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[0023] FIG 7

1,123337 PCT/ 1JS2005/ 020612 |
toi6 s tHISE A° Adppiest ok walen morRat askrsttngicponding fordg
embb@reAE6BUE ianibal  frequency for a further

enbodi nent of the invention; and [0024] FIG 8

[0817] ustilgx 88 isafperspedtivasideshomiofig waf@rmees andf Ofystal according to
hi ng process according to an

ang‘grg‘g%}%:?éﬂ‘?ﬁg? FL)‘?‘lf‘?i&l?‘h'venti on. DETAI LED DESCRI PTI ON
[00[19{?25]1“«1@@ i$ DYEBHdAYe BRIE WRIWSE 4 Rrafed nidinl! aﬁ@érygérgf é&glt‘cﬁﬁg t0 an
po odl nents

ishing processes, and enconpasses, In e
altegpative emibadumgrnt ofitheanyambioh; syst em and t echni que for

-[Oﬂffs]' N 89%A 52 cross-sectional side view of a wafer mount, wafer, and crystal

according to an embodiment of the invention;

[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;



a nanobal ance to perform such nonitoring. In general
overvi ew, the nanobal ance is used to nonitor, in real
YOrR05/B387urry or other liquid or sem-liquid PCI/US2005/020612
environment or run-off; such as a polishing slurry.
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absol ut'e value for nore sensi
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e1e$?fg§,§ o o S?Wtﬁgél%&re B9ft sommpBngfuralfrequaaesifon such
cry$818 drdd LONPKRI ARG PER %éﬂ%ﬂ%&@%&ﬁ@ﬁﬁa s éﬂetg.nqgs used.

primary crystal or cry
[002ss Thangs#ivty dildeteomitetion of frei@n2P 05hiLZFRA¥atus can be as

/ . be d d.
I MG T R
mas$ bPAIBMEY FRSBal e WRfrbde.CTHeRln, 4 ACBLn AR AP 2

e i bed 1 n greater

of the invention w now escr

concluteat frequenby chanfgeod firecrysial He gaetadetally ivhen diztsmtab gBaches to
tic ilJustration of a

Referr ] to FI.G 1, sche
the giFi3ERSL R 58y Chnuss e SenTa T e HReeMIca e and fhe change
in frbf\RntPIaBlatdd o Be SRVE in hlss, IRSE algc?%@ftnlonjt&}éatbg'ﬁeftg Yather
conprises a polishing tool 103 adjacen 0 a Wor
thangbsadntglwalue 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




105. As wll be described by reference to |ater

lgures. the assenbly 105 conprises a support (e.g.,
wﬁg’%glz&?% waf er carrier") having nount ed there"cﬁ?"gsz‘ms“’m612
pi ece such as a wafer to be polished, as well as a ‘
nayograns oan e dalectefl 0T3mekbial mesiwb laye dv@fabls fpredwtabigythe

an accurastéj gosi ti gnabl e assenbly controlled by a
T Beney/ Bas %‘9 FEFRG7. The positioning system 107 nay

[0928)t ' OlRphfabnd R€of thatiffealioP RSl ho R beRELTHBE itV Bfchict Bbtail with
position and/or pressure of the assenbly 1057 In an
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dth K nbl.y 105 [ i Lhir [1 109
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108u el heotesenibed by refesansn é‘él@fé%ﬁm@d@le f3spmbly W37 Rempprises a

SERFFILP ey W A1) RN gt Lot B
to POpoldhed] asatell 41 @lee@tickyads 111, 113, 115 is

controlled and/or nonitored by a tentjostat 117.
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' Stk | 4shi nes-
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i.npovati ons .descri bed herein c be enpl oyed f ' .

emppiiPegb Al o imgion BoRdseal meiRgvebsenbly 105 resid

wilfi0% 6515 869, vAScVR tpifdily] EiftaindBl &t 3h af RARUBE bottom and side

processes. A (CMosci I'l ator nmodule 119 is connected to
suttfives tpoenable cootayranet ofiasbiygl emgkeraatetiad. wor k assenbl y

. T il dul 19 i t
OFE o D oS GURA e biesh Bto Rt lonsy Kce
elebirbde D8, 3RPA BSinddrRebdMdE 195 8s will bs KprbciktBd bY€hddelof skill in the
0031] Fi nal | y, a Conputer and DAC (digital-to-anal oQ)

[
artndbie petentid af theiotacrgdes B, 1il At 1d Stineondyodied and/o1 monifered by a

Con DAC madul e ,121 A '
polSRER 117 Rt b L b AR e
thelpd8siHR T4, M Yisd rRfcromieaiedndds 21V bils id ARufddy @sairbilial e
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07 - i tori t a
or B L R0 DR ORI ks 2 s e
matfiRl Jebdo@hl phddessdsO QB RICNIbsbillak nivdeleVvi10vs cédebd to the quartz
expanded upon later, the illustrated configuratjon 101

crygipl pmebalanssrathe werkiasernbly 1Ad Tas RGM|osgtlaigr proidulm} I7gs used
o PREF G5 Segh RRSE LA 5L B ey b5 AP0y s
of sitdipisthé @d. upon the quartz

[0031] Finally, 2 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



crystal nanobal ance, changing its frequency. In this
manner, the rate of polishing can be nonitored. This
WOA0%¥E333a) - time fine-tuning of the polishi ng RGRES2005/020612
. and also aids in identifying significant changes in
1@7h €3RhOERE Mg thel fheAFoNNAN 7! S REoriol BudRE bbt%ﬁh@s‘tat 117 viaa
layer s conplete. In partlcular this real-tine
k@kﬁ%é@ﬁhﬁﬁﬂﬂﬁorlng |s used in an enbodi nent of the
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. m 20
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con?gl ning a reference el ectrode 211 wor Ki n
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dul e 219 |

L LI A s L IR IR W

ete(digital - to-analog) nodule 221 is simlarly

integrated into the Sﬁstem 201. [0034] However, the
[0(!536111‘ | gilCati 18 A sghrseaticiiHustraon of pg aligraafiveotonfigorativh accordmg to
to.th

43 AR g P G e

é quartz crys
maa$ S€ el seme et @iPad BIEH 12 THAPROtHe s?ét&ﬁa@)l'&ﬁiﬁi@é’s a polishing tool

thereon a piece of interest, but may or
203 ﬂféesé?%m WoEk gsanbly 205y anda PosieBag ysian Zﬁét N@reowa:r the
SYS%QBIZ c&ﬁ%ﬁée@ la Jéﬂ@gg%ﬁ‘#ﬂﬁ& g ge%eﬂg?cer f’.(‘éigcgi‘ov Zﬁtl ﬁl?/OF ITDt €

ral nae I ne

eledzthﬂieCHBL ardDOcoudtdr eldvhiode A58, asavdlnpugivtéhdser ¥51.ak
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- AT ive
to-dldt) itRule 24 ey ERE R T b el 0
[0034:]0 or d-ﬁnmewthdnccmﬁgufhﬁmrshewﬁﬁn Fie. 3 R\dsincdfio@rthat shown in
In partlcul ar, FIG 3A

trated in FIGS 3
PIG 12k PR 19 reqombiaiie st turf R e a popabaisert pargoulr, the

sy, RO SIS AR e

majt m; ircdrpaliateenduantz cﬂ:j'mllmueimima Riathen, d quakitzCrysial (naﬂ&)a,lance

wor, k assenbl i,.ses a wafer carrier
225&8 &l a5 Fometeistie Cg'c?éé’%é raigage el APIesvQlr &t tor he cell 209.

In 18 B%%alilﬁ%%h o5 HAELGS nbﬂaéo’ﬁ@hé’éﬁ’igf Qbupiel td e wiflt assEifbly

wafer 303 i's retained in
205 or the wafer etc, of interest, it is still in contact with the slurry, and hence can still

receive polishing byproducts.
[0835]  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



wafer carrier 301 via a retaining ring. The quartz
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ab L e et onte b oA R RO SR s Bl Pat
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removal articular materi als. [0038] “The

thepﬁt@ttéanﬁ eric FEHRiginRase deppsitina bye fenaxamply, seducing
mng ! géc@oge sﬂ‘?&c r 'D’%#’Igreﬁ{ ﬂngyg]i gxggﬁsh\g (1)12 g%%:gef'r}tl??a[ctmn For
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exdTBs, Lurlﬁawﬁx b1t T dldw therepaditidelddpp sxfoxﬁthlaanifa@mbfahe quartz
material since _the quartz crystal nanobal ance is
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s Sl B PG o R AU R e 1 o

contlnu

dyﬂmh@ﬂly&}a&ed gufing Meiedishingiopeatipe tesbtag theidstaplmeousaiatezof
crystal nanobal ances into the wafer «carrier (or
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s e S S e R
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carrier
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



410 incorporates both a first quartz crystal

nanobal ance 415a as well as a second quartz crystal
Warlka2dde 415b. Both quartz crystal nanobal a®€d4S2005/020612
415a, 415b are independently biased and nonitored,
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r t hr h, or di flow a or ,diffusion: |f

of ol i PR B8 oF A1 ¥y o Pk A Gttty L Bebisiion e
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of renoval at the wafer) will reflect the rates for

of p gyface thatcpmarises maforial X e wetgepl Y. portien efhath gf the removed
' - i.al. of
5 6 SRR, 30 e ARLBE bRigBl ty lr
diffision. df a dip el glitlyomosaieghtiveothaiel € kg @)pli¥d, th@rale of deposition at
mul tiple crystal apparatus as shown in FIG 4, this
the prysty dmippratgihe g |0$ Fergo vl at e avpfer) piilhsellect heantes &rdith
al s, and subtracting, fromthe observed rate at

ma .
one crystal, the observed rate at the other crystal.
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t Is CA V& ' .
1665 Rl ML X s 588 A o
biagealic differend cfystald, hed seltontngrfyet the ¢isered datant e QPN the

obshyel i e ol Skl b e gk o€ sl Aty 02
mzilr}gy 3 16'Bbdh BaSHRg 'f?ui&ra}’&?ﬁhb biageg%t .99 bWl resggn@ Snly to

d instead. [004 The tates of deposition
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difference will be 9 WO 2005/123337 PCT/ US2005/ 020612
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




m ni mal however. In addition, the deposition rate
dependence on bias voltage may be calibrated agai nst
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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
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coppadmsﬂaeﬁmmveﬁhe start of the process and tine Tf
in a.line

e frequency of th t changes
[Ooéﬂcr egg‘ie FwaTeHdlot 6%H Ogﬁé 5}4 bistrates gs B\m@lm nt n
parfi@ii4, e horizontal axis represents polishing time elapsed in arbitrary units, while
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 Ty, 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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accumul ation on the crystal, and thus a constant rate.
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the slurry e resulting acoustic disturbance iIs
inverettome tvhehn an abnorrnally 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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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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(a) performng a polishing process with respect to a

target surface within a cell, whereby a target
Wﬁtzg‘?si’léimﬁs removed fromthe target surface; (PCT/US2005/620612
during the polishing process, collecting at | east a

portion of the renoved target material on the surface

of a resonant body within the cell, the resonant body
having a resonance frequédeddM$ her eby nodi fying the

L AR CRUBO ! B HRIBT e g

dur i(i)g)efﬂbﬁnﬁigfﬁ polishitg pro¢eds adth rePect ibe thigehoagface within a cell,
according to claim1, further conprising determ ning

whereRl attiiect meterigh is remayrskirem thlrgcb 88#astce frequency of

t he . i

51 o SREER the POSY R oBURRAB R d Yool EBER B the removed target
mai@aiabon de susfacdefn rasonmnt &ddy§ withint the c¢lj thyetesosant badehadng a

The thod according {o.claiml, wherein the, step of

respmACE BENGRcl OESPy Hagifng (g AEsoBF e B D it Sogaiat body:
faterial on the surface of the resonant body is
performed in situ. 4. The method according to claim1,
whe(®idatermming thenaite dfably rasenance fraquency dygng the monitoring
nanobal ance. 5. The nmethod according to claim4,

PrO%FErein the target material is netal, and the renoved

2. Mat €hl fletod deBoldit oD, fifikad comPAsing defn@iniBE fRdthe rate of
according to claim 1, further conprising providing a

chamge ofithe remoonnet fredyedyy 6Hthe nsanans bpdy hashaibsientsily chenged and

. second t et..nat eri .. {..Th h accordi t
steiiaets sulanially el g afes SRRY i Fes S AP i Bopdne taree
surfekd plated, and wherein the step of collecting at
| east a portion of the renoved target material on the

3. sur Themetodtaseondingsinmtaimpl axherein thedtencefnpeliesting at least a portion

or GRRAS BB Rl Lo B B0Ee AP Bro B bbR BiShEheq s
4. TheThetkaddaeesddigts damcl, dhetdn thaheswiant BJ is heaf crystal

collecting at least a portion of the renpved target
nanehtlendeal on the surface of the resonant body further

co i se cal l ecting.at . ' .
5. 7 onbireirotas glrorfiesp g, “Bbtei Rk PReflinl ot apd the
rendo® 8@ RARriab Rov -thd For 30851 1623337 PCT/ U82005/ 020612 9.

A conput er -readabl e nedi um having thereon |
6. conpha wethed aseardisigdoickamyrly farthep gomprising providing a second resonant

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 least 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 accotding 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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for perform ng a nethod of detecting an endpoint of a
chem cal nechani cal polishing process, conprising the
YRHE5/B8337(a) during the chemical nechani cal pdAGEHG2E5/020612
process, periodically checking a resonance frequency

9.0f aArc%ﬁlg)ﬁféP-trete‘agDé ﬂl&hﬂﬁt}ﬁf!ﬂig R€eréod &lpRér-GlRanEgbleGhstructions

the frequency, wherein the chem cal mechani cal
fop peiifeiminga pledm:eh@" detasting m@m@lofﬁ@hﬁmml meehguical polishing
et sur ace to be.deposited on the surface of the
PfP‘éeﬁnggmprﬁw Sre Gherein the resonant frequency of

the Geagnanthe l@ﬁ@imcbﬁmeaiamceﬂpélﬁhtdg@rms;rpenaﬂlcmemmmnga
mat eri al deposited on the surface of the reson

rem;@yce frenuenex ek resgnant bedy ierdedmmine 3 rige phghangs o ﬂhs Agguency,
ol bR AR ASEPSRNE pRR o ROt b U o
tag¢caetite ® Ps ﬁjﬁk redomtbe suthGGGﬂtbd: résomang bady, agd ttherein the

S5l TR i
Sl thé‘&rfaﬁ%@@%fremﬁﬁtbd .a quartz crystal

hanobal ance corrput Zreadabl e nedi um

acc qbyli¢tgeting actamiation ) thetale ef nhange imfiegudngy of thermesasant body;

froma target surface is selected fromthe group
a”élon3|st|ng of copper, tantalum tungsten, nickel, and

iro 310) 2k Vrelieh h ﬁﬁ%at%%@'@ﬂﬁ%e '@Wﬂr@iueh@y dfteb®U ﬁredetermmed

formonce renoved apparatus Tor performng a

thml;iemi Gignaling ﬁmndabmpoﬁbsnhmgmp}md@@cabwmhm mgeesg.a)

1501 e EREbI e AT 1 S Rob YHeip g resonant body
1Sg\lﬁﬁ§}tﬂfr§,§}g&gbgalm(&) a resonant crystal nounted wthin
ce

wherein the resonant crystal is situated
11and lamwbn@uteedeadabmmum a@mrdtng tg gHaimdd, shercimythe maaterial

relgayqdalin %&?ﬁgggsq er a!ﬁ {;g ghe g%f:(t) tllngroq %Eg)pper tantalum,

- tulsRACSiIsk AT, dnd R@;@fam@ﬂ@ereﬁxbma&ﬁamfs ifi feni¢ fREonare
crystal is altered; and (d) a monitor for collecting

remates. conpri sing a pI urality of periodic sanples of the

12ric; QU PRGE h pa e CprrbEap AR enflel Bl hof s

copghkiali ng process based on the collected data. 16 WO

2005/ 123337 PCT/ US2005/ 020612
(a) a cell for performing the chemical mechanical 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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13. The apparatus according to claim 12, wherein the
monitor is further adapted to provide an endpoi nt
WRep(12833gnal . 14. The apparatus according to @CAVGR2005/020612
13, further conprising an automated controller for
13¢ ONtTHY dppBinishRcsaRiF t6 &l aifEc)) i the Phdrifok ROfURhELABSted to
and for automatically stopping the chem cal
Prevede an prdnoig ovinsksiggalor ocess i n response to the
endpgj ' . . for. di i
O RS 5 BRI SR ot
fooéantibijnghe themicaignechaalcabpolisbingppeRss ant ikt fuesBEdallly Stopping
a tar, ajt surf.ace g‘é}ftﬂhi n acell, wherepy a target ]
theehegyitalmgchanigalpedishipg racesanmespgrse 9 th¢ grdpointipptput signal.
or ovi di . . -
L P iR a: ARG BT by 2L pldGolsYofithising the steps
off requency; (c) during the polishing process,

noni toring, .the ﬁe pnant frequency of the resonant .

bod§® RANSPREATAEFSH RABJOBIC IR Artaee b urkce vyt a cell,
wHeR®y 2080 8htcHA PR YERBYe Lo Re Bafice; body that a

def éct évent has occurred. 16. e method according to

cl ailm preyidinganaicnustitesonissbbetweeibthe argst surfaoaand a resonant body
h crést al r}%ﬁgobal ance. 17. The nmethod according to
APPaAAYSPBANMHEPEM > t he target material is metallic. 18.

The (¢yRufiag 1RCSATsHindGhrb&ss, o, thB eésehahtthubadydsithe
- material s nonnmetallic. 19. A conputer-readabl e

respreanit badia@ndng t her eon conput er - execut abl e i nstructions

for  perform.ng, a thod of .detecting a scratch duri,n

o PSPl PR bRl Bller g B bBhhey 4 Whesonan:
boditthhigddfb& epehtimbbbeiridocess, periodical ly checking a

resonance frequency of a resonant body that is
16.ac olis¢ methiodyaceerdipigde cladmal 5 sthgeein thgrespnantbodyds 8 gpitecrystal
nan\(/)%ri acbei ity of the frequency; (b) detecting a

su%ls antially increased variability in the frequency

17.0f  Themegdaasdrdinad laidnd, (preid the R cbinasRAsE s infetallic.
variability in the frequency of the resonant body

18.exchlemethod geeqrding taiclrdn ohpastesn e typeimanterigl is nanmgtallic.
19.5¢" BTG RhplRR- MG " B AN HaVthe G BL b RPLBex RuABE Ristrddiions

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

steps of:
(2) 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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corrfut er - readabl e nedi um according to claim19,

Weetl85/h238He resonant body is a quartz crystal PCT/US2005/020612

nanobal ance. 21. The conputer-readabl e nmedi um
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.fromthe target surface is selected fromthe group
Isagtrerg cristpl gpnehslases.,  tantal um ni ckel, tungsten,

i I ON5py, / ' ' : t .
2L 07 Ty PPN ad R ELBER focofftly RGN MIERGH the matcril
repmivied fiongthp tagessirfoniprseistied frofpthearew tonkBling of copper,

e KT SR RSP Bt apd Ahallaso raph diclectic
ryshal Pl ; Jgpnitor for

2%ol I%@ta})%ﬂtdﬁg?% conp%?lgf%%]%ﬁ%?ﬁgdlé?% é/é%? 6e ‘i odic
sanplags cdi fartperforremgribnpaishimggquestsy; of t he resonant

crystal ~and for detecting.,an.anomaly during the

"pol i@ﬁ?ﬁaﬁg%r%ﬁ%%%mﬁﬁgtgé“gwﬂ%c lected data. 23. The
appachh RyoRaf Qf Fitdl thuated vidikiih e calh gl N the target
surface and the resonant crystal are acoustically '

cougdipd mopitor fiwsoteqting slpiacomprising agfuradity bEperiodRx; samples of th
t cC

wherein the t et surface, and, th esonan r,yst al
restPEhE BerPRt it 02 resBiitns et Ba FopctRRa Al bmartay Hiflng the
poﬁ@lﬁﬁggisdé@sst&s@d@me%zllem&:ﬁhﬁ t he noni tor is further

adapted to provide an anomaly output signal. 26. The

23appdmgtapparatis geenrddetio claimiZd wherein the fsgetcurfped aidige sronant

5 QPR r for controlling the polishing
cr)gs?gcl)cessc,%g‘cétﬁcgﬂ?g?hgg‘?'onati cally stopping the polishing
24pr 0@ Sipparank A8EANEE tb olaih @2 awhereinythe wrpetisush@nald. the fesonant

A nethod for _neasuring a real-tinme rate of nmateri al
crystabateaaconsticeHy daegwladshi ng  process conprising the

cte _ C o A :
257 conbs Arpashdth s T Buf 2B b0 e BIAREPR bl adapted o

prdvadeet anvbiady badput sigizdnoved from the target surface;
(b) during the polishing. process, collecting at | east
265 pdhe pBPATEIUS AFOTFIBAHR Slain & fartherromyrisyle ayavtpraated controller

A T e—

resonan

in mepstinky tonihe themabsamaneigntl. equency of the-resonant
(c) determ ning based on the rate of chan

27.2? d%&h@ersgg g?Fdﬁ%’-’éuW%a E@k@}nedptet ({gnaterial removal during a po%(sehing

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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resonant body the real-tine rate of material renoval
fromthe target surface. 18 WO 2005/ 123337

Y 190332819%/ 020612 28. The net hod accordi ng t o PET&iSIN05/020612
27, wherein the resonant body is a quartz crystal

28nandliel methed a@9rdihf eo ORIk O, wisGeih dhdEbsbant |b§<ﬂf‘ls2a8quartz crystal
erein the target material is selected from

nage ®Bonsi sting of copper, tant al um ni ckel ,

29t UNG3He@hbthdd Q&Ufc.[ciﬂé gdé!:lgi\.f;ﬁb@» s 3% ¢ 12 Wéer{ag e c};ﬁd from

trench dielectr

thegouphensitingtofi eoppeay tantabuny, sﬁadel nanshal aos, qnte@lelgﬂlcﬂelecmc and
east a

at ed erein the step of col | ecti ng at
Sh%lﬁ) ‘F%‘??h(fﬁq ‘T\% ®renpved target material on the surface
300f  trine nictRNRRbrd2Re skt f@rwlﬁpémmr stTgIQ ﬁﬂ%%n@oalance is gold

- _negative potential to the ‘quartz c ance
plates, and whetetn thh @tepoxf@nﬂecaingcat leastragfostiem oﬁthelranbmﬂterget material

o PR R G ISR AT SO it o

quaret dipdalofanORasdei BRtife fdamé pbichBal' A e RfedtBbfichfle.
renoval during a polishing process, conprising the

31.st eﬁscoamutf(raya@bh mgdintshayolg théreny lepu‘es-sxecutable instructions
for BRI E Ao B el rRein S AT e BRER G roBrov ing o

esonan

polish@@;;@d&lﬁbﬁs c\oh@h@i thb§iepobst shing  process causes
materl al renmoved froma target surface to be deposited

) during ths pelighing prsesse penterticallycliycking d redma&merﬁﬁquency ofa

t, T C ere t bod te

PR MBI o R e

prosass f;afses mfate&hErdhﬁmﬂai‘thn hedyst sﬁfﬁcdi@tb%“cfep!?ﬁteﬁ dn2h€ s@face of
change_in fr equency of the resonant body; and (c

the grsprankbadngnd prhesein Sie reprnaptirequsnoy: bty scsonantrhody is related to

f
* the pEAH ol p R depHR i byl TR R retbp S
32.(bYetectmgriiags off chadgdindreRehdy B fake A ohA1g bb@y:Gindl M

31, wherein the resonant bod is a quartz crystal
nanBs %Fﬁlélémgs@seﬂfﬁé theominnichangsafdhe Greguaticynthe real-time rate of

er | renoved
rem OF afishil ot e Reple suaEd Bl S R Blosedt ooy
32. coﬁ&zesbmpgte@&embmnedmmmec&uwg\toblaﬁm%tl@wnem&ﬂﬁlres@aﬂt body

and wherein the renoved material 1s inionic ?
lsa‘ﬂ‘éﬂr%c%ﬁﬁgélap% bAlcs. 34. An apparatus for measuring a

33. I eqhe Ebﬁ?ufe?'i@ad%le'}Héﬁ{lﬁ;ﬁlccdr&i[ﬁg\f@ blafl 32" hEreiP Bl LAY

proc
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

H

once removed.
34.  An apparatus for measuring a real-time rate of material removal during a
polishing process comprising: |

(a) 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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(a) a resonant crystal nmounted within a polishing cel

having therein a target surface fromwhich materi al

VO 1085K83¥enoved during polishing, wherein the PCT/US2005/020612
resonant crystal is situated and configured to
reciivied €lonothe itdrgetsurfaecduritg the pslishingomotess wieteblyt¥eresonance
material 19 WO 2005c¢23337 PCTIU82005/020612 renoved
frequshey plethe gesgeent srystal dxalisted; 84t he pol i shi ng process

mher ahan BB

S érngodtﬁt%gnd %)scuélgr?gam tor S%{rg %:@lﬁfﬂﬁf ga{dpd% yﬂlﬁés of the
re@tmapc@ Eequney pf ﬁlme ad:songnt@tqud rand cﬂmﬂe@nmhmg, lefed tvethe collected

o TR < AL BRGSO b PSP B S aioes np

39.eal Thd ar@afamseaceérd[r@tts lelaidn 346 WRYRID fuk QA ifee id m&t adapted to
surface. 35. The apparatus according to claim3

Prowide en quipesige identifying therdetrminadaptead maeria) rr@wvm an
ut L ned r
Sthat ol fRal plng & e 35 e RECLSLRTIG T uBipatsd goproner
foB&}nttfol![tIgﬂﬁé pelshdigd Srob&ss pdhdafot mmaﬁcsgmédiﬁhﬁg at Te&dt one

controlllng t he po shlng process, and for
PapAiResertiteepgl gﬁ%f@@ﬁswr&ﬁpwamﬂl@#&tpubmﬁeter of the

pol i shing process in response to the output signal. 20



