22 Decenber 2006 METHOD AND APPARATUS FOR APPLYI NG DI FFERENTI AL REMOVAL
RATES TO A SURFACE OF A SUBSTRATE 5 BACKGROUND OF THE | NVENTI ON [ 0001] The
invention relates generally to sem conductor fabrication and nore
specifically to in- 10 line netrology for process control dusj pgciiee2006
processing. [0002] During sem conductor ,(fabrication there are many
opportunities for neasuring features of substrates undergoi ng processing
oper ati ons ny of the f

atures can be determned b capturing a signal
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the thickness of filnms enployed in the manufacture of sem conductors, the
signals that are indicative of the feature becone wundetectable in certain
situations. For exanple, eddy current sensors are used for displacenent,
proxgm'ty and filmthickness neasurenents. The sensors rely on the
i nduction of current in a sanple by the fluctuating electronagnetic field
of atest coil proximate to the object being 20 neasured. Fluctuating
el ectromagnetic fields are created as a result of passing an alternating
current through the coil. The fluctuating el ectronmagnetic fields induce
eddy currents which perBsoKGROERED|IORIHE lohdiNnh¢hange the coils
i nductance. [0003] Figure 1 is a sinplified schematic di agram of the

principle upon which an eddy current sensor operates. An alternating .
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chem ca ani ca anarization proc
sample by the fluctuating electromagnetic field of a test coil proximate to the 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.



Wafer carrier 108 includes eddy current sensor 110. During a CMP operation,
wafer 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 conbi@wRl2ows Of
Figure 2A cones fromthe variability of ,the 10 carrier film which, being
only 0.020" thick can undergo variations up to 0.006" fromsanple to
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simlar to substrate 109 prior to the planarization application. As a
- current sensor.

[0006] Furthermore, it should be appreciated that the pad wears or erodes over time, causing
variation in the distance between the stainless steel backing and the eddy current sensor, which

25 influences the appropriated contribution to the total eddy current sensor signal. Thus, a wear
factor has to be considered as the wafers are continuously being processed. Consequently, due

to the variability injected into the thickness measurement, the amount of error is unacceptably

high and unpredictable. Furthermore, the focus on uniformity of removal rates is misguided for
current applications, That is, from the end user’s perspective, it is desired to have a uniform

30  end layer on the surface of the semiconductor substrate which is not necessarily the result from
a uniform removal rate. For example, if the surfacec of the processed wafer prior to

planarization is not uniformly thick, the non-uniformities are maintained when a uniform

removal rate is applied to the processed wafer.



result, the center of substrate Ill may be over-polished especially with
respect to a copper clearing process. [0008] Additionally, sonme systens
that are sensitive enough to accommpdate the low film thickness required
for sem conductor processing may have their sensing signals 3npelehfifcedong t h
10 fromthird bodies. For exanple, the signal nmay be inpacted by the
presence of other conductive objects within the sensing vicinity.

Furt her Lipact ..nay.--nat const ant ut .dependent on the t al
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i mpossi bhying Q0G8Tortnediotw Qfe tohesfrRice90hndicohR@bgridte AsREeGe ke hamifdana
met hod and apparatus that may 15 deliver a uniformthickness rather than a
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THE | NVENT] 20 OO%OL Br oail ilnzzregki ng, the cprese% invention fills these
needs bYSEhaBficHBer OF SUPsaL: AT Ay B¢ oNErRAlisasd eHECRENDYIER PREE Bed RgPPe!
appl i edcjbgimy weégs. during a chem cal nmechanical planarization operation.

It should be appreciated that the present invention can be inplenented in
nurrer ould00Gbgdditiondiudions sisteans Hpparasesitive eysighnp acdewvicdete be lawnfitthod.
Several i nventive odinents of the .present invention are described .
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CWP systemincludes a wafer carrier disposed over a polishing pad. The
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t he fi limposdbledes third body effects. A 30 general purpose conputer in
communi lon with the sensor is included. The general purpose copputer is
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the CMP system and a substrate thickness conponent. A'slurry delivery

syst emundiofingyoé thet lorgstavicdwirdng ldyst titkinabd for ulnd Wofem 22 abdcemitbere2006Giecd

slurry layer.onto.the polishin ad i rovided. The slurry deliver ystem
ncl uddd Boidi B 1By r iRy belred Rabi FRIETs for sihCs Fetinthe HIIETAT &5 do.
The fl ukghidonghdiad @hﬂ@gbgggipe&eg@d' configured to create a slurry pool over

t he polishing pad behind the first side. The fluid restraining device is

further configured to provi de SUMYDSRYIGE BHEMNVENDION sl urry | ayer over the

5 poli shj ad foll owing the second side.
%O ﬂ%ﬂﬁ éjroadiy speaking,gthe present mvention fills these needs by enabling for differential

control of the removal rate being applied to a wafer during a chemical mechanical planarization
operation. It should be appreciated that the present invention can be implemented in numerous
ways, including as an apparatus, a system, a device, or a method. Several inventive
embodiments of the present invention are described below,

25 [0011]} In accordance with one embodiment of the present invention, chemical mechanical
planarization {CMP) system is provided. The CMP system includes a wafer carrier disposed
over a polishing pad. The wafer carrier is configured to support a wafer during a planarization
process. The wafer carrier includes a sensor configured to detect a signal indicating a thickness
of the {ilm. The signal indicating the thickness of the film includes third body effects. A

30 general purpose computer in communication with the sensor is included. The general purpose
computer is configured to adjust the signal indicating the thickness of the film from the sensor
to substantially remove both third body effects introduced by the CMP system and a substrate

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



[0012] In accordance wi th another enbodi nent, a system capabl e of
determning a film thickness in real time during a chem cal nechanica

pl anari zation (CWP) operation is provided. The systemincludes a CWP
modul e having a set of sensors, each sensor of the set of seRspt&nber 2006
configured to detect a signal indicating a thickness at a corresponding
point of a mafer in the 10 presence of conductive bodies associated wth
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i ncludes a sensor configured to detect a signal representing a thickness
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poi nt anhﬂmmmﬁgmmﬁﬁﬂnmduhﬁﬁed to IocaIIy nanlpulate a renoval rate at
the poin [0015] In accordance wi th another enbodi nent, a nmethod for
pr ovi dilR 1H|If“lfd§i2%rﬁfl?(§| WHE et gpothgyembodiment of the present invention, a semiconductor

processing system is provided. The system includes a sensor configured to detect a signal
representing a thickness of a film disposed on a surface of a substrate. A first nozzle

25 configured to apply a first fluid to a surface of a polishing pad is included. A f{luid restraining
device located upstream from the first nozzle is provided. The fiuid restraining device is
configured to evenly distribute the slurry over the surface of the polishing pad. A second
nozzle located upstream from the fluid restraining device is included. The second nozzle is
configured (o 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 L0 a processing station. Next, thickness data is detected that



renmoval rates applied to a substrate surface is provided. The nethod
initiates with generating a thickness map of a substrate prior to a
processi ng operation. Then, a coordinate of the thickness map is
associated wth a sensor utilized in the processing operati o ph&iber2006
renoval rate experienced at a |ocationsof the substrate surface associ ated
with the sensor is adjusted 10 based upon data provided by the thickness
map. [0Q16]. 1In,accordance wth. yet. B another enbodi nen sem conduct or,
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i ncl udess gem@hib® ToNthePpsing AnfhelivehfEeabiml PidassileViThen, § siutg! ddefbutibhen a
fluid restraining device is configured to inpede a fluid disposed on a top
sur f ace lgptiphassesiateshivil thagaoms ontbe pofarshimgiulrert frolosally mapudite agemoval
substan}igh{%c$ghﬁorn115 fluid | ayer over the top surface of the pad. A
fluid delTvery*systemis provided. The fluid delivery systemis configured
t o sel efdi15¢ Ly actiosdanch vath agitan cafbotlineens ubsibtuotifat pypvidud diffarditial conttohyer .
[0017] In accordance with still yet another enhodinent, a differential

cl osed FOBYE GHES #Plicd & subidater SFfagaPdro Pret e §85 mghogdnisiales vily SRCHIAS aThe
system igalidesndd 8 analishgesybem afobd¥inddoftelidizt TR, SeGRREnFENS Be
device. The first sensing device Is configu ed‘to nonitor a filmthickness
dependeHticigiegnmbp imatsocipied vatsa spscowtdized omshe prhecssiag opdragiens iNegt, deeinosal

configured to isolate and neasufe filmthickness with m niml i.nfluence
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cor @ct pasel @pah dﬁtﬁW&ed@}@xehi’ﬁc@ﬁéﬂ@hapI 0 obtain a desired planarization
specification is included.” A controller in conmunication with 25 both the

si.gnal i W16} 5t emaadience heitie xist unpther sydodiment psomicgeductqhprosesstigomodile is
configu - J USk Lar I h I nsing. devi.c : i
Cubst anpeuidey AR RaRbeh Prog AR ARG e TIRUARETA % i paimiinge
syst em dndccaisSudlatiecat Thé fiuokressint@rieeivent comtiaured tdahgede aptiudetispdoyd bhe
second sensing device. [0018] It is to be understood that the foregoing
gener al ‘Oﬁe%‘é‘{g‘%? 81t BolhingePaiots Bainelsteg apf seevesdo gEs # ﬁtl'i’%?ﬁtéﬁué uniform
exerp! afiyigdac xRl AL Yoo or A A1 Ayl B3I hNEOF Véyr@@id%?‘.veme' fifd as
clainmed. 22 cenber 2006 6 BRI EF DESCRI PTI ON OF fﬁ DRAW NGS [ 0019] The
acconpadelivary sistem ngsonfigorahtoascectindg rdionidt £ cegion ahthecobhshntialtyeurpémn Bid
this specification, illustrate exenplary enbodi nents of the invention and
togethefYHi th the description serve to explain the principles of the

i nvent i @017PInl Q3R1ankt Quike shill et BnBiHRP lhiboBfin& & h aN@itfefendhROIAER Hop B6ntrol
principle upon which an eddy current sensor operates. [0021] Figure 2Ais
a schengiieongiueigr aralof pracesamarsyslany isqrotided. ndhasystdalyineludeeasigehsp sysion
20  having a first and second sensing device. The first sensing device is 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 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.



measuring the thickness of a wafer during chem cal nechanical planarization
(CWP). [0022] Figure 2B is a sinplified cross sectional schematic di agram
illustrating the results of 10 applying a uniformrenoval rate to a
surface of a silicon substrate. [0023] Figure 3 is a sinplifiepes&siinyFainhé
di agram of coupl ed sensors for measuring thickness of an incomng wafer in
accordance with one enbodi nent of the invention. [0024] Figure 4 is a graph
of the signal of coupled eddy current sensors configured as in Figure 3 in
accordance wi th one enboBRIERDKSCRIFTIONGRIHMDROVINGR5] Figure 5 is a
simplified schematic diagram of an alternative configuration of coupled
sensor s [P s ecompanying rdravings, thickk Assicerfpozatohierangr cansiipyg gart of this
accor da i th o i .0 Lovention.. 28] , Fi , i

o pl 1 1 1eEg igns M us D ARy Renb b PR B ik REH] i LB i The
coupl ed degmpains séoe toregguinithgpitidiglknesSse dfveatioh.ncom ng wafer in accordance

with_on enbodi ment of the inventjon. [0027] Figqure 6B is a graph
i||u§tri‘?‘?2r2‘?g Figge tlaaisvmwﬁﬁf SCRAMAYe ARGENS Ph S| PN eag%&h&i} @&d{?iy AffePlent
sensor glLust fer@8sconfigured to the side of the graph for detecting a film

t hi ckness in accordance w th one enbodi ment of the invention. [0028]
Fi gure TM021$ Faguwse 2l isfd sntiemetie digian df agraden oftrianhivicg mil kddy bimdm esssos éos or

coupled to 25 ownst ream rocess .t hi ckness sensor i.n dance with
one’ ol Be TTHERN FOmNe oA T TBay i har s et St RTPLG

schemat [@02d] #graen2@ isad sidhplETcd arbyseseeAB g isBRdthatRf didfrand NARFhMGE tH keSSt
sensor coupl ed to a downstream CMP process thickness sensor. [0030] Figures
8A ahd sppling aghdbens iempyairpige aguitaee of graileqomsubsitaiet ween the signal from
an 30 rent. NS QF: ¢ f|. t hi i -

ot andar [PURSLEHREEDiis SRARB e lop Bl WRE SFESTRR SRR oMot iBD il |
one enbofismipndmifg hfer imaeotdande VR34 embadifnOof the 2nghéph il |l ustrating a

calibraﬁbgp curve for an eddy current sensor for neasuring_a copper_film
t hi cknet¥W2fhFrguesd dam 8epliof Meoienab rbethehrddyrcurigat SRR ICPBHEUIS apicidgHEr

2006  73kPAR8laALOWIE o chibolidiBNelihUshiGR! | O two eddy current sensor
out put signals during a operation of a copper thin filmon a substrate
i n &ccol¥3hLFEignird b ionesimpbificd serinagt difgami ofvantitonati {«0088]guFitypuref doupled s
a graph_of an.Infrared (IR sensor, .Si nal,neas,ring,@he.te e&ature_gf a
pol i shi HHSH&I P JUEPUEN G HOGRET: PURETE WA H SHEe Rb Snbih £ daiig With one

i nvent i gbodiRR34dr the HvertidalB 1s a graph of an Infrared signal of the wafer

tenperature over time in accordance with one enbodi ment of the invention.
f0026] Figure 6A is a simplified schematic diagram of another alternative configuration of

coupled sensors for measuring thickness of an incoming wafer in accordance with one
20  embodiment of the invention.

f0027] Figure 6B is a graph illustrating the stability of an average signal when using an eddy

current sensor cluster as configured to the side of the graph for detecting a film thickness in

accordance with one embodiment of the invention.

[0028] Figure 7A is a simplified schematic diagram of an incoming thickness sensor coupled to
25 a downstream CMP process thickness sensor in accordance with one embodiment of the

invention.

[0029] Figure 7B is a simplified schematic diagram of an alternative embodiment of an

incoming thickness sensor coupled to a downstream CMP process thickness sensor.

[0030] Figures 8A and 8B are graphs illustrating the correlation between the signal from an
30 eddy current sensor for a film thickness and a signal from a standard resistivity film thickness

measurement device in accordance with one embodiment of the invention

[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.



[0035] Figure 12 is a schematic diagram of 30 second tine sequences TI-T9
of a CMP process illustrating the renoval of a copper film as neasured by
an eddy current sensor in the wafer 10 carrier in accordance with one
enbodi rent of the invention. [0036] Figure 13 is a high | eve}s pehigit ho@f
a CWP systemin accordance with one enbodinent of the invention. [0037]
Figure 14 is a cross sectional view of a sinplified schematic of a wafer

al i gner rat ed.,sensor ¢l us cc or da nce wi

e nboar mida D e 106 8 e SRR Sley S o R SRL MR, il Az &

vi ew of opdmmﬁeasqrc@fpenama@ﬂhabmm@u@tnﬁieurzﬁhd:doyaa@tce VAENDAE clbesiBE R ofnthe
accordance with one enbodi nent of the invention. [0039] Figure 16 is a top

vi ew of INVR&lidensor array containing a plurality of clustered sensors of

M gure Eﬁ?} ﬁpfgi%foif’ (R 2 n&%hofoag\elnﬁ%‘a%g?@éns&f si gJ?aef dléﬁ‘égﬁ“ﬁeé - tglrng%glre Grgure

17A 1s I'agram of " a systeém capa ng real
times ,_Zﬁoldbfrn‘gdyeﬁrdmatxmlm)smfdlm@muhrunmmfodrm@t@lﬁm1naéntmachani cal

pl anari i.on. operation in accordance w.th one enbgdi nent of the
‘inventi @ﬂ?mf B’@&% lgég'éraegia? 9fs a‘bﬁ“féﬁ“ﬁér%‘ﬂﬁl ‘B?rﬁ‘&f?‘rrﬁfr’i‘ﬂi’%ﬁfw'tehg“‘d]\hﬁ“%ygt em

of Fi guiRodibhee w[tggﬂgkmgb&'ﬂeﬁt dffre iSve¥ifiby @not her al ternative to the
enbodi nent of Figure 17A. [0043] Figure 18 is a sinplified schematic

di agr ani0§85} Figurol ol debemaigndiagamacfi Hhsecond an@l\@qu@ﬁcss'%ﬂ@mf aChdcprdasnce
wi th on of .the invention. [004 i S sinmplified
schemati EStg‘IH‘é‘értg%‘WPU’é t‘J? &t TWG°t h’é”‘ i J{‘%FSP‘gbtt%ya ‘bV ‘B'éfv‘?“é ese'ésr%l In fh Water
creqt i Ofn@dr iA aSddilAnte RAM orlelnPRIRhERRE ehannbBniine  embodi ment of the
invention. [0045] Figure 20 is a graph illustrating exenplary results of

t he i np@836loFiguict Adrentikkieh rlendved emraa@e@f an &R o yb o i ncepisiapesh ot theRe s
descri b&%%gﬁ%f&ggmwﬁﬁ‘] Figure 21 is a graph illustrating the effects

of a chem st el oni zed water, dispersed to a surface of a

pol i shl[ﬂQS’ndﬂgafetErxsal drbssi stcti@ml wmunoihg sﬂhquﬁad scheragosfdaneéerwlitheronich an
enbodi nent of the invention. 22 Decenber 2006 8 [0047] Fjigure 22A and 22B
i | | ust MR8 AfLSRLON AN 4B ATGOHE “Fﬁé‘“‘z‘dﬂietq dgpend|oh thainventiply i ous  regi ons

Of fshe [B%S]Sf'flg@& pad Q%&:@%é@m%ﬁ%&%levﬂ%@*@ﬁ@k&%bl Rh& %héf&lh N QRENRS PN
f e 8

accordance with one enbodi ment o invention. 1004 gure 23 is a
fI ow clsangor dlta@rsalmnact:(brusmaeamlngnet Mbmmodofaberra/tenmm of nmonitoring a film
ccord

erbodi HUDIGRE RS F AJGhY1ESrT FOOHUT EBLF S TES? BTN bAGE SOr T
i 11 ust &b a 5tk ecdRdhed wonesiRlchMdirhét oPERVindéd®n, di fferential control for
renmoval rates applied to a substrate surface in accordance with one
[0040] Figure 17A is a simplified schematic diagram of a system capable of providing real time
20  differential closed loop control for a chemical mechanical planarization operation in accordance
with one embodiment of the invention.
[0041] Figure 17B is an alternative embodiment of the CMP system of Figure 17A.
{0042] Figure 17C is yet another alternative to the embodiment of Figure 17A.
[0043] Figure 18 is a simplified schematic diagram of the controlier configuration for a CMP
25  system in accordance with one embodiment of the invention.
[0044] Figure 19 is a simplified schematic diagram illustrating the fluid restraining device and
the creation of a slurry pool in accordance with one embodiment of the invention.
[0045] Figure 20 is a graph illustrating exemplary results of the impact of differential removal
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.



enbodi nent of the invention. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS [ 0050] Several exenplary enbodi nents of the invention will now
be described in detail with reference to the acconpanying drawi ngs. In the
foll owi ng description, numerous specific details are set fogztlijedeﬂ,bgi:g@% to
provi de a thorough understandl ng of thegpresent invention. It wll be
under st ood, however, to one skilled in the art, that the present i nvention

b t it |l of th det In.oth
Ty Do B B e b AR, B PO 6 SE SRk GRS
in ordefegigils b0 MBNEEIRBHRA iphy ARERULE chBficAl GA&MknichiNYeMaligfion opeta@sn Ln 2A

and 2B are discussed above in the "Background of the Invention" section.
[ 0051] E?fﬁ’yd"é'ﬁ? Matitong sHWEENqEeSihedny@lonor the contactl ess nmeasuring of a

thin me

a1 ol eal Elghe £5is TG RRRE ol lsihding (HHouSq OB iSRG BP BRAGHAT il o
ar e tapdiidlecof eppovd dvaga aubasite émnoewd mmeszp(anec&dzime waithvahe rembivineg afnder
typical . | oading robotics velocity. Therefore, it is possible to performthe
t hi ckne¥¥°Mdsurenents "on the fly" without inpacting process throughput.
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t hi ckness prori fromalimted sensors | a cluste

conf i gudidfierential Fontrdxi@mptmwovalakes eqﬂphgahecnsa purtoiratd esunfpoe ne rccardanca with one
rotati onaf% (gl rec%g Bn and.a linear radial direction. Accordingly, a cluster
pf ﬁf"é'c“'éllhl ckness profile of a wafer while the wafer is

e

of sensgPe°®
underg0| ng coi
t hi tkness pro ’ S 4

downst r[@mpgae?aﬁ%xe ? fe%bm@ﬁ&edoff e mb&%‘aw%nm bercegerl&d AQelM057)
The Fi gures bel ow ini 'y provide configurations for an I ncomng sensor
or sensweferergicust the amampaesasglrcegwmlge thi thef fdliowting cksreipsiolepemdent spegfial

froma wafer under jideal non- tur on- pr ocess
cond! ¢ iU apnet foroR a8 Bmndv R Bertieb B nlsnEe B pPRLRaETRE” 1
downst reanbé apide a0 MoRE PGS 36 &he AN eh Whd Brtl AR HBtREsehi hiRentidhakay Be
the 22 Decenber 2006 9 incom ng thickness can be supplied to a simlar

t hi ’ékne%}%“l%éémh%g serag ot all b thesh spdlik detedanin ¢lpr inckoresn WsHdwes®, Progrss
sensor & r abril ¢ I E .
cal br ALRGnE BT by beh W AROER AR 1 PRL R BARERRER R BT BEtent
resul tiingentioam Elgmes dr, d@emsd )3} ﬂ@ﬁﬁhcﬁJB@ﬂSabowedl e tiBackigtowsidoaf] e Hevention”
appreciated that a cluster of sensors refers to the 5 conbination of two or
three SEM&BYs to define a new netrol ogi cal property. I'n one embodi nent,
the senpesn @S maa%me}&gb%%& (b0 HeCTRERIER b dubinbYorl Lot %ﬁegycrﬂm
Sanpl e results of data er éd e sensor configurations are al so
pr G0 deﬁcmeumtheﬁnllaan@wf offiickisaysasrmsor msllylsuetizech?erseinlindnldod:tudesmtiﬁwotuong ndt e

clusters nsors j.oined Lo cover, | erarea of
has een Ctefthinel That QCE are capable of prbvxg%g a ?ast gugh response fof a wafer

moving under typical loading robotics velocity. Therefore, it is possible to perform the
thickness measurements “on the fly” without impacting process throughput. Moreover, the
movement of the wafer can be taken advantage of to produce a thickness profile from a limited

25 number of sensors in a cluster configuration. For example, wafer aligners provide movement in
a rotational direction and a linear radial direction. Accordingly, a cluster of sensors can capture
a thickness profile of a wafer while the wafer is undergoing common automated wafer handling
schemes. In one embodiment, a thickness profile can be generated for each wafer so that a
recipe of a downstream process can be optimized for the thickness profile.

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, e.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



wafer. Additionally, three sensors |ocated on the sanme side of a wafer can
be considered an 10 array. [0053] When integrating the clustered sensor
with a pre-existing station the thickness of the wafer can be napped and
stored for a downstream processing operation. In addition, V\Q@Beémer%{,@rs
are renmoved fromthe processing chanber 4t he thickness of the processed

waf er can also be scanned to provide quallty control f eedback as to the

resul ts. of the, processi r _ ordin ust can, be
rede 1 oitREtRIGSS S SBEI AR AR L B B e ibutRp
post pr m&&md}gplﬁe@ul the GatoPasshEiaieddath e ldohakidmt fa@h@@tﬁﬁﬁprﬂ@es@l@@{ fleh ®8S
al so. [0054] In one enbodinent, a CWP systemthat includes differential
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configured to adjust the signal 1ndicati the thickness of the filmfrom
t he senswein mduéeﬂomcanr ingdre }clmmmwé sd:mxbts Jomieddobmwatyr, efef,evap 4 Mrgoduced by

the CVP_ s bstrate ess co The substra

b cknes S Eonpiimely SR erhA e B oo Bedce: gt 8%5&0%%3%@' Phe
absgnceypfy. t hird bodi es which may |nterfere with the signal, e.g., an eddy
current_signal. A slurry delivery systemconfigured to provide a
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inpeding the flow of the slurry o pad as the pad Is noving. The fluid
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race. " BBstR g srdbotietty B Bt sfikr el FTSS dovib UL ERr s
for neasmbinng %M&Bﬁaﬁs‘l ngfel foR Ry me\@g&@ﬁq ihQuAGCOHE R Carrit lispoRe over
enbodi ment of the invention. Top sensor 0O 5 and bottom sensor 132 are

confi gir eelishingppasli ddcawafeysairier nelicenli gured 4o tshPrekheskafer diang e plagarizpfioone
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I NC Subst ra a er SOor
of f set of rtmfidwxi sTﬂ@@:gﬁhl hreli da0iimg tﬁemisxokneb%f thn €iliskintlugtes third h@d}aeﬁfeom_l A

appr eCIggzt”neeialt Qxﬁtpos%yco%gustgrt 1tnlcr<])9nrztu?n%§tﬁ)?asv%rth %%Ose%glgr IlS)?IECtli?dcd The general purpose
computer is configured to adjust the signal indicating the thickness of the film from the sensor

to substantially remove both third body effects introduced by the CMP system and a substrate

25 thickness component. The substrate thickness component is determined prior to a processing
operation in the absence of third bodies which may interfere with the signal, e.g., an eddy
current signal. A slurry delivery system configured to provide a substantially uniform slurry
layer onto the polishing pad is provided. The slurry delivery system includes a fluid restraining
device having a first side and a second side. The fluid restraining device is configured to create

30 a slurry pool over the polishing pad behind the first side by impeding the flow of the slurry on
the pad as the pad is moving. The fluid restraining device is further configured to provide a
substantially uniform slurry layer over the polishing pad following the second side.

Downstream from the fluid restraining device is a mechanism configured to create a shury



sensor 132, where both sensors are eddy current sensors, the

el ectromagnetic field produced by 10 sensors 130 and 132 w |l not
interfere, i.e., suppress each other. \Were the frequencies are the sane
and axis 134 is aligned wth axis 136 then suppression of thg peaades 2008
occur in certain situations, however, ag wll be explai ned bel ow

adj ustnents can be nade to avoid suppression of the signals.. Controller
144 is i n4iGAatd0 LN, . [ :
cont 1 ol 1SRy FEBR R Srb o RERBAES roplen AR ok, IR SR, BRleialy
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illustrated by line 152 in region 158. At the sanme tine, the wafer is
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nmovenends fCNIReool, so that the downstream process can optimize the process settings, such as
pressure of the down force applied and belt speed, based upon the incoming thickness of the
25 walfer.
[0056] Figure 4 is a graph of the signal from coupled eddy current sensors configured as in
Figure 3 in accordance with one embodiment of the invention. Graph 150 plots an eddy current
sensor output in volts versus time. Line 152 represents the signal from a sensor located below a
wafer such as bottom sensor 132 of Figure 3. Line 154 represents the signal from a sensor
3¢ located above the wafer such as top sensor 130 of Figure 3. Bold line 156 represents the
average of lines 152 and 154. It will be apparent to one skilled in the art that line 156 provides
a substantially constant signal. That is, by combining a signal from the top sensor with a signal

from a bottom sensor, the dependence of the signal on the distance of the sensor is eliminated.



object toward a first stationary sensor is offset by an opposite change in
intensity caused by 10 novenent of the object away froma second stationary
sensor. In turn, the sensitivity of the signal intensity to distance is
elimnated, and the average signal, while being calibrated i bedefifber 2006
filmthickness, provides distance independent thin film measurenent
capability. [0057] Thus, by clustering a sensor or clusters of sensors with
a sensor. operat,ing under in onditipns, such as ensor. enbedded in
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with reference to Figures 8 and 9. [0059] Figure 6Ais a sinplified
schematseasadi dgftengass banblitasr ak ren-fatin prosewsf qogtrohmibere efwafer boupltiigkness
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enbodi I on. sensor cluster is
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sensor 130. Bottom sensors 132a and 132b are positioned such that a
- di st ancerEelGmEE Rl BBR&YEKICES. axi s 162 is the sane. Thus, by averaging

[0058] Figure 5 is a simplified schematic diagram of an alternative configuration of coupled
sensors for measuring an incoming thickness of a wafer or film in accordance with one
25 embodiment of the invention. Here, top sensor 130 and bottom sensor 132 share the same
vertical axis 160. In order to eliminate any interference or suppression of the signals between
the top and bottom sensors a different frequency can be applied for each of the respective
sensors. Additionally, a phase shift can be applied so that the two sensors are out of phase.
That is, one sensor overturns a wave of the signal by 180 degrees to eliminate suppression of
30 the signal. Since distance is climinated as a variable here as described above, the signal
intensity is a function of thickness. Stated as a mathematical equation: S=k(THK), where S is
the signal intensity, k is the sensitivity coefficient and THK is the thickness. Where the signal

intensity and the sensitivity coefficient are known for the above equation, the thickness can be



the signals fromsensors 132a and 132b, the signal, and consequently the

t hi ckness, along axis 10 162 is determ ned. Here, interference or
suppression of the signals between the top and bottom sensors is not a
concern as bottom sensors 132a and 132b are offset from an a4 peeinbePP006
sensor 130. Regions 164, 166, 168, 170;,and 172 denote novenent of wafer
138 as the wafer passes through a space defined between top sensor 130 and
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166. As can be 30 seen, the average reading represented by line 177 stays
rel at i vagRifisanes @y thepo paiqnsnsk tescribrd ifegreater detaibvy sl refprepge © Hgureitiehes.

Whi t i g it - ' r h ipgnal
and ¢ helPEFL PR SEUERSdok ithyfyingne SabiifFy SFAF VG RHE Shobl GuIPASHE S cBlP

st r ongerurrenhecrsogolakter at eosfigyed tothebddd ofrtteensapht Sorl@Rectmgck fiBRhhiokeords 22

Decenber 2006 13 weaker. However, the average. represented line 177
r emai nsASCRIAARGS, Wt oR6 ribodimentipd g fyentigny fh@lﬁs ﬁ@%ear%mne 1 TG SRS

from t hgydatdpenits E’%ﬂlserﬁﬁﬁ‘?ﬁ(ﬂiaﬁwwe obASmSeRS 188 8RS8, fam 1oPuaessor
130 becomes weaker, while the signal intensity frombottom sensors 132a and

132b bdetwes ©psemged 308l e senstis [30enndgé3df. Gnepht bpl sletssibe Fisgreatlinghd

t he bot.t om sensor ignal remains practjcally unchange i.e., relatively
cortdt art VO B e Tht BnatFaga0d PHAE | SEimolktar B S nb preetSo sl e
di st ancghiiggepeTHeptesenig i redbRkSrdreedbs 13T eLpk 3eecprbelts el @Mdikhgrom
sensor is irrelevant as the average of a top and bottom si gnal of fsets

var i abitPp S§nPF daf- tIReontatBbodiBgnindhopigayedrapaseaicioh3F anthd 33p granvarEnsh
waf er wa;plngy Vah&l a&éggéd.'%hrfﬂg%?gnal from sensor 130. The final averaged signal is
represented by line 177. Graph 171 illustrates the various positions of wafer 138 as it passes
25  through the sensor cluster. For example, wafer 138 comes into the sensor cluster and is
represented on the graph by region 164. It should be appreciated that the ECS reading of 11
volts represents a starting point corresponding to a thickness of O as the wafer is not being
measured here. The signals stabilize as the wafer edge passes through the sensor cluster. Then,
the wafer continues along this midpoint travel path as represented in region 166. As can be

30 seen, the average reading represented by line 177 stays relatively steady.
[0061]} Next, the wafer is moved up by 0.020 inches. While the signal intensity, i.e., a
difference between the measured signal and the reference signal at 0 thickness, from top sensor

130 becomes stronger, the signal intensity from bottom sensors 132a and 132b becomes



out of the sensor cluster as depicted in region 172 where the signals vary
as the sensors see the 10 edge of the wafer upon exit. It should be

appreci ated that regions 164-172 of Figure 6A represent a simlar pattern
of novenent as described with respect to Figure 6B. A graph ofpitlgiber 2006
movenment of Figure 6A would yield a subgfantially constant average signal
as in Figure 6B. One skilled in the art will appreciate that the sensors
can be configured with one bottom sensor. one top sensor.  .one ttom
censor Sadktrad S e AgarCicbBRAR)B0ine 172 offPnt B ETE Sl TR ST
of f set iNtheAUNEENovA! 01RO iMEHETrcE® thdAlidpbiigl gith.© ARafingdy) the Bl aitbmgty
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communi cated to controller 144. In turn, controller 144 communicates the
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I n anot her enbodi nent, sensors 130a and 130b are inftared sensors. "It
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i ncomn fer 138, a calibratipn can perfornmed to substantiall
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and stail nl €ss stee I ng 180. 22 Dece r Figure 7B is a
si npl i fi0862kEigeraiA & dsiaglifiod ofhcanntialdisaraail we irewbodg thecknesd seapor donpleditng

t hi ckness, sensor led to a.downstream CMP process. f hi ckness sensor. In
i gur o 2 F23TGe0L tUP BraepelitBhs: Srrig bHcIBEEnSER oS TRATEAL Chrihe
sensor sipdrRnanderd32RomiSy HickneMTRARYC B30 0dk M difesCO ik k€ bf IAwatdeBd/o
sui tabl e sensor cluster, such as the sensor cluster 5 of Figures 6A and 6B,

i s provhiedn bHbetassuhsiate HE ofedai h. tHieskanas sdgrating tler det@grioed Gicknpisris
film 14 ; illed in t r il 1l _appreciate. _
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cl ust ergobhahichanembsdicdan wage dadridet7arfe: AEMP@rodeld. Cn@fSerabodi@berseadfs |1 n
one enbodi nent, controller 144 aver agles t he signal frombottom sensors
132a and02 306 13Ab greeddst errrat senfoie B itk padodingiiapemsers 1308 andi oRReds of

waf er 138 red sensors. It should be appreciated that by providing sensor 130b with the thickness of
incoming wafer 138, a calibration can be performed to substantially eliminate the sensitivity to

25  the distance between the sensor and the wafer. The variability in the distance between sensor
130b and wafer 138 can be caused by carrier film 176 compressing during working conditions

or just due to the inherent variation of the thickness of the carrier film, which can be as great as

+/- 3 millimeters. Additionally, the distance between the top of polishing pad 178 and stainless

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 substantiaily 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.



10 along an axis of top sensor 130a through the wafer. The averaged signal
of the bottom sensors is then averaged with the signal fromtop sensor
130a to determne a thickness of wafer 138 or thin film 140. This

t hi ckness is then communi cated to enbedded sensor 130b. As menbhiQAfdr 2060Ve
wth reference to Figure 7A, an auto calj bration can be performed for
sensor 130b where the sensitivity to the di stance between the sensor and
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2006 CMP sensor cluster I n "anot her enbodi nent current

sensor selamleatcd)mw“ﬁlmtysmm tuablcehb:eddly cenrlree perfomamsioins reasum a:Sd@stAthseECés
anal og -difomt erreni sensors. avai @he L?roagf SUNX ITbén'teq{ In gn@t her 't
enbodi EAICU RN YATSHET LL RESPSPIRARMRE Uit ool 1YRa KTl Pl enical Aidf g WEe

7A and (RBCMiMearfiel-td-Plates SRRAGHiSal GipleBmehRRked together to detect both wafer
proxi m té@and 5 netal filmthickness. For exanple, a capacitance sensor can

be i ncIB0ed SemsemBOheatldrigwrsr 1 rdisposcdiever sRaner & 5di Snaseic &7 bistalieand thd Waf er
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(r:ggir g? Itvrsiﬁg ngv[e];*rg[ah&g{(lh@;lnggn@te? lfr?l(ransﬁsangrglgogt is I‘j%]x%lthfc{(mfg sallto?;}d bg app(?cmated that
spacer 175 provides a window for sensor 130b to transmit and receive signals indicating the
thickness and proximity of a wafer or film on a wafer.

25 [0065] While the embodiments of Figures 7A and 7B illustrate a sensor or sensor cluster for
pre-CMP processing, a sensor or sensor cluster can also be located post CMP processing to
provided information configured to improve run-to-run process control. While the incoming
thickness allows for specific recipes to be downloaded to the process tool station to compensate
for any incoming film thickness, the post CMP thickness allows for the correction of any

30  detected process variation determined in the post-CMP thickness uniformity measurement.
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-



10 measurenment device in accordance with one enbodi nent of the invention.
Line 190 of Figure 8A represents the signal froma typical resistance
sensor approach. Line 192 represents the signal froman eddy current
sensor in the presence of a third nmetal body, such as the st pb&ssher2068!
backing of a polishing pad or belt, a wafer carrier, an air bearing platen,
etc, of a CWP tool, at different points fromthe center of the wafer. Line
194a re ents the SI from.a urrent sensor w thou

or e6enc O NP SR PG cFe Lo MOPHISSh e et et ERDT OB SO upble
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resi stance measurenment. Additionally, the percent deviation is within +/ -
5% as Limiied r bt andthsy embpdimynesmullioR, senbnss earebe plaogd inHbe Wdffar@gh@s of Figures

cach of T P2 eckh R Fengy SR b, FRRHR el e B A APyl it alOFRuG e

cur rent preNSidm-thRRAeHs e MR bSaBPle] £talaedarice seh@nakishe frrcﬂmea it yHl \e@(‘ex carrier to

resi stance sensor_approach. Here, line 190b represents the signal froma
typi cal et%%metaaﬁ'éen%ﬁeweaﬁbr déﬂfﬁ 3%Fhee5@§4ft?“?‘€pr 85 dh¢ SaparEagGeyPFARO Som
an eddyy; r petal body. It
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correl at with the RS75 sij That erce evi ation. be en the
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lines correspond to the edge of the film i.e., edge of the wafer are

not con&xi\ctep@@bre%theesrrewérfrom[«nt)@&]al Ffrsgatﬁrreegsen@raipgmph |H1h@§92acﬂnn@ngs the
‘cal i brat.io fGurve r.ent sensar
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198 reprteaeﬁtlsmg dfid polishingkmeissr 6dl:, aopprRF c@ﬂ@rtﬁﬁalaes@mgapmnEas ¥ohtge
reading for that thickness wi t hout t he presence of a third nmetal body.
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200 e skKi I'n the art wil ppreci at
cal i br atloszhy @urmkﬁ&escwrthbtﬁeamieilsacﬂrdno a ttaedasdnar oilesapprbett aboive rasidtimee
reference to Fi

A 6B, 7A .and 7B. Additionall caljbration
curves IB%%?“I%“?} te‘H]aﬁéSr aﬁvf%héﬁew%lsf‘f’it@mJ%{yér/‘% aaéﬁ%'affg‘rbr ktangles
descri beg, %@% ejcﬁrof' the WS4 fﬁ’és'éé%e%ﬁlﬂgsté’% ARt¥ndddecBREn ?@%@&tl\?@opcﬁﬁts on the
limting. 5 Fi gure is agraph illustrating two eddy current

sensor lm@ﬁpmvesﬂaghafe‘wdurimgigs a CMP operation of a copper thin filmon a

accogdanc. 0
F e JUIEIHRSECKS GRY B FERCHUERE e Sioairientifi iy Ptaci o Rl
under gaidig athgicMesiORBEAIOHY: apphdtth 2 Feré, SRTEBRIBLSpiclen EGS 3G &lonD¥ eypitdl me
of the trailing edge of the wafer undergoing the CVMP operation. It should

be apprédsianiedsanset appieaghegivitile 194b represents the signal from an eddy current sensor
without the presence of a third metal body. It should be appreciated that the wafer measured in

Figure 8A is different than the wafer measure in Figure 8B. Again the ECS signal 194b closely
25  correlates with the RS75 signal. That is, the percent deviation between the signals is generally
within +/- 5% as illustrated by triangles 196. One skilled in the art will appreciate that the
points at the ends of the lines correspond to the edge of the film, i.e., edge of the wafer, and are
not considered as relevant.
{0068} Figure 9 is a graph illustrating a calibration curve for an eddy current sensor for
30 measuring a copper film thickness in accordance with one embodiment of the invention. Line
198 represents a film thickness of copper and the associated ECS voitage reading for that
thickness 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



10 defined between line 214 and 216 renoves the topography of the wafer,
while the region after Iine 216 renoves the copper overburden fromthe
waf er. Point 210-1 represents the endpoint, i.e., clearing of the copper
overburden, of the |eading edge of the wafer. Point 212-1 re gaeghﬁrzb@e
endpoi nt of the trailing edge of the wafjgr. One skilled in the art w
appreci ate that t he infornation gat hered fromthe ECS enbedded in the

waf er carrl Wi | d c uo s data f ernlnln at e.
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that a silicon substrate is transpar to t e Infrared s t herefore,
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of the belt relative to an operator. [0071 igure IIBis a graph of an
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respectlggty, intersect the response, |lines of the g Ehs at the endp0|nt
of the BEYBEHIGH gahprddEys by Fahgmbpddedindhgupter ﬁeﬁ*ﬁew dtedd g@dinugas @t for
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poi nt of the 2 Dece 2006 1/ curves. In one i ment
t enper atndrtbe Mdnge@igbwaaﬁve whbs@fcdledviees eedessarss ambbeddddeinibe tvaf@rppereat tee

h b bout, 1 Cel d 12
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i 1] ust rigdiddehebfifed eMuels, Bferd i APPLRvihddnvard BRSIENSSH B)elR sREMoCHEdeeit:
sensor in the wafer 5 carrier in accordance with one enbodi ment of the

i nvent itevelutar f apolishies b@qgemﬁevghrph-prg\udmwsmhe EGBuIsIpNE. Bire ethodmants s
' n 2\60| tdse &fb%dth%?mh Ipfgava(lti néo%'tiytﬁJ)L%sl rgeassgge%}% anm cp(g\e%(s rﬁéhl OQﬂTﬁI rr?é e _Sl_(zaquence Tl

i | 1Ust rates the i ion o he™proces

i 11 ust r@0Ey Fibere Pegiswpnghef ahhefrikiqIRY sepfort fignat aRperidd than tethbedaturs of 479
A of materjal is remgved Iin tinme sequence T2. Tinme sequences T3-T8
il ustr 1éh1§§5>pg)gv,eﬁf1glegg @@g@ﬁ@pep\éfth S ea}m)dtrﬁ@t of the invention. One skilled in

the art will appreciate that a silicon substrate is transparent to the infrared signal, therefore, the
infrared signal can detect the temperature of the thin film of the wafer being planarized by the
25 surface of the polishing surface. The lines of the graph of Figure [ 1A represent the monitoring
of the infrared signal at various locations of the belt, such as the center front and back of the
belt relative to an operator.
[0071] Figure 11B is a graph of an infrared signal of the wafer temperature over time in
accordance with one embodiment of the invention. Here, the wafer temperature is being
30 monitored to monitor temperature variation during CMP process flow. For each of the
embodiments of Figures 11A and 11B, line 218 and 220, respectively, intersect the response
lines of the graphs at the endpoint of the associated processes. That is, the belt temperature and

wafer temperature begin to decrease at the endpoint, which is at an inflection point of the



10 associ ated amount of material renoved during the tine sequence. Tine
sequence T9 illustrates the occurrence of the endpoint condition. [0073)
Figure 13 is a high level schematic of a CMP systemin accordance with one
enbodi nent of the invention. As will be described bel ow, thespasaibeebéwd er
or array of sensor clusters can be incF;porat ed into the front end of the
CWP processing systemto provided a 15 thickness profile of the wafers as

they are deliyered t cessi ng nodul e or recei ed th .
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Accordin ner rota ness e can be
det ect estgimnithef 2 &an;s/ar of khﬂ:Sct(ijer Fhns, THao inddbtA efahatspdde removmqm tirad,
i.e., the foot “nf{Of the system.is not affected, and the p athvvaépgf the
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s @is %§§&ﬂe%&%uﬁﬁ§%ﬁEHQIQGﬁ0% d dﬂ% thﬁ 'tltmessléah'ér]q b gggP had 4 i[iRahet he

sensor clusters can be 1ncorporate any to wth thin netal
filnms ahdog@lrrfgcmfldaﬁ eaﬁp(gnrecrcmdxudﬁurther nmore, a single sensor cluster can

be inc in di,nents describ erein, .30 or _alternatively,
on arr 9B SO cio el BaH B TRUS: Do at 00 (SRl &1 aeorihes APe s o
a nore enwmheﬁta)fttm ﬁivem PAS NI Be Abscibedbelow, HRO%hborFdl Q& o lfraly o f RekdoPS S
sectional view of a sinplified schematic of a waf er aligner with an

i nt egr slEgers eaR de iBrUReBied mtadhrofrdainesl of the ONE prasewingesistan te peovided a

TR M2 LY 20 PPEGTUR! 4008 AT 2R0 LR RS, R adl R gyt

spi ndl ehe?zmoctehmglgho&uet i boadapplt eddties a230af Loob,suid agec afontdne waéerto Fop
sensor array, 24 a ar}d bott om sensor array 242b each include a pl ura ity of
cl ust ePEE<S gadhat hgye Jgen H‘ﬁécsé‘F%sB%lP(é@@éﬁ%‘éﬂfég%?d Bararestrlrad Pt e

confi 9%&ﬂnés%@@tcetstuaﬁs@rgmlW,Jfa‘éu&aﬁatﬂé& dfi®nds d%'&'a%‘&?ﬁ%ff&f 2R m@herfmm on

waf er 138. One suitable sensor cluster I's an é current sensor “cluster
as des &qbbedﬁébbwpwts tthe ef/aé”mem@emtloﬁﬁngmeeﬁiMB mncks7iBg MopulsenRegioar 23/

2228, sl S 9B BT ER S Bhed Y o i R IRl
t hat Waidsert,oRck @RIRE s@ﬁsb@)éh%@c@@d?s@dss@@tthNe?@r@ﬁéH to Blgudds Z2A2darB, can be
illustrated as being offset froma center of the wafer, however, the sensor
array Integrated within the front end system of Figure 13 in one embodiment. For cxample the
sensor cluster or even an atray of sensor clusters can be integrated with aligner 234.
Accordingly, as aligner 234 rotates the wafer, the thickness profile can be detected by the
25 sensor cluster. Thus, no additional space is required, i.e., 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



i0 and the sensor clusters nmaking up the sensor array, can be positioned in
any nunber of suitable |ocations over the wafer. In one enbodi nent, the
sensor clusters included in top sensor array 242a and bottom sensor array
242b are offset between top and bottom sensors of a cluster gugkentber i
reference to Figures 3, 6A and 6B. In apnpther enbodinent, an axis of a top
sensor of a sensor cluster in top array 242a is the sane as an axis of a

tt, 5 d d th f F :
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included in the sensor arrays. In one enbodinent, controller 144 is a
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a recipe rocessi n opera I'S un ol n
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adjusted for a particular wafer. In othe each proctess operation
can be loostiewiwed thieowafar. phr tic ambedimehithe @meons¢<lu$tbxedncind¢mm wptsensoir[akray
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t hi cknegswith afftlefcd @ Ribre9BNEA AW, Olnl ROHRF cmEOMBINE an IxQOH6 tobisgndce ol 1S
a nore detail ed side view of the sensor array containing a plurality of

sensor ENEYt@HYer i WpcBTaYadtd Withe seine a@mbotkihene corresprnding Beqra senyde s,
togjseqﬁ&gs EEQX%E%%%?§0n1s I%%OG 19 242a includes top sensors 242a-1,

2424- 2 nsor array 242b includes bottom sensors

242Db- 1,[oamﬂbEéth anche2datoB clusteroné therhadisrentFigaehl Hfard e cdansaricti@bewiiddy
current sensors. In the enbodi nent of Flgure 15, top eddy current sensors

are of f9BiroReH4. O meshioned AP EoteFAllsH %éﬁ?@f@ﬂlr%wswga%thasema& MR
set of FeRsQLS clmmgqeterﬁ%cf’a RRkARDed AP QMG tﬂa Bﬁ@l “a‘)??t ﬁﬂﬁyween

current sensors can share a conmobn axis by appl y|ng a phase sh
t he t opeaswds ahreinbbidedm $e¢fsmmsamso:usmng24azedmfd botgmth sl’ene:qufmagfyZélzb[ OTOWs} as

Figure 16 i top view the sensor array containi
ol o oret EvEinSRarieTer i LERs o Reesy HanEE o PAoHE TBHbLH RER s PrtHe
| nvent ic@Nhe WG thtoGRANLBRSRRNIENGE 1hQRIcdSRNGO scASdrafradd2ani difel MHBSdifeRt,
sensor 242a-1 - 242a-3. Bottom sensor array 242b includes
‘ controller 144 is a computer which controls the process operation which wafer 138 is being
delivered to. Here, the computer can store the thickness profile and adjust a recipe for the
processing operation when wafer 138 is undergoing the processing operation. That is, the
25  sensor clusters of the sensor array, when placed in the front end of the processing system allows
for the customization for cach wafer as it is processed. For example, the process variables for a
CMP recipe, such as pressure, belt speed, etc., can be adjusted for a particular wafer. In other
words, each process operation can be customized for a particular wafer. One skilled in the art
will appreciate that controller 144 can be in communication with another controller or computer
30 controiling the process operation and provide the thickness profile to the other controller or
computer.

[0076] Figure 15 is a more detailed side view of the sensor array containing a plurality of

sensor clusters in accordance with one embodiment of the invention. Here, top sensor array



10 bottom sensors 242b-1 - 242b-3 and 242c-1 - 242c-3. Thus, the sensor
clusters of the sensor array are configured as described with reference to
Figures 6B and 7B. As wafer 138 rotates in the aligner in the direction of
arrow 250, the sensors generate a thickness profile of waferyl8&entt%r 2006
detecting signals indicative of the thigkness. Additionally, the sensors
can nonitor the thickness of the wafers as the wafer is noving linearly,

in the directjon of arrow : the 1 fer [ s brought into e.aligner.
1 shout e Bt &0 Agnsars SRE L nir st 2%y baﬁmﬁa%_? S%@lfﬂyna%?eﬂ“%lf“%s
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Additionally, the sensors do not have to be evenly placed over the wafer.
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sl urry arsyppt yorfGRirerhys dasclibetiewh rasenemior Fighres bBrang HhdAa vealit 1351 tetagasnp t o

deliver, the slurry. Nozzle 260 ] onfigured to deliver a flui eam
from ¢ Hbe Al g Tr 135 ARBEER B ARy A3y fo-oses Bptiieut i dissTy oL AP ek
the 1 uiyddt@ciizgbRaldGRdichipveeof iHehidikbss, Mayidicekugeths! sehkdts ddei monizedhe
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restraining device. T terin e anount of slurry fromslurtry
| ake 26rotilat npasdemiléd tmdef e thicinéds pwoirlesf mafarildg. devi ce 262, a uniform

| ayer ry is .disposed._over polishin d 72. 1t . shoul d. be .

ap ot ec iy Bl tiade 134 avratial Fhafsls et RECe RO saptrePtrlichb mabime ui o
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acconplvwighere embodigienanf theuinveion. nWafes 138 Harethe rageist pelighing gad‘ PGwwhile
restr aia?)}ap y%lgdz? \éb\%ﬁw%rfsdz folgféeo%i)%eg wtapc? cldrqiefr %Bf;rﬁoqhﬁé wat?éjrtfﬁn plLicP hH\E/erStraining
device 262, also referred to as a dam, is also forced against polishing pad 272. An edge of fluid

25 flow restraining device 262 presses against polishing pad 272 creates a slurry lake 2064
upstream from the fluid restraining device. Nozzle 266 delivers slurry to polishing pad 272.

Shurry supply 268 supplies the slurry to be delivered to polishing pad 272. For example, slurry

supply 268 may include a reservoir of slurry and a suitable pump to deliver the slurry. Nozzle

260 is configured to deliver a fluid downstream from the fluid flow restraining device 262.

30 Fluid supply 270 supplies the fluid to nozzle 260. Here, the fluid may include slurry, deionized
waler, or some other suitable chemistry for a chemical mechanical planarization operation. In

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



10 over polishing pad 272, the delivery of slurry supply to nozzle 266 does
not have to be an instrunment requiring precise distribution of the slurry
to the polishing pad. For exanple, a peristaltic punp may be used to
deliver the slurry to nozzle 266, as fluid is collected in sp)upkdembeflB0&64
and then uniformy distributed through E@e configuration of fluid flow
restraining device 262. 15 [0079) |In ohe enbodlnent fluid restraining
devi ce 262 i onf i dto allownore slurr on a trajector
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vel ocity experienced by bottom section %8b during a rotation cycle of

waf er 1@®iccA¥% result, pad 272 tends to stain nore in the region
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syst em;Zé% Ijncor}deral% app‘(j ff errgnQ1al lré)rrqgval udaa I%I {LRS of farslu%acl:e of wafer 138. In this
configuration, nozzle 260 may move along an arm extending across the width of polishing pad

25 272 as illustrated with reference to Figure 19. The arm may be controlled by any suitable
means such as a step motor, servo motor, etc., in order to direct slurry, deionized water, or some

other suitable fluid on the surface of polishing pad 272 downstream from fluid flow restraining

device 262, in order to manipulate the removal rate applied to wafer 138. For linear belt CMP

systems, the belt 1s moving in a linear direction towards wafer 138 while wafer 138 is spinning

30 about its axis. Thus, the relative velocity experienced by top section 138a of wafer 138 is
greater than the relative velocity experienced by bottom section 138b during a rotation cycle of

wafer 138. As a result, pad 272 tends to stain more in the region experiencing the higher

refative veldcity, due to the greater amount of debris being experienced at the upper half of belt



10 coefficients, different chem stries, abrasion action, etc. Here, the

nmet hod of dispensing the slurry has no inpact due to the fluid restraining
device 262. That is, fluid restraining device 262 controls theanmount of
slurry transferred to the wafer w thout manipulating the punp Bgeeniitt-20086
the supply punp or supply nechani smwhigh is supplying the slurry. Thus,
slurry rates as low as 30 cubic centineters (cc) per mnute and | ower nmay

be used nimze.the 15 n tion .of slurr r the ' ‘
desert badenatBnoRainifiod SpIRAE IR eaRaRinerdale 2 1 SuRECAH B tgi, e
removal depiemby uli€orBiirpbAtRg A%indethe RIBH S $6cyaRNint @ IsBfieSiat@Michedyestt s,
by local flashing out of the thin slurry filmor |ocal augnentation of the
thin sl &/#yheeby pitanding el life @f theqradapa PRymeléng ceopemifaspy Wepinghatieipad 272
engage i f . it 1.0r Vs - J: [ ngl £ of
o q v BRsoLyaut? garkalt o MG P DBlepling MEGREIT BB 10 SR rARAI 6
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opt i onsgl%%eﬁted kHTRRE! Hedist R LR ahinlAl &videWdoher MR & dpptic: (Jf Rtk Rg
devi ce 262 may be conposed of a nunber of sections as discussed bel ow

[ 0081] Hhequir thal BB ichranifedttrenuliatirane tembodienshstribfitian e.eCNPels yistrg reegiiany and

f Fi 25 17A. Here, fluid jce 262 is sho
havi ng. BetlBey Rt ioge F5 MR P bRt FR oG AR b3 R o

pol ishi arRaent2 / diffekdht afehntdupdt, abREBhEStidA0ed. t HERUUR AfRbhod o dRpdrdmgt the
ability to create slurry starved areas on pad 272 or augnment slurry to
speci f i Burrpdias ngrigpest digdioxthe fwid erstreimingdederydgnd het isf flukkregipapingjdevice
portion ' fer. A escr | e W '

nozzl esz%ﬁé#&tlﬁﬁ%ﬂ%}hé%ﬁﬁﬂ%&&ﬁ%@e% ?1% ‘Jéggﬁdaﬁtgg'gtom\g’é‘&’g aﬁgg‘dﬁegp%rééin%n
and/ or @atepdfahe spgylp podipcar sapplyanédhanipadwhich ianqiping erdbdekiryre Thus, alunaf @res
carrier supporting wafer 138, i.e., wafer carrier 174 of Fi gur es, 7A and 7B,
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be used to create a locally starved slurry region or a | ocal 2 Decenber
2006 2RtzlLigalemt, e dbant rympegi @ My dredevanipolateth bp peapeoceiremosiioneg sydte at
a specific regiqgn wafer 138 That, is, .where a specific regiaon of wafer
1351 o SairEaBAdORA NG S hiobbie 0T el (i Pl Sa BRGR H Gk B LR o By
vwafer 13& atbe rleiPydlaidi Rt RleePerde e Gy thhgad' 291 RRgRWIAE Wille watmer3s.
t hi ckness may be decreased by spraying deionized water through a nozzle

(260- 1 Addibormly260t5r gyanipvlasingdhe arsle pb NI tastainingyesica RO delpiy lohe Jipear
Shos R BBELEELAUEAL b’ e JNEL Ao LBOLT 0%, oAt e
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di spl aces a portion or substantially all of the slurry in a _region of_
pol i shi'Wy Baydo rarthedlexitility pmdapliphbacioriPwapditdi genaYal Iras. Fe&ﬁgr&ﬂﬂ%rﬂw,
as the slididg A ALY 86 FRYIHRRoIDSICHUNERRS oP¥ections as discussed below.
[0081] Figure 17B is an alternative embodiment of the CMP system with reference to Figure
25 17A. Here, fluid restraining device 262 is shown having a substantially perpendicular
orientation to a linear direction of polishing pad 272. In addition, nozzles 260-1 through 260-3
provide the ability to create slurry starved areas on pad 272 or augment slurry to specific
portions of pad 272 prior to the engagement of the specific portion of the pad with wafer 138.
As described above with Figure 17A, nozzles 260-1 through 260-3 may be moved in a plane
30  parallel to pad 272 and/or a plane perpendicular to the pad. In another embodiment, a wafer
carrier supporting wafer 138, i.c., wafer carrier 174 of Figures 7A and 7B, includes at least one

sensor that is aligned with at least one of nozzles 260-1 through 260-3. Thus, a reading

detecting a signal in real time may be used to create a locally starved slurry region or a locally



10 wafer 138, the corresponding renoval rate is lowered. It should be
appreci ated that where a slurry augnented region is created, the
correspondi ng renoval rate for the area of the wafer comng into contact
with the slurry augnented region is |ikew se increased. [0082 pthabekkzbbed
inthe art will appreciate that fluid sypply 270 may include a punp or sone
ot her suitable delivery nmechanism In addition, when dealing with a
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the angle and gap, relative to polishing pad 272. In one enbodinent, fluid
r est r ai displgcadey podionsorcorpesedlohl! tf éhs almerynmmt erégadn of ppbstishipad 2gadha 7,
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264 whil e provi di ng for the even distribution of slurry downstream for
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enbodi nent. of Fi gur . |l I .ralni jce 262 is

confi glr}% éll' n (I)ntBec8}z;[taaa"%lgﬁhﬁﬁgﬁnaqge&érng?da%gwgggE)I[(%g’{g% gﬁf‘%‘gé/dpad 272. That is,
a top poostiodnetkiflkdimheast wil fipaeritle via €lu2bAippsy 2T0seay itdude bpakp endoat
pol i shi nﬁ pad 272 relative to the distance of a bottom portion of fluid
restrai® ‘?fg*“&él?/lleéi@‘%? mpeshipempde Ed‘@HB“’o‘f’he“p‘%ﬂaP%iWh@ AEAPGFEN, FEH BiSonAk |y,

flujd r rai ni i 2 d hoMn i , r
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enbodi nentcychatheslumy when ont insisann prdeake n2éataimetie dusppnoeer It hiee shbedimeft,

polishing pad 272. .1 n one enbodi t he excess . .slurry drippi over. t he
C e ot 6T TSR g PEIIoBh Pl TR BEPEY Tt S . SHrEo B Rtk

t hr oughohBPntif €ofl AChsiedtié Huddd &hilICAST hack3Be pandrBAtibANGdrabaves fRagh
one of sensors 5 130-1 through 130-3 nmay be aligned with a nozzle, For
exanpl e¢steanhg sleviseidr @ndes an amhreiuefhslasy-dspeespd iva pad Jhedtsapediiveod Ahes
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t he wafterclipped ef affiyd be othdrgbitdtye afchseto o oM extendipeotarpplishing phd 262QMTHhE he
waf er center to account for the rotational velocity of the wafer duri n(I:1
the prdE®s¥iprflinharvat peHshing pgfe72 may be manipulated in a vertical and/or horizonta

position in order to impact the angle and gap, relative to polishing pad 272. In one
embodiment, fluid restraining device is composed of the same material of polishing pad 272,
25 ie., polyurethane. It should be appreciated, however, that fluid restraining device 262 may be
constructed from any material which is compatible with the CMP operation and is capable of
creating slurry lake 264 while providing for the even distribution of slurry downstream for
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



to enbodi nent, sensors 130-1 through 130-3 are eddy current sensors. In
anot her enbodinent, fluid restraining device 262 nmay be conposed of a
plurality of sections, where each section my be independently controll ed.
For exanple, the downward force applied to each section maybB.4a8Rr 2006
define different slurry thickness |ayers over pad 272. In turn, the
different slurry thickness layers will apply different renpval rates to

th [ fer bei i zed. [0084] Fi '
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conputer 144, which also may be referred to as a controller, coordinates

t he var$louy deipningoivendeisidetal @olistang prb2720NRY by stcemerefappeacyolzd. Sensor 130-
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an alignment®station, e.g., the alignér described w reference to Figures
14 -5 16130-b tanmigknBods ment be migRal wiihlaimzelenf Fgueatnglo, smanofassisofsatis)- bf
wafer 138 prior to planarization in order to create a thi,cliness map. of the

waf er. HEouphskifss @mpvaisorligned mathy mzeleseds-| thapiehedPUbd T58TEY HEd CHPEUERCE he
use of éc{]orv@mup{ef&%e &Lﬁi%ﬁgtl'f%‘? @é&és;)%ha'ﬁg% $-serdde Pg%iﬂﬂﬁé@to SRk aIRRRAlsHY

to the thickness map are n comuni cated to gene pur pose conputer 144
25 wher& thheyafemyerve mhprbed]ighte lnflast fromaa hajedtody $ike dhiongh ohe etaherceser ttabl e

storage nedia, | shoul d be apprecjated that the system described herein
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devices, i.e eddy current sensors, the executive system which includes

the OVAlwdirestwiiningtdesior| A62dmhy bw qoswosed af Agldeliiycel wohpig Yl erchasrgtian
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and 17Gnayvakalse as rdefifie H?fﬁeréﬁ&Ysihx@ﬁhhﬁdEnd@ﬁ@ay@fs ORrEpREPENT $n t@anthegdiffecknt o
detect a thickness associated with a filmon wafer 138 which is being.

pl anar ishedy tpgkmsse dagsay v2B owply diffesent emeyrleratesolor dicagqressposbng i“@f@ng‘%“g
cal %ul g;l?rgﬂtlgaough the thickness nmap generated by mapper 271 may be

appll ie 0 a signal detected by sensor 130 in order to substantially

el i m ngDes84 Figulestd atesiophifiedeotienanidt dngrahofi tte wootyolédrfopafigurdate éored CHIP

sensor 130. For exanpl e, where ensor .130.is an eddy current sensor,. other
ConductY sy F5eEaNGg Wrthi%a?&bﬂfiﬁaefgiogﬁ A%E InyERtEdt eg%ﬂawtgaﬂ%@o?o“i@g@ e

ot her GENENGIhVRaPOLIgETeE ML cARlIRE VRREnfbLARL RAGKS Bl 2B@lishFdrgnpad
272 and ot her conmonly used conductive material associated with the

syst emGMEtsystem. wMapper 2 Hels decenmiunicatiogivith genesad poarose I0mpTise 144l iNnpeed
A N e T Xl
t o genawal IrpUhP Dot ShpPdd7and doneigeREre! ehh ansueret fof al vt 188 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 includes
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 carrier 174 may include one or more sensors

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



to coefficients then applied to the raw signal data. [0086] According to
the value of the adjusted signal, control signals for deionized water or
ot her chem stry nodul e 270, dam control nodul e 267, and slurry supply
nodul e 268 may be generated. Thus, if the signal generated pyps@nsir 2860

indicates that a renoval rate is too |lo i.e., the thickness at the
correspondi ng location of wafer 138 is relatively hi gh, then general 15
purpose

co uter 144 ransmt dei oni zed wat er or _ ot her
heni st B VHgGre Of?félatlog\/ﬁ ] C‘r"’é%slﬂdfcé‘?ﬁ“?ﬁp @1%@39 f’o’é‘f%eﬁﬁl@%ﬁ 2T aeH by Bwpper
nozzl e 260 R e REPESNING s%\gl &ciécikd bgréiﬁgort B0 inNGlEARS s&&@am&t@ﬂg\gghlﬁzﬁ‘é a

experienced i'n the region waf er corresponding to sensor .
Li kewi seubsiftet mnmngntadmdg@r}emaﬂdmdbyef&etss@tecmbby pefisoal s tHeaexahger whmtal

te is_t pgh, 1. t hi k t he. [ f
cor respitapnt 08 wkidlreorsspiler SBET St P MIEIm S i el
di spd acag@aﬁsoehgm %Ey)tl{&)éo@@c@bé%bﬁiléblﬁr%&repﬁhﬂﬁﬁ%gk@eﬁ@&kid’g ofOfSIBAin cbdd
reduce the renoval rate exper| enced at the Correspon IangOI nt on wa

138. [08%% ]aanﬂpfé @nguey 18ed (chudictiae anateriali asepcdateng By the3OMIh dydes| th@tl i
nozzl e ?v@tﬂm (ﬁét&:ln%n %ggﬁg fof seﬁ&g hB%O r Jf‘lgﬁz ?ﬁ[f)%tg(g s%%%aﬁigafggt{:ﬁ b'yrgcﬁsoq nll%(}t 2

one configuration in or e‘renoval rate
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272. Furthernore, general purpose conputer 144
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domqm/arg)effg&gﬂs%en gh@d @ftnewyl%hgrcﬁtaappl ied to fluid restraining device

262 relative to ckness of the slurry distributed
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mani puI ed .t hr.ou a nt.r ol le 267, .Gen se 144 is
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Therefore, the slurry supply to pO|IShI ng pad 272 along wth the
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invention. Here, slurry deli vegﬁ line 269 supplies slurry to a nozzle or a
mani f ollac‘ieﬁsefth\KPfEBﬁ%hEﬁ‘Pc?éP?fWC ith thgfregion gf maé{qni 38 W%@fﬂ!@& tq $en8p1aei0 t o
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affixed to arm 2 one restrai ning device
af fi xedhs ttiuhkrtehats oher uf thei dgwesttnaifnr h3f davispendiny thecrsasilBy, tati deledednd

det ached to ar ed to the arm cus d abov m 261
e nir e adSThE alivs St ShrrbRE ek Petpary ol OF afli S Bt por s 280 T

pol i shidi@erRadedite tﬂd’leﬁfo@@l&ak%x@@ﬂ?&ﬁ%d bh@caDFESoadid g tdgdagraer pfg. curvature
of fluid restraining device 2 For exanple, by nodul ati ng the force

appl i ed 098/ IaWhdoligare { gillustpiepn 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 angle of
curvature applied to fluid restraining device 262 relative to pad 272. Thus, the thickness of the
shurry 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.



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 armabout its axis in a plan® paseaideehob®
the polishing pad. [0089] Figure 20 is,a graph illustrating exenplary
results of the inpact of differential renoval 15 rates enabl ed through the

enbodi scrl ed her h of Fjgure 2 ots the. ¢ er
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274-2 an trace converge to a tar renoval rate | Iustra ed
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sensors. For exanple, the sensors lustrated wwth reference to ure 17C
may eachaydeadisidatedddition, Gaenge dpﬁeect by e fluid a@@@lm@d@s@mmahﬁyn e Hes

curt acefSr r@lfuiply bl ARl B EVR eSHRE B 2LCRT O ub By e

remai ni pgishidgpddni ckness | ayer di sposed over a substrate during a
pl anarization process. As illustrated in Figure 20, after Pprom matel y
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any ti me between a Dece remal ning th ayer zero
and 2508pprgdtcloess sredel Y sxisnveasuabinge emibedX axisi [Thetdoppkmibssknedsaypresacy thss

thesrfaeof he substr at 90] Figure 21 raph il | ust t he
o1 T eot SHAKTS S P Sion i3R00R GT Zeti ke , e eier G PBPS. BLkTaRe o
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enbodi ment of the invention. Here, line 280 represents a trace of a renoval

r at e retmbodimenis dissasseil sbavre Hére ginea Zé’éﬁt@ld 3r7égli mpmﬂntaemrvefrtatﬁéltfwg remain

arl z I ar of th
P erBEe §58apvibeegrtnls Shisuat fos BRFERisR i SpmRinRle, Stprel FriBkiRy & wlBief
fr om t ho @t SpUb $ eIy tHéed A i e it &ribed abbﬁa edgeply etﬂlf@ﬂﬁuaqfcoansu@meat e
while line 282 results fromthe dispersal of deionized water or a sim/l ar

di spl acicR§valgeres applered ewag dentwpfer 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
3¢ 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



10 region of the wafer being planarized. Thus, the deionized water or

di spl aci ng agent creates a slurry starved region where the renoval rate
drops. For exanple, with respect to |ine 280, the renpoval rate at the edge
region of a wafer as conpared as conpared to |line 282, decregspscembdeWByE! .
the renoval rate depicted by |line 282 igéthe center region is less than the
renoval rate depicted by Iine 280 in the corresponding region. That is,

t he displacin nt greates a slurry 15 starved area of the polishi ad
whtch corPEbie BB e clae Bl At S R enaran eprio ™ Gride Judhely
shoul d bg,aRRLECHALGTadcAtind {uBlt-gE. control in both the center region and
the edge region of the wafers is achieved through the enbodi nents
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Line 284 represents .the trace of the renoval rate ver t he distance from
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downstream Line 286 represents the results obtained when ing slurry
af t er t benylstarded wgionawhéraghaemavel tate dropes For evanaplet Weh pedpesthior e, thisi ch

wi'll  eventual | seen by. a nter. region of a wafer i narized.

ere, arioodl Ediabist TR o8isR o Y Wt Grisomedic & FRRGHaR P B HinaRrEng:
por t i onHelyel 1o tenbhey M rileWepittddadyAineCIs2ah ek dintdrh€gioh idllesk thes tHeakMongl rate
device. Thus, the additional slurry added to the center region results in
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slurry to elther "a center “riegi on of e pol i'shing pad, “or an edge regi on
of the plaharddetingt gadld be apmocidd ceatwighler comeolantiath trendenadr region iand ert ¢dye.
Li ne 290 repreélgnts_ a trace of the renmoval rate where slurry has been
added t &8I MeOlcERt Bilerelyi HrioPd theughithes ARG dicracq NAE Do s BEPEYEAL s
a trace, pfel Neorlel SFRKRIVE A& JogEs réfhw Yrallag MECRAAFAGdiEOVARE RERz I
region of the polishing pad. For exanple, wth reference to Figure 17B,
nozzl escre@dglthanirizcoarSedrengidyremas dd stighthupiidey Mvhutheycenter b tedgefer degicothe
whi £ n9 le 126@8- 2t rrzg be used to supply deionized water to a center

r egton. RS O8EN BEV S l?f”YVﬁeIE‘i gure 22B, the addition of slurry to the center

regi on (009U Figuied A ah€ P2BSBRistrABOM@dhs fepicBering ihBead2®@or 8 dluketdt Parlduge
288. At the sane tine, line 288 illustrates the results of adding to slurry
to an €8gens edfi dhe trolishae epase duiagr endheaticalatmschasiienli plangidzatione opgelien ithe
edge 1 eglOndd with one embodiment of the invention. Figure 22A is a graph illustrating the effect
of adding slurry to a center region of the polishing pad corresponding to a center of the wafer
25  being planarized. Line 284 represents the trace of the removal rate versus the distance from the
center of the wafer when a fluid restraining device is used to distribute 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.



wi ||l be apparent to one skilled in the art that while the enbodi nents
described herein include one or three sensors in the wafer carrier and
associ ated nozzl es, any suitable nunber of sensors and nozzles may be

i npl emented. [0093] Figure 23 is a flow chart diagram il ustymabdidembeP 2006
met hod operations of nmonitoring a film,45 thickness exposed over a
substrate in real time in accordance with one enbodi nent of the invention.
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sui t abl will bbeppaseniearwse whitleddn tedrt tlnttwhilesthe embipdinmotydesiibed heygal include
processij i ion. .T. 1 . ti ; .
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third bodieszies ntgtredipiemddesde, a sensor enbedded in the wafer carrier as
descri bed above wth reference to Figures 7A and 7B may be_used to dgggct
the t hi ORR&Eizat S is prfloyn ehashagrapmeiiust A Red By {netind apstationh ehmopLofREy
Deceanbeg.: hj cLi : : raLi on
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adj ust edvemicautiBtcantthati liyitieles mithaiperdionB00hehaalist sufaee of ampdpentscanddithe

third bgody effects., That is, the calihration coefficient determ ned in_.the
b ence R EIESD S0 (6 {hstiror s gl LS, RET HncRifaes ofiapae rurst: B
the fildmwh b vealed 1o AsaPthd dukfaBe ofl HIRE UaRE dol dedi® aethdighads! mBE |29 Wesdiithed

i sol ated thicknhess data may then be used to control a planarization

oper at i #avé.n Thirdi Hoidéase e aPndvaine suiifaces ke pot prepamé VicteasaOitirtbe (afsiging the

Pl o crartiar SPRRRbT B PR RRg R M rRaTe8, ol P e HERoY P fels '3 @

di f f er efpeiation GODtWidre hGubstRM®YGhpsahes! aRpthickbedsaiata subSs filat @ngponbacs the
accordance with one 10 enbodi nent of the invention, The nethod initiates
at opertBickesss da@ inidanaitigds hiestibe sighalpzeerated 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 transferred 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



the substrate is generated prior to a processing operation. The thickness
map may be generated as described above with reference to Figure 23. The
nmet hod then advances to operation 312 where a coordinate of the thickness
map i s associated with a sensor utilized in the processing PPBERHHRR2006
Here, a point on the thickness map may fe associated wth a sensor enbedded
in the 15 wafer carrier so that the planarization process nmay be controlled
| n the geolon aasesl abgd Wokhy 405 Senser emhedded bk WIE OREHGRLL By A
gener al ~purpose comnputer, or conFréﬁler, as escri bed above may provide

t he cal cor@bbadisg fe RSSO the WaKE it AipisREIOcBtdmially Ehsimed botl the hentrate
proceeds to operation 314 where a renoval rate applied to a | ocation of the
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thereon. Thus, the determ nation of an 25 endpoint of a sem conduct or
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t he operation has been reached may be issued to stop the operation. The
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[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 1s, 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



removes or deposits a layer or filmon a substrate, such as etch

deposition and photoresist stripping processes. Furthernore, the above
descri bed enbodi nents may be applied to rotary or orbital type CVP systens
as well as the belt type CMP system [0097] In addition, theyppessifer 2006
invention allows for mapping a thicknesg profile of a wafer so 15 that a
process operation can use the information to optim ze the process vari abl es

for the ,.in i ng wafer .thickness. One.ski]led i.n the.ar il ap iale
that -t e o Be" S nit hEr DFE o (DT, S Re MR fnabiors R B o,
of the p&oeessuNGiPEsEES PNihe kRlecE¥ATBEION, @by &6 dpPRed kd thestipadli ofah€NBond

operati ons used above, the thickness of the wafer can be nonitored as the

waf er i snBplotigidep it Rutseangiallp ghimigsiu e, thiebsyseifqsiomeasusnshb BI Pgeesamehe
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Al ter natlve[ly, t -process " nonitori nS can be used tor t ne
pr ocessdéwe tiviafae inte i bosiadkicss avapendnhand histkstess cpmpbidng, inafrderhie ivahter
is helpful. information. [0098] Mreover, the eddy current sensor clusters
wer o e iU R SO RIgOD Lo AL SR HOosh T BT R T 8FGBRTHR ARG OF he
i nventigRceskicopdi@vhgd be appreciated that any tool generating 25 full or
partial wafer rotation can be effective for generating a thickness profile
i n conj 99861 Brshonidibet dppreseaiebrhat Misle éhes embadiawdistiayn beethdessahedin tehmsoées

can be oyed al,ong the wafer path such .t ha he, robot passes_the wafer
bot woen MHePtERsoreCutEn “Ghesh Pajhue SBRlybEZluslerEs L0 RETPEmIRE 92

t hi gknessIppRictdse For eihngnt,afle kematd b bé near witadi aly sobicondeiort frecasfued
bet ween the sensor clusters. Thus, the measurenments are perfornmed on the
fly at teypivear: depestits cslaer poddnmy arubdaitnguge|asdtely deppgtion and fhgiaspsist

t hr oug | ' ! ] di . ARV AV eddy
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or par asragbiedlicgpesCNEP syistehisrastiedl dahebelt omper@gPapstah. t he eddy current

sensor. t is,.a magnetic field is enhanced through the ferrqg netic or
par amdﬂgpﬂénﬁ@&}owfbﬂmﬁ%tt”ElYer‘i'UQQ Pes ePappins 2 B kasaniele o SRgHsIo
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si gnal tio 1s Increase y the enhancenent of the magnetic

field. ihtorsinguhafehdickppsse (Pt gdlled mathe iart willeappndooadé thanthe thieknesmgridhé wafdarel d

i s enhance a device that is ar fromthe sensor, i.e.. .an.
ext o nat SigieeToRfEef febt Besa ulBR MRt g bonfEEe oo sl gy e
si gnal s]itdative GPeofi@noUSEY 2BBRSRE ifibkiss Dhefiehared, cadne monitored as the
resi stance- based property of a conductive object placed in the detectjon

space bealieisrrengithighér pdotd srogulen hEIFCPIsG PESEFCBOBIN Rhears By ¥esd WeRfovide
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Angstrons thick can be neasured by an eddy current sensor 10 when used in
conj un& tsnwaNiet b helprbRETRUPP el d” enhanci ng sour ce.

[0098] Morecover, 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



[ 0099] In one enbodi nent, the magnetic field enhancing source is a
ferromagnetic or paramagnetic slug. I n another enbodi nent, a second sensor
is the magnetic field enhancing source. When the second sensor is the
magnetic field enhancing source, a phase shift is applied s® ph@imbdaeohyo
sensors are out of phase. Here, the phaﬁ§ of the magnetic field generated
by the 15 second sensor is 180 off of the phase of the magnetic field of

the first, sensor. sg .as to not, K have S|n effe That | PR
bomsor EuPEns paishf e oL Srnsdro RREGAE WISy R e sHafir R Benyy
the si gaheisdWdeistiRGe RS (HBBASandEmeRl Jrade ahWeld séiar 18 BRIl beabpiclad
eddy current sensors used to neasure thin filmthickness, it should be

appr eci Htaédn phaembagimed be metubagb@smnbp@eﬁWrmyle‘bée Hhadgupangrate from the
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| ayer of a substrate to be characterized, Wthin these processing tools,

t he magRleeec i theidgiestion spage befreea ha MRy el cehancgs sureest e sarseq may
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substrate support can eit e conposed of material having
magnet i e:mbocbhﬂbn@Ssce titaarmpm@quskypmtdeiat;abdrr sigayl cac bu deeasm@dr t Eoh axzamlgje,t t‘hes e
skil | inth art at the
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[ 00400] whieresearin céﬁuﬁ&[ﬁd»@ﬂﬁg n@RAYS fiElA@nhMEY dRAfcecan be expanded to
deternm ne an SU|tabIe resi stance-based property of a conductive object.

That i s[00Pf] bddinei enbedingat, ethwi miagpetic3diclchenhiricékn egyreof isa at FirFpIRAgNAti© rPra
substrate or th nes of the,substrate jtself he

Secor| peamhedd®® 0 CELERENG b PGuBERS e Sbdnd S8 s AT ERERS IR bhancing
film sfcagde. WHPOHetseOhd dehbor isBieahadrelinfient @bhdifg seurcd, acshasostghnessplied
distribution of inpurities, grain size distribution, etc. |In essence, the
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con uctive object placed 1n a" sensor ection space e sonme o
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applications,. enbodlne e t limted to t pllc tions
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descri bed herein. [00101] One embodi nent of the invéntion described

herein baa@bsprpt@malnta)y basmaasnln@i nﬁgﬁmmoretltée dnemamcdmgrl@g@rlweemm@ be
skilled in th t hat ers Y o

or o apdtphifretbimaficsnu RN ERA: fu bRkl I B ok &iefhS SREIREUP ghirf, on
and  hayih)gayer depRasin irdNoBér Pbedseds. redjliriap eheiRAGEEIT s labBeof 4 absand b lbe

ni ckel account for 10 between about 40% and about 80% of the conposition of
t he perhatacisyized.nWiReg Hwse processing tools, the magnetic field/eddy current enhancing source

may be incorporated easily. For example, with respect to etch 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 electrostatic 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



enbodi nent, the permalloy includes small amounts of other elenents, such as
nol ybdenum  copper, chrom um or tungsten. [00102] The enbodi nents
described herein also provide for a CMP systemthat is configured to
differentially control renoval rates being applied to regi ong; picetmbtah e
The 15 differential control enables foala uni form thi ckness to be obtai ned
as opposed to a uniformrenoval rate. Through the use of a fluid

restraini. device that creates a lake, a uniformslurry _|layer is defined.
The uni PHRRTEIEGE Jesslise-465q pidmemics f Ppdercdangider s suetugiiys dbier! pcidringt
apply  dédsoprRrbibeRPyR! MaliRSsdie af I baaspel dasoMdberherdiRQlO3Uircdle toward
invention has been described herein in terns of several exenplary 20
enbodi neemigondudter rearvdaitwirg sappticativesi neerhbediments bee appatiantedt & tthosse
skilled, jn. rt, fr .consi deration _of .the. specificat, and.. i of
the | nvERRIGE e B GO S ahaep P b B PRARGER R BB s
shouj d beoeansicderdd aaxampdeadithe YWushivit@nhameemehdmiarli mgnts defdribed hbyint he
appended clainms. 25 What is clained is: 22 Decenber 2006 -32 CLAIMS 1. A
met hod 1YHO3} ovi diig enbedirent PhIthe dienBen mescribeddipaging HeessPAPBPLdS to g
subst rahoiiid AER cnhaBRL Shite. DRENGAG e el BIFKATES alEa Lo PP HEA! ©
prior to processi ng operation; associating a coordinate of the thickness
map Wit geerslénsos grouipl afzdldys pf hipg mpgrete psimepbdpigrcahsisimg aftpiektliang ieon and
removal . rate eﬁgerienced 3539 | ocation of the substrate erfaﬁg ,assoc%aﬁed
wi th t hB2YBRLOFOBREEPLBbA a1 8YF GBIOBYRPhete H ¥k ABY dhgngcieh gecount for

nONid OF b&iGheBn L4HGKNRSS Al hhsut! 89Rt bodUbhpasitibe B axepehiAIBPErAl htftherand
renovi ng i naccuraci es caused by conductive bodies froma signal indicating
the thewkedisenatthe permalvatinohde smythamesntsod @hectlaingmts, sydhezseinal odenum,
met hod 8?6%3%599 pf %q%uggépg a 15 renoval rate experienced at a | ocation
of the § sPrgféngﬂ}?a 8%%4d%ociated with the sensor based upon dat a

provi dephoy2] he t iThe kangtscstimims | AUSEUISERIS her@inOYisHi @ viRicSIHPSE ATVIPakysyent rthitorsm
slurry layer over a polishing pad; and disturbing a region of the
subst an¢erdiguyedute fidfersndially rapniral esmexst reep bpiarrpriied tadcgipae &f jaowafepo The

The, Jret ol Qfiaf L& B Tenaldfl€ 6! B HMBrERNRH QAT bkl RUMRLEND & 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:



renoval rate experienced at a |l ocation of the substrate surface associ ated
with the sensor based upon data provided by the thickness map incl udes,
creating one of a slurry deficient region and a slurry augnented regi on on

a surface 25 of a polishing pad. 4. The method of claim1, $Upthelher 2006
conprising: calibrating a signal fromthe sensor to isolate a signa
conponent corresponding to a thickness3gf- a filmdi sposed on the substrate

surface. 30

CLAIMS

L. A method for providing differential control for removal rates applied to a
substrate surface, comprising:
5 generating a thickness map of a substrate prior to a processing operation;
associating a coordinate of the thickness map with a sensor utilized in the
processing operation;
adjusting a removal rate experienced at a location of the substrate surface
associated with the sensor based upon data provided by the thickness map.
10 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.

2. The method of claim 1, wherein the method operation of adjusting a
15 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 sturry layer corresponding to the
location.

20

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,

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

25 of a polishing pad.

4. 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.

30



