; OPQRe3epuid; DT LAMP411. SG 1 METHOD AND APPARATUS FOR APPLYI NG

DI F' F' ERENTI AL REMOVAL RATES TO A SURFACE OF A SUBSTRATE by I nventors s
Yehi el Gotkis, Rodney Kistler, Al eksander Onczarz, David Henker and N col as
J. Bright BACKGROUND OF THE | NVENTI ON [ 0001] The invention rel ates
generally to sem conductor fabricationland nore specifically to in 10 line
nmetrol ogy for process control during wafer processing. [0002] During

sem condu | i I ¥ br  ng
features Mfﬁ‘ﬁg?@gﬁﬁ%t?g\}?ﬁ? @Sm ?ﬁgﬁ D'mﬁ mmr&he
features can IRENGOVALNRIATES T0 W SURFACE'OF ABUBSTRATE feature.
For exanple, various end point determ nation nethods are avail abl e that
enploy laser interferometry, optical em ssion, etc. However, as the is
features continue to decrease in size, especially the thickness of filns
enpl oyed in the manufacture of sdih BREIISor s, the si gnal s that are

i ndiscat i vealfiel GetkisaRudre &istler, AldksenlaiDwciary daddHewkaatndns. For
exanpl e, eddy current sensors augJis€q Beioidi spl acenent, proximty and film
t hi ckness neasurenents. The sensors rely on the induction of current in a
sanple by the fluctuating electromagnetic field of a test coil proximte to
the object being 20 neasyred. Fluctuating gl ectromagnetic fields are
created as a result of pR&&GBIRAEND ORI LNt through the coil. The
fluctuating el ectromagnetic fields induce eddy currents which perturb the
app! i edrabih & ! | j . lanFi ¥ o
gl 1 1TOR L iR 0B Uiy b Sl e s e Syt 0
sensor lpenetesgy A padcesy suatiohduring wafat protewmgt hr ough coil 100 in cl ose

proxi m 0_cqonductjing, 25 obj ect, 102. The el ectromagnetic field t he
coil i n@ﬁ@@@@&%&xs%@‘gwﬁ@ff&’iaﬁo’&&?ﬂﬁéﬁ HE b ApRAtun b‘é.flmrﬁ’&a%‘é'ﬁiofff’ﬂlﬂ‘@’“and
t he phaéfesﬁgtrét&euﬁﬁggoiﬁ k&eksing ?gérh‘t‘iéhs?fﬂ/ﬁﬁ% of iR feQRFENENOR: HOEmEREd by

Thus, the I npedance of %jﬁe col | Impacted by the eddy currents. This
i npact ¢apturings arseghal dndieating thee faatwsi nFory exdmplen slariatisnend ippid t detgminatione| |

as a thickness of bj ect i stance 106 1| cts the effect, of ed
cur r ent OGRS §7 eaiPia 96 SPRloy drSt BT IOBBrec P it VLS, PeRE S Gde
from t hRa®RRSEsnIRS thoddcRchst NA PR aGbe@AllE U (b8 toF @IMnsC Binploy8d i th
al so change. LAM2P411. SG 2 [0004]‘ ttenpts to use eddy current sensors to
" measur emamifadtnes of ofemicariduptorsasthe esighale dthat arg indiediveu o€ g fegiume ebecpme

si gnal . cyrrent sensor is sensitjve t I of
the i 1 Tt R e Bl qtns SRE oalele. 2O otk Sor2 U ludel Ty JbpRTRS
unknowngrokingity fadstilnbehiclered mesburdrh@i. eTRAsdnsord rélghentht iindidtiag of oueént an waf er
carrier having an eddy current sensor_for 5 measuring.the thickness of a
waf er i by the divcritingelosipmagnetis) figld of Aatesioseih prid@ate tenps object being

20 measured. Fluctuating electromagnetic fields are created as a result of passing an alternating

current through the coil. The fluctuating electromagnetic fields induce eddy currents which
perturb the applied field and change the coils inductance.
[0003] Figure 1 is a simplified schematic diagram of the principle upon which an eddy current
sensor operates. An alternating current flows through coil 100 in close proximity to conducting
25  object 102. The electromagnetic field of the coil induces eddy currents 104 in conducting
object 102. The magnitude and the phase of the eddy currents in turn effect the loading on the
coil. Thus, the impedance of the coil is impacted by the eddy currents. 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 102
30 moves, the signal from the sensor monitoring the impact of eddy currents on coil 100 will also

change.




Vaf er cpiwbm@li  d®8 1 ncl udes eddy current sensor 110. During a CVP operation,
waf er 114 supported by carrier film 112 of carrier 108 is pressed agai nst
pad 116 to planarize a surface of the wafer. Pad 116 is supported by

stainl ess steel backing |118. [0005] One shortcom ng of the configuration of
Figure 2A cones fromthe variability of2the 10 carrier film which, being
only 0.020" thick can undergo variations up to 0.006" fromsanple to

sanpl e. [0B0YLA&EMERNGI sk Wby dufref@genksrs | t8rmedsidenhAdysasfsa dimdie taulwvafier

| oad, affect the sensor-netal |ayer distance. Thus, the earner film and

var i abl Bmpedeuesesse sicrthe pigna {tps the cgldy shapntisgnsoy i eagtive to,bqth thefbickpess ance

bet ween di Y thel I

ai 111 oufs T ML i Bfnl Bt BB ARS MEIRENY hetd <BRRRTTREUNG B nlust be

whi ch i resdlSed. UFiguierdra st ssschéraatidhdiegmmss’ aveasucaenaritaving anleddy emsant sendoofdier
shortcom ng of this configuration is caused by the esence of ano
condijctmﬁ@s%ﬁaeél?q Bjckgg dowiter ntg_r?efﬁtsm%ﬁei&%h@%%ﬂﬁla@%&%%%@ﬁhd
and i s GOREPOMNer P@E@Fﬂcﬁ@ic& Qday Arbit St B0, eififfmb- 2 VP h)%eltaﬂbﬁ,kﬁﬁfé 19% the

conductive layer 1s less than"the so-called skin depth, the el ectronmagnetic

field fsupportedby cartienfilnh 142 0f trarienld) ietpedsyedadgeinsbpall Bifdovplariaripe p siddeyofpass
t hrough to st aijl .Ssteel zo backjng | f. 116 of Figure 2A. The

el ect ro%d’?‘f‘i‘?r'r &ﬁaﬁﬁiﬁef %ppf’m?(ﬁ%gﬁmlﬁ%?tﬁ][g’ﬁa?ngg% currents within the

st ai nl eEMOST €8t shéttdomihHOF @Ry caifihifatibH tdf Mgire A orh& AbmSihgnatiabilignot ihe
eddy current sensor. [0006] Furthernore, it should be appreciated that the

pad 1@ asastier filap, suhigh.deing eniynd, 02673tk rap amidenep gariptipns i 1) 0900 deomp simplen
the stajn st i.ng..a C .Se i

1 venisotiile #esp POHAteE B phREuE: Al WobRE N AT B b i Tt et the
si gnal . sehibotsmeial Yw3ar disagicor Ths, the derierofin dad edrialsle tphieceantenditiansecause a

conti nuously being processed., Consecluentl , due to the variabjli H/ i.njected
i nto t hitbsnEadnsakabyity dnr Waedistangen betygen the yrafey angg thes S%ﬁ%ce%rca igelyi 4n
and un ' - &y e ] ; a ties is
i squr eg pr SRR Tl 0 e bl (BiRtiofe e AEIRATIHA

per specturveimpattsi theddsckreds trocdsaremeat wii thor serdor. endnbtgershoricothimgs of fthse of

t he sem cqonductor. substrate which is not necessarily the.result from
uni £ or nFSRIRIUAION, i causqd, P dhe mspeence pf aerher, penggting maleria) ERualEe O tS,

prior tgyiudiey nd@tiaPheihS nmd@durdtNhddfk Todhnidhl ¢ keferdtditton@ Ny it eEfeifc@s 18R
mai nt ai ned when a uniformrenoval rate is dpplied to the processed wafer.

LAMR P4 1thiBes ¢fobO7dndacyve keyaBs less thagitheké-talled skinodapths éhe ¢loetsamagnnbardieldc

di agram.jllustrati. e results pf applying a unjform.\r val _I. a
Surt o otrbie 2 bl chol B cbRielety aorRPant! Qi Foctilly RisF SHGTR R ilcs, bel
apphd edbickinpUPed 616%131 LPof Bigute 3A] ITheWisctioadaneie fieldiwill iadwweradditional eddy
thickness, i.e., the thickness at the center of substrate 11 is snaller

t han t heurrants Riteisthgtstainlessosiead ibelid hereby ®nimfmtiagie thetatal signad drom the eddyar
to subs‘g"grfgl@ e’lrtggr prior to the planarization application. As a result, the
center 0 strate 111 may be over-polished especially with respect to a
copper [006] Faghgpmoes $iSshouDBS hppelelited alnalthey pad orers Sy siredes dveatimey eausing
sensitive, enough tgo accomodate the low fjl mthickness required for

seni contRTEgR gnggb%vnﬁﬁeéta%%ﬁ stegbbrcking ad gheeddy; f 8smser Wiidk 1 o
fromthj i . i I t ce
of * 3} hel RS (R apprar A4 ERpylditoRh o Rl (TR CifrchfRACO el TR e

i npact feetormes tdolee conslemd: as the wattepame dentinwmslybeingepratestéd. nCotsegkendy sque

t hereb ki ng di.rect signal ~to-thick i on | i ble. [0009] I
i o of 14 6 VATRB b st B S eSS e Pe (e el ROGTr Capsdpaplls |
t hat nauigiﬁné @hpéBictabld) N rHefméR] GKAGRS oh AnBFmi 8 rethovil fafk R myFRMRE féat e

to provide control over the uniformty of the targeted renmaining |ayer
t hi ckneswrdngapplicatiaas. elhat|ip, ferdithe erd usdysrperspsciavenéeld desirgst w/have a waiform ne

et Zoni Be GERE SuirBR oA ol ok oL A o ESR R e Rol frope
Br oadl ya sp@fdtinngemdée fareesefdr &xamed,i @nthki bilrfack hefS ehan@estesdeyl @akb| privg foor

differential control of the rempval rate bei n%, applied to a wafer during a
cheni caPlah@edstian da| nos| uiermbathich Heaoatunstermities e upgnigimed pWhett idaHEEPTHN o t

t he pre?e%%valﬁY@ﬂ%h?ﬁ%f%g%?@:&&@é@&%}.ed i N nunerous ways, including as an

apparatus, a syste e, or a nethod. Several inventive enbodi nents
of the present invention are described below 25 [0011] In accordance with
one enbodi nent of the present invention, chem cal nechanical planarization
(CWP) systemis provided. The CWP systemincludes a wafer Garner disposed
over a polishing pad. The wafer carrier is configured to support a wafer
during a planarization process. The wafer carrier includes a sensor

o, " o, o, o Y b1 ——




30 generglpmylg®se conputer in comunication wth the sensor is included.
The general purpose conputer is configured to adjust the signal indicating
the thickness of the filmfromthe sensor to substantially renove both
third body effects introduced by the CMP system and a substrate thickness
conponent. A slurry delivery systemcorfigured to provide a substantially
uniform LAMRP411.SG 4 slurry |ayer onto the polishing pad is provided.
The sl uf00970BIguxE2l iS YSimplifitd bioee Sectiohdl Wicherh@idt diagmaimnludentingethb aviuig of
first side _and a_second side. The fluid restraini n% device_ is configured to
creat e #PRYing naymtfeml refpeyal rafe 198 1SpERgerRf PubCebpERe-hSfG2R HE S5y @ UmiREn
fluidr i D i i j t Vi el |y
i 1 or reEE Rl G oA (6 Rubiakd 160 Ko P WIEGE TaRiich A6 S THE (R,

[ 0012] i, theclockimns et the tentanaft dubstraaehb i sreailer thanshs thecknesspatthe owbr edge of
determning.a filmthickness in real ti during chem cal chani cal

pl ansariﬁ‘ﬁtﬁ%BWa(‘chgﬁ%F%?%ﬁoiSé‘[’ﬁ%‘?/ilgggmoﬁ'ﬁ% s plapsrzaen FERLCAHOBVP Yl dul e

havi ng Rs9etth@fccMBN oL Edmst@RCN SERF Ve HerpbBsiRalesphciARNNRhSrelpecCRN icBpped to
detect a signal indicating a thickness at a correspondi ng point of a wafer

in the dearpngagweense of conductive bodies associated with the CMP nodul e. The

CwP nod inclhudes, a fluid restraining device ¢ bl e of creating a.
subst anit0gs] SEGHPRIIE, ot Dgterm, B Beoinite ShaffR akslin&lin ol thn o
nozzl e iadat@defatedeonsdhicondueiod piedind ﬂia? Havteihel Semitl @Fmﬁ Biter€eréd Wah-
The nozzle is configured to enable the application of a fluid to a portion

of the fewi Birdobodipe peri exinnye.ptg. signaemay dtc upastedeby dhe (aresenge, of other
conmuni ' ne LB { : . S 5,4 - 0, rnal
fo tho CapeBs!hitte Vil B8 iqf LB RE PSRt R Bbbe Cne BOFBL SoBE LG
to cal chitalegerfletidr the didtalfilebickhess ahérebp makihg diiety LGpOasiticknesy dvnvakiohhe
wafer from d_gg: provi ded by the set of sensors external to the CMP nodul e.
The cal "BOs¢! coefficient is configured to adjust the signal indicating

t he thi O Dar i.on: . of j [WaYel i i
t hi ckneggngfﬁlt ﬁew\/\gﬂg??&e e@g’l ﬁb%&g%g%éﬁg?g%%ﬁ%gglg&g%@n%{gﬁzﬁf&th# {Hat aP, 20

s furthe
confi gudddet @ wiformathecknbss mndez ltkart @ wafptg reinevdll natedtat proavdjeusintal oeerthal

rate locally.at the correspondi ng point of the wafer. [0013] |n accordgnce
i th y QU B RO RRING FyBp askeRts PR Tienbaieh, Teecbitie di Buighes
Processigng:SN& 81l mer @itfcGfial thRedYRbFMdno! UBESHE &ﬁﬁﬁﬁﬁdg aRRkhasr&d at 0

detect a signal representing a thickness of a filmdisposed on a surface of
a subst seaieonductor mafer poing|peocBsedonf i gured to apply a first fluid to a

surface of a polishing pad is jncluded. A fluid restraining device |ocated
upstream fromthe first nozzl &MMMQ& restraining device is
confd gu st b - . ; r r t .

pol tsi (BR0L BreRR] kel I htbsent DBl s B ol BYIh AU Plor Afpronsel, |
devi ce ¢atiohof thdeemovidl eats dempdpplistizoar wafecdninggielrthitad nagehbnical pdanadpatiohl ui d
to the evenly distributed sl,urr¥. 30 [0014] In_ accordance with still yet
anot her ORSH#H b piould beapmedated thah His RIPsgt BiveRtianegan; b 1mp d inJpmerqys o
surface : r hgyd [ | S t Qer hSd. P QMedf dinvd e

met hod ngst’laigtaedgﬁ%t %Se%%éagiﬂ}l%ga aéy?ﬂﬁ?iékag?égﬁﬁag?o %gédmaf er cpriglrv toea

pr ocesseémpodimentatok the. pradeeninvedimnvend desciibed bedowsf erred to a processi ng

fo 2 polWLEL eftSfErer thaas BRSCERSH TG BoHUF oAt SRRk et e
Lhi cknepansiato SCHR)Q5aLATs ieviblie DAL CMPEy Akl dhiehGapicp@npolons,

Then, a slurry distribution at a |location associated with the point on the
waf er v ighiagl prd The aiafer cawter putenfigueedrie yeppart ¢ maker sluripg e phiapzation

i 11 or oREFEE” GBROPEE alilet AR S RPEEUTRR 0o Yl Bpa R f koo

provi degf thEh@lniretlihedigrial inditAHgWwhe Mhigleites af itng filn tildiadaetsrdnBydyodffaats. A
substrate prior to a processing operation. Then, a coordinate of the
t hi 3kneSYCHAPUIROsS SAHPET Bocammpunigatianuih thetsepsoz dgincirdede Thepeayal pypose

operati %n%lh@(its €0 i%mlﬁ?(ﬁi/c?%]déﬁﬁttﬁe an‘i’zﬁ riﬁcﬁ%}ﬁﬁlgtt@% t]@%ln%&@&f&tﬂ@ i 406 cHBaLLAL €

surface associ ate sensof 1's a ased upon data provided
by the tohsubkmesdlynemove both third body effects introduced by the CMP system and a substrate

thickness component. A slurry delivery system configured to provide a substantially uniform




[ 0016] {mvemgpsclance with yet anot her enbodi nent, a sem conductor
processing nodule is provided. The sem conductor processing nodul e i ncl udes
a polishing pad. A fluid restraining device is included. The fluid
restraining device is configured to inpede a fluid disposed on a top
surface of the polishing pad as the pol4 shing pad nbves to create a
substantially uniform15 fluid | ayer over the top surface of the pad. A
fluid debirydager smed e palishingVadeg prdiged. | Thel shiedyl ddivirysystegimirctudeonaf flgdr ed
to selectively disturb a region of the substantially uniformfluid |ayer.
[0017] TeRUr&{B8: ¢r¥ticce NiRG asfirst|sidrepndy dotasand siflsodiThe fiuid gegiranipg <levics) s

closed Log n ' | ROk 1+Sqi L OV gThe
yst om [ ISR SeaE TR Xl R hoRiHASS DAY RoRa ThE BrlCofl o duficteid
devi ce. refn@ningrdevics an firthgr denfigreed © provifle gusobdarttiallyomifoon shrdyi leyartdvectaess
dependent.. ?lin%nal der processjng conditions. The second sensing device
confi guPdiht Hagé'f’ VEnZHY SrE ¢a filmthickness with nininal influence
from expopnopin aRicR@inee With SRBEEF ickBoddde M %29&1;9@5 1d Of Hetdridng i 2Ky
correct a local renmoval rate in order to obtain a desired planarization
speci f i thaakiness in geal tileudiwihg axcheminal pleblaamidah poamaatios §EMIN operatio B hovided. he

oL 0ne TR S s | OSBRI BT T B A S PGS Sk

subst antdnfighiedrierdewet BRidhal HdicdiR®d)hiekdRs b a icbireqdHgiag pashttdie WXREU ihke
system and a substrate thickness conmponent_ through data captured by the
secthd BEsch gt aendusave porbasgssoaiatpd with tb@%m@u@odfhemtmedulm chg

| g ol . y i |
and exphAaIFELALE AeAlE otddfle' s O s AR ittgiP REY el e ErcRTE 3
LAMZ P4 14 pSiishing3pidErn dDERCRI P Tdcaled Getwddh tRRAWINGSIridhkAevideeand ccwnfeanyirieg

d i . whi ch, i ted i nd titut t. of thi )

Spoct T Lh Pgfle is GoTBEREOLb SRaMp i JPTRHIEN W fWHbIo § Rtionasibs Brgiamef the

t oget he ' e 1R &?ﬂn ¥ aY N TN
i n\%enti %ﬁ.@hfé’%[%‘g'zo E%%ﬂﬁ;gi@g? g&g&;&lﬁ% it e%hg%tﬁge‘rrgﬁ g&ﬁitg%rgir%?g?&stg ﬁeand
pri tci ph ectuposensdrs chteaml éddiye EMP entdubeissiocludpbr The gendrBDpdpose camput@Aisi s a

schemati ¢ .di agr.am of wafer carrier .havi ng an eddy current nsor. for
measur | SRPTEHER R caleiiale & Salibrateh cocTheiPRt igr Biseoheresponding.Bointal B aten F9m¢ i on
(CVP) . 849 3rdvided By Be 38 dfSsesobd EMbrnhll ®AhE TR nRRIGlel ORI cabiBREBR Chéifidieaizam
illustrating the results of 10 applying a uniformrenoval rate to a surface

of a si¢anfighredutes adisstethe] ggmd) indicgiinge i hicknesy tplisdlateck poriomael ehedbigoaiam
of COUp%nﬁ%aﬁEé] 30fifin ftR{c g%???gr g g?’éf?%gvlv(l?eﬁéi n {3 Oga?ﬂerlflgégﬁnioggic\éﬁ{pgfeﬂlig further

accordance wt h one e n s a graph

of the cinfigaledofo s&divaleetheatttdyleCiar & HRCNSR & GO OByl FateNMobAIGUBEh | N
accordance with one enbodi nent of the invention. 15 [0025] Figure 5 is a
si npl i f FEEsRAIKEMERGiBt ofithagyValerof an alternative configuration of coupl ed

sensors i i 1 i i i

ccor do0R3] MERRUIARG, Bl AE ARG oiRan rthe BrotBlThy ok, Rofondueror

si npl i f predessimgesysteicisdpagidedn CFheasatene inchldes ransdnsorecardiguragiutoatstest ignal
coupl ed sensors for. measurjng.thickness of an_.incom ng wafer in_accordance
Wi th onEPBECBIABoRRERTEST Ol AT HSROIGNON [DBEFCFPlgar SOBEIFS 4 Graphozale
119t T @Hnifidfrddts appigi fitst ¥ufdl toBsud4ed 805 pShHRY pHI I8 Indigdedd RAMuRHRYSHmEeNt
sensor clusSter as configured to the side of the graph for detecting a film
t hi cknedayidenlogated rapatreasn ranh then dirss mvadienis prowitled. h élienfleidt fesmainin@oddjcerisgur e

7A is a_ _sinnlified schemati iagramof gn incom t hi ckness sensor
coupt e ISR FRbRGBerTbEhctcr ARcRRESE oL dnt apliHiadedr dantend ¢ h
one enbgshzERtated upSteeam from the fluid restraining device is included. The second nozzle is
configured to apply a second fluid to the evenly distributed slurry.
30 [0014] In accordance with still yet another embodiment, a method for applying differential
removal rates to a surface of a substrate having a film disposed thereon is provided. The
method initiates with generating a thickness map of the wafer prior to a processing operation.

Then, the wafer is transferred to a processing station. Next, thickness data is detected that




i nvent i oaveod4@P29] Figure 7B is a sinplified schematic diagram of an
alternative enbodi nent of an incom ng thickness sensor coupled to a

downst ream CVP process thickness sensor. [0030] Figures 8A and 8B are
graphs illustrating the correlation between the signal froman 30 eddy
current sensor for a filmthickness and a signal froma standard
resistivity filmthickness neasurenent device in accordance with one

enbodi nantespénds he aipoine bhitnwh20 diderprepesdndcomlitbongr Nelt,ialdjusetinkickmgs data
calibration curve for an eddy current .sensor for peasuring a _co_%Eer film

£ hi cknelS SEATalEd: GF e PO PG NLATER HBRErBFRCCSING: hd NP AT ndISTDliAD B3 1. SG

7 [0032 Woll] It S il ¥ ; # ut
&1 gnal oo sSoc el Sa BE AR o HE Rk nd A EERY 1R SRR S raibl
accor darateatviig poione enbodi nent of the invention. [0033] Figure 11Ais a

Dot 5 19978l acs iERneq wEh O B P A AN TR TSHOB RSB HEREreBR i gonirol for”
i nventi féﬁlovfapﬁ%@]agﬁlii&l&b% skibSrdt$ siBtRE 4PProdedn Thé ifet{oRUn i ia@R AlithOdentRinyaf er
tenperature over tine in accordance with one enbodi nent of the invention.

[0035] thickness mapicf a svbdiebmprior d¢ agpeasessing3opereidand Thene asegudinge of Tthe T9

f . il ' h |. of fil. d.b
an ey P TR s ssplai gt VIR ol SARARLp oo Pof R E ok e Nek A TR

enbodi nekd egferiehéedi Avelich@sh of He3fubstritg Wafack3assscided ivith tHRVRhsdGhadRkica of
a CWP systemin _ accordance wi th one enbodi mrent of the invention. [0037]
Fi gift e Baged gpep datppeovided by dhathicknesy 184p-a si npl i fi ed schematic of a wafer

al i gner o an. | .2d _se C [N i i, ment
ot tho. 1SN dcoRbESt Sy AERRRler titohele s AERRLRARGE: Hdcle R nEBR S T2
sensor pioralgd.c Oht aémicogdwtgl proddssiny moafdukeinsiadescd pelisaig pad. ak Cloidizsaningt h
one enbodi nent qf .the inyention, [0039] Figure 16 is a top_.view of the
sensor %y desitdsdn; ul&f&?’f@rmw d@fwfz:}sm@g'éragé%%a?ie fluid %V edy 8n Ay
accord 1 hedi E i Fi . i

Sl £ Bifald ot ¢ bdﬁ?‘aﬁg? Pallas e E@gﬂ@gﬁ%@gﬁg %?‘Q‘é%\?i %’?ﬁéﬁ%%* hokford
di f fser efitiddhyar| @sethd mppsuctane 100 Ithef pad. a Acfleidi dedilveryesyistem capropidedarTheafliidn

175 1s SHlvet SRR 1A Bttt oo ey HheRs regeh i SERgnRa Ly o B

Figure thy&r.is yet another alternative to the enbodi ment of Figure 17A.
ure 18 is a sinplified schematic diagram of the controller

0043] Fi
[conf i ]guWQg'?bhl penordanaviths sély e anethemembedimeoe avdifferoniial etgsedilaemcortolt he
D 0L Sk o TR LSRG b

accoy dampeng fitstend secdnddiensing dedicé.h@he Mr@nkeh@ile d6WEA B cdnifiguied t8AndiBtod a
graph ilJustrating exenplary results of the inpact of differential renoval

rates etbibitbigkeass slegendeR sighpodndsIgcesiag rqopedioner efhe sewndowagpeMayisee 21
e SR S8 L e RGP P e i o
i N accoolgjedis e Ani dxcuwive sgatbmdtaméighredfio idiféerémiatiptconnct a local removal rate in order
to obtain a desired planarization specification is included. A controller in communication with
25  both the signaling system and the executive system is provided. The controller is configured to
adjust a signal from the first sensing device to substantially remove both third body effects
introduced by the executive system and a substrate thickness component through data captured
by the second sensing device.
[0018] It is to be understood that the foregoing general description and the following detailed

30 description are exemplary and explanatory only and are not restrictive of the invention, as

claimed.




LAMPPA11A6p431. 5Q@047] Figure 22A and 22B illustrate graphs representing the
addition of slurry to various regions of the polishing pad during a

chem cal nmechani cal planarization operation in accordance with one

enbodi ment of the invention. [0048] Figure 23 is a flow chart di agram
illustrating the nmethod operations of ronitoring a filmb5 thickness exposed
over a substrate in real tinme in accordance wth one enbodi nent of the
invention. [0049] Figure, 24 | a flom/chart d|.oran1|IIustrat|ng t he met hod

operations for providi ngRk rates applied to

DETA LIS %ﬁ%ﬁ@%ﬂ%&%&@@é@" é%sﬁs‘ﬁ%%ﬁ#@?% ] COEEfﬁg*Fa o ary
enbodi nmepeciicafion, hilustate néstediplary| bmbedimeatsdes ahi¢ Hadertion daiditbgather hwitkf thieen c e

to the ccorrpanyl ng drawi ngs. In the follow ng description, numerous
speci f i GCS4BPGEY serverte explai Be pringiples PHE IRENEPRYI de a t hor ough under st andi ng

of the Ell"&ﬁ?ﬁfguhé"l’ & L hf&& smellﬂau@%hﬁﬂﬁ o?il%olg} @?i&!‘gﬁg%{ hkﬁoag%dg‘éhﬁéxﬁd in

the art at "the present invention me or all
of theseenspaapefdtes. details. I n other mstances vveII known process

operati ﬂﬁ’%ﬂ ve n .bee escr .bed in det lcl)rder not to unnecess\%ily
obscure g@?e i§ ﬁ\? iggramyl e ya e?ﬁ\aréi‘ﬁﬁ BN AR S EYERE SePEBIE
the " Baglegdugi g@h@&u&chesslo?uWémmgeﬁémﬁm mé@ﬁﬁ&hl fischyizGhed @MNPgensor s
(ECS) allow for the contactless measuring of hin nmetal film20 thickness
in the [Q92R] Fignrpe2Bfis tamlmph@ecb emsmfrqmnalyscb@matnq didgiam dbmsirating thet rgsults of

ac |4 _has be term.ned.t are capabl e of providing a
fas?‘g A lklﬁgelsublbftﬂ%r 3 va earsu%\/? nga ﬂﬁ Sal | oadi ng robotics

vel oci t §0023NBigefs & a bﬁnplﬁleﬂ%ﬁérbitﬁz m@gr@lﬁrdfwwpkb%eﬁm§Meﬁ@smegsmmt s
"on the fly" wthout inpacting process throughput. Moreover, the novenent

of the 9hisincemingyraleripascadincardtionsemhodinetof biednyamtioRness profile from
alimt

et b S[AEFRDELs ElaFE DR S b O SR B APV U B B
radi al Blmmbrdnnce with onelemgodiment of thsireentidn. sensors can capture a thickness
profil eg)%géﬁgwafer while the wafer i s underEm ng comon aut onat ed. waf er

handf i n 3 [ih A GHEP Hibgatic dinsram ok 4B sdtepialys ceniigiaton ofesriibided
for eac o} r p d
B i e L e e SR A e b S ol i
confi guclamebmnﬁerthamVﬂntuUm ng sensor or sensor cluster that neasures the

thin fi ckne endent SI nal .froma fer under ideal nondisturbin
Condi 1 (02T ERSREBR 5P Shaea st AGEE, OF “Ehineh AlGnafe col AR oy o
and/ or @&@Eﬂnb&ﬁbﬁdfdronﬁﬂéwﬁ I @adRnbA0bf GAt ineBmRALRGCH d6@riiffe Wvith drdi N

nmetal filns. That is, the AMRP411. SG 9 incomng thickness can be
supP? i eembedimens ofithainventiatkness neasuring device for the downstream

pr ocesalttar! FBReREis IMACMaRhRRARE KIORR. i g Lo INBL R Vel 6 "

unknownsureent ¥@isoablueRr hesuhfigudgd fo b sidicofdhegessh fig demethg laGﬁlSn ihi¢kekaviant .

It should be appreciated that a cluster of sensors refers to the 5

conbi naf§earlagse Vith os¢ enppdimcatpidhe MiveRidef i ne a new netrol ogi cal property.
In one

onor'c (IBRBHEIRAL A LIPS RERGRY SoRliiat lafilhy b PUELREHRANCL B Couplod to
confj gua atowousteaan GJMPspropesxsvuhdxkdeslaeseasar mAacca:rdmyse ofitls @ns cansbcaismerstedl kher ei n
i ncludes two or nore clusters of sensors joined to cover, i.e., map, a

|l arger W&V a wafer. Additionally, three sensors |ocated on the same

si de of [(R29PFRUCIR REa COMBIAES %%&zihu@:odﬁg{aﬁy of [0 2mAMRNemPb&Hledt P Ghint NE
clustered sensor with a pre-existing statfon the thickness of the wafer can
be nappedoming thicknesd s¢nsor eoupladrtotardeamsipeane EME prpcessahigkness senisar. addi ti on,

wh th d f t hi f
thel s oROSBL el e BT R TS RRs il BhRE GRS BT EROT Berebt Tad Rl 08 e ac
as t® té&Rlyr@steht Sendbr foha MADGRKHERUNA RS @Al Bidm 4 BtaNeaaredisplity, fﬂaﬂﬂﬁkﬂ@eﬁnt S

can be nmade to the recipe of the operation based on the feedback.
measurement device in accordance with one embodiment of the invention

[0031] Figure 9 is a graph illustrating a calibration curve for an eddy current sensor for

measuring a copper film thickness in accordance with one embodiment of the invention.




course, AMs4PPs&t processing results can be provided for further processing
operations also. [0054] In one enbodinent, a CMP systemthat includes
differential closed | oop control for a remaining thickness of a wafer is
provi ded. The systemincludes a wafer carrier di sposed over a polishing
pad. The wafer carrier is configured t& support a wafer during a

pl anari zation 20 process. The wafer carrier includes a sensor configured to
det ect EWOS2OPRighrel IWisCaLiapB imlsh’aﬁﬁg(a@@%dﬁf clirbgt bédsor odthet spgabuiingdh CMP g
the thickness of the filmincludes third body effects. A general purpose
conput ePPerHitopA fiopner Gin filmron Resubrie in jascqrdaica deidh onpemhodinpelt Pubpose
conput eirnvjﬁf[-oqlonfi gured to adjust the signal indicating the thickness of the
filmfromthe sensor to substantiall y renove both third body effects

i nt r odu@ed3Vighirel IAVR $ ysipR of an dnfearsd ) rsahsor 2fgnhlinedsnAsg teoempaentre ofhe
substrate, Ehi ckness conponent, is determ ned prior to aﬁ'E)_rocessi ng operation
in the BYSBRELCHOVEHIRE MEPENGHVith opggmbedimentafdheinygitiqhe sj gnal, e. g.,
an eddy i ) r i Mo SY i i a
e g R R L DR R e i A e e A G
sl urry aebidasce/wily sheembodimgoiesf the flvemtebn: est r ai ni ng devi ce having a first

id : ide.. The. fluid i ni ng device i f i t
cr eat o DO3STEERRT 17l Garhemic difktmal 0nerapied amre ety vt SN weley
i mpedi ngubdRink! QY r&hotNOf 2l dbppdr G b ercl@fed By i@ dadGuientBRMEdtdn Hd@afdrui d

restraining device is further configured to provide a substantially uniform
sl utdy ¢asgperyin@oeardange Wik ansteimbgdisaent pbthedu¥engorhe second si de. Downstream

sl ulty ¢ayering i dermhgdisee engorhe seco _
o1 urry. 0PGBI ) 0 g AEVT bl BTCH R RRG R ERrdfed oL 8

t he uni érabsdiskar ofithd myéedtidn0 di fferentially control the renoval rate. [0055]
Figure 3 is a sinplified schematic di agram of caoupl ed sensaors for neasuring

t hi cknek093k Fighre; Keis rgssyaaetional miesiceloh sigpliicd sehsmstie of pypdemalignenyvith ga -
i nventi : i gured to provide
st gnep e EsRRBR Rl oo kL S el o e Sensor s
1301and[0038] BEigereciidlys aunoendetsikedssdes vieWabE thel SMsomarraydesntsiningt 2 atwwalligd >fand
metal layer 140. Axis 134 of top sensgr is offset fromaxis |36 of bottom
sensor 880r %Wéer%m 4‘10%‘%15‘119? Vi o ?maﬁq?me%tﬁgrﬂé"dné(?@mcnhat by of fsetting top

sensor Eb399]apigu¥éofé K7 t%ﬁ RRIF ofl Bé sede Bﬁﬁf%ﬁmﬁﬁ%%%lﬁraﬁ{ﬁoﬁ%éfe&& sEfRBEs of
sensors, the €l ectromaghetic field produced by IO sensors 130 and 132 wil |
not -i ntBigheer I, iniaceordanse pyithears eshoidinerti of theWreangionhe frequencies are the

sane an is. 134 .. align ith axis 136 then suppressi ogn of .the sj.gnal s
can ocotoit Fighid i SRR RetichOndle Suprim b KR EBRERE ol Ardtche et e
adj yst ngiffenGalnc1 B dNSsiEcdn@obiR ladhSMRAT BSShaataPplahdifratibf) Bpdration faGRE@hdcr
144 is in comunication with sensors 132 and 134. In one enbodi ment,

cont r ol Wéh ongampedigsat ¢fghe Eyentéon-ecei ve signals from sensors 132 and 134
and 15 ) [ . Of 2 38., 1 : real ated that
control ﬁ@lr‘ﬂll?lﬁg[l%v@ﬁ a%é@ lép %Z‘itsl?eg%]ﬁﬁi&#?%tncﬁst%enés:%@hs%g{?ﬂla%ﬁﬁg%% 1’? 09\' arrive at a
si gnal j00d2CRigutegl 7 isWeChkivases abémhte roaliedmbddimbietPgae 178y provi ding top
sensor é’ﬁo and bottom sensgr 132 a change in distance 146 between the top
sensor D8d3LEenr s asimpbified sehematigghiagrany of g, gentrohley ceptigietionder pdeMeen
t he,dot LA SHNROErd WP e &Hﬁoﬁiﬁgﬁciﬁtﬂ{)in‘oﬁf 138 are cancel |l ed out. That
is, a change in either 20 distance when both the sensors are stationary is
of f set P44 hEigarcelthi gmplificdschesade dipgraw illusattinghehe Slud adstramingde vice and

function of t.hickness rather than thi.ckness .and proxi,m.ty. |l n another
o o Grealih BF B SRty Toa D AT eToC A RORe e oa TRaT 3t HiF bt ae ¢ o n
downst r gRast PRlre V&M gapRilfdVRadiPbxeniPark hedults BE (EOWAET SRETRRAE ASEmeN

X
optim ze the process settings, such as
rates enabled through the embodiments described herein.

30 [0046] Figure 21 is a graph illustrating the effects of a chemistry such as deionized water,
dispersed to a surface of a polishing pad after a fluid restraining device in accordance with one

embodiment of the invention.




pr essur gamdpat Neg down force applied and belt speed, based upon the incom ng
t hi ckness of the 25 wafer. [0056] Figure 4 is a graph of the signal from
coupl ed eddy current sensors configured as in Figure 3 in accordance with
one enbodi nent of the invention. Gaph 150 plots an eddy current sensor
output in volts versus tine. Line 152 réepresents the signal froma sensor
| ocated bel ow a wafer such as bottom sensor 132 of Figure 3. Line 154
r epr esefid7] Rigusd Z0&lantir 288 allwaaropraphs rapeatathgtinyvaldite whkkitrystocharamst op
sensor 130 of Figure 3. Bold |ine 156 represents the average of |lines 152
and | 541."eg¥ctnsv\ﬁ’{lﬂg%é’°1alﬁ'ﬁag ebad dyripge? sﬂl’PFlF‘@ﬁ echapical, planapzftion geergkgn mn
provi de&c@rcﬁH&s&ﬁﬂhh@Eﬂlﬁoﬁﬁﬁﬁi@fri;%le?Evgﬁt?dn-. That is, by conbining a signal

r

fromthe top sensor with a signa om a bottom sensor, the dependence of

t he si gi@H8bHRigntec?3dis etfhoncehanf disgremsBugnting theghéthdhapearations of AvRRdring Sttim 1
For exappl.e, as wafer 138 qf Figure 3.moves clgser to top senspr 13 t he
o g e ogeoE B S A Taaleciient 11B8 oy aire it e FEb RGN 2 BEer

to the {Qentgnsor. Thus, the signal intensity fromthe top sensor increases
accordi n%lﬂ%lla_s illustrated by line 152 in region 158. At the sane tine, the
waf er | HOABL Figyreaddyis far Bawt eharthdiagam dliusteting thee methodeoparttions ign girovdding

i ntensi M fr th ttom sensor decreases simlar to t.he increase.of the
o gnat ieanB SOl ot G TG, SBRIAREF sttt Mk QOHER FiR onb o
158. Copabeligwhl of theaimvameinage of the top and bottom signal intensity stays
constant. Since the signal intensity is linearly related to the di stance of

thejgensor t o BHEAPRPEPVESERIPEION OF THEPREFEERED EMBODRAINDS Movenent
of the object Toward a fIrst statronary Sensor IS offSet Dby an opposite

change [0950h8exssdl eemplage embgdimgnisonfdhe inveation wel obves desprbed inodatall witbond

stationgt ensof. Iln turn. t sensi ti vit f the .signal intensjt .

i ot ancRisreRE! o e dedambifing REG6RS o b bt faflrRnd St g Rs: el
terns ofiethild &retsbi fkAEASorddd t0\iréd e dithérange uhdedapansaest tHehprdseht invention. It
measur enent capability. [0057] Thus, by clustering a sensor or clusters of
sensor sWill PR Wndesinedy ¥‘@W§Y@t ith @na rididledvisr eyt clhad ihei Brgsent SN¥etig Hag dfsor
enbedded., L& i 4 00l .t | r
vor B g SR HELEE 18 b o ol Hl R O I Bl e o
r egar di ogerativms hawouet baeatdes@iteddpin demiiSn emdyraionto uiietssas]ly ebscareche ptesent
measur eent . of an i ncomn i.Imth) ckness, or wafer, thjckness.is provided so
That T e Blvel oo e B SECusPR FoR¥NHY theoRackeiuEs Of Hifp e Wy

t hr oughgRtig@l i bration setting. Furthernore) the sensor cluster can be
utilized as a run-to-run process control where a wafer has a thickness 20
profi | e[00R%l Eddy owpgnedeimpra(ECS)sellove fisrothe aontattless encagfiring nf arthinamgtat figm

rofile,i.s downl,o d int .controller, of .the .process,tool to.custom ge
Phodd; cidot R i an gt BiehRBtS b it R SRR R T S fe
t hi cknegss. bded M@drmieduthet BCSSard c%*::iﬁl’é of ip@&i(ﬁﬁ? ekl ndlicAdeaibngd f@ina wafer
al ternative configuration of coupled sensors for nmeasuring an incomn
t hi ckneB©Vige wndgaftgpicdr lopfing, fohotesc velaeitic e Tergiosndt 25 pesavdgi treprrfosm e
i nventi QF r S 30 .a 3 t
vort1 oo’ oS Aol apdHyR it hACHRE Rcel utlAeie ! MoRBHE me
the si gmavemétiofeenwieeciroi akeéh Mdhhnge sErsmbduc dihidkaesrofiledtaeadinitdn be

applied for each of the respective_ sensors. Additionally, a phase shift can
be Zppl NEBPL ST sensprsiine cfuer senfdgration: & gramplepyalepaligneky proyide spryemsakia

overt urng, & R %ré?:ftioﬁ Hﬁd $ 1904 rali¥l '%Qtigﬁgh‘éé‘o?djhgly? L icmsg;?g? sHHBRICER Eééﬁf{i‘repf

30 the signa Ince distance 1s elimnated as vari a ere as descri bed
above, 4 Hackesp@abfilenifensafeywhide thefwafert is onderfoinp icoknemsautGhated o afes handling

mat hemat i cal equati on: S=k(THK),,. where is the signal .intensity, k., s the
Tonert Een o34 Bt RBiep izl JHickCey ol caeh BE ESnUples 40T FEhoy e o0 the a
i nt ensig)ﬁp@ra,ql adeG/nigtg&%i blio‘éésfs)éa&B@Bﬁﬁrﬁiz@@?or@ﬁ@thm% ﬂr@ﬁlet he above equati on,

t he thickness can
30 [0052] The Figures below initially provide configurations for an incoming sensor or sensor

cluster that measures the thin film thickness-dependent signal from a wafer under ideal non-
disturbing conditions, €.g., non-process conditions. This thickness can then be stored and/or

communicated to downstream fabrication processes dealing with thin metal films. That is, the




LAMPPA11 ax36pal2sglet erm ned through a calibration curve, in one enbodi nent.
This determ ned thickness can be supplied to a downstream process tool
dealing with thin metal filns in a sem conductor fabrication process, such
as a CW tool as discussed with reference to Figures 8 and 9. [0059] Figure
6A is a sinplified schematic di agram of? another alternative configuration
of 5 coupled sensors for neasuring thickness of an incom ng wafer in

accor daieemwig thichiness eai bel suplied o a bindlar hicitickomeasuring dewcefdralt dmmnistresrhe
sensor Eilu_st_er is configured to determne the thickness of wafer 138 al ong
axi s 16HbEFataFPIe S oL ha sysormssaciited wHE dhesdovapiean dabrisationsprocess €71 IsRSE

such tha; | Sk : : 0 i I : :
aver agi au TG SRS (AeAIhE FRRE ROk 1R kg iR bf AEBIATRIGITHOm B
consequpmtesgingrentiiook reedsvantl brhowa ibs apfiredi6@ditlsat chatlester afsdnsokereéers to the

i nt erferenl():.e or sfugpressi on of thﬁ?fsi ghal s between the top and lﬁ)_jg)t(tfl.om
sensbr s QEOHYHONOI LA OE e IS £ AT e s mESOIRSICHIPTORIEY - P @18 FFDBREIN b M an
axi s of (HeORnSRO AR joined: infREALABS 18 §8movddSonsitiy 1 WstaRd. 19ngleRQLRs BPGEEN!
of wafer 138 as the wafer passes through a space defined between top sensor
130 andgdibered withethe serson 8onfigamations 2te. alfhproyidgdibeiadmnda afaytdfesnsaresd Bied ar e
descri bﬁé:lr jinn %ﬁat r det aié ﬁ‘/i{teh rtﬁf erence. t(g Fi&gre. 6B, a15 [}a(%OGrOJIeA:i gure
6B is ag aplﬁ1 PRUSTe 8t in}‘?é FIHE™EY AbiY F?ISSJ%IPB K & eerra’geé’ 4 B’n%I when us) ng an
eddy cuwaRnl ARKEdHallg) tsdeiendsis Ceafcd 8d shdetdt & Aevatdr daldeWoamiterearan
detecting a filmthickness in accordance with one enbodi nent of the

inve&hti &®Y-1n this configuration, eddy current sensor cluster includes a

et weentitsy el fcpifnddhe IR AR o300 ekt sURbE S gl B e |
ECS r eaduafegsai?be hmppal gl stemed der 4 devist@®miplodtkding spaass . Inldddiohb@hen the

representg3 t he readidnfg fromsensor 132a, while line t§73 reprgse ts th
r eadi ng“FIeEHE &FfaBYeciisoip the progessing chappeisian thiclinges SlthaiPFRECHEE WA T8 éhSor

130. In i g j I 2 I :

hoor agell SGrREP AT piRle qblify SHARA BeddiOLP RO Redit et AP Proctiing Beran.

fina ahecadinglysndjnstments cae e eselptte thebycipe nbthe GperaGom phsed Oh the fegdbackt €4 t he
various positions of wafer |38 as, it sses 25 through the sensor cluster.

o o edrar oatiting relts (oo PP e Lo e b R O T A0t el o

~the gramesiyid 68 Sbddithent, ta SIPWyScRethaPRIcRELaufbrdMiAl cloS& fop doRREI Y aOf

11 volts represents a starting point correspor]digdg to a thickness of 0 as
t he waf @maiingshicknebnhel awatuieprokisied. T eyst¢rg nadledestaaifier earmiersdispusedarasr
edge pa .h h 4.he nsQr. ¢l. - . Then h fer nt |

T i aaansing 40, PRCARESRnel L Ebieneed Y palplB Mol GEMAR WER 008, ,
t he@vep@gess dadivider apiesailids alk¥ndor Bénfighifedloaittect &kighiMediyatdigeathycknpd3061]

Next, the wafer is rmvedéI;JA)_ by 0.020 inches. Wiile the signal intensity,
i.e., a°lfherfdimndderdgns dpdicavimg the dhicknessiofihg A dnelndes, bird kadyeefiectinal at

0 thick . : o [ | ool i

From bobtory LRt LonBER Bt korip P RRATER, e KB s {F RS M8 schBFBRph
t he avecagputeripicesigired tdydjhstnie digial indieating the thitknesd ¢f thoddmaindm theheensaf er
o AR 0 Qe S-S mabPL Bl B, PR L

i nt gasi wcléle%rao@&ﬁp&neﬂﬂ Sﬁshsg,{b%u&t?%ﬁicms $3dPoree ?d”'@étex%iiﬁ&i‘ﬁﬁérng% pRRANRg t he

average of the top sensor signal and the bottom sensor 5 sig remai ns
pract i cepdrgtiamhtegadende. of thindebaslidsvehigh ooams iraerfere Tids theasignalintigormadeddyove,

t he sensor cluster,s i a stabl e distance-independent  .sjgnal. where the
1ot amcastisnt sHRAGE ACHERY SRRvahy Sl Gotigindl FE LAy € SsPinudlif BRtra §he' (o
and bot {2980 &itd iR pdl’ifsﬁi%?tp‘éd Yeprodided.i Te SILATEIMNErWaYedm IR dRE aGTui® ¥elfrainin

variation of the signal fromwafer warping. Wafer 138 then noves out of the

sensor @4V avingsa Hesppide end p geqoagisish. The flnftbrestrainagsleyica iscapdigyreddo create
sensors t 1 h r n.exjt. .t iated
*hatr o o HhBh 8l 3 Porinite Bocnia BRI vy iR LE 36 AIRE ELA
as descthelyad asithé pad speovingd Fieofluid réffairAng tayibe of furiher oEnfiesl tooprokidgur e
6A woul d yield a supstantially constant average signal as in Figure 6B. One
ski | | edsybistaptially, rynifgrm shisiyr dasient @ver nie  pRlshing s folleving Benseiredidsi « h

one bot Hgh&RAHP fro %eoﬂﬁitd; F’Lga‘iﬁi‘ﬂé%evic@’]? PRI HE OS2 R0 «f WRaROL LRIy

sensors, or any other sul




15 confLgurmtism to of fset the novenent of the wafer so that a stable
reading is nmaintained. [0062] Figure 7Ais a sinplified schematic di agram
of an incom ng thickness sensor coupled to a downstream CVMP process

t hi ckness sensor in accordance with one enbodi ment of the invention. Here,

i ncomi ng thickness sensor 130a determni A&s a thickness of the wafer and/or
thin filml40 over substrate 142 of wafer 138. The signal indicating the
det er m dedgtidnhireginess 4 sluPy sugmannsde stgseh iro theontifatd shund4lyerd o tiffengntially
controller t 4 co ni cates the signal to sensor 130b, which is enbedded in
waf er cHFP ef?ﬁg%ﬂfm% CMP process. |In one enbodi ment sensors 130a and
130b ar mossiiyighiie' 3 8N sisfIlgiel Schednihti@NMRAdEn FEBAMEIB M sorsSRP $iRasurhe0RicRAcs 1300
are infrared Sensors. It should be appreciated that by providing sensor
130b wi ethart Ineoming wakes én efcordanoeriwith evef embadd@enteofcthe iimveatipon Toprserser 130

perforned £ Q substantially elinmnate the sensitivity to.25 the di
bet vibenithistiolh SO0 7 ik boflpdrd & Riovi 4 SERi g tirhe S fdmbt U R o
sensor Th30R: 2ifbolRicRE, deRSors ABODENT AYS akle RUIE JUfERT senkdrd) | WRfGOITR eschidey
during wor Ki nqﬁcondl tions or just due to the inherent variation of the

t

t hi cknesibstgate i apd mpgtarlayer| 0. wivkig H 3¢ f te sensoryiseadfschfrony axig 13§ of batterar s
Addi t | ot he di . : ishi

St ai nl etz Cre AN n® R AR AobiREial acty BRI B BRY 340 Alllorom
si gnal sensbrcl3R| whetelb@tiBentdis alkenakly cofrenteastrs) ghaglibaromaBedaficldeprodedd by

calibrate se r to substantially elimnate varjability caused b

pol 1%hi Wﬁsﬁégggﬂéigﬁﬁé@ naﬁfﬂteﬁéﬂ’« &F o STRICS 18a¢h P acWhP’f?etLEiiféﬂ'é‘WG@Sl%et en

t he top | j shi 40 73 L i E ) : 1. SG
14 0GS] e b B B WfAs 34B AR BpRAAT) obe Sels Al cpcur YETAL
enbodi nenatiods, howevieoxs wigl bdexplaieabba ewsdiustoantd et beomadel mwvmatid sFpprasiipn

i ck I [ 7B | ust i SL f t
Cencor 4t SRtbor COMPuMsrs DKL 7 4h SokiprioaBit Yl Aehoothi0di i I8 (RS
cont r ol ¢fbodidhdnt, BAtolled 19U ik %hﬁéﬁ@&' 36 "re&di WS kiBhals $HEh s@fsold €35 @RG QB4 GhEst er

5 of Figures 6A and 6B, is provided to determne the incom ng thickness of
waf B 138ergringp thinkness pf waferd38¢ It shoulabe rppreiated ithat icontroliertiidd ayertaged the

[ wi.th ref i
07t ool Seu Bin bifef 878 Yt ke o oL SBUGR s &, RRiBBorar B, Wafhe

of waf eFurifl@Bmoten, BV preidingidfe Bénso 030 hfd beftork 4éndy 33gLshdnge is iddidlce flaem
bottom sensors 132a and 132b in order to determ ne a_thickness signal for
t he t hibqtieansthgfopeemeer andean fop surfasepiamafenddp ofa ehspee éhdistanastdd betvetyWet he
waf er . ﬂ&%ﬁ%’&ﬁ@ﬂﬁ% fb&@hsrﬂ?ac’égy? “B‘i’érh%‘ﬁ@{?%%lﬁed Sut! A% RVEE iefil,t e
signal fromitop sensor a to determne a thickness of wafer or thin
filzn 14distafice whérhbatk nies sensars tahestatbanm isi affseebly the @rebetided the nemlingk36hhat As

mentioned aboye with reference to Figure 7A, an auto calibration can be
per f or 186 SER! Se Aot TSeoRnt: BiamessogHer (i 3901@68% A SERHYe Bt the
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of polishing pad | 78 and stai nless stee acking 180 are substantially

el i m naasedl CMRatool, sp thhtethgudaywnstibarh raodess cemmphmizpetheopnyests i sattings,| suchree t o
adj ust the E eadout . for variation . in sensor, proximty due .t. ad- wear or
ot hor - rIGHI Sl dE for s tiLieteph BFlbeiiobasen fon the inoatee tideREnpL e

di spy acguepts. [0064] Sensor 130b of Figure 7B is disposed over spacer 175.
Spacer 17 ligned with the 20 bottom surface of wafer carrier |74.

S cer (9561 Bisumos et of thesighob o sonkd i gt sensors s b 11
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appr eci shedsh dubait irs peigevershs inp Qihel €52 fepwsardo thefsiinab 808l schaétlotated bedmns & t
and receive signals indicati n? t he thickness and proxinmty of a wafer or
fi | m onVafehardr as bajqrysemspr WA o8 Figtae enbbierirt ispssents fier gnat AremRd sepsor

L YStrb8ed aB60S e 5fe§‘§ﬂc°1-105s W Snor ﬁﬁcﬁ’/ﬁ B, PROAERRL 196 ﬁ%ﬁ%so{heor
sensor cluster can also be | ocat'ed post p%ocesm ng to provide

i nf or maavecage@d hineg UF22ahd 4. ip will be appar¢nd-to one ghildakmsthe arttthailline\MbD |peovidies

i ncomn hi ckness al |l ows for specific recipes to be downl oaded to the

pr 0005 < FBIRGELY SOAOH gty dHEdS ¥ SR RIGH e 1R P9 dsn sigh
post  CMEofall BdtRbeS Serdbd, BVSddpehiddnbe of Mesfial 8 1 digice3s HetaRber dHnanass
variation determned in the post-CWMP thickness uniformty measurenent. That
is, the post-CWP thickness uniformty neasurenent is provided as feedback
to sensor 130b, in order for sensor 130b to further fine tune the
calibration settings to obtain an accurate endpoint. In one enbodi nent,
controller 144 provides the feedback to sensor 130b from a post




LAM2PA 11 A586p41 Ds&MP sensor cluster. In another enbodi ment, the eddy current
sensors are commonly avail abl e eddy current sensors, such as GP-A series
anal og di spl acenent sensors available from SUNX Limted. |In another

enbodi ment, nultiple sensors can be placed in the wafer carrier of Figures
7A and 7B. The nmultiple sensors can bellinked together to detect both wafer
proximty and 5 netal filmthickness. For exanple, a capacitance sensor can
be i ncl Hoeckample,rws watei38 af Figare 8 anoles elosen® opdieat@ni3®, ket sipeah indreasemf er

and t he_ECS sor. t he capacit e sensQr is linked to t E sensor,
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from a PUBEEAIMOPE e OlomL sCOSOIsdTeases SRHA totpn dncepse P fcodgngl Rty ST Ral

f rom anthedely seabér, 8Nllus@RE@by lifle IHLinPELIHRNEE. Chnsqhéitlyd amBiethgedstdle topub as
the stainless steel backing of a polishing pad or bel't, a wafer carrier, an

ai r beaPotin sigeeb mtensity, stafs eonelent. t Sice the signe} éntensitypisilineerly releicdnie @ent er
of the hne r.epr S i L, .from.a rre

censor oreRset kSenti o BELERELL b FLUBR shisg vl BF o BlEEdt e
sensor chjestebyaios figdtataidnudyt entdids difyaAhs ad bppostte Shamgbaindintedsity paissd by
approach of the resistance neasurenent. Additionally, the percent deviation
i s W t hmgvementxfthe ebjert apeas BpwEp fRFond plationasy sawer. Whaps, bgsanBiviphel the

triangl j f. o AP oTo]]

[ nos R HERRHADRhe, & dinih GEEHE ERNERR J S80S WEh bR ln tifhs

i 11 ust raftidisn itdkypessuproenies dstmmors indegesde intfimcmeaseteatendcdpabditgnal s from a

t ypi cal | Sfange sensqr approach. re, lLine 190b represents the signal

7 om a WOSTLIRE 35 SEaee RSP G sii5ith of IIES 0D o 555 Go BRTELE: B0 gnal
from anygaGe EsHHiRHs, SRASAa WrsbOsthbddagd R aSesteLcffiePot RigMPTBSIathePQRHYor |t

shoul d be appreciated that the wafer nmeasured in Figure 8A is different
t hald t hepefaiingr unden sorkang wordijomseca@e gdibrated rembBGSacsumptely provde olfoedtipn25

correl a ith the RS75 . sigpal. That.is, t per cent devi ation be en the
= onal oteBRrallsh e P o Broced Bhonofe, o Fu PR AT Bl s BrtesEl OB
ski | | edintomingefibn tthidkhdss a@pweRt ahiekdddatis tpaevidd Bé ShatinhhRrRdScabed Dfddri nes
correspond to the edge of the film i.e., edge of the wafer, and are not
consi dePEEEsader @nditipRs capdwssqmpsngaed thropgh & eplibption saiéng: atuggernore, the
cal i bragl . S f 3 ! C film
Ehi ckneShor i et BUSAE S 4 BRRa GRS Rt MO0 Hald ol o BRRGEss
I eplles epriofilecthét ik mapped by e $isst aénsopppdustanst seirassiohe ptafile Ewiddddad énto a
readi ng for t hi ckness_wi t hout, the presence of a _third nmetal body. Line

th

200 r epfREOHESOLthe iProfesth ook Hoeustospize Yisjapcesh,Furh @ 4<ME) ppesds-HesemeYE dge
readi ng.dRLt Lhdtnt LREEK MESEhkd) the presence of a third  LAM2P411. SG 16
metal body. One skilled in the art will appreciate that the calibration
curves WAR8LEgarsp] iea stroplified sbasatic didgsor obenl altbowtverborfigueftenesfomupled
Figures 3, 5,.6A 6B, 7A and 7B. Additionally, calibration cyrves can be
Genor ac RIS oL Measing, ab DR Pk O ViBper Tt dbtrtimseneie 6,

I 1] 2551 r @hbotBmBut GOHeSin MHtdbnaNder@Otop RAK: 130 BRI bbttdrh | sBsor A 3R ARGRI thEisaee 10
is a graph illustrating two eddy current sensor output signals during a CW
oper at | Giti¢H agiscldPpdp ordrrio feliminash any widrirense @r isnppressomdeinibe signels hepeeen

enbodi t._of A\ Lon. Line 210 represents th CS s over .time
of "t he aiaf a8 KubR R, airkeM TRAEER! GRCTE Soai for 2afh 88 Ths RhBEoss

r epr eseghsort.he\ddirallghaphaashift caebepplia 40 tikl thrROwO0gaseE atdeuteil Siase.
under goi ng .the CVP operation. It should be af) reciated that the region to
def i ned IR i8O8 SERSOE OFaIAR g et of dhgsignaltlye W%ﬁ@llaﬂn%tﬁéum%éw,n athi | e
t he.q eai : ere:l lne: I; r . e .

Por 2 gL Rl I Sihed Ristahpe SERRKERCA S, SRRARINEL W ASRILLLIR D P ihal
over burigemsityfs & funclieradf thickndgse Sifited he awadtrmatieal equadd?- S=k(FHKOswhés & ise
endpoint of the trailing edge of the wafer. o skilled int art wll
appr eci t&? élgflﬁlaﬂfltef‘ﬁg)"ilﬁﬂsg]? ity SPetEFeat ﬁ‘%ﬁkﬁé lﬁﬁt@ @dd@gerieﬁ]t’? H&4af er
carri eri_n‘dénhilty NaEind s@ﬂﬂﬁﬁiﬁuwﬁﬂé‘ﬁt%é Rhiown for the above equation, the thickness can be




15 det er miiosigs@ renoval rate. Additionally, the renoval rate variation
between the | eading edge and the trailing edge can be observed. Were the
sensor is enbedded in the wafer carrier, the sensor provides continuous
real time data as to the thickness of the wafer or a filmon the wafer
bei ng measured. That is, there is not d2w ndow where the sensor takes a
snapshot once per revolution of a polishing belt or pad which provides

di scr et delemaiacd thiiguphsa calibeativiivaticBndte dobaiseit Mihds daémpiinedthivkinds can be
cont i nuous _rr&asur enment and thi ckness npnitaring. [0070_1 Figure 11Ais a
graph ofUPRHeE P r deynptigam PEISey taol glealingygathy Hm gnetple fifrag i 2o ppigORtuCipr
pol i shi ; ' | NORALH - i : i f
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detect the,t eratyre of the thin filmof the wafer bein anari zed by
he 55 SUIPISEaHGPR: F BB nRAFaCE SR THEOPIGS B ThacisrSRe oY TEiAgE T o
11A 1 epeRsedineht st (O HvER ) An Phis bRBoliMen@ Bk S Bstdlis YSHTIgAHS tbAeRbhRiRs Of
the belt, such as the center front and back of the belt relative to an

oper at othe thigkrresy ofFwaier 38 aleng gxia 16?2 aptopoenson 1B Batternd sensgrial 32efand Hé2maer
t enperat ure over .t ipn_accqrdance with .one. enhodifrent of.fhe.invention.
oo, ¢ R SorR0eL HIE o P REE TR BT bt ARl o o B e Fbnde
vari ati me sikialsngoreNEhgoEO IR Santl 138b, the kigdak An®@torisbguepfihakk edkingssohioht akises
11A and_11B, |ine 218 and 220, respectively, intersect the response |ines

gf' | ihe YohisHistesminede P&ﬁ?é@eﬁ@mme erRIPRssYen of e signal bsiwesn theiep and botiers
ohi cn + TASHRILG P! B ook GHREL BT 2P (bdid B0 B okidr fRALH

enbodi nédd., Regionsvdber1 6628 a0 uné 1 dags niwembmiudf Réfer €38 aetheGedfer pussaand
the belt tenperature changes by about 10 degyees Cel sius rin e

pr ocessH¥igeh vepar %f@aﬁgaeweqnstoa_sgerr%nm @%b%&%ﬁ%ﬁo@ég‘i@e%ﬂd%-n@e_
sequencgsnifitand P theRe (oMIaACE3ribdd iH Erdafdridamirt ﬁlfegéfgﬂ’c%lto Pigife gBPPET film

as neasuired by an eddy current sensor 71 n the wafrer carrier 1 n accordance
Wi t S onE)06AbBigureedB ink griph ilnsteatingdhe stEbidity of ant kverageesiged oden TisinpOans¢rsly t he

o B Bl ch P B AT b TS S ERC g 4
tine segisenfbed dithl dndSdnidldatiedt RE tReEiveidid B thish@nfigiRyish, QldytdiereRORRASHT
film That is, 479 A of material is renpved in tinme sequence T2. Tine

“sequenceystgRingBides pifep senser Afprekiwabelldo ssewoh i3 BerdotiibanW afarel 38dravels
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Fi goo e ihdvélss werfiisghe ltevein élliestdhds; Dincal AOVRpedsiteiihd feadingoiislanesson i30a.one
enmbodi nent of the invention. As will be described below, the sensor cluster

) . I , | ow,
or arrayhes iBedddrepsessasdhe radnadeom sewepdseh ebine s represenioie redingiomhe
CMP pr of %Ss%inEtQ Ps\()?tﬁﬁbﬁegeﬂw&ih%ﬁﬂ.tﬁ‘e }i%‘r)lél'é“f{:&ﬂ%é&opsr i E}d)‘isiﬂ‘ eWefiz8q as
they are“delivered to the processing ule or received Tromthe processing
nmodul e. Thisadsyoist thew dubmged® 30k, the 3nal dirod: 28Bor ¢80t Ae fimfl eaveraged Isignal is

processed and/ fers that e.been processed. Robot 240 i.g_configured
Fo accegereaiat Budieriidul Gavh I3k Tucsiates K sune FoNBOTRPERATE d 8 dachiiises

St abi ONghrSiphhthdSsclior didtéer FEPBxMhplal Wafke1383bmdR0RR) 1¥3&nks2RBReF t énd fe
wafer to and fromthe CMP processing nodul e. Region 232 20 represents a
spi n, riemsrseripd ourthe ¢GRD)bymMogiohel64] tlt shld de apprapipreddhatt the BGfareadinguiftidbl e
sensor cl.uster suc s the sensor clusters.discussed with referenge.to
Fi gur es VIR teRtesensS YOl RBe nofy SGRBnSines h , TuckaRs B srine TR BF HRinger o
13 in onRakihDEtrdBThe sik4ls SXBITRE 85 the h@f&%ﬁ@baﬁéy&}&fgh%e 86k Afst@! T¥n Of
sensor clusters can be integrated with aligner 234.

. grat ed ccor di n?I ) as aligner
234 r ot Hies¥alfeheonimuey alopg dhis pRidreiat gaynl pril & tearesericd ét seien 63// t¥pecapspe

sensor - .t ly: L.S,.h { i.e., the footprint
of ? [f-o1e %ﬁgf%%ayesr%%?agp gé%)t%eig&}.{egr@g l‘t“ﬁgg}gg‘iaﬁé@ﬁg’%h{ﬁ%d\%af er is not altered
t o obt ajl@61hBextfthe madferois. mdked aipt be 05E20s hiched. uSVEile itke digaal smedity 1B, a
respect a tool, it should be appreciated that the sensor clusters
can be ﬂl_&e‘gmggg&“@anmetlﬁe%ﬁﬁgﬁdtswakm&b@lﬁr#@rem FEEHi 3 Ortckinest, Trom tamePnsei ng
waf er al3@Belcmes HEdier THE Qerdl BHORLE SERASHo YSidts 435 BRa 96" RREGH&

into the enbodi ments “descri erel




30 or al f@smatéyel y, an array of sensor clusters can be incorporated to
cover a larger area for a nore conplete thickness profile of a wafer.
[0074] Figure 14 is a cross sectional view of a sinplified schematic of a
wafer aligner with an integrated sensor cluster in accordance with one
enbodi nent of the invention. Wafer ali gher LAMPP411. SG 18 234 incl udes
spindle 244 that is configured to rotate wafer 138. I n one enbodi nent,

waf er 1@8alies. H‘e»k»tévérothémmﬂige réésehiet GydinesSITTtre@ning plhtietly tensaanboTh® wafer
surface, of the wafer op sensor array 242a and bottom sensor aryay 242b
each i nis| e meved &Pwp&&)’f%mcé%%@rtéa nyjdpaiat Bathy, Asgerdingly ofhe sigpal ay GsttEr ed

sensors i Ig 5
hi cenetroin (BB StheBt LY paohel Wkt Lfle b Getf fhedich MR bott Ml ERbINEBOR AR
eddy cui32bnbiecomns strongetls Agrabase, dlesmrcrdgedafah@wp sehddn srm]eam:hthe l:tottoﬁl sgusoes 6B
and 7B. .Top sensor arrei 242a i s affni oat rtion of, é

o 1L o PR Grackr ity T ngeth RedraBEnEsUnL pORES Gn TARteR S r

shoul d b&saPRLaE ﬁip%ﬁcé haganibial s@anE@-ihcﬁ éh%l%ﬁt AEhAYwrKA2 32 Atk Res L The QARST
array 242b are illustrated as being set froma center of the wafer,

however fromﬁbe semonis igcleagnt| B the dvqra@ csfeansxprandl bottory & gnrd lof fagts wprlabnbt)fsfemsor
array, ositioned in. nber qf. suitable |ocaty,o r_the

wat ot R VuhE BREBEcRaN viEiol U Send] Gl R oarms PARD 33 BlerPSiss  ay
242a an&tbﬂﬁﬁ@é’@nmweﬁ{src@ﬁlc%ﬂaﬁ rédién 075 6BkreliRd ViBRAls VAR RNEe RakbeRSBBSOr S
of a cluster such as with reference to Figures 3, 6A and 6B. In another

enb8Ydi nedee, ofaihea\xafgr opom exidp K eshedld st amargcéatgfd)rth@ragltoeﬁ 1ﬁﬁ 7§ pfaFigaip ©42a

is the 5,d

wth roirante PRel! oSGl R PRGN P MLATRT HleBR0n” A LBFY RERE
arrays mbvémgitref Plguraréex wdulDneldnd satistamiialy bmmmtam’agemgﬁ%s iAsFigmet6Rned
above, Ont!éﬁl | er 144 ilil conflgggsjred to average the_signals fragmthe sensor

cl ust er Opp skidedintha ertavillappresies that the iiensiy @n bejceniigred v tomsensor
pluralifyg Qhe Steg%h e 6&{03&@%@ Rvé; WeBRD I sofY, 'Y ard 2R iRkt oM
sensor array 24 Thus, I1;'er 1 I's spinning for tﬁe al 1 gnnent

pr ot¥es scorfigerasion smoffsat tlm/mommtrabthb tvmfd:ﬂmdkatmbﬂﬁ whding iofaintenedaf er

t hr oug ensoy cluste n¢l uded i n the, sensor, ar s. In one
orbod, 6! B T Fua SphTied ShetiBfio deranh ol Sroteomine nekisns SHreor Gapled t
oper at i PRHWHEEhAENIP rdBedsSthR&hAY RabdrVEr Gbotdincd6iith ohd &nSRIBHERT ofC AR
store the thickness profile and adjust a recipe for the processing
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pressure beIt speed) etc., can be a]g) usted for a particular wafer.

ot her whbiQs Whichck epbaddessin spdersaarenr 1d4rione CMR prepssedniose ealbﬁém@qné éﬁftﬁPfS _
waf er . g%q% a%‘a' 140 daré @d{lﬂ&ﬁé&t s%%éok 2RPL R %b%ﬁﬂﬁ?g,o%g%ﬁr 18pa hl—ngdlggtzd‘aée In

comuni i on vm anot-her controlTer or conputer
proces Slnﬁﬁﬂfd&iﬁhﬂ:ﬁls attchhpnlalvbed@ptéa:ﬁtédnhekhepﬁwmmg sdrgot O3Atheithtthe thicknagsratl | er
or conputer, [0076 gure 15 1is E nore detailed sjide view of the sensor

1|

array CORPEHIS ‘ﬁ@fe% ﬁ &r“éillf"fﬂy%fca% performedde splstantially elpinatc e iersit ¥hyeto
enbadi ngRta@inck MR ANGAL s53or T fie W2 Sﬁ{bs%[naﬁflié?Yn th%%t@&ﬁ-s%n%za

inclTudes top sensors 242a-1, 242a-2 and 242a- 3 ttom sensor array 242b
i ncl udeBthondonafee h¥bem 1264@&315651 by@d&h‘eﬂfilmﬂ% 2d@pre3sing duong weﬂbogi comhtionsach

of the sensors are .e curr n. t he enb ure 15
Cop eady” Ll WEREaTu Viraten pEEE TrGinse 6 bESwERARAY BBEn S ba gy B8 en:
sensor s;0f3 @ilkhbigker LaligeHangf the ANSMLS beﬂ%wwertop 35 pHlidHRIY pRNES AAQ¥Enledshe
top and bottom eddy current "sensors can share a common axis b
steel backing 180 impacts the signal from sensor 130b. Again, the signal indicating the
30 thickness of incoming wafer 138 can be used to calibrate sensor 130b to substantially eliminate
variability caused by polishing pad tolerances and pad erosion that impact the distance between

the top of polishing pad 178 and stainless steel backing 180.




appl yi ngagomhpsg shift between the top and the bottom sensors or using a
different frequency. [0077] Figure 16 is a top view of the sensor array
containing a plurality of clustered sensors of Figure 15 in accordance with
one enbodi ment of the invention. Here it can be seen that top sensor array
242a includes top sensor 242a-1 - 242ad8. Bottom sensor array 242b incl udes
1o bottom sensors 242b-1 - 242b-3 and 242c-1 - 242c-3. Thus, the sensor

cl ust er B068] Figares @Bs B a avimplified ecleniitic gdingdmasf dasalidriveiieWhbodivter ehag to
Figures. 6B and 7B. As wafer 138 rotates in the aligner in the d|re tion of
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I n one enbodi nent, the nonsymmetrical placenent of the corresponding top

and bot refarenssriedigures 3 and Sgan switabld sensarraiustery thet gen dleo &e megcetogdeteringithaap
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accor dance wi th one enbodi nent of the invention. Wafer 138 is rotated
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fluid 2thiit fibw 148s t’m&; thickgesidy thea AfEnpliesse® agiaddsd sgnebi E30bngApadnidtizd
creates a slurry | ake 264 upstreamfromthe fluid restraining deyjce
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268 may 1 nclude a reservoir o lurry and a suitable punp t Iver the
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fluid fl t d 2. 30 Fluid
o' nozsPEisega: |Ehd BEHE G Ralifiyor sef bRy tn TEaRh o Aiisb i BESLOre
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In one enbodi nent, fluid supply 2 may i nclude a punp or sone other
sui t abl @e@{?@mr-lﬁ%éhéﬁﬁl anjcad ilispdacpmentsur i zat i on. Thus, the |ocation of
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operation. Fluid restraini devi ce 262 creates a uniformslurry
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fluid flow restrai ning device a uniform er o s?urry E glsposed
over pospastr Y padidey 2. winﬁowkfon kehsbe laﬁptoetrmahﬁdamdlﬁicemw@alst iabicetime g1res

may be lll_]? dt eliver f|UId fro f|UId %ngly 270 to nozzle 260 such as
punp, ai¥¢ %F%‘s@ PLOXIRyty of g ‘Fraﬂr Ym onfWHel- very of slurry to nozzle 266

from sl Woey) suHR! t}ie R oIRYenBEORE AR 1745 AR 7B IR §@¥ns%i" ok 38isBr E‘Rx@t’é? for

Furthernore, as fluid flow restral ning device 262 provides the uniform
distri bwr@vﬂPoprosetsamgya Bonswv @ sp@br s]rustwg cpaclsp 7R, lochted cpolstl bR puicessing toy

supply to n not, have to be an instrunent recise

ci o0 e i BRA Sprnatel SR BrEsf SR Rguh BadR Fottaabhie B BERSIES, .
punp mm1MC%%onﬂ%bN@rredlﬁ& t6 bl dbwnicAdéPzhe prfebss 1861 ddtindoicdmpendarct ed
inslurry Iake 264 and then uniformy di strlbuted t hrough the confiquration

of f1 ui Wrianyvineemingafilm riickuass.cthe 7@t CMP thickness allows for the correction of any
30  detected process variation determined in the post-CMP thickness uniformity measurement.

n
t

That is, the post-CMP thickness uniformity measurement is provided as feedback to sensor
130b, in order for sensor 130b to further fine tune the calibration settings to obtain an accurate

endpoint. In one embodiment, controller 144 provides the feedback to sensor 130b from a post-




15 [007RAndp1i P& enbodi nment, fluid restraining device 262 is configured to
allow nore slurry to pass on a trajectory depicted by line 265 that enabl es
the fresh fluid slurry to reach the center of wafer 138. It should be
appreciated that the rotational velocity of wafer 138, along with the

| i near velocity of polishing pad 272, ¢¥eates a situation where fluid
directed at the center of wafer 138 is pushed off to the side due to the
rot at i oOMP @b Cliister0 fin aheth¥@difiioditent! thateday thtddit @Bnsolare cBmmonhiesailabler ry
is dripped onto a polishing pad, the center of wafer 138 experiences_a

| over redfyVaIrephseasergesuch ag GRedstericy ppalog displaseraent pemssrnhayailoble| fegm SURNK t he
center Wanf - i ; I f I

ol urry SRR dh abotfer oo iiefir RAMA Bnsor 3o bEprabid it SRR RFC 00

di ff er efAiaall 7B=nHuealmulaple Sehsorpednt beoliskealf together foadsecd botkatvafer paBuimitn ahlii s

configurat Léﬂ’bélg‘g zl e 260 may nove along an arm extending across the width

of pol i TR S 720THXAMPIC & CRRACHANGH SFHSOFéP‘éP"eH&?H‘dFQ%FF*GM%crl‘@mW@ arm
may be gagbhfifd laetﬂstQﬁ/cealSBfw%H E@bévsfgﬁﬁﬁmhé &hséh. SEﬁ\@HhéTQE]gIcita:ﬁ%rééﬁs&qfsor’
etc., in order to direct slurry, deionized water, or some other suitable
flui d ohnkeddo therEGQE eengbr, pul dishnosgap bd poreddottst E@Aiserfsoom f 1 ui d f | ow

restraipy levi ce, 262, Ln order t.90 mani pul ate the renoval .rate lied to
o er - 18BOLERYCE BB s wygestty dMeffBnE o barqttiar e Herbiendl Himn A0

di rect i @riytawdhdsen¥s B a S hikhess\wal %rsi%égfﬂoﬁq £ RlaRdlir Gos3Rivah Fithn thicknedyi S.
Thus, the relative velocity experienced by top section 138a of wafer 138 is
gr edt er mpararedné deiraiin sasoidenescivitly oax pmbpdimeatiobthc hovengan.s binei K9 ald8gure

mor e 1 repHE RO REsTR Monl R abieHair i iR nuBe 307 102 MedetRs "
gr eat er sigiad fiftim @i edéptirBend @brivgr BXME prévBaaIofad thitdemetaPbsdyh abdh 4f the elatnless
LAMRP411. SG 21 272. Thus, one function of fluid f]low restraining device 262
is to cfsldueeking@f @i ralishipginad s delep matermgrierum figbepng Rlads eichaha kNP ng

t he deby j .ng
the |1 15057t R ol AP AERARNEF B IrEE, nclSl Rkl he im0,

Anotiher edalyvanteagensdr withoud tHd pesenhes of athirdigetiébode Phi, thehiddy coayniadeasrbe
referred to 5 slurry restrainipng.device o | uid restraining_device herein,
is the ﬁj%@&ér‘ﬁf’{fﬁﬁteﬁf‘”}tﬁl rt _%ﬁ‘%%ag! Bopaa Lidegt dotroRtint @BRIPaTH g&éﬁ% Geyiance

di scr eefc Rpendi. ﬂd&it(dﬁaﬂ#,stﬁg ShcBak deVilfoni§ withle +7892h 2aEililiffked By BifRAT ed
through the use of fluid restraining device 262. It wll be apparent to one
ski | | ed196 wthgee each aftthe tiidnglez ebrraspenflett a ddautncs Hetwoeant tespegtiesy points on the
distributio i.e ., .high slurry sections and |ow slurry sections fromdrip
del i Ve?@“@ﬁg?‘éﬁ&“ﬂﬁfﬂﬁq&aﬂ%&di fferent local tenperatures, friction to
coetd i Cj0OGTFigttel §B sRAllarBhBRkSitEd &y ARFeAb béHoAflehfifemEHte corfrélh@d th RRmaRt hod
of dispensing the slurry has no inpact due to the fluid restraining device
262. Thiem;astypicplicgistaaes seapern apgrateli Elsre dme 480k rapresentsdhasigua dram adyriedly
transferr. 0 [ WM ut i i . i t

supply I%Eﬁ%n%ﬁ Sés‘{l}giﬁg@{’%%‘% a&nﬁgemlgﬁ 2 ‘lygse%'t'ssu%gl %}gﬁ% l}gﬂ}é %ﬂgﬁé@;&%n&s%‘lﬁss Turr y
rates awith@wtlasprdfenceibt g tidahinkabbalys I siuldbs apprévidied aad tHeomerer imeysubs iused
to mnimze the 15 consumption of slurry for the enbaodinments described

her ei n. FiAUTaA |s Eererbiban Hisdvalar merseradatigyre 8 ohgait e Kot aigntldfnh sloselyt e
may,Pe SRR . L0 . [ VoS .

fl a?kjli ng oua?égo‘?&?ﬂieea?ﬁﬁglgﬁ zg'r ﬁg’ﬁﬁs{%g %&IH(%ca augﬁr%{n‘%%g{ il{gﬁ&g?axf@ P{Seé%%ﬁrllly

sl urry Wwithim &f 56 af lilhistrared Hyr wiangles) 166viQee dbled huthepari oill apprpeaidte2that the
engagenent, Wi th fer . 138. Additiopal]y,. further manipul atj t he angl e of
T oraer Bt e e e dmswaStresp ot Gshd el s Rl epipag PLIE BT AN ot

pol i shi ng BAdddddas telleag@p between the fluid restraining device and the

pol i shi n% ad, and the engagenment curvature of the fluid restraining device
rel ati vi#063l Figerep8| is shigraphpdlistrating proslibmton wurvee forf drexildy Ichtrgntasahsoptirons
as to inmpacting the renoyal, rate. Furthermpre, fluid restraining.device 262
oy be CERGHLES copber M AEIrGR 1§ acc i SO e bdimbEron P FoBBpT LG8, o
17B is p08 alpk@emstd ¥iem aRlRAesEBIT coppert ARl G¥PasyGARMBTS Noligfefame fop thitgur e

25 17A. Here, fluid restraining device 262 is _shown having a substantially
per pendihickngss without the presence of a third metal body. Line 200 represents a film thickness of

copper and the associated ECS voltage reading for that thickness in the presence of a third




orientaf h@spsiPs@ | i near direction of polishing pad 272. In addition,

nozzl es 260-1 through 260-3 provide the ability to create slurry starved
areas on pad 272 or augnent slurry to specific portions of pad 272 prior to
t he engagenent of the specific portion of the pad with wafer 138. As

descri bed above with Figure 17A, nozzl é6 260-1 through 260-3 may be noved
in a plane 3~ parallel to pad 272 and/or a plane perpendicular to the pad.

I n anot hetal 85DQAOHE Bkilled inVBe it WAT AhpRéci &b BRO tHd AMibRbA cuhd8 can b€ appliafter
carrier 174 of Figures 7A and 7B, includes at |east one sensor that is

al i gnedthgisersost deseribed e Sfithnisferense 1o ggures b Ggh 6B F AzandrHis Additiogaliyy. ng
det ect t

iurry PaPuhiPes dntElontslB R adtBEv MFLORL s Tphirat ecibal Nee
order tﬁ)rrilﬁum'awlreﬁplﬁpbd&eoh@rmdmbt maime tabe Hnsithgei fic region on vvaf er 138.

That is, where specific region of wafer 138 is sensed as havin
¢ hi cknel0069T Eigures I tsca sraph illRtEHAS &G0 b RUIEINL ERSSF OptpEL SIEWQ iR 3ICVB o

xper | eBRRMd! of B8 By M 00 oL DELAUSH SRuaNESS: eb&nm S§iHRY

sprayin elonlze ter t hrough a nozz through 260 5 3) in order
to cr eatmrelatuml quryz 2larepectents gho ECS mgsdiomded tivee ap fheelchding cedghaf thdavagdrur ry
starved r ]gﬁj creat ed ]2% 54% addi ti o | i zed .wat rnor . SOMe

ot her sEl’i1 COHUA | ey r?H{ESW Oveh e ol the Failinger ed
from noédéeeon@xQ ﬁaﬁhn@&w lag%éc@tnsab@ﬁ@én alpﬁl{du'ld)lﬁe Qppdiitddambi Hel égdhl of
the slurry in a region of polishing 272 that is under the corresponding

noz} esde w@dsh@mntlw 21&§mﬂﬁ’é6gammeﬁ th@ énmediphﬁgf e wafeprvdulerihe rmorngftqro

vt L3Rl GRS e Tl ] 451 Ao L o

cor r esppdidélBgingesTanN@toppet evd‘rwrdém &f &eSldadihg tdIR oFahetyafepMPOGL R1T-0 r@ﬁaieﬁﬁst
with the slurry aug}e mented region is |ikew se I ncreased. [0082] One skilled

in the Betendpeint ghpedsiibng cdseael theuyaies ugpe ykitled ipifie @rﬁéVIU@@P@C’&EﬁT‘&abF €some
th
Ohpensi Atk SRR B PRl OB oo ISRLA ol oy for

to mozzdaemidtidgh fehrovuigate? GAdBtiomylypthe aembia uated/ah@umebthbm thlaéeaihng edgevxhen
not in use.in qrder_ to intain suspensi on, odi rry
may be a@ﬁh&éﬁﬁw&?ﬁgﬁ&ﬁ & dfwk@ ﬁ@%spgtSaﬁr?nl? m% %fcaf%’é | the

pul sat i o GARbYiaLY @&dtlﬂﬁoﬁkfre@ tﬁﬁ‘é tath ﬁé Ed the RHERhWM b the %fér'H?%cfﬁmt &fthe wafer

pl anari zation operation as restrail ning eV| ce 262 controls an anount
of sl urbt;mgimmasmséd That ;sa@eie? 29 nmtraewpuhm’w wbemfthe l3ens@o tgkgnyai sngpshat enced perwi | |
be apparen i in the art luid restraining, device 262 nmay
be oFParsSlusp® of Ribebiing Bt hopAErEhrayiih deE miehRi Re iy ThEFRLS kRt

pol bghi BgkcRBEH efdin p}'&\@d@édﬂtﬁﬁélﬁﬂﬂéd‘sﬁreﬁiéﬁf armhickﬁééﬁgn&ﬁ{@uﬁgz may be
mani pul ated in a vertical and/or horizontal position in order to inpact the

angl e al{l#78hBiguree] b iz staphsflangnirargd R sersor smabméasemgdhm’@mperawreuqﬁ a
t f. 2,
St o B gk B PR Rl L g BB BN By PO, B

restr al thiengt WEMAppeec?fid thmy slivof QilsstiateCik @dﬁpa@m aﬂmermﬁaed aignnh ttediefbee, the
conpati ble with the CW oEeratlon and is capable of creating_ slurr | ake

264 whi Inéraprdoyignl fan felect the tearerateiesaf the thir Ghn&rf thg wafeﬁ beingidanagized pythe

arbou menpespr e gy st Qnt fct 8 Ee AR ITEE AR P mbliforing
conf i guokthetinfrived atgnal stl vagious dovgliens @l tht ibuke, duoh a9 It]nesbnmg fipard addDacK bhthe s,

atopp rtlg?glof fluid restraining device 262 is closer to a back end of
pol i shi V810 @peratole to the di stance of a bottom portion of fluid

restrai [ong) FR¥iCe1852 4 grdbheodarnhich QfenRobi S D@ AmBARmrd Ak ignakd v,

fluid restraining device 2 1s shown as extendl ng across the LAMRP411. SG
23 f ul | adcerdgnee o'vfltlponfp shibedinead 02%2@ invengihn.ul Hetge thgp pradari gmpdraiure tihjbeing

i ment. th t, slurry fromslurry.|l.ake, 264 dri
ool Fnt MG isad oot sl B e, EBAR Soodbof Wi oot Boel Tene
si de of efabbdifRhRbfFEgurdd 2 1 KB3hdDE B, AR VEIReshdazmd, &@%ai@uy iMeRse the keddbnse
t hrough | 30-3 are included in wafer carrier 13 ment i oned above, each

one of Hesssdthe graplppatihe endpobth Oﬁ.Q@-aBSQ‘?E@}ﬂdd@O@ﬁSEan ekhaiis; thedchdompesatuppand
exanpl ewaﬁ?%&nﬂéraﬁ?@%%ﬁ %S&Cilease at the endpoint, which is at an inflection point of the




throughL$ﬁ%a§1%§y be aligned with nozzles 260-1 through 260- 3,
respectively. ment i oned above with reference to Figure 17A
corresponding to a sensor positioned to detect a thickness at the wafer
center may be slightly offset froma trajectory line through the wafer
center to account for the rotational vetocity of the wafer during the
processi ng operation. In one 10 enbodi nent, sensors 130-1 through 130-3 are

eddy curfoly REARNbodiMed HeNBifef ARl MERchafddi) ARt DOIdBLREs GBS Bnd62
may be conposed of a pluraflity of sections, where each sectfon may be

i ndepenthe elt yengmematnis] dhauges Byrabextalfplegrees Kelsuv\duviag thef moaesiagpl i ed t o each

section e used to define,.different slurry thickne r er pad
o | T PRpE i g bt ety e frndlinte Srap €S -1y S Rioe 8

r errpval illgkRingl Be L& RoED lof %_Sdb%(_éii filh W hRAREL Bg aﬂ}@dﬁ%r %ﬂﬁéﬁt@ﬁsor[iﬁ@@éhaﬁrgur €
18 is a sinplified schematic diagramof the controller configuration for a

CVP Sy seastieli i agcerdparenyish wing lembedineanb of iheeimyversion: Héachrafelime eAucwess ekl
pur pos esbt%W? E:?SV& a1 omecg ta:fi‘i's Sird Vmantaeihé ﬁﬁ%g{lt%ﬂ'ﬁie %C%E,or?dsco%%é Q :@é%iro Timg._ |

coor di nates aFious control activitires system

IS in cospenvieCHI iiluktratel theenicihtdn pllfHROpOCEQTPhilertind dequvh@p @l iN0stehick 1y

i nclude an alignnment station, e.g., the aligner described with reference to
Fi gur esbeginnipg of fhegigamoyahefgthseppernfilphe Fhat7s, 48 Aopf mgisrialyisigmeyethinytime

sur f aces el 95, | Finprdcfions ARG AL AobB AAET30 Qocdh@Afiots laliCifBeSS
map of the wafer. di scussed above, the t ckness map nay be generated

t hr ocughassbeated emofinteofrmastariafreracebyd duing elnd tisme seqrencd. UBiner sequéhice T9iidusttates
corresp&gdi ng to tg&t hi,.ckness are then conmuni cated to general purpose

na
conput ef®P% CHR ePﬂféi}“trFé’gr/‘d‘lS‘QRstor ed, such as on a hard disk drive or

ot her Sgyo7aPERust 9528€a nﬁgh qevell scheRdtiél d7€a aBRIPe SYRiR dint Bdlorddhe SYidh fe
descri bed herein may be thought of as three conponhents in one enbodi nent.

For exasipbadimehicofithe swentdorp ofemils be dedctitied belewgthalsemrgr sipstee oy amky efsensor

i ncl udes, the sensing devices, I.e eddy rr sensors, the executi

yst om PG T RSt Bt frpngrir ot e P ASPRERE PR UALG ce
coniy guihadkinedd Rbfllef SR WaRK] & thap aktaRklivéee to dR RBEBSing MBI o\iétavedhomi er
174 supports wafer 138 over i)ol ishing pad 272. As described with reference

to Fi guthe macesyiBgamadulzC, dorticmodiles 280a A0b. i gl d3HE sprtaigr wasEe @ dsor s
o i . ; o o
o ber npfESesh AR Gbard Gl NE D ERE0AAL BRott st B odrBLRD WaLRS: Al bt T

cal cul ameduleh230sghtd denspdnk denessrs va pnghdrataioadsioll asdpplerffe? 208 wayligrer appl i ed
to a signal detected by sensor 130 in order subst anti al el im.nate_a
subst raggb%ﬁ%ﬁréﬂﬁpoaﬁdthanvaﬁeﬁimoaqsio&ymefhee@ﬁv&’ PEDGSENRY 15965 &nsBrERF32ror

| . :
exa?ﬁ; erepWY@gﬁtgiaﬁgﬂﬁ ?i%s%%ﬂis Pé/n(g?l‘gqﬂéfdlﬁé”ft‘;ﬁ%ulﬁ%ﬁ@ recPkdiPthaCf8eltibld sBsor

surfaces act t etected y se r 130. The ot her
conduct ¢lugtebpdichsas thel sedsoraclsdtert mlisssssed tvddl rdfarckientp Bigups| 74 kind §Byadn g2

and ot her co nl sed conduyctive .erial, associated with_the CVE system
hat 1 STRERRR SHED 3% Bt BHF P ol GFEUE G0 S0cToRUmERt | BPRESEIBIey %
gener at @48y cRRRS Wr I af SPIPURI SRR dcIhReGCRAl Bk M%as@ W ikoREr P44,
Alternatively, the signal genérated by sensor |30 may be communicated to

gener al Apeargiogly, ce rabignerr 2344 dotaiqe thehavatasr thel thidkoesscprefile edrehe detected by the

Coegﬁf : Cée%gérsclhagrr) %Hﬁ)l,ln%dac}d?ti&n% slga%\év B rﬁ%"ﬁ:d,df.ié.fi the footprint of the system is not

affected, and the pathway of the wafer is not altered to obtain the information. While the sensor

cluster is discussed with respect to a CMP tool, it should be appreciated that the sensor clusters

can be incorporated with any tools dealing with thin metal films and using wafer aligners.

Furthermore, a single sensor cluster can be incorporated into the embodiments described herein,
30  or alternatively, an array of sensor clusters can be incorporated to cover a larger area for a more

complete thickness profile of a wafer.

[0074] Figure 14 is a cross sectional view of a simplified schematic of a wafer aligner with an

integrated sensor cluster in accordance with one embodiment of the invention. Wafer aligner




[0086] Acpopdigg to the value of the adjusted signal, control signals for
dei oni zed water or other chem stry nodule 270, dantcontrol nodul e 267, and
slurry supply nodul e 268 nay be generated. Thus, if the signal generated by
sensor 130 indicates that a renoval rate is too low, i.e., the thickness at
t he corresponding | ocation of wafer 1388is relatively high, then general 15
pur pose conputer 144 may transmt a signal to deionized water or other

chem st pys fRfMbEspid@le 244 ek id &nbibliditd réthid WaferS8Ndn She Eﬂhbb&i'hﬁﬁt fwasn 138221 €
260 onto polishing pad 272 in order to increase the renoval rate _

exper i eisclhald itm Smlh erz’é’ﬁ'l through spetiasy apt@lgd ¢@ Iart@gtpghmrﬁagetqﬁ theowatr. {fop. sensor
Li k te ¢ i |
L ke Sghd bt LR SRR AN e S IRl P SP Bekeplate iRy

COr I espaiigh. ng‘hbq:lms@rseﬂs%& of B&ih d@a;oarezaﬁlf@ﬁredabecnet@t asagﬁaldhmem@ureabl e
di spl acenent chem stry may be distributed fromnozzle 260 in order to

r edui:e tlttemﬁenef\ﬁametaétfléln@tp\@ateéﬁé%d Oate spiieble senses pysEr IgpnpRsldyCuFRNLRENEGT
138. I I s

ozl o 2ger HpRrbhd dhe Buh HElcB Ei A e, R AR op e ir) SUROLE
conf i guaffixed o areop fetiod of aligdr D3, vldierbottormneensqruinay és affiecd enmdbeatkorn abgionn a
differential fashiogn_ at Iocalrzed eas of the interface bet n 25 wafer

| 38 and®hHic dignely Batth}riz  RRpEHERORE, %‘fnté’Pa"Fni?&raﬁ%%e? @6@3%@rt01n4§?nﬁ%y

| ssue aa8h 0P &b AMSHatciOH Heth oA RBA Pber@UtiRe Fafer WHvidVel, TRAG SO Sy
downwar d force or angle of curvature applied to fluid restraini ng device
2621¢ el and the scItSOpamsl@n‘bZnalﬁhgr gp thdwnsdrracdnm,e@s hofposﬂnenei ulram] minghter phati@bleover
pol i shi ad 272 .do amfro | ui d restral n

ot pul KERPEIEE U IR c Bhoneor e s renid ifits HEMBE R WGr B, |
al so 3024nndndBieth §eﬂsc§rr@ﬁ§fﬂ42b ar&éfﬁaréﬁbettueaﬁ {oprdnd b%tt@ﬂt n 8026 ut & cRieBr buth

order to increase or decrease a sIuréﬁ pIy to polishing pad 272.
Ther ef onewith fifergneg POyFlngGF)ByﬁA@HééBr iangt pla@nmrnamon@aWP afigpesensor of a

mani pul gt | uj t f i on
of slur %&Sgﬂg%lﬁ&%‘reﬁ‘ {0% %%3/'2% g% gﬁ’}{% éggﬁ \A%ﬂu% gb I édlgg%c’% erlﬂgggaﬁs
schesat dﬁcﬁsagwaméféﬂeﬂsdfo&hgmst he fluid rest rai ning device and the
creation of a sl urrfé?r pool in accordance with_one enbodi ment of the

p

i nvent i B97SHERGh of the sgnsgeciusters of ithie agys f) Fpgure sl4s g iy CRBmANisayon &vily a
mani f ol c r f

supply s g(fﬂdl?) ru%} tP %\4 poli's |t%gédr)§§”}g7%&ﬁleﬁ %egs(?drn a]%ﬁfeggmglg%%gﬁié ﬁglp‘ﬂéjﬁ&

af f i xedthiemseasan czhﬁter tbrdetereniwah ablickmeens of fiheuivdfer.e Sh rane anmgpditesentc @ [ﬂtﬁ’zlhtysof

af fi xed such that ﬁ flui d restrainin %zevr may be easi I}/g%éé’ra ed and
det acheffISYs Arqinsdudeddn £ach (9p enser ?16& 21l DANLOTYSERSIE 2B Pris261
i's epnf yatreds 'isospm}x\fﬁg ﬂﬁrthezﬁlgtt%eanPl%BgssVﬁéfsélﬁ%t hfay¥ daf rﬁa?ﬁﬁ@%cl&r@sﬂﬂbfzﬁ:h' ng
pad 272 in order 'to inpact the angle and the degréee of curvature of

restrai of Ay Wefei deopgp thernsaxensitre inddydadpuiuthatsenspr tanys. orie@nawpthOéunmt, a

ol at voIER 4 Bye srlfes SR epRT i wiets3 oty S PRLTLLR Fpel”

addi ti ogelivieRl @ngHereflelid b@dplyr thestblelthd (hREhds8IpRbilg MAVAdHEst iaNrete Ibi @R t O
the flow direction may be adjusted by rotating the armabout its axis in a

pl ane pBICAFISEIZ @Wf@tﬁe phen stifergl Fats. Udsoming Hiegprosesmng apegatiingpiihat is, the

illystr Y.
ratds oRaEMEIATE BOSeh SR dib oftlon Rl B Bl ofl b AL B Bing SRRKRUIGRY
20 pl ot fortiecusappesntidnnoe kavhseafenast il procxsedl. \Fok sxismple nthe pfbc’ema)ﬁahbes $or aThe
copper {:hi ckness represents the thickness of a copper fil mdr S oseg] over a
subst r at¥1F ey @t‘?ﬁr%ﬂﬁﬁss%pb%”; SpeRflcHfre s b%afﬁettﬁ RPN HeR 1 ffAgh
detecte t

AoRls, BRnGHLYEsE Hﬁafrﬁ@&n éeﬁf‘l?e%usgﬁa\g&?ﬁfr af5tidullart ite TORE KRB $n the

di scussed above.” Here I nes 274-1 276-1 represent renoval rates that
remai n fd! 3ppre<nantthaabb13¢m1tmsltlanan beTinuwmmuannicatipn ydtmanother comegller becompreni ng

copper thic nes is different. wever, by _enpl oyi ng. the enb di nent

ooty | bECPRS Mg afssh PRRANPE AER TS0 iR IGITET RIRBIS Bribe dhs-geagopsy or
certai ncahga éfof a wafer being planarized, traces 274-1 and 276-1 are
transforned to traces 274-2 and 276-2, respectively, which then converge to
trace 2[076ITHigurg 45 is pamerepdetaifedaside tvr%rc ef 26 sensen AXraY gentamnm Baplgelity of

removal PRrehip3h e St VITREe Shboqirlend S MCuRRR. TRET STl Af, "

regi on of the waf er associated with one sensor in the waf er carrier, while
the traces represented by lines 274-2 and 276-2 are each associated with
ot her single sensors. For exanple, the sensors illustrated with reference
to Figure 17C may each be associated with one of the three traces
represent ed by Irnes 274 2, 276 2 and 278 The drfferentr aI rermval rat es

. o ~ r o Y o, o o o o o



LAMZPAL], 56,26.& emai ni ng thickness |ayer of zero and 2500 angstroms results
inanoreuniformfilmthickness |ayer across the surface of the substrate.
[0090] Figure 21 is a graph illustrating the effects of a chem stry such as
dei oni zed water, dispersed to a surface of a polishing pad after a fluid
restrai ning device in accordance with eme 5 enbodi nent of the invention.
Here, line 280 represents a trace of a renoval rate relative to the

di st ancefyr ARkAeS &I SnsbiR91420-101248, VR4 2PRLNT BBAREIEEH arrhy 29262 §ludes
simlarly represents the plot of the renoval rate across a surface of wafer

whi | e i botiagn basiseng Jd2hrlaR2id2ted, and 242b73B 0l esugmisodimenh aaple ofl thegnsssraigteddy

dei oni zed ter to the ed .egl ons..of a substrate while |ine 28 ts
from t P seety by ecried BEh A EiRbs 15 187 Aol Bkt fatoR e S Th e
to a cepdrispdiling BoRBmOtddyheumeiesenbetk Ne Bl dndéred et ofNesmsork heHaGicodt| zed
wat er or displacing agent creates a slurry starved regi on where the renoval
rat 65 dr Bgationedr abexanfieetopwinich bptéerp eaddy t inienh serBgEs, cath ahare fp gANMPRL &KbYt he
edge regqi r | 1. .
Fovever Dol eIt v@leGRRRIE AR BARRSE o Drup S i ARERGE |
t han t hpO7ZBigate IGiser 1dp pict ofithekehdon arr2PBCorittininger gloraliesporiaitergd sagosrof
That is, the displacing agent creates a slurry 15 starved area of %he

pol i shi Figugsalf Whacerrdanee BT emRpdiment & the HiveRirontete  fan Rafe B 19y

pl anari gedy. i, S50 fRRed r&ﬁk(ﬁtﬁgal]hhgt%b SN BLusR @hﬁé& ah@%/ babh ihdiedes
center region dnd the edge region of the wafers 1s achieved through the
enbodi neoiten dasorsi BRH-hel42n3 aAd 2den i-at4ed-3abbive, therscosaterustars at Hiceseasa

Sl ur ry P GRAOTUEIah o oy b gt dagies e B g oD o Ao

due to {ReigReriAtRd HRARMon R laBOWt ¥500thd RRsHe e eratk QQRkndsk GuofEe o2 3Af@NAB322B
illustrate graphs representing the addition of slurry to various regions of

t he pol by ldeiegting digdals i indicativehefhthsathiokpedsanidditiopalbhh dh¢ serspencapBOaitpoie n

accordapce w t ne enbhaodi pent .of. the.invention.  Figure 2 i r

oot £ Duengis oA R ETR A AETare g Riie HBHY Rute P Eyf B atfo 3ol B0the

pol ishi wafepadbeaplitcsOmeiaigndr0 B stedtide @brdchteddheihe 28ndoeiaftgy phrahave #gd.
Line 284 represents the trace of the renoval rate versus the distance from

t he cenp@pbesfof sersonalusiersinany uifabla prieEstomaImihg ghigknase grafide. (4 ddjtippally, the
distrib I {.shi i I a i.ngaadded
downst r Sasors b, BEECTT 18 Sfbnly"BlaR6 B3E; e Bath, NI o dribdhibil S
after thanihbtrical plesdnicmit ot tg ceitspending @prodibdotom w@nsdiel.godensdri aigstgradnayhi ch
will eventually be seen by center region of er being planarized.
Here, aPify |aénamgaglpgg}ﬁp ﬂ&ﬁth{q%gewpmf&cpgg/@&g}i\ggng devi ce augments a

por On o - . D Iréw . 7
v e L8] PRURCIT/ETN Slfivd (Ul §RBHRToRY paliy LipdbR PO g i tme,

t he rendiffekentiat doseddoomedmmpl & addpinidab theblyanidah plaf@6zation lopdrBRd i B @ Ance

0092] Figure 22B represents |line t e aqrrespondi.ng to. 1 he additign, of
Shurry DU EERBDOAERT L NG ByFutPnor MRS TS SR Aseet estistie e P egilsn o
the pol hsiiing aRRRiwhr@ 608 GRALE WifdrtaAN® sBpRREhIRATer aB8! MuidTURN tds@Rinirdg ne
290 represents a trace of the renoval rate where slurry has been added to

t he centevice 293, also stferrpd topasl 4 daim, igyalpa fhrceshadainst polishpgPadedre derrdge of flpisc e
f | . : h 2n. ad i th
ol Poni RgWo Rt iSul0 262 Rttt her i ROEMR RS 272 (eSO SLRaREE M L0

260- 3 nmaystRemUsed the fluip Psitaigingr devide0 Moz Q66 Gelivednsiokiylte poliskihg p26Q72. may
be used to supply. deionized water to a center region. As can be seen in
Fi gure Shmry supBlY=6di suppliesche slpgy g be delivseedclomolishing ppd 172 Ear example. slprry

i ncreas ¢ of .l.ine: i VE.: i : idTE,
| e 230 o O Py SRR reokfir &7 Sy s e i, i BF il 2 Mol
i ncr eas260 hecordipoval tor délever el fhdid dewnetréanm €ro2® theafluidhfowe dgseraimigg cavice 264 | |
be apparent to.o skilled in the art that while_the enbodi.ments descriped
nor at n_ FId ﬁ}a@lbﬂﬁ) Siopliy e TishOgrege AP ekl g myelpclaﬂgglaggo@fil%ﬁ%
N0zzl esyyaafYorSidhicalthg uabe rché’ﬁqisﬁ? T84 %h&ﬂi@aﬂﬂé&laﬁﬁaﬁﬁ%nﬁ?zaﬁﬁﬁ) bgsBibEdm

one embodiment, fluid supply 270 may include a pump or some other suitable delivery

mechanism, such as pressurization. Thus, the location of nozzle 266 which is upstream from




[ 0093] }:.1%54‘? 3 is aflowchart diagramillustrating the nethod operations
of nmonitoring a film 15 thickness exposed over a substrate in real tinme in
accordance with one enbodi nent of the invention. The nethod initiates with
operation 300 where the surface of a wafer is scanned to obtain thickness
data in the absence of third bodies. Hese, an aligner or sone other
transfer station nay be used to scan the surface of the wafer to create a

thi cknegs,, (BB ORSAIARE AR Sy dVike S6DRHLRSs the: Bfferef@ dohitrbl for Fethbages
are not present here as only the wafer and the 20 scanning nmechanismis

used t oratesdming appbed i wiefrrdS8 muping Bhehemicah ottchinienl pthranizamniaperyenativg 302
where a substrate.co nent, of the thickness .data and . a fil . cof
the ¢ i ERREweaEcs RPqaRtteY 4 dntop ey nufiuh” dwBudan] (oNHRE Hllid

! : _ generated by scanni ng
the surfae@nRic deRReVahat isl By snedsting tde dmiolhtCoft sherrp Blost ¢latre 14@Modhatpaasd a

fil mconponent. For exanple, an eddy current signal nay be broken down into
t he % wourdssBoiskiiaw restraingnepdsvireR62ap pridermalaper of SEATYFis GippPsrdovesDlishing Maft
data, cal4 b j Q i Cl i . |y
appl | c2ts bR hisFha R IR G TR E R, MNED RN (R RERA
enmbeddeshpply 270Vl ®¥zzIa260 fich as pudipdair pressamel etc prémilady,ythel @tbveny o€ sy to

t hi ckness. The nethod then proceeds to operation 304 where the @/gfer IS

t r ansf eP9%le 266 afrpmoslumy sHpPSt 20F omay | be greoraplished Haroush (Y BHEDES Jeags-
stati ongj éi’mﬁi\ép L4 I ERRSHSRYE Parysed
to tranls: e}} t e’fgﬁfgpw%#ﬁg{ngfdgg%gg% ré?‘?%ﬁ‘%?@ﬁdé&m hodlt hen rmnyes
to operatdrqolishifig wad 292t He ddlivekynet sludstsapplyripaspeledlGigdees ot favato be anhe
wafer in the presence of third badies js detected. Here, a.sensor _enpbedded
' the MaEReReeRuRngPreriss Fsbintan o) ch B TiEr BF anlighits Pf g e e #RPnd 73
may be H&?s@alﬁ@ pﬁilﬁb e&dy b 8sclinth GkRESShd ﬁhﬁ}f td RoRA1E 286TDRAUIB Y colRBre@ 4l ¥lurry
current sensor is uséed LAMPP411. SG 28 for this detection. The nmethod then
advancekkt @64 pandathen vnfosniphdiseibuted thiiughk ribe soufiguraey pk Slyh diowgresainmg

poi nt o? the fer is adjusted to substantially elimnate both the

substra %Vlcceo%éggnent and the third body effects. That is, the calibration
coel§ i ciopTy] HEbRY Bhbediment, Fued ARESAGE ddvidellonds keslfigged So uB@d ndre ishotyatoe
the thickness data related to the filmon the wafer, As 5 will be discussed
i N nor eP¥E A TARAGY,depisted Hyduieat6sdhatienalilpretss figah HUBUTTHEHTERRD 18 SENtPOT
control ,arpliagan Zvrfotdl@ Be %gﬁlre@&{e‘a%&t”thé rafi il Qr@fo'cﬁ‘% o M&" 138 {a%g%%ﬂ the
provi de 'a nore uniftormplanarization operation across the surfacé of wafer.
[ 0094] Ehgureloétyiod palishiaypab@7R, cicags amitubtions tvhedei fihgd tdivectedtdn ol operasti ons

f i di diff i al trol f _ | 1t | Led_t suhstrat
oo et ol e el e es ool o Rt
I niteates anAPanLAY o8 dﬁ?@ﬁ%oﬁsﬂiﬁ% Péﬁ]‘i‘ﬁécéﬁ?& Blwdre1 RUDBGRFi8iRs hJower

generated prior to a processing oper on. The thickness map may be
gener at sunasl thissdue toedessbiougowit bhslnel beimgewailabldfog theece®r of wetard BHoth eeen

d . i 2 wh i nat e, of the thi is. .
aSs0ci aPBHSGER: 20g0na0h ma Prre Alfiowh ogy coBasi i oar denare A dovice
poi nt one} heofdet &kﬁﬁﬁ% difPdRerRY rétfo s $A6J & Sttivhs OF AsSEREQT wifbe BB dIn thid he

15 wafer carrier so that the planarization process may be controlled in the
regi on esufigmiraiiondnedzien2Gthmay aroyorlangrecadcxiendingeacspss dhe wigthjod polishingpask 4

pur pose uter.. or controll er s d ri-bed _ahov i .

ol B) aeTone Bt R oG REC TS aR AF ol Rip RO B by bl

t o oper aleb@sudh 4s WHRP Enclor, 88U Alotdrake., apPided diRchslegalei@nzedfwdttreor some
substrate surface associated with the sensor is adjusted Ftﬁla:sefg@%’lpon dat a
provi de@thsysuitablet fhyid pRdRe surise o golbing padiey 2rdavmstearp d5om HElf W SHaHRe by
creatin d L Cl i regqi

cur t ace dofieS 285 ot A ERipy SROING Ry R rBt BB AAPREY P58 TR RRACBI ORI
devi ce, syssenie stor babieid nabavgeing tilear dfrectenaewbials Fiafer B 81while Wafen B B2ABInni1GN95]

I , .the. toi ti ] i des f th | i i f )
G £ Pbr eARSLLIiLsr by TRocihe PR YE NEOBEY FAREGIeHORLPY oM SRR oo ot A EiFS 3k it
t her eon _e-gtéy%anttﬂéréizﬁiv%rm&?t&ieﬁ ertincéliby Bot®tH BQitioh 188b AuifEaGORANE EWle of

fabricalion process) such as a process, may be based on timne. at is,
t he dif fwafeent3Sal As enesalt, pask 282 teayls e stappimiogel in heoregéen expegicn¢ing thg higher

substrate having.a wuniformfi]mthickness. Thus, after rtai '
After aruareaeiti dodh bsuslmmdud $1 28 e prfrieile Ty T st Ao
t he operation has been reached may be issued to stop the operation. The
clustered sensors allow for the determ nation of the endpoint and

associ ated 30 renoval or deposition rates by initially determning a

t hi ckness of a filmon the wafer under non-process conditions. The
determ ned thickness is provided to a second sensor associated with the

o o o o o, . " o o o T T o rr




LAM2P4 11 4495l i m nated. For exanple, a calibration coefficient

det er mi ned under non-process conditions, i.e., without third bodies in the
detection region, may be applied to the signal of the second sensor in
order to substantially elimnate the third body effects introduced by the
processing nodule. In addition, a thickRhess map of the wafer is generated
where the thickness map breaks 5 down the data into a filmthickness
conponegt. afdug ohe FeAdRINCFCMTR FNSN bostrafhifl 8&icd 961 Koloaddtletnd' diktiblui tkness
conponent .. As nentioned above, the thickness map is determ ned under non
pr oces sdehsisdneteomiformbogdier thanshaing thsedebpp rre%fp& iacthe wame \general anga of pad
enbodi have been SCEI in terns_of a C\VP pr. S stered
Censor o2 tepeire e iR e 50 bt Rl e SRER bt 165G
pr ocess[00B0} AgxaBphdiantabe of SORIOASw Gastralifingl d@dcetd ) iwhienihag alsocendfgiedrto
process that renpves or deposits a_layer or filmon a substrate, such as
etch’ dEpBE F%W%@varofﬂéé restraniing dnyicedhassipcis dacerrevention pf irpyessivle pad
above d j : [ | . r. D

Syt o el ARAEEHAEIPTY etilerddf pioR of S UiBhEHE, Thalliolb BeblpReH”
pr esent pienarsett thooughl thewse bbfluidappraming device R62 sE witldfei dpparht ® ol dilledan15

t hat a process eratign can use the information to optim ze the process
vari ab!@s Foat e 7 rHach SRS r%&lems%@%&s%ugwuegd“éﬂﬁ Sgptorgian
appr eci RiseslhbakectiBs FhindAR Vel syemVAfieth &att @tERnPR:IMBInpaaRkesURMEohhe

conpl etion of” the processing opération. For exanple, after the il fpst rative
CVPLD pescafficienss,udiffdreab obemistrice, abrasitm estéomofeta. hélewafthe meshodoe! dispénstigedeas

he wafer is b ht b J dule.. T - i tor
be usec 1B o0 s edai R RHaARRL ot oo dher B PREERERApEUMY oo
par amet g5 confolLRainmoidt ¥f skl Rasteried a6 @fs waRR iviithou fhafiipldoie g Use fuhpingt he

next process the wafer is exposed to where the thjckness profile of the
waf er i Etehel (e sPPRlh PBWEEEr SBPPlY poebayisovsrhedyis supplpagdrisuay Thys. sEERsEfes

cl uster i.he ' [ e ' ' I SenliNORE: ogj.ment
of the ?Sn@n%?g‘ﬁf8{“%195%8@@8@%@%#@?&%ﬂlﬁ% é%hb?%gl ésﬁggté’r %ﬁlﬁ%%z@‘%f ul |
or parté@supfier of eluatyl fon tiaembedigichs cdessttbell dierg N eXawvilh Pe xphireknegaore
profile_in conjunction with the sensor clusters. In addition, .the sensor

cl ust er teihheloa, dhe 1eapb deTap e gate HBade drappylnted a3 T tHsRRest MPNIEHBE SyieBes
t he waf : - : rn,
e 1 CRUGR, WEAB TRsERSRN of ST sty Y BealSRERRhLL S Meuy Bub

waf er bBlmvexdter tfluid sestsoring ldaviter262, bhiugpriot ke pat 250 ergapemserdr withevdfer h38 on

the fly,at. typjcal robotics 30 |oadin nl.oadi ng vel ocity. That i system
t b oughatitiobihe s FRpi g i B B e ST Rye bt P i8Ry
cur 5ent disRndR 'of pﬁﬁéhii?% p&NDANGRE ohh bes@bn tRerPlacaiBihg Abvide R HRBARBIEC OF
paramagnetic slug within the detgectl on region of the eddy current sensor.
That i spada andi¢freegrigegémerit guivatues bh theelluid estraiting devi¢erelasivagndhg polishing pad

par amagnetic s ich.an tyrn. LAWP411. SG 30 enhances i i.,ng
Fot et by edfnd Mekihil) hfBuonscipimpieasy G RN AghlHise B840, |
noi se rakirgining deMice 263 athylty cofi@osidndncriiet obdectities d¥aigeatded bbioal.d. |t

shoul d be af) reciated that in_one enbodi nent, the magnetic field is_.
enhancet8Y] Hieyesy, | 8 it pmpltergative rapipdéiment h the £MR aygem withrefergacetor Kigws
sousge. 7he kes eA%Ad SR aRI! Héﬁ%%bol*é’ssﬁo% ﬁ%ﬂﬁgf a tsﬁbﬂ@ﬁtgﬁ% gérgé}ﬂiiaﬂ&rhat
5 were previousl'y undetectabll e. erefore, any reSistance-base roperty of
a conduetiéntstionltpedinept diesstion f phiéshives it 1730 1a pddidohedoreien 26014 theggk 26@-3

field enhancin gurce and the sensor may be quantified. Mreover, the
si gnal R E AR 8 Aeate Ly BratYeqhi argas, o ap 308 o gt SR oh it isent s

so that &« Hgdasi ' I Wik @9t 38t he
t hi ckneg(img#ﬁ?ﬂ% ns ?Qeé{?}? %glﬁé g‘?&g‘e‘ﬁA‘lﬁ‘gg rﬂ(l)('£ f ﬁ? canéﬁglerégsmraﬁg] by an
eddy cuhsekscribedsibovd Fithifeguraddd, nnzaien)afit throngw26t3anambeemdved fin @l ane

enhanci n rce. 09 | n.one enmbodi t,, the netjc field enhanci.n
courbe PRl ERa AT ABES o bR o S B | TP Ao o na neiery
second &RA&OJuppSrtinBSvATROIS! i.€., hRk dargieh a1 bNEi ghRY 7ACandWES né108esS ¢@¥BCone
sensor is the magnetic field enhancing source, hase shift is applied so

that  t hEmERlothbAs Shenedy withuat 167sL hase. naaglee, 260 Ughagfe 260-3 ndhkeghéviine
field .ggé}?(irtig)%edsi&/atl %12 ?#rﬁg}%%g%ﬁge 1§38 %réafeog'ﬁ)g?l?%gat\ggcdtsnﬁnp&@ﬁﬁ o(}fa IEJE'eﬁly

magnet i C 0 SOor Sso as




a suppreggiig gfect. That is, one sensor overturns a wave of the signal by
180 to ellnlnate suppressi on of the signal. Wile the enbodi nents descri bed
above refer specifically to eddy current sensors used to nmeasure thin film
t hi ckness, it should be appreciated that any resistancebased property nmay
be measured. Furthernore, the inventiomdescribed herein can be 20

i ncorporated to nunerous sem conductor processing tools for processes, such

as CMP, aninisa e&&in reglayef ordEP@ShidifNaR e %rﬁwal PIOGES %ﬁ&lﬂi@ﬂﬂgldnl sowhite
t hi ckness of a | ayer of a substrate to be characterized. Wthin these

processiiy Tgslis, Whene 2 spepitic rﬁglcm ofl Wiafer 838 tsusensadtasdunimgcd wicksewsribel ifdsss be
toot s, P HoifEiegton TS T 1 oMo o 88 By AL ol B0 HRRRR e er

nat er i athidkaydsngay1bgacirtRed be lspkaﬂlﬁgeeh)meﬁ REtQtRRAEH b @9zAE (260Y1 thHrchghdE60-
inserts_having these properties. It will be aﬁ;parent to one skilled in the
art % had) Mherdehieciesay Hary stasyedcresiont alt skoudd be lapprecipted. i GR piRT,starved

Ml e |on® gﬂg be ¢ déated[ g?%ﬂ@laddﬁi’b‘i" i%%liéﬁ% @P%ﬁ‘ %}tﬁ?e g)the} @%nbﬁlgeﬂ'@ihon
can be e pande { ne an SUI e reS|s ance-based property of a
conduct éarspadibjecwith tﬁé\ﬂl\/.[P&)peramoa.ddl‘l‘tel ﬂﬁndtdbhdéﬁedrfmmmmgzlﬁ@éﬂhbtﬂrhmglkﬁ@b@ of

a thin fllmon a substrate or _the thickness_ of the substrate i f. the
enbodi nBifplacedck BeTigR Prvupsrpialyalbel theedury inyareginn ﬁiﬁeﬂs P&éf%?é hetasi on,

P dent i fyndef P ShREHorR hfcb OtoniddbbhdBh@thel sy étﬁltvgg Fddidh isSEACHRSed by

roughness, distributio inpurities, "grain siZe distribution, etc. In
esséhcewafehd38miha e:brrcspfonéing/remdyalaaterle nowemha limhmgldsbm pppecatad It% vehere a

LAMZP41%. SG 31 wi d@ ge of res st ance- ba}s 05 é%o be ert i_ned
for a cYNIUELPVENE Jf%%? b g&@ta © LOTEROBHNg PRCY T d! ‘f?éi ot
t he exaggphiag n&i@%6ﬁt'aét&ﬁt]hﬁﬁ'é%hﬂr}ﬁe{u%n{éhfe§%§9n fsan@iikesgeresseaduct or
manuf act uri n8 applications, the enbodiments are not linmted to those

1

appl i cat0082kOng\skilleg s ﬁheaﬁl‘blﬂ appepgiate gt kwid sppply rZﬁ'atmmnphléwmealpba} SORE

ohanc g SRR g8 P RRChutSn D AadG, IR DRARE Pl A CEnB il Sty
i nvent i ti fligs suppbde tind ol fluiduapply 270 Wﬂhb;@z}lesa%OaI tHreuga60es intayf hesdodfigured

enhanci ng source One skilled 1n the art will appreciate that per 1o
refers Bofexds thy slgnawhen gt iprusain esier @rmﬂm@m HiggeRnsioPe i0RH embpgiment,
consi st ek of F

enbodi rréelﬁl'?y %ﬁ% bi%r g‘%]ll‘%%cdﬁl '{c{l%ﬂﬁflgngia oreit%t(i)LI ?gft}l\]/?ee }Nrﬁoﬁl%é 4%5%@

about 8@%ifighritibe ofoappaistidlien padmpt Ivellpmtmliamy thd plandzitem eptredomrent {luitihe
permal | oy i.ncludes small anpunts of oth el.ement s, s_nol bde

copper ) TCHHBIEUAVEE ‘é:f’é’ltrnﬁ? an ey of @@%%B@F e ?aégg IFB&T %ﬂﬂ €al so
pr oy dey, zirﬁ{un 5P ISWaL ﬁéﬁ%ﬁﬂ:‘m tore kN QYR eak 40 atht BILRS 1%9&3!1@1‘11&;36&:91@8126@ h1ay

renoval bei ng appli to regions of a water. The 15 differenti al
cont r ol beeciiiped or hffixed bymitiiessmtatilé vicamste mM@xmﬂmgm@r aelishingopad2Ho The

f I t f.l t t hat
o ent ot FRibink i oBMEEE o Fioi58y Yo Ratiptialed” SR Rl SpABY RPN, o0
i s t henpghitsdruibatdas ol emphdt bed a%wenan @ defatitv® t3Ppdlishiticl p&T @TR. r @t
rat es to a surface of a wafer. 010 he i nventi on has been descri bed

her ei n ¢mbedimast, éhuxbeeaemamged@eml larcymzeseélrnfdbe FEne snatai &f peHBeg Rath242.0f
th t o b t

condt dera b uubfnabe, o ABBRE Nk Sl A0 RBHEH, bEENLR potfifhE drliBEb62 may be
enbodi nessguasd frohehey matkribbahivhes cdmeemblb&dthaﬂhe\cavmhxpefaﬁobe.nd@msipiereemf

exenplary, wth the invention being defjned by the appended clains. VWhat
i's cl ai feedfingslurry lake 264 while providing for the even distribution of slurry downstream or
slurry lake 264.

[0083] Figure 17C is yet another alternative to the embodiment of Figure 17A. Here, fluid
30  restraining device 262 is configured to be at a slight angle relative to polishing pad 272. That
is, a top portion of fluid restraining device 262 is closer to a back end of polishing pad 272
relative to the distance of a bottom portion of fluid restraining device 262 to the back end of

polishing pad 272. Additionally, fluid restraining device 262 is shown as extending across the




LAMRPA 11 1954325 LAI MS 1. A nethod for providing differential control for
renoval rates applied to a substrate surface, conprising: generating a

t hi ckness nap of a substrate prior to a processing operation; associating a
coordi nate of the thickness map with a sensor utilized in the processing
operation; and adjusting a renoval rat@3experienced at a |ocation of the
substrate surface associated with the sensor based upon data provi ded by

t he t hi giINessh BB Polishing PRI DEL, hR@held Gk dpfRediatedUn (thie en®OdiRMidns tiag slurrtrdmr i ng
a thickness at the location during the processing operation; and renoving

i naccur demredekeA04anan grip oneruibe isidss pbarkshing prd 272 lareae smkndementniiccrecss
t hi ck : | ' T f .clai it
I C neaﬁrrg%lng@?% oggrqgé Qe oﬁgc\)/lﬁﬁﬁqig}?yﬁqg iy, be réd elje'd a\ﬁﬁ% d! Eg%%g?si E@d

operation sting a renbva e “experienced at a locatio
subst r al ehrough d303 aigs Oeiwled dn waldt daler 468 ks nasttshed pbovel &heh pnovi shadodsy

the thickness map .includes, providing a substantially uniformslurr yer
over’ a Hﬂ'f§hﬁ°ﬁ§€ﬂ§873 HRY b stignedi Wih 2 peHion tor eﬁﬂ@?@uﬁ%ﬁ%ﬁﬂ%}smﬁ I{ﬁ{ﬁ orm

o AR OO S50 gt LTS R0Tlyy SSTRENOR O, kbl
| ocat i oabooE witherefartrsertatfegige l 7 Aceoresspamiing wda winsdr pdséicaned s detbei settiiclipem
data pr z?tvt.h'lg%jafgly cén?e? IE]Q}I' %[c( gﬁgﬁtlyn%&sét r}%nllj %et?aijectory line through the wafer center to
account for the rotational velocity of the wafer during the processing operation. In one
10  embodiment, sensors 130-1 through 130-3 are eddy current sensors. In another embodiment,
fluid restraining device 262 may be composed of a plurality of sections, where each section
may be independently controlled. For example, the downward force applied to each section
may be used to define different slurry thickness layers over pad 272. In turn, the different
slurry thickness layers will apply different removal rates to the corresponding wafer being
15  planarized.
- [0084] Figure 18 is a simplified schematic diagram of the controller configuration for a CMP
. system in accordance with one embodiment of the invention. General purpose computer 144,
which also may be referred to as a controller, coordinates the various control activities for the
CMP system. Mapper 271 is in communication with general purpose computer 144. Mapper
20 271 may include an alignment station, e.g., the aligner described with reference to Figures 14 -
16. In one embodiment, mapper 271 is configured to scan a surface of wafer 138 prior to
planarization in order to create a thickness map of the wafer. As discussed above, the thickness
map may be generated through the use of arrays of eddy current sensor clusters. The signals
corresponding to the thickness map are then communicated to general purpose computer 144
25  where they may be stored, such as on a hard disk drive or other suitable storage media. It
should be appreciated that the system described herein may be thought of as three components
in one embodiment. For example, the three components include a signaling system, which
includes the sensing devices, i.e., eddy current sensors, the executive system, which inciudes
the CMP unit with the fluid flow restraining device configuration and a controller as described
30 above.
[0085] Wafer carrier 174 supports wafer 138 over polishing pad 272. As described with
reference to Figure 7A, 7B and 17C, wafer carder 174 may include one or more sensors

configured to detect a thickness associated with a film on wafer 138 which is being planarized.




creatings@h8pfga slurry deficient region and a slurry augnented region on
a surface of a polishing pad. 5. The nmethod of claim 11, further conprising:
calibrating a signal fromthe sensor to isolate a signal conponent
corresponding to a thickness of a fil mdisposed on the substrate surface.
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130 may be communicated to general purpose computer 144 and the correlation coefficient or
10  coefficients then applied to the raw signal data.
[0086] According to the value of the adjusted signal, control signals for deionized water or
other chemistry module 270, dam control module 267, and slurry supply module 268 may be
generated. Thus, if the signal generated by sensor 130 indicates that a removal rate is too low,
i.e., the thickness at the corresponding location of wafer 138 is relatively high, then general
15  purpose computer 144 may transmit a signal to deionized water or other chemistry module 270,

- which results in slurry being distributed from nozzle 260 onto polishing pad 272 in order to
increase the removal rate experienced in the region of wafer 138 corresponding to sensor 130.
Likewise, if the signal generated by sensor 130 indicates that the removal rate is too high, i.e.,
the thickness is lower in the region of wafer 138 corresponding to sensor 130, then deionized

20  water or some other suitable displacement chemistry may be distributed from nozzle 260 in
order to reduce the removal rate experienced at the corresponding point on waifer 138.
[0087] While Figure 18 illustrates a single sensor 130 and a single nozzle 260, multiple sensors
each corresponding to a nozzle in a one to one configuration may be utilized in order to
manipulate the removal rate in a differential fashion at localized areas of the interface between

25  wafer 138 and polishing pad 272. Furthermore, general purpose computer 144 may issue a
signal transmitted to dam control module 267 which impacts the downward force or anglé of
curvature applied to fluid restraining device 262 relative to pad 272. Thus, the thickness of the
slurry distributed over polishing pad 272 downstream from fluid restraining device 262 may be
manipulated through dam control module 267. General purpose computer 144 is also

30 configured to transmit a signal to slurry supply module 268 in order to increase or decrease a
slurry supply to polishing pad 272. Therefore, the slurry supply to polishing pad 272 along
with the manipulation of fluid restraining device 262 will impact the configuration of slurry
pool 264,
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restraining device 262. For example, by modulating the force applied in a downward direction,
10 the angle defined by the fluid restraining device relative to the top surface of polishing pad 272
may be adjusted. In addition, the angle defined by the fluid restraining device in relation to the
flow direction may be adjusted by rotating the arm about its axis in a plane parallel to the
polishing pad.
[0089] Figure 20 is a graph illustrating exemplary results of the impact of differential removal
15  rates enabled through the embodiments described herein. The graph of Figure 20 plots the
copper thickness on the Y axis versus time on the X axis. The copper thickness represents the
-thickness of a copper film disposed over a substrate. The remaining copper thickness is
determined through a signal detected by an eddy current sensor as described in the
embodiments discussed above. Here, lines 274-1 and 276-1 represent removal rates that remain
20  substantially constant. Thus, at any point in time, the remaining copper thickness is different.
However, by employing the embodiments described above to apply differential control of the
removal rates to certain areas of a wafer being planarized, traces 274-1 and 276-1 are
transformed to traces 274-2 and 276-2, respectively, which then converge to trace 278. That is,
trace 274-2 and trace 276-2 converge to a target removal rate illustrated by trace 278. It should
25  be appreciated that the removal rate illustrated by trace 278 may be a removal rate applied at a
region of the wafer associated with one sensor in the wafer carrier, while the traces represented
by lines 274-2 and 276-2 are each associated with other single sensors. For example, the
sensors illustrated with reference to Figure 17C may each be associated with one of the three
traces represented by lines 274-2, 276-2 and 278. The differential removal rates applied to a
30  surface of a substrate enable the ability to more uniformly control a remaining film thickness
layer disposed over a substrate during a planarization process. As illustrated in Figure 20, after
approximately 2500 angstroms the removal rate applied to the various areas represented by

signals 274-2, 276-2 and 278 are all uniform. Thus, stopping the process at any time between a




13. ThepguspeMy@f claim 12, wherein the controller is capable of triggering
the fluid delivery systemto disturb the regi on based upon the adjusted
signal fromthe first sensing device. 14. The system of claim 10 wherein
the executive systemis a belt type chem cal nmechani cal planarization (CWP)
system 15. The system of claim 12, whesein the first sensing device is
enbedded in a wafer carrier of the executive system
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10Naz[ 9&nter of the wafer when a fluid restraining device is used to dlstrlbute slurry across a polishing

pad without any slurry being added downstream. Line 286 represents the results obtained when
adding slurry after the fluid restraining device to a position on the polishing pad which will
eventually be seen by a center region of a wafer being planarized. Here, a nozzle downstream
30  of the fluid restraining device augments a portion of the uniform slurry layer created by the
fluid restraining device. Thus, the additional slurry added to the center region results in the

removal rate increasing as depicted by line 286.
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and nozzles may be implemented.
[f0093] Figure 23 is a flow chart diagram illustrating the method operations of monitoring a film
15 thickness exposed over a substrate in real time in accordance with one embodiment of the
-invention. The method initiates with operation 300 where the surface of a wafer is scanned to
- obtain thickness data in the absence of third bodies. Here, an aligner or some other transfer
station may be used to scan the surface of the wafer to create a thickness map as described
above. Third bodies, i.e., conductive surfaces are not present here as only the wafer and the
20  scanning mechanism is used to create the thickness map. The method then advances to
operation 302 where a substrate component of the thickness data and a film component of the
thickness data is identified. Here, the signal generated by scanning the surface of the wafer is
subdivided into the substrate component and a film component. For example, an eddy current
signal may be broken down into the two components. It should be appreciated that from this
25  component data, calibration coefficients may be generated which may be subsequently applied
to a downstream measurement of the thickness, i.e., a sensor embedded in a wafer carrier, in
order to more precisely determine the thickness. The method then proceeds to operation 304
where the wafer is trﬁnsfcrred to a processing station. In one embodiment, the processing
station is a CMP system. Of course, any suitable robotic means may be used to transfer the
30  wafer to the processing station. The method then moves to operation 306 where the thickness
data corresponding to a point on the wafer in the presence of third bodies is detected. Here, a
sensor embedded in the wafer carrier as described above with reference to Figures 7A and 7B

may be used to detect the thickness data. In one embodiment, an eddy current sensor is used
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a plana:rization operation in a differential manner in order to provide a more uniform
planarization operation across the surface of wafer.
[0094] Figure 24 is a flow chart diagram illustrating the method operations for providing
differential control for removal rates applied to a substrate surface in accordance with one
10  embodiment of the invention. The method initiates at operation 310 where a thickness map of
the substrate is generated prior to a processing operation. The thickness map may be generated
as described above with reference to Figure 23. The method then advances to operation 312
where a coordinate of the thickness map is associated with a sensor utilized in the processing
operation. Here, a point on the thickness map may be associated with a sensor embedded in the
15 wafer carrier so that the planarization process may be controlled in the region associated with
-the sensor embedded in the wafer carrier. A general purpose computer, or controller, as
described above may provide the calculations necessary to make this association. The method
then proceeds to operation 314 where a removal rate applied to a location of the substrate
surface associated with the sensor is adjusted based upon data provided by the thickness map.
20 Here, the removal rate may be adjusted by creating a slurry deficient region or a slurry
augmented region on the surface of a polishing pad downstream from a dam, i.e., fluid
restraining device, as described above with reference to Figure 17A through 22B.
[0095] In summary, the present invention provides for the application of differential removal
rates to the surface a wafer having a film disposed thereon. Thus, the determination of an
25  endpoint of a semiconductor fabrication process, such as a CMP process, may be based on time.
That is, the differential removal rates may be applied in order to arrive at a substrate having a
uniform film thickness. Thus, after a certain time or after a certain thickness is detected a
signal indicating an endpoint of the operation has been reached may be issued to stop the
operation. The clustered sensors allow for the determination of the endpoint and associated
30 removal or deposition rates by initially determining a thickness of a film on the wafer under
- non-process conditions. The determined thickness is provided to a second sensor associated
with the process operation in order to calibrate the sensor so that variables from processing

conditions that cause error in the thickness measurement (third body effects) are substantially
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[0097] In addition, the present invention allows for mapping a thickness profile of a wafer so
15  that a process operation can use the information to optimize the process variables for the
- incoming wafer thickness. One skilled in the art will appreciate that the thickness of the wafer
- ¢an also be monitored upon the completion of the processing operation. For example, after the
illustrative CMP operations used above, the thickness of the wafer can be monitored as the
wafer is brought back to a load module. The post-process monitoring can be used to provide
20  feedback to further optimize the processing parameters. Alternatively, the post-process
monitoring can be used for the next process the wafer is exposed to where the thickness profile

of the wafer is helpful information.
[0098] Moreover, the eddy current sensor clusters were described as being integrated with
aligners in one embodiment of the invention. It should be appreciated that any tool generating
25 full or partial wafer rotation can be effective for generating a thickness profile in conjunction
with the sensor clusters. In addition, the sensor clusters can be employed along the wafer path,
such that the robot passes the wafer between the sensor cluster or array of sensor clusters. In
turn, the thickness profile is detected from the linear radial motion of the wafer between the
sensor clusters, Thus, the measurements are performed on the fly at typical robotics
30 loading/unloading velocity. That is, system throughput is not impacted. In one embodiment,
the sensitivity of the eddy current sensors may be enhanced through the placement of a
ferromagnetic or paramagnetic slug within the detection region of the eddy current sensor. That

is, a magnetic field is enhanced through the ferromagnetic or paramagnetic slug, which in turn
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1100/@] &' c) quant1f1ed Ooreover, the signal can be enhanced as describe W1th reference to the above
embodiments so that a previously undetectable signal can be measured. For example, the
thickness of films less than 2500 Angstroms thick can be measured by an eddy current sensor
10  when used in conjunction with a magnetic field enhancing source.
[0099] In one embodiment, the magnetic field enhancing source is a ferromagnetic or
paramagnetic slug. In another embodiment, a second sensor is the magnetic field enhancing
source. When the second sensor is the magnetic field enhancing source, a phase shift is applied
so that the two sensors are out of phase. Here, the phase of the magnetic field generated by the
15 second sensor is 180° off of the phase of the magnetic field of the first sensor so as to not have
-a suppressing effect. That is, one sensor overturns a wave of the signal by 180° to eliminate
- suppression of the signal. While the embodiments described above refer specifically to eddy
current sensors used to measure thin film thickness, it should be appreciated that any resistance-
based property may be measured. Furthermore, the invention described herein can be
20  incorporated to numerous semiconductor processing tools for processes, such as CMP, plasma
etch, layer deposition and other processes requiring the thickness of a layer of a substrate to be
characterized. Within these processing tools, the magnetic field/eddy current enhancing source
may be incorporated easily. For example, with respect to eich and deposition tools, the
substrate support, i.e., chuck, can either be composed of material having magnetic field
25  enhancing properties or may include inserts having these properties. It will be apparent to one
skilled in the art that the chuck may be an électrostatic chuck, a vacuum chuck a mechanical
chuck, etc.
[00100] However, as mentioned above, the invention can be expanded to determine any
suitable resistance-based property of a conductive object. That is, in addition to determining
30  the thickness of a thin film on a substrate or the thickness of the substrate itself, the
embodiments described herein can be used to determine dopant concentration, identify film
stack composition, thin metal film integrity, surface roughness, distribution of impurities, grain

size distribution, etc. In essence, the magnetic field/eddy current enhancing source enables a
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magnetic field enhancing source. One skilled in the art will appreciate that permalloy refers
generally to a group of alloys of high magnetic permeability consisting of nickel and iron and
having a composition of NijFe,. In one embodiment, the iron and the nickel account for
10  between about 40% and about 80% of the composition of the permalloy. In another
embodiment, the permalloy includes small amounts of other elements, such as molybdenum,
copper, chromium or tungsten.
[00102] The embodiments described herein also provide for a CMP system that is
configured to differentially control removal rates being applied to regions of a wafer, The
15  differential control enables for a uniform thickness to be obtained as opposed to a uniform
removal rate. Through the use of a fluid restraining device that creates a lake, a uniform slurry
- layer is defined. The uniform slurry layer is then disturbed as described above in order to apply
different removal rates to a surface of a wafer.
[00103] The invention has been described herein in terms of several exemplary
20 embodiments. Other embodiments of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention. The embodiments and
preferred features described above should be considered exemplary, with the invention being

defined by the appended claims.

25 What is claimed is:
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2. The method of claim 1, further comprising:
monitoring a thickness at the location during the processing operation; and
removing inaccuracies caused by conductive bodies from a signal indicating the

thickness at the location.

3 The method of claim 1, wherein the method operation of adjusting a removal
rate experienced at a location of the substrate surface associated with the sensor based upon
data provided by the thickness map includes,

providing a substantially uniform slurry layer over a polishing pad; and

disturbing a region of the substantially uniform slurry layer corresponding to the

location.

4. The method of claim 1, wherein the method operation of adjusting a removal
rate experienced at a location of the substrate surface associated with the sensor based upon
data provided by the thickness map includes,

creating one of a slurry deficient region and a slurry augmented region on a surface of a

polishing pad.

5. The method of claim 1, further comprising:
calibrating a signal from the sensor to isolate a signal component corresponding to a

thickness of a film disposed on the substrate surface.
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W a, chkymyw{ 3 F<4~pRR setf:onductor processing module of claim 6, wherein the sensor is an eddy

current sensor.

9. The semiconductor processing module of claim 6, wherein the fluid delivery
system is configured to disturb the region through one of an addition of slurry to the polishing

pad and the addition of a displacement agent to the polishing pad.

10. A differential closed loop control semiconductor wafer processing system;
comprising:

a signaling system having a first and second sensing device, the first sensing device
configured to monitor a film thickness dependent signal under processing conditions, the
second sensing device configured to isolate and measure a film thickness with minimal
influence from external objects;

an executive system configured to differentially correct a local removal rate in order to
obtain a desired planarization specification; and

a controller in communication with both the signaling system and the executive system,
the controller configured to adjust a signal from the first sensing device to substantially remove
both third body effects introduced by the executive system and a substrate thickness component

through data captured by the second sensing device.
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11,  The system of claim 10, wherein the first sensing device and the second sensing

device are eddy current sensors.

12.  The system of claim 10, wherein the executive system includes,

a fluid restraining device configured to impede a fluid disposed on a top surface of a
polishing pad as the polishing pad moves to create a substantially uniform fluid layer over the
top surface of the pad; and

a fluid delivery system configured to selectively disturb a region of the substantially

uniform fluid layer.

13.  The system of claim 12, wherein the controller is capable of triggering the fluid
delivery system to disturb the region based upon the adjusted signal from the first sensing

device.

14.  The system of claim 10 wherein the executive system is a belt type chemical

mechanical planarization (CMP) system.

15.  The system of claim 12, wherein the first sensing device is embedded in a wafer

carrier of the executive system.




