0 5 DEC 2005 | NTEGRATED ENDPO NT DETECTI ON SYSTEM W TH OPTI CAL AND EDDY
CURRENT MONI TORI NG BACKGROUND The present invention relates generally to
chem cal mechanical polishing of 5 substrates, and nore partigguﬁgbmwto

met hods and apparatus for nonitoring a nmetal |laver during chem©<
mechani cal pol i shi, LRt | by A Ga ormed on a
ooty PO hely ERESHPOATHEFUCON g hyrhor red on a -
insul ative |ayers oppgIGALILND BRDAr CURRENT ADONTRORONGSt ep i nvol ves
depositing a filler Tayer over a non-planar surface, and 10 planarizing the
filler layer until the non-plangr surface i s exposed. For exanple, a
conductive filler layer can be éﬁ8§ BR a patterned insulative layer to
fill the tr AN ' ' I Lo ' | ayer is
then pol | shadeBigTt ey el el 4y phinkal A Banic Bl el | ¥, posed.
Afg er phisshares zaid ore fdrgcdatst ioonstholls kiteappantuckor wonitasies a meadhpeng bet ween
the rai sed pattern of the insulative |ayer formvias, plugs and |ines that
15 pr odides eksmaigel moehapipehpolibiigeen thin filmecircuits on the substrate. In

addi tion, | anarization.is . needed.to planari e.s trate surface for
phot ol i t hog Wye_.grazterigﬁf%gs_wg%@nfo&&egﬁ&ai gh?zrgaéé F%%)%glagerglﬁg accept ed
net hod gefosph e dotahd iR, sebiicsndiictiRe bl ZRtilab e IHERQA 4 IREsAWhfer @RI res that
the substrate be nounted on a carrier or polishing head. The exposed

sur f acdatofcatiorestep rstol egsalepesiphga Sdilenlpaeneter 4 noptpdanangurpesie 84 ng 20 di sk pad
or belt.pad.. The | i,shi ng .pad can .,be either. a "st ard" d or a

(T%eq- BFRSroE tBierd i dma B R A St s Bt b R eamB A ace, wher cas
a fixedoahicast ¥BePRYeN@R beatpasitedodRpitieeh@SinEighth el 1By t6 EN Ak AERMMesNedi a.
The carrier head provides a controllable |oad on the substrate to push it

agai nsor holes potheshiutasivsdayer Alpsofillernpyky isther pplishedamntitithegaied pattsrsofone
o 25 BefhRIEaS B P PR OPR ah R ARl BRESHIBENE IR O fs
det er M} fginph2hRENn BB HARHNST e ERSHivl Jayed FhEYEs, plhgstind IMISHDRr a

substrate | ayer has been planarized to a desired flatness or thickness, or
whten a pdesde exhdanpympathf berweenr than filmsiioeiémon tysvesdratObe afditipshi ng (renovi ng

t h) .of . a .conduct.i ve | filmleads to i d circuit
Fesi st BB TR PGtHCD PR e SR BT Do SRR o0 11 1t1¢) of a
conductive |@\alicdefckhakilalglotichink ¢EMP)SHBRE hddpte¥MdiRld ONSandiZf6n i Ni ti al

thi ckness of the substrate’layer, the 'slurry conposition,” the polishing pad
condi t iTaus, platrrizagbmtietiedtypedl hesqneres thah thepobstsie pompadtedvd & dagrier or

polishing head. The exposed surface of the substrate is placed against a rotating polishing

20 disk pad or belt pad. The polishing pad can be either a "standard" pad or a fixed-abrasive
pad. A standard pad has a durable roughened surface, whereas a fixed-abrasive pad has
abrasive particles held in a containment media. The carrier head provides a controllable
load on the substrate to push it against the polishing pad. A polishing slurry, including at
least one chemically-reactive agent, and abrasive particles if a standard pad is used, is

25 supplied to the surface of the polishing pad.

One problem in CMP is determining whether the polishing process is compiete,
i.e., whether a substrate layer has been planarized to a desired flatness or thickness, or
when a desired amount of material has been removed. Overpolishing (removing too
much) of a conductive layer or film leads to increased circuit resistance. On the other

30 hand, under-polishing (removing too littie) of a conductive layer leads to electrical
shorting. Variations in the initial thickness of the substrate layer, the slurry composition,
the polishing pad condition, the relative speed between the polishing pad and the
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1 05 DEC 2005 substrate, and the | oad on the substrate can cause
variations in the material renpval rate. These variations cause variations
in the tine needed to reach the polishing endpoint. Thereéfore t he

pol i shi ng endp0| nt cannot be determ ned nerely as a f unctliddfkL oﬁﬂ 3ol i shi ng
time. 5 One way to determ ne the polishing endpoint is to renove the

subst r @ibarate, cﬁwh%loaé@m the) PR Tle FaR CUSHATEIARS Hethemmatemn! ramgnglitate- t he

SUbSt S, SRR LANSERhed, R oISl LALOB AL AMMIRL Relit i ckness of

a subs e layer s neasured, 0 resistivity

meas ureeéfore, Iﬂie pdIRheSdnie6ing Bﬁﬁioft be at:ﬂeﬁﬂﬁaearneera@tasrﬁmmcctchﬁof;samtﬂgat eis
rel oaded into the CWP apparatus for further processing. This is a tine 10

consunﬂlmg procedure that reduces the throughput of the CMP appar at us.
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or capacitance sensors, in order to detect the polishing endpoint. O her
pr oposecroldSy euadpmwintered@t durkusss pée huistratslaherve nigavokd.edg.myadur enent s of
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in the, wBtAl id R¥AERM: "%@Waﬁ#lﬁar&é‘ﬁ?%ﬁé? pritRssiBEIDhi€ iy d ik as the netal

| ayer 1s renmoved. 20 SUMVARY ne aspect, ‘the invention is directed to an
appar atonswhg pioesdura thareatvess tel thpeighgitiafghe ThEP appeatas. USltdrastivelpl aten to

suppor olishin surfa an eddy. current _nonit stem posi tioned
in t he&’BF afign GUENIEYS g‘aft Ap §¥CS ‘Q’F\&POU%OUBFWE‘&&%B%F’P% system

posi ti.@pedidonnt Beshbkalghsifiedenerate a second signal, circui try in the
platen to 2§ conbine the first and second signals into a third signal on an

out put |i neMommbcentl:;orinpuiﬂemorﬁtoring@éthﬁesubkt&lte has e ppnformed, ¢.pewotit put | i ne

and extract the fjrst and seco a tatl of th nventlon
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between the circuitry a the conputer. A carrier head may hold & 30
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eddy current as the metal layer is removed.

20 SUMMARY
In one aspect, the invention is directed to an apparatus for chemical mechanical
polishing. The apparatus has a platen to support a polishing surface, an eddy current
monitoring system positioned in the platen to generate a first signal, an optical monitoring
system positioned in the platen to generate a second signal, circuifry in the platen to
25 combine the first and second signals into a third signal on an output line, and a computer
to receive the third signal on the output line and extract the first and second signals.
Implementations of the invention may include one or more of the following
features. The platen may be rotatable, and the output line may pass through 2 rotary
clectrical union between the circuitry and the computer. A carnier head may hold a
30 substrate in contact with the polishing surface. The circuitry may assemble data from the
first and second signals into packets, and the computer may extract the data from the
packets.

In another aspect, the invention is directed to a method of determining the
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I n anot her aspect, the invention is directed to a nethod of determning the
2 D5 DEC 2005 thickness of a polishing pad. In the nethod, a substrate
havi ng a conductive | aver disposed thereon is positioned M‘l Eé)?htﬂ ct with a
pol i shing surface of a polishing pad. An alternating nmagne |D ldis
generated froman inductor to induce eddy currents in the  conductive |ayer.

A st r endhiskesss ehe peladwes pad-f indbe mathesk aSUPEERE AHANG2 CANKIGHYS2Y8F the 5

Poel o B a o A S R el O SN B TR A

Inventi on nma ude on

fol | owl n@ternhgRd BHaBBeticCRAB T Abédtgatth &rotd hieindatione MAgNeEddy durhe ifaYye | ncl ude
driving the inductor with a drive signal. A phase difference between the

magnet i condustige tygrt Astgnptheofshemagners figd is meagied @nd prbicknessiofdiss of the

pol i shing.,.pad nmay. be, cal.culated .fr at_|east. ihe stre 10 of the

maghet i @%PPEB?%IP%‘%E %él?%ﬁcgtrgmd%fl?aésfgj‘ﬁc .en%%toérs#’e %ﬁ%ﬁt}cg@%&rmy be polished
witha fi rSflmﬁ%ﬁhe‘iﬂﬂét{tglsW%éﬁﬁ%ﬂ@or&nﬁ%ﬁr&ﬁud@rﬁﬂ%r&ﬁﬁx@mmmﬂﬁﬁﬂgth a second
pol i shing pad having a second known thickness, and at |east one coefficient

may be deaterat @dneratingiiwtadtetiasingirhigiiete Sisldohay mslysisl drsmnsthepaducier wite

strength pof the signal duting l.ishing. A _user e alerted if the

i ok e dd e StRAL JOPFSh e pher TP Ee: B miblog et B aBuEritineshe® s 1
anot her aspaet ThEenibRYROLE 81 JotisHing Pal @thy 1 GildRABO ot atTBAS el AGndth

thi ckness of a conductive [ayer on a substrate during chenical necRani cal

pohd shi ng thel magnetic fedd motithe pheshdiffestnec hAviesigubsttashithaythevmlisadewitliasposed

thereon s I.tion i.n caont act .th a pol.ishing surface .of a,pol.ishing
pad. - RICFROHBE PES Crie ALyt PO b SFATE PR OR P8RRI ng' pad
to poli siyetdif iSioRat thliBessNBnd Rilegdt Ohe cSeffitichehaWbt eRerdicddus rd@eshgnal to
generate an alternating nmagnetic field that induces eddy currents in the

conduct ithiekiiesy ef thepotishiog gaf tothet stesnghinidhs sighalaiuging pelishippadeusdr fifagr ence
bet ween,t h neti.c. field.and.the dri.ve,signal are neasurgd, a correction
fact or v ageéﬁegﬁ&f @Fé}ﬂfdﬁ%?é&gﬂiﬁpqlﬁ_ Rag@%b%?wt@ée@wﬁ&ﬁ@eﬁ and a
thigkness of jhhgomensipeti MR thdyhlon is dastiedtcis Bthdd FméleriRhasacetids er ence
and the correction factor. 25 Inplenentations of the invention may incl ude

one or redreonductive 1fysr bowisubstriie dunng shemticelinedhanies! pilishing. dolthshi ng pad may

be calculated fr t.least the strength.of e magneti.c fi.eld. A test
Subst r aPROHE) 2SUOTET BRERE fPREAT ISR dirsse R BRA Meaons P Soret “Known
t hi cknesgitipngolhidy sirfee 0nd pBRsHiARDAA RaMtibamiolan 3 &esed BekiWihd hi ckness,
or a test substrate may be polished with a first polishing pad when the

first pohbgrierpdghdpoBshingpaditd polish thnewnstretsi dknisgdyctants goiensyigua diive t he
fi 5% t p%énS tlong%ngraage é’ﬁh g]?entlzglengf Ilnagrtnetic field that induces eddy currents in the
conductive layer, a strength of the magnetic field and a phase difference between the

magnetic field and the drive signal are measured, a correction factor is calculated based
on the strength of the magnetic field, and a thickness of the conductive layer is calculated
from the phase difference and the correction factor.

25 Implementations of the invention may include one or more of the following
features. A thickness of the polishing pad may be calculated from at least the strength of
the magnetic field. A test substrate may be polished with a first polishing pad baving a
first known thickness and with a second polishing pad having a second known thickness,
or a test substrate may be polished with a first polishing pad when the first polishing pad

30 has a first known thickness and polished with the first polishing pad when the first
polishing pad has a second known thickness. At least one coefficient may be generated to
relate the thickness of the polishing pad to the strength of the signal during polishing. A

user may be alerted if the thickness of the polishing pad falls below a predetermined
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pol i shing pad has a second known thickness. At |east one coefficient may be
generated to relate the thickness of the polishing pad to the strength of
the signal during polishing. A user may be alerted if the thickness of the
polishing pad falls below a predetermned 3 0 5 DEC 2005 fhipckn@ss. In

anot her, .aspect, the invention is directed to a chem cal mechani cal polishing
appara#ﬂ Dhe apparatus has a polishing surface, a carrier head to hold a

substrate hayifgheaspentdthetihVenioaYetirsht sPELchehl1e41888:HaRicaOpIAGIngM t h t he
polishing surface, a notor to 5 create relative notion between the substrate

and t heppaodtias hiTheappardtas bas apckdhiye sufacers carmeniaadrte hgldy stbstraienuivudi ng an
I nductor and_.a current s ce to drive the. induct.or t gener.ate an

L1t or naCPHY G Eppardnrat T fras ity PoehBreb e R Bbfauct  ve

| ayer, creteSBARE nfRidMBRASHES) Me SEESRM hdahe bOBs B&trhce, b Al anfkna phase

di fference between the magnetic field and the drive signal, and a conputer

conf i gureedotiog syitemlintlediag @onrdrtirand Bruimot snurtatedtivarthe islustaréngt h of t he

magnetic field and cal cul ate t.hji ckness of .the conductive layer fromthe
haee Bfur an e awine peabrs Bekth Paies Play iz RoPesaRGE S TR mvent | on

Is dirgchedy %&m@ﬁpﬁﬁ@@@ﬁ@ﬁ@ﬁ o He HASIRIE l@id%mbgﬂés%%fmhéémr%en fife

apparatus has a aten to support @a polishing Surface, a carrier head to
hol d ansighatic ftld andnheddye sgnaleatd arombprder cogfioysddein datcudpe e catrectéorf i r st

si gnal 15 during polishing,..and an optical nonitori system positioned to
g@neratfaé:t%{dbéé%% i e Ry H’g"g'b%Héﬂ& ﬁa‘?cqlﬁ%la?dﬂag@ﬂ%% Foni tor ng
syst em.Lhel.Hde LROoe b ohsd A FRIRRES ML gﬁ]-gﬂ'f tdri el d that extends to a
first mr"lélg@é’ﬁ o%yt@ﬂg {s}ﬁ%sﬁ)r a§t e, ﬁgng tﬁﬁe O%tclof(‘?g m)nafct 5ri ng systemincludes a
| i ght sour cén posthéen aspect, thednoanitentedir¢cbedliorancdppardtugfur chemmat o a spot in

the first region _of the substrate. Thus, the eddy curr.ent nitoring system
and opFiERINIS) PREFIRSY &ﬁa SRDAEWIARAR B O FEP PR IPIDE §FLacen® SRSt i on on

the Supﬁémth%m?lsﬂmér&@@%%ﬁhg)eg%&h Iﬁct}ﬁtomgggétkmo@xmia@;iﬂf&%%{;a or nore of

the follow ng eatures. The eddy current nitoring system I ncl ude a

cw e haufingpelighing, ahd tay opficalpnamgsing Eystemidsitadneduoigtmerateq ssystdesizmay
I ncl udes .a detector_posjjioned at |east arti al bet ween the prongs. The
|i ght BEERE ReNS i%@%ﬂ%iyec%mgfnpa%t%ﬂ%ﬁssé?%mﬁu DJBARCIRT P APV ATAi di st ant

fromt Fxgagﬂét%‘ﬂéld tHil%xtdrfdto BERT-ERY biTleaBse @#pttgée bfica1 BorftorifipO!

di rect above the core. Pos € advant ages o ntations of the
i nvent isysterg ancludes| aldght soerce postipeed ofd drivmtddotol dwsichg lighhleeaoptoi xglot and eddy

curr entthe%ti rte(é{oinnogf the gﬁl?sg%te(.: aﬂm@? ietegcriy gl?r%eenqtni]gr!i{c}/ﬁng system and optical
20 monitoring system measure substantiaily the same location on the substrate.

Implementations of the invention may include one or more of the following
features. The eddy current monitoring system may include a core having a plurality of
prongs. The optical monitoring system may includes a detector positioned at least
partiaily between the prongs. The light beam may impinge the substrate at a point

25 substantially equidistant from the prongs. The light beam may impinge the substrate at a
spot directly above the core.

Possible advantages of implementations of the invention can include one or more
of the following. The optical and eddy current monitoring systems can monitor essentially
the same spot on the substrate. The thickness of the conductive layer can be measured

30 during bulk polishing. The thickness of a polishing pad used to polish the substrate can
also be measured during polishing. The pressure profile applied by the cammier head can be
adjusted to compensate for non-uniform polishing rates and non-umiform thickness of the

incoming substrate. Polishing can be stopped with high accuracy. Over-polishing and
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t he sanme spot on the substrate. The thickness of the conductive |ayer can be
measured 30 during bul k polishing. The thickness of a polishing pad used to
polish the substrate can also be neasured during polishing ﬁ@g @gessure
profile applied by the carrier head can be adjusted to con%% @ for

Cubst r ot BePBR B GECTRie GhOBU R O g1 DBy BT poH AN g and 4

0 5 DEC der - pol i shing can be reduced, as can dishing and erosion,

t hereby I nproving yield and throughput. Ocher features and advant ages of

the i nvent i onOtiier feabecoam! appatagns of thomehgon foll bowdmg apfesct i O,

|ncI udi n%the d{e S an(ii | ai.ms, 5. BRI EE SCRI PTI ON OF THE DRAW NGS FI G
is a sCHONHRE %éﬂf‘b‘g RYEREsiead,c ' cheni cal mechani cal

poI irshi ng apparatus. FIG 2 is a schematic cross-sectional view of a carrier
heaé 10 FIG 3Ais a schematic side view, partially cross-sectional, of a
chem cal rmechani cal p(ERM]hES@RﬁETIﬂNIOFa’I‘HErERA&éE\I@S\ eddy current

m)nltorlng system and an optical .nonitorin te 3B is.a schematic
top view of alisF altléﬁsﬂ%ﬂ#tt%epﬁwiq@ﬁm@cté‘tea‘? Fwsf %}&chaﬂm&a 4is a

schemat ngolﬁhfnglé?%)arqhﬁgr am of the eddy current noni tor| ng system 15 FIG 5
is a schemat! € oss-sectional viewillustrating a magnetic field generated

by the eddy cHIG.&nt aroidrhatid argsssyestieml vidwehf a 68rePhaexhematically illustrate
a nethod of detecting a_ polishing. endpoint wusing.an_eddy, current sensor.

FIA0 7 i's a gFpr Sasshraeingdanighprrialia cTeraceiarbmieifee@id) current
moni t oring.2d; Sy 1?5%54&0@5&:1@1@9&&{@&@% lehe ghngf#gg%%mﬁgs eddy

current m)nltorl senses an anp I'tude |ft FI G
9is a guspamhlmbhmmwyswgaa phase shift trace fromthe eddy current

moni t ori ng s em 25 FIGS, 1 QA-i ross-segtional .vie pI aten
with an opti af’llﬁdlsé‘(félg ematig trot?n‘fle‘ﬁﬂgﬁpgar‘?f’ré £ gplishing Station of FIG.

FIG. 4 is a schematic circuit diagram of the eddy current monitoring system.
15 FIG. 5 is a schematic cross-sectional view illustrating a magnetic field generated
by the eddy current monitoring system.
FIGS. 6A-6D schematically illustrate a method of detecting a polishing endpoint
using an eddy current sensor.
FIG. 7 is a graph illustrating an amplitude trace from the eddy current monitoring
20 system.
FIG. 8 is a schematic circuit diagram of an eddy current monitoring system that
senses an amplitude and a phase shift.
FIG. 9 is a graph illustrating a phase shift trace from the eddy current monitoring
system.
25 FIGS. 10A-10C are cross-sectional views of a platen with an optical and eddy
current monitonng system.
FIG. 11 is a graph illustrating an amplitude trace from the optical monitoring
system.
FIGS. 12A and 12B are graphs illustrating amplitude traces and phase difference
30 traces, respectively, generated by the eddy current monitoring system at different pad
thicknesses.



FIG 11 is a graph illustrating an anplitude trace fromthe optica
nmonitoring system FIGS. 12A and 12B are graphs illustrating anplitude
traces and phase difference 30 traces, respectively, generated by the eddy
current nonitoring systemat different pad thicnesses. ® BEG2BEC 2005
DETAI LED DESCRI PTI ON Referring to FIGS. 1, one or nore substrates 10 can be
polished by a Clv apparatus 20. A description of a simlar polishing

apparatus 20 can be found imetA§ ED etERIPINON 5, 738, 574. Pol i shing
apparatus 20 includes a series of polishing stations 22a, 22b and 22c, and

a transfer %@fQWOﬁGSEécwwlmgmusngstsqt@aMbﬁm bropalisbsd AveéiPabl e pl aten 24
on which i e olis The first.and seco tions 22a and
22b ceﬁﬁ’pﬁrﬁﬁ'ﬁg %éjﬁs\%g 1%/% 24l #Eﬂﬁi%éﬂ%a%?%% %P%?%ﬁl:a%l egouter surface
o5 a fpxedNabrasisysy4pahlvhinb ssphetded Iﬁélu@&raaﬁn\éﬁopﬁbhékﬁh@éitama_ﬂe’ialr nal

pol i shing station 22c can |nc?ude a relatively soft pad or a ayer pad.
Each rﬁﬁblaslﬂl.ﬁg,zstdaitr@msf@amatmnsﬁ i nclude a pad conditioner apparatus 28 to

mai ntain t on 0 f th ol i shi so that .i.t. will .effectivel
Tl ish cubdrbrplshrgrutionintnfita el Biteos bR isaki iy pad 30
typi Caddlﬂéhltﬂaz)a@ﬁa?ﬁé ﬂ%t%ﬁ&'?&coﬁ%ta%h&@@%@ﬂ%ﬁHﬁHé‘é@w@ﬁa@érate” 24 and a

covering which is used to polish 15 substrate 10. Covering | ayer 34
is tyrpodrahlng plaémdt:}ra hdu'drdubaiﬁkomtgr hafee o3 2. fixddvebvasive paieith padsddaive only a

cover la er ng.l ayer. eri.ng l.ayer, 34 can_be . conposed of
AR e da R Rt StRhon T G BRpd Y Ehaiery S0h B g8 TS
m Crosr%%ﬁér g)laﬁnﬁédhr ptﬂlsﬂﬁg%‘{ﬁﬁm%fa%%clﬁ%ﬁbﬁg cbﬁdﬁﬁ&n Fﬁ%mﬁﬁmmosed of

conpressed féelt fibers |eached wth urethane’ A two-laye ol i shing pad,
Wit h t_lhan@fih tevenditignl ey palshpesed softhatG wﬂﬁ)effemdfet\moliﬂhtskbstgawsayer

conposed of BA- 4 vai |l ahl e fr .Rode | nc Del awar e

(P 7000 arhe Rt G v St 2o Bahin b0 Ay asmhers 1BUHE ohi ng
step, # whidh %Mut%%&ﬁﬁ?&%’e%‘fggnéh 34 gl Qcé&‘erﬂl da?é%'ﬁ%lﬁ@ﬂ iWe8 o E)Qﬁsh oxi de
polishing) and a pH adj ust (e.qg., pot aSSI um hydr oxi de for oxi de polishing)

dan beubfts Wﬂm‘eadmtgdaydné&f#slm t}fpémlydfarctmlthesfba@gmgddy%%ﬁowwbu isogesuppl y
PO SLaERID e Sl Ao A 28, L ROl SHLIG 080, PO 15 @ standard
oxi de Reldosé #Pbamed or cast polyurethane, possibly with ﬁllers, e.g., hollow
microspheres, and/or a grooved surface. Backing layer 32 can be composed of
compressed felt fibers leached with urethane. A two-layer polishing pad, with the
20 covering layer composed of IC-1000 and the backing layer composed of SUBA-4, is
available from Rodel, Inc., of Newark, Delaware (IC-1000 and SUBA-are product names
of Rodel, Inc.).
During a polishing step, a slurry 38 containing a liquid (e.g., deionized water for
oxide polishing) and a pH adjuster (e.g., potassium hydroxide for oxide polishing) can be
25 supplied to the surface of polishing pad 30 by a slurry supply port or combined
sturry/ninse arm 39. If polishing pad 30 is a standard pad, slurry 38 can also include
abrasive particles (e.g., silicon dioxide for oxide polishing).
Retumning to FIG. 1, a rotatable multi-head carousel 60 supports four carrier heads
70. The carousel is rotated by a central post 62 about a carousel axis 64 by a carousel
30 motor assembly (not shown) to orbit the carrier head systems and the substrates attached
thereto between polishing stations 22 and transfer station 23. Three of the camer head
systems receive and hold substrates, and polish them by pressing them against the

polishing pads. Meanwhile, one of the carrier head systems receives a substrate from and
6



Returning to FIG 1, a rotatable nulti-head carousel 60 supports four

carrier heads 70. The carousel is rotated by a central post 62 about a

carousel axis 64 by a carousel 30 notor assenbly (not shown) to orbit the

carrier head systens and the substrates attached thereto belkedl polishing
2 and transfer Three of the .carrier head systens

[ 2
?Ea?fa: 82%51%‘66 ho FEPaHsPrd altoéél%iéﬁﬂarﬁ%ls Vé%tr'ﬂ?é%sfﬁpoﬁr $sing them agai nst the

poli shing pagach VBRRWAEAET0 BNBnREciESy & dfifriPBriDE BRLISY S IEABakiREREMES
substrate fromand 6 0 5 DEC 2095 delivers a substrate to a |oading

appar at ustabommotarvsf @howe dyitrreg®vabaicinccmerteee ! ¢tnvad690sd hateathaetred by a

Camoval 1 R R s TR gL 5 i o e o Rk

i ndepen Eﬁ/dehg?%teraﬁgwémb&s%A@raﬁm-%;otlm fedgkd Mc@@p&@%ﬁn% gaead 70 5
i ndependently laterally oscillates in a radial slot 72 fornmed in carousel

suppor t Ipbptreti@6 the platapgeretaicd mbouthits thaalen.xa 25, rzptl dheechrabobtad is sotewdt r al
axis 25,.and the carri abot its ¢ raI XIS7 and
trans| BB IS{CERGET Iaﬁ‘lsaﬁ G%cﬁtrméatgi{ﬁq ‘i‘rois ¢ SiRcsRItEe BalEhng P scl osed
in the foregqgs d}@%e%% ﬂ?@f&fé%ﬁ?g ﬁ)ﬂéﬂtaa@ghé’a"‘noﬁg'ﬁﬁﬁ‘aé §hd:v!rlﬁn RiG. 8N ap€xenpl ary

carrier head 70 Includes a h 202, a base assenbly 204, a ginbal 10
mechani sre@plary edmnehheadrV Otjﬂclmdessa Hmrsmg 08, &2 bafe adsembb/sﬁjﬂasmbhy 204), a

| oadi ng chamher 8, ,a.ret n 21Q,. and a subhstrate hacki ng assenbl
2130 wh?é‘i‘?c e g(wthFﬁhe‘"ém gﬁ?@ﬁ%@@“’% F§Sse§‘§-§ 2§é) &q $?ng uppery
chanber cﬂ%ﬁber@o‘%l 9@&51 g%mo GHAARED st pacitth AReRYECS12CNARRGkC1E

Loadi ng chanber 208 1s oca? ed bet ween ~housi ng 202 and base asse y 204 to
apply atlhma;iresmrmatﬂetahambnts; sichtase Netingaabepmhaitben3q,5 Boathgdewassenbl y

204. Af t | at fluidl ted t
oadi ng CHRANGO o088 By 05 dases 238 L g T ermrer P s AReSet PESTERC he I oadi ng
chanber 13fidng & aﬁ(@f)ﬁée%%e §hbhf§1 @%faqg@d @%ﬁﬁ@@fﬂ@%ﬂle;@ﬁlcﬁ}’p&%@# S ible

backi ng assenb 212 includes a l'e 1nternal nenbrane 216, a
ext®er nalof bmemsmnblymzl Arfirsigressned regulppo(totshowa) vareb@ #0idlapomectxdrnal

support 20 struc 0, an in nal spacer ri nd,. an external spacer
D o I AETtE: 2P Do M e SR RSB TLiTE SYAH SHRRLT ndwn ch
appl i es (Rt S84 Dobifion WEBhéAdsGertPy JoB, @ control I able area. The vol ume between

base assenbly 204 and internal rrenbrane 216 that is sealed by an inner flap
244 provi des Thessbsirite hivtkang astsatlbh(ﬁllbmlmdmﬁb:eblezmbmarmenbnmaQaﬁ asol une

vl S AT N (RN NER T
chagber sg3&ure 230, an internal spacer ring 222 and an external spacer ring 232. Flexible
internal membrane 216 includes a central portion which applies pressure to substrate 10
in 2 controllable area. The volume between base assembly 204 and internal membrane
216 that is sealed by an inner flap 244 provides pressurizable floating lower chamber 234.
The annular volume between base assembly 204 and internal membrane 216 that is sealed
25 by inner flap 244 and outer flap 246 defines pressurizable floating upper chamber 236.
The sealed volume between internal membrane 216 and external membrane 218 defines a
pressurizable outer chamber 238. Three pressure regulators (not shown) can be
independently connected to floating lower chamber 234, floating upper chamber 236 and
outer chamber 238. Thus, a fluid such as a gas can be directed into or out of each chamber
30 independently.
The combination of pressures in floating upper chamber 236, floating lower
chamber 234 and outer chamber 238 control both the contact area and the pressure of

internal membrane 216 against a top surface of the external membrane 218. For example,
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The seal ed vol une between internal nenbrane 216 and external nenbrane 218
defines a pressurizable outer chanber 238. Three pressure regul ators (not
shown) can be independently connected to floating | ower ﬁhﬁﬂﬁ@@ﬁ 234,

floating upper chamber 236 and outer chanber 238. Thus, 4 such as a

be directed | - out of h nb 30. i nd dent | y. Th
Lo oy Pomie i Cul L BoRine st it o poP R S T o SaR T 5 TG 21 Gy
chambeys 1284 AR PothaktGRATREHLRAS 2¢9RhéRby BetBadihezabaet dakeskrand the

pressure of internal menbrane 216 against a top Surface of the external
menbr anfth2 téntaFoareekeivsice thenersal DEENRROS aby exigmel myafirana Conventlyf | oat i ng

upper chanber 236, .t he, edge of internal., rane 216 is lifted from
o nEY PRERES1 318 T A0E afbe L iy e e e d AP B ot e

cant ac SR AAed & g ATy AR :
Co%nnverisoﬁ;aﬁogff&%ﬁnpi ng??ﬁﬁrgﬁéqﬁitsd floa??l%ég%gg?éﬁ\d;ﬁ%gg 23456,«,%@?&3{ edge of

i Nt er ndle cortbr aee. R@ditsos bl pusped; fudand exieohBbatmentbwanehadildr 284her eby

i ncreasi ng the contact di aneter of the contact area. |n addition, by
punpi nGEfATERSHe Htiptegpal &ﬁm?fF“?¥bég?%%t et &he ohycan kepearisdessure of

| nt er ngl, MpNANe 216 L im & GHA eﬁ%ﬁ?fe&%gatg%gmggf‘h 4aeed.  Thus,

the pressiure in and the dianeter of the area | the carrier head can
be coodntllleéd. 10 Referring to FIGS. 3A and 3B, a recess 26 is forned in
platen 24, and a tran rent cover 27, e.d., of. glass_or hard pl asti c,
c¥h be pl acﬁagmstcrg@@ %gnd ﬁﬁ’a%ﬂ?%%@ﬁ%%mfdr‘&d’%ﬂﬁ?@ﬁta‘gé’ction 36 is

for medd | shiRg7pa ' nspar L spar ent
cover 5} g%&lt ?g%lés?%a? egi’%g %tglgé}nyg%g g{é&g’o@lﬁt%gc ga&% r%h?tiq'ﬁﬂey pass
beneat hddititas tartedrspd@nikectiog 36 ipforted m pélishivey pHde30eoveslying drisparent egar dl ess
of the 15 tra,PsI ational position of the carrigr head. Assum ng t hat

pol i shPHE pad! TARsRaeny coyEr £ G3nd ragsagfent 1e5HeP 4P 8 Pestianes fugbtighihele

constr d Lo [ tﬂ%‘;& Male| grig¥ replacing a
sectioﬁ&g?& %%%rgﬁqsgﬁer %‘4 nghgﬁlﬁﬁgﬁsp rgﬂr?la 5%3%4%%318}688 fctgn be a

rel at i wathsjatpaakbpgeitigmef thercapdr ik tAsamaingethat polfshinggdddi2tibatwoilaydrers. I n
general , the materi alrb_?p transparent(éﬁye%t Il on 36 shoul d be nop- magpet ic and

non- c oRtfh CEPTRETCTE FCRITE FATP] POETESCR Y CRINEEANARET TGP SAFIHEE LYSE Pon 22a
o {orTrg e 430 L PP warka Bl IR Gt cal
noni t ordlatyebysire moldfercapd yinethom eas, fanped wsthoutgfillgys.daesserabtiier ol  and
SOl e S P L on BB B R b b i Lo R e 2N the
20 Referring to FIG. 3A, the first polishing station 22a inclndes an in-situ eddy
current monitoring system 40 and an optical monitoring system 140. The eddy current
monitoring system 40 and optical monitoring system 140 can function as a polishing
process control and endpoint detection system. The second polishing station 22b and the
final polishing station 22¢ can both include just an optical monitoring system, although
25 either may additionally include an eddy current monitoring system or only an eddy
current monitoring system.
As shown by FIG. 3B, core 42 and window section 36 sweeps beneath the
substrate 10 with each rotation of the platen. Each time the window section sweeps
beneath the substrate, data can be collected from eddy current monitoring systemn 40 and
30 optical monitoring system 140,
Referring to FIG. 4, eddy current monitoring system 40 inciudes a dnve system 48
to induce eddy currents in a metal layer on the substrate and a sensing system 58 to detect
eddy currents induced in the metal layer by the drive system. The monitoring system 40
8



final polishing station 22c can both include just an optical nonitoring
system although 25 either may additionally include an eddy current

moni toring systemor only an eddy current nonitoring systghjfAgpshown by
FIG 3B, core 42 and w ndow section 36 sweeps beneath the substrate 10 with
each rotation of the platen, Each tine the w n&gw section sweeps beneath
the subdRHEcE 2 coat 4° PAHLBRCIIBITPESE 711G 1O0HE SAHY e Rl Ehe HBRIPEATNEOWRAL em 40

and 30 %P&dn%heg%qi? bien ;,gggag&ds}%gn ABel&idd D9uh®sdehG Hém oBAdY seuRLent

nonitoring syst I nclu ive system 48 to induce eddy currents in
a net al drayeystan 48heicaitbst¢ apsteradd 1eclsds snngedipsireih co8ntmedietdote coglddy
currents induced in the netal |ayer by the drive system The monitoring
syst em 46 Borgemsesystennos, marfqgsyatergtbinghidss 3 cRpHET- + ROMBEEEdN 26 t o

rotate w t ; ' ' r d..on e 42,
ind o s SHelel Ot SRR B 4 B haillder 24 cbBteq AU ANR BAEL I D e
48, noniThekdDatdy SO edapdditdrie] R¥esnmifieps4) didatiode 50 caobnreted oha e coi l

44. For sense system 58, nonitoring system40 includes a capacitor 52
connect sichbBrgdpalinede thierpcesefge’ compules 90 gan R cargied 19 B compepsmect ed to

sense o9 gt i R 08 e Ba0 R, WHOLn B01aRARRRLES 02

RF
anplifi &r a cah oc on rin Cl rcuﬂﬁ joard 160

i nsi de the r @ee&sngto FAGCOMPH £7 c8DbCAT-PRpePYpd efbrined bie neprpAMEHve 1N the
pl aten, including printed circuit board 160, through a rotary electrical

unit®n 92oatevia] Bt awslatiyel Bgh mameiepamesbilith el he dy anapabicopdsstangddoof a

non- conduct,i 10 material wt elatively high ti.C_perneability.
The dri \ﬁmri%b %gfipv%m%x@l eo_sni1 r?eogcﬁla{or'na e_c )Fatcﬁglﬂ(fg? R n‘Sﬁ@f“_&g“ﬁ’& “¢Fom t he

osci | | ateefnpodifien 8xdshaps] Al ¥acitdifsiglhn be ABter@@isd expormpestally. ofls svavig hape,
and capacitor size can be determ ned experinentally. As shown, the |ower
sur f ace tef lopersiyfse i tragspasent Zpversd/ oay INgdiiet iy reelargdguingentatieis@®at i ons 29,

and the 4 b of ¢ . i he i nt ations
20 as ¢ SR R0 (B or ol e SR IR gk R SRR 5
opes at i @asitesed dlbsdr @6 tte(udkirates drive coil 44 to generate an oscillating
magnetic field 48 that extends through the body of core 42 and into the gap
46 between t ReturpngdoIfdS. 22ammereraig. esciliatar 8@ davesgdryespiidsdo@saeiatm of
magneti ¢

e T
osci | | atisngrwerg s tvo hbiek d248ndieTtes Bthe soRday l€udl & fitidnioff nidgBetidRélal4gl ayer
L2 T s thiough thin portion 36 of poishung pad 30 and into subetrats 10,1 a tootal jager o ¢
20 12 is present on substrate 10, oscillating magnetic field 48 generates eddy currents in the
metal layer 12, The eddy currents cause the metal layer 12 to act as an impedance source
in parallel with sense coil 46 and capacitor 52. As the thickness of the metal layer
changes, the impedance changes, resulting in a change in the Q-factor of sensing
mechanism. By detecting the change in the Q-factor of the sensing mechanism, the eddy
25 current sensor can sense the change in the strength of the eddy currents, and thus the
change in thickness of metal layer 12,
In general, the greater the expected initial thickness of the conductive film, the
lower the desired resonant frequency. For example, for a relatively thin film, e.g., 2000
Angstroms, the capacitance and inductance can be sclected to provide a relatively high
30 resonant frequency, e.g., about 2 MHz. On the other hand, for a relatively thicker film,
e.g-, 20000 Angstroms, the capacitance and inductance can be selected to provide a
relatively lower resonant frequency, e.g., about 50 kHz. However, high resonant
frequencies may still work well with thick copper layers. In addition, very high
9



in parallel with sense coil 46 and capacitor 52. As the thickness of the
nmetal |ayer changes, the inpedance changes, resulting in a change in the

Q factor of sensing mechanism By detecting the change in BhpLiQufpnctor of

t he sensing mechanism the eddy 25 current sensor can sense the change in
the strepgth of curr nd t hus the In thickness of

net al @ ucqges atr%o&%ncétﬁglz éerdufﬁﬁ %133[5%%11 %nfr?ﬁnrﬂl EHRERABss of

t he condg&gtchﬁi%rfléa{gn t he Iovver the desired resonant frequency. For exanple,
for a relatively thin film e.g., 2000 Angstrons, the capacitance and

i nduct ance camitelys edferingdo thBGSr B4 @enéﬁAebaﬁorwquuhﬁ%pmhn@s osrfahator
frequenc ut d or., a relatively thicker
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However resonant “frequencies may stil'l work well "with thick copper
| ayers. dmpldediSti on, very high 9 05 DEC 2005 frequenci es (above 2 MHz) can

b dt d b ' f ta t th head.
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any substrate sent equency results 1 n the maxi num
anpl i tud@)rﬂﬁcttd&dap&ﬂlrﬁub gsiagneth] $uchns Reppanispdsed ovBdoneAs mbvewattemed| GS. 6B
and 7, for_ a polishin oeratlg a substrate 10 is placed in contact with
pol ©shi nigPds aumgdayegwg,tw&fb cai be ZemicAREURYRK, §0 ‘%CFCEG’H e l3yera Yy a

duct 6
Pt 1 or ne G R aT S e e e e o o1

I nsul at othe hagehsng Aicldeata.i er | ayer 18, such as tant alumor tantalumnitride,

may separate the netal layer from the underl dielectric. The patterned
underlying layers dhe pattEnediandrElHIE LPE%(? GF%@C){‘@%}“S“{/*C&EHSS@&@S Viggnpads

| nter confpglhfreo 9&?518& ﬁﬁo aﬁ@ls ﬁﬁb&lﬂ@%f?éﬂ c{?&e& HELS 8 al) gyer 16 is

initially 1s relativ I nuous, as a owreS|st| ity, and
relati veﬂe}atmélyﬂhgkadd;conumumm has:atmﬂomsmvetyaﬁmbkelanvtﬂyesnmg dddy cweeertayer .
As previously nentioned, the edd?/aﬁcurrents cause t he net acl | ayer to

functi oncaésfje&"?“?rﬁfféidéﬁjé"’ec%@&%‘ée e ASATFBPLHY pertigned thef yf@“&ﬂ@ capaci t or
52. Consgguent 'ﬂetaltlti?cﬁfv‘?ﬁ&@@y anan(fﬁ’i ok Gurk ﬁé’gllél%‘t&??&# P& & factor

of the sensor circul t hereby signi |cantly re Ing the anplitude of the
si gnal famlmap¥citor S2. Consequently, the presence of conductive film 16 reduces the Q-factor
of the sensor circuit, thereby significantly reducing the amplitude of the signal from RF
20 amplifier 56.

Referming to FIGS. 6C and 7, as substrate 10 is polished, the bulk portion of
conductive layer 16 is thinned. As conductive layer 16 thins, its sheet resistivity increases,
and the eddy currents in the metal layer become dampened. Consequently, the coupling
between metal layer 16 and sensor circuitry 58 is reduced (i.e., increasing the resistivity

25 of the virtual impedance source). As the coupling declines, the Q-factor of the sensor
circuit 58 increases toward its original value.

Referring to FIGS. 6D and 7, eventually the bulk portion of conductive layer 16 is
removed, leaving conductive interconnects 16'in the trenches between the patterned
insulative layer 14. At this points, the coupling between the conductive portions in the

30 substrate, which are generally small and generally non-continuous, and sensor circuit 58
reaches 2 minimum. Consequentiy, the Q-factor of the sensor circuit reaches a8 maximum
value (although pot as large as the Q-factor when the substrate is entirely absent). This

causes the amplitude of the output signal from the sensor circuit 1o plateau.
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20 amplifier 56. Referring to FIGS. 6C and 7, as substrate 10 is polished,
the bul k portion of conductive |layer 16 is thinned. As conductive |ayer 16
thins, its sheet resistivity increases, and the eddy currents in the netal

| ayer become danpened. Consequently, the coupling between gt W@yer 16
and sensor circuitry 58 is reduced (i.e., increasing the resistli y 25 of
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sensor ' ' 8 i | riQl ) ' FI GS
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the anplitude of the output signal fromthe sensor circuit to plateau. 10 C
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ot al 1 Rl B SO Bl FodaRT B e bk oL b B SRS RALAEEEE Fiorde Vet o
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correlated to the thickness of the polished |ayer. One inplenentation of a
phase newsasigngtsdeyfadantosthowmputnofa BirdXORogdal hes Theeoutpieti of ¢heafhirdseBe

signals to nerate both an I tude si.gnal , and hase,.shift signal with
2 DUl se BiFdDA Top PlgR LS SRR A BT brt o Bhay e BeHRes SR R PRY ence.
I'n this gifferel@BRRVadd me,twb\é@umag@ts%%aﬂsoqhaaﬁasy&&faﬁ@m@ﬁntm%dqgrﬁﬁert _
sinusoi dal signals from sense coil 46 and oscillator 50, respectively, into

squar e- Wiy Blter ifigatiosgenatate 4 6 -Bke sigual withaveltedegprapertionel thale plmse t he i nputs
of a third XOR gate 104. The.output ,of .the third XOR te 4.is a phase
ohi Tt o TP SR gtk o e peaper SRl Beihé Hiboe

di k£ er emGen Ik arhR@b eV SEDRTR e BPEDS o8 Fadl$ ProdtanBhareGaRiAtaysi gnal is
filtered by an filter 106 to generate a DC-like signal wth 'a voltage

pr opor t iBERA) that prdophatie phase sheft eprssurepentsr Aataxample of higacsi gpnarasedclen be f ed
0002 BRI P o o b BB R AU o001
phase shhd ket aHaRTE ShSwn MFEXITBiteQhe phist AcRsGRARNAL 86 hibhly shRitRAdY
current nonitoring systemthat neasures the phase difference between the
drive to the stability of the driving frequency, phase locked loop electronics may be added.
20 A possible advantage of the phase difference measurement is that the dependence
of the phase difference on the metal layer thickness may be more linear than that of the
amplitude. In addition, the absolute thickness of the metal layer may be determined over a
wide range of possible thicknesses.
Returning to FIG. 3A, optical monitoring system 140, which can function as a
25 reflectometer or interferometer, can be secured to platen 24 in recess 26 with eddy current
monitoring system 40. The optical monitoring system 140 includes a light source 144 and
a detector 146. The electronics for light source 144 and detector 146 may be located on
printed circuit board 160. The light source generates a light beam 142 which
propagates through transparent window section 36 and slurry to impinge upon the
30 exposed surface of the substrate 10. For example, light source 144 may be a laser and
light beam 142 may be a collimated laser beam. Light laser beam 142 can be projected
from laser 144 at an angle from an axis normal to the surface of substrate 10. In addition,

if hole 26 and window 36 are clongated, a beam expander (not illustrated) may be
11



and sense signals is shown in FIG 9. Since the phase neasurenents are

hi ghly sensitive to the stability of the driving frequency, phase |ocked
| oop el ectronics may be added. 20 A possible advantage of thepphags

di fference neasurenent is that the dependence of the phase difference on

t he net al er .t hi cknes eI| that of ,th litude. In
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wi de rang Ssi bl e thicknesses. Returning to FIG 3A, optical nonitoring
system 14 |ch can function as a 25 reflectometer or interferoneter, can
be secured t R gfeatmentoFIGSn 104K opfcalithbnicethg systerehd0 candei gositiongd sy st em

40. The othcaI moni toring system 140 includes, a |ight source_144 and a
det ect orbaight beam dAdppBigee D1y Str%taﬁ&aggﬁv%bawefgﬁw GRG0 £26 may be

| ocat ed ht
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tight source 144 may be a laser and light beam 142 may be a co] |li mated
| aser bénff eeﬁegmpwaa@lérfr%arﬁnmlé%a?oa@oa%mw%fare et pathet lightbeam an

le f t | f
Pol'e. 26 AR ecRgen 8 Hteel, KEAYeA 2e Setbttd, el imbh B0 21 005 mmy
be 11 0 detebe 126Qbatiins at le@ﬁembdmoﬁ pesipatdd ifrwedieplonght3. beathis o expand the

| i ght beam al ong the elongated axis of the window Referring to FIGS. |
oAtP OC, capﬁmaanomhﬁﬂl@hﬁ brgmsipgliteried 40 asaAt eths suPHTashBEIdSE TEEIDARICOVEgAt beam

142 i npi S reat e e 5 42.
I n one |b|¥pq‘ﬁ % (l"uggld mﬁktik?etcsogaﬁg(zﬂsﬁ t@ %\(%gc’%tlone E&ﬂ%ssﬁg%fn Ilgﬁ beam
142 t owalighsureqhe réi?ecakrﬂylgf sutRainfiaBy kist Anid labddonnar tklsebstiate ddie beingf ace of
platen 24. The |ight beam 142 is reflected upwardly froma mrror 162

posi t i ofeqpijoged by Bicosddy cHFrenRORiEORML SISy AP- ghpes ilpsiated, seeiden prongs
| f h
43, is rghls ?&Ef‘oq 14{6%}1 BY Qr?otu%@% nenég atfifed RE¢he c[mﬁ%geﬁ]rngecfﬁcgﬁa Lrds Gt hat

has at |'east a por vveen prongs

configurati omn biaanblegh‘ta thearsd gedetra&dttgnhri @masmemt@mg histeaulisghoaingni nsi de
a region covered by the nmagnetic field fromthe core. Conseq uentléé t he
a

opti cal Fﬁ@nuoﬁq@@% shape pd (ntersity trasg23Pantike paruaed asfollpwst Indeallsh ant i al | y
. SaepLaSgiLen B0 B PSR o B e ROL LGPl g
det ect orpatkéfied ddyep @ 4nDuUdtetinpography,abh Bght Keadie@aters Whed ipinih sk tﬁb rcuit
boards 160. 15 An exanple of a trace 250 generated by an optical m)nl toring
system imetalHaygr. A§ the polishing operation progresses in section 252 of the trace, the metal
20 layer becomes more planar and the reflectivity of the polished metal layer increases. As
the bulk of the metal layer is removed in section 254 of the frace, the intensity remains
relatively stable. Once the oxide layer begins to be exposed in the trace, the overall signal
strength drops quickly in section 256 of the trace. Once the oxide layer is entire exposed
in the trace, the intensity stabilizes again in section 258 of the trace, although it may
25 undergo small oscillations due to interferometric effects as the oxide layer is removed.
Returning to FIGS. 3A, 3B and 4, the CMP apparatus 20 can also include a
position sensor 80, such as an optical interrupter, to sense when core 42 and light source
44 are beneath substrate 10. For example, the optical interrupter could be mounted at a
fixed point opposite carrier head 70. A flag 82 is attached to the periphery of the platen.
30 The point of attachment and length of flag 82 is selected so that it interrupts the optical
signa! of sensor 80 while transparent section 36 sweeps beneath substrate 10. Alternately,
the CMP apparatus can include an encoder to determine the angular position of platen.

A general purpose programmable digital computer 90 receives the intensity
12



FIG 11. The overall shape of intensity trace 250 may be expl ai ned as
follows. Initially, nmetal layer 16 has sone initial topogdrfﬁ&g because of
the topol ogy of the underlying patterned |ayer 14. Due t 20IUE)pography,
the |ight beam scatters when it inpinges the nmetal layer. As the polishing
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core 42 and |ight source. 44 are {) neat h substrate 10. For gFtt | e, the

opt i cal SoriPRF AUPYEPIEGH Grevd beg Coénpult%?@dlsﬁélilﬁmbep% T®abri er head
70. A fl ﬁ?er 98 cah te q?fi Qsd gﬁ ﬂ@ﬁélgjﬁ fe LR ﬂéa@&:%ﬂ:en?&cb-méa poi nt  of
of 2 | ect e

attachrrent and I engt Is s so that Interrupts the
opti cal enépdnidr ppbcese DSMOI&@gQMihﬂneFMm&QﬂE eath pakiet @m ﬁﬁluéwﬁ&aﬁyﬁenﬁat h
substrate 10. Alternately CMVMP appar atus, can include an encqder to

th
def®r m ﬁ‘éu@hq@vcahxjmaﬁeogélgﬁkﬁl%w?éﬂapm@ﬁes e seher ANPIBuIS 8% aﬁ?&l ARRFED| e
digital go) af?py{bf%redgg nglgﬂ deégxﬁlt&% Vit th8RSHel Wik el 112 #Egﬁg{?aﬁdés' Agtaand phase

shift sign current sensing syste e intensity
si gnal s of phasetshift dqtt) ol thamm:&mmgﬁngtssycﬂh@ﬂag‘ﬁtfer pheteedimioncectioh8arisd 160

can include  cgirc |tr C en pur pose i croprocessor or an
appl i catbeBFitl sy ?%at%/rﬁh@éf é‘f@gﬂtsc&d&g?sket o convert the signals fromthe
eddy current SHES gi tal
ot . Thi o i o IR pAEmORY Lot enal AR LA 2 o
sens t o thoplpeheni@inatioa o themead] loyemhickeat inhexpameelf thewglerlys- 1288 So

| ong as .both pr| n ed cir dglt board 160 gnd conputer 90 use the sarre packet
format, 1 EHPIHALE %Sleh?'P O # SRRUBYAYS 158 ﬂffwéaﬁﬁt(eﬁ%qu & Tofation) sHis ¢

masure%ﬁa}%ater@otcaﬁbe P@@\%H;ed% sﬁﬁﬂﬁ? \Aﬁ'lfeéﬁl réth fntammggﬂ%ys?eﬁ@”p' e,

each packet can inclu Ive byte ytes ar ptical signal
dat a, twdhenythesubatreteciehhmillyanvptlics udaspaxemlsetﬂﬂn(ﬁﬁ(hedetanﬁinedihymé or the eddy

hase ‘s POFEORSFIOTRAT ROHEIE PR PG GF S TeFEY U8 TR0 S HERRE Ui ndow
Seghi on Rbndes, arldGHE Sulplch i SHURSERAN tHHE G 3110 Pirl e ARGl di&Riay
be referred to as traces. The measurements from the monitoring systems can be displayed
on an output device 54 during polishing to permit the operator of the device to visually
monitor the progress of the polishing operation. In addition, as discussed below, the traces
may be used to control the polishing process and determine the end-point of the metal
25 layer polishing operation.

I operation, CMP apparatus 20 uses eddy current monitoring system 40 and
optical monitoring system 140 to determine when the bulk of the filler layer has been
removed and to determine when the underlying stop layer has been substantially exposed.
The computer 90 applies process control and endpoint detection logic to the sampled

30 signals to determine when to change process parameter and to detect the polishing
endpoint. Possible process control and endpoint criteria for the detector logic include
local minima or maxima, changes in slope, threshold values in amplitude or slope, or

combinations thereof. ‘
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Since the nonitoring systens sweep beneath the substrate with each rotation
of 15 the platen, information on the netal |ayer thickness and exposure of
the underlying layer is accunmulated in-situ and on a cont'sp @ eal -tinme
basis (once per platen rotation). The conputer 90 can bedp @@f dto

sanpl e neasurenents fromthe nitoring system . .when the substrate generall
ovg})l i es tr;n éa‘éﬂfms“é}@f‘}?%ﬁr %Cal(nage éf@g@r“#f‘?éﬁ’ Hyideie mﬁ@)%ﬁlg?rpgﬁs iré?ﬁjgor). Asy
pol i shi NGd@y &%é?ﬁ%?o%ﬁtoﬁ'ﬂ% shabinemt ind dplicQf %Bﬁit&r'ﬁ‘fge%%te% 140 &oEdah slv%&ﬁ?r 20

changes, and the sanpled signals vary with tine. e time varying sanpl ed

si gnal s hegeatibthersebsratethit e phigatiiyadfesmpiithe zmesf, eneritgatethnradied pasitibhor i ng
systens can be displayed,  on an output device 94 durin olishing to permt
the. oper 21 SihoraEE dbar-de SP5 1 SHaltge TREREart o B3ES0lo  he

pol ighi ”ﬂeﬁﬂﬁ%ﬁ%ﬂ%uﬂnﬂ'n@ﬁﬂhﬁﬂn%d a¥eraBl ﬁféﬁlﬁ%&eﬁﬁ'ﬂ’\%ﬁyﬁm i8¢ ¢one, be

used to contr the polishing process and determ ne end- poi nt of the
met al 25td ageemuinipls sidiah gargee tatdtemnint theopdishingemdp&® appar at us 20 uses eddy
current nonitqQring system40 and optical nonitoring system 140 t? determ ne
when the bul k TSFthERROTE; ?qr%PutFra%F%%%prB&@m%%@%ﬂaﬂ%ﬂtedhﬂkslﬁ%ﬁsm ne when

th d ' A d t 90
e un egbﬁérﬂﬂ BP0 LAY He @51115%@&1@9 rRBhAR VY l?%g‘?tégqﬁg Hhe§ er

applies process control and en etection logl e sanpl@®ed 30

si gnal s thondeddroirreat niveitoting sywadrg & Ophopeesal pavth et iatenaind atdpldat ehift t he

pol i shing, endpoint. Possible process contrgl and endpoint criteria for the
det &t or SiEBgisdram 1 RIdY qugeal dHFoHPHaEPEP ok theedistanesrigekesneoss dpand ¢ hr eshol d

val ues i A I r I =N of. 05 In
addi ti onl,amgcg}r%%g% EESE 585'0%* Eecu;l)"sr}bgsré'jlﬂ)rr;;fgaﬂdLlﬂ ?iolbgﬁ \?%‘528 P ﬁéhﬁea%@]lﬁg)gﬁ%%p@ om
eddy cur mesats adietomes thisys| @mddétiaridyapts will mova clossr td goteyA, e dotplihgom
each sweep  .beneath the substrate intqQ a plurality of sanpling zones 96, to
cal cul at &1 frereasg ald GRRsequUeHY thersteengh %fégﬁpmag fad phas $WH! anpl i t ude
rreasuremag%rga%ento radial ranges, to 5 determ ne mni nrum maxi mum and aver age
measurenents tor each sanpling zone, and to use nultiple radial ranges to
det &5 mi ne t he Axqiresibusiy nendipdothtthe hitensitgrand phasecahif sigaals Fdne edd yoeurpemdgr anmmred

Rl BRI R AT R R R R
o1 Bt s e DR 1A BNl il el o
conduct i wesehgitieds tolthe ldyer parknessi Tius, wBerspalvehingbdginsStheladdplandk sigdhl as t he
pol i shi n%eu?e?igs constant until sufficient material has been removed (at time §) that the conductive
20 layer is thinner than the critical thickness. At this point, the amplitude signal begins to
increase in strength. In contrast, the phase shift signal reacts immediately to changes in
the thickness of the conductive layer.
The intensity and phase shift signals cz:m be used to determine the thickness of the
polishing pad. Initially, a calibration step is performed to polish a test substrate with a
25 conductive layer thicker than the critical thickness on two polishing pads of known,
different thicknesses. Alternatively, the calibration step could be performed using the
same pad at different stages of wear. During the calibration step, the strengths of the
intensity signal and phase shifi signal are measured for each polishing pad. From these
measurements, two coefficients A, and Ag are calculated, representing the change in
30 signal strength of the amplitude and phase shift signals, respectively, due to the pad
thickness.
Thereafier, during polishing of a device wafer, the measured strengths of the

intensity and phase shift signals and the coefficients A, and Ag (or an equivalent lookup
14



wears and becones thinner, conductive layer 16 will nove closer to core 40,

the coupling wll increase, and consequently the strength of the anplitude
and phase signals will decrease. 15 As previously noted, DOWACLENS i ntensity
and phase shift signals fromeddy current nonitoring system 40 al so depend

on the thj - | : o R0 : ’ | tical
hi cknes b BFh e B G et R dS o MR R Bhing A7 Rt T b

i nsensi t hplifude id@al BYSdenbitive ki @gsthickhess o dietbrpat i shiang HEY Msintiheof
anplitude signal remains constant until sufficient material has been

r e_rmyeolI theetp 'Eimiag wyoqeﬁatt?ﬁ eitigbFernet Q/@hgerlnpéygk signad P\TWQ@F? th&A the
st renginereconer bl Brd bt es e o B dbBuariRa By

changes b tb hfodiRi BK PEEShiAE phitent@BdbBér ¥R haveirt. AdexhmbrnEithy and phase

shift signals can be used to determ ne the thickness of the polishing pad.
| ni tial | pelishingapddathankingss drpppbélewpepedetpmained valoki thh campeist cayupssieraice with a

25 conduct i layer thicker .than the critical thickness on two polishing
pads of E’ﬁ“ﬂéﬁ? m%‘f?tf’g?aéﬁﬁeR%sgﬁ?e%agé??dwotb&rﬁaﬁce‘gl y, the calibration step
coul d be perf ghrBepity MdlpMAse SAFRIAAR AL alofHeoiRBto 8teaR%e He MRBute DUri ng
the calibration step, the strengths of the intensity signal and phase shift

si gnal atlecknessefrtbd conductae taysobh dhe supspatd duEngpolillesg Sinesdbepbawshs t wo

coefficients .AA and. A .* are.cal cul ated, .representi t he change in.3Q signal
ctr gt hoGralinanaRR G S Drrdete St e BibRaTe! e SRufrdoRyen AP o Cne
pad thi 95&%?@@53’@@%%8& (baStt] bR Bx PRIk i1 NGe Rfireth ARV G WRIBSratHE Measur ed
strengths of the inhtensity and phase shift signals and the coefficients AA

and Am ( ofatatheeguengtl efithe pbadeighifl 4ig@al3o BEChXG@Ese efithe porshmtibelaysed t o
determ ne,  the thi.ckness ,of. th oli shi.ng. pad. Ln rticylar, .since the
o r T T uaDuEhg maPER E8 aRbict Pl Rt Sinal B Rt lieiie piddlGen bloer at
the begi fbfGe®bt thb f&egieﬁiﬂgsctﬁﬁws%g.ceﬁﬁ% the¥wo Edbiftibidhis MrRAN N upd the

anplitude signal correlates to the thickness of the polishing pad. The
measur edcomputknesiscaddulath anpd]ustdi pigspsignateyren frbrthtaccGinis fod any offsetidug t he

pol i shin araneters _or .generate.an alert. For exanple, i.f .the J&ising
Pad thi cRNICREt B1as BRSEoH CORPEr T e qoaRTS it TEn o eSO ey ate
signal t gl dafliseith kO 3lonhhereRBIH 18 HcBEaRAACNGALS tho bR 1ieRliAGRS ofliRe
intensity and phase shift signals can al'so be used to determ ne the absolute
t hi cknessomfuctihelayenducti ve | ayer on the substrate during polishing. Since
t he phase shi fct :
omputer 90 may also be connected to the pressure mechanisms that control the
20 pressure applied by carrier head 70, to carrier head rotation motor 76 to control the carrier
head rotation rate, to the platen rotation motor (not shown) to control the platen rotation
rate, or to slurry distribution system 39 to control the slurry composition supplied to the
polishing pad. Specifically, afier sorting the measurements into radial ranges, information
on the metal film thickness can be fed in real-time into a closed-loop controller to
25 periodically or continuously modify the polishing pressure profile applied by a carrier
head. For example, the computer could determine that the endpoint criteria bave been
satisfied for the outer radial ranges but not for the inner radial ranges. This would indicate
that the underlying layer has been exposed in an annular outer area but not in an inner
arca of the substrate. In this case, the computer could reduce the diameter of the area in
30 which pressure is applied so that pressure is applied only to the inner area of the substrate,
thercby reducing dishing and erosion on the outer area of the substrate.
The eddy current and optical monitoring systems can be used in a variety of

polishing systems. Either the polishing pad, or the carrier head, or both can move to
15



10 signal is inmmediately sensitive to changes in the thickness of the
conductive layer, a |look up table can be generated (based on experi nental
nmeasurenents of a test substrate) to relate the strength (ofpachgigphase shift
signal to the thickness of the conductive layer. During polishing of a

device substrate,.the initial strength of the anplitude signal n be

neasur ed pécfv”ﬁfhrg?%]é@irﬂﬂtil%b%wegbf € %ﬁ%@g NaR %nﬁgflff .Sﬁ'aii?f ?F%Pgﬁ%é“% and A
a,, the 324 el efrcGiafn(dabsielo® @ sBihed fhalsdcRekdBaBepai@nakapstexei@idy t hat
accounts for any offset due to changes in the polishing pad thickness. The
conput er betvect hepplysadtde-krowkisrs. cablcenttmgus bele Tddjpesiskidgphd san bi gied
strength to accur.at el cagl cul ate .t he abﬁgel u%lq&vt hi ckness of the conductive
Cayer .. EBRERER BY Ty A8 B SRR PRI Y VRS BRI SHE ¥E hat
conty ol theinAlsiRRes teh1arpkLAl: BYAMS ITeE pReath BOsecufeLRIthe ladiead
rotation notor 76 to control the carrier head rotation rate, to the platen
r ot at i ondomhgpolishmg,sindhery cowd et flwl btirenmbaweer thepittemand paliskingpad o
slurry distribution stem 39 to control the slurry conpositijon supplied to
the pol (FEHPHEC .g-%@ lﬁglélsw? C3p PR SKH Fﬁﬁagt,melm%ﬁm%mpg“ﬂﬁpw radi al
ranges, idpf j t oy dal Asleliey Renihe 4 al-tine
into a clﬁélgg?i?ﬁ% gé%??%?lg%{@tagﬁES Ap)%s?vodﬁgaﬁafﬁ/wg@gontl gg'gigglt§gnodi fy the
pol i shi nguimtessisabsqut ahe devefphracyioyf tiee asailtat@rcan beathedRor rescanapt e, t he
conputer coul d determ that the endpoint criteria have been satisfied for
t he'but eufreﬂa%ﬂcéflmﬂ'é\ﬂQ&gﬁﬁﬁ‘torHBPOIF%FQFH%SWFH@FS%&&V&P OF WiHges! theKrgishioul d

I ndi cat e i hak: HRSmNARE! réfRéhdeayer has been exposed in an annul ar outer
area but not’in an Inner area of the substrate. In this case, the conputer
coul d reduce tAlthocighnitsratadfastpositmnedin the 3dmehibEhopticad monétoring apptmddlso

that pressure is applied to the inner area of fhe substrate, thereby
r educi ng CBPlé?ﬂerPQS]é‘I‘?g‘e@F‘b%gﬁ?}‘{%??%@%&?é?e platen thn ?f*‘ilé' QEE58t PRPEOIERe eddy
current i i i ; i i

pol § ahi ng Sg R0, £8! IR UadEa YR GITR SRaP 0 Bda) B Bhllo®e pocn
canisove systemidd doulll BRI edpmontipdeite e dfithe platanoso tiat viegnltehmatgdokimhi ng

surface and the substrate. The polishing pad can be a circular (or sone
ot her sh ubﬁ%ﬁeé\é@ﬁ?eed to the platen, a tape extending between supply and

take-up rol | ergyi Rt agpdc A fAMAHINRE] Such: 1994&1%@5?916%@1 S?]iﬁgo?mei xed on

a platen, increnmentally advanced over a platen between polishing operations,
or dri vempohskingfunfaceuglpysitvibe stlbstrapd arttbe nebasurememaliiagtiang diffehenceadilcan be

secured to the_platen during polishing, qr there coyld be | ui d bearing
bet ween ERRIYH D€ dé{ﬁ&ﬂﬁ%ﬁ%@&?ﬂfﬁﬁewaﬂg@&fbﬁn@ HIPESHP éﬁt?%g%%‘ltgghi ng pad

canype a siARdALth {2 @nse RBLYIHrFLNPOB M BorYircMth )3 connected to the same

coil.

The present invention has been described in terms of a preferred embodiment. The
invention, however, is not limited to the embodiment depicted and described. Rather, the
scope of the invention is defined by the appended claims.

25
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fillers) rough pad, a soft pad, or a fixed-abrasive pad. Rather than tuning
when the substrate is absent, the drive frequency of the oscillator can be
tuned to a resonant 10 frequency with a polished or unpolished substrate
present (with or without the carrier head), or to sone ot hﬁ R%l?mgence.

Al t hough illustrated as positioned in the same hole, optica nrtoring
system 140 coul d be positioned at a different [ocation on the platen than
eddy curr &hat igplaimad ishg  syst em 40. For exanpl e, optical nonitoring system
140 and eddy current nonitoring 15 system 40 coul d be positioned on opposite
si des of the plat I 0. . rface.
Vari ous aépec?éggﬁg?ﬁ%gﬁﬁegé %%ﬁ%ﬂ%ﬁﬁgkgghgﬁé%§§§ﬁ?m%?%pﬂ§9§%f?ﬁﬁﬂﬁg si de of
t he poli shi ngpslishfrgaerfa@posi te the substrate or the measurenent of a phase

difference, still  apply if the eddy current sensor uses a single _coil. In a
single coil sy&t &HY B@‘F%‘tt%@l@ﬁ‘“6§¥${1ﬂflé{"éwoﬁ I ?ﬂ? E]é'i‘?getocgé:ﬁﬁrég‘t 3 and
ot her senggﬁdcircuitry) are connected to the sane coil. The present

i nvention Nas been described in terns of a preferred enbodinent. The

i nvention, howeweptical moniaring;sistemposisonddan Sreimdaibmiorgeneialsi acteeendasighaliescri bed.
Rat her, the scope_of the invention i fi.ne ins. 25 16
05 DEC 2005 vRTRLin e Bladh 8 dbinihe @f%tp% é‘? ggx’fté?g%‘ﬁg%&@gﬁg‘r’r‘g‘k%é‘ i cal

pol i shi ngsysta@npiid theRgéond sfpnal Romttite SptRplahénidringQYstaniing ashitd sigedl canneddy
current nonitoring systempositioned in the platen to generate a first
signal ; afUEptlireaftdoni t ori ng system positioned in the platen to generate a

second signal ; , oGinpGidt td ¥céile IHRALRA 3BA JrOhe QTRUDENd AR LitFadt theif@faindf rom t he
eddy current nonitoring systemand the second Signal fromthe optical

moni t ori ngeewydsigmlé.nto a third signal on an output line; and a conputer to
receive the third signal on the output |line and extract the first and
second signals. 2. The apparatus of claim1l, wherein the platen is

rotatabl e2 3. Theagnrmisdithinll, hafem Be phthtih@itatedepri sing a rotary
el ectrical union, and
3. The apparatus of claim 2, further comprising a rotary electrical union, and
wherein the output line passes through the rotary ¢lectrical union between the circuitry

and the computer.

4, The apparatus of claim 1, further comprising a carrier head to hold a substrate in

contact with the polishing surface.

5. The apparatus of claim [, wherein the circuitry assembles data from the first and

second signals into packets, and the computer extracts the data from the packets.

6. A method of determining the thickness of a polishing pad, comprising:
positioning a substrate having a conductive layer disposed thereon in contact
with a polishing surface of a polishing pad;
generating an alternating magnetic field from an inductor to induce eddy currents
in the conductive layer;
measuring a strength of the magnetic field; and
calculating a thickness of the polishing pad from at least the strength of the
magnetic field.
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wherein the output |ine passes through the rotary electrical union between
the circuitry and the conputer. 4. The apparatus of claim1l, further
conprising a carrier head to hold a substrate in contact wj% g 15 poli shing
surface. 5. The apparatus of claim 1, wherein the circuitry assenbl es data
fromthe first and second signals into packets, and the conputer extracts
the data fromthe packets. 6. A nethod of determ ning the thickness of a

e data fromthe packets. 6. A mth ] g ¢! .
ayer o SBocedEnErsh of iRt Sire e aua e e lele BragRiie g

pad; geneddtingadhé&indictoer wih iangriveagigail] and ifetkerf somiprdihg mdasuiag 4 phasaduce
eddy currents in the conductive |ayer; neasuring a strength of the nmagnetic

field: anditesines betvesrths magneticrfiaddagstthe davedetadni ng pad from at | east the
strength of the magnetic field. 17 0 5 DEC 2005 7. The nethod of claim6,
wherein generating the alternating nmagnetic field includes driving the

i nduct or 8i t h @hamiethed sf glaz 7, winglein thet thieknese nbthe pohshingpesius caleplatephase

di fference between. the g ic fiel nd . t.he .drivye. signal. 8. The method of
claim?7, &%W%S@H%STWW@@&@C?H@G@&P@H %sep‘ﬁﬁefegg,%al culated from at

| east the strength of the magnetic field and the phase difference. 9. The
met hod of claim 6, further conprising polishing . a test substrate with a

first poPishi hbe pthodafihimed. fiprker cRRBANE RPUhiNgs3 togh subpirets withse dsiid
pol i shi N »BAgi AV hvhe & RRPRAKA WAkl SIGRS p BOAIIRNEKAL BE pllind gaSt one
coeffici eﬁp%?% re% gtglg Ehe thlﬂgcl)(ness 0 ﬂge pofiisshi ngﬁyg)sad1 %:53 t he 11g%rength of
t he si gnakecdod kngvpdlickabssngnd dderaling anletdhode obeffiantrin Gelateuthd thecknesmpbr i si ng
al erting user .if the thickness of .th ol i shi.ng pad falls bel ow a
predet er m%f‘?é’&ﬁ‘f’mp%%fggéf’e %Tpgtiaiétleﬁé@ag‘?urﬁ’&é’?ﬁghl a thickness of a
conductive layer on a substrate during chem cal mechanical polishing,
conprisin&b positioning a substrate having a conductive | ayer disposed

C

t her eon i hOconthemetkiogdiof clpimpéh fustienepranrisingcadering a upks)if dithigkirasiof eeat i ng
relative B&ﬁéhﬂ{é J%ﬁtféﬁﬁe&lotwb?p%ﬁ?t%ﬁﬁiﬁ&?th?cﬁlﬂests.he polishing pad to polish the

substrat e,

11. A method of measuring a thickness of a conductive layer on a substrate during
chemical mechanical polishing, comprising:

positioning a substrate having a conductive layer disposed thereon in contact with
a polishing surface of a polishing pad;

creating relative motion between the substrate and the potishing pad to polish the
substrate;

driving an inductor with a drive signal to generate an alternating magnetic field
that induces eddy currents in the conductive layer;

measuring a strength of the magnetic field and a phase difference between the
magnetic field and the drive signal,

calculating a correction factor based on the strength of the magnetic field; and

calculating a thickness of the conductive layer from the phase difference and the

correction factor.

12.  The method of claim 11, wherein the correction factor is indicative of a thickness

of the polishing pad.
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driving an inductor with a drive signal to generate an alternating nagnetic
field that induces eddy currents in the conductive |ayer; neasuring a
strength of the magnetic field and a phase difference betweep)pgyygagnetic
field and the drive signal; calculating a correction factor based on the
strength of the magnetic field; and calculating a thickness of the
conductive layer fromthe phase difference and the correction factor. 12.

The met hod, of er el arrection f. of a
t hi ckness(i|3 ﬂﬂ hIO% 0}t{y\,ir:a(f:]melad rtf'g gonépr pf&é’%g%?&fﬁ'zbslrt%%h‘gg{h cI aim 12,
further cosshig md }n@ingsmﬁfsg kAowe shickeixsindateh wistdond dolislsing pp«b hawhg ag pad

having a first known thickness an a seco polls havi
second kn&%An¢ Kneskm Bdeknessy gn gﬂEFQPgﬁbﬂﬁﬁop%&§i tea@ q@?%ﬁﬁnﬁﬁ elate

t he thlckm%?%lai DEoRRY RAEAG AR Relid Beld UhARGEdlisAingt Ne magnetic field
during poli ”ndﬂg 4. 0The ne?mod of glﬁ]aZ llI@lli:'hlesrn(%orrprlmng polishing a
test substrate with a first polishlng pad mhen the first polishing pad has

pol i <hi ng a0 WAEH TR ol ot R it pel Rk el Mt Ko

and gener ablighéhgadadl vitamtthe fiest oRdHingChAtas hdirstednalve thidkndshli polkisieiag tieftedthe
polishing pad to the strength of the magnetic field during polishing. 15.
The met hodubstrate| vithythefirst mltsh@,g R?Srﬁﬁ}ﬁ"stbﬁ @f%llpﬁlﬁhlﬂ@ pad diae Spqond kBOWAT ckness
of the p?rh& ésn ﬁncp ggxefrzfﬁnksdt %.L)toéﬁﬁeacogffﬁ:%E & Qe q] tt'ﬂic‘f(ﬁ&@%? thc%@ohsﬁlng hemi cal
mechani cal o i Shing apparatus, conprising:. a polishing surface;, a carrier
head to hphﬂmahsuhx@ﬁaﬂhhmma@mgcﬁemahdugpmvbngayer di sposed thereon in
contact with the polishing surface; a notor to create relative notion

bet ween the substrate and the polishing surface; an eddy current nonitoring
system i ngkudi mge aRtHoddfClanh 12N irtheftini@i¥ingSedéitif@a uer ifltHeMBickie®s biigct or to
generate an alternatlng magnetic field that induces eddy currents in the
conduct i v@olisyngpad fallshelasy a predpterainedthickiessengt h of the magnetic field and a
phase difference between the magnetic field and the drive signal; and a
conputer configured to calculate a correction factor based on the strength
of the 16. A chemical mechanical polishing apparatus, comprising:

a polishing surface;

a carrier head to hold a substrate having a conductive layer disposed thereon in
contact with the polishing surface;

a motor to create relative motion between the substrate and the polishing surface;

an eddy current monitoring system including an inductor and a current source to
drive the inductor to generate an alternating magnetic field that induces eddy currents in
the conductive layer;

a sensor to measure a strength of the magnetic field and a phase difference
between the magnetic field and the drive signal; and

a computer configured to calculate a correction factor based on the strength of the
magnetic field and calculate a thickness of the conductive layer from the phase difference

and the correction factor.

17. An apparatus for chemical mechanical polishing, comprising:
a platen to support a polishing surface;
a carrier head to hold a substrate;

an eddy current monitoring system to generate a first signal during polishing, the
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magnetic field and cal cul ate a thickness of the conductive |ayer fromthe
phase difference and the correction factor. 17. An apparatus for chem cal
mechani cal polishing, conprising: a platen to support a pold§ﬁgmgm§urface;
a carrier head to hold a substrate; an eddy current nonitoring systemto
generate a first signal during polishing, the 19 0 5 DEC 2005 eddy current
nmoni toring systemincluding a coil wapped around a core to generate a
magnetic field that extends to a first region of, the substrate; and an
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subst ant i gldsyanBaIW Gt SAAOfochtic ol e siisengs. 20. The apparatus of claim 17,
wherein the |ight” beaminpinges the substrate at a spot directly above the

core. 21. The apparatus of claim 16, wherein the correction factor is
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prongs.

19.  The apparatus of claim 18, wherein the light beam impinges the substrate at a

point substantially equidistant from the prongs.

20.  The apparatus of claim 17, wherein the light beam impinges the substrate at a spot

directly above the core.

21.  The apparatus of claim 16, wherein the correction factor is indicative of a pad
thickness.

22, The apparatus of claim 21, wherein the computer calculates the correction factor
indicative of the pad thickness using the strength of the magnetic field corresponding to

an initial thickness of the conductive layer.
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