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4 August 2006 1 METHOD AND APPARATUS FOR

METROLOQ CAL PROCESS CONTROL | MPLEMENTI NG 4 August 2006
COVPLEMENTARY SENSORS 5 10 BACKGROUND OF THE

INVENTION 1. Field of the Invention 15 [0001] The

present invention relates genérally to seniconductor

waf er preparation and nore specifically to in situ

metrol ogy for pr ddESEHEHD aMéDeA PPARAJIUS #ORNg waf er

FBSSS]Mﬁ@@%ﬁ%@?ﬁ%ﬁﬁ%@?ﬁfﬁﬁ%ﬁ@gf@NHNG

i ncl udes several $COMPLEMENFARY SENSORSler | yi ng
substrate is subjected to the formati on and renoval of
various |ayers. The continuous demand for snaller
feature sizes and tighter surface planarity in
conjunction with the constant quest to increase wafer
t hroughput requires 25 inplenenting a process state
nonitoring and endpoi nt detection nethod capabl e of
di scontinuing the processing of a target |ayer once a
target thickness has been achieved. [0003] Recently,
eddy current sensors (ECS) are starting to be used to
measure changes =] e
i nformati on on thggélgéw @é@ﬂ@@ﬁ?ﬂ§¥§§f$£75ﬁgo usi ng
eddy current sensors, reference may be nmade to
"1 NTEGRATI ON OF EDDY CURRENT SENSOR BASED METROLOGY
WIT HF islidvb OXERDuaion FABRI CATI ON TOOLS" having the U. S,

Pat ent Application No. 10/186,472, filed on June 28,
2002. The disclosure of this Patent Application is

rel gor at edfﬂ%eé)?ésgntbhveﬁlﬁf)ﬁ rx%m% Igyl‘&al S%Qfﬁf&roﬁductor wafer
r n the induction of circular current in
Sqmﬁiamtimyl ahd AuoreSsped@Bdly to in situ metrology for process pararneter control

during wafer processing.

2. Description of the Related Art

[0002] As is well known, semiconductor fabrication includes several stages
during which an underlying substrate is subjected to the formation and removal of
various layers. The continuous demand for smaller feature sizes and tighter surface
planarity in conjunction with the constant quest to increase wafer throughput requires
implementing a process state monitoring and endpoint detection method capable of
discontinuing the processing of a target layer once a target thickness has been
achieved.

[0003] Recently, eddy current sensors (ECS) are starting to be used to measure
changes in film properties. For more information on these new methodologies for
using eddy current sensors, reference may be made to "INTEGRATION OF EDDY
CURRENT SENSOR BASED METROLOGY WITH SEMICONDUCTOR
FABRICATION TOOLS" having the U.S. Patent Application No. 10/186,472, filed
on June 28, 2002. The disclosure of this Patent Application is incorporated herein by

reference. The ECS sensors rely on the induction of a circular current in a sample by
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2 the fluctuating electromagnetic field of' a test

coil proximate to the object being probed, 4 August 2006
Fluctuating el ectromagnetic fields are created as a

result of passing an alternating current through the

coil, The fluctuating el ectrohagnetic fields induce

eddy currents, which perturb the appljied field and

chtéﬁgf@%%@ng rflgseioaNERE ISt figldeofc B tpst <5>ﬂ[ DUUAatE] guihe gbject being
p%gb%nﬁllﬁgtuaqglg d%@&ﬂ%%d glet zig%dgggrrggcré?a(% Q{E'angﬁmt of passing an

al {1 Findihp RYrrehl th@(mghf thewsilt hTked glhct@@ﬂuhg ¢RBtrodadretiedialds induce
close proximty to the conducting object 102. The ,
el @@Vﬂbﬁﬁ@ﬁé’t’h@h PraIrh tf@fapph%ﬁe;léuand ¢ gﬁrﬁl@m@é@ctw@@f the coil.
currents 104 in conductin ect . 102. The nit.
An4004]h e phan‘%‘HSfl if ﬁé‘%@b‘?ﬁ oheasic D aam o P prncib e depn which

t 0 e
or, KEBTL IR ghE RO, SRUSATR, LQabenl IR RARR con s
10definddhirsclogg@aokinisy tonfb‘amdadn@@b]ecalliobr dhedlectromegmesic field of

of proximty of conductlng obj ect. 102 and/ or
t Hhe kpikdd8 Brdugeieeddicurents §94 i it CarMiCiiTig e a8 offhe ﬁréagmtude and

I
e T S L

I haghsedahe cﬁftlﬁce&‘dﬂ 0d8 eddympadted Bnthe g carfertol 04. 108s impact is
As such, if object 102 noves, the signal fraomthe

s negsired 1mdneaiibraied g temmes ohpPARKMYY allggndusiipg biect 042 and/or
0

B APy 702, e S0P Rl gl ety s

cahé el pdnBt@:itwﬂle@epﬁﬂ Asehibededdydistanice 166 diyipgdis tRNdffect of eddy

sensor, for- nmeasuring the thickness of the thin film

| ac_«yérpntﬁépﬁ Prptodlc ¥ eds gueh, n@olwﬁ@t E¥Pmepess sha Banal fraan the sensor
momtop%? ;t]lgeel ﬁlg)facétror}ceﬁﬁg currentt g Ingc%délr {dzg'axﬁngﬁ?oz%%ge to

suppor

ﬂ%(ﬁt' on, tﬂi'ea Hérﬁghfq%é&ﬁﬁrﬁ&ﬁr laﬁa{?ﬁa i | EM @ﬂég%téon, a wafer

rre t sensor er are presse aga
pehirghimdudeadn 1sp|lmthhsm]zmm gddshairsut famcex fof ntelamrmfthdf thickness of

[ 00061 Unfortunately, using, eddy. current sensor's for
R 21 e S Rrocstecd SNgnEAhG LM P opsFaog, - The Waler carrier

m?ﬁ(ﬁﬁ'&és ng cgut}xeer tfhhﬂc lﬁ@s@éﬁ:ﬁtdg{o E%&oha{heg%gfekay {u*m$I Re é)g)aélanzatlon

certaln negative aspec I NSt ance, e

slwwratlbm tht gitattngZcatheqi teshuilnén edtlycutisnt ssmisors aﬂd; orafer 2be pressed
gnal s generated in a center and edge of a wafer-. A

g@ﬁﬁHStIthP@WBWg naﬁeple%wg@sth? ﬁurfaé‘swa@mféht vol t age

Y time r|n ri zation operatjon, In .
0BT 11 Ry o Bk S NS el fy gpoin of

theafhrge‘i qgl}%& A rﬁ‘é’dgl\fnﬂgl ’EHeef?ﬁck%@é%SW th@etfafg@? Ghykh ha§ B&tain negative

center of the wafer- a graph 116 shows the

c hgregss Hon usstiaye,dbe pmeOQ e]hQVage] Figure 2 depicts the eddy current sensor
signals generated in a center and edge of a wafer. A graph 114 shows the changes in
eddy current voltage versus time during the planarization operation. In graph 114,
changes in eddy current voltage is sensed by an isolated eddy current sensor defined in
the center of the wafer while a graph 116 shows the changes in eddy current voltage
during the planarization operation sensed by another isolated eddy current sensor
defined in the edge of the wafer. Normally, the eddy current sensor signals undulate

sinusoidally, with each signal undulation following a frequency of the carrier rotation.

A shown in Figure 2, however, despite both signals undulating sinusoidally, the signal
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during the planarization operation sensed by anot her-
i sol ated eddy cul T, ent sensor, 30 defined in the edg&ugust 2006
of the wafer. Normally, the eddy cuTT-ent sensor-

signal s undulate sinusoidally, with each signa

undul ation follow ng a frequency of the carrier

rof I NG Flgur. r ite.

o DR S ARRE bt TS oy A RESE ons PR Fich] Phan ne
2006 litddctinphéd Eangte graphting. edge graph 116 is shown to be

consi der-ably higher than the anplitude in the center
griaper]114. [HOoMEiméras tHeepmbed thinh8lnprlgiwe dillokis rthé i dlgptromagnetic

| a all ows the el ectromagnetic field tg enetr

¢ HEETd £ ReTR R qhsylep iy BHcT 4eacRRtdadee é)bb%fsa]té’t“%ted in the
| Y
S0 R TGNy SR s o
Wiwith F@gad o the ﬁij@ctbnya}femé aowting stiver.r dietdvag rstatlsml proximity
However, rotational rOX|n1t variation results

S,\ﬁl{}g@(prwégsu]\t,sam HRYysg} ﬁaqqt\]@nép élppaﬁl%{irpp lifyde attnbuted to rotation
Crorthabeehficl AhidhiMle Oy WlifentHhSlrs fiEd bt ﬁm@&ﬁl blal media.

clrrent sensors i’n"a non-uni form externa
"qd()(ﬁ) [ 00Gg:E Jﬁ%’ci\éﬁr 'rlameoﬁnhél‘)l&éi‘es@ﬂa[‘%ﬁﬂﬂﬁie & g0’kd by the
anplltude is caused by the 10 sensitivity of the eddy
cwensemlt}scﬁrth@ﬁd;iytcrmnanwed@rs mw:dﬂﬁpmtrmpﬁn@amr:@rs For instance,
i nst ance, arane%grs

man
eﬂ%ﬂﬁgﬂg’dmgoﬁra argigf rSCll} aé cen g5ia sgmeglﬂéat eE@\ﬁ g}lrirergesensors are
[ QeNGHideAld 95}1dt1"6nq{;}rcrah?€r filhd PRiiesk %ﬁa%aeffskt?rlﬂé%ﬁre and pressure.

tenperature, and pressure. Additionally,

rmogidllnmrdﬁy,athd mphastedoftnd Ipha@cbiythc eddye mtxrrgﬁmnaﬂ_a@d innthe probed

the p thin filmlayer- is sensit 0.t he .
ortelile)  Bebts BS H E PRARCERFS Ol fil n°fil dpfedge. thickness

1 t V. film
T b S o s g e [

"qoguvgof f' RS Bdxambpleg the "shBdsHrSpaNGEch et WaRMisthit? between
| ayer to be polished and the eddy current sensor
s mlnef apado bnm}bhdleﬁfa@d theoeddy qutrehlesensasfsurfaeesomsy didfer for a number
stanti al r |on in the st ated
TG TERPH o TP et T i FARRYL sy TSR ER B S Plbicr i
a thiBWhedd arles (8BS betwrRA) S a fewr in'i‘l@f Tl%étﬁﬁioﬂsfu&héleﬁdﬁeﬁ as a result
0 of changes I'n the thickness of the carrier filmdue
t @f chanzee §s5ihorthiskneshof tleer ¢araer filin Hng tobednmyesspl ¢fetbie carrier film

oL AR it TS SRS Bckcss o

Sttl?enéil%ér I 4R IDHE s@HASTD B tHRARS A8 de8 Bt e RABRMRIdge of the
the rotating wafer digs into the noving polishing pag

atotatieg pofantdigf intotheaotovingt palishimg pad at the point of contact. At this

point, the pressure applied at the point of contact causes the carrier film to be

compressed, varying the standoff, and thus the amplitude of the eddy current signal.
As can be appreciated, it is extremely difficult to calibrate for all the parameters
affecting the standoff, which ultimately negatively impacts the thickness measurement
by the sensor.

[0010] Another variable parameter affecting the eddy current signal amplitude
is having non-uniform temperature gradiance across the wafer surface. For instance,
the temperature of the wafer leading edge increases as the wafer leading edge comes

into contact with the moving polishing pad. Then, the temperature of the wafer
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poi nt, the pressure applied at the point of contact
causes the carrier' filmto be 25 conpressed, varyifgugust2006
the standoff, and thus the anplitude of the eddy

current si gnal As can be appreciated, it is
extremely difficult to calibrdte for aII t he
paraneters affecting the standoff, which ultinmtel

nelgtng 187 INGHpass as Tthﬁ &V ol e Fngs SR AIET B pRNtaghVihHBe polishing
E;pa%iorT ye[ %%%?&H?%gﬁlgeﬁé(ilm&rﬁgt ?edﬂglr %g?irﬁﬁlﬁré \?Ifl frt]é‘?ﬁ}gérﬁgre directly

nolnﬂumcfe@fha dddpperrattitusgidansiang engtinaiRs Afen, wam&ﬁg it extremely

surface. For instance, the tenperature of the wafer-

| eifficng te@@bbrawckéé@@ﬁeragrq Yrsiapedseimpapéngiihgghisligrss measurement
act with the noving polishing pad.

Thenﬁeﬂ] Cug%%tesrgg Ure of the wafer 4 August 2006 4 t

0p1209¢ | GRS, #R SitEoNBl Shnal bhBIALAGYHFQHESs on th
in[Po Jont act V\cnht e po? L|ng éna H@h tg$ pagl.eﬁT g > o e
SeseBsor ibeinkgyefihed hethaoithy vmferrcamers:ﬁcn;soo thet Wafeﬂbélﬁéri @rthe edge of
in terrperat ure, di rectI% i nfl uences the eddy_ Current
sithtiawidal Thy @lﬂaqﬂ HPRIItHES, HSToAsES 5, theelensngs ke dsiined rther away
did I i brate for' tenper ature vari ances
|n'p‘£1ﬂé?}|*én‘gaf%ﬁ \i ckness nmeasurement 5 of the eddy

CULOEt sensgy @an b ifedithd @J}fjlﬁﬂche teﬂ%c@ bPuRed Pakimeters has
signal anplitude differs dependi ng on sensor

bentmeduded i ane dnaviceptablyt high wartheurit Qférerrpera“ndcumsedltt@brﬂlne into the

er center of- the f the waf al .
ke e P Paded e deirddt uoihe oatPrudrell Sensor signals,
F UL to @RYpolhiRE dr hﬁreﬁﬁi@ﬁlng%@tﬂ% rocdded %Q]laﬁs damaging
can be apprem ated, the conjunctive effects of these
pathawefegzmdhh@, radutmgdwf@dhmnghmﬂcanémeabl y hi gh anount
of error' and unpredictabili t% into the thickness
md8@&1H enent Ivicsnefgbe frreging dharets wedg‘mt mﬂe)@bﬂ@ynethodology and
C%g/srteer\rn}té@%a nso% eﬁ[%rrrggmg thlckggsgsgg &ar\%ﬁtf gigeerrq%f cog rrg hn% the process
dpangichgs. t he wafers and thus, reduci ng vvafer
t hroughput and yield. 15 [00131 In view of the
foregoing, there is a need for a flexible nmethodol ogy
and system capable of determning a thickness of a
target layer by controlling the process paraneters.

SUMMARY OF THE INVENTION

[0014] Broadly speaking, the present invention fills these needs by
determining a thickness of a wafer layer in real time or an endpoint of a wafer layer by
averaging anti-phase sinusoidal signals generated by a plurality of complementary
sensors defined substantially equally along a radius of a wafer carrier configured to
hold the wafer to be processed. It should be appreciated that the present invention can
be implemented in numerous ways, including as a process, an apparatus, a system, a
device, or a method. Several inventive embodiments of the present invention are
described below.

[0015] In one embodiment, a method for detecting a thickness of a layer of a

wafer is provided. The method includes defining a particular radius of a wafer carrier
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20 SUMVARY OF THE | NVENTI ON [ 00141 Broadly speaking,

the present invention fills these needs by 4 August 2006

determining a thickness of a wafer layer- in real tine

or an endpoint of a wafer' |ayer' by aver-aging

anti - phase sinusoi dal signal s>generated by a plurality

of caonpl enmentary 25 sensors defined substantiall X

eq&%ﬂ ‘eQItBﬁ@g%ert%FdWE@fES’fb@d”ﬁ%ﬁ%ﬁd Thgrpgtagd @wq%@%amwdmga
e e , ,

app Ca g e AT S PR aE R Sl oM B sensors. - Further

I Mackidedtiedhd mertioaeisodistribaysg tHenglutiditngf 8ensargpaloagsbe particular
an apparatus, a system a device, or- a nethod.

SevérumWIﬂHV i W?/féf expsaPueRiha cgeh pansorpidbe aurgliy @fsprsars is out
?% 852?5? i tﬁ)e%[ ot S%Q%O% Obgf& ﬁ]esan{e ?Hé e”’?ﬁ@'n@é‘?ﬁ&d afso includes

ing a
VVafn%ﬁsunh@si@h@l\d lgexfi?di‘atea_ be tHHEﬁltiﬁﬂty dlt‘slem ld.ﬁfheﬂ iftQudRd is averaging
particular radius of a wafer' carrier' 4 August 2006

5 therfigngly sencrased hydhe nlielitvaglepensers Seeaqot%ee@zf,@e a Tprabination
ncl udes ﬁrov so S

Cotipf, Phe Sy REan RE Gk 1 ol st iR Y oRhRERSE Bnal such

FuthbYBE comBilat8e dighi it REpIWRS HOBLihS céHitbd lEBHEdeﬁﬁfyt A€ thickness of
plurality of sensors along the particular' radius

wi thhilayer.he wafer- carrier such that each sensor of the
plurality of sensors is out 5 of phase with an

adﬁﬂg&@nt sen@cnofgr ﬁmé%@e&h@i methih orristashiag 21 thiskness of a wafer
| 6 448S, wgﬁgzéﬁt;@%ea' i dnﬂ A58 il fd d@ﬁn&gﬁqgirggg%% fa\éhus of a

ensors I NC I'S averagl ng
genﬁieabadlebydegxgmdpioué@agé ythofvagensoc prowessad. tThe method further
generate a conbination signal. The averaging is
c IRFluges RViding érﬁ@ifeofiﬁ%equnérﬁlftﬁéutéwene&m 8h sgiisgrfaplong the

o dFPis B4 b BB IR a08] ko GRPABlS; RLAREYG snsor
[ G964 ofiphagenwitih g kecord @ehsawit the aifBY A @eede@imiirt @afleNTha method

thi ckness of a wafer |ayer of a wafer is provided.
THerthetingadgsiasagwere sienalhpengraichhy thecfmstaﬁen?cadmé dhegecgnd sensor
\S’raot_)fgfé% § & rolf$rnsg)1(fes,8| %psgq{gctzlu Sik gaag/%ragin dt\gg glt\el %anerated by the first

Pakhisodn® BRSOEShdaBekok 56 b tddktnkRAG: 4 BenPiahtionOdigi®@NT8E Sveraging is
the 15 particular, radius within the wafer

al on
C a:prl? igyred trolgmonanoise fiomsthe sembinetio signal cppdble ofdfeing correlated to
hase with a second sensor of the

sens %yﬂgt%¢§g§§§£ﬁ§ﬁ@g ‘angl e. The net hod

[001 7] In yet another embodiment, an apparatus for detecting a thickness of a
conductive layer of a wafer configured to be engaged by a wafer carrier is provided.
The apparatus includes a plurality of sensors configured to detect a signal produced by
a magnetic field generated by a magnetic field enhancing source. The plurality of
sensors are defined along a circle defined within the wafer carrier such that each
sensor of the plurality of sensors is out of phase with an adjacent sensor by a
predetermined angle. The average of signals generated by the plurality of sensors is
configured to create a combination signal.

[0018] The advantages of the present invention are numerous. Most notably,
the embodiments of the present invention allow implementation of any combination

of equally distributed sensors defined along the same circle to eliminate signal



10

15

20

25

30

further includes neasuring signals generated by the

first sensor and the second sensor of the pair of 4 August2006
sensors. Also included is aver-aging the signals

generated by the first sensor and the second sensor

so as to generate a conbinati &n signal. The averaging

is 20 configured to renove noise fromthe conbination

si gilationpeybal b7 theicAgeonfiBRagEyla gnofigfent i f§ thesemanner, the
t hi.ckne f the | ayer. I . :

e £ R G Yl <P S B S MR b BE thecimgtal fim beine
a refRREUCHiovRIin@YEFeli@bleapryadss! ste@nNibgisratt bad kad point detection
engaged by a wafer carrier- is provided. The

apprareachsior nst udessmacoiduetar ifelricafion avawss wehfasguredP process.

to,detect ,a signal produced b 5 a neti.c field. . .
genenatoa Byttt lonBt MBe TGy aRur R b reckihlion sienat s
Pl idEdEd Mn Ofeal $i@RSALS 18" &adefdMedoatha® Aefigln@l Brocedures. The
defined within the wafer carrier such that each

s ealgaithmof avehaging proe¢dureadyaniggemislysreilgimemonitonpyigetrology. Yet

wi th an adjacent senpsor by a ..predefer i ned angl Th
VPG Y Hngnzs Do Byttt ik B O &S sefiay Ceninclalong a
S fidar! Sircl€OBEHGHIE Bodidh ¢EI18RE €(cds. C ARMIIAGRJ) 0N g®dl Othponent is
30 [ 00181 The advantages of the present inventron are
nuagoroatgallivbsd coroplatelyysuppteheedonibodi regnirsgahy afdditional adjustments
present invention aIIOM/gEgIenensaEion of .an

c . e

i WEERSHVE Of OGWAPY it-Se S i BorPlge pinpzgidal or other
al ﬁglgestiﬂ ?1103@% Tt BeabQ) el RS a8l Siide 16 11U B mbodiments of
2006° 6 undul ation caused by the correspondi ng
cithe pkaent imotntam, can benimplememadnerny tygeeof €EMRIswitehal(e.g., linear
cl ear- signal precisely correlates .t he t hi ckness
t HeMiretalel| 1R &g C}%Bn%yéf@aza PR} Mg St Ay cstl another
PrReems esl% A (R R h s BPEh %P&eﬁqpaigltigﬁtc% bé Bfplemented in any
approa&% ore “Use 1 n sem condictor fabrication
prdeefes Smpuncdntiag cyclMPppriatie sgsterh riotainher madwiatet thgeonditions in
that the rotational|y non-disturbed conbinati on signa
i senyipgenage thaf pause gighgliypdulglien t o usage of al gorithnic

av, ing procedures. The . al gorithm c averaqi.

SR e BadBRS Sredahd Sudnd it infEFPR g1 become apparent
B4R RO 1o ¥Elg dAMRIINRGCAANTREE i SorjiidtioRYwitts tHRChccompanying
uni formy distributed sensors defined along a
palrawings,allusteiing bg wapef exaide thetirowiples oftteelingentipn,
undul ati ng) signal conponent is 10 automatically and

conpl etely suppressed without requiring any additiona
adjustnents and irrespective of conplexity ( i.e.,

signals having a sinple simsoidal or other-

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The present invention will be readily understood by the following
detailed description in conjunction with the accompanying drawings, and like
reference numerals designate like structural elements.

[0021] Figure 1 is a simplified schematic diagram of the principle upon which
an eddy current sensor operates.

[0022] Figure 2 shows graphs of the signal of two isolated eddy current

sensors defined by the center and edge of the wafer.
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shapes in nore conplicated cases). Yet another

advantage is that the enbodinents of the present 4 August2006
i nvention can be inplenented in any type of CWP system
(e.g., linear- CWP system rotary table CVWP system

orbital CWP system etc.). Sti’ll another 15 advantage

is that the enbodinents of the present invention can

bel00&3 enentBguien3Any agehemg ﬁtﬂg%rﬁ i #y c&geplapgwafer carrier

pelrnlcl?lg n% d%i?r oq'pﬁ%ién%?ltatﬁ &%%I:H%B?Sc?b?&? I‘ﬁ%ﬁgéats{xrgxg%@f Bhickness of

sensi cause” si

Qﬁ&ﬁafeﬁﬁﬁ)}%ﬁt@urﬁ@d aadyanicalg @fechiniédl eplanaeatio®nprotdss (CMP), in
become apparent fromthe follow ng detail ed
dexsepidprdeotith ergenbedimerrif thcRressat Wvenfiathe

:i@ﬁ% :n%/;]gglﬁg%r%&d%%&g}%%hﬁ%% lsq VAR E:tﬁvgég\i{\a .ar%f of wafer carrier
T ent ;
STV, I LU M g, 0

dedcabidattedeisic siepdinigrdimenteditheinctriton. W t h t he
acconpanyi ng drawi ngs, and |like reference nunerals
de[QD@ﬁ]at e | iKeurst3ot usiaiplifieé welrensatic[toP Xisv Riagtane of angher pair

A S L 0 Gt R B i

2 sh ?y}gurg LAPRS, sglfn iR& ggkl)qggl?t R’f@ dllg?g% n gxemplary

urren sensors ned er-

OfwéfBECMfaﬁincﬂudﬁ@ tigte 2010 Gof c%ni;ﬂ&ﬁ&ﬂ;ar@ BUOSs E‘seﬁs%m $)uﬂt therein, in
schemati c di agram of an exenplary wafer carrier-

i rRePerdantg vaﬂp@lerenahoderewﬁlowwﬂwrwogddy curr ent

asur.ing the fhickness

sen s for
a[gé%’]du“ ndﬁ%ureh%mdgg ts %2R hq{i};smﬂpo(iﬁg}r is&gg%‘foggnerated by an

2) 0 [
! he%@%?%g}(é %'XFI %fv gcﬂr%l l%ﬁl%ﬁfag}aré@% %%Plgu%gls%%’b?g ag@cﬁﬁa&fe with still

sianpthicf erablochmhetlm’tthccmwemlam ew di agram of waf er

carrier- and the pair- of conplenmentary eddy curi-ent

sdfe2fls shovingura Mgdmctspgraphs Oéc%mrsﬁmbeﬂ%lmaiﬂh genggated by an
ure 3C is

rrbodlgent of%ft ven %LOOZ 48 h
siBTPR e d?Ec eﬁ%ﬂlp mteg ry(”eg Jgt af‘ﬁn S afb e P L Y1 one
Ofenfea IR LY HRANVenEHATr €Nt sensors, in accordance with

e enbodi nent of the invention. 10 [00261 Figure 3D is

a [ed2ml i fi edFigobesmt depidtopraphewollisagsaidnlokiganls generated by the
e)éiglgi)ﬁ{yy pair of complementary eddy current sensors, in accordance with one
embodiment of the invention.
[0030] Figure 5C depicts graphs of sinusoidal signals generated by the
exemplary pair of complementary eddy current sensors, in accordance with one
embodiment of the invention.
[0031] Figure 6A is a simplified schematic top view diagram of a three-sensor
complementary eddy current sensors for measuring thickness of a target layer, in
accordance with still another embodiment of the invention.
[0032] Figure 6B is a simplified schematic top view diagram of a four-sensor

complementary eddy current sensors for measuring thickness of a target layer, in

accordance with still another embodiment of the invention.
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wafer carrier- including three sets of conplenentary
ECS sensors built therein, in accordance with one 4 August 2006
enbodi ment of the invention. [00271 Figure 4 depicts
graphs of sinusoidal signals generated by an

exenpl ary pair of conplenmentafy eddy current sensors,
in accordance with still 15 another- enbodi nent of

t H803Hvent i driguFdd28 P Fnglified spkegapr sensVighapipgragrol a five-sensor
cr&f‘p%rg tar 'é%fég dc%n%ﬁﬁ%n@{) %dfopym@dgurlﬁgmrﬁgy P%’ {aroe‘P layer, in

current “sensor n accor dance
vvl dcbor@ﬁ]&e V@lﬂbﬂm aRfHer efbbdighennyOMt i0Rnti00291 Fi gur-e
5B depicts graphs of simsoidal signals generated by
t 60340 exenppareylpaia siofpliCiodptiemenicaoy veddyiaGunr efit six-sensor
sensors, in accordance with enbodi ment of .t he
i rﬁpgmlqnaqptarpm@]cupleﬁtu?e@s% fgéﬁpe@tsgm& thness of a target layer, in

S'a%b' Qhidaly i Qﬁgiéétk%]?&%ﬁédlﬁfénpé{fthé‘ﬁqveﬁ%&{rp' ary pair of

COlTp emsnt ar rrent sensor , I'n accordance

Wphzne erﬁ?g@b @E% a SimpITRd isB@dticQbp ve® dif@3hlof a seven-sensor

Flgure 6Ais a sinplified schematic top view di agram
ofcompﬂdnn@Earseadémrcurrcmmnmnﬁoamyeae@m;g tuekness of enigrget dayer, in
for asurl hi ckness. of. a t in
eemHatE T o oot ahetiRen SrBSERI o the
|on ] gur ' ti ohi-
" HUAEh S A, IR

CUyEli®RtompRahtasy Edly dRBREUSINSE s tfbr MknRsag dficlncbasOetarget layer,
l ayer, in 30 accordance with still another enbodi nment

ofin pegerdange pithhll agothgifhodrney 0f$h€[1@®q311mF| gure 6Cis

lifie sche tic top.view di agram o
f il@wi ensor %1 e Py g aeheomatic die V&%@@g@ flyjstrating the
Medp i eﬁ%ﬂ%ﬂ'o‘?ﬁﬂﬁﬁ%ﬂ@%f c&n%l%ﬁﬁﬁfar} &¥86rs to hﬂ:asur% the thickness of a

acc nce Wi t another- ernbodi nent of

[ maxgettlayi:m,, in[20@3ddncE wgthrselllG@Rothsr embodipicnt dfehie swhbeiat | ¢

top view diagram of a six-sensor, 5 conplenentary

ecﬂ@@ﬂ&b uTT- edtiguse bblois’ assmmhﬁedrédmahn dor Wik Aagenptllugtrating the

t till
ORISR BT PPy B DR e BRI R G BEBRIT Dheghickness of
S Bl R dn SEARIRE &ith QB hEHCALABS A ofdhe invention.

[0039] Figure 7 is a flowchart diagram depicting operations performed to
determine the thickness of a metal film using a plurality of complementary sensors, in
accordance with still another embodiment of the present invention.

[0040] Figure 8 is a flow chart diagram illustrating method operations
performed in detecting etch endpoint through implementing a plurality of
complementary sensors, in accordance with yet another embodiment of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0041] Inventions for accurately determining an endpoint or a thickness of a

wafer layer are provided. In one embodiment, a plurality of sinusoidal signals
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conpl ementary eddy current sensors for neasuring

thickness of a target layer in accordance w th sti4 August 2006
anot her enbodi nent of the invention. 10 [00361 Figure

6F is a sinplified schematic top view di agram of an

ei ght- sensor- conpl enentary &ddy current sensor S

for- nmeasuring thickpess of a tar-get |ayer,
.acg%lpragﬁcléy @i Blwrality; o C%Blpﬁx@ptatye%é@*srfé,ﬂver@geq g%neratmg a sinus-

gs\él‘ﬁgfeké%ﬁ éngpg’oyﬂ F A4H %ul@sﬁﬂﬁ%llg céﬁ&@ée'\)@&ﬁ%e%@%& ?? the wafer

Iag raml ustrat n I mpl ement ati on

Mubydr- Be&hS p@éce@@ﬂpl ejmieaembs@ﬁ&ﬁf Sthta Osigieis \gegerhte@ by a set of
t hi ckness of a 15 tar- g | ayer', in_accordance with
stqomplapRt ¥ sengers odiifineft aleng t%é“?lﬁv@f]tal iafer[ grgae) are averaged

F' %%r%tug% a s1§1u ﬁ%)pnpsse%‘ § ﬁial% ?f?éah o? cér?@’titlel%eW{tg kh%gt‘ﬁf%ﬂ]less of the

Str

cannblenw&ab&nge@@@ésséd t@ m@gur@ndd@ﬁ thAgkﬁ@aShafema the term
target | ayer, 1n accordance wth still another

ertisoubleatentanf sehwors nvafersi ton a Fe@os@lwp. glurr@orv jegsqrs substantially

fI owchart d i Ct.i p r‘at r

\S@F&{Yﬁhﬁ éﬁl)g%g lﬂpg sl cgg 6)? tﬁ ?T]SB ﬂ%g tfle sinusoidal
pl déh@)bhéﬁf i9theGRBRLE B?Qélﬁfayecsﬁﬂéﬁ?@ls 1srsub@91ﬁ;amsi@a§;ﬁessed S0 as to
with still another- enbodi nent of the present

i mremseloeorrelgesith thickueseoBa vefea lfyeobeinharocessedgr am
iIIustratinaﬂnethod operatlons perfornmed in detecting

etl®9*dndpoi Ae nrefeged Kb ﬁénr@%tth%glna%fiﬂr%mnoye@f of the noise is

O TR AR B SANIBBU bt e st o
Dic dAp Lemb2 b (Shd3Td. ONTKS- tebnE " iiRbs ERREIde ENBEdDh, M:EITH@ t30any factor

[ 00411 Inventions for, accurately det er mi ni n
e r@éﬁﬁ@ﬁlﬂ& the genegated FigRHE 638 o Pndilatigs dsturbapgee eic.)a rI@ this manner, the

Pty e 008 E TR0 RN B BA Y0 M il o) DUSEL Shat it

SI g ugu nera ura

C QI fRsaBy ahprosed §1§ﬁal&ollﬁlsa\t@tﬁ(ﬁgﬁﬁ01%é}@h@1¢ Ml Plusdlity8f sensors
suppressed signal configured to substantially

c@wctdly@v@rewwsom@qsduseme%s of the wafer, |ayer-

| processed. n one_ enbodi ment, the si nals
ST by Hhesfotloyfng %ﬁ‘ﬂﬂt%ﬁt“&t@&?ué SPRAMG dfaifs ggget forth in

alo?&@ 18 o(lﬁlee QIflorgu ﬁflersﬁ M%gna a}FI%SQ%}/qﬁ@Egl%QHS It will be

generating a sinus-sUppresse gnificantly

c andektadd,nigowdvieh) tohenet kidiliéch @s sheohutf that tiwapeserdtayeention may be

bei ng processed or- being renoved, As used herein, the

t @Faﬁgced without some or all of these specific details. In other instances, well known
process operations have not been described in detail in order not to unnecessarily
obscure the present invention.
[0044] Figure 3A is a simplified schematic diagram of an exemplary wafer
carrier 118 including a pair of complementary sensors 128a and 128a’ measuring a
thickness of a layer of a wafer 122, in accordance with one embodiment of the present
invention. In one embodiment, the complementary sensors 128a and 128a’ are ECS
sensors. As shown in the embodiment of Figure 3A, the wafer carrier 118 is mounted
on a carrier spindle 133 using a gimbal 135. The gimbal 135 positioned above the
wafer carrier 118 is implemented to align the wafer carrier 118 and the wafer 122 to

the moving polishing pad 130 during the polishing operations. As can be seen, the

gimbal 135 mounted on the carrier spindle 133 is designed to rotate in the direction of
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11 conpl enentary sensors” refers to a set of two or

nore sensors substantially wuniformy distributed 4 August2006
along a circle of the wafer carrier such that the

si nusoi dal conponent in the average of generated sine
signals is substantially suppllessed so as to 10

preci sely COTTelate with thickness of . a wafer- layer .= .
hevHE" 19s 50, THOBHTE HPGF 1af T oMb HRRDAIE, wafer carter

b?ﬁ 83 YR tH@thaﬁ:g 'fg? BEY e mchj?xﬁgagkglsﬁ élr‘@d 18hi m nate

aver - agi ng temative p Si I's gener at ed

byjob4sy P! ur ahidnt ShmpEOrliRMABLA Y 8£ASOI R add ek ahdwafer 122
"noi se," as used herein, refers to any factor-

afrbeed inrthye tt@iogehecteretB4 ithynabfer ¢arier. [ 18umd theavifey 122 are applied

di st urbance, etc,). | hi.s nner, the 15. suppression :
SitRANS Pebe B 13& WHB!%%&{FE@ "t sk dESpite theluding
S&he {rﬁba?'lgf»‘_% alldid fhe wibHathGaANE! Hd itHPHAREA22 with a surface of the
signdl -to-noise Tatio. In one exanple, the pluralit

ofpodieinagpsd 136 tiedyfec 122 Brppseh®chspdlERBE pedid0ssch that initially,
100431 In the foll ow ng description, nunerou eci.fic.
detlsiding gige Ka2p O Sh WARh 122 frgsnto e b&bﬁgfn&é)aa @ﬁo&&ﬁ{ﬁftef’ the
u [ of t.q ' : i Fh
SRR ok O USRS YEIL AR ld ol R Porning
t padasesent i nvention nmay be practiced wi thout sone or

all of these specific details. In other instances,
wdD04dnown Iproodls opbedimiconsthhaleadingt edgse h2e sliggimp dnto  the

in tail i rder, not to unnecessari cure th
et it A6 1p Gollert e B FE SRS Tln 4RI Rl Mose to the
SQBRIRS Edocti 2Ur FthOwaAdt. eXeARloALdusRIce the Hndo@ fidethus the ECS
118 including a pair, of conplenentary sensor's 128a

ansignaBeringsieted hgtha EGhsakerekaote mofldiedr Thefwader leading edge
Eﬁggé@ggzl%g]dgattﬁ%cﬁghf aﬂ‘gﬁ@?"%ﬁ c‘é?ﬁg%@?g g#g%?r}pe%fturte ha% the wafer
C QBRI BIHanY 2 A8B&HeShd 488sid vhdBRtioRERsEfeThe WRMGAESing edge

As shown i n the enbodi ment of Figure 3A, the wafer- .
cdrpa.eAs willdeidssaribed tie chorodetail balomi, @r ompembiddemed3z the ECS signal

usj ng gi 35. Th i mbal 135 sitioned .abov

{ HEshity e DESrrers 1208 308 125! it BT Sod Mg aen22a and
. | ghH1 1 e SV i

R R Y T L S

camdblatiessen, the ginbal 135 nounted on the carrier

spindle 133 is designed to rotate in the direction of
4 [00flst 2008 ferenreviafmeadertotfagure 3 B1 3apictiea sipplifiad schematic top

S%iier%xg lo? th]é%@feri gan%eg'rﬁfliS%lffP?gurte ‘%Aat%%l'qg’ aﬁpnleedvt\@ft}%rpoqgﬁfnig%’ad 130, in
accordance with one embodiment of the present invention. As can be seen, while the
ECS sensor 128a is defined on a radius R of a hypothetical circle 123a defined within
the wafer 122, the complementary ECS sensor 128a’ is defined on a radius -R of the
hypothetical circle 123a. In this manner, as will be explained below, variation in
signal undulation amplitude can be eliminated (i.e., eliminating any sinusoidal
component of the noise) beneficially using one of the functions of sinus. As can be
appreciated, the resulting suppressed sine signal substantially correlates with the true
thickness of the target layer.

[0048] Figure 3C is a simplified schematic top view of the wafer carrier 118

of Figure 3A showing the two ECS sensors 128a and 128a’ being defined 180 degrees
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I IS and thus the wafer 122 on to the noving polishing
pad 130, [00451 In one exanple, while the wafer 4 August 2006
carrier 118 and thus the wafer 122 rotate in the

rotation direction 134, the wafer carrier- 118 and the
waf er 122 are applied 5 to tHe polishing pad 130 with

the force F, In sone enbodi nents, despite |nclud|n%

t h@‘[ gqfrm@pe 1® ometaoicrgh pererdiasevidiappg smbadigneah@! tthe present

t hgven’tl]pe h\%gt hlt}ge %grf gn %ne %%n%or P | Sﬁ:an%gt %aﬂf sggnal from the

S Ugthertdeadori 1Sk alalsyoan B §e@@dﬂh8$@lﬁls&22%@£re§tb§ amahgle o with
122 digs into the polishing pad 130. Thereafter-, the

cenfesancefo athanghaf degred iz&bwgﬂ@ltha RGShsanseigl 28d gercatept angle 180+a

to cont h,the I| h O
[ oo TR R koot ot Bsey oot 3 sgsor 1280 s
di GghaYat thé Pad'il,t!sq{ aP8ppozBd ﬂ)&h@ E@Sls'égsdr QQ%tﬂaﬂlsdieﬁned at the radius
decrease in the carrier film 120 thickness close to

t h&. Ieadlng edge 122a of the wafer-, As a

conse?uence t he standoff and thus the ECS sjgnals
bdP¥Pldet ectladagsgrdanee A gBASHIDOLTBEN A FEPRTRING] Hg, Variation in
Thsenu 1fdglr ammglftgldn%? ﬁgeggmg‘odn}l%&a f?f;lgg ke Cgltl ?urttﬂk? be l%nﬁlgrstood as

polils SO I Nncreases mperature at

wathewn 1h el&t@leﬂg wRige 122dae ahivedinhehg &sbﬁnﬁignthStOS@ai the true signal
undul ation close to the wafer |eading edge 122a.

As
withagnifadeiginesoidaly meduleied by dheagarmiggapifion psgngesult, the true signal

enbodi nal etected by the ECS
séﬂ%}tggﬁgg COH?&“%E%O o8] @at% ﬁ% waf er | eadi ng edge 122a

and trngS@g edge122b, respectively, are inplenmented

to suppress t% signal 20 undul ations. [00471
Refhehemnsse,| the @g&'ﬁl tiacdsl GURAd 3B, fodlepheijonding ssheg! i bh@densor 2
schemati c top view of the wafer carrier 118 of Figure
3Aodstddngt appyiredirels, eah b)@pt,eé Hat r@arpgt@cq_lgo altgrpative positions, also

a rdance with one enbo

OB PR et Sy TR BC o oS RIERGRA g, s goproonents
| SfABE isnedl @Rcd SAGNISSR zﬁfth@ sﬁtﬂ@oﬁﬂﬁet theadru€ nbeloscifiada signal
defined Within 25 the wafer 122, the conplenentary ECS
sanpbitydeir &zl tims cdebe pbdingd. a radi us -R of the

hypot hetical circle 123a. In this manner, as wll be
expl ai ned bel ow, variation in signal undulation

anpl i tude C@’[\‘blp? %lvwlorge%; @ﬂ'n;(lémeﬂtar Slﬁlb Slgﬁa‘i@ﬁﬂ Rsighny
sinusoidal conponent of t n0|se benef|C|aIIv usi ng

one of the functions of sinus. As can be appreC|ated

tthe resultin Suppressed sine signal substantially

corl, ePdred O tAift™He true 30 thickness of the target

lfayer .

S2 = SO(1 + sin (180 + o))

(S1 + S2)/2 =S0( 1+1 + sin o + sin (180 + a))/2
(S1 + S2)/2 = S0(2+0)/2

(S1 +S2)/2 = S0*2/2

(S1+8S2)2= SO
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[00481 Figure 3Cis a sinplified schematic top view

ofthe wafer' carTiCr 118 of Figure 3A show ng the 4Awgust 2006
ECS sensors 128a and 128a' being defined 180 degrees

0 Z:> 4 August 2006 out of phase to one another-, in
accordance with one enbodi nent? of the present

invention. That is, the signal fromone sensor- 128a ]

i sl08Ff)set byThuseasianbe sdenombeiger Pt REEOBRISBISRIALP BE'S sensors is

As. can b een, the. sensor 128a.cyeates an_ angl o o
o e b S A BFAR0 s R AS P A Setors ar
E?n&ﬁ'ﬂﬁ&fslyl%@rde@r eqh& SinkNcaingntd 8FHe iisbidal signals are then
reference to the angle 0 degree 131. As further-

sheywraged he ECBdemaswith the@ambsr ofl etnsaesdimaplempeted {digus2, in this
R as opposed.to the ECS sensqr- 128b.t iLs.defined. . .
atexlaﬁ]:quSaqu s maphery &ﬁa@lfn I ﬂ&c@&ﬁﬁ‘éq’?c% {EEZSO%%L?smcgl signals is
e%@ﬁﬂe@%&t crSMRART £586M9 thie iy atbakitRny i ﬁ‘nafﬁbféﬁsg%r d@k rotational
anplitude in the enbodi nent of Figure 3C can further-
besimsdelr bt @sdthatspredifely havwlatenwith thestrifle thkoess of theqmecessed layer.

enbodi nent, assumng that SO is the true signal o
ne§fftlude sikefesherally ynadedigl dicegmbydipgat @Arligure 3D, depicting a

, j. . lt, i 1 i i
AR keGSR b’ E LI, TRONLRIR Bl s o

Fuohipesrh®it &y BA¥scnk&8dhilt theas iPicRPdhn&2 witrone embodiment of the
correspondi ng sensor' | and sensor, 2 15 located at a

gipresencinventon. dectanibgsetred fast sdi elrrempilaadntary 1 Seseasqry d28a and

pas|.t,i on al.so_ f. oW illating eguat.j , d

PP R e A R e e Rl B s secof
S| @Rplerhdrda® ECSLs@B6ks 328b ahd U D&Y’ SeBefincdBt rddieR2 hHE@ -R2 while a
non-oscillating signal anplitude in real tine can be

obhiad secbf compRartsingary ECSTaens@e 28 ardohficesredietingd afi radii R3 and -

g:lﬂ? (aﬂfgxgg(fﬁé}ec% Svlfi nqnefe%@%&%&é& sf?ﬂg_ @?I%boéq%ﬁ c:)%t%_?c_xslgjiuﬁoidal signals

g Jgo% %ic"h )ig gizcs?(r)ﬁﬁlamént%%f) E@S 3680} /sgnchednotisP4ddofd U #Aeraged,
generating a combination sine suppressed sinusoidal signal that significantly
correlates with the thickness of the wafer layer. That is, by offsetting the sinusoidal
signals between each pair of ECS sensors, the electromagnetic field produced by each
pair of sensors will suppress each other. As can be appreciated, the average of each
complementary pair of ECS sensors 128a and 128a’, 128b and 128b’, and 128c and
128¢' are substantially equivalent to zero. As shown, the radius R3 is shown to be
greater than radius R2 that in turn is greater than the radius R1. As will be described
in more detail below, the greater the radius is, the greater the gradiance becomes.
However, the embodiments of the present invention eliminate such variance in
gradience by averaging the sine component of the sinusoidal signals recorded
synchronously using the complementary ECS sensors.
[0052] Suppressing the variance in sinusoidal signal amplitude of ECS sensors
are further illustrated in the graphs of signals generated by complementary ESC
sensors shown in Figure 4, in accordance with one embodiment of the present
invention. A graph 134a plots an eddy current sensor output in volts (i.e., the y-axis

112) versus the time (i.e., the x-axis 110) as generated by the ECS sensor 128a'.
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4 August 2006 12 [00501 Thus, as can be seen, where a

pair, of conplenentary ECS sensors is inplenented,4 August 2006
the sinusoidal signals generated by the respective

sensors are synchronously recorded, The sine

conponents of the sinusoidal @lgnals aT-e then

aver - gged i n accordance with the nunber of sensors

i nprelaEit ?éarapé 1é4a ppots jap, eglghy qureengRespr aytpuf Yqlisgversus the time,
u§e er’ t S}) a]iﬁfs sg}lsgpﬁ&%n.p}% g%%ﬂ]el?ia”trg e&% the aVFrage of the

Creat I

t fb’itﬁe t d}SdHéﬁtsacm ﬂh@kh}im@lﬁ@lf ES@tseﬁisobwgan IZXhadnldOmla As can be
si nusoi dal noise that precisely correlates with the
t rap@rqcmt%krbersaovetﬁfglrtgh@em@c@gwema%?hﬁ sinysg@igh ECS signals of the

de t h f
:%(?% ?ffnnl%gr %Sﬁng? r?,glapg LS, er{pc %lé{(/‘?rri] ! a gad\lllill:selgvlajréé ﬁ}e%S signal of the
WS sEROF Hﬁiﬁedjolﬁadg[hcimartgl 4 Mde® RettBe Sihe E0mponent of the noise
conpl ementary ECS sensors built therein, in accor dance

atffq:c@m@ﬂ@m&pwlehmgnﬁls tSIﬂ@lbsthaéls’@hmmnﬁv@nﬂ" hesn.in Nys geanner, the
flrst se enent sors

Bw%%’fga é’ilee na%;? @Iar l%el @F‘?Ce?ﬁe %staﬁ 1?1"1?n correlag'es with the

r eﬁrﬂﬁﬁﬁdevﬁi the sfn@ sﬁpﬁrlei‘s‘é‘d IBRbRation HighSC QHd)m% @beliiment, the signal
conpl enmentary ECS sensors 128b and 128b' are def i ned

atmtren@ity isRiheany relmdmnlhqadlatancmpf theswtspagfive sensors 128a and 128a'

%g}q n% l\éﬁ elr%e}%éggsgqﬁll afgglaqa}%gﬁ%ﬁaw{eﬂs@ln%le eacﬂ signal caused

erRodbi&iin: orhife SR I%Wﬁﬁtth@geﬂs&e 1§$engsm§éaby a substantially
signals of each pair-" of conplenentary ECS sensors is

s yappbsierbasdoyintiecotaeity eedtiag oagadyinggenenit laygr om the sensor
conhi nat i si ne suppressed. si nusoi dal | that : .
gAY | ey s, FOBRGEESSs S 1f MG RAECUI5oT g sinusoidal
v sl YK by Theind SomPherf AL Bblgegaﬂer%ﬁbﬁérﬂféﬁg lefifdlinated.

en each pair- ECS sensor's

el[e@sta] OMagN ok enstdn@é, Gt ﬂfeqfa&uﬁelde HynB2GH sROVIP & Be Aftheir lowest, the
sensor's will suppress each other-, As can be

apiiewinsere dave wbstavisligbe ipstatigincedinm ﬂ@rp@ntnalfrqus pagtal-film to be
d.128a'.,. 128b

V3RBona TEosee 4 s BhRARE s PUCL AR e 168 Begensiy of

Ashé 5igMls id SRWRH BS it akifig SOMMsttAeP By goipatisla bkh@N34a. The
radius R2 that in turn is greater than the radius Rl.

Asncw:asb 1bes1gmécmtdneldy continnss smﬂlétthclmtie] én €erg, copper film) is

e R NN ST MRS S —_—

'@Mﬁ&ﬁﬂﬁ@gﬁhﬁﬁb@@hﬁiEﬂﬁhm&ﬁﬁé@ﬂﬁﬁehﬂmﬁﬁ@@dﬂence by
averagi ng the sine conponent of the sinusoidal signals

r ¢01154‘]i'ed S YN3Cdan eGiasi, i dngisn@nérhed dgrgatie s@RbacontdsSa sinusoidal
S%Qr?xggne%t illustrated in the graphs 134a and 134a', which as can be appreciated are
substantially equivalent but out of phase. Thus, the average of the two sinusoidal
ECS signals having equal but out of phase amplitudes, the combo graph 134a", is a
graph in which the sine component of the noise has been eliminated. In this manner,
the combo sine suppressed signal can be implemented as a measure of the true
thickness of the target layer (i.e., the metal film), as the sinusoidal ECS signal
correlates with the thickness of the metal film. In one embodiment, the ECS sensors

implemented are ECS sensors commonly available such as GP-A series analog

displacement sensors available from SUNX limited.
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[00521 Suppressing the variance in sinusoidal signa
anpl i tude of ECS sensors are further illustrated isaugust 2006
the graphs of signals generated by conplenentary ESC

30 sensors shown in Figure 4, in accordance with one

enbodi ment of the present inv@ntion A graph 134a

pl ots an eddy current sensor' output in voltsogi,e.,
tr{80§/5]axu s atz)f %rlwe péodefnainlifisd, diageany ofygraphs 136a and

a'ao%g ener lepryen ar Egg%ilisﬁrs, il sllcc%) %%gce wglaAHQ gl%%odiment of

§1r
n1|ar S an e

CUché 9f€se1&€iﬁﬁéhftloﬁut/9él§hdvfh i gﬁBMQBSMQBeﬁréb%ntsltHB ECSSignal from a
generated by the ECS sensor- 8a, A graph 134a"

r spnes dortatedt He radios dyehde thehgraph il 62’ é@m*pmntsmﬂls E4$S pigaal from a
nal s..128a

R Bl TP A R 40 o B G SR Wb AP g e gfThed on the

t hgdiss [R'S@ng@komrys 5IIN3h $heQlit dABPBreEaR SANS6h iflS: §f§h£1@ﬁhphtude
on angle a on a circle having a radius R and the

sifgnéie grﬁpItShle36aEm$ Kén'soin abebidaeet withamglentigdrentorf the present

radi us. - Si ne cor ent of the affectin
RSP AT BETC P e SORCr TS Py 10 i ouPof phase,
TRUS varidtiohth SiMRNBESlitudd B bd OirfReE SubtardiA8y Widhply averaging
| ayer- being processed substantially correlazes mn?

t hiee seepddnipodentsfoft the tsionsigsal pyrapss &3bacambildéd'i generating a sine
si gnal . In oge gnbodlnent the signal 10 intensity is
| iS @ﬁ?ﬁ? BEPatléBt o the distance of the respective

pﬁ@@%@:eéZS%?n%%caezlg%nade t?]?hm ! h?ocy\% s?mg]#i %{ phs ?%1119 136a’, and

e |n enS|ty

cays£dshdwn MpVegmBt 5O it Aecor@ings wlﬁyehetesmardﬁnt:ﬁteof the present
sensor 128a is offset by a substantially opposite

chrayegdoi.n Aleshomme xith yeramhsul 3Gangnd rlgf'nangi pigusdidal with varied

acvRuasE Ll ¢ Shrg R T AR Pk befndl B Fos signas

SideHBRQ zﬂ%hbstérfﬁaﬁ%g8@H§g1€ébtt§ﬁ@fpﬂasé RRgIss. nee%m@n@@em g@phs 136a
the noise are substantially el m nated. For'

i 8d 4@t having théerp@nmhmdq:e'aga@waarsi laldelaélhowmed b)é tlartnmse the
t hei I he sors.have substanti

| 6550 o @bh It FSPNB Boe: hhls SHETERSY | AT oergh 18 which
r %H@M@t%ns-@ﬁﬁ&%&gyt 18E noRe hhebddni éﬂfrﬂﬁﬁéd OtAStMsﬂ?ttﬁé combo graph
fil mbecones less, the intensity of the signals is

shignal 136abeni eompésnanged asleldista @edidyegrdhsmeahlm being
and 134a'. The 20 increase in signal intensity
cHibtYes unti | the metal film(e,g,, copper- film is

nti al ter e e )
Su[ﬁrtga@e at II Pl%ﬁi ste{1 o?ogon?]%lg%lgﬁa &t aph%ﬁioi including a
apthrdidgaf ccﬁﬁﬁl@ﬂi@nt@qﬂ@@@ s&¥BAL0 aBad breate a sine suppressed combination

graph is shown in embodiments of Figures 6A-6H, in accordance with some
embodiments of the present invention. Figure 6A shows a carrier head 118 including
a set of three complementary sensors 128a, 128b, and 128c, with sensors 128a-c being
defined 120 degrees out of phase with each other. In this manner, spatial coverage of
the metal film (i.e., the target layer) increases, beneficially allowing a more accurate
measurement of the metal film thickness. Table 2 below provides further explanation
as to suppression of sensor signals generated by exemplary triplet-sensor
complementary sensors, allowing synchronous measuring of the sensor signals and

averaging of the sine components of the sensor signals.



[

00541 As can be seen, signals generated by each

sensor- contains a sinusoidal conponent il ustratedAugust 2006

n the graphs 134a and 134a', which as can be

appreciated ar-e 25 substantially equival ent but out
of phase. Thus, the average of° the two sinusoidal ECS
si gnal s havi ng equal but out of phase anplitudes, the
conbo graph 134a", is a graph in which the sine

conpon eﬁ;bleo; - ‘A%mﬂ]@é ﬁ%pngﬁ)n ki’lﬁ]%@m&lltlhm M @(gmplénnznttaw Sensors
manner' . th be

VWOVTNVOVOTYTOTNAMTOBR TR0 N

e conho sine suppressed signal can b

npl enented as a neasure of the true thickness of the

ar get ye Ieen€m s metal .fjl as .the A

i NUSO @gﬁ %%:%Séff/@ n"a§b 2%53:’2)? ?resl“btoeg 3\%%31{12% T Whess
f the metal film In one enbodi nent, the ECS sensor's
npl enented are ECS sensors comonly avail abl e such as
P- A seqn gs sz @gin @k spl2acesteny)/3ensor s avai l abl e
t-om SUNX [imted. 4 August 2006 14 [00551 Figure 5A
s an expl oded, sinplified, diagramof graphs 136a and
36a' of a pad: ECS sensors, in

ccor dance \?\%H{i E@%%%@%%ﬁ?ﬁéﬁ%&f t he present
nvention., Agsisfeomi2+ the24gy/apdfcoi86a 12epreX@nPs t he

CS signal fioma_ _sensor |ocated_at. radi R whi

he graph 13@&«1fé%?gkﬁﬂpéaﬁﬁgoﬁté[§? H&]g$ﬁégmygn555byz]
ensor | ocat ; ct

o the firstﬁggﬁfg%@?péggi%gghggf%ﬁgaﬁfgggggaﬁggﬂgne

f ordinary sik{d+ 120 °X-heindo t+ 28h= 2pimeci)@td) vari ati on
n signal anplitude for the graphs 136a and 136a', In
ccordance Wit ff* 6rhé0 e)fb%‘&i(ﬁér#‘%;f Sthh& Pr esent

nvention, by inplenenting pairs of sensors being
efined 180 degrees out of phase, the variation in

i gnal @l $2 u88)/8anS0E38li ai siatee3 subst antial |y by

i mply averaging 10 the sine conmponents of the two
ignal(§ﬂéﬁﬁg+§gﬁézaﬁﬁcwé%a', generating a sine

uppre 36a,. [00561 Reference is made to

he exgsggé%{§$E/%if$%d graphs 136a, 136a', and 136a"
hown in Figure 5C, in accordance with one enbodi nent
f the present invention. As shown, both graphs 136a
nd 136a' are sinusoidal with varied 15 anplitudes,

v

+Hh—the—two—graphs—1i36aand—136a—being generated by

ECS signals defined at substantially 180 degrees out

0]
1

f 85’§ﬂse angih%_slg(e%eﬁﬁ.blt, %jg%d?@ 6B\MRo Wt 3RASieL BER 118N Acluding a set of
a I

avi ng evident anplitude variation and

5 unduipidnansy cansedcdngisting ofidowesentdre 128a, 128b, 128¢, and 128d with

10

15

sensors 128a-d being defined along a circle having a radius R at 90 degrees out of
phase with each other, in accordance with one embodiment of the present invention.
In one embodiment, this configuration can be configured to be two pairs of sensors

located diametrically opposite to one another.

[0059] Figure 6C depicts the wafer carrier 118 including five complementary
sensors 128a-128e defined along a circle being 72° out of phase from each other, in
accordance with still another embodiment. Figure 6D shows six complementary
sensors 128a-128f being defined 60° out of phase from each other, in accordance with
another embodiment. Figures 6E and 6F depict the wafer carrier 118 including seven

complementary sensors 128a-128g being defined 52° out of phase with respect to each
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conbo graph 136a" is shown to be a sine suppressed

signal graph in which wundul ations caused by the nai &ggust 2006
have been elimnated. As a result, the conbo graph 20

signal 136a" can be inpl enmented to determine a true
thickness of the metal filmbHing renoved. [00571

I npl ementing a set of conplenentary ECS sensors .
i n%tPEFdlaH% cxght GPRIPlemEn{ATy SeRsHp| e e R G s BT S0 (pf phase
as p i
P e Rl P S8 AR P ol ARt sets of
W ¢dimslenent2y sdrbodi cmnbs wipléthentpd esemd to nrent iDBine suppressed

Fi gure 6A shows a carrier- head I 18 includin a set
ofcqnml@@w@oiwaéﬁ‘érﬂr@wh@é%ownma@ Ofl@gbnm%gaslh%l eliminated,

IIE])VISd? %n?or Js:%%gits ?hak? gut}want‘u%ﬁ\é 5&%‘?&% %chqﬁcg {n%%? fi ‘?ﬁitthlgfzness

ase VVI eacC

[\éﬁﬁ ge Of ] gﬁh neltiin | nlfu'ltH% Qonﬁnnatﬁoﬂ? otfa&g[ﬁéle}néﬂﬁfﬁ sensors is

ncreases, |y al'lowng a nore accurate
medepivtalremt thef erihelimendtal off FlgwrdshbCk asd soH, Tablaecatdfoekowith one
provi des further- explanation 30 as to suppressign of

s efBldimeitg g Ssllo@’é‘riéerg‘gl 6Sy cenglepieaiayy senspiseSadnginpre defined
COP. SABRhRLY B8 AR ra ol R PHOSIHANA e AW e sensors

of the sehsor si averaging o
corgzanaatissgfaré heﬁ@nm -ou$ o PBAse, alédnghul gatﬁﬁs RQQ@ acddodance with
Table 2 - Anplitude Suppression | nplenmenting Three

Cd?ﬁ?l eneostiapyt: SEndus gnanng, the. aggrage ghysme) cosapqngnis; ¢f Ke signals

%en?r(a(e% b)y/t%%Qe)nsor(sﬁbga &r;f'c} 58%4(99@1/6? lgbcna\.g (S)Jf ?nﬁg% wWith re%%ect to one

+ adbfher ptovigtd fide Sink2guppress@ @jgnd) ]the[tCgﬂas(aﬁtld'll}il.%orralates to the
240)/2] sin (a + 120 + sin %_x + 240)= 2 [sin(2a +
36bickngsy péd f{im at20y apqundgpgiug B +Inpplpkeimagner,(the averag) of signals

2 41%(33 I n[g (sg%s% O a)—%} gl)e%ngd ﬁb‘n 0(19 i@égse Wltﬁ sa{j(e@t 5)48516 another

irBvided Melsine ksﬁﬁ) 51%1& i sﬁ@s’tﬁﬂtﬁllﬁl para'illel% @nh e thickness of
1+ S2+S3)/3=250(3)/3(S|+5S2%S3)/3= S0
the film at and around radius R,

[0061] In one embodiment, temperature, pressure, or standoff gradiance
becomes greater as the radius of the circle along which the sensors are defined
increases. Thus, in the embodiment of Figure 6G, due to the radius R being greater
than the radius R’, the temperature, pressure, or standoff gradience is larger. As a
result, the generated sinusoidal sensor signals have a higher amplitude than the
sinusoidal sensor signals generated along the radius R'.

[0062] Figure 6H depicts a carrier head 118 including another combination of
complementary sensors, in accordance with one embodiment of the present invention.
As can be seen, ten complementary sensors 128a-128j are defined along the radius R
and 36° out of phase with one another. Additionally, a combination of two
complementary sensors 138a and 138a' are defined along a radius R' and 180° out of
phase with each other.

[0063] Although the embodiments of the present invention have been shown

to include two through ten complementary sensors, one of ordinary skill in the art
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[00581 In a Iike manner, Figure 6B shows a carrier

head 118 including a set of 5 conplenentary sensor4 August 2006
consi sting of four sensors 128a, 128b, 128c, and 128d

with sensors 128a-d being defined along a C|rcle

having a radius R at 90 degreks out of phase with

each other', in accordance with one enbodi nent of the

prr@%rﬂpmw&]fha&ﬁhe embpdmente fdhs REsient inKgrdion may implement any
CQO
LM ARE Y S0.CAN A G BT BALEE i wons e

anaieedirclelf H0Qa9ikr hegltoeprodudefmabrlal fignsiaberstantially correlating
carrier- 118 including five conplenentary sensors

1284h thegeferdrygideickiicsn ghuthernerceotsehiy apprecigisthggra multiplicity of
gﬂgs rflartlg)%oglgh Ot y E}Sgbbrmed(i%%s%g gg‘fn&% é’l‘ﬂ)ﬁogng?ﬁéc 1l/<% cncles can be

S §RpMnenteBR- éb%%iat@%t'ﬁghg efitinRes 6@waﬂ:’ﬂtlay@f‘ aPF tifé Q)(matlons of
each other-, in accordance with another enbodi ment,

FitheipasolBE and 6F depict the wafer carrier- | IS
i ncl udi ng seven 15 conpl enentary sensors 128a-

bdPAefldef | ndthrtiormesgs aroyghasaanéyemodisypiscof the @&-‘é gt4inventi0n
Al i )
%%%’ %iéh(?egcnge% \QItlF I%Eg ds%ﬁ%) ? tﬂ{'gm?(? ggtg%@?l?er esc‘e%PﬁRfreﬁtlon can
aryet fgflementes I&ﬁﬁlﬁppi@sygglﬁ& g‘ﬁﬁrﬁe@bﬁlaﬁ?duitiblﬂmm of sensor (e.g.,
detail above, nulti sets of conplenmentary sensors can
bénﬁﬁﬁﬂew@ﬁv@G“S@ﬁangb)create a sine suppressed

conbi nation signal wherein the sine co nt of
ndPeSlhas bdiR LRNGEiRE drfrared; sg}sgvlraqt}hé?g@ﬁ%fmted to measure the

Nt ikl | @&t
PR EE 5 BERART ) BBl 8 one i
C @rdinagtskhis thé art diap hesiBednasupstsaa fsctraHSpaISnt tol dpi infraxc&d isignal, the
t he enbodlnents of Flgures 6G and 6H, . in accordanc

wilb e o1 nah BECIFHEst S AGTRSFRHF Phihe iy B e, target layer) of the

LT N SSETSOTE, 488 e AR e, 0 cibimen, e

Ca:‘/éfére{emﬂerdtﬁev&ﬁlﬂl@ltdﬂ@i senbsiree idnpedfareandialidBalurimpethe CMP
defined 180" out of phase along a radius R, in
adeeseaanBeon& ifrtpleraméationh Bigi taAeTatur s of meéw}fﬁrnwéirthe tgrperature of

oyfit REBuy %P%gg@g@g&gﬁ%% Bl hdG 20 150 Tout of
prr éWI th %}}9%5 910%?1%1’[@ zﬂx‘? Fo®aeM 1E§x?%s [%e'i]eﬁlo%% li?)@rformed to

ssed si at su rally co es to
t [lerknarshothidknessfdflamethl ﬂ]lnduﬁng) a pthralétgliof SOIRplenientaay sensors, in
i ke manner, the average of signals 15 fromthe

s @AeBHance Yot epBrEmYediniaY o4 dhe BIFFCTHfINpASR: wiieymethod begins in
' %ﬁ?ﬁﬁ&n 782 QHe\Vlﬁgﬁtahﬁ[lrahty of complementary sensors is provided. In one

embodiment the plurality of sensors are ECS sensors. The plurality of complementary

sensors is defined within a wafer carrier configured to hold a wafer to be processed.
In one embodiment, the wafer to be processed includes a metal film. Then, a
combination signal is created using signals generated by the plurality of sensors. A
thickness of the metal film defined on the wafer surface is then determined using the
combination signal. As described in more detail above, the sine suppressed
combination signal is substantially unaffected by the sine component of the noise,

significantly correlating with the thickness of the film layer being removed.
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provi des the sine suppressed signal that substantially
parallels with the thickness of the filmat and 4 August 2006
around radius R [00611 I n one enbodi nent,

tenperature, pressure, or standoff gradlance becones
greater as the radius of the Bircle along mhlch t he

sensors are defined 20 increases.

ent98@Iment drefpicyeq is nede teithe foyvohpr 8pggpmgte§ iy E}gﬁlb@ 8 illustrating
9 rﬁ&h? é@r??oﬁsﬂ?er fo?rgleaj o ﬁ%tfect r%, et&l?%xg(ﬁ)roﬂ{t qﬁl?iﬁnpén%ﬁg l‘cllrrﬂurahty of

lence IS

eddeipddrecht &1 n%%rdahn Seasincs i @Rl soltiy eenabdiligb®r of the present
anplltude than the sinusoi dal sensor signal s
geneivad HleomgthOHebqgm lnsomratwm@@zm whighra phyplity of sensors is

dgrﬁgclhezq i %Iﬁx r ]En &%éﬁ 6‘28[) ﬁgar{ucufér cmgle AR ﬁ&ﬁgy the radius on a wafer

ary sensor- s,

acGeidanasndt hrienarentpdbieality of sédierspk @i6h¢d along the particular
invention. As can be seen, ten conplenentary sensors

1218@1u&280hlar @ede@fme@hnaﬂowg apletioadsQfs Reatz@ngd a3eet elitanti-phase
se with one aﬂgther onal |l y

:
oro R ebieha Py BoeBls 136 05y s BaTPERIAELY & ong as

defé B&HA! £8 Qnﬁoxrnﬂ 'dfs?tnﬁlte@@ﬂ)n 8Re pofcuRf radiesetheiwter carrier
each other'. 30 [0063] Althoug the enbodi nents of the

preesenting rwesngnlﬁmﬁhlaveuMHmsedshnnm signali ndfardenstange, the set of

t hrough ten conpl enent a ensor i.nar

S TIP e SERPToZmAL e 300 aorsD 7 b S LG out of phase
thath tRE&MHIRE BRRE, ShRks KAROR! BSED120 W¥EREL 8% HRYhase with each
i mpl ement any suit’abl e combi nation of uniformy and
equiadr] fpudsensors being @0slegses 0 of phaseedthataghgthehestc.sane
circle of the carrier- head to produce sinusoidal, ,
si[@%&]s s ubsthgnmiethiofl ythew roostinites g ongratipn; B@8 viafwhich the signals

er - ckness. Furth reciate

L RErRiuP | B0 iP5 o S b Hab T BRBEERE S e messured
dlp%creb&mg %joé&ﬁtﬁﬁf $1 00afined (Rl dcongsoRest df\Be géﬂe@ét@di signals are
can be 1 nplenented to correlate with the thickness o

vvafvataged aymtmgt a reogphenAtionesigead at antsnumg to r@esaéWQofS& an etch

| Radetint PR oomemy i, AEOGLER GRmRrEEan S i Be&imhOS using the

sggﬁmﬁ§hoﬁ9@nﬁnbodlnents of the present invention can
10 be inplemented to suppress signals generated by any

Sydbe¥p! e typesiful®ensppretiated. that AlHough 66 ,one apewidiragte @he wafer
S%erncer 1se tal(igned with the polishing pad using a gimbal, the embodiments of the
present invention are not limited to CMP systems including that implement a gimbal.
Additionally, although one embodiment of the present invention is shown to be
implemented in CMP systems including linear polishing pads, in a different
embodiment, any appropriate polishing table may be implemented (e.g., rotary, etc.)
Furthermore, while the embodiments of the present invention have been described in
terms of a CMP process, the complementary sensors are not limited to a CMP
process. For example, the sensors can be used within any semiconductor process that
removes or deposits a layer or film on a substrate, such as etch and deposition
processes. The invention has been described herein in terms of several exemplary

embodiments. Other embodiments of the invention will be apparent to those skilled

in the art from consideration of the specification and practice of the invention. The



[ 00651 For instance, the infrared sensors may be

i npl emented to neasure the tenperature of the 4 August 2006
polishing belt over- time. It nmust be appreciated by
one having ordinary skill in the art that as silicon

substrate is transparent to tHe infrared signal, the
15 infrared signal can detect the tenperature of the

t rimbgdiments pndprefareeddettureagescyibet ahoye shedd B copraqrgd exemplary,
pr se - . surfac I;.shing pad. In one
eﬁgggﬁﬁgﬁvgxfﬁggn%aféﬁxﬁpgﬁﬁé&%?ggéaﬁgkgonitored to
obgeLNE -1 rature variation during the CMP  process.
In one 1 nplementation, the tenperature of the wafer
and the tenperature of the polishing pad begin to
decrease at the endpoint. 20 [00661 Figure 7 is a

fl owchart diagram 700 depi cting operations per-forned
to determne the thickness of a netal filmusing a
plurality of conplenentary sensors, in accordance

wi th one enbodi nent of the present invention. The

nmet hod begins in operation 702 in which a plurality
of conplenmentary sensors is provided. In one

enbodi ment the plurality of sensors are ECS sensors.
The plurality of conplenmentary 25 sensors is defined
within a wafer, carrier configured to hold a wafer, to
be processed. In one enbodinent, the wafer to be
processed includes a netal film Then, a conbination
signal is created using signals generated by the
plurality of sensor's. A thickness of the netal film
defined on the wafer- surface is then determ ned using
the conbination signal, As described in nore detai
above, the sine suppressed 30 conbination signal is
substantially unaffected by the sine conponent of the
noi se, significantly correlating with the thickness
of the filmlayer being renoved. 4 August 2006 is
[00671 Reference is nade to the flowhart 800 depicted
in Figure 8 illustrating nethod operations per-forned
in detecting etch endpoint inplenmenting a plurality
of' conplenmentary sensors, in accordance with

anot her- enbodi nent of the present invention. The

nmet hod begins in operation 802 in which a plurality of
sensor's is 5 provided. Next, in operation 804, a
particular- circle defined by the radius on a wafer-
carrier is defined. Thereafter, the plurality of
sensors is defined along the particular- radius within
the wafer, carrier- in operation 806, creating a set
of anti-phase
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conpl enmentary sensors. In one exanple, the sensors are

conpl enentary so long as the sensors are uniform y August 2006
di stributed along the particular- radius in the wafer,
carrier, 10 generating a significantly suppressed sine
signal. For instance, the set ,gf conplenentary

sensors may include two sensors, each being 180 degree

out of phase wth respect (g AInS other, threes

sensors being 120 degrees out of phase with each

other-, four sensors being 90 degrees out of phase

Wi th each other', etc.(gOOGS] The nmet hod then

conti nues t oA opethad i fon BFSting avtielnesheol st dwsr of ggvafer to be
generated by eg@ﬂ sensor in the set of conplenentary
seneEPcdaths ?%%Pn%m%ceedlng to operation 810 in
\é\{q/gfggé% 1n18n:ggzp?urm S n%&)rs %, ?&ie {an&gt&oé ?aa(!)fsccgﬁ]tﬁementary

I nui ng
h endp0|nt of a nmetal film

dg§|%%%&%ﬁﬁ%ﬁ%ﬂ§£¥§%psurface is determ ned using the

conbi nafidtAbutiigdialplurdlity 00 06Rdrs| dlorphophrdchler aius e itled walfer such

that al though in one enbodiment the wafer- carrier is

althgireach wensdr it het gfphashivitlyapadjacest segser yi adsale anglee

enbodi nents of the present invention are not |imted

t 0 CMP rBsaswiaRg:signads gatierated haihe plisalimehsensors; #dal .
Fvent f’a&%‘r’a’géggﬁ' RIS 2O DY dHeEE Y AT eRP ST g generate 2
' %R&%aﬁg gﬂglafhe ang g&%’b@ﬂ)g%ﬁﬁgﬁ'e@ t&ls FJS? B&f‘ltlaél%g disturbance

appropr rat’e “po ing t e may

' qﬁ'tﬁ@%hﬁ%aﬁ%n Qs-l%na'l Othar somthdtioh sifphHl tAGABIBI T, bad IcBrrelated to
t he enbodi nents of the present invention have been

dagattifpad thickndsebfrhedfyea CMP process, the
conpl enentary sensor's are not limted to a CWP
process. For- exanple, the sensors can be used within

any sen1conductor rocess tha renoyves. or- deposit .
layer or 11 Aol SUBEHFAIR S higge S Eincte agkness of e water
2503|t on z Efr £385es, The invention has been

ddOET FHLRF YRPBING i SFr s of several exenplary

enbodi nents, O her enbodi nents of the invention wll

be apparent to those skilled in the art from

consi der at i @0 Qéthbiieass pRGkLd i igatian Anevhefede tih CHnofis tdefined as
i nvention. The 4 August 2006 19 enbodi nents and

prdefeemningitg the altickress dthe taybeds thb byer g pricérecd.

consi dered exenplary, wth the invention being

defi ned by the appended cl ai ns,

4. A method as recited in claim 1, wherein the combination signal is

implemented in a semiconductor process.

5. A method as recited in claim 1, wherein the plurality of sensors are

eddy current sensors.

6. A method as recited in claim 1, wherein the signals generated by the

plurality of sensors are out of phase.
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What is clainmed is | 4 August 2006 20 CLAIMS 1. A

met hod for detecting a thickness of a layer of a waf &ugust 2006
to be processed, the nethod conprising: 5 defining a
plurality of sensors configured to create a set of

conpl enentary sensors proxi maje the wafer;

distributing the plurality of sensors along a

particubar radideshodl at hecivall & Saleh 6, thiddreiaaatersgngothe signals
is out of phase with an adjacent sensor by a sane
angdrerataieasthe phgalgy ghisdnsorgenlestatieldy blymirates plgnakduppiessbn.
sensors; and 10 averaging the signals generated by the
plurality of sensors so as to generate a conbination

osei 1 4 ng Yﬁ%tﬁ?%ﬁq%&@tee'c”%g kR b Bl S, of @ waler o

conbi n capabl e of being correlated to
|S§EWDFvS?ﬂ§“?Hmﬁ ngggpnl The | ayer. 15 2. A nmethod as

reci teddéfﬂzb zg Jﬂléular%&rug'opthte%férmaﬁi%?ess of the wafer

| ayer ca termned in situ. 3. A method as

reC|tedmbmdmgnﬁmﬁbf§m§ﬁ§|n in S|tu is defined as
determi ning the thickness of the layer as the |ayer

bei ng pdadmessid pak®f 4ensbrapbhiothtathevedfer ddng theqiastionldr, radius of

wherein the conmbination signal is_ inplenented in a
sethe c’fnfmﬁ@pl@ﬁhq@rad“e@s@m% of Ahgypaif ofiseasors at Pulerf Rhase watha second

1, mher%ln th Iur WL nsors are 25 eddy
c Ui ot dhsray a@f ﬁé? ﬂ“ﬁ% recited in claimi,
wher ei n Ezﬁﬁnﬁ % Fﬁ%ﬁ&ﬁ{eﬁt %/dthQXir% rk%ﬁ%oglaﬂgathé]'éé(c'gﬂﬁ sensor of the

sensors are o ase Augus
rrelgg‘llo&ks@ﬁso@%ged in claim®6, wherein averaging the

si‘gnal s
averaging the signals generated by the first sensor and the second sensor so as
to generate a combination signal, the averaging being configured to remove noise in

the combination signal, the combination signal capable of being correlated to identify

the thickness of the layer.

9. A method as recited in claim 8, wherein the first sensor is out of phase

with the second sensor by 180 degrees.

10. A method as recited in claim 8, wherein the pair of sensors are eddy

current sensors.

11. A method as recited in claim 8, wherein defining the first sensor of the
pair of sensors out of phase with the second sensor of the pair of sensors is configured

to substantially eliminate signal suppression.
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generated by the plurality of sensors substantially

el imnates signal suppression. 8. A nethod for 4 August 2006
detecting a thickness of a conductive layer of a wafer

to 5 be processed, the nethod conprising: defining a
particular radius of the waferycarrier; providing a

pair of sensors; defining the pair of sensors

proxi mate the wefhed @l elged NE @aint | % UvRErenadh Ustedfity of signals
the wafer such that a first sensor of the pair of

segesorngd isy Ot firsf sepbasmdvihe ke@ndecosud of 1he peindsemsbrs correlates
the pair by a predeterm ned angle; neasuring signals
geﬁehdﬁébwgyﬂﬁhéﬂﬁﬁ@@hwﬁehbﬁﬂ and the second sensor of

the pair of sensors; and averaging the signals

generated by the first sensor and the second sensor so

as eneg% (}dca% Egc:)r%\/ b iy %gwﬁe bTéH%' i;]hl&nregsgc&fqge conductive

belng confi e nolse’

AN b@ﬁ?{@hﬂ & as thbEorf ?@v@l@gérngéh flceapabl e of

ng correlated to 1denti e th|c ess of the
Iayer 9. A nethod as reC|ted in claim8, wherein the
first sensor is out of phase wth the second sensor
by 180 ldegr e®smetR6d 16 reckedenhhdainas, méeidiedhé¢ mombaiatimi8 signal is
wherein the pair of sensors are edd current sensors.
11implenpgatdsoin assemieendaetor mr@qeaﬁ, g, Tuther @fh@r%fth%ﬁﬁ@lconductor

the first senéor of the &alr of sensors og lanar
PHAREESTIR 1 E11B PESEEn AR HEBITOreSE 1 TP BHIgH lgngrization

configured to substantially elimnate signa

s&bpre53|on 4 August 2006 22 12. A nethod as recited

in claim8, wherein an intensity of' signals

generated by the first sensor and the second sensor,

of the ypair Mof agrRses fos detectig athicknew dftn ddndudthiedkywe o$ a wafer

of the conductive layer. 5 13. A nethod as recited in

cltabapBcesshértbe apparsus doingitises of t he conducti ve

| ayer- can be determ ned as the conductive Ieyer-

bei ng ﬁrﬁl@é@é@ééf sensors configured to detect a signal produced by a magnetic
field being generated by a magnetic field enhancing source, the plurality of sensors
being defined along a radius of the wafer such that each sensor of the plurality of
sensors is out of phase with an adjacent sensor by a predetermined angle,

wherein an average of signals generated by the plurality of sensors is

configured to create a combination signal.

16. An apparatus as recited in claim 15, wherein an amplitude of the
combination signal is configured to be substantially proportional to the thickness of

the conductive layer of the wafer.

17.  An apparatus as recited in claim 15, wherein each sensor in the

plurality of sensors is an eddy current sensor.



14. A nethod as recited in claim8, wherein the

combi nation signal is inplemented in a sem conduct®pyugust 2006
process, and further- wherein the sem conductor 10

process is an etch process, deposition process, or

chem cal nechani cal planarizatjjon process. 15. An
apparatus for detecting a thickness of a conductive

layer, of. a mahpparatud abecREOGLAsRH] S thigeréiapA¢ adrdbination signal is
conprising: 15 a plurality of sensors configured to
deingd¢mentsd greadenpeoductedpioyesa. magnetic field bei ng
generated by a magnetic field enhancing source, the
plurality of sensors being defined along a radius of

the wafer such that each sensor - of t

s ensorsls aﬁ?arﬂﬁ%@ser eGRFhnRI B S &% g‘ﬁ’{el‘% gﬁstg‘r&%??s gf the wafer
ed§%e£g1g§e ing gL”m erein an average of signals

gen e plurality of sensors is 20

configured to create a conbination signal. 16. An

apparatus as recited in claim15, wherein an anplitude

of the 20combAmadppansi @Nateiled HORBfaiGUIEdwherele the semiconductor

substantially proportional to the t hi ckness of the

camderst isvan ktaly @roass, tdeposnafneprocesg Sorlchemienl apghr@Etal plasrization

recited in claim15, wherein each sensor- in the

pliPeHs$ty of sensor's is an eddy current sensor'. 4

August 2006 23 18. An apparatus as recited in claim

15, wherein the conbination signal is inplenented in

a sem conductor process. 19. An apparatus as recited

in claim15, wherein the thickness of the water- 5

| ayer can be determined in situ. 20. An apparatus as

recited in claim 18, wherein the sem conductor

process is an etch process, deposition process, or

chem cal nechani cal planarization process.



