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El ectrol yti c techni ques have been used to both deposit
and renove netallic |ayers from sem conductor
TECHNHsAL &lekD For exanple, an alternating current can be
applied to a conductive layer via an internedi ate
elTdds ritgnton relaesoivemsthadsoand aipparatuses for electromechanically

and/or electrochemically-mechanically removing conductive material from
microelectronic substrates.

BACKGROUND

Microelectronic substrates and substrate assemblies typically include a
semiconductor material having features, such as memory celis, that are linked with
conductive lines. The conductive lines can be formed by first forming trenches or
other recesses in the semiconductor material, and then overlaying a conductive
material (such as a metal) in the frenches. The conductive material is then
selectively removed to leave conductive lines extending from one feature in the
semiconductor material to another.
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conventional apparatus 60 includes a first el ectrode
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material fromthe substrate 10. For exanple, "islands"
refesgngeesi dual  conductive materi al having no direct
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pos§1%@¥t9tréM©véﬁh§fér@l fioAd the l&bﬂﬂﬂ@ﬂ\% ldyeh tthin frey rediowwhere the
d/or operation of the conductive lines, and i

t may
flrstb@ecuoﬁe@ﬂﬂ is sttachgshbsrause the bemiee2airravenis the slectrolyte 31
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may develop in the conductive layer 11. The residual conductive material can
interfere with the formation and/or operation of the conductive lines, and it may be
difficult or impossible to remove with the electrolytic process unless the first
electrode 20a is repositioned to be coupled to such “islands.”

One approach to addressing some of the foregoing drawbacks is to attach a
plurality of first electrodes 20a around the periphery of the substrate 10 to increase
the uniformity with which the conductive material is removed. However, islands of
conductive material may still remain despite the additional first electrodes 20a.

2.



WO 2004/ 020148 PCT/ US2003/ 027181 Anot her approach i$p October 2006
to formthe el ectrodes 20a and 20b from an inert
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of thf} st 5 AL 1 B BERS A5 RN T Yt dfe electrolyte
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proceseés coripatecantyt mayhenidftcull to rroove gobduclivet inaterial from the

. terj.a rom 1 croel ec ic substrate, An
poinlginih e Feditlesana ehb ste H3ZHERHS e Bupstrates 10.
i nvention includes a support nenber configured to
releasably carry a mcroelectronic substrate. First
SUMIMARYecond el ectrodes are positioned to be spaced
apart from each other and fromthe m croel ectronic
subber presenh anventon s cdisesiedt iaward siatheduitand epparatuses for

eloclBE: e} SRR B BEBtcaufipb dfcgly Bl conductve
mat@iRGrECa migr@siaéfonid AMstrahe NAn ERPardtus ah deRFHafce with one

portion of which is positioned between the el ectrodes
asperidftthe inrdisor inclusieisea suppit mirsber genfigined o salersakly carry a
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second el ectrodes is recessed fromthe polishing
micreeldciomic subsinatehisr carsiedchy difie tsupportveeniben, Ahdeast one of the
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. polishin di umand/or_in atlea?t one 8f . .
microelectronic’ substrate when the microelectronic substrate is carried by the

support member. At least a portion of the first and second electrodes is recessed
from the polishing surface.

in another aspect of the invention, the apparatus can include flow passages
to provide a liquid, such as an electrolytic liquid, at least proximate to an interface
between the polishing surface and the microelectronic substrate. For example, the

flow passages can be positioned in the polishing_médium andfor in at jeast one of
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the first and second el ectrodes. In yet a further
aspect of the invention, the flow passages can
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a partially schematic, side elevational view of an apparatus for
removing conductive material from a semiconductor substrate in accordance with
the prior art.

| Figure 2 is a partially schematic side, elevational view of another apparatus
for removing conductive material from two semiconductor substrates in accordance
with the prior art.
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Figure 3 is a partially schematic, side elevational

£ ,.an apparatus having a support nenber_ and a
Woég‘ﬁ‘wzg Sel ectrodes for renpving conductive neREP§a003/027181

fp]:om a _.mcroelectronic substrate in accordance with
a

ISR ishB martally sehematien sidereleratiana view of an apparatus having
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2 surfRit b B SR ERAIE T Rl Eofins 161 (ehard SoREUsHE material from
microgtetiorgc shpsratesini fichidarkt Wit aﬁ‘lé?flilg@diﬁ‘"eﬁ Bg{hl%ninvention.

substrate fromwhich the materia renove
a&d@irgafide %Pﬁﬁt!dlyostrf?natmgtﬁidé rﬂimattﬂfélaﬂ htii?ev'v of &t iaPﬂaratus for
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>t S Aventi on%&%mi&Gﬁ%tsér%l pg"'?ti gf‘?‘?aggﬂe%{gﬁg@%ﬁ?awﬂh another

embogirment bf thesinbeintion.e adj acent to a plurality of
ordance with still further

eﬁﬁﬁ)t %](‘)rges in %\Caﬁ I ) ]

'dieherdt & BRrtahK scheeidticoside eleyaliengl viewaof an apparatus that
i - i ' ' e an_el ectrode
include e SpeRiftes T bl W o 8pBlnel; aEpoaiment of the
inventishodi-ment of the invention. Figure 8Ais a partially

schematic, isonmetric view of a portion of a support
f 61OUIRORsiSng RAdially Frbepatics plan adewr dfaacsubstratie sadjatent to a

' - ntion. Figures 8B-8C .
eSS R b Bl i I b i pventon
stiglre 7uist hagrossreedidrent sidel efdvatibRentioBs oRi &%Fﬁoae and a
is a partially schematic de el evational view of an

substgalednAGEerIce Wik webaracptbef 'gmb@dgnanteq»faheﬁm@mmm ly
; i | i bstrates i ord
W REeAT 8 e S TRk et BivioRidla support for
housit@ isdectrqdy tpaild Yinseb&ifdhhce WAt kAl | amghm 8‘%?3 imeilnt of the

) isometric view of a planarizing pad and a
InvengiPne| ectrodes in accordance with still another

e ' } e.dnvention Figure 11 is a partially . .
sch@‘qrrJgEF gé és¢ aéé'gdsgﬁﬁ%i'%nvé?w@i @gvve[ﬁ"'trgﬁeﬁﬂﬁaﬁg‘?%ga’ﬂ@ﬁ with  stiil
furthdradrhbpdiiatis of e avdn@drectrol ytical ly processing
m_croel ectronic substrates in accordance with still
afdgurer 9 desoaprially shematic, mide slevatioRag viees ofl 2A- &bparatus for
. : : ; : ¢
both Sﬁlgﬁgﬂﬁnﬁalér}ﬁ 'él!e&%l{/ﬁ%ﬁlya_ pCrlocr:gsusl,irt}g agﬁ?cr\ggl\v/a%trogircmsu%rs.trates in

accordance with yet another embodiment of the invention.

Figure 10 is a partially schematic, partially exploded isometric view of a
planarizing pad and a plurality of electrodes in accordance with still another
embodiment of the invention,

Figure 11 is a partially schematic, side elevational view of an apparatus for
both planarizing and electrolytically processing microelectronic substrates in
accordance with still another embodiment of the invention.

Figures 12A-B schematfically illustrate a circuit and wave form for

electrolytically processing a microelectronic substrate in accordance with yet
another embodiment of the invention.
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substrate in accordance with yet another enbodi nent
of the invention. -5.. 10 October 2006 WD 2004/020148
WO pRO#/02RI#H03/ 027181 Figure 13 is an isonetric, FfarP§24P34z7181
schematic, partially cutaway view of a portion of an
aW%lﬁ WS iBaxdh NEolchid, N esiealarRehsmatic] partiEglynediawayl tiew of a
accordance w th an enbodi nent of the invention. .
partidh gfiren apparatas hayngeelactrodparancaa| golishinenggdiym in accordance
. artially cuyt . view of an apparatus having
with @&D@é&"gﬂﬁ*@‘%??@?ﬁ-ng medi um i n accordance with
?‘Wﬂggfé .14ei§béﬁ'ié@rf\btr9f, éﬁa‘?ﬁaﬂwgéﬁérh@ﬂc, Fhigidng clawsy dlew of an
i soffetric, partially s I

hematic, partially cutaway ~

apparatusehaving \elealrodés andap palishing medium isl agsordarece will another

a polishing nmediumin accordance with still another
embegifnt @€ BIVENKEN; nvention. Figure 16 is an
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of the invention. Figure 17 is an isonetric view of an
anotappambedinenipidheiingeiosubst rate for notion along a

path,. in or dad I h [ f i

ok R RESTRERE T SBFRIE, ARl iy view of an

appaRRa AbVihgha VipdBheie eladigiaswith icval egberturesad erogardance with yet
with still” another enbodi ment of the invention. .

anotbeT ambedimesos] el ioxkentitn. pr esent di scl osure descri bes

rar i) &' s H BRRE el of AT EEeEBCRIPHTNG o subsirate for
moti%th%ﬁ?b%atﬁﬁﬁ eebbidaree dviinaridtnef edbbdmtértrofdhe invention.

m croel ectroni c devices. Many specific details of ) .
ceFigure hisoan isametricrviewof ian appargishavisgteleeiFedes ariented in

t he fol l.ow descripti i F s 3-18 to
accoyigoraet sHiEretler atboRlrdihrate sNVPHEES Soodi ments.
One skilled in the art, however, w |l understand that
the present invention may have additional
AFFHOMat the' i nventi on may be practiced
wi t hout several of the details described bel ow

Figure JHes greBaht | dibdiysireheiitiibes Sindehalse\drid capsdaratuses for
vi ew of an apparatus 160 for renoving conductive

remaRirgy cahddictive matedaleclrent aonictoslepiseniat submtraie rand/er substrate
assembly used in the fabrication of microelectronic devices. Many specific details of

DE

certain embodiments of the invention are set forth in the following description and in
Figures 3-18 to provide a thorough understanding of these embodiments. One
skilled in the art, however, will understand that the present invention may have
additional embodiments, or that the invention may be practiced without several of

the details described below.
Figure 3 is a partially schematic, side elevational view of an apparatus 160

for removing conductive material from a microelectronic substrate or substrate
assembly 110 in accordance with an embodiment of the invention. In one aspect of
this embodiment, the apparatus 160 includes a vessel 130 containing an electrolyte
131, which can be in a liquid or a gel state. A support member 140 supports the
microelectronic s'ubstrate 110 relative to the vessel 130 so that a conductive layer
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invention. In one aspect of this enbodi nent, the
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movifgh Bt e BHEbcR, 1. FPRYS rlouthe Toraelesitane subsie 110. For

exanfiplel a8e ARSI dRVESIiRY 23 LHR nfok lﬁ%@[@ﬁig@deé Sward and away

el ectrode drive unit 123 can nobve t el ectrodes

fromitb@egomdastivankeyer 1iriooh theenicorededironie subyteatell10, qbstik@icated by

m GL.0el
arrow ~ ) g

e i ndi cated by arrow

i bstrate 110 _
H@HS ?{F!?'ﬁ%fsﬁléj\?év ;@P;'néb?@*ﬁ gﬁ”cﬁi@w Wy ) dfr 8vplane )generally

rrve uni

pare|® CONATETLI, 1 0P LIt 5 SN Y BT 129 car

ternatively,

moverdhe elestreidest inodéeri fashidme; dratiie efsctrode Hiiee unit 123 can be

._electrade ive unit 123 can be elim nated when the
e“mfé‘ag%fi r‘@ie‘@ gfﬁ"? viHOsHate Pﬁwepwaﬂli%s PERMifeS saHficient selpties motion

betw%%i.tﬁla sdE,_%ﬁﬁfef%%@g%r%%ter eﬁe&ﬁ%()?md the el ectrodes

t
electEpdSs 120Ar GPY

n eithe Scri bed above with

r dheeithee ¢mbbdiners Besdrived ebeeér withsrefdfneee t6 TRLRY 3, the
rent so&rce 121 with | eads 128 for supplying
RE! o wEreat sebres Y124 with leards (88 for supplying

leofRRurted ol 1o S bl S o poraton

the quineere: swurce!R phapptips ahcaltdratihg elifreAEEIAAE phERR or multiphase)

C
to the /leelredeR H20al e wuiment passes dueu

urrent passes through the electroléte 131 and reacts
ghdheslectralyte 131 and reacts

electr GSRAFicERY St thd ' BhaGafidP |a(§fer 111 to remove material (for example,

atoms or groups of atoms) from the conductive layer 111. The electrodes 120

and/or the substrate 110 can be moved relative to each other to remove material

from selected portions of the conductive layer 111, or from the entire conductive

layer 111.

In one aspect of an embodiment of the apparatus 160 shown in Figure 3, a

distance D4 between the electrodes 120 and the conductive layer 111 is set to be

smaller than a distance D, between the first electrode 120a and the second

electrode 120b. Furthermore, the electrolyte 131 generally has a higher resistance
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romthe entire conductive |ayer 111. In one aspect

f
than the Gosgysiveraver 41 1t nicemginght, dbe Biiermatngcumert follows the path
' th tod 20 and th
o s Cresahr TonPnd B0 0% T8 RS RS i 101 o e
condiugtive 48y dp2! PebHe %ckgﬁrcflyg'rﬁﬁ\eeél%ﬁfrbﬂlﬁ 1 éilqg gﬁggﬁe{;{agd electrode

second el ectrode 120b. Furthernore, _
120p3 1aifen dhan frpmmithe firshelgiotode diiOst dirantly thibughOthecslebeslyte 131 to

004/ CT/ US2003/ 027181 than th
the @%ﬁgugﬁ%g "P‘i%/ iﬁ%ﬁ%@eeﬁj\f%y.@ igw Eﬂé?tﬁicta'gﬁ{ﬁ?a] igot shown) can
be puSHiONGA BLWesA hE TirRblbetRluel PAR AR AR ERHAE 1200 o

irst electrode 120a, throug

deconple dvaduelectrieal agrmmunidatiordbéacient h@%&@?té%%@s 120 hthat does not
20b, rat her

fi electrolyte 131 to the second el ectrode
irsh pass {I}'FBHQI? fhe ‘F‘?ricgi‘:t%ﬁé%xqrowé'-lZOa directly through

th C c e 120b_. .

w12 ot R Bt o Eiboddimehl Bt LN Bl I ST g D igure 3 is that
the edertrdoestz0 to owe dohteiciewn comsudivesaysr €01 60¢R 4% rate 110. An

an&é he s%cond el ectrode 120b to decouple direct
advaniags ifihic GrANgeRantols thatwitcsan isbiminatet thedeesitinal conductive

i ' - h.4h ductive |
i et 80 P SRR SR Yokl 120 e
the siomemictive Faygrrie 13 descti ok ore I ; t

© Ctm? he@ggndﬁcteis\%b?gfer ?ﬁhgfé ft@he sutb%tﬁlrggfeeé]?l%r}d 2. For

cont a
ex mprlea APRYatw 16Ricanasglimingterseridual conductive camterial adjacent to
Wep! . ' nductive terial .resulti
ino ReAETRIGTBLFET WL FOURE X BLEABh (& I8V Blomuse the
electfeddy 120 slo ¥R contct tHecomebivbildeed Aer 111,
descri bed above with reference to Figures 1 and 2. For

exdWpBEr fapturgmianembodisreaf the eppacates 166idésatibed above with
rorefiiedn FutEh BEP HRL SRRt 1o, it R Slespiods 20 can move
relativeates thd lomerelcepbtiidasinbBictfotas LA Uny! fint adjacent to the

conductive | ayer 111. Another feature
congiictivr [y alrldt uAn Belgatiteger dhibis atvangemihhis thef teealetrodes 120

to_ Fi 3.0s t.hat the.sub te 110 and/ th
carl g SePBucty Botlifhed, FEISHEER ko ByEni BOwRB @ thercangluctive layer to
remievel irzderidingom et BRGRS clﬁQLAﬁfveaT%/e?o'l . aﬂl’tﬁﬁ%ﬂ&el&,‘) when it is

the conductive |ayer 111. advant age of 't

desifeddagemsive anly selectechportioas tof tiesoridittivedaydret 11, the electrodes
ntiall sitione dj agent to .ever ortion of
120tS ﬁ%ﬁj ggrmﬁgerc%' \tfgﬂ]og?e%erf?%ea ﬁorﬁons, leaving thg remaining portions of the

conductive layer 111 intact.

Figure 4 is a partially schematic, side elevational view of an apparatus 260
that includes a support member 240 positioned to support the substrate 110 in
accordance with another embodiment of the invention. In one aspect of this
embaodiment, the Support member 240 supports the substrate 110 with the
conductive layer 111 facing upwardly. A substrate drive unit 241 can move the
support member 240 and the substrate 110, as described above with reference to
Figure 3. First and second electrodes 220a and 220b are positioned above the
conductive layer 111 and are coupled -to a current source 221. A support member
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renove material fromthe entire conductive layer 114y october 2006
Alternatively, when it is desired to renove only

sel ected portions of the conductive |ayer 111, the

WO 20408 es 120 can be noved to those sel ect BGT/US2003/027181

portions, |eaving the remaining portions of the

224 s@@%ﬂﬁcﬂﬂbvﬁebﬁweés 220 rbpritigetto the Bubetrdte $1@ apel isi @upled to an

schematic, side elevational view of an apparatus 260

electrodeatrivensnit @83 te mappdie claoiiedes 220 evari thedstacef the support
substrate 110 in, accordan t
conduGiRb Bvier{ 1 11 i e e, deinndhy SR 6L i, bebrBRRL BBbve witn
&r%ﬁ)d 3 the support nenber 240 supports the
referesu strate 110 with the

conductive |ayer 111 facing
Uipveral aspeat siibibier eambodimaend  simbwn 2n 1F igaire rihvidet aeparatus 260

support nenber 240 and t strate 110, as de
furthers piaies @R PACEbe dassel BAUPaVIBd & SUPIW RerebloRa? With an
[ d
cper. 4 O3 AR R R0 a0 haltpdfglian lecioiyc
231 cavbeepbiitedAosatppioran imtediace regioriQSG)dJemeen 266 @ledddes 220

2004/ 020148 PCT/ US2003/ 027181 224 supports

and tha @@ﬂﬁ@@@@ lexer Bt WillodtonedRssalilys £ ‘éﬁfwgﬂ‘@e Ziire gonductive
{

over SR4P! Sl B5rEEE] A 54 oy @ TP macBe rom e

condu@:ﬂ'@éiuayew dfiaview didr time asulstraty 1denendl d:qyﬂa:t rml an dalectrolyte

that described above with reference to Fig

recepisnt 38pe TS of AHREThe2 hendh cprndwt@/@rraawna! g8 flow to a

e BBR252 13, ARt RSB TR B KRSl 20

A filteP2Sitdsiiteshadl @ahvAEtH€arh @f the rédigivieraBS pRRides addltlonal filtration

of thel eleairplyte @34 nancheepynge &

Accordingly, an electraol 231 can be deposite
3&@@@32@@ @gpmg@ﬁnpﬁ@lectrolyte 231 to

tne elREGLLYERSF 0T Rl TBRA®, Conductive | ayer 111

TheafbBh 'kt ol e afbodifesositbe iy Figreed, thle apparatus 260

removed fromthe conductive |layer 111 flow over the

can iralide asensol esseriblyd9taving aasensios b6 Rgsitioned proximate to the

condiefiaLer Py & hmelr e rolint STeY 3 EBitER 6 e Feheor 251 for

procerssﬁ‘@;’ gnﬁﬁsbeﬁérétéﬁ Hf\‘}pﬂ@l@éhé/@“ pBt erfied cbh@dl URR 252 can also

yte 231 [ter 234 positioned downstream

moveothe lsenser 24il nealathas ipthei stbstratrli t1i0ondn a ifutther gspect of this

e Bl 6 S5 e 2o AT 700 L BB pan 22
the e!{c%%ﬂe aé‘@ené]rﬂt 3 Qlndldt theNsLba%Rite IdRivendiih e aSR@@dgdﬁfgly, the

enbo nt ovvn In Figure 4, the apparatus 26

sensor 251 can determine which areas of the conaductive layer 111 require

addifional materlal removal and can move the electrodes 220 and/or the substrate

110 relative to each other to position the electrodes 220 over those areas.

Alternatively, (for example, when the removal process is highly repeatable), the

electrodes 220 and/or the substrate 110 can move relative to each other according

to a pre-determined motion schedule.

The sensor 251 and the sensor control unit 252 can have any of a number of

suitable configurations. For example, in one embodiment, the sensor 251 can be an

optical sensor that detects removal of the conductive layer 111 by detecting a
change in the intensity, wavelength or phase shift of the light reflected from the
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can i nclude a sensor assenbly 250 having a sensor 2

positioned proximate to the conductiveglayer 111, ﬁ%gnnoberzooa

a sensor control unit 252 coupled to the sensor 251
WOr8p4/02848cessi ng si gnal s generated by the sensBET/P82003/027181

The control unit 252 can also nove the sensor 251

substrateatiifgewhentthe comdatiiv enstéfal ismremdved. hdltersaiively, dhe sensor
this enbodi nent, the sensor assenbl %EZSO can be

251 canpratt wd detashdpilertions 9f xegiation paNing) emetro\ﬁrévelengths for

d /
exantilby s shoeeBne WAl S B3R - s Lo ocsure
a chehgk® Fensekbb Ve tayRitahdd dfethel endsiviet nagsal111 between two
?erla renoval and can nove the el ectrodes 220

selected/ pointhe dnbatiugher aspect eifathiy eembodimantotomer of dpoth of the

S S 18 SRS AR Sl MRS AECH ve g ot
remé\?ab | H,88oh B8RSR PhSdve)! Eﬁnnr@tﬁ@tth@dﬁ%@%@ P8spAtatd Bensor 251.

strate 110 can nove 'relative to each ot her
in san:cfurttien@mtmmmeptse -tHet sansion &tbinoan atetecthadehangeTive the voltage

sensor 25 d the _sensor contr.ol ni t 2
andrarert anBeiopy the o SUBr 22Tk FRneugtod ayer 111 is
rem l e, in one enbodi ment, the sensor 251 can be an

optical sensor that detects renmoval of the conductive

| ayeani1df the dmbedimergs aieschhegeahonetmﬁ'n waheema t{q Figure 4, the

I th h hift of th I ted f
sen%(\gr\éfsf 3%@@%@%@%&25@@ @%%@%Bﬁ 231 because the 8 electrolyte

231 %ﬁﬁgﬂ%{eﬁ%ﬁtﬁé @fé'?%bé% lohlé’sef% e{]é?ﬁh‘é%leéﬁédé@zzo and the

I'S renove 'ternativ e sensor
congadtiedilhyand idet edtcordinghgt then saomnracard ivéithi evhithaviheg sensor 251

detaimines dho Hes Rl A ReHECHpBC FIRGEs B3 Hen RGN dr because the
elec@ oﬁﬂ@n{ﬁ% g\ﬂ‘l g%gteﬁ%?%%@e@ irt&H '\kﬂﬁ?ﬁe Yperdon of the sensor 251.

ween cted points.
ForaxaipiBe whasneetsepisor 269 ierdrodptiealtsensog the éjeﬂ:ttolm‘e 231 will be
the ‘electrodes 220 can performthe function

less ety ogstgrdnaeplaion edpisctlog) e EHies q e supstrate 110
oeclREIHELEAPAE i AR ROy KB BRI Res RS

sensor

251a6cthef Ritate 6f élhéﬂ@@dimemhﬁ the Iappemtuaﬁﬁoaiescubea ebove with
drawmn fromthe current su y 221 as the conducti

referanee ta Figure 4 uset?@éta\e el ?rgh,gte B lixwppligddaithe mtgrface region 239
o B5REHIABL BBRY R o TCUE S [BeMeted cbbfote or a fesh
eleBirS§te 0l Wie a@@ént@%@aéﬁ Qh'ishﬂaaﬂhi@ﬁé ahyt @he 28écirschemical reaction

conCentrated in the interface region 239 between the
beteleent thedelectredes 720t ard the conductive layer 111 can be malntamed at a

high and consistent level.

Figure 5 is a partially schematic, side elevational view of an apparatus 360
that directs alternating current to the substrate 110 through a first electrolyte 331a
and a second electrolyte 331b. In one aspect of this embodiment, the first |
electrolyte 331a is disposed in two first electrolyte vessels 330a, and the second
electrolyte 331b is disposed in a second electrolyte vessel 330b. The first
electrolyte vessels 330a are partially submerged in the second-electrolyte 331b.
The apparatus 360 can further include electrodes 320, shown as a first electrode -

| 320a and a second electrode 320b, each coupled fo a current supply 321 and each
-10-



conductive layer 111. Accordingly, the accuracy wt
whi ch the sensor 251 determ nes the progress of thLb October 2006

wo $086bg194 Yt i C process can be inproved because
-~ electrolyte 231 will be less likely to int erfﬂé!rjlzus\/%nﬂ?%ﬂ”lm

t he opera%ion of the sensor 251. For exanple, when
housedhinl o8R8 1B811irst elacthplyte Messelssgr0at héliereatively,ypae of the

e 340 e et LFURP FhoHREL b 2 B et
such desipis eplatiaume aepper2aid/os offesirhatenals, anaithé Tese é1Btrolyte 331a
" interface region 239. Another feature of an enbodi nent

can inglugdaese@ipatr Shigridsopatassiumedhlangee cappar swifele cand/or other
t,0, Fi 4 s that t. | lLyte .23 Lied t
electrgifies Pt freiedmphlifie Villtu® FERYOmiAs oS Btk e.
Ghtdifd avpédt o thRCGNBbIIhRIM iR met BRICKLRE rve@sélﬁ%?ﬁ)t%igclude a

el ectrolyte. An advantage of this feature is tha
flow redtactar e siuchlasr 2 petrheablebisblation mambedrer forawesiré@0Teflon™,

Sinteri] JROtRFIFIE GHETis P i EEAL 1463, AT oF PSRl of] P suitable

porous gﬁ@ﬂéﬁtailsciha? ifewabRY 36 :@@elbéﬁk%@forgﬂ%aw%mh%ég%mme

at directs alternati current to substrate
vesselhB80glhara fher secarideelecrblyte v88del8330im duh doenaindllow the second

stecr SIS 33, P B ks S5 o B, i o
mann%@%b{e%l%anﬁﬁ%%g'é séﬁocﬁidcg%'n?g AI?&n%ﬁG@gdthee'r‘lf‘s"‘cé%l%t)écglgfe 331a

I Sposea 1n a seco el ectrolyte vess

can béhsipbiiedto the electrotig vesyeis 308 Bdifia fnstelaatrolydd spurce 339 at a
subnerged i n_the second el ectrol yt

( ( 331 h. Th
pressyphandiate swcierhia direddne;firel a@é’fr&m&ﬁga éyhggmly through the
fir I A 3
flow Feiehal®ad2’ ithbut AoWiRE the & AKLRIREHa or the second

. electraiyde S30b to-rifurhQhiatighbite fRAYGestiElor 322108 &i#her embodiment, the
PCT/ US2003/ 027181 housed in one of the fir

secons] BlAEIYiE s SHNAINg RS RBIN CARPIeFkIR iy RIECkdeRE20 by the
I . d . . Th
flow OZI@%?'E%SBEC@@%%%% ﬁé&ﬁg{%ﬂ&égﬁ%ﬁﬁguch Zs silver,

Plratdrieu BspS&tPHRe thig sissdigicsher tHeepparitds 3800 chRealkbriptiude a
el ectrolyte 331 a can include sodium chloride

supp@rbraembam3dh | thal snpastsoiher suhstraie d 18nwitl the caaductive tayer 111

. el c t .t h j
tcing YEHEE A Sl COTULM e D bR TMALE 40 can e
positiofbadinmané , sddondl kletiroBit€ Cleseley t3B0kessial a RpPrri aspatieor this
a flowrestrictor 322, such as a perneabl e isolation

embogimenhribef Yippeit mesihere34bandlor therrleetserdemBapicansbe movable
rolet 415 AR A e bre MOE NS SRR o ot

baie F88tUTE dfhar SIRRIIMERE of ithe tapPREUSOBE0 escribed above as
reference to Figure § is that the first electrolyte 331a can be selected to be
compatible with the electrodes 320. An advantage of this feature is that the first
electrolyte 331a can be less likely than conventional elecirolytes fo degrade the
electrodes 320. Conversely, the second electrolyte 331b can be selected without
regard to the effect it has on the electrodes 320 because it is chemically isolated
from the electrodes 320 by the flow restrictor 322. Accordingly, the second
electrolyte 331b can include hydrochloric acid or ancther agent that reacts
aggressively with the conductive layer 111 of the substrate 110.
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vessel s 330a and the second el ectrol yte vessel 330 '
but do not allow the second electrolyte 330b to pg.lsos0""1:(*":"r2006

dinwardly toward the el ectrodes 320 (for example, in a
Woﬁ‘éﬂﬂ’é?l"éener ally simlar to a salt bridge). PCI/US2003/027181

Alternatively, the first electrolyte 331 a can be .

Fugote edist @ tbp eplah atsw aldheanketalecBorict subistrate 116 positioned

el ectrol yte source 339 at a ressure and rate .
beneathfef pmr@ﬁw gloclgciredes haying FBgP%?f 8ber A 't%’r%?f‘sa‘” accordance

i, B S B8, BI85, iz orion, sovr

i eqiped Vi cldfkodes rabursholm queitidrieel fgrowmatst to ctie same
dlﬁer@zﬁén ei ther enbodi ment, the second electr

| yt -

micro8Rtironinsiibairaie 440r hewevsr, bpmdige: eleckedss of he e type can
320 by the. flow.of, the fj 31

be popfopBUelave B FifplTtrasletha skl PO B,

e ' tapRMdHEE Bk aad Abocamdeugmuped to form an
sﬁ%ﬁ?%ﬁ%@ﬁﬂo that supports the. substrate 11

0o .
electroidehpain 76m duith ieach| elpeiroda 7 20Ragnd g 20bnaPdPieAeto an opposite
el ectrodes 320. For

ermica b 55 i 2 B 4 BRSP4 7700 can

€ VeSS

have g’ajﬁ %é)?rid?atéd fdfrétgﬁ-gyﬁ’é RR&be%dnd BhA beaR@ADEEND, ettbad parallel to

nmenber and/ or the el ectrodes 320 can be .
cachmirebbeer tred dismetet of thac bulbstraie 1A0. ohbe Epasikbaiasn adjacent

oo S5 RO 35 S ol FYERALTT By
into @8'%1@%'&}% y ‘i‘g,l %ﬁ gééwcrfdhe%f%m}éfw 3Sbréncete mglh!ﬁeEB.eCt ed

€ conpa e el ectrodes 320.
adpaan agersdtet dmbodiesniy eldctrodrat720veamd (720d can be grouped fo

e R o AR 3 e
or “pgeglr%gp%?hé} F{p%ﬁ:? o< tgkn%?él £ ¥bSteP B iheCbriBlectronic substrate

regdrd to the effect it has on the
110.€ 1§ &tin eRsha2émbediaart, harrow, shigypeal élgciredesi@le andaR0f can
the el ectrodes 320 by the flLow restrictor, 322. ,
be. guonped 199 (alCiEaRhRAIeT A0 S £9h1-5oRaHe| TR T 7201
hydr ochl.Qf i | e r Slectroni bstrat
exte{C BRI H-fRR frofl BieiepRicr o, of the iRFpSlepironic substrate

110 Sa\0a1d MeSeridhent 112f @us tieroeRRAGNIc/dIBNEL 020148
PCT/ US2003/ 027181 Figure 6 is ,a to

| a jew of the
m b cflle @noliare ealssiment ﬁlé‘nﬂ&iﬁ?&%& ke g gxtend over
lLural it l ect.r ' _ h
appRAASY e Fivengh §e iR RRRE SuBtiate 110 pnd can have @
sendiirduisr pREGin @apEor Ther plestedef720g vam riz ignoyped with another
several different types of electrodes are shown . £ th
eleqtmxiet imoteghpwokinaning o ShaRe sARFESPRNEINGefe@ ML Image of the

eleéggt%t {7%5 %é& bot? W &odds e 36t Edtpled s thé Whenisolifée 121 to
provide alternating current to the microelectronic substrate in any of the manners
described above with reference to Figures 3-5.

Figure 7 is a partially schematic, cross-sectional side elevational view of a
portion of the substrate 110 positioned beneath the electrode 720c described above
with reference to Figure 6. In one aspect of this embodiment, the glectrode 720c
has an upper surface 771 and a lower surface 772 opposite the upper surface 771
and facing the cOnducﬁve layer 111 of the subsirate 110. The lower surface 772
can taper downwardly from the center 113 of the substrate 110 toward the perimeter

-12-



be positioned relative to a single mcroelectronic
substrate 110. In one enbodi nent, el ectrodes 720a a‘rl]%OGtoberzooe

0h.c be grouped to forman electrode pair 770a,
WO%(]%?ﬁlﬂelggh el ectrode 720a and 720b coupl ed t o P&A/US2003/027181

opposite termnal of a current supply 121 (Figure 3).

112 of ihe elissttateder Y Qncaashetl ¥ thien enibadiment i gigaties efectrode
strip-type shape and can be arranged to extend
720c gpwealgeeshapsd pefile. otieraiivaly,tthe elpaiieder28¢ gaehave a plate-

type cSiPORL Rt e LR tE 1 PEEPEEER Blown in Figyre 7 and

Iiresde Thhe PArBALK {6 Bhe GoWELBUIabB T2 heDRYIBRARBE! either
the uﬁf%&,dé%s degcriﬁed above.?/vith reference to Figure 3. In

embodimeat tierthat éhe rddedirineh coupling thebgesn thecelggiode 0d2Gx@nd the
be grouped to, forman el ectrod air, /7 and .each

sunstriTE8 538 b SeohBir ma. B8 FATH T, 134 b, 8065 B8E 10 than

towarosﬂ?é’ecqtrﬁ@rt 148R%" i BBy {1arthis *Téatl‘ifé‘tc%n 8k Adantageous

m Ccroel ectronic substrate 110. In sti anot her
when teboskipieaty, 1 1200f the, substrate 1 YD enalesoelativedoihe electtbde 720c at

= fastqy 1aie dABR AssANP SRBIErDLS Shine sopsta, LIt TRE cragelg. yhen the
substr%%%bdrjo)[atfaﬁ%gbpg%%gﬂﬁ?ﬁ 181348 oﬁdh?gllgﬂztﬁ%?@téﬁtgécﬂé’ B¢ can be

strate e peri phery *
shapeti teraxioent farnelatise nsdtiont lsetvben the ededtiddesand trey substrate 110.
enbodi nent, a_single electrode 720g can extend ov

r
dppethernambogdingnts, th elpeoe 14ie ﬁ:@@r%\(ee&tlp%rmsgapes. For
ubstra 1 e i G )
oxamBHo3h%i it B, 592, B3N SETLGS YabferDlRH 9 Mot profic
Alterngtigsly ety dfrtbe cibetrwdeshdesaripeal abayee withrreésrpaoditodtigare 6 (or
a mrror imge of the electrode 7209, and_both
other elleeitodriebaving Fhapesupihen than these @nh% Ry insGlgure Ghgan hiave a

e o] . ! :
sopef b5l LR bt Sl bl SuBoRERC e Uieoces can
have bi& shtisest diafhecs@® for FelafiV@wiction betweepathbi elbtiyodes and the

schematic, cross-sectional side elevational view of a
substpedetliiéh of the substrate 110 positioned beneath the

A 0R F2pRRl) EPLRRY il SUEERSHE bt 473 for
supp&ltiﬁgté WheraliBO6E elRdFoads WPRREORIHICAORILT Ghottiet @mbodietent of the

surfTace 772 opposite the upper surface 771 and facing
inventihe. dorehecaspact phjkis embodimenh dhe @isatrasieesuprprt 473 can nclude

a ool by SRR BB 1 IR HlphE UbP 5 g eectrode
420a"drla K oRHON8Era RO E20N0 PR 4if 2813 4Bo ST 41258 3/ ERIPLEd. through
112 of the substrate 110 in one aspect of this

the apettacksmdiid to @ fiyst leadé28a ebdtbgsecond electrodes 420b are coupled
to a second lead 428b. Both of the leads 428a and 428b are coupled to a current
supply 421. Accordingly, each pair 470 of first and second electrodes 420a and
420b defines part of a circuit that is completed by the substrate 110 and the
electrolyte(s) described above with reference to Figures 3-5.

In one aspect of this embodiment, the first lead 428a can be offset from the
second lead 428b to reduce the likelihood for short circuits andfor capacitive
coupling between the leads. In a further aspect of this embodiment, the electrode
support 473 can have a configuration generally similar to any of those described
above with reference to Figures 1-7. For example, any of the individual electrodes
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720c a wedge-shaped profile. Alternatively, the
el ectrode 720c can have a plate- type configurati onm October 2006

W otoﬂfoio'i Iovver surface 772 positioned as sho j
dé%gure % and the upper surface 771 parall el W?g‘r)ti{jséoosmnm

| ower surface 772. One feature of either enbodi nent
(e.gi, 82082820032 o 520g) desaribed gbbvee walbrreference de Figute 6 can be

o2 Rt B RE  Bh  E  B ccin
a pltgf?\)y éi%ﬂtﬂ%s%'?ﬂ %H ﬁ%%fﬁcfﬁﬁ@use@bﬁe PPﬂTe“F 18t ERIBtRBes 420a or

wheh the periphery 11 the substrate
the $&6omab\edertraelest 4320b.t dn tamotiedreaspent eof 1BBcembodimdras thee electrode
rate than does the cent;r 113 of the substrate 110,

Suppeiit 4Xamses, ewprifigered | iyt mgehanieglly ofeme Jwatarialt fom the
mncx%%nécﬁléorfro a%bc%g@n di Srgléfcarﬁa{lg & Qtﬁw%ﬂﬁg f%gﬁéwgﬁmllar to that

or re fve notion

des@rhl@&ﬂ beltev aitH réferencd td Fijured 9011 &nd dBHES. enbodi nent s,
the .el ectrode 720c can have other sha

exdnptil 2 msanarmecggfm@mmiraaw 156 &lactiogle, aairs 470 shown in

t
ST T e
the efsctratideed 204, 20080 tlﬁ@mm@eﬁtﬁmﬁc siibstrate Ao (thﬁn% 7), andfor

shown in Flgure 6) can have a sl oped or curved | ower
the eleateass pairs 479 |cranftm ﬁﬁéf’lg@dﬁ@ @prf@ﬁp@nd ththectade wof saledive motion

betfien e Befistiibe ZCRF acht b Gl MoroBlechBol it 110. For

exaﬁh;ﬂéf ¢S Bidctrodie RS ﬂd Maﬁ pbeAdre t@ea&mﬁ\&o@u&emﬁated in the periphery
el ectrode support 473 fo supporti ng ﬁE)%ura ity of
112pE the substrate HtQ or diher rwnens amsradhed UBn‘tQi@Cl&f between the

letiSle HE AThare 195 iR Blp L PR 1R  edd Figure 7).
Ac&iréﬁfg‘lfdlﬁeaﬁﬁz('ééé’e%ﬁ clridentPafdh of eNbitedtic RUFES4FD t&a}}f pfovide an

first el ectrode 420a or a second el ectrode 420b
incfdased alledtolpiitescuapent doe compsinsate Hiosutje high relative velocity.
ertures, 474 to.a fi ad 42 and the .second
it due Aish aifareds A4k gt 3B6ahd T2fRag8 s200 of eacn
eie@%ﬁe :ﬁ.’falrtrbﬁ) bé’ﬁ"gé ré?a%@e@"@oé@%e@ﬁ& ifGeBlcpd (%Gcﬁ as the periphery
curre supply 421. Ac di ngl'y, each pair

112 of the mhﬁtmdﬁﬂ) ehens thmelgctmdas ar&jctose(b@ti’cmwmnve layer 111
circuif that is co

b
(soRTouri 7] Reca e bne SRveatef b PEahabeli Ik 1 reduces the
ﬁk%@fg%glefb?edﬂéébt Fi1geieal 3oaplifd HetPeds RBS tiref eté?dtr%de 420a and the

the first | ead 428a can be offset fromthe
secmubeliclrodd 420Rb trostilbdfostheheaspediaifithiscembodinendy the amplitude,

refeatd SRl S5 oo B A SRS ot 470 oo vy
deg%ﬁ@pgﬁﬁ?fa&%w& ég thé %EF‘-E‘?? e%wgeﬁfth@ ‘Hlé’étfdt[)é pair 470 and the

simlar to any escri bed

miwiokelecteing subsirate Fi(y LET‘EZBﬂ‘Tb ielativar veloaitp beiweery thd eldwirode pair
i ndi vi dual el ectrades
470 and the microelectronic substrate 110.

Figures 8B-8C illustrate electrodes 820 {shown as first electrodes 820a and
second electrodes 820b) arranged concentrically in accordance with still further
embodiments of the invention. In one embodiment shown in Figure 8B, the first
electrode 820a can be positioned concentrically around the second electrode 820b,

" and a dielectric material 829 can be disposed between the first electrode 820a and
. the second electrode 820b. The first electrode 820a can define a complete 360° arc
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(e.g., 320a, 320c, 320e, or 320g) described above W?ﬂﬁ)ctoberzooﬁ

reference to Figure 6 can be replaced with an
woé?"é&’&’ége support 473 having the same over al IPCIRE3E03/027181

and including a plurality of apertures 474, each of

arount i sBEHRE 8RRl sddre sl ékﬁiwr?[q?ﬁg’u?é’%%, %?%@teﬂ? Sti\lél‘ﬁ the first

second el ectrodes 420b. In anot her "aspect of t
electradectZOm nan define @ncarcrafdess thap@60°. 473 can be

R TR o BRI 8 e o o o
cone 9SSR} 14| Bk 94 B b 20K i e oot

matefial 828 rdisppeed befwadn seighbordngeitctrades 82@ctinathe aspect of this
470 shown in Figure 8A can be arranged in

_ emch’i@pn&%qrgegg&@@sbq supRliedoRah @f);hg@e\g@gg e!@aq{g:%neqseerOb with no
o 21708y 398 Bl UM 5200 con

be pHede-shiftebBachitivarntgeide tarrent s@sidotihe tdilferr dcdnef electrode 820b.
relati ve notion between the el ectrodes 420a, 420b and

In at thercrepeecof dhe cembpsimente theocurFent suRligd do emeh second

eloctfi iy | S20UT, P AR oo WP Bl ERt. 1598 BFEkE e ovame,

amplitadéons where the relative velocity between the
el ectrode, pairs 470 and the substrate 110 is

r dDae ifeaiuge Hif ghe (geetrguap, B0 Mescriped mbdivegvih respect to Figures

8B-8l5 SRR 15, ARy EEEle 8208 cafl it 30 sBRbAG efsitratéls) 8200 from
interfePEREN srdhe oftdr dutferltis@lirde. ak by exaBbRE ith¥ first electrode 820a can
Furthernore, the first el ectrode 420a and the second

be ceuﬂedyt@dgromdtiowhielalcﬂﬁe mcgmdr@ia_etnpms 820Db. om ablwantage of this
arrr R4 R0 chget DEpucd s SPeOBRAREN  Hre 7 v the

electBodsd 890anHEmplOB8ciratdP Boi@OlEt | ve layer 111 (see
Figure 7) because the close proximty to the

cdnigune ivecheapatically illusitaies ant eparaivsebO® dardbsthr planarizing and
electgél&ggél}yg}nfq%rsls@%%%&lrlg%gpgg@\ée%en ?rgfq}tllgbﬁhaec!g%%ér%%ewith an
embéél'i"rﬁé?ﬁ%ﬁﬁ@%erﬁfon? hhsoxfé@ggﬂédf%?tthist%iﬂﬁéﬁﬁ'lénﬁ I‘if] :apparatus 560

requency and/ or waveform shape supplied to d rent
has al uppordabhaiatd willd actop-pamg! 5&fe peadivorkstatiohawherss an operative

sugh ,as. the spacin en the electrode pair _47Q and
 portiph oW plareisiad BB ds Papdones. ThedopHanes 6t s @enerally a
iaidV i ; e oBl; hici 7 i
o B §) RSIAECE S Bl 8 Brhiot D AedEP secton or ne
planatitingtpad 882 hent e desur8d@iufimigmlanarizdtionst el ect rodes

820a and sec el ectrodes 820b) .arranged . ..

co E%Wﬁﬁhc%égod%‘@eaﬁ% lity Pﬁa'roqhetﬁ {hgpide, position and
hold the planarizing pad 582 over the top-panel 581. The rollers can include a
supply roller 583, first and second idler rollers 584a and 584b, first and second
guide rollers 585a and 585b, and a take-up roller 586. The supply roller 583 carries
an unused or pre-operative portion of the planarizing pad 582, and the take-up roller

583 carries a used or post-operative portion of the planarizing pad 582.
Additionally, the first idler roller 584a and the first guide roller 585a can streich the
planarizihg pad 582 over the top-panel 581 to hold the planarizing pad 582
stationary during operation. A motor (not shown) drives at least one of the supply
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enbodi nents of the invention. In one enbodi nent sho
in Figure 8B, the first electrode 820a can be WOctoberZOOG
03|t|oned concentrically around the second elect

Wog 48nd a dielectric material 829 can be di ;5'6%’“’@%?’"27131
between the first el ectrode 820a and the second

rollep |56} ﬂﬁdethezfabe—upheoll‘arrﬁﬁ &b setuential§2advarae tef penatizing pad

SR Tt e et e
planéhﬁ}% gﬁdFBGE'rrﬁ& Be Juickly Skt é(;# nyr = g%&iﬁﬂ? to rPro\ncie a

el ectrode 820a can define an arc ess th

consistent surfaod éafi premarizisg end/drrelérgng m@ﬁjbstl‘@ceﬁlﬁtﬁt
eI %trode SZOﬁéé&n be concentrically di sposed between
§e%fb‘iﬂiaﬁ-{s 6882180 hiveyq CRMercasRasikly 39 that controls and

Prot%efqeﬁEgﬁét?%tgbzwscﬁﬂ r{t}.ﬁ Hﬁ%ﬁ%ﬁgﬁ h bﬁflé n(gaﬂrf’:eﬁ fésrs%gﬁﬁ% 590 can
mcluﬁqoal suiskttate dasttierob92 e siek iyl @ @indorsad? B ‘éfutheré 110 at
Al ternatively, the current supplied

a shiftin
appﬁ%& @i% 8 afg thecRlenatangopcess The cparaeeagaembedsgo can also

havéé I%lee'ft' %c‘g'é bggkg%ﬁuéélﬁ}hgs# ﬁig&beegs&%&btl%ggs tEta S8 L iate along

the gaxteyl 608 NThet drévecagdepitily WBF&arﬁﬁ’a\I@a#%ﬁuW 2 dnve shaft 597
el ectrode 820b can differ in characteristics

couplpgnioptiesactuptar 86 midan ampBe8urrejecting ff@'athheedMe shaft 597.

e S S B R R S Db B e o
drivé @s@bﬁhb‘[ﬁg% peiRsittR] aghdtede Holdstxsuy é{)@ﬂ? an %c%ré?{ #¢ fhdicated

from other_current sources. For exanple
by aT¥t'Fode Bhedeauninal isbati il syt elsgr otate the slibsiate thdder 592

abod{iiE RTINS B T et T SHENARN: 00 1o 1 e

S Ulrpier shRarliflg (p'ﬂdgi%z_eaﬁh é’ Par{a'i‘ﬁl é)‘j%cgﬁgé 182’ ncg%fﬂaca?rblananzmg

- be nore accurately control
mediwmusat ane@mcalbpam%us:lmﬁicalw-mechampbﬂylaerrmwes maﬂanal from

tne §1F60¢ B the beitad 260 ainetrlanening PaEeR wead infhe meparatus
560 IdAHERE Iz0fixed- Hbr‘ﬁ%ﬁreaélﬁﬁ%ﬁziﬂ ;Sétﬁam %gggéﬂﬁﬁve bhficles are fixedly

appar at us 560 as a support
bond@@tcparselspslajoatmedmm kicatrdiogiyties plemariaipey sdlitieh 587 can be a

B T A . B e e iy
d[strﬁtﬁtﬁéud&:résé 'aablanéﬂhhg SfdarEs8 %ggt’gé ﬂaﬁ%@ﬂég Cogérff géz In other

section of rzing pad

apphﬂﬁtlm@ mmpéanazlatngopad'ﬂﬁé mapareaaumrﬁﬁﬁra@m p&6 Withd(e abrasive

f tion and
partlclé)s %hey p? narrl%ngeggluilon gé187 can pb%sg élurry with abrasive particles

and chemicals to remove material from the substrate 110.

To planarize the substrate 110 with the apparatus 560, the carrier assembly
590 presses the substrate 110 against the planarizing surface 588 of the planarizing
pad 582 in the presence of the planarizing solution 587. The drive assembly 595
then orbits the substrate holder 592 about the axis E-E and optionally rotates the
substrate holder 592 about the axis F-F to transiate the substrate 110 across the
planarizing surface 588. As a result, the abrasive particles andfor the chemicals in
the planarizing mediumrremove material from the surface of the substrate 110 in a
chemical and/or chemical-mechanical planarization (CMP) process. Accordingly,
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hoI d the planarizing pad 582 over the top- panel 58110 October 2006
The rollers can include a supply roller 583, fir

nd idler rollers 584a and 584b, firs
wo@gg/gio‘é?sogw de rollers 585a and 585b, and a tgﬁiﬁgﬁoﬂ?”m"m
roller 586. The supply roller 583 carries an unused

the ptHnavrmg)padaﬁazleamcsmooih tio¢ substrpteah®d byi neghgudnl 58agh features
and the take roller ed or

projegiing ff_@ﬁ'é ‘—IGSV? ﬂ@feroﬂsf q}fgﬁrs{sléﬁgtfafﬂ tP-pad 582.
A rg'é'ﬁg djeésp%l terﬁl%o‘?ﬁneh?' f [ﬁ?aﬁtl%ggﬁbhgan include an

acan stréetc nari zi ng

electﬁﬂ?'te':')&?pp})\' %sé@l%ﬁ’s@ mél&ﬂalveﬁé% ant glebiedigtet toeth@ pmlanzlr@.gsurface
pad 582 stationary during OFeratl on. A notor (not

of therdangrigngvead 582wt epRdWt SBKe asgscribed 18 gregter detail with

refersief ITFIqNE o, cEhe ABPsfels SEnieH MRl £ puliot Sheply 521

coupldif tcpltﬁél%uppbmamsiseé%cﬂsf mtéﬂlgaﬁ@psmmsls@% an electrical
Accor di , clean pre-operative sections of the

ngl
currepit dn selectrodesppasienedniry the syppertitgble it rndicsdhe dep-panel 581.
ed setlonsto r de_a s t surface f.aor.
AcoofFEaNE | S PRAIRLE SrDaneho ol obiisely AR ial from the

cono%ﬂﬁ% %}é? POOItamahse SimiRr fo WRat dcriBed eiFve Witk reference to
that controls and protects the substrate 110 during

Figupsah#G.zat i on. The carrier assenbly 590 can include a
b h I 59 hol d h .
< UBsond pEpadicdtan Sapsicment bty apta sy el UesdRBed Hhove with
refer@hﬁ@%' F!gﬂjge ¥ G65&Fial LBf Sérsréc@bnﬂéﬂiﬁ Rthyved Qrdf'ﬁri"ué' &hductive

have a sUpport gantry 594 carrying a drive assenb
Iay915951td:faﬂhecsa.lbstrmglmtfusalbgmm elduiralydict prypcBsg anﬁhthen by a CMP

drive assenbl C n have an actuator 596, a dr
proceha! ¢ FasexElp: die, Sechaivie, Hsbors do! ramevanmdaRaoBom the

condélgcylirqlsgéb%lgﬁ{ %tmspﬁémfaégeaggﬁ Vlhe cOMGuARE |§?§r 111, After a

he substra a atermna
selebi@@d period huft etdutrolytic ywoesssing! §ime9 haer lmlamselthethe electrolytlc

proceysEer Séxpera%‘é'n?r‘?énr%@zh e e sRaiongbg a@al&?é’% Famgved via
o 5o SHIL S ED, 18 GBI SRS A o can

be entiuated aaimuitme@sﬂgol UIhI ehhér%f dleésmwca:asls&rgilarmng@ments one
medi um t hat nechanical | y and

feateiget anlayLeRineshOE e ;appéfﬁi%sﬁ@a@%ﬁqr@ﬁdfawe Wi reference to
FigLﬁr g e%?sf%eﬁfthé NS Q?Eér%ttlg% g;,éB caT‘EEIaﬂlaf\Eé‘rﬂg 'sggsﬁ‘% 293 via CMP

he appar a rasi

and pPteanave zma@ruaaofmm thai cobsba@siMO PRy tanclelsct@lytic process.  An
fixedly bonded to a suspension nmedium,  Accordi n%l Y,
advamagpl @fnt’gus ariagaseent i1 ihalsthecaitpsiate 110cneeg not be’ moved from

oneZaE:rp%%:@g g \gpﬁbwtto ?}?IH@? d Boﬁ‘ad;MFpéﬁé eRRFANTR drbEessing.

es are Yixed
Another advantage of an embodiment of the apparatus 560 described above

- with reference to Figure 9 is that the processes, when used in conjunction with each
other, is expected to remove material from the substrate 110 more quickly and
accurately than some conventional processes. For example, as described above,
the electrolytic process can remove relatively large amounts of material in a manner
that roughens the microelectronic substrate 110, and the planarizing process can
remove material on a finer scale in a manner that smoothes and/or flattens the
‘microelectronic substrate 110.
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leadgnf28a arsk SQBbmread:csupled tohibeptumenti gdurge B2

di stributed across a planarizing surface 588 of the10 October 2006
pI anarizing pad 582. In other applications, the

Zing pad 582 may be a non-abrasive pad t hout
wo&’ﬂ@\ é particles, and the planarizing sol u?&yﬂsg’g?f‘mlm
ca% be a 8' urry with abrasive particles and chem cals
148y 40 gt 8rpaitiatly exploded; upaitially eschematitoisometric view of a

portRirf B ihe BiobafaB id BbEertoes Hbbik F@‘E%%tegt%esﬁme 9. In one
aSpe@ammaﬁ eh’flﬂ:d@héﬁﬁéh@Wﬁ an %Qur@cﬁo 51‘%@ tha Z;ﬁé?ﬁ‘el Bgan %J:ésng plurality

ad 582 in the presence of [ anarl Z1 ng so uti
odeneainy 576, ag@mbwnmmctmmmm ¢lectrbde BH0t &vd @ second

e'ecﬂ%@%eé%@o?t TR GHabPlFGH 563 50881, sibiad 4 m s fo20 EB5a and the
secd i R RIcs/E20 BRS EaLGIHB 28685 iéh% 5PEBN LY and second

surface 588. As a resu the a raS|ve par
Fldl?@'ig')? In one

m,t he syrface of the substrate 118 in a

2P el I&'il'ﬁ S’r"ﬂg‘ Himeitte ihe AirStelontidea 2 P2{R %1 ibeaseperated from the

Seccﬁz'%%eod%o?%g%d szé‘aé‘?‘%@?d&?‘e?%é*%f@%ﬁ?@%&éggm& Teflon™
or annthemsuiteblehdiededist ratierbl0 Phie relsovbds diekshic Iafer 529a can

res ecting fromthe conductive |ayer
acc?"ﬁg"éj}i sonral 'g‘]elwm el dliglactiis cmmofdhewag@n between the first
and SRYITBRL oblE RPERY B0 A8 Syping betveen te

electloglessr ol yte to the planarizing surface of the

pI a'.narl ad 582 with a conduit 537, as described
edt %?* i $20a t Andr &R8Perved the Felgetrically. c'ﬁhpled to the

f t
m@‘?%u ed t oéﬁﬁgﬁg D&&j #:B?F %?Eﬁgg}ge R /%glrgfrquga$ g%%p dﬁ e‘Pne aspect
of tIﬂSlemb diaperity theen iz
oo oned 11 ThE SUDRO "Cabl ¢ So0 and) o ol dlectolyte 531

¥ iee sugply condyits |5§|7 raught apertiyspas@Bus thGopaanel 581 just

| | :

ben?éﬁxcﬁ{elfi%h?ﬁéﬂg’gyn%%‘$$§ H?ﬁgoirﬁir{%éyt gg'é‘é@%ﬁ‘?%gggﬁkﬁﬂﬂe@% are
leot Cht bé

::e c?rgfog mE\E:D mgcaﬁia @gﬁg’g?lgt%ﬁng 5:53220@?&%&%0‘9 eraﬁﬁement the

Eﬁé%ecarbbﬁﬁgephecbto the: planaliziog pagde582 froamabald {for example,

by JiRHAG the MR EDEY T i€ mieiiind Tiaufl s8Eitanathen through

the topepamest 581CVRECHPHIPGRS She Eiﬁna@i&fﬁ@&@i 58984 'rﬁ&h&@'aﬂiéc‘f dielectric

process can renove naterl al fromthe conductive

layei $259ppositinnesidietvran the pipranizingead 682 antdi the dletytmdes 520a and

5208 o (R TAB etk e S0 anct 520

are isolated from physical contact with the electrolyte 531 and can accordingly be

selected from materials that are not necessarily compatible with the electrolyte 531.

In either of the embodiments described above with reference to Figure 10,

the planarizing pad 582 can provide several advantages over some conventional
electrolytic arrangements. For example, the planarizing pad 582 can uniformly
separate the electrodes 520a and 520b from the microelectronic substrate 110

(Figure @), which can increase the uniformity with which the electrolytic process
removes material from the conductive Iayer 111 (Figure 9). The planafizing pad 582

can also have ‘abrasive particles 589 for planarizing the microelectronic substrate
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processi ng operation can be halted and additi onal
materi al can be renoved via CMP processing. 10 October 2006
, ively, the electrolytic process and
"‘_"’g{}‘%@é@@kcan be conducted sinultaneously. tpgﬁ'{rﬁggos&znm
these processing arrangenents, one feature of an
110 invamiimenerodesaribesdpparya withsederease roeigueeh Sy e Fuithermore, the

pankFFESRES, 582 Eod bk B b R R S rom o

electf8dés i5H0d bR $it§b ?e(b'tb?b(léﬁteﬂi’el%léﬂtr%d%nm%'t&fél rf?%ﬁ‘lt }f:&ntﬁctlng the

process. An advantage of this arrangenent
mucr@@!bstmatczesunﬂratee‘diantswiefumbreadtﬁer piananziegapad S82Ueah &ct as a

another to nder 0 electrolytic ] _ )
spongs, des Al }l@\o‘? QVOIXEﬁ/a%VP 48 oPSenPEXBN e nthenfmicreelectronic
subs@r&@é‘rﬁbus 560 described above with reference to

Figure 9 is that the processes, when used in

cohijgune tlifois avpantiacscherhitio, , cross-eagtiniat didedeler@®ivhal view of a
material fromthe substrate 110 pore qui ckly and

rotary. GRRATEIYS P BOANERY | @naiforprejeelselpticallyor processing.  the
b
i SEI i, SRS 1 OB DAY GBRH of 1o

mvenmsmerln bﬁ@taspeugbﬁﬂﬁstémtammsml et éﬁﬁar%t@%brﬁ‘é@a generally
and the planarizing process can renove nmateri al

GerLtbar avlaﬁe\&erorsta&!% 880, aangariar apsemMblyo60fex planarizing pad 682

pos i B e B, GBS SR8 B8 e iy hd pec ooz

The PahariZingardd 882 \cabxipd edRgsd Iébfésll\?é b}érﬁa?ﬁﬁ@béé a, aiternatively,

i sonetric view of a portl on. of the apparat us
the plaperizipedicib 087 wentbe afsduren baving Fsyspansion bﬁ abraslve clements

and 138 Hiandi=B8 D BB BB R dfort SorasiVeLPadt 14 i e, assembly 695
rotateéO¢arfae h‘G’? amd/en réélg}d&a‘?és RafrbWStH 'tﬁ%t ?%?n %gg?t@rmove the

a second electrode 520b. The first Iect
planarlém@cmd 882 doringfplararidadian. 528a and the second

£ FEp i St Bl SBaraats e sapfstons Substrate
110 Hhﬂng Lﬂ]éﬁéﬂizeﬁi@aﬁr Cﬁwe? Eérr(e'?' &‘éé%b@ 690 '?)é;%@é%[y ﬁé@%céut%ftrate holder

hi s enbodi ment, the first el ectrode Oaca
692 s«et;baa aad 694 ihat hh@ls theapichalesicomio debsaRb 'tﬁ/vmrsuctton A drive

e A0 55 b0 1t S e OO Bl (it 1
subﬁiaﬁétﬁdw& 992'(31%%0‘1"' AE*J D28ehédielyiC A e‘i{g{:‘ﬁlﬁg the substrate

contr ol he vol une and diel'ectric co tan
holdeegiganrrayt|meie|deta1waﬁgmwd freedicgingndisk|(rot siosles) fislides over

the aanan.%% pta% ggf_trol el ectrical coupling between the

To planarize the microelectronic substrate 110 with the apparatus 660, the
carrier assembly 690 presses the microelectronic substrate 110 against a
planarizing surface 688 of the planarizing pad 682. The platen 680 and/or the
substrate holder 692 then move relative to one another to translate the
mic:r.oelectronic substrate 110 across the planarizing surface 688. As a result, the
abrasive particles in the planarizing pad 682 and/or the chemicals in the planarizing
liquid 687 remove material from the surface of the microelectronic substrate 110.

The apparatus 660 can also include a current source 621 coupled with leads
628a and 628b to one or more electrode pairs 670 {one of which is shown in Figure
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el ectrodes. The el ectrodes 520a and 520b can be
electrically coupled to the mcroelectroni c subst r ¥ Qctober 2006

: iqure 9) by the planarizing pad 582.
WO&%"@%’&F" f this enmbodiment, the planarizing pggTééséoq3§’27lsl
saturated with an el ectrol yte 531 supplied by the

11). SVRE lefedtriiBIpaiss B30 danr ive! gitegreed witbsthb3fatem 688 in generally the
top-panel (581 just beneath the planarizing pad 5

sampJosnaehyith whiph tee alectierss 520 aaddS&lppFiges 10) are integrated

with 3 b Ead S ERHR D el VB HBELE ddfs g0 can be

integrdfed 'vﬁt‘?'i fre plapaRtiAlPA BBQ AACkifH:? efrﬁ@diﬂhﬁ‘*éwetl’{ef &iectrode pairs
exanpl e, by disposing the electrolyte 531 in th

670 ptamnindluden gladtupdies 15BANg rehapes anthﬁonﬁr@wagﬁns tg@erally similar to

any (3 R figcabash Foavel By feferreBefd Sih e oa il i dectrolytically
remgg%‘gﬁgﬁgéﬁlgezﬁ%@% eI %@ﬁﬁcﬁg%cﬁ%ﬁld Qﬁbsﬁﬁa@é t‘i'ﬂ@)d e?he glectrolytic

en the pad dielectric layer 5
progassptat be ¢drded|oed thrafdes diRibg andfisntte CAMR prsoem eas described

from physi cal tact with the electrolyte 531 and can
aboye vy reﬁ@'e\ycgéo Q€R-ed frommaterials that are not

CEHEERE A R PE ML, SRR of Byt comprrt

desbﬂlﬁ@d @boeetvﬂtrﬁejweﬂcé&o Fighee p0.ade arouit szaaiogﬁ?;anaafso apply to
provi de several advanta es over. sope convepti onal
any@fébe Eeprangemants dageired gboyawitbigigieace {gkigures 3-11. As shown

2 e
<cr B BERE I LT PR 135 vASRBHL S50HY cP1ORERfed oo st clectrode
5208U85d tiaé ectdAd efddtmdee50h with mbdsamﬁanam@m& rezpectively. The
uniformty with which the electrolytic proces

electerrrgb20m eadidR0brarerrauped hingciicracle QF'CﬁLPS(“ﬁt%JHQ with the

ey 85 B8 AR g Y e I S BRPBbIT b o st

of gaNbl abgacitckg_arkd réXisber KGRk d&@a&ﬂﬂlﬂr/a%Oﬂe‘b%stor schematacaﬁy
PCT/ US2003/ 027181 110 in the manner descri bed abov

indigates thet themigoelechrpyio subsirate, 11 B efia@iserelative to ground or another

tBrlgﬁmari zing pad 582 can filter carbon or other
po r| al that erodes fromthe electrodes 520a and

5201, drie BSEAR R ahEnisdEifTar® dRoWRti Fighrel 122N the riuaint Bgurce 521
the. mcroelectronic substrate 110. Still further, the

carp barmupizedwgo 99@@3@@@@@@1!&1& 522 thgbmpsdulates dbgi signal produced

oy ShEREREY Pypd 528 BERSBOH T Ryl 1285 pgoareinay, the current
solteetsz| J:é/n g@h@@é lzChigh fﬁé@emgtwmaw a6d qh@wpmaé modulator

vi ew of rotary appar at us 0 for planarizing and/or
522 Icent suﬂeytmma g lpwdtsspeney wane 802 on the high-frequency wave 804.
For example, the high-frequency wave 804 can include a series of positive or
negative voltage spikes contained within a square wave envelope defined by the
low-frequency wave 802. Each spike of the high-frequency wave 804 can have a
relatively steep rise time slope to transfer charge through the dielectric to the
eléctroiyte, and a more gradual fall time slope. The fall time slope can define a
straight line, as indicated by high-frequency wave 804, or a curved line, as indicated
by high-frequency wave 804a. In other embodiments, the high<frequency wave 804
and the low-frequency wave 802 can have other shapes depending, for example, on
the particular characteristics of the dielectric material and electrolyte adjacent to the
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m croel ectroni c substrate 110 in accordance with
anot her enbodi nent of the invention. In one aspect 18fOctober 2006
i odi nent, the apparatus 660 has a general |
W"%‘%ﬁr‘@a g? platen or table 680, a carrier asseﬁﬁﬂW%@‘@fﬂznm
a planarizing pad 682 positioned on the table 680,
electeptbsadpOatieer charagtérisiicsdofobie substtate plD) aridibntheagrget rate at
 anari zi n ad can be a fixed abrasive

. . 682
Wh"’*g%}zﬁiﬁﬁ-?rggﬁg bﬁa{&”&‘{ed%l"{’)@rth%tspb%ﬁ@@ e planari zing

P R Bt BTl il on
transanih thie abquised @letdcallenbrgy er@m shabéluch88es B20At &8d 520b to the

. (arrow "G ) and/or reci, rocatesdf(arrow "H') the platen
micrgRecenipotMbsirate Hitinuhite it lpwdiregenayr sugerimposed signal can

- more AR e T 1, BB S Tk E BB 816 Byt 51
and thleasmriduntive tayer Thiet 6Re fifcrasieardhi sB8trhtePi fal WecBbfingly, any
a substrate holder 692 with a pad 694 that hol ds the

of thgiembedisants Wescibed abave witlo refiesengecta Giguras @3-l ¢eand/or below

. I .6 of carrier assenbly. 690 typicall "
with PR o 1 e AL el 88 Fpaefeide msfirir e acttion to 2
currdilsbovse. "1 " and "J," respectively). Alternatively, the
substrate holder 692 may i nclude a wei ghted,

f ridgure datis mgpattislly solsematicypertiathabrokendesmetriz vienhef a portion
o o ARt BB o L MRSl i Sty
mectHigalR) ¥ RSt rdh §nd El‘b%'éégng&%rﬁé‘ tk;ﬁkés?tg{ﬁétf 7 f dddbrdance

~against a planarizing surface anari zi ng
with padties2embbdinprdtafrthédavemttdor In bee aspest rodtthishembediment, the

692 t noye, rel ative to one an er to translate the .
AP LA MEHeS & BBUTNBE anSdomaLstR NI lorali of Slegrode pairs
u . - asi t '
1370 VERF S8t bt 170 e BUSE AR A57 @ socona
elecipbden di320bn glordated cidiy paeaiey @xeatt390al Theoglettiedes 1320a and

urface of the mcrqelectronic substrate 110. The
1.320§Jp§éna?a§h o9 i WiRtho WhciTaRRverse dor e, axes; $39@2end can be

| it h. 62 . ,

sopdi il 5f My LEPAS o PRS 33830280l SR pA Ebrion 1360 car

have 4 Yidih W2 hesve?86 Go thADaREH 4890, 0drtB cACHaVE2008I0Rg 4t polishing
11_ Tge'el ectrode &ai[s 670 can be integrated wth

Surfaq%_ 1376 bhowe @SPRCiyenbisPIpodiRents KR syifages 1386 of the

pac P 1958 FELEPER0RA e A 1B Pl Hekoraingy, e

electfbdies N3R0aeH $20b hrarebe abteskedofrbis tHe Polighiing Ssurfaces 1386 by a
integrated with the planarizing pad 632. In either
recegmals,t,@mq Rbnwhilpdbe petishipgisusiaces 1386 contact the microelectronic

substrate 110 to mechanically, electromechanically andfor electrochemically-
mechanically polish andfor planarize or otherwise remove material from the
microelectronic substrate 110. In one embodiment, the recess distance RD can
have a value of from about 0.1 mm fo about 10 mm. In other embodiments, the
recess distance RD can have other values, depending, for example, on the
particular geometries of the electrodes 1320a, 1320b and the pad portions 1383,

In another aspect of this embodiment, the pad portions 1383 can include fiow
passages 1384, each of which has an aperture 1385 proximate to the corresponding
polishing surface 1386. The flow passages 1384 are coupled to a supply conduit
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670 can include el ectrodes having shapes and
configurations generally simlar to any of those
descri bed above with reference to Figures 3-10 t
WOyt i cal Iy renove conductive material. ?‘FW%‘!‘P%’WHSI
m croel ectroni c substrate 110. The el ectrolytic
1337NesieRScaraih iendse chagleduio aefedsdroigtiv flow mserbdie(ndthehown in
CMP process, as described above with reference to
Figure g@e W onegembodments the SloMepassages lagftcan be discrete linear

passERs RER PP T30t B BB Bur Taiap,ghown in

F;gu?%lﬁ 32l !%Oar%ﬁﬁéuye%od#ﬁé{ntoihé B&d @bﬁﬂiﬁemﬁ &aﬁ wge@@ny porous,
ove with reference to Figures 3-11

and shedtow ipaasages A 38# qaneinchaje ahecteork @ﬁtln@@mm@m ¢envoluted

patry odb; 4k % 0655, YROPIMINIELNE SR BIRTFYR JB G jorovide an

elecﬁ&@ﬁ ﬁﬁﬂt Qi8S ag e?éﬁroﬁ%&gﬂ@f é’tolé%'s?‘i)rbﬂn{d?@ to an interface

ect oni c substrate the electrolyte
betvibékh ihe mitreslesirgricesubstriaés 1 ti:aantidhe @plteblegtswfaces 1386.

7 641 5608 SSMROEIRGT Cn Co PSS L3 gran incidd Bofyurethane
matéﬁ%l%?i?rta?t%%h f—‘to’uta?ll oa%f’ér?a?stg@lhvégﬂ-nﬁéfrﬁz% Oﬁ&‘afé?f‘ir? olishing pads

r el e to ground or anot

avai@élﬁlerﬂfmral Rodiel, tnte i RHreezningf Aderorenb trdore rHSpEbbwﬁthIlB embodiment
gure 12A, the current source 521 can e
theaw HmWiTt elatherpag) a@la‘honﬁzi3$%a€iann89u!e§§ aph es. | W2 of the

i gl P 955 ST TR 820 ot

bet @88 tAé eelactibdits ﬂs.e_qaemazomm Wmlenmélédmmbbkwdm 110. In
nodul at or 522 can superl ose a Iow—fre

uenc ve .
othgnembedimentsi ghe eledindesy 1989 310D ang t ﬁi%mng thad portlons

RS ARy S0 o v o

thegeggpi%bﬁemve envel ope defined by the |owfrequency
wave 802. Each spike of the high-fre uenc wave 804
carong\f@ature péaatembo«}mrée:ﬁ the apperaes ¢i3Peshqvn in Figure 13 is

ans r t
tha féecp qﬁtrﬁ%gg 1%)@ é q%lsgg f drﬁ the écﬂ%!aéng §Hrfaces 1386.
Acdcttlingly, nmesbmﬁo@a@ 1@206191 3015 toapi bbt ml eletriced contact with the
i ndi cat ed ra% - requency wave 804, or a curve
e

midroelectrasici mbat d1T%VImt®d¢Cémlaéﬁcy3%th§0mlﬂg into direct
h |
on R, SRR TR bRl ASREI 8, 1ot of s

emBsaRishtnahe Stifsee f ethed reledtfiaRarBRod] a1320b facing toward the
characteristics of the dielectric material and

migrbelectronig: subaliste dri0 are exposedd prviie divert elegdicahwontact with

thezgl%‘é{roﬁg?e”i%spd( USR03 RSB knts, the electrodes 1320a, 1320b can be

10 October 2006

_enclosed or partially enclosed with a protective film or other structure that can
protect the electrodes 1320a, 1320b while still permitting electrical communication
between the electrodes 1320a, 1320b and the microelectronic substrate 110 via the
elecirolyte 1331. |

Another feature of an embodiment of the apparatus 1360 shown in Figure 13
is that the electrolyte 1331 can be provided at least proximate to (and in some
embodiments, directly to) an interface between the poliShing surfaces 1386 and the -
microelectronic substrate 110. Accordingly, the eleé.troiyte 1331 can lubricate the
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el ectrodes 420, the characteristics of the substrat §0 October 2006

110 and/or the target rate at which material is to
be renmpved fromthe substrate 110. An advant age

WO 004420148 angenent is that the high frequency BE’@’%F“"&’%"“
transmt the required electrical energy fromthe

interfadee ddatwden 20 aniame [ERnid @ubbtratem‘ld()oahdcmeor)bnshmg éurfaces
substrate 110, while the | ow frequency superi nposed
1386 sehpmalc ¥ Promote matedak Tepeavel Frosdiae niipoelectronic substrate 110,

andlo?lr.gﬁﬂ? Ccond\ﬁ%:lt P\%i %éy gﬁra?ef&&ﬁetﬂ{e hlzl?errr%:c%gter ct%('%o%eﬁé time, the

electralret 138 chhOfill Ao qedesudsy beyen abighberiagbesd fﬁﬁﬁﬁéns 1383 to
descri bed above with reference to Figures 3-11 and/or

provige| &J@ctright ormsmienisatien tbﬁetwegrmrthg glgctrgdes il 328k, uu?amm and the

* miroB S BRLUD, 0 el el SRR o

the miGOBRIdtioniy beMstPdted 1ROr tion  of an apparatus 1360
configured to el ectronechanically and/or

elaneo’bﬁmmﬂiaﬂy sefeimatio; glarjellydroken mmeirw wéwo:m a portion
s bstrate 110 i n,acco ance

of 2 ABPRIAVE S ORISR Reb St aRtss it ARG sePeedmant of the
1nventt|'EBhS Iﬁ'ﬂ?%dééﬁ‘é’ﬂt ofttlli@ eniRfifndh %hé%@?af&ﬂ "I@S@ :ﬁclgdes electrode

pol I shing nmedi um 1382 andapural el ectro ‘
pairspddre wiiBy7 Girsttadécteidest Nd@8apand. séé’mctaeiectroﬁasieMQOb The

BITE e T M
prowﬂ!r?’%oﬁ‘hén@ﬁecs:ﬂ@%g% ik d%@%ﬂ ?é/ Qo2 ¥ bk, Y% Bfat ﬁiﬁﬁgelectmmc

to the axe separ ated y po

subsipa: pdoti MSoﬂiBrS@y, Em:lﬂowobasemgeg p484 et m@me‘tﬂi@ﬁB toaa supply
i transverse to the ax e%ygg , and can

conciii @42 Which i A1 LN SO1DER BN SlEPralEc T9BRSOieone
aslﬁ‘?ﬁ{e %Egéé‘t‘ St fiDY %H%@@enf f@ao?]%lg%t}bag fﬁdﬁ%%sﬁﬁspaced

d portions roj ect

apartefrent lteduaghﬁcﬂ)by alﬂmmé\damrdﬂaﬂ@)y Tﬁdﬁele!ed:tactleyéesﬂfzg can,
1320a, 1320b ¢ be recessed from:t ntge pol i shi g

termiggie gt agp! i‘@@é‘l‘l?g th e upeufasestafibe GF@J“%‘@% 426 1420b. A

pofig LR 3455 REFUTR AT e Fenalerbanr 6200, 14200

and maadupwaailxedamgrm:tgesadaﬂ e memam ety 1420] sih mﬁéspect of this
anarize or otherwi se renove nmaterial fromthe

emb@ﬁ“tﬂ%&l dae relishig vedim 1482 dan dneUdRbadPRRad 87 which
suppoﬁ% gout °I¢48|§D P%@p%n%oog%%ﬁgﬁ ﬁc%lﬁ&é %ﬁg%lfesggglsurface

14881ltlﬁt md@th@mmhm@ecﬁtd?ﬁtﬁ subsiv&te, 1t ireadinaanef génerally similar
on the particular geonetries of the

to thaf éggfsr&w@kah@ma In e3pphernaapedoffhis popereient] Hessub-pad 1487
can TRILHE sRTES Bord MfHRL BT skl PSR B to permi
uninkidfed low f (tHe @IdSlytRr P33 Mot e Flok FASSRFROMBAJ In another
embodiment, the sub-pad 1487 can have a porous composition that helps to
distribute the electrolyte 1331 in the interstices between neighboring pad portions
1483. In still another embodiment, the sub-pad 1487 can be eliminated, and the pad
portions 1483 can be integral with the dielectric layers 1429 in an arrangement
generally similar to that described above with reference to Figure 13.

One feature of an embodiment of the apparatus 1460 shown in Figure 14 is
that the apertures 1485 of the flow passages 1484 are recessed away from the
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pol i shing surface 1386. The flow passages 1384 are {g QOctober 2006
coupled to a supply conduit -21 10 Cctober 2006 WO

, 3148 PCT/ US2003/ 027181 1337, which can_j r
woégg'%zgg{%ed to an electrolytic fluid reservoi ?Pffﬂg%fbogmznsl

. hown in Figure .13). |In gne enbodi nent, the flow
mfe@%%%&g@éwe?@ 8&“’3‘0 &HCE |‘Eﬁtm%t%‘%ﬂrﬁ§h 1 10pa8d alfies pplishiegnsurfaces

h Ldiv L/ li shi ‘
1488 ARl LR oRRoIE Pl N P HERRE B B B passages

148p deisbilo hd peSsare dietheenieradldotrdinit 8UBstratandi g, he fl ow
passages 1384 can include a network of interconnected,

cofi@iret &a ispan HeomekicaMigvo of 1h portiamied dimepparatus el 560 having

el TR0 U PRI, 5= Allm PAEZbAahAL 1t Brgance wit
anoftieri Binpobiraent betineemvbRgom CIrPRIrRCisBBEC of URR! ehifddiment, the
110 and the gollsh|ng surfaces 1386. |In one

polighibgdnedivm 1082 inriddesopolishing pae poctions ha8ithet project beyond the

codEA S ST Sttt ) S B et
i | Ak

surfa¥ai1588 snd opMRAfe of fioﬂPEJaégﬁge@Emﬁ &?ngzfﬂ{\}ﬁgaggaoég‘%&l has

aspect of this enbodi nent

an gperurent583 pBoximatd to thes polishing tshefave dit386\D piovideean electrolyte
pnterstitial electrodes 1320a, 1320b to all ow for
1334 HEKED Rt (0ePR ATETIagE RESWRGR the MisrPelpRiialie fubRkate 110 and the

poligﬂ&iﬁg %lgf%&liga@'ahm bspad 6f'“'l‘|’1i§ﬁbﬁ'fb%%§rﬁ§ﬁtr e ?Jrag portions 1583

I ot her enbodi ment's, e elec des
canl@dade Téteseand SBhespodirsding geqrid aperturentb851 388cardingly, the

ave o r relative dinensions dependi ng on the )
clodibivieohPS) GATbRETeash CUTWaTEb o G JiemRsssegies 1584 while the
: i 0f, i ; 60 shown
i e Sy BB P s Ry Br B 3ad 3,05 "ar o
r edagsred 16rienart ieorpetric shiew gfsaupbsiids of 3bapparatus 1660 having a

.ﬂ(_i_cordi ng_lm\{ the el ectrodes 1320a, 1320b can be in .
poligpigg: Medim c(GitZacontigurid iR eccrrdancs WD ryshianciiuess empogiment of

e 90ion. by Sk B AL pHERRHInC W Moy mecum 12

incladés erpalshind pat n 683carss peisipadi 1887 positohed aiRitst fitdi@lectrodes
zi)%rfa(i:rgs of the electrodes 1320a, 1320b faci n&toward
1620geanghsererdl elgGinsias tadlk: r hbe elagrades 1520a dB20b are separated

. . . . . t . . :

by §IRUEEE 18] 1999 PThe BRIeABRA 1had indiles, law passages 1684

-havirip @pertlis@d b 6851 td eleliesrc kies eledrolytar 1331 Iprogiitdtestedan interface
wWth a protective filmaor other structure that can

betyeen die Rolishingemedsie 683and thesmieroglactrenia substrate 110 (Figure
15)per mtting electrical comrunication between the
el ectrodes 1320a, 1320b and the microel ectronic

suliat praé %sbb_@t\df&htsh@mbodiment, the polishing medium 1682 includes a
polishing surface 1686 having a plurality of recesses 1689. The recesses 1689 can
extend entirely through the polishing pad 1683 and the sub-pad 1687 to expose
both the apertures 1685 and the upwardly-facing surfaces of the electrodes 1620a,
1620b. Accordingly, the recesses 1689 can provide for an uninhibited flow of
elecirolyte 1331 from the apertures 1685, and can provide for electrical
communication (via the electrolyte 1331) between the electrodes 1620a, 1620b and
the microelectronic substrate 110. The polishing medium 1682 can further include
transverse channels 1688 that connect adjacent recesses 1689 and allow the
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el ectrolyte 1331. Another feature of an enbodi nent g
the apparatus 1360 shown in Figure 13 is that the October 2006

wo?&oﬁ@&&%yte 1331 can be provided at | east pr%?é‘ﬁ?stgg%ztm%ﬂm

I'n some enbodinments, directly to) an i
bet ween t he poli shing surfaces 1386 and the
electrelyie deIpessfomonsureoesat168910. thaatbetwitgoyt, being inhibited by the

trolyte 1 n lubricate the 10 October 2006 WO
mlcrogkﬁyg % %Stﬁ%?ll]@oos/ 027181 interface between the
s PH@'&%@EE@B\‘ &n %ijb?ﬁlﬁéﬁt destrived dodeRati Eibfthce to Figure 186,

aces 1386, chemcally pronote nmaterial renoval
the rfecessese168@r cahebarveniac mmlesallyatce/allplanfomd/mapmnvelyl other

renoved particles mthe interfac At the same
embadimpents; HEG r@F%%%%Sofm%C %‘f"@a‘?’f heg F'Pal?%f%@e%%egcmaf shapes)

that ehéll%éf\z’:‘fb‘?rihg ﬂb&ﬁ&qhb@e %‘31%8m]tﬁ§%&‘egtg{é’é ‘PéB@,ﬁ%that aliow

i cal connunlca ween t rodes

for d@@tﬁbaﬁl’tﬁbrhﬂm&nldﬂlorlobbﬂ@éémnﬂhe sldxtiodeise 1620a, t1620b and the

facilitating electrically renoving naterial from the
microgiestaanie aubstiate JiBsyiadbe eiq@rolﬁegma@ 14L\q0§r@ngly, the recesses

tocolti] bkt SAPETRRSuotP R b EB e SgP Y SRl 1607 (es

descAb&QBaNe Poliil natdrhenbedTret, ftﬂétreéésde@.ei 68wAN bkdhd through
1 n one aspect of this enbodi nment, the appar at us 1460

the pofishingepac 1688rudanotghrqught tieoswir-padfi687t Ehecuboped 1687 can

accorfBg AR ebabr oSl et uvs 4t eiﬁeaca‘?&‘la&d??m to diffuse
from &Re BpBABFes 685, ftRFoudp 1B stibngad lvssre baatiftel the fedskks 1689,

proximate to the surface of the m croel ectronic
s%gumtﬁ igoa t@@cmetgpyy:et:\h@ffa@vﬁmgh@eé'/@@saoaﬁ@lred in

accofAHRE D Sl BnptRE iemodf et (o A8 Jovauer, T el S5kt of this
emb@cﬂln’féﬁt Stk@“@ﬂﬁ’érﬁﬁfﬁ 17@(@%!1@&&0&%@&%&%@}% 17]74)2%ch9navmg a first

spaced apart fromits neigh by a dielectric |ayer
electtad® 17202 spackd @partdrcbm;eesemmbeleaﬁnode é?ﬁﬂhatT @eaaprwratus 1760

o B Wb PSB85 V257 B R 25 ot
beyo?ﬁiéﬂhu L\‘ﬁg}@% BN stififced Sﬁbfeﬁ%aeé“ﬁ@@a 4742@5’ A@i@érdmgly, the

facing edges of the dielectric [ayers
electtdd®s 1720@,n137%@pend toé poliskingenedidim&R82 caharepMVlesmﬁteglal from

482 ¢ a _sub- ad 1487 .wh up,
the BiroRBelro0 S Aot it i aomoRer srrerall wilar JeRGaE dsoribed
‘aboyeP! i shing surface 1486 that contacts the
m croel ectronic substrate 110 in a manner generally

si Tihé aamcrcted:ed:ttmﬂc deabstratect Giban diavera didmetehBr ard plee Bpparatus
T VSUENTIEE ST ST g e
micrb@eBEbAld substrate diameter D. Accordingly, the microelectronic substrate
110 can be moved about over the polishing medium 1782, all the while being in
electrical communication with at least some of the electrodes 1720a, 1720b. As the
microelectronic substrate 110 moves, different pairs of electrodes 1720a, 1720b
provide electrical communication with the microelectronic substrate 110.

In a further aspect of this embodiment, the electrodes 1720a, 1720b and the
pad portions 1783 are elongated parallel to an axis 1790. The microelectronic
substrate 110 can move relative to the polishing medium 1"782 back and forth in a
direction indicated by arrow A. n a further aspect of this embodiment, an angle ©
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uni nhibited flow of the electrolyte 1331 fromthe f
passages 1484. In another enbodi nent, the sub- pad l‘lﬁ%ctoberzooe

_ have a porous conposition that hel ps_t
wo%@ﬁ’%ﬁg{%te the electrolyte 1331 in the |nters??yg§2°°3’027181

bet ween nei ghboring pad portions 1483. In still .

betwes ahtw Andradi axie 7 90tdzs (se1D0Perlet481In one garticular embodiment, ©
elimnated, and the pad portions 1483 can be integral

can hyaveharWalugliof |abeut #8°.| mpgilngtzeth%moew@gmwstrate 110 can

move? BRI o1 a & bCisAr b HE REE BTN Y RollsBaning, piuratty o

electPddd PRIRPTEIRHUENG 4PE8cSRMg) AR Ed\%ﬁtﬁaé‘bfitﬁis apahgériént is that

apertures 1485 of the flow passages 1 are recessed

the umit@ymity ovith w@m meteﬂal EresevrediDom thmmemz;eubstrate 110
' PCT/ US2003/ 1 t erface betwee

can he t%&f%%t% e Pr A ML hé"pB“lhi'%rh g center of the
mmr?«%!%&vﬁ'?ﬁﬁ: SL&%@te %@b?‘%hov@%l&h@ohrtﬁe i)bgsﬂl%élméé‘iﬁm 1782.

reely out the W passages espite the
prlélgetnem Bfist hetqp dsareeteict vEw ofsabsappearius 01868 gonéigured in

IS anrso trjic view iogn of . an par a

accordeom 0Tyt Bheter Guatodmsns o 15900vaiPth 18| ali FRgect of this

embBAGHT derappiichiosd flos ekriioaBimle 1670, 3AEhUhich includes 2

first enduirbdeen 8204 fend paddcehidneglecteckie 2882 Ad;alcedemectrodes 18203,
ol i shing pad, portions, 1583 that proj ect e ond

182&? mr%@a@z& é‘@@@@‘t? NG| sHiFhp Hér?é@ﬂw can further
8

inciubR0 pAIRPHEF el dorRra sl 36 B GriRRe dscussed above, but

notét@dnh"aﬁigme 18pfer purpséb &5 claritki mate to the polishing

surface 1586 to provide an_ el ectrol r oxi mat

¢ olna Trirtbier aspast @étmreembmgnﬁ% nsseteciiogfs d82laei 83k 6an have
a heliflgBfie of Ehelitin Sid) S (Af Be Bifthadd'PARMRREREIYYD define a

rectaegelas geldl SE6r sxample) dan @lacﬁod@awweemﬁﬁﬁ .can include an apex
Accordingly, the electrolyte 1331 can

or abgleApeMaNTa G TSt SN FELoRY EorostR T GR.| ashexiending from the

r t I
apef of GG PP 1845 rb@iffter 4l sBePRd Pt 1622, 0ffiad gan cefine
an iftiuaBd RS AbVIRglBRUBDII1B0° ar l¢xY. | Ik Egrtlmﬂbrtﬁmﬁ@cﬁﬂ'lent a can
configured in accordance with yet another enbodi nent

havefa vakie oinateeuti ¥R, anchinpaidics spindimentsicscambaue riher, values. In

any 85 ek SRR it e i RIPBRLET s e PR (Figure 17)

mo@se@étﬁ@.e@ thE6a)Batrédul $E20H) ¢ S2I08¢ thd ﬁﬁérobﬁa%@@mc'rﬁﬁbstrate 110 is

el ectrodes 1620a, 1620b are separated by a dielectric
expbageto aqduralithef elesirisel fieldsigeperated Ty thﬁcp!ur@éw of elgctrode pairs

1876assfsgeasscussed above with reference to Figure 17, an advantage of this
arrangement is that the uniformity with which material is removed from the
microelectronic substrate 110 can be improved.

From the foregoing, it will be appreciated that, although specific embodiments
of the invention have been described herein for purposes of illustration, various
modifications may be made without deviating from the spirit and scope of the
invention. For example, other embodiments of the polishing media (shown in
Figures 13-18 as facing upwardly to contact a downwardly facing surface of the
microelectronic substrate) can face downwardly to contact an upwardly facing
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having apertures 1685 to deliver the electrolyte 1333 october 2006

proximate to an interface between the polishing
' 682 and the mcroel ectronic substrate 110
wo %@g}a#ﬂ}‘g} 15). In one aspect of this embodi meRCT/Y§i03/027181
pol i shing medi um 1682 i ncludes a polishing surface
surfadd@f thevinitgoaleptronial substefte.r cOtrreambodithentd exfripecssssratuses
1689 can extend entirely through the polishing pad
descritggiabave in@ude sopiinalises efofealies shomey in serearate Figures. For

oxamBREH GHRETES B ScbBahee Rl nen shpooltenf EldRs, did fow
pass ifi aPotP @y ?Ifsﬂingaﬁnémhﬁhid@idt ask felewtrédes. The liquid flow
el ectrolyte 1331 fromthe apertures 1685, and can

passages cdr feocogpledtini thel same mmdiffersnt soulaasact higquid. Accordingly,
.electrolyte 1331) between the el ectrpdes 1620a, 1620b
the inggtion e el L ed BXPsRAS DL MBS PRSI 0a e pol i shi ng

medi um 1682 can further include transverse channels
1688 that connect adjacent recesses 1689 and all ow the
-24 10 October 2006 WO 2004/ 020148 PCT/ US2003/ 027181
el ectrolyte to pass fromone recess 1689 to the ot her
wi t hout being inhibited by the mcroelectronic
substrate 110. In one aspect of an enbodi nent

descri bed above with reference to Figure 16, the
recesses 1689 can have a generally oval planform
shape. In other enbodinments, the recesses 1689 can
have ot her shapes (such as circul ar shapes) that
allow for the flow of the electrolyte 1331 fromthe
apertures 1685, and that allow for electrica

comuni cati on between the el ectrodes 1620a, 1620b and
the mcroelectronic substrate 110 via the electrol yte
1331. Accordingly, the recesses 1689 can extend
entirely through the polishing pad 1683 and the
sub-pad 1687 (as described above) or, in another
enbodi nent, the recesses 1689 can extend through the
pol i shing pad 1683 but not through the sub-pad 1687.
The sub-pad 1687 can accordingly have a porous
conposition that allows the electrolyte 1331 to
diffuse fromthe apertures 1685, through the sub-pad
1687 and into the recesses 1689. Figure 17 is a top
i.sonetric view of an apparatus 1760 configured in
accordance with still another enbodi ment of the
invention. In one aspect of this enbodinent, the
apparatus 1760 includes el ectrode pairs 1770, each
having a first electrode 1720a spaced apart from a
second el ectrode 1720b. The apparatus 1760
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can further include a polishing nedium 1782 that ha
pad portions 1783 projecting beyond the upwardly 70 October 2006
fAac urfaces of electrodes 1720a, 1720b.
woﬁ@@%ﬁ%ﬂﬁgly, the electrodes 1720a, 1720b andPEHLS2003/027181
pol i shing medi um 1782 can e material from the
m cr oel ectroni ¢ substrat ecm' n a manner generally
simlar to that described above. The mcroel ectronic
substrate 110 can have a dianeter D and the apparatus
IIWeH&?nzcan have a | ength L and a W dth W both of which
are Jgreater than the mcroelectronic substrate
di aneter D. Accordingly, the mcroel ectronic substrate
119 canaheapprratsafer Wentwang trhgterial frdf ndcrotedtronid 8Abstrates,
all the while being in electrical conmunication with
comprtisingast sonme of the el ectrodes 1720a, 1720b. As the

m croel ectronic suhstrate 110 ppue di LIS .
ot & SHBPP S 0e Sy 0 58 B e i B s BefecRBhicsubstrate
COéTﬂJrg{ eRidyRIeVspdtdd8pait Graial st infitbéletbaic Qllsstdate . when the
In a further aspect of this enbodi nent, the el ectrodes

1720a, mi@obleatréniceubsirate roeanrieddyltheSupperianemiar.ed
is 1790. croel ectroni.c

Il el The 1
E LB Secane Sladfadorasel FRArLTULIBINEFRSBE P pstrate when the
medi um ff82l 3 an%%tl{?gfrbtb 18 Barrflld ¢4 e sipbcielMember, the

by arrow A r aspect of thi's enbodinent, an
angl e Osee@id ieledfirodet nding 1e@ed aparRfom Grofing electrode, with at

PCT/ US2003/ 027181 bet n arrow A and axi,s ,1790 can b .
000 or TGS SMenOh i FRRHSER O BAUIPIARS 18 3 RTE: §6 varying

a val ue 9f~ q,ggtg e dMfordingly, the mcroelectronic
substrate { ca% nove across a plurality of

el ecpolistihg fmedidm, getrleastt adpdryion afowhisbpisngositioned between the
e evaiioiorsE b S5a b aies T porhgS et navng
uni form i t-h ' orialei . d.f H]@' b

m cr oel é%?l?% CS%}TJ%%?P%QS%g tociorﬁﬁ el ncrrni%rgg]d nic subsirate

rel ati vevien e micresigetrenic subsitaie fis therieckly dne stippbr member,
m croel ectroni c substrate 110 does not nove rel ati

to the PEITSI @ 688t gmportion of gop direk and epgRd electrodes is
o the g _ ? S1Eb 316 S
hocor aateettat Fomitfe BBPRAAbIRERD Bon L otet |

invention. In one aspect of this enbodi nent, the
apparatus 1860 has el ectrode pairs 1870, each of which _
i n@-udesThe apppamtue|d@laigyd YoERINhe BOIEIhnedium includes a

el ect b. Adjacent el ectrodes 1820a, 1820b are
po“&bg&réé)%ﬁj%%%%l el ectric layer 1829. The apparatus 1860
can further
3. The apparatus of claim 1 wherein the polishing medium includes a
plurality of flow passages coupleable to a source of liquid, and wherein each flow
passage has an aperture at least proximate to the polishing surface, the apertures
being positioned to dispense the liquid at least proximate to the polishing surface.

4, The apparatus of claim 1 wherein the first and second electrodes face

toward the support member.
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i nclude a polishing mediumgenerally simlar to any4gf
t hose di scussed above, but not shown in Figure 18 FgrOGto_berZOOG

of clarity. In a further aspect of this
wog‘ﬂ’ﬂg’gﬁ’én the el ectrodes 1820a, 1820b can W&\T@JSZQP?”OTHM
herrlngbone or chevron shape, and can be arranged

chr Cunﬂ'aeeapp@btus tof ¢laini e where@ttihe distrelécteddb, Ry second
exanpl e, each el ectrode 1820a, 1820b can include an

electragexandra segied g5chei balishing mpdium betwasel thectisg and second

electrfibe rEh SichbErec BN FBIH S, cond por t1 ons 1822, 188
can define an included angle having a value of 1801)

or less. In a particular enbodinrent, a can have a

val ue a'heaapparaws afdciaim ot helnersith dbe nfinst sslectreday thev second

ot her val ues y these nts,,,when. the
electrafie, 8 &t dikion o B8 palisting redLEn etapn gy Bt and second

he

electrbo8 o Sk PE R BN RHER, HFERE net ks

plurality of electrical fields generated by the

plurality of electrod airs, 1870, As discussed a

wth rdferepraratus of glam 17wharein dDs Relisbing r@eml@m includes a

%r@% s that the uniformty with which materi al
pdyufésthrggﬁove hP'romthe m croel ectronic substrate 110 can

be inproved. Fromthe foregoing, it will be

Epr eciated that, although specific enbodinments of
e i nidie arRarAkiscObaaim e‘é’E‘?f%’ééhfhé'F@l and gecong plestodes are

t
ocos3br P HECHA g SRS B Ao B inmeter

aboul @Ryemtliieetergor exanpl e, ot her enbodl nments of the
polishing nmedia (shown in Figures 13-18 as facing
upwardly to contact a dovvnvvardly facing surface of the

oSt acTLAGEHE BP VAR, wh8Bh 366 dlBABIRC s Stpgrate hes o
diama@P HiR et Brab GHaUSEEHNe @I%Eﬂr&éie§ WalchGsavd atlBAgth greater than the

m croel ectroni c substrate. Ot her enbodi nents of the
diamedepar at uses descri bed above incl ude conbinations of
features shown in separate Figures. For exanple, an
apparatus in accordance with one enbodi nent includes

lijqui d FeouppiatiAsadain 1 MHdrel®erRbi éIBb!?f@défﬁG‘s lél%ﬁ@ﬂw and a
the electrodes. The liquid flow passages can

first wwdipl éabst (bhameamhrmneralm tramsgerses turtbeslepgth,i qoddwherem the
polishESREAEh BeratribonR a8t kSRR M G AP 2

- 11, The apparatus of claim 1 wherein the first electrode has a plurality of
flow passages coupleable to a source of liquid, and wherein each flow passage has
an aperfure proximate to the polishing medium, the apertures being positioned to
dispense the liquid proximate to the polishing surface.

12.  The apparatus of claim 1 wherein the polishing médium has a plurality

of flow passages coupieable to a source of liquid, and wherein each flow passage
has an aperture proximate to the polishing surface, further wherein the polishing
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WO 2004/ 020148 PCT/ US2003/ 027181 CLAIMS |/ Ve cl ai Myg october 2006
1. An apparatus for renoving material from

wdRdoli8g)186t roni c substrates, conprising: a supRlsanezin271s1
menber configured to releasably carry a '

mcroelectronic substrate; a first electrode spaced
mediypainclodesmat leeess Bradmate oraeh epsatrattbe iRepsy being offset from

m.croel e ic substrate is carried by the support
the %Wblﬂg S@Ifécg%ond el ectrode spaced apart fromthe

m croel ectronic substrate when the mcroelectronic

substrate is carried by the support nenber, the

setdnd Anecapparatusésrnrerspdogdnatesial frfammicreelecranic subsirates,

el.ectrode, with at [|east one of the el ectrodes being '
COMPPE%eabl e to a source of varying electrical signals;

an 3 .

oS PBRrt REer EBRiTeadb [oBASANT 2y 3 RloRleiticric bstrate

nmesbfirst dideirquid spaced) apadi fromhthel micraelgotdonghisustrate when the

ositioned to contact the m

surface p roel ectroni

substr aﬁ@crqm%r%smw%@u%e@vm Ry @1?0%% n}e@%ef:

carr -
poPtrelpRfods Bpateq 5 Hom, i RitbBIcEioh R Slbskrate when the
r ecessegnibragizdtiohipodutsittaty isurcheisl Ky thbe sappartamesnber, the
of claiml wherein the polishing mediumincl udes

pol i shi fgcpad alestedespeing sparedhpian 4tQm toe figplpiactrode, with at
po s BeE e f EpapeRT '
1 ow paldf 8% of MOHITBHLR bBRG EaTitapiB t 8'ddufefof varying

wher ei n edacthichll signalpaaisdige has an aperture at | east _
proximate to the polishing surface, the apertures
beith§OPSRING; BALUM Atdleast #sBORIeE Pi WiNEh it Ppalioned between the

pr oxi mat e l,ishi ' .

o o1 ar st aRd he ubbelt ey, Soe, FofiafifBOfBtm having =
face t quslisHirghsudaus pokiticeeteo. cortBctl thelnticloeled@ffic substrate
WD 2004/020148 PCT/ US2003/ 027181 5. The acggar atus of

cl ai m 1 when denmigreetactronicesustraiads ceried ey dha support member,
el ect T 0qgn At thd BRlidiig Theditfa R2L'atNEAG 6%E'dBEhing aligned with
the first and second electrodes, the opening being positioned o allow
electrical communication between the electrodes and the
microelectronic substrate when the microelectronic substrate is carried

by the support member.

14. The apparatus of claim 13 wherein the first and second electrodes
face direcily toward the support member.

15. The apparatus of claim 13 wherein the first and second electrodes
face directly toward the support member with a dielectric material disposed between

the first and second electrodes and the support member.

16. The apparatus of claim 13 wherein the opening has a generally oval
shape. '
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el ectrodes are el ongated al ong parallel axes. 6. Th
apparatus of claiml wherein the first el ectrode, tﬁg October 2006

. electrode and a portion of the polishin
wo%ﬁ&%ﬁf%etv\een the first and second el ectroB@?HQF@?’m"lSl

el ongated al ong generally straight, parallel axes. 7.
HYe apftwe apparatfis off ailanl 18hwheiem tthe pudishily nmepdiadi inoludes a

includes a polyurethane material. . The appar at uys of :
pluraligy af fiPw pRESages @%@l%bl@tmawogt@@oﬂgllﬁwgcﬁnsd@ée@% each flow

ess [ .0 f i f '
pessabfSRSH) AUeQS B 0 0 gE C A il 108 dngapertures
being Positizpedipaigiersethedigaidat leabEepreximatedo the polishing surface.
m croel ectronic substrate has a dianeter and the

first and second el ectrodes each have a |ength greater

t t di .<1Q..Th ' .
el Mo RTRLE of ot ofe NEBEE dhgt holivhd hediup hes 2
pluralw} ‘E')Wldmﬁééséz%?% anshiesper @l é}éd.t_h?é‘&’?ﬂg_éﬁi, tpol Wherein each flow

engt h er

, and ein the polishing nmediumhas a second
passagedhas taraapedure psoximate thghei palishingisurfage, further wherein the

.apparatus. qf. claiml .wherei t.t?]glfirst el ectrode has a
openifh &t 4 PRiging fesimds Slighed withe AR s sour ce of
liquid, and wherein each fl ow passage has an aperture

proxi mate to the polishing nmedium the apertures being
p®8i t i Thedapparatliss péroiaim H8 Whgoeid ieokiisteelectrode hthe second
pol i shing surface. 12. The apparajus of claiml

olocti e HARROTSBOTHP AR EER ST REELABNERATPIS) B8P 1 ow
passages coupl eable to a source of liquid, and wherein
each fl ow passage has an aperture proximate to the
pebi shiThg spp=rate, offalaitrh B witezeiai thetflret pod issbond elecd®des are

10 Cct ober 2006 WO 2004/020148 PCT/ US2003/ 027181
recessedTiam the PolRYNG SHEBERs proxi mate to each aperture,

the recess being offset from the polishing surface.
13. An apparatus for renoving material from

npgr oelmget dgpratusubisdiaiat ¢S .wherehmtheslirsteleatrodp st a plurality of
menber configured to rel easably carr

) y a_
flow passeges epuplesble duBFOURER 0T liguid; pad whesein errd Bpunagsage has

on o DA 854105 P 5 R Bl posvon

dispeRBIRE liquid proximate to the polishing surface.

22. The abparatds of claim 13 wherein the first electrode has a plurality of
flow passages coupleable to a source of liquid, and wherein each flow passage has
an aperture proximate ta the polishing medium, the apertures being aligned with the
opening in the polishing pad to dispense the liquid proximate to the polishing
surface.

23.  An apparatus for processing microelectronic substrates, comprising:
a support member configured to releasably carry a microelectronic substrate;
a first electrode spaced apart from the microelectronic substrate when the

microelectronic substrate is carried by the support member,
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a second el ectrode spaced apart fromthe .
m croel ectroni c substrate when the mcroelectroni 010 October 2006
1¥]e] fe is carried by the support nenber, t

WO?E‘Q ‘?12[9?@] ectrode being spaced apart fromthe P{?’F@tszoosmznsl
el ectrode, with at [|east one of the el ectrodes being
caupiceatisettoode spacarkapdrt frany thegmicrpelechpoigl suhisiisde when the

s 11 BHEGOR s therels o catisdl ARG R0 sGhpdl; Meriber, the
menber . Lhey Rl Ry &9 fom BIRE ifF8Y BRbctrode, with at

o
surfacgepo& t1one dt-]ge@gn% act the mcroelectronic
subst r a5t avenf the alkcradsebeingnéoupledisier tt @ $aurce of varying

carried by the support nmenber, wherein (5{1 ojt_i hi ncg _

medi umetegirigal |signals, ondespieniahgleast ik i'h‘g 'fﬁi and second
first and.se t | ' o

pos ¢ | e iR 5 ERDe CotPIEARISHTR R of iguid, the flow

the el qessadehaRiHy dheperury; @@ldect roni ¢ substrate when
the m croel ectronic suBstrate is carried b

. ; the
s@ppolishingniedium.at frest g partignust ywhieh is ROSHICRGE: between the

the suBREoinson tpce i HETupe e HoiSRa) i having 2
wher ei md|iidd Bifasd hoetiomed © eoiteetite nisrseldctranit Isubstrate
toward the support nmenber with a dielectric materi al

di sposewhérthe encrastectianis subsitateds sminied &yt thearupRaRgmember,
th t nber. 16. The. i 3 .
e oy PR, pelSRRE it BEGRE R R By cht Sbaltdamgte 1o the

10 Oct ofekrn3@0& thidBorlPdda8148 PCT/ US2003/ 027181 17.
The appg‘r?%t us of claim 1?%erei n the polishing nedi um

includes a plurality of flow passages coupleable to a

source of liquid, and whergin each flo h

ant4per 102 arﬁfé@s?fdﬁkagjgi %t‘@etr%’_nt ﬂbe ﬁ'gyvlp @ﬁ?%ee s '8 first flow
paSS?- gfs?ﬁ'geusémeacﬁg?ggﬁﬂ 853 fiR8sBUrdeOst 4 FiFNeuid Hasrengseriures are

rd at t proximate to the polishing )
first Sipefiaces, flfthelMheapipahat polisbingcinaidium dnelhdes anplurality of second

pol i shing nmedium has, ,a _pluralit f f]ow,passa
flowcrRgsEEES! @Q@eg’lgo@r@@ B‘%tlﬁoﬂq’med,%f Z'Hb"ci/vﬁ'gpp i e%%ﬁnd source of
o, 2, P pHEE SPoPRCAOY Rt 8 Kecthe e o fas
proxd@kies tontherepblishing slrfageedhei sbeord apeturar dsing positioned o

dispense the first and/or a second liquid at least proximate to the polishing surface.

25. The apparatus of ciaim 23 wherein the first electrode, the second

el.ectrode and the polishing medium are elongated along parallel axes.

26. The apparatus of claim 23 wherein the polishing medium includes a

polyurethane material.

27. The apparatus of claim 23 wherein the first and second electrodes are

recessed from the polishing surface.

-32-




19. The apparatus of claim 13 wherein the first
el ectrode, the second electrode and the polishing 10 October 2006
dibsinar e el ongated al ong parall el axes. 20.

WO_%SQ?@#SSS of claim 13 wherein the first and §’ggﬂﬁs&0°3m”81
el ectrodes are recessed fromthe polishing surface.
28. Te apparaius Joofremoding m’c@mﬁrgom Fieroplacdionic substrates,
el ectrode has a plurality of flow passages coupl eabl e

COMPrigEIsy source of |iquid, and wherein each flow passage
I, -

e B o T Ssl R RoeLbgirate;
lr firat neleetrode tspacpd| apstt figns ding avieroglectrditic sunsinate when the
of claim 13 wherein the first el ectrode hag a )
ol ur aIMCPRlecanis sUpsEsie oo PudhF SUPEOR TRIOPEG of
'd Qéﬁoqwl é’iggtr%ﬁrs%'aﬂfﬁ B G {Réwie |é‘&?onié'%u8§l‘?%tte%ﬁen the
proxitate to the polrshing nmedium the apertures being
al i gnedicrédibotrdmic spestrate i ¢dreedobysthengsypmodrt anember, the
di spense the liquid proximate to the g}olishi ng .
sur f ackecopd. elgptrage Heing speerd Sigeckeinie Tirst electrode, with at
m cro [ b : (] YR To ) ;
renbercein g T e erEbass LR sopblibic! 15 PR8hice of varying
m cr oed|gefricansignais) sHerbitl each bf trad fist eadrsebenspseetdodes has
apart fromthe mcroel ectronic substrate when the .
mi cr oed §tat peRien, s,88%qnst RoftionaKd 2 angled pritien Hsbyeen the first

pe U e B ne i 86 Foe FPGAA% 8RR oo pp ppiuced
the m g omQettherdmetwebA] tias anvibesdt Atgle having a value of 180

m croel ectronic substrate is carried by the support
menber legrees atdestid@ndl ect r ode bei ng spaced apart from

the first elegctrode, w.t t.. leas e._of 1.

ef &4 'rsbli@s "F@%WB @g J‘B‘%%a%l p%)r{nark aoéfs%lal%@e!so%o%}ﬁi?w% & stween the
el ect féré%troaégra{oﬁthéfveaﬁsbn rﬁbn'lb@ﬁsmeoﬁéiiéﬁin? hfiediuis having a
and second electrodes has flow passa%e coupleable to

a sour pelisiing isyuiage pesitionedvio postagidhramigrgelgstronic substrate

of “uni hendhp sl rRRRPIEcHBereiR s B iRy ik Skt romber.
support nmenber, the polishing nedium having a

polishing surface positioned to contact the ]
n28r oelTbet apparatusubls clain 28 wihensinhat Ieast agpertion oifi the first and

substrate i.s carri by the s ort _nmenber,
secon e!ecgrodes IS recesseg ?renY the polls%r?g surface.

30. The apparatus of claim 28 wherein the first and second electrodes

each have a chevron shape.

31. The apparatus of claim 28 wherein the first and second electrodes
form a first pair of chevron-shaped electrodes, and wherein the apparatus further
includes second, third and fourth pairs of chevron-shaped electrodes arranged

adjacent to each other to define a rectangular field.




t he polishing nedi um being positioned at | east
proximate to the aperture of the flow passage. 24. 10 October 2006

wo‘ibkﬁmgﬁﬁ@f atus of claim23 wherein the fl ow p%ﬁﬂ?@osmml

are 1i1rst flow passages, the source of I|iqui
first source of a first.liquid, and the apertures are
f32.st Apmetiodsfor fiemawing whatesiah frere pomigwelasiianis rbstrate,
i.ncludes a plurality of second flow passages
COMPEYHNBl eabl e to the first source of liquid and/or a

590anFEUREEmRToslb Hﬁi@sn&:@ﬁa’t@‘ﬁzftﬁdrﬁa@@haﬁcﬂf%ﬁﬁéecﬁ lert from

< :
passage %as a secongﬂapert ure at east pr oxi nate to
t he pobhifssi slgcsodé abe firsthelestcadmbeingesiongaicdedlang a first axis;

positioned to  dispense the first and/or, a second
| pgsitigniag W‘@a@thﬁ?@ﬁtfﬁﬁFeSL{%?trﬁFPepfﬁﬂ'mé% P?ga§§ SPaced apart from

25. The asge,‘&%ﬂqaéléétr%e the B sy lﬁ%ﬁggﬁq’a?%idnadaart from the

el ectr e second electro
medi umfipstelettertpard ebrayzted atongl @beecorebaxi8pand he

P she PFGeIPEkaRiRe SHRBEREATeIEYS fhothen diPbiand second
f clai in.the. fi

o ! PRARATE B8l heRaleter AL bR S5 Y She first and
Oct oberse28A8 a0 2RAPAIAG 8 \RIEELISRRR IR Bighial 2Brough the first

apparatus for renoving material from m croel ectronic
subst r @nsksecarehgleckpdes and fipminreeiesipBic suhstialer ed
to releasably carry a mcroel ectronic substrate;, a
first electrode spaced apart fromthe mcroel ectronic

suPst r atrs Wasdthbhe ofm elaff! €32 r GuHAes Ukshiprising s engaging  the
carried by the support nenber; a second el ectrode .
micreglactechiapaulpsifatemwithe anipotiskingcmegiire whilet passingnthe variable

cteci e SEEEH A Frd 0 45 EAESAE A rolectoni

subsh@et fromthe first electrode, with at |east one of
the el ectrodes being coupleable to a source of varying
el ectrical signals, wherein each of the first and

second el ectrodes_has first portion, a second
povdi on-ﬁé?]ﬁﬂ'e&ﬁogl‘?&c%&“p%rtﬂi"gﬁerm}ésﬁng'he first and
se iRQ" P Wicréheckbhis! sapsiraecWih RPTEdIRATMG medium while
de%'?%%{gga{nﬁe?ﬂ@lcadegcran angl e therebet vveﬂen, thge
i ncl udepassing ehbavamngple electricabfsigregd through the first and second
electrodes and the microelectronic substrate; and
removing material from the microelectronic substrate at an interface between

the microelectronic substrate and the polishing medium.

35. The method of claim 32, further comprising engaging the
microelectronic substrafe with a polishing surface of a polishing medium while
passing the variable electrical signal through the first and second electrodes and the
microelectronic substrate, and wherein positioning the microelectronic substrate
proximate to the first electrode includes positioning the microelectronic substraté
proximate to the first electrode with the first electrode being recessed from the

polishing surface.
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degrees or less; and a polishing nmedium at |east a
portion of which is positioned between the el e(':trogi0 October 2006
wo #090ddigs support nenber, the polishing medi umppayichsRr71s1
pol i shing surface p05|t| oned to contact the
m cr oel ectronl C substrat en the m.croel ectroni
BRew 1

SBhst rHie methosh f cglagy WEEFRIBr PORKRAING 1Hg. nﬂqgelectromc
o B RS oA il S50 yopicconi

substrBfd pra)imetesty 4 fiest. ch@OronThtﬁa;mIpaleatrude,oémt MMEMIE&)OSI’(IONHQ the
wherein the first and second el ectrodes _each have

microeiﬁetr?m gishate proximate ippgasesans eleckpde inglgd %ép@itwnmg the
microgAfiypair-uitRNale BAE0H SRR AR b bd S et

further includes second, third and fourth pairs of

chevron-shaped el ectrodes arranged adj acent to each

dther Aombdhochdfon neswrvingyunateriel dram a3wicroelestropigr substrate,

2006 WO 2004/ 020148 PCT/ US2003/ 027181 32. A net hod
COMPHYNGr enpvi ng material froma nmicroel ectronic

SMRRLE ﬁﬁ% theCQﬁEFée‘léét%m@%uEétﬁﬁlénGnthh% polishing surface of a

m croe tronic substrate proximte to and spaced

apart polshing niédism; el ect r ode, the first electrode

bei ng el on'?_@t ed al on 03| ti ol

Perdanisg e nratigar e subRlsa i Bri THR b shdeed Spart from
apart Lram %Ie%%@l@d e AR ré?@ﬁ%qdé”@eﬁ'@c:%@s@éd?%h?ﬂ% polishing

bei ng spaced apart romthe Irst electrode and
el ongatarfaadéong a second axis; and noving the
m croel ectronic substrate rel ail ve

first
SpesNANING ke Misaee epttoalcowbétr? S AL G 48 Spaded apart from
|
L vari SRt lBelrde h8leepif LR e Bl pBoBE Hotirom the

second figste ebhodietdren mbdtﬂwemaudo bbmg recéssesi it athe. polishing
33. The mat hod of claim32, further conprising

engagi §4ERE; amdl cr oel ectronic substrate with a

2%‘%\?% gg]éﬁfglﬂg:ﬁg@@?%)@ ﬁp%a%ﬁ&ﬁ ?g aYig%'d?tSS’Lfgtgn irst and second
el ect r egstraded White rpassmgl aotarianle eleutisdirsigeal Briougéhe first

met hod of claim 32, further conprisj c?: . :
and second electrodes and the microelectronic substrate.

38. The rhethodof claim 37, further comprising removing material from the
tnicroelectronic substrate'at an interface between the microeiectrqnic substrate and

the polishing surface.

39. The method of claim 37 wherein the polishing medium includes
polishing pad material and wherein the method further comprises disposing a
polishing liquid between the polishing pad material and the microelectronic

subsirate.
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engagi ng the mcroel ectronic substrate with a '
pol i shing nmedi um while passing the variable 10 October 2006

.cal signal through the first and secon
wdé#ogg/ﬁdggsgs and the mcroelectronic substrate; %5%052003/027181

renmoving material fromthe mcroelectronic substrate
ati0an iMheemkthasd béclaien37 theraire s fied ianshsecenb fleddiades are

wor 3 R e o S s
movir?%g’f% frnﬁém@ierégttﬂbnﬁ: S@hdtedib MY aielches tRinsterel tothbniXs.

passing the variable electrical signal
through the first and second el ectrodes and the

m croel ectronj c substrate, and. wherein posifijoni.ng th '
i 0ol Ha NG S SRR B0 WRTGH RIS STEne! 114 Gyt and second
h ) at>s t . I C o
clecii G005, 195°p RSN RBuBoLP gicies 5 Fefihipy o and
wherirl e Bletitdd futtheh @ongprisesadisemting rthenpdiishingoliquidithepugh the flow
surface. -34 10 Qctober 2006 _WO 2004/020148 = .
passage/ansbeb &ash Predmete (a1 marRee BPtwaes fhespolifhing medium and

0si t.i oni eﬁhg . croel ectronic substrate proxinate
the rﬁgro;l?gt‘ré&% gt[rg?ede i ncl udes positioning the
m croel ectronic substrate proximate to a first
chevron-shaped el ectrode, and wherein, %Qsi tioning th

ni 42.0e| Tbe moethod fislaimde whessinthedelishing sestigm incides a flow
el ectrode ,includes positi,oning, ' '
passBge bp APEpiRo% e O BERR JbURL pPYRE 48 héinod further
comﬁgli&é‘éf A&ting TtheApBRsmAg fidqiid M reYgH ahaBliewi phsdagenand at least
croel ectroni c substrate, co_ng_n sing; contacting, the ]
praxirhaieo & ext indeifacs bistween dhaipais ingo mestiim gard, the daicgpelectronic

a gol i shing nmedium positioning the mcroel ectronic
SUbgiﬁi trate proximate to and spaced apart from a first

el ectrode, the first el ectrode being recessed fromthe
polishing surface; positioning the mcroelectronic
sulst r attemethnd forpeotassingla sporostEcinic stbeirate aCBRHHINY:
el ectrode, the second el ectrode being,spaced. to, o«

Fr SRNIARUNG Kh MEGHAENPUE SHESERBIdTiher CRIITG surface of 3

recesseg)ofnglql trﬁ@digﬁ'l'i shing surface; and noving the
nm croel éectronrc substrate relative to the first and

sepositioning the microelectronic substrate proximate to and spaced apart from

a first electrode and a second elecirode spaced apart from the first
electrode;

directing a flow of liquid through passages in the polishing medium fo a
region at least proximate to an interface between the polishing surface
and the microelectronic substrate; and

moving the microelectronic substrate relative to the polishing surface and the |
first and second electrodes while passing a variable electrical signal
through the electrodes and the microelectronic substrate to remove

material from the microelectronic substrate.
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el ectrodes while passing a variable electrical sign
through the first and second el ectrodes and the alb October 2006

wo 0SJo9Gi4gCt roni ¢ substrate. 38. The nethod of
urt Eer conprising renoving material fromt hé’gj%gyﬁo""ﬂ”““
m croel ectronic substrate at an interface between the

Midcr oelee thelhicd efugisim 43ewharein dhe fisel ardkisegosd relaetsodes are

9.. Th t had of in. Lshi .
elonggigd Annpt| e e Eneh AP PREURL P8Rl Rh R Rurate includes
movm#; hRe ng&ﬂe&%ﬁlﬂ RUbSPAR! ihELSirstitRPasaitefse RPINeSHINY

i quid tween the polishing pad material and the

m croel ectronic substrate. -35 10 COctober 2006 WO
2004/ 020148 PCT/ 003/,027181. 4 Th t hod of , cl ai
A ol B3 meihediah daim Ad WHBiUIe GetstREs St Padsages and

the I|c@]5c? LT I%ﬁ‘? garg{}ggtél‘rezrt] g{é:ngf%ﬁﬁ%élbﬂgr%% directing the first

Foel ect

l;qmd rnmli@e besdaomal liquid Hstouatesecona Tow qetssages iars Veasteot® of the

xis. 41. The nmethod of claim37 wherein at | east
first aaﬁé%pntireéecﬁtrqdﬁs and second el ectrodes includes a

fl ow passage coupled to a source of polishing liquid
~and wherein the nmethod further conprises directing

t 8. poithehivieghdd @8idkilhusueheidie ditaztingpastiagofaliglidtincludes

| east proximate to an interface between the polishing
directingda flemaatelectielyiic dgigiel ect roni ¢ substrate. 42. The

nmet hod of claim 37 wherein the polishing nedium

includes a flow passage coupled to a source of .

payi shith@ hicivéd oﬁrtgamhelﬁeWheFélﬁ cﬂ%d’m@@ étﬂlé\b&ﬁf liquid includes
conpri-ses directing the polishi hr ough the

n

directinge floars oliguidid aatapesse remﬁﬂ?fmr@ %pahsh!ﬂg strfage
‘bet ween the polishing nediumand the mcroel ectronic
substrate. 43. A method for processing a

Mg oeled HthSd bR wherah| &rétgm BOfGACAHA n@lahmcludes

m croel ectronic substrate with a polishing surface of
directing pdlave bi hguidediouan opemng ibehivaen ahleast one«f dhe firstiand second

subpstra proxumtetoa aced apart from a first
eled@@@t&i'lf{ig"'ea'ﬁ’&‘rge@ﬁgﬁﬂ'& ég?&ode spaced apart fromthe

first electrode; directing a flow of liquid through
passages in the polishing nediumto a
49, A method for removing material from a microelectronic substrate,

comprising:

contacting ‘the microelectronic substrate with a polishing surface of a
polishihg medium;

positioning the microelectronic substrate proximate fo a first conductive
electrode and a second electrode spaced apart from the first
conductive electrode;

directing a flow of liquid through passages in at least one of the electrodes o
a region at least proximate to an interface between the polishing
surface and the microelectronic substrate; and

moving the microelectronic substrate relative to the polishing surface and the

first and second electrodes while passing a variable electrical signal
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elongaisskelongean Axia aNd wherin MIQVNG iae SUCkA®

region at |least proximate to an interface between th@(kﬁoberzooe
polishing surface and the mcroelectronic substrate;
wo06k/d5Ydsng the mcroelectronic substrate rel

?ﬂe porlshlng surface and the first and Secg%%ﬁﬁsﬂﬂmmrnsl
el ectrodes while passing a variable electrical signa

t hr ougiroungh d¢he clecinmiesaaddtthe micrpslgicionicopulestrate to remove
substrate {

? renpve ,nater'al.f&&&&t e mcroel ectronic
subst r@etenal fiom nednigeiecygnls SUBI34/ 020148

PCT/ US2003/ 027181 44. The nethod of claim 43 wherein
the first and second el ectrodes are elongated al ong

aB0.axi shendetdoer of damihwheheinrtherfirst aotdrsacond electrodes are
substrate includes noving the nicnoel?ctronic

SHONIS, Substrate includes

movi Tr@ggrﬁt@g%ﬁg{roﬁih@ﬁsggtev‘ﬂ% ﬁirg?ﬁ}g}rﬂﬁﬁgﬁo HePakisr st

rd'1s a Iquid, and
wherein the method further conprises directing the
first liquid and/or a second liquid through second

f Gow pIseanethadohelaine 49t woereinthe passagessare fist passages and

. el.ect . 46. T t.hod ' _
T ST T ———
liquidXndibea iseebiliguld Hrbisbh égeonmwpbbﬁi?éé inctheipdli4Ring medium.

erein directing a flow of liquid i udes directing
a flowof liquid to an aperture recessed fromthe

ot TR B35 i e FRE PG Bt e b SRG ltnuces

. |l de | ; { ng between at | east one of the
dlrecﬁllflg Sajtﬁdérlr/] &f b@c@rog)ﬁcgﬁ%m.

secon ectrodes and the microel ectronic
substrate. 49. A nethod for renoving material froma

e ool et repihed SaEraey WHERER HEPPAI g alr PLlguy moludes

direcgﬂg gﬁo\lrldé\@ I ﬂ%i@@%@p{&ﬁﬁb%@@é% 68 tRE PoRshipgiduemRice.

€ proxina 0 a first conductive eleéctrode
and a second el ectrode spaced apart fromthe first
conductive electrode; directing a flow of liquid
t hrough passages in at | east one of the electrodes to
a region at |least proximate to an interface between
t he polishing
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surface and the m croel ectroni ¢c substrate; and novi 18 October 2006

the mcroelectronic substrate relative to the
polishing surface and the first and second el ectrodes
whi | e passing a variable electrical signal -37 10

Cct ober 2006 WO 2004/020148 PCT/ US2003/ 027181 t hrough
the el ectrodes and the m croel ectronic substrate to
renove material fromthe mcroel ectronic substrate.
50. The nethod of claim49 wherein the first and
second el ectrodes are elongated along an axis and
wherein noving the mcroel ectronic substrate includes
novi ng the mcroel ectronic substrate in a direction
transverse to the axis. 51. The nmethod of claim49
wherei n the passages are first passages and the

| BquiThe SpgaratisSbf ki f2 viHide ehBlidH? i

further cpprr% .ises directjn thagqﬁerg?lléd?ﬁ%g%?ﬁgggd? ospaged apart
secondT'i %’Gi @’5? W&uaﬁc%@ca%@rﬁ’ﬂsw PR yulgrein gt deast some of the
pol i shéesyenmd: open 5@ a rébionneljduesht 65 tHd dleBir-dey\her ei n
directing a flow of liquid includes directing a flow

of electrolytic liquid. 53. The method of claim 49 _
wher B agpaiatys atclainn 1@wvisérein guiedsti ored waess hels madibind@er larger

a flewarpfa ldidHE&rt e r .he .
pol i S0 ngeaaéﬁ?%%;@ﬁ S8 PP S PIERR A RILER the recess is

appaPEPe3e8f claim 12 wherein the polishing surface is
spaced apart 5. fromthe first and second el ectrodes,

i Q of the recesses are open to
208 Rttt of 0 TRFerRln bR e 581 Bl st docoss, o
of cPaaRdIeaRRer @icthaathanaakcountingrbedist had sacdhameé@sses, and

| ar g@herdinathea pelii e ' -
abogt \(/?/I:ilch ea p@lisHiBg r“qe@furﬁWu?tﬁ%gggggag%ga??%tgbﬁjrahw of flow

t he rﬁ:essms 1OE ) )
appab 183 CoP Rz IWASertf PhEapsl anchhagnaemenrestocated in
a fithetfinstcesess, and sesmoddrgioesisy offlewap #4388 coupleable to the

coupdd i I and erein
Che ol Pair Rl Mg BRRE SIS T v FegphaTecess.
plurality of flow is passages coupl eable to a source

7. I TrguitbiRod daviR03ADRIHIMF @8 RRMEdirkding BE dildiidiytic iquid

recet;ff\%:J e}_lng )\ SﬁcongI e\lcur ality of fl gw ,passa%_es ,

coup! eabt &t §2Fhane gt Baseeen 4l @okMinadvediym. and out of the

aperftay egstagsatedn iarea hettecpaisthingarsium that is recessed from the
polishing surface,

58. The method of claim 57, further comprising directing the electrolytic liquid
through an opening in the recessed area and into electrical communication
with at least one of the electrodes.

59. The method of claim 37, further comprising:

directing a first portion of electrolytic liquid through a first plurality of
apertures and into a first recess of the polishing medium that communi—
cates with the first plurality of flow passages, with the first portion of the
electrolytic liquid in communication with the microelectronic workpiece and
the first and second electrodes while in the first recess;




57. The nmethod of claim37, further conprising
directing an electrolytic liquid 20 through at Ieas?OctOberzoos
one fl ow passage in the polishing nedium and out of

the flow passage to an area of the polishing nmedi um

that is recessed fromthe polishing surface. 58. The

nmet hod of claim57, further conprising directing the

el ectrolytic liquid 25 through an opening in the

recessed area and into electrical comunication wth

at |l east one of the electrodes. 59. The nethod of

claim37, further conprising: 30 directing a first

porti e

o1 ur gt SELOR Kifor o UARIRG dhickBlbza speong pluratity

pol i $Hi WW@EUW@ Hato coraegand waess ofi the medishingsmedium that

pI ur %HMuﬁfcafés‘)WtHQﬁé%@ﬁnd\Mﬁrlaliﬁ;hcﬁ ffdv@ z)%s?é)g[]és' AHPlhe second

eectr tic I n conmuni cati o
m cr HORR O GK%FFP @d@%ﬁw 09ﬁ'énlfn'%ttOrhw&hsré!@dﬁwroefecvomc

el eCWcﬁrdp&cEﬁﬂnldethlerﬂr‘fsh@nﬂIs"e&bncﬁ ERHDded WHIcLP et LROAd recess:
2006 5 Directing a second portion of electrolytic

I|qU|8 t hrough a second plurality of apertures and

into a second recess of the polishing nediumthat

COMUHCRHS St Ygats.p sbhf: 8¢ ﬁrstDHHﬂH %P’m%felfe{:ﬂ%ytxc hqtu:d into the

passages, Wth the secon portion o

i qusecar B’f‘c‘)ﬁﬁ%ﬁl%??%’iﬁ% qnnegingihe first eed seepnd zm:esses
wor kpi ece and the first and second el ectrodes while in
the second recess; and directing at |east sone of the
first portion of the electrolytic liquid into the

. second recess via a passage connecting the first and
second recesses. 40 0

40 o
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