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BACKGROUND

Microelectronic substrates and substrate assemblies typically include a
semiconductor material having features, such as memory cells, 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 trenches. 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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difficult or impossible to remove with the electrolytic process unless the first
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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.
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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 medium and/or in at least one of
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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 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 schematically 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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Figure 3 is a partially schematic, side el evational
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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 substrate 110 relative to the vessel 130 so that a conductive layer



111 of the substrate 110 contacts the electrolyte 131.
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from selected portions of the conductive layer 111, or from the entire conductive
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In one aspect of an embodiment of the apparatus 160 shown in Figure 3, a
distance D¢ 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

-7-



el ectrode 120b. Furthernore, the electrolyte 131

generally has a higher resistance -7 W 2004/020148
weEIMe8AEO3/ 027181 than the conductive | ayer BRAWIUS2003/027181

Accordingly, the alternating current follows the path

thanfthé eastiucthal Riyangeqf r%o?cﬂlﬁ?@' ﬂ?}é aﬁér‘?\%f rr%%@?ollows the path
t hrough the electrolyte 131 con tlvel

of least rasistanes frony thﬁgfnrslt Ieée ahtamiet 12ﬂ)zg/ttbrc1i@h the elleetrsm@nm to the

corfi B8V e 17 it bk TrmbisBilbeilerializer b fo e Recond eiectrode
12085 ¢Qtdr ﬂﬁaﬂﬁrbmome#@@tbeleéﬂrégée 1284 ekt thbQ%h e bR e 131 to

nat eri al (not shown) can positio
the fsecend @I@Qitqctsd&(]kﬂomtarrdattvbw S'.Emndle%cﬁm neateridi2@at lsBown) can
ctr ca onmnuni cati on between the

be BREABRLE PSS the Frtioeatiate TRtRstd ot S@ﬁ@wwme 120b to
decoPRUGHEUILANES dimumEtbR %e%&e@fth@% SRS TR 2k does not

t he apparatus 160 own I n ure
flrstaﬁ)@@tthmim the@ohduniive layetacttl t he conductlve | ayer 111

d f thi
o1 U IR 25 boimet ot ahe %gafeas& néo'r%@mum Figure 3 is that
the @@?ﬂ%‘éb‘ﬂ?o dh&f d:o’ﬂtaf: 'édn@a{;ﬁ e L t ig)iih%%bg[%te 110. An

el ectrical connecfion tvveen
advahiageontlubisi arahgymentl 14, thdestc baheéhrﬁh@'@ tMé tiesidual conductive

f to Figuyres 1 and 2. For exanple, the
matﬁﬁﬁﬁrfegﬂﬁ@gfgwﬂ et .ellﬁ%@aé coaBpetinn betweendheweectrodes 120 and

the E’Bh&uétﬁ) RYEAGEN! dé&:rl l%%t ﬁlgb JFF%‘S@‘S\%E% fg@gst &nd 2. For

el ectrodes and the con |ve

examipés; tthe dapat 2t0s diB0No4n @ﬁnﬁ@@té reBRIUBP BENGLAtNR Maksial 2adjacent to
111, Another feature of an enbodi nent of the apparatus

the £gtagt segicnbEtEShethg @'I@Ctrpéﬁ%raé\ﬁic@et @omzﬂtgzhwe layes because the
elediiddibst?® Hélt &?ﬁg?t]tplg 8t{rve Ilé trodes 120 can

nmove reI Ive he o n the el ectrodes

12@\natheirf¢ai}um of aa@hﬂﬁﬁi’mehpoﬁ the apbé'ﬁé't'él@H'GOedés%Y%d above with
111. advantage of this arrangenent is that th

refeggncer troo‘?—j@é'rQQGS trtheesubstigtent 1 Iangd/qrdbetelmtmdes 120 can move

| a
1o 550 P o W b DB A ARt 1 e
condlidtiwenayen €1y, Anhgdvdritads of 68§ 'a?r%%gb%ern?"@q%{‘?ﬁé ¥lectrodes 120

sel ected portions of the conductive |ayer
can dectequaniially P@@If@@ﬁdkﬁﬁja@ﬁmdm&vem @s»etlcxebfeﬂ'teedonductlve layer to

remcg\gén%%?ﬁ%lfrﬁ i ﬁgéﬁﬁ? £ﬁ% gt \f_qu%?r t Iﬁfs gtﬁg}thgm ywhen it is
desissh @ RM6ve §hl9%e%c¢é@bbﬂ(@is df'tﬁ@’c%dé&n/%olggératl % #8%lectrodes

that includes a support nenb ositio
120 ggphe movpe tadnese ael@ctenbpmmona,cleawnﬂ@rthe remdmlagqidﬂ&cbns of the

condBOHAER lighlg, overt Fon 1 one sspect of (hrs
SuPRjuF@Ueisld Pamidily ddMematic, 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
embodiment, 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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conductive |ayer 111 facing upwardly. A substrate

drive unit 241 can nove the support nenber 240 and
wob@4p2sg rate 110, as described above wth rePEr/Es1903/027181

to Figure 3. First and second el ectrodes 220a and

224 hporfl e @%ﬁt@éaé’%‘seﬂgé‘%\éﬁvé b5 tn€ ANPUELLVPId B Bras Eblipled to an

current source port

electrFiE&fve uﬁlt‘Q@33@Qﬂ6@9ﬂe48|e%6é§52(203j\@2mé3lsurfaQa of the support
supports the el ectrodes 220 relative to the substrate .
conduditventayer st Foipleemansergensraliv sigwlar dpi thet deserived Se with
e el ctrodes 220 over the surface of the
refergrmtﬂ? duct ive layer 111 in a manner generally

S'IH‘ o és%e&h%‘f tHle seémbbEithere stow i Figefeedertne apparatus 260
gure 3. 'In one aspect of the enbodi nent shown
furthﬁl gumedes anheleappafftatmselamofm\ﬂﬁ@ra ﬁbﬂ@l@b@é@r\%# 237 with an

aper\%lree % roI tw&l}(@éoﬁg V% g%ﬁﬁaagg %XI ngﬂt%gtﬁdﬁglﬁsgn electrolyte
231 gér?ge dﬂféné&%ﬂ%ﬁ@i iREHriaceRgRIre289 Geleen ﬂﬁeleleatrodes 220

local'ly in an interface region 23
and thﬂ weadud:th& Eiyeo:t‘ﬂddewtmm nepegsamily eIeHingt ih?eenwewnducﬂve

Iayercaﬁauc 'Ij‘r\ﬁgu 12% la%ﬁcﬁéqeg%ﬁg%@ﬁe %Lgﬁﬁ al derpﬂved from the

cono%%[l]\%’ %&e 1{8t ﬁﬁwabvérefﬁéV%GbEﬂf@t@ the as@nsbileti e drayetectrolyte

over the substrate 110 and collect in an
receplaets 282y Teae mixteptod elacti2bde 2B eand sangdustiye material can flow to a

reclamer aPadhe RS IbS cEgrOe TRt ieh A9t I bEudyte 231
A flltnggﬁ';ﬂJSIt ddn%ﬁ‘ ddVenteamt betng Féc?éﬂ’rer 2A3f protles 28#litional filtration

Srtitone stream of the reclainmer 233 provides
of thedslietirolytd 26i | drichti pump QBStnethesébe recgnaitionad glﬁftrglyte 231 to

punp 235 returns the reco ned electrolyte 231 to
the Qlﬁ@tr@lb’f,ﬂ:v$$ﬁe)|/?§0\)’é%§é?tuﬁ@ &éga return |i né 236. In

angt gﬁétg RRBLoOks iaCeRBBAMIRhoRiPHNFiglrEigune apparatus 260

can 1 ncl a sensor assenbly
can Wud&a%eﬁSDISQSse?ﬁily 259i avimged senei 28t posisionad prOXImate to the
conductive |layer 111, and a,s

conyPdayeo | heanbrseinsss £onisp! Ut aeared ig fap §8fsor 251 for
proc%%g%ba%@aggyﬁéngra%&%? @%5 densbi 230Nt comtkdl ¢ 262ncan also

é sensor at ive to the substrate
movélfhe kBngor 26t h@latﬁ@p&ﬁth@fsubbirate afBodimenfyrthereaspect of this

sensor assenbly 250 can be coupl ed via, a feedback
emkpBiENent, thﬁéeéserc@ﬁﬁﬂ@blhh%@ecmgﬁ osipleth iR TeREP ZoPBh 253 to

the %quﬁt . rllx%]'g%% 4ot th@%%%ﬁb@ﬁﬁvetdﬁﬁ ZWano?ﬁﬂigw, the

areas of the conductive |ayer
sens&IUisHe capddictdrafiaé Whichr apday efothel conductive reyer t1Hé require

acidioohl ovaienal M Nera BUP dbe QA dR02 60 ool substrate
110 rglaﬁve 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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Al ternatively, (for exanple, when the renoval process

is highly repeatable), the electrodes 220 and/or the
waaivse@Ede 110 can nove rel ative to each ot herPCT/US2003/027181

according to a.pre-determ ned notion schedule. The

subStRRE of 1 @ WheANfet I RRAVO mABAAN Bl reddvied2SAlteAataNE the sensor
any of a nunber of suitable configurations. For

251 eoaampaEnei} and aletect niedlectiens of t adiations bavipg1otwn wavelgngths, for
optical sensqr that detects reppval of,.th ti
oxaiB ety ToBFTOBL OBt SIS P e o SR A, Cor measure

i; foft i ik gf f
= iR PR Os NS A s S . Pyl L 171 6o o
seleﬁlﬂéﬁ wodmtst hen canfdiibier vaspeet exfi tiis i embedioeatl. one or both of the
ternatively, the sensor., 251 can emt _gnd detect .
clochor e i e Herio B Paosc st oy 2] Mas GhRSS tpg,mteria
et _ PYrey 2 .

T it g SRS hnabhl the R cEfuntinor 261
In stifl foathecidnaraimehts, Hiee csemdoc td5decamyomtedt1d dhengeeinm theo voltage

sel ected points. In a further a}spect of this . .
andierBaTRE rArawsn Eowy teosyTent sYRPlY ed2dcas dheLopslyclivg, laver 111 is
remﬁ\g%(_féo_rmthe function of the sensor 251 (as well as the

rial renoval function described above),
e|t !Irﬂa?r?td)fmg\etémbﬁ@iemrftsldeacﬁlmmabbee wvdths mfe@Bite tol higure 4, the
sti

SenSoHAGL CHn DO RO MR ark AT IneSIpPER A g hboratisg T efectrolyte
rr l. . i ;
231 4R s TG40 el e llddee 220 an e

condiittive ghgsreride. t oAddagdingly4, theheccsracy owitA5Whiin the sensor 251
positioned apart fromthe el ectrol yte 231 because tbhe
determies dngEogress afshe dHeetrelyte PROGESSt FRN PRt iBRrQYed because the

reqi.o 9. . [ J
e LR 7L P B 5% 1465 BUBRAFAL i S0k oty goncor 251,
For \W¥afiplé "ehER NGO 'seRBr 28 iS bRl ditial Bensorpgiesteatiolytbe31 will be
el ectrolytic process can be inproved because the

lesse Irib@w@l Jistorb 8e vipdliatipr reiegted; fkemytheosyriacsr pkihe wupptrate 110
t { f. the. : .
echiige 38 8ah SR is R ERR AL (e RIAER taioB 530,

231 Withér featurkes anl drksbdiniedt F SHeoappdratus 260 deseribed above with
reflected fromthe surface of the substrate 110

refapenca te Figuse deissbat e1elpetrolyts 28 baeapliahip theorfarface region 239

. interface regio 39... Anot her feature. of a [ t

s At parat SbeSo R M Bed LRareanen” YERRARRIE @ fresh

ele&tﬁ:lﬁegur,@n“ad\ﬁarfté@é dthghig! raature! Mt that3thes ediitioetlefrical reaction
the'iInterface region 239 is continual I%/ repl eni shed,

beteethdhe wiletiredese22m dindi theeebrslustve dayare! G can theegintained at a

. electrolyte. An advantage of this feature is that the
h'grélaﬁgt(io@éﬁ?ﬁtc!ﬁ\’elr eaction

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 to a current supply 321 and each
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bet ween the el ectrodes 220 and the conductive | ayer
111 can be maintained at a high and consistent |evel.
woe@unz0138 i s a partially schematic, side el evaP@€Dnst003/027181
vi ew of an apparatus 360 that directs alternating
hous&f” frf e 3het B tt@% ﬁrﬁp%tlé Fcﬁ’ytélge§ 1§ UHb A fAI"térhatlveI one of the
ectroly la second el ectrolyte 33 %
electht%sa(&ZIBcan ot ddmpmcbbmtgrdune N, hetehectfcodest 32@ bammctbluq'e materlals
331a is di s'ﬁlé%ed in tw first el ectrol

suchzsozivesrirlati Mg s eRRRAS AN Fcqthel r@g, fs rgggﬁeggo}yﬁe 331a
con BAGIFFR LIRS, %§§§Pgﬁ%rfd§1%@%h§%5%3

electfd]?te%&heﬂdree&cﬁﬁpattﬂle ivith3fe bnateﬂ'bbfoapm meLeleﬁﬁc&iezsafﬁQO
further include el ectrodes 320, shown as a
ellsanepagpect 2 shis mnkpdireph dhe Fl&ét@l%%tfé)lﬁtfo\tﬁsség%ﬁ?’oe‘ include a

tow G857, 804 e BN B0 g o Toton™

sinteféd Shateriefd ot tss wafreRids gRRea.quakizeonatppkiry,, oomeherf suitable
the electrodes 320 can be coupled to ground
porogs aratedassthabellewdonsiq pass hﬁ%ﬁnaﬁ@rth g&?&\ﬁe% the F Isd electrolyte

v B4 SRR 5 11 8500 B A3k B s scons

eIectP@lebe%@m @hbass dawardp peward thateeetnoday 3Q0h€for example in a
el ectrolytes that are conpatible with the mate

manfier gengralliesimilat te edealt Bridge). n Pcbtﬁén%té/&%t‘fhefﬂrﬁihe@drolyte 331a

the f
can S SRR L SebobySb-bi 100 Wont 8908 el O 0800 o
presgr@r'ébéﬁ@?atfeowﬁaeﬁtr@rmﬂéeﬁ IthﬁéMemtrmﬁeemmwmmwy through the
such as sintered glass, quartz or Saﬁﬁhl re, or oth

flow seistridsbe szagrwmrsoutaaécpwms theafirshl elearolie 3% s the second

f h bet
cteoh35te 08 G LD EHIEER A0 Pl bt B SHH S fogFagghnent ne
secopel el%'drBWté 3 18eeRitins l&sticalyyEsupiedho tthe RAS&rodes 320 by the
inwardly toward the el ectrodes 320 (for exanple, in a

flow mlﬁtm‘eﬁrsg elentrallyty 38/ aitheaughdhea re@trlctqﬁ dge) .
Al ternativel first.elect t .
SRR o S SV ik, B v
supﬁ%rffr{én%é/ﬁ@@ It ?éﬂs%e FubBfr8ESH @\m"tﬁdthéaé@ductlve layer 111

I Cl ent to the first electrolyte 331
facirmutoveard! thet dlectrgties 320. fFowvexample dh@ﬁt@@@rtv\mem 340 can be
al | owi ng, the flrgl,t el ect

posifiaed 151 e S98RT (EHER U ERTRuARO ha T 1B aPRRR: Aveeg) of this
embééﬁeﬁtﬂ 5 ISUBEPerQﬂbgF@MO éﬁl‘ﬂor §RC aRttedesta ¥4€ be movable

remai ns ectrically coupled to the el ectrodes
relatd@Didoyadrhethef bywnef ortrheref dnivss urite@tot shgws).331 a

enboe: F?atﬁ@ree oh enappkpdiiE tagothe APRAGLTY et deStribed above as
refe%ﬁ’{&%o CL on : SC%A'%éth’rﬂe ?ﬁ"ﬁp%féc?rdﬁ@ S35 It Belddected to be

Ive |layer 11
compatible with the electrodes 320. An advantage of this feature is that the first

electrolyte 331a can be less likely than conventional electrolytes to 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 another agent that reacts
aggressively with the conductive layer 111 of the substrate 110.
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facing toward the el ectrodes 320. For exanple, the
support nenber 340 can be positioned in the second

web@asnewohyt e vessel 330b. In a further aspect PET/UB1083/027181
enbodi nent, the support nmenber 340 and/or the

e'ﬁ@ﬁﬁe‘)é% a'ﬂ?og BB bew BV ekl micrbeladtionR sebeagsd PIdebsitioned

ne or rrve units (not shown). One feature of

beneath enplarcklity of @écttdctesalwﬂngtshmpssCartdiesmfigwatlmu"e ageordance
reference to Figure 5 is that the first el ect.

with geverat amiprdigents Pbdhe d”‘f?é‘t'o@on‘%gf iHrBOS S ﬁ# 'I:]%éStyat'on several

differfeﬁg éfpgge%f %I%Cléa §d¥@t§mﬁvr9fp%§ﬂl éae%r‘é&ﬁnété ttbathe same

yte 331a can ess likely t
mncrc?é?@ét%ﬁlb @0Bktrateerto: loyeser,tio pdagrcedelactredeeloéme; samg type can

320. Conversely, the second el ectr b
be peslioeraPIalvs g SNGRRIGOPISARBIARSIENS 1 Tflas on t he

electro
NS ReEeRE M ks 1t A 2b Koh ¥l ghdtbed (9Rom an
electwrp%lurngma whee moa@ctreuecﬁm ghe 728b boupledi tec Bodepposite
ydrochlorlc acid or_ another agent that reac

termingd of s cveent gupplyt 1R ogHiR 8)v el Meupctopes '%’?Qq]@nd 770b can

SR HARDY bR A FEPHR BRI paar o

cactSHiPRh TRk tHd QidMestct o fresl sbisstestehl 1@. pThe alpatingobetween adjacent

el ectrodes havi ng shapes and confi ati o .
clectacdes oaaoeelerde s &7 8R @eRSRisas B OFRe hRVIREYiGA! current

' f
o G oRRS330°ke LA LG i, | rpes
S e an NBIErASteeEMbedinteri U BRIciraties 710c ialrmd\é’\Z@d cam be grouped to
practice, electrodes of the sane t
formpm bldotiode pait &7 Plyeandeact e@tr@dﬁ]ﬁ%@ t 295.%«1 have a wedge
or “p?@q’ e t%@g%aéqe(gl h onﬁ[yetp ﬁc}! gﬁé]é%rptgc gqqﬁ:?oglgg@%ﬁE%ubstrate
11oW'|ﬁ Etuﬁaéﬁbtﬁéﬁéﬁwbeél%e?ﬁoﬁa@aw Zﬂ@otypetmé@wbdes 7P0e and 720f can

te term nal a current supply 121 (Figure
be Q’rbelpet:le’ai rfomheselédtﬁaﬂeamlm?@'ﬁo@,awlthhQ@@h aeie@nr%a%?&? @}nd 720f

oob BB, SRS B B P B0 i Hlromc st

110 %z{aUg%H %Zp ry H"?z SPafd Mitroslevesnicaioaaaty 110.

an el ectrode pair 370a can be sel ected
t olrdi stitic anbtierebmbbdincent, carsingle elentwdend 28ghsanagxtend over

110, d
appirapiely alldner s, Melfle, MisrBeleEbBhE S5t b gad il have
sem?cﬁro% é}u@%ﬂfg@c shapd! a#p &l getroute 7Q@grc§r7 )7 gﬂ{tﬁbe@amh another

ectro and 720 can have a wedge pi e
electioaie (ridtashdvape havingwar shape caeedponding el er mifrof figage of the

clochsgoc 5 A RS e o BhREE ouree 121 10
proﬁggfalf%%‘ating 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 electrode 720c
has an upper surface 771 and a lower surface 772 opposite the upper surface 771
and facing the conductive layer 111 of the substrate 110. The lower surface 772
can taper downwardly from the center 113 of the substrate 110 toward the perimeter
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be grouped to formel ectrode pairs 770c, with each
el ectrode 720e and 720f extending radially outwardly
WO e@an2ties center 113 of the microel ectronic suPGT/D82083/027181
110 :ovvard t he periphery 112 of the mcroel ectronic
subpstrate 110 I e
112 % s Gerdrald oy o B Sht AseRBE L TFis SIRBEUITA tpluffe e plectrode
7200%[ %d b-dtzpeni ,g,bq@ epltbATtiveny bise rea?éc&rotihwzmrd caarhatva;va plate-

circul ar planform shape. The el ectrode 720 can
type benfggwab@rd wint ﬂhmea!nwehéurfaée eij?tZr ReRitionRd as q&ﬁe 7 and

the. iR 1 GiR 7500 PP ot Moot B Sl 2720, Ariffsatys of eitrer

embdd“ﬁﬁeﬁyﬁé QRAt %{é”e%?ctﬁ@él ESupliigO bt tiey reaaéctrcgjecmzoenand the
e mcroel ectronic substrateln an t he manne

substfatect m@anmwomgemtm_d T carpben 108 o the SUBRELE 410 than
owad i tebfon b o, 5 "B GRS BARER 4 ppyoriaceous
whe@@‘@hﬁéw%qq DERtRe tsl]Sst‘f—‘ét%C‘F’lfO)ﬁ\@végeﬁaﬂE@w tHeedleatrode 720c at

nce to Figure 6. In one aspect of this
a fasterbeié reart doehehelceotarddlé sz’(b‘G suhsdrate 108p & @@mgeewhen the
771 a

o T35Sy S P! 5t 2 CIRBY ol R A be

shap%ﬁ% gﬁnﬁ%}? reld hfb‘t\i%h b%ﬂWééﬁ ¢the dRctrods andithe substrate 110.
romt e center 113 of the substrate 110
tdwabthelrh@nbedlmmfﬁse,rthe Eheade0d2po e diave other shapes. For

PCT/ US2003/ 027 )
exampipedie o V\’leﬁliu'%?ﬁ é}ﬁegén:%egs\%%{'{@%eféﬁg ﬁal‘? %2%3" profile.
Alter%g%ﬁga 2%‘??}% Ricdtiddes ddcpibRatdnorbywitti Refepdresd tooBigure 6 (or

ave a plate- type configuration with the
othet @&ttraiest aaeng Zhapesidthen dthrathaseosiown m.@gw@ ) &7 have a

th
Slopey 2 GHEes JABF SugACR: | Rertll i aRpd e, o fgSirodes can

el r I
nav R 4P AR AR P e 187 mbhona

subs¥fatéM@osubstrate 110 than toward the center 113 of

the substrate 110. This feat b
WhEigu e ar | pIRarjalby SSHPTBHE Ganapt At SErSOHa. sapbert 473 for

sup%bgé {%@'L{{%Wﬁ/'&? @%@? c?&dﬁxegé&gdéﬁce difhash&thef @hﬂ;dd’kﬂ@nt of the

strate 110, for exanple,
invehh8n. tThenesadpett of thislémboaimernts trbelectrots scippogrd7B1Gan include
Accor di ngl the el ectrode 720c n _be sha

a plaredbunt eb@¥rodela@ﬁrwée%?ﬂoﬁa Srbaen R sHoR s i plectrode
the su

4205 5% 2 ggﬁ&ﬁ@@ie&lfq kgltozﬁsﬁ @@P‘é edixgigg‘éeﬂdéﬁaﬁé g&gF@@ethrough

the §Héift@fv:e% Zﬂz?tcpamrgtal\eedmzaarmmeasemnd alectrades 420b are coupled

profile. Alternativel any of the t r ode
1 Svasriiionddasee Gyl beclad o3 S EE GPE gpupld to 2 urent
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 and/or 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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ot her el ectrodes havi ng shapes ot her than those shown

in Figure 6) can have a sloped or curved | ower
waeeotaziE4s | n still further enbodi nents, the el PCT/DSOF027181

can have other shapes that account for relative

(e. ggoa?@ 32@1‘.' s20e, g%a%lgﬁ%ggrgrﬁesdéﬁ&é ﬁré Vr\/éoféﬁéé‘{oeFiJgﬁpe 6 can be

repleb@@Wmc&h 8leppedé sdpgort A73 HawiitPiHel stin@ opéraliadHdpe éﬁd including
el ectrodes in accordance w th anot her enbodi nent of

a plutadity dhepartures 47vneaek ohwpistx hafsestns efitbedirstesiestredes 420a or

e SLEGH BB NN T Ll oo
sup{;brrtshﬁ' Rahr BRe cohfiBardd @ SREGHHhiIGEIRC reaRSed 2dteridhefrom the

Irst el ectrodes 420a are coupled through the
mucraqmortmms substrate, afdri exampieadind 2Bamaimert igensedyngimilar to that

20D, upl ed | ead 428b.
A T R e R e ol
culf @all a RrPRk ésﬂ@é’( ofARROEMAbBEIMENt edeNelRBirbdd Fairgf470 shown in

first and second el ectrodes 420a and 420b defines
Figyrar 8A cinabe Brranged tih @ masnenthsit eosgspondshiéo Subprodmdy between

the %iﬁocér?’gﬁt?%@ %lggﬁtaré% %t e&sc?rﬂglgﬁ Bglgsgggprg%/eeqbg(‘%igure 7), and/or
the %Mg%m ANE chh betartr &b BeorfedporR t8fthe ehtd 610|féléth)% motion

second l'ead 428b to reduce the |1 kelihood for short
betwéert Uhe selaciddaes d2Pacid@Dbeand dopimictpaiectvarse substrate 110.  For
| eads, | rther pect, of this enbodi ne he .
exag]pi%t ;r@d%lecgg ? 8RS ﬁé c@anpe, mese heawihy p%ﬁeﬂtr%e‘é in"the periphery
1129§fnﬁfea st 1|‘I"€‘Jr of %tr%rﬂyre@foﬁsh\ﬁﬁéréjﬁ'ﬁé:FéIQﬁa\‘ie vé%ﬂ? between the
Wt bt et er ence gures~1-7. For exanpl e,
eledtrutlevipdiral 4éDeandoﬁha£ sub&izatéD 12004 o2@titely high (see Flgure 7).
PCT/ US2003/ 027181 ., (e. 320a, 320e,
AccaEdBEARe dnevesarrsTicantPing &t areRges ep%rscéﬁ%eaﬁ provide an

|ncr%§Qe@C‘f3fec#o aj?lcar&g? efitt fd)déorﬁf:)@rﬁ’é)efté 4(%3 tH@ tlteﬁ’atﬁ%mvelocnty

OVer al i ncl udi n ur a ertures
Fur%éﬁmoﬁ@chw@fﬂrsmetdmtrbdesetSOadefthe hﬁdandselem‘tr@dm ddels of each

420a or the second el ectrodes 420b. | n another aspect .
eleefoqehp@lr drBsanantelativaly slosertpgaiber dupRsiers Ieiphcam Mgoperiphery

114@‘1& ﬁ {01 1B SR 'eYec{t%Hé&%rg%fc%fe' t%'th&fc%%hiiﬁve layer 111

roni c’substra In a mann

(se@ i *Ff@!ird 7)Yo§damsle&hetdlb§dlptoxnﬂ¢;8w thdorhx&jobme\Maydsr 1 1 1 reduces the
reference to Figures 9-11 and 13-18. In still

likefiyp@ch der erg@t:elwrlqah eOuphpe dPFtEen theeficst leftgere #g0asand the
sec‘p‘ﬁgteﬁgégwbeé 320!5:' 94" ? RTINS mp?[:f gﬁ?f?éjehﬁo@hrﬂ@ﬂp%e amplitude,

5hds 't O he pr oXi ween

fretlepel l=pdies Waksorr 26Bpetipplied o dlﬁeeéﬁoéle@tm@e pairs 470 can vary
substrat e 110 (Figure 7), and/or the electrode pair

dependingaan factars suee @stthechacsihbrivass theeelpsiradepair 470 and the
mlcroelgtt:trelr? c@%sﬁgte 110, and the relative velocity between the electrode pair

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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bet ween the el ectrodes 420a, 420b and the

m croel ectronic substrate 110. For exanple, the
w@b@anewade pairs 470 can be nore heavily concePCT/ES®™A3/027181

in the periphery 112 of the substrate 110 or ot her

aro Lgogtlggp%g\éh a tgt'?ﬁd,%%éﬁla' %’ﬁg sﬁlﬁg'@Hglér%t%%e&sélpeematwely, the first
eleciBbiBld2(R d’arhbl@f’ihé &R 8ré bAsS tfan sedccor dingly, the

I ncreased concentration of electrode pairs 470 can
pr trv adethen emb@masb@he%cmrlagy[e 8Ccthe first electrode 820A can be
h relati

conal RAPERPOSE TSl WiPrat SRR tanC70 Wik dhg dielectric
mat@rﬂ?‘%éé’@lﬁpﬁ%@@ Ktweas mexéﬂtﬁﬁ%‘)@'@cﬁ%és @@ C|ﬁnor§@ aspect of this

ative cl ose together in regions (such as the
emboelimehie rc;arreméarmbetdwpbel@m patte of iI®) sedandeclepisodes 820b with no

pha%&l gﬁ&@%’gf Zggr&%g&lgﬁlts o Conﬁgﬁnttcle Vﬁ@ l&e%éﬂgd e?‘ectro(dseegzOb can
be pg'l%'%%“%%ft & rdIaeE olﬂ'ﬂa 6 ® g?h@d td tH‘eeJ)thQPQQccﬁrRi electrode 820b.

ectrlca coup I ng ween the first el ectrode
In a};”ﬁﬂ&ﬁendaéﬁmt afe then énethatimeat] eth&2 @oirrehh suppIIIBdato each second
urt her aspect Qf this enbodl ude,
eleqtiosiguérp £ Siffelalier SFFRSIALS C%u%tﬁﬁ'faf e@‘ o p&\ais?erfgﬁt example,
ampeflltn?cﬁé,mde pairs 470 can vary dependl ng on factors
as the spacing between the el ectrode pair 470 and
t h©narfeatos ef theoplectredbs t824t dedcribedaalbovehwithelespeoeto Figures

B8-S e e Slactinde ,%'gﬁ%tép%gghngﬁgqmeeée@g%gﬂe&%de(s) 820b from
intelfbldfRl AbM GhEF LLRARSAalel g%%@%ﬁléf% f5E6ld@e8e 820a can

econ arr anged

be SsUpIeNtd igtalihy td @h@@@ﬁ@laecmd\netdttmﬁebIBZObr t Aaradvantage of this
enbodi nents of the invention. I n one enbodi men

arrangereglirie BB} theecurians apriledcia H&S@?éﬁaf@amge(%lgurem) via the

e'ecg%%t T BRI R Mol 00 San he ai sposed
o hehbinatitalp) tektrags &26pparaus 560 fee bottd plananzmg and

eI ectrode 820b. The first el ectrode 820a can deflg
elecimiytically meoessing the miciaeleaimnio solsipte 110 in accordance with an

eSS PRV SAPUEF 4 P68 Bbparaes s

has€ %ElEb@ﬂetaB%o%@%chdﬁftbpl@aﬁél 88¢ Afa M@ﬁlﬁstéh&rﬂm&@ﬁ@ anl operative
anot her enbodi ment, shown in Figure 8C, the first

poriiore 8O e @ |920ariziag pae 5%@6@@@@&! | Jneitapspaeel 25 \M_ﬁnera”y a

i B 5o, B5E SRSt oL BLBRAELy o o e

plar%r@zmé; %a@%ﬁ‘h@ﬁ% Sfcutdd guriggrbreianation.cur rent can be
plied to each of the second el ectrodes 820b with nog

phéEh;a shpénatugy S6@Icesralse hawea plurality of religrs 4o guide goesition and
nord B 1285 Rb A 898 SRR Pt S T Ian s intuce o
supPhEFbId58 823t 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 stretch the
planarizing 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

-15-



In a further aspect of the enbodiment, the, current

supplied to each second electrode 820b can differ in
wGeb@nanties i stics ot her than phase, for exanpl ePCT/US2003/027181

anplitude. One feature of the el ectrodes 820 descri bed

rollebeBg and fthe eaReGh roflel "SGBrtSS’secEJ% Iy $dvhate ttl? ﬂl%ri%%zing pad

el ectrode 820a can shield the s el ectrode
582 jegross ifheeﬁcmfpenele%ﬂorerchrelmgiy;rclean ;srebmpmatlv&wectlons of the
ode 82 be coupl ed to

plafEhRY et Hoe Mt hE Gaehiasuriatedae wash SoRiions (o provide a
f { nt
oA B PARAAESL o ey bl {0
el ethe apparada® S6ancdre alsor lvavee ewsartier gssambiyobd@that controls and

profes ¢ SLERAL 14 ngutng 'p'l%r?%rr&aattlgﬁy? Tt Pairior oassesibly 590 can
mcth@ é“s%b@ﬁét%cﬁél‘?j %@uﬁéfcﬂtt‘?p 'éhanéiBéQ@rﬂﬁg os\ﬂb%ﬂ?ge 110 at

nbodi nent the i nventid n one aspect

appembmtenﬁages tohéhaptanaaizuag [5ﬁﬁsesbasTrte Barmmrdss‘eﬁhiI)GS%Cban also
Wth a tqgp- 81l at rkstatlon wher e
havgp%rsgppgé gaiem #% C‘E‘W'Qﬂ‘ a bﬂea?r%ﬁqnibl)ﬁge'géa@a@»@@nl tsanslate along

the rg;%%t 'SmedrheTB vd 99?@881' 59§86ac;1 feh ra%tda\foraSQ(% %bﬂve shaft 597

plate to prow ace
couptad i@ meatac&al:mn 586 ,0énd lzd aiph Do pmjétglngaﬂﬂorﬁ%enﬁb{vé)%haﬂ 597.

Th tus 560
The B e o bl e Bamacs Shod S6onuch that the

drivgn% eﬁﬁﬂdl? Sbﬁleoerplsté‘@gén'slég%tg%éggrzﬁﬁ%%oyg% Pssggg ?as indicated

by érrrowt "l%\h)d Feeotedmirt] ehaftob9® nsa)b 8tkd mﬂt&ﬁ\%bsu&tfaﬂé holder 592
econd guide rollers 585a and 585b, and a take-up

abop5|t§@'snggbamq ke sappdicated byrersss*Relries  an unused

%p@ﬁgtgﬁng pﬁogﬁﬁﬁ a%sggl%géﬁﬁﬂggcgbh g)%gp 8éjfin5e8%’planarizing
meclmmt trepemnethardcafy theforoghdriiealh)- ﬁfﬁ;@hbﬁicﬁg ﬁéﬁho@%g material from
Additionally, the first idler roller 584a and

the surfaee qilithe subsirate $88a Ttha planesizirty pac 5&& asm umt}m@ apparatus

RSl 585 RS eI BRI LB L0 B 8 oy
bonabd\b@)a glispensioAtmegiasi. A8Grainghy s H@P\'alemgls%lM@n 587 can be a

2004/ 020148 PCT/ US2003/ 027181 rol l er 583 and
cle{aa;gs@JLupn (W"lh@ldt gb@sive Batigsthedauge doe abcasivd earticles are fixedly

d'Stﬁ\ccor @%@gﬁgz ac‘ﬂﬂ%azsagggé)fggﬁtﬁq%ﬂ@'zd@gtﬂ?éj 582. In other
appﬁd:@cltﬁfsl lhéﬂ @Ieﬁf@lzﬁ%?paaﬁﬁemﬁy'ldé‘bmowg%sk}ét 554 fV\ﬂfhout abrasive

used sections to provide a Cconsistent surface f
partisilesm aand they plan@riamg selation a7heas uiss ar sty Mith aBr@slve particles

and?ﬁ%ﬁ{ g%lﬁﬂ) g6ooy§%§1a erlgl fpoar%/?hgsﬁgsrtlrfétgq 1%ssenbl y 590

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 translate the substrate 110 across the
planarizing surface 588. As a result, the abrasive particles and/or the chemicals in
the planarizing medium remove material from the surface of the substrate 110 in a
chemical and/or chemical-mechanical planarization (CMP) process. Accordingly,
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protects the substrate 110 during planarization. The

carrier assenbly 590 can include a substrate hol der
wGaR40z1ps ck up, hold and rel ease the substrat BCW1S2083/027181

appropriate stages of the planarizing process. The

the EiarHing PRS2 ey SERT, fof Suet BB 1T HRROTPYRE b features
projet@Rg frohthededHdutibS fayeF e 1difithg sabsestel 10595 can have
an actuator 596, a drive shaft 597 coupled to the

actlnaa durtmeaspenl einthi emboslipent, doe i anparaiosm 96 cani inglude an

cle 3V Sy Pl 0 it Bl sCin e ME Rt gdiing surtace
of tAESHERANZIRG RN BBE switthe SoHRiit 882 &9 ddetriidtR irpbrsttepBetail with

axis E-E (as indicated by arrow "R "). The term nal
refesaace toB@UIRY Oal Bie apparatus He0 sapsentherdneloneda cagent supply 521

BB W SRR e 2B B S Pl an cloirca
cur@lt 4o i%btﬁ%lés%éiﬁ&e@ %) @iéaf,l:ﬂddﬁgtaﬂl@%w@aﬁdléﬁ the top-panel 581.

mechani cally and/ or chem cal |l y-nechani cal ly renoves

Acoordiaglyal thier @pparates so60@ acan o¢lectrielyticalyt rameve 1matanie) from the
pl apari zi n ad 582 used.in the apparatus 60 can b
conf B et a8 e franiter ity el REGRIGS: aBPe WG Hference to

Figh@st{eces are fixedly bonded to a suspension nmedium
Accordingly, the planarizing solution 587 can be a
" cllnanesasprdt @i"anvembodimeanireidhe epparatus 1560 desciipse above with
t he agr ive Barticl.es ar%fixedl . distrib tfed aLr 0SS o ot
refefeRpa dariontey Semataie san bsr SeETHRUKARIMAVRY By thsoConductive
‘ . . o I o
oy e RBLISE, |80 o dBerE grpd S i b9 a v
protdss. pl Boarexample,s tHeutdlesird@it paocdss aas!| remmgveninbdterial from the
abrasive particles and chemcals to renove.maferi al
conChig S JRYeE sk e Enaritr thet pudfiens 8 RBALGHE ves 1o After a
| ppar , arri 9 i
solih BERORERE hofie, pastrty e 28 Bktedihe alecrolic
prosesdiag eodeB8tiaf cehebelratiadi andgadditzahab8Rateniat flvan be removed via

resence, of the planarjzing so|ution 587. e ive
CM s@@?&ﬁ?‘n59%'t?WéHV%meese%ﬁHOLyﬁBSQFPS%S ﬁ'a‘iI 2@‘? d([EMé process can
e.iaxX| - nd o I t :
oo SO el Beroll kSt R et bteiy arcangemments, one
featune of Wrs bmboeiniddt efcthesspddratuspbeéidesaribegl abofaadthb@ference to

~As a result, the abrasi vezéaartl cles and/ or the )
Figerefiie4hat the same arRpartts 2G4 CaR lanarzenbesubstrate 410 via CMP

ancfa ﬁgmotvge LAACE R tﬁé‘%ﬁéﬁ%ﬁé MRy ]an%) A %@]%ﬂ Gtbcess.  An

/'or “chem cal - nechani c planari zation

adviainteges of tiiie carrahigeghent is-thét W2 200strf20MBneed not be moved from
PCT/ US2003/ 027181 t he pl anari ziNEg pad 582 can snooth
ong ARP&EHL oanrothentogyndesae Pk CMIT ghd edaatiahdic processing.

pr OAE&EFQQQQ%S{%EW ODAHG Yt AXEE abpirdilis 5BB described above

substra
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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In a further aspect of this enbodi nent, the apparatus

560 can include an electrolyte supply vessel 530 that
waeledoswerigs an el ectrolyte to the planarizi ng suP€¢RHUS2008627181

the planarizing pad 582 with a conduit 537, as

desgiguked 0 15 @r péﬁtgg%d&&béled’“ &é‘rtlaﬂ {crhgﬂfa?lct BodilE Siew of a

10. The appar at us can fur'ther | e a current
Por§apMfyths Appatalus| 820 descriked appue twithaleferdsRe @nHBigure 9 In one

ol M A8 S s
of gleetrédp Qﬁlﬁ6|705%?ach AR indlides %rfﬁstaé’l%@{r de't g%goar?c?g second

electro tlcalf renove nateri a romt ctive
elegtggde 52@5 |Tm%flrﬁhﬁm{r®ﬁem5wa ae d:dlmlecdiastarﬁlr’se%@bQZSa and the
one_aspect of an

seoBhl e n$f(?t?1@rea88§$'§feif}§1%ggc t8aaeBlap dive fiwst And second
lead£BoBANSR 52861 Sidf 80%»Ie89tbeﬂh'eacl:ur?é}ﬂ g({@”k#@hw 9). In one

renoved fromthe conductive |ayer
aspegb of rthiseembodimentt thg finst elleﬂiltddel 5203 @Iroges sepir@ted from the

sechi it diey PSR RketHe fEfibicleyor 5atadoateclispe Terion™
or dAddiheh SRItABRNEIeISAIAL MaPRENSTROGICAR td,af/,g% Y Rlyer 520a can

111. After a select period o
aCCdeu@@gsqongot hhea/dhlameeamnﬁeté.ctrtdﬁ@r@t@ﬂtdmhd ré@ion between the first
proce ion can be halted and additi onal

a”dnﬁ%cé’rf\dzﬁ'%g%{ﬂa ged 3408 tacsentieloelestsiony coupling between the
elecdinatively, the electrolytic process and the CWP
process can be conducted sinultaneously. In either of

t hdbe mlectesddsngs20a aagenda0s, cane bef eglbbfrizay éﬁupled to the

t of th ratus 560 descri bed above wt
mlcr,ogfeecgr@hecgsglgstrqugupp Fggqug nRy thenplaparisingpad 882s IB@me aspect

of 8 BbRIAY A VBB bE0 98 W 3ol S RiEaronte 551
supplientiog the supplpdoadting 63vfthiduigh dpeHaREE BB N kise w@baﬁélesm just

rate 110 need not be noved from one apparatus
ben%ﬂfg& ﬁ%@rphaaauzfaerw 682n Aordinglyeltle wlettiades 520a and 520b are

Y n errbo rrent of th
seleggélgag@;lt?% ggrggé‘ﬂgltgg@?q gﬁje d@%@g@te %'(‘3? 410 gp e%tet %rrangement the
eleckolytie 639 dan bdatipplier] © PegsiassriziMBBd ES20rbM above (for example,
b unction with each other, is expected to reno

y Cﬁ%&

N the elpRtide bk in e plererizingeliquid 387) raiﬁmbr than through

R T N T

layer 529!0 @nrsulenedlkm’cWé!@h ¥hd EFa@nér@ﬁ@LHHOSSS’i af@tsd b%ctr‘o@ie@ 520a and
manner that roughens the mcroel ectronic substrat

52001 YVhemmthe prd gleleriric Jayes 529808 i plega, theceterodes 6rZDaIand 520b
are BPicod KR REV8IcEL PEaRel PAlThe' S3edi: 53¢ 20 Car 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 9), which can increase the uniformity with which the electrolytic process
removes material from the conductive layer 111 (Figure 9). The planar'izing pad 582
can also have ‘abrasive particles 589 for planarizing the microelectronic substrate
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WD 2004/ 020148 PCT/ US2003/ 027181 Figure 10 is a
partially exploded, partially schematic isonetric view
wo@tooa/opiang i on of the apparatus 560 descri bed abowEs203/627181
reference to Figure 9. In one aspect of an enbodi nment
t
GO, bl ekt en LB LOMB T ABL PRS2 Furnemore, e

planaamilngeﬁadl 582 starelfitet rexibod26a otist aatedainthat erodes from the
el ectrode 520b._ The first el ectrodes 520a are coupl ed

elegtiodes Br0n and$26psie RrRvanhdhe seleeiere neaterial&oms zoptacting the

B8 el TS 28 gD b, it o o
spoper ¢ raddin( fHegWect@dlytel B3ON@ chsiee proxdhity oS the microelectronic

enbodi nent, the first el ectrode 520a can be separated
substrgts 1h@& second el ectrodes 520b by an el ectrode

kBBl 184 R BB R bRyl uERBe TS el e Ppnal view of -
rotaty elappirattis| ®per 529 plprnizirRt cardfongkblectrentically t Brocessing the
volunme and dielectric constant of the region between

micferieetreric subpsiralecdhd il eccewsigeseswmih anatheroembediment of the
n the

nv§RBTLT d Ericett Sl Ebe bt B APBerdl S A RES o generaly
cnrc@%pbﬁﬂeh Ooft REbleMBeB00&] &sHrfienidsseHbH '6YE élﬁlaﬁw’é’rlglﬂ{ge pad 682
by the planarizing pad 582. In one aspect of

9)
posiianadl ereihe tablre680 aart & planprizing B@AdicS7wen tlneapledamzmg pad 682,

Th%%’ﬁ%ﬁ?&%hgﬂﬁﬁ i’%%é'x?ﬁ é}%gswgrpﬁ%rg%g n gond uaéfalternatlvely,

the RE&RHZIN Bl veg i
el ectro eQQ%IZOa anérigg%bﬁ’lgﬁg@%/éngg‘%fs‘ggﬁt 'ggbg Oftd?ﬁaswe elements

anct thep atarsrizing phdt682 ebpdie @ por-abedsive rpaain Al deveratssembly 695
rrangenent,. th el ectrol te 531 ¢ Ii to
rotetre BHEHar B2k ABOIoB SGIORa e (@b “Phloiec platan 580 4§ move the
' [ 1in the planar|2|ng
pla’l%ii%ijﬁ% p%gﬁé??%&iwerﬁlt% EME cé}gugh the top-panel 581.
Ac cﬁT&jcargiey assémbpl %(hcozirolg graipistects dine inmictostkscteoni@dubstrate

1108558 PlArgZBAo 5350 e e e Saru OBYDEaG Naa @ Subseate holder
GQZ\’WEH o s g@g Eﬁ%t%acﬁgé E’E&B'h&%@lrecﬁgﬂf& g'tr?teph #§%ia EU&lon A drive

ectrode are 1so rom physi ca
assem’nﬂ)acasaa/\ot the Imermﬂrea:tsraumtyly eBQiBlypamilycmtamscamdMongfmslates the
| ect %%zt om ma | s that are not necessari

SUbégﬁii%\F'Pmeé "M@ { @ r'dI'yespegively)n AleTrativaly, {hﬁasubstrate
holgE066% FRaY) grﬂtg%%:\gg@hgégf}ggezé’%&uﬁpcfﬁﬁk SR6E shBwh) Weitslides over

can oV seve
the plrsarizige pad G8L. sonme conventlonal el ectrolytic
For . exanpl e, pl anari zi ng pad 582 ca

arr 'l? %ﬁqrrent S. %

uni 1@ Qﬁr‘@etﬁﬁr@tcé‘)?'ﬁﬁtr@'[”@(ﬁ ate éi@aw@hdh%mara@m 660, the
carfie 5@5%%’&268?%0%83 ubsf, ahﬁcr%%%\ﬁn&ﬁﬁg u%lﬁas?r)a’ce Wak 6N against a

can increa e’ uni orm
pladrizibg durfdce PB®afsthe planarizing pad 682. The platen 680 and/or the
substrate holder 692 then move relative to one another to translate the
microelectronic 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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renoves material fromthe conductive |ayer 111 (Figure

9). The planarizing pad 582 can al so have 'abrasive
w@aootioziies 589 for planarizing the m croel ect rPei/vs2003/027181

substrate -18 WD 2004/020148 PCT/ US2003/027181 110

11 5o RS 370 B Gl DSBS PAEE & FLgthny o

sam%%gﬁﬁeroﬁvltﬁtmbhWﬁé%’lé(ﬁ}ode%%ﬂ% af8 SZ0po(Rigtre 10) are integrated
el ectrodes 520a and 520b to prevent the el ectrode

withntiieetopaparie! i ic Origees i1AY tAit@rnaﬂ\ahoeth@c@legﬁﬁ@@e pairs 670 can be

e G lcghs o 58”1 ASER T R 8
670 “éeﬁ’ﬁ ﬁwoﬂidéx eEcnbdEs Héanj“sﬁéﬁ@é P BHfGuratidre ?éﬁ@rall}%lmllar to

Figure 11 is a partiall ematic, cross-sectional
any sofdmoesleedasmrmmal aboesy wnth aefarence ytoabqgar%ﬁ 1660 electrolytically

remﬁygggr@qﬁ@%{] dﬁgfle/r%ugglfrfti\e ﬁtllgﬁtrg‘%g ggﬁ@%m H2e electrolytic
pro %téb‘?f ?é?rfi’écﬂ%ﬂi b%forfeh%urlhﬁ‘éﬁrﬁfté?r’che'Gf!\npnﬁr&é%cés Qfescribed

'S e ment, the apparatus 660 has a generally
abocemﬁhlmferphadem}F@ureé)bl e 680, a carrier assenbly 690,
| anarj z

a gpag osi ti oned qthetab 6t
o BIGS! L  a R emele: el eBrr SR P TDe rRf :pomponents
des&fsed abdfe gltﬁq’%féréhé‘& té’?%&éz’l @a?h@%lréulft &h@%g%bééfﬁébé% apply to

pl'anari zin or, alternatively he anarizin
anyldfm& drrﬁﬁ@ementémear&iedrabovbawtmgafaremeuerFagmso?o -11. As shown
abrasive elements and the planarizi

schemabigalibindsioves péd. the eHrend Sgélé%ﬁré%ngég IPgttQttggq“St electrode
520%%{0%% n%/%orﬁﬂg e%frPEig %ﬁbo\?/ﬂﬁ qé%ﬂsagggﬁ’ an'd 52&55‘ PedfcrtiGBly. The

anari zi

eleddtorieari2oat arh 520 ares aoupled tasﬂae mfmbsoe@&ﬁrmmsubi;tsatenm 0 with the

protects the mcroel ectronic substrate durl nﬂ
elecﬁnoéﬁarﬁ%amwrrameregrﬁtrthék Carzbe ﬁﬁpr;?ssgts?%fg] K&y two sets

of p%r%l I # ﬁcﬁo@laﬂarres%?at . Slﬂ\l QOQQ Cfbl il Agﬂ%ﬁeéﬁl%matlcally

roni C subs

indi@ét%eﬁﬁéMh@Qﬁlcﬁdeléﬂ&)rﬂa%Ub@tratesm@fbloyatsﬁQélatiyeito grbynd or another
rotates and/or translates the substrate hol der 692

potgrdidl.ows "P and "J," respectively). Aternatively, the

7 SR Bskpehtet il e R ol §2h "G qurrent source 21

canMerBanpledne drdnditidelMmopliriar 522 th:henmilmetw et signalcproduced
substrate 110 with the aﬁ paratus 660, the carrier

by thesewtent chﬁr@%%e%s ihehawer BeFiskre R Arserdingly, the current
souB555 o odHeBA L QPRSP AR %, BB, B BB mocuiaor
522684 she&rimpYSe rae|low-frwuér¢cwwav@mwm thi® higtpfrebaéscyt ave 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
electrolyte, 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 ectronic substrate 110 across the pl anari zi ng
surface 688. As a result, the abrasive particles in
w0 b@4pob@Emari zi ng pad 682 and/ or the chem cal s PeT/UB®03/027181
planarizing liquid 687 renove material fromthe
elecctPche%CgZ@fg%hEhé?a%f Fsltiﬁgtcff%gcsu%lé%{é ‘%? %B/orTﬁg target rate at
appar atus' 0 Irncl'ude a current’ sour 2
whiele nitedalis th beaad®ved Iim tals@iaté d10ne or nore
el ectrode pairs 670 (one of which is shown in Figure
- 19Amdzao%qezoi4blswrﬁ@sgm@et de 1hah the high frrguency signal can

rarfRE WO YEalPd B Gy U908 R 550 B 850b to the

muc&b@@étf&ﬂ@%@%&atemd 0520Hle( tiegwove fiduenty supegrpised signal can
with the top panel 581 (Figure 10). Alternatively

t he
morgl efestvely prarmetestre elgatraenemicabipantion b@tweenhf@e electrolyte 531

oD BB, P 335 BB A 1D, Agporina. any

of thBaRfBodRENES BELEbEY bBBYe WBMEFTblancsi tBl Figurd® 3- 'Bméndfor below
t hose descri bed above with reference to Figures 3-10

wuth ceferemertolﬁﬁguze&l 13-18raamoinelugleraiugmiplitideamedulatort ingaddition to a
t he m croel ectronic substrate 110. The electrolytic
CUNSEBYSCCcan be carried out before, during or after the

CMEignRCES 3o a%rﬁﬁgﬁéél{&%tl@%ﬁw Beréﬁfﬁrﬁélﬁe Viéw of a portion
Figure 9. Figure 1ZA is a schematic circuit

of areyappaea‘(uaﬂl%@ odnfigured do elaelrvaghanically addiorreleettochemically-

Ol B e P Mo Bt R ST 903 Forcance
wﬂf?%ﬁ&ﬁ@f"' érﬁbécﬁﬁ‘@n@ rcb?@hé CPn\Férﬁl'ebhesln?’oﬂé asPectBPMIs embodiment, the

emat i cal In Figure 12A, the current source 521 is
appamaqmlsefchGtOomchmiefsla pohshnegmemhian 1T382aarzhd plbraliyecbelgctrode pairs

137 Phot oeh SRR 02 Dr ok 0, & TESh pIPEliong Ir08 and a second
ele@%&dé"%bg%r% %a?ébbéﬁcf Barkh€l éé‘ﬂ%@@ ?ﬂ\@“etlééﬂdﬂe% 1320a and

n an arrangenent that can e represented
1320bheant each Iha\/ley at widteel¢1 todnsperss It@ltheapm t1820, aartd can be
resi stors. third capacit

SepgEaendy PRIIPYNG, Fie PRNES: hags: IRAGH Eol '%%tqa&npert'on 1383 can
hav%ué’%cﬁtﬁt\ﬁmjtr&nsvfelré@fosther@i {36 dgcfé?wuﬂ n@&‘iég}@éd polishing

ot ent1 al one aspect of an énbodi nent s own |
surféogWBBGlZlA ondrespectrafrihissambodime, theqml|lsb|ngom.pfaﬂéstt886 of the
an anplitude nodul ator 522 that nodul

padppeal%@dw%?y Preiect ey thesgleckoge 1 esgt?»?ﬁe lgipeprdmgly, the
elegt'rcgd’ése’lééga,h%%@(? dLAgly reé&%eaﬁ%ﬁrﬂﬁe néd&té&ﬁ%aéaﬁat% 1386 by a

enerate requency wave e

recé‘sf?shd @EwnceERB whne shep polishieg sudatenv 38@ qunilacythmma:roelectromc
802 on the high-frequency wave 804. For exanp

th
substrgte f é@.{u%cm%@@cam electiompechanicallye rar@éorofelectrochemlcally-

mea’?&\léél}ﬂﬁ p%hsh and/or 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 to 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 flow
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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negative vol tage spi kes contained wthin a square wave
envel ope defined by the |owfrequency wave 802. Each

W@ pioko2fis t he hi gh-frequency wave 804 can haveP@r/US2003/027181
relatively steep rise tine slope to transfer charge

100} BTy S 5Lk 05 B RSB (B Srown i

Fig@tef {3)e @ opler ainplodlirhérite theslowpacsdgas HB84 can be discrete linear
hi gh-frequency wave 804, or a curved_ line

passagRs heeerptfiencomduit éaﬁérﬁwﬂ tasvBOliRIRG SLaGE HABS, as shown in

oS TEBitos! BRSPSl P50 cabel ety orous

anddgeemsly Mhssa§és aR8aPtah lrwludd Bengtantk ofllidterconnected, convoluted
characteristics of the dielectric material and

patfa ednranytaf thepacembodimnanis thepfowopassrgasp 3344 can provide an

/US / I , i, St
cto G HSPRELARE B a8 SRR PP o oo PRORFEE G Tioriece
betW@ér?fHeﬁ‘fln|dr§el'é@trbﬁlcf@méﬁ@€é {108né fige @ubﬁhhgfsarfé&@s 1886
advantage of this arrangenent is that the high

f r dquene yembgdimertarthet pads wortianse 138guicasd ie¢lede r pelyurethane

energy fromthe el ec es. 520 nd. 5 t e
matfiafeod oket shitao EUBEI RIS 10, % e Pre el o pelisgyno pacs
avaﬁétsaeffwﬂa%@d’elswmif FRIENn ez opll et bN@'a‘JsPQEtOdS‘IDﬂ'ﬁs ehtodiment,
el ectrochem cal reaction between the el ectrol yte 531

the amidtht Mé1 cafnthec padepordipas 1388 cantbe lass tban etbﬁrwmtla W2 of the

mteaéglgi F%‘é%oéégv@%%? h%lz@ge%eﬂlw{‘y B ﬁ'reé‘g %qﬂégin%ﬂ”amun'ca”o”

bet\pséﬁ%e léard¢é§ﬁ32@§ ﬁ@ztfb %%Heﬁxell%cjrgel%%ﬂohﬁcélh@&rﬁ 110. In

dulator in addition to a current source.
othe’ﬁﬂ gmbedmemts bhqnaaﬁeotraddeys t&ﬂﬂa;raﬂiwb padtthel pglishing @ad portions
i sometric

1383458N @@,\feeat Faélgfercﬁﬁétgh@ﬁﬂg% Hm@ alrl"’f‘et l;J)glrtilc:u?ar geometries of

the&%ﬁ&ﬁ) &Fﬁ] cal | y- mechanically renove materl al from
croel ectronic substrate 110 in accordance wth

an@eefeatuteodi eeremioddimeet dhirenapparatus136@ shopecin foigure 13 is
thalye SiRERGORE TP Ja20R e SpPses Moyt B1e DPLgh Pg furfaces 1386,
Acc??ﬂﬁié?lyé]tﬁg gﬁ‘ﬁq%glﬁczb%‘)d@M' EarJrScYé) lﬁaélebt'ﬂi%bp%nﬁact with the

l'ectro Oa and a second electrode 13
micededagtedred salbstrgtepdn al Vial thexelectt88te 1834 eitboutr odmmg into direct

Phybisal moTBRsVRJDe ENIOBERIBRIC. Sapsiateol By [bTenpRgect of this
emlﬁ@cﬂnﬁﬂ'ﬁ“ﬂﬁ{‘%%ﬁ gflctﬂep@écﬁjatiﬁg P@fb??o 32915‘ f]agﬁ'?g G8fard the

transverse to the axes 1
michealectednie |subgrtited 1 p01dre rexposed 4o fmomdé&ﬂﬁectl@emneal contact with

t of thi mbodi h
the(gle@t?@yt%pa%(%iogrlg ,qjﬁgrl gegg;@ gﬁgrﬁgg?ge;gag;ny dsur1f 3a20es 1%’5%% can be

encle bPYRstidiRA YRciobdd WWith AF HRERCAY Yilmt BE 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
electrolyte 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 electrolyte 1331 can lubricate the
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el ectrodes 1320a, 1320b can be recessed fromthe

pol i shing surfaces 1386 by a recessed distance RD,
wokik@2die pol i shing surfaces 1386 contact thePCT/US2003/027181

m croel ectronic substrate 110 to nechanically,

inteﬂJaS tlSé’tWe%PafHeC% lsc%?ezégg /o‘?ﬁc ABSLERCASD 534 e PRlishing surfaces

anlcal ol i or planarize or other
1386e n:‘nemlcrailqummoté rmmtetlialerermwai dreine the uncr@emdbm(ambstrate 110,
110. I n one enbdodl ment, the recess d| st ance RD ca

andfRHy @onyayalaieovid PRBIRIeH aWeY dram ihet it iﬂ?nsam? time, the
eleégH!@r% ‘F@ﬁgfsarﬁe I'(i:tlg% Eesd Cﬁéﬁ/e‘@nsﬁéﬁﬁgﬁﬁpgg?éb BBMfons 1383 to

I'ng, or exanpl e

proyidet éledirizal g:emﬁmmaﬁomfbeﬁ\h@ereIthetéledlecsdés’sacsao:a;tazabb and the
and the pad portions 1383. I n another aspect of this

miceqaierireniatsubstiateydd Opdhus fredlitating elegirical®y reaoyingwnaterial from

the@ﬂ%r%%%@ O}ﬁ’@élf'%e%g Qb Which has an aperture 1385

correspondi ng polishing surface

13§Ggurhes id awapialBegsena s partallgdrpkes idometris gl of a portion
CondUI t -21 V‘D 2004/ 020148 PCT/ US2003/ 027181 1337,

of athispRatatks i & eaAntieUreduipl acrordange aicenethgr ismbediment of the

lnveé'ﬁ%gw -Iﬁecgﬂe(g%ﬁec%ﬁ?ms 5}, dgﬂéﬁﬁﬁ%kggé&é@? g% C%I%des electrode

pairls| ﬂaao V\@t@ﬁ?rﬁlﬁte%létﬁﬁd&%n 1T4!2@aCQﬁ6USécdr?cB7eléﬂdodé!£ 1420b. The
pol i shi ng@@urface 1386, as shown in Figure 13. In

ele@tmﬁetsem odifZRntinclude flpnd ppssagamd 4849 dag apertures 1485 for

o 3 BB, 1 e e PR 8864 B 8 irotectonie

sub@@é{@ﬁbn A&Mor@fndlfl‘eﬂfé A6ROshdEIES 148 ohd VBNPRBERUES a supply
can provide an electrolyte 1331 gsuch as an

coneIUéd%lwhlcb i$ frutugin cauplleéatgtanmle&tr@utl@ luigl soureet er f ace

bet ween the electro i c_.subs

DoIRSY 658t &L 08 Saiithent w2eh hirde 22Pa, 1200 is spaced
apaPOfrbhP 1§ ri’e-’r%@o&aﬁy 'd“@le‘l’éiﬁrl@q)éyé#rﬂi@nqh%b@édtﬁé E’ra)%r 1429 can

other suitable materials, such as those incorporated ’
terminateoht ehlage flagh witviid pper facemakdbieleleatragesof420a, 1420b. A

B bk b A

and @ M‘b\ﬁéfﬂl)}’\?a téb%es'dﬁtﬁé%élbb@ic il efd 1 4ptes Ilgr%%%aaspect of this
1320b' to or sufficient electiical conmunication

embedimeot, the eodlsbing desdiugr 0821 820birmlude e sub-pad 1487 which

suppRES bR aas 1§90 ket PSiian e G LRI pagISfing surface
148§2fﬁa't Bﬁtac%s?%%]ﬁﬂ@rdé?é’o@ro%d“@ubétﬁététf1\09md§ TRAMG Generally similar

pen |ng on e particular geonetries o
to thathgestrites. aline. f kaa fudherf agpeat b diclis remibodimenhethe sub-pad 1487

car e dReTi g 2l aison thy B4 fedsBegsade FPeHITes 1485 to permit
unifRbitSd Ry B'f“'tﬁéa%?éctnjoi‘ﬁ@ 1331 from the flow passages 1484. 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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Accordingly, the electrodes 1320a, 1320b can be in

el ectrical contact with the mcroelectronic substrate
wQa1@402@E48 he el ectrol yte 1331 without com ng iP€DUS2003/027181

di rect physical contact with the microel ectronic

lnte’ﬂé*éét bafureehl he |rﬁ|c%bﬂe&$&ﬁ§t31,@fstr¥am S Wﬁﬁ@dﬂh@eﬁbhsﬁlﬁg surfaces

surfaces of the el ectrodes 1320a, 1320b faci ng towar
148the Acobrdingly e the elfdatradytbstacdt ean Iko\/\afreekyxpub etithe flow passages
vide direct electrical contact
14%@ tg'?é”?%%’lce ?fttli‘ﬁtrﬂ'@Fo %Uﬁl'%Hégrat?ﬁé] el ect r odes
133ﬂ§ure1:’1gof% Qﬁﬁs@ﬁetrﬁf‘%e@@%@ Lo ofldry aﬁgﬁé?ﬁ?dl%o having

h™a protective filmor other structure t
elegctrmﬂea:i 520 1@2@btaruﬂa:pom%0g madianbl 388 arasged in accordance with

andifat pinas mf@@@irt'h%glﬁwéﬁ Tt i e Aseede of dhis. embodiment, the
pol%Hfi"@t Mk TnH@BZ 'n‘?cl SIhsgffrﬁg{ ﬁéé( g)%rtﬁéh 5@%%@%8% beyond the

eature of an enbo aratus 1
electrodesyd6204,31528b.t Hz‘azach Ipellmlagtprecd pbetlot83583anclb|eles a polishing
proxi mate to (and in_sonme

Sur%%vtﬁdﬁ%gﬁgé : gﬁ%&w flow P%‘%ﬁqgﬁﬁeﬁ%eEﬁé‘ﬂ\ﬂ@é\hP?ﬁ%ﬁlge 1584 has
an 28% g 18s5 %&@@%’Pe B8 ?Bﬁjsrfﬁg suﬁé Q%ISBCH@SJ(EP%%% electrolyte

trate 1 ccording rol'yte
133 1uproxiratie tohen int2efade® bﬁh@éélﬁ)ﬂ@écﬂﬁcwédmﬁ@%w@ﬁéi&lﬂo and the
interface between the mcroel ectronic substrate 11

polighing: serfasst 19RPngNsene geeact afdbis erRerinent %%paﬁ‘d@@tlons 1583
n“%é?udé"rgf;&&é’sa'wé?o%&&% gé’{élhe% EP[[]heC 1%%% TR Brdingly, the

or convey renove S away

electrdlptef 4881 &in tphecesthmoutwarely froe tied dioiw Plagbegds3358dawnile the
fill the recesses between nei ghboring pad portions
miciegisctienic spbsiraie %1%@9%@@&1% lycverkieadbet ween t he

ﬂr%d?él%%’??sn ﬁam %ftg] ortllrEh %he%pfé)rg{d% 1660 éwaving a

subs@rate tatl g e ec ric y renovin

polighings maldiun ores2 b@nfnguré@eh ecomiHnceSWHlS tyiet ta ol id}- embodlment of
Figure 14 is a parti al I%/ schematic, partially broke
thej igyaption.c 1 @neoasaegop itis emPodimeippdhat kelishirgn medium 1682

mcl@ﬁgé ag;t)]‘c\g/l gﬂ AQ;RQ& ﬁ%@ga%%zs%g-@gd %{7&?&3@% cﬂ%ﬁ@ﬁ%t ﬁ{sﬂ glectrodes

1620pPaid s86orideftiieled B 0Bl €ThE efistraries B520bA7 A 620b r3ar<=3 separated
first electrodes 1420a and second el ectrodes 1420

by gFiielegiriscleyetid 52940 didednic layarutf2S qus@s&@ge@ssages 1684

g peBLLRE 88 Bl drale efrRBhEU LR beerg to an interface
betWe&h a6 wléﬁmQCmeawmﬂ 68L antlihe MEFOERCHENY sdtﬁ@ra&é qwo (Figure
passages 1484 are connected to a supply conduit

15 )WhICh is inturn coupled to an electrolytic f|UId

éff%ed@%f%gﬁgﬁ@%%@ {)gltnlg ggéo%%'llgﬁﬂtg mea Fum 1682 includes a

pollshlng 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
electrolyte 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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apart fromits neighbor by a dielectric |ayer 1429.
The dielectric layer 1429 can termnate at a pl ane
wo basglo201ig h t he upper faces of the el ectrodes RAP082003/027181
1420b. A polishing nedium 1482 can then be positioned
elecﬁ'gg)itﬁéé g&gg fr%n?%hﬁqgg sllﬁelétt@?‘;t% M%Bg]resr@?%gﬁ%ﬁn%@‘ﬁ‘fh%béd by the
mncr@émt)nwsmﬂfst&teertbodl ment, the poI i shing nmedi um 1482
can include a sub-pad 1487 which gport d .
poht Pomgspaeixf aéh@mbaa@%ﬂﬁﬁarﬁbq%?, Vewith refergrcesto Figure 16,
f 6,t t
the HRebSRLCI08Y, T paft oo SRheysD' 895E o, shapp,, I other

embddithédts, tHieD réd&tseéeimgl dwdha\t@mmerlsha@eét(smdﬂeasasmtar shapes)
of this enbodi nent, the sub- Ead 1487 can inclu

that gewfor & AowgHhde alectiolyir 18 b\ﬁ%ﬁseagréerélﬁ@ﬁﬂ@és andghat allow
or AL rH LR oy O Ehaet ' Bos 1a8e ana o

microBfecitthid 8dbdidXé THM viate aleRbobis 1@@|1p0Actmmgmame recesses
hel ps to distribute the electrolyte 1331 in

1689 wesrextene enbhiduioughitan perishigopmed Hes3 aaﬁéhe fmi?:paq 687 (as

t t\h
desiien ABPL OrnibannDop aeogheHE s34 [ofE el Rxgpng throuen
the Wblighih ebaa 58T bt ot BWBlSH e Jubtpan1687. artgfymm pad 1687 can
generally simlar to that described above with

accmr@ﬁlmlemet@ [Rirgus eonpositien ﬁ’r\aatajows(ihea@leémldtﬁ A8af to diffuse

ol TR P 0 TR o Wbl
aWgygUreoATt e o 188 WEMABRANIRD 1418 aRChpPIZAOS/ ﬁ?%?)l&bnﬂgured in

|nterface bet ween the m croel ectronic substrate 110 )
accanegnch ewitio Isitig mmgheruerr@@dgnemwethewanmm|ly o aspect of this

embgnléﬁlitgéggxé %pé%? gg {S@l inG gaég el%q;rccéfeoﬁaiﬁqg?ﬂf) | &én having a first
eledBdIOft R¥d §95dd §p‘>‘é’r¥?rbﬁ¥ 8 sédfhd Elcttose ¥ 20D. aThe apparatus 1760

I sometric view of a portion of an apparatus 156
cantfasthegincilide arpalistings@ediun1 3768 thadhas peldurmtm@s é88 uarpjecting

e e

eledtfRiesPP?d G%E 12‘%0?%}1 1S &hins Hé@ﬁﬁnﬁ‘?%?séarﬂﬂarﬁé\ﬁé material from

portions proj ect beyond the el ectrodes
the haizfmeledBatlb. subatrbtep 6l O Shiangnagruer peanerally sB8iari tocthad edescribed
a polishing surface 1586 and a plurality of flow
aboN8ssages 1584. Each flow passage 1584 has an aperture
158|51e°ﬁ1‘i’8?b5%'bﬁ"o[& %Jb%tr%?é ggq'dé% $aVd 4efanke®f O and the apparatus
provide an electrolyte proximate to an interface
1760etardraviche lengttoel entraniidtis Vids ottt ef IMichnaret gesater than the
pol i shing surface 1586. In one as

m'C%%@F%ﬁtSUQSH@t%Q@’B%W insA qgggﬁw%i)ént%pnhge@lectromc substrate
110,845 B éﬁ]"é @éﬁtr&}éfr“{hagpcﬁi%ﬁfhgaﬁ%fd futh @ 7828511 the while being in

Accor I N
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 1782 back and forth in a
direction indicated by arrow A. In a further aspect of this embodiment, an angle ©
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el ectrolyte 1331 can proceed outwardly fromthe flow
passages 1584 while the mcroelectronic substrate 110

w0 200po3i1es oned directly overhead. Figure 16 i SPEFRUS2003/027181
i sonetric view of a portion of an apparatus 1660

havi n [ ' 3 nf i :
et AR 4 Bk AR, DRTER] HEBERE G0N BHe el er embocimert, ©
can hBVEY 8llie dfnatstig 458 Pecordinglyi thee Merdiisetronid klﬁbstrate 110 can
pol i shing nedi um 1682 includes a polishing pad 16

movaratressharrldraligesf glesiricabfieldsgrianaedihy atCOérleé@Pn@@ssolurahty of

ool BBBHAC 5 PGB 2P RinThGe B T 4 vement i tht
the &ﬁ?&m@hﬁntﬁ WRli@f tiateridl & RsmdvPrromcthedaisrdd|outraras %&BQﬁate 110
havi ng apertures 1685 to deliver the electrol

can 1581 imoreasedt eelativeantoi mrerdraagen@itnden whith pbei $8n Of the

mmr@pf%ﬁpgmi s?rq(gﬁ@ﬁ cro {rﬁq%z?er%rl#t@eﬁﬁgﬁ pﬁ&%{ gﬁé?ﬂ%dlum 1782.
Egﬁén@8”%d'au%ﬁqgénéﬁ@ VitSP & aRObpSHangs st8BDAeeNfigured in

avi n rality of recesses 1689. The recesses
accdrﬁaace awith @fxet andthantemmwmelmt @ighetineentian. s in rapepaapect of this

embagleh S16 8BS ERoNHD RALUICy BRI h ean &5 which jpgludes a
flrsteééggt%d@qwéglzﬁﬁj 2 ée@%% eléét‘?@(ﬁ@“‘l@be ABJ%CéﬁFéFé%ﬁ*&des 18203,

can prov or an uninhi bited fl ow of
1826eb earer séydratadB By dietatric daygret 828, esTHes @pparatds cHiS0 can further

e S ) il TRVl s o
not %nmfggggr@eﬁo bE @g%}grat e 110. The polishing
medi um

can r i nc transverse channel s
1683 atfuthecaspeant of &d$ ambodimente twxeslet60ean8264,| Bi2Ghean have
-24 WD 2004/ 020148 PCT/ US2003/027181 el .ectr et )
a hqsHBgbeRe A GV 8aape; 68 €3 PRATEATAGT ww‘éfeyrﬁ@"xéo define a

rect%ﬁ ulggtﬂ%ﬂ% b)*}p? '%‘iarg%& | rreeélgg Bh& 18908t 1856 %éﬁ lnblﬂlde an apex

escri bed above w't
or ahgfegy @djment‘mzzil and first Gnd second poetiress13%8RB 91 828ne>ttanda|ng from the

e o3 BT S B i o T an e
o GGG RRRBY VA ) M R Al hmon o

havéld Q@iuef 6F alsd & @00 @red incotmer entaidirnentse ovesmhabe other values. In
el ectrodes 1620a, 1620b and the microel ectronic

anysebéiese embaslivpats; mhan &e reicjealealianic shstats rilépy(Flgure 17)

ol eRg S8R B0 R b gt 1101

exp8bay & aQluralify @ﬁ@lbbteifcaef@délg@éﬁ@tateﬁ hy the pharatity dfédiectrode pairs
can extend through

1870. As discussed 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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t he polishing pad 1683 but not through the sub-pad

1687. The sub-pad 1687 can accordingly have a porous
w@oovpoxiles on that allows the el ectrol yte 1331 POTI/US2003/027181

diffuse fromthe apertures 1685, through the sub-pad

N T e

des@sed EpoeS indltide SbmbinzAioak hﬂffeém’ﬁ@silsﬁﬁwh |ﬁfsefphﬁate Figures. For
invention. In one aspect of this enbodi nent,

exaraplearan RPPETHOS| inceerpsdarge atitho aae pembediner, lné'&‘é‘ﬁs llqwd flow

oas A b Bl S5 Wk VAR s A i o

ijeck t8Qhé TR oPefdtentl é8drcbBalf Ifsd.paxtcordingly,
pasééqétélﬁgar% H%?S%&*g?gj ecting gyon d the up\g\:/ar dl yl@%ﬁ%l ng cordingy

the mehaoms o6t lghided exchpt ast0the appeolded Alimsdi ngl y, the
el ectrodes 1720a, 1720b and the polishing nedium 1782
can renove material from the mcroelectronic
substrate 110 in a manner generally simlar to that
descri bed above. The m croel ectronic substrate 110
can have a dianeter D and the apparatus 1760 can have
a length L and a wdth W both of which are greater
than the mcroelectronic substrate dianeter D.
Accordingly, the mcroelectronic substrate 110 can be
noved about over the polishing nedium 1782, all the
while being in electrical conmunication with at | east
some of the electrodes 1720a, 1720b. As the
m croel ectroni c substrate 110 noves, different pairs
of electrodes 1720a, 1720b provide electrica
conmuni cation with the mcroelectronic substrate 110.
In a further aspect of this enbodi ment, the el ectrodes
1720a, 1720b and the pad portions 1783 are el ongated
parallel to an axis 1790. The m croel ectronic
substrate 110 can nove relative to the polishing
medi um 1782 back and forth in a direction indicated
by arrow AL In a further aspect of this enbodi nent, an
angle O -25 WD 2004/020148 PCT/ US2003/ 027181 between
arrow A and axis 1790 can be 90 or less. In one
particul ar enbodi mrent, O can have a val ue of about
45. Accordingly, the mcroelectronic substrate 110 can
nove across a plurality of electrical fields generated
by a corresponding plurality of electrode pairs 1770
during processing. An advantage of this arrangenent is
that the uniformty with which material is renoved
fromthe mcroelectronic substrate 110 can be
increased relative to an arrangenent in which the
center of the mcroelectronic substrate 110 does not
nmove relative to the polishing nedium 1782.
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Figure 18 is a top isonetric view of an apparatus 1860
configured in accordance with yet another enbodi nent
woRostlozo1esivent i on. I n one aspect of this enboPCTERL003/027181

t he apparatus 1860 has el ectrode pairs 1870, each of

which includes a first eCe¢aivi@de 1820a and a second

el ectrode 1820b. Adj acent el ectrodes 1820a, 1820b are

separated by dielectric |layer 1829. The apparatus 1860

can further include a polishing nmediumgenerally
I/WVes¢lgimar to any of those discussed above, but not

shown in Figure 18 for purposes of clarity. In a

further aspect of this enbodi nent. . ;

18%0a, AR BRPRA RSP e g ek OB PGSkl Rs, supstrates.

ngan be arranged circunferentially to define a

Com?ggpghgular field. For exanple, each electrode 1820a,

18aGhippart membedeorfiguaped to releasatdy earrp @ micseelegipanigpybstrate;

fi d [ 82 823 ' f
t he Trap Bl RoR ehaa e, 6PaR J5Ta dbe iereSERFAC SLSIBR pen the
porti OnEi%é%ctr%ﬁ%%G&g?@]@fsi é!#rile%'bg/i tR& Isuppert afdhBer;

havi ng a val ue of 180 ess. - particul ar
enhagicond telectraEnspdradeapart/ ibmethefmigheriectomiasubstiate when the -

ot her enhodi pents, a ca ave ot her, valuyes. |In n

t hese eMEYIPIRSHPRIC vﬁ"r'gﬁ{}?%e 1% E?%‘&Pe%’ r g?ﬁ Cstgqyggf;é?rg\[)er, the
110 (Fi ih§!splat {HRCtifsp@@Sctrode, with at
15205 SHETd EloctBRISRING Beckd doert ErCRCHIE Shecirode, with a
exposed|dast angl of tid electrbdeb dasing caupfaablal o gesevmeedl varying

by the pl uralitY of electrode pairs 1870. As

di scussEEHHAIS'PATH 3 erence to Figure 17, an
ad fnddi Ne4&tg ioth oft t J bblveen the
i ErP g medlih, ISR TR0} o WRR 9 poMarclTobiy
m cr oel etdotranies andb $ite asuppdrt Omembehethienpolishiny nfediin having a
the foregging, it _will he appreciate hat, al t hough
speci i GOURHBA; FEfAce PeFitie it‘?nP@Hi?Cgr’r' ApiTaRlgRironic substrate
descri bgg ej gl lﬂicfrgéleet‘r‘%rﬂess‘%s%té lglé’a%iéatb the ¥@spdt fnember,
nodi fi cations may be nade w thout deviating fromthe
spirit an@kreieope lebst lze portiorerdfi the fiksir aadasptend ctleetrodes is
enbodi nents of the polishing nedia (shown in Figures
13- 18 ageteseddrapien BPYshind uHesR®t a downwardly
facing surface of the mcroelectronic substrate) can
face downwardly to contact an upwardly facing -26 WO
2004/ 02048 apsdratifs? 00 B A7 1 8herssin ftas epalishirge medium includes a
m croel ectronic substrate. O her enbodi nents of the
poligipipgracueteriadescri bed above i ncl ude conbi nations of
features shown in separate Figures. For exanple, an
apparatus in accordance with one enbodi nent i ncl udes
| i d flavappacsages didirbat Whefen phéi sdiishingrestidiomaindiudes a
the el ectrodes. The liquid flow o )
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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passages can be coupled to the sanme or different
sources of liquid. Accordingly, the invention is not
wo povhzd4except as by the appended cl ai ms. - 27PANDUS2003/027181
2004/ 020148 PCT/ US2003/027181 CLAIMS |/We claim 1.
An. app us. f renpvi [ Ol
m'%r oeIaE@% r%?ﬁagggﬁbgfrcﬁlgsﬁa%h%h {srl{engp:r Staelsel?gr?gret the second
electiBadeind enbbeoredf ttiee rgllehRRpPmedianr betveen the first and second
m croel ectronic substrate; a first electrode spaced
electapdes afe elongatethaleng girealiel 8¢ substrate when the
m croel ectronic substrate is carried by the support
menber; a second el ectrode spaced apart fromthe
m g1 oel PRE T AN Araftidb st Ickim Wheihdrdin tHE dirstebRetioas] ¢he second
substrate is carried by the support nenber, the

elecsedenahc:lze portaute obdhe goalishing) ngsiivm betyraarhéhe ifirsk and second
ctrode

el with at |east pne of the el ectrodes being
eleciaips BipplonCates 2800 G aral D ARE: PTAE FIEEl si gnal s:

and a polishing nmedium at |east a portion of which is

positioned between the electrodes and the support

mefber , Theeapparatsisi ofgclaindi Uwhexeimthea pofighing hinggium includes a

surfacep%(%si_ti oned to contact the mcroelectronic
polydigiaane M&teiiflen t he ni croel ectronic substrate is

carried by the support nenber, wherein at |east a
portion of the first and second el ectrodes is
r egesselhérappardtes poldlaiii hgvsareinathe. first ambesegppdreledsodes are

recogbes SFA e hb RS, raciaby TS bt oD ShEHER f piimeter to

aboehehich&g ol i shing nmediumincludes a plurality of
Oow passages coupleable to a source of liquid, and

wherein each fl ow passage has an aperture at | east
proxi mte to the polishing surfac t he apeFtures

be9n_g pagptagg@é@twcpqul@gb 8RN ﬁ]'eq@ilc&ogllec ragig; Substrate has a
diangétg?é :aﬁlﬁtnt]ﬂftf\?\rﬁf Bd %%lchﬁa'éwctféﬂécsaégch havd Eggﬁﬂggﬁé&%r than the

erern the first and second S
diamhétee toward the support nenber. -28 WO 2004/ 020148

PCT/ US2003/ 027181
10.  The apparatus of claim 1 wherein the first electrode has a length and a
first width less than and generally transverse to the length, and wherein the

polishing medium has a second width that is less than the first width.

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 aperture 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 medium has a plurality

of flow passages coupleable 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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5. The apparatus of claim1l wherein the first
el ectrode, the second electrode and a portion of the
w@eiouskiimg nmedi um between the first and secondPCT/US2003/027181
el ectrodes are elongated al ong parallel axes. 6. The
t f [ t :

mecf ety 3 rpboBlokital ) dac Bpprtind, 1 R toing Bset from
theﬂﬁﬂyﬂﬁggmﬁmﬁﬁn the first and second electrodes are

el ongated al ong generally straight, parallel axes. 7.

The apparatus of claim1 wherein the polishing medi um

755 0958 LN BN 514l Rory N BRRRIRNS stbscates

com ﬁg,ﬁ@sed fromthe polishing surface by a d| st ance of
romabout 0.1 mllinmeter to about ten mllineter
9. aBuppappeeabescatigired e nelepsakdy gafrpa mlcroelectronlc ‘substrate;

m cr troni c_substrat

f1 FolsL A Bs e L PRt s FlePEBbE ofE ksRate when the
than t hgicdbpFRbAlC subdtraléd® @rRad dyuke @Uppbr&lrmrﬂ:ber

wherein the first electrode has a Iength and a fir

wi disecbad selemmdeasma@elmt fl”9mtth§rm'@@€%i%0tf<2ﬂlt3 ﬁébstrate when the

w dth t uropleerions Shitefie 17, perieq Bont g Sibgfe® Hifiber, the

appar at Qécéﬁd 6Ie%'tr%é M8 eyp@céa%;fdrtr fbmelrectirsddgedtasier with at
plurality of flow passages coupleable to a source of

li qui d, least cmieeofethe ehmtrOﬂBequjfa@S?@g@Hﬁ?@ie tarp gpeiaeupk varying
pr oxi mat E%:tt i shing nedium the apertures being
posi ti off rﬂcg:\ the liquid proximate to the

poLi SBidhhe %écﬁ&rﬁh aldeadthg Rhan arughieh is! ogitidned between the

wherein the polishing mediumhas a plurality of flow
passageslantroples adrice the sapporirroember,| theupeljsharg mgdive; Raving a

ol 1 shi RGISHIRG Etach penirahas SRt dipanidar Rghofisgsustrate
VO 2004{fe0148 rﬁgéé@g@ﬁt%%&ﬁéte [EechrHBYI B tHed 88pwort member,
recess proximate to each aperture, the recéss being

of f set fwrenmeintthe pullshirg ngeckslumfhaseat lemst ameappening L@llgned with
f or rermV| ng material from m crgel ectroni ¢ substr.ates

conpri sty 955 AR RIREEPdeS 1T GREBIG Being  RAsligNSH to allow
carry ae”écﬁﬁ@%' e%ﬁ\ﬁmrﬁcaﬂ&’ﬁ‘t RkGeen@ frg Stel@tRsddsodaind  the

spaced apart fromt m croel ectroni ¢ substrate when .
t he 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 directly 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.



m croel ectronic substrate is carried by the support
menber; a second el ectrode spaced apart fromthe
wor@rozileet roni ¢ substrate when the m croel ecP€DOE03/027181
substrate is carried by the support nenber, the
ﬂéﬁﬁ bR includes a
ctroﬁjéee%@})?ﬁaq %)%flq-'g%@fqg’ﬁgho ﬂ{‘r{]heé %ectlrgdes bei ng y

pluré]Wl@)lf ¢l padsagesseiuplealné tyaa yooge ef legid, aad vd%gami each flow
and a polishing nedium at |east a portion of

passegsi haoAe EPSEIIR 8h a3kt preximals dadae RAUSHIAG %Mﬂ&sr fhe apertures
veinf ERBSienehl6 ARPrad Bg BB 420 B Bp e Pofidhing surface

substrate when the microelectronic substrate is
carried by the support nenber, wherein the polishi ngﬂ
metB.um Fiae appdretust opnelaispet nyheEiny ke Wﬁﬁ"ng Hgedium has a

nd second eIe b
plurgk i e RS S SR B D2 ePSehalliqdey Bhd derein, gach flow
pasé%%;% syl Qﬁéﬁuﬂﬁéré)@matént@ riae | ptishioi surdades tfusther wierein the

the mcroelectronic substrate is carried by the
operingpdthe pehdiing nediumie alighed withdheRPertdies- 13 wherein

the first and second el ectrodes face directly toward

the support menber. 15. The apparatus of claim 13

whegei nTEQeaépﬁérﬁfusaBﬁl SSAFONE whedin alesfirst agectebdes cthiey second
toward the support nmenber with a dielectric materi al

elecdnslpcmuhquhebmg rmediufm arst elangategclaag sreallel 8¥es and
the support menber. 16. The apparatus of claim 13
mherein t he opening has a generally oval shape. -30

004g‘ﬂ %rﬁ%/dﬁ%?émﬁ’f DAHERdin the firsthehPedeurat sleckbdes are

clarm1l In the polishing nmediumincludes a

recgsseddtont yheopolidhing pagsegyes coupl eabl e to a source of
liquid, and wherein each flow passage has an aperture
at | east proximate to the polishing surface, the

apghtur gfe érﬁita'ggttuecb?'élélﬁp?éj %I\L ré*ihstﬁérﬁﬁ élB@trbdél Hbg a@plurality of

| edst proxi o the polishing surface.

flowagm@gbg%o()ble@bm to 4 Jowre ef Imumeammwmmm@a@écﬂqmpaasage has
plurality of flow passages goupleable to a sou

an apertirg POXIBRE HERAPY| S quévm 16 2RERUfRsbERY PSSitioned to
dlsqﬁ%gﬁetﬁ%‘ﬁgﬁfdo&'omaetet&? ﬂ?@pﬁ%lh Qcé“rf ace, further

openi ng e po | ng nediumis
aligned with the apertures.

22.  The apparatus 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 to 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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19. The apparatus of claim 13 wherein the first

el ectrode, the second electrode and the polishing
wore@isiomias e el ongated al ong paral | el axes. 20.prdmnes2003/027181

apparatus of claim 13 wherein the first and second

el ect rode LisBirBA e

27 SagroalEie SBEFRT Flal FHD REmRTCLERBHIcusAEte when th

el ect r ggierdidsctioriit UsEdstiate ofs chiried s hgesuppapl menker, the

has arseaped ileatrieoRping: sAG0L MRSt ITa HInd Hedpaipge. Wit at
the apertyres bei Ltionged to ' hEIW i

or o, miresh g AL 8 R B R oo ERRRE & Xoukodith Garying
of cl aidpddcaheigids, t Rhdréins tat eleast rarde dfathe first and second

plurality of flow passages coupleable to a sour@e of fl
| i qui d,elacitoddschas Aowaeassaoe\GoyRiaakiR hasousse 9 digy the flow

proxi mate to the. polishi redi,um the apertures being

al i gneoO%S?ﬂeh?é“rPgo%%ﬁPﬁggfenn%?‘He pol i shing pad to

dié?)%%ﬁnggﬂebiuﬁh{i 8t RIRKiaTBbRIchOot bigrols pbkitigned between the
ace :

sur . An apparatus for processing. . , .
m cr oel detiratss agdbier support BwEmmkers thgPolisBiRgpmedium having a

menber éﬁ{é& ‘”38 a%é)tp:ogit@;%%%b{oy c&i\{a&% frgectrr}icr electronic, substrate

m cr oel afir ode spaced

apart fR8n the mMitdehii@fic sibstraibhs toanted Whehetdupport member,
m croel ectroni ¢ substrate is carried by the support

menber ; the3 polhiag Ormeoon 48eipgT posiioned 02ty igastaprxipale to the
el ectrode pacc?%ﬂ%ﬂart fromthe mcroel ectronic
t

subst r a@Ren OWiR&S58P&ct roni c substrate is
carried by the support nenber, the second el ectrode

bei ng spaced apart fromthe first electrode, with at
| east oOTiee afppanatus| efcclain 23 baiengincibepfleabpasseges are first flow
source of varyin el ectrical si

s By B b BBl R L B0 s e

first %%%E@g%s ﬁBHHJeP%EFeiE%Q Lﬁo@%ﬁ@? Jﬁfgdig | Htliddda ity of second

aving an apert ol i shing nedium at
flow! Rsiagas eUpleableftovihiectirst sopms of tigeid ded/imeen seeend source of

el ectrodes and the support nenber, the polishin
liquide @ndnheteiRgeach [5EPBH Iy SASFaES R At PRGN (perture at least

pro%g]fegéﬁ eﬁ{%ﬁ ﬁl%ﬁ@?{)%ﬁﬁa@@j ﬁhéugéédrﬁ):jea@f\ﬁ{ﬂﬁé‘ b8Rg positioned to

strate Is carrie € support

dispBREE e first RRdRRd sédoral limpdd atriezst prpxjroaiet odhe gadishing surface.
| east proximate to the aperture of the flow passage.

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

electrode 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.
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24. The apparatus of claim 23 wherein the flow
passages are first flow passages, the source of
wO p@pufozhis a first source of a first |iquid, apdr/ubkm®o3/027181

apertures are first apertures, further wherein the
pal,i shin ' [ [ i ikl tes
028 20 0P BRI 19 14678 RelRL s IhichaRBaont siirates,

compRpr a second source of liquid, and wherein each
second fl ow passage has a second iperture at

i DS Ief‘ast bstrate;
preostippsremenber sopligired tageleaspRlyarpiR migrogjgetronic substrate;

aper.t ur el n | Li i th
SRt SeQEadi sBARR (RS b Y RRGEBRatiGRIC Sibstrate when the
pol i shigrsalsétasiae sabstrdteds appydabytheosupdomi megder;

wherein the first electrode, the second electro

. e,an
t raesmmdseientgod@@paﬂe@a@a@|fm$g§i%mlca98¥?§tfﬁalfawbeﬁ%ate When the

axes. 26. The .appar at | ai_m: i b the
pol i shi%'&r?Fgﬁ?tﬂ‘ﬁﬁanW%%@gga% o ;'/gudrge e’ Bubgéit_mem o

27. ThesRBRA'AbsFod belrRj spadvapartifron Hee flirstseleatrdde, with at
second el ectrodes are recessed fromthe polishin

sur f acdeast3ana\of 2beslectoades beinousurgable7tosd S%.ge,m varying
apparatys f.or, r.enovin erjal f ' '
Do faah L SRR, M PPl St PO G50 S 1d Bicoces nas

to rel e%ﬁﬁsl? :pbrﬁ‘&r, [Ys@eddcrabie @hti e angled portirebetwaen the first
first electrode spaced apart fromthe mcroel eﬁtroni C

subst r adred séEnd pertions cihedirsicandseeonsl pritipas gefiging an included
carried by the support nenper; I e
ey BARRR B indhlif PSR e of 160
t he rﬁ&%@%‘ggqﬂgﬁ'; @ngubstrate is carried by the

er, the

support second el ectrode bei ng spaced
apargolishiw tredidriny st leastca podion af thieh is IpagdioneRebgiween the

ol cct 11 BFTeRgRANY T ayGre dRRogs TR EFIE M NMaving 2

second gleghis ‘%‘El?fatiégaosf?ticfrierosfo BEAi=icO fhe dnigfsaisctronic substrate
portion and an angled portion between the first and

second whehitieasictdetedtionit subairate ioeriTigdry thesupport member.
defining an included an angle therebetween, the
i ncl uded angl e having a value of 180 degrees or |ess;

and,a LShi LLindbgl i ' ioof e Sirst and
poggt i gﬁéé %ﬁg&? mg@‘r%d(%whgbmzlzgc\tﬁrﬁ%%ég agg%éét’tgﬂ Fjséﬁ(;)port et an

secomiTBRCtrotiBs iPaidesbed fronethieypolishirignepriacepol i shi ng
surface positioned to contact the microel ectronic
Substrate

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.
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when the mcroel ectronic substrate is carried by the
support nenber. 29. The apparatus of claim28 wherein

wa@eookezaes a portion of the first and second ePEDUSHIBG27181

com

is recessed fromthe polishing surface. 30. The
ap\g\r aglgsmgfho‘dl %mgﬁowgrﬁia@eﬁﬁe rbh! & nﬂﬁﬂ)e‘?&ﬁ%ﬁb substrate,
el*getr each have hevr on s ape. he

-atus of claim28 wherein the f| rst and second
electrodes forma first pair of chevron-sha

ed
clpasiantes (MRS HOSAR LTI ABH Spaced apart from
| ncl Udesgsg%g%%dteh Fglec%de gﬁngé’ted along a flrst axis;

chevr orf2 ¥ €s-arrange ent to each

Ogd‘tﬁt idring e Prﬁcr@elétﬁrtom’tgsluwe’tra‘te @rd)uma%tc\/@d spaced apart from
04/ 020148 PCT/ US2003/ 027181 32. A nethod f

r enovi reyseeend plactrodening seONE'8eTeeM P@'W‘P&t%"art from the

corrprls n I strate

oot el BCeIsREREL A GAGAFIEE SSEbRE BIE: S 1SS

t heolingSthé! ﬁﬁérb@réetrbmmgsuuscrawnewweong thd ifirst and second
axis; “positioning the mcroelectronic substrate

pr oxi meelectrodesdn s sirestiem dransvese 0 sbdead %'Peecqfrtc‘&ef'rSt and
the seconde eCtrog%g%ﬁ%gg?@&féﬁl@%‘f’é&tnéél%@ﬁﬁ_thljougrk;dthe first

first ef éd' A a second axi s;

novi ng §he s8R ElcRFbHES afd Ik Fiitratkeoteinid sulssttatet he
first and second electrodes in a direction transverse

to at | east one of the first and second axes while

02581 1058 SRR L S ko B e dsting e

mlcher%ErBﬂfce su%gtrafg“%vlfﬁteh%h%m@' algdidA, whilet bassing the variable

npri sing engagi ng t m croel ectronic substrate

elecmddh sigmad | thsduigty tlnecnrsmamd. gesopdseleatiodes angr thep microelectronic

subgt

el ectrical signal through the first and second
[¥8trodes and the microelectronic substrate. 34. The
met hod of claim 32, further conprising: engaging the
m croel ectronic substrate with a polishing nmedi um
whghe passheitotiod daimm)lfertleemmprcsingsi gnal through
the first and second , el ectrEdes and

i @F‘@é@'@@t o GrBlecanie SaRBTAEMIVIhG YNNG pdjym while
the mc %Iﬁ@t RNV EriSHBS bletrfaflsi d@ﬁbl'ﬁ@uéf@&ﬁebﬁw@m second

the mc troni c substrate an he pol i shi ng
medi um 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 substrate 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 substrate

proximate to the first electrode with the first electrode being recessed from the

polishing surface.
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35. The nethod of claim32, further conprising
engaging the mcroelectronic substrate with a
w@oiosmtilegy surface of a polishing nmedi um whi | ePCPESBD3IER7181
the variable electrical signal through the first and
e%nd BHEGhees o?nglafnt?eﬁ2 MWRERSH eﬁbélﬁﬁhﬁﬁgs #Rs t ik Selectronic

and wherei n positionrn e mcroelectroni C substrate

subspagXiptekimate toha first Séle@ttcmﬂ nmmedem(plqsdmlrpg)sihel mmraglectromc
the m croel ectrgnic substrate %rox mate({o t he

SubsHBELPICIBAIR €1 (S CHEFEST-iAsec Jae Bus < UbEage foFFigRing the

N ludes positioning the
micrpelBp B3R A8t 08 RAH APl moldos, Bostioning
mlcr@élébtrbrﬁtalsﬁu@strbté plioxiroatedo tar sevondsaiestoratkapedgiactiodet o

first electrode includes positioning the
m croel ectronic substrate proxi mte to a first

rongs Rite, ickdB8EHshit Nubstrate,
m ocractPERR TelEbiRYfe HMeHACHERT £IRlody i

com@figggr ode incl udes p03| t| oni ng the mcroelectronic

subsfrate proximate to a second chevron- Shaﬁeh
el emtadiing Be. MiciAsieMPN® rsURSHBE n‘@'ﬂ'r‘ra?ePP ghipg ofygace of a
mcroeletrom trate, conprising: contacting the
i croel%%t%rr]ﬁﬁh' ?E%ﬁt rate with a polishing surface of

a pesibsiRee MRidERctRdHit sLbstrate grbgimdte to@necdpamedcapart from
substrate proxi mate to and spaced apart from a fi

el ect r oddirst electrpdet thel st etegeropeiring deeassed fr?raﬁt\?rtphshmg
pol i shin surface; positioning the mcroelectronic
subst r af'¥'¥r%xi mate to and spaced apart from a second

el Séélflﬁﬁ'lﬁg thBenieRsN8ErSHi€ sLibofstelsrorBnate ac ethdaggaded apart from

first conductive el ectrode and being
r ecessed second teectpuge, 4 agcorsitehegtr@dewgwﬁw?ﬁﬁ apart from the

rsneggﬁgl ?reqtt ggc?r:l §8\?\% qc&ggégén%' Venéaﬁﬁgséﬁr é@??ﬁ% polishing

si gnal %@ haddhe first and second el ectrodes and
t he mcroe ectroni c substrate. 38. The method of claim
37mdving hee coisprdladtranic esusitrage nealativeal tof toen ik and second

T ot ol Bladinps Wil bratico 3 yBNah' SEERES| SEET Hiolldh the first
39. The gt anafeléét&io%%dvmfn@ibfbél@&rmésabs*mfa

medi um | ncI u

38. The method of claim 37, further comprising removing material from the
microelectronic substrate at an interface between the microelectronic 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

substrate.



polishing pad material and wherein the method further
conpri ses disposing a polishing |iquid between the
w@eiouskimg) pad material and the m croel ectroni BCT/US2003/027181
:c,l_ubst r at ed -35 WD 2004/ 020148 PCT/ US2003/ 027181 40.
me c t adbopgC
oDt dagsmaingstL B st Y SRS ine Sl shdlbchacaRttrodes are

elondBR¥d Bbrid an Exiy atd atiefeinimodnd he atierdetedtios subgitatagncludes
e mcroelectronic substrate in a directi

moving tres méigreglecionitesubstrate ima dirgelioRiraBRVesFe g? hep4s.
wherein at | east one of the first and second
el ectrodes includes a fl ow passage coupled to a source
ofg44pol i3l REBthddIBF ¢1AMM7 Whereihratt lkeshehdad therftrsneand second

conprises directing the polishing liquidt ﬂ
electfddes Irmsme fionl passagastoyRestithed SAUCAPTi PR &?‘f%@qu'd and

e A MR R R0 B9 v
passagé aﬂ@i leé&ﬂbmlma@ tlas intefiaew batwesadie qoliphied medm and

our ce polishing liquid and wherein the nethod
the nfiordebestroriospbstsate. di recting the polishing liquid

through the flow passage and at |east proximate to an
interface between the polishing nmedi umand the

m £5 0el-REL HhEd of SRS RhefEin the 'E@llﬂﬂdgfrﬁédlum mcludes a flow

processing a mcr oel%ht ronic substrate, conpris
passaget calpled tbhe stucceef emﬂlsblngcllq;udsandam@ammhtr@ method further

lish
comprisesroipgine dheonpeshiasBCi ISl T S0, BRHAAS MRy ot teast
prox@ﬁ%rt féﬂ”h JdeIr Béw‘r’éefﬂﬁeo%hé?ﬂﬁ anégican@ndl et migteelectronic

romt rst elec rode; directing a
subshiztay of I | qU| d through passages in the polishing
mediumto a region at |least proximate to an interface
betvveen the polishing surface and the mcroelectronic

1? ti V}é‘?p%tﬂ{aﬁ fgpéﬂd& &Hg 8§Ib§ﬁbﬁ|€r§u%sﬁéié3bbﬁtp¢lsmg

|IS sur ace and first and
Seé&ﬂécﬁh%CWMSrm¢tmmsmbwm vaith aa| @obwlgr pydace of a
nal rough the el ectrodes and the m croel ectronic
subst r apelighing &wslié™; mat erial fromthe nicroel ectronic

S“Bééuﬁo Ing thé@mcroelectronlc substrate proximate to and spaced apart from

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

directing a flow of liquid through passages in the polishing medium to 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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WO 2004/ 020148 PCT/ US2003/ 027181 44. The net hod of
claim43 wherein the first and second el ectrodes are

web@ngatierl al ong an axis and wherein noving thBCT/US2003/027181
m croel ectronic substrate includes noving the

& oelget ﬁ%’ﬂﬁéﬁ] %@%@ Vwér?.ndtrfeeﬁrtsw el $aFIeERe bAeS are

the axis. alm 43 wherein th

elonqﬁéamﬁg aneaxid et w)msmgaevnagdhetmlerdelqmirmlc §ubsﬁrahesmcludes
uid, and wherein the nethod further co

movidy rtreemmr@ete@rmw sybstrateyin 8 diregian ttrénaé%réﬁ °|"h<a Axg:
t hrough second fl ow passages in at | east one of the
first and second el ectrodes. 46. The nethod of claim

A3 5vherehd ndlith €6 tof Rthim 43 awendinlthe Lpastsageé ac@ﬁrst passages and
directing a flow of electrolytic li

the ligwichisca tifst dieichrand WirRse el thednet@eﬂufwgh%r 9%%'%%5 ﬁ? ITqfiing the first

o) BEULSSE Lah LG igihnd ML Pl 2Pl oo of e
first %ﬁ@‘s@béﬁ’d whetedasdi recting a flow of Iiquid includes

irecting a flow of liquid into an openi ng between at
| east one of the first and second electrodes and the

ma%: r ??lafﬁé :rg%lh%dﬁgtb 2 aﬁ% rv@%‘rgﬁs ﬁﬁé&ﬁ% %oflowegpﬁhﬂﬂi includes
dire%ﬁ)\{grﬁé fisly ﬁgfg@{({ lidigdt he m croel ectroni c substrate

h™a polishing surface of a polishing nmedium
positioning the mcroelectronic substrate proximte to

2 ket TRRTSSt AR 4SS BB 1Bl G800 notuces
direﬁﬁgﬁ%hbﬂﬂofﬁ qfuuﬁ% ah akgéﬁH#&récBé@é&ﬂoﬁﬁméq:Gﬁ%hir@ dirface.

t one o e electrodes to a region at |east
proximate to an interface between the polishing

; ﬁ%&ﬁ&%@%@?ﬁ@ﬂ" of. imets apherein SiTeclfy & AW of EURP includes
orofi) EHBLE 050 g it Mo eons
clech0845 AA1A8 rcTddlSRANBE 8aFstRtte. t hr ough the el ectrodes

and t he rri_croel ectronic substrate to renove materi al
fromthe mcroel ectronic substrate. 50. The nethod of

cl gbm 494 WISHEL N Nnldvisd ABRReGRE 8! RfidrbeRefoAIce substrate,
comprising:

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

positioning the microelectronic substrate proximate to 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 to
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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el ongated along an axis and wherein noving the

m croel ectronic substrate includes moving the
wore@rozliect roni c substrate in a direction tranBUEDSE03/a@7181

the axis. 51 The nethod of claim49 wherein the

Plaaa Iag QHS vshé:%te ﬁ?ﬁésa%@?h@%d {;nlérjaﬁlécitr‘&Hicd shﬁst?at&i foStemove

di r ect ingdetiErdmEs mléﬁo@w&oamémst@teecond | | qU| d
t hrough second fl ow passages in the polishing medium

52 Tlae rrelthod of claim49 wherein directing a flow of
ui ncl udes irectj . el
| Bt o Tresmetias pbelR AF Yebae e e o Sohd fectrodes are
elongfaété’éf"a gijéﬂ Wikts 4 WHERSIn BBV tthé gnisrddieutrariic buhstrattetmcludes

re recessed fromthe polishing surface. -38
moving the microelectronic substrate in a direction transverse to the axis.

51 The method of claim 49 wherein the passages are first passages and
the liquid is a first liquid, and wherein the method further comprises directing the first

liquid and/or a second liquid through second flow passages in the polishing medium.

52 The method of claim 49 wherein directing a flow of liquid includes

directing a flow of electrolytic liquid.

53 The method of claim 49 wherein directing a flow of liquid includes

directing a flow of liquid to an aperture recessed from the polishing surface.



