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in the trenches r t cqonductive paterials,, .which is the
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2006 WD 03/076134 PCT/US03/ 06373 [ 00041 El ectrochem cal processes have
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Blunt-Cornered Apparatus, and Associated Methods for Removing Conductive

Material;" all of 'which are herein incorporated in their entirety by reference.
TECHNICAL FIELD

{0002] The following disclosure relates to methods and apparatuses for plating
and removing materials from microelectronic workpieces using electrochemical-

mechanical processes.
BACKGROUND

[0003] | Microelectronic workpieces typically include a substrate that has a plurality
of Components, such as memory celis, that are interconnected with conductive
lines and other features. The conductive lines can be formed by forming trenches
or other recesses in the workpiece and then depositing a conductive material or
other compound in the trenches. The overburden of the conductive materials,
which is the portion of the conductive material above the trenches, is then

removed to leave discrete lines of conductive material in the trenches.
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physi cal vapor deposition (PVD), or other suitable processes. & '
the seed layer, a blanket |ayer or patterned |ayer of netal ??e I?%'Pégr'gggg

t he mrk%gﬁﬁo%? appl ying an appropriate electrical potential between the
seed | ayer ~and H electrode in the presence of an el ectr ITEHSHEITY

solutio .g., a | ectrol ytic solution), For npst netals, a cathode is
coupl ed[}'{)‘gﬁt he seg:—c!ecﬁapg?m Progessas divesbesnwised do; btk rieposit and remove

el ect r opr oceggé tA RB LS l.cak el meen th
ceod 1 ayer i Epoohs P e B e s tha e P yoNeR BodR e Lpes”
been used t o layaroondo e alirfacey of the Workpietec usinhasHenmiedl ovaperF lgehasiesn (EW[Q
exanpl e, an aglode an be cou.ﬁl ec} &,&ra nmet al I_aéer on a wor kpi ece and '
cat hode can PEYFIRARYARA] deposiHon| (BVDD opy piher suitrbie precessasendiier fasming theom
t he surface h r kp t | apn alternating current
can be appli g%e‘?o%gégo%gﬂ%@?e&eia?gce% Pﬁ'&%ﬁéﬁ%ﬁ@lc’écfn@gﬁ]y\%p%ﬁd r‘%r_r‘Fng"e
portions of wekpietaby applyirgxamappropriatsl eRckridal busdrtial Bém%ﬁ%%?t%bb% r

apparatus 60 for renoving netal using an alternating current t I ncf udes
a first el e8PfioRfe Semragikdin the dsasensecef asdelatiopoanestiad salutiore (ergntan

Toyer 11 on SeCRIE ofhBR} e uediel b AN obhlestiy tBe 3ePR bkerzne i s
at | east parahanogeiisimmenstd i the diéditbifosdsRiig Shittich %eﬁbgﬁﬁfsﬁ 8B

surface of the netallic layer 11. The second "el ectrode 20 or exanple,
can be novedidighahueen thereed layer ansitha@nodehe el ectrol yte 31. A barrier 22

he fi > f [ | [ h | |
D" TdSebl ot " Sl koG Rl Bty baft Died ko Rnews metaerets’ 10
via the fir sfroml raroslécratia workisiesas OFgr @xﬁmé{?ﬁ %ﬁ{ﬂge g‘,‘réﬂ 1%@%?Hgﬂe‘acfor glyte

31 to renove conductive material, fromthe allic lay
al ternati ng reatal dayersemyRavork@ieceasnd @ cathpde yoanf bedmendrsednin asuskecadlytibose

i scl 0sed Dbl Brlstbvedhadl rom Pocbhs flbaPhnieus barh e epie el |
721 Sept ember 3006 0 03 G P L2y e E o ot el BB T
t he system SAGRMOVE pRripmsef the snatalat FortexamyplaoFighee 1 piustidisea conventoral
material fr %ertaPEtug %%%F Fein\wlc?vitl'tg eertallulsiri@ atnhaﬁterrrel&%n(?gnc&,\r’rr]gz{tethéthiﬁcludes a first
electrode 20a and a second electrode 20b coupled to a current source 21. The
first electrode 20a is attached directly to a metallic layer 11 on a semiconductor
substrate 10, and the second electrode 20b is at least partially immersed in a
liquid electrolyte 31 disposed on the surface of the metallic layer 11. The second
electrode 20b, for example, can be moved downwardly until it contacts the
electrolyte 31. A barrier 22 protects the first electrode 20a from directly
cantacting the electrolyte 31. The current source 21 applies alternating current to
the substrate 10 via the first electrode 20a, the second electrode 20b, and the
electrolyte 31 to remove conductive material from fhe metallic layer 11. The
alternating current signal can have a variety of wave forms, such as those
disclosed by Frankenthal et al., "Electroetching of Platinum in the Titanium-
Platinum-Gold Metallization on Silicon Integrated Circuits" (Bell Laboratories),

which is incorporated herein in its entirety by reference.
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first electrode 20a is attached to the substrate 10 because t
prevents the electrolyte 31 fromcontacting the substrate 10‘II|g(rII3FFIII’II:'&I260715
regi on. AI\IJS()EI GI'y ly, if the first electrode 20a is a consunabl e

el ectrode Tn act with the el ectrol yte, the el ectrol ytRd/ps030exs can

degrade t he flrst g)l ectrode 20a §t| a further drawback is that the
el ectrol YR pr ocePoenedipWREgek yHiry ySIP@nﬁIi}@Nfﬁramé"ﬂgléﬂeﬁIS)ﬁTattihmawlust bat e

10. For exanp s EIIIaStSIr‘éIg(%I 8 ﬁén@fﬁé sthg%h [I/?LIggérz a%eg{IaSIonlg o no

direct electr conne | rst e

may devel op i ﬁrst blectrodd 20kiiy etthetyes tolthe sﬁbgtrdﬂes’m B&&aURRARAS bafridr &Y ;SI‘é%nt
conductive material can interfere with the formati on and/ or operat’ion 015

the conducti i@ eippigalytesdtifrom eanjadiingdthersubsirate §0 Irethw&g;m hAﬁemaﬂNaly, if

Faposi 11 oned 15 st SlsEipHS 251 L EARIMGUIR A8radiSn oy sosRchgte,
mtigate somethef emﬁofwbe@@béés %ﬂ%@@’é&el the fratt dB&thode 2@'an it % ﬂIr{rL' rst
ry o

el ectrodes 20a around t perip the substrate 10 to increase
uni form ty wi €nawRgci ks thﬁé the plegtolwie pretessi mey inot uailarmiy remove westerial from

di screte areag of d onductive pmaterial may still remain despite the
addi ti onal nu SFUb(?II%Iﬁ g@t rgﬁ"egx?'ﬂap ﬁtt,et arggs uIE?§ICI“é’I Eonguctivgomatgrial

approach is ﬁeﬁnﬁg)hfﬂ :ﬂlﬁ?bt @l&@&é&%ﬁn@@@orﬁ@tﬁ@ﬁr&r&@&t ¢ 964 Ke h?% hﬁIgs")

such as- carbon, so hat the barrier 22 1s not require
al l ows rore anaa dﬂvejcma incthed gonduetiveajayer 111t o Tre idiscretet atﬁasWIoIf hrdshRual

I I 31, I d eff

o1 cct 1 ouvs. (1 oRouEEis cGaiinlo 83 dolErbem Syt the ra%ﬁqu?rgtainéioriéa%%&%nIS?‘iéé "
terial. As ,

Conauct ve merocr ol o han (R HeaBUTHY shihve LS s lTa el i e

approach to releditpyts ;sr@nesa)lﬁnleh@tl‘fa)ﬁlrsgelengodel mahacéq:msntmnehlto Ibet #supled to

substrates 10 alg;le ganpt i,al ly imrersed in a vessel 30 containing the
el ectrolyte SYNTHRENSrst electrode 20a is attached to one substrate

1 ecaoton, ! et iy Lot o0t o

advantage of this approach is th

contact the pl@alitySepfiestbelecirodss 200 au0dck pRAPhE&IF0s] B Eabeirart Mol 15 €.

However, i sl ?;Ilcorlgasog th%ogr%II ?rtnItI// %v:trrIla\IvﬁsI:Iw aII)e réEXdL?étIvIeI merlt%I'IgI ig rgIntoered.t II—?owever,
discrete areas of residual conductive material may still remain despite the
additional number of electrodes that contact the substrate 10. Another approach
is to form the electrodes 20a and 20b from an inert material, such as carbon, so
that the barrier 22 is not required. Although this allows more area of the
conductive layer 11 to be in contact with the electrolyte 31, inert electrodes may
not be as effective as more reactive electrodes (i.e., consumable electrodes) at
removing the conductive material. As a result, inert electrodes may still leave
residual conductive material on the substrate 10.

[0008] Figure 2 shows another approach to mitigate some of the foregoing
drawbacks in which two substrates 10 are partially immersed in a vessel 30
containing the electrofyte 31. The first electrode 20a is attached to one substrate
10 and the second electrode 20b is attached to the other substrate 10. An

advantage of this approach is that the electrodes 20a and 20b do not contact the
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el ectrolytic process is conplete, and it may be difficult to
conductive material fromthe points at which the el ectrodes ggngeﬁgb%gooe
are attached to the substrates 10. [00091 International Application

PCT/ US00/ 34388976 Kbl i shed as WO 00/ 59682) di scl oses an apgav@sgehavi ng a
first chanber for applying a conductive material to a sem conductor wafer,
and a second eterdiahde. féﬂwewmiﬂlal@,da:oﬁ@undm&h!e materigl ahay stirémain after the

i d fer. b | | i shi ] hem - hani | i shi )
The second cRISIEHe TSRS 15 (OTRAIE. AAY: ha'a) e RGN Forermeyndogakatven
with a cylingiitsad! o H5e bemts aﬁﬁhifchghe%%%é Qnd';‘gQS'a?%gg{:ﬁ{éoeto et h

and the face of the wafer as the anode the water ate a
per pendi cul asubsteates AOcat hode, which can include a conductive liquid

isolated fromthe,elegtrol yti.c bat ' | ectrically coupled to an edge of
Lhe aaiitios] oo alruSipatnsl Kepifoanion dac TLSITGRHR Toudlishes 2e N ea08555)

i sl ands of rgsi oargfbg; ' t eklal . 0 _JAnot her.

exi sting dev?%g%iggg(?ﬁs os%lggﬁlﬁv[ﬁﬁssrﬁ@t@%&%ﬁ%%@@?@Eﬁgﬁaucwg@aa BQEI

Nut ool of Catd faoiseiticoriEhictor patient adtisal sesmdachahber foEhemovitlg cERBGSIVE ON

machi ne having a first electrode contacting a processing side of a wafer,
a pol i shing righfragn the seRdeenduciaswarenby electiepplishinger ehersicdlemetharieal

fer, and t t: i shi d. An electrol yt
5 “haseed (POSTER: nIRE, PR SHERRET IRehBaten Rk B & ddcrola,
the second edrffiguratite, wand éflindfiesiemethdri€alticeinat Rohtees Boi?:'éﬁ'e"ﬂébt{"df%}eei a
ate

direct current is passed through the first and second el ectrodes to

netal ions oPAtB aRd thgctaceopf the wafeeras mhei anpde dandl the vfet aptete zabout

le, th I, & di regt t i,.t ched depl at e_net al
£y om i he walerBEhIUE e8I chflod®, WiteH, peh Indlite & Conr e Dok suatagl or
[0011] One cesmeans eXctidigticleathc®s Siestlcangdoupidd B aRaldRt ofNRe \ﬁ?ﬂe?.ﬁ’éﬂé I's

that the dgﬁl ating/ pl anari zi ng. Cké(:l e may renove material much faster at
t he peri met efrawgack with\iarsedevigais thgt tthiooc ean deavsf islandswaifresidusibcenductive

over bur don J1780e FRIEREF Locones -4 1 Sept ember 2006 WO 03076134
PCT/ US3{P6373  Another existing device is disclosed in U.S. Patent No. 6,176,992 B1
owned by Nutool of California. This patent discloses an electrochemical-
deposition machine having a first electrode contacting a processing side of a
wafer, a polishing pad engaging another portion of the processing side of the
wafer, and a second electrode underneath the polishing pad. An electrolyte is
passed through the polishing pad in contact with the first electrode, the second
electrode, and the face of the wafer. During a plating cycle, a direct current is
passed through the first and second electrodes to plate metal ions onto the face
of the wafer. During a deplating/planarizing cycle, the polarity of the direct current
is switched to deplate metal from the wafer while the polishing pad rubs against
the face of the wafer.
[0011) One concern of the device disclosed in U.S. Patent No. 6,176,992 is that
the deplating/planarizing cycle may remove material much faster at the perimeter
of the wafer than at the center of the wafer. More specifically, as the

deplating/planarizing cycle progresses, the overburden across the wafer becomes
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very thin such that a significant voltage drop occurs betwee h i
and the center of the wafer. This voltage drop causes nore %?gﬂ%ﬁ[@gﬁb&é
deplate from the perinmeter of the wafer than fromthe center of the wafer.
Addi t i onaMG03/47mB84 direct current can form a passivation lpayassesisthe
surface of the netal |layer that exacerbates the voltage drop. This
phenonena i s yaar tHig wliah ltivatRd eltnifitaht voltdde dRSPBEaTS HbtWaE tha'\BERmatdreartt -
300 mm) because the large dianeter of these 'wafers produces a |arger

vol tage dr optherpenter f &he weferodinis veltagss drepbrauses moreematenial ty deplate frowe

material fromthe .face of e f, RY 00 Th resent invention
is directed MFH@%@!@&H@%@%’S@}@% CFB{H Qiﬁb@t‘f%@ﬁe%@l"ﬂ?@%h cal
processi ng okirBbCERRRah B 2PadaNtfJaydién RS Buriads 6f #R! Meldl MY that
wor kpi ece” is used throughout to include a workpiece formed from-a

substrat e upexasdrbaiesathe/ \witage dwepch Thiscpbenenenaiis eadioutarlyt praffermaticy for
ot her conponents are fabricated (e. data,storage el enments, interconnect
Feat ur oot r B DB IaMGH WS o 500, AT bEFS s s 108 ciamplel ol fiese

ebodi Ment . qarchd pRb@GIdQS HRELORIRIEARBES! THErBRPA!IRlWBId Be BEERASIRN5 ne!

the invention conprises a workpieCe holder configured to receive a

m cr oel ect r ouniformidy keshexsematesiahbokphedacebetherveafer. a first renote
el ectrode, and a second renote el ectrode. The workpi ece el ectrode is

configured tg g&’&ég} a processing side of the workpiece when the
wor kpi ece is MMAGES in the wor kpi ece hol der. The first and second renote
el ectrodes are spaced apart fromthe workpi ece holder. The apparatus can .

al so i ngdiide an Afhd YrBdent YRRintionais iir 9@ toRsiiR! MetrRidd dhd BPbaE
asserrblqy.HThe switching assenbly is coupled to theewor Kpi ece%%%}cét%o}aper,

the first reslerkodiamicalonechanical peecersingabmicreblectronidevorkpieceC Ttrcterm
SUPRLY, o0 RN WBHRB Y R S B BB o
Che” Dovang PTG SUERLAR o ohas| ey 0rl eS8l e o) o
PCT/ US03/ 0633tBef GonFionentti farer @bticaledo (i.gendataf stdregepelamentss iakteroonmadtudes
a mechani Calfeatures, transistors, and/or micro-mechanical elements, etc.). One embodiment
of an electrochemical processing apparatus in accordance with the invention
comprises a workpiece holder configured to receive a microelectronic workpiece,
a workpiece electrode, a first remote electrode, and a second remote electrode.
The workpiece electrode is configured to contact a proceésing side of the
workpiece when the workpiece is received in the workpiece holder. The first and
second remote electrodes are spaced apart from the workpiece holder. The
apparatus can also include an AC power supply, a DC power supply, and a
switching assembly. The switching assembly is coupled to thé workpiece
glectrode, the first remote electrode, the second remote electrode, the AC power
supply, and the DC power supply. In operation, the switching assembly
selectively couples the AC power supply andfor the DC power supply to any
combination of the workpiece electrode, the first remote electrode, andfor the

second remote electrode,



medi um bet ween the workpi ece holder and the first and second ,ngoie ber 200
el ectrodes. The nechani cal nmedium for exanple, can conprise Prep 558 6
carried by the first electrode and a second pad carried by the second

el ectrodeWO37613her enbodi ments, the mechani cal medi um coRRRIHSH:P3 Pad
carried by a rotating platen or a stationary table. The nechani cal nedi um
can be f@oﬂ@n- abr Asidifferead edtbadiichene of aReagpyaralrd e thdifldes a mechanical
chem cal - nechani cal pl anarizing processes. [0014] In another enbo mehat,

t he appar at usngdigmh Setwesfrihee woskpiese avdlder ranmbttbeelicstt eodesessentreynote

spaced apart e kpi .hol der,. Theg first and second renpte

el ect rodes aFLJCE@P%P‘ed\?ﬁé lﬁﬁgﬁ%'g@t M5, B BXAPIS  §8R EPMPRIReh &n fiEsd | pad
medi um conpr icagfedaby thstirspeldctddeaipg eabhd i ithat

el ectrode and a sec%nd F;rol i shing pad carri edﬁ%&%ﬁe‘gﬁg&mg Sreésrrrg@%%dmde‘

el ectrode. Thethasvembpdimsntst thedmegbaringl meciium nubmprisead ipeal tarrigbieby a

wor kpi ece holder. to a) rub.the first and _second polishing pads across the
face of the \5&?{%‘3 @é%tga a stionsry = tﬂ@ef mechanierl WeEWY CRarkg @ non-

el ectrodes rahisiieph@ dH & FixBHBDI SO BadOlsed | O .Jgaﬁz ce.

[ 0015] The wor kpi ecg hol der can éorrpr?%g QS%C?JE&CP%F@@C@%%H&%W% lﬁ%uctk
confi gured tprdecesees. he wor kpi ece so that the processing side of the '

wor kpi ece faces pvvargieél n En al t?r ate enbodi nent, the workpiece hol der
conpri 4894 substr ZNBMEL $MRPIIMEN rn@"%l AARFERIUE ofriNG 1 r @MprisesoBd Mmaveable
wor kpi ece sordmhiib didi8rode’ ' ' a?f'ﬁ gvg)%alr i.fh ,

enbodi nent |'Ehe V\orkp'i’oé%e&%gﬁ?gpg%a}ﬁgeq%c u%gqg r \}Seie%ésg?a f'y?é%ﬂ?ﬁte%d(o

t he subst r at seaoadr remoteo efepi®deleasulatmiad dy dbes rélectrode adbinbB) h8d Ple | N
lieu of, novi ngl_[‘the fira,t and second renote el ectrodes relative to the

wor kpi ece. | HESHFNIEalHEONE CamprgpHentirst inalishinokprd carisik by rtheldirsts rervater i ed

by the workpi r _ : pi I contacts the seed

| ayer or ano%fﬁgt?o%ggap? %Pgéﬁbghg}ﬁﬂ%rﬁo%%gggﬁaf g'fedgg%quﬁeé" r‘RI_BFtée ‘when

the workpi €ffee movieablel sledirode Beemblyden mod8 keiative tansé Nﬁirkﬁ&‘é@@'io‘iﬂ‘é?rthto the
e

apparatus includes a controller coupled to the swtching assenbly.
control | er d@hfvl thesficst epgmacend ipelishigo Paglsranioss the face dbdhe eoiriecO@Bd WO

03/076134 P 5 H§91§69 ?ﬁg ﬁrst and second remote electrodes relative to discrete regions on

the surface of the workpiece.
[0015] The workpiece holder can comprise a substrate carrier having a chuck
configured to hold the workpiece so that the processing side of the workpiece
- faces upward. In an alternate embodiment, the workpiece holder comprises a
substrate carrier having a chuck configured to hold the workpiece so that the
processing side faces downward. In either embodiment, the wofkpiec:e holder can
. inciude a‘ drive assembly coupled to the substrate carrier to move the substrate
carrier in addition to, or in lieu of, moving the first and second remote electrodes
relative to the workpiece. In still another embodiment, the workpiece electrode is
carried by the workpiece holder so that the workpiece electrode contacts the seed
layer or another type of layer on the processing side of the workpiece when the
workpiece is received in the holder.
[0616] In another embodiment, the apparatus includes a controller coupled to the

switching assembly. The controller comprises a computer having a computer-
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oper abl e medi um contai ning instructions to operate the sw tchj ssenb
for controlling the application of a direct current; an al te1 %gp??'@%er %06
current, and/or a nechanical abrasive to the workpiece. Mre specifically,
the contrd¥Pe¥0tises the switching, assenbly to apply dig@ggsosmEHent .
alternating current, and/or a nechanical mediumto the workpi ece elther

concurrently LSt : ssi.ng.cycle to plate,
depl et e, and/(@{erﬁ%lgﬁgﬁ&lﬂygﬂzgﬁﬁr@eerénétnn%ﬁ g’??g#%f)rgroéﬁnéﬁﬁg %’%g@zﬁﬁﬁer@ﬁﬁe#%f

t he wor kpi ececonuliingnthedapmiitatioft @f aredileot! cueent Wire &itebhdtAg current, and/or a
conput er - oper abl e rreagi m conpri ses contacting a processing side of the
wor kpi ece wi tPEERNE VR e e Warkriace. aMorgpinegificglly, ther eantrodles causesl

Ch th's  enbale ARERIEE SsSemBh! SR ket S0ikat \Hiehhila ‘RS St s oce
create an elneshanival riediist {00 thehavorksists @itk CoBlnbhtRN or Wiﬁstﬁﬁoﬂ%}%@é‘t

of the nmethod further includes ap&l)‘}%ﬁ an alternating current to t
first renotelt¥oegheiddd RIRGEsHRO &6 aiepdepktecandide rechamicalyi feendvee

di t ' ' knpi l.ectrQd t t ' ti

the di rect - carstei i i pioRsbdlfe YRS SonfRieee. | GRE sttt her i Betod ng
ide of th b@ s et &b i ' | b '

The al ter hat g beg rant ot 5 Thacr PPIRRIE Hodlhf doMiises SO PrasKol?)

The i nvent i ofidess tae srkpiers withasn elealrolytici solution, arw appliyihgredirectrdiectiioaint s
f nethods f t ical | hani cal ing th

vor kpi ce.  FIrENEEhBIHRRER ecdBde i HnAR e rdt Biis slecidendn this

wor kpi ece el gfbbameeraNthe Workdibés eldcoBbarR] 8 FRYGeMiMd fé@e&roﬁbsﬁe%{e[eﬁg

plating stage, and then only the alternating current is appliedtTo
first and seelestiicabhigitdn dne slachobdicwoiution. r e embodireemtenittha inethodnahthun

i h ' sid f. the K pi dur.i di
depl ati ng/ pi MSRERS HPhuBaEh ShetrinBobuien Betre. fis! degten aigapde: antither e
at " the end ofeddie airets Bisch bas Bl PeRiidhecARMAL LBHG AL FhRgecs! 20°

in this particular enmbodiment. An alternate enbodi nment
t he mechani celeciedrs @m aftesi tegninatieg ghe disst mgrrentle Tofe trathow filHe? cCinckdiek e

ol ectrode. | 1FPLEGie GRORERSSiRY SHie-PEe OMpIRGR I e aracBericoLmedhim a8
applied 10 je4stl whfiBt 8FMPINg2HP alternating current to the first and second remote
electrodes.

[0017} The invention can also include several additional or different embodiments
of methods for electrochemically and/or mechanically processi-ng the workpiece.
in one embodiment, the direct current is applied to the workpiece electrode and
the first remote electrode during a discrete plating stage, and then only the
alternating current is applied to the first and second remote electrodes while
rubbing the mechanical medium against the processing side of the workpiece
during a discrete deplating/planarizing stage. The direct current is accordingly
terminated at the end of the plating stage and before the deplating/planarizing

~stage in this particular embodiment. An alternate embodiment includes rubbing
the mechanical medium against the processing side of the workpiece while
applying the direct current to the workpiece electrode and the first remote

electrode. In still another alternate embodiment, the direct current is applied to
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WO 03/ 076134 PCT/ US03/ 06373 the workpi ece el ectrode and the f} r
el ectrode while concurrently applying the alternating curre51§?§“¥ﬁ§8¢??%§
and second renote el ectrodes, and while concurrently rubbing the

mechani caWOommfivalsd agai nst t he wor kpi ece. Additionally, tperdweidesti ne of
the first and second renote el ectrodes over discrete regions of the

wor kpi ece cahdRoN@idoectiubirdd: anplnd Mat iéh%taleuéﬂftfweim:é?ewdﬁm%ﬂenp? ﬁ@swﬁ}ehe

more material fromselected areas of the workpiece. The

first and s#so@iemnatipgecwirent todike firgtoand xeanond, ramaotebelectrodes; sand omveile
regions of the wafer that ve a_.thicker overburden of the conductive
maer ] al to RareGiy shRppe 158 Faseivel GedRitpaRns B e BReERAAIS0A: THE
DRAWNGS [ 004RLafeluntd df the fshi@ sBbatAtdrota! el b ot AERBIAdorlbs
renovi ng conductive mnmaterial froma mcroelectronic workpiece in

accor dance wthehworkpigoeican e varigddehitsd applgingdhe altsrmatisg darrehetoatimovel myreew
of another a ratys for r vin nductiye material froma plurality of
m croel ect ro&\%ier{ﬁgﬁm SEE ??n‘ﬁ aﬁ%)f’ﬁ&f?c\émrm'@?- t h§e¢$W%F tigyer of F"@Oﬁ'@i gadgur e
3 is a side gl itk dbE6Rs, 3Br %RB&E@, H':Qalgf B& iRLRELLQ VM ERbons of the
mechani cal processing of mcroelectron € workpleces 1 n accordance with an
enbodi ment ofvafen¢hatrhemeta thickeBelvediiedern ofifhenesmduictive Riateria t8 nure oWl
schemat i cal I?/. | 00§11 Fi gures 4A - 4C are side cross-sectional views ofy
renote el ect e the WRHAUARNf or use with el ectrocheni cal - nechani cal
apparatuses in accordance wth several enbodinents of the invention.
Several conpgpftt BeicRPS IORE THED fiteg assenbly are shown

schematical ly ﬁlﬁtﬁie ?iqgures. [HOOZ%WE gures 5A - 5E are side
cross-sectional views of renpte el ectrode assenblies for use with

el ect r gavh&@mi cal - rroghrenT tod sidepzlevaticnat view daroaptmanates for tdmodng cahductive
enbodi nents of ti%ﬁfi nvent i onl. Fev.eral cong)onents of th@grem)te el ectrode
assenbly ar emgfl% rg@;%ﬁ%ﬁ?%&ﬁ‘ FORICVariRieee i ARnoedanqegyssineprinnast 6 | s a
side crgpgs-secti qnglirevbely 8fsiap ABPAIREHYidw'of another apparatus for. removing
el ectrochem cal | y-frechani cal |y processing m croel ectrohl ¢ workpi eces |

t conductive material from a plurality of microelectronic workpieces in accordance

-8

with the prior art.

[0020] Figure 3 is a side elevational view of an apparatus for electrochemical-
mechanical processing of microelectronic workpieces in accordance with an
embodiment of the invention. Selected components in Figure 3 are shown
schematically. -

[0021] Figures 4A - 4C are side cross-sectional views of remote electrode
assemblies for use with electrochemical-mechanical apparatuses in accordance
with several embodiments of the invention. Several 6omponents of the remote
electrode assembly are shown schematically in these figures.

[0022] Figures 5A - 5E are side cross-sectional views of remote electrode
assemblies for use with electrochemical-mechanical apparatuses in accordance
with several embodiments of the invention. Several components of the remote
electrode assembly are shown schematically in these figures.

[0023] Figure 6 is a side cross-sectional view of an apparatus for

electrochemically-mechanically processing microelectronic  workpieces in
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enbodi nent of the invention. Sel ected conponents are also sho ptember
schematically in Figure 6. [00241 Figure 7 is a side cross-sectional view
of a wor kpi0eB@7¢id# der and a renote el ectrode assenbly fopcsReiMds

el ectrochem cal - mechani cal apparatuses in accordance with certain

enbodi ment s clccbitiance wih amutheDErBbUIFRNDEEER iAve R 098k et OMBGRAN are

di scl osure descri bes several nethods and apparatuses for renoving
material s fr @snshavdesehamaivally ioFigwetes used in the fabrication of

' devic ] - L cal devi , th f

devi costA any “opERTe 7 el SPPETR befonf Vil a MRRoEGTasd S 2 emate ar o
vi ces . e i3 MU e,

Chor ongh under Standl o a1 hese omeal oy oo BB atICS! EpRiBtlse

however, wi | lacoerdiense aitt aentain embodipreatsoft thedmemtioon may have addi ti onal
enbodi nents, or that the invention may be practiced w thout several of the

speci fic det g j l-aw. [00261 Figure 3 illustrates an enbodi nent
of an el ectr?gﬁgéﬁﬁggﬁéﬁlﬁv (ECM) apparatus 100 for processing a
m croel ectroni c workpi ece 110 in accordance with an enbodi nent of the

i nvent i jagbs) The ECYheRmese&itudiséReuratesdibedsesleral Retidtistahd dpatdiis®d for
material on a processing side 113 of the workpiece 110 and/or renove

materi al fr ofRIO@ENG dpaterials] fromh slicrorlesppaic avorkpiE®es cusedu B they fatirination of

mbi nat | . . _and nechani cal i form.
conduct i ve | PRecOHREBER devices? BHE-nRB R Gk IseR. end 1ahef e o Hevieesy
appar at us 10%%2;&&6% detdiy BPEEEAN RAMBBMARS df1Rd idventi6AHré %@Lf‘dhﬁ f the.

receive the workpiece 110 and hold it in a desired position. The workpiece
hol der 120 cloowingdeseripionanst inabiguces 3i7clo pvideasithgromgbhurdersthadinghafl ds

downver d. | neRe BT SBRAKRS R duF 1S, Pt omibr e iBIturtise | <
0"ty PERERLPLoAR hay raceahlul sonbimts ke iR BE°
can-be st at prastiegd wdhoudl several oiWecgpestic detaild destribeddglgrosi tion, or it can

be cou%o%j] to a F'igure 3 illustrates an embodiment of an electrochemical-mechanical

(ECM) apparatus 100 for processing a microelectronic workpiece 110 in

accordance with an embodiment of the invention. The ECM apparatus 100 can

be used to plate a layer 111 of material on a processing side 113 of the workpiece

110 and/or remove material from the layer 111. The ECM appératus 100 can use

various combinations of DC power, AC power, and mechanical abrasion to form

conductive lines or other features on the workpiece 110.

[0027] The ECM apparatus 100 includes a workpiece holder 120 that is

| configured to receive the workpiece 110 and hold it in a desired position. The

workpiece holder 120 can comprise a substrate carrier 121 having a chuck that

holds the workpiece 110 so that the processing side 113 can face upward or

downward. In the embodiment shown in Figure 3, the workpiece holder 120 is a

substrate carrier 121 having a chuck configured to hold the workpiece 110 so that

the processing side 113 faces upward. The workpiece holder 120 can be

stationary to hold the workpiece 110 in a fixed position, or it can be coupled to a

-9-
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transl ate the workpi ece 110 (shown by arrows A and B). [oozéﬁs%ﬁg”ﬁbﬁﬁ§°6%
apparatus 100 al so includes a workpi ece el ectrode 130 that is configured
to contacWQ®Bd7@sécessi ng side 113 of the workpi ece 110 wherraidagoe3a®r kpi ece
110 is received in the workpi ece holder 120. The workpi ece el ectrode 130
can be carri edritysysiemvi@2dpiretzte bolrdaslalthe workpiece! 116y @abRnajsEbwEAtand he
wor kpi ece eleégrode 130 can be carried by a support (not shown) separate
from the worKpi ece holder 120. The workpi ece el ectrode 130 can be a ring

1B o BB, ©F PN Bl oo Sl A oB A

el ectrical cucdrdiguréd td entdchase Ippyssssinl sitee1 kK @inhe wimpicekertd ApfNHea!
plating arts. The workpiece electrode 130 is generally nade froma netal

that can be iWREPisE 110 srreeeiyed in the warkpigcedidldemtin. c dhe pyaskpiese mipctrode

| uti N ' . ' t 130 | d . di
cat hod ¢ char B 64T PraRmad By HBEBREs T (4F i atvahertiels GRnediens o
the particul ayolkpReessleetrsteaPsd caAtbe0Barrib 303 sﬁbﬁoﬁ%@m@ﬁn@%&% fré

further include a renote el ectrode assenbly” 140 Separate fr
wor kpi ece el dberwerkpEze. holdeni@0entibei werkplecehelectrade el 3 kant bode ringsepdl v

140 h I ' f I d 142 th ) db
ol cctrode carteRs PR bERSE SOMBER et canteehiE, Pendrp thacraiimiess
singl e rent ey, eftdrosLitbR %rl&)ié’ééJé%citrbMlefordbﬁﬁ'icﬁﬁg eﬁéeméaqeﬁgfe@ ffggﬁé-

I n the enbodi ment shown in Figure 3, the renote el ectTode ass
i ncl udes a fifaee layarott! erednowdeinl#@aekecttocharsivah glatiengoarts. el Tiod vastpiddgb

aced apart fromith Lrst renmote electrode, 142a. The renote el ectrode
iéplz ar epal s&l%cg?égd%lﬁrseW@WWﬁgem& 'aet@]fﬂmtdan be jramegsadhiar or q%ﬂfeg
t I patary : 1 '
 hobsi oy’ cy PG ienalocasianh shlfoh a3 kBl b, JEHIET st o

processi ng cycCle. | e renote el ectrode a

a drive asseriBDyrovides enanogierscathedielchatgeddehe T4&: fagbat i v entthe Wtgkpiece

wor kpi ece 11 1@%‘9 controlli the. el evation 'r%ndi cated by arrow "F'),

rotation (indi'¢&SRENBYIHAOEENe pEfticUlal process; aichaPRICAHANof "t he el ect r odes

(indic by arr "o DoSEdhPAli : t

ssenbl 840" o o et rin P Pl SO0 RIEE rioldq'8 e slocyf o' dstdioly
‘ 140 separate from the workpiece electrode 130. In one embodiment, the remote

electrode assembly 140 has a piurality of remote electrodes 142 that are
supported by an electrode carrier 144. The remote electrode assembly 140 can
include a single remote electrode 142 or a plurality of discrete remote electrodes.
In the embodiment shown in Figure 3, the remote electrode assembly 140
includes a first remote electrode 142a and a second remote electrode 142b
spaced apart from the first remote electrode 142a. The remote electrodes 142
are also spaced apart from fhe workpiece holder 120 so that the remote
electroc_:les 142 do not cantact the face layer 111 during a processing cycle.

[0030] ~ The remote electrode assembly 140 can aiso include a drive assembly 146
that moves the electrodes 142 relative to the workpiece 110 for controlling the
elevation (indicated by arrow "F"), rotation (indicated by arrow "G"), andfor
transiation of the electrodes (indicated by arrow "H"). In other embodiments, the

remote electrode assembly 140 is stationary and does not necessarily include a

-10-
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the renote el ectrode assenbly 140 remains stationary, the dﬁ%’%‘?ﬁ?&&@%
associated with the workpi ece hol der 120 can provide relative notion

bet ween t YeOWPIopidece 110 and the el ectrodes 142. [0031] Ther/EsM@ppar at us
100 al so includes a nechani cal nedium 150 between the workpiece holder 120

and the renot grigkesg f C i I ng. t WO, i ece.110. .

In the parti culna_r e%r%égg!??m%t&éshmgﬁni}%]gﬁﬁg%,elgﬁﬂéggéneﬁgﬂ‘l%éyal {ﬁcﬁem‘ﬁ'ﬁ%o

includes a fi statiopaty, dhe igivpasysteinal 22t asstviated avitnitendotipiedeBolbisf aQon?a'Fﬁt e
the

el ectrode 142a_and a,second..po]ishin ad 152b attached to the end of
second renot ePEIV F%?Jté"e’l'ﬂ%gn Lf’ﬂ@"er?é’%ﬁgm%mleﬁ%aﬂ d@nd4oe elastrodes 142.

non- abr agdayie el ene ] rasj I el.es. or .abr asi,.ve t wWith

P ed. el o oar e O halie 0B BIRALEES: MeoihiBal ARl 265 Befvech, o

a patterned the fwarkpiece hhaldsrc ri@0e andi #@d rématel lefsct@ided’ 98 S lﬁécﬁéniE@@ be
e

substantially flégt. &e Sﬁr]‘aces of the planarizing pads 152a-b can define
a bearing suPP@oIngBe wkpiegR 140 iInghe particalas amafasiment shasn irabigare $ptbe of

Tnut act or eq. flecacal ey fod oidaS At bBysrifa bEHS 2a atRhed 1&an sl on
of Del avar e. the(ir8RdenTite elestinicet42ahahdlersskafd polishig el £5% §ﬂt£&$éogt{3q9égo,

and the renote electrode assenbly 140 can be. positioned in a vess
that cont ai nsehof Bessacrod riempieelepireds 442mig The Inedhamichb tedium di50arandbeea

mbodi ts, t ' ' o] uti 16 be di d
onto the vor UtEaR s ERERAT dtiod AGESRBatflas, pe sy Sbeiiice cbreRamine

the di spensi rfixedeatirasive Yspticles.0 AGHBGHAIly |tl‘i’é‘%écﬁaﬁﬂ:a§%é&'1‘nﬂ”§5ﬂi‘.hﬂ have a
pol i shing pads in chem cal -mechani cal planarizing pr ocedures, e vessel

160 i s accor et oturasee ¥4t wisasetes ugised afaatuneat er egioodesient sit tae be

composi t1on ChLPEERERLIE e SuiBPer & FReRraiing oficnab2s Boin dfdne a1

oxarpl o, Can pe ag. o eat g ol ot havl o, R PR TE TPlier SEhebl Ry o1

that are sui tB@ghanicsl fﬁﬂ%{@i{@ thed oant be attackedriv dha newicdd dletmdesy®4? id.

For ' manufactured by 3M Corporation of St. Paul, Minnesota and Rodel Corporation of
Delaware.

{0032] The workpiece holder 120, the workpiece electrode 130, and the remote
electrode assembly 140 can be. positioned in a vessel 160 that contains an
electrochemical processing solution 161. In alternate embodiments, the
electrochemical processing solution 161 can be dispensed onto the workpiece
110 using a nozzle or other type of device similar to the dispensing devices used
to deposit planarizing solutions onto polishing pads in chemical-mechanical
planarizing procedures. The vesse! 160 is accordingly not necessary for such
alternate embodiments. The electrochemical processing solution 161 can be a
liquid or a gel with a composition that plates and/or deplates material from the
face layer 111 on the workpiece 110. The electrochemical processing solution
161, for example, can be an electrolyte having metal ions and other constituents

that are suitable for plating the metal ions onto a metal face tayer 111. For
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el ectrochem cal processing solution 161 can have netal ions t eBF%err
pl ati num tungsten, gold, copper or other netals onto the face |ayer 111.

[0033] ThwomGNTapparatus 100 pl ates, deplates, and/ or nechapjzalldsss enoves
material fromthe face layer 111 on the workpi ece 110. The workpi ece

el ectrode 1éQarﬁgté. ‘%ﬁe'e@é&Fqc?l%ﬁ'nti faﬁaeeéﬁag@ts%fﬁlo%ﬁép%%a héve ?ﬁe%?{]?qrgnmsuch

el ectrical comuhication w e el ectrothem cal processing so
that an el ecplateplatiour, turigstdrogsld, tbppergdr dther matals batodhe fdde Myen1ihere is

an electrical potenti between th rkpi ece el ectrode 130 and either of
the red¥B¥ el ect r-gla%seaéMZ@pgﬁ@fé’ﬁa?‘iQ @\fﬁearr Hepiatesa pnglg omerianiealo trnovee

f | 1 - - 1 betusen he fi
oot o o ect TR S BicEracR 18l L CELR 1iE worRibalh G, TRE ) TRickd Siogfoe
appar at us 103@and at testiong|lof thenmmiste cled@OdReVeI? arsup RISEIFR cofmUNicRRWE"

supply 174, and a switching assenbly 180. The switching assenbly 180 is
coupl ed to tWihfke Risceshanical prressing, salytion sugh that ancectderlscursnt fiaws DC

power supply, Jols p 74, |n ration, the swtching
assenbl y 180thi%@c®%é%‘§ge(l:%ﬁl es c%’rr%éll'eg@tﬁ%ﬁgsaq t?é?"ﬁﬁgaﬁp%a@ﬁ“éé u%%i‘”f%?%e
and/ or the Agofkpisle slkebRbde 130 and kithet of tiesl renblel BREIr6ASs @k2. t RSseparate

el ectrodes 130 and 142 to plate and/or renove material fromthe workpiece

110. [0034) cusesrtaynser dewsthigagte de faee Hayeri ht1 wheratheoetis ohn exledifital
havi - I ' t ai ' t ' t t
the owi tohi Hentl. ABRAR T Titet Tolnehd, Figded 4" ant bnsd Ssbpa fevasls”
coupl ed to tdigctRSde RAPEr THPECHM Bpgariids 1be A BeMs n@#gwcwdyé BE Fldsst

Hi
the electrical paraneters of the current applied to wor kpl ece
el ectrode 13upphtl 1/@e ane Akt power etippitidg414pd ahewitohingutaeseroplyr 480e Tadi um

Can e, o Bt Blo BRAE et ol TR YRS ubtiSent SeUARR PSR i |

LSt e SR 421 10C MEBPRI68) e oL RORMPELLNS, PR

mechani cal raperation] 30e sydichisg assenthily fl80esadéctiviely taupdes lbaylecodplds therDC

exanple, t h%o%v%?%ﬂ‘bg[y_ %egr? I!are thrcraeﬂbupnc]a\j:enr stuq)epif?% (M(I)'[ lseerlecctgcri] tcgrinrl])isnations of
the electrodes 130 and 142 to plate and/or remove material from the workpiece
110.

[0034) The ECM apparatus 100 can further include a controller 190 having a
computer-operable medium that contains instructions to operate the switching
assembly 180. The controller 190 can also be operatively coupled to the DC
power supply 172 and the AC power supply 174 to adjust the electrical
parameters of the current applied to the workpiece eiebtrode 130 and the remote
electrodes 142. The computer-operabie medium can be sofiware or hardware
that (a) causes the switching assembly 180 to selectively couple the DC power
supply 172 and the AC power supply 174 to selected combinations of the
workpiece electrode 130 and/or the remote electrodes 142, and/or (b) causes the
controller 190 to press the mechanical medium 150 against the surface of the face
layer 111. For example, the computer-operable medium in the controller contains

instructions to control the switch assembly 180, the DC power supply 172, AC

-12.
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AC -12 1 Septenber 2006 WD 03/076134 PCT/ US03/ 06373 power SLSSB&%'?Q','E?%%
drive assenbly 146, and the drive system 122 to plate material onto the
face | aye™WQ4¥0%hH or depl ate/ pl anarize the face layer 11lhpcfGQ3Rds74N
enbodi mrent of a nethod effectuated by the instructions contained in the

conput er - operpuiwer sy VAN dege aseemBICY 86 Phid R dﬁb@%gsﬁéﬁﬁir 1%2"{%&)[ 7e €
depl ating/ pl anari zi ng stage separate fromthe plating stage. The co Gl er -
oper abl e medi@erial eme tee frcedayesr 1 loend/en deplatedplanarizel theiface Byegeitf this

enbodi by contgact] o] | i d 13 of the workpiece 110 with
t he er@%} ocheni ¢é EWQ@@t% %ﬁ%&'&%ﬁ%%@a%bﬁﬁw Vistgc °8$ ceptained in

el ectrical ciheepn d merisediaseirel r Fﬂi‘ﬁ" he
renote el ectrodes fﬁr H?i‘e?a pr oce'ssi lng %eg(%%g%% the %ﬁabgﬁdegﬁﬁg%ﬁ be
brought i nt o deplatinglplanarizinchstags separaterdndroathepplating sstage.solThki eBmpbferby

filling the vessel 160 with the sol ution 61 or by dispensing the sol ution
161 di rectIyOBﬁfagjl? hBeAlm, 'Pag}é? cloﬂr_oll%é r'@g?tesglﬂé%tﬁ?fﬁﬂ'aﬂ! egopent ©im be

appl fed Lo | emuaiiehisPodagiig e prafblting S48l 1130 R wotRBIKBL 998 FEgld 09

130 to one term nal of 'the DC power suppl and cou

t he renote eklastrochiemicalipracessihg sotutien 16dr anchabplgihgtahdirddC efivital catRRL 16
172. The AC power .supply 174 c be .decoupled fromthe renote el ectrodes
142 and the I VBIRARCSFIBEYo4R430 S99 Tenstone-phthe remate leciredes 842, e
applied to t e [ ' t - 1 hi l.eul ar
ehbodi ment . PCSSiB A6 JH 3o e tkplegePt 5 LA ce f96at il LSRRl Wit R

111, the woeleptreckensicatproodsesingBolution 16athofiling b vdieel ¢60 WRthahe GolAvesS
142 are anoiiéf. The, pol ari t\r/‘, hgjwever, can be switched for plating other
types of mmai®f PEP¥ singdbe spLtien 18] @ractiyiosta thediace saysr914n Eadisectnd

th t ; f.ici {,. t
of it ori ol TECbcaPeaTacarhe plaf i he Wiikiiecd btlofl TR S kTR
medi um i n t heot@iraectbetrodeotB0 i dricatepmirtzhef therD@ oo BLBHIRMI72i 4 c@qugagdby

~ decoupling the DC pgwef, supply 172 from the workpi ece el ectrode 130 a
the renote ePEPf 6’8@'&‘3{1&{@. rpew%eélﬁ—ﬁtmﬁsemmotr@l albet tarsvnal (af the H2C peivtarh

?Z ?f){ﬂe)l y 180 ol © Hae ACHBREF'supBRP Y4 Tdsh 18 LE&S Ui Frodl dhs Seande
electrodes 142 and the workpiece electrode 130 so that only the direct current is
applied to the workpiece 110 during the plating stage of this particular
embodiment. In most embodiments for plating a metal onto the face layer 111,
the workpiece electrode 130 is a cathode and the remote electrodes 142 are
anodes. The polarity, 'however, can be switched for plating other types of
materials such that the workpiece electrode 130 is an anode and the remote
-electrodes 142 are cathodes.

. [0036] After a sufficient amount of material is plated onto the face layer 111, the
computer-operabie medium in the controller 190 initiates the deplating/planarizing
stage by decoupling the DC power supply 172 from the workpiece electrode 130
and the remote electrodes 142. The controller 190 also causes (a) the switch
assembly 180 to couple the AC power supply 174 to the first and second remote
electrodes 142a and 142b, and/or (b) the drive assembly 146 to press the bearing

surfaces 153 of the polishing pads 152a-b against the surface of the face layer
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el ectrodes 142a and 142b, and/or (b) the drive assenbly 146 t,gsgr FSS thg 0
bearing surfaces 153 of the polishing pads 152a-b against th B?'HE’E" P 6
the face layer -13 1 Septenber 2006 WD 03/076134 PCT/ US03/ 06373 111. The
control | eWON307@@ah al so cause the drive assenbly 146 and/ egrhRessishyve
system 122 to inpart relative notion between the workpiece 110 and the

el ectrode assggrbl Fhel 46nthdller UIB0tdR Mebicaie Ihd Afve HadambBlyafd@PasdbPehs driface
of the face layer 111. [00371 In one enbodi nent of the

depl ati ng/ pl anstenyitdy 40 dgwart ielakive engtion ngetweenr thet woskpiees | €10 tand Hiee
first and second rennte el egtrqdes 142a-h. while th chani cal nedi um 150
Fubs. agai net SHeEde peeal 3R e e BE ol Pad TSREBLARHSS flee FriRese sha
second renot e ofpetERsles 1142a-b is expected to alter the surface of the
face layer 111 so that It becones easier to renove nechanically. The

al t er nappday cur r eint ,orfeo emboaiment, 0bxhei delating/planafiziog stagp) dbe nalternatimper
and other netals to f% gqﬁurface sératumthat is myre susceptible to
mechani cal  §H¥§QY hap R fu3t AYd ecPedremle sledrodes) 12a-haviilg the
fromcertain ‘ &} i ol L, er4 | v m
t he surface giébpﬁélc? Lcrgé?g@ebgwlﬁsdég?ﬁaf ?’?\% %%%%i ngﬁ%légt%grﬁiﬂzﬁﬁngﬁg{eége

because of t betwdesctheofiiskandalecondtremats eiztirodesddfaithis expectad ehelter the
111 induced by the alternating

processi ng sol ytion é‘?ﬁﬁ ang t he ‘Iﬁ%e Iaiiir ( g

current, andSHliace gEE e pYRML! haeHaRh € aecomps fasisn te Jaeue reghasically.
hani cal ' : i ‘ f b

the | nstruct | RaNEERe ChfEr, (PRIIBCCAROPERE sffact SRR cpper Biie

control | er 18ther métatieto fwonr ar swefadeystratent thari isgngleasisteptble to mechanical
depl ati ng/ pl anari zing by applying a direct electrical current to the
wor kpi ece el abiasisile Hielalternating sagenbiay isq deplele Ratatial froacepripin dvgseof

el ectrodes, apd '?g‘%' t ﬁ?%of%@ﬁ ?—'%Péf}g’ﬁg ﬁﬁﬁgén(? ?,J’oﬂ{im#@uﬁéger {f‘ﬂfhet %gg}ﬁﬁég st

and second reno eleciro iIs e can al so 1 nclude t

| east one of11 hdunngrthel deplating/plamarikinge Gtagen deahiusd cofl e®t gletirecidridal
assenbly 140 relative to each other while applying the direct current and

the al t er nat PiRyaetipn Hetwean, the @lealiachemical iraeessing selulionf tohmaneethsufacece
g}c g'ﬁ] ihfei ‘(’:‘g;r Pl;e;%lg 1 ﬁ?}}d&)ﬁ@fi Lﬂy tﬁﬁra‘e?{ép'?ﬂin'ﬁe&}rrerﬁ,h&@&tss RLLEY of Wl §Rbn& SRS
abrasion caused by the mechanical medium 150.

[0038] Another embodiment of a method effectuated by the instructions contained
in the computer-operable medium of the controller 190 includes concurrently
performing plating and deplating/planarizing by applying a direct electrical current
to the workpiece electrode and to at least .one of the first and second remote
electrodes, and simultaneously applying an alternating current to the first and
second remote electrodes. This embodiment can also include moving at least
one of the microelectronic workpiece and/or the remote electrode assembly 140
relative to each other while applying the direct current and the alternating current
to mechanically abrade material from the surface of the workpiece 110. In this
embodiment, the alternating current can be significantly less than the direct
current such that the direct current in effect carries the alternating current.‘ The
remote electrode assembly 140 and the workpiece 110 can remain stationary

- during this process, or at least the remote electrode assembly 140 or the
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current such that the direct current in effect carries the al '
current. The renote el ectrode assenbly 140 and t he workpi ece‘i %@?%@ﬁgrzooe
remain stationary during this process, or at |east the renote el ectrode
assenbl y WOOH761He -14 i; 1 Septenber 2006 WO 0 3/0 76 Pepudisisy

PCT/ US03/ 06373 wor kpi ece 110 can nove relative to the other to .posi 2ion the
renote el ectr i td : . e layer 111. For
xanpl e the ToRpiect E1 Ba e [ Hic BERr o ebfichER, refidle cliiodes”
sel ected regi Ui relativéndo ther kprfamee of 10e daceXgyari et | FolMekamBRL dhk RAHAY:

[ 0039] The cor’[‘g te -oqe abl e medium of the controller 190 can al so contain
i nstructions §8° e 1fécRgmikave pehigher dwelhdims iver fsalestetharebions baythe

111 at wvari : ' .e. . For exanple, the controller

190 can inst%@#ﬁeté%gqgﬁsv%pgé'ggﬁbﬁfWﬁégﬁh%ﬂ%‘%s theml;eari ng surfaces 153

of the pobdjshi ng Faes cofpterpprgalesieting bhahe ! @riolidd Y opi &égeﬁgwiaoﬁtaggﬁ) a
e

direct current is applied to the workpiece electrode 130 an e renp
el ectrodes 14Pstfustignade Gayse rmeghanina remevalvefipledak froaothe( facedayer 111 at

| i : ] | he fi d d | d
Taoa b or O SHHEE8sAcEs MR prBleddnd B BB eRaitpRo HEGooloh 100 GoR sicist
el ectrode 13Ghe 'dfige fassainblyens ¢o et ﬂa@%érﬁ%a?urpa'cek h%SSSF%dpélﬁiFiﬂ{SgeBadsh

St hg

el ectrode 142b. As such, ‘a chem cal - nechani Cal planari zing proces
only the chd®eath§aainstine facetayendhéeitbel while(assdingrt satrent israpbfiddaehd he

b ocesst ng ol e SlciBls 3ot BedEinel? plecfbacs 14210 el material avko thee
net hod, the duekdiedd M0 0fb) fah%ltreﬁﬁﬁﬂr%ec&llézig?s; Qggﬂieﬁlstéqm)h}'st %%9 S%BF? ?%rpote

adj usted so that the renpte el ectrodes r j uxtaposed to a
regi on of thélgsiedes drRg-tsiatdcling dlestricaldivifent énapplied wdany of tHEewokpte

second regio w.when the thickn of the face layer 111 is
greater a? t E'eecggg? m&héfﬂr%wh@%? @?g@é}éﬁ‘%ﬁ% H%{'_ntthgt sqqqucr@ﬁ%/c@@ Lelegieode
el ectrode asaembl ns14Qcikan Bﬁé’rﬁicﬁl-ﬁie@ﬁé’r‘iicéﬁ‘r"ﬁldnaﬁh ag?écﬁ{esg h@siﬂggéﬂgﬁ @{e

than the center during the deplating/planarizing s O reno
mat eri al froﬁmm@trywm&m elastroThemitak prodessingosolutien eledc bhd dbe ageeniiyall 40

duri th . N
U NG tN®  medium 150 can be performed with or without electrical processing of the face
layer 111.
[0040] In a further embodiment of the method, the dwell time of the remote

electrode assembly 140 can be adjusted so that the remote electrodes 142 are
juxtaposed to a first region of the processing side 113 for a différent period of time
than a second region. For example, when the thicknéss of the face layer 111 is
greater at the perimeter of the workpiece 110 than at the center, the electrode
assembly 140 can have a higher dwell time over the'perimeter than the center
during the deplating/planarizing stage to remove more material from the
workpiece.  The dwell time of the electrode assembly 140 during the
| deplating/planarizing stage is typically higher over areas of the workpiece where
the face layer 111 is thicker. [t will be appreciated that the dwell time of the
remote electrode assembly 140 can be uniform across the face of the workpiece

110, or it can vary according to other parameters in other embodiments of the
invention.

-15-




depl ating/ pl anarizing stage is typically higher over areas of e . wor kpi
where the face layer 111 is thicker. It will be appreciated 1#%“?'??@98?@&6
time of the renote electrode assenbly 140 can be uniform across the face

of the wowdpissee3+110, or it can vary according to other wggg 3951 N
ot her enbodi nents of the invention. -15 1 Septenber 2006 WO %’ﬁ(ﬁ%l%

PCT/ USO 373 [0 : L en f e . E aratu 0 are
expect egéo'? ﬁ prO\[/i %?S%’ﬁ%g%rrgér@ér)ggur g@gfgagégrtaﬂg%@p ?é’é@e@;%é.%é;rowde
appl yi ng an dHiglely (eénargsuiiceesn tHeowbirpiccemtoe qu;e goln
tﬁg )r/recﬁani callgrrgg?ﬁrﬁo agai-r?st theﬁp(p:c ace Iaygir,%?il)r, tﬁg]agtralr@aﬁg a(%'tdg?s

driving the redpsEmaie elgeterden 144 and tubwingithe meelyanical mediur 1(58) agdirst the

oxi dati on of riqal ; ce.of the face layer 111, - and (b)
The mechant cdros AW aI1omnd ReBly BE0R Fafe 1B i of Sreteietpmaherecs
142 that - do o Con sar T e oo Sl R abAsE the Sulthd oF I BB 18 0% an
be moved r elandi (b} the marhanisak sreeval i thg oxidized matefiai. dercbver, dsstaoge oy ed
relative to the .el.ectrodes 14@%@00{ avl%i dégr oduci ng a consi stent voltage

e

drop across tHEPHCRIEYTETE 1S app & ¥Rir tich vigrremate elactrodss k42thebnes
o iy O e
very thin towgrfot kenerd ﬂﬁﬁf fé&lfé%)ﬁﬁpi £ | the r@nﬁ?@[ﬂ%&t@e@yﬂg graﬁléé[. hﬁy% 421

expected to provide a highly p r surface on ce la
Fi gures 4A- 4@lativel o the wosmieseal 1@(drfthe avdrkpiesetid0elanda adeed $61E0E ite 3hd hat

recei ve gases ner at.e uring the el ectrochem cal - mrechani cal processes and
Conduct tne. BIETBAERAS) IR oy orduciReEs cevsigiemt valndRos GoioRs the dacs iavRe
renote el ectr . i t j [ ‘

ppar at us - 200" el e ourdln ch e FERarg.pARMATTY B RoNS S Al e
second renot depletingiplanteizigy@alandhiz 42 bxpeuted koprloyidens RigBiRi sladsr Safddeain

244. The rerrﬁ%f: el ectroge assenbly 240 can further include a nechanical
medi um 250 (FEERCEARET 11ds a first nechani cal medi um 250a adj acent to the

o o B P oL SCHIRAS, 44000 et SREPALIBRNIRIAGE TR SO
mechani cal nesieive 2&Ses genbrtad gieriag ahé electrothenticilsndthafidan prédidices QRS S

less than thgoﬁyutcitrtﬁedgggg\éa raalr y I‘rgr%i ?hge ‘Thuicr:}coae?eectr%;ic workpiece 110 andfor the

remote electrodes. Referring to Figure 4A, one embodiment of an ECM apparatus

200 includes a remote electrode assembly 240a having first and second remote

electrodes 242a and 242b carried by an electrode carrier 244. The remote

electrode assembly 240 can further include a mechanical medium 250 (identified

-as a first mechanical medium 250a adjacent to the first remote electrode 242a and

- a second mechanical medium 250b adjacent the second remote electrode 242b).

In one aspect of this embodiment, the mechanical medium 250 can be a generally

non-porous material that covers less than the entire downwardly facing surface of

each of the remote electrodes 242a-b. An exposed surface 245 of each of the

remote electrodes 242a-b accordingly faces the workpiece 110 directly. These

exposed surfaces 245 can include channels 247 defined by channel surfaces 248

to collect and conduct gases away from the region proximate to the workpiece 110

and/or the remote electrodes 242a-b.
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each of the renote el ectrodes 242a-b. An exposed surface 245 c f
renote el ectrodes 242a-b accordingly faces the workpiece 110 ﬁfslgg:i‘?%&zb&é
These exposed surfaces 245 can include channels 247 defined by channel

surfaces 248039Wteol | ect and conduct gases away fromthe rp(gf,ggmp,g%i mat e
to the workpiece 110 and/or the renote el ectrodes 242a-b. -16 1 Septenber

2000 el O7C13RTHBPSHORSS Aot e UG BRRSH B b sene

enbodi nent, the renote el ect es 2 can 'be”s
by a gap 249 hehseparated: fomoeaabr okl by rmbep d49etiat cahaetlES ¥ cHiRtiRhte Wrect

bet ween t he :?zer}\gtelel ectrodes 242a-b. As a result, the electrical current
fl ows fromo fealeounling: Retwesn: Hedeamoie glestrodas ?42a-bughs aheesult, the

conducti ve ki ] rapi r.at 10 then to
the other gf%11 ﬁﬁe'@érle%%g?@ﬁggﬁ ?d(?c]ig@ggﬁ?gé({gﬁ?gﬁ%'.égéép?ﬁ?ﬁ#ﬁr%?ﬁ%%nﬁ%‘ﬂﬂ’?w
can oper at e the candlidtivermateriabf 11 of tHeemicrbeletienié hapsehe 2A7 ahQ 18O @ t he
gases away fromt el ectrodes 242a-b and/or the m croel ectroni c workpi ece

110. In sti| PHger e ineneamaetepelectredes Rida anndfibne fiurthemsors, dber gate 248r carer

244 t i neli e} ffici to f th

Gases. radt al PRotie i 25HERp (67 ot 8 of e Bhafidl€ Pz onfiuehibe Gassbmenor

the ECM appafrotruthe26iecsboss 24pabi gnd/er & hicrbbRbirbhie vlvé&g?ec@nfild?l ?ﬁ%ﬂl‘?%ﬁ] of
a e

t he mechani cal nedi a 250a-b can control the electric oupl 1 ng betwe
the renote efusther agpectfAhiserabediment, the elrritrode reaniier 24w chpirsiate lihQicafeer

exanpl e, the I Gal i 5Q0az.hb. ¢ b eneral | non- por ous - pads such
that only thtéygxpose? o‘?flgoﬂa%f gl?fﬂg'egffgetlf%ﬁ%egh% 0§ gpdiale qutwandha by
coupl ed to t@entrifiigepiosés 110 via the el ectrochem cal processing solution
161. In an alternate enbodi nent, the mechani cal nmedia 250a-b can be porous

or par ti#4#l y por dRothariteaturesfl toe EEivieappiacatts 2081 shooupin Figuletneenhithpe
rechani cal - ea o spEefelf 16 BB Grsiie Ao0RS RanieERL tha Gledcalne

echunycap (Eapiny, SENaieOnes et oohsnite AL 6ot hid i

coupl i ng betwRrkpieche Uk pdsisdexample; thes methaticaleinedlar 080a-2¢38-He aBHeidng

wor kpi ece 1]noo'n-porous pads such that only the exposed portion of the electrodes 242a-b are

electrically coupled to the workpiece 110 via the electrochemical processing:

solution 161. In an alternate embodiment, the mechanical media 250a-b can be

porous or partially porous pads to allow some electrical coupling between the

remote electrodes 242a-b and the workpiece 110 in regions where the mechanical

media 250a-b are interposed between the workpiece 110 and the electrodes

242a-b. The degree of electrical coupling through the mechanical media 250a-b

can be less than the degree of the electrical couplihg between the exposed

portions of the electrodes 242a-b and the workpiece 110.

{0045} Figure 4B illustrates another embodiment of the ECM apparatus 200 that

 includes a remote electrode assembly 240b having first and second remote

efectrodes 242a-b, and an electrode carrier 244 carrying the first and second

~ remote electrodes 242a-b. The ECM apparatus 200 in this embodiment can also

include first and second mechanical media 250a-b carried by respective first and

second remote electrodes 242a-b. Each of the mechanical media 250a-b is a
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[ 00451 Figure 4B illustrates another enbodi nent of the ECM ap
that includes a renote el ectrode assenbly 240b having first gn8%®%§8§g9006
renote electrodes 242a-b, and an el ectrode carrier 244 carrying the first

and seconWO u38ngse el ectrodes 242a-b. The ECM apparat us 2@@rivxoddnsss
enbodi nent can also include first and second mechani cal nedi a 250a-b

carried by r ho@ thatl -b. . Each of

t he nechani cal nedilja@%éote{ﬁ%ulagggoﬁggﬁa@@%ﬁ%@égggg%q%ﬂs%tfg ores

PCT/ US03/ 063251. upwardiystqptite tdmastei elekirdéss pdPad. 2Fheavehaie HHEgRsed A12a-b
wardly to the renote el ectrodes 242a-b. The

extending fromthe orgs 251 u ) ) des _
renote el ect Fﬁﬁe‘é‘%@?a- gwnwardly E‘%‘P‘ﬂ% TeenaiRadr yint Ber necramanisatian 2uith ithe
fluid conmmuni ' £4 h : S ol , es ,252
can al | ow gabas-dt P54 Accbrciiidy e assaties 255U Bt sbeS ih BSR MR AR e
medi um 250 wherlpietey 18 raddhidugbtted mechanival el 2503¢7ereABey i@ Baliddted

when the passages 252 are filled with the solution 161, the passages 252
can provi de Hh& SREANRIE| 247 niAdditiqnady, when Bpcpasseges 2R are fillad witie the

wor kpi ece 11 004, FiLgu |Jd lodst L. t her odi nent . of the ECM
apparatus 20 o!uhgrsi %1'a{r%e??§§ gg%%segtﬁ ?oggﬁ ggrsoe |§ﬁzﬁ@g& I%Lﬁ%i Hﬁt“fqernsfheand
second renot electbdes Paped atihehvaiRgiceeriiespondi ng first and second

mechani cal nedia 250a-b. I1n one aspect of this enbodi ment, the nechani cal

nedi a Z%E]- b can bEUFRrdudilyssr af@%rﬁﬂﬂﬁﬂergéglh@dbhf@ts Oh\éthq ECMw}appferams KiGece
110. Al [ ' ' [
L1 "ot her 4085 Bl Wi SRSy 2] T P B i

bubbl es avayelbe@biéd 2424-BETPES Pestbidin firstB8d Fséea’icfnfélcﬁsﬁiﬁsgﬁleaésﬁﬂy-&{.

240c can also include an electrode carrier 244 having canted | ower
surfaces 270Int¢na agpecst f this embadiagntstheamedhanical anedia @50adngarebefporous to

205 of eaon SR Gets Bag ity S 168 W&Rbiec, TRET " Riflnts, dhpecoror this
i nclination gABoBifmeH 4P MdIRdS esbiEfvaraRy ‘F’écfirflgﬂ]&%ﬁefs” 2Qirswwe§f§@ R et he

wor kpi ece 110 and the el ectrodes 242a-b°fromThe center of the
assenbl y 240244asb ttheotiestandoenriduict the gas bubbles raxtay feorindte rededisides IB12a-b,

Lgﬁ:o: inﬁtgi ggttﬁegﬁérﬁﬂéagleggogé ea%ger%’zglydﬂécbgerzr? ta?sl;c}/ inrc?ud&]ecaeantquct%deecéa'rlririce?l244
having canted lower surfaces 270 that orient the passages 247 at a selected
angle of inclination. In one aspect of this embodiment, a downwardly facing
surface 272 of each of the electrodes 242a-b is also inclined. The angle of
inclination can be shallow to reduce the difference in distance between the
workpiece 110 and the electrodes 242a-b from the center of the electrode
assembly 240c o the outer periphery. In alternate embodiments, the inclination
angle can be steep to defiberately reduce the electrfcal coupling between the
perimeter of the electrodes 242a-b and the workpiece 110. In a further
embodiment, the channels 247 can be inclined upwardly (shown in Figure 4C),
although a lower surface of the electrodes 242a-b can be horizontal (indicated in
dashed lines in Fighre 4C by reference number 245).

{0047} Figures 5A-5E illustrate several remote electrode assemblies 340 for use
with ECM apparatuses in accordance with additional embodiments of the

invention. Referring to Figure 5A, this figure illustrates an embodiment of a
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peri neter of the electrodes 242a-b and the workpiece 110. In adf r
enbodi nent, the channels 247 can be inclined upwardly (shown f§9b:i%[ﬂﬁgrg%)6
al though a | ower surface of the el ectrodes 242a-b can be hori zont al

(i ndi cat edV9 A3/07d83hed |ines in Figure 4C by reference nunbsrr@édBles70047]
Figures 5A-5E illustrate several renote el ectrode assenblies 340 for use

Mvonton.+ RoiotBrdlepfod SRSEABRaM Inititind SPpicBIRas cBFier adhofithant of
a -is 1 Septsedeerd Mte MEcOSIEL B434-HPEdrrdB0BY) ARS SledtRit BaRleP341006d 2

assenbly 340 conprising an electrode carrier 341, first and second renote
el ectrodes 34Pgchaigalr Magiwy 39 carded rkydhe first @nd3sagonch demotarexiéctirides!

di um 350 i i . d | ect 342a-b. The
oo oo vesga£l Dind fechlhiRby ARGHET S8 IRl el a hiaREES i S5 omtlve
di fferent el et havd difersraeiatiicdlicheradisistR¥aMRr @xahbR, Erﬁ@ié%i}%fﬁ éb{-é c&AN

oal nrent, oOr

be di sposed annul arly around a central region 352a in one e

ot her enbodi Mg disRosed raEFiualy aendad septrakregiom 352asinodne emogiéament o in

i ' 352a- h di ff t dielectri t ant
bndror “conaudiey pebRHRO e Reflats, 687 A% Suler nalsF s, of elapsT e e Ren |
the remote ejrifirovies Reiish 3508 d heargrdal effrdd ariddifia! E%/nﬁﬁﬁtgsgng@?t he

face layer 111. Accordingly, the inpedance of the circuit(s) torne
renot e el ect rasigyictiaiento @iy thiee degiee lofiyalecttital cauplingr oebwasn tthe reufdtace

of workpiece 11Q t [ de ariati.on in.the rate at which material is
ol ectrical | y e:'%%ﬁ?)’ge& 2R and ﬁ%ﬁ%‘ﬁé‘@?“élﬁ%ﬁﬁ%ﬁﬂ&ﬁ%@ ,“I“% F@%&ételréﬂﬁ;
vari ed el ectra i r hed4

ot herw se r e&cﬁ?kﬁlﬁ@gbgﬁ Z’F‘F?E%@% S’ﬁ??%?ﬁfﬁ@rfpgreé ?ﬁ;ng{/i{érﬁg{eegﬁ%ergg% a

consi stent di¥Reremed the fiebe layeral 1 Vcanelaryidver lihe warace f warmpiaeeet id.0

and the nechanical nedi um 350).. [00481 Figure 5B illustrates a renote
el ectrode asfé%% < V\oad '\9Fn‘c_5?_ éh%)(ﬁaéﬁusat ngﬁamaé%na* ngdBgetripsdy i remavedr eance

W th anot her gl BidreQf | g ; ; LS i et
enbodi nent, the rrechanirgal Arjr%g?%tmwé 55hggﬁa¥lé1[§ﬁ ﬁ%ﬂgﬁ?@@ka@éﬁrﬁ%@rl&c&%ﬂS
354 in whi chcptrechfarclastirs ghatowotidoathibdisearesié it apatizie dohanifeha hadesial | v

couple the rennte el ectrodes 3423-b to. the face |ayer 111 of the
removal rates (e.g., a conststent difference in the relative velocity between the

In

workpiece 110 and the mechanical medium 350).
[0048] Figure 5B illustrates & remote electrode assembly 340 having a porous
mechanical medium 350 in accordance with another embodiment of the invention.
In one aspect of this embodiment, the mechanical medium 350hcan include pores
353 and passages 354 in which the processing solution 161 can be containéd to
electrically couple the remote electrodes 342a-b to the face layer 111 of the
workpiece 110. In a further aspect of this embodiment, the porosity of the
mechanical medium 350 can vary in a continuous manner from one region to
. another. For example, the porosity can decrease in a radially outward direction to
reduce the electrical coupling at the perimeter of the workpiece 110. In other
embodiments, the pordsity can change in other manners to provide a different
level of electrically coupling over different portions of the workpiece 110.
[0049] Figure 5C illustrates a remote electrode assembly 340 that includes a

mechanical medium 350 having three concentric regions 355a-¢ that each have a
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wor kpi ece 110. In a further aspect of this enbodinent, the p '
mechani cal nmedi um 350 can vary in a continuous manner from O%%}ggélfrgﬁg{gaﬁﬁ
anot her. For exanple, the porosity can decrease in a radially outward
di recti onW@®03/Q76tpdce the el ectrical coupling at the peri macarypbote

wor kpi ece 110. In other enbodinents, the porosity can change in other

i Tforont _por i oat OroRle T eicifts, B i 3eabnrssed cAB ol B BeE furoqm
renot e el ect rpufesigs sienvabiodidthet et regidnu@65aaa sesmantalfidn BEHLUBLS Hhvady

i ng
three concentric regions 355a-c that each have a -19 1 Septenber 2006 WO
03/ 076134 PCT9a990d//u8yy Hat ig uaiiernp dhresiohgut ther sespadpegiona3$sh, sand egihbd :

ecand  eq: on°0sBL 2, teh bave = LAY} W it Houiets hE TPl sdett °

the second re3f5en 1BEGke agmstt af tHis lenbddhakan tﬁ@gﬁrd‘sﬂ? R NE nbchBhicg Rféuﬁfrhty
355c. I n one

that is uniformthroughout the third region 35 r aspect of this
enbodi nent, t3RE pam clRagasss in Reradialnavitwesd diksgtion o3B0 other embodiazants rtha

oty S B, RS BRRES oM S il RS
can have nor en@shanflmddian 350ecdh hade harel é‘rCifevJe?%éH‘ﬁ%e ﬁﬁé@-ﬁsnr{&’?é@l ns,

Figure 5D illustrates a renote el ectrode assenbly 340 having a necha
medi um 350 wid¥¥apbr ous and non- porous regions in accordance w th anot her

nbodi f the ' .. F I h hani cal di 350
hl udeo®Ohant r al FB D MUgraIR® 336000 glegrate arseiBhy a0l NG aTaRehese!
The outer neRsARIHOYSO WAl saro%éfian@%msora%irbpﬁﬁe%cma%ﬁéecwiﬂ yaﬁ@@%_b

the central porous region 356a. Accordingly, e renpte electrodes
can be el ecembsgimgnicol fieeihventiont hEomexample; ¢hé Ibechanjcal medtient S50 edn

region of the renote | ectrode assepbly 340, and the nechani.cal__nedi um 350
can nechani IS paoler ARl eBioBverod,and 2heret srramorous EEior5ape His
illustrates ghteRlddRLperots réhibARSeREHn be p%%@ﬁeﬁ%nééﬂméﬁ 255Ut tRE Sentral
assenbly 340 includes a nmechani cal nedium 350 having unitormporosity. The
mechani cal npdiausn 38@ionalRSta adccdiedlyt othe maskiedElediitalespRaran ey H
least limts Fl ?ct rical coupi [ rljlg bekween ) ,

electricaily coupled with theé workpiece 110 oniy in the central region of the remote

electrode assembly 340, and the mechanical medium 350 can mechanically

remove material over a larger contact area. Figure 5E illustrates an alternate

- arrangement in which the remote electrode assembly 340 includes a mechanical

medium 350 having uniform porosity. The mechanical medium 350 can be

attached to a mask 357 that prevents or at least limits electrical coupling between

the remote electrodes 342a-b and the workpiece 110 in regions where the mask

357 is interposed between the workpiece 110 and the elettrodes 342a-b.

[os1 Figure 6 is a cross-sectional side elevational view of an ECM processing
apparatus 600 for electrochemical-mechanical processing the microelectronic
workpiece 110 in accordance with another embodiment of the invention. Several
components of the ECM processing apparatus 600 are shown schematically in
Figure 6, and components with like reference numbers refer to like components in
Figures 2-6. In one aspect of this embodiment, the ECM processing apparatus

600 has a platen or table 610, a workpiece carrier assembly 620, a workpiece
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the renote el ectrodes 342a-b and the workpiece 110 in regions \Shere 2006
mask 357 is interposed between the workpi ece 110 and the el e?: er
342a-b. [0051] Figure 6 is a cross-sectional side elevational view of an

ECM pr oced¥? y076tpar at us 600 for el ectrocheni cal - mechani galreasessi Ng t he
m croel ectronic workpiece 110 in accordance wi th anot her enbodi nent of the

i nvention. Sewpk@bde C@:;m@aﬁmcﬁ bgfthbhﬁmﬁ@édéf %‘éﬁ?e?' "o S P Y gér%ote

shown schemati cal | y in Figure onent's WI e referenc
nunber s r ef er elestrpiig essembpbn 646 having Ferguﬁeeeleétrﬁdes 164934!3 aapiat bgfthé NiaBle

enbodi nment E ess a arat 600 has a platen or table 610, a
wor kpi ece cargf%r ?EQMIWO%GZ%'” SeQQ,O canpglse irglyde ayaecharaea! mywiium
03/ 076134 PCT; e 3 [ e CAalrier
assenbly 620, égfg:%/a rer@’tﬁ"e IQI@gge%s%Z'g%bﬁ}t%ﬁ %&3@8"@?&%@% @5 éa&d(%'des

642a-b carri etcdecmrocatest(artmbw H)@ahe talile & 10CHh{ rogas hskpnitip 82atdap r@@g}eqafh@l SO
I ncl ude a ne &anl ca 650 carried by the table 610. A drive system

612 rotates (faff Hﬂn@)at%l&”ﬂ?qy‘f J) the waskpiese 63Tie8,628w TiHe mavernens| of tise tableitd 0a

d nbl J

wor kpi ace. carte e BBl bareriozar' be LoeldifaRuth brifh B odrssR e sie
carrier 620 cam loé theowdikpigced 110 Mast Iahl@eéﬂr@?%ﬁaéé} 653def tﬁéemééhérﬁ&g
wor kpi ece 110 al nst a bearing surface 653 of the nechanical medium6

[ 00521 Duri nd’"ﬁ Pe¥dsi ng cycle, one or nore processing sol utions 660 can

be d d ont f th h i.um 650.
The melRTcal et H SSECURE R colRr Ripre dT et oaglle® BeDaroget o
provi de the duppsited iote tied ertarihg AdurfaeBessT df tA8 @R Q'ﬁéd[um 6 O The
characteristics for pr ocessin t he workpi ece 110. For exanple,

nmechani cal nEeRGANEY andkhe pr@seasng@obwpnﬁso@emcmedao prOVIde

neediurp &
-ab ' I
col utionfor the SppreFisht BEERRAIIHEMCH AR mechsiial Pt TRLEE iR borssion o
a pl anari zi nghéﬁ)drd!kplebefﬂo CReMeg@nple, ANE!/nscHERCAR Ml Y6 L BRY W93 fixed-

material fromthe workpiece 110. The grocesm ng sol ution 660 can
accor di ngl y @PRSIRIBOlFNiRY Pad 5| nen-ghsive pad.adiheeprpaessiog esiution 688 tams

hem cals th f t I t tht
\?vorerknpicg CZ 1lgte &t &ecﬁgﬂyﬁg ES“IGU&Q fobrerlatcljnrgnc]:or‘IO é‘erplétlcnug r%tena?ﬁ'orlnotﬂg wvgrkptece 110,

andfor a planarizing solution for chemically and/or mechanically removing
material from the workpiece 110. The processing solution 660 can accordingly
include an electrolyte and/or abrasive particles, as well as chemicals that are
selected to perform particular reactions with the workpiece 1 10.

[0053] The ECM processing apparatus 600 can also include the switch assembly
180, the DC power supply 172, the AC power supply 174, and the controller 190.
The workpiece electrode 630 and the remote electrodés 642a-b are coupled to
the switch assembly 180 for selectively applying a direct current andfor an
alternating current to the various electrodes. The electrochemical processing
apparatus 600 shown in Figure 6 can accordingly perform many of the same
methods described above with reference to Figure 3.

[0054] Figure 7 is a side elevational view of an embodiment of the ECM
processing apparatus 600 explained above showing a portion of the apparatus in

greater detail. In one aspect of this embodiment, the ECM apparatus 600 can
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[ 00531 The ECM processing apparatus 600 can al so include the i tch
assenbly 180, the DC power supply 172, the AC power supply 11%4?9@‘?{8"958006
controller 190. The workpi ece el ectrode 630 and the renote el ectrodes
642a-b ar®@eubsd to the switch assenbly 180 for sel ectipeglyseapi-yi Ng a
direct current and/or an alternating current to the various el ectrodes.

The el ect 1 oChRieRlindlids aSsiliity 8PARE 3t SaMMe BRI 8452 E¥encatn,

accordi ngly perform many o € same et escCri
reference to @ndfar éntdgreted sMth, Rhgunechanical ansdid® 65&V #Hdrog@implé WO terdBte
aratus 600 expl ai ned above show ng a

enbodi nent of the rocessing a
portion of t h@eﬁ%ﬁg%%ﬂ&%ﬁa@%gfr@‘ﬁg%t”a‘i’qiifs and epraiedydbe taile B10s Each of

enbodi nent, t 6 an -2 Sep r 06. .\ 03/ 076134
PCT/ US03/ 0637 B, T %;)%ﬁ‘én%fu e g%%%%ra Mt f)a%? ?.%@f?@nﬁge%ﬁw rfé%‘{é the
el ectrodes 64irbelbemensit workpiadé dnoj aneeseh ofthd idoté RfeciebaBiseal BELiHAM
650. For exanple, the renpte el ectrodes 642a-b can be arranged in pairs

and carried AdetNtitaR dvises 64f4bat electrically isintes the fest rodeecend sléctoaies

Daeh of the oA At ol ARIRGS ) THE el S8 SeEfid BlkcofSs BAaEH aen se benar
el ectrical ly digigbatie® diseretd ) & pReakty dferid Qcﬁﬁﬁ.llits %%%Fbéflg{/rﬁg}e@ﬂﬁﬁ?o

f&u
anot her. The first and sepong elpgctrodes 642a-b can al so be
di screte growFecessing gelutian 66y can fiomutocthe detioint surtg2 afithe mgthahiosh mdum

rocessing s ti 61 nflowto e bottom.surface of the nechanica
hedi um - 650, %ﬁ‘?e' e ﬁmh%ﬁwamwmw §§@ %%%F@Eféﬁ’%@@ VS obeaégagﬁé (not

assages (no 0 ' i ' ; ; i | 661
P f Lo {0 CHORROINFIguré 79 thRoubi wiicAUAS MBeRctind SoRABARESY Bl T ' s

i nclude a pl besringysugece G53nnkiesmesharicaltrhedibreBdh gas aisoaioelud 3 phumblity aF _
transport the ol uti.on 61 ss ,the surface of the nechani cal

r 0cessi n - € A
rech um 650, SHGTCE) 201 TdbE DARHNsoYEsce 55 BulipL Eansneyt e akpesssing Rlliee
110. [0055] Bef eidrbsdtiet $lrfadeOoifth Yhdchbnida fndefidrh r@sgcgga'(gp AR =AHUR00
can optionally include a non-contact energy source 6 t a? 'S prOX|ﬁa e
to the procgesibugblas awayitoBahe srkpiecen! ph.ocessi ng cycl e. The non-cont act
ener squrce 69 an be ul t.rasonjc .ene emtter that transnts
ul t r'gg JAFEE ener gy?!e?errmg sfil’ to ‘:Igure * the éEKA processing apparatus 600 can

optionally include a non-contact energy source 699 that is proximate to the
processing solution 661 during a processing cycle. The non-contact energy
source 698 can be an ultrasonic energy emitter that transmits ultrasonic energy
into the processing fluid 661. It is expected that imparting ultrasonic energy to the
processing solution 661 will increase the rate and/or the efficiency at which gas

bubbles are removed from the region proximate to workpiece 110.
[0056] From the foregoing, it will be appreciated that specific embodiments of the
' invention have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the spirit and scope of the
invention. Accordingly, the invention is not limited except as by the appended

claims.
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into the processing fluid 661. It is expected that inparting ular Al
energy to the processing solution 661 wll increase the rat ejrlgtﬁ(??%'?’bteﬁgooe

ef ficiency at which gas bubbles are renoved fromthe region proximte to
wor kpi ece 110. [00561 Fromthe foregoing, it will be appreciated that

speci fic enbodi nents of the invention have been described herein for
purposes of illustration, but that various nodifications nay be made

wi t hout deviating fromthe spirit and scope of the invention. Accordingly,
the invention is not limted except ChalM$ t he appended clainms. -22 E 1
Sept enber 2006 CLAIMS 1 An apparatus for el ectrochem cal - nechani cal
processiﬁg of m croel ectronic workpiece i sing: a workpiece hol der

S co r
configurdd t AP @PeRTRIUS fon elpeisrchamisatmerharisakrrecessing ok pisveslastenia ode

confi gurgdidfbeRn @ﬁ;@- . processing side of the workpiece when the
wor kpi ece ll- I‘EC("-,‘IEVE n?‘r?af he wor kpi ece holder; a first renote el ectrode and

a second renoa evoekiece bdkler thafiuredtto anckive aanittbglecmbrtic sarkpieeges bei ng
spaced apart fromthe wo k?i ece hol der; a mechani cal medi um havi nﬁ’ﬁi
e

bearing surf a&&eVPEPISHS CIRSTRGRK pPRIQuUred dlogepntacl & PFackssIRg SidR i ofg

first and second r " It e bk ﬁffm = QP .0 the
wor kpi ece el ect rod\ggﬁkipﬁeeceﬂvﬁ@ﬁ Eﬁ%{kﬁe%c@?%lgg?ﬂzn thﬁ(pgecon g(re{ém)te
el ectrode; ara Atshosmptes wigitiodsl aotr acsddonde oambisd alacttode, sthiet fifst rend

assenbly to be in _electrical conmmunication with the first and second
rZ?mt e )él ect rodles S%OQ%t W@%@Sﬂ‘i’”ﬂﬁé%gék&%?&‘m APAG tjgpr?yl@gewo PIRGH t ; and

a DC power supply mdigetrically coupled to the switching assenbly to be in
el ectrical communication with the workpiece el ectrode at one polarity and
at | east one dfmegkanicalsmegigmsbaving aecbearine|secfacedissing thanworkpiesiet e

polarity via the %i&gpi%aas%%k%de facing the first and second remote

electrodes;

a switching ass_embly coupled to the workpiece electrode, the first remote
electrode, and the second remote electrode;

an AC power supply electrically coupled to the switching assembly to be in
electrical communication with the first and second remote electrodes
via the switching assembly forming a closed circuit; and

a DC power supp[y electrically coupled to the switching assembly to be in
electrical communication with the workpiece electrode at one
polarity and at least one of the first and second remote electrodes at

an opposite polarity via the switching assembly.

2. The apparatus of claim 1 wherein the workpiece electrode is carried

by the workpiece holder.

3. The apparatus of claim 1 wherein:
the workpiece electrode is carried by the workpiece holder; and
the first remote electrode and the second remote electrode are carried by a

remote electrode assembly separate from the workpiece holder.
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2. The apparatus of claim 1l wherein the workpi ece el ectrode i [
t he workpi ece holder. 3. The apparatus of claim1 wherein: thﬁs%ﬁwgg[igwe

el ectrode is carried by the workpi ece holder; and the first renote
el ectrode and the second renpte el ectrode are carried by a renpte
el ectrode assenbly separate fromthe workpi ece holder. 23 0 1 Septenber

2006 4. The ﬁ.ppar'ﬂﬁé‘é%ﬁéra%fbf@éi%%ﬁér@in'the wor kpi ece hol der conprises a
g a chuc con

substrate carrier havi igured to hold the workpi ece so that
t he processi fheswdekpiace sholdennvemprisesl e siiisirateassaribt yhadng| @dchuck he

substrate carrier to, nove,the bstrate carriger,; . and the workpiece
electrode is carr if_@d‘ﬂsyf%cﬁ@ \Eﬂtﬂi %E@%@%?‘? tﬁgf' thPh@%Sﬁ%F‘Sﬁ'fE? gchg aimil
wherei n: the wor kpigigmviel S8 aComm a§§eﬁnaty%b@mé&t@tr@éﬁb§@t@ae§rﬁwr@ chuck

configured to hold the workpiece so that fhe processing side faces upward
and a drive assentngvedimpsdbtiaie cagiarudedrate carrier to nove the

Substrate cargjer: and the iece egtrode i.s carried by the workpiece
hol der. 6. Tﬁéég'\f)oﬁg&%gﬁ?l%cft%%{eg?r%%%,'ecfh}( ﬁh%WOﬁ%%‘ﬁ @?lﬂsr'an el ectrode
assenbly spaced apart fromthe workpi ece holder, and wherein the first

renote el ectrode _and the second renote electrode are carried by the
el ectrode asdenbl ylherapmgratugpieiainud wiereinai m 1 wherei n: the apparat us

further conprjse I SS sp apart frgmthe

wor kpi ece holtlc]%r ?\zo?iﬁgg %?ﬁ%lggﬁe&%é@% 3af" bsg{g%t{yat%%&ﬁgq ehEB’érfgat‘fi‘ VEHS the

wor kpi ece hol der; comfiguferi fo held themabkpidRCEs adgt tiadpioessing @itk Fajdat e

el ectrode are carried by the el ectrode assenb,ﬁ% . The apparatus of claim

ly. 8
1 wherein: the appivardsamnda qeve cagembe coapias tadhe sbstaimgarrigssionnl y
spaced apart frombhePLiiese Anldlesngt he el ectrode assenbly being

the workpiece electrode is carried by the workpiece holder.

6. The apparatus of claim 1, further comprising an electrode assembly
spaced apart from the workpiece holder, and wherein the first remote electrode

and the second remote electrode are carried by the electrode assembly.

7. The apparatus of claim 1 wherein:

the apparatus further comprises a moveable electrode assembly spaced
apart from the workpiece holder, the electrode assembly being
moveable relative to the workpiece holder; and

the first remote electrode and the second remote electrode are carried by

the electrode assembly.

8. The apparatus of claim 1 wherein:

the apparatus further comprises a moveable electrode assembly spaced
apart from the workpiece holder, the electrode assembly being
moveable relative to the workpiece holder;

the first remote electrode and the second remote electrode are carried by

the electrode assembly; and
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noveabl e relative to the workpi ece holder; the first renote ¢ ode a
the second renote electrode are carried by the electrode asstsgbyﬂngﬁﬁaggs
| Septenber 2006 the nechanical nedium conprises a first polishing pad
carried by the first renote el ectrode and a second polishing pad carried by
the second renpte electrode. 9. The apparatus of claim1l wherein: the

apparatus fur ' - e | ' a

ol hi g pad Sarer S b FRdR ERriska® HE BB SRRl RREERLY over
t he polishing pad,reamitetdiectroste fupd aczemmindgiolistimg pad aarrieeidbythd becomat kpi ece
hol der; and the first renote el ectrode and the second renote el ectrode are
carried by the tdEMPEFECHRYE 2pparatus of claim1, further conmprising a
controller having a conputer operable nmediumcontaining instructions to
operate the apparatus according to a process conprising (a) contacting the
processi ng sitle of Théappaiatuspel eaim dniltersbrkpi ece with an el ect rocheni cal

processi ng saglution b) |l ying a direct electrical current to the
wor kpi ece el 3&??@&&’@”&“1{{8 fgrftﬁé)rg%cépprg%% %#abq‘?'h_e first renote el ectrode and/ or
the second r efBirRe@lAEdIPREIIMH EEmphseIBIHORSIARE paBtHrASd Byt table:

el ectrochem cal processing solution, (c) applyrng an altefnating
el ectrical cuheemorkpjeeg heldst isnpogitioned ¢versthe epalisbing gud; odad athd/ or t he

second renote el | kpi e c St el ect rochem cal
processi ng sol ut %%{k%%ﬁ;&\’%l%t?%éréggsﬁggﬁhg?% 5‘%2%@%% hgta%& %'?Oct he wor kpi ece
agai nst the thedheniemadtenslditivd@bntanstseabhl aeaivt Widdrddeea®! ¢afiatiyng
current. 11. The aﬂpar atus of claiml, further conprising a controller
having a conput ert Sﬁ'éw&bl e medi um containing instructions to operate the
apparatus according to a process conprising (a) contacting the processing
side of the mcroelectronic workpiece with an el ectrochem cal processing
sol ution, (b)10.apprte agparatius eftclaimed] furtiadr comprsihg t coheolierT kapiies @

el ectrode anc{ at | east one of the first renpte el ectrode and/or the second

renot e SIOBRWERERGNRPIE Medivey, Qﬁp@(y@ng instructions to operate the apparatus

according to a process comprising (a) contacting the processing side of the
microelectronic workpiece with an electrochemical processing solution, (b)
applying a direct electrical current to the workpiece electrode and at least one of
the first remote electrode and/or the second remote electrode while the workpiece
contacts the electrochemical processing solution, {(c) applying an alternating
electrical current to at least one of the first remote electrode and/or the second
remote electrode while the workpiece contacts the electrochemical processing
solution, and (d) pressing the processing side of the workpiece against the

mechanical medium at least while applying the alternating current.

11.  The apparatus of claim 1, further comprising a controller having a
computer operable medium containing instructions to operate the apparatus
according to a process comprising (a) contacting the processing side of the
microelectronic workpiece with an electrochemical processing solution, (b)
applying a direct electrical current to the workpiece electrode and at least one of
the first remote electrode and/or the second remote electrode while the workpiece
contacts the electrochemical processing solution, (c) applying an alternating
electrical current to the first remote electrode and the second remote electrode

while the workpiece contacts the electrochemical processing solution, and (d)
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contacts the el ectrochem cal processing solution, (c) applyi
alternating electrical currelrcl)t to thegfi rst rem)t((a Zal egfrgdg‘pgﬁgt?ﬁgerzoos
second renpote el ectrode while the workpiece contacts the el ectrochem cal
processing solution, and (d) 25 0 1 Septenber 2006 pressing the

processi ng side of the workpi ece agai nst the nechani cal nedium at | east

whi | e apslexsing thaq)ra&é@ﬁ@&,id@%ﬂﬁbr@mpie%%-agﬂ?ﬁsﬁﬁeaﬁéén@i@é| hb@UM At
[l er a

further conprrsing a contro aving a conputer oper e medi um

cont ai nilagst wkile applyivgshe altepwmtingecurtentappar at us  according to a process
conprising (a) contacting the processing side of the mcroelectronic
wor kpi ece with an el ectrochem cal processing solution, (b) applying a

direct electrizal Thd @bhrdts IIFCINM HPFQESerebSRbF rq\?\??} of
the first renpte el ecta?(?dg a?nd/ or thepsecond re%tggsealﬁgg??@cliée |Irllgrétehe

wor kpi eceMmigier aererablee medidiy eontaiiogl ingtruckens g epgrate dhe @pparapys yi ng
an alter ' l ectrical current to.the first renote el.ectrode ;and the
second r%%%’#@ﬁglg)c?’r B%Cesah?qrgpgﬂapyfq}gcqrf:rgctmgr éfd? @Pg‘éﬁjm%aﬁ'g%lﬂfr@ﬁ. 13.
The appanrirosleofrosicawdrilpiets!r WRRI aporEMdtFdoMndAcSI0Mro6ddsiig Nevlitich,a (b)
conput er operabl e nmedium containing instructions to operate the apparatus
accor di rRPRIYNG heseddssiectsnpl sWreny todhe vwrkaiecerje¢trede pad & dear) atedel of t he
m cr oel reQL ' ] e r ) | | on, (b
2ppl vi g5 v enfbte edtiidindlof he el o BB AR i et )

| east ormnbéctst e felacttochemital ploeetsindesalndon) (thappgaandr emeheatilgect r ode
whi | e th(ﬁ wor kpi ece  contacgts the el ectrochem cal processi n% solution, (c)

appl yi ngP8rTER guReRt igtheslisst remole etagtiode: ane theserppgire tedeqdrasie r ode
and the \ﬁﬁ@ggﬁﬂpﬁgghg o‘ﬁb@?él@@ﬁﬁal %yrér?dt he wor kpi ece contacts the

el ectrochem c cessing sol ution, ) pressing the processing side of
t he workpi ece agai nst the nechani cal nmediumat |east while applying the

andior the i Tht - aHip SBEBIICE GRAt@NL o BT e I ERAI CABIPorSIaviNE & he

o oot o DTACF GBS MR SoNGAA AUBLIGITE, Bydld g (he
el ect _ro_cﬂmrdiag-w.eehamoeas OTroprsing n@) ofontaciorg ¢he qrooes singvaidei af ciing,
compri St Avoelectronic workpiece with an electrochemical processing solution, (b)
applying a direct electrical current to the workpiece electrode and at least one of
the first remote electrode and/or the second remote electrode while the workpiece
contacts the electrochemical processing solution, (¢) applying an alternating
electrical current io the first remote electrode and the second remote electrode
while the workpiece contacts the electrochemical processing solution, (d) pressing
the processing side of the workpiece against the mechanical medium at least
while applying the alternating current, and (e) moving the at least one of the
workpiece and/or the first and second remote electrodes so that the first and the
second remote electrodes have a higher dwell time at a first region of the

workpiece than at a second region.

14.  An apparatus for electrochemical-mechanical processing of
microelectronic workpieces, comprising:

a workpiece holder configured fo receive a microelectronic workpiece;

a workpiece electrode configured to contact a processing side of the

workpiece when the workpiece is received in the workpiece holder;
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a wor kpi ece hol der configured to receive a mcroelectronic wo i ;
wor kpi ece el ectrode configured to contact a processing side 01§%ﬁ@&%be?2006
wor kpi ece when the workpiece is received in the workpiece holder; 26 1
Sept enber 2006 a first renpte el ectrode and a second renote el ectrode,
wherein the first and second renote el ectrodes are juxtaposed to the

wor kpi ece  hoj diegt tetndie Sleaessk apard sbeom Fr@ﬁioﬁi REREDUBI wHetEinothel fitSt A |
an

wor kpi ece  when the workpiece is received in the workpi ece hol der; C

pover Sl "1 DOSEOBipScoRscabdss o ey boupbipies
wor kpi the.
el eclto rode, the Acqg%géﬁﬁs%%éﬁé?éiﬁgéﬁtf@g &? BW?S@&%@? PP&}%WQ%"?%

swi t chi ng assenbl ywhee thslesrigiiecd Basteited i fe woMpiciy Réliepr and a second
configuration, and wherein in the first configuration, the DC power supply

is coupl ed t P HE PRYPKPHRIYS el ectrode and the first renote el ectrode while

the AC power i LA neously coupled to the first and second
renote el ect r%?gjso,%g%&\f\m%%ﬁn&i n the second configuration, the DC power

supply i s conmeuwftedingoasseebipcioppledetoeiheckokgiecandebpbdie t the firkt Ferhond
second renote el ectrode ile sinmultaneously the AC power supply is
coupled to the fi r@?c%?fze'\ggewof‘ rf@fr!?tﬁleé%(ftg%sthel@ PEMEEr FupRhatans of

claim 14 wher ei n g 190r KBWEC uBbiFCWhesinthe SRR Q¥ahBR MRINNCEE

hol der, and wherein the apparatus further conprises a nechanic
havi ng a beari ng deasts &rst aonfiguratien wodiepsemdad nfiguratioh, andbaisd=irdia f aci ng

the first and secqpd renote el ectrodes. . The apparatus of c]aim15
wherein: the V\Drkaﬂgcﬁrsél%%fpblﬁ%t'qrb @'&r rl:f[gcpwert ﬁBBRBr Ikﬁ)icé’é@teﬁ;oltﬂeﬂ“_je and
the first renote Qh@*kbfé@@ee@ﬁﬁo&i@ear&?ﬁﬁélcﬁréiﬁF@h@t@%ﬁ@‘r&@e\f@f@ %ﬁafAbed by

an el ectrode assenbly separate fromthe workpi ece : e apparat us
of claimi5, furtROWIoARRPRIYi isgsianienecuslydecupied elobthe dipstc add agpmmondf r om

the workpiece hol qgp,8f M E And WhdrbinSh tRE%econd configuration, the DC

power supply is connected to the workpiece electrode and both the
first and second remote electrodes while simultaneously the AC

power supply is coupled to the first and second remote electrodes.

15.  The apparatus of claim 14 wherein the workpiece electrode is
carried by the workpiece holder, and wherein the apparatus further comprises a
mechanical medium having a bearing surface facing the workpiece holder and a

backside facing the first and second remote electrodes.

16.  The apparatus of claim 15 wherein:
the workpiece electrode is carried by the workpiece holder; and
the first remote electrode and the second remote electrode are carried by

an electrode assembly separate from the workpiece holder.
17.  The apparatus of claim 15, further comprising an electrode

assembly spaced apart from the workpiece holder, and wherein the first and

second remote electrodes are carried by the electrode assembly.
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second renote el ectrodes are carried by the el ectrode assenbl
Sept enber 2006 18. The apparatus of claim 15 wherein: the ahﬁgpégﬂyﬁerZOOG
further conprises a noveabl e el ectrode assenbly spaced apart fromthe

wor kpi ece hol der, wherein the electrode assenbly is noveable relative to

t he wor kpi ece holder; and the first and second renote el ectrodes are

carried by thegel eThd agBarahs$8NMBbin 15%Whdiagh:appar atus of claim15 wherein:
t he apparatus further conprises a noveable el ectrode assenbly spaced apart

from t he wor Kpeezpparaiusefurtheiecompritesaadneveatrid elecinnde assemblydegacate

carried by the ele ssenmbl v anpd t he chani ca Lum conprises a

first polishing pa%g%gﬂgmaﬂmovof AeGq Bgltder,r\gﬁgqeén g?%@hpg‘égemeﬁl@%&nd

pol i shing pad car rmedestMetrbRitive ek worPE @ BOIBEETaHde. 20. The apparatus of
claim 15 wherein; the apparatus further conprises a table; the mechanical

medi um conpr i es fiest pand sseeando dameie relectredes rset aaried bietheoratgstenste hol der
is positioned over d ?an?I i shing pad, and the workpiece electrode is
carried by the vvor?<p| ece’’hol der; and the first and second renote el ectrodes
are carried by the table. 21. An apparatus for el ectrochem cal - nechani cal
processing of mcroel ectronic workpieces, conprising: a workpiece hol der
configured t ol%-ecelReapPAiatyvel daim dRiwheiBikpi ece; a first el ectrode

cont i gur ed 1 QneOaba R RIPEPSRINIHsIR Mbyldifle WLARIRL Ssc BN Lifeg

wor kpi ece is receive € wor Kpi ece ho ;& second

third el ectrode, tdmarsfroorttieanmstkplicethaddect rodes being renote el ectrodes

that are spa\(lzsgd Fart fromthe workpiece holder; a nechanical nedium
eif

bet ween t he S candh sefond; remels: elegtredgs are carried by the electrode
assembly; and

the mechanical medium comprises a first polishing pad carried by the first
remote electrode and a second polishing pad carried by the second

remote elecirode.

20. The apparatus of claim 15 wherein:

the apparatus further comprises a table;

the mechanical medium comprises a polishing pad carried by the table;

the workpiece holder is positioned over the polishing pad, and the
workpiece electrode is carried by the workpiece holder; and

the first and second remote electrodes are carried by the table.

21.  An apparatus for electrochemical-mechanical processing of

microelectronic workpieces, comprising:

a workpiece holder configured to receive a microelectronic workpiece;

a first electrode configured to contact a processing side of the workpiece
when the workpiece is received in the workpiece holder;

a second electrode and a third electrode, the second and third electrodes
being remote electrodes that are spaced apart from the workpiece
holder;

a mechanical medium between the workpiece holder and each of the

second and third elecirodes;

28 °




second and third electrodes; 28 1 Septenber 2006 an AC po :
power supply; and a switching assenbly coupled to the fi rst\,\gg%ki?egjﬂé?r%gg

second el ectrode, third electrode, AC power supply, and the DC power
supply, wherein the swtching assenbly includes at |east three
configurations conprising: a first configuration, wherein the DC power

supply is di sgpAessWEr 565%9 t he workpi ece el ectrode and the first and
second renote el ectrodes ile the AC power supply is coupled to the first

and second r ebilepewetsupplgsand second configuration, wherein the DC power
supply is coupl 0 the rkpi ece .el.ectraod nd, both the, first and second
renote el ect$8@ggﬁ% iqsge% E\%"S‘S&ép t@%ﬁﬁqf??éroaes@SH%%?@?terS_rrﬁ""idne
first and second resefeds! RCIREFSUPDIY, RinddtheoDEi shwar d.jiply, WasdgimiHehe DC
power supply is coupled to the workpiece electrode and both the first and
second renpte el edvifchiRg \@sspEbly mingladroudity least Athrpeweconfiguipationss

coupled to the fi r%mx?ﬁgn econd renote el ectrodes. 22. The apparatus of
claim21 wherein the TiTst electrode is carried by the workpiece hol der.

23. The appar at us ®firstl @infigdiatiohe veiareint the DT séwet eapplgds discopakticd by
t he wor kpi ece hol der; and the second and the third el ectrodes are carried

by an el ectrode assenblHPmdJapararkriese siratideanddihedist o gesondremaies
apparatus of claim 21 i . } k., GORMI I rate
carrier having a chuckmgéﬁqbgsu%ge?ﬁéﬁ?%&ég%v@%b’pfseg@@%&?ﬂgpéﬁﬁg
processing side faces auhsead r@ntbte elctroelegssenbl y coupled to the
substrate carrier to m)etPe s%xbstr te.c rriD%; and )

a second configuration, wherein the power supply is coupled to
the workpiece electrode and both the first and second remote
electrodes while the AC power supply is disconnected from
the first and second remote electrodes;

a third configuration, wherein the DC power supply is coupled to the
workpiece electrode and both the first and second remote
electrodes while simultaneously the AC power supply is

coupled to the first and second remote electrodes.

22. The apparatus of claim 21 wherein the first electrode is carried by

the workpiece holder.

23.  The apparatus of claim 21 wherein:
the first electrode is carried by the workpiece holder; and
the second and the third electrodes are carried by an electrode assembly

separate from the workpiece holder.

24.  The apparatus of claim 21 wherein:

the workpiece holder comprises a substrate carrier having a chuck
configured to hold the workpiece so that the processing side faces
downward and a drive assembly coupled to the substrate carrier to
move the substrate carrier; and

the first electrode is carried by the workpiece holder.
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the first electrode is carried by the workpiece holder. 29 0 Sept enber
2006 25. The apparatus of claim2l1 wherein: the workpiece hoT§@P%%3ﬁBF%QQQ
a substrate carrier having a chuck configured to hold the workpiece so
that the processing side faces upward and a drive assenbly coupled to the
substrate carrier to nove the substrate carrier; and the first el ectrode

is carried bysghe I .apparatus of claim21, further
2% he Q¢ ggbsfﬁﬁgtﬁ@rm ﬁ%raéfﬂéﬁq.

conprising an electro asse y spaced apart fromthe workpi ece hol der,
and wherein tthe serbpi¢canboldehecemprises| csulmdete acariear hawdg by theck

el ectrode assenbly, 27. T atus ,of claim?2l wherein:, the apparatus
further conpri sesycéorﬁw&%\cgﬁ%%g%herg@ékﬂgg%ﬁlﬂl aéﬂft:@ﬁ)(’eéﬁ'é’ﬂts'?’?g *¢the
wor kpi ece hol der; @é\ﬂaﬁdhén%e&%;ﬂﬂreaé%énhﬁytéBJ;ﬁeci?'t_S%éoﬁﬁﬁtiaaE@ c%"f‘t{iiﬂeﬁﬁ by

the el ectrode assenbly. 28. e apparatus of claim21 wherein:
appar at us further woNpithesubsirateweaatgreantiect rode assenbly spaced apart

fromthe workpi . L , (0] and, t.he third electrodes are carried
by the el ect F@g&ﬁ%@%‘%h@?@e 1S gﬁ?ﬁéﬁﬁgqﬁ%@@%ﬁ”g%%ﬁk{ﬂrum conprises a first
polishing pad carried by the second electrode and a second polishing pad

carried by the third electrode. 29. The affpar atus of claim21 wherein:
t he apparat us2§.urthee appgiatusesofa alaim e21t Herthee hegmpasinge dinuraledtrsls ses a

pol i shin L tahl e: .the Lece | der .I.S positiongd over
Phe pol | SeAbia 3BCEd dhbet A 88 RorRfeSRoRL 0% WRehhyhe 2 %5ahidttce
hol der; thadhirdeletoded saadatil bjpiHelelebeods adssmdlye carried by the table.
30 0 1 Septenber 2006

27.  The apparatus of claim 21 wherein:

the apparatus further comprises a moveable electrode assembly spaced

apart from the workpiece holder; and

the second and the third electrodes are carried by the electrode assembly.

28.  The apparatus of claim 21 wherein:

the -apparatus further comprises a moveable electrode assembly spaced
apart from the workpiece holder;

the second and the third electrodes are carried by the electrode assembly;
and

the mechanical medium comprises a first polishing pad carried by the
second electrode and a second polishing pad carried by the third

electrode.

29.  The apparatus of claim 21 wherein:

the apparatus further comprises a table;

the mechanical medium comprises a polishing pad carried by the table;

the workpiece holder is positioned over the polishing pad, and the first
electrode is carried by the workpiece holder; and

the second and the third electrodes are carried by the table.
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30. The apparatus of claim21, further conprising a controll e_L ha mg 06
conput er operabl e nedi um containing instructions to operate t 8 &% gf 49
according to a process conprising (a) contacting the processing side of the
m croel ectronic workpiece with an electrolytic solution, (b) applying a
direct electrical current to the first electrode and at | east one of the

second and/ or3g.he Tﬁ@'dp?a?ét@@o‘f%@eﬁ& |l i’u?thbh%oWri&mgef%oﬁ%ﬂélcﬁéwh %

el ectrolytic solution applying an alternatingelectrical curTent to
at | eastC@npuler Qmab&@midlaﬁd/contalmgt inistractiense do r opratavthe eapparatus kpi ece

of the. vriniBocth gaplidesenEobiRy, Bl cndrlid 30 EaceSof i TEE oM ng t he
alter natmftﬁo@lébfr@mb w&ikp:éﬂf@ e adratalsctedlyid aldiiidh, fHIr hPSingoRPGirebNy a
control | er havi ng nput er operabl e nmedi um contai hing instructions to

operate & ﬁ@tﬂasbawa@retsto @@c@ﬁﬂﬁlﬁ@tmgeaﬁ'}ﬂ ot least evRpfi thrﬂj%CQayi arsHonthE ng t he

rolytic
Bl ut 1 ort e ) xR While Mo WBR(REC] A GeltnbRGafota Soifflo T ebBAL 1 0ce
and at Imsiitemla&lr@f etﬁcﬁlclﬂd&mnélnaﬂd/airleﬁbleontahcbe ﬂ;@bé@éﬁi@%&i/dﬂﬂt{eﬁﬁlﬂﬁ t
kpi ts. t tr tic solution c) a in an alternating
o ect i CPSERTTIIe &t MoTGRieeR GoRizes o eieiralVit solRohesni] erassing

wor kpi eGReCHRY S@%lﬁ?ttﬂﬁ e ek QbW I&C§%hHHS?Qhe e}ﬂgﬁﬁépmé}rﬁﬁa éfﬁgm atga?ea .

processi ng si wor kpl ece agali t he nec cal

whi | e apphile agplying thalaltermedingrmureantr ent . 32. The apparatus of claim 21,
further conprising a controller having a conputer operable nedium
containing instructions to operate the apparatus according to a process

conpri sing (a31.C0”Tr?§taPBSrattL5§0P'b S5 rﬂrtﬁ%ﬁ’%om&n%fﬁﬁ a%gfrBﬁérel‘fé\ﬂHQC” cal

wor kpi ece with an electrolytic solutian I rect
current goomputer fopeasablel swdiane can@irdng | ieatrtictores &6 eperatee cbadagpatatus t he

(©) appRBTAGrIoRR: Bibrer prapRus el Culerin tie AAE SR el e 1 hi r o
el ect r odarrawleteonie PRbIKpELE Wﬂtl’ﬂ'a{rﬁ(‘élecﬁkﬂﬁd 's%ﬁltlo‘%tur('b?“ép iﬁﬁgeaheiré@tpar at us

of claim?2l1l, further conprising a control hawg}gf r operable
medi um IPEHE| %remst@rtb@tflrshgleptsodrp@r@t at lenst app atha§ecemd andgepthenber

2006 third electrodes while the workpiece contacts the electrolytic solution, (c) applying
an alternating electrical current to the second and the third electrodes while the
workpiece contacts the electrolytic solution, and (d) pressing the processing side
of the workpiece against the mechanical medium at least while applying the

alternating current.

32.  The apparatus of claim 21, further comprising a controller having a
computer operable medium containing instructions to operate the apparatus
according to a process comprising (a) contacting the processing side of the
microelectronic Workpiece with an electrolytic solution, (b) applying a direct
electrical current to the first electrode and at least one of the second and/or the
third electrodes while the workpiece contacts the electrolytic solution, (¢) applying
an alternating electrical current to the second and the third electrodes while

applying the direct electrical current.

33.  The apparatus of claim 21, further comprising a controller having a

computer operable medium containing instructions to operate the apparatus
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according to a process conprising (a) contacting the processug l.de . of 25%
m cr oel ectroni c workpiece with an electrolytic solution, (b) %’ R?W&eg
direct electrical current to the first electrode and at | east one of the
second and/or the third el ectrodes while the workpi ece contacts the

el ectrolytic solution, (c) applying an alternating electrical current to

the secomsondifigt fae ot pfdcqgsglgmbﬁgﬁ@ W EnthBing WRE “;ﬂbg@%iﬁé’% t& ’c’tﬁegl oce

el ectrolytic soI ution, (d) pressing e proce55| ng si
agai nst migsoelactionic cworkpietaimwith drealectrdiytic sayiudlop, r@)taﬂp[ymlgt ar direchg

cecona ssloReF e B BRoRJEChirRRRe AR eClegshoacn e Sorerd aitber Mues

have a thirghasctebirls! whildheaorkpiddeSéoritasisdRe Aedt Y@édﬂ@h&?e(c? Bplyg
second region. 34. An apparatus for electrochemc mechani ca rgces& ng

of i cr¥eRbeMading cclogiiical ewesnt todier serong: and \tm klmrdaemtrouaewv}wnfhegur ed

to recei C tgan | el ectrode co f| red to
cont act MoPieecedtfiab; H8" PRl Eifiort (A RIS 1% Shodsehe Ble de Ve
in the vihekpioeiqaet®| stgginsta tite rmibchampale neddiaihy edeleart whife Epplying Mpice
electrode, the first and . second renote el ectrodes bei ng@spaced apart from

t he wor liegeaing,svent, andnted HRAYIBE theali laasthensue ihe mer ER@l%‘tﬂéOm’tﬂeder and
each of ddantidrif iniff'd\cRapA8E SLofR w'sseaﬁ(?%a it & @8¥(ﬁl5dessuﬂgy & fode

power supply; and a swtching assenbl ece

first reighter dwetlbimecde firsbrgich D’émmt\eombmnerthda,até@qmvﬁrregkblnpl y, and the
DC power supply; and a controller coupled to the swtching assenbly, the
controller including a conputer operabl e medi um containing instructions to

operate the $w tcy gag?:%féi[f?' YofC e Gt hehficd- rﬂé@ﬁ&ﬁé?l ﬁl{d&g%gﬁﬂg

coupling the workpiec ctro e an Ieast onée o second
r enot e rebmleddm*scmrltmecﬁ;qmmrsmglppl y via the switching assenbly, and

the A |
(b) “counl 1 ng { he LS WSS, SSSRNTA TR R S5 TS il IS ireBgver supply

a workpiece electrode configured to contact a processing side of the
workpiece when the workpiece is received in the workpiece holder;

a first remote electrode and a second remote electrode, the first and
second remote electrodes being spaced apart from the workpiece
holder,;

a mechanical medium between the workpiece holder and each of the first
and second remote electrodes;

an AC power supply;

a DC power supply; and

a switching assembly coupled to the workpiece electrode, first remote
electrode, second remote electrode, AC power supply, and the DC
power supply; and

a controller coupled to the switching assembly, the controller including a
computer operable medium containing instructions to operate the
switching assembly according to a process including (a) coupling the
workpiece electrode and at least one of the first and second remote
electrodes to the DC power supply via the switching assembly, and
(b) coupling the first and second remote electrodes to the AC power

supply via the switching assembly.
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32 | Septenber 2006 35. An apparatus for el ectrochem cal - '
processi ng of mcroelectronic workpieces, conprising: a mrﬁgggggﬁb?ﬁ&?%

configured to receive a mcroel ectronic workpi ece; a workpi ece el ectrode
configured to contact a processing side of the workpiece when the
wor kpi ece is received in the workpi ece holder; a first renote el ectrode and

a second renvig el g6t raddrafule fdrr(sﬁleétﬁ’@che?%ﬁﬁﬁlebﬁﬁil‘ﬁtzél ef)ﬁfatefsgﬂ s geing

spaced apart fromthe workpiece holder; a mechanical nedl um between the
wor kpi ecwicieeldeironinavaripieces, eamapiisingt and second renote el ectrodes; a

swi tching assenbly .coupled to the rkpi ece el ectrode, .first .renote

ol ect rode, - aravORRIREE Peflbr SufidliefdhBedie A biorPoGmp et i cal 1 y
coupl ed to the wikbRiden8lcruoaBbLINAGUrEE fon coRIRES it SAHNLME B B Wi th
the first and second renpte el ectrodes formng a closed circuit; and a DC

power supply el ectWeikRigop wiogiptheawpekpiene isueeceined in tisswatkpjeaechalder; n

el ectrical co ' | ] h Kpi roge.at, o arity and
at T east one SitEniapRE e Bploh BErE Brable St tn B3hokd 2
polarity via the ss@conli rgncteseigbirydesbeinspasal apus fforh the workpiece

el ectrochem cal - mechani cal processing of mcroelectronic workpieces,

conprising: a wor lJi!ﬁ"é%ré hol der configured to receive a mcroel ectronic

wor kpi ece; a é(‘?ﬁéi)‘?\'g@ I%&ﬁﬁﬁ'}oggt nrﬂh‘é%gﬁkﬁi&% mﬂélpéﬁﬁ%ar&ﬂléjf%gefﬁ%f the

wor kpi ece electro ei ng configured to contact a processing si
wor kpi ece when t heanibsdgurecremdcteradetrodess; i n t he wor kpi ece hol der; a

mat eri al renoval .device includin n el ectrode assenply facing the
Wor kpi ace holdieMItRIng AsbeiblibeateRdcf it VarkprEs bllREseIed: Fbete
assenbly, a second;s&PRIE FldesddopdSerfite efbtiyet he el ectrode assenbly, and
a mechani cal mediumcarried by the first anotl setond renote el ectrodes,
wherei n the farr4C ponlessurmy elentricallyatoapladtbethe switching assembly to be in

electrical communication with the first and second remote electrodes

forming a closed circuit; and

a DC power supply electrically coupled to the switching assembly to be in
electrical communication with the workpiece electrode at one
polarity and at least one of the first and second remote electrodes at

an opposite polarity via the switching assembly.

36. An apparatus for electrochemical-mechanical processing of

microelectronic workpieces, comprising:

a workpiece holder configured to receive a microelectronic workpiece;

a workpiece electrode carried by the workpiece holder, the workpiece
electrode being configured fo contact a processing side of the
workpiece when the workpiece is received in the workpiece holder;

a material removal device including an electrode assembly facing the
workpiece holder, a first remote electrode carried by the electrode
assembly, a second remote electrode carried by the electrode
assembly, and a mechanical medium carried by the first and second
remote electrodes, wherein the first and second remote electrodes
are spaced apart from the workpiece holder;

an AC power supply;
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are spaced apart fromthe workpi ece hol der; an AC power supply; 0,1
Sept enber 2006 a DC power supply; and a swi tching assenbly Cﬁ§8ﬁg‘ﬂ“{’8"@ﬂ86
wor kpi ece el ectrode, first renote electrode, second renote el ectrode, AC
power supply, and the DC power supply, wherein the switching assenbly

I ncludes at |least three configurations conprising: a first configuration,
wherein the QCHEOWSWeP Iy: rid di sconnected fromthe workpiece el ectrode
and the first and second renpte electrodes while the AC power supply is
coupl ed to t e gwitching asdembtibedupledote tee evorkpies; electredendirstordmagtar at i on,

wherein the DC power .supply is .coupled,t h rkpi ece el ectrode_and both
the first and secﬁﬁGV%%t%Cogpégﬁ%ﬁeeée?(xmq[ee%t%c’ rps(mgy,sqﬂgpﬁv Pg

di sconnect ed frompde Eupsly, abreRC e SWileRly ekssbRAGIuded it Ndast
configuration, wherein the power supply is coupled’to the workpiece

el ectrode and bot Hhrageconfigyrations earapieingenot e el ect rodes whil e

Cemot o 6l ect r bdes 2 St T aRRAPR, fiiefair BRRE adel el i bidinoREee

processing of mcroel €adrmahe avorksikpe efstrodeciRy thel firet ad WeEdeRi RsiRoteol der
configured to receive a mcroel ectroni c workpi ece; a workpiece el ectrode
carried by the workpi ecleHEARS Whilp dheufi poes suppbicisr eapleitadhe diist gur ed
to contact a processingsy ﬁé‘ﬁo(ﬁfd e W kRiggsce When the workpiece is
received in the workpi ece holder; a material tenoval device including an
el ectrode assenbl ya becomy comfiguratiork pyveereirntialBC pawkr sapplydsebapkeldeot r ode

carried by the electro assenbly, a second r te electrode carried b
the el ect ?/ode assenbl 359%%&@6%@%'7%’% a'?FﬂB?%ﬁ?‘@e{Fﬁ A BgCqncbramotey a%d

second renote el ectrodgsetrodil fhile the AL YoM SuplyY KHTBlstohRefRYERRE tO
the first and second remote electrodes;
a third configuration, wherein the DC power supply is coupled to the
workpiece electrode and both the first and second remote
electrodes while simultaneously the AC power supply is

coupled to the first and second remote electrodes.

37. An apparatus for electrochemical-mechanical processing of

microelectronic workpieces, comprising:

a workpiece holder configured to receive a microelectronic workpiece;

a workpiece electrode carried by the workpiece holder, the workpiece
electrode being configured to contact a processing side of the
workpiece when the workpiece is received in the workpiece holder;

a material removal device including an electrode assembly facing the
wor.kpiece holder, a first remote electrode carried by the electrode
assembly, a second remote electrode carried by the electrode
assembly, and a mechanical medium carried by the first and second
remote electrodes, wherein the electrode assembly is moveable to
move the first and second remote electrodes relative to the
workpiece holder;

an AC power supply;

a DC power supply; and
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nove the first and second renote el ectrodes relative to the kpi ece
hol der; an AC power supply; a DC power supply; and 34 0 1 Sep)l‘\g?gg?m}t%@oog
swi tching assenbly coupled to the workpi ece el ectrode, first renote

el ectrode, second renote el ectrode, AC power supply, and the DC power
supply, wherein the switching assenbly includes at |east two

configurationg mmﬁﬁ%sia&enm| | dobiplee b | BT ﬁbﬁéﬁ?ecé"‘b‘fécﬁidaet, itsDremare’
supply is coupled to the workpiece electrode and the first renote
el ectrode whil e t helecihgposeeorsurgingtei alectsone, eAICt mowdresdpply t arshthes &bnd

renote electrodes; a second configuratiqn,. wherein the ower pply is
coupled to the \/\D‘P?(‘%?éﬁlép Y’e‘ﬁlﬁ?r c'fg%?ﬁ'nawﬁﬁ%mge%séﬁ@h)ém&ec‘lp%{@?ﬁ@ﬁ“’AJMi | e
si nul taneously t hecoiffiguea®insSetnpysihg: coupl ed to the first and second

renote el ectrodes. 38. A nethod of electrochem cal -nnechani cal processing of

m croel ectroni c wo? Hipsteswdiguesion: wWhengin therP@dawsy upphoisessipied & the of a

m cr oel ect roni ¢ wor kpi I C tE i on; | ving.,,a direct
el ectrical current tg :ﬁ%wk%%eg%cg égtérr[)ag{e%cﬁ%tt i%W&ég%[&r%r%egr%@ggm%g si de
of the workpi ece and a ACrpéweresnpslyds atiupisteto smatied @prpsbcdid b

processi ng side of the wor kgi ece, the workpiece electrode and the first
renote el ectrode bei ng $RCEPERSri cal communication with the el ectrol ytic

solution; applyin i u : LISt : te
el ectrodes, al sogasggggllc]ia g%ﬁ?@“’%%ﬁﬁ %gﬁ?gﬁ%yﬁﬁ%@é&@& '?ﬁ%% %Ugce,
t hereby form ng a cl osetthecivockpi¢ce tabecifades tandnthes eecortd renote elettemia odes
being in electrical comrH.ni cati ?n W t Ehe %I ectrolytic  solution; and
while simultaneously the AC power sUpply is coupled to the

first and second remote electrodes.

38. A method of electrochemical-mechanical processing of
microelectronic workpieces, comprising:

contacting a processing side of a microelectronic workpiece with an
electrolytic solution; |

applying a direct electrical current to a workpiece electrode contacting the
processing side of the workpiece and a first remote electrode
spaced apart from the processing side of the workpiece, the
workpiece electrode and the first remote electrode being in electrical
communication with the electrolytic solution;

applying an alternating current to the first and second remote electrodes,
also spaced apart from the processing side of the workpiece,
thereby forming a closed circuit, the first and second remote
electrodes being in electrical communication with the electrolytic
solution; and

contacting the processing side of the workpiece with a mechanical medium
at least while applying the alternating current to the first and second

remote electrodes.
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at least while applying the alternating current to the first an SECoN
renote el ectrodes. 35 1 Septenber 2006 39. A nethod of

el ectrochem cal - mechani cal processing of mcroelectronic workpieces,
conprising: contacting a processing side of a mcroelectronic workpiece
with an el ecggol yAi c rhéthdli Onsf a@édﬂdweﬂqiéﬁlrrﬁééheﬁ{i@@”'pﬁaée g enbrto a
wor kpi ece el ectrode contacting the processing side of the workplece and at
| east on@icspelgcpRistworkpisces, earaprisioge and/ or a second renote el ectrode

spaced apart Lng..slde. of the rkpi.ece, the workpiece

el ectrode, t h{'aérﬁ%tﬁbe 9 %?ggsi’bicﬁ'a%dgf %HHIC{Q%Q%t&(@BﬁdWPM%(‘@ 't tdbde
being in electricabcgomiziBbic@ibhon with the el ectrolytic solution; app! yi ng
an alternating current to the first and second renote el ectrodes formng a
cl osed ci rcui@PPIYRE & difesicelppiiicaheupeniciess wajkpipge elgctiass opntreling theni t E a
mechani cal nedi um Yl i I I C t 1o the
first and second E@h%%ﬁﬂélts'e%}%]% eé:%h%@@% trerlg? h%dgg%P&R% of ot ?@mo{e

el ectrochem cal - neslbeinpadalbndforce sscaovgd gémo}“é ere@abeetslrpa@ea alp_éfrkfrbﬁﬁﬂﬁa
conprising: contacting a processing side of a mcroelectronic workpi ece
with an electrol y'?rpﬁg%ﬂgﬁ' ,0?HﬁpWTKﬁe%,dﬁPé@?rkﬁl@.@tEP'E@’@q)d%th-’-‘ Hetto a
vorkpi ece el ect I odgmdieCaicblicM sl e BEAAES RGeS dlechiad el [P ece
and at least one of a tirst renote electrode and/or a Second Tenote

el ect rode, wher ei reletisicalrmipivecatioh edthr thdesletthaytic sslutiomnot e el ectr ode,

and the second  renote electrode are . in,elgectrical co nication wth the
electrolytic a%Y'UQi%,aﬁ%lW@ 'Qgpql&;feﬁg tﬁﬂhﬁlfﬁ@{ ﬁﬁgiﬁﬁoegrr%mﬁtet%e?t@% rst
and second renot e fahfRg PERSed drbgit:edhy formng a closed circuit, while

applying the direct current to .
contacting the processing side of the workpiece with a mechanical medium

contacting the processing side of the workpiece with a rrecharq I é’ﬁ%

at least while applying the alternating current to the first and second

remote electrodes.

40. A method of electrochemical-mechanical processing of
microelectronic workpieces, comprising:

contacting a processing side of a microelectronic workpiece with an
electrolytic solution;

applying a direct electrical current to a workpiece electrode in contact with
the processing side of the workpiece and at least one of a first
remote electrode and/or a second remote electrode, wherein the
workpiece electrode, the first remote electrode, and the second
remote electrode are in electrical communication with the electrolytic
solution; and

applying an alternating current to the first and second remote electrodes,
thereby forming a closed circuit, while applying the direct current to
the workpiece electrode and at least one of the first remote

electrode and/or a second remote electrode.
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t he wor kpi ece el ectrode and at | east one of the first renote trode
and/ or apsecond renote electrode. 36 0 1 Septenber 2006 41. %\g 8 e5f2006
el ectrochem cal - mrechani cal processing of mcroelectronic workpieces,
conprising: contacting a processing side of a mcroel ectronic workpi ece
with an electrolytic solution; applying a direct electrical current to a

wor kpi ece el epf.rodg CoRétABH! NGbft heledFREBAREAMELSISS t Mo éﬁ@'eCSf and at
| east one of a first renote electrode and a second renote el ecttode spaced

apart frioiere¢lectrpnieerkpieges. eunpiisingie wor kpi ece and si mul t aneousl y
appl yi ng an ti .0 the first and second renote el ectrodes,
t Egr gby for m%&&%&t@}%{)é%r@%éﬁé ,é'%e?}giah i 0%&&%'88@{0@@% JHE a% he

first renote el ectgleggoly@ngolutiensecond renote el ectrode are in electrical

comuni cation with the electrolytic solution; and noving at |east one of
the m croel ecRRING ABirgei dleelrigabrwientie a woskpiged elegitosiedconiacting the

| ectrod | at | . i Le .apol i irect. nt. and
The_al Lernat i ng cufPeisSTaT Sl BPfne Workiabd kil 163G ofig bEELAEl Eifls,oe
have a hi gher dveldlettrode aindaaf secindr eghote efectioele ymidep aparttfion fie a

second region of the workpiece. 42. A nethod of el ectrochem cal -mechani cal
processing of ni d?rB'é‘F%?i@@f(ﬁ'Ff% AR prRRECE: BRP rFIUABRCRUSY HOPIYRD &n
processi ng side of ) OfH ki ] c

sol ution; applyi ngalgrg%@eggfé@%t ?:% gtg}ép@ﬁ%r gﬁta tg%egh%re@tgc%reghég%gbde
that is in contadhegbyhformming roclessd mircsitdehefein tbewsotkpiczeeelaotiods, | east

f first t | ectrode and a second renpte el ectrode, the,
workpi ece el ot r odB® THGIAY e SlpefiBie. adhs SEEORRASuIiR FISIGGiasFiF In
appl yi ng an al t er iaéétRgalcdom@thidafioh atH theSdle ARSIy RESANRLr &Y € el ectrodes,

formng a closed circuit, wherein the second rendbte e ec’trode.are in
el ectrical cdn@ving@itipast one ioftthe reiceagledrgnit evorkpiece and/or the first and

second remote electrodes relative to each other while applying the
direct current and the alternating current so that the first and second
remote electrodes have a higher dwell time at a first region of the

workpiece than at a second region of the workpiece.

42. A method of electrochemical-mechanical processing of
microelectronic workpieces, comprising:
contacting a processing side of a microelectronic workpiece with an
electrolytic solution;
applying a direct electrical current to a workpiece electrode that is in
contact with the processing side of the workpiece and at least one of
a first remote electrode and a second remote electrode, the
workpiece electrode, the first remote electrode and simultaneously
applying an alternating current to the first and second remote
~ electrodes, forming a closed circuit, wherein the second remote
electrode are in electrical communication with the electrolytic
solution; and
moving at least one of the microelectronic workpiece and/or the first and
second remote electrodes relative to each other while applying the

direct current and the alternating current so that the first and second
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solution; and noving at |east one of the m croel ectronic workpiece and/
the first and second renote electrodes relative to each ot hﬁb&ﬁfq@ger%%
applying the direct current and the alternating current so that the first
and second 37 0 1 Septenber 2006 renote el ectrodes have a hi gher dwell
time at regions of the workpiece having a thicker layer of a plated

material. 38 4  remote electrodes have a higher dwell time at regions of the

workpiece having a thicker layer of a plated material.
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