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[0005] A technique sometimes used to detect the endpoint of an ongoing polishing

step involves the monitoring of the frictional force between the wafer and a polishing
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the end of a polishing step as the layer under analysis becomes infinitely thin.
[0008]  As aresult of the deficiencies in existing techniques, the rate of defective
products is higher, resulting in lower yield and higher cost, than would be attainable if an

effective in situ monitoring process were available. Moreover, the development of new
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[004 &y t ZAn apgthengmbpdiaend of fasingsntiog, the quartz crystapnanolgalmlce(s) is

used to detect defect-causing events, such as scratches, during the polishing process. In
this embodiment of the invention, the quartz crystal nanobalance is in acoustic contact
with the surface being polished. During a defect-causing event, additional acoustical
noise is generated at the surface of the wafer and transferred to the quartz crystal

nanobalance, often providing an additional noise frequency spike, detectable by the
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[0020] FIG. 5B is a cross-sectional side view of a wafer mount, wafer, and crystal
according to an embodiment of the invention wherein material has been removed from
the surface of the wafer;

[0021] FIG. 5C is a cross-sectional side view of a wafer mount, wafer, and crystal
according to an embodiment of the invention wherein the material that has been removed
from the surface of the wafer is deposited on the crystal;

[0022] FIG. 6 illustrates a simulated data plot showing polishing time versus crystal

frequency for an embodiment of the invention;
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concurrent frequency change of the crystal. In greater detail, when material attaches to

the surface of the crystal, it causes the crystal resonant frequency to drop, and the change
in frequency is related to the change in mass. This can also be monitored by delta rather
than absolute value for more sensitive measurements. For example, in an embodiment of
the invention, the difference between the crystal resonant frequency and that of an
unbiased reference crystal is tracked and used to more accurately determine mass changes

in the primary crystal or crystals. Using this technique, mass changes on the order of
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[0031] Finally, a Computer and DAC (digital-to-analog) module 121 is integrated

into the system 101. The Computer and DAC module 121 serves many purposes in an
embodiment of the invention, including (1) monitoring the quartz crystal nanobalance via

the QCM oscillator module 119, (2) monitoring and controlling the positioning system
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oscilItaatr medul¢ AE sy:snmctezm desmibeil ebevesandal C@hputgr zmddDAnglgltal-

ent wor k sembly 205, .and a i tioning
Lﬂgg £F Zﬁ'd E‘Fa@l e gﬁ&?@@%%te&%ﬁg ises a cell
[003@]9 C vl R, M8 SorRLRiBASBowh BEFIRASs dislidet fRonveak kit@vn in
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FIG: Ipwitle respens tathe poFitiopingofthsspiarte srystal peppbrlangg oin particular, the

ed as. described abov
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shown in FIG 2 is distinct fromthat shown in
225 is located at a remote site such as in a drainage line or reservoir 227 for the cell 209.
In this case, although the crystal 225 is not acoustically coupled to the work assembly
205 or the wafer etc. of interest, it is still in contact with the slurry, and hence can still
receive polishing byproducts.
[0035] Work assemblies in accordance with embodiments of the invention are

illustrated in FIGS. 3 and 4. In particular, FIG. 3A illustrates in schematic top view a

work assembly 300 according to an embodiment of the invention usable in conjunction



FIG 1 with respect to the positioning of the quartz
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wafsEi®Rhiosed Op Vi ew a wor k assenbl y 300 according to an

enbodi ment of the_invention usable in conjunctionwith
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enbe i i Al ri . i .
SR GE 8 Br S Al Yo pOrARBl o e Rl
quakt GrysBB3 1 Stiag el ih lavmistia testadt vethowifea s isylgced (o thecentral
per sgect ive sjde vi %\év with the wafer 303 renoved.

recgs9 G ]aSF?éiﬂé}erqiﬁ?@‘SSﬁé log-FIG 3B, the waf er carrier 310
[0037TP" |55 ETieflt %&Eﬂ&é & the 8652 e3driheli ¥mbdalAi Mg o AhWakRhtib®1s the

processi ng. retaining ring 313 surrounding the
abili®ae same3Adresgonss ed theayuan dryatahedrebalence legesed teparticular

carrier 310 for proc [ ding t nbodi nent ,
maigfialsnd PHUSHER oo STROARED! o S EYFnidtn s aPape RS pabpld t
the gﬁw& G Ighntopﬁlaitiﬁa_tt@isﬁhﬂ&té inAg *pesibn beorelLiiple, reducing

arrier 310. i s enbodi nent of the |nvention, the
iongatathe zlectrydst surfagd, SDifyrensdidses eppaastl ia dilderenicieastions Hor

waf er that, i | aced i n,the central 3
exapghly, s BaR Tt bRS HERsS i kP eafRE T thdsthve 85 the quares
cry%tﬁﬁiﬁgsé’lgﬁ&,e%ﬂé heths@TROUERAN 8116 thedposivien bf timtaldm on the
e a

Ity to tune the response of the quartz crystal
surfrae obthe amerz trystabaatobalengsarlYlpieayvers thewpali¢dpias mpay be

articular, .in ap e di [ [ .
cdigiiealrepea duia Qs E EPad AR R o anébus rate of
rerﬁ@gp&péamtrﬁatgﬁﬁﬁul ate mass deposition by, for

eXanpl'e, reducing ions at the el ectrode syrface .
[0088] f erThetpresedinasnechanisesior mopiioring the raneval saes plonultiple

ma]é?irals allows one to check the instantaneous rate of removal, but does not allow the
measurement of overall removal amount of a particular material since the quartz crystal
nanobalance is sometimes tuned to a different material. In an embodiment of the
invention, the simultaneous continuous monitoring of the removal rates of multiple
materials is provided by incorporating multiple quartz crystal nanobalances into the wafer

carrier (or slurry waste reservoir or conduit). Such an arrangement is illustrated in
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therceysid] €maroriitgaths rdte ofiremaval &hhwwvafen) WillGefl@gt thd BE3Ipr beth
an, enbodi mrent of the invention, the observed
Bsition differences between crystal s having

[003bI fergRtach! k@&%tﬁ@ﬂ HRBHMSEEhS Bbd¥PVed rRe 6 b 3@ltdtial of interest,
ermne a desired deposition rate. For exanple,
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el Vs gptatates BBRE i BIC: b RS tiey B B0n by pEP Emgiilgy ot
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trugrqtncrl]lcau Ty tﬁ‘é thte of deposition (and hence polishing) of material y. In an
apparatus having only a single crystal, time division may be used instead.

[0041]  The rates of deposition of materials are often bias dependent, and thus the rate
of deposition of material x on the -0.99V crystal will be slightly less than the portion of

deposition on the -1.02V crystal attributable to material x. This difference will be



[0040] In order to attribute a fraction of the

observed rate to a material of interest, e.g.,
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rin er co
surface of the wafer 511 by the polishing process, and are sited in the slurry or solution.

It may also be possible to induce larger entities to accumulate on the surface of the
crystal, so that, e.g., dissolved high-surface charge colloidal particles can be monitored.
It may also be possible to monitor nonconductive material removal rates if they are

induced to form charged colloidal particles in solution. Materials that may be removed

10



recess 517 for holding a quartz crystal nanobal ance

515. The quartz crystal nanobal ance 515 nay be secured
wono@liags7vi a an acoustically coupling adhesi veCT/US2005/020612
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the vertical axis represents crystal frequency, also in arbitrary units, shifted to start at

zero. As can be seen, between the start of the process and time T, the frequency of the
crystal changes in a linearly increasing manner. This is indicative of a constant rate of.

accumulation on the crystal, and thus a constant rate.
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about that sanme tine. Note that the response of the
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and thus no temoval of th _
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cne gty i gt Seeetes. RPN Sainsitra T Hertbe Phigons ppaaliean.
the ehd fiht| cal B ARRERA AR or aRBikeToR B{ﬂbéteﬁlti@l(@l{%hél f1¥the second
onl'y and that the Observed renoval rate may not be

dermatlsd: afithe cifistal timeditquoncyadato Susblaspdes vaould imtiessel thag the rate of

da tegﬁjfo val uati ng non-constant rates. For
acc@%i B Ay iR gllﬁ"ﬁ ing of certain materials, e.g.,

[0069]0 peryhildi@e@bbee RBhdifhidsifad érﬂ@oﬁﬁﬂét@éildﬂtﬁndﬁ@te\ﬁitbrﬁﬁrmg can be
here is a |lower polish rate. It is useful to track
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Cod.

e e o TRyt el P BT T B34 alR 8 boniaghuigh the wafer

In th@bﬁaﬂ%@ﬁien’é §invas foradxafipRy HEFIGS. BAsHOtEe a@)‘usﬁdﬂ hnlq tatwezn the
nanobal ance may have to be cali brat

crysfa datk:e whEer dheindeq Walek e9TEi8r JRGGAItoR, the eryst n;a@;rbe adhered to

the ¥ ier%ﬁl an acoustically conductive adhesive. In this embodiment of the
invention, when an abnormally large abrasion occurs during the polishing process, such
as due to a granular impurity in the slurry, the resulting acoustic disturbance is detected
by the crystal as a momentary perturbation in its frequency.

[0054]  FIG. 7 illustrates a simulated plot of frequency data during a scratch event.

The horizontal axis represents time, while the vertical axis represents crystal frequency.
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changes in frequency response are due to two speci es,
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derf{/%ﬁtﬂ@gas' JEQIrE STHRP N o thd Wetdpe Galue ¢ todtineinkts thd éffects of noise.
Identify the process endpoint, and to assess th

Fon axstplet sh@efua erizpbvmay he averagrd WS RS W@édminﬁ intggyals, or

d f
R T R e
subkRABtiAMRRhA LR ih fige @%@Qt(ﬁ‘ the first derivative has occurred, then at step 811, an

endpoint reading is displayed, signaling a user that the endpoint of the polishing process

has been reached. After step 811, the process flows to step 813. If instead it is
determined that a substantial change in the average of the first derivative has not

occurred, then the process flows directly to step 813 from step 809.
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except defect nonitoring could al so be perfornmed using
a renote nanobal ance. [0056] In step 801 of the fl ow
woheost128030, the polishing process is started. POTAIS2005/020612
typically conprises lowering a wafer or other itemto
ol h
[Oﬂgfﬁ] go Atsslﬂeﬁjdéldl A glre%rg a§ g@ Vﬁgés?gﬁ%ﬂet:rﬁﬂé}ﬁ 18 éx%te% ﬁﬁ%l@i@}t in the
freqedcy bveradﬁh tTidm maydbbalbtenglmd dbiycnalerltléyang a(shaipumrgease in

v of the pad and/ er carrier
deve%mﬁg@auew TagasreRSEts fqre V*}aﬁéélbﬁ?amvefqgéqgﬁ%w gmot the
ave?é(%rlfsélf %BX@%@' TRAAgh& é‘ﬂﬁ@rehs% 19 RiredonREL prafaskncs ‘tﬁftﬁﬂ increase

a renoval rate 1s cal culated and dlspla ed.
of zm czrdmsfeniagwud@;s tylblealbemﬁﬁqbntrtanreilq:eée tiwasoedurmqmn Of hdefect-

frequenc
causp RSy s e T Hang oS bP Rt ekt B BBl in e
frecgﬁéﬁb}f b tin®d, *tﬁb%&h@?ﬁo@%tﬂd\‘@ tb )éte‘EVSIHHWH@E laYdefdcOraalifnghis
he rTenoval rate it necessar 0057] In addition, at
disglﬂléﬁ}ﬂ gadthetninecess reéurnwmtsmq pryip thesprovess foatselinegily to
g@§ulated It is determned at step 809 whether a
stantial change in the average of the first
[0069} | vat wilEbd@spresaed thadnew hed uﬁuqurodebemnﬂmﬁl@m\eﬂlbdeand
is to elimnate the effects of ngise. For exanp

th
aprRratases Beve Reah idoeeripay %lna\l@rvaf'gw @GQ?WIP@S%P]@@QHJOHQH@E to
r
ol T N o A S REL IR RN
emB@tHﬁxbﬁI@ tdesdribeth hagim with téspeca\t@tlﬂgha\&i&lgﬁlmrém arsmeant to be
_derijvative S occu %g, th n at teg 8 %i,.an .
ﬂlué‘iﬁﬁb’éiqlﬂy H]gﬁl ffoé fesEn ay Ei“mé% ‘3 araeg 16 {Q¥FntoR, dor
exa?ngﬁ Q)'f?lhllqg Bt \Qlﬁ fe%@ rﬁ& tREORE %&cﬁ@%oﬁﬁ?ﬁaﬁons and the
ache Arter step 8 process flows To ste
Shaﬁés'SShOIan are sXeaaa;nianytandsthaﬂ ehemﬂ]nstmé@ﬂ «tmbmdlmesna loan thisiba Imodiﬁed in

t h t
Seemerend defgh M Rt AFotlind Bovihg Shrf St Satfatan Bo5
00%0]?”‘ SRRtk §8RBlioAhs 8ds8Rb&MRreih REnRHPEASS I such

erm nes whether there is excess varia ility in the
embodinpents @y muy eome wighin the ssopagf the fellovangrlaigs #ny equivalents

|dgnt|fy|ng a sharp increase in deviation of frequency

surements fromthe current average, whether or not
the average itself changes. The degree of increase is
| eft to user preference, but an increase of an order
of magnitude is typically sufficient to indicate the
occurrence of a defectcausing event such as a scratch.
If it is determned that there is excess variability
in the frequency over tinme, then the process flows to
step 815, where a defect reading is displayed, and the
process returns to step 803. Otherw se, the process
flows directly to step 803.
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[0059] It will be appreciated that new and usef ul
process nonitoring nethods and appar atuses have been
wdeswsrizksd herein. In view of the nany possi bl 8CT/US2005/020612
enbodi ments to which the principles of this invention
may be applied, it should be recognized that the
enbodi nents described herein with respect to the
drawing figures are meantCiiAaM® illustrative only and
shoul d not be taken as [imting the scoge of the

i | h
1. i nviemethod formoniigia BOLIHHBRIOGESS CRTPSIRG theStePs O i | |

re | i ' AnddogMt8hitRBst Mefcd Rehin a cell,
shZ%g%rsﬁ%Wa}?cggggggﬁgeﬁswgnd stphat t héggi [ usg r at elél
hiveDinatetahistrams vaabfromdhd faeget surfaser angenment and

detail wthout departing fromthe.spjrit_.of e

B et he DO St AT porgn gL IR removed target
matdeaShieshBRE 8F B r&8RLABBIAGBIAhL caluahe RRbRGI BB Bavisg a

may come within the scope of the follow ng clainms and
resodgnteviedopabay, tireestsonodfying/eresonanast firsgenrey offbarasenan §ody:

a polishing process conprising the steps of: (a)
andperf orm ng a polishing process with respect to a

t ar @plet@fihRe ShaWilheé Bf fe ¢@bhancelfryeincyalutiap gied monitoring
material 1s renoved fromthe target surface; (Db)

proetss.i ng t he polishing process, collecting at |east a
portion of the renmpved. tar i ] ) £
2. o BpetaeBdpropag R Ee § Bftbe Epiiisfls Mferkliing Wat Bfatc o
chaﬁ%é’(‘)fpcﬁe fesbRARB FRGBerloy @ R 1eYonahiievdytiys sulshtdnyiatiy chnged and
resonance frequency of the resqn}g}q}té body; angﬁ&:ﬂ he tarect
signiding theit pubstpntinbly elliof thegpreptipateraldiig heeh Fmays the targe
uring the nonitoring process. 2. The method accordi ng
6> claim 1, further conprising determining that the .
3. I atphdhetbaagerdingtid elaimd pwherein the eigp of oplledtingtag least a portion
resonant body has subtﬁt antfi al | change nd‘sirﬁnal [ nlg ™
of thivzamasied sarapfaierigl on the syriacR &f theTgRanapieRody; S PO gL A Al
4. '€ Vegﬁ%e h%? d SiH%qggﬁ&}flu%L&%ﬁr thS resdRght WBEY B quartz crystal
g to clal ,

acc n efein the step of collecting
namdbalb@@st a portion of the renoved target nmaterial on

B oL RNt 020 S LA b e
e SR @ NP RGN thSfRmBIRhdtA iGhYySt al  nanobal ance.

6. The method according to claim 1, further comprising providing a second resonant

sur

body for monitoring the removal of second target material.

7. The method according to claim 5, wherein the quartz crystal nanobalance is gold
plated, and wherein the step of collecting at Jeast a portion of the removed target material
on the surface of the resonant body further comprises applying a negative voltage to the
quartz crystal nanobalance with respect to a reference electrode.

8. The method according to claim 6, wherein the step of collecting at least a portion
of the removed target material on the surface of the resonant body further comprises
collecting at least a portion of the removed target material on the surface of the second

resonant body.
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5. The method according to claim4, wherein the target
material is netal, and the renoved material is in the
woéaonimiesssmet al ion. 6. The nethod accordi ng toPCIrAiISE00%/020612

further conprising providing a second resonant body

for, nonitoring.the r . e :
e
for féricting Amemddlcdderciise gotrdippingbachemidalwherhenical prdishing

step of collecting at |east a portion of the renoved
progeas, gemprsing theattersPft he surface of the resonant body

fur i ' | i FotBssY BLiiGHigaltyHe B

qudp S IEP SRS BRR AR RIPRAR IRy Bt aiEalbAng o
resddbeet fragencybof diiesormmnt baly tacewrdineg e ofichamgedf thihEeguency,

the step of col|ecting,.at. | east a portion.of the
whargi ey Stechgt eF P URE BRECS PR SGHA ) GOdFme
targgfg%f%t:é‘fot W&eg%ﬁ%dr?ﬁ% sG@hde@Fihd@sciant BRBL add PhEdeiOhe

e renoved target material on the surface of the .
res@anoineiueasorithe résongnt dodisaelatedtte ther aseeit P reveaiied Material

havi ng t her eon nput er - execut abl e i nstructions for
depB@FeFi_cﬂnﬁ]g%ﬂH Cﬁ\é’%ﬂ}?&eﬁ)‘%ﬂaﬁ@f"g&i ng an endpoint of a

ch e%g gétket {a6iBh 1PMeir88 iof ehadee ¢ &8queROypf ilkira@nhitebody;

ste of: (a)

during the chem cal nechani cal polishing
andpr ocess, periodically checking a resonance frequency

of resonant. body to det ' e

bl FERETARoR e PO 20 Ol
thrRRbIHSHERSNP RS QRPoiRUS B dieithl mbchaaital polishirgrpracess.

target surtace to be deposited on the surface of the

10.1 es Blesosmydetyreadable MAdivg) accending teshmnt, Wherdh disdyseppnt body

. the resonant is related to the anmount of renoved
is afAtly PPt %%El%?é%ﬁ'on the surface of the resonant
11.b0dYhe édMpiateaddbigmadivar acebiding toreldimel 0; stheredr thehoatgeal
in frequency of the resonapnt body; and (c) if. the
rempyedl oMphtay get speace ’ ’
TGV L T N
EXGe t . Qb mafr@DA!ih Mehié B m once
tungﬁgbg)?cnﬁeﬁgﬁaﬁgg, %{?@n&ggfl%ﬁ%ﬂni cglla pol i slhi né process.
renid¥ed. The conput er-readabl e medi um according to claim?9,

wherei n the resonant  body is uartz.crystal
12.nandBAPBHEES T PerioRinggREsAl PSRl Bl process
corﬁ}‘%r(fs%g ng to claim 10, wherein the material renoved
oma

target surface is selected fromthe group
C ongi) atceh gorqferfoapjrayr the thamiatlumgchanical polishing process;

(b) a target surface mounted within the cell;

(c) a resonant crystal mounted within the cell, wherein the resonant crystal is
situated and configured to collect on its surface at least a portion of the material removed
from the target surface during the chemical mechanical polishing process whereby a
resonance frequency of the resonant crystal is altered; and

(d) a monitor for collecting data comprising a plurality of periodic samples of the
resonance frequency of the resonant crystal and for detecting an endpoint of the chemical

mechanical polishing process based on the collected data.
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tungsten, nickel, and iron, and wherein the renoved
material is in ionic formonce renoved. 12. An
wapp:riasals for perform ng a chem cal nmechani caPCT/US2005/020612
pol i shing process conprising: (a) a cell for
per ' |6 Ui SN A |30t RFURHACRBSted
13.0 b)ﬁger%jﬂé’rg%é‘iﬁ?ﬁ‘?‘?a BN ARLCR B Mt uRthélRapted to
provids an andpdiitysikmit sipnalnt ed within the cell, wherein the
resgonant crystal s situated.apd confiqured to col.l ect
14.0n THesparef i orineda ol of L1HGhQRPRTEE fpelpmajed controller

for Fzrgrgﬁ)glﬁxlﬁc%é QRG] tmediBRicabpolisARS ﬁb’{)e‘sﬂ Gndl 18 HiRgAAtEAlly stopping

pol 1'shing process whereby a resonance
the themjigelmgchahicelhpliskmgpeaerestinyssnonse © the erdpoint oatmt gignal.

a nitor for, collecti ata compr.ising a pluralit
15.5¢ "Ransied o7 deiiint otk AR E aGRIREAE pREeS Relfrfine e stops
of:resonant crystal and for detecting an endpoint of the
chem cal nechani cal polishing process based on the

col (apperéetniag a pelshinghprogess avibt igspestiocy tarash suréace veihin a cell,
1 wherein the.mnit ' r ted to provide
Whgﬁb%ﬁ aﬂﬁ%?% ﬁ]?at%rﬁﬁ iﬁen%‘ﬁvgé gjloﬁl @g %rg’ﬁes u%g%gr at us ag cor di ng

to @@fdﬁidiﬁ ah HEGURBE coanPbetiorg tientasyet surfiicednd a resonant body
controller %or controll'ing the chem cal nechanica
haviied 4 slsphegt feaRedsy; and for automatical ly stopping the

hem cal. . C o :
e ifling TE BN ffe pRRGS ol QAR drn! SORGAGEof e
reséhall€b&BLt adir i ng a pol i shing process conprising the

steps of: (a) performng a.polishing process wt
r es&% deterrgingng basgd on sharacteidstics Pgﬁhﬁ rgﬁ"@%‘ﬂl f{fe%ye%);h%resonam
et ' | scdufigved fromthe target surface;
bm%@&gﬁﬁ%%?%?%%ﬁg%ég%oustic contact between the target
16.sur Themetnd aacorémgnantaithddywhereinrthe eespmsd badt is a quartz crystal
frequency; (c) during the polishing process,
I ®ring, the resonant frequency of the resonant

17.000rhe ARtholAbcAEENI LAY cDRAGRINRe Chgd Ak @i 3 heRIIR]
the resonant irequency of the resonant body that a

18.def h¢ methedtactmdingde ulaired 6, Whereintthe tasgdi oehterdad oy apnmestalbe.

19.g|r 3i§;tnc1é>|ilnsﬁutewgz{d%.\3{é r}lgcﬁuﬁl%ségﬂ%%erggﬁj é/or%lg’utgr-e %@ﬁt%%le instructions

for performing a method of detecting a scratch during a polishing process, comprising the

steps of:

(a) during the polishing process, periodically checking a resonance frequency of a
resonant body that is acoustically coupled to a target surface to determine variability of
the frequency;

(b) detecting a substantially increased variability in the frequency of the resonant
body; and

(c) if the increase in variability in the frequency of the resonant body exceeds a

predetermined threshold, signaling that a scratch has occurred during the polishing

process.
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nanobal ance. 17. The nethod according to claim 16,
wherein the target material is nmetallic. 18. The

worbdsadszaeccordi ng to claim 16, wherein the targer/us2005/020612
material is nonnmetallic. 19. A conputer-readable

20. MG, Yﬂt&%&db"éfeﬁﬁﬁﬁiﬁﬁ%%ﬁ{ﬂ ¥ eRihab! §hbRst he¢LdofRF body
for per od h d

rmng a mnet of detecting a Scratc uring
is aguatd trybtahganobalesss, conprising the steps of: (a)

during the polishjn rocess,,. periodically checking a
oL e R S5 B, e o

remPCRVELIGRE Yot QAR s §Qeded AOBEhe gfdﬁ? bBsibihdstceppine
variability of the f b) “de g a

requency; (b) ectin . '
tantglubs thickel, alrdggtennicorg aaeg ewehdiekegiria, egd shallowdrdoch dirdentyc.
f th t dy. d;. if the i [
2. U AR Bt R reRB Y pedelibhe procke PRBERER “boay
exC(ﬁ)%iéelafd@@eﬁsﬁﬁhgm?bushmgwe@b; signaling that a
uring

scratch has occurred t he polishing process. 20.

Theb} atasgstsrripecraawited withinghe sélbor ding to cl ai m 19,
wherein the.r mr a crystal
nan@g%\fegﬂ%%n.t C%&lﬁ] %@%g%g{l@@rcggdét e medi um ~
acqay 8 nftaitbofozlcailentiag dawtwerdirisingleplmalier dfyeriogivamegles of th
fromthe target surface is_selected fromthe giroup

resqpenes Bequspciel e prsepant crstah pdor deterdng an appyadly during the
J g ' [ ' and shal l ow trench

p0h<§fihgg g {:(%C?%Sggés%ghgﬁ %ggg‘%‘g?%% for performng a

23. pol Tighipparapuseceadingaopldimi2Bgwhémin the capkét shcface and the resonant

perform ng the polishing process; (b) a target surface
crysieh e aeusiisallyicoppsdeel | ; (c) a resonant crystal

24, gg ;“’T}geﬁpﬁ% L%i d@c&ﬁﬁ}%@ |l aim @D dwhEeirPhBRRbE QU A& and the resonant

ata comnprising a plurality of periodic
crysialmpé esousficdllyelecagpdethnce frequency of the resonant

crystal and for detectin n_ano durin
25. pol TheAPREARISHCEFE NEAS @lfnﬁrﬁz il ef&ﬁ%&(wo iy pdaptg o
pro@iﬁ@?ﬁ%&ﬁalg%%ﬁf@b@ﬁaﬂ o claim 22, wherein th_e t ar get
surface and the resonant crystal are acoustically
26. coUPheeappaddus dEherdingackins Safwdedcompriingtmpuippated controller

for \é\g)qn%{o?liirlﬂg tthg %ofisehrigg? %nroscclélsrslc %ol Qudco}ngﬁcarll%fss?orb%%g the polishing process
in response to the anomaly output signal.

27. A method for measuring a real-time rate of material removal during a polishing
process comprising the steps of:

(a) performing a polishing process with respect to a target surface within a cell,
whereby a target material is removed from the target surface;

(b) during the polishing process, collecting at least a portion of the removed target
material on the surface of a resonant body within the cell, the resonant body having a
resonance frequency, thereby modifying the resonance frequency of the resonant body;
and

(c) determining based on the rate of change of the resonance frequency of the

resonant body the real-time rate of material removal from the target surface.
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crystal are acoustically decoupled. 25. The apparatus
according to claim?22, wherein the nonitor is further
wadegstiestst o provi de an anomal y out put signal. B6T/USE®5/020612
apparatus according to claim25, further conprising an
28. 23Ut ERhElo8 ARy 8 cfafth 29 PR Oblth st BOYY S d¥lrtz crystal
process, and for automatically stopping the ‘polishing
nanpbzdm@ss in response to the anonmaly output signal. 27.

t hod. f uring. a | - t.i t f ter]
29. o AT PG BT PRI Ay oTRdEe bR PRy scied from
the %ﬁcﬁr@%oﬁﬁstlr(gadf dPPpED tamtINen i BRI tehdsReh, RORCGBESleW]tdle]ectric, and
respect to tar get surface within a cell, wher eby a
ﬂmﬂ@W@@ﬂdh%@kﬁﬁﬁl i s reaned fromthe target surface
30. ( b)l(;f?ettﬁletﬂgd %p‘?ﬁ@ %F ltcc' ;xr%:ez? TR th cgl#aiﬁ%c tnﬁr oba?darlsé% is gold

plat%ﬂl,refnd(vﬂle@ém ghe ﬂé}@ﬁﬂﬁllebtﬂ(kyat\helsm poftlbﬁ o€ eHel rembh@i target material
resonant body having a resonance frequency t her eby
on the gPHaLe R th%eS?%lbh%drrc@ﬂhrré@mw e srlaearneg%w&motentlal to the
t hange
au g e e L P e e e e
31.r eaA compater-adaelable nnaliwn having drepsoml cohrpmtertdrecitalsly ﬁistructlons
sur.facge. 28. The thod according to_.claim?27, wherein
for perorpeagf Aiet %%}E aéu%n%q%ﬁa[ -HIe e Of PARIRG Bn Rt duriaga
: ai m 28, wherein the target
pOll-gHﬁ ?%Clagsrdg sgflgélg@% étgpsrqr)'rft he group consisting of
c oma)adumtghb ablishingpokess, pdrlmdg:aﬂp nhecdkingrg resortaped Geqiency of a
dlelectrlg and shal | Wtren electrl .30, The. .
resqRaRHRY 4R S5REPRG A8 SRS FERo ficti e polishing
pro&dsy §£\f§1ﬂ:s RaRERAANRRd !ﬁ%anQ{a?gd? El?ftfa%@ ito 88 @ieﬁiﬁﬁé& bA telBirface of
step of collecting at |least a portion of the renoved
the teapgrat bodit, and avheosin thegresnmefitfiasiuenicyt dfghe easomant bodogyelated to

the giaIR P FPRPA REHADRPRE PR R B R bR
of @) aQtanpncatcdrphhfoa fredlench df‘ﬂf@r‘éﬁtﬁ{an’f Bafiakhe

medi um having thereon conputer-executable instructions
f or(cbéq’temlmnrggb@eﬂen Wasratsfofieharagrafifee Biequsary.tthaeal-time rate of

reml% terter{galllﬁiggl e%%rge 191? a?urﬁ%,th gb]?% %ﬁr%ggsﬁ i ng

32. p; OpRScompedriiesiabid mydiamerkordthgao cR$@3ANGAeilcirelid eotant body
of a
is a quartz crystal nanobalance.

33.  The computer-readable medium according to claim 32, wherein the material
removed from the target surface is selected from the group consisting of copper,
tantalum, tungsten, nickel, and iron, and wherein the removed material is in ionic form
once removed.
34.  Anapparatus for measuring a real-time rate of ‘material removal during a
polishing process comprising:

(2) a resonant crystal mounted within a polishing cell having therein a target
surface from which material is to be removed during polishing, wherein the resonant

crystal is situated and configured to collect on its surface at least a portion of the material
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resonant body to determne a rate of change of the
frequency, wherein the polishing process causes
wort@rizad37renoved froma target surface to be #epaskiosd20612
on the surface of the resonant body, and wherein the
remo§ PRSI thd fa@géﬂ 80 ¥ceQurinBehd SARARAB ARy wherebfh ¥Rdarc@
the anount of renoved material deposited on the
frequendyaafehofesoteat ceystahtoraltetrdggnd (b) detecting a rate of

coroF rpiapirgt EREEREoR el Srinf R R R Rl Samples of e

resdra BB f¥ncy HEthe ebndrit ¥Bystal bed ffr deRMAIhdhg, ®hsdMBSrEthe abllected
fromthe target surface during the polishing process.

datsg the repletime raie pEmatesiabremoyalisem b EROPETar§ to cl ai m
31, rein.t d dy;.L.S: r

55 D D8R0 e SO S O G A e

proide af dutpot dignat identifidRg thehieteninedhate v heitdril raeoey.ed
fraomthe target surface.is selected fromthe roug

36. c onklieAPPHGIUSFACEF IR0 CladRta) ﬁw&elf AR ERE arhyRipAted gapfroller
. - . . Dl B Lo,

for L1 e PORUEMEplos! MYERLIRRELIT ATy HAMF onc

parameetbr dfithepaelashéngafrooess ér fesponse trothaloutput siggala pol i shi ng
process conprising: (a) a resonant crystal nounted
within a polishing cell having therein a target
surface fromwhich material is to be renoved during
pol i shing, wherein the resonant crystal is situated
and configured to collect on its surface at |east a
portion of the materialrenoved fromthe target surface
during the polishing process whereby a resonance
frequency of the resonant crystal is altered; and (b)
a nmonitor for collecting data conprising a plurality
of periodic sanples of the resonance frequency of the
resonant crystal and for determ ning, based on the
coll ected data, the real-tine rate of material renoval
fromthe target surface. 35. The apparatus according
to claim 34, wherein the nonitor is further adapted to
provi de an out put signal identifying the determ ned
rate of material renmpval. 36. The apparatus accordi ng
to claim35, further conprising an autonmated
controller for controlling the polishing process, and
for automatically nodifying at | east one paraneter of
the polishing process in response to the out put
si gnal .
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