METHODS AND APPARATUSES FOR

ELECTROCHEM CAL- MECHANI CAL POLI SHI NG TECHNI CAL FI ELD
[ 0001] The present invention relates generally to

m crof eature workpi ece processing, and nore
particularly relates to nmethods and apparatuses for
el ect rochem cal - nechani cal polishing and/ or

pl anari zation (ECWMP) of m crofeature workpieces.
BACKGROUND [0002] Integrated circuits typically

originate froWETHOOSHNDtAPPARAIFSES RBRPr 0duct i on
of sem conductor wafers is based on a nunber of

di f f er enELEHEREXGHRK]CAhaVIEGHANIGAlL PQ) ISEING ng,
deposition, planarization, etc. Typically,

pl anarizati on operations are based on a chem cal,
nmechani cal pl anarization (CWP) process. During CWP

PELEARERS F@L\g@fer carrier holds and rotates the

sem conductor wafer while the wafer contacts a CW
pad. In particular, during the planarization process,
[0001TMP shisd epregepiti eavemticrs suglatelso géreerally erto canicrafeature

causing the wafer to press against a polishing

OHPIRE GHOLRESIONP Fh. MerR WEERIE, Feiglosria) srethRgs and
r 2 - .

BPLELSRE, R iBERotornboALrietiaRR PR Sridlof Fldtaion

(EG0dB) oAnuocroézatoet wodkrfiescespl anari zi ng waf ers i ncl udes

el ectrochem cal - nmechani cal planarization (ECMP), in

%F@ﬁbﬁﬁ%' c potentials are applied to the wafer
e ergoes a CWP process. In a conventional
ECVMP system an electric potential is applied to the

[eabe] wi t[hte'gaat%!de@itcn,mls»tw;i@an;pbﬁgiaé'tezfram séidohduthe wafers,
el ectric potential applied to the wafer causes netal.
T pre@diondel semiqangiciaievaferals based opfa nivenlgir @f different

Hudgfe, BB BBl RonBel, LegaRof™ SEhfledity. oo
Pypsicailtyi, nglbparizdtivnovgeratiomsy ate rteisedi snchacthieal zeechanical
élgﬁatfizoalt!o?‘\\/\q&\%P) process. During CMP processes, a wafer carrier holds
and rotates the semiconductor wafer while the wafer contacts a CMP pad.
In particular, during the planarization process, the CMP system applies
pressure to the wafer carrier causing the wafer to press against a polishing
surface of the CMP pad. The wafer carrier and/or the polishing surface of
the CMP pad are rotated relative to each other to planarize the surface of

the wafer.

[0003] Another method for planarizing wafers includes electrochemicai-
mechanical planarization (ECMP), in which electric potentials are applied to
the wafer while it undergoes a CMP process. In a conventional ECMP
system an electric potential is applied to the wafer with an electrolytic
planarizing liquid. The electric potential applied to the wafer causes metal
ions to be driven from the metal layer of the wafer via electropolishing, while

additional material is removed via electrochemical-mechanical polishing.
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equation: (1) Renoval rate = el ectropolishing (EP)

rate + el ectrochem cal -nechani cal polishing (ECWP)

rate, where the EP rate is the rate at which materi al

is renoved solely by electrical polishing, and the

ECWP rate is the rate at which material is renoved by
the chem cal solution in conbination with both the

physi cal application of the pad to the surface of the
neESimhd asdi bianabnrhastfat€als chakRi8GEdP NSy the following
However”,” t he uncontroll ed application of both

efjeatioropol i shing and ECVMP to the wafer may not

produce an overall material renoval rate that is

¢y Rehahiay ratai=f elentropdlidHn OEIORIART F@\e GFochdmiDRAVENEShical
[0004] Figure 1 is a schemat]i | de, view of a system

for renoving materi BP!'SEWQT{%&M?)&W%?@@M ure wor kpi ece

usi ng el ectrochem cal - mechani cal poli shing techni ques
Whekk dbe daRcEati ish the rakmadi wiish siaterl isnvemoved . solely by
1 Fi 5 | .  d . _
ShotRe! peihfior drt TEEEIR, pfielle i Lt B i SRl s
raondyece g the ahemrickinsdutidn tin asomisinbtich neith  badth tthe physical

i nvention. [0006] Figure is a schematic top. view of .
PRIsELIoR; C?fgtn‘ﬁafé)a e tﬁ%l%érc@d‘éfs”@o\"{ﬁfeg"u@% aditional electrical

o e . . . .
P GOHTORE oI ef e AR TN PlpchiPed FEFBLA? Brectropolishing
aed &GP for e waferomiayi depredace an overall material removal rate
@lafm roch cal -.mechani cal polishing in accordance

f 15 arPeriafy 4N of the invention. DETAI LED
DESCRI PTI ON [ 0008] The present invention is directed

BRYEF St RIEBICN GF FPIRDRAGRSGEOr renmoving materi al
from m crof eature workpi eces by 2

el ect rochem cal - mechani cal polishing. A nethod in _
9841 danddawia H éné@ selgrastic gide héew nfedt siieMn &prutrimoving

l%%?ér?aqtf’rcﬂg g rmc%i%faﬁ?r U{VSrRWéé%Diugﬁ% }Q'ietclf‘roﬁhemical-mechanical

polishing technigues in accordance with an embodiment of the invention.

[0005] Figure 2 is a schematic side view of the system shown in Figure
1, during polishing of a microfeature workpiece in accordance with an

embodiment of the invention.

[0006] Figure 3 is a schematic top view of a polishing pad and

electrodes configured in accordance with an embodiment of the invention.

[0007] Figure 4 is a flow diagram for removing material from a
workpiece via electrochemical-mechanical polishing in accordance with an

embodiment of the invention.
DETAILED DESCRIPTION

[0008] The present invention is directed toward methods and

apparatuses for removing material from microfeature workpieces by
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pol i shing surface of polishing nmedium placing the

m crof eature workpiece in electrical communication

with a first electrode and a second el ectrode, with

at | east one of the el ectrodes being spaced apart from

the mcrofeature workpiece, and disposing a polishing

liquid between the polishing surface and the

m crof eat ure wor kpi ece. At | east one of the

SleefrSbiRdthidaf mhisRIRSE olishifgt NA ARdthSHiiR%actdhdA%@ With one

noved relative to the other” Electrical current iIs

pspd of the dwgtntiohdneludes rodiactingda nheraféatucs sarkpiece with a

)é@lrsl‘ﬁ]iecetorgrmtvi]. mat e i al fromt:hhe m c ob&aturg. .
&ge%lé'f%ﬁ PEPOIRDING Tiediy, pleg e niscdieal iRy kgiece in

¢leetrieal bohinnenisatidraafh Mirsh @RsdtraiePand iz08edtind S@ctrode, with

polishing liquid is assed through at |east one

aleloast ang Dﬁghfpcﬂ'e@m(ﬁif beingaseacey @part fognphe mnicrafeature

R S 8, bR B h BURR Gt

et sriebesiturewoigigdee cat 1da008k dfrthé unicheature workpiece
particul ar aspects of the invention, the mcrofeature

mﬁ E@'@?r@% Sld@a?%_t'sa'ﬂ"@éle@ delgfivg do _t“Ebe PH“eerpcﬁ|¢§tﬁ*PﬁbCU"fe”t is
. I .
e SEBATEL gl LAITNL DB EERESiBicce o romove
patdriad frono fthé micneftafuralwdikpielce owvh it iearintiatofesichamiatiapicce
ol i shi Bglﬁ?é]d renoving no materi al

e IDE PARNIG SR i RGSaasertinl ofdhe Ralishisgsliquid is
ﬁéh%ﬁdtth?olfdjﬁ st IeaEPbBé P8cd¥k @ tﬁ%tﬁ&%ﬂgigsg‘lﬁﬁ‘&e %—é‘g]a(;:fa gap in

m cr of eat Ure workpli ece can be rotated™at a r

theopolsiving li§0idr pmacateth betws@0 the nmicioikature wolkipsiengnd a
liguid n be djsposed at the . rate of |ess.than one

Tt P rPrenslact Bospe e pisRitailre WOkt aance

wi t h. anot her aspect of the invention includes a .

[QQBBIN t rBniveihes cﬂﬁ"ﬁ"&u@'éésp%dﬁe@feﬂl%m%ﬁ@%r )“"‘%1 microfeature
] [ . at LS Sighi - Fi :
DGRBS B MARKE) CREVE10RBIHMRI pRAD REBBynG fidleria
febradheinsialofeature niorkpicae mwacarintlederemoving pt least atiest portion

carried e su nmenber i

t.he workpi.ece i y th or . with,

St e Tl SidlcBu Sefiebcherbiesh magteninh goLy AR Frighaoving no
hbMal B9 NStk ARRINGDBR rérRBvVINET X BEEGSD brtidhaless e8aPYhe first
t he support nenber. “A polishing nmediumis disposed
rutioe dy electrgoolishing. The microfeature workpiece can be rotated at a
rate of from about 50 rpm to about 500 rpm, and the polishing liquid can be

disposed at the rate of less than one liter per minute.

[0010] An apparatus in accordance with another aspect of the invention
includes a support member configured to releasably carry a microfeature
workpiece at a polishing position. First and second electrodes are
positioned to conduct electrical current to a microfeature workptece when
the workpiece is carried by the support member, with at least one of the
electrodes being spaced apart from the workpiece when the workpiece is

carried by the support member. A polishing medium is disposed between at
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| east one el ectrode and the support nenber with at

| east one of the polishing nedium and the support

nmenber being novable relative to the other. The

pol i shing medi um has a polishing surface with at | east

one recess positioned to receive a polishing Iiquid.

The | east one recess has a recess surface facing

toward the support nenber and spaced apart from the

Baki %Jﬂémédafd‘d@cgnaow@ lseppBA! hﬁéw& Wilia@ IbBst bRe of the

recess to forma gap between the polishing position

peishinge medess apdrthaceipHard Mgmber barngwmovpa relative to the
ects, of th i nvent.i on SS ¢

AREnsToR B WPRnart 8 HERER et Wi 21 deagy one

feiceBs pritfoned. to reteive AbeHshiAg Iiild. aTHei [Bagtt drid r@cess has a

further particul ar enbodi nent, from about 2 mMmmto

@666% naee fasingetoveiot ther sypart cuerabee APEdsRASE, apaié from

I f.
LESEIR ek 15405 BPALESRIE I B el oo
betwasct thqucﬂ:ehiﬁgrptosJit&n‘baﬁd tH ks Asrfased her ein, the
ternms "mcrofeature workpiece" or "workpiece" ref er
['0@13]”35t rat fftHeR sEEtoEr 'd’éﬁéﬁ&tsc rE)fnfh@r Wbﬁﬁér’i OfHeC recess can
devices are integrally fornmed. Typical m cr'odevi ces
haws ad@lmﬁrtat@”elg@lel%tﬁlm mormalctou the polishingrpuriaee ©f from about

éng ||Iﬁg$ t%@&ﬂ)@?ﬁ@ﬁr}r@gs ‘S,Bthli f r%{ (r]%%{s%qudre gFﬁbod’iment from

éﬁcﬁ!tozf&ﬁm he el 4 Ml Omﬁcﬁarﬁrﬁﬂheﬂg‘aﬁmraémbodtment the
included within this definition because they are

eaRES dtiacedingdides mﬁ%e pﬁéh@ @teleasichnel @gy‘tr@%t and the
§ﬂ r{rd;%l.tl#gce fR E'@W&r& H%gé%ﬁ% Frle rt s. The

es can em c i'eces , doped

fers alliu ar eni de,waf e "
f?? 12 naucks vislc Bene. @ %m%usmtc&%ﬁi%e workpiece" or
wﬁp.@aéwéfe@rtoc@m@%tesv@n MEBLM WHICH eiTBroes®fonid Bevices
wor kpi eces are generally round, and in other cases
AMeelRGTRPY &r@@qgaﬁypwhmlcmg@s mﬁk;ngdnn:goeiectromc circuits
ecti L sh e ne e
GhceopRBahsr oM T, TRESidbar R rletay Sia¥akT Hgments
migtisidiidices devizes| ecdndoc hghecal progadani cal Mpebinsbhings and

(ECVMP) are descri bed bel ow. A Rerson skilled in the
pigrevigshagical deyices atreinsiusiegl within this definition because they are

manufactured using much of the same technology that is used in the

fabrication of integrated circuits. The substrates can be semiconductive
pieces (e.g., doped silicon wafers or galllum arsenide wafers),
nonconductive pieces (e.g., various ceramic substrates) or conductive
pieces. In some cases, the workpieces are generally round, and in other
cases the workpieces have other shapes, including rectilinear shapes.
Several embodiments of systems and methods for removing material from
microfeature workpieces via electrochemical-mechanical polishing (ECMP)
are described below. A person skilled in the relevant art will understand,

however, that the invention may have additional embodiments, and that the



however, that the invention nmay have additi onal

enbodi nents, and that the 4 invention may be

practiced without several of the details of the

enbodi nents described below with reference to Figures

1-4. [0013] References in the specification to "one

enbodi nent” or "an enbodi nent” indicate that the

enbodi ment described may include a particular

n%@h%t’? mat Séngéb”tl%ed WitoRE8F4 ST bPiHeCd etQHL:th ofiffel ¢m bod iments
nbodi ment’ ma necessarily 1 nclude the particular

demrllueel,beld)wumthereumedbﬂgm‘esﬂl -4t i c. Mor eover, such

phrases do not necessarily refer to the sane

oIy nenkeferdntdshe . thehspecificapint ke Ulbae Eedlodiment” or "an

structure, or characteristic may be described in

emhrdirern Noigate it theil amb @ﬁmtnﬁeﬁcn%@féhmv include a

6&%&” ¥ (’gealltﬁF %qﬁ‘%[&ﬁb%d%%%%%l Em%t' egvre?g‘rﬁnﬂi&%%gﬁt may not

Baq:ésserltw vincleder itiredpaltieOlt] f@itbu-:dl peacturef dirhe:haracteristic
vention can incl uﬁ; f eat ur es, 1hods or roce

@@5%@1%8% HT‘F?%?&(: met Becessartly &etende the sppis em odiment.

PhRNededniy é éz‘?eféa?@f%abét?uéfﬁf@ UB?' racterlstl ¢ mnay be

machi ne- reada um 1 ncludes an anism t
gesvribeds i |Qoa§|nect;m|mr\eﬂ;h aad;bmtlculaarsnbod)nenﬁ aucht aofeature,

St & GBS b erlonsP b kRl dednambciments,
WREHHeAGY Wbt @Qg;tdag) deggnb@ray device with a set of one or

nore processors). In an exenplary enbodi nent, a
m@@gfa[ﬁgemr@eﬂ@%fqﬁb lh%tgﬁi\ ﬁ;mnc%‘.tln%% ?ea?g{%% methods or

mmdsmsaeaﬂ:sxmrbmnﬂwn (nﬁ@cw)memgomabte distkicions agevided by a
medj a; opti st.or age .nedi a;. nory. devj ces:

Beehfie-B30aER mEBIEY A B esRbIE Rebie togfidgs any
ﬁb@ﬁém@ﬁf fﬁa‘t’ r@\ﬂ@@@ 2y egto?é&%ﬁhﬁ)r(tfar&mlts?%’ifbhﬁétlé]ﬁﬁ\"rﬁﬁ form

i nfrared gnas igital signals, etc
Atadsisiide é»yea unabinleeu fesg.; 'ccoomsiten @ netdrkolevics ea a)ersonai

SIS Ay, PRI ROPHGRBEE o TERIR oPN LR oo
roeessare ni éﬁl e@d@h@@lbf’@@hﬂacﬁfmbhﬁ & Mashiheteadable medium
includes volatile and/or non-volatile media (e.g., read only memory (ROM);
random access memory (RAM); magnetic disk storage media; optical
storage media; flash memory devices; etc.), as well as electrical, optical,
acoustical or other form of propagated signals (e.g., carrier waves, infrared

signals, digital signals, etc.).

[0015] Machine-executable instructions are used to cause a general or
special purpose processor, programmed with the instructions, to perform
methods or processes in accordance with embodiments of the invention.
Alternatively, the methods can be performed by specific hardware
components which contain hard-wired logic for performing the operations, or

by any combination of programmed data processing components and
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Al ternatively, the nmethods can be perforned by
specific hardware conponents which contain hard-w red
|l ogic for performng the operations, or by any

conmbi nation of programred data processi ng conponents
and 5 specific hardware conponents. Enbodi nents of
the invention include software, data processing

har dwar e, data processing systentinpl enented nethods,

%&;W@Ma‘?éﬁraﬂi %‘b@ﬁﬁérﬁhﬂwt@pe@hb§@ﬁxeﬁté‘réﬁ"‘ ®e Qﬁ\?érﬁﬂlch? Cinclude
herein. [0016] A nunber of figures show blo

mfafgararrsiaéa mycsam ézaddwaa@paiaaa usesedsing system implemented
(ﬁh ochgm cal - nechani.ca

ABE AR P oreRiioRS, (Uitne HrB e RO
R AT R4
W@%ds%@sfo?felbﬁﬁoéﬂém{cglﬁ‘@ gﬁlc‘éfll olt%ﬁ geﬁFrdCQSFHé’chhwnh

references to t systens s
@mhgdmtsl—ﬁv\mﬁemvemtlmhom olurnbeu rnd digpires dhotnh 8owt Hiagrams
entified int can

S ORI TER e R I S TR

@beﬁﬁﬁéﬁ@%f%hbhfié\ﬁf GagRffs Wl e derbABKd diidraffendddto the
the systems and apparatuses can perform operations

sjﬂsrterésahowmahttnm@mkdé@grarb@d Moweverfieseadld e understood

i agr Fi i's,.a schemati,c
(P o BB OOt i A ot RrBOTERR i artarmsgl by
ﬁ@lé?ns RrRCaeH AN b thlr Aare el aRBLsdd WitA reference to the
i nvention. The system 100 can include a carrier or

laipﬁléldlagmﬁ@r tansdeﬂ?@essysiqmsanﬁ agga@'ﬁuw CaRIRgrErm operations
(ﬁﬁfglre% Hhecis‘éoié‘ag:nﬁ‘és v];lt]h6ré?§13é'n ttzé' IfIB ﬁ&tja?né hat
pol’i

s to be anar i ze ng plane

[1)%37] meﬁaﬁ%ﬂ%&?rﬁg pmailc |glf§i{qr%@hoct%p%§$s bou%l ﬂgr%or removmg

PHRRRY by TEORET inld&h@askd @ith &T@b@frﬁ@ﬁ%ﬁh‘éﬂhk@htﬁﬁﬁ The
116 during polishing ranges from ap rOXI mat el

steni Bfscae maidaua eagigrgr atbeaderpo wam 15/ ponfigured to

o Saept i AorGiBgs' [Ty b, SUBBEE LT BRE ig 8 be

pdighied I Chlapatizd el 8] pdispirgf prRnk0M TamHeespnsdrt ntsraber 118
proxi mate to the support ) ,

can rotate about an axis 122. In one embodiment, a rotation speed of the
support member 118 holding the microfeature workpiece 116 during
polishing ranges from approximately 10 rotations per minute {rpm) to about
500 rpm. In further particular embodiments, the support member 118

rotates at from about 50 rpm to about 200 rpm, or at about 100 rpm.

[0018] A platen 104 can be positioned proximate to the support
member 118. The platen 104 can support a plurality of electrodes 112,
each having an electrode surface 140 facing toward the workpiece 116. The
electrodes 112 can be coupled to an electrical potential source 106. In one
aspect of this embodiment, the source 106 includes an alternating current

source configured to deliver a varying current to the electrodes 112. The
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menber 118. The platen 104 can support a plurality of
el ectrodes 112, each having an el ectrode surface 140
facing toward the workpi ece 116. The el ectrodes 112

can be coupled to an electrical potential source 106.
In one aspect of this enbodi nent, the source 106

i ncludes an alternating current source configured to
deliver a varying current to the el ectrodes 112. The

Bultht &H h&d ahﬁﬁﬁsﬁd§! Wio@ala MRtbBH QENatﬂ)r?' apeRkfbosed

variation, superinposed frequencies, or ot
frepeendies; or mdher ermmarcmg pat nenrepedting hpatterns Further

repPuens; for b e ol St e, 0 okige, Mhending
Ui edppliattisn 10 @@@91&7@ filREOADgLSt 80, JO0EhAd iiRchivsrated

entirety by reference. In any of these embodi ments,
Boreen ¢t !tStafélr%ﬂyeb,y refeesncel 2 It any sy theap | axdboedimends, pmree of

et BRUR0 132 b8 Dl Rioo Do bhBie sBlEbe}OFfat o s

polenaal) 6ﬂiera§1@&t|i’@ﬁesp¢t12rttdnabé doupREcD Yo @ﬁo&xeﬁugcn@ruf the
path that passes from one electrode 112 through the

SR ee(at ppotherapiential) & pravidria %![@mlﬂﬁtﬁ thatapafses from
gg%%ﬁ%&grﬁ)giﬁ' er%frﬁ'ﬁprgﬁ tﬁgw mplggé g“YG eﬂﬁheﬁl Qle@troge 112, in a

hbAnec depdrikd i gretatermdtasbalb\m he source 106 are
spaced apart fromthe mcrofeature workpiece 116. In

EIMBF‘GV SRDS ParBdlilar @R RIIMBRT 8hofhept FRERS 1L ldectrodes 112
coupled to one of the Eol es can be in direct contact

opited hie hﬁtmmléat af dheosapicecd0818ere FRpacedamprd, frone the

BB SRRt 055 o AFafD, yRER L B S

electrbgesan Rpicepted i oné f Anepbiss edri BaJANRIC com@ct)w;th the
nore of the j electrodes 112 can contact a bac
%"Lﬁrp’&aéurfmos‘fpf@% M6r kpPEEEATPE, i BT mmeepfqéne electrodes

ﬂ%%ﬁbgﬁ%’ Rgceﬁhﬁ JRE RIE tjva'tfhl %H&( T%B%W%ﬂ%é Seirface

opposite surface e platen
M)ZL af atheawskpsegEp drit. ahp@riosﬁhémgrraagiément hate drnobuzled the

ol i shi ad 114. The polishin 14 c ncl ude .
Eﬁra{jé’ﬁ :1qg (? an contact a ba& su a(I:eghg df e wor plelece 1%‘8 with
internal circuitry of the workpiece 116 providing a conductive link to the

opposite surface 117.

[0020] The platen 104 can also support a polishing medium that
includes a polishing pad 114. The polishing pad 114 can include a plurality
of polishing pad portions 114a, each of which is formed from a polishing pad
material. Suitable polishing pad materials are available from Redel, Inc. of
Phoenix, Arizona. In an embodiment shown in Figure 1, the polishing pad
portions 114a are positioned between neighboring electrodes 112 and are
spaced apart from each other. In another embodiment, the polishing pad
portions 114a are connected to each other. In any of these embodiments,

each polishing pad portion 114a can include a polishing surface 130



of polishing pad portions 114a, each of which is
formed froma polishing pad naterial. Suitable
polishing pad materials are available from Rodel, Inc.
of Phoenix, Arizona. In an enbodi nent shown in Figure
1, the polishing pad portions 114a are positioned

bet ween nei ghboring el ectrodes 112 and are spaced
apart from each other. In another enbodi nent, the

Ml!l&ﬁ’éd’go p@&]t&\@f”tﬁé Qﬂ@rkﬁb qne. CQH”&%P&HE&F %S‘E)%Eh of these

her. In any of these enbodi ments, each polishing
mbogmmemtemhemah&tmg pudacere 130 mrelmiﬂttr@gwes*unfad@elem plane

fiaRe e SRR sHRHRS d400n 558, SEHTSS. Wi Hetep 104 is

ﬁé@lf(ﬁ%ﬁﬁbéﬁgat%ftﬁe@@pbmﬁ@&ﬂéﬁ ﬂgj'tﬁé ?bﬁ’é’ﬂ;n@%aﬁﬁceé h80 are
the el ectrode surfaces 140. For exanp when t he

@bcateeihelei@ctrgde susRceD 4. b‘étﬁ@pmltlms ghwltatafeﬂr%land the

kbt QoG P A HBHEHT BouBLR pBRES: | e papitiones

Béldwatitk teectrédd peifaceember. 1438 élﬂ\%rleﬂﬁbbﬂﬁﬂantt hee different
pol i shi ngtsurf aces 130 are positioned belowt he

!@p%wr%a heuppbetiag pad. surfpcgst hél) aapbeiHesiode perfaces 140
ercg.{g nel{’cg\I r88e°'s f t1|3'>% Q%twggbln oﬁHéf §8ﬁ§hn]r§0pad

% he rode sur aces 1 ann
p@ﬂ653634é50 bet ween nei ghbori ng pollshlng pad
portions 114a. [0021] In one aspect of the arrangenent

@bt.o_w :n Ihi 8HEeadpedther tRel aﬁ%h?@m%@l dHveaR FyRedq, the
atera

extent greater than thaf of the workpiece 116

F@Qilsalﬂgorﬁ%tjaﬂﬁ’r c@nafipve ml@&r@hteﬂ@ﬂﬁf\@é@t@héhpgl thaili g the
ok, 398 5SS e o PP e Bt

pa Kpi el hkbwarkpiemn MS a\neramtmeémbbe;memrﬂw Boishlid pad
durlng mat eri al renoval processes. Furth

H&@@eﬁ@n%@aﬁﬁr ”ﬂfb’l‘ |t§ﬁ|\H@rk;9éQf§ ané aagageghttraverse over the
TSR B A SISy Ty aRfee o
fdisbinyg padsi edeatjacehy digctredas weedlsm:@éﬁ] inTr[mnding U.S.

%mtc%%o%%o.c?BIZ%%,g%u |lec§i /—‘Euogu%t %t gr Enc%srggrn?ec}/ herein

in its entirety by reference.

[0022] The platen 104 can be coupled to a motor/driver assembly (not
shown) that is configulred to rotate the platen 104 about an axis 102, in
addition to, or in lieu of r.otating the support member 118. Accordingly,
rotation of the platen 104 and/or the support member 118 provides for
refative movement between (a) the workpiece 116 and (b) the electrodes

112 and the polishing pad surfaces 130.

[0023] The system 100 can include a conduit 120 configured to
dispense a polishing liquid 160 in such a manner that the polishing liquid
160 becomes interposed between the polishing surfaces 130 and the

surface 117 of the microfeature workpiece 116 from which material is to be
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shown) that is configured to rotate the platen 104
about an axis 102, in addition to, or in lieu of
rotating the support menber 118. Accordingly,
rotation of the platen 104 and/or the support nenber
118 provides for relative novenent between (a) the
wor kpi ece 116 and (b) the electrodes 112 and the
pol i shing pad surfaces 130. [0023] The system 100 can

IRSOHIE fh BRE UM bodiRfent O ﬁéﬁcﬁﬁt 190 d@h\?@%%@ |§b|lsh|ng liquid

polishing l'iquid 160 in suc manner that
a0 ifechn nondeirnpatt theggolisédgresdi h‘tébrtqacblsedaddxehmewrfmS 120

RPb T LoF, 5 B S8R0 B8 p b B Gl i more

cﬂ’@cali%ekﬁ/ﬁw{tﬁqeféréné@ﬁ) FmRedisment, the conduit 120
delivers the polishing Il qui d 160 from underneath the

BORSET P 30P 0 kol U BBBHRA ARG, rcudes

téaametbﬁldmmomnmehyaﬂrekaiel (MheAby Whetpalishieigeineed 1160 can also
Fi gure 0024 ne enbodi the polishin

'FP@‘&’Fda REhel ”d8§ r@%*ﬁ’ﬁn%%'ﬁ'gﬁaénﬁ%n?"eﬂﬂsﬁﬂ?dPaﬁlcg%* can be
fixEM dispdsdP i 'tﬁé"pﬁ‘tﬂxshi@’ F%d1§@4faﬁnabﬁ‘%r ERbbHfiSerdts, the
suspen3|on of abrasive or abrasive

prishing digiushri 68 cakhi xrm:luge dotmosecmstmerrte pdhi shiyngf these

Bttt e S EIRE T R bR 1Rl b e an
S8bRaiyieRbAdusttM PAIRSHEAHRIN thePblebht8de®1hamd the Wdrkbiece
160 can (a) provide an electrolytic conduction path

b, m@@nf?%lcellbdewesrmatgrldnﬂovhéhw%p@@@ 11@.2%@@ (c)
1
SRR ayad S R IS %ieg'&Lﬂgwdfﬁ*%Wkﬁ SEfiGe

(00PEh e 6 ur"kepéﬁggﬂ .%%'E“ FioilEHatnE o' Sostim 6b the
dasahi hed @@é&\’lﬁew éi@oﬁ@f\:ﬁfrﬁ%%rér‘i’cé: itgUFBule BSad lit removes

removes nmaterial fromthe m crofeature workpi ece 116
matqta&oﬁq@ihdbemwomtumkm df16t tre acncedanen. witls an

e R T AN S R e TN
draeeal neighboring polishing pad portions 114a can include a channel
base 151 and channel sidewalls 152 extending away from the base 151 .
toward the workpiece 116. In one aspect of this embodiment, the sidewalls
152 can be formed by the laterally facing surfaces of the polishing pad
portions 114a, and the base 151 can be formed by the electrode surface
140 facing toward the workpiece 116. In other embodiments, the surfaces
of each channel 150 can be formed by other structures. For example, the
channel base 151 can be formed by a thin dielectric layer positioned over
the electrodes 112. In another embodiment, the channel base 151 can be
formed by a thin layer of polishing pad material that extends over the
electrode surfaces 140 between neighboring polishing pad portions 114a. In

any of these embodiments, each channel 150 can have a width W between



base 151 and channel sidewalls 152 extendi ng away from
the base 151 toward the workpiece 116. |In one aspect
of this enbodi ment, the sidewalls 152 can be formned
by the laterally facing surfaces of the polishing pad
portions 114a, and the base 151 can be forned by the

el ectrode surface 140 facing toward the workpiece

116. In other enbodi nents, the surfaces of each

ﬁéigﬁﬁ@flmgl%@ilﬂﬁﬂﬂq@ad %bﬁﬁﬁsbﬁ@é réaeftlegihr BChéfvfsen Y pﬁ}isﬁhing

exanpl e annel base 151 can be forned by a
pedFutace 430 aperthpadianneheasa(dt. the el ectrodes 112.
I n anot her enbodi nent, the channel base 151 can be

[0826¢d byWaenhthe | @olshingf ligoid siBONdgs pdisbosxiderdadidcdriiato the
tend trod f 0 betwe i
VRS B dbToens 1 Isial 167t Posiionad betiRenaihp ayorkpiece
é.ln%%ee 1P W@Eéhstﬁ 'baaf&.%m%lesla%@ CRIL RIYE 181 %H Bxt¥hds

between 9 neighboring polishing pad portions 114a a
mt;ptthe D:hfmnmm Gthdo porovelel edtectpcad emmfmtmacal@@ betivedre the

neI ba e 15 n the polis UId 16

5 SUo50] LR gh HUSCiaRp Bee 10007 SFiotor tis
érﬁ)ﬁ@dm’l&ﬁﬂt BS i1hyn s bﬂ‘tw&%ﬁlrf‘g“ﬁqdﬁ”@@%s ﬁe'tr flﬁ‘%ﬁe entire
117 and the poli shing surfaces 130. The | ayer 161

ehansetibBndpsteadt 8 ga'new&émm betvgeen hepweorkipiree surface 117

G LR TR 18 1 R ER o) s HIEUBEE pe gap 153
ddni expesd ol Wﬁ(rnefcbesdrﬁat@ 118 agihgpQiré&tly Revdrddiedchannel
160 does not fill the entire channel 15 I nstead, a

183 tl5r arother wseRct At Hip aphedimant: figcpolishing dRkid 160
éé;ﬁagh tf?ﬁ%r&éleﬁ?glghr%%% ?%Peﬁé i |c£@ds1£: dashed lines in
e ga

can expose 't
Bigufeae Iﬂ:]e]trfeaajfrtgese reetiddimeatirthe gag tﬁmnaalat Iéaetereduce
5% I n. anot her aspect of this _enbodi nent,
(éc? *Eﬁtﬂ?gaﬁtuoaﬁu%“g m%npf&dﬁﬁ?)é“@‘@f@hﬁo%?%ﬁgé%‘o"ed from

tﬁ@rv&cﬁﬁﬁle%éhwg"?y Hﬁggtgé}é%oyd]lsqﬁ@ed lines in Figure

In either di nent’s, the gap 153 can at

fgﬁgan[f% Sria 3$d§th|g n@'@gv@ﬁcgsf?%rﬁg@]éa e o?Qb.%EEhé 16 by ECMP,
proxikpatece tlhéﬁntarfa:ber lestivegineitier eizhirghbad-surfaces 130 and the
workpiece surface 117. At this interface, material can be removed from the
workpiece surface 117 by (a) electrical interaction with current passed
through the workpiece 116 from the electrodes 112 via the liquid layer 161;
(b) chemical interaction with chemicals in the polishing liquid 160; and (c)

mechanical interaction with the polishing pad surfaces 130.

[0028] Aspects of the system 100 and its operation can promote the
formation of the gap 153 described above. For example, the depth D of the
channel 150 in which the gap 153 is formed can be sized to promote the
formation of the gap 153. In a particular embodiment, the depth D can
range from about 0.5 mm to about 10 mm. In a further particular

embodiment, the depth D can have a value of from about 2 mm to about 4

10



[0027] Material is still renoved fromthe workpi ece
116 by ECMP, proximate to the interface between the
pol i shing pad surfaces 130 and the workpiece surface
117. At this interface, material can be renoved from
the workpiece surface 117 by (a) electrica
interaction with current passed through the workpiece
116 fromthe electrodes 112 via the liquid |ayer 161,

i, CIJ‘F\%”&P%ne'I "‘]'E')@r@a‘ﬁ 4188 ivehs GRRRIERSSabdLtid875 inch. In yet

polishing liquid 160; and (c) mechanical i1nteraction
wirthertanbadiresits, rt@eprmptb@fmmlemel\a@th W0z hagpether \affues,
t.h t 100 it t te.th -
B e R o SXHEPlga s 455 GRS, B pHctla fris 160
gehg di@spt\hs&s‘ﬁ%t Bﬁd/o‘?hﬂién%tel%@ felativii %b\ﬁé?ﬁergtal%ei\ﬁé’en the

formed can be sized to pronote the formation of

wn&m%qzﬁ 1518, and thepaotishiog apakiidddi neart examplaleas Higzussed

£60ve ARl PRI R bl MR A2 et B o to

éﬂ&b&t%@(ﬁ ribiOBk, akokd partiklldry, fdevbbdut 50 M td R@out 200 rpm,
channel 150 can al so have a wi dth Wof about 0.375

an@hstill ngret partigutanyy 2% ARSItk $PMy h&ahag the dnigrefgature
Wbﬂérég?éé( CI"’}@ t{éﬁ H%R/ V‘fﬁ' u S’Itshlr&elﬂ?ﬁﬁ' ﬁ'@? rfa\ﬁfdry through the

ar acteri s S
Ehanvrieds 116@ vn(aecegntnnghs foricec tisarelpy pramd)‘tmg thbefolrmhemfof the
rel ative novenent between the workpiece 116 and the
9s dAPng pad 114. For exanple, as di scussed above,
t he workpi ece 116 can be rotated at a rate of from

K928 10 Thenrale wetbou'mctf;dbermhsbmg bayid 1020 19 dispasey at the
BARAMER SRRAABI IR aRThe At LcRSEce 116

care bl pe Wised tmcb:wﬂr@qaelfbﬁnbﬂms)ftmer%mﬁ t5® in the polishing
pollshlng liquid 160 rapidly through t channel s_ 150

Nﬂta cEft- rlﬁqrgaramal%ethet rrie s pyhig tthagPrelifding digtid 4RO is
H‘ﬁ?d Qgﬁ%elﬁép %%8%9;1 étﬂé%hﬁ%t \?al%ttﬁeﬁé,e},lg etb glléglzhood for

ng I sposed at t
d:mhmkeebeiytﬁﬂmgotbiel eﬂ’am*gale‘,)aﬂOlwmcmn\doufdeelnhmlaw Eh'& gaps 153. In

m@{qﬁqﬁ%ﬁ X Hggatagg ghﬁ?}?l&g}g 3 nt r lapensed at a rate of
less than one liter per minute, for example, when the workpiece 116 has a
diameter of from about 200 mm {o about 300 mm. In other embodiments,
the polishing liquid 160 is dispensed at other rates that are low enough to

allow the gaps 153 to form.

[0030] Figure 3 is a top plan view of an embodiment of the system 100
described above, with the support member 118 and the workpiece 116
removed for purposes of illustration. The polishing pad 114 includes first
channels 350a (generally similar to the channels 150 described above) and
second or intersecting channels 350b that extend transversely between
neighboring first channels 350a. The second channels 350b can more

uniformly distribute the polishing liquid 160 (Figure 2) over the polishing pad
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liquid 160. For exanple, the rate with which the
polishing liquid 160 is dispensed can be kept below a
t hreshol d value to reduce the likelihood for
conpletely filling the channels 150, which would
elimnate the gaps 153. In a particul ar enbodi nent,
the polishing liquid 160 is dispensed at a rate of

| ess than one liter per mnute, for exanple, when the

W04 KPiHRC §adokR Bﬁém?els ‘@5@5‘3&33{ alb Homﬂeaﬁfb% a%@ﬁu&nbﬂ(cwhlch

about 300 nm In other enbodi nents, e pol1shing
theqmmiahrr@hqmd db8passes batwerrmhtre Wat"|ﬂ:Be¢€h 416 and thewolishing

P88 fHo S P b G BR e a8 dhisdbeor o5 e eyiopt B with
- @él‘éfnbbeté ﬁ?@h@?Q Wint fhd %@péélp@pﬂ'ﬁs ERERIMEAE ANdasthsome of

wor kpi ece 1 renoved for purposes of ill ustrati on.

ﬂ‘l@eSﬁpﬁﬂﬂds hha@@a&mcam&wmeﬁurﬂu egnmurticationl witl3soe conduit

y . Si,m | o the.,ch nnel 1
IR0 IE kY P UBLBRYidS 4 el B TFhEnC s, aeREhbg ofiayig g0 is
@eqtv@mu tt6 aReVvesiEting l@@uvwaem arrdeltr@l@@édtnﬁie‘sl n$2. The second
channels 350a. The second channels 350b can nor

eharnsisBY0licanrhais @ depth gansyarseyta thguwlana ed F(gtlr@&)éhat is
@%O YGE 44 r%%'térsma'ﬁg R 3ss Jrﬂ'arHﬁe E}ﬁ‘h %ﬁﬁ?qg?cé?%'ﬁ%issﬁo

Can € provi dé noreée avenu
{Faguret)ng I|qU| d 160 passes betvveen t he wor kpi ece 116
and the polishing pad 114, to pronote the formation

gﬂbsﬂpe gaRSoAS RHRSE Iof herl calteameint lshouef e et® the first

gure . I'n one aspect of this enbodi nent, | east

350%e anelc Hrl sEsanferBaysEd 3200 bue ﬁn@mt@ddparallei to
il C%“h?)@ﬁ“% o Sk plsopbfinght . Fptd shogiments,

ﬂahel dheginets BHO4 Imeadp(wmbarm thapedifddonamtatibes. e|F©€teIS<Qdfp$e the
12. The second channels 350b can have a depth

fcrﬁt é&h@@@?@e%@atw sxtans srdipily dram 33 qcmmonsceﬁtﬁb and the

c anne srqgﬁggfﬁ?gﬁﬁgmﬁ§* #%%gi?ﬁ?ﬂn%ﬁ%wﬁ%ﬁ%@gﬁ%?énﬁﬁg

L P ey N R L A B T U
material from a microfeature workpiece in accordance with an embodiment
of the invention. In process portion 471, the microfeature workpiece is
contacted with. a polishing surface of a polishing medium, e.g. a polishing
pad. The microfeature workpiece is then placed in electrical communication
with a first electrode and a second electrode, with at least one of the
electrodes being spaced apart from the microfeature workpiece (process
portion 472). The process 470 further includes disposing a polishing liquid
between the polishing surface and the microfeature workpiece (process
portion 473) and moving at least one of the microfeature workpiece and the
polishing surface relative to the other (process portion 474). In process
portion 475, electrical current is passed through the electrodes and the

microfeature workpiece to remove material from the microfeature workpiece
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rectilinear, orthogonal axes Y and X, respectively. In
ot her enbodi nents, the channels 350a and 350b can
have other orientations. For exanple, the first
channel s 350a can extend radially froma common
center, and the second channels 350b can be arranged
concentrically about the center. [0032] Figure 4 is a
flow diagramillustrating a process 470 for renoving

wnﬁeem@hq.&b@éatarmmf.@@é HESta WY # s&%hh@ medanpsmess

w th an enbodi nent of the invention. process
mﬁlon oh/Gi 73t lemise anportioheat thee pabshipg dwzd ss flooedatiredgh at

ith a polishi surface of.a poljshin rred'u e.d. .
B0 ofle Rece3n e dibAaE shistaleled Uil gl e Roinfho fouid
iBllagsddi bet@letftthe GRlcrGRETHE Wk fite éMd B éhrfddeséf the recess
el ectrode and a second el ectrode, w't | east one of

fering tewecd threlsxcioiéatgresyatedecsmart fr om t he
m crof eat ure wor kpi ece (process portion 472). The
l]ﬂoaa]ass 4I0ef dedther bhcthﬁdearrdhg@mhmg degibeshi aigpve  with

d .b ad th .
HIPBPe 4B B ki Bagat TR caaEbuligh o cliesb Sipciigolishing to
tﬁEVé\)waﬁ“rex'n%%ﬁF AR ralo ot AEHKSHOTIE) GBS by

he polishing surface relative to the other (process
Emuatlcmm ﬁb@ye) can meomlslsed po roinparsel, todhecamowiatl of material

current a thr h t he Ie odes ,and ,t he

B ER ol rBEREamEREEonhBiel wSlshBE; ar Y Peimiigge of this
dit éigraaihis @h#0OIheNies Giting ¥ihivbf thel WerkPBicde0$ @B €17 may be
wor Kpi ece contacts the polishing surface. In process

sy0eelinen thap it wouldaterwissobei oln pertichiarpdireshelegtropolishing

(1,54 qt%sﬂllt i érjl PJ geﬁ pérﬂtﬂﬁ%lt&l meg%qgrhs ?r{@'l FS%I’ %ﬁqﬁlfﬁnlscé hIelf:‘) By

ng sur ace so

rledqculng thesrelaivat fidlobett seeitérig rahvetiaat @ltéctvé]é&mlﬁﬂ%hlng
and a surface of the recess facing toward

thisc pBpEaran PawpRFast er E[lmgg]eot)qéchgggingly @tpe ionality of the
@6 Er esnT%Sallfgé? B B%ger%ﬁor‘é%d"}?aq robdds eE%’F‘bee [n‘?proved when

at t contri1 but’t on of
cmzmnaredpwmlfslaxm@ngoprdd@ses.er &'fdr eeatmmw t‘rﬁepianﬁanty of the

erial fromt vvor |_ece 11 i ned
EtecarsuTibad] noBdnreasedd AR AopIHaS o ths fepre is
tﬁﬁpéﬁ‘ﬁrel%feIW%%ﬂ'ﬁuctdr@%‘é%dbghore reliab ’Xnand accurately formed
el ectrochem cal - nechani cal pol i shing. advant age” of
arhpkin the workpiece surface 117, which improves the quality and reliability

of electronic components formed from the workpiece 116.

[0034] From the foregoing, it will be appreciated that specific
embodiments of the invention have been described herein for purposes of
ilustration, but that various modifications may be made without deviating
from the spirit and scope of the invention. For example, adjacent electrodes
such as those shown in Figure 2 may be coupled to the same pole of the
electrical potential source 106. © The electrodes can have shapes and

orientations different then those shown in Figures 2 and 3 depending, for
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arrangement is that the resulting finish of the

wor kpi ece surface 117 may be snoother than it woul d
otherwi se be. In particular, direct electropolishing
can result in an uneven renoval of nmetal ions fromthe
wor kpi ece 116. By reducing the relative anmount of
materi al renoved by direct electropolishing, this

ef fect can be reduced or elimnated. Accordingly, the
Sxdhbley &b th@echéﬂﬁbié?i’sﬁéé‘r‘ o’|f1§1é1f\n¥cﬁkp|b|3§ 1784 EHélﬁé processed
removal process can i mproved when onmpared Wt
Agcadingly ghe dressdion 1@00#: bxHaplexcephas meampertcgedocﬂam
wor kpi ece surface 117 can be increased. An advant age
of this feature is that extrenely small structures
can be nore reliably and accurately forned on or in

t he workpi ece surface 117, which inproves the quality
and reliability of electronic conmponents fornmed from
t he workpi ece 116. [0034] Fromthe foregoing, it wll
be appreciated that specific enbodinents of the

i nventi on have been descri bed herein for purposes of
illustration, but that various nodifications may be
made wi thout deviating fromthe spirit and scope of
the invention. For exanple, adjacent electrodes such
as those shown in Figure 2 may be coupled to the sane
pole of the electrical potential source 106. The

el ectrodes can have shapes and orientations different
t hen those shown in Figures 2 and 3 depending, for 13
exanpl e, on the characteristics of the workpiece 116
bei ng processed. Accordingly, the invention is not
limted except as the appended clains. 14 CLAIMS 1.
An apparatus for renoving material froma mcrofeature
wor kpi ece, conprising: a support nenber configured to
rel easably carry a mcrofeature workpiece at a
pol i shing position; first and second el ectrodes
positioned to conduct electrical current to

14



a mcrofeature workpi ece when the mcrofeature

wor kpi ece is carried by the support nenber, at |east
one of the electrodes being spaced apart fromthe

m cr of eat ure wor kpi ece when the mcrofeature

wor kpi ece is carried by the support nmenber; and a
pol i shi ng nmedi um di sposed between the at |east one

el ectrode and the support nenber, at |east one of the
pol i shing mediumand thecsupig@t menber being novable
relative to the other, the polishing nmedium having a
pol i shing surface, the polishing surface having at

| east one recess positioned to receive a polishing
liquid, the at | east one recess having a recess

surface fagcing toward the support mhe nd spaced

apart frd&‘t%@pﬁ@ V%h{%gms'nsﬁ'gger? eH?( J{%’rﬂolai %‘FFPJeat”fe
Whkpickd, BotRisiRcess to forma gap between the
pol i shing position and the recess surface. 2. The

apparat sHppsit eneinbel, canfioted teorpleasally eaiey a microfeature
m crof eature, workpiece,. apparatus of claim1,
further Co‘ﬁ%‘ﬂﬁpﬁcﬁg&%goﬁ%ﬁ%%ﬁ?’g'é'%& iquid. 15 4. The :
apparfstan@fseebad midctitRisepdkitiditecito teddict @ectriesiaasrent to
includes a plurality of intersecting recesses. 5. The

appar at us ®MigreeiuLe wiekpieretweenthe saistoleniiire sgkgiece is
i ncl udes a,plup eﬂr\) e %lgoﬁcﬁ FleHhGL! g Iégsctecﬁﬁaegf Wd Blectrodes

first receSses orient ansverse to secon

recesses. lfeindspasppapairufoon’ thel miorofeaierworkpidue when the
first and second electrodes are 6{\34)@0 d apart fromthe

mi cr of eat UNETHSARYICHNKRIRGS 1B 158TTISH BY JiaRpst member, and
Lo SPA Bl LG Rob A LoNRRSK I BTt oo Titg e anc
has a the support member, at least one of the polishing medium and
the support member being movable relative to the other, the
polishing medium having a polishing surface, the polishing
surface having at least one recess positioned to receive a
polishing liquid, the at least one recess having a recess
surface facing toward the support member and spaced apart
from the polishing surface to allow polishing liguid in the recess

to form a gap between the polishing position and the recess

surface.
2. The apparatus of claim 1, further comprising the microfeature
workpiece.
3. The apparatus of claim 1, further comprising the polishing
liquid.
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di mensi on generally normal to the polishing surface of
fromabout 0.5 nmto about ten mm 8. The apparatus

of claim1l wherein the at | east one recess has a

di mensi on generally normal to the polishing surface of
fromabout two nmto about four mm 9. The apparatus

of claim1l wherein the recess surface includes a
surface of the at |east one electrode. 10. The

appargt us phe CAgdibiisWBEcRlimh UhonpbinStHe @t S8BERGRe recess
faces wupwardly. 11. The apparatus of claim11, further
ioolwpes & piyralits ofintersettingremessesal potential coupl ed

to the first and second el ectrodes. 16 12. An

apparatus for renoving material froma mcrofeature

wor kps ece, TROMYIREAS: of WMIRT U TRRASInT ffc GRTIESBN8 recess
m cr of eat ure workpi ece; and material renoval neans for
ineldes ng plarality af intensectirg mecessasamithe firsioregsissee, oriented
the material reppval means including a polishing
?ﬂ%@ﬂ%@QREP??W%E%CQﬁﬁe%econd el ectrodes with at |east

one of the first and second el ectrodes bei ng spaced

apart fromthe mcrofeature workpiece when the
suppdi.t nebie apparatss tofe claiincrof whengire Wer Kigste@dd tsisgond

p al I th i [ t.r ol
HRLFRSE A SRt BRgT, Pat 168 il wEREER: aphen the
rhioreaclirenadrkblRees eaafepby e ¥@sddt Arentydra direct
el ectropolishing and via el ectrochem cal - mechani cal

polishing by controlling an anount of a polishing

I R R e R RO o e S
divepeirdgshdraly hyrrhat ewe gdiehimgcsiofrt ofrfeomveydRioes em to

and the polishing surface.
about ten mm.

8. The apparatus of claim 1 wherein the at least one recess has a
dimension generally normal to the polishing surface of from about two mm to

about four mm.

9. The apparatus of claim 1 wherein the recess surface includes

a surface of the at least one electrode.

10.  The apparatus of claim 1 wherein the polishing surface faces

upwardly.

11.  The apparatus of claim 1, further comprising a source of

electrical potential coupled to the first and second electrodes.
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13. The apparatus of claim 12 wherein the materia

renoval neans includes a polishing pad having the
pol i shing surface, and wherein the control neans

i ncludes surfaces formng at | east one recess in the
pol i shing surface. 14. The apparatus of claim12

wherein the material renoval neans includes a

pol i shing pad havi ng the polishing surface, and

wher ej n d tor,

a1 ol% onf FBRatfls TRATToMBYC FRaEHEl RS, - fnmﬁeat“fe
whdipig o, thmpaisingeast one recess exposes a surface

the at | east one el ectr.ode. The a ratus of cl al m
12 wWheHRANR MEangdPEFaraying @n’B{%‘PfeaHﬁﬁr‘(gg&Hlﬂcﬁd aad,

pol i SP\'&\@E@?QR',@‘AI Hgaatr{%efop‘?ét‘n%k}! m%%lérﬁeﬂcfﬁ‘om%ﬁé’ microfeature

wher ei n cont means |n | udes surfaces
form ng a wbrkpaddd, ythef miaterax gestaval mearee swdgding a pelishing

Phe. recosSUids i 81 el yoH0B gt Cpiescst WAL oo gne of the

el ectrode. fikp. arﬁi‘ @éﬁ%ﬂateq&ztffo@@sr BERYY R@aEBYChpatt fro@Mihe
a mcrofeature kpi ece, conprising: a support

menber conmncggfe@dummoekmmmherbme pugnartr geane qarries the

and second " by B cpReds o b Bh BRinbld g Shurtner

support  npeReling Coriaduabaes efor rédraiolignyg meritive camounts of
m crof eature workpi ece when the mcrofeature

wor kpi ece Matesial regwpveyl frae they psrafeaiting avorkpigser yia gdirect
and second S

e, SO0 LGSR U Ml YBER R P pin
wor kpi ece by coatrolliad d)yatﬂwrlsw;mpblterm@ehqulda’mm is disposed

[ ishi d t I d bet th I
Bnd the  Shapemn HmDEIcTORRETBoMOSHRGE okl BPR] dast one
having a P&tgbﬁﬂa But ﬁﬁ&@&gpa@édﬂdﬁealwawetew #t hickStature

recesses an ura
workplece and the polishing surface.

13. The apparatus of claim 12 wherein the material removal
means includes a polishing pad having the polishing surface, and wherein
the control means includes surfaces forming at least one recess in the

polishing surface.

14. The apparatus of claim 12 wherein the material removal
means includes a polishing pad having the polishing surface, and wherein
the control means includes surfaces forming at least one recess in the
polishing surface, further wherein the at least one recess exposes a surface

of the at least one electrode.

15. The apparatus of claim 12 wherein the material removal

means includes a polishing pad having the palishing surface, and wherein
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second recesses intersecting the first recesses, the
first and second recesses extending through the
polishing pad material to expose surfaces of the
first and second el ectrodes that face toward the
support nenber, the first and second recesses being
positioned to receive a polishing liquid with the
polishing liquid form ng a gap between the polishing

DS ohE) Heahd pgBUEL Al malT 3L yBRlng o0 lerecing
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about four nm 18
16. An apparatus for removing material from a microfeature
workpiece, comprising:
a support member configured to releasably carry and rotate a
microfeature workpiece at a polishing position;
first and second electrodes positioned proximate to the support
member to conduct electrical current to a microfeature
workpiece when the microfeature workpiece is carried by the
support member, the first and second electrodes heing spaced
apart from the microfeature workpiece when the microfeature
workpiece is carried by the support member; and
polishing pad material disposed between the electrodes and the
support member, the polishing pad material having a polishing
surface with a plurality of first recesses and a plurality of
second recesses intersecting the first recesses, the first and
second recesses extending through the polishing pad material
to expose surfaces of the first and second electrodes that face
toward the support member, the first and second recesses
being positioned to receive a polishing liquid with the polishing
liquid forming a gap between the polishing position and the

surfaces of the first and second electrodes.

17. The apparatus of claim 16 wherein the first and second

recesses are generally transverse to each other.

18.  The apparatus of claim 16 wherein the recesses have a depth

of from at least two mm o about four mm.
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