28 Septenber 2006 1 APPARATUS AND METHODS FOR DETECTI N gg@gﬁ%%g@g§ OF
WAFER SURFACE PROPERTIES IN CHEM CAL MECHANI CAL POLI SHI NG SS

STATUS AND CONTROL BACKGROUND OF THE INVENTION 1. Field of the Invention
The present invention relates generally to sem conductor manufacturing and
nore specifically to nethods of and a%paratus for detecting transitions of
waf er surface properties in chem cal nmechanical polishing for process

status and control. 2. Description of the Related Art During sem conduct or

mnufacturipgé?ﬁm%§%rﬁ §iF® PE m@uctor waf ers by
i sposed oddk ANBITHONS HIF SYARER 3 ERBARRORER FTESC I8 "t he vt or .

The ODOQC%HFB%NMME?%/IEGHWMC%AL; POLIS)HIN(BIE(DR g?lkocag:@ﬁageneous) ,
uring manufacture. e AT probl ems during
subsequent processing op§iﬁtﬁ$@%g§mmﬁ operations for printing a
phot ol i t hographi ¢ pattern having small geonetries, for exanple. The

curmul ative effects of the irregularities of the topography can lead to
device failure and poor yields if the surface topography is not snoot hed.
Pl anari zation is used for snoothing the irregularities. One type of

pl anarization is known as chem cal nechanical polishing (CW). In general,
CWVP processes involve holding and rotating the wafer, and urging the
rotating wafer against a polishing pad. An abrasive Iliquid nedia (slurry)
is applied to the pad tp,@RERUUNDlOF IEIBINVENTION. A Probl em encount er ed
during C. MP operations TS thne determnation or a "status" during the CW
process. The status may be that a desired flatness of the topography has
been acgigvig,fgrlthag there is a desired thickness of material renaining
on the W&fer, Other exanples of such status relate to the
conposi ti on The pleenplivessaettlaat gneally (@ sgnicotduator centfactoringzed in@ks have
been renoved fromthe fer so that, far exanple, .certain material in a
desired SRfé’cftcé]ilWOr‘B‘?fJé‘?qw\?gg‘?E@a%‘ﬁtl}g%eé‘?m%ﬁ%"s@nﬁgf fva%f S‘é{ﬂacg%o SU8 surface
of the yadiRmical¥dedhhhiosFblishing BEpotas stausmid dostrdlhat anot her poi nt  of
processi ng has been attained, for exanple, clearance of overburden
material. Al so, such status may be that there is a change in the
resistangmggﬁ%ﬁgOpﬁgqgﬁﬁgpAppteriaI. Each such status relates to a
propert uctor wafer and the filnms on the

During semiconductor manufacturing, integrated circuits are defined on

semiconductor wafers by forming various patterned layers over one another. These patterned
layers disposed one over the other define a topography of a surface of the wafer. The
topography becomes irregular, i.e., non-uniform (or inhomogeneous), during manufacture.
These irregularities present problems during subsequent processing operations, especially in
operations for printing a photolithographic pattern having small geometries, for example. The
cumulative effects of the irregularities of the topography can lead to device failure and poor
yields if the surface topography is not smoothed.

Planarization is used for smoothing the irregularities. One type of planarization is
known as chemical mechanical polishing (CMP). In general, CMP processes involve holding
and rotating the wafer, and urging the rotating wafer against a polishing pad. An abrasive
liquid media (slurry) is applied to the pad to assist in the polishing. A problem encountered
during CMP operations is the determination of a “status” during the CMP process. The status
may be that a desired flatness of the topography has been achieved, or that there is a desired
thickness of material remaining on the surface of the wafer. Other examples of such status
relate to the composition of the processed material, e.g., that certain materials have been

removed from the wafer so that, for example, certain material in a desired pattern remains as



waf er. The properties may include, for exanple, topogr apg§$@4temgepb?‘d%ness,
conposition of materials, reflectivity, resistivity, an rmquality.

Prior methods of meking such status determ nations include renoving the
sem conductor wafer from processing equipnment to facilitate stand-al one
i nspection nmetrology. Also, as described below, in-situ nmethods have been
provi ded, and use laser interferongtry or broad band spectroreflectonetry
to nmonitor the properties of the water surface w thout renoving the wafer

fromthe equi pnent., Al so described. be]l ow, vibrati,o rs. e been
mount ed P&t %ga'ﬁ@‘é’ﬂsefi S 4ifacE é’?fhe §%f‘ \Mﬁﬁﬁonég P }%Ieé ﬁuﬁ I"é"}yleb,eqrs'zﬁ gaﬁ&ﬁ %af’t%"{[l ?j’}é sensor
on t he phRadingshak ®eat @thiMed@N Tl @k¥mple,omdataacarsf everburdensatariatet Alsgssuclsuch as

| aser interferonetry or spectroreflectonmetry, typically require an ability
t 0 obseS@RIsfIHY bﬁ&faé%@mg@@gq iRt g StRE © B‘F’ipé‘?‘%ﬁ@‘f’ﬁ’é‘a,xalnor mal |y through a

speci al 'y i nggitGech WhiBdRtes b § pfdPerty SChe SaMibnabdwyr WhftigndriRd BBnsaonfthé OF
in-situ apparatus for neasuri ngf[ a thickness prope{}\'ﬁ%{lof a layer of a wafer

102. Thevafgaf ckhe Togpertiss Suaypiaelpdel Temexamples fqpogiephien). esf.sCHMPOSHRY °F pur i ng
CVP ope I.QNS f 8kstité 2hd filkh 688@F against a pad 106 in the presence
of a sl E’?‘l&éyg{gbreg%r\{g?ir%ma %’Sr?a{ceﬁloﬁdof the wafer 102. The pad 106 is
suppor t ed byPaorp|nztieds 108. making rsicw states  determinagionst dieludgs repryingnehpad 106
al low a_beam . from 0 V] e e : QhdQlont NesHRfisr 102.
The pad s%lﬁonéjﬁlatof hvé%%ljl Zfog{n pjlré%sg"?rgayéqrﬁlgp t<'§:1}t;'[e ‘i?@%‘?ﬁ’%a# axi sonas isllwladst rated by
arrow likprolpyl tAle, aardesceibed Bedowpinatitwsmethedsviiive beenl pRvidedand wa 12l s as

illustrated by arrow 1 as the d :
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a | aser surfdet evitheutqembwiig thd wafe itfoamhe rqupmerer edsonistdesdribed belowmobiatior i ng of
CWVP operations is that the environment in a ga 8._Dh rface
107 of P%’éoﬁﬁfﬁ?@rbei‘bﬁ‘ogﬁﬁm‘f’h‘bhﬁﬁ Ha‘gﬁ\?rﬁef@ w%}?)rn(iaﬁ?@gﬁﬂ%” f"gﬁ?ﬁl)xgg}%rsé %%ﬁ?dgjnm
vari at i gasheddis Gdtafedl Bérioadly frofanewafeangi ng optical properties due to the
dynam ¢ environnment and the abrasive nature of tﬂe CIVPypfocej?s,an.d due to
deposi tion Wrsitgppsshads, sgch sslasgrintesierogicty (o SRETHOTF RGP PBIFPYHE WS er 102

and the,padil08 oBseriElde RafefisirfacBURRLES the Polishingbptdemoamalyl theougbnd ri but e
to the optical variations caused by the environment, of the ga&s%g. For
I with

exanpl espesially fieseited windeworFigeretlhgchempiically dldusatesa Pggp NSl jRPaA

slurry | LA Al Nafett108S ThaNAf&abR by apb&ifsd i £
performgﬁgﬁgg%gq%%ﬂse%cﬁ%é itfiaglweg%?ita.c;:féclgar acteristics. However, as the
waf er 16&tibsl0glthat i otated. Diveing CYER gperatinnssthe wafz 105:ip pesstsd 224t @ P28 196 cr easi ng
percent ages of residu . h L0 Rog gsi due
changes"’gﬁﬁé’r%sﬁ?clec%flda gH‘%& g((;:ntpiea??ns [ C?@%@?ﬂg%glﬂter?@Qﬁﬁoztlhghe 23&1168, which in
turn subjppoital byhe pheados e rewindowf110 e thetpla¢m Ssandrthgppad 106t dlowr# bgas1  The

errors r%r%uar 1a¥\gqli|2 ?onvig&]/ql?eogurgacéj %ﬁ&l e whrer ?& a'I“l%dpad 106 and the platen 108
may rotate around an axis as illustrated by arrow 114, and the carrier 104 rotates the wafer
102 around an axis as illustrated by arrow 116 as the pad 106 and the platen 108 rotate.
European Patent Nos. EP 0,738,561 Al and EP 0,824,995 Al discuss in detail a laser
interferometer.

A problem encountered with in-situ monitoring of CMP operations is that the
environment in a gap 118 between the surface 107 of the wafer 102 and the window 110
contribute to spectral signal variations which typically have changing optical properties due to
the dynamic environment and the abrasive nature of the CMP process and due to deposition
of process by-products. Slurry and residue from the wafer 102 and the pad 106, as well as air
bubbles from turbulence, also contribute to the optical variations caused by the environment
of the gap 118. For example, at the initiation of the CMP process the gap 118 is filled with
slurry having certain optical characteristics, and calibrations are performed based on such

initial optical characteristics. However, as the wafer 102 is planarized the slurry contains



with the laser 112 is calibrated based on those initial
characteristics of only the slurry or fluid in the gap %%e&%aﬂvﬁgen t he
optical characteristics change for reasons other than the thickness
property. While the window 110 nay be |located at different heights within
the pad 106, a gap 118 will always exist so that the wi ndow 110 does not
cone into contact with the wafer 132. U S. Patent No. 6,146,242 descri bes
an optical endpoint w ndow di sposed under a w ndow in the polishing pad.
Suchin itu. rmnltorln er. al ly,
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respectiye axes. As a result wi ndow 110 in t | aten 108 act.s as a
Chutter ond tiRknennag o siors s HBE Ratothehcn vty eros RERT or 102,
Al'so,  tWith hé leéﬁFlZQ&&dllﬁfhtddeased&H thONB iidlti feIptiull cRardcBG RIS only matsnuagl

devi ces that receive the | aser % reflecte romthe wafer Oé In view
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been mMaqgickfesSHBGtyY IWhiRl thOWdBW 1110 ehal¥E 1QARE 3t diffB@nt MWethin BRfgREr i ng to
Figure 1B, because ti:ﬂl cal vibration sensors 130 have been nounted on a

head 132106emgﬂpe1|1§ wiH shyaxmexiptse dhat gheavindow hH} dass Hotcommeriaie conigetaigh hepad 138,
there i quzé 48k b@%ﬁﬁ@& BNis6 ko SdsErel Yh epnc'aﬁén\as&ﬂt &lhemwaissase@aﬁhe& pterface

134 and the sensor Such structure may include a wafer carrier plate
140 and véndwninebe polishia@padaat joins the carrier plate 140 to a rotary drive

144. The wakg hfﬁ%ftg'rrﬁ)r it t%al@é?u %ﬁ%‘if?@&ﬁ&ﬁs g};%glly, l%eefotﬁfoﬁ oM t h the

transm ssi on Ions (sSee a romthe’inteérface 134
resul t, the hmabwdﬂe ir{ the glaganr mﬁsmn;d@poducéw\terlarg the wafer h@2 prhthe iwaddr 102

characteristics u structur no e sensor
130, as aﬂ%ﬂﬁéﬁ%tﬁn Il%?{qgaée 4t iPs ﬁwef?t%s b’géss‘ﬁ SUI ﬁ%}%ll{dg%eilb l?é‘g%?l%l es at the
waf er - pads a¢thaea Simaer sb3kat ﬂte ludei €12 ddee nme:mmaitly 1llhnmaated1e6m’erp10ac edw, t akes

pl ace. Thus, the rocess vi brati.ons 146 ten ened t hey travel
to the r“é"r‘r%’f“g?ryaclug‘&gfﬂé{ lowR &dpen %6 TeSPRRFE Y %C@Lfiéﬁlc?ﬁ @‘?‘2{&%}?’1%%4!85 “4re weak

in conp@@hts@mctdaﬁdmth\él“kaf@uopns 148 resul t| ng fromthe physical

characteri stl cs of the structure, there tends g?\’,lﬁyp%%tl 0ss of ehsol ution

from the CVPIN [eyaEdaess fipyitations,of inpsig mapitpring of sy igmpts have

si gnal - HesRh&Ltd &hiOvivtatibns’ @RiRE EMP QpkiBonsPIRGRSEr, %l’@frﬂﬁglt@rﬁglﬂr&ﬁB As a
result, the renote sensor 130 tends to out put maﬁgls t hat do

accur at &bspusenapicalt ibratien seasasy 134} bﬁ/@rhep%gloame@ Re afigrd 3% Eanqiely é%é‘é 134,
hence the. 5iat4s b?lfw %rlf'g wafdYH 38708 85530198, "Wdkre '?QEIgllﬂﬁceﬁﬂ@ GieCRdnSdaY sthelir€ at ed.

Therefore, confro he CMP process using such inaccurate output signals
al so t eheseernthbavafarmed interface 134gargdhe seniner130.09@h strudtiregeayl inghidea Wales of t he

Pri O i B3k HoTonb 6 LG ARS8y iR bPabPRE 190 15 818 0ar (0las, SXamPl e,

have cause ens 1 n tect ion of status transitions, or transitions,
whi ch afae wafer carrier plate 140 and the connector 142 interfere with the transmission of

vibrations (see arrow 146) from the interface 134. As a result, vibrations (see arrows 148)
resulting from the physical characteristics of such structure are more strongly received by the
sensor 130, as compared to the vibrations 146 based on the wafer properties at the wafer-pad
interface 134 at which the remotely located CMP process takes place. Thus, the process
vibrations 146 tend to be dampened as they travel to the remotely located sensor 130.
Further, such vibrations 146 are weak in comparison to the vibrations 148 resulting from the
physical characteristics of the structure, there tends to be a loss of resolution from the CMP
process vibrations 146, and there may be a low signal-to-noise ratio with respect to the
process vibrations 146. As a result, the remote sensor 130 tends to output signals that do not
accurately indicate the wafer properties at the wafer-pad interface 134, hence the status of the
CMP processing may not be accurately indicated. Therefore, control of the CMP process

using such inaccurate output signals also tends to be inaccurate.



i nportant and characteristic changes in the surface propggg&&&n&; bhe waf er
surface or of the filnms occurring in a pad /wafer interactiron |ngerface
and at the wafer surface during CMP processing of the wafer. Wat is
needed then is a nmethod of and apparatus for detecting the transitions in
the wafer and filmproperties. Such need is to detect such transitions
while avoiding the |imtations of qptical systens that view the wafer

t hrough the polishing pad. Therefore, there is a need in such polishing
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respect to the process. vi [ | I g hoat ieBskel B
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properties at different areas of the wafer surface, , as compared to the relatively small wafer

surface areas sensed by most of conventional in-situ sensors, for example.

SUMMARY OF THE INVENTION

Broadly speaking, the present invention fills these needs by providing apparatus and
methods for detecting transitions, such as electrical, topographical and compositional
transitions, of wafer properties at the surfaces of wafers or in the wafer/pad interaction
interface in chemical mechanical polishing for CMP process status and control. Such
apparatus and methods avoid the limitations of conventional optical systems that view the
wafer through the limited size window in the polishing pad, for example. Such methods and
apparatus also fill a need in such polishing for systems and methods which constantly observe

the properties of the polishing surface and/or of parameters linked to the pad/wafer interface,



carrier plate rather than renotely as in the prior renot Et]r Lo
sensors. Apparatus that fills such needs may include a s?g;élg eﬁ%&ge?ecti ng

properties of a surface of a wafer. The system may include a wafer carrier
head with a wafer nounting surface and at |east one aperture extending
therein anay fromthe wafer nounting surface. A sensor is received in the
aperture for response to energy tragsmtted past the wafer nounting
surface and transmitted into the aperture. The aperture entrance may be

ei ther mechanically open (as in.a p ical .hol or functiqnal open (as
inaw ﬁreﬂlb%tefﬂ%% anysugh ‘%§%‘a‘§’§é‘?“s“f‘1"§fn€%§f%eztl°df Sn(g%?pgﬁ%lfc' 8%5?‘3?‘ 3%654 %)F\al to be
sensed) .CMP pfocesd stk hh@®Eontrol MietiBs a8 apparsnisesl whith tieepropeadesrof thewaférng
surface, and may al so be _ma(;hgni cal I)éwgi?en or functi or?)?l I % .og}e?n e%ccordi ng
to the tsyfiecegre wnse gl2 logatipn iy gRsipro 5 tBe Water ipRRferFROY WP &0 Wal$T s ¢ he
need to cQﬁﬁYfrﬂgt@ rRRer i O%6€1y¥8 Yn BE pS&1I8MAE vibydtdhakiseRs that are generated
as wafer surfaces havi n? di fyferent properties are subjected to
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results In strong reception of the process vibrations in conparison to
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frequency range, .far ex le).. ln,addi tion, f. invention fills

t he need’\é?’b Sﬁ‘r?c‘?'hé(%’i‘lz’a%ﬁrﬁre ué?%)aﬂ{y " \E/\%f“gra wé?‘gogp {hﬁzg%geds)}g%sed, as

conpar edrah§arehetb ah apebptiatagial wekaenssd)r Adsopa eardarsilmenayduk thountdden the
conventional in-situ senspors, far ex le. It shoul.d appreciat ed t hat
the pred¥Rr May)ilng SugAce: A By ?]?Pgl?eéﬂ‘ifﬁ%?fﬁiyr?p% P%&gnﬁ\eﬁ?@?aeﬁﬁ@?ﬂ&di ng as an
appar at y§hedfpe df S68yedlbe 86nsed.devi ce, or as a nethod. Several inventive
enbodi ments of the present invention are described below. In one

enbodi nent, a systemis provided for detecting changes in properties of a
particul ar aTkaprsen ifiventibn also fidls ehoheel teaprovidel aniimgravee vayadf sepeingini cal
pr ocessi r ont

i of the f urface in which . j f ticular
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Wi e waf er mounting surface, .the cavi eing configured.to en
away f r@FﬁcPﬁé’a%Vé?raﬁﬁ?fg r‘i’Ffj%fgS‘gCE rfomrions ﬁ‘te&e%/sﬁg fﬁ%‘g‘a "é%ff’"%éfcﬁam?ﬂ ?fgtﬁéed with
the par th&dsafibrafiérRan cOmbhtisdn 16 Hbrdtidhs Bliscddfkhe gRysichl thmracseipdesadfithg t he
wafer fromthe rigid wafer nmpunting 28 Sepienber 2006 § surface, .is
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transm ssion into the cavity of energy emtted fromthe particular area on
t he waf &y the ose of arhaw efHcient nfgequency range, for example). In addition, the present

invention fills the need for increasing the amount of wafer area that is sensed, as compared to
relatively small wafer surface areas sensed by the conventional in-situ sensors, for example.

It should be appreciated that the present invention can be implemented in numerous
ways, including as an apparatus, as a system, as a device, or as a method. Several inventive
embodiments of the present invention are described below.

In one embodiment, a system is provided for detecting changes in properties of a
particular area on a front surface of a wafer during chemical mechanical processing of the
front surface in which the properties of the particular area are to be changed. A polishing
head, or wafer carrier, is configured with a wafer mounting surface and a cavity having an
opening co-planar with the wafer mounting surface, the cavity being configured to extend
away from the wafer mounting surface into the head and being aligned with the particular

area. A thin, carrier or backside, film, separating the wafer from the rigid wafer mounting



chem cal nechani cal processing of the surface. A sensor %gsretce' i go' n the
cavity for response to the energy transmtted through t 8%18?2%?"% éfi | m
The sensor is configured so that in response to one property of the
particular area on the front surface during chem cal nechanical processing
of the front surface the sensor generates a first signal representing the
one property of the particular areag The sensor is also configured so that
in ][espogse_to an(ﬁt hﬁr property of the particular area of the front
surface ring such, chem cal nechani cal essin e enerates a
second sPgifar" F?HP@%«@?\?\CH’E??%OUB %Pur%%%rgdh%cng 9 égﬂpo ?xﬁﬁ%fﬁra? area. In
anot he [ _eﬂgigﬂ%l AB0ksi deof e Fen. This{backsidd éitinfioront gired to atigwatrasgiesion mto
properties of two or nore separate areas on a front surface of a wafer.
The det §8% aMtyy Plsengigy A CHER @‘8!’3“‘%?%%08& eﬁ?%f:{é)%‘gis‘r‘f CS?“’?%J"Fr ont

sur face RymiMlirkdehidi&l E{oe&gihgwmé s@fe8) Akedsbis sRpRE@In@hacAgfori S t 0 be
changed. A first of the separate areas |s confi,ﬁéred wth a netallization

over bur desponse frethe Ry s meted hPRgh thebashude fifm. i Hi senser s Gefigvfd sedani cal
Processii &s%d%séﬁcogg rdprt) Hthe ﬁzﬁ%‘i@ra{%a Bh 8RFrdn® st ABE HEhpRHettichin a

nmetal i zati'on pattern-under the nmetallization overburden. One change of

t he Er o(p;)nﬂctlgwl processing afibe frowrsuiface e sepsor Benerags@diteisignalreprpsenting Be| | zat i on
over bur den c l¢hd ' er burden from
t he pattgrﬁegg _rret}é %hgcél |§%a'(4£ﬁ@{eﬁ{e&ﬁra2%t&§€ e os?dtldﬁzﬁ%/\e's/a@g?é)%duri ng the
chem palanutbﬂ][pmpeaabg {he patissamagea of thevferng surfage during sheh chomidabmed@nigeli h a waf er
mounting_surface and a cavit r , arate ar :
Each of TrRENR Rhr Rl st T AR b Bndt proltPl RS T e °
waf er mpaiticulagarsalr f ace. Each of the cavities is configured to extend away

fromthe wafer unt | surface i.nto .the carri.er i | Lg ith
respective oﬁbanﬁg?”f T‘}Bﬂ"g’gﬂaﬁaat SyStemp LS pr 9“%&?’:&%‘3 |n§% ﬁ%qg%sl IF PFOI%EI?IE §?rfo\lljmnt ed ao n
]Ehe waf ewo muakgq&iayg&m? aaﬂﬁd1h ta)fgaefﬂﬁbl wareo SBhe tdhectoygesilurng cherhicghe cavi ti es
or engagi ng.a backsi de_of the r. The filmis _confi. dto.t '
energy messhanicebprossstingathe EfP"‘tsH%ﬁ?gﬁ écthéhea‘?@%?lyzorﬁ e?ﬁrﬁe‘)lf %1[S§?ar?t?3rr?% sag Em‘ ;ce

during 44 ve bRMHER! A fitde 6AB k&patatd i@ scdhfigred withe mitlifzaden ovettairdenl m
transmtting the energy into each of the cavjties. ILn this e&rb i ment, an
eddy curthedhickssoefevhieh ¢hapgss dedng the f‘}?@l@éW%‘}i‘"’tcﬁ‘éimqeés"éﬁ-i‘gﬁf‘éa“ 9\50 ‘g% t he
first afsgﬁrafté)érga[s%&%g@rea Qith 2§ edl QAABENBtlefh UndekURE meQ1IZetGN dvBGuydehh t he
wafer front side nmetallization. The eddy current sensor is configured to

r espond Qne change pfithe Rrepesienis atiaasitionsn ahichzba thiskneshot e MeRYIFEIA de duri ng
chem Calov%&rﬁ@rﬁl%e%@nef%?&?@ﬁ'c e R thétAMNLatif bl @6&déiPfrom @RNRkBMENY a Tirst
signal representing e I ckness. I'n this enbodi nent, a vibration sensor
is receievalizaiion (dnehectaarit side phthe water)aluiing thd chgmpigalnhpshanicabpracespiag: for
response to vibratiaqnal ener 8 6.0 resul t
of cherriwc?g‘?r9??88?1‘5ﬁ?r@g%urﬁdrwlg’r%%?f%o%&?ﬁag ﬂ}e}ﬁé\% er 1 Vl(z)%?)?gigcgg}f gglti@gﬁ?ng pad

i nt er f agréfParutcarasi Edchaf theanvitidsas vafiguredl mithtan opehingwet planar withithen or

dielectri¢ |ayers throu
wafer mounting supf;ce. (‘Ezlch of the cavities is configured to extend away from the wafer

mounting surface into the carrier and is aligned with a respective one of the separate areas. A
thin backside film is mounted on the wafer mounting surface and extends across the openings
of the cavities for engaging a backside of the wafer. The film is configured to transmit energy
emitted from each of the separate areas on the wafer front surface during the chemical
mechanical processing of the surface, the film transmitting the energy into each of the
cavities. In this embodiment, an eddy current probe is received in the cavity that is aligned
with the first area for response to electromagnetic inductive coupling with the wafer front side
metallization. The eddy current sensor is configured to respond to the thickness of the
metallization on the front side during chemical mechanical processing of the front surface for
generating a first signal representing the thickness. In this embodiment, a vibration sensor is

received in the cavity that is aligned with the second area for response to vibrational energy



the silicon wafer and finally through the backside filmgg) th Vi gg(?stion
sensor. The vibration sensor is configured to respond t I’Q‘?Peer(}?ef)r I onal
energy during chem cal nechani cal processing of the front surface and
generate a second signal representing the changes of the wafer properties
at the front side, such as transitions of |ayer thickness, conposition , or
topography. In a further enbodi nent,, a nmethod of obtaining wafer film
property-sensor response correlation data is provided. The data represents

roperties of a surface |ayer of one.or nmore  kno correl at.i
e condRerged fid EHU Of PR G PLENER BREIPPRD PESAI HPpoIRls i ged
mechani GaderfR@lahé fhridehittddRIniEe twaRe floar sidkon@illizdtien suditreeic l@yethrodghe net hod
i ncl udes  operations of identifying. an ea on .})he surfa‘(lz\ﬁhof. one of the
cor r el atthonligoasafes andr ﬂ%a”é(rﬂé‘&“g*b%%??ﬁ%{g%@é" tQths YiPrafiof sepisud e tiPTRLRR:
proper t Yen3GRoffutddits kipsal 1o MR IonARLBRY dGREY Aheinfual meskagioat s a first

chem cal nechani cal polishing operation on the initial surface {ﬁroperty
Wit hin preressinged thetiraat syrfage andgenerala e SPROBS 8IEPA ZAPTENINEG aR8se PEYF on causes

the inityal, é)?&Heﬁi%EEt thE ARG 'sid, su%t?asqmngiti@nsfd.f Ta3br BR|AGY, cBMpBktion Ar f Ur t her

met hod operatiron determnes a first energy "characteristic of the first
ener gy dopqguaphem tted during the first chem cal nechanical polishing

operation. The firtst terd stic i ' 3 Efohdeal surface
property dur ?nnzb;uph% eﬂ%?@%&%gﬁ#@gl&%% 16111 idcagﬁr%g’g@ggﬁrﬁégﬁ%p%@gt ieon, and
may, f orcoaulatigl data ibprosidsd.giked daputpratentspropertise oasurfapmiapiir of engoragfiracent to

the emtting initial surface prope . c ISt acteristic,
or si gnal‘l",owfCrl ARTEE1tiop Feég’éﬂqdzlc?ﬁgaﬁgﬁsi ﬁl ée/l?urgig? ﬁgé‘l’er{l%rrg%gﬁaiﬂgﬁ%?%g the CWP

P_r locessidiahﬂﬁcal ptishifg tréaineﬁwef-fmdmnlmtmurfyqe layed "ﬁlnmétded;irr]xglnéeSi tﬁmef waf er
il mproperty-sensor, . response corr.el ati on dat a. anot he ho

oper a!to i (?E?ra’c“i}’/ﬂé Ogtﬁlﬁl‘.ﬂf&“gﬁ@g‘ﬁﬁan H@tsgﬁf?*ﬁer# ROy of ecrogfia pLvare: :ré‘gg‘%f‘ ed with
respect chniAedeh &l infal kbl suffficeadpRity,basti fghiakness pasettbr Siethod operativint h - at

| east one known_ | ower surface property within the identified are such as
a final cordycisiaibatghemigalapech pelishige Qpraatpncn by ‘Hitﬁgsuﬁ%éer%ff’?e(%sw@ghse t he

Known | QiefresS Uik & chdMi® Sk Nanicl ﬁfﬁkﬁin@bw‘rﬁ@ﬁka&_@@th_ﬂﬂﬁﬁaleﬁlﬁfcgysro@gtt)put and
to determ ne at | east one next energy characteristic that is unique to the

at | eastto omis alfind apergYonmsputs drfpmles msiheg @P?rﬁf‘,ior‘\mFeEHi"F%a _fiﬁéene_{'g«}*. ckness of the
known | Qe SHEE 8F e fidst grlnje?%utﬁ Efndid ORRARE st SHelrfical MebRhRMolithifghe known

| ower surftace property he next chem cal nechanical processing

oper at i ®perationd Theirst efangy ehagacististic ipuniguerfeshe initighrfacarrpparty gyringige sensor

i medi ategl y, adi acen L LA pg | % BE QBShA Yut hy next
cner gy CRAGeR ERhaplcl frdGs B ok e, Ay, BLLLAGR, BE 8EH bupRiy]

proper t e inmipdianedy adjacentGvihepnotiog giitied swface hropértyneiuck dirst eresgYor operty, and

o oY1 0o SAOLIEE or sl S5 b APELI oA BRAEC cOTr el a1 on

for contprgbdsina®f tHaeritislabirfaee phepeitg,ahnd provides one item of wafer film property-sensor
response correlation data. In another method operation, the conducting and determining
operations are repeated with respect to another correlation wafer having an exposed surface
with at least one known lower surface property within the identified area, such as a final
thickness. These conducting and determining operations cause the known lower surface
property to emit at least one next energy output and to determine at least one next energy
characteristic that is unique to the at least one known lower surface property, which is the
thickness of the known lower surface. The next energy characteristic is unique to the known
lower surface property during the next chemical mechanical processing operation, and may,
for example, be a next signal output by the sensor immediately adjacent to the emitting lower
surface property. Such next energy characteristic, or signal, thus represents the next surface
property during the next CMP processing of the lower surface property, and provides another

item of wafer film property-sensor response correlation data.



pol i shing operations perfornmed on a production wafer that_is to h

sanme properltoi es as tﬁe correl ation \R/afers that were useés158‘?t 'BB‘?rg}Sﬁ? ng the
wafer film property-sensor response correlation data. Operations of the
met hod i nclude an operation of nounting the production wafer on a wafer
carrier that exposes a front surface of the production wafer to a polishing
pad at a wafer-pad interface. The front surface of the production wafer and
the interface have at |east one area under which a pl urality of surface

configurations are ] ocate The s face i ons h ot her

and incl ude &% Y§t@aather badimept §H’F gés Pé%‘ﬂ%%gﬁtr%fl rglﬁ?ngﬁ Flecr?aﬁlgcglrcest to

the fron naﬁﬁ% SHefutibhs fehBrmMdshUCHrbQR ek gfer thhrds tdmvem@smdpropmem cheni cal

mechani cal i shin tggratl ons The surLace configurations al so including
95

a final tb%m&aéon W puegs iR forioptaipineyhe WaleR ™ PIPPHESEMY SHPIRE £ r ont
surface and bV akL @épe%%@éﬂﬁe ﬁEthBJ‘ﬁclu@é Apetakion ofmbeting dacglodudtidn

configuration may ve one of the above-described properties for exanple,
of the coferemporeéregrrisothatixapics A figalsarface|of thersedystionwaferioiadelishiten cal

mechani g) {iﬁp o] t‘%xhﬁﬂ%ﬁg ({]at['hé)ﬂﬁ ni3faddGk e ﬁ)ﬁﬁﬂc% WdtEr A0 8iR iRferfhdeale oduct i on

waf er s I ng pa causes energy to be emtted fromthe area
of the wafeast-opastea under hick a pbditylpinyrfacesonfignrgionpearetgcar. Thesulirs ace

cont i gur gL on by 1S BLERERCSy bR Bl febfel SuREOUISHANallRy be i 1

the for° rop er y-Ssensor sponse correl ation data
obt ai nedemam@thdlfmgt suefadehd tlqunmmcderswafeﬂihd isrextposed. foSbe bhepigal el at i on dat a

may i nclud anpl e e fir ond to
ener gy &R ?’B‘EP?H‘E]}SF oBerr@tQﬁnﬁuiﬁ ﬁaﬁ uratlon gltr%? glgf r{ga%alﬁ?%daﬁéagol i shi ng
oper at i @BnfiRiritdh rﬁﬂdalmpma Iﬂurmestﬁﬁmt ihe &ommarfmfe anth eovsmd aawsxdc ofth¢ gur at i ons
V\nthlnacorrespondln he correl atio ers mlar to
the prPaRMEiNWVaeF é?ra Ec?‘? ﬁé‘fa“a%lf“éy F‘%V(?Ioﬂﬁ 8£th éiesbcor d gﬂ’os?rﬁ%sf may

cor r espgpcxaipR, &fithddorreSioRAE trrélition veafdri Dednother 61§laeealoﬁmhfzmg:lal’ at ion of the

correlation wafer. An operation npnitors the _ener em t 0

waf er - pagechanieat P‘d@bmépp‘trﬁ‘émﬁla@dﬁg?‘i“&?ﬁ ‘\‘R/al?eé}reao‘?jr‘?erﬁg%’r?go%ﬁ’g tﬁatq%\%c hani cal
pol i Sh' :}g c%@s ARIyb BB EmARd BBMmithd R8PETaRE WEfeLPRI 1ﬁferfhc’ﬂﬁc$dtd1hgce
configuratio lated to

5 of t he productlon waf er. The eneﬁ:gy emitted, ﬁ
the propetheypragerty hithe surfacqeenfigaratipnliha ingFace: A 1b0of datais prvided enfloy ¢

operati on ygbgrl?ﬂn%‘?ém} h@@%&ﬂﬁlnﬁ%{;&r@&eﬁ%ﬂ@sﬁdﬁ@e cGHeRiof Hath BraMed er - pad

i nt er f ad® uction daring the currently perforned chem cal
mechani caaxtorqhog tosthc aipveodercebédonethod &mbcﬁmﬁlopdﬂtﬁmﬁ igfludepfor example. dat a t hat

correspan Sﬁj %&B Ers ﬁartz? ﬁ)gy Ly né)crntdqg ?rte'r%}'aénn&w é\ﬁﬁlﬁg P&Qmuk ghkddogn of the

correl at exa corre 1on wafer, the data
portion chaafce]sm&hanctampolfshhgIop&rhmmimce‘ssnedfonteh@l fespoovel apwef theswufacace, whi ch

final f L] t t tl
per § or meanAEHeRLY B aRaATeate oA i opRARRT AR GG fRkaolie? T ent Y

oper at i GRodud@drewTer) e Fiksd tath I lugites dira gomidrt that rhayoorespend teeafinilir i ng t he

current lp¥op%§t;/ ]:)? tlhgifnigalcsgr?gge%grlxﬁguratmg %% %giggrl;claﬁ%g%afegr. An operation monitors the

energy emitted from the wafer-pad interface of the production wafer during the chemical
mechanical polishing operations performed on each respective one of the surface
configurations of the production wafer. The energy emitted is related to the property of the
surface configuration at the interface. A next operation compares the energy emitted from the
area of the wafer-pad interface of the production wafer during the currently performed
chemical mechanical polishing operations to the data portion of the first data that corresponds
to the property of the final surface configuration of the correlation wafer. In the example of
the correlation wafer, the data portion represents the final thickness of the known lower
surface, which is a final surface configuration. A last operation interrupts the currently
performed chemical mechanical polishing operations once the comparing operation

determines that the energy emitted from the area during the currently performed chemical



mechani cal polishing operation is substantially the sanme _as the paortion of
the first data that corresponds to the property of the £PR&tteBRE£3%:
configuration of the correlation wafer. Qther aspects and advantages of the
invention will become apparent fromthe follow ng detailed description,

taken in conjunction with the acconpanyi ng drawi ngs, illustrating by way
of exanple the principles of the inyention. BRI EF DESCRI PTI ON OF THE
DRAW NGS The present invention will be readily understood by reference to

the follown etailed description.n coniunction w h anyi ng

i s nodreeiea PUhing peerpEvar iR ivhREe 4l pEfial'e! B BT GRERATT L

el enent sorrkspPhdsao thd prépedy SLhe fipdl iserfate agnfigiratibn af fhe barfelaion wafersi t u appar at us
for neasuri n%é}? t hi ckness ,of a I\%}/e{ of a.vvafe]F: bé?rgrovi di ng. a etrtures in
a platen and hepAsPets Ayl ARNEREsHR! theh dnVRAHQN Wilki RtomBe PRPArentfrad iRy i ¢

di agr amg@fovan®deiled I descRipRA, alakh {0 lcof}BARioh | Wigh \thd laddontpanying dawiagdipl er
that nounts a wafer carrier head to a CVMP apparatus, wherein the apparatus
i s renptidustratinghyavaysd skarepie the PANGRIELPL tBainyeidi@on a carrier plate secured to

the wafer carrier head; Figure 2Ais a plan view of a wafer illustrating
areas on an exposed surface, wherein the areas may have uni que surface

properties to be senseBRIEF RESORIEHON OF THEIDRAPIANGSNnt i nventi on; Figures
2B through 2E are cross-sectional  vie of various surf roper.ties of
the exposed TBEPESRRbINY§NLop M ?@Pdla’d'l“\fly?sfémf’%m referefice 19 é’%&’ﬁ@@@é& ‘%gmlgflages of
chem calgefmphidHin©8hjundih wsthitROaccibifinging drawigs! @ waiich likeUsfefentemunierals

t opographi cal property of a non-uniformarea of the exposed wafer surface;

Fi gure Zesignatajdesiueerabgleiieiés t opogr aphi cal property of a flat uniform area

of the expopg ek 6f aSEHnRAE iR Af ok NRSH-sRH QpSritis fdri edseringDa
illustrates a conpositional property of a non-uniform area of the exposed

waf er suriekness afyadater of apwafaribypsgvading ARprisres an a plaeniad agofsivdiP pe%te: and

Fi gure %l‘:e‘l,%fgrust rates a transition of a conpositional property upon
clearance of a diffusion barrier froma dielectric layer; Figure 3Ais a
pl an vi ew of Figuedd iserschmatie dfagramef apridrtajteppdraps fos defedtingyibiadpngdbint i ng
respective.s Qrs._jin i | At | > sensi ng
Changes PP 8 lgfets TWREY BRI o EER DL, SR o Bl SR Tt e

Wi t h t heéropr £leemion iofiy evafer cartied& Seypdcr phatr se@@ebto thOweremmerdgad;s a

cross-secti OE]’aglureVi-Ae%gI atp zll(neae\g lo?g%valfc!r ri'l?ﬁsstrg’t%g?’al?eais "3n 'i'n %%o%eg’ 'sAtlrfaicL,lM%}Jiﬁt ing
the areas may have unique surface properties to be sensed in accordance with the present
invention;

Figures 2B through 2E are cross-sectional views of various surface properties of the
exposed surface of the wafer during four typical successive stages of chemical mechanical
polishing, wherein:

Figure 2B illustrates a topographical property of a non-uniform area of the exposed
wafer surface;

Figure 2C illustrates another topographical property of a flat uniform area of the
exposed wafer surface, and a thickness property;

Figure 2D illustrates a compositional property of a non-uniform area of the exposed
wafer surface typified by different materials at the exposed surface; and

Figure 2E illustrates a transition of a compositional property upon clearance of a
diffusion barrier from a dielectric layer;

Figure 3A is a plan view of a carrier plate having cavities for receiving and mounting
respective sensors immediately next to a wafer mounting surface for sensing changes in

properties of the exposed surface of the wafer in accordance with the present invention;



an active sensor in one of the cavities and the cavity opening directly to
a continuous carrier (or backside) filmon which a backg‘?ﬁ%"t%}“ ber2808af er
is nounted in accordance with an enbodi nent of the present invention;
Figure 3Cis an enlarged view of the sensor shown in Figure 3B,
illustrating a coil positioned close to netallization on a front side of
the wafer for response to electromagpetic inductive coupling with the

nmet al Iization Fi gures 3D and 3E are further enl arged views of a portion of

Fi gure 3B, lust vari ous. th i en the
backsi de and ta*rée Cg%ss§ﬁ°r'"lpﬁ iy "‘Fﬂ’eao fng? 758 \é@mlf 8% ggfksﬁgﬁg%g\e

Cr 0SS- S @atat@aendor ew)@l ofitheadavities FidIHE €avde, opbﬂ1hg181'rrd’c&'§,' itdn @ cantinlibusatairien -
responsi ve passive sensar. in.t cavi d the cavity ni n rectly to
a cont i fgfobacksigelcilst g Vf}l‘?hr?dﬁqwﬁ ‘ﬁ’%é”ageéc‘ﬁé’f“ﬂ’é“eg‘f mny ‘H’égﬂ%ﬁc 8”135 Mount ed
in accore%gg@nem&I@heaﬂ}@gemh\,enggpodl ment of the present invention; Figure 4B
is a wafer filmproperty-sensor response correlation graph il Iustr ting

vel ocity arrpﬂ&utf—‘d%(« B @t erdargedyWr W<l the esasrs sRgwIn Fighieadh gl alpsR by t he
sensor %fO?:lF br%ldrc?osgﬁ) g(gfh'zﬁlg)naonq\@orﬁ SRIE B8 the RESErIbNREboAL: fohecBymesREc sur f aces

shown i I gures | ustrating a peak anplitude at a particul ar
frequenchupawg@uplmgdw&)ahrrmgtaalztitrfalnm tion of a conpositional property at

the wafer fr gﬁgmﬁ '3E)ean%33E3‘arjé e5dlet e xltﬂtu'lgw Qi@@vs % zyolﬁ%}{%rf F%c QBOi%ﬁﬁahHg Figure

5A is a cross-sectional view sim |TUstrating a

t enper atvarias thiekesses iof afeagwitarizl betsar the rbarthﬁde@adlﬂnﬁye@néﬁdtsﬁéa@a@ﬁ the openi ng
directl 0. an aperture in a backside filmon which the backside of the
waf er i unted in accordance with another enbodi nent of the present

i nvention; FFigufec4SBs ia&:ré‘ssgbta'mhaloﬁe\i/ rsimiter rte Figme 3§y ikusiratingda lyjbrationt ous
exposed wafer surfaces tha re.subject to the CIVP &g ure 5C
is a coffBPEtYeoPPsyrapHs?i u r 'i%é"%ﬁho ‘fvbtﬁtOPS?m%h"%&rﬁ ragrcggn?lghgerat ure
Sensor ILedksRIe €Ninl IOWhRRREY BACKEIAS ob theawdfbruisdndunsdd insacterdarive withl anotet act wit h
t he backsr de of the wafer plotted against tinme during a CMP process

per f or mSEbAHMERP! e REESERf 1R\FAHAbes shown in  Figures 2B, 2C, 2D, and 2E;

Figure 6 is giaRrigliatl Qﬂfegrfﬁ‘rﬂhﬁnﬂﬁd’rtyvs@ﬂsof rr&ﬁbmse:oﬁélame g%ibd}ﬁl]ﬁﬂﬂfaﬁﬁg\t sensor
shown in Fi gures 3B and ustratin e thicknesses o on a

waf er  piveloeistarapjivdssotiod jagaibe Sreaesry ot vibgguignigensen By fhe nge pEFRuedS ( ow
glha” d%g@ﬁgg d&%%t 2PmetP 66 theexpBidaeduthied BhbWE i® FRLEsS2> RAIVZE] N
gures or preparing the correlation graphs; and 28
Sept enbellusgm a pg_ak amplitude at a particular frequency range, indicating a transition of a
compositional property at the wafer front side as a result of front side layer CMP processing;

Figure 5A is a cross-sectional view similar to Figure 3B, illustrating a temperature-
responsive passive sensor in the cavity and the cavity opening directly to an aperture in a
backside film on which the backside of the wafer is mounted in accordance with another
embodiment of the present invention;

Figure 5B is a graph of infra red energy emitted by various exposed wafer surfaces
that are subject to the CMP processing;

Figure SC is a correlation graph illustrating an output of the infra-red temperature
sensor representing temperatures of a fluid that is in thermal contact with the backside of the
wafer plotted against time during a CMP process performed on the exposed surfaces shown in
Figures 2B, 2C, 2D, and 2E;

Figure 6 is a correlation graph derived from use of the eddy current sensor shown in
Figures 3B and 3C, illustrating the thicknesses of a layer on a wafer plotted against voltages
output by the sensor;

Figure 7 is a flow chart describing operations used in correlating the sensors shown in

Figures 3B, 4A, and 5A for preparing the correlation graphs; and



Figure 8 is a flow chart describing operations in which the correlation
graphs shown in Figure 7 may be used to deternine propef? Peenier 2048 ont
side layer during CWP processing. DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS An invention is described for a nethod of and apparatus for
detecting surface properties, and transitions at the surfaces of wafers,
and in the wafer/pad interaction intlerface in chenical nechanical
polishing for CMP process status and control. Details are described for
systens and FglR®ds afibiveharcdmaibing dpﬁranbmnmldhhlme @repeot 'glthSCBﬂlOWhGl

pol i shi surface and/or of paranete interface,
for det én%ﬁufﬁ GmaRY ek‘ﬁ?éﬁﬂ‘%f ¢ PERETHET E’)rrrf’sfro é:@?’?aﬁ?ro@gggc art’I %es%lrﬁ% control
nmet hods and apparatus are aI so described by which the properties of the
waf er surface are sensed at a location in closest proximty to the wafer,
preferrably within the wafer carrier plate rather than renotely as in prior

renot e vi br at hpipa [SEH PHSTRIPTION OF REFOPNEPERREDOVRIBEDIMENDSE skilled in
the art, that—the present | nventron nay Dbe racticed wthout some or all

of these spedhfingentien 45 described &rh@rmqﬂmit ghead appgstps Eprodpiectige ougface
oper at | Bﬂﬁ)cﬁ@/%n@%nsﬁ.ﬁ:ﬁ?atqgegﬁﬁa%g%f WarefebAd i th@w%gﬁ(fd 1H@¥acﬁ6h i‘ﬂﬁ?ﬁé@' e the

present © IAVent on-uni form surfaces of the wafers nay
under st dochejcal eieehaemlwolldmfg fpo CAEP pracess hﬁa@g gid ogatro). nDFiﬁ'g!)ﬁJfrfe dzs&nhed

cem N Bnth e Gk B, HeSlhfind 5k pobl B o ok

havi ng nm-or a 02 is
i dent i f aedlorat phdametewdinked D0R: fadiwaberiposes, fof ddesiog agpt q>cumxmg tahsgtignsesent

i nventi The area 202 defines. the xten c “wafer 2. a
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2E). The cross-sections of Figures 2B through 2E are within and under the area 202. Figure

2B shows various ones of the layers 204 before the wafer 200 is subjected to CMP

processing, for example. Within and under the area 202, the layers 204 are between a

backside 206 of the wafer 200 and a front, or exposed, surface 208 that is to be exposed to

and in contact with a CMP polishing pad 209 for CMP processing. For clarity of illustration,

the pad 209 and the exposed surface 208 are shown spaced.

Within and under the area 202, a backside, or support, layer 204-B supports a lower
metallization layer 204-LM that is spaced from the front surface 208. Between the lower
metallization layer 204-LM and the exposed surface 208, and within the area 202, a diffusion
layer 204-D may be provided. A dielectric layer 204-DI may be deposited over the diffusion
layer 204-D. A portion of the dielectric layer 204-DI is removed by etching, for example, to
define a trench, or plug, 204-T. A two-part overburden layer 204-O (Figures 2B and 2C) may



204-0 may include a thin diffusion barrier 204-DB (of Ta r VW,
for exanple) and an upper netallization | ayer 204- UM (o?sé%we %-érryg?(()grrpl e).
The netal lization |ayers 204- LM and 204-UM may be Cu, W or A, for
exanple. The dielectric layer 204-DI may be silica (PETEOS), fI uori nat ed
silica, or lowK dielectric materials, such as those sold under the trade
nanmes CORAL or BLACK DI AMOND, for exanple. The wafer 200 is shown in Figure
2B with the described |layers 204 in a condition prior to CMP processing.
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Accor di Rfeition. tReferping ne Fighes2Afit tap bp uedestbod tlnvlemumenms qthes argais Z02-6hal

waf er - ptY PREGP G Io o paeatad oD af s B57 PhE G AL G e, U?E atcEe
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waf er-pad I nterface a within b or .ex Soa
frictionefica SeEescql sTapPYL vyef%lé@bmv have yqrﬁg Zf@’pﬁ ngg ﬁt%H'S r%sh (z

el ectri g@ﬁmdq,?mg{r@apjmq@}e,@ﬁl ponposi tional) that occurs at the exposed

surface 208 of the wafer 200, or in the wafer/pad inter ctigg intﬁrface
212. 28 SeptAny¢al phigg of thy CMP processing is to render the exposed surface 208 smooth,

or flat. Describing the CMP processing with respect to the area 202, for example, the exposed
surface 208 (having the non-uniform topographical surface property 210-NU) may be
rendered smooth, or flat, within the area 202, as shown in Figure 2C to provide a uniform
surface property 210-U. During the CMP processing, frictional contact is made between the
pad 209 (contact is shown by upper dashed lines in Figures 2B and 2C) and the exposed
surface 208 at a wafer-pad interaction interface 212 that is within the area 202. According to
the principles of the present invention, the frictional contact between the exposed surface 208
and the polishing pad 209 at the wafer-pad interface 212 varies according to the features of
the surface property 210. Such variation occurs as to the portion of the entire wafer-pad
interface 212 that is within the area 202. For example, the frictional contact may vary
according to the type of transition (e.g., electrical, topographical or compositional) that occurs

at the exposed surface 208 of the wafer 200, or in the wafer/pad interaction interface 212.
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2006 quantitative feature that may be measured by the present invention. Also, changes in the

thickness T within the area 202 are one of the changes of the surface property 210-T that may
be detected and controlled by the present invention.

Figures 2C and 2D also show that as CMP processing occurs, and as the thickness T
changes, the upper metallization layer 204-UM portion of the overburden layer 204-O may be
removed, or “cleared”, and the diffusion barrier 204-DB and the Cu in the trench 204-T may
become the exposed surface 208 (Figure 2D). The surface property 210-CUM (Figure 2D)
may used to identify such upper metallization clearance, which occurs at a moment when the
upper metallization layer 204-UM is removed and leaves the diffusion barrier 204-DB and the
Cu in the trench 204-T forming the exposed surface 208.

Such removal of the upper metallization layer 204-UM to change the composition of the

exposed surface 208 is an example of a transition that may be sensed by the present invention.



14 Sensing of transitions, in this exanple a conposition ransi Lhon, 1S
i nportant. For exanple, in CWP processing different con%ﬁ%ﬁ?@%rgg%]
process paraneters nust be used to process the upper netallization |ayer
204- UM t han those used to process the diffusion barrier 204-DB. Thus,
during CWVP processing, it is inportant to be able to detect the
conpositional transition, fromthedupper netallization |ayer 204-UMto the
di ffusion barrier 204-DB and the Cu in the trench 204-T. Such detection
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T changes, there is an electrical transition as the upper metallization layer 204-UM portion of
the overburden layer 204-O is cleared. Since the upper metallization layer 204-UM may be
formed from Cu and is generally initially relatively thick, there is an ability to
electromagnetically inductively couple with the upper metallization layer 204-UM. However,
upon clearance of the upper metallization layer 204-UM and the diffusion barrier 204-DB,
because the remaining dielectric layer 204-DI is non-conductive and the metallization (Cu, for
example) in the trench 204-T has a small volume, this clearance results in a transition in the
ability to electromagnetically inductively couple with metallization at the exposed surface
208. Thus, there is a significant decrease in such coupling ability when the entire upper
metallization layer 204-UM has been removed so as to leave only the Cu in the trench 204-T

and the lower metallization layer 204-LM for the electromagnetic inductive coupling.



15 Referring also to Figures 3A through 3C, the enbodi meptsg, @g %Q@O@gesent
invention provide a system 220 for sensing the properties o The exposed
surface 208 of the wafers 200, and for detecting transitions at and near
the surfaces 208 of the wafers 200, or in the wafer/pad interaction
interface 212 in chem cal mechanical polishing for CVWP process status and
control. For exanple, such system 280 detects the properties 210 of the
processed surface 208, such as of the exposed surface 208 of the wafer 200

shown i n Fi gREeRSingAlsd BIMApESs 3K thrbtid Y& ftRe exﬁ@&hﬂi&r}ks loe thepreseiht inve@tion
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nunmber 10/03208%| Iled Decenber 21, 2001, for Wafer Carrier And Method
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positioned spaced from a center C of the plate 222. In Figure 3B, the cavities 226 are shown

configured with dimensions (e.g., diameter 228, or corresponding cross-sectional length and
width dimensions, and a depth 229) suitable for reception of a sensor 232. Generally, the
dimensions of each cavity 226 do not exceed a diameter of about 30 mm., for example. The
exemplary positioning of each cavity 226 with respect to the center C, and the dimensioning
of the cavity 226, are selected so as to align the cavity 226 with an exemplary respective one
of the areas 202 of the wafer 200 with which the system 220 is to be used.

The sensor 232 may be inserted through an opening 234 of the cavity 226. The
opening 234 is co-extensive with the wafer mounting surface 224. The opening 234 may be
either mechanically open (as in a physical hole) or functionally open (as in a window that is
transparent to an appropriate signal to be sensed). Also, a thin carrier, or backside, film 236

may be mounted on the wafer mounting surface 224, and may also be mechanically or



28 Septenber 2006 16 functionally open according to the of to
be sensed. The backside film 236 may al so have typical %gog?'?l?eég&zé;gy
described in the above-referenced patent applications filed on Decenber
21, 2001. The backside film 236 extends across the wafer nmounting surface
224 for engagi ng the backside 206 of the wafer 200. The configuring of the
mechani cal or functional opening ofl&he carrier film236 transnmits all
necessary types of the energy E fromthe wafer-pad interface 212 to the
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sensor 232, the film 236 and the wafer 200 move together as a unit, such that the sensor 232

in the cavity 226 always moves with the area 202 of the wafer 200. The sensor 232 is thus
always in a position very close to the wafer-pad interface 212 to respond to the energy E
transmitted from the portion of the wafer-pad interface 212 (and the exposed surface 208) that
corresponds to the area 202.

The sensor 232 responds to such energy E transmitted into the cavity 226 and
generates an output signal 238 (Figure 3B) that may be wirelessly transmitted to a suitable
receiver described below. In a general sense, the output signals 238 may be understood in
relation to the wafer surface properties 210 of an exemplary one of the areas 202 with which
the cavity 226, and thus the sensor 232 in the cavity 226, is aligned. For example, referring to
only the wafer 200, Figure 3D shows a first wafer surface property 210-T1 based on a first
thickness T1 of the wafer 200. Figure 3E shows a second wafer surface property 210-T2



t hi ckness T1 of the wafer 200. Figure 3E shows a second ?%tsert ger2$§6e
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composition of the exposed surface 208 upon the complete removal, or clearance, of some of
or the entire overburden layer 204-O from the dielectric layer 204-DI, a compositional, or
clearance, transition may be identified. Thus, when the sensor 232 outputs the output signal
238 having a particular voltage value, through such correlation the clearance transition may
be indicated. For electrical transition sensing purposes, the sensor 232 may be a product
produced by Balluf, a Swiss company, or by Karman of the U.S.A., or by Micro-Epsilon of
Germany.

The value of the output signal 238 of such sensor 232 is dependent in part on the
structure of the carrier plate 222 and on other closely adjacent structures, such as the carrier
film 236 and configurations of a polishing table (not shown) and of the pad 209. However,
with the sensor 232 mounted in the plate 222 and very close to the backside 206 of the wafer
200, as described, the upper metallization layer 204-UM and the diffusion barrier 204-DB, for
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Such aspects are related to the surface property 210 that is being contacted by the pad 209 at
the moment of time at which the particular vibration is generated. For example, the graph
258 shown in Figure 4B plots amplitude vs. the frequency of such vibrations. In the graph
258, the amplitude is the amount of the velocity of the exposed surface 208. However, the
amplitude of the displacement of the surface 208 may also be plotted, as well as the
acceleration of such surface 208.

Considering the velocity amplitude of the graph 258, a curve 260 (solid line)
illustrates low velocity amplitude vibrations in a vibration frequency range from about three
thousand Hz to about twenty thousand Hz. Such low amplitude vibrations in that range are
sensed by the vibration sensor 232 during CMP processing of the upper metallization layer
204-UM, for example, having the surface property 210-U (Figure 2C). Significantly, even
though the diffusion barrier 204-DB is undemneath the upper metallization layer 204-UM, the
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204-UM are based on the upper net alization | ayer 204-UM and not on the
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vibration sensed by the sensor 232 may thus indicate, or detect, the compositional transition,

from the upper metallization layer 204-UM to the diffusion barrier 204-DB and Cu in the
trench 204-T, so that appropriate and immediate changes can be made to the CMP process to
properly process the diffusion barrier 204-DB and the Cu in the trench 204-T. For example,
correlation described below may relate the amplitude and frequency sensed by the sensor 232
to a known state during the CMP processing. Such state may be the compositional transition,
which may be identified by the peak 264 at the described frequency range. Thus, when the
sensor 232 outputs the output signal 238 having a peak voltage value corresponding to such
frequency of the peak 264, by use of such correlation the compositional transition may be
indicated.

For vibration sensing purposes, the sensor 232 may be an active sensor 232 in that a

sonic signal may be output by the active sensor 232 to the wafer-pad interface 212. The
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wafer 200. The fluid 266 in the aperture 267 and in the cavity 226 circulates from the
backside 206 of the wafer 200 through the aperture 267 and in the cavity 226 to a body 268 of
the sensor 232. The fluid 270 thus transfers to the sensor 232 the energy E received from the
CMP operations at the interface 212. A time delay in which the fluid 266 reaches ninety-five
percent of the temperature that will ultimately be reached is in the range of about 0.6 to about
0.8 seconds, which is acceptable for control of CMP processing.

Infra-red (IR) amplitudes are shown in a graph 269 in Figure 5B to indicate how the
temperature of the fluid 266 is related to the various surface properties 210 within the area
202 on the wafer 200. Each of amplitude groups 270, 271 and 272 is based on taking
multiple temperature readings. The thermal energy of bare silicon of the wafer 200
undergoing CMP processing is represented by the amplitude group 270 having a relative

value of about 0.045 seconds. A unique, different relative value for a cleared wafer 200



tenperature of the fluid 266 is related to the various s tles
210 within the area 202 on the wafer 200. Each of anpli ?ég q%rptgeﬁgg

271 and 272 is based on taking nmultiple tenperature readings. The thermal
energy of bare silicon of the wafer 200 undergoing CWVP processing is
represented by the anplitude group 270 having a rel ative value of about

0. 045 seconds. A unique, different el ative value for a cleared wafer 200
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and 2D) to the clearance of the upper metallization layer 204-U, resulting in the surface

properties 210-CUM and 210-NU. The temperature sensed by the sensor 232 may thus
indicate the compositional transition, and the clearance transition. Thus, when the sensor 232
outputs the output signal 238 having a sudden increase to the value C, the referenced
correlation may indicate that the parameters of the CMP process should be changed to be
suitable for processing the diffusion barrier 204-DB.

For temperature sensing purposes, the sensor 232 may be a RAYTEK Model MID,
non-contact fixed mount-type temperature sensor, or a thermistor, or a thermocouple. The
RAYTEK MID sensor 232, for example, has a sensor head having a diameter of 0.55 inches
and a length of about 1.1 inches, which is suitable for being mounted in the cavity 226 of the
carrier plate 222. With the sensor 232 mounted in the plate 222 as described, because such

mounting places the sensor 232 with the thermal coupling fluid 266 very close to the wafer
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posi tioned according to the nature and extenft of fhe surface properties
210 t hasensere2¥h suchrad theteddy enreent s§ndns of die iYihwation senspier theisHPRIGUELeRHEe 208 of

the vaf gr - 20051e. FiilSy Pheehd¥ 23252 QWL ary othidr OHE 6t Ré\séASork B3, YERNG the
eddy current sensor or the vibration sensor or the temperature sensor, for example. The
location of the aligned area 202 and sensor 232, and the location of the aligned areas 202-O
and the respective sensors 232, may define an array of sensors 232 positioned according to
the nature and extent of the surface properties 210 that are on, and that are to be formed on,
the exposed surface 208 of the wafer 200. One such array is shown in Figure 3A as including
an exemplary three sensors 232-1, 232-2, and 232-3. Each of the sensors 232-1, 232-2 and
232-3 is shown wirelessly transmitting a respective output signal 238-1, 238-2, and 238-3 to a
respective signal processor 290-1, 290-2, or 290-3, which provides transition data 292, or
quantitative data 294 such as thickness data representing the thickness T, for example. The
data 292 or 294 may be input to a CMP process control 296. The control 296 may control the
pressure of the plate 222 against the pad 209, or the rotational velocity of the wafer 200, or

stop the CMP process when an appropriate process point is reached, for example.
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during E)th t%e first energy E emitted during the first chemical mechanical polishing operation. The

first energy characteristic may be a first of the output signals 238 from the selected sensor
232, and is unique to the initial known surface property 210 in the defined area 202 during the
first chemical mechanical processing operation. The processing of this correlation wafer
200C is stopped. The first output signal 238 is related to the initial known surface property
210 of the exposed surface 208 within the selected area 202. For example, the voltage out of
the eddy current sensor 232 may be read and the wafer thickness T corresponding to that
voltage may be determined; or the velocity amplitude and frequency of the signal 238 may be
determined corresponding to the initial known surface property 210, or the temperature may

be measured and related to the voltage of the output signal 238 and the surface property 210
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answered YES, the method moves to operation 312 in which the correlation data obtained in
the operations of flow chart 300 is organized, by the above-described plotting, for example,
into any appropriate ones of the graphs 258, 276, and 314 (Figures 4B, 5C, and 6,
respectively). Each of the graphs 258, 276, and 314, for example, represents the correlation
data to be used in operations of the system 220, including of the respective sensors 232,
which may next be performed by the method described in reference to Figure 8 and flow chart
340 with respect to production wafers 200P which are to have the same properties 210 as the
correlation wafers 200C.
The following is a more detailed example of the correlation data that may be obtained
by performing operations 304 and 306, followed by operation 308. The correlation data may
indicate one of the above-described transitions, for example. The transition may be from the

surface property 210-U of the upper metallization layer 204-UM (Figure 2C) to the surface
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various %%ﬂ%ﬁ%a@@o&@,%r@mn% ]erfaﬁé"@S shikd QlisRtiorseaerIMC2IRHihat may be

provi ded i i the various ones the cavities 226. As a_ result, the output
si gnal s nB8erf thewwilh be qarrelation of e FAER onpratisrs¥ith trspegbioeach Yeuiided f or

quant it atlougy ’z"ﬁftﬁ&t‘{?édc&%; 8&1 ﬁgl%%c}féﬁ{.é‘&n% s iR VBN PR O fopihe for each of
the surface properties o G ar y, the resulting exenplary correlation
gr aphs 20&renPshsoradp Bavmayehe privadedsm thejvariaus opesd thecavifies 226 e sensors 232

R Ll S R
quantitative observations of the status of the CMP operations for each of the surface
properties 210. Similarly, the resulting exemplary correlation graphs 258, 276, and 314 may
be used in conjunction with those sensors 232 that provide the output signals 238 for
determination of the various types of status of the CMP operations for any of the surface
properties 210.

Alternatively, the operations of flow chart 300 may be performed on a production
wafer 200. In this case, the CMP processing is interrupted more frequently to permit repeated
examination of the production wafer 200 and determination as to whether the desired surface
property 210 is present at a particular area 202. Once the desired surface property 210 has
been obtained by the CMP processing, and once the correlation data has been correlated with
such desired surface property 210, operation 308 is performed to obtain the next lower desired

surface property 210 of the production wafer 200. The correlation data is then correlated with

such next lower desired surface property 210.



Al ternatively, the operations of flow chart 300 may be perforned on a
production wafer 200. In this case, the CMP processi ng i28Sepitreer@plted nore
frequently to permt repeated exam nation of the production wafer 200 and
determ nation as to whether the desired surface property 210 is present at
a particular area 202. Once the desired surface property 210 has been

obt ai ned by the CMP processing, and2bnce the correlation data has been
correlated with such desired surface property 210, operation 308 is
performed t o Clblltm amhodimentn efthe pesent indesion ex¢ providedforusprechesdarglaiondass t he

producti The correl ation data.l . [r. i such
next | ov Pm?ﬁa %}cesﬁggﬁrW%pc?ét’eﬁ ?3@8&%‘93’%8% S%AC §%€§ﬂ%§?‘3”é‘g‘5@m§‘6%ﬂer

enbodi rrezmt)s Aetleschigedpibee e cofivletidn dath radyeor gavizee th the formsif nge ¢rmeore of r el at i on
dat a at i rfac ropertie of the exposed s rface 208 of
the sem! Eﬁ’oﬁa{?]%@%? Q:Xg’faé‘Fl lﬁﬁg"ﬁ%%ggicgﬁw&égg&%ran?‘ﬁé’e O71°€ %At 1%n data may
be or ganixg&dd burat 208 SIpRAdREL SINPaférs mmrmaf@ﬁng folegge am&etﬂ&&s destfibedand 314,
and may be used during CVP operations performed on the osed surface 208

of produ® tarBnohpfiey %haii@(ﬁo fogeoairellingfhe ghemicsmechgnical H?Bﬁm%lo eQ@l@B%cribed in

terms of eﬁoMe@WnQMdeu%&&m &/%rwtﬁh%{ema@xﬁchﬁescm@abn sECéTaduashg pol i shing
operations perforned t he production wafer 200. The nethod jncludes an

oper at i dhe @aductgn WﬁthZQQ@ a qapveer Beadelsish pothe RlatedR2o Bofepingdo Eignre 28 ¥ead, such
th | :he front
as € %é%%&oﬁﬁﬁseﬁﬁ%?rgy %g'séefzc())'g'toﬁ We%vafe'?ZO(s [¥&he mléﬁﬁé P32 R AREmdhe fron

surface shi ng at the wafer- pad
i nt erfa(pad Ri@facapi. f'EhorﬁttonSWﬂam%)SZJ@Ble()\faquﬁ@O the inpface AP hameatileaser f ace 212

have at ? g trh? ar%ﬁs%% ace"ﬁ‘%ﬁ S %R%r 9[\) %%g \thgfhgfﬁl}eﬁﬁ){ %ﬁh?guré@ under whi ch

a plurali opert are pI ca ocated. As to
each of pirdvpertas 2Hkar@ Pically RO@ed, As theacslwfﬁla@eeas ﬁﬁbptEQQZr@sttha@werl i e each

ot her and lnclu | eas , property
(see t hé’r ?ﬁi/ %Tﬁ eﬁﬁ‘ rrfmgﬁenmyﬁ n%%ulrﬁilg tele SF il lllpg%% @é%)ut?ﬂ@%rﬁa gf r ont
surface p2(£b8rtptsee th @rdpﬁtftjéﬁl(gm ih Figurel ﬂa)mmmr_yeﬂaxémo thie dro@\arfogeed08tof ons. The

i nal Sur face

surface erties 210 i ncl udin rty 210-F
(Figure *%Eyﬁﬁfr%?? ﬂ?aélsleﬁf’?siei?qr)}hc 88‘3’%{?1’1? ht%etsuf %erﬁr?%eéue%fzgge'tgogurface 208
and t OVV@ﬁdljudirEgGh RC Kifadeprépdtydd1 0t gived 1) 00, 1n16ble}a$’pa<fm‘.1€fm®liesttfi‘tﬁn distire

over bur den -0 _exposes the fi nala#grface r@ﬁ %%210 The met hod npves

to an opeperas @34‘“@)?0“6&@%% sige &t disere POFReE 52 of t he

exposed o34ibhateItAs eifostdife RiUEE BRpHEI RO200, i ncluding on the surface
property 210 at the exposed surface E Duri ngﬂ% he CWP operatl o) s the

pol i shi ng pa@heoehedhaoygséo aresmrﬁl@a 3%9ffp§éfemm&<3 Pertiensiidhe 2es
energy B fQ ep;tﬁ)hgdgu}fta?ed'z(kro? et PSR GAv A 208 indiMEn g M‘@Ih@ rsm@a’ég pfo%@ PRr e 2 12

according to e surface property 210 at each area . energy E from
a parti euharxmedsadece08p Butiys the CMEagperrtioes, &womhmmd@? P'éﬂjﬁe properties

descri bed &ps%yfgc‘c iOS'?nteraXt' A0 UdsO e eﬁé}gy B be @Rfe£l6RELIBIMOLE fhebased on
i nduced éﬁﬁ

wafer- pad mterface 212 according to the surface property 210 at each area 202. The energy E
from a particular surface property 210 may have any of the various properties described
above, i.e., vibration, thermal, and electromagnetic based on induced eddy currents.

The method moves to an operation 346 in which correlation data is provided in the
form of a set of data, which may be one or more of the exemplary correlation graphs 258,
276, and 314 shown in the respective Figures 4B, 5C, and 6, for example. Considering the
graph 258 (Figure 4B), the set of data may include, for example, first data 348 corresponding
to the energy E emitted during a previous CMP operation performed on a respective one of
the surface properties 210 within a corresponding area 202 or 202-O of the correlation wafer
200C that is similar to the production wafer 200. The first data 348 may include, for
example, a portion 350 (Figure 4B) that corresponds to the final surface property 210-F in
that area 202 or 202-O of the correlation wafer 200C.



The net hod noves to an operation 346 in which correlation data is provided
inthe formof a set of data, which nay be one or nore @B Septembare®pé ary

correlation graphs 258, 276, and 314 shown in the respective Figures 4B,

5C, and 6, for exanple. Considering the graph 258 (Figure 4B), the set of
data may include, for exanple, first data 348 corresponding to the energy
E enmitted during a previous CMP opeflation perforned on a respective one of
the surface properties 210 within a correspondi ng area 202 or 202-0 of the
correl ati on Waé erthod 200G to hmoperatios 362 bhmonitering thegnerdy Etemattedfedre the200. The

first d% ger-gég 1r%qar¥ac?l naﬁlﬁ%gch \%a% us a‘?é%%' g?go?@e p?&iu%ﬁ&} ‘("Eﬂe‘g wogddléﬁ r that

corresponds surtrace proper area 202-0
of the chr CEiPaipetionsgpbdornizd 0feach8espepive ntmeof tBOMB ace2ptofdmees?d O lob the m)ves to an

operation 352 of nonit n e tedfr mthe waf er -

i nt er f ad%® ‘%i‘é""o“l’af%‘a#@h The ?“gtﬁqu";‘f“ Abe,tn E’F ‘%ﬁ 85‘6%‘5&&“3’% vvaf er 200
during mbenalid?ngfme[]oat&he@a&gﬂ@mmm&FMt@@emofmsqaaﬁas 262 ard®2dd. Thee surface
propertles 210 of the roduction wafer 200 ene nitored,
P or exarfeod et PP RO BBOE e EHaTH G SREER e Seodte 255

W th respaghil, R 8% Fmitéioesn Ble@pectiVe aRh 26;9&—2@2 O bfhe WRfehpsd Nnoves to an
operation 354 of conparing the nonitored energ,&eE to the first data 348.

In det almteerCﬁél?eﬂ@h@pro@Céﬁv Paker 260G diing the uaepbiderioanesd @YP speraggns 392 0 of
the vaf gpm éﬁ'gd tol thd ﬁfrﬁﬁpﬁo%%alecfifrsttd% 308 LI QpdndEh T AP sithce P gérgeof Che

currently ;l):er ormed CMP operations is conpared to the portion
first daﬂ@r 3 ghetchaelator e P8Ads Thocanmarisoniagy bep fea@éofpthse@tpwlgnzlfo F of the

correl atzsgggwﬁeg{es %%SCJ 08 B rRad é@gr%éza@%omtz@ma%tmhe out put

signal s e respective sen or the respective areas 202
or 202- o9rrespohdinpaiatad treesspmpldiyreglibtaticon grépht 358, BoeonAl4drfpr examipls: at i on gr aph
258, 27 1 rggh_ (5t gure 4B), for
exanpl eﬁe{cﬁmggt %eaﬁr aPh02§§?§g‘Lr§4§ '?&e%&l 1@%& 90 aIQ gf& ﬁégﬁefgout put si gnal
232 cor emmﬂdlm the oatpﬁr@gmbzmoﬂﬁs@oads twhrfnet;udnbwﬁé at s’hch thmamsal tion of the

CIVPpro essin ransition may be the.a r|b cl earance
transit 8‘?1““ %‘@@%P@CCW% ?%‘f té%ﬁ%ﬁ& g bf& Ve' escﬂjﬁ tE§lTe 6), the
conpar i &@xﬁmmyfor xRt @y, ref@fingosaiediraph 31|4€(F1gt1ﬂ&65) Oh& @uipasibapnaty 232
corresponds g)a poi_nt B%g at whi cﬂ%_’ghere is.a carr pong g vaI ue of the
t hi cknedgicpte for gxamplg, that (g QUIRKSIENAIHAS)COTESPERMS [ PRIALS R AL YBICh fere 3o

exi st enggrédpordizvafe Mk %Mmmm:dérge%ss 300 ARdstrEmaNP bk of ThY/arbss 23ed for

i ndi cati ng process status, TDrocess control. The nethod noves to a

pr ocess ThosRistence ghwchereaplap 6“0“%%5 o 0 fyAneple. iy be Yseddt ingicating refeste d

chem cals, e chan g&gssp&g},&@hl ng operations may be interrupted if the CW
process has (gn conpleted.. In the context of the calibration graph 258

(Figure 4B), Tlfednetb@éhrnp\teé 1o g precess ¢angrp} epgtation 3¢faFop exampke thefaigerthie conpari ng

operati Bafo%%éd %Wéaﬂn@%mtcgﬁ%hgmﬁg SpefatiBls Ian be interrupted if the CMP process
has been completed.. In the context of the calibration graph 258 (Figure 4B), for example, the
interruption may be done once the comparing operation 354 determines that the energy E
emitted from the area 202 or 202-O during the currently performed chemical mechanical
polishing operation is substantially the same as the portion 350 of the first data 348 that
corresponds to the final surface property 210-F of the calibration wafer 200C. Frequency 356
indicates that the desired surface property 210 has been obtained.

In more detail, the flow chart 340 may be used, for example, when at least one of the

surface properties 210 includes a non-uniform patterned structure 210-NUP and at least
another one of the surface properties 210 includes a uniform topographical configuration 210-
U. In this exemplary situation, the operation 346 of providing the set of data may include
providing the graph 258 (Figure 4B) having the one portion, or set, 350 of data corresponding
to the patterned property 210-P (of the metallization layer 204-UM) and providing one



emtted fromthe area 202 or 202-0 during the currently perforned chem cal
mechani cal polishing operation is substantially the sam#83§PeREeFOPE i on
350 of the first data 348 that corresponds to the final surface property
210-F of the calibration wafer 200C. Frequency 356 indicates that the
desired surface property 210 has been obtained. In nore detail, the flow
chart 340 nmay be used, for exanple, 2&hen at | east one of the surface
properties 210 includes a non-uniform patterned structure 210-NUP and at
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| east one of the sur roperties 210 includes a first non-uniform
t opogr afinst n@1-nifum(tepagrapby 2 8- NUHEiguteL B itlfaf s diffarertt fiom asce@ddprpetappgr aphy
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correspond to the second topography 210-U.
In review, the methods and apparatus of the present invention detect surface properties
210, and transitions of the surface properties 210, of exposed surfaces 208 of wafers 200 in
chemical mechanical polishing for CMP process status and control. Such methods and
apparatus avoid the limitations of optical systems that view the wafer through the polishing
pad. By placing the sensors 232 in the plate 222 with the wafer 200 mounted on the plate
222, so that the sensors 232 always “see” the respective areas 202 of the wafer 200, the
present need is met by constantly detecting the surface properties 210 and transitions of the
surface properties 210 of the exposed surfaces 208 of the wafers 200. Further, by placing the
sensors 232 co-extensive with the wafer mounting surface 224, or within about 2 mm. of such

surface 224, the present invention meets the need for CMP process status and control method

and apparatus in which the surface properties 210, and transitions of the surface properties



In review, the nethods and apparatus of the present invepgikghessdreods
surface properties 210, and transitions of the surface properties 210, of
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clainms. 28 Septenber 2006 30 What is claimed is: 1. A systemfor detecting
properties on a surface of a wafer, the system conpri si ng8 Saptember208@arri er
head havi ng a wafer nounting surface and at | east one aperture extending
therein away fromthe wafer nounting sujface; and a sensor received in the
aperture for response to energy transmtted past the wafer nounting
surface and transmtted into the aperture; wherein the sensor is configured
to respongyt.oc hhssgergy in the formof induced eddy current having an
aggr egat e val ue refated to the properties on the surface of the wafer,
wherein the propertles on the surface of the wafer include a netalllzation
pattern and a e val.ue being
conposed of a st v %%%R%éﬁggg%??%gggﬂl?gﬂzv%g m?ggﬁgg%%gﬂég%

metal li zati on @V@ﬁband@ﬁwahuwagge@ﬁﬁdnmmhmE&nhepm@s@h@ﬁmgeampumﬁékn¢n@f t he
”Etal"Zaﬁk@ﬂuﬁﬂ%h@&Qhr@ﬁgrﬁﬂﬁﬂﬁ e sensor is configured to output a
signal having the second va reﬁresentlng a status during wafer
processi ng i n aemshr tdeeivedoinatikedperigt dbi respdnso o euagb trenkenttdds past dlar wdfef r om

t he net al s I I

conpri si néb&glhgglgfa?%&dﬁ{aﬁ?ﬁmﬁ%ﬁo%g%p%%% Wﬁe?%htﬂ%cr%{ljsﬁ ﬁgr%%{fgh ggzgsﬁgﬁﬁe film
bei ng conthe guargdnitle fotm afvgdiced ediy cement hyvingean dgeregaié edluamlateditn the propkdiee and
into the t l.ai carrier
i mi s phyarcrfor S5 RHRh I, o bRl ol Hiee SERISWRr AR

t he tr ansmetelisation petegyaridm Wlimketf oetaligtion neerpirdeanthe @Iggregatcmahle theing pehnbsadld

vi bration I L [ i rrier
filmis c@nfﬁ%ﬁ%@g T%Iesﬁlﬁn§¥§¥ g)nl n(?f tfé‘ie?%‘ﬂ‘gg %ﬁ%‘@h IZQJ%llmerérﬁz‘ftaur ga@ec él{'@ﬂﬁé’i
sensor i srem@whhrgmmdpmw of érspmtalﬂmatnoa Hagerny andsyhicteirettie emear gyconfigurérktofeatput of

t her mal r r.

waf er, t he fgx%wnlfgctgﬁﬁ%}%& ﬁmef %dwgﬁ ES%& Pagslug{r; ﬁg{gg “fei‘av:z)npocg‘SSEIga{l %%rl%gﬁent i ng
surface abidlkattmdtdhzatlomw@rla:p&ntl&mgredﬁoenm mgtallchthe)ammaway fromthe wafer
nounting surface; a sensor received in the aperture for response to energy
transmtted past the wafer nounting surface and transmtted into the
aperture; and ZaAcastemes rebitddrm plount, ddthoncanipeismaf er nounting surface, the

f11,m bei ng, conf LaCERnt houbLARRThE ohBE SBRRRAY sificd e Y S 2HRELDG BT ace

and into the aperture;
transmit the energy to the wafer mounting surface and into the aperture.

3. A system as recited in claim 2, wherein:
the carrier film is physically continuous, and
the sensor is configured to respond to the transmitted energy in the form of one of an eddy

current field and vibrational energy.

4, A system as recited in claim 2, wherein:
the carrier film is configured with an opening aligned with the aperture, and
the sensor is configured to respond to the transmitted energy in the form of thermal

energy.

5. A system for detecting properties on a surface of a wafer, the system comprising:

a wafer carrier head having a wafer mounting surface and at least one aperture extending
therein away from the wafer mounting surface;

a sensor received in the aperture for response to energy transmitted past the wafer
mounting surface and transmitted into the aperture; and

a carrier film mounted on the wafer mounting surface, the film being configured to

transmit the energy to the wafer mounting surface and into the aperture;



31 wherein the surface of the wafer is subjected to a process that changes
the properties of the surface of the wafer, and wherei n2fFEPEBRY G s
configured to transmt an interrogation signal through the carrier filmto
the surface of the wafer nounted on theycarrier surface, the interrogation
signal being one of a sonic signal or an infra red signal or an eddy
current signal, the interrogation signal being nodified by the processed
surface of the wateinANtadoR S Waldh ﬁqmgjmt&ﬂglaﬂ&@ss%f sﬂaﬁges el ﬂrwems bhe
sensor, and wherein the sensor is configured to respond to the

i nt er r ogatir®ee of haarafer; prhwhireinehe soRsesUig IsonTigaredap rifapymi P AaterErgatieneenl i ng a
first out @ﬁ'ﬁu ﬁhlg Rghier ﬁMt@%r&{lﬂf&g o%@ wﬁf&?ﬁg@nt&f on thd&niy i Ace tlﬁkrlﬁﬁlerf)éa\ﬁoﬁ-nd
for generatlng a second out put signal representing a second change of the
surface p#opepeing omg of Aseyetigi @tsanrnefcﬁ reé gighah ot nedddy Surrehugnal. the iREregabipgy
transmt tﬁgn he 138 fo;&he@y&gge@gurfa%y of ﬁl%%va'fe? b *aaﬁs&ﬂl@éaaéhm‘agmgymﬁpd
wherein t ratlona energy first and second anplitudevs.

f requencyﬁI@haJr %setsemprsmnfésvhertemethfr mnsqer iapifigurpdetovresporidr ecthe Arigrragaterasign i st i c
varying i 2 iRAREbuen YRl GG biftn iR Geddrdtinl o Wk BlipRidnaCEpRL ARG dnb chbilie oPecond
anpl i tude Vs, reng%cy racter%gf#c Ié\a/larylr\‘S |ﬁ&a Inﬁe@ﬁgnléué&tg t he
second wathesurfge prap@tymmé@;rgmgeratmaa selaed eytputisignal semmesonting ¢ seevnp obpseyef the t he
vi brati ongle, MyhaV|ng the first anplitude vs. frequency characteristic
for generatlﬁﬂ§ e first output signal representing the first wafer surface
property, and wherein the sensor is responsive to the vibrational energy
having the Sec r)\ds sféﬁlipals n—r:c'ﬂg@m c§a1mf5r\9ﬁ’é1'§ﬂ?}§é eﬁg?j ﬂ%&sﬁﬁt eﬁﬁ)bﬁ tﬁe%ai&efﬁ(ﬁfnﬁﬁé ng

t he second out put S|g representing secon surface property.

7. A systwfagegs Vlémn@l@éienergycmuwhen@ln thhéub@itlnnaﬂ preergthap Batandsaeond peplitudevsi s a
pluralit yfré?;;encg%a&a&%%c%eeﬁg} m@&e vd fh%qméf 'eha%wst% vmg,m Aoy t NE
plurality o ertures being a |gﬁ one of a plurality of |ocations
on the wadnequegp thhifiesh veeferhsunigee anpfzme th?f SePWél walspdesysr figauenpy ehrsotdnigic | s
to be detg; LA G YR BNl Y BB WA R kge B ng o0f the sensors received
in each reggggfﬁve one of the plu ralltyro f?hres each of the sensors
bei ng separ at eViereie hsoasioy & mwomwrtgyheeﬁbltatl@lﬁl e hakiiag tesfist ahpldudsesar at e
waf er pr Al PSnting the ity RAENLAR
recited ?fge%([:l% armﬁ%aﬁe\f\igfg}?%ﬁe a‘%mgre ItJ giﬁ'l pa%ptéelr rgmgt 3 ﬁ l{?esge t hat
vari es dmromgymmdewhwmc@s SEIgL lsamoméfr &0 mhet ibragena gnergy hetmg itepupaseindas an
eddy curr 0 e b i€ sBddfla BlBet § A

coupl ed t%ﬂ% it ﬁ?? g?%%ﬁga§@%e§h<%§§% S on?% h@ 1§ﬁP9£ﬁ%&ﬁ Eéurlng

t he mafeﬁegmd®@§$mn@weanﬁﬂMMereln the sensor generates an output signal
proportional to the thickness of the netallization pattern. 9. A systemfor

detecting properties on a surface of a wafer, the system conprising: 28
Sept enber 200¢/- A88ystem as recited in claim 1, wherein the at least one aperture is a plurality of

apertures extending into the wafer carrier head, one of the plurality of apertures being aligned with
one of a plurality of locations on the wafer at which a change in one of the wafer surface properties
is to be detected, the system further comprising:

one of the sensors received in each respective one of the plurality of apertures, each of the
sensors being separately responsive to energy emitted from the respective separate wafer property

at a respective one of the locations.

8. A system as recited in claim 2, wherein the metallization pattern has a thickness that
varies during wafer processing, and wherein the sensor is configured as an eddy current sensor
received in the aperture and electromagnetically coupled to the metallization pattern across only
the carrier film during the wafer processing, and wherein the sensor generates an output signal

proportional to the thickness of the metallization pattern.

9. A system for detecting properties on a surface of a wafer, the system comprising:



a wafer carrier head having a wafer nounting surface and at |east one
aperture extending therein away fromthe wafer nounting28g&epigReer 280 ensor
received in the aperture for response to energy transnmtted past the wafer
mounting surface and transnmitted into tfhe aperture; and a carrier film
nount ed on the wafer nounting surface, the filmbeing configured to
transmt the energy to the wafer nounting surface and into the aperture;
wherein the pr QR@M 'ca%ﬁer%a& ﬂ&@tﬁr Y AEEm Qb D GuriBS S1d o méttbq@ apertiRledlchizgt i on
pattern under a blanket netallization overburden, and wherein during
fabricati ﬁﬁfep?rw%f@mﬁbe wifermeunitag airfaeezat i on  pattern and the bl anket

metal | 1zation gy sﬁs@#;e@g%af i iRt AR fgln%sﬂéfnsé %o lehG P MahGMdd B8 Md Wafr past

t he wafer nounting surface and into the aperture, and wherein the sensor is
conflguredmwﬁmg@s ﬁaﬂiﬁeﬁmﬁéimKﬁh%ﬂﬁﬁwaﬁménergy havi ng an aggregate val ue
conposed of a {i cgﬁ lfl’?ou'fl F&Sﬁgt@a@g xﬁoungﬁé-) Ry, @k ﬁhlﬂebemgamﬁﬁ%ured to
metal | i zati on overb en an a second val ue representing a property of the
met al | i zatrarmrmlt;ﬂ@temengmto therafghmpwiting suslacesand dde thegp@ % i gured to out put a
signal having &vﬁ&elﬁ ?}gqertv\g OH% sﬁﬂgce 0‘?9‘{3%?Qt1h%eaa Iﬁétﬁh%ogﬂﬁt{eﬂ‘guﬁdgtea
fabrication processin iC metal |1 zati on overburden is

cl eared f blanket tetaigation|averhtiden ap@mmpln dutie fahriepjign gracessng @b thscrgtalizaipinges
in properf] %rett%ﬁx Qf o PAhbd GithiRLandh ?@erlﬁﬁde?' W Ahal b8 GEme Ene?gy %Eﬁ'&e&jﬂa{st ng
chem cal ani cal processing o ront surtface in which the properties
of the ptetvabuantagserfze and micthe afeagednd vhseinsiie seperdoeapficgrh iy rewondad
configure f s EEACE 1@@90 &l bt ¥ ARG BR-LREN N9

co- planarg)m$bﬁ)£ﬁM@(§% ﬁ§%%t|ngg %rfé%e 0 cavity befngr%g%flgured to
ext end awerppdriyortietdanie frestallizatemeverpyrdsy ﬁl‘fdaacsécqndtVelu? r@rqs@amg AREPPBE pighe

al | gned anua i 44n g@&déns Gib AneRee séhisiil @orﬁ’%{nreh &5 oﬁtblhtna AR hAGhORe thgnyaf er
nmount i ng sur ace extendi ng across th openi ng for engagi ng a backsi de
of the wafayes anderepiesentingiangtatvendurigar el ﬁa@mﬁ‘ﬁ%{hs}’mc?ssinﬁt o thechcBgi blgnkebner gy
emtted fll}lgt?h&zgl%n B?J ﬁdr&éﬁh@‘&eﬁ&?@o &e?}rk&%ll%ﬁﬁr afté@nt surface during the

chem cal anlca processing o e surface and a sensor received in

t he caV|ty for response to the energy transmtted through the thin film
the sensor bei ! higt ERRORS G tRuBP G LEPPR: Yurlhee bE ar ea
on the front gﬁﬁfgagh%ﬂfgﬁé gﬁe%?égreééchaﬁﬁggm p?oce§S|ng of ?'ee front
surface twefesémivechgeirr mechaical proéassing of thp pntrsapfpassierhiaighe prepeshies ribper ty
of the ar u that in response to another
property o cuhg$§€%g§g§(mﬁgﬁgroﬁggggrI@%gﬁgurlng t he chem cal nechani cal
processi ng of 4kheed tendigured with aceafer mouing swfacg ey eavidshayingag OpRRing cgrpdgnar

repr esentM&g tﬁer\@afg}t Jﬁgﬁntlg Qr?z{ Ythe Qg 11Fyhf?e1 I &t ed Hﬁe{téﬁn&w@%gﬂ% et h§8

waf er during the chenlca %anlca pro e35|%8 of the front surface.
Sept enberm@@@i6g sw@fce into the head and being aligned with the particular area

a thin carrier film mounted on the wafer mounting surface and extending across the
opening for engaging a backside of the wafer, the film being configured to transmit into the cavity
energy emitted from the particular area on the wafer front surface during the chemical mechanical
processing of the surface; and

a sensor received in the cavity for response to the energy transmitted through
the thin film, the sensor being configured so that in response to one property of the area on the
front surface during chemical mechanical processing of the front surface the sensor generates a
first signal representing the one property of the area, the sensor being configured so that in
response to another property of the area of the front surface during the chemical mechanical
processing of the front surface the sensor generates a second signal representing the other property
of the area on the front surface of the wafer during the chemical mechanical processing of the front

surface.



11. A systemas recited in claim10, wherein the properties of the

particul ar area on the front surface of the wafer includ@SamesRErB den of
netal li zati on, and wherein the one property of the particular area is a
first thickness of the overburden of al lization, wherein the other
property of the particular area is a sécond thickness of the overburden of
nmetal | i zation, and wherein: the sensor received in the cavity is configured
for elect roma‘gplet S{e{:l!l até(\fgdlt\ég 1n085ﬁm 1(f'gvh'é113f Otlﬂg?rofpg‘talesc&r t¥1 sémédlér%é’éﬂ dnhint he
over burden of neta I'i'za 0 cause an edldy ow I n the sensor;
wher ei n t fientsefisopf the wefeninclyde sdovsdutdenv! mpfellicdtivnt and médigisat the onerdererty vé
coupling th.the I t t

dur g i BhE g e ERRIR) @ i bl ML E e RS EERTRY  ace
t he sensoof thepreicatae sreaisfaise@bd ﬂmc@rmk of thegvedsieden iohigetpigationrand whiietk ness; and
wherein the sensor is con £l ectromagnetic
i nductive coup Fﬁensor I?Cﬁwf%gq%ev%rg %@{&’éﬁ a(frlelﬁ:;a et "g’\}ﬂh‘ggvt he secong

t hi cknes Scodpllmgntglomgﬂethe(daﬁm b wrtbclhmwedmtdeprorﬁw@éhzngomﬁ) dehe arady ofrranhe
front surface tﬁhe sensor generates a second signal representing the second
t hi ckness: “12."W8PSt em as recited in claim 11, wherein the properties of

t he parti cul arwbamat}mrseﬂsh:es cdnfigmred whitahﬁeelwhomk@emméuctlmcl ude the
overburden i zat over | tter - L, zat Lan :
wherein S8CReEr VP PhaBPSar fRELRth AaRBL R BEP niBIE Widll Welen gL
changed |mechhrheal que@mrrgc of dfe #rbe oovibe Hrontlewfwt thetsedshbi zeteratas 4 rfosh signal
patterned rreta tﬁgﬁrsf'ﬁic argdar\{\(,i'uerel n: the sensor received in the cavity is
confi guredprfe%en m nerating Thé magnetic field that extends through the
carrier film awhbmmt]plsemom tdnﬁgm'edhscttha imxesponer td éhe ebefctromeagaktid zati on  and t he
pat t er ned. tion,to cau r i e rpurden
of netall P%uchv% rc%oup‘?l ne W w1th tg% overalfr eglr rrllrlg(%ﬂ&atfolﬂ a%ﬂ) tt}xg rsiéclog éllll’lg?ltﬁgt (E]lgl\{lg ntfe?(%:'gy
transm t t éhdmichr mug:lambii@r(bcha;smgqulthn trea bh éhesfems @urfaceslwl gegsof reemaraterea eetdyd
current fl.o | n _bot %A%eseconde{)bﬂlr den of metallization and in the patterned
met al | i zat$EhePErRg n fe sensor is configured so that upon the

cl earance of the overburden netallization the sensor responds to the energy
resulting fro e eddy cur.rent fI uring
t he cheni cal mezcg HEER e 6?°(1)t(e:‘g}snscllanrél of ?‘ ﬁrglgg[?ée)? h&{l‘% t¥§§£@u246§ acogn[ égr
gener at i nfgona sutfhdedos |t1@nadafer epcleetiei ogritundencofe arctitizeationf ovdiyingy ermtiemded of
nmetal lizati fromth pattern netalliz V.St e i ted
in clai mrgﬁ,qpe%lgn n% / réafl)learr]lgtr%aryo%ghm r%r?peer“uefs oﬂhe%ﬁftlcul;‘r:g%reﬁhﬁt §an§9ec§‘1§% eg%t he
waf er frahg clsaﬂm‘caoﬂhdwdrmmmhémeﬂammtmalﬁomhhmmadl mptratblzamr ang vdkreithe fr ont

surface is vibrational r Ln t Il ] frequency
characteristi ctgﬁnepaoﬁéecFlve lﬁel%é/cﬁg%'d%pergfue 1%0?) el%nem%artr g%{ﬁ%ar area on the
front surfieht thadextdndg thedvehitieadarrive haand eduples etk dethrtge ofertundensad mictadlezati|
Sept enber

ang %%Gpattemed metallization to cause an eddy current to flow in the overburden of metallization
and in the patterned metallization;

wherein the energy transmitted through the thin film to the sensor results from the eddy
current flow in both the overburden of metallization and in the patterned metallization; and

wherein the sensor is configured so that upon the clearance of the overburden metallization
the sensor responds to the energy resulting from the eddy current flow in the patterned
metallization during the chemical mechanical processing of the area on the front surface for
generating a third signal representing the clearance of the overburden of metallization from the

patterned metallization.

13. A system as recited in claim 10, wherein the energy emitted from the particular area on
the wafer front surface during the chemical mechanical processing of the front surface is
vibrational energy having a first amplitude vs. frequency characteristic unique to the one property

of the particular area on the front surface during chemical mechanical processing of the surface,



34 and wherein the energy has a second anplitude vs. frequency
characteristic unique to the other property of the areaZ®ferthEbd 280}
surface during chem cal mechanical processing of the front surface, and
wherein: the sensor is configured to respond to a range of the vibrational
energy, the range including each of the first and second anplitude vs.
frequency characteristics so that the sensor generates the first signal
represent I B{}ﬁn n@{@%@&g 5%6 Ld Emghtﬁ‘(ﬁee %ql}eﬁrgr gﬂa Q{en%rgn G€ té)ﬁrfet rWaf er
and genera es seco esen er property of the area
on t he fr ompersuof alcelraaf of ﬂhhéromlaﬁtefape ﬁrﬂr.mgﬁdsymaemedgmcelcﬂ)rt)@esililmofﬂMi fnent 0,
wher ei n thﬁfp Qperid & of the particular area on the front surface of the
waf er incPudé an overburden of metallization overlying a patterned
met al | i zat i on, thancinsahey eonﬁgaﬂ:dtth eespofid the pngepef theegbmfionahengpgy tthe winge ar ea
t Eg‘t p:'its ¢ te%rc] eugmgrg:fafh] %ﬁ}%ea nisto er1]n es[aeﬁoar‘l Ca%gf&dé ¢ f%ﬂgengyy nga?&te%sncggg q}lra 'tl%easteh%lpn;r om
pad confi genemcés tha fesigmge réneserting mlte e pfoaexey affthe dven mhefrpnttstmr®ce nQthgertent
\r/rle?ralalt : Qg{m CI’IGI’%’(CS %he 6608131/(? 51gna5 1’CI'[%I‘CSftl’lgllé%rr%lt ) hlerl }ger%i[g'ér hoé'%gegaﬁésaoo?) tlﬁg %Eélﬁvegaqf: I’?f t he
cavity |sme&mﬁmgured so that i n response to the vibration of the
overburden of netallization during the chem cal nechani cal processing of
the area on the front surface the sensor generates a first signal
representing tHEAengagenEaﬁw¢m1MMﬁ1phdﬂmkhhmebﬂmmmWevmmcdaﬁmmﬁamaonﬂw
nmetal lizatign; and el ensor_ i onfJ gu Q tha pon_th
cl ear anceh%é% ”ﬁfg"eox? er e w en mellua? Iai“z%t‘terﬂ)(l)l er %fe%g%lﬁézgéon Over%nn% d pattt %gd
vi brat i onmetfalhtzh@npamtitvéienedanwélbaéﬂ the popaties i e rtatteutengagelmmto [ ¢Hangelde's pad
for gener alte::e{r nn%e of ﬁle%ggr rﬁeng(r)}a HIRR rtesﬁnt ItFth gttre]:e eg lm%% I%thfp% 81 g{tgm ?Nrﬁ{ep urden
of netal | FZatT6R rom LRI R PZ&tron .. A’'S
recited i ¢ongriainga 10, mhereln t he one property of t he particular area on the
front surface durj hanrca | on ceis
a topogr aphi caf pdt?? %‘ﬁepf1 ? Con’?gutt He ' Tegt tglf]r acéur gt gf\%ﬁ rV%fgrh t% ﬁgag‘#ﬁm@
property wdbratifigeequhrdfitiou b‘aarbtadeaaofcxhetalhmtibil rasd thespntdemeé nettadlizagonc ineariugighe
nechanrcaII§ ocepsrng of the first surface is based on the material from
par

whi ch t he™ ular area of the first surface is fabricated; wherein the
sensor is confwkyanﬂeduesmsbm«tewed it emspmtges ¢omﬁglhred matpn oqsmcytort}ne vibmtibror m of
the topo t he, sen

r epr esent geo ?Y% ufdeg ?Pne{aﬁ]l}/zatl 7l dunn err:,[ch I’ at amc grofcéslélst v\ﬁ{hg I?il%a 0{1 the

sensor i sfranRriifgel It}gg;(;%r géllﬁtil?elsra ﬁtﬁ@ﬂ&@p&@nﬁ@thﬁteh@gém@n of)tzhletpyd Q&h the
Sept enberov%g)(t)erden of metallization; and

wherein the sensor is configured so that upon the clearance of the overburden metallization

the sensor responds to the vibration of the patterned metallization upon the engagement with the

pad for generating a second signal representing the clearance of the overburden of metallization

from the patterned metallization.

15. A system as recited in claim 10, wherein the one property of the particular area on the
front surface during chemical mechanical processing of the front surface is a topographical
property of the first surface, and wherein the other property of the particular area of the first
surface during chemical mechanical processing of the first surface is based on the material from
which the particular area of the first surface is fabricated;

wherein the sensor is configured so that in response to the one property in the form of the
topographical property the sensor generates the first signal representing the topographical property
of the area; and

wherein the sensor is configured so that in response to the other property



35 based on the material fromwhich the particular area igsf qbr%c%&)d t he
sensor generates the second signal representing the mat &P PEPeMIY system
for detecting changes in properties of two separate areas on a front
surface of a wafer during chem cal necfiani cal processing of the front
surface by which the property of each of the separate areas is to be
changed, a first of the separate areas being configured with a

met al | i zapieMoPue rn%'tla'igﬁﬁ'orﬁ QReich mecssnfcﬁﬁr Qb WHEIERAED AR IER odbthtAls tHRGeLREM cal
mechani cal  processin a second of the separate areas being configured
with a resiandl repesingng Paretsrinl under the netal |ization overbur den, the

t hi ckness of the netallization overburden becom ng zero upon clearance of
the metallization overburden fromthe patterned netal lization during the
chem cal nechiéhifcubtepigdeisetingghangheinpyopeding fd¥p pipsiategrcag opa Aantesrice glir ed
with a wafgnr i of RsGVrte £k sEREDLPEnLR R BAL.gh ©
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mount i ng slutht acearatearshs &f to hehehangedi eifast Qfethﬁgep@@ﬁf prgapr ecing QO@XP@%WIMy
fromthe M@JaﬁlEatEPuWe¥ﬂﬁgieﬁ %I: acﬁ%kﬂeg'st Qr t\hﬁckﬂ @anLmr% ?ﬂégcl?elzﬂugi'ﬂ g‘ﬂﬁrﬁ&l a
respective one o he separate areas; Earrie | m nount e

waf er nouproPaIgns arstué obithe sepriatradtian Qelag Fad gurﬂh with g pestiliggtoropatietveundenthe i es
for engagfn@tglh t ﬁc&fgllb%ﬁﬁf?é hﬁcl&@gse& thk r}ﬁetgl &am)l?%'vé}ﬁur %écg r%dzcrr(Q t&&?nsmt
energy emtte rom each ‘of the separate areas on the wafer front s ace
duri ng t heeastneeriof dle metelitntion cwdrbydwclesithgpasemeh aetlizhizaneduringdhe fhemical
transmtt .he cavities; an eddy current sensor
recei ved {nﬁ&gé}@ﬁgﬁo@%&g Qg}g}egﬁgﬁf,ﬂzm with the first area for response to
el ect ronagnet i ¢head emg‘ygmted aitd i e einomhtnmsgﬁaqe land @ pavity fior|easf of gha tiaeeparate
met al | i zagiqn Ahr SR aRE L dn [ &t bP
respond ?%E%h%aglé{ﬁf@ ness O%QE% m %fgat %‘ron1 overfilur:q{;5 5 %%h%éé ?dg%%t
surface dibe icawitias fheing cerifigmesd i eriterdl a“@rs' droasthe mgfep mophimefspifere ivtariicliead fiark
generat i (N SeNLb g L&, t hi ckness; and a vibration
sensor rg%ér?gvaggﬁ{dyl%h% géﬁvgg&[ﬁ g %rgned W th the second area for
response to vé l&matcarupraﬁlnen@wgtyd tonath@ mafqr eepuntingosrgyface hed exipnding damesk rtem bot h
t he et al it

B S e e N U e T T R,
during chrewigy smitrdclian ieechl of ghotrpargierrgeas fontthee whien fiontsurficgcdiriag dhegdwarcat e a
second si,a0hnicd] SREGIAR bkt A, e G HARFiBhe 1 EndH ifolchiriuRLagYgs bur den

fromthe tront sur
an eddy current sensor received in the cavity that is aligned with the first area for response

to electromagnetic energy transmitted through the thin film from the metallization overburden, the
eddy current sensor being configured to respond to the thickness of the metallization overburden
on the front surface during chemical mechanical processing of the front surface for generating a
first signal representing the thickness; and

a vibration sensor received in the cavity that is aligned with the second area for response to
vibrational energy transmitted through the thin film from both the metallization overburden and
the patterned metallization, the vibration sensor being configured to respond to the vibrational
energy during chemical mechanical processing of the front surface and generate a second signal

representing the clearance of the metallization overburden from the front surface.



