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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 cells, 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. After formng
the seed layer, a blanket |ayer or patterned |layer of netal is plated onto
t he wor kwoas®7dig4 appl yi ng an appropriate el ectrical potemrCiraiSopetsneen t he
seed | ayer and an electrode in the presence of an el ectroprocessing
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portions of igure 1 illustrates a conventi onal
appar at us 60afdrar edentiodg mettd presenpeanf an eteriopraresaingefelutioRit(Gigiclaldes

first electrode 20a and d el ect 0b coupl
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at | east par 'y inmersed 1n a lquid el ectrolyte 31 disposed on the
surface of thedistabén thd seestlagar arkhthesanasied el ect rode 20b, for exanpl e,

b dd dl il I I ' 22
or ot cti@ohng 111 oEieGlELasRIN CRCHT TR 7Ry boER SR RS MY ECEYE &
31. The cur rﬁarn m&&%ﬁ%g%%s@cw & dhadsiMbI6 UBA &dtodeOcart be coulpséd ab & 10

via the first electro e second el ectrode 20b, and the electrolyte
31 to renovemetaidagér ve armboekpiate Bndna cathadet aan ibe inamersediin ameelectrolytic
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2 \D 03/ 0766 bistisne 68 R Met6Fonexampiafagireni illistraiess servariionah in
Flgure 1 1s Eaggéraitlgs g@ ¥ornr%$110t3/?ng metal using an alternating current that includes 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
contacting 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 the 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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possible to renove material fromthe conductive layer 11 in the region
where the first electrode 20a is attached to the substrate 10 because the
barrier 220mBev@ants the electrolyte 31 fromcontacting tReTdisbyoeate 10 in
this region. Alternatively, if the first electrode 20a is a consumabl e
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such as carbon, so that the barrier 22 s not_required. Although this

al | ows nore aopdugiive meatedaingae ¢ iNtasfaraywith jthe; f?r%‘gﬂ?'ﬁ %’?ﬂ‘{f’ra&peﬁq{% Ohdhe
el ectrolyte 31, i t.ele ; fd eRtrbYBuaSmERIRI WRRGhEVe
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material . As dedtrfiytid procass nielse tie fickt 2leutpdst20d islrepositionasicdoicoupled to
conductive material on the substrate 10. [0008] Figure 2 shows another
approach to rAuchdiandsone of the foregoing drawbacks in which two
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contact the In@ease y
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 electrolyte 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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WD 03/ 076134 PCT/ US03/ 06373 electrolyte. However, islands of conductive
material may still remain after the electrolytic process is conplete, and
it may bewodioBbr@asdt to renmove conductive nmaterial fromtRETASOOGS7AL WwWhi ch
the el ectrodes 20a and 20b are attached to the substrates 10. [0009]

| nt er nat i onag|efpBlyts: atHaweRETISIHH/ 6Bt aive| mateeid] amy\W\eKIDo¢rbaBBalter the
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and t hegoogeif er r ot katesnatonal A%%@ﬂﬂi%grwgwgé%%(@égﬁ@& a%‘ﬁ@baf:}ﬁgg&)

i nclude a cond i |1 qui g i . r&%}& ' i | i

el ectricall yg'égf?%l%gnt Cb?ﬁ&ggg‘%k/g#ge?ﬁg&m erﬁé?&@ﬂfﬁé}?@%%gﬁn%ﬂem?tg rial
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on the wafer. [0010] Another existing device is djsclosed in U S Paten
No. 6, 176, 9omaisial fiophthe semiserdistorsyafenpy ﬁ&ﬁQ‘rPBP"SSI*HW‘% Ob&P%’Htcahm&?ﬁBE@é} an

el ectrochem cal - . deposh L | Vi f LRKS C opLiactd a
processi ng. spaerUfde. 1ok 8P QgRele e e, Rhoenfes HOME, € BRI,
the processi ggnfigjuistion withea cywceical aredhaniselcpad tiedtecdntacte hotil@nnelattiolyte

polishing pad. An electrolyte is passed through the polishing pad in
contact wit hbathe anfr the &acetof e, Wefr 38cthed a”gﬁ%c?rr‘%otg? }&'ﬁt?rt ngatlea@QOH’F
the wafer. During a i.ng Qv L C i Ar; he
first and seB%rr?(ﬁ’%glcé‘%r?%{?regs ?‘o‘%ﬁ%‘?é’g \grﬂé'%gfé%noﬁyl@r%t% ct% g% aceﬁlql!(')lp Itg ﬁ%’ﬂed
waf er. Duri ngom gepblatirogtielbataris zlagricait) eougloe tparaedyy obfthe iveafer.r dne
current is switched to deplate nmetal fromthe wafer while the polishjn
pad rubs agatirawbacknutty Bie deyiceHe Wﬁf'brtc.’o,[W@FVW%’*’EG‘?\@EF‘?F"E’)"Faltcf?é‘dHG{W‘%e
di scl osed in_U. Siq@“ﬁ?&@'}@r 6,176,992 is that the deplating/planarizing
d .

cycle may reﬂjﬁ\;eé' huch faster at the perineter of the wafer than
at the gapter of Ahetherfedstingbdevispeisi diisciakey,inal..hPatent 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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depl ati ng/ pl anari zing cycle progresses, the overburden across the wafer
becones -4 WD 03/076134 PCT/ US03/ 06373 very thin such that a significant
vol t age dwop3nzaes s bet ween the perinmeter and the center pefi/ushgoasas er .
This voltage drop causes nore nmaterial to deplate from the perineter of

the vafer thagnfhHmsLEe e §an??fcahh90lﬁtjsédrop°ddédr's etléen theperigietercand

current can forma passivation |ayer on the surface of the netal |ayer that

exacer bat es tHeecanitt afjthedwaier. s vpltegraiapacausesdneiecietaria) to dgplaterdion:

for processing |ar fers . Q. r I e f
these wafer ?%P%ﬂ'ﬁgé’g\,@ tﬁﬁr‘ﬁéﬁ%r 3%?@ z%& mﬁgﬁ%ﬁbﬁ gtP %B’g?fé?t gﬁdoogq'%‘%& thé
desirabl e tog@?&te%ur#éﬁtfc@hrfbbm IEpRYvahaay@l o tesstiiecd of theoetdidayef it
SUMVARY [ 00 The present invention is directed towards nethods and

appar at uses &racerbatest thecraltageatirope c Thif BRENYNBER 48 iRATtIGHaNY PreRiPREtE IR ¢

wor kpi eces. The term "mcrqel ectron i ol t

i ncl ude a woPIQ5e&RaYt @f%dva??rrsoﬁé'g"g%@s%f@ e‘é%@sne \L;\r/?ﬁ gﬁﬁgng%ﬁ&{ ?ﬂ%\?\ﬁpéﬁe
m croel ect ro%ﬁerﬁéﬁr&éﬁée% ®ar§BNYoltae@fopc OTimsrafite sit avorild berdesirable {cemgre
data storage el enents, interconnect features, transistors, and/or

N cr o- mechanuniédrmdy eervava matarial fromoihe fag® efitheem@ferof an el ect rocheni cal
processi ng apparatus in accordance with the invention conprises a

wor kpi ece hogm égnyf igured to receive a mcroel ectronic workpiece, a

wor kpi ece el 'Y] ., a first renote el ectrode, and a second renpte

el ectrode. The workpi ece electrode is configured to contact a processing
si de ofjpd4be YVOFkwhégﬂemnint/é@timmwﬂirectedimwaedmmmmdmandeamarawsesd’or
hol der.” The first and second renote el ectrodes are s aceawié)art rorpthe
wor kpi ece hoktestrochemicalpieshanical pasessiag of e cgrr?”g?d”ﬁ CaSuppi's e pe
power supply, ] | S . ' ' ' AHEY ed
to the wor kmrg%@é’el%ﬁg@%éﬁﬁ!@@ﬁg ?ﬁﬁg%&frtgﬁ%{@gﬂg g%?'lr‘gggésafﬁ??‘é%ggﬁgsremt e
el ectrode, thenAG H@y&rate TppRl WhichAnand/be id@/hicwenicsagbedtyonid wiropiés @rimany t he

switching assenbly selectively couples the AC power supply and/or the
power suppl yotherafgmpessss nats daPriated degbr Hﬁt%cgoﬁggcteﬁ%ﬂé’,‘tst HB%F?‘?@%PC

remote el ect %é)a%res‘?ﬂg/ngirstotrgeandlor 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 the workpiece
electrode, 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 and/or the DC power supply to any
combination of the workpiece electrode, the first remote electrode, and/or the

second remote electrode.



second renote el ectrode. -5 WD 03/076134 PCT/ US03/ 06373 [0013] A different
enbodi nent of the apparatus al so includes a nechanical nedium between the
wor kpi ecewbaBdedi3and the first and second renote el ectrod€3/USIbI@6373
mechani cal nedium for exanple, can conprise a first pad carried by the

first ebgsfrode apdd@fes@RoBEbRAMMERN bf @be byppdratusealsad irelleddsr @denechamicat her
enbodi nent’s, the nechani cal nedi um conprises a pad carried by a rotating
pl aten or a stegiuranheiwaeibitee WREknieceh dmlden ﬁﬁéﬁitﬂ% firsh 8Rd aSerANd JEMRde ve

pad or a fixed-abrasiv [N 1 cal.- [ | Z§
processes. [S%f ]OdS% aﬁggﬁg?éﬁ%ﬂ%%li rr'r’%ﬁﬁmt ﬁJé app rg’t Efghf(géflﬁeré c%oﬁgsrti g%ds a
noveabl e repBirRdID G NEE cRETOUL| 3hdspaeednad patitcarriednby the weckpd etectiueder .
The first and second renote el ectrodes are carried by the el ectrode

assenbl y, anih oter ambpdimarss, WedMerhedispl Medium qamritsesoR iR RgTIRcH by a
carried by G fild HatcfTH! & sihicifdl 49BN G HEERNMICACHBIIN LaARHle CArdned

by the secon veabl e el ectrode asse y can nove
rel ative to hbmsiy labesrea fixededbrasive (pad uséd tihehemicdl-raechanicad rplaparizisgi ng
pads across the face of the workpiece and (b) position the first and
second renot Prasiesges.odes relative to discrete regions on the surface of

th kpi . [0p1S ' d ' t '
navi ng rehuck  cBhingied S BORET, NEe EpndiRlss ARier, EopRiey d Theveale !

side of the ygnhétei e€rodeassembiyapdced aparh fraht taenedrepiecs ddideentThet first and
wor kpi ece hol der conprises a substrate carrier havi ng a chuck conf idgured
to hold the ®#eew}s demote elpgifodase arg eESd| Ry thegelackede g ¥d.and, the

ei t her enbodi nent.,. r kpl - hal CALY: ki gy i e
coupled to tH?CEéB'g%rﬁe\g?%rﬁréoﬁﬁé‘”{ég 5rlne)f(yset ?@'eShléﬁ?F rg:?ée%”g%aayref%rsﬁl n aﬁ]o?lt?i on
to, or in |iglechbde @ B%sddadfpalshingpad eamuti by the eseebadtrentbts electias. ve
to the workpiece. In still another enbodi nent, the workpiece el ectrode is

carried by tfRbevbpygalie elentiogderassemihacan HROVRFRBIG K HlecWPHEiRCS: BASE L]
the seed |a rr ﬁ);th%r}?rgthgrr\d EX@&Q" [)ollis?%?gr pggs tagFosgrtﬂg' §5c4 BRIt QSrléb‘cieééqgnd

wor kpi ece wh
(b) position the 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 workpiece holder can
include 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.

[0016] 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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wor kpi ece is received in the holder. [0016] In another enbodi nent, the
apparatus includes a controller coupled to the swtching assenbly. The
cont rol | ewoospriBses a conputer having a conputer- -6 WO @8TO/R61/B573

PCT/ US03/ 06373 operabl e medi um contai ning instructions to operate the

SW tchi ng asagé'ﬁébve H%fdl dﬁ%trﬁ&hi ”&sﬁrh@hé}%"{d 6BbIcd 1 sRitehinBChsSEMBIf Ty an

alternating current, chanl cal abrasive to the workpi ece.” Mre
speci ficall ycorhthﬁllng)nhe alppticattarueésa dirbet swrermthm‘ga&smtrbgycurrerapphgl/oma ect

current, alternatln current nd/ or, a nechani cal ITEﬁi %Oé‘&?' |ece
o her concumeEnenpapbisna to i wobimerst NP eraricens, Beotuteiel 2e8ee s,
| at depl | L,

Bl ae ot ‘the i cRREAEG RS CR LhohCaRYE oL |omathly COReR, PaRERI N9

conput er - opefrlehenitald mediurnipr thee wodqriece Either sopewowli ng at sdlatmabfstag@s
wor kpi ece with an el ectrolytic solutjon, and a ectrical

lyin rect '
current to tHEOYGHA @ JUORESING GYEICa IR Plate, Q&Q%?? h@n&OF srpe?'@%‘fag Yel[¥EPY%de.
In this e”bﬁ'l%lt%ﬂfcglrﬁ {&ME&&I Side! ¥ hé ABRkpietd. t BRefenisddimenéea fetsdd ode

create an e el ectrolytic solution. This enbodi nent
of the met hogdxdeutéddry thermmplasr-apmapﬂmgw@mralaomm@eSrrngttaGtmena processing
first renote el ectrode and t seco ect rode, eit het

| h
direct currefideid t'&%b"fqu&le?%“’ﬂtﬁea%lreEg?lé;{g% SOE“I“@EI Fadarglng @ &t re\flz\lcl?lﬁgﬁk??ng
the direct Ct’urrrgﬁﬁto tﬁg‘?m{?ﬁbl@eg eflétftrtot&%raridqéﬂ lee8StheGR 8L ﬁeﬁ?ﬁd)t@%léélﬂndﬁ Oﬁﬁﬁﬁé ng

si de of the workpiece w he mechani cal nmediumat |east while applying
the al ternat en@odiumerﬁnthet wdrlkmeo‘:e refectende amd dinel flrﬁmmmmtealectmdmgseat{emn

The i ti | dd | i ff t
of et hods. 1 Bleckitan B dHe ST sa e Rl g menL LEEE e FRRtHREr
wor kpi ece. H?:LR:% 558 gﬂb"ﬁﬁ‘talte}r‘?ﬁlr@ Eﬁﬁéntcktf e tirtS retptel @I@cﬁ@dé héhd the

wor kpi ece elec rode an Irst renote electrode during a discrete
pl ati ng st ageecamireninte etettpdetethenivhie thze dingctcurneahis applidpod it wookpiees

agai nst tho. BIASEEYS] SteTaier BYARG 1S REPRCETeMy | HOS AVEea rer MelusEs
depl ating/ pl agabkfhd e bRt ssihCsids 'of Ghe WrksiBte WithaFeOhethsHidal medium at
least while applying the 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 processiﬁg 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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termnated at the end of the plating stage and before the

depl ating/ planarizing stage in this particular enbodinent. An alternate
enbodi mrenwoimoraades rubbi ng the mechani cal medi um agai nstPCThSIpoEGCESSI Ng
side of the workpiece while applying the direct current to the workpiece

el ectrode anghd Werkpidcy elbeBde ane tiestirso esmoterelsdtidde whitd bericuterely reiplying
enbodi nent, the direct current is a(p}pl ied to -7 WD 03/076134
a

PCT/ US03/ 0631® tatternatingprecentetedbe Jist and $erondi remotee picrodpac engdwhilgi | e

concurrently applyi e ti r | nd

remote el ect FBWG@&J U&Eﬂggthgi@%%ﬂl&%hﬁ%ﬁﬁﬁg%ﬁg{ p%e&’ér)r'\rekzjheé% i c%?ﬁﬁé@élmm
agai nst the ywy kRkRdithe H6tHd firkhaht ecohd ferfluRl életirdebvdémdisticts regiols of
second renote el ectrodes over discrete regions of the workpi ece can be

vari ed whi | ethepwbskpigpet ¢an be varedwhig applynarthe aiiernatingcuriané to FRN@Ys |ere r om

sel ected areas  of .the workpiec T |, 1] { [ C

renote el ect P@&%@?‘ fYp Se%!%ﬁﬁ?ea?e%%%?6@g\ﬁ}r?£i§%g§%dg®vee$®?@é{r@%\gﬁgﬁe tf‘igt gﬁgf er
that have a GBiGkErerRYRS BldcHBEeS] for hexappisluein be Imetesiedl over regichsiof figs n y
remove the overburden. BRI EF DESCRI PTI ON OF THE DRAW NGS [0018] Figure 1 is

a side el evawaerdhat/have afthigkerapyribuides of dre cengctivg reatatatio mere Halfrmiwl
froma m croel ect rﬁ%i C \Aﬁr%)rp?hece I n accordance with the prior art. [0019]
Figure 2 is LenaeYre g ANFPY I view of another apparatus for renoving
conductive material froma plurality of mcroelectronic workpieces in

accordance WRIBFIESERIPTION OF THRTRAWINGSe 3 is a side el evational view
of an apparatus for el ectrochem cal - nechani cal processing of

m croel ectroni ¢ wor kpi eces i,a afco&da ce W gh an %Zbogqi{mant of the

i nvent i (8918 Sel ect EPUEBTISRHES Sr&Ya ?@‘%}r"ée"ﬁ_o RB 2PRBUAYS K HEMRYINGF9AUCHRD21]

Figures 4A - nitieddfroth AniErQIScRE WBfkplect iR WRcBidanBIWIR 1RL Bifof afe

assenblies for use wth el ectrochem cal - mechani cal apparatuses in

accordapee W th Fiyeed isrdbaileetdvatiohalt hiewi of embthen. agmaretusl farorguomeng s

of the renote electrode assenbly arF shown schematically in these fiqgures.
conductive material from a plurality of microelectronic work;}»/leces in accordarice
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 components 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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[0022] Figures 5A - 5E are side cross-sectional views of renote el ectrode
assenblies for use with el ectrochem cal - mechani cal apparatuses in

accor dancwo osiotd13sever al enbodi ments of the invention. SePemaiSoyaipdnent s
of the renote electrode assenbly are shown schematically in these figures.

[0023] Fi gur gcBoridainde Sithearuthsserapodimentbf tHiecinventiam Spfested csmpoments are
el ectrochem cal | y- mechani cal lai/{ processing m croel ectronic workpieces in -8
WO 03/ 076134 afsorshgsosseesmaicaly #bF 4R E with anot her enbodi nent of the

i nvent | 0” Sel ect fﬁjgd&gﬁ)%”aegfdﬁ Phss- §é’étﬁ>ﬂ @@W”of %ﬂﬁé{%bélﬁeﬂ ﬁn? ggr‘é'iﬁ’ot@

[ 0024] hre 7 i i'd8 TPOSs” Sec |ona VI ew 0 I ece er and a
renote eI ecigqiiddes 2688hblyl @r use with helektrotemicalmeahameehappartuses in
apparatuses in accordance with certain enbodi rrent s of the invention.

DETAI LED DES@RC6ETHe0se Mt ssytarmemppgiseits af €t i5¥eoNdescri bes several

met hods and apparatuses for renoving materials fromm croel ectronic

wor kpi eces UWFAIEE%EE@%P?@NM of sem conductor devices,
ca

m cr o- nechani evi ces, and other types of devices. Mny specific
details of certain enbodinents of the invention.are set forth in the

f ol | owi pgsgescr i pflhenpresdni dislélcg;ureasiescr'TbQSJ sgveral deetods @neugpparatuses for
under st andi ng of _ these enb

d h h . il |
under st and t RAMOYIRE mﬁ?%@%?@”ﬁ\f@ﬁﬁqe&wﬁﬁﬂ}% Wé\/lgo'géﬁr;ﬁ E"F%ﬂif‘ t@ﬁb‘%ﬁ?ﬁ%ﬁu‘?%v&f
that the i ”V%Bhl %@Yor @Tvd%gé%lb%%e\éhéﬁeélt dEAYEs, 3énd)fotﬁé‘rety§§§cdffd€vmes

I be 26

details descr Figure 3 illustrates an enbodi nent of an
el ect rochen oadnynspduiic details CECHtaimperabadioeniOf fher ingemntiers siengeteforth in the

m croel ectroni ¢ workpi ece. 110 i.n CcC an,.enbo

i nvention. THe! Wé%ﬁﬁ?‘%tﬂ%afﬂédn égf‘reﬁgaﬂ(si%c?rw)' |aaf’?e°r8“&éy855&% %ES of
material on e ﬂﬁerﬁbdeoﬂaé%k%ot t“rﬁtrvé)rahplr@%veﬂlwmauddérstdr@w the
material from ayer 111. he ECM apparatus 100 can use various

combi nat i ons peésdd iM@mion Mdy paveaddnanmnmnmweats abithalitbe inventionmay be
Conet e e 2 S abaul 5B Ahe b B EPSRRpdd Boid 027 The ECM

[0026] Figure 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
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configured to receive the workpiece 110 and hold it in a desired position.
The workpi ece hol der 120 can conprise a substrate carrier 121 having a
chuck thawo ohobes4 t he wor kpi ece 110 so that the processi n@CIu$e3/46B33 can
face upward or downward. In the enbodi ment shown in Figure 3, the

wor kpi ece hol deve dy¥fleins! 22 togutaté patransiate fherwdrRpigtcavidy showh nykaromws Agarced
to hold the workpiece 110 so that the processing side 113 faces upward.
The wor kpi eceBhol der 120 can be stationary to hold the workpiece 110 in a

152 D T S LD D S ek g

drive s tor rans e the workpl ec by arrows
A and B). [Ogafigufée t-QrntbahatprecdBihgpbile 118 aidhs wonkpiecpi €t@ wHeecthreode

130 that is configured to contact the processi | de_113 of the workpjece
110 when t he Wagkpigsicettd @1@6?@6%&8}%@%%%'38& i%éj-e eprRiECE Riect

kpi | . i ' ‘ |
Al ternate embii anpe GERIEE Dy e Rl e P20/l SREriaR: Shtoolient, the"

support (not whaydceselpairade 180 @an heeamiadkipi acsuppottdent $B6wn)Thepamatefrosc e
el ectrode 130 can be a ri nP type contact or plgarality géct%oi t coptacts
that contact theewpBmigaeNldsr 10 Vbexwremiece) sectipdfy 130i%8apPe NS iRee

| ectrodes f i di | ' fac 1
knovn i n-t he rBagh GchiRfaif, BF phirk Fonfitts & coftdchtne bRAEneRYEr e hofliace
general | y made d.r wagy Seitalle tWmkpiees diecticdesrieegrovidiog eleetried! cluyeminto the

el ectrochem cal processing solution.- In operation, the workpiLece el ectrode
130 provi des fesedapen d1draredind @ dnaaRetiasherical Riating,gels. 1 7Deqworkpiece

[0028] “The ECPERASY d20ds YBRER P hafs i BEE S BRnPRRSEE T 0F Coated

assenbly 140pypapaiedtechemiod beoosssing sitaticel. et operetidi3 Gthelworkpiece rétectiadent |,
the renote electrode assenbly 140 has a plurality of renpte el ectrodes 142

that are suph¥ PEYidgs %{ha@@@épf satodis ¢hasee 1o ihe fce Iawsotld @ &a vedeiece

STl Lo P grbdRig ot S RCIEDL S S etk o Blurap Ly o

renot e eloggt rode apseEIN applratus 100 can further include a remote electrode assembly
140 separate from the workpiece electrode 130. In one embodiment, the remote
electrode assembly 140 has a plurality 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 the workpiece holder 120 so that the remote
electrodes 142 do not contact the face layer 111 during a processing cycle.

[0030] The remote electrode assembly 140 can also 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"), and/or
translation of the electrodes (indicated by arrow "H"). In other embodiments, the

remote electrode assembly 140 is stationary and does not necessarily include a
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includes a first renote el ectrode 142a and a second renote el ectrode 142b
spaced apart fromthe first renote el ectrode 142a. The renote el ectrodes
142 are wbhg/ozpaced apart fromthe workpi ece hol der 120 PoTiusat/odshe renot e
el ectrodes 142 do not contact the face |ayer 111 during a processing cycle.

[0030] The r eifRice RLEFbIOIAEASSHHYY tAdOrdidtedlefttiode! keemblgr e asmaimel v
146 that noves the electrodes 142 relative to the workpi ece 110 for

control | i ng tdiatiorengvtie drive systemal 22 asgociateshwitir the weskaiere halderdi 4&caa by
arrow "G'), and/ar ransl atiqn.of the electr | ndi ¢ ow "H").
In ot her )enbchPWQﬁtrgf tiyg Zno p@%ﬁt\ge%m BEWBﬁ(@%ef%g@poé@@q{fO&%gﬁ%%tﬁ Hary anzzl

does notsopecessarithe EGM HeSardtus 6D 6o GrdiQdEsl 8 mEVREMIED I 3t I batween

assenbly 146. Wien the renote el ectrode assenbly 140 renmins stationary,
the drive syshenwbtkpiesssdwoidearedi2Qi and tthe reonatpi elestragesiet42dor dagchanicallyde

relative notiqgn hetween the workpiece 110 .an r 142 0.

The ECM appar%"ﬁg'”ggﬁeéﬁ% '?ﬁ%ﬂi@ein ﬁ‘%%’@ﬂ'&%ﬁ‘%ﬁ@hﬁ%ﬁ% s?.glg‘ﬁb'éﬁ\glé’[r? tht hé
wor kpi ece hol fgen Al aekilifel SeeiBlees et pelrmirBadl a62aestaanée & by end of
abradi ng the workpiece 110. In the particul ar enbodi nent shown in Figure 3,

t he (rjrec Pani ﬁae finsidiemnteﬁad)adtnwldeuwé’@d@d arsecond ppkshing negd! Iﬁ%&aﬁ%ﬁheﬂctﬁetaet 8
! 1 - 5
Al tached to a8 ohe sseon orBaBrR e T4k, e Fadkaiicy AN 188 B b2

medi um 150 C%rpsb@siv@ogre%%rﬁ%meoﬁl SreBiveVbarioltls 8PS bibFashA elghest @ithan

abrasive element with fixed-abrasive particles. Additionally, the
mechani cal ndikedrabtBSive grarticles aAdditienaliynée megdhapicahinedidinstd@canrhkaveeg

f eat it b bstantially flat. T f f . th
bl anar | 2i ng. RRGTED oSrae, Sl iferte SRR n Batiera Bt oS ofiCRef K"
the face | ayel plightiafflifigtb! ¢né Yé%‘f%c@éz of BehpRrRheALingesads 180althahln Cadfirkea

attached to the renote el ectrodes 142 are nmanufactured by 3M Corporation
of St. Paul, HdamimgsstueacadiFodel cCotastingt then fade laygraddie. SWEdlg types of

e e g T b e e o o RS 147, o
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 vessel 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 layer 111. For
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el ectrochem cal processing solution 161. In alternate enbodi nents, the

el ectrochem cal processing solution 161 can be di spensed onto the workpiece
110 usi ngwe mozaBe or ot her type of device simlar to thePdirasesnsiing
devices used to deposit planarizing solutions onto polishing pads in

cheni cal - nechagihsR! the! AdFdchicRiicalr HoeEskiRG -solitny 86 edanl Allve Snétak wrd gl y
not necessary for such alternate enbodi nents. The el ectrochem cal

processi ng splate patinusT tungstdre gold, icogpedoroethar getalsonte thedaepayvet 1dh t hat

| ates and/ or de t terial f f a . | ece
110, “THE8 ect rocham ol prraLs: 00 siEe; BRBRIR aidr heBhaia) RehBles
el ectrol yte havidy oh Me FRBIafIH Pt BRRhS WAskpibe@nt 6. THeakokprceudietbbde f or
plating the netal ions onto a netal face layer 111. For -11 WO 03/076134

PCT/ US03/ 063730 aedatpéast onkef dhe cemelsrriasttedespt4 assinfiedtcaliqommypisation

ont o the. 1t acoindysrefaibcreudh el R ch st e EREERAI Glelh RS °

and/ or ”Echagirs i Mhé SEBY Qayer™ £Niiedn fiigre ishanfeleetricaly poteblial betwden the
wor kpi ece 110. e workpi ece electrode 130 and at |east one of the renote

el ectrodes 14@rkpiece elastroderi3npnd @ithenict dhe gamole eleatipses| W r 4t RERP@I8

processi ng sol ution such that ., an rical nent t g ace
| ayer 111 whEWTEREeFRN; S%H‘E’& é@ﬂ”g%:‘ﬁgp%% gn'? &‘g{ 132&(}&%’?@%@ wm%ﬁk%llegggai

el ectrode 13Qandafiddipeedf theharstergmeatieebretroages4dd 2and thepsscdral remotent
can also flow through the face | ayer 111 when there is an el ectrical

pot enti al betlestode et2b. r The reGidt praraisisr Bk can agcartingndnddde 7 DCe paver
el ectrode 142b. Th CM apparat us 10Q c a r di 1N p

supply 172, 8HPRW §7 ?“g‘g‘gp??)ﬂef?ﬁ‘fpé}‘.d@“’sﬁﬁ isg’gklégée%ﬁ%ng%Th?ﬁé
swi t chi ng asggBhiNg L8Qehbir 980!i8 Eoupldd® Wer hRlghsce bRetrbad el 03 Ahe tremote

|
renote electrodes 142, the DC power suppl\7/ 172, and the AC power supply
174. In opeekctrodes t2, s tGipoyeisspphl y728anddhecACvrawerceimlest /¢ In

e o pRatRol poHBRY ahLArBROLAS Bl Bler BB odlds 14 B
material fropghiResueplsPI7echd/drie AC power supply 174 with selected combinations 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 electrode 130 and the remote
electrodes 142. The computer-operable medium can be software 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
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[ 0034] The ECM apparatus 100 can further include a controller 190 having a
conput er - operabl e nediumthat contains instructions to operate the

swi t chi ngwoas®esd y 180. The controller 190 can al so be operaiSoyed3ys coupl ed
to the DC power supply 172 and the AC power supply 174 to adjust the

el ectri cal B&W@ﬂ%&ﬁﬁl? 4, tthe drivier esdenatiipl 148] drd theedrws lspstene 12D etot platke
130 and the renote electrodes 142. The conputer-operabl e nmedi um can be

s o:‘ twar e ?)r hmtej‘faimho thedace lgyes 413 @ad{asdeplateplanagizadae fagelayeol th
t t t
6l ect i3t nat RBrETEATTRG! o, Btk duBRE ' o fnshitions KRl fh  ©

el ectrodes 14 cGRPL@F-opBlattawsesiuhhiaclugestd aistaste Pidtingostagessand bediscrete
mechani cal nedi um 150 agai nst the surface of the face |ayer_111. For

exanpl e, t hedeplating/ptanepaingbstagee seraraten frame tBenPlabing estagdnt dNfs computer-

I nstructions to ntrol. the switc ' h r pl ,
AC -12 WO 0§P@?§§%ﬁ%?%é63%#§%§§@r%s ﬁﬁ@?tftsl%%'%g r?%égasogeﬂ%y
146, and t hegfibbMpnétPyasBntadingathel prbeessireg sitieal 1300k thetwarkpiace 11ywith 1Hel
and/ or depl ate/ planarize the face layer 111. [0035] An enbodinent of a

met hod ef f ecelgatrechepiceheracassingselubirs 16&Jrand arRRlYiNg a difret e CUBREE i e
medi um i ncl uges a_discr ' t '

depl at i ng/ pl aWP%phegceséiggtégése:ggg%tng %gger’nét eea?)fldtgg ﬁ%gﬁ’g? gbeec-trogﬂﬁse 1§§hpmeer -
oper abl e nmedprgBeks8inghgidé anBr 6 therwa&Pideai 11Gicas behbrauight iintg contagst with the s
enbodi nent by contacting the processing side 113 of the workpiece 110 with
the el ect r oelestrochemisebrresss$igg selulionohd 11y filing thp yessel 69 with k& solution

| i cal h i h
Certe ofect 14t by dspentind B RUBER B LAY i the pbellaypo PR, THE ieck PP
brought i nt ogrREH@s euehiiciamee siptietirte the Warkbieps @tet®deg! Ebbyicoaplidd théy

filling the vessel 160 with the solution 161 or by dispensing the sol ution
161 di r ect | yworkpietehelettiede 1130 ¢ one fermina! qiithe PC p@weicsunrdal 72 and SRMPIRG be

20511 o0 10 ¢ BRcYRrARh 59 Tog | SR EOMBAHG: Y05 ke Bhd el KPR BB 00

the renote ekgghiyofies 17iRe tAT thswert besply e174 rah 68 ddveupledprerr the upmiofe

172. The AC power supply 174 can be decoupled fromthe renote )
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-operable 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 142 and the workpi ece el ectrode 130 so that only the direct

current is applied to the workpiece 110 during the plating stage of this
parti cul awo oafoi@di nent. I n nost enbodi nents for plating aPeEtEso3/eqnsrd t he
face layer 111, the workpiece electrode 130 is a cathode and the renote

el ectrodes 142 1arehe aondsior TBlecaroaiBoidayse theweviee assemblyemaviahdlmdhé arive
pl ati ng other types of materials such that the vvog}’epl ece el ec% @de 3R 'S
an anode and syRtem etz do mrast melative 10ptigh cbetMerpEE VYBBRIEFS Af the

sufficlent ampuiltody {8l Alagl & RlRIoAhd BEdS 3890l PUEDsd e sfice of

conput er - ope the control rnitiates
depl ati ng/ pl 3Raface la?er $1Hge by decoupl i ng t he DC power suppl y 172 fromthe
wor kpi ece el ectrode 130 and the renote el ectrodes 142. The c ntrBIIer 190

al so caps¥s (a) tHhe @vﬁtﬂb%@@@h‘rﬂfythfséep@tlea/@ﬂﬁr@”?w A8d50 alipmaung 74
g?l f,geafs'sgﬁfjlcgﬁrr‘r%&] ﬁ’%%’bg écg ﬁ#s?%hﬁog&%nyr?e?nﬁg‘g%ét@esaﬁ‘%é’rb le ths

€ bearing surfaces he poli shi ng pads

152a-b agai nSﬁeéHﬁlé‘dﬂrﬁléQl@anH soheubbsacryalray ethis sLfat¥ 03h8786lt&hating current
PCT/ US03/ 06373 111. The controller 190 can also c se the dri VaetQ F Lé
146 and/ or t thetweern ghe §isiane secondoreampia qletiqdes; 1423 s SxPaee el

1149, 55, L5 SR SSEER 1 i S sty

152a-b acros sur ace o he fac ayer I'n one e

of the depl atTHigairagtig eumentsforgRample oaldlzsfsiamsug’aceuf ptahmurrs cappér, eddt o
the first and second renpte el ectrodes 142a-b while the m%&%gm cal, nmedi,um
150 rubs agaiaiger metals dorfeEpe syHaca Ist@ymthal s oremusceRiRie df PRENGNIC:

and second reppte I r -b.d t o f
The Toace’t aybra§ef g el At Buter mAKBRE' qbidtd atbRal i cetin B
alternating GHeg mxersf axs &>result, enatexiatiisz esndver fomftheesunfacpl aitthafate daygser
and other netals to forma surface stratumthat i s nor %’usc t|bIe t.o

mechani cal  abrlagiusing e dari@lineRiRRBIEINE r BF0emRFCAHSSo HERchemical

et wae R pg RGP, Y Brgtio P bR Selsby o1 SRS e

because of thgyé £rt ingabedbgahe alternating current, and also because of the mechanical
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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I nteraction between the el ectrochem cal processing solution 161 and the
face layer 111 induced by the alternating current, and al so because of the
mechani cawo oabr@sd on caused by the nechani cal nedi um 150. PCOOB8}/063ndt her
enbodi ment of a nethod effectuated by the instructions contained in the
conmputer- Op%ﬁ:‘?kﬁeé’:@QQB”& mdi8 eRAEb! e KRG td1pbeIHSS thEREMbIE BIdrodes
perform ng plati'ng and depl ating/planarizing by applying a direct

el ectrical cunperdlativieotd Hiee veurfiepe eafethe faner tayer atid . t I ait exaaple, dhe rematee

al Lor nat | ng. GIRGHEHEST b2 18 PR rionSe il FaRoPLeE SitpBt detRel or the
enbodi ment Cg%;?ﬁ‘?ﬁe Hﬁ'ﬁ'a‘éc&p b d\h rﬁbré &asl peRRe of the mcroel ectronic

wor kpi ece an e renote el ectrode assenbly 140 relative to each other
whi | e appdeyi ng t h&@hdi cermputenoperablamdedine af tlee reantratierc 1PPepan algp contain

hani cal |y abrad i al f he surf £ th i hi
cmhod mont , HFREHER fReHEE ERPBRICaL S TIAI T gRreT o, R BEE fadet 1T ™ °
divect —ourreRliofUEh gl oldiBcelsifbLyel FeNExdripe! frecéorarillet 9801cAA instruct

alternating curren renote el ectrode asserrbl y 140 and the workpi ece
110 can r enmitie siriat iassamply 48 togreds thepbearingssurtacest15% akthe pelishing ads

| ectrod nbly 140 t.h -14 /076134 \PCT/ US03/ 06373 '
T10 can move TR PRINECIEHES BT 11 08 WHUR (irea rerain of bendReiBEs;
relative to &\gﬁkﬁ%%%?é‘ctr%ﬁﬁﬁg@ élﬁfﬁe: rlé)'f?ﬁe dlektrobies 182 a0pldte raterisesmbeane

el ectrodes 142 can have a her dwe i me over selected regions of the
wor kpi ece 11QuarRpiez@HaDdngn) @nnalternatirdecarent be applied ©OBe]firgtend second remote
conput er - oper abl e nedi um of t controller 190 .can al cont ai .

i nstructi ons aleFtsles el 4aechai @’glmr ﬁ‘BW&?'eBLf" t'ﬁﬁpgﬁeig%ﬁ%‘}'hog tﬁg%orkgg?g?
111 at vari g i S B8cHYGe 42506r BYRBBESHd FéRokOBlgcablET
190 can inst(r%uc tﬁ)to?h?%ﬁh\?gﬁrg{sg%ﬁbl y 126 to press the bearing surfaces 153
of the poli shi42y. pakks suth?a [thagaéaisweahanidehadanalizéng 1recess hsinguwdnie the) a
direct current is applied to th wor kpi ece .el ect rode 0 h

el ectrodes 14Pefisty 4 éh%ﬁ'%@r%q%ean?% REESSHY l@;ﬁ%tilg@é‘ 1%3,8%8&%4%66&%&5

al ternating ( ?#'é&i&ﬁ]t]éé CQHFB% ribndd ithi s5WitRAt SleewiBel priBRESIngedfeier fade's
Cc

142a-b, or no electrical current is applied to any of the workpiece
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 different period of time
than a second region. For example, when the thickness 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. It 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.



el ectrode 130, the first renote el ectrode 142a, or the second renote

el ectrode 142b. As such, a chem cal - mechani cal planarizing process using
only the wolwmiassy in the el ectrochem cal processing sol wCirarsod@éB7and t he
mechani cal nedi um 150 can be perfornmed with or without electrical

pr 00655'[0{3%&“ the §é%/é?al0%rﬁ%’ imbehis of PRAOEM Bpsarbtifst 160 arsTeRgédtBA o gfrohaé
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across the faienof cohtacivihé faeedayer10]1,othei temata elaciyodasc dAdi can e otoved

t in ot her enbodi ment the | tion, -15 WO 03/076134
PCT] US03! 063781315640 SR PERRPCS 10 4PBR LOEIRCRG RG2S SRIbedpdhe

expected to ;?&é{}&&s_ fUARS &v&'dad?&'t.‘i%&ti%é%%is@ht UBRayOaID £&58ssliHe faB¥ |ayer

applying an a rnating’ current e renote el ectrodes 142 and rubbi ng
t he mechani cal11nasitheousrbusdsn ofsthetfaee Idyac betapes venlthin tevarditheepdieidher s

driving the renpval of material fromthe fac | ayer 111 .are,(a) the

ox dat Son of ‘GAmBRSYSARETEIAG crele JOM 8 ERPERCEiR Protde ALyl BiErE sifce gy
t he nechanic t he oxidi zed mater.ial. Mreover, because the

el ectrical cﬁb?iﬁ@?égé%gih ed to the face layer 111 via renpte el ectrodes

142 t hatooszlo not dagtrest4A-AE iflasteté speeral differenteemote eteckinde tassedmblies thatan
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drop across tgq{aCthd BeREs away from the microelectronic workpiece 110 and/or 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 medi’um 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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111 as the overburden of the face |ayer becones very thin toward the end of
the deplating/planarizing cycle. This is expected to provide a highly
pl anar suwbDas®7@ss the face |layer 111. [0042] Figures 4A- 2CTiushsied3rat e
several different renpte el ectrode assenblies that receive gases generated

during el ectrige | leriboRIfRERE the Féhn t@oaéaﬁédéé124me@arﬁw/ay
fromt ﬁ&ﬂﬁ\ croel e@tér]glgﬂt@& S:H%%ng;gﬁﬁlgmgnd/ or the r?am)t e el ectrodes.

Referring tob@sgpamtdd\frwmeaehﬂmd’mhr@na gsp 249 foal eppagducssor eminate |direst a
renote el ectrode a senb a hav first and sec r.eno es
242a and 2429/eglicA é’HUBbX%?P BT rt géqi?l PCtﬁ‘?@e %%g rberm%i\ a eggtl gbe
assenbl y 240 g{ﬂ.cEPgur‘?sﬁt fioed Heg anér%m%w@rﬁbtenaewaa@swﬂadﬁmfu gfoudts a

first mechanl c I um 2 Oa adjacent to the first renpte el ectrode 242a
and a seconﬁenmmntlmImatemialmﬂ\126f0ﬂheaﬁjcem&ia¢trqm© sybstoaie TEhene therda thale

2 Gener al |y OReh ShanBUSTRLE Gl SNt e b 2Pos € RETOo Ch 4t 219 Gh °°
downwar dl y f&‘ﬁé@%@’r’é{j&%n% oreﬁQRauoch thee chairl€ 28l astdopdast Pé2gades dway

exposed surface each 'of the renote electrodes 242a-b accordingly
faces t he wofrtipi teeeciédfodes B424-p. arkties the mmosbdtrenlpf\a@@@lem51‘dhn In sl @le

h | s 247 def db | f | | d
oy 11 o t bsries ggﬂeg¥qf§F%3%r‘r§b?<§ur b 18 letock ettie’ 2%k 3 TokRe (iflsatir o°
el ectrodes 24 aar %%Qt@@%@fﬁc@ﬁf”tbjs%%@ﬁﬁ@?* aié&o4§<]ha|h@ Sutivardiy ey

aspect of thi renote el ectrodes 242a-b can be separated
from each otdjaﬁtnfnggaafcgaqa 249 that can reduce or elimnate d| rect

el ectrical coupling between t el ectr s 242a-b res t he
el ect ril®@4# curr en@”@thS{}\éeeftW@rﬁfotH@e%c?M FRPErANSt e?'é%"{"? H?Jlgég“ﬁ #'?Elgbe

t hrough t he [ C - t 0

and t hen to % !aér/é:eo ecg tﬁérrr%%%h e I%%Pﬁ%(g%szg%zgc%%rpgggtﬁu%r té'%gglcn%ge

the gap 249 eauplingpdietveen ntrmdchemcmem ete,ctrodea's nznzw aind tthe cmiamﬂdz@rom to
conduct the gases awa

¥ from tge IeeI ﬁt rn%)d & bdlag%[éc%b 5r enerall

m croel ect r oWPERIRASK Pl Bc el A1 6XaMRles e MeL HE? g ofa" RPs9 y

embodi ment,  fhe Bl & e GH thabbnigdfe ‘é@(BoééH BbRiohi dtdhé A&frodes 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 coupling 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
electrodes 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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by arrow "G') at a rate sufficient to force the gases radially outwardly by
centrifugal force. [0044] Another feature of the ECM apparatus 200 shown in
Fi gure 4AvD3bh@ss t he type and pl acenent of the nechani caCTmsds/es32b0a- b
can control the electrical coupling between the renpte el ectrodes 242a-b

and the m Crg;%genepg?'tﬁat HEILKBE Pefesl 261 aharp=a% 062 tdxeermed Abhtie pRdsa

250a-b can b non- por ous pads such that only the exposed portion
of the el ect 25despRaziiy ko thee remb@celectred&ziy 243ath. edheo emrée valedsidese242eBbvi a

th | ect hem | ' | uti 1 t rrb di i,
the mechani cdBMmBd| e, SBRTYeELH ‘BENd PR RoR4pan: TR SSPEEbGETRRGE Y ghe
al | ow sone eg;%%%éé‘sa%féo%cbﬂﬂné]?t M@eﬁaés@@es FPésh all6w (garee 3o #téardmand

t he workpi ec I n regi ons where the mechani cal nedia 250a-b are
i nter posed batarkgiece Hd Ovandkibireugh theoneghinical m@umr%‘ghem&@y@re ThRbegtedr ee

Chan the degidnbiereRBel 2atr Ao M pIEenads xpactdnedcrliafe of

the electrod 1&6%3@1&@1% éﬁsﬁ@égm@‘éaﬁlﬁrovw@%ﬂ chicaic ik idekwisdr ahes

anot her errbo Iment o CM apparatus 200 that includes a renote
el ectrode asmdbdoﬁezzﬂn?aktaand\yléwoéml%nﬁdl‘kQacond renote el ectrodes 242a-b,
and an el ectrode rr|e

he_ f
ol ectr o) 245a. b HE" Een Lsiiales, ABOBH arabedineRl e Bm cdPifys 200
include firstg9 éeFé?ﬁ&enE@Bﬁadéaésseﬁm;a 2a@eamblmg ifiest Biid TREBAGT ferfote

first and seco[r@ renote el ectrodes 242a-b. Each of the mechani cal nedia
250a-b is a e{édrddesczmamaad ceaesp@mdan@@ssz:andmud rpechartical metdia 2§es-b.

251 d 2 t th 2
ot ool oot 10008 FHog B M ANPEHBREt dreds ARl S eaif 20 Fhard ahbus 18
downwar dl y f%%raact(?ﬁéé'rﬁlb%le%éw g froml thet WERREEEAU10 Ardinéh @speas6Rads
252. Accordin e passages 2 can allow gases to rise fromthe

wor kpi ece 11(émbmﬂ|mbnbmgh inchudee chamivaedly nfadingmcbaonelhe24/ tinetheaetectrodes

|l ect ed the channels 247. Additional Iy, when th 25
11 od with PASSE iR Gobesh anB condie baeigputbies S92y Tn SaRaTeare aePhtu

l'ink between fifi€remote electrode assembly 240c can also include an electrode carrier 244
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 to the outer periphery. In alternate embodiments, the inclination
angle can be steep to deliberately reduce the electrical 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 Figure 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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el ectrodes 242a-b and the workpi ece 110. [0046] Figure 4Cillustrates
anot her enbodi nent of the ECM apparatus 200 having a renote el ectrode
assenbl y wo0s/074164 udi ng first and second renote el ectrod@sTA%dzeds7and
corresponding first and second mechani cal media 250a-b. |n one aspect of

t hi s enbodi nent api ' a2 C 0 0 as
bubbl es away r?fngﬁ% %ﬁ%%k%%%@éblwoaﬁ@p ﬂglpgagrgeég%tﬁget E;érsrfePe%@é | rgnpetﬁ"s 8can
i ncl ude downwaicehd reafite Glehreel 34240 darriedicbye trer elantresie CarBlar 134110 anadl bect

and conduct the gas bubbl es a\/\/ﬁ fromthe el e,ctrodgs 242%-b. The rirrmte
el ectrode asgeethanicalomedim 3% cafiiacdu@y H1e drgcane JtecerRrd rernotes gleqiiaresy

o o | outT Gt Ihe fbchafiba MhbAilin 530 BASHEGRE £ Bty bieLRflsgsoR0! ©

of inclinati pect ~of I's € nent, own i ng

surface 272 ofaasfe @ffeidnt eRlctidal chaacR4iRtich Fer akamplentis regibnsT32adghe of
inclination can be shallow to reduce the di fferer\;%g i.n di stance.between the
wor kpi ece 11(beadispered ansetarydareund 2 caniraliRAIoR: So4A IR ONG eMmbediment; 958

e 24Ol e 1] B RO 8800

i nclination € can be's e electrica
coupl i ng bet wgry). t IEhe peionst S52afd tdae ¢laret difbesnt24iledtriandondientsokgicece
110. In a further enbodi nent, the channgls 247 can be inclined

dl
(shown in Fi gendugipjities 4pt Yy gihea degrger © lﬁ'?%@aloPOFW@%lb@&W?%éE \évraz?rféo%
can be horizag NG} eg. A [ b f n
namber 245) - QOPASSEE et T TGS S sl erBed M taed e
assenbl i es 34Qdopdinglye thaviibeBaMapahat cisedt(s) foanedrirative rempte adelittddesal
enbodi ments of the “invention. Referring to Fi ul:]e 5 thIfS figure
i I lustrates d@fi2end@ndnthe fase laver 181 \Réno‘@rﬁﬁ'fgi P(?_F; 196839 08 leqeaidp 4o
el ectrode assenbly 340 AN L FIAG_ AR SHERHAIABRAI & Mdehricdll” Fmanst or

second renot & 2a-b Carried by the electrode carrier 341, and a

nmechani cal neAhevRiISSlteRIdr | Riterhgtivdg the rspiatiaiy vame eibctrevab chamictsrtstios €an
342a-b. The nechani cal nedium 350 can include a plurality of r,ﬁgi ons 352a-d
that have di faosieshiforfastensitbal wanig stheswise: ressit ingspatiginon-uritim gxaten

352b-d can removal rates (e.g., a consistent difference in the relative velocity between the
workpiece 110 and the mechanical medium 350).
[0048] Figure 5B illustrates a 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 350 can include pores
353 and passages 354 in which the processing solution 161 can be contained 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 porosity 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-c that each have a
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be di sposed annul arly around a central region 352a in one enbodi ment, or in
ot her enbodi nents the regions can have other patterns or arrangenents
(e.g., aworismye13arhe regi ons 352a-d can have different di @Caaisos/es3const ants
and/ or conductivities to vary the degree of electrical coupling between

the renote 1%{1#&Eipg§?odﬁﬁzaFBr %&grﬁp@ %‘?frgtpir 8n 136525 B | IRdvieY adfirsPImifbhA

face | ayer e Inpedance of the circuit(s) fornmed by the
renote el ect rpedesity ﬂ’#aagﬂmmﬂﬂet first fragien| 3y%a, 4 l1secoad region @56b care havef ace
of workpiece 110 to provide a variation

whi
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ot herwi se red y non- mat er i renoval rates (e.g., a
consi stent didgser dnae aspdot of Hhsue'mb@dhnémtc ithey pbreisite @ thér enechanical wEdiumo

and the rrechanl cal medi um 350) 4 | e BB illustrates r.enot e

el ectrode assOPFIN HEGTIALE; Hbaa"ﬁ[%'ﬁ Q.li‘ F@é{‘fgﬁ fieny Owhﬂnﬁrs%@%Pﬂ "éﬁfgﬁrtaﬁnce
wi t h anot her t t n @S R8¢ Herobnitddfinents. th
enbodi nment , pr%’g&ﬁ&lc%ﬁl 8@ ”%ﬁf‘um Oh%glﬂegslncl E{C]ZStpor es r353 and %%gsaggs
354 in whi ch hdehapicat essding 350 can bavé Grioreasr fewver dnaraitme three distiret tregioak| y

couple the rennte el ectrodes 342a-b to the face |l ayer 111 of the workpiece
110. In a furd3®¥arC.aspect of this enmbodinent, the porosity of the

mechani gy med! Umm"@ﬂ @;nme{dtes % ranfd?@gnémaé SBBRBlY JAPRIRG alrRELIRhiA

anot her: r exanpl orosity can decrease 1n a‘radially outward
direction to méddmcs0 hmtrelpeccius aadj raupbriong rEgidriseinpectaordarce ofith laaother

wor kpi ece 110. In_other_ enbodinents_ the rosjty can change in er
nmanners to pr%WQPémﬁmde fke é’P\‘fe”t'PBveFobfexéﬁ'@ ’rﬁhéamﬁﬁﬁ%ﬁ% ﬂ}?& ggb can

di fferent porf i 0, 7l | t S
renote el ect r"t(]) g&éasas%r#)%p 4 g | %%? gggoéz;%htné;c n;?%rgGs r?%%l:éﬁn??gg Egt\e“ ng
t hree concentgutér mcﬂ'gpon’aIBJsa‘éQ@nCBSG’baCareaerpdsamed conl:@ntf@amzabbdatlﬁm central

PCT/ US03/ 06373 different_ porosit For exanple, .a first
have a first PAPYDriRgiIgho ty B ﬁg‘lfgmt %eremqt%td?@ﬁ?%?? 'b C§'écgﬁd

;ggggg fgg?oﬁ?g%@géﬁ é,pge%fﬁgag Jfé%eﬁepﬁéeetwom e Qi RS8P e fehfote
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 me;:lium 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 electrodes 342a-b.

[0051] 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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regi on 355c can have a third porosity that is uniformthroughout the third
region 355c. In one aspect of this enbodinent, the porosity of the
mechani cawormgiaisa 350 can decrease in a radial outward diPCEASO®R37Hr i n
ot her enbodi nents the porosity can change in other manners. In stil

further embodiggifk eBlccarBgn itﬁélwémgielé@ ShPief alksbABy WR0E pid bensnhotshan
the three distinct regions 355a-c. [0050] Figure 5D illustrates a renote

el ectrode asssatitode3d8sémablyrdd® hawvingarsmete elaeivdas 842a-wi carrigdr byudheaiable

non- por ous regi o i cordance with an er nbodi, men f ,the invention.
o oxanpi e, &1 T b BRCsREREARaSeiDE 200 GanAand e fuh e 2yl gy o
356a and a Oy GERTEPBY ME traﬁﬁy@ﬁo?’%bdrﬁaesys@hﬁ F12NRtaRY Catfow 6@) AhdRSED

can be positioned concehtrica about the central porous region 356a.
Accor di ngly, rebiprocates caredve &) toel éablg £28; Bnd ardrive assiestly Hed|day retaipl(awowi t h

the workpiece 110 only jn th entral. region t r enot el [

assenbl y 340,0) ahtﬁa@ﬁ@t\/en@f%@éﬁ? "Yﬂig‘i"ﬁﬁ? gg@'eé §%On35ﬁdﬂ?\ée§ﬁ?r§} Of?ﬁ%ng%’jg 610
material overygy fr Sfﬁg%?i?eté’é?‘rie%%-cdﬂ BHc®orfinatelust prabs sha Prétdseirptitle
arrangenent in Ich the renote el ectrode assenbly 340 includes a '
mechani cal el ofmtBSOwbdkpietg dMmDfagaimgioadssaring Sudace &RSn Ot dhe nvachanicdo
can be attached to mask 357 that prevents or at least limts electrical
coupl i ng bet VBBHUMERD.r enpt e el ectrodes 342a-b and the wor kpi ece 110 in

r egi ons{:?es gizg?g.%g&ﬁﬁgcéégﬁghﬁaaoéﬁéi &%d@%}ob@ﬁiq@%&%i@% ebt0camdet he

el ectro ]| Figure 6 is a cross-sectional side elevational
vi ew of an EQ¥posited switodhe ygzaingt s1efa8@0653 rof ethe cmedarieal caedivet 180 cdhe

Crboa ment. oM esioR] SREAUR C20,08 218 PREROTNE ELBN LSRR P sREa Ry oo

apparat us 60Qnargp me%@wmi Snhi¥all dhd Fe8HAMCA! chaRabte ASIRITEN bEodkisking
er to |like conponents in I

| i ke reference nu rs re ' Figures 2-6. In one

aspect of t hithe emtragiecent10.t frer Empie)ctheshaghanipalrmedism 660 aeasbe pfisedn
oL oD oL e BS80S bR N ARl BB Ty BHAREB o B0 car
assenbly 620,804 R b@fRicSolution for plating or deplating material from the workpiece 110,
and/or 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 electrodes 642a-b are coupled to
the switch assembly 180 for selectively applying a direct current and/or 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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el ectrode assenbly 640 having renote el ectrodes 642a-b carried by the table
610. The ECM processi ng apparatus 600 can al so i nclude a nechani cal nedi um
650 carriwo Bp7d¢ibe table 610. A drive system 612 rotates Pamrrusns/@37and/ or
reci procates (arrow H) the table 610, and a drive assenbly 622 can rotate

(arrow /) org, é,nmcmo%éw@m Jof firbEaM@SkBbRE Perfile! éIBErEFES 640 brEatRIERM!
of the table 610 and the workpi ece carrier 620 can be coordinated to press

the processi randiorintegragcbivithhéhavmaghiapical mﬁwllageﬁﬁﬂst Fer mxample, #er femaetess53

Dor e r ool edkodn G4 G30 ber g el el e Gatfid B g ke By 0o rackier
653 of the ﬁuaﬂérﬁ@tle @%%95@42§:Becaﬁeﬁ5@é“§aéurf&€' G%Gm@qomed the

processing solution 660 are selected to provide the aF ropria
el ectrical, ahenaeeattrenic woskpiecs ¢ 40, antheach of thetriepwte ¢ eqtmde@ﬁslﬁa@ cambe

Kk 110 F | e, 65 b
2br a5l ve pol .%c!wc‘% T2 Dyider AR i Ser E8ln FoaiE 1 Bt 2e ooBar A cipdsso
can be an e @pidp! benh%néoe}r\athé}n fiRe RSaknd SeaindleRorolod aMbal bah disoBe! he
wor kpi ece 110, /or anarizing solution for chem call

y a
mechani cal | y dneldemlmtg dISlH‘B‘t‘B’ gedups riyna phﬂabhurdfﬁlusteorldms %%thmmwewﬁiqlﬂgthe
sol ution 660 can accordi i ncl.ude ct ro g/ or braS|Ive
particl es, asP"RE??S'%S%lHE%ﬁ‘ égﬂ scaf‘ﬁ& Qralg’e O&? ?frB?' anuga! nigiym
reactions wt h | T &% IDARS Je 0
can al so i nclét}5 e ?R%ﬁ?‘?@ gin;egj%rf%%a& 88 he Womrﬁd;ﬁ&g @Rﬁﬁgéé?h@AC

power supply shbdn anfigune othtough wh|c119tb1e pfﬁq:esamg lqmllﬁm@ éﬁbaanoﬂwaedhand
the renote electrodes 64 b re co Ied to

n| i 85§W| tc assgjr%u%/ i Ilf or
sel ectivel y RFArRORpre IGALMGH! “&?1 B8R "7 PHIAIY P he
various el ectfinfgas, s nélfa@ﬂh%q&era?.ﬁaesr%eé a@BQﬁstS@) %nsa&pm&bme&lﬁ%%ﬁmm n

Figure 6 can acco gly performmany of the sanme nethods described above
with referend@st acr'éisgm@serfac@émstr]e meghargcal mediams®a@ aride(mtdodect and swvef

an enbodi nrent of th roc n t us 600 expl ai ned above show ng
a portion of 93%P %Fr%‘f"% rPFT' ?‘8 %fge'regggtg In one aspect of this

enbodi nepty the EGappRy abiHStPHgean 7, -t ECM 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 699 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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WO 03/ 076134 PCT/ US03/ 06373 further include a plurality of first and
second renote el ectrodes 642a-b beneath, and/or integrated wth, the
mechani cawormgiaisd 650. For exanpl e, the renote el ectrode®CdABas/w3ican be
arranged in pairs and carried by the table 610. Each of the renote

el ectrodes 642a-b can have a surface 643 facing toward the mcroelectronic
wor kpi ece 110, and each of the renote ebgﬁﬂhgdes 642a-b can be adjacent to
a divider 644 that electrically isolates e first and second el ectrodes
642a-b fromone another. The first and second el ectrodes 642a-b can al so be
divided into discrete groups by a plurality of fluid conduits 663 through
whi ch the processing solution 661 can flow to the bottom surface of the

mechani cal nmedi um_ 650. The nechani cal i um 650 can_accordingly have

pores ofctlpassages 1( not A”shWrPRJSFiéﬂr E&quwﬁ'%%ﬁ“ﬂe pﬁg%éclségé'lq n§"
sol ution 661 ¢ bieiedR8atdsrisivg f ace 653. The nmechani cal medi um
650 can al so@%leléﬁggﬁﬁu&gﬁty’ of }grtl:hg'énnel s 654 at the bearing surface
653 that (a) transpesrkpiebe hotder essfigred dd nedaive a GHtrogtaaroniawerkpigteace of

t he mechani cal nedi um 650, an )_callect, and npve gas.bubhles. away from

t he wor kpi ece 1102 Y91 B@feﬁ%&ﬂ%ﬁﬁnﬁwﬁﬁd tpd:oma%?@rg?estsmig %@f/logfrgecessi ng

apparatus 600 can opt RRaidde WASH YHEWBrkpRIEeGS e AGeEMAhE WeTRHIESS hBRirt hat

is proximate to the processing solution 661 during a processing cycle. The
t

non- cont act ener gy firsremute 88X troda dnd aseadndrragote elestredeythe first t hat
transmts ultrasonic energ into the processing fluid 661. 1t i§ expected
that inparting ultrasofifed Weteﬁjec?qq es%ﬁ?@e@%"ﬁa aggrtﬁ‘{qrgﬂ‘u%wgr "F‘Ir)e

increase the rate and/ ggdppe efficiency at which gas bubbles are renoved
fromthe region proxi mate t'o wor kpi ece 110. [0056] Fromthe foregoing, it
will be appreci at adnétinicgeediim havingo beating sdfrfadecfacingvibamiaskpiaese been
descri bed herein for purEjoses of illustrati

modi fications may be n_ﬁe eﬁ\ﬁﬂﬁ&ﬁ?%@@?éf?’ﬁ@?&? BEﬁ?%Htggg%?Pﬂl‘?Eérg#% leQpesy
appended ol ai s, NI MRS P poT USosl 0687 o r S Yt
a DC power supply; and
a switching assembly coupled to the workpiece electrode, the first remote
electrode, the second remote electrode, the AC power supply, and
the DC power supply, wherein the switching assembly is configured
to selectively couple the AC power supply and/or the DC power
supply to the workpiece electrode, the first remote electrode, and/or

the second remote electrode.

[c2] 2. The apparatus of claim 1 wherein the first electrode is carried by the

workpiece holder.

[c3] 3. The apparatus of claim 1 wherein:
the first 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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CLAIMS [cl] 1. An apparatus for el ectrochem cal -nmechani cal processing of

m cr oel ectroni ¢ wor kpi eces, conprising: a workpi ece hol der configured to
recei ve awpiognoaBect roni ¢ wor kpi ece; a workpi ece el ectro@eTamsad/iggas ed to
contact a processing side of the workpiece when the workpiece is received

in the rkpi ece ol deﬁ-ge%gégfa?%s EE8RIE 1 SlRfeinode and a second renote

el ectrode, the first an cond renpte el ectrodes being spaced apart from
t he wor kpi ece hothieworkpietediuide caimprises Ensubsinate carriee having asehdckce f aci ng

t he wor kpi ece hol der and. a backsi facing the first and second, renote
el ectrodes; an AC powe?PEyh y’,h%{g%@iﬂ’ e%fﬁ)hﬁt?%aro&%ﬁwgcﬁ*ﬁ% ces

assenbl y coupled to th WA 'ﬁ?dﬂ &iGE s &iRbly [ ddRipldd ithé @UBkPatetlpRér €.
t he second renote el ecta(r)o e,gmt e aIAC Ipower sugp y,p an% t he DC power supply,
wherein the sw tchi ng amsventn gubstratecéirgorad to sel ectively couple the AC

power supply and/gr the DC pgower . suppl o0 the rkpi ece el ectrode, the
first renote el eci%‘ﬁ@ﬁ‘péﬁ?&/eg?drqq?e'sé‘%ﬁ'éﬁ%w&%W%l%@ﬁ}oi%s [c2] 2. The
apparatus of claiml1l wherein the first electrode is carried by the

wor kpi ece holder. [c3] 3. The apparatus of claim1l wherein: the first
electrge® is carrbed byhekepamtbpofedaithbmhereinand the first renote

el ectrode and the second, re el ectrode are. carried a_ renote
ol ect 1 ode acaentl euRPIRcE TG NP I56F Bt L pageT PyBo ASTBRK0 76134
PCT/ US03/ 06373 [c4] 4 HYSe Qorigliddd3d i & eSprocebfifg Wi Rices €
hol der conprises a subg?élF é@dggﬁ?er %av{ﬁg a c‘%uck c%nfi gur%d to hold the
wor kpi ece so that the ppwariaridg dsivel@ssermbly coupled to the substrate carrier to

move the substrate carrier; and

the workpiece electrode is carried by the workpiece holder.

[cB] 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.

[c7] 7. The apparatus of claim 1 wherein:
the apparatus further comprises a moveable electrode aséembly 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.

[c8] 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;
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downward and a drive assenbly coupled to the substrate carrier to nove the
substrate carrier; and the workpiece electrode is carried by the workpiece
hol der. WO3B/H%13The apparatus of claim 1l wherein: the woPkpiwso®0d3od der
conprises a substrate carrier having a chuck configured to hold the

wor kpi ece so that (hDe - HreGBESEBBrsdSI8NE 89 SecdtMRRbIEBIECrodBiale cARTRRIDY ¥
coupled to the substrate carrier to nove the substrate carrier; and the

wor kpi ece el ectrode i s thaeleckddeyssérsblyoarpi ece hol der. [c6] 6. The
t f claiml, furth | Si | ectr.od nbl.
apart from the worRMecenRLEALEn GORAaFe) A (@Ol FDe PR RoLPUacs R
and the second rempte gb@eld &@etraa@aﬁ@brée%nabotiMn§Ip@@tda@ﬁ@j B§ SRsTBbaond 7]

7. The apparatus of claim 1 wherein: the apparatus further conprises a

nmoveabl e el ectrode asseembie slpatrede. apart from the workpi ece hol der, the
el ectrode assenbly being noveable relative to the workpi ece hol der; and
the first renote el ectrode and the second renote el ectrode are carried by

the el eghrode assebl v TreCpchaulles cRRArgkereiml claim 1 wherein: the
apparatus further conprises a noveabl e el ectrode assenbly spaced apart

from t he wor kpi ecéhdrapparatus fusther scempases adai@bl y bei ng noveabl e rel ative
to the workpiece holder; -24 WD 03/076134 PCT/ USO03/ 73 1 fi r enot e
el ectrode and theQQ%E@?EEP@%E“&"H%E?’PBB%G%?80@?'89 ggéb rﬁ?{igyﬁ%@bﬂ%de
assenbly; and t he (\ReGRAHIEE noREH PRI REr thd Eél@hilﬁ@béé,"érﬁgthéad carried

by the first renote el ectrode and a second polishing pad carried by the
second renote el ectrod@rkpieed efectrote impasiedthydhewarkpieas holdesr amdh:

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

the table.

[c10] 10. 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 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.

[c11] 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)
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t he apparatus further conprises a table; the nechanical nmediumconprises a
polishing pad carried by the table; the workpiece holder is positioned
over the woldhilag pad, and the workpiece electrode is ca&CTiusd3/ms7: he

wor kpi ece hol der; and the first renote el ectrode and the second renote

el ectrode are

further o orrpr?@?ﬁﬁb et él%‘f{géé}tﬂﬁfenﬁ td fHe WBrkpldte aBBREGE 'éﬁdca‘éjéégfldﬁel@f

g-a contro having a conputer operabl e nedium
cont ai ni ng i ngkrfinst renie etectnode ane/dritbe appamditanotezieciratienghilethe wodpese

compr) 11, 2SI RS BHRSP oS LA ISRl ) R S
direct el ect rél%@?ig?%&r‘?&ﬁ(}e&gwgﬁ?Mﬁdﬁ&be&&ﬁé@&Tahefiﬂeaé&oﬂﬁ refiftté HE@rale

the first reno ectro e second renote elecprode mhile t he
wor kpi ece  comhitc tise Wworkmieee taomtdutsritioal electoanbesiica) proceassion, sqlutioramidy (dg

an alternating electrical current at least one of the first remite

el ectrode anCWGPS'f‘Eéh%é’é‘Eﬁ;ﬁfs"}geﬁa? (9tf &%WPFW%CWQ?'QSE the %?W'%@%@H%%tt s
the el ectroc ) ; 5SS ' d (d) pressing the processing
side of the Q%?it;‘?@gegég@gﬁ?ﬁgﬁgﬁﬁi%ﬁg%g;,r?@& medi um at | east whil e

applying the alternating current. [cll] 11. The apparatus of claiml,
further conprising a cqoptroller, having. a onput er _operabl e medi um _ .
cont ai nig i nstr ug}%-ons eoaBB%r,ag{seo{t ﬁ'g'r%r}pgwgﬁ%rsm'aed%%i%50?%&2%?%"&%%9
conprising (adotbAdd hgeBIAS SSoHtaABing SHSHRCtONE toMbséraed apkr apbdrat
wor kpi ece wi t Oan %ﬁg{qer?%%%eﬁeggl proceslsni@ng sol ultionfJ ﬁb) -25 V\%LBFb o
03/ 076134 PCT4ddsedihga®7a praepsyicompaisiig éa) cehtacting dheé ocessing tside e the
wor kpi ece el ectroqe and at | east OnﬁEOf tlhe first. renote el ectrode an%or
the second r SRITREIEFERAIF oWETKRIFGS Wi Jbr RIGFIEQRIENUGR, AEpeessipg solution, (b)
el ectrochem c | kb1 Qi HPRIbMOEEE cBirb @S BAl I d1Teast f
el ectrical cu%péﬁbgfagaﬁg%‘l?érté%mrdewrrroetnfa%%alt ect rogltra&andet rﬁe second (?%smq[nee °
el ectrode whhedirstremate lepeotrode @ndfadhs sebenc rermetecieeradsavhie heweikpipce

solution, and (d pressjng the processing side.of the workpiece against
t he mechani caqorﬁ%ﬂ? utﬁ‘lea?le Qﬁ@?m%ﬁflpéo%ﬁfﬁﬁ}ﬂ ﬁ&ﬁit'ﬁg' a(pf@rpﬁi){nﬁ)%garhﬁ?&gpﬁq[ng
electrical current to the first remote electrode and the second remote electrode

while applying the direct electrical current.

[c13] 13.  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, (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
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[c1l2] 12. The apparatus of claim1l, further conprising a controller having
a conputer operable nmediumcontaining instructions to operate the

appar at uswoasooridé ng to a process conprising (a) contacti RETIUSE3/M30EesSSi ng
side of the mcroelectronic workpiece with an el ectrochem cal processing

ol et rode anusaiTLHeB ek BSbach e, B el 0dll urle? oh KB KRBT ot the, g

remot e el ectr eaekpibdd tahhe adydentesgioncont acts the el ectrochem cal
processing solution, (c) applying an alternating electrical current to the

first renote el ectrode and the second renote el ectrode while applying the

direct el ectrical g ;fﬂhé \;{pﬁ)é?%tué?"fop_ h%l&?ﬁ%ﬁ%&%l-ﬂec&%ﬁm 1 {Jdérsgﬁ'w M of

conprisiliifl a contr conputer operabl e nmedr um cohtai ni n

instructions hcroeRcEbRICIMSTKBIRRES adonsprisikiecor ding to a process conprising
(a) contacting the processing side of the mcroelectronic workpiece with

an el ect r ocheni cal awaskriees hgldeo configsiied {bieceiyeR JigigelecHPRisOrEpPigser i cal

current to the workpi ece t J £ enot e
el ectrode and/ or tﬂ&v%g%ﬁ%(g%é%%%Cgﬁﬁ%ﬁ%%&éé%t?&;g?ﬂ%ce\%%‘r gﬁldeécéhh%ont acts
the el ectrochem cal pr Osﬁ@ﬁ(?id&ﬁ Witdritheavorkpiere apdcgived inthalvorkpieds helder;
electrical current to the first renote el ectrode and the second renpte

el ectrode whil e tadirstoempteceleckeds aod 8 serend remeteRlaeRdewhereindaa fing

solution, (d) pressing [ i i y | I t he
mechani cal nedi um at | e%@ci]gec%r@f%ﬁ%%%?g??hgg?%éréépg t@ﬁﬁ%%‘?hgﬁ‘%u‘?‘?’gh{é ,%Eand (e)
noving the at |east onenh@liet tdeoe vwuderispeet fedrtios ptdvessingsidedfthe armRpiece
renote el ectrodes so that the first and the -26 WO 03/ 076134

PCT/ US03/ 06373 second Waemthe wpikptaceds seqpivas in the yeekpige hplderme at a
first region of th L e an at a second region. [cl4] 14. An
apparatus for el ec%?ggé@%raﬁfpﬁbghani cal processing of mcroelectronic
wor kpi eces, conpri §iDWpowerdligfy;efRl hol der configured to receive a

m croel ectroni c workpi ece; a workpiece el ectrode confi ?ur ed to contact a

processi ng si de of askichingrasseebly sdled tedhayratiwiece elestrpdedhediast remate

wor kpi ece hol der; electrode, the second remote electrode, the AC power supply, and
the DC power supply, wherein the switching assembly is configured
to selectively couple the AC power supply and/or the DC power
supply to the workpiece electrode, the first remote electrode, and/or

the second remote electrode.

[c15] 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.

[c16] 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.
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a first renote electrode and a second renote el ectrode, wherein the first

and second renote el ectrodes are juxtaposed to the workpiece holder to be
spaced apaptosfor€sd t he processing side of the workpi ece whren/tish®06ses kpi ece
is received in the workpi ece holder; an AC power supply; a DC power supply;

and a sw t ching a%%enbl%ggaébx%lrﬁgstofclta 1%fd?ﬂe?%§w§?i§@bré?péecﬁ5@e F%/éégl%lg

renote [@flectrode, 't he renot 6 el ect r ode, POVEr ~Supp

the DC power gy#RBHpartirimeitiie Wotkpisdd ledldeg amaisemdrein fhe foshéndyseeahd temote
sel ectively couple the AC power supply and/or the DC power supply to the
wor kpi ece el ezlectonfies areesariedby hegeeredeassRly: and/or  the second renote
el ectrode. [cl1l5] 15. The apparatus of claim 14 wherein the workpiece

el ectrode is carried by the workpi ece hol der, and wherein the apparatus

further ggnprises 8 MEHedppzrAtusefciaim Hewiingrem: bear i ng surface facing the
wor kpi ece "hol der and a backside facing the first and second renote

el ectrodes. [c16] theappamtugpivsingt GeMBFiSes amﬁ\/fﬁb{ﬁfﬁ%‘ir?;e aFRemRly BpReRd

el ectrode is carried by i -hal : ; L ;

el ectrode and the secoﬂgﬁjﬁﬁgﬁwgﬁ}%&@ég’ g@?ﬁ@@%gf&%&g%&cﬁg%s
assenbly separate frommdieaby temtiedo tiod derkpie@rhoeahd76134

PCT/ US03/ 06373 [c17] 17. The apparatus of claim 15, ,q}ffgrtg%r congri sing an
el ectrode assenbl ythe §fsiend sesand remeiq qledrognsigecariedbythe elgaliodfer ei n t he
first and second renote %ng trodes are carried by the el ectrode assenbly.
[c18] 18. The apparat u$Sg aim 15 wherein: the apparatus further

conpri ses a noveabl e el ectrode assenbly spaced apart fromthe workpi ece

hol der, wherein the el ectrode assenbly is noveable relative to the

wor kpi egmaihol der; hd tThe apnasatusof claB JSVRIBBY e el ectrodes are carried by

the electrode the apparatus further comprises a moveable electrode assembly spaced
apart from the workpiece holder;
the first and second remote electrodes 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 electrode.

[c20] 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.

[c21] 21. An apparatus for electrochemical-mechanical processing of

microelectronic workpieces, comprising:

a workpiece holder configured to receive a microelectronic workpiece;
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assenbly. [c19] 19. The apparatus of claim15 wherein: the apparatus
further conprises a noveabl e el ectrode assenbly spaced apart fromthe

wor kpi ecewbaBdedi34 t he first and second renpte el ectrodes &Ca/usas/ni3esl by t he
el ectrode assenbly; and the nechani cal nmediumconprises a first polishing

pad carried by the fir . i Pryal

carried by the se%glﬁat eﬁ%%tféﬂ%g&gﬁ'g?kér‘%{ e&ﬁ%@%p@géﬁﬁgggggr@?wg@% aim
15 wherein: the apparahes thelwohiiecispecsiesd i theblhakpieke hoiderani cal medi um
0S| 11 oned over ¢ Reepohy SifGgABERd I oIeCr Qs i SeeTE AL PUGEPEI GRS | e
by the workpi ece hol def;. ) o%ﬂ%tr? e
carried by the table. F%@@?g@%@%ﬁcg%%?gﬁa?F%g?gce% ect rogﬁﬂgﬁlﬁ%g\wﬁn@g‘ﬁ%ni cal

processing of m croel peidepni ¢ wor kpi eces, conprising: a workpi ece hol der
configured to receive a mcroelectronic workpiece;

-28 03/076134
PCT/ US03/ 06373 a faim@@h@i@imaﬁﬁw%wgw@&ﬁt%‘feré‘ %ﬂ?é‘s%fﬁﬁa si de of
t he workpi ece when th i i jved in the workpi ece hol der; a
o Bt Sebis

second el ectrode and a ectro € second and third el ectrodes

bei ng renote el eckhoepowBabupplg, spaced apart fromthe workpiece holder; a
mechani cal nmedi um bet ween t he wor kpi ece hol der and each of the second and
third el ectrodes; addCROWesREPPYULAM y: a DC power supply; and a switching

assenbly coupl ed 1o LA, I LSkl EbISEE to FRAASHRLFEES, WRond Biddrode, third
electrode, AC power supply, and the DC power supply, wherein the
switching assembly is configured to selectively couple the AC power
supply and/or the DC power supply to the first, second, and/or third

electrodes.

[c22] 22. The apparatus of claim 21 wherein the first electrode is carried by

the workpiece holder.

[c23] 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.

[c24] 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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el ectrode, AC power supply, and the DC power supply, wherein the sw tching
assenbly is configured to selectively couple the AC power supply and/or
the DC powero3soapdy to the first, second, and/or third elP€TtUSosies73 [ c22]
22. The apparatus of cIai m 21 wherein the first electrode is carried by

t he wor k |ece hol djj éﬂgpé%i?l,hybac @V.]aJVH%re . claim 21 wherein: the
carr

first el @trode i iece der; and the second and the

third el ectrodes ahémkme@eihbweaaombasés adebeissterdahyer rmmgatoaubk om t he
wor kpi ece hol der. [c24] 24. The 510E)ar atus of claim 21 wherein:

wor kpi ece hol der conpr icoaliguresiipdoihie ‘M%ﬁkPIeé?P R40aHGe PresRRING E'S‘ﬁffiaﬁ?ﬁr ed

to hold the workpiece M\@% ief a
drive assenbly coupl ed%‘&“}gt?ﬁrgnéu %rﬂea e ca F@#ﬂts%ft@ﬁn%slseuthe su rgt rgct?e

carrier; and the first mhwrctheaipsiratecearrieed@ndy t he wor kpi ece hol der. -29
WD 03/076134 PCT/ US03/06373 [c25] 25. The apparatus, of claim 21 wherein:
t he wor kpi ece hol dbe fies gt lacgtrt?a%m@w%meg? g a chuck
configured to hold the workpi ece so that the processing side faces upward
and a drive assenbly coupled to the substrate carrier to nove the

subst ratggcarri er ;2gand TrHeeagpdratusedf etdimaie fwrﬁwem:omperslrt@/am blectrode Eiseembly
hol der. [c26] 26. The agpar atus of claim 21, further conprisi a%’\é:
el ectrode assspaseq apgshiem Higaverkpiens hwéem%wseee"hdhaéﬁwa theethird he

Lea7] 27 Theaich i G BT mebReRasE betety! 10 O o s ther

conprises a m)veabl e el ectrode assenbly spaced apart fromthe workpiece

hol der; and . _
[c27] 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.

[c28] 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.

[c29] 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
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the second and the third electrodes are carried by the el ectrode assenbly.
[c28] 28. The apparatus of claim 21 wherein: the apparatus further
conpri seswe wovdabl e el ectrode assenbly spaced apart fromcrhsoseakpi ece
hol der; the second and the third electrodes are carried by the el ectrode

assenbly; and the nechanjcal ri.s r hi ng pad
carried by the &%ﬁﬁcm‘t@?‘?w %Hﬁ l%c?@ggﬁggsgrrIed %taegég%car ried by the
third electrode. [c29] 29. The apparatus of claim 21 wherein: the

apparatus further conprises a table; the mechanical medium conprises a
pol i shi pgojpad car f@0ed Ayetapparatisef claime2 WJURPPEERMAGSIAEa CNtFRIart HayiRg

mor kpi ece hol iU apert e nBSHeY ehipiing WERAFiS, 56" didthedne hparatus.
third el ectrogesdng 1634 f¢r6€e£§/ cbhfbr%ih@' ) é@'&@ﬂ;hr@thé’ heoceigtside aff thkai m

21, further conprising a controller having a nput er g(lperabl e medi um
cont ai ni ng i neicraeledtomic thorchpacat with han a@iﬁ@ﬁf@lyfuf‘s 50#8@6‘5 hga%ylagp?oe@%%t

t.act
o lnt acoow edcaGiridt e REd ontdi® 28t Mast e o b ECBRUFGT the
current to t hﬁw& 'eTéétro@leQ\FrfI@GlﬁeWk@écé eaniaciethe eledttutytivesiutibra(d) applying
third electro whil e the workpi ece contacts the electrolytic solution,

(c) appl yi ng araaltamamngaaleugcen eerentcial atclpastonet of the seerd eng/stthenird

second and/ or hird ect rode

el ectrol ytic %%‘Igﬂﬂ e&nWh'é% e H9TRRIS &%sc\flg%gc(??w& O{gé g‘?%g'”ﬁ'?ﬁ #?cti):]ﬁ‘reessmg
wor kpi ece agachesdro&é@aﬁ%f‘sw of ahe rmﬂkpnet@tadaﬂmtthewhetmm@ml medwnt ket least
alternating current 31. The apparatus of claim 21, further

conprising a wlmhatapnlyleg tlhaaltﬁrg!aang@bffﬁ[lt er operabl e medi um contai ni ng
instructions to operate the apparatus according to a process conprising
(a) contacting the processing side of the

[c31] 31. 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, (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.

[c32] 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, (c) applying
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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 amabaB/otdies third el ectrodes while the workpi ece ceararsnyodsne

el ectrolytic soluti on (c) applying an alternating electrical current to
t he second and t |rd i} p h& i
electrolytic Eo?'Lﬁ’PB a‘:ﬂ%t?%l esé:,\{r%g Lesgg?%%gs”g H%C%@P@é@toaﬁ% while

wor kpi ece aggbﬁp;,;ngtﬂhg MQ@Cﬁaﬂm padentm at | east whil e applying the
alternating current. [c32] 32. The apparatus of claim 21, further

conprising a controller having a conputer operable nedi um contai ni ng

instructionstoo rat t he - c c 1,54

(a) conf®tting th pro %é\pﬁ’gpa@%@f 8% Tﬁée:] ?Lrjn'q']&ér]gcé(fng%r?sr'o %cga'ﬁm?@%@%gﬁ\%ng
an el ectrol W:bhﬁp%férubb%ble( ediom Yon@iringli insetictiopk et rdpesdtectiver eppataius he
first electrode and at |east one of the second and/or the third ele trodes

whi l e the woBkpording torR AEeEeSSheomPESIng By tGantading: then Precessingpsigengh they

WO 03/ 076134 PCT/ USQ3/ 06373 | t t ond
and the i avgeEeEags WeREcd A it BN, soffonc bl My, o Gkt

[c33] 33. Thesua dunenpto teafirst %lecufouetdmratcrwpr osé g the secomd hdifor e ng
a conputer operable nmediumcontaining instructions to opeBJat e

apparatus  atiiot diestjodes while aeworkpiRre santags (kg elegHPEE SOy tioRe %r%&?é\ggg ng
d f th | ect t
Spplying o aehcaieraii PRt SfBA g qdhon, S el Bl ieatoued Wfillo the)

one of the sqeprsledddontactdIthe éf@ctrdlyﬁb%@Iut@de$d)/\bréselrtghme\/\pndcpssng smantwcts
the electrolytic solution, (cz applying an alternatin ¢trica cur ent

to the seconthanworkhiecehagaing éb@r meehanipall eadign @briR $te lleoAPRYING RS

el ectrolytic laon r | e
agai nst the ﬁ@@ﬂ?&f‘@a‘furéﬁgﬁi %WZ% &ggwq\/\%'eﬁggé%tp i ngﬂﬁ}Worlﬁ%%ﬁ?é&ﬁéﬁ@
current, and g6gdndRKUNEIré Redtfodesasd tHaneh@setded vmd khe ¢hied @tettadesHteave a
second and third el ectrodes so that the second and t he thlrd el ectrodes

have a hi ghhighineiellitime abe figstiregion of &in Warkpleaerbanst RieceBd f@iANat a
second region. [c34] 34. An apparatus for el ectrochem cal - nechani cal
processi ng of

[c34] 34. An apparatus for electrochemical-mechanical processing of
microelectronic workpieces, comprising:

a workpiece holder configured to receive a microelectroni_c workpiece;

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
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m croel ectroni c workpi eces, conprising: a workpiece holder configured to
receive a mcroel ectronic workpi ece; a workpiece electrode configured to
cont act awprosoeasd ng si de of the workpiece when the wor kpCaasos/sc3recei ved
in the workpiece holder; a first renote el ectrode and a second renote

el ectrode, the fi Ifagéw@ﬁ%grm@%gm ESIRLE e IROhbAEIR bt R Fedipl { T om

t he workpi ece en the workpi ece hol der and
each of the fi rst and efetrond, sevvntdeeriote tlecttede, AD pa@epsupply sampthe D& DC
power supply; and -32 WD 03/ 076134 PCT/ US03/ 06373 a switching assenbly
coupl ed to the workpi eBBWET BURRIBRND first remote eI ectrode second renote

el ectrode, AC power, %ﬂg}’co n%‘f' J‘ﬁe%noﬂ fEdsseit ,nc gﬁtréllé?%élﬁ&hb%f

coupled to the sw ng ass the con Ing a conputer
oper abl e medi um Cont ai @bn@ute’nsiplemme memmm mpmmang indtrictions tacopergteatheenl y
according to a process including sz cou ectrode and

(tzj t he wor, a ace eJ
at | east one of the fi FWitChiRg a§é%'8 ach QR PERGeSEdRCINEINGHR) BRURIGRe
supply, and/or (b) Couﬂ%wgﬁ%e dib&s éa?r‘?dr §FI%%§fjor‘ié3 @fﬁ%teaq'{d dto the

AC power supply. [c35] ar a el ectrochem ca ani cal
processing of mcroel e@hbwnlectvwddsnoebeﬂc power $upphg :anal/ar(bk poemingttbe der

configured to receive a mcroel ectronic r kpi ece; wor kpi ece eI ectrode
configured to contact HYiEHEESEPREANGE eﬁgctfcﬁqges %P?%%E%W

wor kpi ece is received in the workpi ece holder; a first renote eI ectrode and
a second renote electrode, the first and second renote el ectrodes being
spaced ppart fromashe wer kppparetushofaterelectrochemical-mechanical processing  of

microelectronic workpieces, comprising:

a workpiece holder configured to 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;

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 andxeach 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, wherein the switching assembly is configured to
selectively couple the workpiece electrode and at least one of the
first and/or second remote electrodes to the DC power supply, and
further wherein the switching assembly is configured to selectively
couple at least the first and second remote electrodes to the AC

power supply.



a mechani cal nedi um between the workpi ece hol der and each of the first and
second renote el ectrodes; an AC power supply; a DC power supply; and a

swi t chi ngwessendiBy coupl ed to the workpi ece el ectrode, fi PET/uUsesrod3es

el ectrode, second renote el ectrode, AC power supply, and the DC power

supply, wherein t SWAth%Bg?I%I?&E"%ry él%c?%ﬁérﬂi‘é?ﬁﬁxe&ﬁanié ! eﬁrtoicégéiﬁgc%fm e

t he vvorffﬁ?]ece el ectrode "an east one of the I rst and/or second renpte

el ectrodes t anichecIBSirdrigmiorigiiesdsy compdsinfur t her wherein the swi tching
assenbly is configured to selectively coulp e at |l east the first and second

|
renote el ectrodes & WOrHRSGRAOIGRRAANTIGLFRS 1. receiye NI Yo @iiyC WQ%?R%/ 06373
[c36] 36. An appar %ﬁg@eg% ALEFSILENATL B nHRRELES holkER A8 lofibiebe

mi croel ect roni ¢ wdt c¢onpri Si ng: wor kpi'ece er configured to
receive a nicroel ectrongigctiiekising eonfigurad tk portaet &prressidg sider ofited by t he

wor kpi ece hol der, the workpiece electrode bejng confi LH’e:d 0. cor}}ﬁ)ﬁt a
processi ng si de of the WaKkpiRpe wbheNR@ WorkRiess isiEralved it theveikpiase; Ne'dee

wor kpi ece hol der; ' r : ' | j . ssenbly
Faci g the  wor kpi SEEUHE iEhotd Bt AALLES A ki as s B e

el ectrode assenbly, avigRgeiB6e holter ea fitst emoideclectradeschrtipd biyéhe elactnodde

assenbly, and a nechanical nmediumcarried by the first 3)&3 second , renpte
el ectrodes, wherein t he&Ssembly, arR@CORE FRMOteHIBEIE0ds erTipd ydhe glectiofgced

P ehe o heseonl <aRsPERYEBre MG AR i BF ORI A epbia one
el ectrode, second renmptremptesietrodes, AbBapeinehe SingiEng, seaodd réraoB@lectrodes
are spaced apart from the workpiece holder;
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, wherein the switching assembly is configured to
selectively couple the AC power supply and/or the DC power supply
to the workpiece electrode, the first remote electrowde, and/or the

second remote electrode.

[c37] 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
workpiece holder, a first remote electrode carried by the electrode

assembly, a second remote electrode carried by the electrode
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power supply, wherein the switching assenbly is configured to selectively
couple the AC power supply and/or the DC power supply to the workpiece

el ect r odewotoh®7d184 st renote el ectrode, and/or the secondPCamsvgo@iect rode.
[c37] 37. An apparatus for el ectrocheni cal - mechani cal processi ng of

m croel ectroni c workpi eces i ece ho

f d
recei ve a microel ect rorfiS® WQ? ﬁi”g(?emegga%%wl{ﬂ?‘gﬂ@ %ﬁrﬁﬁ? E’g(@égﬁ%tlﬁ Efeel??rt@he

wor kpi ece hol der, the weh%mksfé%tmsé@%é?em thé'e‘]‘ébtﬁﬂ@féﬁéﬁfbﬂl sIERHAE to @
processi ng side of t he pi ece when the workpiece is received in the

wor kpi ece hol der; a matreoveaiherferatoard s@ndoremqh@elmtrngeareleﬂna:tqtbee assenbl y
facing the vvorkpl ece holg \ ?@H?{ renote el ectrode carried by the

el ectrode assenbly, a WXEBREe e electrode carried by the el ectrode -34
WO 03/ 076134 PCT/ URDREQ6GRER s nmbly, and a mechanical mediumcarried by
the first and second rermteL@?ggtrodes, wherein the el ectrode assenbly is
noveabl e to nove a BE€ powertsupply; @adond renote el ectrodes rel ati ve to t he

k hol d A W t.chi
hesenbl v coup! ed toSWRERG FRpeBHY cetblet Band W laiptd Blebira® irdL BiE " "
second renote el ect rode)edfod0 B0kt Rithdte e@élﬁrdd'éeA@Cbom\prﬁu%HMhe\MEr ein

the switching assenbly is configured to selectively couple the AC power
supply and/or the DC pqasversupplyywherein tree switding assermklytis o@mﬂgura@tm rst

renote el ectrode, and/or the second. remte el ectr.ode. 38
of el ectrochenical - rrecf?&ulﬁcéé@'ypﬁobf’&gen‘g@ SPWeRSUPRI¥ eBg! C{Tg'ﬁ? _bﬁB?Wﬁf §L&Fg
conpri sing: contacting g yps %ﬁ?ﬁéé@elébﬁ@dé’,fthéﬂ@t(Pér%{eeé?lb&t%‘d& amldixhece

with an
second remote electrode.

[c38] 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, the
workpiece electrode and the first remote electrode being in electrical
communication with the electrolytic solution;

applying an alternating current to the first remote electrode and a second
remote electrode, 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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el ectrolytic solution; applying a direct electrical current to a workpiece
el ectrode contacting the processing side of the workpiece and a first
renot e elwotmsodas4the workpiece electrode and the first PemaiSes/ed3ext r ode
being in electrical conmunication with the electrolytic solution; applying

an alternating curgent o the first.re el f S . eno

el ectrod@ the fi r%ﬁf a s%%?%i re fteé’ig{:tg%ﬁreg@ééslqﬂg? ng |ér31} gjl?g%%rsllr{cil of
communi cat i onmydrédlettieni€ Wetkpietss, iconprisitigt on; and contacting the processing
side of the workpiece with a nechanical nedium at |east while applying the

al ternating currergontastingea piacgssing §ideceichmnicreelgstrenismarkpigar ¥ith-ass™ wo
03/ 076134 PCT/ US03/ 06373?4&%%(; s’ioﬁutli(é%.rret hod of el ectrochem cal - mechani cal
o)

. . e - .
processing of microele€e C Wor Kpl’eces, conprising: contacting a

processing si de ofapplyThg aQfieet bleetrical vorr&mt to cewdrikplecareledtiatiat caritadting the
solution; applying a direct electrical current to a workpi ece el ectrode
contacting the procesdiragessingsige of fre Werkpincecnhpldeast aneadha gt remote
first remote elect rode, a0l RySeL Bl dte Bldiili8dfhe JRpRREKP! SCC

el ectrode, the first re rode, and the second fenote ectrode
being in electrical comgicd tnfinet idmotbeiedtrrde; ahy the secariduiemmie appl yi ng
an alternating current to the first and second renote el ectrodes; and
contacting the processiaictEdgebaing imelegbicrprepmuRicaion witidha siecaioliedi um

at least while applyin Elﬂ%nal ternating current to the first and second
remote el ectrodes. [c4 ."A met hod of el ectrochem cal - nechani cal

processing of M ARG ah@iMetnatPigkdlirese so tHROATEY &rsd S@cond remote electrodes;
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.

[c40] 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

while applying the direct current.
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contacting a processing side of a mcroelectronic workpiece with an
electrolytic solution; applying a direct electrical current to a workpiece
el ect r odewprsporiBact with the processing side of the wor lppirawses/edsds at

| east one of a first renpte electrode and/or a second renote el ectrode,

wher ei n [tF‘gﬁotmr kpygce gl eGhémde. 0fe Bide Ffbcﬁé‘rﬂ?&taﬁm%'cﬁéﬁuﬁgpehpr%BQsénH& of

second e electrode are in electrical communication wt
el ectrolytic rrsmbeteotmnlmmtkambylctgnmslmg ter natl ng current to the first
and second renote el ectrodes irect current., -36 WO

e
03/ 076134 PCT/ usoaﬁ@@é?@qemce&fm%'ﬁépﬁ oA on R ecE Wil BRan! oal

processing of nicroel eg,regf;@ggcg@rulﬁgheces conprising: contacting a
processing side of a mcroeléctronic wor kpi ece with an electrolytic

sol ution; applyi nga;aplgllngea:dlrectte&ieatnmilcumntterﬂ wbmmecmellepired@cwtactimg)dce
contacting the process si.de o | ece | easj qgne of a
st renmste el botr odePREBRING 5 st i WPEIFe BnQat 1538b0Te Aea BT BMEL
electrode, the first ' egBkRosd BRlPASecAld rficieieanstd, BWBrRRGL! T 0de
being in electrical comunication wth ectro yt1 ¢ solution; applying

an alternating current ¢lectrbde ftheﬁtstaadoteeejeadodegrmdethelsecomabcmfsotevmi | e
applying the direct current [

d. myvi | east 0 m croel ectronic
wor kpi ece and/or the fi ?gptr%%ge@gdgﬁge%gr&%pgmm%a?@ RIS %Yté)c each
other while applying thg, ut‘i’dﬁ ect current and the alter nat| ng current so
that the first and secon renote el ectrodes have a higher dwell tine at a
first region of thapplyioglgn aternatirancartrerd tséhe)ﬂmtt aegisecorud reénste\adedtmpdese.
[c42] 42. A nmethod of el e?trochem cal - machanl(f‘ dproceSS| ng of

while applying the direct current: an

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
remote electrodes have a higher dwell time at a first region of the

workpiece than at a second region of the workpiece.

[c42] 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/or a second remote electrode, the
workpiece electrode, the first remote electrode, and the second
remote electrode being in electrical communication with the
electrolytic solution;

applying an alternating current to the first and second remote electrodes

while applying the direct current; and
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m croel ectroni c workpi eces, conprising: contacting a processing side of a
m croel ectronic workpiece wiwth an electrolytic solution; applying a direct
el ectri cawoaanreast to a workpiece electrode that is in cearasp3/oddrh the
processi ng side of the workpiece and at | east one of a first renote

el ectrode and/ or I WEH t he
first renote el eC'E,J‘Trn%g'%%né:l |é§¥%§%sogérg%h'f&§§1%trgﬁlgl ec tb@g@%@dfﬂr‘?ﬁé ?ng%nd

el ectrical comuni cati ogestnidireirote electrotieotelative machi ather wpnué applglr@rthe
alternating current to the first and second renote el ectrodes

whi
appl yi ng the direct curdiesft cugrat angthasl @W@M@Jr%ﬁplﬁéﬁﬂﬁé@?‘?nqﬁﬁ%& at
| east one of the mcr oe f cond
renote el ectrodes rel at Ieﬁét%%@ecg%ﬁgéiﬁﬁbgga}] I'e c%elfﬂﬁea‘tf%dgoﬁ%lgr@%t current
and the alternating curywerfkpiste ﬁdm’(géHﬂclierrlayterajﬁ(ﬂﬂaiedmu:lenalermte el ectrodes
have a higher dwell time at regions of the workpiece having a thicker
| ayer of plated material. -38
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