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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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RERS ‘ré alternating current signal can have a variety of wave forms, such as those

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

Anocther 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 chemicaily
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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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

1slands 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 ome aspect of the invention includes engaging the
microelectronic subsﬁate with the polishing surface of a polishing pad and
electrically coupling a‘ conductive material of the microelectronic substrate t0 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




the polishing surface of the polishing pad. For exanple, the %m
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the face surface and the electrodes, wth the electrodes in fluid
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fromthe source of electrical potential, and renoving the por t he
conduct i ve thagicreglestronic 1 ubstrates adtie one elearodeutsfininges watlode Bgd ahe | ast

one of the mcrqelectronic substrate. and the, polishing pad relative to the
other. The% ‘?’ioea%(ftmfi,\e & 4° a&‘&ﬁe-i rﬁ’lel}ﬁ% d%ﬁtf&rﬁhegmu%omdazmgmm or
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K2SO4 and . fluid ¢ be | ess than about 3 or greater
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aspect of the i nﬁentii or] i.ncludes providing a nicroelectronic substrate
havi ng a f e 85 Y& -erial di sposed adjacent to a second

conductive material, pif Byihe ﬁﬁfe%f'dofc%dmén\ﬁ%n, the method can include

~selecting characteristics of the electrolytic fluid. For example, the fluid can

mmclude a concentration of chlorine ions of from about 50 ppm to about
5,000 ppm. The fluid can include at least one of (NH,),SO,, H3504, MgSQ,,
K250, and H3PO,. 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
mvention, 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
posi-tibned 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.




further include a liquid disposed on the polishing pad and a;%L
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appar at us fQ‘ECJTBW‘Sﬁh‘*H@%HSﬁme material fromtwo sem conductor
substrates in accordance Wwth the prior art. Figure 3 is a partially

schematic, side el evaFigmeal igizepartbiliarnchanpee sides ehauiifgalaiewidPitotiEDEr
and a pair of electrodes for renoving conductive material froma
mi cr oel ect r FMAAYSFF Fanaving waduetimpatenal {rem tweontemiiconductor salistrates

I nvention. Eigure,4 | arti.ally schematic, side elevational view of an
appar at us f%lr&;ég Cﬁé‘qﬁmqrﬁ{nﬁteri al and sensing char acterij__stics of
the mcroelectronic pihssBaleal pRMIb sdhehlgicMBL&! | ' r;@;‘g 3!
accordance wth anot hteg:wenbodi nt 13? the*‘ﬁgﬁﬁﬁ%@g?@ |s°€1an
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two electrolytes.in acco.glﬂ nce wth still another enbodi nent of the
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adj acent  tgo, &lﬁéﬁ@!{)fﬂi’e@% i&Ptrodes i n accordance with still further
enbodi ments of the 1nvention. '

Figure 4 is a partially schematic, side elevational view 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 88 and 8C are isometric views of electrodes in

accordance with still further embodiments of the invention.



Figure 7 is a cross-sectional, side elevational view of an el
substrate in accordance with yet another enbodi nent of the mﬁgll&u{:legﬁ/mﬁﬂ%as
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support for housing el ectrode pairs in accordance with still another
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el ectrodes in accordance with still _further enbodi ments of the invention.
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appar at us Eepissembndiment of g 1BNMeNILCt rol ytical |y processing

the. i nventi on. _Fi gur d0edsarL it & PATEIRoAgRthdlR o it cEPRigtEl SABRCRE R o
remoVi NG SQRbEORRHEHObollP bRl 958 168 PR AR pASESsiRLGB RelrBnic

accor dance th an enbodi frent of "t he invention. "Figures I3A-C schematically
i | | ustr at e sabgtrates fsadardameovith gtithvemotisrreshinddimentraf fhei iaventfisrom a

m cr oel ectroni ¢ substrate and haI({i n,%re val . OH an_ oxide layer in
accordance with an erfiSWiesdat ADG HEZ n%&%ﬁ%}% Vi ahlnsieata 1A preresspfor
schematical lv illusir I cul d veformfonr elecirolyticall:
ot ocessi ng Vi olaficPatdbl e e S SaCet IS FUbAR, b
embodi ment aeferdafcd MM GRboMTeN EROESERLBT! ON The present discl osure
descri bes nethods and apparatuses for _

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,
platmum 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 understandj'ng of these embodiments. One skilled in the art, however,

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



renovi ng conductive materials froma mcroel ectronic substrat g/ I
substrate assenbly used in the fabrication of m croel ect roni@ ]3@ ﬁ@@gER&DOS

used her ey oJ4ifisggt €7 M conductive materials includes, but is not limted
to, metals, such as copper, platinumand aluminum and sePS&EHRPIO#Sr

materi al s, ch ,as.doped olysilicon. Many specific details of certain
enbodi nent sstﬁ? f}f'ﬁalrf‘f?&g'ﬂfli %ﬁyal?eepf%c@@ed o‘f"{t%mi‘tnSftVl%alf@f tesridatpildedescriptid on
and in Fi gung$ow- 14B to provide a thorough understandi ng of these

enbodi ments. One skilled in the art, however, w |l understand that the
present invention nay Fgue hddlid ipaniddl} rgbnﬁhmt §ideOkle9: ag)EQ@(E 05 WO
03/011581 PCT/ USQ2/ 19495 that the i nve)ﬁt i on may be prac?‘ig%% w i gﬁt&ﬁ)

several of PRBARS| 16D des cramendng beorductivg gurateriali Sroan par tiistde¥edhRgaBt i C,
.160 far remvi ng conductive nmateri al

side el evati i f.an_a a

froma nicrde %%:%tgggﬂ&l%sg%ﬁsﬁsﬁgﬁgfyoﬁ ij@ﬂl‘ﬂ)???%{ ¢& ¥dibay embpdiment ofthiance
wi th an enbag _ofipt ' FTaTeN S hi nbodi ment, the
appar at us 160 e:@?lhudgg dgﬁ f\x‘/%gs“:‘ggIm‘l %@E?gﬁ?ﬁgﬁ%ﬁtﬁgﬁ%@#@ﬁﬁéﬂg €5vthi ch
can be in avessglild0 eontaigiap anteddeatrolytds] AUs echibieegh be th g diﬂr(ﬁ‘gl gélesggtgol yte
and el ectrolyti uid refer gemfpral ly to electrolytic ?i qui ds”and gel s.

c f
Structures £ ¥§cd hef@b‘hnﬁﬁ-i@m tectmolyte andeelectblpticcfinidirefer genentigofsi ngl y
in fluid co | [ it h ectyr ol yhj C i qui ds, ar, gels. The, )
m cr oel ect rgig?{gb%s? Etgﬁgé ﬂrgd h egg'anyghﬂ'émﬁ??flﬁc WQZ%SWWWWHCWMI
surfaces 1ldechoBiin Silds TR bcd:Ah sh PIROHLE %ﬁxﬂ%ﬁi@ﬁﬁbﬁ%ﬁtﬂ&%ﬁﬁf sLrate
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110 relative to the vessel 130 so that a conductive Tayer Ceast
one of the kguidsougtlices 113 of the substrate 110 contacts the el ectrol yte
131. The conductive Jsg%/er. %Qlﬁé can i ncgude metal s such as plati num
tungsten, tantalum ducEeRierdronic sabstiate 410 hasiap adgeasirfaveot 1D tahdr
ducti ' L - th t .of thi
conduct i ve twERERid hifacc3UP3. 2% 4aBFct RALNBL 156 VuphBrd MR Holer GBS LS 1M1 S
substrate 110 relative to the vessel 130 so that a conductive layer 111 on at least

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
relattve 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 ﬁ%@@ﬁﬁg&%ﬂs

support nenber 140 and the substrate 110 relative to the ves
exanpl e, With&/@afidtrate drive unit 141 can transl ate the seoparshzmeeber 140
(as indicated by arrow "A") and/or rotate the support nmenber 140 (as

i ndi cat ed (¢ indicaced B)B'h)Io“Thé”ﬁmd/c&tw@sirﬁﬁe?a(asfindida&fd b abree <@ ip st
el ectrode 120a and a _second_ el ectrode 120b (referred to collectivély as
el ect r odesa JHeye ganseaibe paralialata ke teondretive dayes ddir odiéernatietlyatthe 110 by

a support er 124. |In.o aspect of this, enbodi nent e supporf arm
Ta T CouFetions, WiveoPlit, Ty A Rl lefu88R0th 1Bkt ediete B the des
120 rel ati Ll ek e ghac | " a . x%qpé ..t

el ectrode %g?%gd%%v@l%f’?é’lﬁ c‘ré%f;!e}bfe kllgﬂgl?%ee?t {t:‘@ggiﬂll thSvI\lgrg‘gat%an a\%%lt IP‘(rf%)m t he
conduct i veproaides shifficient tdiativd motiehdmttween thessiistmes £10 20d t9e dfechbdEVBER

2005 WO 113/001581 . PCT/ US02/ 19495 (as indicated by arrow "C'), and/or
transversel%f)-(as I ndi cated by arrow "D') in a plane generally parallel to

th ducti | 111. Alt ti | ot | ect.yodg dri it 123
AR TR e B I R RSN A e ol
be elini “%édel\é@t?@désh?z&'%%t é&iggedirtb £ cfieht %ﬁﬁcgog?l"@ﬂﬁ RubE! %ﬂ@fy,ﬁ

relative noti on between the substrate 110 and t ectrodes 1

ei t her entsagplging el calmrran oo ¢hevelebtrobfte 18 i amdt the Fogduetive layePa 11
el ectrodes 120 are coupled to a current source 121 with |eads 128 for
suppl yi ng la|oRergtiein the Grrrent squscs hel spppiiesanaliemating aurrente(single phases e

carrent (S pRLERRSEL0O e 2l T bRt phefBRRL R AR T ont
passes t hrigughnd heeaglseelebabiidinichBY Wil fiRAcbAdRIRG! IRQeheM £ab! embid the

conductive layer 111 to renove material (for exanple’” atons or groups of
at ons) fr onmatetiel (fondwamples atameor gaoups oflatoms$ efromabie sondoctivedlager 1 be.

St ]éoefé%?ro ees rB}Sedanr or Ievgul;[s?ra?ea(irfo can be moved relative to each

other to remove material 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 120D, rather than from the first electrode 120a directly
through the electrolyte 131 to the second electrode 120b. Alternatively, a low
diclectric 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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other to renove material fromselected portions of the condugy.i
111, or fromthe entire conductive |ayer 111. In one aspect %&ﬂﬁﬁkﬁxﬁﬁl{mos

enbodi menyoofsmhRy appar atus 160 shown in Figure 3, a distance DI between
the el ectrodes 120 and the conductive layer 111 is set t FOEUERAPISr t han

a di stance D2 betwee first electr,o 120a.and the second el ectrode
120b. Furt her nor e, t@hgff%{"r“gﬁﬁ%“ £ap PTan}[J‘ﬁaE’SPPaIW@HéO shewsn stance
than the cdi 1 vyeth elddkr ARGy, i urren

BUre 3 16l Y8 chéchrodds MXUOHOY cohbit the SRRBIGRR BYehal) ofhr ough

follows the path of |east resistance fromthe Ti

the el ect ithe pubstiae 116. tAm advantagd bf thik ayrengdrhdnriRdhieg ah @]ﬂﬂﬂ?tﬁtt!ﬁg

el ectrol yte lal to the.second ,ei ectr.ode 120%, rather than fromthe Tirst
el ect rode 18940ak con potive ppafsyal treulangcfiom ya editsxt electrival semardtion

el ectrode L vel w dielectric erjal (not shown) can

be positi o#égp%eeﬁm%gﬂgﬁgd/% i?s?t 5794 t‘f‘o&(ﬁlglcg’ﬁiﬂ’ e rd 1y deswihedraboyearith ode

120b to decefepdredior Bittured BGind gal F&OeRMAbRAL] the ej.ectrodes

120 that does not fi rtsgtu_rpass througﬁpt he g%&h@%&?%ér%o %&Tﬁ‘aﬂ

DECEMBER 20¢sidunab conditdel nidavialSadjaens FoOtke f anitagte régioﬁnba%&gﬂ fREt of
120 do

t he apparattjs 160 Sh@‘iﬂ in .Figure 3 is that the el ectrodes not
contact t hECCHRAEE NS dhe sorductive lgyer bpeausa e electrories . 128ndadvacbaget of

this a”anﬂﬁr@dﬂdugﬁvé erifjjcan elinmnate the residual conductive naterial
resulting froma direct eléctrical connection between the electrodes 120

and the conductive | Ayethellféatuge sf bh RAthoARAYA: ¥F {2 aﬁp‘?fe@.{l%f@ (%g?{gllafgflrsz 1

and 2. For exanple, the apparatus 160 can elimnate
materi al atfQ¥Sewithtrefarprcecionbigure 3 dgithat thetsubstrate HEL 0 sidYot ARdelec@Bakd he

conducti ve ecause.th | ectrodes 120 dg not contact the conductive
| ayer 111. 1%@%?’%@?"%@6?‘@ B ﬁ%“@ﬁﬁ%ﬁiﬂ?ﬁmfmo e ¢lectapdnsr lQat 269 mvistcr i bed
above Wi t hadjgfent @0 e tonfilctiveSaer $11.Nakh IMRnEHRSSE Al CadiSandiar 4he

el ect rodes
the electrodes 120 can be sequentially positioned adjacent to every portion of

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 remziim'ng 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 accor@ance 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 cument 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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120 can nove relative to the other to position the el ectrodes
point adjacent to the conductive |ayer 111. An advantage of %@g%ﬁﬁﬁmos

arrangen¥ 0¥¢913%at the el ectrodes 120 can be sequenti al IPpgTamRUPREd
adj acent to every portion of the conductive |ayer to renove material from

the entire conducti vénlomgeaispédtlof théletbodihenethownie Figre i4S ﬂQ@ﬁb%ﬁgtdso
renove only selected portions of the conductive |layer 111, the ‘el ectrodes

120 can b g aictlectrelyte pessel 333 havinga sipplyieondniiddnyith
portions of_the n tive.layer 111 intact. Figure .S arfially
schemati c, a%iaasﬁéf%éggi%%i?‘”%ﬁydgww& &)aﬁb%fagtcﬂ?d% zpha?“’gﬁ’%fqéé(s an
support neg S St hes . ' ccogdance
W Th anot oy e SoB e st PO BRgoRed MMM in iF infeHREL En 50 pvERCHS
enbodi ment elettredsuPOrandnihebeonddtive layer 1 Bl twithoutbsd deséaaily ldbverinkhthehe
conductive layer 111 facing uglwardl y.. A substrate drive unit 241 Can nove

the suppor$thgmsaydustiye dayer hbl-sukhe elsewolyte 23dsantt the corductivevmardridl

ref erence Figuse 3. Fir nd;sec | ect rodes Oa .a 220 e

bosi 1+ oned erstuf Bt teoriine S LR, fo oot dhe siBetfeed looid edlicatnt
source 22% g&lﬁg@d] RO 0, 1ye to

t he subst :igtagl ?Ll%gﬁagﬁg ri S cou%lagg' ?1(“)1 an %tag%:?fglggﬁgf i gggzn‘%[% %ch?ut%yv ve

t he el ect rmdiesiaR 2amo¥krw to he reclaimer 268 thae renpwves tmostnofiahé Veondageive 111 in
a manner generally s&g’gl@ir tqQq that described above with reference to

Fi gure 3. matepgl digm ectiolpecERBER d0ter 23 positioned sipymstieasnef dbpect of

t he enbodi : ' i . r s 260 fur r i,ncludes an
ol ectr o wiethimdE 243 tdded dcttiond] HARRAIG R cfe8oliE 23T and £ ies 55
posi ti one3y nniit thetrecslibtiohar Lleod6l1@281 t0GHE ehcklYie Wisel I RFVILL Yt €
231 can be disposed locally in an intérface region 239 between the

el ect r odegemo lmed23the conductive layer 111, without necessarily covering
the entire conductiye |ayer 111. The_. el ectrqlyte 231 and the conductive
material renoved fr]\ci"rnat“ﬂé’c&o"??@’ﬁi%'i ic\?eﬂ’iea E%O%ﬁe@ Bt tigus bsthet e 110
and col | €Gpparatus 260 can include 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 processmg 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
eléctrodes 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, wr;tvelength or phase shift of the light
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in an el ectrolyte receptacle 232. The m xture of electrolyte 23
conductive material can flow to a reclainer 233 that remvej@@%ﬂ@@ﬁ@%s

conduct i V%Vopﬁ&(ﬁ%]al fromthe electrolyte 231. Afilter 234 positioned
downstream of the  reclainer 233 provides additional filtrBETORB42he

electrolyte 231 and.a 35 refurns the reconditioned el ectrolyte 231
to the el ecthﬁFSFFg @8’5‘22}!@2@65%5 ltalo vaier the gaadpdtre matenalt keredspatt of
the enbodi MeWernRqvEl/ theHd f.he . ratus 260.can jnclude a sensor
asconbly 250 Ty DeieAsbras ol by CHREIAN e ARG O of Rdintianiogve
layer 111, atlicrawaeeisngthe ofvrr@lampile! x38¢ ra&@ﬂml_eq?t &1 Be tﬁ@f%&ﬁ? %51 f or
¢G5 ORIBEBL, ¢ an

processi ng sjignals generated by the sensor 251. he con
al so nove t M€ $ERSYr 2531 care magdsuee tao chimeges b esBtancs 16x capacifint’ §'he

aspect of thj dj men t.h ensor assenply. 250 can be coupl ed a a
feedback pa?hﬁ‘}‘%oiaé’ﬁﬁﬁéﬂ&éﬁ’g%%wm%@WPXMS I Srilen@spedisof fitis

dri it ; L gl det ' whi ¢ch f
The.  conduct Toedimeso bl 4 ot bPEhe Bafibdcedaf 2 BEHORRE Ainciamiok & nove

the el ectrssimer 2291 afad/ orell e sioshitetial ko ' 04&2filedt RELLhO
position the. elect rtgges 220 over those ar eaﬁAl%ﬁ%‘%i%%?&?e@fggwéanpl e,

when the refiuIating the aeed fer nbeparstersepsont 28, eln, stilhfureties ehitdenerR0aand/ or
t he substr e relative to each oth according to a ~

pre- det er ma%ega&ngéﬁg%%gﬁé%?gb%%l% B'PﬁQS@LaB @riausreng skawn clyomr the uni t
252 can haveurgiit sa 20U H ' iljons. For exanple, in
one enbodi nment, tshgpgensoggjﬁ%f?nggﬁﬁ%%gﬁr ggﬁ%‘%ﬁ@& sor that detects
renoval of the conduchi any|cfyére Iembotiilhyntsddﬁseﬁbéd‘gab%véhﬁﬂﬂcg%% hg%
intensity, ]%avee:‘éz th or hsgf shift of .the light 12 21 DE Is Otg WO
03/ 1101581 ‘PEH g}‘w& U £t | ba positiondk apastront ¢hdl kleothudptet D1
dotect rof |Loghirs, e EcEAES! is QA hRAE e BT aRefrgon 23D Gstmwpne,
x-ray radi dh¢ electtodest220 andahd &ongndiped ﬁ’@} 1118 " RERARE e 4B0uaEgsy e @

change in resistance or capacitance of t
with which the sensor 251 determines the progress of the electrolytic process

can be improved because the electrolyte 231 will be Iess 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 one aspect of this
embodiment, the first electrolyte 331a is disposed in two first electrolyte vessels
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conductive layer 111 between two sel ected points. In a furthe
this enbodi nent, one or both of the el ectrodes 220 can perfoﬁﬁﬁ%ﬁﬁkzoos

functi onwefoltdeessisensor 251 (as well as the material renoral/ifSunetibdHn
descri bed above), elimnating the need for a separate sensor 251. In still

further enBaganaeit the $dvend iaramlyeSB 1dais digpozet ia acdeebne clettidigte@iskéloe
and/or current drawn fromthe current supply 221 as the condutctive | ayer

111 i s rend9ed. The fnst eziﬁctrmtbeemglismasar@dwﬁm%@ubmvgﬁdhfn the séeemdnce to
Fi 4, 5 j b . 231
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accuracy wth ch the sensor 2 etermnes thé progr

el ectrol yt ggpplyo82$sand aachehdumedoirebrieeofiuthe finwt eleetdly®d Viceseld13904.! be
less likely to interfere with the operation of the sensor 251. For
exanpl e, whdigmattvedynose o the sdgﬂﬁ'r‘ti%@i 340 capebgoeoupipd to ground.yt dhe31

will be le i kel o distqrt the r.adiathon regflectted fromthe syrface of
the subst r eatrodss 20Seh Helhde shiehfhsficnois 5B Sefnumn Fopbit an

i nterface ' 1s. A ftad i Of. us 260
descri bed ng%g\c}gaﬁ#’refe?gé\c%ﬁ??%?wg iz’1]3liE‘dsTJ%ta{f;%alt%t g é %@ﬁ %@@%31
suppl i ed tpotabsiuni chlerkiac eopmayi suifaf38nd/sr otheridleridlytes abhtemiestatpatiileher
with a reconditioned . electrolyte orﬂg fresh electrolyte. An advant age of
this feat uwdthithematen ang 816 elerEadesali2t- eact i on between the el ectrodes

220,121, SO e SRR AL b PG o o

consi stent level. Figu S a partially schena

of an appichidésa Ifv trb@iictirm BX2 Such a8 rapéinieatis! idodition tentsrafitFohnage 110
through a first electrolyte 33{a and a second el ectrolyte 331b. In one

aspect of froimsTeBontWi smtered mmsefials sucklag sinterod glags quartizsomisapphsred orn t wo
(Lot o kol Y AESEaL Ay Lo BT 000 0, OB SDASES ST e
vessel the 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

33 1a through the restrictor 322.

In one aspect of this embodiment, the apparatus 360 can also
include 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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330b. The first electrolyte vessels 330a are partially subner o, the
second electrolyte 331b. The apparatus 360 can further incl Lﬁgggpg@{l?w B005
320, showwo @moemssii rst el ectrode 320a and a second el ectrode 320b, each
coupled to a current supply 321 and each housed in one ofPGTHESIR{IP4F
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coupled to Sl;égﬁﬁgéss%%ggg% Pgﬁlﬁg\%&gfgrglﬁ%V%@neqcﬁlcqth%gm@ (OF dneresdrive wmits
silver, plafrictghiowappper and/or other materials, and the first electrolyte
331a can include sodiumchloride, potassiumchloride, copper sulfate
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ectr
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330b to padisradeathe plectadesi3gfe Ebpuemselyethe 32Crd elect BRI 1b pranner

generally sifyilar to a.salt bridge). Alternatively, thefirst electrolyte

331a can b}e@gm ?Nétgmf‘lf)r‘fg?éd 'Péﬂ‘%‘%@@t thascon thaelectrodes 320 fhiecatse it is

el ectrol ytg egsur, ate,suffj.cient to direct the
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return throug&lthe flow restrictor 322. In either e men cond
el ectrol yt 80Gmer tﬁgegﬁﬁig‘ﬁsfeaétse@ggl'ﬁwwly withpthedconduchive elaget r1adess 38 by

the flow of ﬁgﬁtéilﬁgt el ectrolyte 33la through the restrictor 322. In one
aspect of t'ﬁl s enbodi nent, the apparatus 360 can also include a support

menber 340 that supp@®igmgetd i §ltg§tﬁlﬁi %éﬁ%f%&%ggelgé&g%gﬁfsh%e |?i/§£10111

facing toward the el ectrodes 32 For exanpl e, can

be posi ti oRegtipacd henerdl arpluralliéy of elegtredes hawing 386Pes 4l c@hﬁ%&ﬂ@ﬁ glﬁpect

of this enggo(l)i gent, t.ﬁje suglp?rt mepber 340 %nd/,or the 14 21 CEIVBSE 2005
cordance’ 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 & current supply 121 (Figure 3). The electrodes 770a and
770b can have an elongated or strip-type shape and can be arranged fo 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 720¢ and 720d can be
grouped to form an electrode pair 770b, and each electrode 720c and 7204 can

have a wedge or “pie” shape that tapers inwardly toward the center of the
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WO 03/ 001581 PCT/ US02/ 19495 el ectrodes 320 can be novabl e rel ati C
other by one or nore drive units (not shown). One feature ofﬂahﬁgmﬁﬁmps

of the aPfuPHt™i&81360 descri bed above with reference to FiP§IVES031965t hat
the first electrolyte 33la can be selected to be conpatible with the
el ect r odesnBo@elowromy anbsitate Jl0; hins sild angthsriembodiment, hrarfow s strig-ster ol yt e

331a can be, |l gss likely t qnventional .el egtrol ytes ,to .degrade the

el ect rodesg@ﬁ%pa@)rj\?@fesaé}‘g%?’ﬁga%}@oﬁ?uglegctpr %ﬂﬂ 8Y3§§i’ged%ﬁ%rsbg%%ew ed

w t hout re ' & : @;%1 ity 5 S
chem cal | yg?c'rs}g?ltaete ggﬁgr»%g&t%&g 7ezl0 g?t% ?%Igigé" g%gﬁéi%%\g w regﬁglﬁgﬁﬁf 13132.
Accor di ngl yf thize raerogldcibmet sabytrate 3310 mﬂmﬁadgeﬁpﬁéﬂcmm | 6f ahied OF
anot her agent that reacts aagegressi vely with the conductive layer 111 of the

subst r at e mi@oekacginmc sahsiraie 1% pl an vi ew of the microel ectronic substrate
110 ositioned beneath,. luyralit f el ectr.odes havi apes and

conf i gur ations in a &Pga%&(gﬁ% Fﬁ%ga%?% ae‘ﬂﬂg@i ﬁlﬁa?g&%fﬁbﬁgc%9¥ﬁpfion.

For purpo ' ' 4,8 ik 5 I are
Shown pos; o ArpproxiHEeLEhaRthe Y OF it RIdRdiE ShbralE 11U 204 30

however, ihaver acemmeirculbe planfors shipe.t Htheseloetrode §20grahepgdhipednsith
relative to a_ si I ¢ substrate 110. | n one enbodi nent,

ngl e m croel ectro
el ect r odesanpsher al%ewg‘@t{ne‘faw%ﬂ)gﬂéwgdl shgpe rorrpspAnding 4o roauITes tmagzoa,

cur rent ulie G8dFode TS ha B SRHBOFS 4B FoaHBRSH Yhe bR St 3,
el ongat ed mr1 &4 pidwilly RReSANRG curebt 36 e nAEIoRRBESME sbshaRdin BAY JrltRE 1O

each other over the dianeter "of the substrate 110. The spacing ~ between
adj acent ehaungrsdiescobedhabeicewithadterprudertoFiguresadnrsbe sel ected to direct

Lhe el ectrical curr et | 0ua. L he SUlEl LAl k0. s deseribed atoue il

720d can Rfew of a portion of the substrate 110 positioned 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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grouped to forman el ectrode pair 770b, and each el ectrode 7%@2&#@%%005

can have a wedge or "pie" shape that tapers inwardly toward
t he 15 WOWaBéHdisshH81 21 DECEMBER 2005 PCT/ US02/ 19495 mi cr? Iectron‘i c
substrate 110. In still another enbodiment, narrow, strip- §Hgs"2é19é{§trodes

720 d 720f b . | i 77Qc, with h
el oct rode 7206 and 728 Okt cCRRRy U eBPIETAPS offdriveriuhoe apesd 13
of the m crBet extmple| theslowdrisatficd Wzt&ﬁ@fa@etah&ngﬁigﬁp% ﬁ}aﬁlagﬂgf H}dﬂﬁe-

m croel ectronic substrate 110. In still another e

el ectrode groatively wayof theelectystes desatilsdd) abatef witherefireacoto ﬁﬁue 6
m cr oel ect rQpi ubstrate.110 and can_, have a sem circular plan m shape.
The el ect ro@e O%getiﬁ%o%é f@m&fgﬁp\‘iﬁ Pﬂwrg]i‘ﬂi\ these shewn indagynedd) cindyave
havi ng a shapepe® dreaiRoadi | T b of . the el ectrode 720g, and
both el ectrodes cadr{ be %E@?%%%%@heﬁg%?lp ﬁﬂﬁgo?ﬂlb@&l“leﬂsrt e;f&@mmtes

al t er nat i nganuravenothep shigesnthat eedw@eit o5 hﬂaﬁv@ﬂdtﬂinebé@vc%ﬂythgfelé%{?%qggnner S

descri bed aba\ég vvi%&{reference to Figures 3-5. Figure I's a pa
schemat i c, 3HJd9¢549€ratedal. si de el evational view of a portion of the

substrate 110 positi eath the.electrode 720c _descri bed above with
reference to Figure @%%Aés%ﬁgﬁalﬁf Scﬁ:qquan_c wshoaf menelectrode seppattr ode
720c has ad78pgsr sappbafif E%)lﬁ’xﬁﬁt}? Of0 Wil ‘aﬁ o Tazg(ﬁrgoag%gs‘ﬁtgt é}ug PP

0 S ] e

surface 771 and facing the conduct’ive layer

| oner sur f &8dodimpentanf thepmveniomwdn ding dspeen éofhihiL embelinlent, He LREirode

substrate 110 trﬁg? d the wi meﬁer 112 of the substrate 110 I n one aspect
of this e G383 yiclnde; pplwplity pbglectrade aperitkyed Thogeett of efhidle.
Alternativ e, e o n have a plate-type confiquration with
the | ower E{)J%cgcéeltﬂ?e‘hée%tg{s%?% ohjnoég %g@‘s Rovth SF?P’E* &ifﬁg € aheftt- nelhgp St
surface 77depmodéd 4204 ard beuplkd Woushtha f fyRi.t he

enbodi ment _i s that, the el ectpri cal ugoupl iﬁggﬁf@ﬁtﬂﬁgﬁﬁfg@@ﬁﬁ@ c and
t he subst r%&eesefﬂl}dc@ﬁc%d%tﬁﬂtg@re coupled to a second lead 428b. Both of the

leads 428a and 428b are coupled to a current supply 421. Accordingly, each
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, 320, 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 amranged in a manner that corresponds to the
proximity between the electrodes 4202, 420b and the microelecironic substrate
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toward the periphery 112 of the substrate 1.10 than toward th%elh'éﬁ I ﬁér%ws
of the substrate 110. This feature can be advantageous when B:ﬁflg

112 of tW& B9h¥Irate 110 noves relative to the el ectrodePZZASORI94a5 f ast er
rate than does the center 113 of the substrate 110, for exanple, when the

substrate 110 (Figuees, ardfouthd elscgede pairs 330 canche diranged td berresposid tode
720 be shaped count . f lati tion b the el ectrod
and t he sublt rate o 8efHES BogenZhebke S e Blestubden siabapc isomd otes | 1
ther embog; 7 t e,
Che"] oney SRS LOFLOHD. 1185 Ayl Ml ESas R RERy Al U

the |l ower surface 772 can have a curve

Al ternati velore teayilpfcdrtenthiedtinothe spetiyheiy A ab @y sibhdthhté ef1er ﬁf‘%ﬂléro
Figure 6 (or other electrodes having shapes other than those shown in
Figure 6) Eomawvdery the gstafiver velgeitg datowen therdleeirodd passi470 andt ther

enbodi nment l.ectrQ an. haye other apes that account for

rel ative n%q]?s%%%ogt]&eéﬁﬁ r?ﬁﬁvgﬁeﬁ'}&o&e&e i?éﬁl}ﬁets}lie g?ﬁ&f‘ﬁﬁﬁ@:l . Icrepsed 8A s
a partial | YorsehaaBibhCof | ¥ctaddeapagt e ton - rt.ing a
plurality o? el ect rodgs In tgico?’gagc?(\y/ﬁj‘ﬁ Eg@?ﬁérm e@%&%ﬁn@g@f&yﬁg

i nvent i on. cumerdntd aompensaté fonithe emighdiclative, veloeity! eFurtbenosUPRer fir#73 can
I ncl ude a gll ur al, i of el ectrode e3pertures 474, each of which houses

e: t her 3 f¢lecho t&é@a 88¢ osrrogd elcaredandPth of eaduelestrode pii?eﬁi'm celat bz .
. \ 474 i 428

and- e SeERME Rty S0hOHBls (N B PGtk A1 Brohe Suste: n of

the |eads] %%héi&ﬂﬁ@@c@é&escﬂ‘énﬂﬁé% PtiRe Eéﬁdlﬁ:@f&resigﬁ% glzggéegeffg@gés 9}%”9' Y,

each. pair 0 of first and second el ectrodes 420a art of
a circuit beacanse the closplpsoxicnity ta the comubiatie dayer0l Bheeduces ¢hetikelihys®( s)

descri bed aboye tth.reference to Figures.3-5, |In _one aspect of this
enbodi nentf?’f;"t‘r'éecf}g?%‘EIIF aPUPEE %FWCSE theriat elockane; F20% Bad e Iseeond:28b ¢ o
reduce thebdtksdd 8908, T A1 8104 ufth&C Hifedt WY embodiment, the amplitude,

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

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 m 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 altematively, 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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capacitive coupling between the leads. In a further aspect of,{hi
enbodi nent, the el ectrode support 473 can have a configuratizolnﬂg(e%rl%vrlgppyzoos
simlar tQ any })f t hose descri bed above with reference to Figures 1-7. For
exanpl e, aﬁy 8P™fhe i ndividual el ectrodes (e.g., 320a, 324/Uul2Q0e4950r

3209) descri bed above with reference to Figure 6 can be replaced with an

el ect rode SUispaiech 98 thisvimbpdimsnt, seurrend\candid suppdied @neadhnef vl B&bond

| | 474, h of, which ,  h f the fi
el 1 et 416 Sl obaR e gpenses g ST 1e THEERS
thi s enmbodigieecohf @1 RIde' PDH QR bS EﬁZ&-s}ﬁeQHV‘i‘elhﬂvg‘!t(?y{eg8‘8_1“'6‘2&0;6‘5%2, ed

arranged in a manner that correspondsS to t proxi
el ect r odes ta 2l pthtzGiscand eldotrodt G208 data Hnfter SepedticHBe Jeznmgai%@p%é%l 21
DECEMBER 2005 PCT/ LiSO 119495 110 (Figure 7), and/or the electrode pairs
470 can be “YFERh gUBPREA d8rsas8pregndocicetreda 828D ofanr differ e chmtdcesridielween
the el ectr e._Mm.croelectronic substrate 110. For

RARE ey Phadd 36 BHIE il

exanple, t pai "nore heavily concentrated in the
periphery 112 of 't he Gubflatathe eRicndiIBEB20 ARG AN AR f§Lelative
vel ocity between the el ectrode pai res 0470 an%lotd‘r??gd subs rgt%g{di%ssl?af to

rel ativel yFrguges 8Beendi §Gris at thecdirsti algkirode r820ancapagagld €aNGRBGARL I ON

of electro ai,r can provi.de an_increased electrolytic current to
conpensat e%SBog?\@) ﬁﬁ@h &%‘ina‘cnit%er\?%??o Eyomy, otlyss qusEenfnsPRICES h Fdri example,
el ectrode #4g0grsARR: a | ectrode pair 470 can
be relatively sgl osd(:arlatﬁ 832’? ﬁgrg’n ?’%%?’ggl%gﬁtggg‘g‘&‘ﬁ"a@“gﬁeﬁﬁéf?m@P{‘P(‘»ﬁ@ée%f t he
substrate 820l) Aheadvintepeebf ahisogdesngneert! i9S@at Thd | | ayer 111
(see Figure.7) because the close ﬁr oximty to the con gg%:@ielbii:tfe;ﬁi/elll
reduces t haisiRts | H&bdFigwe 7i viacthe| electrodes! 826uphi nbe brfore excclubgtely I st
el ectrode %Qﬂ)[ﬂ% d the second electrode 420b. In still a further aspect of
this embodi nen , the anplitude, frequency and/ or waveform shape supplied
to different el ectr oBRnRP@DsShRRHERR i1 ' ctors .such as the
spaci ng between the el%é%t rode pair %701\@&&69%8%59&%%505]66 for ¢ enucgﬁy,
mechanically and/or electrolytically 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-pane] 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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and the mcroelectronic substrate 110, and the relative vel ocj pﬁﬁ‘)fﬁ
the electrode pair 470 and the m croel ectronic substrate 113!.1 %Fguresﬁgé(ms
and 8C iwoustmweise el ectrodes 820 (shown as first el ectrodesnSes)miand

second el ectrodes 820b) arranged concentrically in accordance with still

further enpadi R06T Bk szdg%% RyREE 588 and kel dbNENS 86 Stpoy&qdeﬁﬁﬂlﬁur e

8B, the first electrode ¢ can be positioned concentrically “around the
second el emivande tBeqmlishing padis@2eacnoss thmtap-panelsdRl. c dhcdoedntighposlean

b he fi .el d 0 .th d el . 820b. The, fi

ol cot 1 ode ISP GBS DI BRI 58 S 2PN IHEKBERIN P dOr ode.
820b, | | ' : ] ' 20

det i ho an AP pipBe 8oty of SERSHINEE Jor SAIRLIE ShaR LIRS ofif o"s "

the first gbheghteor). 820a can be concentrically di sposed between two '
second el ectrodes 820b, with the dielectric material 829 di sposed between
nei ghbori ng el ect r od€he saparatps 130 canedsnBERe 20 0By G338 590 that

PCT/ USQ2/ 19495 S f thi ' t, t b lied t

Cach of 1 ronsRloand TPt The Shsbale a0 iRy it datetial S PGVl Prasesas vl y.
h i , - chi d

the C“”e”f‘hesﬁﬁﬂér%séﬂblgﬁggpi 2 o Lfdees ShP: t@qui’d«ﬁgﬁ%?z% &?@ggpg%ye

relative to the current to the other seco In a

further asidcicledset e enbsicitoehl(. at heppropriatenstagasppl ithe rmateeiat efirgand
el ectrode 820b can differ in characteristics other than phase, for
exanpl e, gwptessudbhe crisier @agsamblyoioQ pan alsedave despport grsdny SBécanying wit h

R R L e R Y e U
o Sxamsmhe s sin et lion o Lol n st ey
current apphiator 596.tdvel ars ahpt598tmojebfing Frgurtke dyiveishafti®7e| The madesPPB20 can
be nore acc(z:uli'rig %‘hley sulgs%nafté (ﬂollgéjr' 592 via a terminal shaft 599 such that the drive

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 plénan'zing 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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Figure 9 schematically illustrates an apparatus 560 for chem
mechani cal |y and/or electrolytically processing the m croel ecﬁ?%Ep@MBERZOOS

substrat ew(ﬁl%%"“gl accordance with an enbodi nent of the invention. |In one
aspect of thr's —enbodiment, the apparatus 560 has a supporfCTYEHRAYS0 with

a top-panel a workstgkati n where an operative portion "W of a

581 at
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pol i shi ng pad 5%6over the top-panel 581 to hold the polishing pa
stationary 92191‘?5 sy Beli ntrapslatst the substratehichycrdss thesplanariging 1supECEVBER

2005 WD 03/ 5 [ US02119495. | . f t | ol | 583 and th
t ake- up rolge%g} %E%Séﬁqﬁén%rgﬂvﬁe&%ﬁgggg{q{e-epai%ﬁ‘fcéé_r%aﬂleegwf@éﬁgss ©
the top- panemovdl mefieer Firieey mabéreA ol fieC ar%%' e{f?t%egﬁﬁst%% ?fle)lﬁ']SPovi de

polishing pad 582 may be quickly substituted to used secti on

a consi st erhemiedlacanfltor pohemivabgnevhenival cl slanarigtione (ONIBY ra%tnq,ca,gg_). The
apparatus 560 C@%ﬁfl so have a . carrier igse ly 590 that controls and
protects tKeCOLELEN5t & 1908 &mh@gnt% t BPhging epasl, £182pcanesmonth thee
carrier as ' suhsir -hol der 5 to pick up, hold
and rel eas§ eﬁga%?t@? %ﬁ@%gg?ug%ﬁr"c gqusgﬁrgjegﬁgsim&?tﬁ? ﬁé‘nﬁ‘é?té?q g’ﬂyeFem)val
process, THdladrthé snbargenddy 590 can al so have a support gantry 594
carrying

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
turther include a current supply 521 coupled to the support table 580 anci/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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a drive assenbly 595 that can translate along the gantry 594. |
assenbly 595 can have an actuator 596, a drive shaft 597 COU&I@EQ@M]%@RZOUS

act uat orwgQBoeszd an arm 598 projecting fromthe drive shaft/is8yis4dhe arm
598 carri es the substrate _hoI der 592 via a termnal shaft 599 such_that
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2005 WO O3dentited Fhoveusth/referomectnFigare 8rs ithel te miocesses, whengised in
particles or .elenents, as.described in ater detail | o Wi th reference
Do H qur osCenactiag vith, B30 GREL 478 ksl FRkethove Flalirial 260s8 e i Dt

appar at us i ; t
substrate g(go%lg{é%]ﬁgﬁaﬂg hgﬁ%gﬁgﬁ%ﬁ%’ ?%r%f Egg&;ggn{ééf]ﬁtd;ngf?gﬁ%s S|8§n'g g;g)é 582
in the presennplepfast Gescribednalravel ribe seléatrolgtic 5B 0cesEh eand rren@ve ssedmtiiety 595
then orbits the substra%e hloilgger 592 about, the axis E-E and optionally
rotates thiaIgqpERewtts Abmaicrigban apwnnet dhaf raughens: ther mygEqeiecdrarie

substrate 140, 36s 936, AE el SOAMIZNBDrSYLASH remove material on a finer scale

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 52%9a can accordingly control
the volume and dielectric constant of the region between the first and second

electrodes 520a and 520b to control electrical coupling between the electrodes.
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588. As a result, the abrasive particles and/or the chem cal s,
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coupl ed t o BAcupplipdiy thaisuppladuaits 53 7ttheoughogpepaned 558 in ti ﬁﬂ,ol%%%an
el ectrical S%EHGHI:I to el ectrﬁgﬁégpoaiystion d in_the support table 5
and/ or t he £égtpapeicags the pe RgA 82 nAceersdingly, theselecrades 520a and
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reference to Figure 9, material can be sequentially“renoved
conduct i veabayeffor exaniple,ney disposmgt the lelecttolytet SBY inrthelptaididing ifgud 0cess
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mat eri al can be_ repoved, via CWP processingl. Al ternativ
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fromthe substrate )
clectrodes 520a and 520b can be in fluid communication 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
cach other, the electrodes can electrically couple to at least a substantial portion
of the face surface 113. Accordingly, the likelihood for forming electrically
1solated “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 via an electrolytic process. An advantage of this arrang ' t
the substrate 110 need not be noved from one apparatus to anot ephMﬁﬁﬁZOOS

under go wotdso3¥P and el ectrol ytic processing. Anot her adpepiggeifds an
enbodi mrent of the apparatus 560 described above with reference to Figure 9
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the planarjzin rqcess..can re material on a.finer scale in a manner
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is a parti Lakl.y ol | e . r{ion
of the appgltérl{%tl%g u%gﬂggaslc@?%%g%lgoa\}z&%%ﬁén lrt%f ﬁgﬁé&:pge’ ﬁegﬁélgghﬁg II%’(r)?done
aspect of aszermﬁdhﬂmmﬁjnow%drmeFimareléd@sodebesgosz- Radel520p81fropusg a

plurality of electrode pairs 570, each of which includes a first electrode
520a and anserostattranée tsubsiats2db) (Figirei%)s whith canotissedeotheanniformityl ed t o

a first |lead,528a,apd t,he second el ectrodes 520b e coupled tqQq a, second
ond 228h. BT FIcE OB P e A Es A Baaon BeCAEavE 2o
current so i . | ' ' , first
ol betr ode bbb EFRe B! Hichdllshid pASBA AR haturaSHRSUATERE 380 o

el ectrode plaghfiging thd ieroebvnidaubstratt udies inl ehe anaiepr deaobé@rabowiet abl e

dielectric material. The electrode dielectric_|ayer 529a can_accordi ngly
control twithueferescattiFiuse 8c thurthesmase, dhe polishing pad §i83candfiltercearbha i r st

The of oot rate SBASTILARE SRR BER e JSTOuASe Ui 508) 16 FuBven]dne® "oo"
el ect r odesgledQad@nflaredal oM bentaL@sd rth)&%idfo@l@b'ﬂbﬁj@ Eifbsifite J10, still

m croel ectroni c substrate 110 (Figure 9) by the polishing pa .
further, the polishing pad 582 can act as a sponge to retain the electrolyte 531 in

one

close proximity to the microelectronic substrate 110.
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 camrier 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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aspect of this enbodi nent, the polishing pad 582 is saturate ' IR
electrolyte 531 supplied by the supply conduits 537.throughdzzal\pl)\lgir3'?:uresz05
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conductive |ayer 111 éFI gure 9) than to the other electrode
el ectrical current pakQdddnarizg @ HucEedeatiape: substratey h 10 vath drdapmparates| ayer

appar atus ol PRERSes, e RaFiASREF iR «8805Pea Goabicrerlectianiar d t he

face surfagebiftdte( Fi@upsing aoli e ! r 0, mith the
pol i shing pad 582 int ergposegqfobgt en thdeé g?%???@%?gﬁg%g @%‘gsé%ObTﬁnﬁd t he

face surfaddaten®80rand/ortherfubsatedmldantd? thenshove eclafiGe en6né RAoMILES T 0des

520a and 520b nove relative to. each other, the_el ectrodes can electrically
couple to %@@%&%ﬁﬂé@ﬁ“@‘&ls“@ﬁr@@cﬂ apposshe polishingrsusface 688, As

Accor di ngl ¥,rekifie 4l | far act o jsolated 'islands" in
the conductive |’a{§1"e3irc‘ﬁ’:rh§|w§9§ IEE| gflzjsri%11 %%r}g)t]ﬁ%qgédgcg&séﬁv%ghif cr B
reduced whére cplapariethg diqndv&87i qemlovdevnatedal Arber 'ibi \Walice | bt G
apparatus incl u?es or.ll}sl two el ectrodes, each configured to face toward

about oneTHE%® entrange subsiate 419.ace 113 (in a manner generally sinilar to
that described 23 21”[%%52885 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 carted 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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precessi ogbdctolyti®@xidation 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 determined 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 if 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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current sodRCEOHoaiTemg snbstrateilif. |Avnadvanaze deesig the domerforcermppied
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el ectrode pairs 670 can include. el ectrodes having shapes and

configurations gener &l § Bethodan ¢apcg £ Wil anather r¢mbodintam eofiithé

reference ; lgur 3. el-ect r.pl jcal ly-renmove conductive nmaferi al
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‘ 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. Altematively, 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 substraté 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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Figure 9. In other enbodinents of the invention, the apparat |
above with reference to Figures 3-11 can be used in accordan::%egﬁﬁﬁg#hgr%os
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(or other cqonductiyv erial eradly,in;a. direction. nornal,.to the
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110. For exanple, it 1s believed that the electrolytic oxidatioh process

roughens t bmbtmdithent fpotdntial eidabomit Vi@ reltermal canabe apphietr fat & platihyma

short di stance l%e eat h t‘ge sur.f ac%. The oxi.di zed ma%vgéi al __can then be
removed by 38 RIdHE BICHPEIPCERRR SH0osERte; 3 e frsgueniysohabont 6@ Hz wibilenthey pad

The. oxi 0 o SCI it i CL0"3 Rneh (600 S0 POBIERT G 82 TV
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exanple, it has been determ ned that a pressure of approximtely 0.2 psi
“wi || renpveubsttad@dl@ngstrons of platinumin ten minutes using an ermbodi nent

of ,t he In any of the foregoing embodiments, the polishing pad 582 can

be a conventional pad, such as an IC 1000 polishing pad (available from Rodell,
Inc. of Phoenix, Arizona). In one aspect of this embodiment, the polishing pad
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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i ncrease t {ecopeaniragionyl &rom Hboyb rldd cimeles/figard rtoatbanti T5kEsH, 804 at a

di ngl At t_. .whi.ch i di zed ial,is.available f
Feroval | atpBbSed Py of bp i Ml brifandiab5he S0 Gor FlericEibpencTisis be
r educed 1 O unlYagpichE phinafiairigONaiidls that HiehidROH1BHneBASH WitbandelYsGllf "ot

can be halted to control the rate at !
as KCI or HCl) and have much higher concentrations of chloride ions (for

example, about 100,000 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 remnove 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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conductive material is renpved fromthe mcroel ectronic S“bStifé‘#)ﬁcﬁﬁBEﬁoi 05
exanple, if the material is still susceptible to nmechanical and/or chem caq

renoval WaQevooasse el ectrical current is halted, then haltipagdig&bgctrical
current can slow, but not stop, the rate at which the' material is
removed. Alliggidai b¥edrdanca il ARERG Hspaks o ﬂ%}{ Lo lele]
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erbod ment B ot e .  PUf pORIrSic PLUL: BARPPLA Embidimedls I i B

cont r ol | eduser easnseledt from adwreadesnl aresyi dfthemicabdané whembical alognpdiaids to
can_be increased or decreased

exanple, the voltage applied tp.the materia
to increaSdlye a%@f%ﬁ@,mﬁ@@a@&om&wumsiq&ﬁpm substrateldd P hecawse, senoval
rates. In | v, ried, up. to_apout 100 volts.
I n anot herldﬁ%ﬁ%%mgﬁaﬁlﬁgg ??%qegéér@gguvft%ﬁugﬁ @% {;ﬂrgd we PRl o iRg) s
appl i ed candjaeentudedtestdsotheamtinipdunids hiedB ot balseRstdiBéh He BAGs bF BRY aJSusr ate.
In one specific enbodinent, an be

otential of about 10 volts rns

a
appl i ed t 0@ ¥syltatheuser qaawleccbpﬁcmmis thab ereeless ohemicallysteaaties, afasir to
60 Hz strate 110 is

engaged i AR tsterdo sifpass DEabier 15 Uity up uaicl CheGbemsator < i on of
the platinum from t hgiges oRIRH reRkRati B2 lidefard L ibpil the e Aord

f oregoi ng enbodi nment s, tﬁge péf_l shi ng pa‘?jzH g2 can Cpas c&ﬁ\%nt OSWm%ad,
such as anmethodld 0fng aippatitugespad rémvaingabémidondatioe dehierial | 1011 FforRhgeni X,

Arizona). In oglre3 aspect of this_enhodi nent, the polishing pad 5 82 can
have abr adPidogleetanics sppsteale y 120G tnj aerosdance avidu save rem ot wi the

invention. In one aspect of this embodiment, 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 fiat 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

30



Alternatively, the abrasive elenents can be suspended in a pl v
liquid or slurry disposed between the polishing pad 582 and ?hnlgﬁtﬁﬂﬁERmos

m cr oel ecg;d) '(ﬁu%lfbst rate 110. |In either enbodi nent, the abrasive el enents
can i nclude chrom um di oxide, alum num oxide or silicon de@EKUSIE/983d t he

planarizing liquid can include an electrolyte to electrically couple the

m croel ect r @dvantagebet ramethad dor senroeng fpadysiticon cald RNt conlifleRt! ! @
nts can be elimnated enti re?y from

further enbodi t. the abrasive ele
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contact with the polishing pad
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one or mor eléRen SaFesdinglic the euser qeam selop el REHBERIRA05(I6h 03¢ GRAS81

PCT/ US02/ 19494 i%%h hion |.n one .gspect of kﬁ{s enbodi nent, the chem cal

sol utions can be g"’é’ﬁ’é’PzF‘P i%“fla?l Y%“Ttbfdglep § shampre comemntionallgvRed.
rocessi ng.Féy & | gl . ] . O t.h eni cal .

gnvi ron rre%t , andﬁr?gteé’ gﬁe%ecg%ﬁicgtﬁg%?%% ;’the eggétfﬁlyg‘é&gl“g] GaRamclufls

associ at ed @Wuth hydnefinorioncid G\PcoRbITItMMESE anmRbnifX i llytyon can
i ncl ude an i d havi ng (NH4) 2504, mHZS%gH}%g%aﬁdM'

illlect{,ol%tic.f UI%I _

and/ or H3PCH!® XPHaEh aPPed {0 theheernicondueian ninterdalod Tiek carc omstel frugniBonsUch
as those d | 0 I t renceto,Figures 13A-C. The fluid can

al so i ncl ugz"?cgbjr%g?g??ﬂ\?e% olqu’ofzﬁ‘ﬁfseﬂflﬁafqdwoégﬁmugﬂoaé iRsAesikieony. Forf r om
about 50 porom- gt pblvefif: o] I % romabout 100 ppm
to about 5,000 ﬁ%ﬁef o?. y?at |O%Em%$:e%é\églia§ﬁ{cl r@ggeeé%e%&ﬁie é’xéﬂﬁ?@? of

sui tabl e f dwdpetaome aci aod aT MAMe ahd ghie dvalegei fiiliedetor the §§IHIC%119 o

(NH4) 254 %t aﬂlgonce tration of fromabout IM(noles/liter) to a %tutr 5.5M
H2SO4 at a ESHRent ™t YontRATONMately  Hhat samsvas asbiataltisaussad stvec Hoer i de

i ons. Thi s phssphttoli&d ' ; narizing liquids that include _

chl ori ne- bggleapsubstar?@g(gb?g}gé%&as KCI or HO) and have nuch hi gher
concentrations of chlfrfulthérondviitafe 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 microelectronjc substrate
1310. The microelectronic substrate 1310 can inchude 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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exanpl e, about 100, 000 ppn). An advantage of the chem cal solty
descri bed above is that they can nore effectively renove mtiéirpgpsim}éﬁghmos

as platiwowsdoshs are otherwise difficult to renmove fromplichasez/19495
m croel ectronic substrate 110. It is believed that in one aspect of this

enbodi nment e,chloride ionsg c adsorb to the tal ,surface and roughen
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a material emtroalimlengnthier finsteconduktive hastesialvilddn cangdeclalie Ndppet N tse

typical for nosi conventional CW oi)eratio_ns. In fact, in one aspect of
this enmbodsfemd ¢ondushiver matiad i3 { bneashtingladen damgaluny, antabind r pitridbput 1

e oyl S, SESIL e B RS T ™
speci fic affQs ko SdkohNARriddoUn Sthef &Eﬁ@diﬁ{enﬁéaﬂﬁeaﬁfb‘ﬂta:&?rs%én@gﬁgoe Lhe

pH of liquid typically used to planarize tungsten has a range out 3
to about 4gontectde RbtepRGEVBER 1310 an\Micide @fH&somidsitisaR/ 19495 liquid in

accordance with anotﬁi“;f a%ggi(:t ofosi:he invg\tion can have a pH of less than
about 3 or greater t eHb, oW, tosEigure t1dB; Hbe Dirghperdugtiyepmateriad 131dui d
typically t ' c [ 7, th Hof a.ljquid in

accor danceggl\?\n%fe ﬁggﬁ’é@ﬁgol‘égfooe@t%qg{’eltﬁetﬁ?%éeqﬂq %‘?P‘ﬁ’a?ﬁvﬁ ég%tegalpﬂ#t‘? UFEs t han
about 6 or angrefailRy devieds AeSeribedl aboveadMaN reRfertle N EI 1%?992;[ g ﬁF’%‘}%‘ ment s

is that the " user can select froma broader array of chem cals and chem cal
conpounds @spect e dkisc embodimens, the eslectrolitionflotde used riverembventhe fiwgtst r at e

110 because o..long as conpounds can trically cqupl e, the

conduct i vec‘{’l%i V&I Y anillégnd’f’gpé%af‘gﬁldgb‘fer g@ééﬂa Phé"é%&%ﬁ%&yi, saeh ajot be
selected o : i : ul 4 e. s I chem.cal s
that are Iglggﬁlgrﬁgﬁnlsc%?%' Ple_glc}éisslg?ﬁé@:de?m%%& ang‘{lcelf&agngﬁ(?ﬁ%%aéﬁ’%sr o

di spose of caidentrations igbacratlysityiar fathosbldeshiiadcabsve. FndoreaspeéfoBthis

schematical ly illustrate applying the foregoing
embodiment, the concentration 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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met hods and apparatuses to renovi ng sem conductor materi al 122’111ng@1§%§]§
m croel ectronic substrate 1210 in accordance with an enbodi nent of the R 2005

i nventi on, 'QH?(}”% aspect of this enbodinent, the microelectronic substrate
1210 can PHEPUAE! a substrate material 1215 having a recefETAUBIYINES whi ch
the sem conductor material 1211 is disposed. The substrate material can
include a Hecwphdispligitid. sWihiethen the Ssst qoBHSGivermaterial HEM lsinbhidegicepper
material. In one enbodiment, the sem condyctqr mnaterial 1211 can Include
pol ysi | i conPHEheT GEment co 1 IBW%‘HSF gﬁ’ ﬁ?ﬁﬁcﬁldntﬁfﬁé?olb%dhﬁé'ﬂﬁs, t he
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surface 121anil/of 4 ehelatinggyesesshe recess 1212. A portion of the
sem conductor material 1211 can be renoved to forma flat surface 1214b

(Figure 12b) by el ect Refopringamew toxFigure ntpCit fe sevintowdududtivenmateriall 1211
d i i condugt tegial 12 ith chenical and/or .

mochant oal TV gt Braneer St e ever hiu dekestE otam 1k heingues

f ! all . : e T oS

S urry Doy LeBRS iSO eERGRHE SmPlar 16 theld plchipeioince, BRIl 1" °

slurry typipaatitylai mspecd ed thist erabediment domohichrthehyedond icdad(diRHnadsiehia
suspensi on of rticles. An 30 21 DECEMBER 2005 WO

siljcon dioxide, ab asiye_p | es _

03/ 001. 581 1P| &Mﬁ@@ﬂbdb@ﬁ{eageﬁfc uigedippased on the secendhegraluesivei con
and ot her J e} r terial S| nce Wyt nbogdi ne of the
I nvention ?hg'". gfdf{ﬁtgoﬁg{lg%cﬁde @Hkﬁﬁﬁ%ﬂgﬂgﬁ?ﬂoﬁﬁmﬁ OBf&};l'HFasi ve
el ement s, 1ERERY gzl i Wi S | kL.d
havi ng a pghléggg&tlhan i&i‘Sm%?&gglraglgt gf%%%uu?fﬁg q,%cagor |%ngsy,géttcﬂ£hg§er can
sel ect el ecmtwidimmient,fthaiaecttadytt fhed tdaasiacludiesz cotredioabmhéditdraro fthibitWi der
variety of pHs than.are conveptionally. used. |, exanple, in one
bar t cul ar CEHOSIN e cxRase Bist PORgudtiermaiesial, Lhl 1 Eor @emplp when the
hydr of | uor ifgs@ebdRétve GRRRIANRYSPD MELARERYpR, M 08k d8oR R can

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

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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The voltage applied to the sem conductor material 1211 can r F ﬁgﬁhs
25 volts rms to about 100 volts rns, for phosphorous-doped polysilicon.

bor on- dopaiogaisai | i con, the electrolytic fluid can inclugeradabxifgse of
hydrof l uori c acid and TMAH, and the voI tage applied to the sem conductor

material can be approxj t:ha S above
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fluid selected to renove the sem conductor material 1211
m cr oel ect mwmﬁletztb@mr:@ubsmmclﬁamh@e theefirst tcotductiveammatdrialt 139 lognd ¢he

chemcal interaction with th rate nmateri al 215. Accordi ngl for
appl i cati oﬁQC(i’er vigdmate ﬁgg%@ﬁ)ﬁﬁﬁﬁi’ F%ﬂl bfélﬂs thag a %@Wﬁ to

the | evel t r S§..Ca

aut omat i cal ehg(?op &ﬁﬁ’% pagl(lrll?ijp V\ﬁél%tlo é(;%su rat%Per?rél?&fs %a%f‘g’l%(’t i
exposed. Agmeludé chﬁolmllgrmm&lg:ﬂn fodst aid sbcorRl ORdudENe neatERSIsS. e
and/ or |ess acgurate conventional endpointing techniques. Figures 13A-C

schemat i caﬂﬁ%ﬂhﬂduﬂw\& @nr@t\’hﬁ@ge foirfhléﬁpﬂWﬁgs that the appmtusgappiyhrg thees and
appar at gse r enpvi ”ﬂ I,r st ducuv&ﬁﬁ'ﬁhe“ 13 1tﬁnd a second
conducti ve Hﬁ?‘é?’icgl Capsngve grl%geg SR e ﬁgﬁtlé atstheplowere

| ect | 1315
vt ng 5 SpiforelRaialohe 1663 BReISRthany EoMHRRAH b foel™o® gt 02,

1312 or  obhisstrateaiatedsl [3rIaatl/on strhetugdsefoeaiedi ian thersubstatt3heterihng 338cond
conductive material 1317 is dlsposed in the recesses 1312 and on the

di el ectri cPE6FQ @nplmgmemi’s 2this fwtmenmqb@pmmvlaysoadmegemle

f | f f d. th duct
Caverar T adipn dedl a%é’té?nﬁwﬁhi?ié@aﬁ 15, ieBGie' sttt for IR len bane
enbodi rrentdleué”&qélcbﬁstaﬁ%ﬂ%m%oﬁmgwoaﬁbolﬁﬂaloc A a1 fe&?‘iﬁgﬁﬁg the

second conductive material 1317 can i nclude tantalum tantal um ni
tungst en, pomogstsdicani tride, titanium titaniumnitride, tltanlumschon
nitride,

Figure 14A 1s 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
1s 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 amangement 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 in 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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and/or tantalumsilicon nitride. In other enbodinents, the fi
conductive materials 1311, 1317 can include other conpositi onisléﬁﬁgﬁgfrlgleggms
now to Fi‘gér@ 6.13? the first conductive material 1311 can be renoved down
to the | V8I™8#¥he second conductive material 1317 usi ng PCAB0949he
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material renmoval, either in conjunction with, or inTieu of “contr i ng
the concen®apiqular eraraeicystiascofithasliclosteic material and eleotrdlyes hdfacemetorihgl 1311

[ | ud 1.0 f . | to.the fjrst duct i terial
1311 by nOREOeR AR, BRLBEAETERG of b bsesierle, andly the tewobrate g
Fur ther o7 &vhibh éreliBiiAlis 8 bekahBfed BofFiicadshis! figoned at | east proximte

to the first conductive materi a can 1 nclude platinumor graphite,

and the potential appi advantagehsf thiratampdatent inthay Hie/hich R ARALY s It to
about 15 volts, depepdi ng_upori t he conposition of the_-gz 21 DE%&&%‘PZOOS

WO 03/ 0015831 PaRs ¢ Toursdietrical caargy fioguitle clentodes 520marid 520b to

conductive I q 04 e r r__apot her el enent, conpound or

conduct P Blechiit SRS PR e Tpy BBy B Rposc T
can more effectzvely 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, aithough 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.



conductive material 1311 can include an etching process, a cqﬂﬂgg ! ER 2005
process, and/or a chelating process. Referring now to Figure 13C, e
second conductive material 1317 can be renoved down to the | evel of the
dielectric portion 1316 using mnethods and apparatuses generally simlar to
t hose descri bed above. In one particular aspect of this enbodi nent for

whi ch the second conductive material 1317 includes tantalum the

el ectrolytic fluid di sposed on the se%?ﬂﬂugonductive material 1317 can

i nclude dilute hydrochloric acid, NH4CI, and/or dilute phosphoric acid, or
any organic or inorganic acid. In a further aspect of this enbodinent, the
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can be different.sourcanst erpastargitentia Ny gg%&@fnggﬁﬁ%ﬂeggﬁﬁ Mot

conductive material 1317 can be the sanme or ce
first conductive RgxEnaig tomispaned apdrt romdahieviaty sutfaee dpe wicteciaBRbhied

to the second con I terial 1317 can e_different than the downforce

applied to the fi%t%‘%@ﬁ?tcﬁé%gw éPi%{?&i%‘ﬁ‘? fluid betveeprbe faepsudfaes andi s

enbodi nent, the ptheasiestirddys WRIHa Ecetd AN i 7

can automatically s},op \';\her? the poli gﬁi r@faégggggﬂggégwejs Pﬁ}éslﬂr@%ﬁépfgyr@gél ed

diel ectric porti off hemplishingopad.nwith boih therelestrodge influid vemhashication with

accordance with agy gi.gﬁatthé)gletcﬂgh}ﬁ?}@za.i onis that termnating the
nducti ve”

process for renmoving the second Co material 1317 can be sinpler
than convent®idizingt at fesist @e potiipoaock thea coh@urtvpeiatdial By paisiRg e eldrical
endpointing is not re u{red.- 3% 2% DECEMBER 2005 ‘
current through the first and second electrodes and 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. |

4, The method of claim 1 wherein passing an electrical current includes
passing a current of from about 1 amp to about 10 amps,
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WO 03/001581 PCT/ US02/ 19495 Another feature of a method in a ot
an enbodi nent of the invention described above is that the ;@%ﬁgﬁ@@ﬁhﬁos
applied to the mcroelectronic substrate 1310 while the first conductive
material 1311 and the second conductive material 1317 are renpved can be

| ess than the downforces applied during conventional CVP operations (i.

e., COWP operations that do not include electrolytically oxidizing the

first and second conductive materials). As described above, an advantage

of this featiure iTFhe methodefaaiar 4 fusthep gopiprising eontdailing @ncexidatiorheate of

| onger |ife span. A further advantage_ is that. the | ower . downforce may be
| oas’] ithel Sprithihive ol BiaoniBIIG Fhe e Migh i hengectiial Harat RardRTa
1315 anfiffiighsthetdridfieivé fidtBfall N the substrate material 1315 prior to
appl ying the downforce. This feature may be particul arly advant ageous

.when the substrate material 1315 has a |low dielectric constant, for

exanpl e, a ielegtric gconstant. o romabout. 1.5 tQ out 3.0, .Such

materi al s odn i nol tEeBET SR § b GaRPrishy patiBad ana e e of

r epr esqRbaldriiche soa@rial b* RentreMRBUaBASt 618 of 'abl‘?é’qtigiﬁ;(ze'aﬂﬂ bR 4fApMuEEGY O
Figure 10. The circuit anal og can also apply to any of the arrangenents

descri ibéd Mrj@amwmrﬁ@a@si@dém@h thepondyctveldaterial. shown schematically in
Figure 14A, the current source 521 is coupled to the first el ectrode 520a
and the second el ectrode 520b with | eads 528a and 528b, respectively. The

el ectrodes 520a angk SEHh@T eofc QUANE ,t QurthE  cBhPridRIgE Halttiy CrePathal r et &hd 10

with the electrolyte 531 in an arrangenent that can be represented
schenatgasguctiveyynaigsiak &osn dhe gaicarelertrenip sibstiate ydhalting & dpw. of sladiiieal

capaci tfﬁfrfe?{fgh'{pﬁﬁhﬁbgmrﬁgpa | E/#Q%FAJH' i ndi cates that the mcroelectronic

Substrate ground or another potential. In one
aspect of an enbodi nent shown in Figure 14A the current source 521 can be

coupl ed to an anplitude nodul ator 522 that npdul ates the signal produced
by the curreht solii@Enethad ofelaing 1sfEeriGPMRNfing 14B.  Accordingly, the

current sour s GRLIBERAE A8 .8 e HAUEREY R oo anthef "o

anpl i tude no can® superi npose a requenc
selecting the polishing pad to have no discrete abrasive elements.

0. The method of claim 1, further comprising selecting the electrolytic fiuid 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.

11.  The method of claim 1, further cdmprising selecting the electrolytic fiuid to
include a plurality of suspended abrasive elements.

12.  The method of claim 1, further comprising selecting the conductive

material to include a metal.
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on the high-frequency wave 1404. For exanple, the high-frequ
34 21 DECEMBER 2005 WO 031001581 PCT/ US02/ 19495 can i ncl ude gﬂg@}ﬁ@:ﬁ%ﬁﬁ%os

positive or negative voltage spikes contained within a square wave

envel ope defined by the | owfrequency wave 1402. Each spi ke of the

hi gh-frequency wave 1404 can have a relatively steep rise tine slope to
transfer charge through the dielectric to the electrolyte, and a nore
gradual fall time slope. The fall tine slope can define a straight |ine,
as indi cat ed1®y hThé- metleep esfc glaiavd, mmttheroccorapnsmgeslellecmmg the icoddectived

by hi gh- f nc, 1404a. er eppodi men the high-fre uenc
e SApReIR 1 rboKRR: 2t Bagtahe ot nS I ORIORIR, Hae RANEM AaRRe g,
for exagp §erpéhd @niiarticular characteristics of the dielectric rraterl al
and el ect yte adjacent to the electrodes 420, the characteristics of the
substrate 110, and/or the target rate at which material is to be renoved

fromthe sub rat 110. ant f this arra that the high
frequency si z‘% %ﬁn?ﬁhﬁas(ﬁl a'ffhggﬁé’&tﬁ T QONRIISIY B%@Qﬁ‘r@nﬁﬁ'ay P%‘?ﬁeﬁ'i'eth%

el ect r ogrdRA0e R rialkaR e p@miﬁg SlPR st th‘é%dllsﬁlﬂ@%é@ttﬁe lidQid mﬁuhmgtéte
| ow frequency superi nposed can nore effectively pronote

el ect r depshoreabf fl‘élalc)lzng@n Hﬁ@adﬁn&@m MaS@qgtarsl KisRO531 and the conductive

| ayer 111 of the mcroelectronic substrate 110. Accordingly, any of the
enbodi ments descri bed above with reference to Figures 3-13C can include an

anpl i tude nmogsl at Phe infetAEd iof CRImt Pwhefelh rERflovirkMaESial ﬁbﬁmﬁétmléreé@aﬁbﬁi&
it wll be appreciated that, although specific™ enbodi nents of

i nvent i subgieale inshidesesemoning Hie ematerial 90@@’9@@367 in 4 lmr&ﬁloho@eneaﬂiiyous

The | nvERestsd B eCadifig SRR of il BibARee Lo qubs ' deccri bed 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) at@ vi tlheveethod mfceladmndl Whereia the candpstive meterial 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 Iayér 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
removing at least a portion of the barrier layer from the microelectronic substrate
by moving at least one of the microelectronic substrate and the polishing

pad relative to the other.

17. The method of claim 1, further comprising controlling a rate at which
material is removed from the microelectronic substrate by controlling a concentration of
chloride ions in the electrolytic fluid.
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limted except as by the appended claims. 35 21 DECEMBER 2005 GhaicFMBERY005
nmet hod for renoving material froma face surface of a mcroelectronic
substrate, conprising: engaging the mcroel ectronic substrate with a
pol i shing surface of a polishing pad; electrically coupling a conductive
material of the mcroelectronic substrate to a source of electrical
potential by positioning first and second el ectrodes proximte to and
spaced apart fromthe face surface of the mcroelectronic substrate and

di sposi ng an1&l ecThelpethod pliidripelwderheneompsisingucoatrellingoa rate at which

the pol i eferieD s erhBq HEf Y (kiBeleBuBRBaaBlita By cafirBilnbi wafeifidhior
each otdleshalrid thdelesttrebiticdluid.i c flui d; oxidizing at |east a portion of the

conductive material by passing an electrical current through the first and
second el ectrodes and the conductive nmaterial fromthe source of

From the m croel obt? oneuiod HKA. o ToRBbt  eda GG hi Fed e

m cr oel materizhie sl 4 semicordiuch® makiiakhi ng pad relative to the other. 2.
The nethod of claim1, further conprising facing both the first and second
el ectrodes toward the face surface of the mcroelectronic substrate, with

cathode. 3. SMie mpanedfod e AICARE oomEnShR°toBLA (AR edilaibe” °
t hr oughmaterial bwimtiudde palysiider.i al i ncl udes passing an el ectrical current at

a potential of up to at |least about 100 volts. 4. The nethod of claim!|l
wherei n passing an electrical current includes passing a current of from

about 1 anp jp abpyd LQuPHF d&in® 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);S04, K2SO4, HaSO4, MgSO4, HzPO4, and
ammonium citrate;

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

moving at least one of the microelectronic substrate and the polishing pad
relative to the other while the 'polishing surface is engaged with the
microelectronic substrate to remove material from the face surface of the

microelectronic substrate.
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21 DECEMBER 2005 5. The nethod. of claim1, further conprisi

an oxidation rate of the conductive material by controlli ngrﬁﬁﬁEIE’I\REM:{%)05
characteristics of the electrical current passing through the conductive
material. 6. The nmethod of claim11, further conprising controlling an
oxidation rate of the conductive material by controlling at |east one of a
frequency and an anplitude of the electrical current passing through the
conductive material. 7. The nmethod of claim1, further conprising halting

removal of t2@& CTheluedthye ofrelaénmi2d), fljrtrmno‘olnmrMmg oel ectronic substrate by
halting a flow of electrical current throu e co ductlv mat eri al
The method oRosilining firstrand sreondoplg P'ir%(i’ﬁ’ﬁgs ACA0BRA, Ofrhtah% M%%thh?w d

to have no di Scr%gcréélbéﬁbﬁi% s%lb%ﬁﬁfé@md ?ﬂfﬂud%%hﬁﬁ&hu?gt@r@ﬁutﬁ%éﬁﬁhr@gaﬁéd to
have no di screte abrasive elenents : e nethod of claim1, rther
conpri si ng selwdingrad ledst mmmelqlemtwdeaﬁoda sourcendf| eléetrical potedtali vitts one

havi ng a concentr on of f bout 50 m t t m 10, The
method of ol ai m 101 hERIGRIOLES AEGIGa" SaPBEAAGRE R ersTeweh g Caitide,
include a plurality of abrasive elenments fixedly attached to the polishing
pad at |east proximate to the polishing surface. 11. The nethod of claim
1, further chpriEhegnatbbdofickm B2, Rirber comprising seledting the h@tllidde iaclude
pl ural i t

f ded ab i d, of i 1
Pt hercriarids TARDBBYE.S HohE el el oF diorm Aout R PP 1 Gofi Pl ubimeeag
37 0 214iEkS&hBlR 260k BetwebRahBRIdIgHIng  suiftiedflthel pHlis Ay ﬁéﬂfﬁhﬁih@%urface

sel ecting the conductive material to’'include at |'east One of rhodium

i ri di ureftheimdicrosiestroniesulediier, tantal um tungsten and titanium 14. The
met hod of claim1, further conprising disposing a |iquid between the
conductive material and the pol i shing surface of the polishing pad, the

l'iquid inclugg.ng Phe Iee®ibdosteciaim s colprsihy §886lhg MiS®quidaand e&04.

polishing pad to have no discrete abrasive elements.

26.  The method of claim 22, further comprising selecting the liquid adjacent to
the polishing surface of the polishing pad to include (NH,4)>S04 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 H2SO4 having a concentration of up
to about 0.5M.

28. | The method of claim 22, further comprising controlling a pH of an
environment adjacent to the conductive material to be from about 1 to about 14 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.

40 o



15. The nmethod of claim| wherein removing material fromthe 51 ppcEMB 2005
m croel ectronic substrate includes renoving the material ani sotropica Py

in a direction generally transverse to the polishing surface of the
polishing pad. 16. The nethod of claim1l wherein the conductive materi al

i ncludes a conductive material disposed adjacent to a barrier |ayer of the
m croel ectronic substrate, and wherein the nethod further conprises;

engagi ng the mcroel ectronic substrate with the polishing surface of the
polishing pa8 af The methd rod clbirhe22t furtheor comprisingt belectinglubei venductive

material ;. electricall oupling, the barrier, layer to the source of
el ectri@éferk?gtoih? %'Q%B%Cﬁgm bg{raf%igmcgld&ﬁﬁ] -of the barrier |ayer by
passi ng an electrical current through the barrier |ayer fromthe source of

el ectrical potential; and renpving at |east a portion of the barrier layer
from the m cB8del ethe omethaslimdt claine 23, fothergcamplisiagt seieeting theeconductive

m croel ectroni substrate, and the | | shi d relative to the other. 17.
e ot Matere of i Aico8leErBRlG SlRBR 4 Pe B e e & Tat e at whi o
material is renoved fromthe mcroelectronic substrate by controlling a

concentration of chloride ions in the electrolytic fluid. 38 0 21 DECEMBER
2005 18. The3thet hbde omethas wf 1¢lainur2he furtherpedrpriging oagleoting rtheacordwctiae

whi ch i | S I env fromthe. nmcroelectronic substrate b .

cont r ol TEITIALBL e ml PR phlelsaisn s e feB i At sSirifichr faterizy. e
met hod of claim1, further conprising selecting the conductive material to
include a sem conductor material. 20. The method of claim 19, further
conprisi ng sé-ectihg thethedndefct¢lain 2@ ewharein o remevinge maitsrial| ifeon. the.

R L T e e e
met hod deneralytrah9gree o tishistiiface oBtherrhizrodleécidrtic Bubsegteect roni c
substrate, conprising:
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 pad, with both the electrodes in fluid communication with the
electrolytic fluid; and
anisofropically removing at least pért of the platinum portion from the
microelectronic substrate by moving at least one of the microelectronic
substi'ate and the polishing pad relative to the other while the
microelectronic substrate is engaged with the polishing pad and while
passing the electrical current through the first and second electrodes and
the pltatinum portion.
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engagi ng a face surface of the mcroelectronic substrate w't
surface of a polishing pad; disposing a Iiquid adjacent to H}ZD%@}M@EER@OOS

surface of the polishing pad, the liquid including at |east one of

(NH4) 2S04, K2S04, H2SO4, MgSO4r H3PO4, and anmoniumcitrate; electrically
coupling the conductive material to a source of electrical potential; and
novi ng at | east one of the m croel ectronic substrate and the polishing pad
relative to the other while the polishing surface is engaged with the

m croel ect r oBd.c s'ﬁbetmethedb@ciaﬁnﬁ&fmﬂhardomhpdmngnthe face surface of the
m croel ectronic sub?t CEIVBE 2005 23. The method of claim

22, further %%%tm%i r eﬁt&'ﬂ'? 8H'id#8 VEdio (a'ﬁereé% FRPIE 8@@%@@%@% .
apart fromtyg rie%(fl%ﬁfh ad RFhavel A ARCPEH Aftagiva dighedlse and | n T1uld

connunlcatlon mnt I quitd; and coupling at ast one of the el ectrodes
to a source of electrlcal potential wth one of the el ectrodes defining an
anode and th

24. The t hod of cl 22, furth
conprising s ecﬁe ) nf' bncguﬁ?@' égoﬂﬂ"lﬁﬁé’or‘w{ﬁ'ﬂn@?é@%cgﬁ@ tﬁg\aﬁlgngdroéync leld o
concenttbambmeoémf)ﬁ@@.a@wav% Qmanbenggﬁw oP ﬂ%%) ot 30dpprli P 66&‘195

| i quid between the polishing Surface of the polishing pad and t e sur’ ace
of the pRoroel ectroni c substrate. 25. The nethod of claim 22, further
conprising selecting the liquid and the polishing pad to have no discrete
abrasive elenments. 26. The nethod of claim 22, further conprising selecting

the liquid agh, aceﬂﬁetrﬁeﬂ‘b'ﬂleop‘i’ﬂlé;ﬁhBngﬁBFélﬁcﬁp&f/lnbhén p&bbﬁl?ﬂépﬁuﬁéﬁt tté’gth

i ncl ude (NH4) 2SO4 havi Eg a concentration from about to about

27. Theplatnuwodpartioniaglnde appifng en elentmmehcuqesbabetpotgnmaie)ﬂmmm @t least
adj acen ol i shing surface of the polishing pad to include H2SO4
havi ng “sab&g 19@%@“ on of up to about 0.5M

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.

389.  The method of claim 33, further comprising controlling an oxidation rate of
the platinum portion by controlling at least one of a frequency and an amplitude of the
electrical current applied to the platinum portion.

40. A method for removing conductive material from a microelectronic
substrate, comprising:
engaging the conductive material of the microelectronic substrate with a polishing
surface of a polishing pad;
moving at least one of the microelectronic substrate and the polishing pad

relative to the other while the microelectronic substrate is engaged with
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28. The nmethod of claim 22, further conprising controlling a E?TB
envi ronnent adjacent to the conductive material to be from abi(}llj?e? 0 ggozl?tos

14 when the conductive material includes platinum |ess than about 3 or
greater than about 4 when the conductive material includes tungsten, and
| ess than about 6 or greater than about 8 when the conductive materi al

i ncl udes copper. 40 0 21 DECEMBER 2005 29. The nethod of claim 22, further
conprising selecting the conductive material of the mcroelectronic
substrate to inclimdepalishinglpad3énd Wtilemapplyihgt ehying 2Rctical tdurent to the
conpri sing sel ECtﬁiERr}gd the conducti vg material of the mcroelectronic
substrate to incl YQtixe imRirak 8NdThe et hod of clai m 22, further

conprising s i t } i t el i i

cubet 1 at ot oy R g g oE AR CHGlrhionTBUBELAL e (hITLRVCRIAEIINE b from
cl ai m 22 wherei n akouivi te alpatitkd whehrtbe adnductive nuabdal inchidessplbnumat kess

i ncl udes renoving,the terdal anisottopically jn direction ener al |.
transverse to thet_hgﬂlr ng}fgl\‘ Otrh%reﬁ? rh@orbcﬁ%b%i%_\gﬁ%%t &t 8‘?”%“5:’?&5\ Hﬁﬁﬁ'@%
for renoving plat ih@ldiﬁikefsrtgﬁg[;@eﬁ,aﬁ@d wa4sitheR aboud6Brireslep thaBbsut $ Whah thke,
conprising: engaging a platinumportion of the face surface of the

m croel ectroni c seduciive material Incliges SAPAY-surface of a poli shing pad;
applying an electrical current to the platinumportion by positioning first
and second el ectrodes proximte to and spaced apart fromthe face surface

and di sposi ngy1.an Theehethby tof @ldimuig WirreeRetdohdlanes Mutéaslas Ashdsed on a
el ectrodes while the m croel ectronic substrate is engaged with the

pol i shifAge gasfacgial the sifroeictanic srldtaiei and wieaeip arpliing a0 acticakcument
el ectr %thccokhﬂbﬁ}e ﬁf%{%l‘?ﬂ'iﬁ@ﬁ(ﬁé’?@ﬁii&ﬂi@?ﬁ&% sé’l%or‘laﬁé\%[:tr@@éé fa%ﬁnq {b%va{rd
pl ati num portion fromthe m croel’éctrionFfc substrate by noving at 1 €ast one
of the thedaocelserfaceninith aneef thet eleatrddéd definingsdn agogadndethatotiier electrbde

O L g NS4 S5 GhHSIRS o SRb 3 e i PBSERES ok 150l Lall g

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.

43. The method of claim 40 wherein applying an electrical current includes
positioning first and second electrodes proximate to the conductive material, disposing
an electrolytic fluid between the electrodes and the conductive material, and coupling
the at least one electrode to a source of electrical potential, with the first and second
electrodes in fluid communication with the electrolytic fluid.

44.  The method of claim 40, further comprising selecting the electrolytic fluid
to include at least one of (NH4)2S04, H2S04, MgSQ04, and HaPO..

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




passing the electrical current through the first and second
the platinumportion. 41 0 21 DECEMBER 2005 34. The net hod. eﬂl‘l ?al %E%%ﬁ%os

further conprising: selecting the electrolytic fluid to have no discrete
abrasive el enents; and selecting the polishing pad to have no discrete
abrasive elenents. 35. The nethod of claim 33, further conprising selecting
the electrolytic fluid to include chloride ions having a concentration of
from about 50 ppmto about 5,000 ppm 36. The nmethod of claim 33 wherein
appl yi ng an 48.ect The ahethod rafrtlaitro 40h furthar atoinmprising selecting ioé wdectralytjd fuidg

an electric curre at_a otentlal of 1o a eas boyt 100,volts
37, Crndonitales citigide Hons GRIRE: & CorieptRgoR ot fote soaul 8L Py 1§ rtbdies
appl yi ngodp gdnsctrical current of fromabout 1 anp to about 10 anps. 38.

The net od of claim 33, further conprising controlling an oxidation rate of
t he platinum portlon by controlllng characteristics of the electrical

t I t tli | ai 33,
further comtisi g et it rgayE cadfvcie: sl roRG apfad AHfFRRESt Bn
by contmﬁirbé@atrah:cl Saasstratd ethel cahducBdb ensteriaNBemd Gapyblé W%xﬁﬁlzuhb%t a first
electrical current applied to the platinumportion. 40. A method for

r enovi ngte vihencpippsedde ani eridizingrahemicalraganicthedsnethodepapnisin@, conpri si ng:

gglg:ag;] P%gt he@gagﬂ;@ mevgoggvayﬁ hba?%r%h& ,ﬁﬁchﬁﬁggﬁ‘i@@ (S)lalgg:i?%téta%t ®a WekBnd
m croel ectroni c sysigredter aad thhe thelfirsthiate bpatbplyieg ahi slectiieal b@raititerthe
while the mcroelectronic substrate is eng )S}&ed wth 42 O 21 DECEMBER 2005

the polishing padceiichie ratesigl o fymhap0Xj4izgd enaterial, vherein theneondyative

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 electrodes, with both electrodes in fluid
communication with each other and the electrolytic fluid; and

while applying the electrical current to the conductive material through the first
and second electrodes, engaging the microelectronic substrate with a
polishing surface of a polishing pad and moving at least one of the
microelectronic substrate and the polishing pad relative to the other to

remove the oxidized material.

48. The method of claim 47, further comprising controlling an oxidation rate of
the conductive material by controlling characteristics of the electrical current passing

through the conductive material.

49, The method of claim 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.
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conductive material; and controlling a pH of an environnment j t
- i A AEEnhRR 2tBs

conductive material to be from about 1 to about14 when the

material includes platinum |ess than about 3 or greater than about 4 when
the conductive material includes tungsten, and | ess than about 6 or
greater than about 8 when the conductive material includes copper. 41. The
nmet hod of claim40 wherein the conductive material is disposed on a face
surface of the mcroelectronic substrate, and wherein applying an

el ectrical c80.renthe traethbd @R)Oldtuﬂtiwefuﬂthbﬁrdoa’nprlsmg hadétmgp rsrhovalnbfngnatériad t
and second electrodes facing toward the face surface, with one of the

el ect r JERD er MigrRglestronkogubetrate: e haitingr adlaw 1of electrigak cHirag! threuohdhe,
and dis trolytic fluid between the face surface and the first
and seconELEF ¢ Eﬁ gél 42. The nethod of claim40 wherein renoving the
conducti ve naterlal |ncludes anlsotroplcally renoving at |east part of the
conductive material Fhe meth of claim 40 wherein appl ying an

electrical citrenihg ﬁ@ﬁtﬁ%g Cladgi4/s h’f’dqoi”i‘%rts'%d second el ectrodes
prox| Mt e ! GdiGRfP R ALLIAIRHGH!E havEirtPdis Rt a?Fbs‘?\}eeéITeFrRJr?fé'%df' ui d

bet ween the e ec es and conductive material, and coupling the at

| east one elsmaa;tmgatmq)c&shmgrpmj tof hateent disceéte@phirasive @lgmentsh the first and
second electrodes in fluid communication with the electrolytic fluid. 44.
The met hod of claim40, further conprising selecting the electrolytic fluid

to include a§2'ea‘gﬁe m@hea dE N B2 urtriePeom se@eﬂndr@ﬁ’%le&.%m%hmud

nmet hod of claim4 her conprising selecting the electrolytic fluid

and t hetopotludaichiprigedons ahawensenttatian ef fromatasit b piire teabeut 4,800 ppm.
DECEMBER 2005 46. The net hod of claim40, further conprising selecting the
electrolytic fluid to include chloride ions having a concentration of from

about 50 pprag o abRelimetho@ QS AR 47 TurtheFebhpfisie sé!é@ﬁ-ﬁg tHe 6@IT§I’M¢§ 48 to

material froma face surface of a mcroel ectronic substrat e,
conductincledeea eluralitybel abrasiyeaplaments dikediy, ptigchad fo the sﬂollshlng pad at least

proximate to the polishing surface.

54.  The method of claim 47, further comprising selecting the electrolytic fluid
to include a plurality of suspended abrasive elements.

55. The method of claim 47, further comprising selecting the conductive

material to include a metal.

56. The method of claim 47, further comprising selecting the conductive

material to include a semiconductor material.

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

material to include a noble metal.
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rate when exposed to an oxidi zing chem cal agent, the nethod UE?- t[ .
oxi di zing the conductive material of the mcroel ectronic subsfl?g?e a ﬁgRZOOS

second rate greater rate than the first rate by applying an el ectrical
current to the conductive nmaterial to forman oxidized naterial, wherein
the conductive material is positioned on 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 apar t58.r onAtrethoidaioe removinge materiali feposa fapeasurddac bf al itdroelbbtdtic
between the face surface and the first and second el ectrodes, with both
el ect r oHESTRLE fGARRISIG muni cation with each other and the el ectrol ytic

fluid and WadsyiagRhdlimRrédEchiae dUtkiate Will 8! pIRNIMP SHRBEH 1 polBhRY'

through the fiT and second el ectrodes, engaging t m croel ectronrc
substrate with a padlishing surface of a polishing pad and noving at | east

one of the icroelectroni c_substrate and the lishin ad relatjv o the
other to - rBuECR ShkpiE adidhle ahed) AlatdlaiRmint s fienis Subatréte e ner
conpri sing contr oddirbd oRBlcRticiAbb®ntiaht € of the conductive material by :
controlling characteristics of the electrical current passi % t hrough the

conduct i ve reiéizing at least phpomientefdther cendudtiva matenial mith anpiedtdeal current

controlling an oxldati ' [ cantrol L ing at
east one of a 1 e ShroRbf ibtad ReRRR R EL I cRfaidRlfte
passing through tfemcihedsmircy of edéaricall potdhtidl 1R pPEEEMRERhEGHEt BAd sEeend
nmet hod of claim47, further conprising halting renoval of material from

the nmicroel ect rorfflECERMY r 8RACHy aRaTt i ieMa the ofdcsr Wirecer il dispasing an
through t he CO”déléHéc‘!Wg?lgﬁ% ?@hﬂ?%@ BECATRUfAC AndlR EletiodEd Wi hath

conprising: selectin tro ave no dirscre rasive
el enents; and sehectlecigoddweinpfibid duinmmupidtion withv eacto othescaret theableatrolyvtic
el enents. 52, The ng_t ho&j of claim47, further conprising selecting the

el ectrol ytic fluiid;an

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.

59. The method of claim 58, further comprising selecting the microelectronic
substrate to include platinum.

60. 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; |

positioning first and second electrodes to be 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,




to include chloride ions at a concentration of from about 50 p ﬁgi&tzm}s
5,000 ppm 53. The nethod of claim47, further conprising sel ec I'ng t
polishing pad to include a plurality of abrasive elenents fixedly attached
to the polishing pad at |least proximate to the polishing surface. 54. The
met hod of claim47, further conprising selecting the electrolytic fluid to
include a plurality of suspended abrasive elenents. 55. The nethod of claim
47, further conprising selecting the conductive material to include a
netal . 56. Thxdizngatieast alpairiiortd! aflatifuen nuateriali ofithg eieteaiéctrenit Babstrate
conductive materjal to. inclu em corﬂguctor rraterita 57. The net hod of

claim47, further¢HASFING AY ei(—*éqtg%q | e drorp iy Seviceeot glpckiqakpotentiah@ndde
a noble netal . 45th%|3éh tHed Crgﬁ?%@@%@glecﬁoﬂﬁéﬁﬂﬁ the"pIStRITRY hilerAt Shd &

froma face surface ectronic substrate, corrprl si ng: éengagi ng
t he ni croel emexing teeiportien of thie pladinpol inskériay feum ftlaeenlofoeieqmjnlcs subgtratpad,

electrically coup | e netal terli al Iec

substrate to a %’(J?@%W%g|'%acﬁt nga?{%gt@fp{?%lpctrgqrpoq%s ea@npéggtpogshlng
portion of the copgdesatige ttetherdtebr Wi th an el ectri cal current passi ng
through first and second el ectrodes and the conductive material fromthe
source of electrical potential by positioning the first and second

| ectrod d di ' .
ol cctrolyti Pt ui Hpoiinad ¥ ket of GuPr e dREnang conEBlerBleation gt
the el ettﬂer@mmdtmefmamawmmﬂlmgmhm&emb carttih@rel@eﬁlcbheuﬁbﬁpbéeéaﬁél c
fluid; tgnd renovi ng the port| on of the conductive material fromt

m cr oel BEYBHINE cappiystivemat 8alhovi ng at | east one of the nicroel ectronl c
substrate and the polishing pad relative to the other.

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.

63. The method of claim 60, further comprising:
selecting the electrolytic fluid to have no discrete abrasive elements; and
selecting the polishing pad to have no discrete abrasive elements.

64. The method of claim 60, further comprising selecting the electrolytic fluid
to include chloride ions having a concentration of from about 50 ppm to about
5,000 ppm.

65. The method of ciaim 60 wheréin electrically coupling the conductive
material to the source of electrical potential includes 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 (NH4)2.S04, H2S04, KxS04, MgSQy4, and HiPO,.
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59. The nethod of claim58, further conprising selecting the
m croel ectronic substrate to include platinum 60. A nethod %‘?EFEM@FE‘&“"S

material froma face surface of a microelectronic substrate, conprising:
engagi ng the mcroel ectronic substrate with a polishing surface of a
pol i shing pad positioning first and second el ectrodes to be spaced apart
fromthe face surface and disposing an electrolytic fluid between the face
surface and the electrodes, with both the electrodes in fluid

communi cat i o®7.wi t The henetbbdctafol gleine 60ui Wherdin O rémoRIQgEMBER 2810 Frami dhei ng

at least.a. portion qf a. platinummterial of the m ¢raoel ectronic substrate
by pacalioelRokpRE: sYhsiRte IRcudes FooRV ROl BBtRIial ARG Yy B & HieAOR

t hr oughydrigafly frﬁﬁs\?éige%@ﬂﬁ‘ﬁgiﬁlﬁﬁ 5Q8ce @F‘ﬁle}ﬁ}ﬁisﬁin@t im mat erial ;. and

removi ng the ‘portion of the atinhum material” fromthe m croel ectronic
substrate by noving at | east one of the mcroelectronic substrate and the
polishing p relatiye to the other. 61, The thod of claim60, further
conprising ¢ tr(%\lmﬁ ognf%&[ﬁggtvmgnn}agqr@lJfomtazgaquo RS gganrg{cgq)@lgptrwc

cont r ol d\iHd¢ratd AHomsprdihgt i cs of the electrical current passing through the
conductive material. 62. The nethod of claim60, further conprising halting
renoval of nengading the roigreslectivne suibstrateomith 8 ubalishinge sufacanlof i angolistiingw
of electrical Curﬁagd;t t hrough the conductive material. 63. The nethod of
claim 60, further nprising: selecting the electrolytic fluid to have no

di screte abrsiownghgiRids of atdndaetiReinateridl fienPed AlidroslcRaenicOsUR@td By
di screte abrasive elenents. 64. The nethod of claim®60, further conprising

sel ecting the el g8pVipRyatileastnejof the misereigetrenic stbsateoanrd thepealiphing pad
concentration of ,femmquqHé ofttsPPM t 0 about 5,000 ppm

electrically coupling the conductive material to a source of electrical potential by
positioning first and second electrodes 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

controliing an amount of conductive material removed from the microelectronic
substrate by controlling a flow of electrical current through the first and
second electrodes and the conductive material while the microelectronic
substrate is engaged with the polishing surface of the polishing pad.

69. The method of claim 68, further comprisihg oxidizing at least part of the
portion 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 microglectronic substrate.

70.  The method of claim 68 wherein controlling a flow of electrical current
includes selectively initiating and halting a fiow of electrical current.
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65. The nethod of claim60 wherein electrically coupling the EM%ER%OS
material to the source of electrical potential includes posi t| onr n

first and second electrodes facing toward the face surface of the

m croel ectroni c substrate. 66. The nethod of claim 60, further conprising
selecting the electrolytic fluid to include at |east one of (NH4)2SO4,
H2SO4, K2SO4, MgSO4, and H3PO4. 47 0 21 DECEMBER 2005 67. The net hod of

cl aim 60 wherein renoving material fromthe mcroelectronic substrate .

i ncl udes rendli ngTheemetioer phiclzam §8twiogieiralcoptroling alifloee tof alectdealecurrént

vt nGoeeB g s i SFart e g 1ocledivd UBNIRL Toe Conduglns mserial”

conpr i Shaebesﬁgemwgdm% fﬂéﬁﬂﬁbél%freﬁi'cfst‘?‘ﬁ%fé.ate with a polishing surface
of a polishing pad; renoving a portion a conductive material fromthe

m croel ectronic substrate by noving at | east one of the m'croel ectronic
ive.to the,other, ctrcII

substrate an the ol i-shin a at

coupl i ng the ondu ?Nt?snt?é‘?efc%‘mt gé avRergin cogiroling 3 rfio(‘f‘é ;%?gﬁ??' %/ur[ﬁpt
posi ti oitR@eki detrolig &8 GxehtRInefH:6 Aahe amabct\ré)méwﬁaffweoﬁtﬂbmﬁgeataegst
di sposi ng an electrolytic fluid between the face surface ‘and t

el ect r oo, of wi fieduenny t ard caraplitudaeof ithef elﬁcttlaad)mrmrerﬂapawnw thnomimhe
ot her aﬂﬂ lytic fluid; and controlling an anount of conductive
materi a %v%?@ghéft he m croelectronic substrate by controlling a flow
of electrical current through the first and second el ectrodes and the

conductive material while the mcroelectronic substrate is engaged wth
the pol i shi ngS-surThe&ahod Wéct&djﬂleﬁtflﬂ@@é@mwmghe met hod of clai m 68,

further conp f con uctive
material r err%‘%/% %héﬁ& é(?ﬂ%'fie@tﬂrac\)’ g@%re{té]ép %S’%@ﬁqﬁﬁ e flow of
el ectrical csaleeting tHer[mJghtrtd‘@ad:mﬁﬁam nueuméteratﬁtambefewrﬁemermw ng the
conductive material fromthe mcroel ectronic substrate.

74. The method of claim 68, further comprising positioning the first and
second electrodes fo face toward the face surface of the microelectronic substrate.

75. The method of claim 68, further comprising selecting the conductive
material to include a metal.

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;
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70. The nethod of claim68 wherein controlling a flow of el eciﬂ)ﬁ@hﬂl\ﬁﬂﬁk%hs
i ncludes selectively initiating and halting a flow of electrical current.

48 0 21 DECEMBER 2005 71. The nethod of claim 68 wherein controlling a flow
of electrical current includes halting the flow of current when a sel ected
gquantity of the conductive material has been renoved fromthe

m croel ectronic substrate. 72. The nethod of claim®68 wherein controlling a
flow of electrical current includes controlling an oxidation rate of the
conducti ve naleetrically lspuplimg cotdndiptive metesial obtlee aniceoelecttpria sybsatate to a

anplitude of the electrical  current 1SSing through the conductive
material . 73. TheSOHIERSH equtrécl"aAipﬁ?%g%ifelﬂd?her conprising: selecting the

el ectrol yti crehhdlifl eOpdYivR dTanEicHAEaERARIASHA Srcth SHE Mhisfocttdronke bassthate
t he polishing pad to have no discrete abrasive elenents. 74. The net hod of

cl ai m 68, furtherbyop@ssiag ngnpeigctiieali syrrene through athe eledtenivtice| fbddr dbes

et hod of ot i m 6 St Ran-RiRhAg b AL SEGTE SR BRI BT ond? sy
to include a metabactythdhearetfaciag ofowdrai i filte Sutfhber ofc A mird@ectronic
selecting the conductive material to include polysilicon. 77. A nethod for

renovi ng mat er i al SYbsiiate. AN rpRYiRgatoanst aud Hf the anicreq)aplroric yibstatfgndg
t he m croel ect ronfh%.ﬁd'gﬁﬁ{ggéfd ﬁﬂ;léijﬂ/eato E%ﬁl‘mé\l renoval medium that includes
g a 1 'shi ng

a polishing pad havi'n surtface and an electrolytic fluid
di sposed adj acent to the polishing surface, the material renoval nedi um
havi ng no discrete abrasive el enen 0 21 DECEMBER 2005 electrically

ts; 49 D ; .
coupling a c@du_cﬂ‘%é“%?@ﬁf &laigx 7 £ {arthecemapdling sepirolling an axidation gte of
source b ERAICIVEFhaRHFHY Bbntr@My characteristics of an electrical current passing

through the conductive material.

79.  The method of claim 77, further comprising controlling an oxidation rate of
the conductive material by controlling at least one of a frequency and an amplitude of an

electrical current passing through the conductive material.

80. The method of claim 77, further comprising halting removal of material
from the microelectronic substrate by halting a flow of 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.
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removing a portion of the conductive material fromthe mcro }
substrate by passing an electrical current through the el ecteirlg]?if}tl C Fll}lz 05
the conductive material and first and second el ectrodes spaced apart from
each other and facing toward a face surface of the mcroel ectronic
substrate, and noving at | east one of the mcroelectronic substrate and
the polishing pad relative to the other. 78. The nethod of claim 77,
further conprising controlling an oxidation rate of the conductive

mat eri al by 82nt r dhéi mgthddaradcelaim sT7,c furtiferanompésingi selectiog ribet copdisitivg

t hrough t e.@ggndu?t've terial. 79. The method of claim 77, further

conpr i srinﬁger ? FEY98 "AF8bxi dati on rate of the conductive material by
controlling at |east one of a frequency and an anplitude of an electrical
current passing through the conductive material. 80. The nethod of claim
77, further 8%nprThénmetxd ioigclaimnolal futheracempabingf selecting the conductive

m croel ectronic.substrate Qy hal ti a flow of electrical current through
t he coW&%%fq?\tl%‘rWE"f(gq'??Ppegfgml‘ﬁ%n%u%d of claim77 wherein the

m croel ectronic substrate has a face surface and wherein electrically
coupling the conductive material to the source of electrical potential

i ncl udes pos84.i onfngngthedt famdeswyingl waterial offes f achigroetagiionia reubstrate
surface_and.di sposing the electrolytic fluid between the conductive

mat eri af° HRE*He el ectrodes with one el ectrode defi ni ng an anode and the
ot her el ect r gfigadind ithe NBicloelealrtid esubzdrale WithHDECERMRME Q028 -of Thgoiskingd
of claim?77, further conprising selecting the conductive naterial to
include a netal. B8 The method of claim 77, further conprising selecting
Lhe conduct | dhodfiY b AnidBoloBEbHAC s dRRE 4o aiGIRCHENRG - 2 HbncBnffEHER Y Of
removi ng mat érial Yroma m croelectroni c substrate, conprising: engagi ng

t he m croel ect r on¢cldlodtd Krsadfefrovhtaboait BO Ippaintongbsutr3,a0@ pp;a pol i shi ng

electrically coupling a conductive material of the microelectronic substrate to a
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 while passing an electrical current
through the conductive material.

85. The method of claim 84 wherein the conductive material is positioned on a
face surface of the microelectronic substrate, and wherein electrically coupling the
conductive material to a source of electrical potential 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 electrodeé, with both the first
and second electrodes in fluid communication with each other and the liquid.



pad; exposing the microel ectronic substrate to a |iquid havi
concentration of chloride ions of fromabout 50 ppmto abou{ﬂ??](%ggl\%%ﬁ%lmos

el ectrically coupling a conductive material of the mcroelectronic
substrate to a source of electrical potential; and renoving the portion of
the conductive material fromthe mcroelectronic substrate by noving at

| east one of the mcroelectronic substrate and the polishing pad relative
to the other while passing an electrical current through the conductive
mat eri al . 8536.TheThet methad off alaim384vheheiein tthe conductiver enateriat i iatludes

positioned on a face surface qf e mcroelectronic substrate,, and wherein
Bl oct 1 RANgNe G MheraHcihe Bisdked oehen campiRes ceiSeii B Jrvid BE haveap
pot ent i Hjokdk |d#&shdeAfrafign of e ﬁ@&ﬁﬁm@aﬂ tsla%hfegm e rd the face
surface %“ﬁﬁ one of the re‘l ectrodes defining an anode a':s t he ot her

el ectrode defining a cathode, and passing an electrical current through the

liquid b f f he fi d d_el . , Wi th
both the 11186  aee SEUORY LI BheWRT EPTIRGSL GrTrIARWI i HodagHoe
ot her 3(7\9442!3%)1'}&90’4 NS @, 4 HACENBRR @8¢5, 86. The nethod of claim 84

wherein thé conductive material 1 ncludes platinum and wherein the nethod
further conprises selecting the liquid to have a <chloride ion
concentratio

f 100 b 5, 000 . 87. Th hod of
caimga . t i nor TS MRS as arER, hatrBR Eomatisme paering fin Flgie) RS
K2SO4, A SPkroriafetit Pisla@butid 3 WhePdhe 'Ebﬁdﬂﬁtwg?ﬁa@ériaﬂ itI&4 platiHunh Cless

conprising selecting the liquid to have a fromabout 1 to about 14

p . out
when t Heap@auit3 or greater than phevtudawhen the eemgduative gnaterigh inalddas Bingsten,

Peae ¢ i R ol EBr PSea1RAE bt Sk the ROUHEER: bt Goype”
i ncl udegoppeepper 89. The nethod of claim84, further conprising oxidizing
t he conductive nmaterial.

89. The method of claim 84, further comprising oxidizing the conductive

material.

7 90. A method for removing material from a face surface of a microelectronic
substrate, comprising:
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;
engaging the first conductive material with a polishing surface of a polishing pad,;
electrically coupling a first conducti\)e 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;



90. A nethod for renoving material froma face surface of a iy I
substrate, conprising: providing a mcroel ectronic substrateqhQQEﬁgﬁgﬁEg?@ﬁs
conductive material disposed adjacent to a second conductive materi al,

wi th the second conductive material having a different conposition than
the first conductive material; engaging the first conductive material wth
a polishing surface of a polishing pad; electrically coupling a first
conductive material of the mcroelectronic substrate to a source of

el ectrical psidiaingedt lbyst sottiopndfitbe firstsdonalindtive nratekia | bycpassttes an @psotticdlr om

the face surface and disposing a first electrolytic fluid between he face
L hac and 1 o’ chBtaoRESUGMINE Fsk GoRBuShs Prsterl it gt fndugve

pol i shing surfac b SN i .he electrodes in fluid
comuni cation w terﬁgﬁ{yl‘ﬁ ?@Qgégg%ﬁe@tﬂp@ﬁ%{)?ré!ﬁuﬁ%?gff@%% 0 21 DECEMBER 2005
oxi di zi ng atreneadng dheqguariion aff thehirsti canductivel unatievial fmnerthal mibyoglastsomig an
electrical current through the first condugtive.material, whil he fi st
conduct i ve mat er USRS B dROUBO I RERRNH B INeh o GeHapis syastists Agdithe
portion of the fiﬂg@tshg-@gé@pémﬁvé@m@i@he,f;r om the mcroel ectronic

: i )

substrate by noving at 1 east one of the microel ectronic substrate and the
pol i shing paehgaging ithe secenit cpnductivesrgatgiriah witte the cpolishighdustaceeof the

the portion of tROENIEbAEAREiG Ra sl ParBR it ArseBMAGEL Bl et ne
second condugittriealMpt eduplihgothd heeddingr eshegttivenimateribtafatife ticlosiastresic of
el ectrical potential %30& tioning the first and second el ectrodes apart

fromthe face sur$uRadraiddo B $9455h§f £ledtealdrotentiak by Rasitioningithe disslasd
the f f h i f S ikt h
a5 210 gayier| ks MR he i R RS

the polishing surface o . W r?the e odes I n
fluid conmmuni cat i elecimolitic flbiel Iseteveed the date slface and lthie efectroddivhilegthetfateast

a portion of the ssue aoc%discgﬁgggetcj \év?thn%teegélghinba/ sB?fggé %9 tﬁg polishing pad, with
both the electrodes in fluid communication with the second electrolytic
fluid;

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

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

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.

53



el ectrical current through the second conductive material whi C
conductive material is engaged with the polishing surface; anc}e]?iéﬁg\/wil ﬂ[’hﬁgs
portion of the second conductive nmaterial fromthe m croel ectronic

substrate by noving at | east one of the mcroelectronic substrate and the
polishing pad relative to the other. 91. The nethod of claim90, further
conprising selecting the first conductive material to include copper

and/ or alum num 92. The nethod of claim90, further conprising selecting a
substrate nmfd®ri aThe awjthoe f daint 8@, fethendompmiding selectieg ardialectrc maddriale

porous sj.lica. a 21 CEMBER 2005 93.. The net hod of claim90, further
conpri ﬁdﬁﬁc%ﬂlteggﬁrfg%&“ i NELCHYS "??Z?E‘%i o haV&d?éﬁé’ﬁPtrFocqu%a%tled‘ﬁ%m about
conductq §¢o 3BbAf 8al to have a dielectric constant of fromabout 1.5 to
about 3. 94. The nethod of claim90, further conprising selecting the
second conductive material to include tantalum tantalumnitride,
tungsten, t st nitride i tani itaniumnitride, titaniyumsilicon
i 11 de and/HE t aHiGl BRI | RlorPait ri0ie GRSl FRETHSIIGGSIPCUTth: iboecond
furt hercopeiBtiveS imatedial @6 tihBadeNRansAGRN danBARHUSitrides ttRbStenaltuhgstbRT Mitrile,
barrier between the first conductive material and a substrate material of
t he ni ditarives titanium nitrists;, titandumadiconitride arsonfantalumnsibrwhitids. n t he

m croel ectronic substrate includes a dielectric portion, and wherein the
met hod further conprises: formng a recess in the dielectric portion;

di sposi ng thgs secoiyl gRREBEL bV &lATRE €30, akurtiiert ROMRRASS Seldciy the second
dielectric portion to forma barrier |ayer; and disposing the first
conductdongugtiyeermaterieh tehtorae @oharriasnbeiwaere thafiset apndactiveTmatatalhgad oa
claim i S| i irst and second electrolytic
flui ds9@83&%@%&%@@%@%@@%@?& b‘c?nrr%o&ssl%t%li%ns. 98. The nethod of claim 90,
further conprising selecting at | east one of the

96. The method of claim 90 wherein the microelectronic substrate includes a
dielectric portion, and wherein the method further comprises:
forming a recess in the dielectric portion;
disposing the second conductive material in the recess and on the dielectric
portion to form a barrier layer; and
disposing the first conductive material on the second conductive material.

87. The method of claim 90, further comprising selecting the first and second
electrolytic fluids to have different chemical compositions.

98. The method of claim 20, 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.
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electrolytic fluids to have a plurality of abrasive el enents.

nmet hod of claim 90, further conprising positioning the first aln Ecsﬁé\@%ﬁgzms

el ectrodes to face toward a face surface of the mcroel ectronic substrate

with one electrode defining an anode and the other el ectrode defining a

cat hode. 54 0 21 DECEMBER 2005 100. The met hod. of claim 90, further

conprising selecting at | east one of the electrodes to include graphite

and/or platinum 101. The nmethod of claim 90, further conprising

control | i ng HG.at Ehaatmathodofatlaim €8s further edfmpiising eetkatingvat leastonalof the

removed fr.o th@ m @r oel ect oni&l su $t1rate by controlling a concentration
'af Ch P

of chl ¢HPeRPdEh 9§, 9rapRits an NUBYst one of the first and second

“electrolytic fluids. 102. The nmethod of claim 90, further conprising
selecting the second electrolytic fluid to include H3P04 and/or an organic
aci d. 103. THH.netheanethod odiakio090f furthesrcomprising coptreling et ratg athwhisk@bnd
electrqlytic fluid to include HCG ., NHACI . an.organic.acid, . and/ or an

nor garPEtng of e SO v alPrists & trpo el o P AR EERrIr i bslats pyg
at | easdor@diref a cBAcetratidn anchlsee® RshsehRebF alcvhbFinf dtUkdst drfe bhHeUIt and
corrosion inhibiting agent. 105. A nethod for endpointing renoval of

mat er i fecopdmlectrmlyiiollidst ronic substrate, conprising: engaging the
m croel ectroni c substrate with a polishing surface of a polishing pad, the
m croel ectronic substrate having a substrate material, a dielectric

material adjuEntThe ieehsd!bstt raddig B, efidther ajoenFrished dssibiti®y ke deabnd
adj acent to the dielectric material; electrically coupling the conductive
mat er i @leerolylirfinpde deglade HoRCQy andhetampanis acidsour ce of el ectri cal
potential; oxidizing at | east a portion of the conductive material by
passing an electrical current through the conductive material fromthe
source of elH3d.riTid metichtofalclaihi | S0,t figrtierc ropehpriding ndelestinip t that &ecénd

engaged with t,hﬁ polishing surface of the polishing pad; , .
electrolytic fluid to include HCI, NH4Cl, an organic acid, and/or an inorganic acid.

104. The method of claim 90, further comprising selecting at 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; |
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55 0 21 DECEMBER 2005 renoving the portion of the conductive |

the mcroelectronic substrate by noving at | east one of the f@ﬁﬁtﬁﬁhBﬁﬁﬂﬂhs
m croel ectronic substrate and the polishing pad relative to the other to
expose the dielectric material; and halting further renoval of material
fromthe mcroelectronic substrate by engaging the dielectric material

with the polishing surface of the polishing pad. 106. The nethod of claim
105 wherein electrically coupling the conductive material to the source of
el ectrical pereoningl thenqgiarties pbdhei oondurtiver shataridl fexronthe emisroeledtsnic

i mate t d t f th duct | ial and.di i
P al oot rol v po s SO R bhvinhATubash GRGL e HiomB e halrc SR Bia BoR, BF.
with the el ectrog@mshiny pad rélaf @B NeRhePR dMdsetthe drlestichiichial: fandi d,

i
and wherein the nethod " further conprises selecting the dielectric nmaterial
to include analing fgthergemoratohmatarel pmethe microsiectranicrasibstratepby engaging

" emovi ng_conduct | 08 Gieericane g FEUIGe RyRERE o e o bl "
conductive material being capable of being renoved fromthe

m croel ectronic substrate at a selected rate when engaged with a polishing
pad and sub] @&t elihe gnathodr of dajrc d Ohowhearein celacibisnlly iowglisg rthec eorduative

pol i shi gt c | St ng. Pl h th erial ;to
PO sour el tol B BARGE of " BIREIIcR] Mo S NLiBieS " BoSiBRNG: piST, L ScBre o
with a gletiredesproimbte @ ahdasparedsdpary fropatie aoddudctivevimateriil andl dispesing
portion of the conductive material w a second force that

h |
Phe. pol A rRIRgralviG Jhid etvRen ke hadiotisadans dnes cppaLctiRamatagal, (Wifstthe
the | __ G | Wi he
for vt Ry W AURN ohRAibdn AT AR oleRrbBe G Bha AeRIPING métod,

108 wheughar ctvapdeesiselectieg the dielatiric sgberial tto ondutlenan oxide.

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;

contacting the microelectronic substrate with a polishing surface of a polishing

pad; and |

removing an oxidized portion of the conductive material with a second force that

is normal to the polishing surface of the polishing pad and is less than the
first force, by applying an electrical current to the conductive material ‘to
form the oxidized portion.
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a face surface of the mcroel ectronic substrate, and wherein ﬁ'ﬁﬁbmﬁthyzoos
coupling the <conductive material to a source of electrical potenti

i ncl udes positioning first and second el ectrodes apart fromthe face
surface, with one of the electrodes defining an anode and the other

el ectrode defining a cathode, and disposing electrolytic fluid between the
face surface and the first and second electrodes with the first and second
el ectrodes in fluid comunication with each other and the electrolytic
fluid. 110. 102 nehécaetbodof giaim 088 V\fﬂe}m:héhe@onﬂuctmmglatﬂnalm posmgndadhen

fi d f d the f (f
i cr oel BRPEAEERLY: st B DeleuoRl BB oo WRGB D BleR TR croubRarthei ng
sel ect i @hduttive OMELESHHIE a@dpts abf blectrital Wite R PAEIUdES 2posTt|°tﬁ~uﬁ§tfh§ﬂ afl

claim 108, further conprising selecting a substrate nateri al

ni cr oel BRAANnelectodes erag remi thel fage ytiasas Wihl ona olf the: emgﬁeat@fmgaap al
0 T
PRI R R e R R L

mcr gel lmetWe@ni tﬁles‘abe tsupfaee tahdhlih‘eeflrlét gdhelsecond @lezmgarwltrpfhé fi r@tﬂaﬁﬁcwcoh&
to about the substrate materla bei ng positioned to support the
conduct §'¢et r%%?em fi-! g comnurigatiop Wy eagh Cgh&' ard the elgetrelytic fl ?H'é’ conducti ve

material includes a conductive material disposed adjacent to a barrier
| ayer of the mcroelectronic substrate, and wherein the method further

conpri ses: eﬂ‘ghgl'ﬁlge Lrhethndct)@aﬂaxm ros;, duﬂbélstcbmmlsmg positienpr Itlﬁél:cfiﬁﬂhand
surface of t n renovi n | east a portion of t
conduct $RONR @Etir%ches @ %E? E‘P‘@%’T‘J{'ﬂe(fﬁﬁ% ISPHQC‘?Q Héﬂ'l?d?"ffqr‘é‘?'epté?’é'F substrate. sour ce
of electrical potential; 57 0 21 DECEMBER 2005 oxi di zing at |east a portion
of the barrier layer by passing an electrical current through the barrier
| ayer from thel. so‘ﬁheemeﬂwoell et tafainrl10gotferheraktompridinge selecting dhel easiuctive
portion OIﬁ{tr’] barrjer p(%er fromthe mcroel ectronic substrate by noving
at | easT K 'lci’r@ {ectronic substrate and the polishing pad
relative to the other. 115. A nethod for renoving material froma face
surface of a mcroelectronic

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;

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




substrate, conprising: engaging the m croel ectronic substrat 1
polishing surface of a polishing pad; electrically coupli ngezalvfgfgﬁgwpgezms

material of the mcroelectronic substrate to a source of electrical
potential by positioning an anode and a cat hode facing toward but spaced
apart fromthe face surface of the mcroelectronic substrate, disposing an
electrolytic fluid between the mcroelectronic substrate and the anode and
cathode with the anode and cathode in fluid conmunication with each other
and the el ecoxidizing at 1éastd partibncofiffie bgrrigr laleaby passingf ah heectrnicalecurmehtt he

cat hode to the soyrce of el ectrijcal otential; oxjdizin t ]east a

ot on of the colitial e b layer fpREkensorioa e’ Blestiaal afentelanen: 1 om

t he source o [ i s .

bnode_angt nETofRd ot Reet BOSGHIh 3 NG RHER 1AV1R RARINE MRl BIGHE Sisklls |

t he polishing surbueeoving ahdeqedlanehdihihepaitroaledtroricmtibstyatehang dhe ipotisihgt he
conductive material ,fro gel ectronic substrate by noving at | east

one of the m croeP%%{?lﬂm%pogwgs@bﬁf'e and the polishing pad relative to the

other. 116. The nethod of claim 115, further conprising selecting the
conductive material to include at |east one of copper, alumnum platinum
rhodi um i ri ti&m Agoethods®rrerw viDrCHasER f008  Ages suifacs of Bi miandelectronic
titaniu it"g rt'%de éar}t alum tantalumnitride, tungsten, tungsten nitride,
titaniu 19 '(erﬂ rt'?'i"{t’fe, and tantalumsilicon nitride. 117. The nethod of

claim 115, fendgdung GREMHicRbEIBcOmET ldstrate avihepdishity eDrfabe of P pYSHKihye
material is renoved by controlling a concentration of chloride ions

di sposed in the Rddict rolytic fluid. 118. The nethod of claim 115 wherein
I R T LT
for renovi ng nmat esowrke fof eledrical poteiteat by poisitiosingsaém ahede 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, the anode and the cathode while the microelectronic substrate is
engaged with the polishing surface of the polishing pad; and
removing the portion of the conductive material from the microelectrbnic
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, rhodium, iridium, gold,



conprising: a substrate support configured to engage the m crﬁ%geﬁmﬁﬁzms
substrate; and a material renoval nedium positioned proximate to the .

substrate support, the material renoval nediumincluding a polishing pad
havi ng a polishing surface positioned to engage the mcroelectronic
substrate during operation, the material renoval nediumfurther including
a liquid disposed on the polishing pad, the liquid including at |east one
of (NH4)2SOM4, K2S04, MSHM, H3PO4, and H2SO4, the material renpoval medi um
still fRelysibeon, t@nigmnditamiver ritndes dantaltiine) éantabue snitrjdec dungstent tingsteaach

ot her L he mcroglectroni ¢ sybstrate.when.the substrate support engages
t he mﬂg‘ﬂ@éﬁ’é@r}'%ﬂﬁ% '%rbglgrci"ﬁ' g,ndg?n{aé%tsﬂgﬁg 'Btlnla?he el ectrodes bei ng
coupleable to a source of electrical potential, neither the polishing pad

nor the liquid having discrete abrasive elenents, at |east one of the
mat eri al renblal Themethod e clave Eif Surtherecanopising coeirokjingevals at whichtthee

enoage by EReliaf s el B PRESag AforceRBiamakhisteRngns digposed
appar atinghé @legt@mgid fgdmat erial froma mcroel ectronic substrate,

conprising: a substrate support configured to engage the mcroel ectronic
substrate; and a material renoval nedium positioned proximate to the

substrate s rt ter] r i w0l udin ol i shi .pad
naving apol | o nE® iRt 1Rk Rers L e ol Ko Bl Snpa8ree
subst r aibas tholudgs selpetirng trncoridentratibrtd Bk frommapalt w?bmnof adRe,000Mpprdi Ng
a liquid disposed on the polishing pad, the material renoval nmediumstill

further including first and second el ectrodes facing toward a face surface

o i) o oL ecAROR S 0 PR AR R, { RSB st

m cr oel @rhpising: substrate, and with at |east one of the electrodes being

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 liquid including at least one of (NH4)2S04, K2SO.,
MgS04, HiPQ4, and HzSO4, the material removal medium still further
including first and second electrodes spaced apart from each other and
the microelectronic substrate when the substrate support engages the
microelectronic substrate, at least one of the electrodes being 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.
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coupl eable to a source of electrical potential, neither the I
nor the liquid having discrete abrasive elenents, at |east ?r?e]bgpbpﬂ%ﬁﬁ%ms

material renoval nmedium and the substrate support being novable relative
to the other when the substrate support and the material renoval nedium
engage the mcroel ectronic substrate. 122. A nethod for renoving nmateri al
froma face surface of a mcroelectronic substrate, conprising: engaging
the m croelectronic substrate with a polishing surface of a polishing pad;

el ectri cal | ylZhuphAnngpparatusd dort irgmonitige maitkrialfl frohe animicestiectrordai substrate,
substrate to .a source of electrical potential by positioning first and
second ¥{"BEH?!BHes proximate to and spaced apart fromthe face surface of

the mi croel e5siBRdte SUMBH oA € SRS BeANRABLIGNK Sbsfbid dnfict veen

the face su ace an ethe ace surface s ehgaged with
t he pol i shi ng reatefiat eemotalt wn'edp.urhlmmltrtmqniaucommate tootie isbbsuatecslnmm‘s tha
fluid conmuni cation,with each ot her an qt‘{he eFng't[?&lgytié flyid;, 60
DECEMBER 2005 oxi '#P¥ IR remqval dpediugy, ircludings a (plis %V'%taerﬂoél‘f‘h'ﬂg
passing an el ectrégfdce pdditiied Moo Utyddae tﬁ@”%éFdéfé‘ctFB?ﬁ@ré@F)stF Jde‘i.lhﬁg
source of electrical potential; renoving the portion of the conductive
material from t heoperatior thetmaterie! rm@mlrme@uwfmr mg:lladlng@abquwbldmp@fsed he

Cont rol 11nga raid 100 RATeatatr: B ety lahdoRel Biedin S cbdRedidliing™™

substrate by confirsbl &ndgsecarnceBtiredé® nfaeing. Ntoriardleal 386 | Bufde of the
electrolytic fluid, 123. A nethod for renoving material froma face surface

of a m croel ect r JHEOLIEGHRRIEasWOStERIAHANG | SRACEEN gRATt NGO €ash cpther eand dhec
substrate with a RolLlsBERGniRUSLBSERaR Whéf?! RN QbstBf support engages the

microelectronic substrate, and with at least one of the electrodes being
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.

122. 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 conductive material of the microelectronic substrate to a
source of electrical potential by'positioning first and second electrodes
proximate to and spaced apart from the face surface of the microelectronic
substrate and disposing an 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
each other and the electrolytic fluid; ' |
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electrically coupling a conductive material of the m croel ecty;08kETMBER 2005
substrate to a source of electrical potential by positioning fi rsgE ang _
second el ectrodes proximate to and spaced apart fromthe face surface of
the mcroelectronic substrate and disposing an 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 conmunication with each other and the electrolytic fluid; oxidizing
at | east a poxitlizing at I¢dst T podict of ¢hermdoeduativeoynatassii ing passidlgesat rdleéttical
current through the conductive material fromthe ?ource of electrical
potential; renovi AYTeMe HEHEN ot cOPHECctven MAterak Tiom dhpapoyricgnpt relectrical

m croel ectronic Egﬁgﬁiépt e by noving at |east one of the mcroel ectronic
substrate and the polrshing pad relative to the other; and controlling a
rate at whi ctemaexisgi tie iportienmooedhér condbetivel anateriattframi ¢hes ulnddroeleetrobig
controlling a concentration of. alcohol int electrpolytic fluid., 61 o 21
DECEMBER 2005 124SUtit ?MM&PQ@%@%@%PE&%U}WPP iniCRPtTdte a0d e o
m croel ectronic E@Iﬁgﬂfﬁﬁgﬂbgd rEI8t ttHedetheRga@ N9 a pl atinum portion of the
face surface of the mcroelectronic substrate wth a polishing surface of
a pol i shi ng grrfroling adatenat whickirsaterial ist iemavedi fiomdhe meictapdectronic substratas

an el actri cal cur Perehudions afeBRReien g BRBHES MBS oF sireig G LfBE.Y
second el ectrodes proxi mate to and spaced apart fromthe face surface and

di sposing the electrolytic fluid between the face surface and the ‘
el ectrodes whed.e Aneetriosk tosireqoving materinltfreme facecsdrdbagral olvat miareelectronic

pol i shi 1 h. h the electrodes in fluid conmunication with the
el ect ro{l%s?%q?,l%éﬂlrhipnsgﬁ ani sotropically renmoving at |east part of the

pl at i num por éngaygihg dhetiizroelectronic 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 first and second electrodes
proximate to and spaced apart from the face surface of the microelectronic
substrate and disposing an 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
each other and the electrolytic fluid;

oxidizing at least a portion of the conductive material by passing an electrical
current through the conductive material from the source of electrical
potential;

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; and

controlling a rate at which material is removed from the microelectronic substrate
by controlling a concentration of alcohol in the electrolytic fluid.
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m croel ectronic substrate by noving at | east one of the mcrogl '
substrate and the polishing pad relative to the other while t eﬁﬁbh‘%ﬂ;ERZOOS
m croel ectronic substrate is engaged with the polishing pad and while
applying the electrical current to the platinum portion. 125. A method for
renoving material froma face surface of a mcroelectronic substrate,
conprising: engaging the mcroelectronic substrate wth a polishing surface
of a polishing pad; selecting an electrolytic fluid to include chloride

i ons havi ng #24¢.onfemethdd fon removingoplatihawt fr5 pfacd eudbesof 2 MRoeRBtronic
positioni&a first and second el ectrodes to be spaced apart fromthe face

sur f aceSURHALS CPBRI$BIan el ectrol ytic fluid between the face surface and

th el ectro ! ) t [ [ U L on. W e
el sct rotyt | conyagty b BeuehRE hBTaS shrfabs!of e FURIHL Mibdrig? .
p: atinum lmateri al \évﬁ?atmmstningmefaﬂamfc?lpolisﬂﬁmlpadite :)_y Faer]ijngt ﬁpou o he
el ectrical current froma sourge. el ectri . potential a

first and setJRANG 88 QBB@QIYE{%(%'lU{CﬁLO mci%i%ﬁﬁﬁi'&?leppﬁlhavm ar %b‘i'f?[ﬁﬂ”ffé‘%ﬁ’gé)f
ortion of the plgbubn ,ﬁ@@eﬁ" Ifsk-0el ectroni ¢ substrate by
Iromvi ng at | east ‘oﬁ% of the m%rfﬁg)%{agggir%’ni grﬂgjﬁ’strat_e and the polishing pad
rel ative to &pyisghan. eleesicajAcomenbdo ftbe platibwinnportiene by gpositianimg firstc and

urface of a mecr | ubst.rate, conprising. engagi t.he

?n' croel ectronic sgegésq?fdta%@%\lﬁnsgﬁg&r%mai%it%fr@u??%@@gﬁpaﬁqﬁgf’ ir]‘gﬁifﬁﬁe sydfgce
sel ecting an el ecaridldispasing uhe &lRcirbiptit Ofuid bétielHdtheafadec atifae8eard the
(NH4) 2SO4r H2SO4, K2SO4, S, and H3PO4; positioning first and second

el ectrodes to be @fa¥edesnpahile f themmiseoglieeteonicr suksiratants dingagetngvitin the
electrolytic TluighReireaal B B6M T tRkEodRY ihRuid communication with the

electrolytic fluid; and

anisofropically removing at least part of the platinum portion from the
microelectronic substrate by moving at least one of the microelectronic
substrate and the polishing pad relative to the other while the
microelectronic substrate is engaged with the polishing pad and while
applying the electrical current to the platinum portion.

125. 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;

selecting an electrolytic fluid to include chloride ions having a concentration of
from about 50 ppm to about 5,000 ppm;

positioning first and second electrodes to be spaced apart from the face surface
and disposing an electrolytic fluid between the face surface and the
elecirodes, with both the electrodes in fluid communication with the
electrolytic fluid;




el ectrodes, with both the electrodes in fluid comunication w R 2005
electrolytic fluid; oxidizing at |least a portion of a plati num materl F 2’f
the mcroel ectronic substrate by passing an electrical current froma
source of electrical potential and through the first and second el ectrodes
and the platinummaterial; and renoving the portion of the platinum

material fromthe mcroel ectronic substrate by noving at |east one of the
m croel ectronic substrate and the polishing pad relative to the other.

127. The met®xidizistg a8l least 4 povtios ef aplatlnmnmmalextalioféhermﬂerdeﬁctmm sdlestrate
first conductive yaterial a l.ectroni c sub

t § he,
i ncl udes a secondb\(:(ﬁ’ﬁﬁﬁ’@pl%erl?é{%%‘?qlaﬁ"‘%[e&ﬁjf%‘érﬁ Seyce I,reg %@ RE |¥:1{,gnd
material, wth thereeaote m@ﬂaﬁ@bemcﬁélegtraae%ﬁﬁl’fﬁ@ﬁa%%ﬁn H%Tté* aﬁ nd1avi ng

a di fferent conposition than the first conductive nateri al erein
t he el ect r ol pMeViRg #hel poRigruaeteaplpiingm watarial dlog ithe muq*oalecarmwmwrate

at Least a por 119 28 feabt cnaCoraBRiEROdEeBRNE S Bl o Tho BEbENAL"

conductive nmaterigad réatien@aedtiet h the polishing surface; and wher ein
removi ng the portion of the conductive material includes renoving the
portion of the first conductive material; and wherein the nethod further

ComP e PSR GESORPER PR R 05 B Phi

conductsubstrad, aongprisingl ectrical ly coupling the second conductive mat erl al
of the mcroelectronic substrate to a source of electrical potential

posi ti oni ng §MAGNG dbe JRgrodeeimic aubstatisithapralishingnbemiaces at @ 99|*$hiﬁ@
and di sposing a nd electrolytic fluid between the face surface and the
el ectrode while the'face surface is engaged with the polishing surface of
t he poli shi melectihg ant électrolytic tfhuid db docluddets inciudeuat leasimeme olt(Noh)EQAH

t he second el ect rlg;lgé/(t)i,cl‘(2804, MgSO., and HsPO4:

positioning first and second electrodes to be 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 a platinum material of the microelectronic substrate
by passing an electrical current from a source of electrical potential and
through the first and second electrodes and the platinum material; and

removing the portion of the platinum material from the microelectronic substrate
by moving at least one of the microelectroniic substrate and the polishing

pad relative to the other.

127. The method of claim 1, wherein:

the conductive material includes a first conductive material and the
microelectronic substrate further includes a second conductive material
adjacent to the fist conductive material, with the second conductive
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fluid; oxidizing at |east a portion of the second conductlveﬂel?
passing an electrical current through the second conductive nateri ?I[B@%%OOS

the second conductive nmaterial is engaged with the polishing surface; and
removi ng the portion of the second conductive material fromthe

m croel ectronic substrate by noving at | east one of the mcroel ectronic
substrate and the polishing pad relative to the other. 128. The method of
claim 127, further conprising selecting the first conductive material to

i ncl ude copper. laterEhdavinchadiibérent abmpositionfthanHbe firshponduactiye seatecial;ng
a substrate materl & at&acent to the second conductive material to include
porous silica. 64 and ¥ f CEMBER 2005 130. The method. of claim 127, further

conpri sing stphkedéttfslyiic fuiglisglaes aTrétesieatolyisifigigeand Whdréin second
conductive material to have a dielectric constant of fromabout 1.5 to

about 3. 1310Xidigngnalgast »podion of the conduetiveematerig ingludes oxidizing apleasta

ungsten, tungst SroRBr 4o it coGLAY® bRRAy il @R et Rkl e Roatprns,
nitride and/or taéﬁ@gtm Wwith ke polisHirig darfadéi%ndT\hﬁem hod of claim 127,

further conprisi nﬁsel ecting the second conductive material tgQ forma
barrier bet iEEPHING the pettionopfdiiie: ¢ansustiye materialiackides jeaovindetheapetipR | of of

the mcroel ectr g (RS melSdl 208 WIRFOE B uARd uigplay  he

m croel ectronic su stratelnc es a lelectric n'the
net hod f urt hengagimgrtheesecdrat mamguatlveecmaternah witte ttje epelshing quofsceoof the

di ' th d du t Ih th .
i o oetric por IBHISNG A% PESEETY G g BPrioRnt tF S8 ePRgueihe marerial

conducti ve r@betically beddﬂﬁ Sﬁfé’%(ﬁ:ﬂﬂd%hduﬁu\)@ﬁﬁéﬂeﬁbi 01f3fhe ThRro&E if
claim 127, further ‘conpri 5| ng selecting the first and second electrolytic

fluids to have digyhsirate tetremosate obmiesticalopstential by positioning the first and
second electrodes apart from the face surface and disposing a second

electrolytic fluid between the face surface and the electrode while the face
surface is engaged with the polishing surface of the polishing pad, with
both the electrodes in fluid communication with the second electrolytic
fluid;

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

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

128. The method of claim 127, further comprising selecting the first conductive

material to include copper.

129. The method of claim 127, further comprising selecting a substrate material

adjacent to the second conductive material to include porous silica.
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135. The nethod of claim 127, further conprising selecting at,4

the electrolytic fluids to have a plurality of abrasive el en%alnﬁéaq\ggﬁ%gs
met hod of claim 127, further conprising positioning the first and second

el ectrodes to face toward a face surface of the mcroel ectronic substrate
with one electrode defining an anode and the other el ectrode defining a

cat hode. 65 0 21 DECEMBER 2005 137.  The met hod of claim 127, further
conprising selecting at |east one of the electrodes to include graphite.
138. The methd3@ oThelna¢thod 27 cldior 12& fudbempcomprising saleatingi andictectdd enaterial

which at .. |l east one of the conductive materials is removed fromihe
m cr oel 2URFEH ©© ﬁ%ﬂec%vﬁ’cgﬁﬁtmgﬁr'gﬁﬁ éa\ﬁ%ﬁ‘c‘@ﬁ ﬁ'tq W%?nfcq;?l %?'i"d@bq’lﬁns
and/ or fakaghyYoutn, at | east one of the first and second electrolytic

fluids. 139. The nethod of claim 127, further conprising selecting the
second electrolytic fluid to include H3PO4 and/ or an organic acid. 140.

Th t hod | aim 127, furt . i sj lecting th
el'ect rol yt i ol ¥u 5 et dict Rlaifi” s 1Phet opRhENg. PaIociRg) Bre apcond
I nor gangghcietide rhaferialte imeludRdttalGh? Bhisddim ﬁwﬁdé]ﬁunggmitﬁhggtleﬁggﬁrgdé,”g

at least one of the first and second electrolytic urds to I

cor r osi {@aniunmi thaniurynitidn ditarium sifivon mitridecandipr tardalpmigiitcors nitrideer
conprising selecting the first conductive material to include al um num
143. The nethod of claim 127, further conprising selecting at |east one of

the electrofi§s tPhé NFlcHsR RORRGCIAIMMI12GE Rirther comprising selecting the second
conductive material to form a barrier between the first conductive material and a
substrate material of the microelectronic substrate.

133. The method of claim 127 wherein the microelectronic substrate includes a
dielectric portion, and wherein the method further comprises:
forming a recess in the dielectric portion;
disposing the second conductive material in the recess and on the dielectric
portion to form a barrier layer; and
disposing the first conductive material on the second conductive material.

134. The method of claim 127, further comprising selecting the first and second
electrolytic fluids to have different chemical compositions.

135. The method of claim 127, further comprising selecting at least one of the
electrolytic fluids to have a plurality of abrasive elements.

136. The method of claim 127, 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.
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137. The method of claim 127, further comprising selecting at least one of the
electrodes to include graphite.

138. The method of claim 127, further comprising controlling a rate at which at
least one of the conductive materials is removed from the microelectronic substrate by
controlling a concentration of chioride ions and/or alcohol in at least one of the first and

second electrolytic fluids.

139. The method of claim 127, further comprising selecting the second
electrolytic fluid to include HzPO,4 and/or an organic acid.

140. The method of claim 127, further comprising selecting the second
electrolytic fluid to include HCI, NH4CI, an organic acid, and/or an inorganic acid.

141. The method of claim 127, further comprising selecting at least one of the
first and second electrolytic fluids to include a corrosion inhibiting agent.

142. The method of claim 127, further comprising selecting the first conductive

material to include aluminum.

143. The method of claim 127, further comprising selecting at least one of the
electrodes 1o include platinum.
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