METHODS AND APPARATUSES FOR ELECTROCHEM CAL-

MECHANI CAL POLI SHI NG TECHNI CAL FI ELD [ 0001] The
present invention relates generally to mcrofeature
wor kpi ece processing, and nore particularly rel ates
to met hods and apparat uses for

el ect rochem cal - nechani cal poli shi & and/ or

pl andMETHORD ANECRPPARATUSESS E&IRIFS EGIdRREIHEMKCAL-
BACKGROUND [ 0002 d typi cal |
originate frE)m se] }égﬁw_@%gﬁfﬁ‘ $H|“\t“§f'h yppr odu%:/tl on

of sem conductor wafers is based on a nunber of

di fferent operations, including nmasking, etching,

deposi tion, planarization, etc. Typically,
TEQHBIGAL FAELDN operati ons are based on a chem cal

nmechani cal planarization (CMP) process. During Cw

ocesses, a wafer carrier holds and rotates t
00l coR R e PhSals EHETAR | EelfiRs Wenaralbots sETQolRtS workpiece
procféﬁ%éingpaﬂar trhétd %artt@t!ﬁé\‘l?g rélBReP! BNanéHabis 0Nl Affpetatuses for

system appl i es essure to the wafer carrier
elecﬁmbbngcaIMemmaltppl;shm angpai pisnarizaiioni EHEME) of microfeature
urface of the CVWP pad. The wafer carrier and/or the
wor%g Hing surface of the CMP pad are rotated relative
to each other to planarize the surface of the wafer.
BAGKGEZIUKDOt her et hod for planarizing wafers includes
el ectrochem cal - nmechani cal planarization (ECW), i n

whi ch electric potentlals are ap P|Ied to the wafe
[00Q4]i | e Integintrd gHedits haNEalhy BEg3Le fromy S@HHQ%WW&%%NVaferS The

procﬁ@@ nS3f> c%ﬂd c?%ﬂ?ﬁ R ?é‘éd Sn_h SRRl ijdfﬂ%ﬁ%rlﬂeoperatlons,

waf er w ane anarizing lig
incluﬂiagtmiasklpgt etdhired, deypisiteeh, tpﬂanhezartm‘neretcaufﬁscam ghlanarization

ions to b f t h t
opelAliane| Be 1356 S AychaitaL BeanensaLPIRRATERT G (P process.
Dunh@“@l‘mﬂ dec%sséJs eg iyeh e ndigs BaR ofdted Thé Seif8onductor wafer

Accordingly, the over renoval rate is characterized
whilpythe h‘@f@bbd}rﬁaptsga &ddBthash: In(ga)rtIRelﬁnvcalnngatr@ planarization process,

the TG 19,380 AES ArBRAwCl e wafer pargier sabsing, teowafer to press

agaiBEBSdIiRRINgPsUdd® bBtHheMRbadatThdiwelfen@irgier ahdiot the polishing
renmoved solely by electrical
surface of the CMP pad are rotated relative to each other to planarize the surface of

the wafer.

[0003] Ancther method for planarizing wafers includes electrochemical-
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.  Accordingly, the over removal rate is

characterized by the following equation:

(1) Removal rate = electropolishing (EP) rate + electrochemical-mechanical
polishing (ECMP) rate,
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pol i shing, and the ECVP rate is the rate at which
material is renoved by the chemcal solution in
conmbi nation with both the physical application of the
pad to the surface of the wafer and additi onal
el ectrical interactions. However, the uncontrolled
whea@pthécEPi ate df thet ratel atc vhigho Inatkiialg isaneimB@MP sadely hey electrical
overal

|
poligfing. e e FSMBEEE, 5 "the faipnet MfTeE balsel BY  Bigaued by the
chelﬁd%l RBAYLNGS Jo@rqgﬁitld:ri ith&ckhitBe h?§|ﬁ§ﬂ§1§ﬂ)lfbaﬁbﬁ%f\th§‘ﬁad to the

a systemfor removi ng mat eri al rom m crof eature
surfam pbtr@cwafmamgl arditienal ctestiicallintesadtimmsc éﬁowarsthen@controlled

aooh S0HL P BissBERHTRE Y B RNRE MRE. g, b rgeuce an

overallen&iesbPRENORIMatelthbt BH®Rebtabiy Unifé@n pol | shl ng of a
m crof eat ure wor kpi ece in accordance with an

enbodi nment _of the invention, [0006] Figure 3 is a
BR'EE%@&PTW@%WF@ DRAWINGS ng pad and el ectrodes

configured in accordance with an enbodi nent of the

[00d4zven.tflti Ore HQQQ s%chghgé{fces;&e vitof B%ysf@n?%@%&ﬁng material from
renovi ng mater i

| ece via
a mit-:k@‘eatwehmmpmlcermmmeratoqtmem|sdﬂ+mgctnan|ea:lqmlﬂhmgetechnlques in

with a nbodi t of t i nvention. DETAILED
accqhfiaes P‘Ttﬁ @ggg]mwfgpﬁé%ﬁn PRvention is directed
t owar d nmet hods and apparatuses for renoving materi al
[0006] om nffigHEs €atsuPesehaRaliieide ew of the system shown in Figure 1,

durnﬁiggr@(ﬁ Q%Fac icioRSAAR %lrkplgg% s ARG cg%lﬂpgpué(]’ggodlment of

oné  aspect I'aventron I nc
the iaoem@®t.i ng a m crof eature workpi ece with a polishing
surface of polishing medium placing the mcrofeature

[oooetrpr kp'feig@ré B ¢ %ChéhélﬂlahéQGBUﬁbWabf%pWhé?hn? pad ind electrodes
electro and a second el ectrode, with at [east one

configlurethén arerdroer withamgmbediaentgdhe imvasiont he
m cr of eat ure wor kpi ece, and di sposing a polishing
[0007] qui dFigetendein a filewpdizgsanntpr reovdvinge matdrialhfsom a workpiece via

cr of eat ure, work | east
elecfiphenEal e giaeh REUENIngniD HREoBBN Ieeniil S0 prgdirgent of the
inveAied relative to the other. Electrical current is
passed t hrough the el ectrodes and the m crofeature
iece to remove material fromthe mcrofeature

e
DET\%'F&% RESCMPTEONhe mi crof eat ure wor kpi ece contacts
the polishing -2- o

[0008] The present invention is directed toward methods and apparatuses for
removing material from microfeature workpieces by electrochemical-mechanical
polishing. A method in accordance with one aspect of the invention include's
contacting a microfeature workpiece with a polishing surface of polishing medium,
placing the microfeature workpiece 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, and disposing a polishing liquid between the polishing
surface and the microfeature workpiece. At least one of the microfeature workpiece
and the polishing surface is moved relative to the other. Electrical current is passed
through the electrodes and the microfeature workpiece to remove material from the

microfeature workpiece while the microfeature workpiece contacts the polishing
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surface. At least a portion of the polishing liquid is

passed through at | east one recess in the polishing

surface so that a gap in the polishing liquid is

| ocated between the m crofeature workpiece and a

surface of the recess facing toward the mcrofeature
surfm.kpfktetaast [aopﬁﬂ]onl of the pbéshiparliquilisapassebthrough athleast one

inven Fe m cr.of eat ur.e wor kpi ece,, can

e
recess) 4t i R’F‘e F%Oé's R BUReh;i S0y g2 0i thg Hﬁl’sg?”%l 'qt”iﬂgrﬁ located
bet\fH@'l tHE ATGLERUFL WA IBES BRd CRARUIHAES léﬁ'Qhé P8BS oy toward the
least a first portion of the material by

micrefesttireowhepiiecd. - mechani cal pol i shing and renovi ng no

material by electropolishing, or renoving a second
[00Q9)r t i om fuether pheituldreadpects optird |mrentwn, the microfeature workpiece

el ectro ol i shi ng The m crofeature \NOBﬁFl{ece can. be

e

can  BeafQldleR 8IAHEPe (o Er GAISBIEG PoHo r BRI b IRt from the
mlceré'QtuﬂéWvngﬁ t hbﬁhhagd{a'rgmcﬂ/ Bt Ié%s@“asif?r%?ggwﬁ)tnA%P%e material

rate of an one [iter r m nut e
by aplpatrathsmical-senbadaate mllshlwotamelr asrpeulngof nohematerual by

i ncl udes a su nmenber, con
clechBBRLIIRTy O5aiarou % Br SRR B Hh K5 eBoliaThihg fidt portion by
elecB8bbidHiRg! %é'&l&&eeﬁlrb%orﬁ?%c@%@ﬂ@e ebiRedd 808 FaRr 6f from about
positioned to conduct electrical current to a

30 rmtpcﬁtv;mt@{)@ ot kepickibe pelishinghlis b crpibecdispesashat thedate of less
ort menber, with at | east one of the
thane% % {BFE)B 'élljtﬁ’g spaced apart fromthe workpiece when

wor k d by th t nb .
ST P TN TG S e -
mcl&;‘e%‘% %Gﬂﬁo@?ﬁeﬂwﬁﬁr SYRRAITE 1B TRRasubi ety a |rﬁ:@§6fe§ﬁu@e orkpiece

he polishing nmedi um and the support nerber being
at arrpoh&j‘lleg rigdsitidrve Firgd ahe srdoad, efemropem@neu pgsnh@deahntp conduct
ast, one

cleciifal FrBRnkT o Miskevl e Wl Pileny Rl uf arokREERdn gprried by the

SUPPUIE MBBES Wils af 628 aste %ﬂ"[fﬁ@@ectfcﬂﬁsnlemgvﬁfaﬂ:eﬂh@part from the
support nmenber and spaced apart fromthe polishing

workpiggeaydaro thelweikpigsei shcagiad §yi the ﬁum@rtrr@@e@@rt oA polishing
medfd?ﬁ o 8. 9 Bl YW?%%E%&}%‘P lobéh% %&rcﬂfés éﬁtﬂ ‘? @Uﬁportt IH%mber with at

recess ace er parti C

leasObné d thﬁ\wmshmg mebiint %ﬂsmecwpmumanbem hsmnglmmable relative
gen erallé nornmpl to the polishing.surface of fr

o thgbcgmar o F'gepalishinggpgdium agA paling, s4kace wghfqﬁ@zh%rone recess
posifididd fd%é’éel\ﬁé‘fg%fgﬁ iJl&’mﬁ*éoﬁétastong‘rE@e@ﬂé'é atre®Bs surface

n yet anot arti r enbodi nent € recess
facinguidveaod thacéuquemt mambéraam shatbd apiart fremstheopelishing surface to

allowy Bagér{ﬁgﬁgu@n F}%ptre gésl 0 +orﬁ1 gl'&;rafp fe%%etﬁeuppo\ivaﬁmg position and

the recess surface.

[0011] In further particular aspects of the invention, the recess can have a
dimension generally normal to the polishing surface of from about 0.5 mm to about
10 mm, and in still a further particular embodiment, from about 2 mm to about 4 mm.
In yet another particular embodiment, the recess surface includes a surface of the at
least one electrode, and the polishing surface faces upwardly toward the support

member.



menber. 0 -3 [0012] As used herein, the terns
"m crof eature workpi ece” or "workpiece" refer to
substrates on and/or in which mcroel ectronic devices
are integrally forned. Typical mcrodevices include
m croel ectronic circuits or conponents, thin-film
[0012cor dhagiskddtreind diba tariny agte:r@ﬂeetm"atvsorkme@eéblr Uwdikpiece" refer

o SRR g S R S ok AR GNRR o early ormea.

Typ&‘;@f | Ridrb@dvicde CiRbRBlet MekratlISctiEit | gifduise brusbRpomeats, thin-film
of the sanme technology that is used in the

recoﬂ'dlm keadordate dtaraggr elesterysr oudroduidichdeyigbs:t aad efzth@ranroducts

i G L S5 oo, SRR S 1 cerion
becdsedthey Ar@l inBHEf IR u?snsgﬂﬂﬁsd}ﬁbwae 95meaBIMESIbYE that is used in

i eces. In sone cases, the workpieces are generally
the tahuisation s lntﬁgmtﬁfércw@u%%s Tthﬁeswhﬁtuqéﬁs%@aa Heateminongictive pieces
(e.g eg;g:g%? rr%'ﬁ g{%?é}gsqr egﬁ'sﬁ |ﬁl§(|;lﬁg ‘?S) rﬁgﬁgé%ucﬂve pieces (e.g.,

varieoa eenamh|cf§Lm$trﬁtey)crfre@dndmtlwrﬁ(@¢@;em \sSbme cases the workpieces
el ectrochem cal - mechani cal poli shing ECVP)
are geReA|IYhEHNKE 16, 'nA)tB%rr %%??SSWIGI W‘é@fﬂ%%ﬂ@@e@@@bﬁ'ﬁa%ﬁ including

rectﬂ;‘f&él . o%g%éég%r /e %Q% s, angﬁ{éﬁg tspﬁte'n’@’%'ﬂb' e lFt?rVF?emO\.rmg

I fvent 1 on
matgnia cfrooe inivrdfaature seweipidcast vicheleldtaibesniosl- mbehamcal pohshlng

RTS8 DS 05 S i Rrtna

how8W0 iR Mhe ci’r’iverﬁ‘i@m %W%d%ntadd'ltﬂﬁiﬁaér%bbﬁﬁ‘ﬁeﬁtge and that the
enbodi ment descri bed may include a particul ar

invehéen unay lsermrat:tn@l vathatliasenstral icftthe, dptailseokite embodiments
o sarll i nclude the particular
desq Bap SR o BR3P FaRa e ot i o “toreover, such
ases _do not nec ssar|I refer to sa | .
ng?rbodl ﬁ(e”qﬁ?rtlﬁ‘ereh%ﬁP% E{C%téﬂ"tlifb P”efé“é?'a?@me”t or -an
emb%Ban'éﬁturlﬁdic%Ee GtHQf 3R eéﬂn%hﬂﬁnéﬁyd%cr?@eﬁfrrh&?%blﬂde a particular
connection wth a particular enbodi ment, such
featdreatiinueiurst rmctfumractemstlch@luao&\@ry sembodmenil Enaybeot necessarily
. included i n t her enbodi ne whet he not
'”C'Ué’ﬁp‘ihﬁcﬁ’?”‘§“’a‘é3%?ﬁuﬁ%dsr¥0lf‘86'”f4]°ré?ﬁo%ﬁ?§%ﬁ{'% dforERyer, such phrases
do ndivABEeRArifARefen CloU i fphalréafbodMidiNgs FirthePr QERIESESparticular
enbodi ed wi't hi n nmachi ne- execut abl e i nstructions

| featqjeoet_ru@t@rQ;yorachﬁaﬁﬁeﬁ_gth ﬂ’@d@@d@Sﬁﬁl@ﬁE@m c;a‘nne_ectlon with a particular
embggﬁpérﬂ,e'shgﬁldgbfle&ﬂg,dEHUHUP&,' Hp%ﬁa%eﬁﬁféhegh Se%y}?é included in

other embodiments, whether or not explicitly described.

[0014] Embodiments of the invention can include features, methods or
processes embodied within machine-executable instructions provided by a machine-
readable medium. A machine-readable medium includes any mechanism that
provides (i.e., stores and/or transmits) information in a form accessible by a machine
(e.g., a computer, a network device, a personal digital assistant, manufacturing tool,
or any device with a set of one or more processors). In an exemplary embodiment,
a machine-readable medium includes volatile and/or non-volatile media (e.g., read

only memory (ROM); random access memory (RAM); magnetic disk storage media,

“4- o



provides (i.e., stores and/or transmts) information
in a formaccessible by a machine (e.g., a conputer,
a network device, a personal digital assistant,
manufacturing tool, or any device with a set of one
or nore processors). In an exenplary enbodinent, a
optica cdipreger oumibdnl Haste diemonndevides; ebd. at &3 avalhds ozlectrical, optical,

acoqﬁgﬁégol a&}%?gmem a ép?gﬁwre d@]ﬁg?] gﬁ?fg% é‘?&?ﬁg frared signals,

digitBBslgAals, ett:). 0 optical storage nedia; flash nenory
devices; etc.), as well as electrical, optical,

t I , :
[001%i°useﬂrn§%|\l}§;e>%knrﬂbéér gﬁdﬁg@ﬁg% %‘?é‘g%%gldttoac?eﬂfé% 3 gl(eglfagai or special
purpetke. prode@645]| pMaramnesce xeitiut thel endtnstionst tonsedoren usethods or

to cause a neral .or specj.al ur.ppse. pr ocessor
ProceRERs ARrAPONAES MU REINQATEBIS Of {Be VPRI retHBmatively, the
metf®ds BARIRS BEFolrRe @ UHOE SIS h%dﬁar%"@&ﬁbﬂﬁ@ﬁt% WwhichP&ntain hard-

invention. Alternatively, the nethods can
wiregéodio foreubriprming id opeﬂaaodamrdmanponmbtrsatml affprogrammed data
erformn

procSe hi o o s S e P BB BB samsBedmgnts of the

inveMi®t aa6ILAE SEPHReRaapboeBsiphl hardWrBWal®a processing system-
conponents. Enbodi nents of the invention include

imple@eniesd @etithisa apdoeeioys mjosrasinpeeradans, fyribeedsperged herein.
system inpl enented nethods, and vari ous processing
[0016ber atA onsybdrwft fippred edomi blmtkrtﬁa@riams of 8pdfémsAand rEpparatuses

for AR parauPak P bied BaPsinaey cuI Foracdinggts of the

invehtibrACCAr HaptRr bt RigarRodheRNERwoididdi8ms MURRELAG- oferations for
nunber of figures show flow diagrams illustrating

efectbcp@mmcah@ecbamccl planaogaken. c dihenergratipeslof the flow diagrams will

ve ot AR Lreies TR eRE Rhobffy N Bl BidEhs. However,

it shehlavpe iumdehgtobd Akt tHeaopardionsadensiad in thesllowl diaBrams can be
under stood that the operations identified in the tlow

perfymagt Byvnsyelgmpand p@?ﬁ%ﬁ%@s wther, frasnhosgadiapysaest wibgeference
to th%t IQI%Ek gd??%%awsﬁwcp cﬁ% %2§t%%%’“aha %ﬁ%ﬁ’éﬁﬁ%@ JrP E%rm operations

a para an
dlffemrt tramthoserdasicobsd \Adﬂhfrfe&rente ttd dre ﬂdmsmgfaetsr.l bed
with reference to the flow diagrams. [0017] Figure 1

[0017F a Fuh@e®t isCa kbhéphfigliliugtratibn df S ?@@émlﬂ)@ fopremoving material
renoving material by ECMP in accordance wth an

by EefMddin aeprrdance math ay embasimenkef Higstwantion dae system 100 can
mcluBQ éflﬂ:ga?rl& Sl e‘?r%ﬂ{aoo% Pr?é Eé'lpq%tc&ﬁgﬂ%d Jf&q'ﬂ% a microfeature

configured to m Crofeat ur e iece
workb@cenm@ savifgce slifackhatl7itat dsbe pel psli‘&@dobr planarized at a

polisﬁllngnﬁghé%qgatThae support member 118 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 o 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
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pol i shing plane 119. The support nenber 118 can rotate
about an axis 122. In one enbodinment, a rotation
speed of the support nenber 118 hol ding the
m crof eature workpi ece 116 during polishing ranges
fromapproximately 10 rotations per mnute (rpm to
an eddortrical Pademtiaisolireef U08.hbr oparspeci arthisrbobodierrs, thersource 106

incl@g)@ggﬁ tﬁgg}e ﬁb %,%’?eé}t rs?gfyg(tﬁée chﬁﬁgqrrﬁ&r?oﬁc&%ﬁtgi %,(/?\Véﬂplélgew rrent to the
elecﬂr%e§5\ﬁ obeTROHUHPRANPH A FBlifudAdAingriiBROKL séﬁﬁ%ﬁf variation,

The platen 104 can support a pl urallty of
supeﬂrepowﬂér@quelcleea@h dibet nepeaiingl echoodepesiing @@étemm Further

cin ward t rkpj e 16. The el egtrode
embpdithidss fito pidyidife P Blstifeed dindtcafe SRRfeE i Bending U.S.
AppFHiohe NEO®obs1 | ?‘7'9 fﬂé@eﬁu?tﬁt 3t soeohasl Y oﬁé@ herein in its

source 106 includes an ternati n?&current sou

entirebnlpy srfeeanceo laanwefithase empasiments. same of Mﬂl@eelectrodes 112 can

be c@kﬁfetg{ f%dﬁl’?e i)%ge \Rf ﬂ‘g‘? %H@l{g@%ﬂi‘q§2€t Q%ﬁﬁ p&?tah‘gé@ %gg%ther electrodes

112 fa@quenco8sed b SidtAer pRREalf ithg wurﬁemcreemelahnamer potential) to
patterns. Further enbodinments for providi nt%
provaee@tqurf,%nt raib rteat paswesifron é’ﬁ@oe'Pﬁtr‘B%dﬂRg Lp@h the workpiece

o R0 0y, L P %Mgaqag er 3008 il

I NCor pora In erence

oord) N LERe SRR R ok L Eod"%t coit
bothfddies optHeeodi r@é)1 0BNSreiiRedeA At frofehe rﬂaibzof@amr@emorkpuece 116.

coupl ed to anot her pole of the source 106 (at anot her
In andhenemioylingent, prear deorg aelredes pa2 kovpled tpaangeaf hegqples can

be iPAk l (Eﬂﬁtﬁl Bi‘fageﬁuFet\?lo é(cR-:l?"F@ FH‘ x591pie, one or more
?ﬁer e% ‘[i in a M&érg)rer descri b n

ano ectro

of thgr@attemd@beu [V |cahd:i@plac[960r1 Arebhcantpat with Ldoad uctive material at the
nmbodi nent shown .i n FI% 1, electrodes 112 coupl ed
ou

surfac 146101 61 werigriees d 150 12 SnpeerapuaBgvEnt a%ertOffmefﬁ of the
elecltrﬁgeén‘lqua??&é'ﬁt%cf"@rﬁ%ke AP 11914t tﬁ@%mglegg 1t106'ownléh internal

nment, one or nore electrodes 112 cou
circuitfy théheolekpeas 11b@ pravidingeatcarwhictive lwktlo thee opposite surface
m cr of eat ure wor kpi ece 116. For exanple, one or nore
117.0f the el ectrodes 112 can be pl aced in direct cont act
with conductive material at the surface 117  of

[002Qb kpl-@@b Piien 104 5ABt#HEP HMPARGEnealish '%@%IU%Ff@tomciudes a
poilsi’uﬁ'g; {?\gr kIOI4r O‘ﬁ%l%& pﬁ@nfﬁlctc n*?é\ﬁgeséJFfLﬁ‘E@y]cﬂ]ng&lfsh:ng pad

ece "hternal @ GIFCait
portigos kplldaceeabhﬁopmwrdlmgom@@rfmmta \m)llbhlmlg pad trhaterial. Suitable

polisgﬁ'g;galﬁélergg%%{asg%ﬁ@v%%% ?{%c%al:\[hgﬁl Irgégcgf égger?l%nA%lzona 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 positioned to contact the workpiece 116. In a further aspect of
these embodiments, the polishing surfaces 130 are positioned in a different plane
than the electrode surfaces 140. For example, when the platen 104 is positioned

beneath the support member 118, the polishing surfaces 130 are above the
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pol i shing pad 114. The polishing pad 114 can include a

plurality of polishing pad portions 114a, each of

which is fornmed froma polishing pad naterial .

Suitable polishing pad materials are avail able from

Rodel , Inc. of Phoenix, Arizona. In an enbodi nment
elecisbdasuifaces ddbe I the pesmohss:tﬁlthg phetein pildt aodhdhd sdppart enember

115 B3 bbSRE 1 Pea TARREE' T Erho s BRI Sectrode
surfééé% ﬁ’@d)' S BEh&REnRRirhens thd ARfrareht A08ARMseH tife %ﬁ@hmg pad

In any of these enbodi nents, each polishing
surfap:mt ﬁ»ﬁﬂtamxh the 4electiode rmlrfmteSanbolefmu abarngls avera@gses 150
ed.to tact the workpiece 116. In a further
bet""%?ﬁél?t@ﬂ?o”r}%@@ﬂ %c; REHDS kltpmé‘ pol i shing surfaces
are positioned in a different plane_ than t .
028} et rlewesaw%ég theg AranRgenesHng) Qi hEl R, F%tpéwshmg pad

114 1 'ﬁ’a\Ré)Sétl ﬁgg@ﬁrga{égetmp%k BEYRe" mibjf@pue&@eﬁs to

pol 1 shi ng sur aces ove the -6- 0 electrode
accommbdamrelamfe inbvémenp betweamtheopolidhing pad el 41@741:1 thedworkpiece
| shi

116 5. 2000 oaMEPe e henbdiSlib i athd 1 Eab hpigmalr than the
Workﬁlércfe” €5 2D cah rBidrfiefoverhngi e Rbieckhe14l 'Jufrlﬂ@emfater|al removal

ocations of the polishing pad surfaces 130 and the
processsst r ddethenrdreargenards doff polishitg pads sargt ada@ﬁ&le(ﬂwes are

d.sc|?%cﬁe” ”%‘Hﬁ:e?P§ %Pg#ﬂlcf’rﬂl\l“ogr@g%@ﬁzht Rl W#g‘ﬂﬁt 29, 2002 and

incorpogated hbreihng |tl@@rit|$éty|b§r eéstendd 4 can have a | ateral
extent greater than that of the workpiece 116 to

[oozﬁggom%g&%térﬁgeag HOSUBR e Vr\ﬁ@t%ﬁbh@erpgééé‘fhquot shown)

piece 116. In another enbodi hent
that Bt@rpﬁghr@tmgatp@dth@]pdammQfeabmﬂ areaxishtiz, tlrm@ddltlon to, or in lieu

o LR AR AR, Bl 8 B8 1t aner
the SPHBRGABRHES 10f3 PoVideRi fag rélathe ?rﬂﬂ/e@ﬁ’érﬁmﬁve@h g8} ted®srkpiece

are disclosed in pending U S. plication
116 aml g3che Apectradeasd! gn@ﬁh@gollﬁmpaﬁéuﬁﬁﬁ%ﬂé@r at ed

herein in its entirety by reference. [0022] The pl aten
[0023]2)4 cgnnebeysieupﬂéﬁ ¢an ancloderg dondeit %Jsecrbﬂiguredotp dispense a

pors g 12pe o5, KOt b R Al Mo becomes

mter;ﬁ@slé‘ﬂb’&wb@ﬁ P PSS IIshiRTRR I fabE8. 180Cahdi B Ysurfadealti1gm of the
of the platen 104 and/or the su&port menber 118

mscrcpfeewreleworlmlemal Ht6 vieomowdiient mpe@rigdeis t@)be nigmoved.  In one

emb%‘@h@gﬁ ﬁ*u& %%ﬁ%ﬁﬁ]?%%%lwﬁ% ’[hgI ﬁoq shﬁl%eﬁqt}]&% @nﬁoﬁpﬁnderneath the

polishing pad 114 to the polishing surfaces 120 through openings in the polishing

pad portions 114a, described in more detail below with reference to Figure 3.

[0024] In one embodiment, the polishing liquid 160 includes
tetramethylammonium hydroxide (TMAH). The polishing liquid 160 can also include
a suspension of abrasive particles (or abrasive particles can be fixedly disposed in
the polishing pad 114). In other embodiments, the polishing liquid 160 can include
other constituents. In any of these embodiments, the constituents of the polishing

liquid 160 can (a) provide an electrolytic conduction path between the electrodes



[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 becones

i nt er posed between the polishing surfaces 130 and the

surface 117 of the mcrofeature workpiece 116 from
112varicctinermmiodpicesde 1 85,t(b) beemérally gdmolva ma@naéfrbud‘iheemrkptece 118,

duit 1 t h | d. 160, f
andlidel Ma G IVibTafs AU g s aubieria T e WokPieRe Foif®
surfaces 120 through openings in the polishing f|o
0023y t | ohiguta 24s amﬁa Iweehamatipillastgrtion of %apaww tthe system 100

des{: & el ﬁntﬁ' %ﬂfgpd% t? éhré N 098 MRV natbhS from the

ishing liq t 6t Fanet Ayl amroni um

m |c1fmyeht0m d@erTMlé-l)l 16T ecp@ﬂdlaahe vgtH anjentbddideatof tiesiavention. As
a_suspensi on brasi ve partijcles

ShO‘HBr'HsF'QErepgr @?eh@%ﬁ?aé%f@%&pg 'QBB‘%‘%’HA .p%f)smﬂg pad portions
1148;&%%@ cRRePELHEHAL bbgeqéﬁegpﬁ'ﬂg%ﬁ'n@ﬁgh%wéﬂgﬂ 52 extending away

Ing lrquid 160 can In er constituents.
from thaalvgseoﬂSi hasardeieadbntpisice, 1 tthelnocones aspes mf shisfentiadiment, the

BT B A B P e Y S 83 85 g pac
porthh@ PRIK %‘n@%eﬂa@e {B) cEh e ophbY HyeifeVEetPd®s baladd 94D facing
t he wor kpi ece 116, and/ or (c) physically abrade

towatddhe warkpisee ridBerlnaither @mbpdénamskmee%t@‘fe_@@ of[wbsqhannel 150

can E)'O(—:r'qb"qgrgrﬁez%:bytﬁtg &iﬂug%r%agcpfg@%r%% tﬁ% @zgr‘n%tl se 4151 can be

formieef By enaRint Qickdditic eaylr @@s;li@nécﬁmléﬂi’eh@@@(ﬁtrc&:lesf nom t ke another
m crof eat ure workpi ece 116 in accordance wt

rmbBHDAN RS CHRNCADRSH 361 1 DAdo aRb A 3 AP IuaTotpolishing pad
mat&ﬁéﬁ*fh&ﬁé&&@ﬁiﬁ%é&r %t%ﬁdﬂgégﬁ O&d 780 Bg Wé%ﬁ@gﬁggrmg polishing

I 'ons annel
padqj’tﬂrndm 14ddevinl hsy 1B 2hexd emibartiments, eefo‘ronmadnmlkfst'ﬂbcan have a

widt Woheeen, NORBDoUNGSRlFNE wias BaRioRs T BB By Abeteen the

I | i shing pad
poh%@?gﬁa%ﬁgﬁﬁ%1%9nag+8{r11%°<g§a£@fel1%?&egghbe formed by the

[002%12Ct r\ﬁﬂw%nstgréfpgaﬁ’rggééqiquﬁﬂé]@h (Qd Bﬁﬁc}éﬂ{ f&nt'ﬁ%%orkplece 116,

In oth aces o]

it fomanﬂerlﬂﬂ pesitiored betwaath the wblfk@recsat surtdoer €67 ahorthe polishing
npl e, the _channel base 151 ca [

pad (rgioees; 139" e s ¥ logisd. eyends H@toe{f%gﬁgaﬁési‘@h'to” provide

ey 1.
elec#rf&a?'&%"rﬂ'ﬁﬁmcﬁﬁa?q:iégﬁgénot?‘.@poiéwg oA €e n‘glt]?e%?’g ﬁﬁt%hglectrodes
112 exb ends agyant ctfhhlsedambbdhmi@ﬁtsmé tyes 18400bpohsddrg liquid 160 does

ot JF A G Bohe S50 0l L b8 s i o Bl workece
surface 117 and the channel base 151. In one aspect of this embodiment, the gap
153 can expose the workpiece surface 117 facing directly toward the channel base
151. In another aspect of this embodiment, the polishing liquid 160 can adhere to
the workpiece surface 117, as indicated in dashed lines in Figure 2. In either of
these embodiments, the gap 153 can at least reduce (and in at least one

embodiment, prevent) material from being removed from the workpiece 116 by direct

electropolishing.



wi dt h W bet ween nei ghboring polishing pad portions
114a a depth D between the polishing pad surface 130
and the channel base 151. [0026] Wen the polishing
liquid 160 is disposed adjacent to the workpiece 116,
it forms a layer 161 positioned between the workpiece
[OOﬂl]r f aciafetrial andtilt rempedd §brmthe waokmexré ate by1BOMPTheoximate to
1 al so exteq@g i nto,the, chan

5
the 5EaReR BCBHERR ne dIOIEBIARE AT GBS ol e 80r W Vorkpiece surface
117""9—‘(tktﬁlseiﬁf‘erﬁalﬁe "ftg@ntgiéﬁcémgetrgﬁt(ﬁ)eﬁcﬁérﬂ%é Wéfﬂtgrecbrbd?ﬁi%e 117 by

aspect 3 I ment l ayer ol i shing
(a) eélequicdl ir66rasttion witho tcufrielnit ptassedrﬂ'lrw@tcmmmmsoe 116 from the

f h
cleckfiis 342 iy FER I s ol b bam gt nFachng Suyegmigals in the
pohéh"t'lg? iI§MBOBOTEANG (d)NRe8RhicAPBtsrabti @ RMBEthENSoIMBIEPb &8 Surfaces

surtface 117 faci ng directly toward the channel base
130.151. In another aspect of this enbodi nent, the
polishing liquid 160 can adhere to the morkpiece
[002§§pr f ackspeltls ohshe systeat 440 iamddids bpdrdtiomesan prdfmgtar theXormation
In eit

of theoadh e IRReTDEAEHent FPbASOTBHe eI FRAY (hE channel 150 in
whlcagtﬁéaﬁép!?@‘i@%rﬁteof EspBeding f@ﬁRﬂfﬁgteft'h@rberhﬁtlon of the gap 153.

direct electropolishing. -
In a[p@n@ti?cz]lan\mmeodmmemts thet diepthr Brmwedarfgenfmtrhebwir@(ﬁu reoeto about 10

116 ECVP, ..pro te.to he i nterf bet
mm o1 7 ey i CUF PREsEhSe dh bR Bt SR Talefdrom apout
2 mlt abbutt birim. NTrEEf@emneBEerdad akanhde: éamwotvfdfqmout 0.375
the wor kpi ece surface 117 by (a) electrical

inchj nireyal furthervemhodimeniay tttﬁasigeﬂv thesdgthet wislthofkpare dave other
Valu%%)d%@rm '&‘!J.ju for %%tgl 3 ﬂ’\JeZ ér%cté}%tllsls%‘f' tﬂ{ehﬁéﬂ%rmrﬂﬂquud 160

chem ca

(e.g.pak Ivﬁishblo@@y)l laqurott tﬂé@ateazbfotetaﬁvermoh@mleaabetwﬁe&fmetwompuece 116
with the polishing pad surfaces 130. [0028] AtE ?(
and ge tPIEPBS@SJQtF@ﬁ 1dd drer ?t@“@'&eﬁ&t@'@ﬁuw BPRYRt et Werkpiece 116

can égagn%:t%cfa étg ﬁ&gpatfo'il? @e@mﬁggﬁ l?g%y(fwrﬁ%rr mare particularly,

frommmaﬂ) r;:smftorabm:t @480 rpen,sarek cstillanpreopattieutanly, at about 100 rpm.
tlono t he p, 153. artlcular enb.d'rren. )
RotafiRl Thep e Bleatn e e Ree 1506 T dhEruaents Teuid 160
raptdethtc'ihg?t ftHétBr%mtaéle\ﬁé 8Shpiga Morcd, hﬁh&@@t hprlamot.ng the
an have a value of fromabout 2 nmto about
formah@nohthmgapswﬁfican al so have a width W of about O 375

inch. In yet further enbodi nents, the depth D and the
[0029] dt h TWec exrte haittewbiidhethe polishing liquid 160 is disposed at the interface

between the polishing pad 114 and the microfeature workpiece 116 can also be
used to control the formation of the gaps 153 in the polishing liquid 160. For
example, the rate with which the polishing liquid 160 is dispensed can be kept below
a threshold value to reduce the likelihood for completely filling the channels 150,
which would eliminate the gaps 153. I|n a particular embodiment, the polishing liguid
160 is dispensed at a rate of less than one liter per‘minute, for example, when the
workpiece 116 has a diameter of from about 200 mm to 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.



val ues, depending, for exanple, on the characteristics
of the polishing liquid 160 (e.g., its viscosity),
and/or the rate of relative novenent between the
wor kpi ece 116 and the polishing pad 114. For exanpl e,
as di scussed above, the workpiece 116 can be rotated
[003)] a rhBigeref3 fis oan tf@apoplanl ievproft an abmbodBoentr pfntbe system 100

desdified Biave SiH InelbnepqstMereapiad 19 and NS IATRDIE68 -+ Briemoved for

t cr t 1
purf B8 T T R R ST Bl o5

(geresally simimeno thé un@ahneksrt@ debeniledsy apomﬁoamdwgeccbm or intersecting

f ' f th 15
chagfRlS L PR taneRe ey GeSiracintonod ek Fhagiels ssoa
The biceRaNchdithdl® 35081 fsh Pastelddif@Rtly tdigribies fHeepblidteng liquid 160
wor kpi ece 116 can also be wused to control the

(Figdirer Maeverrthefpalisbingaprd 134. iThe pecql chavingls Bﬁabmnladeo provide

mors den§EGPY pinchdfiz sR St icpDab p-SSe P Rebartl et hftigfece 116

and tther slistind bad! 11<43| !ohpﬂ:dnb’@f 1D fgrneAtRIny of Itlhé igagpst 83 described
channel s 150, which would elimnate the ps 153. In

aboye withtreiaipaee dedbd@iiteeht In oRE FseIecs AT HyS & djmemsoat lgast some
of t@ogggﬁﬁgpgﬁné‘! g%é(f%gén' l?es?h tﬂ'ﬂ?d“ c%gn%ﬁléﬁﬁorP%hnﬂthﬁu&ﬁ}dun 120

i ece di ane
(F!glﬁrEOﬂf) &b quidvide0a rpath myahmm ﬂ@pn‘n&hm@ liguiter 60 is dellvered to the

polispitaPaH el eanhate & @trso&'ﬁ@gﬁ?éﬂShgﬁlje%%nbiwdehsﬁl%%é%@b £83 have a
deptho(trfaﬁ%%d’se% tHe b F ig%éﬁS%é %Ig{él dé@ Q’rbﬁi’ér%an or less

nment of the sy descri above, wt
thantthe c@pﬁpﬁ)rmftherdblanne:ts&ﬁhd:lgthu@ or kpi ece 116 renoved
for purposes of illustration. The polishing pad 114

[003tthcl udasordd BspecthanaslemBSdienertgstavmald Figirgi3d, ghetfirst channels
the channel s 150 descri bed above) and se?ond or

3509 gpdribectacegd ehiest $5 @Bc%etmnt%%paﬁ%ﬁ 4 tasvidinggr.yorthogonal
axesgﬁ?rf]‘ﬁ@l@,sﬂé%%% Nth th"e?ten’{‘l{)lﬁwgzht} ?ﬁ@@ and&§ 3388HY 3500 can

nore uni stri uteth
havepotheshorientatiang. d Fbé @xa(iflguttes ﬂbst (meannelsei*»@m icahi exdend radially

ad 114. The second ch nels 3 b can S ovi de
frompyt (ORI e whresh LK BTG Sp 0 0P e sarranged

condRAtRAD sbbet My kieee 116 and t he polishing pad 114,
to prohote the formation of the gaps 153 descri bed

0038502° PR 1165 Lol i, "BLASRESK76 fr emoving
mats3E0Bratara bdciofiedtlrs evotlopieuaiic etdcondamdehwithearc enthdadiment of the
invenltlzo%. 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

-10-©°



(Figure 1) to provide a path by which the polishing

liquid 160 is delivered to the polishing pad 114 and

the el ectrodes 112. The second channel s 350b can have

a depth (transverse to the plane of Figure 3) that is

the same as, greater than, or less than the depth D
microfeathee whgkpiets teSemdMegmaderdy|. fréraOBiE] ml'motmaeuraswedtpiece while

of. a nmbodi nent sho n e first chann
the SuRReaitie WETGucen do i Pt siGes ¢ If @iSCSsY Sortion 476,
at |cRAf 3l ﬂ)(ﬂJtlohQ)frtﬁétrjdlleﬁiﬁgrllqu% 1976188 lthrodgBsatfed&dont recess in the
respectively. In other enbodi nents, thé channels 350a
polishing 380tAceasc el ea agdrerin oihiee pokighiogsliquibris elesaiside petween  the

e Ber R SR # SORaE DA R o icrteanre

Wor@ié@@ged concentrically about the center. [0032]

igure 4 is a flow diagramillustrating a process 470

[003f32r r eRYi fe%tur@abﬁ thél arf‘ rﬁeﬁf‘s%?@cﬁ"@‘e‘dr ¥k K/WI'?QSference to
i N accordance with an e rrent 0 I nvention.

Figupesodeésss ﬁmttthemmubutimeofrﬁueoif elzctropohanihg ite dlae |oyerall removal

C ted wt | i shi ur f.ace of oljishin
rate {ROPGRAED o IS ySBeRs Lo TR Re Sy P ER T Ebove) can be
redudBBKRI @6fpasisbReRd Rhachfoim ef Qﬁéfén@ﬂ'reﬁ%‘i&‘dnbﬁaéleétfbchemical-
with a first electrode and a second el ectrode, wt

mechenicehpelistrieg.ofAn Rdvaitage ddbis areanaprepalcisdhapthe refsudimg finish

of S RuBESL AN 17" KB) B8 SRATEEL AL L VY Bl e 1

parttbuﬁkdl dirémte\l@ﬁfb;idﬁghm@dafﬁhﬂe%mtsw mhagfev@ndrebi®sal of metal ions from
m cr of eat ure wor kpi ece (process portiaon 473) and
the watkniRpeal 16.o 3% r@ﬁwﬂraﬁ theheelptive gt of mﬁk@('@bf@"&@\’%ﬁwéy direct
I f t e
clech8FolRAid, IRt 36 bel Rtk for o8, qorGf* B quality of
the ewrkgate i $16 afedtichmoatghial memh/ebtplr@mm agad beelmproved when
crof eat ure wor kpi Z:ce to renove teri.a

1p o
ComFﬁ%Un%t oPHgtNg é)r%%@&sec %rﬁ’faé“m?héh‘?n %@rgmff t@e workpiece
surfay m €S8R b@ﬂ&:?éas%ot h&n péa\ﬂaﬁmdégoiswé Pé‘a%urel 2 tﬂépéﬁ’t?émely small

portion 476, at least a portion of the polishing
strudtiingsi chri e frlcnrweelhamv augracawatebsfbrmad onewdp $h¢ workmiece surface
the

pal.i hin sur ace
117, K6 AP RSchE B anhe B of BieshoaRisdm RaPRhys dewned from
the mpfécguw@ace of the recess facing toward the

m crof eature workpiece. [0033] One feature of the

o034 20 S3ERT (%, A5EGEIREA PRSPl fagbopalEpelfc emboiments o
the zlewmtomdfmlei Is¢en deserilidneherear &dripureosrsadf iliustration, 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 exampie, on the characteristics of the workpiece 116 being

processed. Accordingly, the invention is not limited except as the appended claims.

-11-°



rate of material fromthe workpiece 116 (as defined by
Equati on 1 above) can be reduced in conparison to the
anmount of material renoved by el ectrochem cal -
mechani cal polishing. An advantage of this arrangenent
Is that the resulting finish of the workpiece surface
117 may be snoot her than iGLAMWMMS d ot herwi se be. In
particul ar, direct electropolishing can result in an
uneven renoval of netal ions from the workpiece 116.
UVVB¥ redu0|ng the relative amount of material renoved by
el ectropolishing, this effect can be reduced
or ellninated Accordingly, the quality of the
wor kpi ece 116 after the material renoval process can
be1| npr dv exethidn forc sepavieg whateriakifsernng pnictafeaisse workpiece,
exanpl e, the planarity of the workpiece surface
Cmﬂff?”@an be increased. An advantage of this feature is
t hagnigsting e hicror@dtlire Sidrkisiboé aFitF anpdIRhIRY eurfate &l polishing
and accurately fornmed on or in the workpi ece surface
117 whmsidliumpr oves the quality and reliability of
fro . .

[ B R PRRBARENES i BREe (i Fleckitty bRl aRasd i a first
SpeCIfléb@ﬂbddlﬂmmtass@bondhaebnu@@tﬁuﬂfhayenbesﬁbond electrodes
descri bed herein for purposes of illustration, but
that vaPfiBgsPassdiarass ‘i’@ﬁ@eﬁ’ﬁv@f@a“"ﬁ%é"%@'ﬁﬁ%’t

d f
Fggfsgf)gglﬂ afog%ﬁé?ﬁn ?h(i hid 28R P&h gBrﬁuggn‘éﬁ bb@Nand  the

ace es suc
in Fi gumcrﬁferﬁure Wwerkpaeqe,ed to the same pole of the

el ectric otenti source. 106. The el ectrodes n
P LT ek S8 6ROt uhe JrIcETe St e BRECE A T peidiing surface
shown i poifth@oaRestRtd 3 depending, for exanple, on

the characteristics of the workpiece 116 bein ]
pr passing delestrcal deurgny, tmnopeghnmtelentm@emoan i #Aet guicrofeature

except as the appended cl CL

A et ol RO TP TG eI BlS ik GrluR Phrkdbiece whit
wor kpi eg®, mict6feBEre WetkpReatariiadly tive ﬁbﬁgmﬁgahbﬂé@e

wor kpi ece with a polishing surface of pol 1 shin

nediReaing i lesishg RATEomioE thyt pakishieg \kgwglﬁhg@@h At ieagt one recess in
el ect 11 il p SR LGP, Wdth Badiyf Ble p8fid 4661938 borhed and

second e TSt an econd ect
bei ng slpaatedl apfrdst fpzotiaityhin thec raxfezat andc bebwken doe;microfeature
workpiece and a surface of the recess facing toward the microfeature
workpiece; and
controlling formation of the gap in the polishing liquid to achieve a desired

electropolishing rate.

2. The method of claim 1 wherein moving at least one of the microfeature
workpiece and the polishing surface relative to the other includes rotating the

microfeature workpiece.

3. The method of claim 1 wherein removing material from the
microfeature workpiece includes (a) removing at least a first portion of the material
by electrochemical-mechanical polishing and (b} removing no material by direct

42- © o



di sposing a polishing Iiquid between the polishing
surface and the mcrofeature workpiece; noving at
| east one of the mcrofeature workpiece and the
pol i shing surface relative to the other; passing
el ectrical current through the el ectrodes and the
electropoliditad Wrerervdiikgpisesecdral perntivre et Brainathef fimipdrion by direct
m cr of eat ure workpi ece while the mcrofeature
elecligpr¥RE contacts the polishing surface; passing at
| east a portion of the polishing Iiquid through at
| east one recess in the polishing surface so that a
gap. i n The methioshbhgldimquivhereirf threvedrfacal of Itbe atedsainciudes a
| east partially in the reces nd between t

surfage: phieaelileast RorKyeeldamy PRI Ab st @sRortion of the
pollgcl"@% T rl . gghhﬁemr&fe% eRcHRs PASLiR: eﬁcﬂrsfwﬁﬁﬂ liquid through the

rmation of the gap in t € po i ng
recelst quitidthieogag hn dve palistisg ligdid kéiagtiocateti tmrtwagnrﬂaees.ur@ce of the
' ' ast o

The nethod of claim1 wherein novin e.of
at lepEons Elatiege Ans @ msrbe St dhantciieityl worfficeS fitdk toward the
surf&& éﬂh\é%ttlé’aéthﬁweoé@@frodé‘d udes rotating the

m crof eat ure wor kpi ece. 3. The nethod of claim1l

wherein renoving material fromthe mcrofeature

bobt | on B¢ Mo sl | WPreRdedioniived s b pigrofeature

worl%ﬁ%déﬁh@%@ﬁ&m@hﬁg EGHRYE MU TRt&iigdthePolidhingCdurfack2-
el ectropolishing or renoving a second portion |ess

than the first portion by direct electropolishing. 4.

method of  claiim 1 erein the surf of t
fefess 1REMB6IPr Calpy Lo gpin gt 4388 g ine microfeature
worlpliee hadehe @@ﬁswvhg rRirfacBassiubgs abtdnﬂg&heam@afﬂaame aforkpiece at
the polishin qui d through the recess includes

afatﬁa@‘sﬂ@f@ q@@l—ltéalrﬁ@ toi apaud SORreh the recess with the
gap in the polishing liquid being | ocated between the
surface of the at |east one electrode and a surface

of 7t he Thehedthal Wielawer Kpileeeinfrasling dtosastdbrichef the microfeature
surface of the at | east one el ectrode. 5. The net hod

WOVk@feQﬂ anenthe pelshing Wpﬁgngpdﬁ§égﬁatlagéhgfrmpmfeature workpiece at
a ratd FrU EbRLEs0 rpm to about 200 rpm.

8. The method of claim 1 wherein moving at least one of the microfeature
workpiece and the polishing surface includes rotating the microfeature workpiece at

a rate of about 100 rpm.

9. The method of claim 1 wherein moving at least one of the microfeature
workpiece and the polishing surface includes rotating the microfeature workpiece at

a rate of about 100 rpm or more.

10.  The method of claim 1 wherein disposing the polishing liquid includes

disposing the polishing liquid at a rate of less than one liter per minute.

13- ©°



wor kpi ece and the polishing surface includes rotating

the polishing surface. 6. The nethod of claim1

wherein noving at | east one of the mcrofeature

wor kpi ece and the polishing surface includes rotating

the mcrofeature workpiece at a rate of from about 10

r pi.t 0 Blouhethod opmlaith Whﬁwmeﬁhcﬂbwhﬁg cdtaleast aM;:e]fmm of the

. JTOVi ng. | east .one of the mcr wWor K
polisfRg BT bpHg" et Rt Onencaas d utes Hhgingd! 1€85€8 bHich of the
pollsﬂ‘n’cf.jr ﬂ%ﬁ’iﬂt EHr%u rgpffe%%@s aﬁawﬁ%rét §|n€€nsf6r9r§c#@élﬁy WrmdMto the
ut 200 he nethod of claim1 wherein

micmfeaing V\a:trkpleaetofﬁwm lbotlﬁé&fﬂﬂ’@f@ﬂldﬂ%ﬂ mwor kpi ece and

the polishing surface includes rotating the

m crof eature workpiece at a rate of about 100 rpm 9.

The nmetfpd rﬁéth@JHabfno]raMhelr %HerPIV'fIBGJuﬂ;f dterskt Qaﬂfbcﬁtfon of the

the mcrofeature workpiece and ol i shing surface
polishingl liguik througln iah deastene mcesemaju@emﬂawmge@teleaﬁt agortion of the

f. 100 |
potsitge W3R FBhgd 7 RBRS WBROGi dme Bp  UelRL Ero the
m.cr&éém@é wWigkbiBee BP FroBhabaut tWdUingh & aBouitefber aim| ess t han

one liter per mnute. -13- 11. The method of claiml

vvhereln flowi ng at |east a portion of the polishing

i FeRaopt B COMHATERS b eGP of the

ponsfﬁ.agqmadﬂﬂvbn@h at %mrweon@cgggafcaudiers flowing att |eatsha portlon of the
m crof eat ure wor kpi ece of fromabout 0.5 mMmtqo_ab

polishigg ligwid throughe masédwwngsﬁaqhmq*%péahom 8\&7@9'%{\ generally
paral’e?%taas@%'ée' 8P tR& ﬁ][&?%fegﬁ\k les\nbﬂg)ér%él q:otnli’écﬁl&gﬁh a(he polishing

t “one recess Tnc 'east a port
surfaoké. the polishing liquid through a recess having a
di mensi on generally normal to the mcrofeature
vvorkpi ece of fromabout two mmto about four mMmm 13.

mtmdnﬁhﬁéi %f"&l%ﬁ’/‘ﬁe%b%lﬁ rou K g% I:qmd includes

portlon of ol1s g I|qU| one
dispdsefl:gpaspoilsimhgdiqsidfhmmgfg“l\/h—%Hl east a portion of the

polishing liquid through a recess having a di mension

of about 0.375 inch generally parallel to a surface

ofy5t he Trﬂecrnﬁ’étﬁ?BUEne c‘ﬁfd‘_@' SRfrbf ﬂeﬁﬁrfbctatv‘!eta@t tah?)ortlon of the
poli shing surtace. . The nethod of claim 1l wherein
polishing pigsichthraugiolat st gniei igeesds inatliderefiowing at least a portion of the

polishing liquid through a plurality of intersecting recesses.

16.  The method of claim 1 wherein contacting a microfeature workpiece
with a polishing surface includes contacting a downwardly facing surface of the

microfeature workpiece with an upwardly facing polishing surface.

17. A method for removing material from a microfeature workpiece,
comprising:
contacting a microfeature workpiece with a polishing surface of a polishing

medium;
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di sposing a polishing liquid having TMAH. 15. The

met hod of claiml1 wherein flowng at |east a portion

of the polishing liquid through at | east one recess
includes flowing at |east a portion of the polishing

liquid through a plurality of intersecting recesses.

16plativgy tfet hoidrafeatiraiworkpisicer i rlectnitah ctonmyuaication with a first
m cr of eat u wor kpi ece _wi,th a Lighi sur face

el udeSCRARCET A SesolHVERAIGPalihd s AN ciFagnd; flsctrodes
m cr of e%iﬂlbes}j’&(eh@p%?ﬁfr%tthe&ﬁicktﬁé@ﬁﬁé WdrRsiERE;

pol i shing Surface. . A nmethod for renoving materi al

f r dispasimgc raf eah&mm V\bwklgl ddweegoite i prlighing ostidaee ngnd the
a mcrofeatﬁaeag vvorkﬁ(fece with a polishing surface of a

pol i Shl H % o pl aci ng the mcrofeature

WOpKELiRE @nl SlctlrREl ELGEht BOMNMBI fi8t EleBtrvtié Ah@ughrtheé microfeature
el ectrode and a second el ectrode, the first and second

el ect r oWeEkpiees g dpaceeransaralestiasia taeremeyef @ateriad from the

wor kpi .eﬁqgcrgﬁ%eﬁg {A@ﬂ(d)fi‘?cﬁeo Wb tﬂ% frtg;fé’f\sgtﬁgtvﬁ@%@e{:g% in contact

pol i shi nm cr re Wor

passi ngwéth tee olishinglsucfaceent fromthe first el ect rode
t hrough the m crofeature workpiece to the secon

ol ElaiagIal fenSt SEval WA(BIY AR UTBWeIKEIEcR: #&Pawmg surface
wor kpi e crofeature workpiece is in
feffa ff\’mhﬂotqﬁ po?ll _

cont act shing surface; rotating at |east
onpasﬁmghﬁ laaast@feattmne of\ﬂhkpp@hsenrqmdiquidetrpouglshiengsses in the
surface ative to th t her ; sing.at |east, a

por 1 onPRISTHT SHERFE Tt Bere Dhieugsfieedaal fyformed and
the pojjeafidgt %Hsft 3:%%@8/ Ihéle PeaB My %'é‘ﬁm@é’rh itBdirAirofeature
liquid s forned | ocated at |east partially in

t he recestkpece laedmerfaoelseofnir@rﬂﬂséamdr@ecqmr Rl@pﬁoéesiﬂmrzated in

f f the f t d d £ I
he rechesetns. i RPN arGRbRI RN I IEE fdume of
vol ume gblishpey iigltt etvean ittt Baifaesof the fur Aade8coid electrodes

the first gﬁ}?second el ectrodes and a surface of the
i cr of edR@ RsSUBRMTdbe migtafagiure warkpiesr faging fwayrd the surfaces

of the first and second electrodes; and
controlling formation of the gap in the polishing liquid to achieve a desired

electropolishing rate.

18. The method of claim 17 wherein removing material from the
microfeature workpiece includes (a) removing at least a first portion of the material
by electrochemical-mechanical polishing and (b) removing no material by direct
electropolishing or removing a second portion less than the first portion by direct

electropolishing.
19. The method of claim 17 wherein moving at least one of the

microfeature workpiece and the polishing surface includes rotating the microfeature

workpiece at a rate of about 100 rpm.
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of the first and second el ectrodes; and controlling
formation of the gap in the polishing liquid to

achieve a desired electropolishing rate. 18. The

met hod of claim 17 wherein renoving material fromthe

m crof eat ure wor kpi ece includes (a) renoving at | east

a BOrst Tberméﬂnnda:if ddim fravdrarain dibyosing the polishing liquid includes

ectrochem cal - ani ol i n b renDV|ng
dispREGP PIPD0 Tah e tede aE ssyDAn eer oo B ng s
second portion less than the first portion by direct
el ectropol i shing. -19. The nethod of claim 17 wherein
no2ilng dhel maftocdwé adim HE wheceiof pagaing aztolselapt @cpodide of the
.the pol. shing,surface includes r tat
polighisg Bt libnal kaFEend feosssTnpluBs Rule Sumest guporon of the
pohs@nng]l u?c@th hTRt hegbsaf h‘ék/ﬁ‘igmalzilﬁﬁ@ﬁé]@hn?éihé@ﬂ | Migtmal to the
the polishing™iquid includes disposing the polishing
microfepiiig \aork@mmt@‘ fedmiabout tramrade abotikfoysermai nut e.
21. The nethod of claim 17 wherein passing at |east a
portion of the polishing liquid through at |east one
regess Tﬁé'rHQ%dféio&Yamg 1t wheash dsisind anpdlfshitgliquid includes
polishing liquid through a recess having a di mension
d$pgsnsﬁam¢wﬂmuqhnudhavml MAttr of eat ure wor kpi ece of
fromabout two nmto about four mm 22. The nethod of
claim17 wherein disposing a polishing liquid includes

di 3posi THe anBHdds BF kibd Agi dhedih ngasdiidr. at2léasf|'|aeport|on of the
met hod of claim 17 wherein passing at |east a port

polishing heuid goraughi regessefuingiudasoRassind abloast ainprion 6§ the. polishing
f li sh | d
iqud FSHEA PR PSRl estof 00 coasoss. 24 The

met hod of claim 17 wherein contacting a mcrofeature

wor kpi ece with a polishing surface includes
coffact Thg raefa@m&acflam Wavhaein gentaciingra pHerofeature workpiece

with p'%ﬁo?%ﬁfﬁ UE.L?rf _ qt‘g&o‘@ohthcﬁﬂgug‘%\&iﬁ\ﬁarfdﬂ?'f@&ng surface of the

sur
microfeature workpiece W|th an upwardly facing polishing surface.
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