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TECHNICAL FIELD

This invention relates to methods and apparatuses for removing

conductive material from microelectronic substrates.
BACKGROUND

Microelectronic substrates and substrate assemblies typically
include a semiconductor material having features, such as memory cells, that
are linked with conductive lines. The conductive lines can be formed by first
forming trenches or other recesses in the semiconductor material, and then

overlaying a conductive material (such as a metal) in the trenches. The
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t he conductive lines, and it may be difficult or inpossible to
The alternating current signal can have a variety of wave forms, such as those

disclosed by Frankenthal et al. in a publication entitled, “Electroetching of

X

Platinum in the Titanium-Platinum-Gold Metallization on Silicon Integrated
Circuits” (Bell Laboratories), incorporated herein in its entirety by reference.
One drawback with the arrangement shown in Figure 1 is that it
may not be possible to remove material from the conductive layer 11 in the
region where the first electrode 20a is attached because the barrier 22 prevents
the electrolyte 31 from contacting the substrate 10 in this region. Alternatively,
if the first electrode 20a contacts the electrolyte in this region, the electrolytic
process can degrade the first electrode 20a. Still a further drawback is that the
electrolytic process may not uniformly remove material from the substrate 10.
For example, “islands” of residual conductive material having no direct
electrical connection to the first electrode 20a may develop in the conductive
layer 11. The residual conductive material can interfere with the formation

and/or operation of the conductive lines, and it may be difficult or impossible to
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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 electrolyte. However, islands of conductive material may still
remain after the electrolytic process is complete, and it may be difficult to
remove conductive material from the points at which the electrodes 20a and 20b
are attached to the substrates 10.

Another method for removing material from a semiconductor
substrate is chemical-mechanical planarization (“CMP”). Conventional CMP
techniques include engaging the substrate with a polishing pad in a chemically
active environment and then moving the polishing pad and/or the substrate
relative to each other to chemically and/or mechanically remove material from
the face of the substrate. The polishing pad can include fixed abrasive particles
to abrade material from the substrate, or abrasive particles can be suspended in

a liquid slurry disposed between the polishing pad and the substrate.
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substrate t
having a paint roller configuration with a cylindrical mechanical pad that

contacts both an electrolyte bath and the face of the wafer as the anode and the

wafer rotate about perpendicular axes. A cathode, which can include a
conductive liquid isolated from the electrolytic bath, is electrically coupled to
an edge of the wafer. One drawback with this device is that it, too, can leave

islands of residual conductive material on the wafer.
SUMMARY"

The present invention is directed toward methods and apparatuses
for removing conductive materials from microelectronic substrates. A method
in accordance with one aspect of the invention includes engaging the
microelectronic substrate with the polishing surface of a polishing pad and
electrically coupling a conductive material of the microelectronic substrate to a
source of electrical potential while the microelectronic substrate is engaged with
the polishing surface of the polishing pad. For example, the method can include

positioning first and second electrodes proximate to and spaced apart from a



source of electrical potential while the mcroelectronic substrate is
engaged with the polishing surface of the polishing pad. For exanple, the
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having a first conductive nateri
selecting characteristics of the electrolytic fluid. For example, the fluid can

include a concentration of chlorine ions of from about 50 ppm to about
5,000 ppm. The fluid can include at least one of (NH4),SO4, H,SO4, MgSO,,
K,SO,4 and HsPO,4. The pH of the fluid can be less than about 3 or greater than
about 10 when the conductive material includes platinum, less than about 3 or
greater than about 4 when the conductive material includes tungsten, and/or less
than about 6 or greater than about 8 when the conductive material includes
copper.

A method in accordance with another aspect of the invention
includes providing a microelectronic substrate having a first conductive material
disposed adjacent to a second conductive material, with the second conductive
material having a different composition than the first conductive material. The
first conductive material is engaged with the polishing surface of a polishing
pad and is electrically coupled to a source of electrical potential by positioning
first and second electrodes apart from the face surface and disposing a first
electrolytic fluid between the face surface and the electrodes, with both the
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The invention is also directed toward an apparatus for removing

conductive material from a microelectronic substrate. In one aspect of the
invention, the apparatus can include a substrate support configured to engage
the microelectronic substrate, and a material removal medium positioned
proximate to the substrate support. The material removal medium can include a
polishing pad having a polishing surface positioned to engage the
microelectronic substrate during operation. The material removal medium can
further include a liquid disposed on the polishing pad and at least one electrode
positioned at least proximate to the substrate support and coupleable to a source
of electrical potential. Neither the polishing pad nor the liquid has discrete
abrasive elements. At least one of the material removal medium and the
substrate support is movable relative to the other when the substrate support and

the material removal medium engage the microelectronic substrate.
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partially s¥FEAEHIE \g}tﬁ&egpgl\‘/g{?i onal view of another apparatus for

renovi ng conductive MpiRire 2l isfar%_iﬂihﬂ? seBFh &R gide! elevatifsdl NAERSof ddbther
accordance with the prior art. Figure 3 is a partially schematic, side
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el ectrodes for repoving.., conductiye material froma mcroelectronic
substrate i 2O %’&ﬁc"gﬁb\n HPEN Aenbodi ment of the invention. Figure 4 is a
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accordance wth i1l L her .. enbodi ment of the invention. Figure 6 is a
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el ectrodes in accordapgareit i at phttiallyr séiRmATED odideBIEGIRnal Reew of an

apparatus for removing conductive material and sensing characteristics of the

microelectronic substrate from which the material is removed in accordance
with another embodiment of the invention.

Figure 5 is a partially schematic, side elevational view of an
apparatus that includes two electrolytes in accordance with still another
embodiment of the invention.

Figure 6 is a partially schematic, plan view of a substrate adjacent
to a plurality of electrodes in accordance with still further embodiments of the
invention.

Figure 7 is a cross-sectional, side elevational view of an electrode
and a substrate in accordance with yet another embodiment of the invention.

Figure 8A is a partially schematic, isometric view of a portion of a
support for housing electrode pairs in accordance with still another embodiment
of the invention.

Figures 8B and 8C are isometric views of electrodes in

accordance with still further embodiments of the invention.
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accordance with yet another enbodi nent of the invention. DETAILED
DESCRI PTI O\accordance with an embodiment of the invention.

Figures 13A-C schematically illustrate a process for removing two
conductive materials from a microelectronic substrate and halting removal on an
oxide layer in accordance with an embodiment of the invention.

Figures 14A and 14B schematically illustrate a circuit and
waveform for electrolytically processing a microelectronic substrate in

accordance with yet another embodiment of the invention.
DETAILED DESCRIPTION

The present disclosure describes methods and apparatuses for
removing conductive materials from a microelectronic substrate and/or substrate
assembly used in the fabrication of microelectronic devices. As used herein, the
term conductive materials includes, but is not limited to, metals, such as copper,
platinum and aluminum, and semiconductor materials, such as doped
polysilicon. Many specific details of certain embodiments of the invention are
set forth in the following description and in Figures 3-14B to provide a
thorough understanding of these embodiments. One skilled in the art, however,

will understand that the present invention may have additional embodiments, or



The present disclosure describes nethods and apparatuses for renoving
conductive materials froma mcroel ectronic substrate and/ or substrate
assenbl y weed/oorsst he fabrication of m croel ectroni c devi cesT/Uss2/usel

herein, the termconductive materials includes, but is not limted to,

netal s, suckha@sthedppeition Phayt beUprastickdmdtionteverall of etiie cdetalils idebcribed

materials, such as doped polysilicon. Many specific details of certain
enbodi ment sbelow.he i nvention are set forth in the followi ng description

and in Figures 3-14B rovi de r nder.st andi t.hese

enbodi ments. ne skil :EE%RF%' thé g?ﬁaﬁ'&o%@#&vﬁ@% q@%@&%&%ﬁﬁe‘fvh% The
present i ”"913155 thsTBYG0h e REMVin®Nedndeehodi kil Aom 8a VRiG3ERREBRL

PCT/ US02/ 194 that the invention nay be practiced w thout several of the

det ai | s dessubdteate obeubstratFiagsenably 110 in pecaridandey withhamenibodimeateof the

el evational .view of an apparatus 160 for . .rengvi.ng conducti .material from
o or o6l ocISRIER. < HbQEEaRwent OF 1B suPRUIETEn HIS ApaRan LK JRGMdes Avi t h
an enbodi ne ' ' a ' ' , e
Spparatus 105 Eh PO GontaHRR nMeotl yROE RIAREK o0h b h 3 RN B stdeRE,
can be in aAgsigsdddhercig thel temhatetectrodpteuaat] eleetrelytic flo@l referpentatiyr o yte

and electrolytic fluid refer generally to electrolytic |iquids and gels.
Structures Flectobity camsdsi i 8elswi t Rtrugfuges rig yiwid fommaenigatom c¥ethdi ngl y

i o oel ect r BN BB APAF o GeFELGSRY BE Subl Nl flgBBh Soid Slepylytic

surfaces 11Bqufisotedy.t member 140 supports the mcroelectronic substrate

110 relative to the vessel 130 so that a conductive [ayer 111 on at | east
one of the face surfadés midoelectrpricsutbstratet €10 1as sonedga surfaee dll2cndol yt e

131. Th duct i 11 i ncl ud l.at i ]
t ungst e.nfa Cﬁ&ﬂ?é?é%@%ﬁﬁdopﬁé?@@%m% .eﬁiﬁdg'ﬂ?sﬂ%%i ﬁ%nﬁﬁ?aﬁoégégjf’ﬂ@r .
conductive sx{i{?]s’éﬁrté 316 relaHED tRhcORRED 130 365thhi £ eBndddtivaNeydier1 12swefteadf thi's

enmbodi nent ,
one of the face surfaces 113 of the substrate 110 contacts the electrolyte 131.

The conductive layer 111 can include metals such as platinum, tungsten,
tantalum, gold, copper, rhodium, iridium, titanium or other conductive
materials, such as doped polysilicon. In another aspect of this embodiment, the
support member 140 is coupled to a substrate drive unit 141 that moves the
support member 140 and the substrate 110 relative to the vessel 130. For
example, the substrate drive unit 141 can translate the support member 140 (as
indicated by arrow “4”) and/or rotate the support member 140 (as indicated by
arrow “B”).

The apparatus 160 can further include a first electrode 120a and a
second electrode 120b (referred to collectively as electrodes 120) supported
relative to the microelectronic substrate 110 by a support member 124. In one
aspect of this embodiment, the support arm 124 is coupled to an electrode drive
unit 123 for moving the electrodes 120 relative to the microelectronic substrate
110. For example, the electrode drive unit 123 can move the electrodes toward

and away from the conductive layer 111 of the microelectronic substrate 110,



support nenber 140 is coupled to a substrate drive unit 141 that noves the
support nenber 140 and the substrate 110 relative to the vessel 130. For
exanpl e, wbae3soisst r at e drive unit 141 can transl ate the sepparsvz/mapber 140
(as indicated by arrow "A") and/or rotate the support nenber 140 (as

i ndi cat ed R[ys imdicaed by drrowh e appat/at HanhRBselp lad indidieed by Grréde «“®™ iif St

el ectrode 120a and a second e ectrode 120b (referred to collectively as

el ect r odes al pbynes gpperallgdparaliehto bet @Oltdﬂl@tlﬁe dﬂﬁeﬂ ddir omltersativelyatthe 110 by

a support er, 124. In. aspect of od| e t upporj arm
124 is coup %31 V%I‘&qugée ?J‘Flni}%ve ﬁl?ﬁ 5rm qtla%}Hgn%l ti'fddes
120 rel at i o edtfbdeNgrilid %ﬂel%tchﬁrﬁeceﬁlﬁﬂﬁité@‘xﬁlenl&@ sﬁ@fraﬁexéﬂ% Qmit 141

el ectrode drive unit 123 can nove the el ectrodes toward way fromthe

conduct i ve prayeles tafficaénttrelativieanotedre betmmendhs sbbstrade d lﬂlm,d th@ ewau@ab@o 1581
PCT/ US02/ 19495 (as indicated by arrow "C'), and/or transversely (as

I ndi cat ed bkzoarrow D') in a plane generally parallel to the conductive

| ayer 111. Al ternati gl the} *é‘ﬁlbo%ih@gﬁ{ &é%‘énﬂ{e& ‘égo{r'é‘k»hﬂﬂ%%ex%@@iﬁﬁgg;ﬁg

el ectrodes in other fas I'ons e drive uni

el i m nat ed thbeafledthelesubB0 raa¢ eodpledetaiai turkddt sqiroy i BaS witlf léfisens rﬁst ative
noti on between the substrate 110 and the electrodes 120. In either

embodi ment syppbying electmenl eumienhta %lree@l@cﬁtfelyteolﬂ g@dﬂl@condusavgﬂmrlddes 120
are coupled to a.current so uree 1 | eads. 128 for

o) sctrcar TomeHon 5 hutEabBrd Tt bpplics A Wk RsR e Bt hbesa, 1,
oper ati on, drhﬁum#ha%)ttos:ﬁy eRRtrbdds $20PTheTudRnfbiRES Biroligh T ERBEokyEE NIl €
phase or mnulti to the el ectrodes 120. The current “passes through the

el ectrol yt e13113ndan¢dcﬁsee]©cts’odlmmalbyhmhdhbl gonductive Heycmddillcta vembuger 111

t t f t f t
ot o e os o BB ool gFoe e EbAERIE R o e
moved el alype ofQyBAES 1200 8 NRIL/ SOt CSIbSR R 80 idh B¢ ABRE f&&% BPTehtpns of

t he conductive * ayer
other to remove materlal from selected portions of the conductive layer 111, or

from the entire conductive layer 111.

In one aspect of an embodiment of the apparatus 160 shown in
Figure 3, a distance D; between the electrodes 120 and the conductive layer 111
is set to be smaller than a distance D, between the first electrode 120a and the
second electrode 120b. Furthermore, the electrolyte 131 generally has a higher
resistance than the conductive layer 111. Accordingly, the alternating current
follows the path of least resistance from the first electrode 120a, through the
electrolyte 131 to the conductive layer 111 and back through the electrolyte 131
to the second electrode 120b, rather than from the first electrode 120a directly
through the electrolyte 131 to the second electrode 120b. Alternatively, a low
dielectric material (not shown) can be positioned between the first electrode
120a and the second electrode 120b to decouple direct electrical communication
between the electrodes 120 that does not first pass through the conductive layer
111.
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fromthe entire conductive layer 111. In one aspect of an enbodi nent of the
apparatus 160 shown in Figure 3, a distance Dl between the el ectrodes 120
and the cwodgmbisse | ayer 111 is set to be smaller than aprdiratsazicD?
between the first el ectrode 120a and the second el ectrode 120b.

Furthernore, the el eadn®!f¥itrel 3% Heombaliiniettast thdiappaiatuy @60 SSHINGE i han
t he conductive | ayer 111. Accordin the alternating current follows the

|y,
path of | edgurest is that dbe felestiades 1501 de net ewiestither conuctie dager 1 Ho of
| ectrolyte, 131, to .t dugt | I . 111 and t h h,.t h
ol cot ol yt aha 3yostpa d0” LR AR AntFes B Btie ArSnBinealrs dpanih S RibHrrae ¢ st
el ectrode 120auall 'Ralhdtivd thaeahl tReuaheChonl Vi &didett ERch{tl SEsiRREtion
el ectrode 120b. Alternatively, a low drelectric nmaterial (not shown) can

be positi orbetiwben tiecelectredds 120 amd thet caomdkuctive Gayearld 1t deswibedrabosk exith ode

120b to decoyple direct electrjcal conmunicatjon betwe t he el.ectrodes
120 t hat ddégefﬁéﬁe fq %égurﬁé sttt roughr @ﬁ%meﬁqa&hetqnparwjﬁzo %Ill?fﬂ?@l%

03/001581 RCI/{USO eat ' t ,ﬂ,g&g]ar us 160
shown in Firg%ifl{ef %{oéﬂf(ﬁtﬁe ?ﬁgtégﬁlgc r]%ccfgi %gﬁg?@%gg@ﬂgge fggt lB? e cor@%ctive
| ayer 111 dflectidiies umdstheaiondbdfive Myeadeamiszotheodledthodesar20adg aive ont#ett hat
it can elimnate the residual conductive material resulting froma direct

el ectrical thospedudte layen Welen t he el ectrodes 120 and the conductive |ayer
111, described above wt ef erence 1o, Fkqures nd 2. For..exanple, the
apparatus 160 can el i%?\@?lé%ealt‘érgiogcﬂ e@%ﬂ%ﬁﬁ‘ﬁ\?@%ﬁ&’?rrgwsa Joa‘ieégﬁﬁb% t he
contact regihgie REINVESRrde toTtigGler Piethatifth SEBHGRNIUG hhdr BY (ediRidlse the

el ectrodes 120 do not contact "the conductive |layer 111. Another feature of
an enbodi mel0 o ntoyeapleivat tostheoheleteposition the elestioides 126f agramyc poind

e 3 S g OSSR 410, A1 8L b hecuipdes, 120 e oy
to the condyctdygrdRYanoldeh béReGHARIFISosPiondd 2dj3E&LANGETRE portidd'dE
the conductive layer to remove material from the entire conductive layer 111.
Alternatively, when it is desired to remove only selected portions of the
conductive layer 111, the electrodes 120 can be moved to those selected
portions, leaving the remaining portions of the conductive layer 111 intact.
Figure 4 is a partially schematic, side elevational view of an
apparatus 260 that includes a support member 240 positioned to support the
substrate 110 in accordance with another embodiment of the invention. In one
aspect of this embodiment, the support member 240 supports the substrate 110
with the conductive layer 111 facing upwardly. A substrate drive unit 241 can
move the support member 240 and the substrate 110, as described above with
reference to Figure 3. First and second electrodes 220a and 220b are positioned
above the conductive layer 111 and are coupled to a current source 221. A
support member 224 supports the electrodes 220 relative to the substrate 110
and is coupled to an electrode drive unit 223 to move the electrodes 220 over
the surface of the support conductive layer 111 in a manner generally similar to

that described above with reference to Figure 3.
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the el ectrodes 120 can be sequentially positioned adjacent to every portion
of the conductive layer to renove material fromthe entire conductive

| ayer 111wo odloossnati vely, when it is desired to renove omcy/set/embed
portions of the conductive layer 111, the el ectrodes 120 can be noved to

those selected portiRnene dspRyi OtHehenti®liRient Sowe it Fasise af tﬁéﬁ@;t);%@m@ct ive
| ayer 111 intact. Figure 4 is a partially schematic, side el evational view

of an appadtd: isthesancludes amelegtielyte vessh3s 0 hawinges seply poniait @3ddwith
support the substr 110..in accor.danc i t h. anot.her, .enbqdi nent .of the
Thventi on. mapirea R posioed HECHRRRG eant SIHRIStRR0r « AveiRelsn
supports t ' I 1 1 | rdly.
A SUbst rat & S Ll o F o be dsporelIBcARTAL Bh iKArtaEY Thaih 2 St

substrate léstrades2Xranddde abndwctiviet layer &1 &r witheut neddsganily Qvekingstheand

second el ectrodes 220a and 220h a posi ti oned = above the conductive | ayer
111 and ar @%ﬁﬁpééu?%veaP%’ﬁF rlétrit igﬁ getrplyte 231 %gﬁg? CoORduEEre materialppor t s

ol cotrode drrpRear iS55 BaRdn et BPLERM le s diste PRl fled” o

t he suppor tincandeetedlvee tetgprackl23 . nThe MEROAE cfedest@ly 23 InddEodductivbat
descri bed above with reference to Figure 3. 11 WO 03/001581 PCT/ US02/ 19495

I n one aspduatesnl wan Bavotn merrclamsin2it tintgrameoves mest &b ptheacenduzéige
further includes, an_elgctr ol vessel Q ing.a supply conduit. 237 with
an aper t ur o88EaL S B, Sl e E0e e e 220 B Gl P Bon SRS B,
el ectrol yt §eefaimeRN30rdV iR $ditl GHap il atith BF theeRichdtRe 120! MY 43RuRpt Ween
the electrodes 220 and the conductive layer 111, wi tHout necessaril
covering t {35 wtmrinsdhe sectnditioned elgerolytel 23 Mhe the eectrolyye we28l 230 vvia he

conductive nateri al qrermved fromthe conductive layer 111 flow over the
substrate FEBUTBIRSIG ect in an electrolyte receptacle 232. The mixture of

eectno] e, 291 and CAndishey oforia eatoba ik I UFRL #7
234 positi appdratoswizd0 ecam aficlule a sensor assembly 250 having a sensor 251
positioned proximate to the conductive layer 111, and a sensor control unit 252
coupled to the sensor 251 for processing signals generated by the sensor 251.
The control unit 252 can also move the sensor 251 relative to the substrate 110.
In a further aspect of this embodiment, the sensor assembly 250 can be coupled
via a feedback path 253 to the electrode drive unit 223 and/or the substrate drive
unit 241. Accordingly, the sensor 251 can determine which areas of the
conductive layer 111 require additional material removal and can move the
electrodes 220 and/or the substrate 110 relative to each other to position the
electrodes 220 over those areas. Alternatively, (for example, when the removal
process is highly repeatable), the electrodes 220 and/or the substrate 110 can
move relative to each other according to a pre-determined motion schedule.
The sensor 251 and the sensor control unit 252 can have any of a
number of suitable configurations. For example, in one embodiment, the sensor

251 can be an optical sensor that detects removal of the conductive layer 111 by
detecting a change in the intensity, wavelength or phase shift of the light
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reclaimer 233 provides additional filtration of the electrolyte 231 and a
punp 235 returns the reconditioned electrolyte 231 to the electrolyte
vessel 23Wowdaowsi return |ine 236. In anot her aspect of tireTarsbnti4pent
shown in Figure 4, the apparatus 260 can include a sensor assenbly 250
havi ng a sepghyctélb Frompohiet sibradtap108i whee the ddigluctineuniteviel iayemotdd, and
a sensor control unit 252 coupled to the sensor 251 for processing signals

gener at ed bjltereativehg dhe sensor Zfecananpit end efact zefleciions sif sadiation havimgsensor
251 | ati to.th te 11 I farth t of thi nbodi t,
fhe sencor " SUEERNHSHEES 10 Bxhble, i idAdty L 1SR AngRher' GhBodigiiph. ™"

el ectrode difievemkyrt 22PanMcAkulend ShHiper #i QedlstaMbe otNEdpaditdnc AQFOLE Nl Y,

the sensor 251 can determ ne which areas of the conductive layer 111
requi re addconduediventayer L&l beenesmtwarsdlectod points. t bea farther nsphet ofabisand/ or

th bstrate 110 | at i t h ot h t It th I trod 220

over those SPEadmat onsLribolh of s elecuadsmnpdl Somarripie the fiAckion of ficcss i s

hi ghly repeadibl e)st (8 SIeRC IS OlRS RAliaN delovhl Tl ' RLribd® #Re)mOve
ch otne | cheau :

relative to ea according to a pre-determned notion's e.” The

sensor 251 ehishiddtingstheseed fon separatei sen@&i22 Xlanlnhstilk fiather @intv ditenigetheof
sui tabl e configurations. For exanple, jn one enbg?i ment, the sepsor = 251
can be an opnserI2XdesribHeterha é@ng%ﬂ% erioltage endigecwsmd dhevperomythe 111

by detectin C j ;]Eg ' . phase shift of the

light 12 W%%}to%%@gg‘z%g‘# %EEOJQ Eé@%@’#@ﬁéﬁ%@ﬁ 'he substrate 110 when
the conductive materi @h any bfMhY &fabodineBisndbdcrided, aidie SeMhs fiferfnteCRN em t
and detect reflections of radiation having other wavel engths, for exanple,

x-ray radi aFigme 4 rthet sensonRStlhean diebpasittoned apare fiwanstbe olsatrelyte @ddsure a

a0 b oBOOAAGE R ERREC IR Gupbut Sy of ARCHRURLS AU 23 R EEET
of the el eciyf0dR3trddEs 020 RRY fRY BdARLVENGYEON Pf  ABGrdBRMS Othe2RbutAs Wel |

as the material renoval function described above),
with which the sensor 251 determines the progress of the electrolytic process

can be improved because the electrolyte 231 will be less likely to interfere with
the operation of the sensor 251. For example, when the sensor 251 is an optical
sensor, the electrolyte 231 will be less likely to distort the radiation reflected
from the surface of the substrate 110 because the sensor 251 is positioned away
from the interface region 239.

Another feature of an embodiment of the apparatus 260 described
above with reference to Figure 4 is that the electrolyte 231 supplied to the
interface region 239 is continually replenished, either with a reconditioned
electrolyte or a fresh electrolyte. An advantage of this feature is that the
electrochemical reaction between the electrodes 220 and the conductive layer
111 can be maintained at a high and consistent level.

Figure 5 is a partially schematic, side elevational view of an
apparatus 360 that directs alternating current to the substrate 110 through a first
electrolyte 331a and a second electrolyte 331b. In omne aspect of this
embodiment, the first electrolyte 331a is disposed in two first electrolyte vessels
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elimnating the need for a separate sensor 251. In still further

enbodi nents, the sensor 251 can detect a change in the voltage and/or
current dwewd/obérsem the current supply 221 as the conduct iPee/usayen9dll is
removed. In any of the enbodi nents descri bed above with reference to
Figure 4, t3304anddhe2bdombelebRolesBs lpiedisppsud infa ssoondecledtastiteotassel 231
because the el ectro%@e 231 is concentrated in the interface region 239

between t h33@h.edhedaist cleptrobita venele dAbmigre partiallyesubmergedaue Shadbengingd, t he

ol cot rol yt | HeprbagdsViE THEBam Ny B0 bR THRES: heRR A Bide s tharm b

lless |ikelyad ®first Qeétes® MGdIand BRcERRY é%b@@d@@Z@ﬁ‘%a@ﬁ%ﬁPle@ﬁ@) a E@frent
exanpl e, when the sensor 251 is an optical sensor, the electrolyte 231

wi Il be | essupiplke33] tanddiestlodoused nadnatdfothe é'trlsie@mdtolytsomssbls §B0d.ace of
the substra 110. because t r .25 S posjtione e

interface rogeHtEYy, %‘Bt?{'ﬁ‘ &9&0 %1332;9 gﬂ;tﬁf‘dlcﬁ’gﬁ edmto t%@u‘é pa&g\eus 260
descri bed ﬁﬁdeé@ BEOrc%eﬁl%ﬁfcf‘e 5&%&&'%’3& dsSsild tgfa'i‘iﬁufdén 1

supplied tot I nterface region IS continua rep her

with a recoothiet imnsedalse| el el Yirst eIEcﬁont@s}.%lal et indlyde. soémmobmmmge of
this feature is that the electrochem cal acti on between the el ectrodes
220 and t hePol@pduBY ¢1v@11ﬂa,y@?ppemu fatgrandéotnethat sleqtzalydes thakagm cempatible

consi st ent i p chematic, side elevational view
of an appa{r’va Eté %8{1%13{0 %ﬁ}e eG}é‘ftdt—erna lﬁng current to the substrate 110
through a first elecl @h«h@&sbﬁﬂﬁmenmaﬁﬁmdﬂﬁlfﬁ@t lebirbBtSvedels| IBOANe

aspect of this enbodinment, the first electrolyte 33 |a is disposed in two

first elect mlqdeeamrsécsgmctps 322, @Bsﬂ@@_s_@sp_e lesselationggembeor, faamed: he

d el I b I I | 330b.
The rir ot oregt Abflghae, Soleded hRGIAL sl 35 BEIRRY o ubfied of sHRERe g
el ectrol yt eo&%iuamtaﬁl@ RRBas Aasriald Ihaadlldw &Msefo DAG! BHR BICFITIPHEEV A0

shown as a first electrode 320a and a second el ectrode 320b, each coupl ed
to a currenthe first electrolyte vessels 330a and the second electrolyte vessel 330b, but do

not allow the second electrolyte 330b to pass inwardly toward the electrodes
320 (for example, in a manner generally similar to a salt bridge). Alternatively,
the first electrolyte 331a can be supplied to the electrode vessels 330a from a
first electrolyte source 339 at a pressure and rate sufficient to direct the first
electrolyte 331a outwardly through the flow restrictor 322 without allowing the
first electrolyte 331a or the second electrolyte 330b to return through the flow
restrictor 322. In either embodiment, the second electrolyte 331b remains
electrically coupled to the electrodes 320 by the flow of the first electrolyte
331a through the restrictor 322.

In one aspect of this embodiment, the apparatus 360 can also
inciude a support member 340 that supports the substrate 110 with the
conductive layer 111 facing toward the electrodes 320. For example, the
support member 340 can be positioned in the second electrolyte vessel 330b. In
a further aspect of this embodiment, the support member 340 and/or the
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supply 321 and each housed in one of the first electrolyte vessels 330a.
Alternatively, one of the electrodes 320 can be coupled to ground. The

el ectrodew0320058n i ncl ude materials such as silver, platiPermSovopper
and/or other materials, and the first electrolyte 331la can include sodi um

chloride, ¢glRt@58¢332E AP bE theovablditiviof @lch @hel By 08¢ be i@t efiiveohites
that are conpatible with the material formng the el ectrodes 320. In one

aspect of t@latsbewddi nent, the first el ectrolyte vessels 330a include a
flowrestrictor 322, ch.as a rmeabl e,.i sol atd on nenbr.an ormed.. from
Tefl onTM si nt er ed mat?jJ iquagurgu@fﬁagserg ?ﬂ‘%’ﬂ}h %A @55@%@\%?%} dgéﬁmﬁie, or
other suita eoﬁitﬁ%éfe?&ic%rqu*@ﬁe'@i tBht @ filQNSleLR 33bae

bet ween thg&ﬁ rst el ectrol yte1 vessesl s 330a and et hgggicond g?gggsge?ﬁd;

vessel 330bto beicorpatiblet wathl the dléctrates 326. eAncadvantage & 3this featyasis thatvar dl y
toward the elegtrodes 320_(for exanple,.in a manner generally simlar to a
salt bri dgeﬁ".e ﬁﬁ%&ﬁ%ﬁ‘?lﬁq leat%@xl?er S ]élf‘g}ft%ﬁlﬁoévg&l%%aﬁ%eﬁ&olﬁﬁﬁptq ed to
the electro r a ' lect

pressur o andtbraf i Fetiiies 2. 3 CAlvbREAE <cpbid RIGRHAITE, S5, B be

outwardly tfglestelh witleont! regardesst thiecéffect 3L Ragvohhthe teledttoalels B2 becauké it is
electrolyte 33 |a or the second electrolyte 330b to return through the flow
restrictor exemicpllyeisolaied epByithe neleckpdess 826 dyelthe t Howy testdgtarh322mai ns

el ectricall I t e by tE f g

el ectrol yt ex‘cgg%ﬁlégqgh&gﬁq%g?ﬁ% eﬁ%étfoﬁ?%t %??gz%n 5}201%%‘%%6%%{]8%% %Qﬁ{l st
enbodi ment , sidieP AR RBAEs Cabradshrely ivith utle conslupted tlay@nper Hehd hat
supports the substrate 110 with the conductive layer 111 facing toward the

el ectrodes 9fBtrafpll@®xanpl e, the support menber 340 can be positioned in
the second el ectrolyte.vessel 330b..1n .a furiher. aspect of this

enbodi nent, the suppoﬁg%%b rag%p Ysv toﬁéf‘e ﬂlcm??f%'i%ﬁ§§ strate 110

PCT/ US02/ 19€8s‘§ﬁoﬁé@5&f(i%g§§ s%}g%%@ef BRcBYaPhvihE shhpdCart Lo SR OEY Py one

or nore drive units ( _ _ _
accordance with several embodiments of the invention. For purposes of

illustration, several different types of electrodes are shown positioned proximate
to the same microelectronic substrate 110; however, in practice, electrodes of
the same type can be positioned relative to a single microelectronic substrate
110.

In one embodiment, electrodes 720a and 720b can be grouped to
form an electrode pair 770a, with each electrode 720a and 720b coupled to an
opposite terminal of a current supply 121 (Figure 3). The electrodes 770a and
770b can have an elongated or strip-type shape and can be arranged to extend
parallel to each other over the diameter of the substrate 110. The spacing
between adjacent electrodes of an electrode pair 370a can be selected to direct
the electrical current into the substrate 110, as described above with reference
to Figure 3.

In an alternate embodiment, electrodes 720c and 720d can be
grouped to form an electrode pair 770b, and each electrode 720¢ and 720d can

have a wedge or “pie” shape that tapers inwardly toward the center of the
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One feature of an enbodi ment of the apparatus 360 described above with
reference to Figure 5 is that the first electrolyte 331 a can be sel ected
to be conpetmhbbBswi th the el ectrodes 320. An advant age of pChitsof/esbuire i s
that the first electrolyte 33la can be less |likely than conventi onal

el ectrol yt agidreelecizgniachmbbtratee] HCt IwdiH d@idther Gmbatisehy , ndriww, ssiciprgpe

electrolyte 33l b can be selected wthout regard tf thg effect it has on
the el ect r clecirales Hleagad 7201 jcan b graupsd) tp farsy slestrofe datisné7Qq, e¥tthodes

can i ol uds RIS, AR aittFa0r SERRHHL I BT B FEERL ATaCr
Wi th the copdyRsi MBcloakRbrohicl fbstrBR 1S@bsbhate thlz,o.peﬁ'gﬁekrye B2 sofa thep pl an

view of the mcroelectronic substrate 110 positioned beneath a plurality
of el ect r odesroclectionistsupsizatarddOconfi gurations in accordance with several

nmbodi t f the i t.ion. .F f. 111 ti-Qn, I
i frerent types of el dcniibaBeter srlidieRt <t tinsl aléEiad els o StfBdsane
m croel ect rQRy %gﬁf&aﬁga?élg HatPi lé”'%vcﬁf‘che'rﬁio%éllﬁéeﬂr&ﬁc s%'blﬁl?&t'éoﬁﬁﬁ afd cahhe

sane type can positiohed relative to a sing m croel ectroni c substrate
110. | n onéawehmsemimtcnlar| anforneshap20alle dlettode F20gmangbe gmagpetiovithor m an
el ectrode pair, 77Qa, with each electrode 720a and 72Qb coupled tq an

opposi te t iR e(ig?tr(\é\cﬂiec(}}qtéﬁp@ Ving» ghaps W‘éﬁpﬁ?amgh@ gF@E‘iOFdH’é‘geWOa
and 770b ¢ I-A= ed to
xtend  pardiiglrsRReCt AR BhabofK ofichiohz: KREbE AFIAE BETuRRar LORI8" o

spaci ng beMepnprdidcaidmetieg cugdestootheanicebdettrate spbitratd ihangaf the
selected to direct. the electrical current_into the substrate 110, as
descri bed dBawmreraidescribedeahoveavith sefpfegge 60 Bigures 3. al t er nat e enbodi nent |

and_each el eot rode 720BuIa 1 FoeeBaRy Fohant g e il SRRCeBSMtonl ™
tapers i nwafgivyof avEdrtiohNsf BRnéistr@fe 1 0@ podftioned beneath the electrode 720c

described above with reference to Figure 6. In one aspect of this embodiment,

the electrode 720c¢ has an upper surface 771 and a lower surface 772 opposite
the upper surface 771 and facing the conductive layer 111 of the substrate 110.
The lower surface 772 can taper downwardly from the center 113 of the
substrate 110 toward the perimeter 112 of the substrate 110 in one aspect of this
embodiment to give the electrode 720c a wedge-shaped profile. Alternatively,
the electrode 720c can have a plate-type configuration with the lower surface
772 positioned as shown in Figure 7 and the upper surface 771 parallel to the
lower surface 772. One feature of either embodiment is that the electrical
coupling between the electrode 720c and the substrate 110 can be stronger
toward the periphery 112 of the substrate 110 than toward the center 113 of the
substrate 110. This feature can be advantageous when the periphery 112 of the
substrate 110 moves relative to the electrode 720c at a faster rate than does the
center 113 of the substrate 110, for example, when the substrate 110 rotates
about its center 113. Accordingly, the electrode 720c can be shaped to account
for relative motion between the electrode and the substrate 110.
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WO 03/ 001581 PCT/ USO02/ 19495 microel ectronic substrate 110. In still

anot her enbodi nent, narrow, strip-type electrodes 720e and 720f can be

grouped twofosnomsel ectrode pairs 770c, with each el ectrodecTaBez/amos 720f
extending radially outwardly fromthe center 113 of the mcroelectronic

substrate 110 toward TahetheeembBainientd 2thefelédifodenT20c0edEhAvO Bitfer SHBSES. at e
110. In still another enbodi nent, a single electrode 720g can extend over

appr oxi mat dior dxanfplethedowar sfufadee77 cambhee o convad rathegithan e flat @rafit. can

h I CJ . | anf g T l.ect rode 7 b . ith
Aot hor o ekegRE doARE koA SHEEBoHEE AeuRUBa W0vF olfh teefgedo T g,

| mge of t(Bf-oﬁle?%tlé&fiﬁiel%Q%g%é‘xﬁ{)@%ﬂheﬂkﬁaﬁ%@?@%&%ixpﬁigiﬁ’é'%p gélhav&he

current source 121 to provid ernating current to the mc ectronic

substrat e ianslapyd afr dumeed heweresiafates cini stdH fastioarecmbodinrents rthaetedtodes gur es
3-5. Figure 7 is a partjally schematic, cross-sectional side elevatjonal
view of a (@PthayE ohex hancsiibat a%@uﬂ%orpa‘émeomoaaebré%ﬁnt %eiqc@@dﬁsde

720c descr, it reference to Figure 6. In one aspect of this
enbodi nment 1%9?%@@2?%{2}’(?‘&&9 720c has an upper surface 771 and a | ower

surface 772 opposite Fighe: 8Apiera particAleschéaitdvieac ofignt Hleceoddyappore | ayer
111 of the substrate 110. The |ower surface 772 can taper downwardly from
the center 4783 for supporting st rifueality 00k leatepden eitpaAcrprstanee 1witho pnether

substrate 110 in_on e . 1 hi e i . i e.€l ectrode 720c
2 wedgo- shapeeoipBRF oE WEHslioh" B R RRRLIT it Puotnbil” ot SRS

pl ate-type sﬁ@?éﬂ%ﬁbé@%&h&@ at plardIRyesf dedttcieeapettideP it bNEES dhishown in
Figure 7 and the upper surface 771 parallel to the |ower surface 772. One
feat ure of heuseercithabadiingnelecodhd420aher el second celectradeuglibg Bbeviest t he

| ectrode 720 d bstrate,110 be st t dth I ph
115 of t he Semetea 205, 5% Suneiupuet R abrbut 95 0 E 1ead 267 300”170
This Teat urfie GRBGRE ¢ \Sﬁﬂ%é‘%@@ﬁ%ﬁ’g@gﬁlﬁt@@é&Bﬁ&Me&&%ZQB. t B6th PPRAE Lgt €

110 noves relative to the electro Oc at a faster rate than does t
center 113 ledds #28:: ahdt428beart Iddupleaal teexamptent supyedy 42e Fdostdiagly, £46h

rotates pair 470 of first and second electrodes 420a and 420b defines part of a circuit
that is completed by the substrate 110 and the electrolyte(s) described above
with reference to Figures 3-5.

In one aspect of this embodiment, the first lead 428a can be offset
from the second lead 428b to reduce the likelihood for short circuits and/or
capacitive coupling between the leads. In a further aspect of this embodiment,
the electrode support 473 can have a configuration generally similar to any of
those described above with reference to Figures 1-7. For example, any of the
individual electrodes (e.g., 320a, 320c, 320e, or 320g) described above with
reference to Figure 6 can be replaced with an electrode support 473 having the
same overall shape and including a plurality of apertures 474, each of which
houses one of the first electrodes 420a or the second electrodes 420b.

In still a further aspect of this embodiment, the electrode pairs 470

shown in Figure 8A can be arranged in a manner that corresponds to the

proximity between the electrodes 420a, 420b and the microelectronic substrate
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about its center 113. Accordingly, the electrode 720c can be shaped to
account for relative notion between the electrode and the substrate 110.
16 WO 03/WO0D38UsPCT/ US02/ 19495 I n ot her enbodi nents, the ecCeasoytady20c can
have ot her shapes. For exanple, the |ower surface 772 can have a curved

rather thanla0 (Figure7Rfandéor thaldestrale paiisyd70acan bé atraagel estonegindescr i bed
above with reference to Figure 6 (or other el ectrodes_ havi ng shapes ot her

than those twowtei of Frejative gnotiem hqv@enaﬂy Sheadragies cﬂ@%d 4Peheand utheace.

In still further,e I that
account forn?gpﬁlecgggﬁog&gﬁt{s%ee?age #?ﬁ&{ e "'é tr%%eglgggﬁ%g WP A8 110,
Figure 8A ipofe maﬁwlcbﬁcéﬁmé@tm Ghe ipe¥ipRéryan] Blofahé GUBsEMBPPIC or %Zﬁerf or
supporting a plurality of electrodes in acCordance wth another enbodi nent

of the inverdagians. whereke asbewe woaity beovdsodihesplectrode mlutSCM(bdmd theppor t

nouscq el ¢ rotbsgafs Rap & ettty B (6F ERBE oha Beiitingdl Tsommctongd o1

el ectrodes dgflanfhfiofi 08P cttitdd @oggﬂs 4 RBAT bidh ke %ﬁ%{& g ggbsﬁﬁt 428a

and the second electrodes 420b are coupled to a second Bot h of
the |eads d@Bentatod cd@Pbnsate foouhe dugh aehltwarvcdomtysuplﬁnmhetﬁmre,Admofnismgl Y,

gaﬁ.“r_cgﬂd r é‘tégtr&fi%f'zé%%n;@%?%%% diaccettet PR Aol Aerto BHearDGRI B s)
emhod nont - el EREFEER ok, PLFracme téf@h%?fﬁéﬁﬁﬁ‘?? ebeioen 1o

reduce the Ii®ewhbeothef @lécﬁbdﬁstaleld’léw tcsﬂmncumcuvam@fertu\te(seelmgmw
between the leads. In a further aspect of this enbodi ne t he eI ectrode

support 473 @%usmhecesemwm%m g@rrdéwawﬁylaxﬁrrﬁhlatedveeeﬂye bkelih

ndi v daal - Btedise clectpeat S0 ingbdh e Xy eleRodE ARy Cnd il e istv
\#af/ Ihngr teL gr lReR0HO 4208Ur tn Gtiflan fﬁﬁhéﬁ@b}?&:@%ﬂ\ﬂtﬁd" edibolifGHt] IHS ammiIiRane, 473

frequency and/or waveform shape supplied to different electrode pairs 470 can

—.U

vary depending on factors such as the spacing between the electrode pair 470
and the microelectronic substrate 110, and the relative velocity between the
electrode pair 470 and the microelectronic substrate 110.

Figures 8B and 8C illustrate electrodes 820 (shown as first
electrodes 820a and second electrodes 820b) arranged concentrically in
accordance with still further embodiments of the invention. In one embodiment
shown in Figure 8B, the first electrode 820a can be positioned concentrically
around the second electrode 820b, and a dielectric material 829 can be disposed
between the first electrode 820a and the second electrode 820b. The first
electrode 820a can define a complete 360° arc around the second electrode
820b, as shown in Figure 8B, or alternatively, the first electrode 820a can
define an arc of less than 360°.

In another embodiment, shown in Figure 8C, the first electrode
820a can be concentrically disposed between two second electrodes 820b, with
the dielectric material 829 disposed between neighboring electrodes 820. In
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sanme overall shape and including a plurality of apertures 474, each of

whi ch  houses one of the first el ectrodes 420a or the second el ectrodes
420b. 1 n woioBlost urt her aspect of this enbodi nent, the elpectusode4pmirs 470
shown in Figure 8A can be arranged in a manner that corresponds to the

proxi mty helewapBct be tek eaibRERent 2arent 28R brNshpplied foCdaRh! ETie0Rcbnd
substrate 17 03/ 001581 PCT/ US62/ 19495 110 igure 7), and/or the

el ectrode Eh¢cteodesB20bnwith ro phasseshifting o Adtespatinely,othet (iarendtsapplied dbat i ve
noti on between the.,electro 420 420b an he ,.mcrgelectronic substrate
110. For e;&i’i’ﬁﬁe@?n@ﬁkc odg+ (ﬁ’eca}@i’?g %?OSE}E&?\& BQaUﬁ%%%aﬁeﬁwmﬁ %H@Sﬁtrat ed
in the per P RRE 36&1{%256%11(‘1 RRchls 828be Iﬁ]@ﬁﬁﬂle?ta@géct dfaGk WnthotiRteht (e

relative velocity between the el ectrode pairs 470 and the substrate 110 is

rel ativel y duirgint (seppli&d gor each) sechndoeldcingde 820hecam differs el chaavteristicat i on
of electrode, pairs 470 cfan %I}C{vi de an ipncreased electrolytic current to
conpensat e Gther AR PhAYH TPEP ls. yap Furthernore, the first

el ectrode 420a and t r@%ﬁﬁ{ﬁ@‘% @fﬁ%%ﬁ%d@%%@o(ﬁes@ﬁﬁ%ﬁﬂ%@% %ﬁgﬁ&gﬁ% t§70 can

be relatively close I'n regions (such as of the

substrate Higjes@Braadt BE éd ehit detedirst elainege 8204 hancehidld tthy esdeayér 111
(see Figure_ 7) because the close proximty to the conductive |ayer 111

reduces helegtrade(no®ePb figim dnteeferenee dEampi Gther ewrlpnt FRYTeRs: }/\E@h exmapla. r st f
his. enboci eare a7 52 FALAER el banfal e s P uRElT o

to differerg20p eAd adean@ie SoffMils GRAngYAENt e Fiedtdihedcenentaapplicd $o'alicas the
spaci ng between the el ectrode pair 47 and the m croel ectronic substrate
110, and t tsabsteatat M8 (Bigors 7y Wet theeladmodes| 820 reade hsaimog7 @ceurdtalyie

m croel ectronic,sybstrate 110. Figures 8B and 8C illustrate el ectrodes 820
(shown as f99 t°116§1 ectrodes 820a and second el ectrodes 820b) arranged

o 1o S S Ll bR N by, o,
can be posiméednmmitatlynaadfor i dedtrolytically processing the microelectronic substrate
110 in accordance with an embodiment of the invention. In one aspect of this
embodiment, the apparatus 560 has a support table 580 with a top-panel 581 at
a workstation where an operative portion “W” of a polishing pad 582 is
positioned. The top-panel 581 is generally a rigid plate to provide a flat, solid
surface to which a particular section of the polishing pad 582 may be secured
during material removal processes.

The apparatus 560 can also have a plurality of rollers to guide,
position and hold the polishing pad 582 over the top-panel 581. The rollers can
include a supply roller 583, first and second idler rollers 584a and 584b, first
and second guide rollers 585a and 585b, and a take-up roller 586. The supply
roller 583 carries an unused or pre-operative portion of the polishing pad 582,
and the take-up roller 583 carries a used or post-operative portion of the
polishing pad 582. Additionally, the first idler roller 584a and the first guide
roller 585a can stretch the polishing pad 582 over the top-panel 581 to hold the

~ polishing pad 582 stationary during operation. A motor (not shown) drives at
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around the second el ectrode 820b, and a dielectric material 829 can be

di sposed between the first el ectrode 820a and the second el ectrode 820b.
The firstwoeBmcetsspde 820a can define a conplete 360 arc areun$or/img9second
el ectrode 820b, as shown in Figure 8B, or alternatively, the first

el ectrode §28a @Nof ded isippRNralles 383 hed shé halte-8p Gollen 5860fchgsqureitialy ment ,
shown in Figure 8C, the first electrode 820a can be concentrical I%@
eri al

di sposed betdwenee tho polishing rade882 sgeessghoropwangl 58he Hredrdingly.cc

829 di d bet i.ghbor.i .ect r od In. 18 /00158

D b s eI BRI P s R 7 Bl B B PR s
each of th%sééf‘seeﬂonsehg@wﬁa@% ARttt hree rfbﬁgsnﬁﬁhgtdnagor é}b&ﬁhg%&vel Y,

the current supplied t one second el ectrode 820b can be phase-shifted

rel ati ve t cubbteateurliOent supplied. to the other second el ectrode 820b. In a
further aspect of the_.enbodi nent, fhe current supplied to eac econd

el ectrode 820b can dﬁh%@ppﬁ%ﬁgbtgﬁq éf%ocgavfbtahs%fi%a%ﬁsswﬁ&f@oﬁlat
exanple, a ' r h d | W th
respect to%bihgﬁ}g?%sld%&%%a%% |§l;bg it?rﬁttaet Flt(ﬁkeiﬁﬁillgg?@aﬁéﬁ?loﬁe 8‘%39821%9%% el d
the second Tie eatrieode§anbB29%0 canmmélntiersf artstrate holder 6VBeto pickngnthaldur ces.

For exanple, @the first el ectrode 820a can, be coupled to ground to shield
the second adetaleasgethe spbiratol 199t spatppriste skges 01 thegapateriali remowal ¢ he

current appl.l t : [ 0..(FI | £ r 20 can
be nore acgﬂj?g%gl Srﬁéggaﬁfﬂr%g??%eg% lgisjggér%aggdlg%hgyr%%iscgﬁ?@%rﬁigﬁ[j’aﬁg@%

appar at us 56Q@river assefibly 59y thatmesh aringhitd Yalemel/thé solyt IThal dyive
processing the mcroelectronic substrate 110 in accordance with an

enbodi ment assembly SA%eean dave|an aamatarpée, of diive shalindddiceupled toghe

cooat 15 SS082s5 BB b SRS W BsBE Bl S, s e

ggls: fji oned.cafhes HRP sBERRI e HlddS59ERAA 3l te¥mndll Hath BORtBch anpl tid deva flat,
assembly 595 orbits the substrate holder 592 about an axis E-E (as indicated by
arrow “R;”). The terminal shaft 599 may also rotate the substrate holder 592

about its central axis F-F (as indicated by arrow “R;”).

In one embodiment, the polishing pad 582 and a planarizing
solution 587 define at least a portion of a material removal medium that
mechanically and/or chemically-mechanically removes material from the
surface of the substrate 110. The polishing pad 582 used in the apparatus 560
can be a fixed-abrasive polishing pad having abrasive particles that are fixedly
bonded to a suspension medium. Accordingly, the planarizing solution 587 can
be a “clean solution” without abrasive particles because the abrasive particles
are fixedly distributed across a polishing surface 588 of the polishing pad 582.
In other applications, the polishing pad 582 may be a non-abrasive pad without
abrasive particles, and the planarizing solution 587 can be a slurry with abrasive
particles and chemicals to remove material from the substrate 110. In still

further applications, both the polishing pad 582 and the planarizing solution 587
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surface to which a particular section of the polishing pad 582 may be
secured during material renoval processes. The apparatus 560 can al so have
a pluraliwgoeforsel | ers to guide, position and hold the pecCiraisong4pnd 582
over the top-panel 581. The rollers can include a supply roller 583, first

and second t4h Be confiperfed witheutaibasheedparticldssir elanents eandekctibeden geddi@r s
585a and 585b, and a take-up roller 586. The supply roller 583 carries an

unused or pAetadhelewiwih pefetanen tofiguses Bolli shing pad 582, and the take-up
roller 583 carries a yse [ - ope i L.on af th ol i shi pad
582. Additionally, th f?‘i"g‘t’v‘fﬁfag?&ﬁoﬁ%lr ﬁ?%g‘gﬁ%&nagetﬂé) %‘ilﬁ‘sflpegﬂpﬂ%raagol | er
585a can st 560, CihetdaeriB0hdsehibg SPeGréftds euefack el 3t PthRagMstraR 1l IPafahst t he

pol i shing pad 582 stationary during operation. A notor (not shown) drives

at 19 WO 08re0poligtinpctise23® adsthel pakishing epask S8R eins thepipyesents ef 883 and
the take-up_yoll.er 586 t.0 s ent.d all.y adv e Lbe,polishi pad 58

across the P{?Ba{‘}éﬁlézl s@gﬁlpn or di iy fj{},\/’e Cqsgg{ﬁﬁﬁ’p ﬁég otbg?a‘fri%aé r}ggcstq%éﬁgéof t he
polishing p oGl % td f ]Mgg' ovi de
a consi stentﬁglg!é?% gggézt%ogg tggla%gsh?n%légﬁd(;%&n?ﬁgarﬁi%ar%ytﬁ%ejs su gf?gltdgi)l (% The
appar at us 5a8boutathe aixio FRAte teanshte tler substratebl 10 56fbst fth¢ planantzing surfa
protects the substrate 110 during the teri rem)}\{al . processes.

0 | T
carrier assef®l yrsdoresull ithe PUERSIYE BHIC{5sa 1R/ b (e Fhemmicals np thg magert ol d
and 1 el ease, e SURSHRA Fetble haBARE ARA e STHAGE DS She MNBsIRE S 1)y boOVa
process. The carrier asse Yy can al so have a support gantry

carrying ackkrical asaedror y dfmichlaineckanitdlanplaiaeizationg {ORIPRYanpiyces®4. The
drive assenbly 595 can have an actuator 596, a drive shaft 597 coupled to
the act uat dccegbnglyndnagner embodingms; dbe i prishingmpade 582i ¢an smgathstd®. The

598 ' t bstrat.e hol 92 via a.t i nal shaft .59 h
hat e ar Pt L3RRSy el Formints Hidedudd Riinile B9BARRH e <
E-E (as indi¢phethdyubstiafOMGRL"). The termnal shaft 599 may also rotate

the substrate hol der 592 ' ‘
In a further aspect of this embodiment, the apparatus 560 can

include an electrolyte supply vessel 530 that delivers an electrolyte to the
planarizing surface 588 of the polishing pad 582 with a conduit 537, as
described in greater detail with reference to Figure 10. The apparatus 560 can
further include a current supply 521 coupled to the support table 580 and/or the
top-panel 581 to supply an electrical current to electrodes positioned in the
support table 580 and/or the top-panel 581. Accordingly, the apparatus 560 can
electrolytically remove material from the conductive layer 111 in a manner
similar to that described above with reference to Figures 1-8C.

In one aspect of an embodiment of the apparatus 560 described
above with reference to Figure 9, material can be sequentially removed from the
conductive layer 111 of the substrate 110 first by an electrolytic process and
then by a CMP process. For example, the electrolytic process can remove
material from the conductive layer 111 in a manner that roughens the
conductive layer 111. After a selected period of electrolytic processing time
has elapsed, the electrolytic processing operation can be halted and additional
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about its central axis F-F (as indicated by arrow "RZ"). |In one enbodi nent,
the polishing pad 582 and a planarizing solution 587 define at |east a
porti on oWoa3wetseri al renoval nmediumthat nechanically amdrarse2/19495
chem cal l y-nmechanically renoves material fromthe surface of the substrate
%L_lO. dThg poiﬂa%ﬂallgs_amﬁbe 581&036(?}3@2@ ICMReprappssin. uskl&ﬁfiatiwd% tie electfrr_olytigl

i xed- abrasi ve polishjn ad having abrasive particles that are fixedly
bonded to aPE¢EpEABY eﬁ%@PumwA&emu' ﬁgqoylfluewg W@%Sﬁ@ d8| ¢ithespisg7

can be a "gl 410N, W rasd ticles asi ve
particles ﬁ}egé‘gﬁ@é;é& F@lgﬁg@%@h{&ﬁ lggd ogl?: rfgg@li Oggﬁiééﬁlil’%:"%gl?? g?@e éﬁﬁm%ﬁ{st he
pol i shi ng pago Meeribddaledeewithnpldreid PNBiguid1® ipehatsihic naniaghRBZus®sobe a
non- abrasi ve pad wi thout abrasive particles, and the planarizing solution

587 can be eamsplanavizethasudistrats L0 vigdrMiPcanskrearayecnaterighfiom ther sybstrate
material fr the substrate 110, In gtill furt .applications,,borh the
ol  shi ng. pLd? w5l FIoHFEYr Adeesst o diivapioth RebisSGagehhennas g ot

PCT/ US02/ 19456801 PE neOD hbebE ﬁfbv%tfhﬁﬂfone%?ﬁfaws RPdrldkeED WIdeRFHBIN S, as
described in greater detail beloww th reference to Figures 9-11. To
remove mat e€MP ahd @iedtiodySepsicesding. 110 with the apparatus 560, the carrier

assenbly 590 presses the face 113 of the substrate 11 ainst th
pol i shing surface 588/80thee adpantags aadeﬁ@gd%emhé??p s @RR#agsS 1%‘69

pl anari zi ng Qltﬁ' s ' : Lt trate
hol der 592 g%ou %Pﬁi&o&%vg@?@eﬁéﬂﬂ&%ﬁg?ﬁ nal %S ?gd?gé;???%épéssﬂgﬁe?:?%uho der
592 about thgudxticn with éahtsthaslaed expdreedtbshicveanitttiabfioasthet ubstrate

pl anari zing surface 588. As a result, the abrasive particles and/or the
cheni cal s i A1Q haormigneldy andrsowratehdtham pemeveonyenEenal processashe Bur f ace

f th bstrate 110 kn a, chen cal hem cal -mechanical . 4. ..

ol anari zat: Srtekmpleiibed RED RO BriSisicai FahO® erlatise: shi ng
pad 582 canigp®odhohits oﬁliﬁét%fialinéomﬁfiné’reﬁﬁitiftﬁlfh@ﬂgf’chf:eﬁﬁétb@ﬁzcﬁbﬁiceﬁi ng
fromthe condlctive layer 111 of the substrate 110.

substrate 110, and the planarizing process can remove material on a finer scale

2

in a manner that smoothes and/or flattens the microelectronic substrate 110.
Figure 10 is a partially exploded, partially schematic isometric
view of a portion of the apparatus 560 described above with reference to
Figure 9. In one aspect of an embodiment shown in Figure 10, the top-panel
581 houses a plurality of electrode pairs 570, each of which includes a first
electrode 520a and a second electrode 520b. The first electrodes 520a are
coupled to a first lead 528a and the second electrodes 520b are coupled to a
second lead 528b. The first and second leads 528a and 528b are coupled to the
current source 521 (Figure 9). In one aspect of this embodiment, the first
electrode 520a can be separated from the second electrodes 520b by an
electrode dielectric layer 529a that includes Teflon™ or another suitable
dielectric material. The electrode dielectric layer 529a can accordingly control
the volume and dielectric constant of the region between the first and second

electrodes 520a and 520D to control electrical coupling between the electrodes.
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In a further aspect of this enbodi nent, the apparatus 560 can include an
el ectrolyte supply vessel 530 that delivers an electrolyte to the

pl anari ziwg oswofsace 588 of the polishing pad 582 with a cecdwsv2/B895 as
described in greater detail with reference to Figure 10. The apparatus 560

can further include Fh@@Ie'bﬁ@H@EBO& ¥n835L0bosH B elevttibalys Up@sIed thahke 580
and/or the top-panel 581 to sup 8 an electrical current to el ectrodes

posi ti oned ﬂmroai@ctr@mppmhsﬂa@ﬁbllé gure ) oby tthe mi;shmgn@a 582, In one

d ly, [ ] f
the conauctisietoftBRRhOFaeat 157 RoShiBE kb 2uis imat fRHT m Blrohpe vt
ref er ence. {53 1Fglied b B subBLOOSIASRER Miodh ARIRALISIL iR thd fp-ARRAT at US

560 descri bed ove With reférence to Figure 9, material can
sequenti al I581r msbbenledthdhe: pbhslnngqmdciSZIeAlcayﬂhngly;Lthﬁ elebtroded520atnd 110

first by a ctrol rocess a es For exanpl e,
t he el ect rgﬁ?\% %repW; ah? T n&erfﬁf rtlhﬁ el??ﬁs’teﬁégion}g\u ajerpaiger 111

porod of dFt ei?’%roeﬁ??@s%?o%%s e DY R IR 1ol o 450 i

processi ng abpet Jforoexaaplepbyhdbpaxing de alédtrblmdm inlthéplagaiendiquid
PCT/ US02/ 19495 material can be renoved via CNPréﬁIrlocesm ng, Alternatively,
the el ect r s18diratheptpcdisoughythetepoonely dk e dsconhingly, therpnlishing pad 582

si mul t aneous| ejthear .. h essi:n f eature of
o enbod: monn e h{lsst pALgiflesuld BB BRRB PR A DAV R h ol BR
Figure 9 i SSSchﬁ{d ﬁl@eelé@tme@m@a%hdssz@ﬁo Wheh thé paddiclecthibaye#BYobaken 110
via CWP and renove material fromthe substrate 110 via an electrolytic

process. Arplackdin¢ alpstrofles hRGa and éﬁ@b e 1solated rfmrnt}ﬂwswahb@ntawmth eneed

b h
ol ect foFEY.eeiewﬁws’e‘?agaﬁ%ih%% epo iR By selspiodn ohp GeatnkRls GL e not
appar at us 50, dg e oﬁgsia YGitithd éi@JtFJIWCS%i.O Qither Snibddididht tths

processes, when u conjunction wth eac ther, are expected t
renove mat electtodes dd3ahands 6B6b rcah e n fluid commumcatlon with each other and

the conductive layer 111 via a common volume of electrolyte 531. Each
electrode 520a, 520b can be more directly electrically coupled to the conductive
layer 111 (Figure 9) than to the other electrode so that electrical current passes
from one electrode through the conductive layer 111 to the other electrode.

In one aspect of an embodiment of the apparatus shown in Figure
10, the electrodes 520a and 520b face toward the face surface 113 (Figure 9) of
the microelectronic substrate 110, with the polishing pad 582 interposed
between the electrodes 520a and 520b and the face surface 113. As the
microelectronic substrate 110 and the electrodes 520a and 520b move relative to
each other, the electrodes can electrically couple to at least a substantial portion
of the face surface 113. Accordingly, the likelihood for forming electrically
isolated “islands™ in the conductive layer 111 (Figure 9) at the face surface 113
can be reduced when compared to conventional devices. Alternatively, if the
apparatus includes only two electrodes, each configured to face toward about

one-half of the face surface 113 (in a manner generally similar to that described
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110 nore quickly and accurately than sonme conventional processes. For
exanpl e, as descri bed above, the electrolytic process can renove relatively
| ar ge anowotos/oofssmat erial in a manner that roughens the mPCTASECMPDNI C
substrate 110, and the planarizing process can renove material on a finer
scale in a,hegitht t ) ‘th@ ORI
substrate 110. Fi %rrgﬁfgﬁﬁgaélg?t | a|2|1{/ éaﬂx od g) ttﬁhglrﬁeglié@fﬁé ggngta;fsg
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520b are comhed:oh%ﬂuomoalmtrdlyad abaBgemehs. fFosbxanﬁlaeh@lpdhhlﬁﬁg f8a
and 528b are coupled to the current source 521 gure_9 I n_one aspect

of this enbd®? neat, upHermiy ssepagatecihedelestodesca Qi’e %‘Kba%%@fbdﬁpﬂbnfh%e

d el ectrod t hat | ud
second. ) SohRBRaTOR: M o AF LERHF PRI b IERRCIRE RmUREL oS
llayer 529a Gath WheH thendlbotrél &9t c}jﬂbcesh ﬁ‘@mﬁ%yﬁﬁteﬁﬁl ﬁblﬁ'tﬁ@bbh&uﬁﬁﬂéslh?@ of
the regi on between the first and second electrodes 520a and 520b

control eletit |(E@1H©8)1pﬂ'&lng)dishm@epad $82 ehe @lsoduns. abr@ﬂv@\mﬂﬁdmﬂ_&%for

PCT/ US02/ 194 The ctrod 520a 2 can_be el ectrically cou Ied to
the m or ool B 13%1?%’? C’ifi’Bl“( ﬁ%%@i oL E RS et Hesahed s

one aspect @ffrgpﬁ e Te h an
el ectrol yt ev‘}?@lsl% suppl I ed : y the su ecszlglhé(;ﬁ?lts gggd E?%Egﬁ%%g?tgﬁar%& 538
in the top-paotdier rﬁ&trmhﬂtatlmmrmtﬂnoﬂtﬂthemmteddesézﬁachmomunpr@engﬂm t he

el ectrodes 520a and 520 re selected o be ¢ atible wth the
el ectrol yt ee]GS‘EEO wnawrla té‘?rﬁaﬁ@ta%&ﬁ%‘é %%@Pe%{hsgﬁtﬁt é1@315(§1z111n be

suppl i ed to ﬁla@E ng
t he el ect ro ﬁﬁis@%‘eﬁ%ﬁh a%g% éll{%? %}’oglg(e @%ﬁ e?e%tﬁﬁ}qgt Olﬁ,llgh t he
t op- panel 58ll)se @@@)@hﬁt}ﬂﬂi the thiiteodledtigtie Bﬂbstﬂﬁe 382

Figure 11 is a partially schematic, cross-sectional side elevational

view of a rotary apparatus 660 for mechanically, chemically and/or
electrolytically processing the microelectronic substrate 110 in accordance with
another embodiment of the invention. In one aspect of this embodiment, the
apparatus 660 has a generally circular platen or table 680, a carrier assembly
690, a polishing pad 682 positioned on the table 680, and a planarizing liquid
687 on the polishing pad 682. The polishing pad 682 can be a fixed abrasive
polishing pad or, alternatively, the planarizing liquid 687 can be a slurry having
a suspension of abrasive elements and the polishing pad 682 can be a non-
abrasive pad. A drive assembly 695 rotates (arrow “G”) and/or reciprocates
(arrow “H”) the platen 680 to move the polishing pad 682 during planarization.
Accordingly, the motion of the microelectronic substrate 110 relative to the
polishing pad 682 can include circular, elliptical, orbital, precessional or non-

precessional motions.
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can include a pad dielectric |ayer 529b positioned between the polishing
pad 582 and the el ectrodes 520a and 520b. \Wen the pad dielectric |ayer
529b is iwoOoplexsel the el ectrodes 520a and 520b are i sol area/tSopm4physi cal
contact with the electrolyte 531 and can accordingly be selected from
material s that are noThenecgsiar i dstembipatédy e contrblst handl e?fdt@d;tyt etfe31l. In
ei ther enbodinment, the electrodes 520a and 520b can be in tluid )
comuni cat | Bacigelastionthsehsiate AHQ) during the materalviemoxgkproress. v The £asaeon

vol une of el ectnrol 531.+Each_electr 5 ,.520b ¢ re.directly
el ectrical l 9358&?&'ﬁgﬁtW¥cﬁgy?‘85&&#’?@%6%%29%?@1Wﬁﬁﬁ Bﬁ(fgggﬁwtqﬁ‘éﬁdﬁ nget he
ot her el ect 1RgReRR iR} sEsBtd 1| CRNIL TR RAGSRS assehdy 896 ¢F tB6tdapds

t hrough the conductive layer 111 to the other el ectrode. In one aspect of

an enbodi measseufbly 1680 4ppizably vetatdseumd/drrtramistptesethe sBbstrate holdertt93dasros@0a and
520b face tgward the face.syrfa 11 I gure.9 f he_ 13 cr oel ectronic
cubstrate 130 g bh e Degivelih Afemaivil B ruhateI5ce sy ngiade &

el ect rodes 2 r : t-he: .M tronic
substrate. 115 At oRABaBA sk InbE SR MBERidel Svefthd st M RPLEE,
other, the el ectrodes Toaplashiins thecaidryelectuphie substedte! lddswith thelbppaatisal

portion of the face surface 113. Accordingly, the likelihood for formng
el ectri cal | §60 18 g embodigeniqhe Pﬂ‘ﬂleh@S%“@%B‘MC@Q/quséfiﬁe'Fhellf{’lePFiegﬁpél%) at

o oo vobye o AR BETUARE LGRSV B BOSRRYTIY L2 iR ces
configured prtdm680 aadrdhebabstrat® hetdealcb2ahed Roveaetathurtbasiv dnbihérd fo a

manner generally simlar to that described 23 WO 03/001581 PCT/ US02/ 19495
above with trefgatenthe misredleetronie substtaie 310 picenss shepolisting surfacep8%t Asdes

I | ect rj cal | .at, | t,. tial tion. th
Face surt ac realt e aligs™ia ofie!ed i o Rt uRadee o fom e 0 HhethicRls i ance
to Figure #f ﬁlaﬁaﬁﬂh'gsm PBE758meee RiAMide Sanernt a4dhdd opel the
advant ages over sonme conventional electrolytic arrangenents. For exanpl e,

t he pol i shi ngcipatectodR substratd Ik.nm y separate the el ectrodes 520a and 520b
fromthe

The apparatus 660 can also include a current source 621 coupled
with leads 628a and 628b to one or more electrode pairs 670 (one of which is
shown in Figure 11). The electrode pairs 670 can be integrated with the platen
680 in generally the same manner with which the electrodes 520a and 520b
(Figure 10) are integrated with the top panel 581 (Figure 10). Alternatively, the
electrode pairs 670 can be integrated with the polishing pad 682. In either
embodiment, the electrode pairs 670 can include electrodes having shapes and
configurations generally similar to any of those described above with reference
to Figures 3-10 to electrolytically remove conductive material from the
microelectronic substrate 110. The electrolytic process can be carried out
before, during or after the CMP process, as described above with reference to
Figure 9.

In other embodiments of the invention, the apparatuses described
above with reference to Figures 3-11 can be used in accordance with other

methods. For example, the electrolytic process can be used in addition to or in
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m croel ectronic substrate 110 (Figure 9), which can increase the uniformty
with which the electrolytic process renoves material fromthe conductive

| ayer 1Wo(oBiognsse 9). The polishing pad 582 can al so havecahrsayiwues
particles 589 for planarizing the mcroelectronic substrate 110 in the
manner desdigubegf adiover ohichiicalef @tenettortso foi gonidizR. dandubgvero(@chidieg
polishing pad 582 can filter carbon_  or_other material that erodes fromthe

el ect rodes ssm@pmﬂmbpom@np%\ﬂ@ﬂu@mlecapw subgeateat 1K i Hl one aspesbAf act i ng

can bet ' as s Ene e Hcpuotaic Phideps, i BAe itz REIch S B9RRS, °Fs
the nicr 09'rﬁ€8ﬁﬁﬂ'ﬁd§ﬂﬁ56f g@lq) W arEndpnal Hiffeudt GeddarR) ﬁﬂprﬁ@ﬁ@dﬁé 6

cross-sectional side elevafional view of a rot ary apparatus 660 for
mechani cal loxidizhe e allivgntagel b6 this ereagewieyt isctiat it @noveks ithguséief such
m cr oel ectronliﬂ substr at. eg]% 0 I n a cordance i t h angt her e od nent of the

i nvent i on. WAl n‘é‘(’%&B@?PC QT TR %‘H‘i’lﬁﬁrﬁ’f’ PLons, nhAk G¥3EP 6@%%’1%
general ly cjyl ngtglgf nBbf &EtAE thab{ﬁ @%?ﬁ%ggfe gé%&ﬁﬁg HRECulORD reove |

pol i shing pa positioned on t |'anari zing I'1qui

687 on t he fpahithbinnigrqeectfdidc siibsratellilshvithoytaem PR i an hsoteoric xechiagr asi ve
polishing pad or, alternati Velté’g the pl anarj zi n%glll qui d,.687 can be a slurry
t HbA

having a shepdeali(66 . 8rcheprgalithat eichaemdiscaiming lmqego PR 2an be

a non- abr

reci procat g%ry?%@fgw“élfgg&va?@ﬁ%ﬁe[pghxéﬁjg??él&%lgét %ggtr%% |b§h| 8%@%%2
during pl anad 6321 The elé&?&%ﬁdz padess che al’ﬁHoh@gldaﬂytd}ﬁdfﬂthh@qﬂ@t‘ﬁhﬁﬁr(b@

substrate 110 relative to the polishing pad 682 can includé circul ar

el |i pti cal ,othebiconductpectwieriahgenenallyom apdieeiten awamahde | thaspoli

03/ 001581 PCTAUS0QL1 The car assenbly 690 controls and protects

t he mcroel é‘E{aF ggg 3313 pplé%}gngfadgﬁél ng the material renoval process. The
carrier assenbly 69MAh¥PHERA INAubAFe tatethlis BkRIN, dEEaPBE rhbed fRAS 694

that holds the mcroelectronic substrate 110 via suctlon A drive assenbly
696 of the tharmi@oelectronic substrate 110. For example, it is believed that the

electrolytic oxidation process roughens the surface of the conductive material
and penetrates only a short distance beneath the surface. The oxidized material
can then be removed by chemical and/or mechanical interactions with the
polishing pad and/or planarizing solution. Furthermore, the downforce required
to remove the oxidized material can be less than the downforce required by
techniques that do not include an electrolytic process. In one specific example,
it has been detérmined that a pressure of approximately 0.2 psi will remove
1,000 angstroms of platinum in ten minutes using an embodiment of the
invention, whereas it is typically not possible to anisotropically remove
platinum at any rate using conventional CMP techniques. Alternatively, the
apparatuses described above with reference to Figures 9-11 can oxidize and
remove materials other than platinum at higher rates and/or with lower
downforces than are typically required with conventional CMP apparatuses.

An advantage of increasing the rate with which conductive

material can be oxidized and removed from the microelectronic substrates 110
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assenbly 690 typically rotates and/or translates the substrate hol der 692
(arrows "1" and "J," respectively). Alternatively, the substrate hol der
692 may iwoloadelsst wei ghted, free-floating disk (not showrCTtusar/1%bi des
over the polishing pad 682. To planarize the m croel ectronic substrate 110
wi th the apjathat e the60ghput wfeaniirbedetemit ,subkeatesl i 0 eandssarbdased Shgn esses
the mcroelectronic substrate 110 against a polishing surface 688 qof the
pol i shi ng peempated tae copyentionabsigchpigres.  Mdn sadeniage ¢folamsoteprcallien

nove rel ati ye ¢ n d t 1 C r Qpi ate
110 across 9%«95%8% g%(?%h{sbﬁé?éagge 6%@{@@ RIgaHrAges];r u 1t ?r%ﬁg‘ﬁ%bﬁ‘g‘??’&%%@ﬂﬁ cles
in the poli gitishardrar®s2 tandhiartethneiqabeshashve ovetligydet afiahé Zofdudbtivi d
687 renopve material fromthe surface of the mcroel ectronic substrate 110.

The appar at ist@@d sethaits endexsuttig sadjacanénstragiurase i822 dafgmledlirestioh. | eads
628a and 628b to,.one or e.el ectrode pairs 670.(one of .which i.s shown in
2 oar a1y ASebrindl: PhefBOAE i aCES ARG PRt RattbgikBRs & i uRenlite, & B0
i n generall ' ' h

(R e S0y aokETCIRAIT FORATRL, thhdhoticdthel MnPbiEs EORRREMrRRtiod O the

Al t er nat i velmycroeleetroniceaibsadte pH).r AnGidvantage lof reditosyg tieedbwifonce iegplied

polishing pad_682, In either _enbodi t, the electrogde pairs, 670 can
i ncl ude el efd tsdaicr Fﬁ@n@mé%afar!&%e@mg BiOCash s h@Pélt?WI}ﬁ falr to

any of thosg geschl Badabey oi“’idtaﬂlargﬁféeﬁfe! 'ﬁﬁcrp%ﬁcﬁbﬁw ﬁﬁ)sﬁhﬂeolﬂ@ and can
el ectrolytically rénove conductive eria romthe mcroelectronic
substrate lifdreabbehelife expdcyinicy ¢ff the apparaeus dpplyiapgthedowuforcbef ore, during
or after the CWP process, as_described above with reference to Fi

9.
In other enbodi ments &1 & Haethade#t iasaordanee ayiihr anqfbes embodimgat Ofg%e
ith f 1.0 _Fi 3- . b d | I {h. ot
et hods.  FoleRlinp o Fehaladitrly oft R0 HeLPEER" SPRAEAPIREETT sy (o
or in 25 WQigdefRhRRic RitdR0210 248Dl ettt tlbomed] thbemiecald/bnirhagt | ons

to oxidize conductive (including ) .
with which the material is removed from the microelectronic substrate 110. For

example, the amplitude of the electrical current can be increased to increase the
rate at which the conductive material oxidizes, and accordingly, the rate at
which the oxidized material is available for removal. Alternatively, the
amplitude of the electrical current can be reduced to reduce the oxidation rate.
In another embodiment, the current can be halted to control the rate at which
conductive material is removed from the microelectronic substrate 110. For
example, if the material is still susceptible to mechanical and/or chemical
removal after the electrical current is halted, then halting the electrical current
can slow, but not stop, the rate at which the material is removed. Alternatively,
when mechanical removal and/or anisotropic chemical removal is not possible
(for example, when the material includes platinum), then material removal can
cease upon (or shortly after) halting the current applied to the conductive
material. In any of these embodiments, the current amplitude can be varied

from about 1 amp to about 10 amps, depending upon the desired oxidation and
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sem conductive) portions of the mcroelectronic substrate 110. In one
aspect of this enbodinent, the electrolytic process can oxidize netals
(such as wbasiomssy rhodium iridium or gold) that are necwaisoy1ddsficult
or nearly inpracticable to oxidize. An advantage of this arrangenment is
that it canréfpbealt e uand ddeperding Mpdal the of asitedal ré@oved dk@al € ronic
applications. For exanple, platinum and other noble netals that resist

oxi dat i on amdcrgpelesitanie/sahstmfellQ. to renove fromthe nicroel ectronic

substrate 110 wi t hout (enpl.oyi ng_amn i.s0t r.opi.C_et.chi . chem.cal (i.e.. .a
chenical that etches P?ur]q) g‘&%‘?ﬁgﬁ@%%ﬂ?ﬁ’ é’lﬂferd?tf'aé@&g]&ﬁ%(is gﬁ&ﬁ%relﬁcm\?@ry

hi gh downf ogieR.PORI b&EdohRolEEtdTEGHits I RE niA8iAl GHBSIdRAR] BmbE MR] | B& NY
pad 682. The el ectrolytic process can anisotropically oxidize the platinum

(or other examplet ithe voliege appledjtm¢heaimaperial candbe dudreasednor dedreasedt toe
polishing surface 688 of the palishi d.682.. Once the conductive

mat eri al i sTAKPEHEAL ,ecF?aSEaWSBgCtFVé%b\;Bg rﬁ%ﬁﬁg P¥dation Ap Irg@f’?’g‘rﬁaﬁessu@st rate
110. For ex I | ol ' t he: s [ hdaty.o ess
roughens  hebecrpgdmeri, TELWENaR: LR b el IS WBolf 100 IHEP noihhes
short di st apedolaned! thd fieqaendyaedth Whecloficdeleettioxbisignadlis applied lean tre
renoved by chem cal and/or nechani.ccal, interactions with the polishjng pad

and/ or pl an¥#iied g eenttali the. material coxidnion amd ARV rake. r dljuPRre SPeEHIq enpve

t he oxi di ze rial c e 1 t downf [ yed by, ..

t echni ques ?ﬂ@?hﬁg&ﬁo@ ﬁtg L%leggﬁabé{f@@f)r%qtftﬁ@pﬁrg%gogeséﬁﬁﬁﬁf gong élsgé}”fnl C
exanmpl e, i layRasfhiRemidededédticigd shbaiat@ ap aefédiiedcpiofabpnes0mas eihild e psi
will renove "1,000 angstrons of platinumin ten m nutes using an_enbodi nent

of the i nvenetostectignes eabsiratei d 10y caghgedhovithothsi polishingappd 0d8dptccal |y
renove platinumat any rate usig}g. conve, tio]%% CVR tec&lgiﬂﬁes. tron

Al ternativelfl?il,So fgica %pm‘?‘(?sésp % Phe'dCaby ULH tﬁf?nﬁe r (érgel[eg Pfllﬁlres
9-11 can oxigh#gt@ffo renove materials other than platinumat higher rates

and/or with lower downforces than are typically required with conventi onal
CMP appar at uses. An adwany axfethofforegoimeg smbgdithents. athe pélishingpad S8@nchnct i ve

et Al ca A onventional pad such as an I1C: 1080 pofisting pad (availabie from Rodefl, >

Inc. of Phoenix, Arizona). In one aspect of this embodiment, the polishing pad

o=

582 can have abrasive elements fixedly distributed in a suspension medium.
Alternatively, the abrasive elements can be suspended in a planarizing liquid or
slurry disposed between the polishing pad 582 and the microelectronic substrate
110. In either embodiment, the abrasive elements can include chromium
dioxide, aluminum oxide or silicon dioxide, and the planarizing liquid can
include an electrolyte to electrically couple the microelectronic substrate to a
source of electrical potential. In still a further embodiment, the abrasive
elements can be eliminated entirely from the material removal medium, and the
material can be removed from the microelectronic substrate 110 as a result of
the electrolytic process and contact with the polishing pad 582.

In yet a further embodiment, the electrical-mechanical interaction
described above can be supplemented with a chemical interaction by exposing

the microelectronic substrate 110 to one or more chemically reactive liquid
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26 WO 03/001581 PCT/ US02/19495 is that the throughput of mcroelectronic
substrates 110 can be increased when conpared to conventional techniques.
An advantw@a3obisani sotropi cally oxidizing and renovi ng tIr€TAS0ZIWEDF Ve
material fromthe mcroelectronic substrates 110 is that this technique
can renove guletioh@yeinsoné aspectcon s témieditieiie thal chehtibaludolufigiey ekl thend
adj acent structures in a lateral direction. Accordingly, nethods in

accor dance genaralbyrstuilarderthoss typicallymssdtion K MR progassiagy ehltemrtivélyy thevi as,
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charact eri s 940% é&én&f@ﬁ% %@&fﬁg’m e]fy® the, m#““@ﬁ\{g’@ﬁétﬁtﬁl@m C

substrate 1§9n GRS §§Jheaé %steoaéseﬂbé&'beidw Witll SRR 1o PARES QN@ whi ch
'S renove Strat

the materi a romthe mcroelectronic su

exanpl e, th&harfilidtcadenlsd idhedech eelutivelgl losucomerntration b€ chivtidzaidad (k..
i ncrease the rate at whi ch he conductiye material oxidizes, and
accor di ngI y fropn abeug 30 BEmt eﬁtéﬁg PPy %‘&p@ﬁmm%vaa@ {ram abput K09

removal . naj , ec

reduced to b@é‘uce at‘ﬁﬁwc'%,((?(g?tp P%%’%Fr"%“ﬁ] r'g}r}\%tv ﬁ@r t(g,\ﬁrrbo 1ﬁ8'%<gﬁ%ﬁ?,rem
can be hal t ggitdtle onplatinuienidtat, Wk Likftid ban Gahedch Imﬁguifetcﬁr(ml t)gSOJ gmoved
fromthe mcroelectronic substrate 110. For exanple, if the material is

still susceptéaicentration cHafioonlabawid 1t (sredes/liter) ta ahoutS. 3k d:90we at a
| ect | t |t t I
Slow but nopheiltion Al m S anbteh bR i Montes FLFShieHidas dis” " his°R”

Al ternati velylike WifiBal"Blafian; nﬁglh REPYig iAOe chistimQbaRl SutshRRkS gudhenoval
i's not possible 7for ‘exanple en the material includes platinum, then

mat eri al r eapJaCl oarHCi:)eaBda hqwonm@oh liphert cgneehtratipnh aift ¢hlgridéiaons r(fcﬂnt

lied to th ;
applied to exa?m(p:l% a (():utI 10%,000 ppm).

An advantage of the chemical solutions described above is that
they can more effectively remove materials, such as platinum, that are otherwise
difficult to remove from the microelectronic substrate 110. It is believed that in
one aspect of this embodiment, the chloride ions can adsorb to the metal surface
and roughen the exposed surface of the conductive material, making the
conductive material easier to remove from the microelectronic substrate.

Another feature of the chemical solutions described above is that
they can define a material removal environment that has a wider range of pHs
than is typical for most conventional CMP operations. In fact, in one aspect of
this embodiment, the pH of the environment can have any value from about 1
up to about 14. When the chemical solutions are used to remove platinum, the
pH of the environment can be from about 1 to about 14, or, in a specific
embodiment, less than about 3 or greater than about 10. While the pH of liquid
typically used to planarize tungsten has a range from about 3 to about 4, the
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material. In any of these enbodi nents, the current anplitude can be varied
fromabout 1 anp to about 10 anps, dependi ng upon the desired oxidation and
27 WO 03/WOD38USRPCT/ US02/ 19495 renpval rate, and dependi ng@Cupsn2/idest ype of
material renoved fromthe mcroelectronic substrate 110. In a further

enbodi nment , 11qﬁi?ﬂelh adtardmicewish hasthef aéﬂé@t of 6 fniveation Shllhave @%HQE less
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m croel ectronic substrate 110. In either enbodi ment, the abrasive elenents
can include chroni um Figuss d@A-B weheratentlydellustrase | apphyingi thei fercgaing t he
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the material renoval nmedium and
invention. In one aspect of thlS embodlment the microelectronic substrate 1210

can include a substrate material 1215 having a recess 1212 in which the
semiconductor material 1211 is disposed. The substrate material can include a
borophosphate silicon glass (BPSG) or another substrate material. In one
embodiment, the semiconductor material 1211 can include polysilicon doped
with phosphorous or boron, and in other embodiments, the semiconductor
material 1211 can include other compositions. In any of these embodiments,
the semiconductor material 1211 can have a recessed surface 1214a directly
over the recess 1212. A portion of the semiconductor material 1211 can be
removed to form a flat surface 1214b (Figure 12b) by electrolytically oxidizing
the semiconductor material 1211 and removing the semiconductor material
1211 with chemical and/or mechanical forces, generally as described above.
Conventional techniques for removing doped polysilicon include
planarizing the polysilicon with a slurry having a pH of from about 10.5 to
about 11.5. The conventional slurry typically includes tetramethyl ammonium
hydroxide (TMAH) and a suspension of silicon dioxide abrasive particles. An
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material can be renoved fromthe mcroel ectronic substrate 110 as a result
of the electrolytic process and contact with the polishing pad 582. In yet
a furtherwerbodissent, the el ectrical -nmechani cal interacti @oT/u$eycndbed
above can be supplenmented with a chem cal interaction by exposing the
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advant age of the emca uti ons ove is t t hey can nore
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[ c(t) %

maki ng the easier to renove fromthe mcroelectronic
substrate. A further advantage of a method in accordance with an

embodiment of the invention is that the electrolytic fluid selected to remove the
semiconductor material 1211 from the microelectronic substrate 1210 can be
selected to have little or no chemical interaction with the substrate material
1215. Accordingly, for applications in which the semiconductor material 1211
is removed down to the level of the substrate material 1215, the removal
process can automatically stop (i.e., endpoint) when the substrate material 1215
is exposed. Accordingly, the process can eliminate other more cumbersome
and/or less accurate conventional endpointing techniques.

Figures 13A-C schematically illustrate methods for applying the
foregoing techniques and apparatuses to removing a first conductive material
1311 and a second conductive material 1317 from a microelectronic substrate
1310. The microelectronic substrate 1310 can include a substrate material 1315
having a dielectric portion 1316 (such as an oxide layer) with recesses 1312 or
other features formed in the dielectric portion 1316. The second conductive

material 1317 is disposed in the recesses 1312 and on the dielectric portion
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Anot her feature of the chem cal solutions described above is that they can
define a material renoval environnent that has a wi der range of pHs than

I s typi cawvofoeworsest conventi onal CMP operations. In fact, Pca/usnz19spect of
this enbodi ment, the pH of the environnent can have any val ue from about 1
up to abouty 0 | r e t oum
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m croel ectronic substrate 1210 can include a substrate material 1215
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The substra
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1211 can i nghpedirR@ity $hd c6MAentaB6A of the chloride ions can be used to control the

rate at which the first conductive material 1311 is removed. For example, the

peak removal rate can be achieved with a selected concentration of chloride
ions that depends upon the other constituents of the electrolytic fluid and the
composition of the first conductive material 1311. The material removal rate
can decrease with either an increase or a decrease in the concentration of
chloride ions from the selected concentration. In a further aspect of this
embodiment, an alcohol (such as isopropyl alcohol or acetone) can be added to
slow the rate of material removal, either in conjunction with, or in lieu of
controlling the concentration of chloride ions.

When the first conductive material 1311 includes copper, the
downforce applied to the first conductive material 1311 by the polishing pad
can vary from less than 1 psi to several psi. Furthermore, the material of the
electrode positioned at least proximate to the first conductive material 1311 can
include platinum or graphite, and the potential applied to the electrodes can
vary from about 1 volt to about 15 volts, depending upon the composition of the
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wi t h phosphorous or boron, and in other enbodi nents, the sem conduct or

material 1211 can include other conpositions. In any of these enbodi nents,
the sem cwodaoos81 mat eri al 1211 can have a recessed surfa®eTARLA®405 rect |y
over the recess 1212. A portion of the sem conductor material 1211 can be
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nvent on | Ctnan et B (A RIAGEC Splher] 3P RO ThbieSE i€

include BTA. In a further aspect of this embodiment, the electrodes positioned

et

proximate to the second conductive material 1317 can include graphite, and the
voltage applied to the electrodes can be approximately the same as the voltage
applied to the first conductive material 1311. Alternatively, the voltage applied
to the second conductive material 1317 can be different. In one embodiment,
the downforce applied to the second conductive material 1317 can be the same
as the downforce applied to the first conductive material 1311, and
alternatively, the downforce applied to the second conductive material 1317 can
be different than the downforce applied to the first conductive material 1311.

In a further aspect of this embodiment, the process for removing
the second conductive material 1317 can automatically stop when the polishing
pad engages the initially buried dielectric portion 1316. Accordingly, an
advantage of a method in accordance with an embodiment of the invention is
that terminating the process for removing the second conductive material 1317
can be simpler than conventional techniques because a step specifically directed

to endpointing is not required.
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sem conductor material 1211 fromthe mcroel ectronic substrate 1210 can be
selected to have little or no chemcal interaction with the substrate
mat eri al woO3s0158ccor di ngly, for applications in which theczarsozosguct or
material 1211 is renoved down to the | evel of the substrate material 1215,
the renoval process t L cal,l 1l dpainn . Pﬁ
substrate nmateri al 12%?%'[1?% fe%g%%%gga bﬁ‘?@%ﬁ%éf‘%ﬂ?‘ﬁ% proc%assemg)gﬁnga1 I'm nate
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techni ques. Figures 13A- scherraticgljly ilJustrate nethods for applying the
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material 13]] d i ' 5 Hom  Crogl ectronic
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d the dielectri ] 31 03/.00158.1 US02/ 19495 1316 (f

exarpt e, 1 ntsreoptahesh i pffmedie PEUES fORIRG e e e ri Rue g e '

mat eri al  134dwhordk TAASIRAON 1ddRr %ﬁ&%?ﬁn.c%%ﬁhéx" §d{?ﬁfti§‘%édﬁ| thhB Hife 1dvo%10ne

enbodi ment, the first conductive material 1311 can inc e copper and the
second conddewnimrceanayitd 1¢s3 lliketyrthan cdandentiomtl ad ownfareest &b ulmnmiger thee,

tungsten, tungsten nitride, titagnium titgniumnitride, titaniumsjlicon
nitride.  aMAGRLE BAEHAIN S andler wirichues TomRce i dhe SRR EREAl KLY | rst

and second _.G ' Di‘“ﬁﬁ 3l i r |Lions.
Ref erri ng ngl\(/\lvagy@%lg’rﬁlg%S{ er%]el' r@f"s %g%l%ﬁ&c@?};e% %#gﬁlg{lp%gil%&qgg@%e
removed dowwhiefl thBgubstvate mitetible 1313 gl adonddiddctec wahstanglfol 3tdmpkd, iy any
of the devices described above with reference to Figures 9-11. In one
aspect of t fielectie sanstant of {iga abewt .51 tptabout B.f.d Sush dnateriplsreppeinchuder i r st
conductive materi gl 1311 can include dilute H3PO4, or an organic acid, such
as ammoni uPr?ch.“Pr@E"ea: The electrolytic liquid can include chloride ions in

Figure 14A is a schematic circuit representation of some of the

components described above with reference to Figure 10. The circuit analogy
can also apply to any of the arrangements described above with reference to
Figures 3-13C. As shown schematically in Figure 14A, the current source 521
is coupled to the first electrode 520a and the second electrode 520b with leads
528a and 528b, respectively. The electrodes 520a and 520b are coupled to the
microelectronic substrate 110 with the electrolyte 531 in an arrangement that
can be represented schematically by two sets of parallel capacitors and resistors.
A third capacitor and resistor schematically indicates that the microelectronic
substrate 110 “floats” relative to ground or another potential.

In one aspect of an embodiment shown in Figure 14A, the current
source 521 can be coupled to an amplitude modulator 522 that modulates the
signal produced by the current source 521, as is shown i Figure 14B.
Accordingly, the current source 521 can generate a high-frequency wave 1404,
and the amplitude modulator 522 can superimpose a low-frequency wave 1402

on the high-frequency wave 1404. For example, the high-frequency wave 1404
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concentrations generally simlar to those described above. In one aspect of
this enbodi nent, the concentration of the chloride ions can be used to
control twe o3fexsel at which the first conductive material P8INSIY1INMeHOVed.
For exanple, the peak renoval rate can be achieved with a sel ected
concentrati ri ' e ghads 9 ot Hgﬁp Ji ts of
t he el ectro?{'/}% ?%CI§?%%déé§%g ?ﬁg&l{égﬁt&ggﬁ% on o Rt%eeE iFst B@f)an uct%\lht/lﬁeHeﬂp
materi al 133duard veaveedmrel@ie definedaby tiet low-tequeraryr wase 1402 h Baich hgikeaof
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sel ect ed cofftte P@RenCcyWave (A eram BRve A tlatively steepptss Eee slape 9 cohol
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1311 by t hefiganenay wgvpaldtOde o a gusvetlr ling, | assindierded byplightfseqeney avayssi .

Furt hernore e terial of the . electr ositioned east .proxi mat e
to the f1rot408h B pis® rafinditiensSRE RSy RBRton SR, Mohaan' aafie.
and the pot ﬁ%@h&icgamlvbemdzoc&ma%%&og@a@ c§ altpedding, T508xARAIE oh MRl t to
about 15 volts, dépending upon the conposition of th& 32 WO 03/001581

PCT/ US02/ 19paFicubiretiravteristics lof g dieladtee neatert 4leanidi elsetralptechdjadent torthieer i al
1311 includes copper. or another.elemeni, c Qu or mxture, the chem cal
i nt eracti oneﬁ%PFHH%)%@zQ:' %tChaE@ﬁﬁﬁS&cﬁﬁ thﬁﬁﬂﬁ? te ;{ggia‘& AT the:faneet tate &t chi ng
process, a ] ké}ﬂﬂ% g;gé% 8 e(‘sﬁg%ﬁtﬁgggprocess. Referring now

to Figure 13C, e second con u((): Ive naterla can be renoved down to
the level of the diel @af sdvanpietdfahisladdmgesicngis thret thedsigh fickqapney siguses
generally simlar to those described above. In one particular aspect of

this enbodi fhtrapgnitithe sequited dectbinal ensgm iomy hareleetrpdas S2021and Helhutoes
i

materi " 1307 BiFOMEBih wbrtbE HlARERR RN AR GO o Spr,.

can more effectively promote the electrochemical reaction between the

)

electrolyte 531 and the conductive layer 111 of the microelectronic substrate
110. Accordingly, any of the embodiments described above with reference to
Figures 3-13C can include an amplitude modulator in addition to a current
source.

From the foregoing, it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the
spirit and scope of the invention. For example, some or all of the techniques
described above in the context of a web-format apparatus (such as the one
shown in Figure 9) can be applied was well to a rotary apparatus (such as the
one shown in Figure 11) and vice versa. Accordingly, the invention is not

limited except as by the appended claims.

35



phosphoric acid, or any organic or inorganic acid. In a further aspect of
this enbodinment, the electrolytic fluid can include a corrosion inhibitor
to i nhi biwo 0s00r58s5i on of the exposed first conductive nat@craiSoy®uds For
exanple, when the first conductive material 1311 includes copper, the
corrosion inhibitor can include BTA. In a further aspect of this

enbodi nent, the el ectrodes positioned proximte to the second conductive
material 1317 can include graphite, o0BAIMS voltage applied to the

el ectrodes can be approxinmately the sane as the voltage applied to the
first conductive material 1311. Alternatively, the voltage applied to the
second conductive material 1317 can be different. In one enbodi nent, the
downforce applied to the second conductive material 1317 can be the sane

as the downforce applijed t@ hipehdd £ reBRNANE ihaterialef6fl Alfads ddsfaddf a
alternatively, the downforce applied to the second conductive material 1317

can be di f fecrealectdoaic $ubstrdteybmpeisingppl i ed to the first conductive

material 1311. In a further gspect his e i_menq. , rocess f

removing the second EOFRELE ?hﬁgmﬂgpgfefﬁpmfﬁ@?@% g@&rﬁa‘ﬁﬁ@ﬁ?& §C)“r§at°8p° en

the polishi Q%oliﬁlﬁﬂgsﬁﬂages the initially buried dielectric portion 1316.
adva

Accordingly, "an ntage of a nethod in accordance with an enbodi nent of
the invention is thatlecticallyatdupdingteecondistive materiakeobthiengicrhelestronied

ducti terial 1317 b i.ml t . i
Potance o stuistatnto T Sam B et porehian by poRAonER st il Y 55 o
03/001581 P f i ith
Eiyc{fﬁg&fi #g%%ﬁnat@‘ngd h&iq b@g&%m}ﬁ FrdiRt iRd fade cdapgeqmu th an

enbodi ment o ention descri s that the downforce applied
to the ni crbedoekictronic sshatsite ahd digiBinghah eledimlytic ftuid detwedn dee fzdeer i al

the  donnf or SEEACea MEcelath dRs WG aFR Rssafuriagp io SEREComAty e GObSERDE
cecond condtigtisseSt B polifting BRa” v bOUYc“Bptdo i ' AL DGO ation
feature is Wit edcheotheipaidtheslepplytinguide
oxidizing at least a portion of the conductive material by passing
an electrical current through the conductive material from the source of
electrical potential; and
removing the portion of the conductive material from the
microelectronic substrate by moving at least one of the microelectronic

substrate and the polishing pad relative to the other.

2. The method of claim 1, further comprising facing both the
first and second electrodes toward the face surface of the microelectronic
substrate, with one of the electrodes defining an anode and the other electrode

defining a cathode.
3. The method of claim 1 wherein passing an electrical

current through the conductive material includes passing an electrical current at

a potential of up to at least about 100 volts.
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downforce can have a longer life span. A further advantage is that the

| oner downforce may be |l ess likely than conventi onal downforces to damage
t he subswpatmoysat erial 1315 and/or structures forned in Peg/tsobsupht e
material 1315 prior to applying the dowmnforce. This feature may be

particul arly advant aggous Thbemetihel fbskhimt ¢ wiieesinabaskdid dmaslecttiont
dielectric constant, for exanple, a dielectric constant of fromabout 1.5

to about 3.currGudhclwdes passing & snrentcofifdem aheubdamp fq thout A0wmRs. 14A is a
schematic circuit representation of sone of the conponents described above
with reference to Figure 10. The circuit analogy can also apply to any of

the arrangenents descki bedTARQHEMLBHIIT d18ine e FaRh&O compfisin@Scoltrbifing AR Shown
schematically in Figure 14A the current source 521 1Is coupled to the

first el ectoxidatib®Gateanfl thdheosdudive wmaterial byecaroilling tdharastaitstics 2gathand
528b, respectively. The el ect rtﬁfleshSﬁOa and 520b ar.e coupled to the
m cr oel ect r BleFEICE] GueR RAssE thyqugh the candugtivg mteridk1 i n an arr angement

that can be represented schematically by two sets of parallel capacitors
and resistors. A third capacitor and resistor schematically indicates that
the microel ectronic 6ubst Tatendthod"dfl clains "1, rfetther vempasmgocomtradlingramt her

potential. In one aspect of an enbodi nent , shown in Ejgure 14A the current
source 521 @maaenctﬁyf‘p@dﬂ%caagwei R a0 Y| Gangholline &théﬁstnﬁam &s the

signal prod t r . u 2 i ! 4
Accor di ngl yﬂgﬁﬁ%&&uraggn souﬁ%%ﬁgzgffgtgg %18%%&3{:0 a ﬁl g%dsglrn §q%§§ﬁv\g{/€e
1404, and thedwtiRkihatddalnodul ator 522 can superinpose a | owfrequency wave

1402 on the high-frequency wave 1404. For exanple, the high-frequency wave
1404 34 WO 03/001581 PCT/ US02/ 19495 can include a series of positive or

negati ve vol tage spi kegs conriain i thin a are wave. envel.ope def i,ned by

the | ow frequency wave' 140Z. eéﬁ%ﬁoﬁnﬁ)&@a% L, ﬁlﬁﬁ‘eﬁﬁgwpwgﬁ%ﬁ@gmwﬁm

can have a pehRt éorRluctivt SRRefinBRoil R Iﬁic@@@eé@omlé rsfﬁB|§lf|°reﬁé b RdlARg lahflewah the
a

dielectric to the electrolyte, and a nore gradua
of electrical current through the conductive material.

8. The method of claim 1, further comprising:

selecting the electrolytic fluid to have no discrete abrasive
elements; and

selecting the polishing pad to have no discrete abrasive elements.

0. The method of claim 1, further comprising selecting the
electrolytic fluid to include chloride ions having a concentration of from about

50 ppm to about 5,000 ppm.
10.  The method of claim 1, further comprising selecting the

polishing pad to include a plurality of abrasive elements fixedly attached to the
polishing pad at least proximate to the polishing surface.

37



time slope. The fall tinme slope can define a straight line, as indicated by
hi gh- frequency wave 1404, or a curved |line, as indicated by high-frequency
wave 140we@.03b0mset her enbodi nents, the high-frequency wav@CIAGM2/sn305 t he

| ow- frequency wave 1402 can have ot her shapes dependi ng, for exanple, on
the particular charagieri $htohembd! R ol Befitirempiishg anthctingctico! vt e
adj acent to the electrodes 420, the characteristics of the substrate 110,
and/ or the tlacgelyticfluidde inelnie b phenality of suspendedebragive ¢lementym t he
substrate 110. An advantage of this arrangenent is that the high frequency
signal can transmt the required electrical energy fromthe el ectrodes
520a and 520b to thejpi cr pakaabimemal 6f Slbnt 1 afgthelOcofiidifie t REedtRY the
frequency superinposed signal can nore effectively pronoté the

el ect r ochent@mductisaahateriabtet mekedetaheetadl ect rol yt e 531 and t he conductive

| ayer 111 of the mcroelectronic substrate 110. Accordingly, any of the
enbodi-nents descri bed above with reference to Figures 3-13C can include an
anpl i tude nodul at or i Ryaddip, a &NY ARPIC . t i ng,
it wll be appreciat eg?’t ha@bgﬂfﬂ%&gﬁfgygg ?’i c e%b‘gocﬂlﬁlé%{g %?ec{h&fgeﬂ{é'

i nvention hexelueeied masrnl hedchrlceitricistroneuiphodamof iridihy goidaplatinumar i ous
nodi fi cati ons may be nade w thout deviating fromthe spirit and scope of

t he i nvent i eeppeEotantalumy fEngstndiitagium.of t he t echni ques described above
in the context of a web-format apparatus (such as the one shown in Figure
9) can be applied was well to a rotary apparatus (such as the one shown in
Figure 11) and vice vepsa. TheC@efioddby cldife 1 nﬁl@ﬂh%t%mdﬁmﬂ% di%pdﬁﬁﬁgca
except as by the appended clains. 35 WO 03/ 001581 PCT/ US02/ 19495 Al M5 1.
A net hod f oliquidnibeiweenreher cenductiven mateamd snd fthe epolishing nswiavsl oft theni ¢

bstrate, mr.i si ng: i h 1 |l ect j t i $,h
substrate, comel sLaq: oSORRG bl Ming 1054 S5 DSBS, RSO KisB,
MgSO4, and H3PO4.

15.  The method of claim 1 wherein removing material from the
microelectronic substrate includes removing the material anisotropically in a

direction generally transverse to the polishing surface of the polishing pad.

16. The method of claim 1 wherein the conductive material
includes a conductive material disposed adjacent to a barrier layer of the
microelectronic substrate, and wherein the method further comprises:

engaging the microelectronic substrate with the polishing surface
of the polishing pad after removing at least a portion of the conductive material;

electrically coupling the barrier layer to the source of electrical
potential,

oxidizing at least a portion of the barrier layer by passing an
electrical current through the barrier layer from the source of electrical

potential; and
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a polishing pad; electrically coupling a conductive material of the

m croel ectronic substrate to a source of electrical potential by

posi ti oniwg oBioos81 and second el ectrodes proxi mate to andPspaseriapart from
the face surface of the mcroelectronic substrate and di sposing an
electrolytic fluid betygeMink"%: fRGE a5 WohBEE @pdﬂlgh%aﬁli&ctlé};ge%(ﬁﬁi kg the
face surface is engaged wwth the polishing surface of the “polishing pad,
with both thecrekkctronie ssubstrafeuiby ooowimgi atatleast oné t &f dhe hmitroelecandid he

el ectrolytic fl uid; idizing at least a portion of the conductive materi al
by passi ng S‘&h““@#eé‘?‘?ﬁ@apéb@g‘%mdfﬁﬁ%mﬁ? tﬁBlﬁé)ﬂ@:‘?fnducti ve material fromthe
source of electrical potential; and renoving the portion of the conductive
material fromthe mcroelectronic substrate by noving at | east one of the

m croel ectroni ¢ subsfrat e ThedmktiRdPef ickiNg, m%éxeb@ﬁh' iﬁﬁn@%dﬂiﬁ)lﬁﬁ . 2.
e

The nethod of claim1, further conprising facing bot first and second

el ectrodes tatowaatd witeh f matersalr fsacemoved Heomi theoehimregloctranic ssihstnate dhy wi t h
one of the electr.odes defini a node .and. t he ot her el ectyode defining a
cat hode. 3. SO} gﬁo%PIEFnEPﬁ&W?CﬁJﬁé%&lﬂnws r?ge%??l%ﬁl%—ﬁlp} -cal current

t hrough the conductive material includes passing an electrical current at

a potential of up to at |east about 100 volts. 36 WO 03/001581

PCT/ US02/ 19495 4. Thd8net Atd mktinidabfnclaimhéy darnhgassmpgsiag edmeailling al

current includes passjng a current of fromahout 1 anp to .about 10 anps. 5.
The net hod e cqltai"%il?cl} qudrlscé‘?mw fgomo s gricreriectronis xsehsitatn hat e of

t he conduct Wﬁ&?ﬁ%‘ gdqgc}]nc?ﬁtrﬁﬁgﬁ ég(%‘i[(:!()ﬂglﬁl E%?éﬁ%roilgt_&é ﬁﬁid?f the electrical

current pasSing e con I've materia e method of claim1,
further conprising controlling an

19. The method of claim 1, further comprising selecting the

conductive material to include a semiconductor material.

20.  The method of claim 19, further comprising selecting the

conductive material to include polysilicon.

21.  The method of claim 19, further comprising selecting the

conductive material to include polysilicon doped with phosphorous or boron.

22. A method for removing a conductive material from a
microelectronic substrate, comprising:

engaging a face surface of the microelectronic substrate with a
polishing surface of a polishing pad,;

disposing a liquid adjacent to the polishing surface of the
polishing pad, the liquid including at least one of (NH4),SO4, KySO,4, HySOs,
MgSO,, H3PO,, and ammonium citrate;

electrically coupling the conductive material to a source of

electrical potential; and

39



oxidation rate of the conductive material by controlling at | east one of a
frequency and an anplitude of the electrical current passing through the
conduct i weormmawersBal . 7. The nmethod of claim 1, further compmitson4bal ting
removal of the conductive material fromthe mcroel ectronic substrate by

haiting a flow of e SRNAC3: RU 8Ab SNIR UG RORAHHCHINEA IR HRN! Bl

The nmethod of claiml, her  conprisin ectin ytic f|UId

to have no gokshieg padhreksiveeo thb&ﬂfhﬂt Whllarﬂie @ehehmgr@arfabe mcehg@gudn@mhad to
have no di screte abrasive elenents. 9. The net hﬁd of cI aim1, further

conpri si ng thel maeroglectienic sybsiateols remoye mateniy) fram theefack wifase ofothe
havi ng a Cofngﬁ?f%te%%rtfpﬂﬁtﬁ.{esya%m about 50 ppmto about 5,000 ppm 10. The

met hod of c rcofmprising selecting the polishing pad to
include a plurality of abrasive elenments fixedly attached to the polishing
pad at | east proximate to the polishing surface. 37 WO 03/001581

PCT/ US02/ 19495 11. TBE8. neﬂhadnﬂhodbﬁcbmn22tﬁuﬂmncmmmmmnglng selectlng t he

lectrolytic fluid t | ud | i t ded. abr t
T2°"The et hod of cf aPiidoriigs SEet st et SORCTRER BBHE Tl e (e
material tOogi e Uge e E‘Pﬁ%ﬁle—lech%ch @ﬁ‘bé@&é‘%ﬂg% Al be%mlﬁﬂéétﬂ)ﬁr ”er' sing

sel ecting t% conductive material to 1nclude at |east one of ium
iridium goliquidphadi num copper, tantal um tungsten and ti tanl um 14. The

met hod of claim11, further co risin %flu n%g liquid betﬁenthe
conductive rmaterial afeURIHE gb whmg cgpdgsnto apwurehphglessecal; he
1 qui d i ncl ydingaPlyith®aiRd oPﬁfe atec&&liéﬂs) @%ng Ha Hidde Kddie othERthiAR Y

H3P04.
cathode.

24.  The method of claim 22, further comprising selecting the
liquid to include chloride ions having a concentration of from about 50 ppm to
about 5,000 ppm and disposing the liquid between the polishing surface of the

polishing pad and the surface of the microelectronic substrate.

25.  The method of claim 22, further comprising selecting the

liquid and the polishing pad to have no discrete abrasive elements.

26.  The method of claim 22, further comprising selecting the
liquid adjacent to the pdlishing surface of the polishing pad to include
(NH,4),SO, having a concentration of from about 1M to about 5.5M.

27.  The method of claim 22, further comprising selecting the

liquid adjacent to the polishing surface of the polishing pad to include H,SO,

having a concentration of up to about 0.5M.
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15. The method of claim 1l wherein renoving material fromthe

m croel ectroni c substrate includes renoving the material anisotropically in
a directwon3gerseral ly transverse to the polishing surfacecefusohe4pdl i shing
pad. 16. The method of claim 1l wherein the conductive material includes a

conductive material dpgposqUeafithoersf ¢laing Raifniteer b@nﬁﬁsiﬁg ddirolling a
m croel ectroni c substrate, and wherein the nmethod further conprises:

engagi ng t hpHnefcamendranmentadagsst fathe wanductive mpdstial Hp g Somf ahoat 100 t he
polishing pad after . .removing.at.|east a,porntikon 0of the,conductive terial;
el ectrical l ?fb(&%u%ﬁvrbﬁnﬁﬁ‘é cﬁgfl}l‘?tb‘fe Mﬁﬁé’ﬁl Fti%d’tl?il%s B% i (S?SS::}EI@I&[&:I)PBBEBOI‘
potential; gfea%r%aﬂ aout 28%heR tROEIAARLE hBRriRIAdIRdes ﬁal’l%éteﬁ%’ aR@edsng an
el ectrical current through the barrier layer fromthe source of electrical
potenti al ; thad AU a8/ Heaes thBCRbOSD S/ whéf She reomouchige anatbrals incaugasr t i on
of the barrier layer fromthe mcroel ectronic substrate by noving at | east
one of the F9RIBel ectronic substrate and the polishing pad relative to the
other. 17. The nmethod of claim 1, further conprising controlling a rate at
which material is renoved fromthe m croel ectronic substrate by

control ling a concentpgti oThefmethodrafdelaim 2, ifarthése cemprikingl selléating thed. 18.
The nmethod of claiml, further conprising controlling a rate_at which

mat eri al i scondulivg materink olethgimicergledtonss sebséiats to mekudsya metabt r ol 1 i ng a
concentration of alcohol in the electrolytic fluid. 19. The nmethod of claim
1, further conprising selecting the conductive material to include a

seni conduct or mat eri abg, 20 ThhaetiBsHclafm ARifRthes chmptibai &8GRI
selecting the conductive material to include polysilicon. 21. The net hod

of cl ai m 19¢ondnctivermateripk ¢fsthagniseredeatiange swlestrate to include platinum.

31. The method of claim 22, further comprising selecting the
conductive material of the microelectronic substrate to include a doped

semiconductor material.

32.  The method of claim 22 wherein removing material from
the microelectronic substrate includes removing the material anisotropically in a

direction generally transverse to the surface of the microelectronic substrate.

33. A method for removing platinum from a face surface of a
microelectronic substrate, comprising:

engaging a platinum portion of the face surface of the
microelectronic substrate with a polishing surface of a polishing pad;

applying an electrical current to the platinum portion by
positioning first and second electrodes proximate to and spaced apart from the
face surface and disposing an electrolytic fluid between the face surface and the
electrodes while the microelectronic substrate is engaged with the polishing
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conductive material to include polysilicon doped with phosphorous or boron.
22. A method for renoving a conductive material froma mcroelectronic
subst r at ewo®eprsBsi ng: engagi ng a face surface of the m croglusor/1an c
substrate with a polishing surface of a polishing pad; disposing a |liquid
adj acent 't OP&@,&VRR o tHtdels bbb datinHuil wmiBahicatibi viftpthe élB@trél@é ifFhid;

i ncluding at l'east one of (NH4)2SO4, K2S04, H2S04, MWMySHM, H3POD4, and
ammoni um ci andit e; el ectrically coupling the conductive material to a source

f | tri | tential ; d 39 WO 03/0Q1581 PCT/US02/ 19495 i t
Ceast one of t he. i cr 8O1BEOPIAIY rEAEET Som B B Pl Ry PRHP BV 1 ve
to the ot hef Wil @eldterdd® sabéthle g&évfnmn Saltel'%ﬂ?r%ﬂ?]"&ftﬂle ﬁﬁ'@rrolglectrog%c e

m croel ectroni c substrate to reno matertal fromthe face surface
m cr oel ect r puthstraseand rthe eoliRRing Tiveel redativedtoothec bthiemvdfi]le ther mheroeleepnicsi ng:

positioning first and second. el ectrqdes spaged apart fromthe face . surface
of the ni crodIEe ohFREagd It BeaplIShing Paf Adowhilei DAY DA e dloetieal
liquid; and i e Rﬂﬁ of the electrodes to a source of

el ectrical c%%?@#?ﬂgF%kﬁbﬁgghg of ‘the el ectrodes defining an anode and the
ot her defining a cathode. 24. The nmethod of claim 22, further conprising
selecting the liquid to include chloride ions having a concentration of
from about 50 ppm to 3é&bouflhs mébodwihctanr 37, fpabencomprsinggui d bet ween t he
pol i shing surface of the ..poljshi .and .th rface of the .

ni croel ectronic substF%ngﬁégieTﬁggﬂﬁﬁﬁgﬁqﬁpdcﬁﬁi ‘?2P°fdﬁ%ﬁ@F EBHASHYS i ng
sel ecting tBRmdntUind and the polishing pad to have no discrete abrasive
el ement s.

selecting the polishing pad to have no discrete abrasive elements.

35.  The method of claim 33, further comprising selecting the
electrolytic fluid to include chloride ions having a concentration of from about

50 ppm to about 5,000 ppm.

36. The method of claim 33 wherein applying an electrical
current to the platinum portion includes applying an electrical current at a

potential of up to at least about 100 volts.

37. The method of claim 33 wherein applying an electrical
current includes applying an electrical current of from about 1 amp to about 10

amps.
38.  The method of claim 33, further comprising controlling an

oxidation rate of the platinum portion by controlling characteristics of the
electrical current applied to the platinum portion.
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26. The nmethod of claim 22, further conprising selecting the |liquid

adj acent to the polishing surface of the polishing pad to include

(NH4) 2SsOawbamsioogsa concentrati on of from about 1M to aboutrCHF/UBM/ARTS The
met hod of claim 22, further conprising selecting the liquid adjacent to
the polishing surface30f t%ep@bﬂmldfgcmamspﬁhﬂfér%%ﬁ coRRYIIRAG &
concentration of up to about 0.5M 40 WO 03/001581 PCT/ US02/ 19495 ~28. The
met hod of cbaidati2f, rafeuof therplatimpnimirtign by reontiollingyatalepst @fe afha Erequemsyrent
adj acent to the conductive nmaterial.to be fr bgut 1.to abqut 14 when

t he conduct %@ aﬁé’f‘&ﬂ&'&‘a@ Pﬁﬁ%ﬂ@%ﬁlﬁ%&mﬁ appﬁgé?q ﬁ?fnplﬁ%ﬁlf“ BOTHPN. gr eat er

t han about 4 when the conductive material includes tungsten, and | ess than
about 6 or greater than about 8 when the conductive material includes
copper. 29. The met hodOof @A amethtd four tdmeoviagmpondudtiyes ehgetinhofrbtve a

conductive material of the mcroelectronic substrate to include a netal.
30. The et HBEIQSICCAIOMGFBBStrale, CORMISS pri si ng sel ecting the conductive
materi al of the m croel,ect; i t : . i

met hod of claim 22, fﬁ%l?%%%g %%?#Q?%‘%s‘gf‘feegﬁa? ?Sk‘?kﬂﬁngﬂé’%%é&@‘é%%}b%ﬁgﬁf i al

of the m cr edites pobishiagsutfate af e polishinglpade a doped seni conduct or
material. 32. The nethod . of claim 22 wherein renoving naterial from_ the
mi croel ectroni ¢ subst MEDE @t leask onenplithy mu@oplgcEpnigl substets rand &e 1y in

Substrate. B9HSREBEODAL FolBRRY B ohe Bilop CRHE | B lrddlEerBuf Ml SlEbesy .
ni croel ect r eiggsedUREhr ik Golihig pad Hd wanlagipiging apbﬁtyiiﬂgl Blefidal @rreht t he

face surface of the microelectronic substrate wth a polishing surface of
a pol i shi ngtpth condwclivegaterial aadri cal current to the platinum portion by

controlling a pH of an environment adjacent to the conductive

material to be from about 1 to aboutl4 when the conductive material includes
platinum, less than about 3 or greater than about 4 when the conductive material
includes tungsten, and less than about 6 or greater than about 8 when the

conductive material includes copper.

41.  The method of claim 40 wherein the conductive material is
disposed on a face surface of the microelectronic substrate, and wherein
applying an electrical current to the conductive material includes positioning
first and second electrodes facing toward the face surface, with one of the
electrodes defining an anode and the other electrode defining a cathode, and
disposing an electrolytic fluid between the face surface and the first and second

electrodes.
42.  The method of claim 40 wherein removing the conductive

material includes anisotropically removing at least part of the conductive

material.
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positioning first and second el ectrodes proximte to and spaced apart from
the face surface and disposing an electrolytic fluid between the face
surface awo oslelssel ectrodes while the mcroel ectroni c subgrcraise2imengaged
with the polishing 41 WO 03/001581 PCT/ US02/ 19495 pad, with both the

el ectrodes in fluid casmuntkatmethodd dthclaivg 20 eehérelny tapplyfihglifh eleriitcal

ani sotropically renoving at | east part of the platinumportion from the

ni cr oel ect r@urant sinighadest POHIORING rfgs‘ratandea@xondnéle@trodm prosmaate et rthai ¢

b dth | i.shi . pad. | at i |
i ot ol cot romdutyf BArPENE 4 BRERE Lol il RN e ke he tecliRdes and e
appl yi ng t hfie&loR@htfivinat&idll id chaplifne i ﬁﬁie@%ﬁéfeicﬁﬁde?&-a Sdtkc atfhod of

claim 33, further conprising: selecting the electrolytic fluid to ve no
di scret e alnlestiival petentiainvath thedfise hed secund ¢lectpoddssini fig dpadnmonitatien no

di screte abrasive elenents. ..35. The nmethod of claim 33, further conprising
sel ecting t‘ﬁl{ﬁﬂé? @@F‘Igf iﬂ“’fil uid to include chloride ions having a

concentration of fromabout 50 ppmto about 5,000 ppm 36. The method of
claim 33 wherein applying an electrical current to the platinum portion
i ncl udes appl yi ng an 44.ect The ahethod érdaiat 40, findhearndomprisihg wplectingttht east

about 100 vaqlts. 37._ The nethod of claim 33 erein applying an electrical
current i ncleceelytipdiyidnty melade gt deash ongupt gﬁﬂt&SQ% J%gﬁb@a\ﬂgﬁoanﬁn@o

about 10 aﬁ?@ 38. The nethod of claim 33, further conprising controlling
an oxidati'oh rdate of the platinumportion by controlling characteristics
of the electrical current applied to the platinum portion. 42

45.  The method of claim 40, further comprising selecting the
electrolytic fluid and the polishing pad to have no discrete abrasive elements.

46.  The method of claim 40, further comprising selecting the
electrolytic fluid to include chloride ions having a concentration of from about

50 ppm to about 5,000 ppm.

47. A method for removing conductive material from a face
surface of a microelectronic substrate, the conductive material being capable of
oxidizing at a first rate when exposed to an oxidizing chemical agent, the
method comprising:

oxidizing the conductive material of the microelectronic substrate
at a second rate greater rate than the first rate by applying an electrical current
to the conductive material to form an oxidized material, wherein the conductive
material is positioned on a face surface of the microelectronic substrate, and
wherein applying the electrical current to the conductive material includes
positioning first and second electrodes spaced apart from the face surface and

disposing an electrolytic fluid between the face surface and the first and second
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WO 03/ 001581 PCT/ US02/ 19495 39. The nethod of claim 33, further conprising
controlling an oxidation rate of the platinumportion by controlling at

| east onewofosmofssequency and an anplitude of the el ectri ealr/usoz/ien
applied to the platinum portion. 40. A nethod for renoving conductive

mater i al 1 ffhdel] FiMAY R Ll ioties YPAIAL SinnfiHtioh With SR BHIER Antiftfic

conductive nateri al m croel ectroni c substrate pol1'shi ng
surface of deqoilyshiflngd;zad;, noving at | east one of the mcroelectronic
substrate and the poli,?hi ng, pad elgéive to the other while the

mi croel ectroni ¢ substWhte applylag dhg etecfical qureentdpi ta; sapdysave mepterial, e

appl ying a ryi I i T to: 4 he ti ri.af ., .and
controlli nge\ﬁga%fﬂggqlgalﬁfctééé}lg?%%% n‘{u g%?tgc‘glrﬁ r%‘t 88]?%21‘{% g‘r%%%gl%%g bgiﬁ $al to
be from abgiid dnd Mokt TAstbign of g AROBERCIrsRIAIRERA and HetfsBshing

plati num I'ess than about 3 or greater than about 4 when the conductive
materi al  ipadirelativettans other taremoesthetaxadizadmatedalor great er than about 8
when the conductive material includes copper. 41. The nethod of claim40
wherein the conductive material is disposed on a face surface of the

m cr oel ectroni c substjate, WS 6t Plai )H'nfqg AN t to
t he conductive mater i%' i nrl(;%glees po§¥ ?llagﬁpﬁﬂg |?§§b1§h§§ggccgﬁgogwe%?$odes
faci ng t owarxddatien fate eofSthief emrluctive natadaloby tdoatrollirgr thadeteriddéd of e an
anode and the other el ectrqode defining a cathode, and disposing an

el ect r ol yt ideqtrigalruseaniparsng dupygh thseiustivpmateraali  r st and second

el ectrodes. 42. The nethod of claim40 wherein renoving the conductive

mat erial includes anisotropically renoving at |east part of the conductive

material. 43 WO 03/ 0kp81 Pel itk dP4R8m 47, further comprising controlling an
oxidation rate of the conductive material by controlling at least one of a
frequency and an amplitude of the electrical current passing through the

conductive material.

50. The method of claim 47, further comprising halting
removal of material from the microelectronic substrate by halting a flow of

electrical current through the conductive material.

51.  The method of claim 47, further comprising:
selecting the electrolytic fluid to have no discrete abrasive
elements; and

selecting the polishing pad to have no discrete abrasive elements.
52.  The method of claim 47, further comprising selecting the

electrolytic fluid to include chloride ions at a concentration of from about 50

ppm to about 5,000 ppm.
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43. The nethod of claim40 wherein applying an electrical current includes
positioning first and second el ectrodes proximate to the conductive

mat eri al ,woiosparssng an el ectrolytic fluid between the el eetmatesiapd the
conductive material, and coupling the at | east one electrode to a source of

electrical potential, SWthT%Q%Eﬂfoﬁto@BHuﬁ%Prﬂrtﬁleﬁ%ﬁfiﬁEmg ga(é;@%wo

communi cation wth the el ectrolytic fluid. 44. The method ©o
furt her conpolishing prdltednclngde ahpluradity of mbtasivecelemeints finedlycittadkedito teast

one of (NH4)2 SHA, and P04.. 45. The nethod of claim 40,
further conﬁP‘S&ﬂ%% |a§!;quﬁgrq>q1,@ateetp£§pah§lppg Sf’#gf’%l and the polishing pad
to have no discrete abrasive elements. 46. The nethod of claim40, further

conprising selecting the electrolytic fluid to include chloride ions having
a concentration of frém abQlie mbthodpaf thairabtltfubthed Gomprising/ seléctivgt dad f or
removi ng conductjve paterial, froma face_ surface of a m. croelectronic
substrate, tlsstrebinidaidie inelude aalurdity gf suspepred abrasbiRicdePERE. at a fir st
rate when exposed to an oxidi zing chem cal agent, the nethod conprising:
oxi di zing the conductive material of the mcroelectronic substrate at a

second rate greater rgse ! IThe ib@ol 65 blatidl 47, breheplosipaisiiy steoig o

current to the conductive material to forman oxidi zed material, mhereln
t he conduct cerductiveanatgtial to ipeBideicomethlon a face surface of the

m croel ectronic substrate, and wherein applying the electrical current to
the conductive material includes positioning first and second el ectrodes

spaced apart fromthestsacemr&eﬁﬁ)da@pclaﬁhwpme%oﬁi\%ﬁgfgka& 1§'tlwd

bet ween the face surface and the first and sécond 44 00158
PCT/ US02/ 1946adwtivetmatdeis] tonnchideat $ensicenduasdiematariall ui d conmmuni cation with
each other and the electrolytic fluid; and

57. The method of claim 47, further comprising selecting the

conductive material to include a noble metal.

58. A method for removing material from a face surface of a
microelectronic substrate, comprising:

engaging the microelectronic substrate with a polishing surface of
a polishing pad;

electrically coupling a noble metal material of the microelectronic
substrate to a source of electrical potential,

oxidizing at least a portion of the conductive material with an
electrical current passing through the conductive material from the source of
electrical potential by positioning first and second electrodes spaced apart from
the face surface and disposing an electrolytic fluid between the face surface and
the electrodes, with both the electrodes in fluid communication with each other

and the electrolytic fluid; and
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whil e applying the electrical current to the conductive material, engaging
the mcroel ectronic substrate with a polishing surface of a polishing pad
and novi goaB/obsast one of the mcroel ectroni c substrate @od/ushz19ed i shi ng
pad relative to the other to renove the oxidized material. 48. The nethod

of claim47, further | Si c rallien n i i e.of the
conductive materi al b)%&ggﬁpéolqﬁ? né%‘r?glr é)gt gﬁas%qn?sﬁcg?étﬁ{e&té’r eglioln? cﬂfe .
current passiif@elddt@ned JubstraRnNByCmoangodteléat - odd. ofl e NBiKiOEleRroflRi M
47, further conpri si n%@control ling an oxidation rate of the conductive

mat eri al bysuhsttatoand the pelishezgpadridatsre to theodlggrency and an anplitude of
the electrical current passing through the conductive material. 50. The
met hod of claima47, further conprising halting renoval of material from

through ¢ he. conducti ve et ey careoy o4 Pl 8 Michr cBBASHL Rl B
conpri si ng: nfedoeldcironid hebsaltctoriabhideplitiniig. t o have no di sé:rete abr asi ve

el enents; and selecting the polishing pad to have no discrete abrasive
el ements. 52. The nethod of claim47, further conprising selecting the

Sbout 20" ppm to about0s. 000 i fiu i i S SORER B Sluile B
met hod of chiérefebironit Sitekracs) wphipsisiig: sel ecting the polishing pad to
include a plurality of abrasive el egfnts fixedly at ttﬁChEd to the polishing

pad at |east proxi mat 8n8eEHH G BIFIORIcqE OB THhstrateswithprpolisbing srdacecotai m
ol Ural 1ty of EOISHERIEEH 2br asi ve el ements. 55, The method of ol aim 47
further conprising sebggdih@@nt Electrical current through a platinum material of the
microelectronic substrate by positioning first and second electrodes spaced
apart from the face surface and disposing an electrolytic fluid between the face
surface and the electrodes, with both the electrodes in fluid communication with
the electrolytic fluid;
oxidizing at least a portion of the platinum material by passing an
electrical current through the platinum material from the source of electrical
potential; and
removing the portion of the platinum material from the
microelectronic substrate by moving at least one of the microelectronic

substrate and the polishing pad relative to the other.

61. The method of claim 60, further comprising controlling an
oxidation rate of the conductive material by controlling characteristics of the

electrical current passing through the conductive material.
62. The method of claim 60, further comprising halting

removal of material from the microelectronic substrate by halting a flow of

electrical current through the conductive material.
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conductive material to include a netal. 56. The nethod of claim47, further
conprising selecting the conductive material to include a sem conductor
mat er i al .wbB03/0T1381 net hod of claim 47, further conprising Perasn/mygIs he
conductive material to include a noble netal. 58. A net hod for renovi ng

material froma face gyrfaqgeqf ﬁod%'f%[a%ﬂﬁ? %: conpri si ng:
a poli

engagi ng the mcroel ectronic su strate wt rface of a
pol i shing pad; el ectriselattiyg cthepklactrolyticofled ni diaw:amr |da$cretb tbeasive
m croel ectronic substrate to a source of electrical potential; oxidizing
at |east a PEPEH the conductive material with an electrical current

[ th h th I I
D ontT by Cont ge@%?ﬁﬁa@%ﬁmﬁnd e ectro‘gleb![reft:éﬂa}%lS gea&{l&*tga t he

potential by positioning S'S ace r'om
face surface and di sposing an electrolytic fluid between t he face surface
and the electrodes, with both the electrodes in fluid comunication with

each other and the ebéct ralhytm@ﬂmdmfdc agn oY durben gpwouSBE Fedmting0the1 9495
renoving th i,0Nn~0f e.materi.al fromt eIec roni c
Subot rate. boiehBoME aHa LBeRERAHHIE IR Bhil o dorh i LB 8GR ¢ e
pol i shi ng pggrpbg{ﬁ;hy(ﬁlttgno@mp p@t her. 59. The nethod of claim58, further

conprising sefecting the  mtcroelectronic substrate to include platinum
60. A nmethod for renovi ng material froma face surface of a

m croel ectronic substr si.n i t he croe] ectr nlc

substrate with a pol i § | ng @Gr}?‘ﬁ%‘@dé& CIQH’S%%l WHF & ,mif‘jg’si:?l‘&’ Hig the

electrical gofdqifiivetaRHANt PR kOt BRERIChPoRhtihMcludes positioning the
first and second electrodes facing toward the face surface of the microelectronic

substrate.

66.  The method of claim 60, further comprising selecting the
electrolytic fluid to include at least one of (NH,),SO4, HoSO4, K;SO4, MgSO,,
and H3PO4.

67. The method of claim 60 wherein removing material from
the microelectronic substrate includes removing the material anisotropically in a

direction generally transverse to the polishing surface of the polishing pad.

68. A method for removing material from a face surface of a

microelectronic substrate, comprising:

engaging the microelectronic substrate with a polishing surface of
a polishing pad;

removing a portion of a conductive material from the
microelectronic substrate by moving at least one of the microelectronic

substrate and the polishing pad relative to the other;
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m croel ectronic substrate by positioning first and second el ectrodes spaced
apart fromthe face surface and disposing an electrolytic fluid between the
face surwemg/oesslthe el ectrodes, with both the el ectrode®Cirrusbt/ui4es

communi cation with the electrolytic fluid; oxidizing at |east a porti on of

e plati num mat e a1 eRARS| Mudthe SHECHHM R CLLRI I LML o
the porti onglektricaPpoleatinnbyrpositiohing! fifst msmndmlwtﬁﬁieefapaﬂrﬁcﬁn&u@weat e by
noving at |east one of the mcroelectronic substrate and the poI i Shl ng pad

rel ative tosurfaseoatd dispesingrhe ﬁi@@tﬁdmtl@fﬂludd?mm the rfaere sutfaep rand

controlling a Xi dat,i e,of the.c ct|v= erial, by co olllng

characteri S?IPE:@ ‘8 S, t“ﬂth 8%%@#%@%” @Hfdj ouﬂlﬂ e¥ﬁl% @béﬁ ive
material . 6@e cl8QrdRtbIRiI@ arfd @i m 60, furt her corrprl sing halting renoval
of material fromthe mcroelectronic substrate by halting a flow of

el ectrical current thcontgllingearc emduot Dﬁe:ondumvmmateﬂrial\mmﬁrled(ﬂmme

PCT/ US02/ 19495 3 The thod of cl a| urth conprjsin sel ecting
the el ect r oMYSTOElCHONY £Y ﬂ?ﬁ% 5% CGPPETQ aabP&’s |°$eele%tp€ﬁjer%‘§r% o {g the
selecting t i 8e ”\%vfth 4. The
nmet hod of c{;&} Elgéwtn st@g?rg??%g"%% e(gzt{:ﬁsélﬁt e l\é e%a%@ﬁ IC uid to
i ncl ude chlpdslnslmgemi'adstaafﬁ@ lishingawid: at i on of from about 50 ppmto about

5,000 ppm 65. The nethod of cI aim 60 wherein electrically coupling the
conductive material to the source of electri cal potential includes

positioning the first,and econ | ectr ode ci,hg toward the. ace surface
of the microel ectroni %9 tilo?l fcc am 58 Airtne? comprising ox1c{1

least part of the portlon of conductive material removed from the

microelectronic substrate by passing the flow of electrical current through the
conductive material before removing the conductive material from the

microelectronic substrate.

70.  The method of claim 68 wherein controlling a flow of
electrical current includes selectively initiating and halting a flow of electrical

current.

71.  The method of claim 68 wherein controlling a flow of
electrical current includes halting the flow of current when a selected quantity

of the conductive material has been removed from the microelectronic substrate.

72.  The method of claim 68 wherein controlling a flow of
electrical current includes controlling an oxidation rate of the conductive
material by controlling at least one of a frequency and amplitude of the

electrical current passing through the conductive material.
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66. The nethod of claim60, further conprising selecting the electrolytic
fluid to include at | east one of (NH4)2SO4, H2S04, K2S04, MySHM, and
H3PO4. 6AWODhmorset hod of claim 60 wherein renoving nmat eri CTfusomo4phe

m croel ectroni c substrate includes renoving the material anisotropically in
a direction generall ¢3traTheansthot @f ichempés, ifatrthagcanpfisiag: of the polishing
pad. 68. A nmethod for renmoving majerial.froma face surface of a )

m croel ectroni c subst SEEEING ohsy £ CFFQ?Y%gfﬁﬁfinéot Vil %?Céﬁﬁer ghrasive
substrate w iishi ng surface of a polishing pad; renmoving a portion
of a condu\é\%%\li}le&ﬁ%%frdi al fromthe mcroelectronic substrate by noving at

| east one of the micreeketing te wolishipspadtechawrthd Biscretd ablasive dhadertitg] ati ve
to the other; 48 WD 03/001581 PCT/ US02/ 19495 electrically coupling the
conductive material to a source of electrical potential by positioning

first and second el ectrodesq,apart fr the 3 surface. and di sposi.ng an
electrolytic fluid bet \A}(een%thﬁéfl‘f’th(?g Oggl%gg’aﬁﬁl@ﬂgomm@@gr@é IB{}@ bot h
the el ectrogigs iandl |déc8n@ORTBROARSE | RN Pickh tBRaRd OHRer f2R8d subige €beCHiO! YtiC
fluid; and controlling an anmount of conductive material renoved fromthe

m cr oel ect r mécwekehoniaswbsbptecont rol 1ing a flow of electrical current to

the conductive material while the mcroel ectronic substrate is engaged
with the polishing surface of the polishing pad. 69. The nmethod of claim

68, further conprisinggoXi dizi M i

conductive material r grsrbve?h%rI%rgnm?)tr(lieo{r renﬁﬁloe ‘ect rfgrnltcgﬁgﬁ%g@r g{lgaényg géessi ng
the fl ow of cehdndtiveaahteaal toeimtldderaomgtalt he conductive material before
renovi ng the conductive nmaterial fromthe mcroelectronic substrate.

76.  The method of claim 68, further comprising selecting the

conductive material to include polysilicon.

77. A method for removing material from a microelectronic
substrate, comprising:

engaging the microelectronic substrate with a material removal
medium that includes a polishing pad having a polishing surface and an
electrolytic fluid disposed adjacent to the polishing surface, the material
removal medium having no discrete abrasive elements;

electrically coupling a conductive material of the microelectronic
substrate to a source of electrical potential; and

removing a portion of the conductive material from the
microelectronic substrate by passing an electrical current through the
electrolytic fluid and the conductive material and moving at least one of the

microelectronic substrate and the polishing pad relative to the other.
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70. The nethod of claim68 wherein controlling a flow of electrical

current includes selectively initiating and halting a flow of electrical
current. wW0.030messet hod of claim 68 wherein controlling aPCrawonis49s

el ectrical current includes halting the flow of current when a sel ected
quantity of the condgsti vaheahethod! ofdsinbFenfureied\cothprisirg th@rolling an

m croel ectronjic substrate. 72. The nethod of claim68 wherein controlling a

flow of el extdationl ragiof dhe qomdneides maserialoby icegtraHing charartsristies of ot t he
conductive erial rohli I .one of. a frequency and

ol tude: oftoEtisa St PRI hkith Ak coBRRtEIRaRER: he Condutt | ve
material. 49 WO 03/001581 PCT/ US02/ 19495 73. The net hod of claim 68,

further conprising: selecting the electrol g/ti c fluid to have no discrete
abrasive elenents; aff. selldetmethodd gaim If; figthendomprising controllingra e

abrasive elenents. 74. The nethod.of cl ai 8, fuyrther conprijsing

posi ti oni ngoﬂﬁglﬂopi rate ofy ES&’BHW ALRELS? ngocqlﬁszéﬂPﬁvﬁr @)ats#]é’n?ae% a
surface of HlgueAtCrAgl GaL bRPlifudREt AT SectfrRal t B R

further corrprlﬁ}sllen sag'l ecting t]he congﬁcﬁe\cle %atdg?{e;ﬁl% ﬁ%@}:%gl ué)z]gg] ?%’ial :
76. The et bondwitivelrnateri@B, further conprising selecting the conductive
material to include polysilicon. 77. A nethod for renoving material from a
m croel ectronic substrate, conprising: engaging the mcroel ectronic

substrate wth o mtegpal nemoyalm et Ulhhnabs! NEHILES.BuBaky SR

havi ng a polishing surtace and an el ectrolytic bsed®adj t to

the poli shi pgnewlf 6 enatéhidl frobe thedimicfoRiertdnidredbstrat® i halthe 8ifewese
abrasive el enents;
electrical current through the conductive material.

81. The method of claim 77 wherein the microelectronic
substrate has a face surface and wherein electrically coupling the conductive
material to the source of electrical potential includes positioning first and
second electrodes facing toward the face surface and disposing the electrolytic
fluid between the conductive material and the electrodes with one electrode

defining an anode and the other electrode defining a cathode.

82.  The method of claim 77, further comprising selecting the

conductive material to include a metal.

83.  The method of claim 77, further comprising selecting the

conductive material to include a doped semiconductor.

84. A method for removing material from a microelectronic
substrate, comprising;

engaging the microelectronic substrate with a polishing surface of

a polishing pad;
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el ectrically coupling a conductive material of the mcroelectronic
substrate to a source of electrical potential; and renoving a portion of
t he conduwwoioseorsat erial fromthe mcroel ectronic substratPeThSoOpaEss ng an
el ectrical current through the electrolytic fluid and the conductive

material and noving at_J e ne_of the L Cr roni trate and the
polishing pad rel ati v%xb%sa]‘ﬁéneﬁlgt @F?Oe%ﬁ%%gﬁg%lﬁgé/%% %@WS@ 8.
The method pfn&ndiafiod of chisridieions @MBions ABGutCSTpflth labeus 008 ippat;i on rate of
t he conductive material by controlling characteristics of an "electrical

current passing t hr ouglectrieallyoerpding ae cordustiva matggal of\thenmidrodleotrogicai m

77, further conprising controlling,an x| datd on rate of the conductive

mat eri al byS‘@&%f‘of%g%“f&F qui@{mgar‘é)ogqn%gi, afnldequency and an anplitude of an

el ectrical current pagghhfinghiRYIPorkide of OB CddniRcHRe eﬁfa@éﬁaw@ronifhﬁleﬁet hod
i [ I I al e

of claim77, further conprisSing halting renoval of material fromt
m cr oel ect r mitiwekchoniat sibsiratealblyi mypvang | awledst ehe ceff ithal microekestronier ough

the conductive material]. 81l.,.The thod of claim 77, wherei.n the )
i cr oel ect r BHNTALE AR ﬁ%@@ﬁmgawﬁg@tat@artpéﬁe ofher Whes Passing arislectEral
coupling th QITtdtHféﬂ@hethe%hﬂg&@eﬁlﬁte ¢ source of electrical potential

i ncl udes positroningirst an second €l ectrodes facing toward the face
surface and disposing the electrolytic fluid between the conductive
material and the electrodes with one el ectrode defining an anode and the
ot her el ectrode definBfg aThatthetbod of2laimh@4 mibereid thé condianve nateunt fser

OO, e R, 1 st B 1P A S Beh bR G T i 1
J;n'ocir gg: ggter glﬁiqgﬁ%@lys&fﬁlﬁ&%dﬁ&%t&ﬁldu@ﬁve MabEid126 4 S6urke HPVdIEGHBR! FoteAtial FOM @
includes facing first and second electrodes toward the face surface, with one of
the electrodes defining an anode and the other electrode defining a cathode, and
passing an electrical current through the liquid between the face surface and the
first and second electrodes, with both the first and second electrodes in fluid

communication with each other and the liquid.

86. The method of claim 84 wherein the conductive material
includes platinum, and wherein the method further comprises selecting the
liquid to have a chloride ion concentration of from about 100 ppm to about
5,000 ppm.

87.  The method of claim 84, further comprising selecting the
liquid to include (NH4),SO;, K2SO4, MgSO,4, H3PO,, and/or H,SO,.

88.  The method of claim 84, further comprising selecting the

liquid to have a pH of from about 1 to about 14 when the conductive material

includes platinum, less than about 3 or greater than about 4 when the
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substrate, conprising: engaging the mcroel ectronic substrate with a
polishing surface of a polishing pad; 51 WO 03/001581 PCT/ US02/ 19495
exposi ng wbhaestvisspel ectroni c substrate to a |iquid havi ngPeTasnzedps at i on
of chloride ions of fromabout 50 ppmto about 5,000 ppm electrically
coupling a cemdlistivevidareiatrihelnded tinmston, cmdeless tthamiabous 6bst padarert cham
source of electrical potential; and renovjng the portion of the conductive
mat eri al fr@bﬁuﬂﬁﬂNhﬁﬂéh%@@ﬁﬂﬂqmyﬁm@ﬁ@ﬂﬁgﬂﬁgﬁﬁs59PPﬁ%M ng at | east one of the
m croel ectronic substrate and the polishing pad relative to the other
whi | e passing an electrical current through the conductive material. 85.
The nethod of cl ai m 8gowhembiennéthedasidsieh ide fambar bathphising RGiizmnek on a
face surface of the mcroelectronic substrate, and wherein electrically
coupl i ng t heomdistivetmateriglat eri al to a source of electrical potenti al
includes facing first and second el ectrodes toward the face surface, with
one of the electrodes defining an anode and the other el ectrode defining a
cat hode, and passingggh elxe i X h | -ft, bl t he
face surface and the 9?i rszx g‘@‘i‘ﬁ%%ﬁ%‘f‘@%‘%%g@ gr\nb?ﬁabfg?ﬁstgﬁg@% :6?31 and
second el ectniadekcironid siibdtrateo compirisatg: on Wi t h each ot her and the i qui d.
86. The nethod of cl ai m84. wherein the candu th%% Haterial ncl ydes

S

pl atinum and wherei nPTH8 W@tﬂ_c}ﬂlclrﬁ?lF%ﬁ’mE‘ g\é‘iﬂgc‘l‘if%{ CRBAUGHR i d to
have a chl Oﬁia?&idégﬁsg@éﬂeﬁﬁjﬁé’édt% Qfseﬁéﬁ"caﬁgﬁ%ﬁvjeoﬁla?é}ﬁl} gviﬁpﬂi%] geéﬁﬂggi g

ppm 87. The net clarm 84, further conprising selectingt

to include ¢oidicRisImatcial havingSandiffdd&fidcompolition HA%) 4he Sirst Toadueivewod of
claim84, further conprising selecting the liquid to have a pH of from
about 1 to HW@&Hal14 when the conductive nateri al

engaging the first conductive material with a polishing surface of

a polishing pad;

electrically coupling a first conductive material of the
microelectronic substrate to a source of electrical potential by positioning first
and second electrodes apart from the face surface and disposing a first
electrolytic fluid between the face surface and the electrodes while the face
surface is engaged with the polishing surface of the polishing pad, with both the
electrodes in fluid communication with the first electrolytic fluid;

oxidizing at least a portion of the first conductive material by
passing an electrical current through the first conductive material while the first
conductive material is engaged with the polishing surface;

removing the portion of the first conductive material from the
microelectronic substrate by moving at least one of the microelectronic
substrate and the polishing pad relative to the other;

engaging the second conductive material with the polishing
surface of the polishing pad after removing the portion of the first conductive

material;

53



includes platinum |ess than about 3 or greater than about 4 when the 52
WO 03/001581 PCT/ US02/ 19495 conductive material includes tungsten, and
| ess t harwalwoo1s61 or greater than about 8 when t he condu®Cixsorne4esi al
i ncludes copper 89. The nethod of claim84, further conprising oxidizing

t he conductive_ mat eré@f’?bcrg?ﬁé’ g@%ﬁé forseE&fH)Véd}ﬂ PRLET ki gker lor&aﬂf ace

surface of a mcroel conpri sing: provi

ni croel ect r gieefeidhibitbshard iy aasd‘uwes bf fémvﬁtﬂ&illpmenﬁmtl%f pa&m@
adj acent to a second conductive material, with the secon conductl ve

mat eri al hafiistgnd monéreéemrod@srpp@ﬁttfmn thadace perface and dinpesiog) x second

t I t { t t.h I f
of 5 poi | HERGoRAS: BEidbeRre I Eisisy i and bt gl MR B TSR oF
the m cr Oeétﬁ'fa{crqu'eﬁ tAltBe P@hﬁuﬁg%ﬁﬁc@ﬁfﬁi SSIiShERY PﬂPt\féRﬁ bBth fhe

posi tioni ng rst second electrodes apart fromthe tace surface and
di sposi ng aelettredes ial fhritlrapinyhimichtion dv1ﬂeﬂmmenomd1ele’c‘aobftmﬂlildpe and the

el ectrodes while the face . surface i s en wth ol i shin rface of
the polishing pad, wi PRdEDg atfdeast &ng%g PP &OE MG gqr@xhbﬁth

Lhe 1115t ehal by kgl dindi BB sck 68 boRaRARK! Al WL s

conducti ve passi ng an I’I cal current thr st

conducti ve gaoadicandubtivemateid is sigagednedctievso hmhgsmfade§a1ed19aged with
the polishing surface; removing the portion of the first conductive

material fromthe ni &m@mgtth@mom@m@&th%ﬁ@cqu wxduﬁgvaﬁnateraalt fromethst t he

| ect bst r at L.i sh d rel at Lo t th
engagi ng.t HEIGBElRIOBn Ao RoG T aRraps it fedfcond) FLiks hiehPfelbRy (e
pol i shing paghsdfatetind BIOYIRMidSaPRIAtR0%he lOfgerf | r st conductive

91. The method of claim 90, further comprising selecting the

first conductive material to include copper and/or aluminum.

92. The method of claim 90, further comprising selecting a
substrate material adjacent to the second conductive material to include porous

silica.

93.  The method of claim 90, further comprising selecting a
dielectric material adjacent to the second conductive material to have a

dielectric constant of from about 1.5 to about 3.

94.  The method of claim 90, further comprising selecting the
second conductive material to include tantalum, tantalum nitride, tungsten,
tungsten nitride, titanium, titanium nitride, titanium silicon nitride and/or

tantalum silicon nitride.
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material; 53 WO 03/001581 PCT/ US02/ 19495 electrically coupling the second
conductive material of the mcroelectronic substrate to a source of
el ectri cawopowerssi al by positioning the first and secondPelrasir/odes apart
fromthe face surface and di sposing a second electrolytic fluid between
the face surface and Phe ellhetmethedvsi tlaim I, ffather somprasmg selestpgtht wi t h
t he polishing surface of the polishing pad, with both the _ el ectrodes in
fluid comuff i epndhctrye W@t@@(]:oti"?df%‘%%(ﬁg’ T Beif"f‘??ind?heoflféﬁ £PREUGHVY east
a portion o ) i BRI i el ectrical
current thr%l&%{r?%lﬁga%g%gﬁﬁg%;&%{ggﬁve m@?gFCW?Eh?ﬂreﬁQ'second conductive
material is engaged wth the polishing surface; and renoving the portion of
t he second conductive material fromthe _mcroelectronic substrate by
novi ng at | east one oP6t he Thecmsthedtoloslaim Apsvhereim the miaoplscireniong pad
relative to_th t her 1. The.nmet.hod qf clajm 99, further c rsSiN
sel ecting tﬁ'ébs(%fa?er s]tncl’}@r??auét %&%egpﬁfm{’ ogP@]chlgﬁel%oBEermStﬁgﬁoﬁﬁh%m num
92. The net fgdppkes! ai m 90, further conprising selecting a substrate
mat eri al ad] acgnt to the second conductive material to include porous
silica. 93. The net hofomiinglagiepesson the dichestrie papitansi ng sel ecting a
dielectric material adjacent bo t he eclﬁfd .cond%ct.i v.e tgateri al to hgve a

& fi

di el ectric constant of'SPPME BGFC%I.GEC(B uéfBXﬁtm _er1§141_n ée?@?%g% aim

90, further dﬂé@fi&%ﬂ%ﬁﬁiﬁﬁ{ﬂ@gaﬁ{@ laye@cogl conductive material to include
tantalum tantalum'nitride, tungsten, “tungsten nitride, titanium titanium
nitride, titanium sil desposimigtthederstodnductiveamatziiahnosni the senomd condectiv4 WO

03/ 001581 PCT/ USQ2/ 19495
material.

97.  The method of claim 90, further comprising selecting the

first and second electrolytic fluids to have different chemical compositions.

98.  The method of claim 90, further comprising selecting at

least one of the electrolytic fluids to have a plurality of abrasive elements.

99.  The method of claim 90, further comprising positioning the
first and second electrodes to face toward a face surface of the microelectronic
substrate with one electrode defining an anode and the other electrode defining

a cathode.

100. The method of claim 90, further comprising selecting at
least one of the electrodes to include graphite and/or platinum.

101. The method of claim 90, further comprising controlling a

rate at which at least one of the conductive materials is removed from the
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95. The nethod of claim 90, further conprising selecting the second
conductive material to forma barrier between the first conductive

mat eri al wpd3aosebstrate naterial of the mcroel ectroni c PabaiSvz199s 96. The
et hod of cl ai m 90 wherein th_e m croel ectronic substrat e i ncl udes a

di el ectric pRclERRroftIsHRBLRI By ChRroRinBacontiehtiffion @PTRIdHRSionk WAV RY @

recess in the dielectric portion; disposing the second conductive nateri al
in the receslsoholinmt ledst ondiof it firdt ang secomshelectrélytimfhridsar ri er | ayer; and
di sposing the first conductive material on the second conductive nmaterial.
97. The nmethod of claim90, further conprising selecting the first and
second el ectrolytic fhyghyds i FIRAE [0 i J | 8. The
met hod of cl ai m 90, fllljg%he;rhgolhﬁmégll%gﬁ%élgg??gfi ng alf%?lggg@%i%%é%%ﬂ%

el ectrol yti sechndiefiscticdytiaflaidtopinehalel HAPOf amllonsi vepanicasdt s. 99. The

met hod of claim90, further conprising positioning the first and second

el ectrodes to face toward a face surface of the mcroelectronic substrate

wi th one el ectrode defjhin e . o, . e def.ini a
cat hode. 100. The et ig O&h%{}ggt&(&goqfa@gﬁ@r o ‘%rr ?élﬁﬁglg](‘sﬁ !Seeg?‘idﬂ]& ﬂ%

| east one ofedohd @lb@&él&ﬁ@eﬁuidotd hedlide FCRPNH,E] a8 /Rgamit addiduand/&Pan The
met hod of claim90, fufther conprising controlling a "rate at which at

| east one ofmorganicandhicti ve materials is renoved fromthe 55 WD 03/001581

PCT/ US02/ 19495 m croel ectronic substrate by controlling a concentration of
chloride ions and/or alcohol in at |east one of the first and second

el ectrolytic fluids. : doptl a'gq)ngﬁ,ﬂ, w4 - | $inB9
selecting the secondigiz'ecﬁﬁglrgtsflﬂggf?ui éﬁl'%lo i’nc U(ffé mﬂ%sﬁﬁﬁgér&g Egrgani c
aci d. least one of the first and second electrolytic fluids to include a corrosion

inhibiting agent.

105. A method for endpointing removal of material from a

microelectronic substrate, comprising:

engaging the microelectronic substrate with a polishing surface of
a polishing pad, the microelectronic substrate having a substrate material, a
dielectric material adjacent to the substrate material, and a conductive material
adjacent to the dielectric material;

electrically coupling the conductive material of the
microelectronic substrate to a source of electrical potential;

oxidizing at least a portion of the conductive material by passing
an electrical current through the conductive material from the source of
electrical potential while the microelectronic substrate is engaged with the
polishing surface of the polishing pad;

removing the portion of the conductive material from the
microelectronic substrate by moving at least one of the microelectronic
substrate and the polishing pad relative to the other to expose the dielectric

material; and
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103. The nethod of claim90, further conprising selecting the second
electrolytic fluid to include HClL, NH4Cl, an organic acid, and/or an

i nor gani cwaesao15804. The nmet hod of claim 90, further conpPCIiusg2/sabecti ng
at least one of the first and second electrolytic fluids to include a

corrosion inhibitingy furkRer rémBPAINQY ﬁﬁferﬁmdﬁ@hﬂtthégnﬁ&%%hoﬁic
material froma mcroelecCtronic substrate, ggrlsm engagi ng t he

m croel ect r subistrasaibytengpging thie chekmtrlcsmanquduw dbe gfo 1sh1qg)i;u1ﬁnengf fed, the
m croel ectronj.c subs rate having a substrate material, a dielectric

mat eri al adP@)lé@HPgPB the substrate material, and a conductive materi al

adj acent to the dielectric material; electrically coupling the conductive
material of the mcroelectronic substrate to a source of electri caI

potential ; oxidizing apel eghle rmethodtidfAaif 10Hevieosidudédtvieallpt ?
passing an electrical current through the conductive materi al romthe

source of ednmbxcrtnvcannatmaértpl thie smirte of heleetiicnb pbtantiabnndudes posisionings
engaged wit Ny rface. of the oI i sh renovi t he
bort Yo of - Bt Agaraeni ke it rol spedr o apa i e SOBATREYS by
novi ng at n f 0, [ t ad
ol at {ve. t of Rl P disgRRuE BHOBLEROR AP Muid BERIER, T ReckibeE @ M0 P
03/ 001581 Pﬁﬁ'ﬂdﬂfﬁ@%lﬁx&@:ﬁmlhaﬁﬁh nipef alectredes anoflald afommteicatdn fwith thee

ric material wth the

m croel ectroni c supstyrate engagl ng the dielec
pol i shing sEfeFl ety fi%@ Wbﬁa% gomethssl foraercomydises selecting: s
wherein el e i uctive material to the source of
el ectrical il E%cﬁﬁ{:ﬁat&ﬁé‘%pﬂg&ﬁglutgggﬁ@&éﬁgng

107. The method of claim 105, further comprising selecting the

conductive material to include a metal.

108. A method for removing conductive material from a
microelectronic substrate, the conductive material being capable of being
removed from the microelectronic substrate at a selected rate when engaged
with a polishing pad and subjected to a first force normal to a polishing surface
of the polishing pad, the method comprising:

coupling the conductive material to a source of electrical
potential;

oxidizing the conductive material of the microelectronic substrate
by applying an electrical current to the conductive material to form an oxidized
material while the microelectronic substrate is engaged with the polishing
surface of the polishing pad; and

removing the oxidized material from the microelectronic substrate
by applying a second force normal to the polishing surface of the polishing pad,

the second force being less than the first force.
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first and second el ectrodes proximte to and spaced apart fromthe
conductive material and disposing an electrolytic fluid between the

el ect rodewoandotske conductive material, with the el ectroaes/tisnz/id4e8 d
comuni cation with the electrolytic fluid, and wherein the nmethod further
conpri ses sel ecting tH&9.diEienmetliad ofclaimmal08 wheveth tlie candwetivdematkfial The
nmet hod of cl.aim.105, .further conprisi.ng sel ecting the _conductive materi al
to include & REPoned i a aﬁ%@ﬂ%c?&f ﬁgrm*ﬂr%}e@gm(ﬁqb@@a%ta@di‘aheﬂeﬂbm a
m cr oel ect r QM $ri GRIAHGE | ter] [ f .being
removed fr o%[%cﬁré%ngi F%‘glslg}:% Fﬂéﬁf cC S uEg% rngfgﬂ%t f?)aél ?é%tége@?%%mﬁm&%gaged
with a pol i siilndespdsitiodimg firscamt secoml tleesbdépupert esmathet face fRkicshi ng
surface of t.Hg ﬁol i.shi nig gag, the method conprising: coupling the
conducti ve nafibpngpofihe slesgodesd ey anadg) andothecothemelecmadel definipgt he

cloctricor Carpak nd uispRSul SR GR IRALoRNOR, B fage e BRR 008 it o

whi | e the nmaadoebemid oslieetroddtst withe the EREARA Wekbbnd h%ld%ﬁlohé@itgg figH f ace
e

of the polishing pad; and renpving the oxidized material from

ni cr oel ect r AMENELpHIGmEth eagh pierandthe elastriotydid Bnie normal to the
polishing surface of the polishing pad, the second force being | ess than
the first force. 57 WD 03/001581 PCT/ US02/ 19495 109. The met hod of claim
108 wherein the conduqtipve Tht Skt | KT, nﬁﬁiﬁg £ r . t he
m croel ectroni c,subst raPe, Ta{%dﬁi\%hﬂgirdeﬁc@?eyt)sr)’i ca g@éﬂﬁmﬁéﬁ"%@%&
conductive the diistlantd sscendir dectoddes| éat face atovpartlerité aface i paffadesf the
posi tioning_ f.i rsi nd.second el ectrodes apart fromthe face surface, wth
one of the BHEOCISHONGIISHay an anode and the other el ectrode defining a
cat hode, and disposing electrolytic fluid between the face surface and the
first

111.  The method of claim 108, further comprising selecting the

conductive material to include copper.

112. The method of claim 108, further comprising selecting a
substrate material of the microelectronic substrate to include porous silica, the

substrate material being positioned to support the conductive material.

113.  The method of claim 108, further comprising selecting a
substrate material of the microelectronic substrate to have a dielectric constant
of from about 1.5 to about 3, the substrate material being positioned to support

the conductive material.

114. The method of claim 108 wherein the conductive material
includes a conductive material disposed adjacent to a barrier layer of the
microelectronic substrate, and wherein the method further comprises:

engaging the microelectronic substrate with the polishing surface

of the polishing pad after removing at least a portion of the conductive material;
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and second el ectrodes with the first and second electrodes in fluid
communi cation with each other and the electrolytic fluid. 110. The nethod
of cl ai mwO®3/06138t her conprising positioning the first amdTasonnd9s

el ectrodes to face toward the face surface of the mcroelectronic
substrate. 111. The n%léaﬁ%a?@ Lgﬂm 108, bdridet N&fercOMbk! SjuRse %f'e?eémeﬂ the
conductive material to i1nclude pp 112. The nethod of claim 108
further conpofestia sel ecting a subst rate rrat eri aI of the nicroel ectronic
substrate to include porgus sHana t he tra mat eri al. bei ng

positioned to support 7IAg ety least & W@Pl fh Yﬁ%thﬁ’o&a%ﬁm%laé’l m
108, furthe QR | ng,ca eﬁjgﬁ&

m cr oel ectr%n?’c Sl'l,lb &{i%ﬁ avg1 ab %y‘r’e}rc congt?l % o? {Slfr?oerlr?% 8% 1.5
to about 3, pbleatialjlasidrate material bei ng p03|t|oned to support the
conducti ve materl aI 114. The net hod of claim 108 wherein_the conductlve
material includes a &JROVIBE vk leasted Hordon pokdheabpatandayes Arosar theer

compr i ses:  THgmsrergore. Rpfey B8 kil FDdA TR ot Hn Rl ek bl

surface of sﬁﬁkﬁa@@hﬁ&ﬂé&ﬁol%ﬁ%ﬁ@fdéﬂ@%‘tﬂ@ oftier] east a portion of the
conductive materi al WO 0 01581 PCT/ US02/ 19495 el ectrically coupling

the barrier layer to the source of electrical potential; oxidizing at

| east a portion of th arrier assi an el ectrical curr nt
through the barrier i g Fﬁf&?ﬁt]i’?fﬁ%%ro{%%‘g I’éfﬂérdg]rﬁe%a &8 S F‘%ﬁo and
renovi ng at nh&%%iec@roﬂ?cf %,dl%@faﬂ:f Cmu&mq Jgier layer fromthe mcroelectronic

substrate by novi east one e mcroelectronic substrate and the
pol i shing pad rel ati vengaging¢hothenoelectronic substrate with a polishing surface of

=

a polishing pad;

electrically coupling a conductive material of the microelectronic
substrate to a source of electrical potential by positioning an anode and a
cathode facing toward but spaced apart from the face surface of the
microelectronic substrate, disposing an electrolytic fluid between the
microelectronic substrate and the anode and cathode with the anode and cathode
in fluid communication with each other and the electrolytic fluid, and coupling
at least one of the anode and the cathode to the source of electrical potential;

oxidizing at least a portion of the conductive material by passing
an electrical current from the source of electrical potential through the
conductive material while the microelectronic substrate is engaged with the
polishing surface of the polishing pad; and

removing the portion of the conductive material from the
microelectronic substrate by moving at least one of the microelectronic

substrate and the polishing pad relative to the other.

116. The method of claim 115, further comprising selecting the

conductive material to include at least one of copper, aluminum, platinum,
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115. A nethod for renoving material froma face surface of a

m croel ectroni c substrate, conprising: engaging the m croel ectronic
subst r at ewaioBlomspol i shing surface of a polishing pad; elPettusoradsby
coupling a conductive material of the mcroelectronic substrate to a
source of eflmaliningatridiomengold, pylypdronj omiangnan teavide amdride, ¢aithhobe
facing toward hut spaced apart fromthe face surface of..the . |

i croel ect r Bt u%hﬂgm(gb e UnEStene STURGSIER BitEde, Jitoniug ¢ silicen hBitiiden ande
m cr oel ectr%gi_"u%lugﬁ“@hﬁﬁa d t he anode and cat hode with the anode and

cathode inflTurd cornunication with each other and the el ectrol ytic fluid,

and coupling at |east one of the anode and the cathode to the source of
electrical potential; oxidizing at |east a portion of the conductive
material by passing ah7el dbermethpd ofclaim 143.0frthge cemprisingogondrallingiacal

ial th h.t duct.i .ar.ial__whi he, m I '
Substrate | SXRADAACITthe OGS BratEhft e PPt By PRpUER B eri g, an
removi ng t hgf glotideRoR disPEsedandns tlecgoRpiceflhid fromthe m croel ectronic

substrate by noving at | east one of the 'mcroelectronic substrate and the
polishing pad relative to the other. 116. The nethod of claim 115, further

conprising selecting nduct i v erjal to dnclude at |ea one of
copper, alum num pla Egum%65§n 0@3%1@%@%@/%8@‘5‘/61%950 g 2
iridium go bl iHs GG st .c‘t'i?ig.Eré ntal um
nitride, t u%\%é%eg%{aﬁté it}ndgfg‘?g%nﬁ? tcr?tliydigi,al%dlé tsa%;mum mhl cgri:l%ﬁ?i%ﬁg el,tdlglﬁdﬁ bt

t ant al um si Abatrbppmitdaboiifly,000ppmmet hod of cl ai m 115, further conprising

controlling a rate at which the conductive material is renoved by
controlling a concentration of chloride ions disposed in the electrolytic

fluid. 118. The method;qf olalB.llns WEraidlige Madldl' P8n% microelectronic

substrate, comprising:

a substrate support configured to engage the microelectronic
substrate; and

a material removal medium positioned proximate to the substrate
support, the material removal medium including a polishing pad having a
polishing surface positioned to engage the microelectronic substrate during
operation, the material removal medium further including a liquid disposed on
the polishing pad, the material removal medium still further including at least
one electrode positioned at least proximate to the substrate support and
coupleable to a source of electrical potential, neither the polishing pad nor the
liquid having discrete abrasive elements, at least one of the material removal
medium and the substrate support being movable relative to the other when the
substrate support and the material removal medium engage the microelectronic

substrate.

120. The apparatus of claim 119 wherein the liquid is selected
to include at least one of (NH4),SO,, K>SOy, MgSO,, H3PO,, and H,SO,.
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concentration of chloride ions includes selecting the concentration to be
from about 50 ppmto about 5,000 ppm 119. An apparatus for renoving

mat eri al Wooaielssi cr oel ectroni ¢ substrate, conprising: aPSEhs2/s4es support
configured to engage the microelectronic substrate; and a material renoval
medi um posi ti oned proARimt §htoappagatasadt¢laine 119y dpriher comprishigefirst| andenova
medi um i ncluding a polishing. pad having a po)ishing sutéace positioned to
engage the mwrgeql@WQWinommdrM&ﬁemgm sraced iapart from thetralishing

renoval medium fu i udi Ll e ' S h § shi ad,
the materi aﬁulﬁn%%ég%?%rgaﬁgﬂﬁﬁgt%%? %YI{% E% ﬁjg? ﬂ?éng@%ﬁg%&tonpegg@%%eﬁeﬁgggt rode
positioned @wardagat faeeoxirf@iee of ahthpicwbReirah Subparé when theuglraate to a
source of electrical potential, neither the polishing pad nor the |Iliquid
havi ng di sceupporhengages shemieroplestrontc yubatrateone of the material renoval
medi um and the substrate support being novable relative to the other when
the substrate support and the material renoval nmedi um engage the

m croel ectronic substrate. 120. The apparatus of claim 119 wherein the
liquid is selected to include at |east one of (NH4)2SOM4, K2S04, MySO4,
H3P04, and H2S04. 60 WO 03/001581 PCT/ US02/ 19495 121. The apparatus of
claim 119, further conprising first and second el ectrodes positioned

proxi mate to and spaced apart fromthe polishing surface of the polishing
pad, with both the first and second el ectrodes facing toward a face
surface of the mcroelectronic substrate when the substrate support
engages the mcroel ectronic substrate. 61
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