratae 4§ et Boovider 10 RFNYUNE SENA'S H1HA AV, V8P A* bei ng
POl SNBthr iR AR pbt Sienalprcesr 1M ABhoHROMBRAGRE 30Palsshab SYSL em
as recited rn claiml, “furtfer conprising: an end-polnt signal processor,
t h§ enrdriwipotitioha388a whivheds denigrieditodovarrand qiseetie tarrierd@8 wad swwociatnd si gnal s
fromeach of the fi raé $nd tl&ﬁ seco_ﬂ’ sensors. 25 S. A chem cal nechani cal
pol i shvaier 3lquerthepad 404 rothe difeqtfoli 3 wherein the received signals are

processed t | ' sl ah&btibgMper at ur e
B he N R o T R B L g e 02301

i ng pol
PCT/ Uslitet@612 835.1 AsGhown,cthe wanizk 308 dhlowerad by tHei caiiergpositionend@8a emdei t ed i n
claim4, wherein a chan in .t temperature differentj si gnal s_a change
" attee A Sl T SEIFSALE FGHPD AE Dusovpirasonaradhe i R FBPVRIR han cal
Pqy! Sr}"iB@r&%@&ﬁ‘ ;5. ThE ke};ﬁgrs'ﬂo‘ﬁlaﬁﬂ@léb, ANREGIVRd BBV, [ doShot 36@teSRARN
sensors”are each 1T nfrared sensors. 8. A chem cal nechanical polishing

syst erth@sariier BO& thut renedimiatrthe, samleaekatine positidrdover the pachd04 edoeridinghsor s ar e
arranged at a separation disfance, of_ bet n about 1 nm and about .250 mMm
from tthe Sﬁ‘éﬂoﬁsmcﬁg"‘@aﬁ%@m@tﬁ&‘%‘?ﬂ ko,pe %é\é\i WEXFT, JaaY, Teve dn & YeTheAl o

recitegd. . | | Dt S eray ' e el

conpr icgreescaoﬁbﬁ’!éﬁhrr;ﬁ?et%a(%n%gl %YS?Q‘P?P%B&%?%% t ﬁgﬁfru%ﬁﬁ - channel

di gi t i308ngTiis; ehieh thetargerd08 isglowert:d wardbthegmdt 304, genssnngrssilfaand from t he

first d d ) .
Ilr‘5S 3alr(])b \giﬁca?srz) bcslg\r;/cszrgglstoward the surface of the pad 304. In another embodiment, the

carrier 308 can move independently from the sensors 310a and 310b.

In a preferred embodiment of the present invention, the sensors 310a and 310b are
designed to sense a temperature emanating from the pad 304. Because the wafer, during
polishing, is in constant friction with the pad 304, the pad 304 will change in temperature

20 from the time the pad 304 moves from the fixed position of sensor 310a and sensor 310b.
Typically, the heat is absorbed by the wafer, the pad material, outgoing slurry and process
by-products. This therefore produces differences in temperature that can be sensed.
Thus, the sensed temperature for sensor 310a will be a temperature “in” (Tin) and the
temperature sensed at sensor 310b will be a temperature “out” (Tout). A temperature

25  differential (AT) will then be measured by subtracting Tin from Tout. The temperature
differential is shown as an equation in box 311 of Figure 3B.

Figure 3C illustrates a side view of the carrier 308 applying the wafer 301 to the
pad 304, As shown, the carrier 308 applies the wafer 301 that is held by a retaining ring
308b against the pad 304 over the platen 322. As the pad 304 moves in the motion

30 direction 305, the sensor 310a will detect a temperature Tin that is communicated as a
sensing signal 309a to the end-point signal processor 312. The sensor 310b is also



10. A chem cal nechanical polishing systemas recited in claim$9, further
conprising: a graphical user interface (GUJ) display being connected to the
end- poi NyPéAfeeH30r . 20 the GU display being configured daanidoheiss at e
end-point nmonitoring conditions. 11. A chem cal nechanical polishing system
as recited in claim1l, further corrpr;smg an array of sensor pairs, the
array of sensor pairs |nclud|ng the tTirst sensor and the 25 second sensor,
each p r y r TB& r (o} e
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chem cal mechani cal polishing system as reC| ted in V\Atgerel n the
subst r sensotss 34 caref prafesably RASHioBed  Praximately nte g‘edé’ﬁg Mrsélﬁlé Ashe 5 13 A
met hod_ f or nltor n t r fiac m cal
mechanfeCaHer %8 h&gseﬁ%ﬁpfg&g?a?\eg@ %}r"g%g " gg a pg? Stghll% S‘h&ig&ggﬁgﬂ i s

CONg | gpFREBssbP STIQVGFJ):* Beaiply, thePehydrs Gre prﬁ‘éﬁblyt adjtidred pm’ch St rtge)pal:b bel t at
a polishing location so as to renove a first |ayer of matgrlal the

\lfvaf er ; batweseabputgl millimetr andrabevta? it Brillimetere fioat heriurgep g theepad éq an IN
d
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after Biga WSk Mgurk 3D Qﬁrefﬁﬁdwhlﬁdimaltalstp@ﬂinenﬁ such thiitfif sraboat 5a|
bet ween t he second terrperature and the first 15 tenperature; and nonitoring

a changalhmctefﬁérmthpé\dﬁ@ar@thﬁpaﬂé’%oéntlaI the change being indicative of a

reppval of f|r r gﬁf]h fing a
pr otess sta:[réﬁﬂ Weeﬁeb gﬂc?eﬁ’g%‘?&%se% ga{f’e ﬁlranl ca i p&ﬁgl shing as
reci t edrd donfilgdiad taa?sensfettné B2hpes iR dfSthe ?ad gems dlid pagl mot/emﬁ)mafadtyun ehe
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SI :CJ][ al pag mﬁuqnedqmtlamﬁﬂé dOne exemplasy dnfiged dempesatare §e@ﬁ?fe}sa
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dur i ng efipBHInteR, tHE &R0 32D need hethnaeessasly rcditeztly adjacdmitontedcarti¢re308i n t he

change I n tenperature differential
15 For instance, the sensors can be spaced apart from the carrier 308 at a distance that is

between about 1/8 of an inch and about 5 inches, and most preferably positioned at about
14 inch from the side of the carrier 308. Preferably, the spacing is configured such that the
sensors 310 do not interfere with the rotation of the carrier 308 since the sensors 310 are
fixed relatively to the pad while the carrier 308 is configured to rotate the wafer 301 up
20 against the pad surface 304.
Figure 4A shows a cross-sectional view of the dielectric layer 102, the diffusion
barrier layer 104, and the copper layer 106. The thicknesses of the diffusion barrier layer
104 and the copper layer 106 can vary from wafer-to-wafer and surface zone-to-surface
zone throughout a particular wafer being polished. However, during a polishing
25  operation, it will take an approximate amount of time to remove the desired amount of
material from over the wafer 301. For instance, it will take up to about a time T, to
remove the diffusion barrier layer 104, up to a time T, to remove the copper 104 down to
the diffusion barrier layer 104 relative to a time T,, which is when the polishing operation
begins.
30 For illustration purposes, Figure 4B provides a temperature differential versus
time plot 400. The temperature differential versus time plot 400 illustrates a temperature



W O 031002301 19 PCT/USA /20283 further indicates a change in the renoval
of the first layer being of first type of material to another |ayer being
of a secquslodn ?ﬁnof material. 16. A nethod for nonitoringecrgsieeess state
of a wafer surface during chem cal 5 nmechanical polishing as recited in
claim 15, wherein the first type of jgmterial is a netallization materi al
and the second type of material is a barrier material. 17. A method for
noni t or, cess f C ni cal
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dielectric material. 18. A nethod for noni % ocess Sstate of a wafer
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plurality of "additional pairs of locations, each of the additional pairs of
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a second .poi.nt at polishing |location. 20. A nmethod for
noni tolaPR"g: B%Pf)@‘s ? Qiéo%? I%/Q?er surface during chem cal nechani cal

pol i shing agyg I%e“r&u}e%ﬁéxéhﬁal%‘?f aAMoShEre ke BSicafair levelasiged boteltypeai rs of

| ocations are configured to provi‘de end- poi nt detection over an associ ated

pl ur al of snatefriaPbeing pelished. Ohee thaicepper laywD108icEmEvad fPOF QYSTIEAINEYR0 21. A

t hod t f f
sud® ohioh BB Ao e parEraan Sl canron pra i st e ot S, PRSP ©
Mechanigas fphaﬂ %Elgﬁ?ﬁdy@f‘m%ﬁmns% MRRpoBib e, theltépéthtigs &fﬂéﬁdntﬁhwﬂg pad
that is contfrgured to"nove linearly; 5 applylng a wafer to the polishing

pad at nvedtdim H0Pigtd 402zt iThe tsmperstureodifferentiel 402cay shovaf asdTer TP i #om t he
waf er; sensmgaflrst t oer ture of _t ada | ocation
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and
15 removed from over the dielectric layer 102, more dielectric material will begin to be

polished thus causing another shift in the temperature differential at a time T,
At this point, the temperature differential 402d will be produced at AT.. The shift
between AT, and AT, will thus define a target end-point temperature differential change
404. This target end-point temperature differential change 404 will occur at about a time
20 T, Inorder to ascertain the appropriate time to stop the polishing operation to ensure that
the diffusion barrier layer 104 is adequately removed from over the dielectric layer 102,
an examination of the transition between 402c and 402d is preferably made.
As shown in Figure 4C, the target end-point temperature differential change 404 is
shown in magnification wherein tests were made at several points P,, P, P;, P,, P;, P, and
25 P, These points span the temperature differential AT, and AT,. As shown, time T,
actually spans between a time T, (P,), and a time T,(P,). To ensure the best and most
accurate end-point, it is necessary to ascertain at what time to stop within time T,. The
different points P, through P, are preferably analyzed by polishing several test wafers
having the same materials and layer thicknesses. By examining the different layers being
30 polished for different periods of time as well as the thicknesses of the associated layers, it

is possible to ascertain a precision time at which to stop the polishing operation. For



calculating a tenperature differential between the second tenperature and
the first tenperature. 22. A nethod for nonitoring a process state of a

waf er sugpf@efookfi purposes of 15 switching to another wafper/gsoepesation
phase or finishing a chem cal nechanical planarization process as recited

in claim2l, further conprising: nopitoring a change in the tenperature
differential, the change being indicative of a renoval of the |ayer from

; Bref \gg;és%%c,z %fpﬁ@g@gﬁ%}@@\% éﬁ{%y % rytt Bd QQ% goﬂﬁ PCAH5 indledl of A pointf er

ur f act ( ! anot hér wafer preparation pfase or
f i ni shigngwhiciefihérdn owrepolishcihe. PTiever-palishing mrehnigssisagpically tsedinn cl ai m
22, wherein the change in tenperature differential further indjcates a
chanﬁéhép anh@‘c whem it uneertaiiewhenthe dy&IsiRR batries laysr ar@ny ofher }?d%f’?lag to
anot her ..l ayer bein f | end- poi nt
det ectHoLPaE AR ,fa%o‘?FSP?%@ﬁ%?%‘%’é?%‘%b%g%%{e# &e 'néasﬁtﬁ? R0 002501
PCFH LTS01/ 2928se2 1@ Ridipeitig the whisitioh betweenpiime shiffergntpd di02t amdpirhe shi ng
location so as to renove a first layer of material fromthe wafer; sensing
ahfl r @ff@rﬁmﬂwdx@s&osm@ tp @sqeE A The PrRCHEMS (o SIRP e RAlISEIRE ORERUPY pef or e
t he pol,ishing.location. [ € : : the; LShin ad
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t enper AsdhRnilbiddeprobles! of tidhiveindt dthersevespdlisting damager thamoah bb@rftor st
tenperature; and nonitoring a change in the tenperature differential) the
c hangesesitivejintdrentinget metalligationdings pefedtss- of the first |ayer fromthe wafer.
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are arrange around and proximate to the carrier 308. However, it should be understood
that any number of pairs of sensors can also be used. In this embodiment, the sensors are
divided into five zones over the wafer being polished. As the pad rotates in the direction
15 305, temperature differentials are determined between sensors 9 and 10, 5and 6, 1 and 2,
3 and 4, and 7 and 8. Each of these temperature differentials AT, through AT, define
zones 1 through 5, respectively. For each of these zones, there is a determined target
temperature differential for ascertaining end-point.
By calibrated tests, it may be determined that target temperature differentials for
20 each zone may vary as shown in Figure 5B. For instance, zones 1 and 5 may have a target
temperature differential of 15, zones 2 and 4 may have a temperature differential target
about 20, and zone 3 may have a temperature differential of about 35. By examining the
temperature differentials in each of the zones, it is possible to ascertain whether the proper
end-point has been reach for the different zones of the wafer being polished in Figure 5A.
25  Accordingly, the embodiments of Figures 3 through 4 are equally applicable to the
embodiment of Figures SA and 5B. However, by analyzing different zones of the wafer
surface, it is possible to ascertain more precise end-point over the different zones of a
given wafer. Of course, more or less sensors may be implemented depending upon the
number of zones desired to be monitored.

30 Figure 6 illustrates a schematic diagram of the sensors 1 through 10 shown in
Figure SA. The sensors 1 through 10 (e.g., such as sensors 110a and 110b of Figure 30
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locations in which pohshlng is slow in order to improve the uniformity of the CMP

operation and thus enable the reaching of an end-point throughout the wafer in a uniform
manner (i.e., at about the same time).

20 As can be appreciated, the end-point monitoring of the present invention has the
benefit of allowing more precision CMP operations over a wafer and zeroing on selected
regions of the wafer being polished to ascertain whether the desired material has been
removed leaving the under surface in a clean, yet unharmed condition. It should also be
noted that the monitoring embodiments of the present invention are also configured to be

25  non-destructive to a wafer that may be sensitive to photo-assisted corrosion as desctibed
above. Additionally, the embodiments of the present invention do not require that a CMP
pad be altered by pad slots or the need to drill slots into a platen or a rotary table that is
positioned beneath a pad. Thus, the monitoring is more of a passive monitoring that does
not interfere with the precision polishing of a wafer, yet provides very precise indications

30 of end-point to precisely discontinue polishing.
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5  the carrier being designed to apply the substrate to the polishing pad in a polish location
that is between the first point and the second point;

a first sensor located at the first point and oriented so as to sense an IN temperature
of the polishing pad;

a second sensor located a the second point and oriented so as to sense an OUT

10  temperature of the polishing pad.

2. A chemical mechanical polishing system as recited in claim 1, wherein a
temperature differential between the OUT temperature and the IN temperature is monitored
during polishing of the substrate.

15
3. A chemical mechanical polishing system as recited in claim 2, wherein a
change in temperature differential indicates a change in material being polished from the
substrate.
20 4. A chemical mechanical polishing system as recited in claim 1, further
comprising:
an end-point signal processor, the end point signal processor being configured to
receive sensing signals from each of the first and the second sensors.
25 5. A chemical mechanical polishing system as recited in claim 4, wherein the

received signals are processed to monitor a temperature differential between the OUT

temperature and the IN temperature during polishing of the substrate.
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change in the temperature differential signals a change in material being polished from the

substrate.

7. A chemical mechanical polishing system as recited in claim 1, wherein the

first and second sensors are each infrared sensors.

8. A chemical mechanical polishing system as recited in claim 1, wherein the
10  first and second sensors are arranged at a separation distance of between about 1 mm and

about 250 mm from the polishing pad.

9. A chemical mechanical polishing system as recited in claim 4, wherein the
end-point signal processor further comprises:
15 a multi-channel digitizing circuit, the multi-channel digitizing circuit being
configured to process the sensing signals from the first and second sensors.
10. A chemical mechanical polishing system as recited in claim 9, further
comprising:
a graphical user interface (GUI) display being connected to the end-point processor,
20 the GUI display being configured to illustrate end-point monitoring conditions.

11. A chemical mechanical polishing system as recited in claim 1, further
comprising:
an array of sensor pairs, the array of sensor pairs including the first sensor and the
25 second sensor, each pair of the array of semsor pairs being arranged so as to sense
temperature differentials associated with two or more zones of the substrate that is to be

polished.
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applying a wafer to the polishing pad belt at a polishing location so as to remove a

first layer of material from the wafer;

10 sensing a first temperature of the polishing pad belt at an IN location that is linearly

before the polishing location;

sensing a second temperature of the polishing pad belt at an OUT location that is
linearly after the polishing location;

calculating a temperature differential between the second temperature and the first

15 temperature; and

monitoring a change in the temperature differential, the change being indicative of

a removal of the first layer from the wafer.

14. A method for monitoring a process state of a wafer surface during chemical

20 mechanical polishing as recited in claim 13, further comprising:

generating a temperature differential table, the temperature differential table
including a plurality of temperature differentials wherein each temperature differential is

associated with a material type to be polished from the wafer.

25 15. A method for monitoring a process state of a wafer surface during chemical

mechanical polishing as recited in claim 14, wherein the change in temperature differential
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5 mechanical pohshmg as recited in claim 15, wherein the first type of material is a

metallization material and the second type of material is a barrier material.

17. A method for monitoring a process state of a wafer surface during chemical
mechanical polishing as recited in claim 15, wherein the first type of material is a diffusion

10  barrier material and the second type of material is an dielectric material.

18. A method for monitoring a process state of a wafer surface during chemical
mechanical polishing as recited in claim 13, wherein the sensing includes infrared

temperature sensing.
15

19. A method for monitoring a process state of a wafer surface during chemical

mechanical polishing as recited in claim 13, further comprising:

sensing a plurality of additional pairs of locations, each of the additional pairs of
locations including a first point that is before the polishing location and a second point that

20 is after the polishing location.

20. A method for monitoring a process state of a wafer surface during chemical
mechanical polishing as recited in claim 19, wherein each of the additional pairs of
locations are configured to provide end-point detection over an associated plurality of

25  zones of the wafer.
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planarization process, comprising:

providing a polishing pad that is configured to move linearly;

5 applying 2 wafer to the polishing pad at a polishing location so as to remove a layer

of material from the wafer;

sensing a first temperature of the polishing pad at a first location that is before the

polishing location;

sensing a second temperature of the polishing pad at a second location that is after

10  the polishing location; and

calculating a temperature differential between the second temperature and the first

temperature.

22. A method for monitoring a process state of a wafer surface for purposes of

15 switching to another wafer preparation phase or finishing a chemical mechanical

planarization process as recited in claim 21, further comprising:

monitoring a change in the temperature differential, the change being indicative of

a removal of the layer from the wafer.

20 23. A method for monitoring a process state of a wafer surface for purposes of

25

switching to another wafer preparation phase or finishing a chemical ‘mechanical
planarization process as recited in claim 22, wherein the change in temperature differential
further indicates a change in the removal of the layer being of first type of material to

another layer being of a second type of material.

24. An end-point detection method, comprising:

providing a polishing pad;
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calculating a temperature differential between the second temperature and the first

temperature; and

monitoring a change in the temperature differential, the change being indicative of

10 aremoval of the first layer from the wafer.

25.  An end-point detection method as recited in claim 24, wherein the pad is

one of a belt pad, a table pad, a rotary pad, and an orbital pad.



