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METHOD AND APPARATUS FOR MEASURI NG FI LM THI CKNESS BY

MEANS OF COUPLED EDDY SENSORS by Inventors Yehi el
woadsises7Rodney Ki stler, Al eksander Oaczarz, aRdT/US2004/040878

Char |l es Freund BACKGROUNDOF JHE | NVENTI ON [ 0001] The

invention relates generally to sem conduct or

fabrication and nore specifically to inline netrol ogy

o R L Bt ot et o LBl

the formati on and renoval of various |layers. The snal
feature sizes, tight surface planarity requirenents,
conmbined with the constant quest to increase
t hroughput, nekes it hbgﬂhyem@eﬁrable to stop the

Y4HigF es%kmh%dhey JERIER AlekMusdereonas:, Qﬁﬁﬂ%’?fle%VFﬁbund

, when an endpoi nt' "has been obtai néd for th

process st ep.
di spl acenent, Ipd ]
nmeasur enent s. The Sensor s rer on the i nducti on of

rent |nasa the fl tuatln el ect ronagnetj.c
r0001; e Msntifin 18 Rerecti o fraiepieloh aPtigoB 6 S BE Ry caly to -
line nTRATSPYEr fobeg%tc@ﬁ&blrmmeg Qedi&reaeghs.c fields are
creatéd as a result assing an a ternati ng current
[0002] mmughsetrmeon@cltor ﬂabecat anc e Lth@ﬂengreemempl@rmyﬁewhere an underlying

substrfa]teejs %Tcig]ﬁ s dH dfoé@gﬁlij({nr z? ) rgﬂl\égélf(ﬁ \Pal%(rgflé'l %yeﬁ du lee asrll‘lggf feature sizes,
tight Etﬁ%é]plﬁaﬁw eqilureﬁaeﬁs Sjoﬁmlnefdl with gehemelahCqebsagy meteade throughput,

principl e upon whi an eddy current sensor

makeg) ptémehlé desipblegiorsspmiie |prfges,wh e £poes thinkuase Raschsen achieved, i.e.,
ng object 102. The

whenéaﬁ ec Odﬁréal%ﬁ 2’? |QI£: %iﬁeg%&&f ]geg%sg I%{ebl nduces eddy

[0003] EHdden tméhﬁ4 sérBoso ALt aktd oo hfigliceddddt, Proimrgnatdidém thickness

and t he ase of the eddy currents in turn effect the X
measySEET g ﬁbﬁ BHSOOHEHY, O s INAPHEOT A BRFETIE én ¥ SR b e fuctuating
y 3 .
electﬂoﬁla f?:f’%%gtog fcn%%l W Vgﬂd&@?&g% ?os tHen&ﬂgcgq?eﬁn{%afé{ggsluéed. Fluctuating

electmnmgnntredldlds srercsanteches qoresvdt of passing anchtdrnating guoéjtabtough the coil.
as a thic of the object. Distanc

106
The g Seroieagtc GEionqaics Gip o PaohE VAT BartHD: g pimary ficld

and, atsrheﬂéﬁﬁ@'éﬁang'efth@éﬁlﬁ%d&%ge noves, the signal fromt he
sensor nonitoring the inpact of eddy currents on coi

[0004] Gtiguae [11is al ssoplifiechephempdOdisgrant @fethpmnclpleumneddyh an eddy current

sensof Gherifh,  ARMIRIRHE GUEAR Mol HaFETERT 10 1wt o Bty tp gonctucting

objec€d0Y. CIHeS l8¢trdifiietic ifRld 8N Ret ¢MMP iddacdroédilyt fi@rdnfy ¢BN &S Sonducting
of the filmand distance of the substrate to the

object &0 oThe magniguderandithpy phask €6 hescddy gbrreats in wire effect the loading on the
coil. Thus, the impedance of the coil is impacted by the eddy currents, induced in the nearby

0003] Eddy current sensors are used for

located conductive objects.. This impact is measured to sense the proximity of conducting
object 102 as well as a thickness of the object. Distance 106 impacts the effect of eddy currents
104 on coil 100, therefore, if object 1002 moves, the signal from the sensor monitoring the
impact of eddy currents on coil 100 will also change.

[0005] Attempts to use eddy current sensors to measure thickness of a film has resulted in
limited success. Since the signal from the eddy current sensor is sensitive to both the thickness
of the film and distance of the substrate to the sensor, there are two unknowns that must be

resolved. Figure 2 is a schematic diagram of a wafer carrier having an eddy current sensor £or
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resolved. Figure 2 is a schematic diagram of a wafer
carrier having an eddy current sensor forneasuring the
wohoiskaess of a wafer during a chem cal mechanPCa@ius2004/040878

pl anari zation process (CW).,Wafer carrier 108

i ncl udes eddy current sensor 110. During a CW

operation, wafer 114 supported by carrier film 112 of
measi@higrthe thidi8ss of pwefes émhmggabMCﬂaﬂechiﬁichlcplpminmidnzlﬁoaess (CMP).

surface o f the wafer. Pad 116 su ppor

Wafers eagrigy 408 ingludas qﬂé&kq%n&i@w{é 6]DwnRg ér@}ﬁ?’y eReraiipnofvater 114
tl 5 :

oo B8 BRFANELChr 30 R OTRRUAL AN i  utceof

the wafiet. sPadTHGgs suﬁperte@by stainldsk kteeldmokiag 1ld8subst ant i al

10006{ e Porrin o3 GG S FA FOPEGLOM s WPty of the

carriePfitrASwkih eaﬂevarfy bl /v LililsCausS the'édrher filvREddbd PEubdGniidl&ariability
carrier film conpresses. Accordingly, i t becones

in theelx&tmﬁbbtwegn the wafer andothe a¢ns@r a&édlflgmalbn, flifferent dayn spressapplied to
tance.

the cqrﬁ? Qﬁ% Sv%l f,r%agg% I;f%l#g aggﬁqnn een%a(:gper it tc'hTPna GdsRes! hJ@xccordmgly, it

beconsRAxtrepRyN@iffafuld ol é‘ahbﬁ&f fgullah Garihtiles tids effeddthd Higtance, which in
presence of another conducting material separate from
turn  {rppaciso weru dhickepspamessuemansi ofg the S60708d  aMpthes ghowigpming of this

confl%ﬁgtﬁjr fsdcgtu ed®: athterﬁaE&np@ oy LbHeFton '{ Q%E@h@kékgﬁfate from the

uct Pve yer 1s less than fecsoca
conduekhg nﬂieqﬂah beihf encabeed nodispoeimenly referted twas & thérdcmidy effect. If the

.. w il _ not | etely apsorbed and, will rtiall e
thicknsssef 1 ORI Ry Eh s dpe o Caﬁm‘% agify e{&a‘éorﬁi@eﬂc field
from ﬁfce Jéﬁl%‘ilﬁno% belcto ided1 'aﬁg&ﬁﬁibgrﬁp{vﬂl Eer elbg da¥g frbu ﬁ% Stainless steel

hint stain ess YsSteel contri utlng
back1ng)1181ef pak HI6 fiRjgat 2f Towilt induedatidittenat ety @ereatsrwithin the stainless

et RSO TN b e S SR BB arrrmors, 5
shouldibé taﬁﬂ@siat%attmqne bheweiionfsues staaimbasliing vamdionhs the distance
eddy current sensor, which influences the appropriated

betweennithe fainlesn stes! t brskingt and dbielyeddyir eusrent ssensmsr vdighanfluences the

I C as; it o b consi
approfi s ERon ARl okt FRRLLEA Bl blfanfpipr s o be
considB#€d 40the h\ﬁhfétélﬁﬂe&hhimddﬂslyﬂjeﬁfgt R6cdshdd0 (L‘diﬁe(ﬁdﬂnﬂ%rtﬁ@?eo the variability
nmeasur enent, the anount of error is unaccept ably hi

mJectgcihdn@nﬁ}eeml@ltn&m @eapGOPRL, |the ARANNGOft PIEOKT &F SRBiCAR2 gly high and
unpreﬁf&ﬁarb?e Is a need to elimnate or offset the variability
erent under working conditions so that an accurate

[0007¢ Hal piwn bf drnfoblsgotigt eiemé iveslnéel twDsl@nipheorseffsyt the hiagiwilisy inherent
desired thjckness, SUVMMARYCF THEI NVENT] li[OOO ‘}11 )
under gy gNS, CABEANTS 7Y, thatan BrsER enfipRiBhEato e Cpferaingih dg gore precisely

ach1eﬂ:e§§ nlggﬂgagn%ggn ning a thickness o f the wafer under
I de conditions, i.e., non-working conditions, and

pr OVI ding that thi cCEUSEMARYOR IT#E INCENZIONDI | ity due
t o unknowns introduced during the processing oper ati on
[0008¢ Broasll e spaskimgnthedbressnt inventidnsills these needs by determining a thickness of

the wafer under ideal conditions, i.e., non-working conditions, and providing that thickness so
that the variability due to unknowns introduced during the processing operation can be
accounted for or offset.

[0009] In accordance with one embodiment of the present invention, a method for minimizing
noise during film thickness measurement is provided. The method initiates with locating a first

eddy current sensor directed toward a first surface associated with a conductive film. The
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[0009] In accordance with one enbodi nent of the

present invention, a nethod for m nim zing noise
wauaoosnges7p |l m t hi ckness neasurenent i s provi dedPCThS2004/040878

method initiates with locatifg a first eddy current

sensor directed toward a firsSt surface associated with

a conductive film Thenethod includes |ocating a

methRERORdeE tYti 8Ll RBEnd BMBOEurkdn® GBkkoR il dcBe adlthiee hRahati4@ side of the
side of the conductive filmand directed toward the

condustvn fitm sadfditestedstowardathe segpndhsurfase @ptogiatad withfthe genductive film.
The f, r S [ y a

mhe Sl 0GR B0 541 PEDRADS RSN o e

other.f Thé¢ hethddfaktheemcRldecilfahdting foowe susphiepto ek fist ddy current sensor

first eddy current sensor and the second eddy current
and theespaend eddy cHrrepzenigresuch that thegkingt edsyrmensienggrang ibe second eddy

currer[‘t!%@ns%‘f‘ca?@ %o%géﬁ &Y Ete?ttinaé?nﬁﬁ) fon@faﬁ%&?wfdgéi [i%ﬁtieﬁ, £ delay time is

ime. I'n one aspect of the invention, a delay time iIs

incorponated petvate dwitehingepovssni Hetbdengthp disetr eddgtomerent sdmsorf andsthe second
eddy current,_sensqr and th eco eddy current

cddy GRS EIPRe Tt ASHOdI A RS @gﬁﬁmgﬁ% Hlg thicknss ppgasurement

based! ¢ §KOBHIABASHT SRS fAS L At RdGPTRHBA! deABorOdnd the second eddy
signals fromthe Tirst eddy current sensor and the

curreggersnd eddy current sensor. [0010] In another

o010 S e BP0 Bk Rl AP s p poviss. e

sensoPhriddyaintTudesd plueflit$ 6f iy endiélaml P phkaity by b&ttork 9érdse opposed to the
sensors op]gé)jsed to the top sensors. Each of the
0

top segpais.aERehyolothe piraléim of deyemssensprs isaoepsipl with | cgrresponding one of the
r L ng e th I of .t e .
pluralff F S5F BOR0R° AR bleak s Potdf sttt OB Bldgd G Be passive
when hBe pas&dpsRding esnet dfethe Q@B OB topIsedBisrs Qe hbevep! W pdwérysupply in
of top sensors are_active. A power supply in .
comnygigation oAt bethihe plusality ofiiep sensoss ard, ther Plagsbitys o beftem sensors is
' d i . ) Y _
inclo Bl 4 B EIE Eodtatnl 1AM AENTA U ROV 48y o6 the plrality of
bottomp eevesorssamdpthey plueality of fobsemdors iy alsb ilicdddedm sensors and
of to ensors._is also included. [0011

10011} ¥ fecsiansicticRuveh SubonmbRgreahsb g difocd: MypRIon, & system for

proceR¥ifS 8 WaftN ¥ gﬁd'vi?d%d. aThy %?rﬁéﬁlfi%luﬁésoﬁ RBEMG1 FtBhBEal | Planarization
provi ded. The system includes a chem cal mechani cal

(CMB| taolar Tea OMP to@MByludon k. waftecaENer tdfled withindedoesing. The wafer

i fer.carrier. defi ned wi.thin.a.h i ng. The wafer . ,
carrief fgs 4 Byt SUHag RAvEHe & S HdRea deiRFe BerEM i A Gam At s gffixed to the
bottoth N@FfRédof deGRdfet Sdrribd. | Thd sardibf FikBds Eénfigneedd@t duPPbrt a wafer during

surface of the wafer carrier. The carrier filmis
CMP eperpiiensr ddsansosiy spbeddes indheyalgnr Theyseone ip gspased@ver a jgp surface
.| | e § . E .
of theFFROY fhe SERGNAcholiutcdio YALEL an Ly SERSRInE wafer 1g determine o
proxiinity @0d hi thickeshstod theohafee. A seddolyaredir éx@érhali to thé EMRE®I is provided.

to deternmne a proximty and a thickness of the wafer.
The sgnsops&1@y 15 AR LPOERINGsatan wigh theesenger emmbadded ip thy, waksy carrier. The

s DA, el b, EOTIBLAGHL 0N Kb o0 lrsor i
corresponding sscoadfsenstr aseosdigusmidoalenratcelsponei agasteeotale and a passive

nsor. The fi.rst sensor and the _ -
state. The f?rst sensor is further con 1Sgurecfa toqoe in an active state when the second sensor is in
a passive state. The sensor array is configured to detect a wafer thickness signal that is

independent of a distance of the first sensor and the corresponding second sensor to the wafer.
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correspondi ng second sensor are configured to
al ternate between an active state and a passive state.
wohersioe6sd sensor is further configured to be PATAIS2004/040878

active state when the second,;sensor is in a passive

state. The sensor array is d%nfigured to detect a

waf er thickness signal that is independent of a
[00127itSik 30 B vatledstood fthatShe fabog eildrdl Rs@iPptioaPANEY fidlowing detailed

second sensor to the wafer.[0012] It is to be ) )
descriptiefe oty xRl and) explanaieyyi aidy gBé e not eastiqtiyei & rthg davention, as
chhn&ﬁe follow ng detail ed description are exenplary and

expl anatory only and are not restrictive of the

i nvention, as,claiped. BRI EF DESCRI RTI ONOF THEDRAW NGS

[0013] The a S TH WINGS

r . | . . t.hi . ]
o013 180" RRORALIAE FRAnGE TR Uhe BT B0 ot pa of i
specificauemt ilantrard ckagsibie embolimentse of eder inpeittvn aad vegéther with the

explain the principles_of the invention. [0014] Figure
descriptipms sexvesiogxplain By mgidesof edn¥ti®m of the principle
Is WA - I

oo14f R 56 SRR R DRk 0 an ey curon
sensohepearatgs.an eddy current sensor for neasuring the

[ ckness of _a wafer duri a chem .cal] nechani.cal
[0015&, E%q. : zlétai %?HC]E}?I&(‘C. ggr%ﬂgg_watfgoqwer%@vm% an epéy gurrent sensor for
meastin@Rhé {Hi Qe ST RAfer deiRH @Ehidal %Hﬂénff&l PRARSRioh oceses (CMP).

measuring thickness of an incomng wafer in accordance
[0016hiFigurofAes ersboplifivshschomatihdiagraveof ¢anpled B3} foi measering thickness

. f the signal of | dy. t
of an ipg B PRER A b Caiedith of R e oSl i ¢
[0017P P B ol BRIDh oPthd dighdl BY &tipledredd] @R8]t sBhddi Confighifedas in Figure

~ sinplified schematic diagram of an alternative
3in awﬁanggwaﬁliqmﬁ egtbodisugitt etithe émgptien.f or neasuring an

o1 FEGL 53 UGHNRER Byl DB gh o o

sensoisSfor Medgaking i adirvohend tthickrdbaof amwaferagofiiarin accordance with one
alternative caonfiguration of coupled sensors for
embogigeat,pf thg IENERKess of an inconming wafer in accordance

[0019}{‘?4;59%% %?fk?ﬂﬂ@i?ﬂéd OhehfAfic idgh:ggﬁ:ﬁ%noglgp%@tlem%h%‘ c6nf®Biration of

grap rating the an average

coupled gamorsmien memasungngathiekidys ofirane ivicoseng ovafer imyacasrdance with one
onfigured to the side of the graph for detecting a
anJ?nqﬁgﬂ@EWW€§§°?n accordance W th one embodi nent of

[0020] PO ¥ BN iaog}a]?l{ ARR&hidd @EGBLARY 08 af a9ErAPE kich8Gwhen using an eddy

Schematic diagram of an incom ng thickness sensor _ .
currerg crepdogchrtay a5 choigutedetanthEv@epofotbe ssaphhfaskdetssting enilon thickness in
én acc%rdanc%)ﬁﬁth ogﬁlenbo L ment of the invention
accordance with one embodiment of the invention.
[0021] Figure 7A is a simplified schematic diagram of an incoming thickness sensor coupled to
a downstream CMP process thickness sensor in accordance with one embodiment of the
invention.
[0022] Figure 7B is a simplified schematic diagram of an alternative embodiment of an
incoming thickness sensor coupled to a downstream CMP process thickness sensor.
[0023] Figures 8A and 8B are graphs illustrating the correlation between the signal from an
eddy current sensor for a film thickness and a signal from a standard resistivity film thickness

measurement device in accordance with one embodiment of the invention



10

15

25

30

[0022] Figure 7B is a sinplified schematic di agram of
an al ternative enbodi nent of an incom ng thickness
weensmseToupl ed to a downstream CMP process t hPCKUSS®4/040878

sensor. [0023] Figures 8A angl 8B are graphs

illustrating the correlation between the signal from

an eddy current sensor for a filmthickness and a
[00243 Figuad of fsom grapit dlhdbanting ascatibiationycdrve rfot lahcédalgsalrrent sensor for

nmeasur enent device in acc danc with one enb %
meas%ngtar@pp?ﬁ,félm¥ eﬁza]acqqr cglegn@pgma,ent of the 1nvent10n

. | o .
(0025} E1ES 1953 Q%E%h&ﬁ“%tgit%‘%é‘égp%%ﬁ kR Uuring 2 CMP
operaiarc of cacppenithih filne oe redbeuhistretet inodccbiance watht pw: embodiment of the
0025] Figure 10 is a graph illustrating tw eddy
®frent sensor output signals during a CVP operation
[0026?@1%‘1@ PPRSE aldthph df dnnBired ERPSIEA Gghad nRES@iEAME Cemperature of a
one enbodi nent of the |nvent|on £0026] I gure

polishéng keltiovgr tiple ipbfaceondanae wathengie eRpdiseent of theiigyeation.

[0027] . @%ﬁg Irﬁgc%'g?e &téz?@peéma? #nfg?{gfi St Ifé.g I0I S[ I n be e} pe}[a%re over time in

accorde{h\éewhm’me chfiddifhertbftheenvenBoh.s a gr aph of an I nfrared
gnal of the wafer tenperature over tine in
[0028&@@1[@ a3 ésea sehematio diagrapbel 3R sacord tlffﬁéeﬂliﬁﬁé?ﬂ THT9 of a CMP process

s hE B P2 8 TR Bl ORI SRR o vt

cam'ef ﬁm’t\taﬂdaﬁlée with oppembddilentas thememtt&dx by an eddy
rrent _sensor in the wafer carrl er ‘%go danc%v%
(0029 Figtaribads AeHEPisHed Sbemplicodie gt 1sbaig)e WBe s Cdks; for & switched

inven&

-schen® APhiidd &S RPN EHRY: C‘%«Qh%%ﬁtﬂgﬂ ok ‘éétt Atdolgiaf e AdéMance with one

cyctes for a swtc hene applied to two sensors
embobimemgoftht weventibh. set or coaxial in accordance with one

odi of the invention. [0O. Fi gures 14A.and
10030 R ok afh 4yt PGRRI s b eingi B g Aiffence between a
non- sqrhtf:lﬁé:‘cf FOS&GIARE WaRMeandON s WM HedNRAYRRWRY dchbA if Qati&ﬂaance with one
a SVVI tched poweri zing schene in accordance wt

emboclm@nenbtbldllmtlomf the invention. [0031] Figures 15A

[003]{?3’d 158&5&6 ng fr‘)ggzl ar%&eﬁ}p %hs L u %%tggtgl%%@%gn%lngﬁgﬁed in a non-

sw1tcl'ﬁhg§6®§n:31ﬁé\s@l{&he163 are exenpl ary graphs representing
r ead |n?s to Figures 15A and 15B when a

[003251\1&1&1@% hoA pade HIB iprgexsandary graphipfspresenting simlag asdines to Flgures

n
154 {35 PRAEEGiA oSS AERIER uflich YR Hlooortnce i
one emmbbdistehadf thg iiveatiesdge excl usi on i nprovenent in a
coaxi al _configuratiaon in accordgnce wi th one

[00334 Fime At 2 siplified seheantie gnsramp guiratmgifie dgpercusipn improvement
ina c{)né)ﬁ%ﬂ’ %Sgﬁ%%raﬁglﬁgfé ABbdhA SR A ¥R RCS SREL AR, T or

[0034] Figure 18 is a flow chart diagram illustrating method operations for minimizing noise

during film thickness measurement in accordance with one embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0035] Several exemplary embodiments of the invention will now be described in detail with
reference to the accompanying drawings. Figures 1 and 2 are discussed above in the
“Background of the Invention™ section.
[0036] Eddy current sensors (ECS) allow for measuring a metal film thickness of a moving

wafer. It has been determined that ECS are capable of providing a fast enough response for a
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during filmthickness neasurenent in accordance with
one enbodi nent of the invention. DETAI LED DESCRI PTI ON
WQR00BHES?REFERRED EMBODI MENTS [ 0035] Several erempuisannyg/040878
enbodi nents of the invention.wi ||l now be described in
detail with reference to the acconpanyi ng dramﬁngs.
Figures 1 and 2 are di scussed above in the "Background
waferahotihg uhﬂ&t&ygmﬂﬂoa(ﬁﬁg tobxics €lOSiI6Y. Elelyfogs)rit BrjossiBlRYO pBrform the
(ECS) allow for neasuri a nmetal filmthickness of_ a
thicknest megswienents "o thadlyp ‘@%‘Qﬂl’étﬂé‘ﬂ)ﬁ‘ftﬁ’@dplioﬁ%ﬁ throgghyjpus.  Moreover, the
r
moveﬁf%ﬁ@%lgtﬁa gf fepc ?1‘{ b Agﬁgn %d(’%ﬁ%%eedr?gg gﬁ&ggé 5 %sgﬁroﬁygaifr&h a limited
numbdheff ehanein d d:lua;tsr crmﬁguﬂahen t Eomqahq:ﬂcmv\talfﬂ aihgnezk pewvide movement in
nme ment s n the f w t hout ct| rgcess
a rotaflpa) ﬁgﬁﬁmn anﬁ/@rwdm{l fiaeqiioie rﬁéﬁ?ﬂg&? HeeTogdret Seraan capture
a thickR¥ss E]rcﬁﬁé/ 8N4 3Qfer Whilk ehePh RN %%rﬁe%é&rfé@lﬁ&ﬁorpﬁlﬁgﬂnhﬁdf\ﬁa@ép handling
a limted nunber of sensors in a cluster
schensnf Ingeneagmmdiméisy a diighmdse profile exan diei @nataﬁdpﬁowa@ewafer so that a

recpd o G e REE R Oy P aph R eune Bl "

[00375 A Ui Burds bBlosK iBE1yPpRNvideecodfigaratidhe Fordi IiRo YéEHs6f or sensor
I's undergoi ng common aut omat ed waf er handling schenes.

cluster rthetn determioes ﬁ@wﬁhlc}gleﬁhloék#]é@éerpﬂmqu roncpiAceseé conditions, i.e., non-
. e 0
dlsturggl\%ngoﬁhgg%g ?‘glgggfsgk}é%% %ée ﬂ'éﬁ]stt%% 8/'09 ?%rglin[ ﬁlcatt?d to downstream
fabricpation ipk@essb@ﬁ@ilingﬂ?ﬁh Ehl@uﬂhe&l hﬁh@WTHat ﬁs ahéd hcpiing dﬁckness can be
configurations for an i ncom.ng_sensQr or sensor

supplied, e feyimilpaiickaess rpgaswang devietior thdewitregm {gbrigatip gagcess. The

sensof A8s a)@f&?éﬁe%h_crtﬁg ddor\x’ngﬁl 'falﬁicatlaf? ﬁﬂb&tséj fcﬁ’ﬁ Wkn be cglltbrated with the
con i ons ness can then be stored an

1nconnngrttuarkmw tedndke tkﬂ@umism)mam Vaiahlesatsubtingoframebs pocessing conditions

1rreleyqﬁtcktr§gg¥d gr?.tpgll‘&g L @teagcllilfl%graofgéﬁ;qr%%fqr% hq?w:qg;gglr&na%on of two or

three SBRASH b DOFHEY h&® rﬂe%%l&glft‘aal ?&?f@ﬁ?r 825N ARbdEAEAOhe sensors are joined
process. The sensor assoc ed”w th the downstream

into cllusbars tratewe pensitbgty toakstarven Sampzlfatastalltmfectata/\gzttherb& avith the sensor

finconiqﬁ tgickneas(1 0 makgln t he unknowns or %ﬁﬁ 3] udes t

config BT g “PP P TR B6os aT AR oflaorangS L8R iotudes two or

more clus®ROo @nies pRRidaeicaladi.¢. hihta?aa forsby ta@da o¥fa WABS OAdditionally, three
refers to the conbination of two or three sensors to

sensogielpfated en ﬂnéwamemd@mgm@r oBR bp @Pli%lderﬁfhafbﬁéa}enbodl ment ,

[003 I'Whéc’ SRt rt% s?e?gd S 8r g)ltlﬁszg 1&1n CMNGR the thickness of the

ensiti w%r §istance: arrpl e r ? ata

wafelgﬁhhﬁrrﬁai)pw tahld éﬂ@ﬁedsfeﬂs abwﬁafb‘angpnroawsﬁlrg&)pafaeoﬂl $rDadd1t10n when the
provided herein. An array of sensors as used here
wafers qgq igEoyeq figmoihe mCéSSé%%a@%b@r Hre WBiskaess of ths; me«epseeél wafer can also
r
be sc o grofif RRacSa B 35 REE 0P In e opermion, o
adjustuierds eenf lger madmtobthe caiysd ofethe dparatian based quOiid8¢edbheln Of course, the

i ntegratin uste dsnsorvvltha stin
post 1%?‘5?1588&“{5]%@5 M@%@e‘[ﬁf SR LS LENCRS twaﬁaféa ang

[00395 tf@glﬁg 30 SmPRNRSIhEARIPHRERSS b G0 @d’ &tn's&'é‘ fo1J Measuring thickness
ion, when the wafers are renov fromt

of an pn@umsglwajeramaacbendanmewtﬂn oDk merslmdnﬁent loé they mtvastwd Top sensor 130

and b\éﬁgl%rseﬁsao? lgbsa(r)e configured to provide a signal indicating a thickness of wafer 138.

Accordingly,

In one embodiment, sensors 130 and 132 are eddy current sensors. Wafer 138 includes
substrate 142 and metal layer 140. Axis 134 of top sensor is offset from axis 136 of bottom
sensor 132. One skilled in the art will appreciate that by offsetting top sensor 130 and bottom
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be scanned to provide feedback as to the results of

t he processing operation. Accordingly, adjustnents can
woeorsdes7v o the reci pe of the operation based BaTHISE004/040878

feedback. O course, the posy processing results can

be provided for further processing operations also.

[0039] Figure 3 is a sinplified schematic di agram of

sensof D3 lve@dreSIesth Qérsof s BBMSEITiehfsdnbbS kihe sfecabmagndtiodizid p@duced by
waf er in accordance with one enbodj nent of the

sensofsph3OrAnEdR2 Wilhos drerdire. igo sHRRretfotach vihsen dbhera B figauencies are the
t i . .

ame SAOLPUSF o SAb 5,015 808 CATR, bl SE5Sr o cori

situationg, hedayess as mélhbe sreplamed belaf atjust@nts meh be esds ubavoidtsappression
142 and a .140. Axis .134 of sensqr is

of the,RFemal 1 (ARHPS 176" O SHRTOILERSBIth SBaS e lar skl 3y Tn ome

embolithénf CcARbIY 144 APRYHE m%h%detot fé@&v@élg%ﬁfssﬁéﬁl' d38sdr®A32 and 134 and
sensor 130 and bott onsensor 2, where both sensors

determine aettitbknessraf evafersEdés olt shoulfd é)eellppmcmcﬁdatgntectqnmﬂmelétﬂ averages the

. roduced by sen 30 and 132.w r.fer
signall (G5 iy LR TR &7 HETE tnariiehbigachangeg; of the wafer.
Furthérhﬁ)r@ amy oA ©p kedsor 936! dndRftow sdhs@xX 1 4 30akdeei distance 146
suppresSion of the signals can occur in certain
betwesh theatop seesor hadhe varr surkese of wafesd 38 opp ghiwag ipdissance 148 between the
borto St 2R D380 R TRAC L, PHOLY SHORLESS] O ffe Wange in cither

In conmmuni

d1stan%€ ﬁ&l@ﬁ Saoilﬁt?le aBfkolsdte statiopsts i€ ol ibyant averagihg of tierreddidgs so that
is configured to receive signals fromsensors 132 and
the signal isrfpvH @t BingkioTe of thipknerh saterofhandhicknesg gind | progiy. o In another
embo@i?neﬂp Q‘roﬁﬁ'bﬁérelQ4tclaﬂﬁnl%g%ttésoché ?él&ﬂiﬁéd WELALEH & ﬁSwnstreafn tool, such
gnal's Tromsensor to arrive at a signa
as a CMF oaflj sxg thent tthd dewestseaof ptooessvezheoptinkiue tthe przess settiygs, such as

rovi di t sensor. 130 gnd bottom sens 132 a
prossuzh 4 & ARvRiTGeR ABBICE Bl ehsAL 854 BROTs HieBromivg thickness of the
top surface of wafer 138 or a change in distance 148
wafer;
bet ween the bottom sensor and a bottom surface of
[0040&]\Mgne #3i8 aagmpk ah ¢isd bigoalduem cOhpled ieddy auuertrrgasars configured as in
. t her stanc when. both th senso
Figury § 1B AotV ENS EPRGTHG! B 6 FBRay (TBna g0 oY Fldy curren
sensoPb@Pad inl Vo1t %Ysé’s firdle) CLinQVISereﬁr&leﬁ{értE@ ﬁgﬁﬁtfflﬁﬁ ak&RBr located below a
t hi ckness and proxim t% I n ‘anot her enbodi nent,
wafercwyeh rag | otpmisepserokauefi Bigees3.t Aane 454 tepsessatstthe cienaksfrom a sensor
locategomv? h eaﬁag?ergs(r:ﬂgs d %)lctg sgﬁ 'E)Ir %%9 eof%/gultefglc eBéozg sl}e Igafsé Ht%resents the

averagdlﬁﬂnﬁ IBResguse. Itfwﬂlhﬁ ai@mamf torahe sﬁﬂ]@ﬂ i &eaﬁﬂthbelhﬁe 156 provides
peed, based upon the incom ng thickness of the wafer,

a subqt@mwéiy crngt sighal. sThat gy h}zs KoBPininge sigpal drom theripp é@ﬂé%&lth a signal
from g%géfm‘ga nﬁs%'i]t th? %@}g L Elénccéod} hég Mg{?ﬁo?ﬁt?% 'alsﬁimgéJ BF th% sfeﬂs r 1s ﬁhmmated

accor ce W e errbo e I nvention.
For ei&fiplp) ad svafen 168dyf Figure éhtnosemslomradttopmeﬂsnr 180t the 81gna1 increases.

us ti ne 152 represents the signal from .
Regiogel el BeyBptiea: fhfies " ELAOSS Bofe iR SBRTo; Thigpthe signal
1nten fFdd lt'l'iceto -sehdoR nclefed &QBW ds flﬂl@trﬁb&i BYhinbn8MiR r%on 158. At

nsor | ocated above the water” such as top sensor
the s:ane Fingarthe 3vaf@oisdmbiing @%€ fropr deehottom fsensor. Therefore, the signal
intensity from the bottom sensor decreases similar to the increase of the signal intensity from
the top sensor, as illustrated by line 154 in region 158. Consequently, an average of the top and
bottom signal intensity stays constant. Since the signal intensity is linearly related to the

distance of the sensor to the object, a change in signal intensity caused by movement of the
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average of lines 152 and 154. It will be apparent to
one skilled in the art that |line 156 provides a
weubsstoass7p al | y constant signal. That is, by corOTmSD®4/840878
signal fromthe top sensor w'gth a signal froma bottom
sensor, the dependence of the signal on the distance
of the sensor is elimnated. For exanple, as wafer 138
objecOtowir Wr firsB stABMESy GEMGLLs 6ffset B medpokitel SRangk e iflefAB! caused by
i ncreases. Region 158 exenplifies the novenent of the
movepent pf theqgrhigct fawy ay Heom grﬁeg@}dssé@tionmge’ns«@qq eInSqughéhe sensitivity of the
oo S . . sensor increases accordingly as
Slgna% feug’?ﬂég"?deléf%‘g%‘fﬂgﬁ%’f“%% “in region 158. At the sane
[0041] iThes, bheclusadritg bSsendawi drgclawans &6f oenasbize withit & GehseN§RFating under
Therefore, the signal intensity fromthe bottom sensor
workigg Goagions. suAh 28,2 RPBROF IeEte Rk s Ve QRIS GrfaCMP tool, the sensor
opera'tiﬁ% @R Worlli M diRidnO R as BB %ﬁﬁlrra%ﬁ b/ rh&%td’céﬁt%fétl}b%ﬂﬁdv'i&einfonnaﬁon
152 in region 158. Consequently, an average o e top
regarding thotr¢rmovaligieadnd priveessi dngpsinay slhaib ns taanaccuSitey aeeasirement of an

. Si | intensity is Ijnearly. relat to .t he distance
incongpd il SEHEGS o) Wil BUQES sabieNgera oty BiRanacies cansed under
procek$h € RShdivofAUSE be ROnIPRHEIRN thr&ight RealiBRLIBR tseftdar Bufhermore, the
first stationary sensor is offset by an opposite '
sensog Ie&stpe dan benut8ivsiltay acamgedub pronssenenitol otherhie wifeedas a thickness
pon B3R 00 P ORL PR RGP e o
contréildriofnad pebcedsQB1lh clibtdmizethe kot sudlgaa EMVIB @fodeks, to remove the
clusters of sensors with a sensor operating under
Corfeﬁkﬁn!ﬂuﬁboﬁfémmqk@ﬁ@; such as a sensor enbedded in a
. r . .QO04: e s r . .
ona 343580 11 Sl sEU O e SR A, i of couia
sensodL €oir afeeduyingr @V iitkeniing aliiokrdcso f regafel og fillein atmyddnce with one
rate and process endpoint. That is, an accurate

emboffpe b b inshtieh iHFED PR ORI PP HNAKeREOR sFnspfdp share the same

vertida 6K 186 1 SrdRf QY LIRS aR%n ']ﬁ‘ﬂerfe&@@@ Bf ﬁ%ﬂ Feysfoft b the si n%s between
under "processing conditions can be conpensated throtlg

the t@p amd bbit@ni snsaehnt diffgrenFiregimacyoas, bet fpplisd fepead of ther respective

can,be. utilized as run-to-run progces ontrol where
sensof’\ ARealy. 2 PRe RFEL R ecnld PRt e B Bty & out of phase
That fs) 68¢ sGRBSVerRinCa Wal&bf fe SaNHS @?3189rﬂégfe€§ tPERMmida€ $uPpression of
downl oaded into a controller of the process tool to '
the signek oince dibfengsr tscelminaedcty ayadaldhmepy es alsscrihed above, the signal
: r.enpve. the c ect amaunt. of filmthickness. [l :
itenffR AGobCt e R S B ot el PRy SR, where s i
the sighdl@hteadityy & i€ eHef Jegdifivity evefadicQmal UK SeMeanikh&k. Where the signal
measuring an incomng thickness of a wafer or filmin

intengiycanddhn sensiif ity copbicembatsi omm o thebovepawtionn therickness can be
detentnﬂfédﬁﬁfaﬁgﬁ a]cgﬁlirgggn mé,qg]oﬁg R Bbdinnt, S ?ﬁfsedew}ﬁljr?e%ﬂﬁickness can be
. I'no e any

vertical Taxls rder to el mna
suppliadt 8r hedencaean popRs assl denling wWhe thingastd filkeisvien fdadconductor

.top and bottom sensgors a different frequency can be
fabricHBm iRERCePHr SUSA At 6quY[ﬁet°P]e§bé’&CP§P§ds‘@‘ﬁlé gplgrence to Flgures 8 and 9,

Additﬁq{yllg,i D8Adntd lp@wgﬁﬁﬁ% Faﬁh{et, d8MNsELiPRBl RthiPRith Rakrehtieto Figures
two Sensors are out phase.

13-16B, may be applied. Therefore, single power supply 145 may be used to power both of
sensors 130 and 132. Of course, the single power supply may be applied to a switched
powerizing scheme where the sensors are offset as in Figure 3.

[0043] Figure 6A is a simplified schematic diagram of another alternative configuration of

coupled sensors for measuring thickness of an incoming wafer in accordance with one
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That is, one sensor overturns a wave of the signal by
180 degrees to elimnate suppression of the signal.
weinsMeei73t ance i s elimnated as a vari abl e herPeTas2004/040878

described above, the signal pntensity is a function of

thi ckness. Stated as a mat hematical equation:

S=k(THK), where S is the signal intensity, k is the

emboﬂﬁﬁﬁit foff thetigvention f Ircihtsdmisotimdidithie Setidoe clubtet lsr@afigured to determine

Wiere the ngnal |ntenS|ty and the sensitivity

the thick@ess ofiveier IRSalongqis Ferofiinp S%%@Oecﬁfamwnwn%éﬂa and 132b are
pos1t1toﬁéd: mﬁ%ﬁat%a&hsﬁﬁ%%gﬁféﬁ‘cﬂ% P ERHE0 187 ‘fsaéfet&hﬁ)%kne us, by averaging

in one e I's determ ne
the mgaads kﬁl@nssqnpd)rs é62:l anéllmhg\mi&ﬂ sigmal) prdoassuentdy th&ehiclmgss along axis

162 i % flgt&rér%lgecp Sﬁe lr%%plo? 813}&%?10%? dlgfgtggléal qt%{zylegr? 'Ehe top and bottom

sensor€fs8lof 2 &Bndefn Eé BAH SRS séhsBRAI32a ahddBDD Qﬂ%eﬁffs)ét frémsé’M 4x666kop sensor
poweri zi ng scheme, discussed in nore detail wt

130. Refeganeriéd, 1Gd, Eﬁgul&a@lE@nomomnqp iof meadier 138 as the wafer passes

er ef or ower su be used
throug] o S, Pied Beefiy 468 s54BRa %0 350 WD fliR g ana 1326 The
signifidaneé 6f AEAEgISHPRE MesRibede RNt eélail Qi r6feidngd eflFigure 6B.
m0¢80m5r|2|ng schene where the sensors are offset as in

Hgire 68 is[20gap)) ilfusirating B stability if pl 4veraga sigopkvhen gsing an eddy
curreﬁjt! &%F&gﬂl&gteraﬁoéolﬁ? gul%ldttg H@Eldg eot‘f C[R@Efag}f rf@It QctﬁI a fﬂm th1ckness in
I neasu SS o

accor\dafc&rwﬂtm ofR€ embodineat vl the 1@%@61@0(111 mlﬁitcoﬁlﬂiglirlitbn eddy current sensor
invention. In this enbodi nent, the sensor cl uster

clustet JAFlgRsr % bpr s5meRst BN vonRotioR sxtiersslgn apdilded 1 Jafer 138 travels
(R
b 4955 2 R4 B RSHRNE ol 150, OELIFRIE, B3 v
in voﬂie neous tle Amesn lﬁlﬂisiesondse Isiaerd 69 prrssentsyth_a\reachgg figynt bensor 132a,
while lj g”&irg{q{e%;nltg e ng égg&%gqréﬁié% Q.hgee ’zgzgq%gelzsént%rtllge reading from
top s&igbe18H.Naq. onéwn%odﬁrﬁérﬁr fiRr 8568s BbnS YIRS SISRE AT 130B e averaged.
signal s between the top and bottom sensors is not a
This eesnles hes atssaged nwisle o signdl32amasedsar3L39). ailbe dingk everaged signal is

repres AP R 5 o oS! VNGRS ey A B Qi o o it passes

throuPR B Serlsbf Qlglr.a FRax@nPRS, iwiTer D88 WweRBs ep thenreMor bbtter and is
and bottom sensors 132a and 132b. The significance

of
repregeéasieon i Hazh by segiers 464 b@cﬁhphldgl?ee’m%@m@@‘i ghat the EQS reading of 11
volts . r%t@g EE; Is{naﬁlrréng&ﬁf %@ﬁsp%&cﬁ@? ]tan tgi\;%ﬁ%sgg)f's@ af tl?:r &ﬁﬂar is not being

meastigdhgrea r‘il“}edcgnamstarbﬂmc BeNswafee bd@tpusse@shmagﬁ thguersdr thuster. Then,
the side of the graph for detecting a filmthickness

the WafPr (BB EA ST A BREAS PDTEHISRREIOBLOG AS can be
f
seen,ittllri]ECz?vu A E&Eent@%bﬁé; 170k ﬁfgﬁa%%%{ew er

s at ensor ottom sensors 132a
[004Mdext 3the. Wikt 65 M@&dt np\byl 8.0B@tinces. tﬁﬁnbeﬁlsomgﬂamatwsny, ie., a

ciferd gy e Poeraoq seBtkaning: rameneesignel 1 ek, Fom top sensor

130 Eéc@%eg-@?roﬁﬁé?r fRefibialt MeenkieRddng thitem %@&@rlﬁgzﬁd 132b becomes
l'ine 173 represents the reading from sensor

weak@g 2H0thcm,ethi ABeragprepuasented bindine dddiremaihs talatively eamstest. The wafer

is theg]nlam?(l‘éggone g%qgg%g ?rdm tﬁ]ee nﬁhp%qr?tl patlfl ' %ccored?nsg(f}r/,sth% %1gnal intensity

from top sensor 130 becomes weaker, while the signal intensity from bottom sensors 132a and
132b becomes stronger. As above, the average of the top sensor signal and the bottom sensor

signal remains relatively constant. Thus, as mentioned above, the sensor cluster supplies a
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This result is then averaged with the signal from
sensor 130. The final averaged signal is represented
woyodsioaes7477. Graph 171 illustrates the vari ouBCT/US2004/040878
positions of wafer 138 as it passes through the sensor
cluster. For exanple, wafer %@8 cones into the sensor
cluster and is represented on the graph by region 164.
stabld SighdlGutlete e daRRIce oF fearhfédTaém heschbe? i§ aadévisit & thd hverage of a top
volts represents a starting point corresponding to a
and hof{p offpety variabilite gt b Walermaeving phevarewsiatieniof the signal from
- [ N t f.er edge, passes
watef RhDing. Pl I35 MnSARL bR 8ot RN FEBBIRTR R 172 where
the sighalm gaiytds shenetipais sée the adgd offthé vafs upepeLis entsheult be appreciated that

. regj 66.. As can be seen, the average readin ) _
rogiops BLEACLHIERG (4 Fereps Ay PALPER olaBpyorabatgescribed with respect
to FikH84H. Me¥tapht diethbaf&end b 01 i
© TGP 2., D oot TN Slenteht OP FREr BANMo P 10 £60& Bty constant
averagh eigmehauineldigeieghRl Quedkilled inahene il sppeeidte eat Ghe sensors can be
.t hi ckness romtop sensor 130 becones stronger, the
conflglﬂrﬁﬁa 5;[»

18} P2 ROHPT 93T, 496 PioReSFENTs OB PYtighgseRagr;and two bottom

senso@@%@ﬁﬁ%oﬂﬁﬁ&ﬁfable‘ NBY@hiiof RFofREIRIRVERNESE Pfee\gaf@’ so that a stable
line 177 remains relatively constant. The wafer 1Is

readipghisnnaipiaingddown 0. 020 i nches fromthe mi dpoi nt pat h.

00sq 3384800 houbBg) RBbw RO BT BRBRSh edihsomea o
a dowadifains CMP prédtds IBidkndoe cenes it 4con@ahce ASthaBRY @mbbAfhent of the
. aver 3’?6 of the top sensor si gnal and the bottom sensor
Invengdpgyn Afere.ciReTRing thickngsy spisor d Ada deferminpu g thigkness of it wafer and/or
-1 ' I r.suppl i.es. .ast.ahl e signal . . .
win RO kSRR AT LFRL LR ARG P Bhgncd ko
comniunietezl wntomlieh ¢44v dn age, ebntéolled 42 bdmiindioses tignaknal to sensor
of fsets va%idagi, | i t¥ fromthe wafer nmoving or even
1300, hich iy gRbesided i waeg qarier | bhiandr @MPripgsshg In vad embadigent sensors
1302 GAE 130 YRSk culfent RsHEN IR anGihbSbbodtheHE RLEAI130h and 130D are
_ region 172 ere the signals vary as the $ensors see
infraredheersdge Iokhauié bemppreciaied thatbiyt providirgheubat 138b with the thickness of

oo LSRR At St
the didlahée bEHREE thel RnétrPl ehbBafef %@%ﬁ?&uggﬁ HRURTRRE b8fween sensor

Figure 6A would yield a substantially nst ant average
130b ang waferdd8ican be gansed bB.cadies fidii 176embnmpressive durtngwvorking conditions

. citate that the sensors.can conf.iqured . w.th gne
o 08 b e E R o o Sl G % et
+/- 3 ailtindetszs. AU GO SIBy) S Estate LRAWeddtthe fopSefi goiBhifig fpad 178 and stainless
configuration to offset the novenent of 'the wafer so
steel ppekiing, 180 dppacts ke signal Sromnisensar NS@b. [ 6g4iB] tiki gignal mdicating the
e S| i t | agk an. ifeom n . _
okl 81 AL 86 PAOGTR Red| UL OLrRl | 2T Pty cimince

variatfilifycdenegishysolishingipad aslerarchs naé pud tfvsonaeh&ihaét e tistice between
n g thickness sensor 130a

the inyentiaon._ Here, incomn |
the tofyof ppiahiEPed 178 ok il pepaackiedSOand/ or thin film
[0047} by &8 $UBSEiLificd A8hGhatf P liflorat? & D EIRA embodiment of an
i ndi cating the determned thickness is dormmini cated 1o
incongug thicknless sehdet. coupletl to a dovastreant OMP prbtessoivknesatasr. In Figure

the signal to senso
7B, a sensor Aer consisting o top sensor 130a and bottom sensors 132a and 132b, is in

communication with controller 144, Here, a suitable sensor cluster, such as the sensor cluster
of Figures 6A and 6B, is provided to determine the incoming thickness of wafer 138 or of thin

film 140 of the wafer. One skilled in the art will appreciate that the sensor cluster with
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130b, which is enbedded in wafer carrier 174 for a CWP

process. In one enbodi nent sensors 130a and 130b are
weddys/06e879 ent sensors. | n anot her enbodi ment, BEMASL®4/040878

130a and 130b are infrared sgnsors. It should be

appreci ated that by providi ng sensor 130b with the

t hi ckness of incom ng wafer 138, a calibration can be

referemeds f(DFi“gﬁﬂ:s Boarriup steasuithble Isynsdk clusead thatt d3@ SIS tidedith Wetermine the
he dlstance bet ween the sensaor and the wafer. The

thickgggy Psb‘faffirtlﬁ i Dt gRe nRdimers. pentiplien 144 axeragesabp signal from bottom

sensof®] #ia 813813993 %?de?%ﬁ@l%rrmﬁe%aﬁlgﬂcﬁéss siséngf fof §he thickness of wafer 138
conpressi ng during wor conditions or J ust "dueto

alongtaneaxindfeop s¢nsont 3Cat thmmghfthet Wwefet.hThk meessgedfsignag of the rho@bm sensors

is the}&aaggﬁg%ﬂ\g}tﬁ Ceastlﬁlga gsg%ggfl\ﬁgg pprr%lqlﬁ!glrr{lm%%ggpckness of wafer 138 or
thin ﬂlﬁi 14001 s Bﬁ&(n%z&sacﬂéin §$rﬁinﬂhf%§t%d5t6 @ﬁbe&lﬁ@lﬁbﬁ%ﬁ 186 As mentioned

acts the signal fromsensor 13 Agai n, e sig
abova vtth eefeienep toHdgunai7dy magstQﬁalubMI@mcmg bevaéréorne@gor mmsdnel 30b where
nsor ,130b to

the ser}%%lmltp{ Pt e%' Icﬁ%tgr%f%l l%t?veglaggee%ens?/r {'ﬁrplléISang/ the sensitivity to the

distarice IbefvaRs et t@@d)f@@ﬁslﬁﬁ?@h@ n78 Bad st'aﬁﬁlb@@ bteé1MhcRing! BOGRe substantially
bet ween the top of I shing pad 178 and stainl ess

elimingteds| Thak ks e m ca[lxbmtmp <|=ang @etfgrnied i rahfifrief foeatljust the ECS

readofiEAS TRk onfth AR LRL Ay AL £6 BRLKE: TR e By Elpissues with

the CMPO2ESE - tblplawsﬂﬁsdlaﬁﬁﬁlsﬁlﬁpladdmdﬁltsgur e 7B, a sensor
| ust er consistin of top sensor 130a and bott om
[0048] Seiasor d 34 8 Fiv 18 b dispeserirpiep pavseh BE | Smaosi 179 1s aligned with the
bottoxﬁosm'f%g bEvaftt arridE94. & % t167§|1§ ctgliﬁg’s%g Zéﬂ?.tsﬁ{tables H%a@emal that is
he sensor cluster of I gures an ,70'S
non- cpndm:tldedht onedehlsordimaet, speeed HESOIR anglrhérc Kn easthef embcﬁcﬁrnent spacer
e _skil

S R R A S P
spacer vh t’pﬁfv@d& NCRiddw R Uetdr3 380 % 5raﬂ§rﬁ:1t SHA bakh & ﬁgﬁh‘i@ {ndicating the

clusters that can al so be used to determ ne the
thickneks aridprasimofy q@atf\@afellwﬂmm@mf@nbodl ment, controller

verages .t he SI sensors 132a and
(0049 S R 3o § B Bibneonc A P LGNS B ot 2 cluste for
pre-CMP plotesmgdh 8addRTorlsd3fscr| digeradhnaiiiocsb®lochRB p°d§f‘€®]P processing to
130a through the wafer. The averaged si gnal

provigsd infrmatens sprfigused freHNpIPE? ageth-WintHogdse cgntqum Wﬂnlg r’fhe incoming

ik OPy RS S B A GRS S B omoens

for aﬁyouﬁ:ﬂbﬁtgi éith stiekngss 1 BebposhCMeNthickned Aloaefon thé) correction of any
ference to Flgure 7A, .an auto calibration can be
detecsl/AroReRb 2R Eions BFSHRNGS D thn@os-CNE Suelopss YRIglly mgasurement.

That §i %ﬁea?&s? : b Vﬁﬁi@lti‘?]ésg Smﬁ‘gﬂﬁﬁ?}; nﬁéﬂ?ur%gﬁrlﬁ éﬁ?\uﬁ&g ]@E & dback to sensor

sensitivity to stance ween
130b pm loideh forgsepsol 1308 tafidthet finahesshs tzéﬁ)katimacslettn@s 180Obtainean accurate
ed That t he a

t t
encipclt}' TP 5P TN b HBTON s MsifosdoRe: {epenegr3pb from a post-
CMP fséiﬁoﬁ@@st&e e abiHePEm¥adibidht, Yk i:c[&gﬁ,l%?‘téﬁ’ﬂ' seRE¥ bl J%m?ﬁrgy available

to pad-wear or other nechanic I ssues Wt
eddy gQNFeng agnspesy sual- Epl @P s seriss ranlogalisplicsplenicemeors swaiﬂabﬁbﬂfﬁpm SUNX
ng.or 30Db re. 7B is dis ed. ov 75.
lelt%g [ anofherem Oddﬂegﬁ gHJIWqF BCTSALS Bnbe placec? in 8 wa%er carrier of Figures
7A and 7B. The multiple sensors can be linked together to detect both wafer proximity and

metal film-thickness. For example, a capacitance sensor can be included in the wafer carrier to
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bottom surface of wafer carrier 174. Spacer 175 is

conposed of any suitable material that is
woamspesstact i ve. 1 n one enbodi nent, spacer 175PCE/U82004/040878

pol ynmer. In another enbodi {, spacer 175 is between

about 1 mllimeter (mm and @bout 1.5 mmthick. It

shoul d be appreciated that spacer 175 provides a

deternMne 0 Wistadice SRAGRN the Maféroardd heSPCS safkdr! EAEIHME capalifidls sensor is
i ndi cati ng the thickness and prOX|n1t§M$f a wafer or

linkeq {0 the EESaseamretﬂle distrmgoan s pravidpd taihs FG SRt of

[0050@ Feres” %or oF e%%\/g Ef}’szgfélgfsrgt}] ﬁl@%%ela?onso%%é)gn the signal from an

eddy chmestt aensoalfiorad fibn lidckressaireila pltgﬁﬁl ﬂf:‘ah‘l? apstmﬁlaﬁcsrdsgtltut)y fﬂm thickness
rovi ded |nfornat|on configured to inprove run-to

n
measyERIeRisdeviGs i AgpordaRge ma%tw SrpRAsEREY of Hhe Kysation) Irlaevé% of Figure
r sl e
8A re??é’seﬁ@?%%% nalt %&gg@ E]és%}a?ée%m?&r gﬁ&%‘?qE%R)aEm g.?:?@f@.sﬁ:presents the
signalf frpm kemesisly ctuhentp@s'sor(m/lﬂlet piesdoce ©F aahllrcb\tmtzﬂdmdyhmch as the stainless
ocess vari.ation

seel BEiEn it dofibifh b b BT CRfles S fif PeriRegjaten cte, of a CMP

tool, ﬁ&ﬁﬁ%ﬁﬂ?&hts 781Akhd ontdre tlﬂ@%‘éfeg\@lﬁé”'l%n&g&sents the signal from an
uni form nmeasurenent i s provided as feed

eddy gwrend rsemsgo withowt the peaseriogrof sethiyd metddipdyo Fhust thereddy errent sensor

cosey B S L S Yy B A e enc

measﬁrbmelﬁte edbéiciknidly, sengatenl AW aficOM Rithiast/- 5@VHs $@&ated by triangles
ter. |In another enbodi nent, the eddy current

196, @E‘ﬁg Greh af thectgiangley orEsRedsip @ EHfEiEnes betaeen sespewivg, points on the
s anal og di spl acenent sensors
lines %d\}"g’ﬁ gﬁgﬁé&%ﬁgﬁ Limted. In another enbodi nent,
[0051Higurp 88 senlady sllusanatebediy aneehti senddiansBi@menar dortatsf to signals
[ s (A and 7B. The nultiple sensors can be |inked

F
from ¢ bgﬁ?ai EFSISHICSEROT APITPH DneHEE: kiU fepressis Hstsignal from a typical
reswtztﬂcle r@eﬁ@rcﬁﬁéa%h Gfle efﬁme reséht§ I3 giég{nép Eonr G Skildy G@trent sensor

be included in the wafer carrier todétermne a
withodi the @mendmlfv&ethnd iegal mafler Itashoultifbe aﬁﬁﬁcmmdsthat thésvafeln eneasured in

Figuregs %ght %nq.pgﬁﬁc’ 8&?&%&2@%% ﬁ@ glglre SF%BSE)%}’%] 194b closely
correlfied %@isthgksalﬁ%g%@l afieat W, @tﬂbﬁer&éﬂt d8¥in@é BEweBE the 51gnals is generally
correl ati on between the sighal froman eddy current

withis e¢hs¥fe Fsoitlusirated hy titidnglasekd. afde akidledrinlthé agrwidl appreciate that the
d tIVI film kne asure \
poins BERR S TRC R e R BT e T - CGaR ofaf e, and are

not cdnsmlerea&@raéva{ﬂtgur e 8A represents the signal froma
ip i cal resistance sensor approach. Line 192
[0052] & &hiss at grapls jilhesitating ancalibratipay cwie fenanseddyopurient sensor for

measﬁéﬂt}% %P‘ﬁ Q ic gil{ %cgﬁfagéepgﬁﬁ )séﬁle %Hl%ladlgﬁentt 'Eg t}}e 1nvent10n Line

198 m@émntm arfrlne [hlclaﬂssﬂbf chgr iangd the aksiatel EcSofrolaigelthdmg for that
at different points fromjthe center of th
tthkaéff &vr*thmﬂa & Piggnce gy bardanatal bpdys g 20P F%RFP%tSe%j’ébn thickness of

coppeg Légﬁ qht a§§o@§d 4 Bes r\%‘l‘tﬁ%r PEIRERE NS tﬁ{ckﬂeﬁ%nhrtﬂe F%Sé{lceespf a third

Thus, e eddy current “sensor closely correla
metal\hoﬂh Che mlgadah ghd anbmﬂ;h appracid@rtbatf the caljmhtidn amgemnlbe applied to
ance, sur eng

resis Ad
the Seﬁ%(?rﬁ“ grﬁc g Yoo \ﬁlﬂ’l‘l ge Henes W%ls%e gsg,l g‘&u@%’r% g 89 Additionally,
cahbrﬁt‘idna(flﬁb@ﬁcan be generated for any conductive film layer, as copper is described here

for illustrative purposes only and not meant to be limiting,.
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196, where each of the triangles corresponds to a
di fference between respective points on the lines
weahwsweesagh of the triangles. [0051] Fi gure 8BPCT/US2004/040878

simlarly illustrates eddy rrent sensor measurenents
correlated to signals froma“typical resistance sensor
approach. Here, line 190b represents the signal froma

[0053] Figugal 0 ises gmiphrilesteeing awoadpy oaent sefivok @ufkébignals during a CMP
represents the signal froman eddy current sensor

operatignt flodtcoPReS e Jimmcan g substraprig %@féﬁn%omi qoe eRbRdigent of the
appl.e t

1nventg)€‘1f ; g%ntﬂﬁ s ﬂt@ tht :%SN@{ gélufé@e?istﬁﬁe'e:pf 'ltjl?eeﬁ %ﬂ% dgédfsthe wafer

undergdieg EHESCMqu&IratMAf bLink Oﬁélryplemntseﬂhatﬁls wighdl dviee tlﬁf?ﬂ(ﬁ“ the trailing

S Tha e cent deviatio et ween
odge & S ayider Sndgupdigchs CNEP oRTaig0, C SHUNOF PRIy hat the region
defmetd rHeﬁﬁ@:hQﬁlelfﬁ@r an@8 65Kinol &5k @oﬁc{%@agﬁ? fof Yid WaRPRIGE t"ﬁE ?eglon after
hat the points at the ends of th i nes correspond
line Zlfhmnw@e thef capper éveryrdén &om tbd yeafef Ftom; zﬂ@fbrepr@snnts alneeendpomt

i dered as, r Iev 052
L., cipingiIER Pepeto Bl Sidt die leombe cdesro iF Walky Boffy EH2T feprosents
the endBHIROGS RS trﬁﬁ‘@% BldgeN8f teCRERET Oht sRIAIif ‘ﬂ(he&% will appreciate that the
accordance with one enbodi ment of the invention. Elne

informpgign gefhered drams the BCS pmbeddskie s vzﬁfeld@ptmrmar}meld lyentinuous data for
deternﬁﬁ%%m {%B} q%lﬁgfféeg%%&ég&g lfyaﬁ}%l J‘glatrﬁ r?tglrlr taorH BJ% %deadmg edge

and the efflapedies can bt loibdrbéd: kKnarse Bk séﬁbl@pfsferﬁmdldé@ﬁl the wafer carrier, the
assaoci at ed ECS vol tage reading for that thickness in
Sensortmewe%%féﬁ@eowea HRg defa gefaihe pigknesyplethe piaferey 2 fHm epethe wafer
I £ r
i kgl AP S ML B 1AL WO SAREP once e
revolutlon Bt gpolshiflg b&t ofpad ®hich i)@madmt difSreté\detatirementk.y The embodiments
i brati on curves can be en d for any conductive

descrﬂ?f?fi el pEpVIdeconigpprympasu ickBgss mgtoring.

[00541 gH]?elt % 8& héc’) & é&%ﬁ&?éﬁ?gﬁ?ﬂgﬁl(@%eg% S{]ﬁlﬁpﬁggs;ﬁ?g%the tem\k)grature of a

POliShB@daPltcwer ¢ime ineavsondancet with one gmbbdintot oﬁ@eain@mOn One skilled in

v e A0 SR b PR R SAA hel, or,

1nfraré€11§g1{a¢ REe 86 The Renfebatufl GNA t}ﬁ’f{ ﬁﬂmtdf@l% Rhbfel B@lnh%?ﬂiaﬂged by the
t he waf er under goi E% CVP oper ation. "Line

surface pgtheqmllé@ggpgrf@qqse Thedings ghtile gmgl,sxroftﬁlgme dfl Atrgpresent the monitoring
of the 151%1"6{1 Q%ﬁngj%t i oug F'ocfa on se(r)f tijg %Igl;t‘,t s%' H%ﬁ;hee?er%'gee fé%ﬂt élﬁd back of the

operatl app

belt rethgifve B ah bedriveen I ine 214 and 216 renoves the
t opography of the wafer, while the region after |ine
[0055bligurée kbR dis 4 el Rper infiased sieaahnof ﬂ’@nWﬁf‘Fé tpEEp@iature over time in

accordt:) ﬂ&@'i)vn%lgné[ efn%e @tosf th? q?ﬁé?ﬁp gﬁere t A géfrel‘t@ﬁgglguﬂé is being

e copper over I'ng’ e
monitovad &p. mBoitort teﬂ:ip%raluneemmmnt durtnge Coind @md&t;s dJTOV\I h@or each of the

raili e, \af er il1led in
embodijrpys A)E%I%%fr%%ul A cnd 1R 0 e 130 IepREHDEB o THisRt g response
lines JEGR SABRAARRE Ldupbiie oMBleBksdeBltdd bcdbbds! THfis dthe belt temperature and
continuous data for determning a renoval rat
wafer Agidparhioreabbgin t higcreasmwalher etdpoingr which as abanvmﬂmtidnepomt of the
curvesl. eﬁd&pegergggtﬁment, the wafer temperature changes by about 20 degrees Celsius and
the belt temperature changes by about 10 degrees Celsius during the processing.
[0056] Figure 12 is a schematic diagram of 30 second time sequences T1-T9 of a CMP process

illustrating the removal of a copper film as measured by an eddy current sensor in the wafer



10

15

20

25

30

and the trailing edge can be observed. Were the

sensor is enbedded in the wafer carrier, the sensor
wonresiodeso cont i nuous real tinme data as to the poTaisSH®3O40878

of the wafer or a filmon thg waf er bei ng neasured.

That is, there is not a\Mru1%VMMere the sensor takes

a snapshot once per revolution of a polishing belt or

carri@pafl askdraihcprwivh d8s efibsGinRhe oMBRSHIEBA! EachhsF time sequences T1-T9
enbodi ments descri bed herein provide continuous

showtpe ElSeianst omihe X #ie kneals angd iha Gmp ifervpoioseorrds parthe x axis. Time
S of...an. in re ) y i gna .

e L L e —_

beginhingeofi the aemoval asfake Goper dite. emmds, M9t Aaff hiterial is removed in time

inngtion, One skilled in the art will appreciate that
sequegcgi 13- c ohtmey sequenes 13- T AHspatcemprotmetie 3Pnsecan@periods and the

i 5 i . . S ah-: t .
o0 0L o AU Ml Rk s
the ogluanened ofabe bnydpoi cendifiace of t he polishing surface,

e P —
scherf la{pbﬁ‘ecb b twoSY&RoRS bbilg &RE &iff fseORt @adiaPagkaRbrdali€ with one

be relative to an operator. [0055] Figure HBis a
embogiragiti of theaimvemifanar Beres flgfsi alyclof250hwhighfie mssoeiapeel with tlee first sensor,

altem?l}r’?g rerenl {ii\gcﬁ ’Fol @? g;%i%: %gﬂ\(f\)glﬁl\é\t; 'is? %sﬁgcg?tg{lrgw?tgxl tggrs%c&%ﬁgstegs%r. That is, duty
cycler®B0iié By #0dfE st@ewhen db TeadSQri€inVaf ¥cit’istife, hWH ivit@-¥eMA. Thus, the
process flow. For each of the enbodi nents of Figures
cross 1epRpHRg ofithe sensersptheoughdthe substraies heingi medsyred; ist elingipsted with this
J i.hes r int _of . .
b GESBOSE R 100 IR ARART 16 SRR lriing e
may bemgferred ur as andviwhirgy schemperAd wik teediownt i Figaresasid &rough 16B

the endpoint, which js at an inflection point of the
below, fhg 015e] TSRS drbARFERIIhIpS SClRme of agserla i ggnificanty less as

compEfean@es &Mexﬁ@ﬁkﬁerg%ogggéarggﬁt &%loﬁ(g\yére@%g t%é;esaﬁllgl ﬁré;ﬁ.ri ]E]tgshould be

t enper at ure changes degrees I'si us
appretinedghatabs Sirsignd 056 Jsedsog urag bk ffsst fomadaelmathie, i.e., the axis for the

.. di agram.of .30 second. tine seguences T1-T9 qf a CVP
first 5 §RAECTIE £t R IRTOF HE FatmA/arrs ANeipisann Figirsed A, and 7.
AlterfRBEH, B¢ ¥t RNsGAMM thIECBAd sERBSRAhY b8 cbDGaWRIIBE B EdrBfguration as

_ i n accordance wi th one enbodi ment of the invention.
illustigtedtin Kfguré e sequences T1-T9 show the ECS signal on

0058 it 5 08 148, S B0 Ce MRS b A SAROGRe teveen o
non-s!\)vﬁldchécﬁpd')\%ﬁﬁﬁ%wlﬁnw S Switthdld! FovkdriyheSQABRBGR abdordance with one
illustrates the be%lnnln of the renoval of the copper

embogiment of ihg inventiomy o b

RusT 1 tiBrsteptesi the veltegeeteailimgt fona non-switched
T2 Ti - T8 il l ustrat. L.
pone R S0RT g oS AMBNG RS Rl VAL e goveringsheme.

As caarseuadn e noit ésviehhssbeinted edthdEigied 41Ahe sIgin[ﬁtaﬁﬁg \eIACR than the noise
i e sa%%ence T9 illustrates the occurrence of th
t

level gﬁ?&f}aﬁe tViEbhEEs BB peaeeafiongdyhoye.the redugtien wpihis Raigp lovel s due
o nSSBRTRFoh 205 S b LRI ENEL R, HRSr v ey
are pofdrizedat the samexinet. Thusabg attelnntieg thictpoweriging for each of the sensors, a
more accurate reading may be obtained with less interference. It should be appreciated that the
embodiments described herein enable a single power supply to be used to power the sensors,
thereby eliminating errors caused by the different noise characteristics of different power

supplies.
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enbodi nent of the invention. Here, duty cycle 250,

which is associated with the first sensor, alternates
woeb@iesszot o duty cycl e 252, which i s associ at edTwiSk(w4/040878

t he second sensor. That is, ty cycle 250 is in an

"of f state when duty cycle 2 is in an "on" state,

and vice-versa. Thus, the cross coupling of the

[0059 drigares 15Ar 4idoiSB hee Sx&iﬁﬁlﬁ@t &rapley ﬂﬁlsﬁﬁtﬁﬁguﬂﬁdnméé 1ncurred in a non-
elimnated with this alternati ng powerizing schene.

switchiRg oy epiging pisherae- atR@amh%i4 efhBigarer b ag pﬁéocﬁﬁdmrlﬁgurﬁngB Here,

line 2\‘;5“%{}? bsééﬁgs%;ovﬁn{dﬁ{ né i) %ﬁ (?rhﬁv\g%lg Ellﬁ %8Srgéqngégﬁts tﬁg voltage signal

from ndower sesod. tEmlganﬂ[rlgrmmdﬂES&m fdgmnn@SASQbeﬁmoﬁitrdﬁlzcgm Blgﬂl& 15B, the

IS SI nificangfly | ess as congared to a schenme wh
voltage, fRdtigs gspera Yé)sﬁg‘\ﬂk? bdwsen t'he2adife vplie. nguréfhéé{*dand 16B are
[ IASES
exern R BRI SR NE sl {ohdifks R iEREC AR R WP witching
POWCQEIHISO‘IChﬁme af fapplied rtorthe reensocs snfaacortlhmas githnohes emboahment of the
. S i # ? ies 3, B6A, ﬁ
m"e“iP’Be ‘é?t ‘% ?%jrei"f?ée‘?t PAOVLSHLOF Vg %getfﬁ%h’%%}é’éﬂ?jh%%%@?o’iepfesems an
uppeﬂ@ﬁs&&oﬁ@g’@&‘e@dm%nﬁﬁ lcaf BE SecnQR i £lith QBAoﬂle%lthéé 1‘é§<§1ﬁ§§ &4 relatively
in Figure 5. Figures 14A and 14B are exenpl a
flat ag fi@lphfsed 4] thl@tqoawmdmg@lgr@ﬂm i diSén c Expratingengian 264 in Figure

16B ﬁlﬁﬂers mﬁt?al?eesqhg?ne \:Ieﬁﬁ qg% giﬁ% g%‘& dtl-%re V\fé %?q,gaga |r?Péifﬂg %)]r the lower

sensof Mnamwﬁi:ﬂy Qible Melluphid 4ife tellonsdfrataend N8 veRs, ta8 @Bposed to between
for a non-sw tched poweri zing schenme. Figure

773@47B9VP1%%§?1¥1£1&1§C& 5Bol tage reading for a switched

o0s 48417 SFRRFE: xS0 B ARLALRS:L B Elign improvermn
in a ctolamal toefiguoition Meaoebrdaﬁmwithtcmd GMIHdﬂhIﬁd:IgLU’f&ha‘ﬂIBlenﬁén Wafer 280
inclucg\gnh oned apove e redltctl on_in this noise level is

&WP GORGRITIS) qniﬂqs istiatedbyrdaeh linerSamgda4t Hean pifset configuration,
the e BRAP IS8 Gﬁ&e}f Be lipiRHIH nﬁé&ﬁu il @1 Rhest REdhiRERe region defined

poweri zed at thée sane tine aternatlngth
withipboe?284:i Howéer, isactvarifl ¢dndigsetiso tist regiommay be empzmtled to the region

._readj .ng. be_obt ai ne W|thle |nte re
detindg B b 20 it S1F AR BB OUA LW e B e pgged here. For
example! @hbre@RABI® SurfdrPQbRoP BY¥des aRPRIpYoliRalRey ¥S 8d11inRters in diameter,

power the sensors, thereby elimnating errors caused

the angg wineh aay fher waasurRsi m@y dalcraﬁxaam@du Tt amromfmwhlﬁ fapothet 9 millimeters.

uppl i [OO es 15A a 5B
Likeofi SRy B SR 8 P RS m R 3Lt mgospprment may be
expanﬂemBy\rapmbxlmtmwremlaﬁ@thslc@ﬁﬁnﬁmeP@gl on 254 of Figure

expl oded in Figure 15B. Here, |ine 256

[0061il @,&%@ ditis aaflowohart dingimailusppins setiodr opoiiions fpi menimizing the
1nspe&%§>§l %‘g)? rS?Z%ezrtHdS nélglg leﬁk’lé afﬂﬁ’l ?ﬂl%ﬁ]%gs flﬁegglrgmleﬁ\/\%r ?.(,chpdsagce with one

i ne em)nstra

emboﬁlng:mt of IﬁeBmvtehEOJ.‘vol']I}ﬂgmeﬂheddmlmg&s geitte lopblailor0 200 |Wlﬁre a first eddy
a g 9.volts. gures 16A and 16B a
Cum%%?ﬁ?r fr t@f} teptad pdispicaes ﬁsgogatﬁfl VR § eanivrgee Blon is located. The

methdd @EA ?oc@éﬁ t@ eﬂa%%n%@%l?créwsE&de&Qid?%%thﬁéeg%erscﬁ{é@féﬁ toward a

is applied he sensors I n accor
secongd mm;qu;mmspcmtbdtvh& a conductive film is located. Here, the second eddy current

sensor and the first eddy current sensor may be directed toward opposing sides of a
semiconductor substrate as described above with reference to Figure 3 and 5. It should be
appreciated that the first eddy current sensor and the second eddy current sensor may be coaxial

or offset from each other as illustrated herein. When the eddy current sensors are coaxial, the
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invention. Here, line 260 represents a | ower sensor
vol tage reading while line 262 represents an upper
weensms6379] t age readi ng. As can be seen in Fi gRCE/USBM/040878

t he vol tage readings are reliﬁively flat as conpared

to the corresponding signals'I'n Figure 15A. Expandi ng

region 264 in Figure 16B further illustrates the
inspecb@bpotesitd Rto@sedals donpared6e. thelerRet doAsigH@ibAIFor example, in the

reading for the |ower sensor remains fairly stable
offsefyaprfigprationn theniaspestip® KPYSfsize, 7 3s darge 7 Qothoqha@etesssof the eddy current

sensc{}%@%? %ﬁﬁfﬂfﬁ?@’ie 1?% Zeafgrsel dﬁ glguréojlsg %\Evré\? latﬂarcg%ngn Configuration,
the mdpbn:mmrqiolt Rizetib eccadged t@ncshn@ds dianiefgercfeeddy ctrrént sensor probes as

I a conflgu tion in accordance wi th one
st sfPTePe fniepTtyE P WENeTmORs Bie gy chreN famsore ey be located in
|
a pro%@sréﬁl%ntﬁf)lagucgl %sgelet@lﬁaéfg%lll%%{hg{l?% chg%péo L k/)fbggsfsrﬁ%ﬁttoﬂpgr as part of a
mapp;@ﬁmclsomm,sodaetedmﬂmeaﬂlgrmr SRS | ng the thickness

i.t.hin th dW|th|nI|ne 4. However
(0063 ths.etypd 8ﬁﬁ%u ]rgﬁ’ﬁ AdYanges tP@ng&HO?raé HaeB R0y é‘&PR%tO the first
eddytchﬁ‘eﬁt%%élﬁ‘ aﬂ@ﬁﬂd’k%goﬂ’@l éd&i‘y"buh‘eﬁ‘teseﬁﬁ is d1EtBated ’gl'iﬁ% ®he power supply
amount of the wafer 280°"wi Il be neasured here. For
to thesfshgrldy, cumieat wnsdids e‘miyw}mlﬁrlhe nowerugeply tp r%fo@somi eldy current sensor
p teI 18mI|rret s in di aneter. ea ..
is oL RiGEEE Sttt bt B GEED chlferl GEEE s aonel fndime. thereby
ehmlﬁiitﬁigh €fosScOuplingNBV T the bdd(eVinséht WASHS thifigRr MBesubdffe. In one
12 mllineters in dianeter, the area of neasurenent

embagiyertiea dsdpw Hmscran pe dpgindsd irs the plternatingspawearschemes. Fhat is, once the
I £ “C r
it B, PRAF et BRGS0 ol o 2 ol B9ERY i inr

priori tos p@edrir@ thep eécond zaldgnelirreat sensdriond f ThendeliyC §er@ss may be one
nmeasur enent jn_accordance with one enbodi nment of the
milliseronchin ep. cmhedimenhet theninysrioas however.opw wtitable ey period may be
apphé‘ﬂ"ef[ﬁe Zi‘neft#l(gds theRddYvesUb r@@faﬂ%ﬁ 98 rwl‘fjé L et Bt ?ﬁi}éﬁﬂc‘;s heasurement is
first surface associ at 2 conductive f1Tmis
calculadmhhzsdd off hecometiepibntdf eipgnplsdoee dee fict ex;hf;n'caﬂ‘fennséﬂ&r and the second

where a seco eddy current sensor dir d toward a
eddy CUFERISeO§T ag’élc%ngl%%l??lé? RIS Son9 GF [AFEmETgnppger scheme the

calcul R&PHI1BHhidIRES wlllNR R65MEh REY h‘féﬂ’ef Q%ra%g%ﬁ%&gﬂoﬁ he

first eddy current sensor may be directe
[006dpese @glbgdu@@t@f the igwentoondiere te figbatd scendieddy current sensor are

e wth reference to e 3 and 5.
couci B pHREnE SE Eeiond o PRERSYRE obihab hiapPefiienppinshum inductive
load &eths Qbrr@ilfdmﬂh\? A9 QO FleRORY s U ORI B@NFOthe WY wiBappreciate that this
coaxial or offset fromeach other as illustrated
may pepeighedvineinciudingsthayeddy crrent ssieves o 9n gpen Mxﬁyatem Addltlonally,
C | ced as,,$2m ared.to
the o PRARRRARC AT e ARl VRSN JoFRE S bt} oW o both the
first @dzﬂyfcmhatdmﬁr afidiéhd SBPRC bHON cEBatk sehsoe, dificedthel fV@L iR Slternating.
both di ameters of the eddy current sensor_probes as
Thus; grrqys intsodugedyvhen PeV itk ofdy PRt seBorHsomvBpLtiplerpower sources,
ot bet r cti.o sige
o5 WRPEBEN S GAkL TGN, NS, ISR oM ARRELS B ubiion, e
exclusien sdhiclpootnes inasn offsat sonfgueation mhy befehn&mmed by thd appiieation of the

Furt hernore, the.eddy cuyrrent sensors be
alterqag%?pré)avepﬁmn% scheme in a %oaxlilal configuration. ’].Jfl%.%/ is, as the sensor head

approaches the edge of a wafer, a portion of the probe will be exposed outside of the wafer

perimeter and part will be exposed in the wafer perimeter. This exposure results in edge

exclusion where the edge region of the wafer is not measured. This edge region may be as
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20

25

a processing tool such as a chem cal nechanica
pl anari zation processing tool or as part of a mappi ng
wouoistoces1o associ ated within aligner station. [©0002}5200he40878
met hod of Figure 18 then adv fpces to operation 274
where power supply to the fit'st eddy current sensor
and the second eddy current sensor is alternated. That
large 128, thé igarRaWest GURRIDY dubrehhSenkdr STmRAQY aCdsbki@NborRAEMon the edge
is "on" while the power supply to t he second eddy
exclugigp rveibl be; asigrzqdsas' egrppargth éq @¥f teeddyriuyreph gengerst hBhat is, the edge
time, thereby
excluSﬁﬂ%gﬁb‘rg &%gt“‘é ?%@?‘%%Jh% ovZ}?e %ﬁe&eddy current

[0064] @nsansndrir the! @Ecsbﬂftemsubﬁinrlﬁrbaded forohe derbathiatiembf af endpomt of a
del ay tinme can be included into_the alternating powe
Sem@aﬂm fatication; progess $Us8 A5 ras CMB dproeessy éla:rpuglbr?ss}usteéed sensor

confi Wr? dTheOElustéi@&‘ sérﬁ@fé POWEILE the Rbdrmidar gﬁlo?gheoé?lr bt and associated

incur prior to powering the secon y cu rent
remO% rmalepbtnhon raf¢sebyd aitéall ypdaterotningya thickneses ofi 4 Film emothd wafer under

non—pggﬁets% SP o o ;‘ngg,ng zﬁyltll?r})giy{lglée gl‘tfp q}l%lalré(s)s\?ﬁ t]:;ﬁs {ﬁ\gdbqnp% geasured is

betwdER Vddout 0 Iﬁ]@ﬁﬁl@tah@@ AiGond1emhe bR rhided thitk s 88 growdcd to a second
measurenent i s cal cul ated based on a conbi nati

Sensog |agi\ﬁ>31a®df wishnthehproféss sipeeadioy m lmrl@rtt) cebbrater tharsengoneo that variables

from r%rocenﬂ%n%% %g%clijéu iy E)taL 831%%? %IE(H a][nI E%E?sgg%%%meequ% are substantially

elimiga¢d: Uttahedd bk lapplebiatdnBaswimd the Qﬁlb@aﬁ@&it@hm Békh Bekribed in terms
" hi gher accuracy and precision. [0063] In one
0 a(gﬂg

qupeRshitheslugtpredispson eirays whablinfied to pIMB peocsese dig example,
the se%ggﬁé c%tf e Qlikd @%ﬂﬁloﬁnaﬁg con?qj%kt%k grqc@?s t%gtp%%ovgs Sldgéi)OSltS a layer or

sens
film m |a| mbmratedmhlaseetbloadd tdépbdﬂ@otﬁ @fdceé‘slaﬁndhrwidﬁﬂﬁy a switched power
current sensor. One skilled in the art wll appreC| ate

SCheni‘%‘a?t defiged forathe E@HH@HF@%@ #R1S6- n&heiavighadnrovesy ggheme ehmmates the
I R0 S
conm i D SHUSE TR BELET 0L OBkt emors e
pOWCEBduatClSth sansuppley Whear the sehairh ardidodatedsin edabpxialicofiguration, the
. sor and the seq ond eﬂ current. sensor, since the
switclil pverteing SclPmE FIrvE ™R Jhe TEFEEion i i RRAIGHGRROT (o appear as
an inBOWRE! Ed thRueH die %’(F&E&ﬁtl&?%?oz[ns op&iP 'TBJSHJ 's#s'te% Ethid O fee of edge
sources, e.g., the noise characteristi differe
exdu$©mghﬁé@uﬂces are elimnated. In addition, edge

usi on. urs,in, an. offset confi rati o
006§ g istihol B BoSi Ficaped n&Bin b 260s Bhav sl enmap pgeibodiments.
OtherPei®bdiziengs SE hﬁéfﬁn%ﬁltl@nCQﬁKlb%| 1t Oty @ds@Nskilldddtn ithe art from
as the sensor head approaches t edge of a wafer, a

considggatiqno of dhe tspecifieation opd |pra§@0@>@pfoﬂ@dmgnts¢rde Bfe embodiments and
| P

prefefé%cfr I‘laerrerl%f}ggr %ié‘g?%?éd @%@8 Eﬁ{){gd\r’ﬂgs% n?i%ex%)& 69%3‘1%181‘2 \Rfﬂlg It%gﬁlfn%enuon being
defmad‘lgrt(hetabperﬂd@elaﬁﬁ@ on of the wafer is not neasured.

ThIS ed%e regi on nay be aslarge as the diameter of the

dW &elr@ied iSensor  Thus, in a coaxial configuration

the edge exclusion wl| be mininm zed as conpared to

of fset eddy current sensors. That is, the edge

exclusion region may be reduced to the radius of the

sensor.



[0064] In summary, the present invention provides for
the determ nation of an endpoint of a sem conductor
woatwsioeest7d on process, such as a CMP process, thcowgkoa040878

cl ustered sensor configuratigg. The cl ustered sensors

all ow for the determ nation t he endpoi nt and

associ ated renoval or deposition rates by initially

determining a thickness of a fil.mon the wafer under

non- process conditions. In dobAAMBDdi ment, t he

thi ckness of the filmbeing neasured i s between about

O mcrons and 2 microns. The determ ned thickness is

provi desl fiéhcdl o8 ﬁﬁﬂi@hi%iﬁg %%'beéﬁfﬁ%?btas‘iz%dan‘&' riofkseld@ing film thickness

process operation in order to calibrate the sensor so
measpifeaieny gpghbeg: f r om processi ng condi ti ons that cause

error. indhe thickness neasurement ar ubst ant.i al
T e N R e T
assoctD@itarbadiave fipgen described in terns of a CW
process, the clustered sensor arrays are not limted
t doeatiogR sgeudeasiely crapntsgpgep disectedhiowaeths sgoond awrfase of ghecsubstrate
.t hi i ct,or t hat Vv X
ssod iy BT RIHE B RESEd Bl BB BS Qirgr
andtertefing pbwersupphek®shs first BdddairfehDsensér dhdithedednd eddy current

power schene is defined for the m nimzation of noise.
SensOTHWCR 3 e sl CUEEH SRRSO S RAVYAT Y hile e Seensidiedgy gprrent sensor
is nof pves &SRl e F: QUGN cd:hhe SURSE ﬁg@%o“‘/lé?%& Bnfle ﬁférsécmeéady current

t'he opposing sensors are powere t the sane tine.
sensoibspowdred; sedsors are | ocated in a coaxi al

configuration, the switched powerizing schene, al.on
cRlcfie the B BhraR mespreaeahpoes A SSERCOTIPB O RS from the
first RIS caffentREMGE hﬂ&tﬂetcgﬁé’oﬂgmd@y QBrrddiQedsBEOr por ation of an

open | oop system e degree of edge exclusion is
reduced. [0065] The invention has been descri bed

arher B aRFRER LB Y AR IR Refiod PRt FDkRing e segond cady

currehtWRfsor Wirebte € Covidtd Rec ot suf fh@MssovMie HRitR ihedbnafictivgilm includes,
speci fication and g};sactl ce of the invention. The

erfdaiting an §xigrd thyr rsbeddyruttient sgnses gz en e df tigseeond eddy
auld be considered exenplary, with the invention
el ng defined by the appended clains. Wiat is clained
is:CLAIMS 1. A nmethod for mnimzing inspection spot
size and noi se during filmthjckness nmeasurenent,

conpri siggnethed gt ¢lagT 2 Wherein thejagthed pperation ahaligrnating power
Jqr r ' f r .
son UL hetsl Ul Ll ARy SRR AASr e
eddyupplying powsetoshe fidit eddyt @drenbseasat; a second surf ace

of .the.substrate associated with the conductive film
t 1P t@“@*&%@gww%@@ﬁﬁ&ﬁ’ﬁglf%tﬁédx FYrEnt SEAsPhc e

c) waiting for a delay period;

curre

d) supplying power to the second eddy current sensor;
¢) terminating power supplied to the second eddy current sensor; and

f) waiting for the delay period.

4. The method of claim 3, further comprising:

repeating steps a)-f) for each location being measured.



alternating power supplied to the first eddy current
sensor and the second eddy current sensor, such that
woOhesioe6sd eddy current sensor is powered whil BCTHS2004/040878

second eddy current sensor if9not power ed and the

first eddy current sensor is hot powered while the

second eddy current sensor is powered; and cal cul ating

the filThd Rewlsaesslaiikaswhasmihe PR opbrafios 6fMdcaais Dfktcond eddy

of signals fromthe first eddy current sensor and the
curregseapRf dErpgipd doiard piscemdsgrfaceassqmgedrmitidhie emdpetiyerfilm includes,

. . ¢ ;

LB SEReTEb L REL AR 8oL RANA Bt soncor

associ ated with the conductive filmincludes,

of fsetting an axis of the first eddy current _ sensor
f rOm anlisdnethgd of ¢laing & whigeiadbg msthod oreratign ehpltermptingpawer

suppf&t 13QHe st G&cg} &Brent é’é‘ﬂ?{frledg tﬁé'k%cﬁg} Wsct?lﬁgg%h% ifudes,

al ternating power supp to t current
s armmfiguangibath ef gedosteddy dyrrentsemsor asetiesecandeddyl esren pensor so

suppl yi n ower tq the first ed current sensot; b .
that PR daRee i A8 B S5 Ao v e B RSt G fhrent semsor s
passi$€nsor; c) waiting for a delay period; d) supplying

power to the second eddy current sensor; e)

term nating power supplied to the second eddy current

oo R e L, b R PERURat ingEifagom of e
first @dyfchrieft s And GRALEHA Jaal BErréR ISHOESb fhat M SHpeBbhGths an

i of claim1l, wherein the nethod operation of ['ocating a
inducdiye depdl in aeipingized when e mespectiviercddy sarrens wersgr i psesivmigrcludes,

T T i -

into an dgentibep. second eddy current sensor. 6. The net hod of
claimb5, wherein the nethod operation of alternating
power supplied to the first eddy current sensor and

the seopuingflgy of UshP Tl ARAmprilflgudes, configuring

both of the first eddy current 'sensor and the second

e calpplyirg mrwter sebatb thesfixst ¢y carreatyeasurand ¢heassca@tl eddy current sensor
f in%%itive | oad in mnimzed when the respective eddy
TOm 2 SMEEhPOEE FEBRYi @%assi ve. 7. The nethod of claim 6,

Whep&itin g theal fFBIAAE of BRRWeP Buchith G Y3tH G ir&Snt grgehsegoﬂd eddy

the first eddy current "'sensor and the second dy

curregigensars araqiosveredsa atterantingtimpploa caghclocamnan i nducti ve
load in mnimzed when the respective eddy current
sensor i s passive includes,

9. A sensor array for mapping a wafer thickness, comprising:

a plurality of top sensors;

a plurality of bottom sensors opposed to the top sensors, wherein each of the plurality of
bottom sensors is coaxial with a corresponding one of the plurality of top sensors, the plurality
of bottom sensors further configured to be passive when the corresponding one of the plurality
of top sensors is active;

a power supply in communication with both the plurality of top sensors and the plurality
of bottom sensors; and

a controller configured to alternate power from the power supply to the plurality of

bottom sensors and the plurality of top sensors.



i ncorporating both of the first eddy current sensor
and the second eddy current sensor into an open | oop.
w6 2006we63TRt hod of claim 1, further conpri sing: PCT/US2004/040878
suppl ying power to both the first eddy current sensor
and the second eddy current Sensor from a single power
supply; and repeating the alternating of the power
sudh t Mete seRI0R atMi@ of Llafh 92WRertineh SR SOGY seRIdrE€Md the plurality
sensors are powered at alternating tines for each
of boftgraensens arg eddy gwrenbsenspisay f or mappi ng a waf er
t hi ckness, conprising: a plurality of top sensors; a
plurality of bottom sensors opposed to the top
selisor sThewbgdogafrag ot tlaivh 9] Wikergih Wt dnitipllef is Bt @Bonfigured to
. sensors is coaxial wth a correspondi ng one of the
1ncoracpra§e&1 (jetla}y tiype wgﬁn SWHehing :[hetsW@sopq PTH| Raysivs stagtte gmactive state.
sensors further configured to be passive when the
corresponding one of the plurality of top sensors is
adi2i ve;The sposoe arrsy pPHélyin 9, wlosrem heshi@ramaly idinkotgoraté into an
i @Jurali&% of . top sensors and the plurality of bottom
NI SALGPOL 2 SERPCONLYIT RIPFSSFING B gured to alternate
power fromthe power supply to the plurality of bottom
sensors and the plurality of top sensors.10. The
sdidsor Thersagsopfirray af ehaidy 1ivvéreedim thertdelgyl timaisi t ynibise¢omgd.
sensors and the plurality of bottom sensors are eddy
current sensors. 11. The sensor array of claim?9,
whar ei M Eieert eitipreddshg b wafd#! ddh@srisgnf i gured to
i ncorporate a delay tine when smﬁtchlggﬂ;he sensors

f Aekemiqehmsrhanion plasatizatign (GMP) (aol.ghaCMP topl intheding,
sensor . Cl ai wherein the sensor.anray is
ncor pe wereeRie e B R Gl R R A0y Sorom
s anifacytdwiicr whidoseksins@ thefeoh;. 13. The sensor array of

claim1l, wherein the delay tinme is 1 mllisecond. 14.
A syst érfar iimgdlised toghabatompsurfase pp e syaler: cagrier, the carrier film

C oo D & et AL AL DBl T 2

housi ng,sehdoe embbédeddarthd wafehthe isexgondiopésedmveartd fopcsairface of the
havi ng a, wi ndow defined therein; a carrier film

f I )
af g% o STRer BieBrride diecasddy curipiiathe Waksr &¢ determine a
tc%go;&aﬁt&laﬁaaftml:meegsﬂhewa%%;to support a wafer during

opefrations; and a sensor enbedded in the wafer the
s @rssror dirgp oxfethabipghe EMBwo§ tine seogorafray e communication with the
sensor embedded in the wafer carrier, the sensor array including a first sensor and a
corresponding second sensor, the first sensor and the corresponding second sensor configured
to alternate between an active state and a passive state, the first sensor further configured to be
in an active state when the second sensor is in a passive state, the sensor array configured to

detect a wafer thickness signal that is independent of a distance of the first sensor and the

corresponding second sensor to the wafer.

15.  The system of claim 14, wherein the first sensor and the corresponding second

sensor of the sensor array have a common axis.

16. The system of claim 14, wherein an axis of the first sensor is offset from an axis

of the corresponding second sensor of the sensor array.



wi ndow, the sensor configured to induce an eddy
current in the wafer to determne a proximty and a
wohiislaess of the wafer; a sensor array exter naCTUS200h040878
CWP tool, the sensor array iiiconnunication with the
sensor enbedded in the wafer®carrier, the sensor array
including a first sensor and a correspondi hg second
sensor, the first sensor and the correspondi ng second
sensor configured to alternate between an active state )
and- a pessystempf glaim Iophwhereinsa siged dwvm thgdirsiesensor is averaged with a
signa?ﬁgltn' ! E&geshgncﬁl? Sddofld) se%%glj td %lefe‘rr%}n% a\ﬂ'qﬁirt]ialt ﬁ?ckﬁgsgo nd
Sénsor Isin a ﬁ%33|ve state, the sensor aixay
configured to detect a wafer thickness signal that is
i ndependent of a di stance of the first sensor and the
cdSr esploKdysigmd chim eliather ¢npidngiaf er. 15. The
S y s . . .
corh S 8 Ot ABRSH BAR L ARL s SHaa Al Bonding
seconclsenwm; axli s. 16. The system of claim 14, wherein an
axis of the .irsé sensor is offset_from an is of the,
o o RUBLFACRUBYEE i SR BIWgtto Euliish FROeT 2gA (g eolipsponding
second@nsyst em of claim 16, wherein a signal fromthe
first sensor is averaged with a signal fromthe
correspondi ng second sensor to determne an initia
t hi,ckness. 18. The.system of cl ai 4 .further . . .
cd¥or | gy s BB, i in B Srtnlfet inih RO pipatippith the
embetlfi®] deh§ditang EeSRhscAekay,NBe E6HIFORISPEOSHH gieedt6 @R EMSE AT ckness of the
and a control|er configured to alternate power to the
waferfronga signakpiovisled by sitherdhe ersbrsldasl senseeenthel senspiaray, the controller
1 of . [ 3 [ . C I I Sel.N
capabl O SRR ShicEhes B b BE R BRSO NP pile bt yfer P o
a CM@rooaitollérhe controller configured to determne a
t hi ckness of the wafer froma signal provided by
either the enbedded sensor or the sensor array, the
control |l er capable of providing a thickness profile of
both a wafer prior to CMP and a wafer after CVMP to a
CWP controller




