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2001, and United States Provisional Patent Application Serial Nunber
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reference. BACKGROUND OF THEMIEGHANICAL FOEISHING t he | nvention [00021 The
present invention relates to an article of manufacture and apparatus for
pl anari zing a substrate surface. Background of the Related Art [0003]
Sub-quarter mcron nulti-level netallization is one of the key

t echnol 0 GROSSREFERENGE T@REL’ATE& AHPMQATAO& ge-scal e integration

(uULsl). The i.level inpt er onnect s art . of 't
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f eat ures el 1 ab formation. of these’interconnect features is

i npor t anPravisional Bar@ew@pdjrsatmsSeaaUNumhareBQf%%@ PRdetilest Pstober d, |2r%)r1ease
circuit Sty al substrates and die. [0004] In
the fabr™ ggt{h %rte '"wﬂOngg# QFVedRByrr%r ﬁsc'qe;nd ot her el ectronic devi ces,
mul tiple | ayers of conducting, sem conducting, and dielectric materials are
deposi t ed on ar rem)ved froma surface of a substrate. Thin | ayers of

BAC  INVENTIOB ectric materials may be deposited by a

conducti B
nunber hni ques. Common deposition techni ques in nodern
processi Eﬁlgqﬂgﬁhdhgﬁméﬁcal vapor deposition (PVD), also known as

sputt eri pgo2)C heneapreganpinvefitdiIPrldtes to f\dlicle Of marufectopn and apFarata@I
vapor deposition (PECVD), and el ectro-chem cal plating (ECP) 0005] As

| ayers oormrearrzm&aépestﬁ@ql%lﬁfapar | y deposited and renoved, the uppernost
surface of the substrate nay becone non-planar across its surface and
require planarization. Planarizing a surface, or "polishing”" a surface, is
a procesBackeoendof ¢heé Related' Artoved from the surface of the substrate to
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[0003] Sub-quarter micron multi-level metallization is one of the key

7 L:

technologies for the next generation of ultra large-scale integration (ULSI). The
multilevel interconnects that lie at the heart of this technology require planarization
of interconnect features formed in high aspect ratio apertures, including contacts,
vias, lines and other features. Reliable formation of these interconnect features is
very important to the success of ULSI and to the continued effort to increase circuit
density and quality on individual substrates and die.

[0004] In the fabrication of integrated circuits and other electronic devices,
multiple layers of conducting, semiconducting, and dielectric materials are
deposited on or removed from a surface of a substrate. Thin layers of conducting,
semiconducting, and dielectric materials may be deposited by a number of
deposition techniques. Common deposition techniques in modern processing
include physical vapor deposition (PVD), also known as sputtering, chemical vapor
deposition (CVD), plasma-enhanced chemical vapor deposition (PECVD), and
electro-chemical plating (ECP).

[0005] As layers of materials are sequentially deposited and removed, the
uppermost surface of the substrate may become non-planar across its surface and
require planarization. Planarizing a surface, or "polishing" a surface, is a process
where material is removed from the surface of the substrate to form a generally



even, planar surface. Planarization is useful in renmoving undesired surface
t opogr aphy and surface defects, such as rough surfaces, aggl onerated

mat er i al swo oengsst@l | atti ce damage, scratches, and cont ampoatisd2/i@myers or
materials. Planarization is also usetul in formng features on a substrate

by renoving excess deposited material used to fill the features and to
provi de @pergVpranatrsuiaee! oplamqnem ubef\uella mmowhg! indesirednsanfatce
processi ng. [00061 Chem cal mechani cal arization, or che
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The pad 1s noved relative to the substrate by an _external driving. force.
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is then dep over rrie er and the surrounding field

However , actiyityeand/on meohanibal dctivity aad cq:rsequenynaleremowsl Dhrr@ter@ééromﬁmr

mat eri al OVE bur%& on the substrate surface that nust be renoved to
forma c%‘ﬂ%%‘? | F%‘teure in the dielectric material and prepare the

substrat @oéﬂrfa@né Ohafelias aAceabinghoctifizeddn ntéi8ledOeircginafabacation et s
presented in polishing copper materials is that the interface between the

conduct i Q@PPRIt due d4p lﬁ@"u‘ﬁ'lﬁ@'%@'ﬁﬁ@'@l pyenerties.gEpweNer. ycapper has its own
special fabrication problems. For example, copper is difficult to pattern and etch

and new processes and techniques, such as damascene or dual damascene
processes, are being used to form copper substrate features. In damascene
processes, a feature is defined in a dielectric material and subsequently filled with
copper. Dielectric materials with low dielectric constants, i.e., less than about 3,
are being used in the manufacture of copper damascenes. Barrier layer materials
are deposited conformally on the surfaces of the features formed in the dielectric
layer prior to deposition of copper material. Copper material is then deposited over
the barrier layer and the surrounding field. However, copper fill of the features
usually results in excess copper material, or overburden, on the substrate surface
that must be removed to form a copper filled feature in the dielectric material and
prepare the substrate surface for subsequent processing.

[0008] One challenge that is presented in polishing copper materials is that the
interface between the conductive material and the barrier layer is generally non-



WO 02/ 085570 PCT/ US02/ 11009 3 planar and residual copper material is
retained in irregularities forned by the non- planar interface. Further,

t he conduwoiozessmt eri al and the barrier materials are of en/usezomed from
the substrate surface at different rades, both of which can result in
excess conductive material being retained as residues on the substrate
sur f ace. pladalt ah@meéadual ddppes nisterialtie retaifextin imegulaaities dofmed bythe nofiace

topograp Y, ependi ng on the dens or_size of features forned therein.
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carbon doped silicon oxides, may deformor fracture under conventi onal
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d f |
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device f exarrp rve 1o etween the
substratef dislectripahatdhiahgrgfanied ao as retosiena matoﬁagrmlealodg‘ettsefrsnbst rate
surface and deformthe | ow k erial to formtfo ogr def%cts whi ch
can det r‘i"'ﬁ@'l'i‘ﬁ3ale‘lf‘§i Sesien %‘Efbs@g‘bﬁhtleﬁgl fQ; Higpyunife PFP 9Rat or
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defects forned thereon is i shi ng copper by el ectrochenical
mechani csubsaite shiface hE@Ng’)a Iessthar‘qﬂmrabml&fmmaiuns renove conductive

e bl ™ o B A e bR f SBPRE el Abahe hrtd

conpar edyse ofcqpwedidledtat EdstaROqREER). didleckice ehdienalente aformhi mpbatlon is

pertor ma<(1]|arlr31).ellscenes in the substrate surface. Low k dielectric materials, such as carbon
doped silicon oxides, may deform or fracture under conventional polishing
pressures (i.e., about 6 psi), called downforce, which can detrimentally affect
substrate polish quality and detrimentally affect device formation. For example,
relative rotational movement between the substrate and a polishing pad can
induce a shear force along the substrate surface and deform the low k material to
form topographical defects, which can detrimentally affect subsequent polishing.
[0011] One solution for polishing copper in low dielectric materials with reduced
or minimal defects formed thereon is by polishing copper by electrochemical
mechanical polishing (ECMP) techniques. ECMP techniques remove conductive
material from a substrate surface by electrochemical dissolution while concurrently
polishing the substrate with reduced mechanical abrasion compared to
conventional CMP processes. The electrochemical dissolution is performed by
applying a bias between a cathode and substrate surface to remove conductive

materials from a substrate surface into a surrounding electrolyte. In one



applying a bias between a cathode and substrate surface to renove
conductive materials froma substrate surface into a surroundi ng

el ectr ol ywe.o2/kss50me WO 02/ 085570 PCT/ US02/ 11009 4 enbodi memtusot/1an9 ECVP
system the bias is applied by a ring4of conductive contacts in electrical
comuni cation with the substrate surface in a substrate support device,
such as embobisheratef anr ECRP lyysidém,Hhaebias, ist Bpplethtbyca rningof kasdubiben

observed to exhjbit non-uniformdistrihution of current over th ubpstrate
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material fromthe substrate surface. [00 As a result, there.is a, need
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provi deddikaslutien bs hiateria o fHid allsstiate budagw pol i shing article including a
body having at |east a partially conductive surface adapted to polish the

subst r atl@0tdld a Asmauiestligthaiefiack neelefopAn ¥RPIRyed: PelishingraftiolRyfer the
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t heret hr'éoéﬁ‘gé]".a?Fgé%‘fls‘%tﬁg%%@ﬁgf&a%t&g@%é% §plg.fal%lsehi ng article is provided for
polishing a substrate including a body having a polishing surface adapted
to polish tE ang east one conductive el enent enbedded in

t he pol i SREHEASN Pick INVENUON t i ve el ement havi ng a contact surface

t hat ext bey i hshi I n
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techniques, and combinations thereof. In one aspect, an article of manufacture is

provided for polishing a substrate including polishing article including a body
having at least a partially conductive surface adapted to polish the substrate and a
mounting surface. The polishing article may have a plurality of perforations formed
therein to allow flow of fluid therethrough.

[0014] In another aspect, a polishing article is provided for polishing a substrate
including a body having a polishing surface adapted to polish the substrate and at
least one conductive element embedded in the polishing surface, the conductive
element having a contact surface that extends beyond a plane defined by the
polishing surface.

[0015] In another aspect, a polishing article is provided for polishing a substrate
including a body having a polishing surface adapted to polish the substrate, at
least one conductive element embedded in the polishing surface, and one or more
pockets formed in the polishing surface, wherein the conductive element is

disposed in at least one of the pockets.



pockets formed in the polishing surface, wherein the conductive elenent is
di sposed in at |east one of the pockets. WD 02/085570 PCT/US02/ 11009 5
BRI EF DESEBIRD$3M OF THE DRAW NGS [ 0015] So that the mann@cTiusomiioeh t he
above recited aspects of the inventioA are attained and can be understood

in detail, a nore particular description of the invention, briefly
sunmar i ZIRIBF(DESC%[ION IGEI TBE DRIAWINGS to the enbodi nents thereof which
are illustrated In appended draw ngs.. [0016]. It is to be noted,

however , [0018dt t 1RO H)abdhedanNesun nduch I‘h%é‘??‘é@ée tedyaspagts ehihedpyeiomnt s of
this invgpt ?ﬂé\n@&%ndt(%{ séqrrfa ordb8d Wt *aemepélfjlagﬁrggﬁ déécﬂBﬁdrPBf fHeits

scope, for e rnvention to ot hér equa ectiv enbodi nent s.
[0017] HRngentor, birieflg sphanawzmi/\alnﬁva; neayelod bad yrreferénce tor theeersbodjmepgar at us

f th i 2 tiopnal Vi f mbodi ment of
an £ bRieatNiIch i Hstrafesi oe SpaSnded BBl i ¢ vi ew of one o
enbodi mepb1&f t heiPR behhérdd, AbestE: th{apﬂ@hpﬁelﬁldé@%rélwmgsﬂllﬁsn@e&ﬁﬂyﬁnﬁtlC

vi ew of another enbodi ment of the polishing article; [l 21] Figures 5A-5B
are si detypmaérembq,dlmeews Obfthlénlat/ﬁ@timbﬁﬁédﬂhﬁ!’ﬁfm@f af§ 0 ﬂ@lb% H?Pﬁgld&FQd cle;

[0022] r o

pol i shi ndﬂHirn | c |t°‘s %6@9%] @Fqurew&?ﬂsﬁrg%g% a'tg]h@l g\?\r]{ggf gne ee‘ﬂ‘%gl ment of
a groovednmblnsdmts.g artlcl e; [0024] Fi gure 8 is a top pl an vi ew of anot her
enbodi nent of a grooved |IShIn artlck rr[n%rﬂog ure9 is a,to

view of BAHliner FAaHEd! fuhpIast vigh Ao olpesiad Bt Bl hure
10A is pﬁfeslﬁﬁéﬁ Idf? VI ew of one enbodl ment of a poI | Shl ng article having a

conductive el enent; [0027] Figure 10B is partial perspective view of
anot her [eotaldi ndngurer2 is a pettionial igwseftang embadiment of ebrkOMP siatian;erent :

[0019] Figure 3 is a side schematic view of one embodiment of the polishing

article;

[0020] Figures 4 is a side schematic view of another embodiment of the

polishing article;

[0021] Figures 5A-5B are side schematic views of another embodiment of the

polishing article;

[0022] Figure 6 is a side schematic view of another embodiment of the
~ polishing article;

[0023] Figure 7 is a top plan view of one embodiment of a grooved polishing

article;

[0024] Figure 8 is a top plan view of another embodiment of a grooved

polishing article;

[0025] Figure 9 is a top plan view of another embodiment of a grooved

polishing article;

[0026] Figure 10A is perspective view of one embodiment of a polishing article

having a conductive element;

[0027] Figure 10B is partial perspective view of another embodiment of a

polishing article having a conductive element;

[0028] Figure 10C is partial perspective view of another embodiment of a

polishing article having a conductive element;

[0029] Figure 10D is detailed view of the polishing article of Figure 10C;



[0028] Figure 10Cis partial perspective view of another enbodi nent of a
polishing article having a conductive elenent; [0029] Figure 1 ODis

det ai | ed wioeosss7¢ he polishing article of Figure 10C WO ®2MO&5%TM09

PCT/ US02/ 11009 6 [0030] Figure 11 A bs a partial sectional view of another
enbodi nent of a conductive elenent; [0031] Figure 11 Bis a parti al

sect i onaloogdlew cHigareotiHAr iseiab pditiabngectibnal viewhdficanatber lesimsimenD ot
Figure 12A is . a partial sectional view of another enbodi nent of a
conduct i GRNWNERCMERH33] Figure 12B is a partial sectional view of

anot her gigeadi menguRf 138 wPRABEH A SseRtioRBNView & 3dothbd whtbddimeat of a
perspective view of another enbodi nent of a polishing article having a

conduct i venduativerelempob3s] Figure 14A is a partial perspective view of

anot her di f i shi il i 6 haur godqﬁ}“'
per spect ﬁvi g\?\ﬂflé‘f"%ar%ft\h%? ae?%bﬁn%%?'bgépgl%\gﬁ?s ri]dr?ggluae(rﬁt]l C e?ﬁ{ 6%’633‘7]
Fi gur e lé6hdisctizemiermient; per spective view of another enbodi nent of a

polishing article; [0Q . Fi . 14D sh t di f
Dol i ahi nEORRY | cIOMRTAB 1% Gndadia FPUPERENEY CorPRTiEPnETBBIEslt &l 1o
the poli ghhdsctRbldi&hent;and [0039] Figures 15A-D are schematic top and side

views of one enbodinent of a inlet power pad nmounted on the polishing
article 884]ri begurer dBnis peEpettivio vieyeiafi anather eabosinaal aha pakishing al

reference. n rals _hav . Wherever possible, to designate
| dent | cafniqenBANg %%ﬁ@ﬁ@gs'@ﬁ?ﬁﬂ' to the figures. DETAI LED DESCRI PTI ON OF
THE PREFgeB§;D ENBEIIVERA is0Q43drtidihperspediveanidw bf anethersembodimem ofhaul d be

given their ordinary and custonmary neaning in the art by one skilled in
the art QAIYYRIBIES W se further defined. Chenical - mechanical polishing

oL, BRSPS, g ol SN bl 1
conbi nat aditlaf both chem cal and mechanical activity.
[0037] Figure 14C is a partial perspective view of another embodiment of a
polishing article;
[0038] Figure 14D shows another embodiment of a polishing article having
conductive elements comprising loops secured to the polishing article; and
[0039] Figures 15A-D are schematic top and side views of one embodiment of
a inlet power pad mounted on the polishing article described herein.
[0040] To facilitate understanding, identical reference numerals have been
used, wherever possible, to designate identical elements that are common to the

figures.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0041] The words and phrases used herein should be given their ordinary and

customary meaning in the art by one skilled in the art unless otherwise further
defined. Chemical-mechanical polishing should be broadly construed and
includes, but is not limited to, abrading a substrate surface by chemical activity,
mechanical activity, or a combination of both chemical and mechanical activity.
Electropolishing should be broadly construed and includes, but is not limited to,
planarizing a substrate by the application of electrochemical activity, such as by
anodic dissolution. Electrochemical mechanical polishing (ECMP) should be
broadly construed and includes, but is not limited to, planarizing a substrate by the



El ectropol i shing shoul d be broadly construed and includes, but is not
limted to, planarizing a substrate by the application of el ectrochem cal
activity,weuehss#so by anodic dissolution. Electrochem cal pogalsazimad
polishing (ECWP) should be broadly c@nstrued and includes,’' but is not
limted to, planarizing a substrate by the WO 02/085570 PCT/US02/11009 7
appl i cat applicatiorlof etectrobhemical aetivilyy mechanieahactivity) oreee tombinationof doth

conbi nati on of both el ectrochem cal. and nechanical activity to.r

ve
mator | al CREBATHETBISES @Nnsk necanicak Actitede; ERTGHE dBRteRah A & Substiate
process §REAED) E@&%bﬁerﬁﬁ:abfwﬁbﬁica??[&%hb%gc EG‘MPPz%ﬁouHLBe bfodth

limted to, electrochem cal epositing materia on substrate and

concur r egensirusidaand Includest bet gopaidimitay ieaetedtpchemically depesltinganatenabf

ol ect r ochnnc st bl PG bieehizge g Uefh BB rEEbIgN Y, 18l o
be br oadda%plmnsh lofl elbcroghemidal detvitypriechanical activity] éresl combiriaion afpbtrcat i on
|

of an anodic bhias to a' substrate directly or indirectly which results in
t he reno®lgctraehemicalard Mechaniea| a¢tivityom a” substrate surface and into a

surr OU”d{?ggzge' e/ H%sé@:tiﬁqﬁitsﬁe’igultd;ﬁé brsHI %angpgﬁnaﬁeééﬂ”%t?@ﬂéf rued

and i ncl , but 1s not an apertu openi ng, channel,
or passaljited dontie papli¢ationyobancamulietbids to [ subsirate dibgatlytor wlirecths a

polishing,article. .[0043] Figure 1 depicts  a.processing anparatus 10

havi g ainiDaesufis it 80 mpva el e aspull PR HIBLPRBBER A anc

chem cal inf@ghaniréanding! dlstidigte SelGtion.aPefbrAibhOSTRI &R breednaBbAStrued

pol i shi ng éECIVP statron 102" and at |east one conventional 'polishing or
in

buf fi ng &R exp Hutiisspidistitashioa an iapgriere | hale.aRanng. channel, ohBapeAIS hi ng
tool th : t ejﬂ?t'ﬁ ' ' hQELH; RRA
cgce)m' ca?for@%ﬁé%ﬁ é%ﬂpdgoﬁ%?nsélgtr avgéqda%%égmég?m%ﬁ’ﬁ%b%“ﬁ? gpﬂy | nf:.r) | ocat ed

i n  Sant@oddjar a,Figiaki T depicts a [pedebskinthapparatys 100/ hayipgratiesst b0e siatior al | y
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[0044] The exemplary apparatus 100 generally includes a base 108 that
supports one or more ECMP stations 102, one or more polishing stations 106, a
transfer station 110 and a carousel 112. The transfer station 110 generally
facilitates transfer of substrates 114 to and from the apparatus 100 via a loading
robot 116. The loading robot 116 typically transfers substrates 114 between the
transfer station 110 and a factory interface 120 that may include a cleaning module
122, a metrology device 104 and one or more substrate storage cassettes 118.
One example of a metrology device 104 is a NovaScan™ Integrated Thickness
Monitoring system, available from Nova Measuring Instruments, Inc., located in
Phoenix, Arizona.
[0045] Alternatively, the loading robot 116 (or factory interface 120) may
transfer substrates to one or more other processing tools (not shown) such as a
chemical vapor deposition tool, physical vapor deposition tool, etch tool and the
like.



Moni toring system available from Nova Measuring Instrunents, Inc., |ocated
I n Phoeni x, Arizona. [0045] Alternatively, the | oading robot 116 (or
factory iwoDaerhstse0 120) nmay transfer substrates to one or PEBESODitoey
processing tools (not shown) such as & chem cal vapor deposition tool,
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i nconsistent with the clains and di scl osure herein 0048] Cenerally, the
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substrate 114 while ate sposed in the ECVMP station 102

or pol i simicogsistent iith théelalmhandadlsdngﬂem&relof the ECWP stations 106 and

pol i shi n[% St ati cE;-]ésnelrgl%y,cme carousel 112 is centrally disposed on the base 108. The
carousel 112 typically includes a plurality of arms 138. Each arm 138 generally
supports one of the polishing heads 130. One of the arms 138 depicted in Figure 1
is not shown so that the transfer station 110 may be seen. The carousel 112 is
indexable such that the polishing head 130 may be moved between the stations
102, 106 and the transfer station 110 in a sequence defined by the user.
[0049] Generally the polishing head 130 retains the substrate 114 while the
substrate 114 is disposed in the ECMP station 102 or polishing station 106. The
arrangement of the ECMP stations 106 and polishing stations 102 on the
apparatus 100 allow for the substrate 114 to be sequentially plated or polished by
moving the substrate between stations while being retained in the same polishing
head 130. One polishing head that may be adapted to be used in the invention is
a TITAN HEAD™ substrate carrier, manufactured by Applied Materials, Inc.,
located in Santa Clara, California.
[0050] | Examples of embodiments of polishing heads 130 that may be used with
the polishing apparatus 100 described herein are described in United States
Patent No. 6,024,630, issued February 25, 2000 to Shendon, et al., which is



apparatus 100 allow for the substrate 114 to be sequentially plated or
polished by noving the substrate between stations while being retained in
t he sane woleskisng head 130. One polishing head that nay Poa/daptoed t o be
used in the invention is a TITAN HEAD(err) substrate carrier, manufactured
by Applied Materials, Inc. | ocated in Santa Clara, California. [0050]
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100. The basin 202 generally defines a container or electrolyte cell in which a
conductive fluid such as an electrolyte 220 can be confined. The electrolyte 220
used in processing the substrate 114 can include metals' such as copper,
aluminum, tungsten, gold, silver or other materials which can be electrochemically
deposited onto or electrochemically removed from the substrate 114.

[0053] The basin 202 can be a bowl shaped member made of a plastic such as
fluoropolymers, TEFLON®, PFA, PE, PES, or other materials that are compatible
with electroplating and electropolishing chemistries. The basin 202 has a bottom
210 that includes an aperture 216 and a drain 214. The aperture 216 is generally
disposed in the center of the bottom 210 and allows a shaft 212 to pass
therethrough. A seal 218 is disposed between the aperture 216 and the shaft 212
and allows the shaft 212 to rotate while preventing fluids disposed in the basin 202
from passing through the aperture 216.

[0054] The basin 202 typically includes the electrode 204, the disc 206, and the
polishing article 205 disposed therein. Polishing article 205, such as a polishing
pad, is disposed and supported in the basin 202 on the disc 206.



fl uoropol yners, TEFLON(r), PFA, PE, PES, or other materials that are
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202 has awbartess7o 210 t hat includes an aperture 216 and aprdmaise2/2md9 The
aperture 216 is generally disposed i® the center of the bottom 210 and
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202 where it may be imersed in the electrolyte 220. The el ectrode 204 can
be a pl a@féoqlqf@t%ﬁ‘%@'m‘ﬁnrﬂr%@shaw ng nultiple apertures formed
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formed therethrough, or a plurality of electrode pieces disposed in a permeable

membrane or container. A permeable membrane (not shown) may be disposed
between the disc 206 and the electrode 204 or electrode 204 and polishing article
205 to filter bubbles, such as hydrogen bubbles, form the wafer surface and to
reduce defect formation and stabilize or more uniformly apply current or power
therebetween.

[0058] The electrode 204 is comprised of the material to be deposited or
removed, such as copper, aluminum, gold, silver, tungsten and other materials
which can be electrochemically deposited on the substrate 114. For
electrochemical removal processes, such as anodic dissolution, the electrode 204
may include a non-consumable electrode of a material other than the deposited
material, such as platinum for copper dissolution. The non-consumable electrode
is used in planarization processes combining both electrochemical deposition and
removal.

[0059] While the following polishing article is described for an electrochemical-
mechanical polishing (ECMP) process, the invention contemplates using the



reduce defect formation and stabilize or nore uniformy apply current or
power therebetween. [0058] The el ectrode 204 is conprised of the materi al
to be depweiokmessser renoved, such as copper, alum num golpdT/E02/v®D9
tungsten and other materials which cHn be el ectrochem cally deposited on
the substrate 114. For electrochem cal renoval processes, such as anodic
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wi t hout m@hgﬁ@ Pﬁol%ﬂ 2ntional bias application apparatus, such as edge
contacts, an eFectroc em cal nechani cal plating processes (ECWPP) that

i ncl ude @oeaINbi e polisbingsarticter20thean bala prghesweb on adialt efreatetial, which

mechani cal _polishin 0060Q], The pal ishi rti . , a web
or a bell® m%ﬁﬂ? i"gfh, h\ﬁnﬁ‘ffh eqvgoBg}%\ztainglgtggvérpﬁéfﬂﬁ&%p%ﬁlﬂcgﬁ%@r E’ﬁﬂrﬁe%t and
t he procembobfnsmedegiciedtin Mgurel 2, theepolightmedaniers 208 cirewlat in forguared 2, t he
polishing article 205 is circular in formand positioned at an {/)[t)er end
of the bBesiionepat anppeet ead o the Qasw,wppaeedw'E%leweaﬁgea%g. e
pol i shi ng:.ard4C! o L al v | e of
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processi Material may be disposed on a “backing” material disposed between the disc 206
and polishing article 205 to tailor the compliance and/or durometer of the polishing
article 205 during processing.
[0061] The basin 202, the cover 208, and the disc 206 may be movably
disposed on the base 108. The basin 202, cover 208 and disc 206 may be axially
moved toward the base 108 to facilitate clearance of the polishing head 130 as the
carousel 112 indexes the substrate 114 between the ECMP and polishing stations
102, 106. The disc 206 is disposed in the basin 202 and coupled to the shaft 212.
The shaft 212 is generally coupled to a motor 224 disposed below the base 108.
The motor 224, in response to a signal from the controller 140, rotates the disc 206
at a predetermined rate.
[0062] The disc 206 may be a perforated article support made from a material
compatible with the electrolyte 220 which would not detrimentally affect polishing.
The disc 206 may be fabricated from a polymer, for example fluoropolymers, PE,
TEFLON®, PFA, PES, HDPE, UHMW or the like. The disc 206 can be secured in
the basin 202 using fasteners such as screws or other means such as snap or
interference fit with the enclosure, being suspended therein and the like. The disc



[0061] The basin 202, the cover 208, and the disc 206 may be novably
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head 130 as the carousel 112 indexesli2t he substrate 114 between the ECWP
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the disc 206 to the substrate 114. In one aspect o he di sc 206 i ncl udes
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di sc 206 Ing article 205 to the substrate surface. The poli shing
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di sposedgénerll§ proidad 2tpathnBreut they €sver2D8 for the electrolyte 220 exiting the
processing area 232 and flowing into the lower portion of the basin 202. The
apertures 234 are generally positioned between a lower surface 236 of the
depression 258 and the center portion 252. As at least a portion of the apertures
234 are typically higher than the surface of the substrate 114 in a processing
position, the electrolyte 220 fills the processing area 232 and is thus brought into
contact with the substrate 114 and polishing article 205. Thus, the substrate 114
maintains contact with the electrolyte 220 through the complete range of relative
spacing between the cover 208 and the disc 206.
[0065] The electrolyte 220 collected in the basin 202 generally flows through
the drain 214 disposed at the bottom 210 into the fluid delivery system 272. The
fluid delivery system 272 typically includes a reservoir 233 and a pump 242. The
electrolyte 220 flowing into the fluid delivery system 272 is collected in the
reservoir 233. The pump 242 transfers the electrolyte 220 from the reservoir 233
through a supply line 244 to the nozzle 270 where the electrolyte 220 recycled
through the ECMP station 102. A filter 240 is generally disposed between the
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formed of other materials, such as formed only from a conventional hard polishing

material, i.e., a shore D hardness of about 80 or greater, which provides support to
the conductive polishing portion 310 during polishing. Additionally, the mounting
portion 320 may be a conventional soft material, such as compressed felt fibers
leached with urethane, for absorbing some of the pressure applied between the
polishing article 205 and the carrier head 130. The soft material may have a Shore
D hardness between about 25 and about 40.

[0069] Generally, the conductive polishing portion 310 is adhered to the
mounting portion 320 by a conventional adhesive. The adhesive may be
conductive or dielectric depending on the requirements of the process. The
mounting portion 320 may be affixed to the disc 206 by an adhesive or mechanical
clamps.

[0070] The conductive polishing portion 310 and the mounting portion 320 of
the polishing article 205 are generally permeable to the electrolyte by a plurality of
perforations or channels formed therein. The plurality of perforations or channels
allows electrolyte to flow through and contact the surface during processing.



conductive polishing portion 310. However, the nounting portion 320 may be
formed of other materials, such as forned only froma conventional hard
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perforations of both the conductive polishing portion 310 and the mounting portion
320 are configured and aligned to each another to provide for sufficient mass flow
of electrolyte through the conductive polishing portion 310 and the mounting
portion 320 to the substrate surface.
[0073] Referring to Figure 4, in one aspect, the polishing article 205 includes
conductive polishing surface article 410 for polishing a substrate surface, a
conductive article support layer 420, and a rigid support layer 430. Generally, the

. conductive polishing surface article 410 is disposed on the conductive article
support layer 420 and is adhered to the conductive article support layer 420 by a
conductive adhesive. The conductive article support layer 420 may be affixed to
the rigid support layer 430 by a conventional adhesive used with polishing
materials and in polishing processes. The rigid support layer 430 may comprise a
mounting portion 440 to be disposed on a article support structure, such as the
disc 206, or may comprise the disc 206 itself. The polishing article 205 may be
affixed to the disc 206 by an adhesive or mechanical clamps (not shown). The



[0072] The perforation size and density is selected to provide uniform
distribution of electrolyte through the polishing article 205 to a
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support bryeblyfsl Osueheas lvoppentif shchrmaterials are isolated from the surrounding
electrolyte. For example, the conductive article support layer 420 may be

conformally covered with the conductive polishing material to minimize any
detrimental impact of reactivity between the material of the conduct-ive article
support layer 420 and surrounding electrolyte.

[0077] The conductive article support layer 420 generally has a better
conductivity, i.e., lower resistivity, than does the conductive polishing surface
article 410. For example, the conductive article support may comprise platinum,
which has a resistivity 9.81 pQ-cm at 0°C, and is a lower resistivity than carbon
fibers or carbon nanotubes, both of which exhibit resistivities of 1.0 Q-cm or less.
The conductive article support layer 420 is used to provide for uniform bias or
current to minimize conductive resistance along the surface of the article, for
example, the radius of the article, during polishing for uniform anodic dissolution
across the substrate surface.

[0078] The conductive article support layer 420 is connected to a power source
(not shown), The conductive article support layer 420 provides the current carrying



inert materials in the polishing process and are resistant to being
consuned or damaged during ECMP. [0076] However, the invention
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conductive article support layer 420 and rigid support layer 430. The compressible
material includes a conventional soft material, such as compressed felt fibers
leached with urethane, and having a Shore D hardness between about 25 and
about 40.
[0081] The conductive polishing surface article 410, the conductive article
support layer 420, and the rigid support layer 430 of the polishing article 205 are
generally made permeable to the electroiyte by a plurality of perforations or
channels formed therein. The perforations 405 include channels or apertures in
the polishing article having a diameter between about 0.02 inches (0.5 millimeters)
and about 0.4 inches (10 mm) and a perforation density may be between about
30% and about 80% of the polishing article 205. A perforation density of about
50% may be used with the polishing article 205. While not shown in Figure 4, the
perforations 405 may have a diameter about equal to the thickness of the polishing
article 205, or an aspect ratio of about 1:1 between the thickness of the polishing
article 205 and the diameter of the perforations disposed therein.



i ncluding the I G 1000 polishing pad, from Rodel Inc., of Phoenix, Arizona.
Cenerally, when using a hard conventional material for the rigid support
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layer 530. The conductive polishing surface article 510 includes carbon fibers and
polyurethane, the article support layer 520 includes a platinum film, and the
support 530 typically includes a compressible material, such as a soft material
described herein, including compressed felt fibers leached with urethane. A less
compressible material, such as a hard material described herein, for example,
polyurethane, may be used as the support layer 530. Grooves 550 are formed in
the conductive polishing surface article 510, the conductive article support layer
520, and the rigid support 530 of the polishing article 205, and perforations 505 are
formed in the disc 206 to further allow electrolyte to contact the substrate surface
during ECMP.

[0085] Figure 5B is a side schematic view of another embodiment of the
polishing article 205 disposed on disc 206. In this embodiment, the conductive
article support layer 520 layer is isolated from the surrounding electrolyte 560 by a
conformal layer of the conductive polishing surface article 510. The conductive
polishing surface article 510 is provided at a thickness of about 1 mm and covers
the entire exposed conductive article support layer 520. Since the conductive



conductive article support |ayer 420, and the conductive polishing surface
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conduct i @ the thickness of the conventional polishing material are designed to provide a
bias or current to the substrate surface with minimal resistance betwéen an
external power source and the polishing article surface. For example, the metal
mesh may be interwoven wire forming a “X-Y” grid (a square pattern) or a
triangular pattern, an “X-Y” grid with diagonal wires passing therethrough, formed
in the conventional polishing material.
[0089] The metal mesh includes conductive materials, such as platinum
described herein, which is chemically inert to the surrounding electrolyte.
Additionally, conformal coverage of the metal mesh by the conventional or
conductive polishing material may allow the use of materials, such as copper
which has a resistivity of 1.6 uQ-cm at 0°C, that may be consumed if exposed to

ECMP processing.

[0090] The conductive polishing article 610 with the metal mesh may be
manufactured by forming a pattern in the first conventional polishing material and
then electroplating or pressing a metal mesh in the pattern. The conductive
polishing article 610 may also be manufactured to be conformally covered by the



metal is disposed in the polishing article 205 to provide conductivity to
the polishing article 205. In one enbodi nent, the polishing article 205
usi ng a nwpak/ossseeh generally conprise a stack of polishi mgTrsoznioad s
i ncluding netal mesh 610 disposed inva first conventional polishing
material, a flexible polishing material 620, and rigid support 630 of a
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compressible plastic, foam or rubber. An example of a flexible polishing material is
compressed felt fibers leached with urethane. One polishing article material
suitable for use as the flexible polishing material 620 includes the materials used in
the Politex or Suba IV polishing article from Rodel, Inc. of Phoenix, Arizona (Politex
and Suba IV are product names of Rodel, Inc.). The flexible polishing material
may have a Shore D hardness between about 25 and about 40.

[0093] Referring back to Figures 5A, 5B, and 6, grooves may be disposed in
the polishing article 205 to promote electrolyte flow to the substrate surface for
anodic dissolution or electroplating processes. While the grooves shown in
Figures 5A, 5B, and 6, illustrate grooves through multiple layers, the invention
contemplates grooves being formed in the upper layer or polishing surface that
contacts the substrate surface with perforations in the non-grooved layer to provide
electrolyte flow therethrough.

[0094] Examples of grooves used to facilitate electrolyte flow include linear
grooves, arcuate grooves, annular concentric grooves, and helical grooves among
others. The grooves formed in the article 205 may have a cross-section that is



[ 0091] The conventional polishing material used with the netal nmesh 610 and
t he conventional polishing material of the rigid support 630 may be the
sanme or Wwoflkessne conventional material. The conventi onalpCraiSog/hiong
material used with the netal nesh 61® and the conventional polishing
material of the rigid support 630 nay have the sanme or different hardness.
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grooves nmay be ‘con d |nto patterns, such as an X-Y pattern di sposed on
t he poli s;bmpg)sﬁnn‘sdxemg)used triangul ar pattern forned on the pol i shi ng
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di anet er grpdlé 29BaAREMREh RS thFRPoHDS fresh electrolyte from the bulk solution from
basin 202 to the gap between the substrate and the polishing article. The grooves
742 may be spaced between about 30 mils and about 300 mils apart from one
another. Generally, grooves 742 formed in the polishing article have a width
between about 5 mils and about 30 mils, but may vary in size as required for
polishing. An example of a groove pattern includes grooves of about 10 mils wide
spaced about 60 mils apart from one another. Transport of electrolyte may be
enhanced by forming the perforations at least partially in the grooves to improve
flow of the electrolyte.
[0097] The grooves 742 may have various patterns, including a groove pattern
of substantially circular concentric grooves on the polishing surface 748 as shown
in Figure 7, an X-Y pattern as shown in Figure 8 and a triangular pattern as shown
in Figure 9. While these patterns are shown and described herein, the invention
contemplates the use of other patterns which can facilitate electrolyte flow to a

substrate surface during processing.



provide the desired flow of electrolyte. In one aspect of the polishing
article, the grooves are configured to intersect with the perforations
formed i rwole/gssieo shing article. [0095] Figure 7 is a topcplan2/vioesv of one
enbodi ment of a grooved polishing arzticle. A round pad 740 of the
polishing article 205 is shown having a plurality of perforations 746 of a
suf fi ci e[does)i ze Figdreo8dard e ptam viewadl anothiee embmdimentbtat paishing pad t he
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[0100] It is believed that the grooves provide a supply of electrolyte to the substrate
surface that is evenly distributed on the substrate surface allowing for a more even
dissolution of material into the substrate, and thereby increasing substrate
planarity and uniformity. It is further believed that the use of intersecting grooves
and perforations will allow electrolyte to enter through one sét of perforation, be
evenly distributed around the substrate surface, and then removed through a

second set of perforations.

Conductive Elements in Polishing Articles

[0101] The conductive polishing article 205 of the invention may alternatively
comprise discrete conductive elements disposed in a polishing material. While not
shown, the following polishing article descriptions may include polishing articles
having perforation and grooving patterns described herein and shown in Figures 7-
9, with configurations to the patterns to incorporate the conductive elements

described herein as follows.



vertical groove, a horizontal groove, or disposed in the polishing article
848 outside of the grooves 842. The perforations 846 and grooves 842 are
di sposed wo o2loess76 nner di ameter 850 of the polishing arti ®ca/zozitone out er
di aneter 850 of the polishing pad 842 may be free of perforations and
grooves and perforations. [0099] Figure 9 is another enbodi nent of
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dissolution from the substrate surface.

[0104] The body 1006 generally comprises a dielectric material such as the
conventional materials described herein. The pockets 1004 formed in the body
1006 are generally configured to retain the conductive elements 1065 while
processing, and accordingly may vary in shape and orientation. In the
embodiment depicted in Figure 10A, the pockets 1004 are grooves of rectangular
cross section and are disposed across the polishing surface 1002 coupling two
points on the perimeter of the polishing article 205. Alternatively, the pockets 1004
(and conductive elements 1065 disposed therein) may be disposed at irregular
intervals, be orientated radially, perpendicular and may additionally be linear,
curved, concentric, involute curves or other orientation.

[0105] The conductive elements 1065 disposed in the body 1006 are generally
provided to produce a bulk resistivity or a bulk surface resistivity of about 10 Q-cm
or less. In one aspect of the polishing article, the polishing article has a resistivity
of about 1 Q-cm or less. The conductive elements 1065 generally have
mechanical properties that do not degrade under sustained electric fields and are



or pockets 1004 forned therein to at |least partially receive the conductive
el emrents 1065. The conductive el enents 1065 are generally di sposed to have
a contacwolungsmce 1008 with a substrate that extends abowetaiSot/ared defi ned
by the polishing surface 1002. The c¥ntact surface 1008 is typically
configured, such as by having a conpliant, flexible, or pressure nol dable
surface, résbstank'tdﬁdegracmlent ini acitlicconbasic elbctroigtesoulwriei embedenent; $he 065
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suf fi ci epddricatsdor icvated fwithl 8%idtl lRass phaiallpiddindubtive material as described
herein. The spring 1090 may extend above the polishing surface 1002 from the
groove 195.
[0108] A connector 1030 is utilized to couple the conductive elements 1065 to a
power source (not shown) to electrically bias the conductive elements 1065 while
processing. The connector 1030 is generally a wire, tape or other conductor
compatible with process fluids or having a covering or coating that protects the
connector 1030 from the process fluids. The connector 1030 may be coupled to
the conductive elements 1065 by soldering, stacking, brazing, clamping, crimping,
riveting, fastening, conductive adhesive or by other methods or devices. Examples
of materials that may be utilized in the connector 1030 include insulated copper,
graphite, titanium, platinum, gold, and HASTELOY® among other materials.
[0109] Coatings disposed around the connectors 1030 may include polymers such
as fluorocarbons, PVC and polyimide. In the embodiment depicted in Figure 10A,
one connector 1030 is coupled to each conductive element 1065 at the perimeter
of the polishing article 205. Alternatively, the connectors 1030 may be disposed



el ectrical contact between the entire contact surface 1008 and the
substrate during processing. Sufficient conpliant or flexible materials
for the cwodeosisve el ement 1065 may have an anal ogous hardmase2/ofooabout 80
or less on the Shore D Hardness scal® conpared to the polishing material .
A conductive el enment 1065 having an anal ogous hardness of about 50 or |ess
on the Siwoegtithdebbaties806 ofthe pdiishingaricler20S. natyet anbthemantisdimeetithg 0106]
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conductive elements may also extend over only a portion of the width or diameter
of the substrate surface, rather than across the entire surface of the polishing pas
. as shown in Figure 10C.
[0111] Figure 11A depicts another embodiment of a conductive member 1100
disposed in the pocket 1004 of the polishing article 205. The conductive member
1100 is generally an at least partially conductive bar, cylinder or coil that includes a
contact surface 1102 that extends above a plane defined by the polishing surface
1002 of the body 1006. The contact surface 1102 is generally rounded to prevent
“damage to the substrate during processing.
[0112] A biasing member 1104 is disposed between the conductive member 1100
and the body 1006. The biasing member 1104 generally provides a bias that
urges the conductive member 1100 away from the body 1006. The biasing
member 1104 is comprised of a resilient material or device and may be a
compression spring, flat spring, coil spring, a foamed polymer such as foamed
polyurethane (e.g., PORON®), an elastomer, a bladder or other member or device

that urges the conductive member 1100.



t hrough the body 1006 of the polishing article 205. In yet another
enbodi nent, the connector 1030 may be coupled to a conductive grid (not
shown) diwpagesssin t he pockets and/ or through the body 1@06/tSoz11009
electrically couples the conductive 2 enents 1065. [0110] Figure 10C
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[0111] Figure 11A depicts another énbodi ment of a conductive menber 1100
di sposed1002 whenpstigking1004 of the polishing article 205. The conductive
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conductive nenber_ 1100. _ _ _ )
member 1158 or the bushing 1156 comprises a conductive material or coating to
electrically couple the pins 1154.
[0116] Figures 12A-B depict alternative embodiments of a conductive member
1200 disposed in the pocket 1004 of the polishing article 205. The conductive
member 1200 generally includes a carrier 1202 and a contact member 1204. A
biasing member 1206 similar to the biasing member 1104 described herein is
disposed between the carrier 1202 and body 1006 of the polishing article 205 for
urging the contact member 1204 to a position at least partially above a plane
defined by the polishing surface 1002 of the body 1006.
[0117] The carrier 1202 is typically formed from a conductive material such as
graphite or a metal or other material compatible with process chemistries as
described herein. Alternatively, other materials such as semiconductors or
dielectric may be utilized. The carrier 1202 is configured to remain in contact with

the contact member 1204 during processing.



WO 02/ 085570 PCT/ US02/11009 25 [0113] Figure 11B depicts anot her

enbodi nent of a conductive nenber 1150 disposed in the pocket 1004 of the
pol i shi ngwerokiogiseo 205. The conductive nenber 1150 is genecalusg2/conpri ses a
plurality of balls or pins 1154. The Pins 1154 are at |east partially
conprised and/or coated wth an at |least partially conductive material as
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process chemstries as ~ described herein. Alternatively, other materials
such as Sheiconddelieosub-elements| 1838y ingluggyelpetrigally corductivadibess.rsush a902 i s

confi gur ggrbBR f{b%?@iopo{h%r%gﬂbagﬁve‘fvicbﬁpliant (i.e., flexible) made from a conductive
material described herein. The base 1309 also comprises an electrically
conductive material and is coupled to a connector 1030.
[0120] The conductive elements 1304 generally are disposed in a pocket 1308
formed in the polishing surface 1306. The conductive elements 1304 may be
orientated between 0 and 90 degrees relative to the polishing surface 1306. In
embodiments where the conductive elements 1304 are orientated parallel to the
polishing surface 1306, the conductive elements 1304 may partially be disposed
on the polishing surface 1306.
[0121] The pockets 1308 have a lower mounting portion 1310 and an upper,
clearance portion 1312. The mounting portion 1310 is configured to receive the
base 1309 of the conductive elements 1304, and retain the conductive elements
1304 by press fit, clamping, adhesives or by other methods. The clearance portion
1312 is disposed where the pocket 1308 intersects the polishing surface 1306.
The clearance portion 1312 is generally larger in cross section than the mounting
portion 1310 to allow the conductive elements 1304 to flex when contacting a



t he contact nmenber 1204 during processing. WO 02/085570 PCT/ US02/ 11009 26
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coated in a layer of conductive material, such as copper, that dissolves from the
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polishing pad article during polishing.

[0124] Figure 14B depicts another embodiment of a brush 1400 having a
conducting surface 1440 and a plurality of discreet conductive elements 1402
formed thereon. The conductive elements 1402 generally comprise fibers of a
conductive material, such as carbon, vertically displaced from the conducting
surface 1440 of the polishing article 205 and horizontally displaced from each
other. The conducting elements 1402 of the brush 1400 are generally orientated
between O to 90 degrees relative to a conducting surface 1440 and can be inclined
in any polar orientation relative a line normal to the conducting surface 1440. The
conductive elements 1402 may be formed across the length of the polishing pads,
as shown in figure 14B or may only be partially disposed in the polishing pad. The
contact height of the conductive elements 1402 above the polishing surface may
be up to about 5 millimeters and the diameter of the material comprising the
conductive element 1402 is between about 1 mil (thousandths of an inch) and



The cl earance portion 1312 is generally larger in cross section than the
mounting portion 1310 to allow the conductive elenents 1304 to flex when
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shown) may be disposed in the conducting surface 1440 for provided flow of
electrolyte therethrough.
[0128] While not shown, the conductive plate may be disposed on a support pad of
conventional polishing material for positioning and handling of the polishing article
205 on a rotating or linear polishing platen.
[0129] Figure 14C shows another embodiment of a brush 1400 having a plurality
conductive elements 1402, disposed in a radial pattern from the center of the
substrate to the edge. The plurality of conductive elements may be displaced
from each other at intervals of 15°, 30°, 45°, 60°, and 90° degrees, or any other
combinations desired. The conductive elements 1402 are generally spaced to
provide as uniform application of current or power for polishing of the substrate.
The conductive elements may be further spaced so as to not contact each other.
Wedge portions 1404 of a dielectric polishing material of the body 1006 may be
configured to electrically isolate the conductive elements 1402. A spacer or
recessed area 1460 is also formed in the polishing article to also isolate the
conductive elements 1402 from each other. The conductive elements 1402 may



contact height of the conductive el enents 1402 above the polishing surface
may be up to about 5 mllineters and the dianeter of the materi al
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aspects and claims herein.
Conductive Polishing Article Processing
[0132] In operation, the polishing article 205 is disposed on the disc 206 in an
electrblyte in the basin 202. A substrate 114 on the polishing head is disposed in
the electrolyte and contacted with the polishing article 205. Electroiyte is flowed
through the perforations of the disc 206 and the polishing article 205 and is
distributed on the substrate surface by grooves formed therein. Power from a
power source is then applied to the conductive polishing articie 205 and the
electrode 204, and conductive material, such as copper, in the electrolyte is then
removed by an anodic dissoldtion method.
[0133] The substrate 114 and polishing article 205 are rotated relative to one
another to polish the substrate surface. When contacting the substrate surface, the
polishing article 205 typically applies a pressure of about 6 psi or less to the
substrate surface. A pressure between of about 2 psi or less is used with



The conductive elenments may be further spaced so as to not contact each
other. Wdge portions 1404 of a dielectric polishing material of the body
1006 may we 02m83570 gured to electrically isolate the conduedmsoziwoent s
1402. A spacer or recessed area 14600 s al so forned in the polishing
article to also isolate the conductive elenents 1402 from each other. The
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Pennsylvania, under the tradename Ultrafill 2000.

[0136] In anodic dissolution, the bias is applied between the electrode 204,
performing as a cathode, and the conductive article support layer 520 of the
polishing article 205, performing as the anode. The substrate in contact with the
polishing article is polarized via the conductive polishing surface article 510 at the
same time the bias is applied to the conductive article support member. The
application of the bias allows removal of conductive material, such as copper-
containing materials, formed on a substrate surface. The bias may include the
application of a voltage of about 15 volts or less to the substrate surface. A voltage
between about 0.1 volts and about 10 volts may be used to dissolve copper-
containing material from the substrate surface and into the electrolyte.

[0137] Alternatively, the bias may be a current density between about 0.1
milliamps/cm? and about 50 milliamps/cm?, or between about 0.1 amps to about 20
amps for a 200 mm substrate. It is believed that biasing the substrate from the
polishing article 205 provides uniform dissolution of conductive materials, such as
metals, into the electrolyte from the substrate surface as compared to the higher



el ectrode 204, and conductive material, such as copper, in the electrolyte
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[0140] Power may be coupled into the polishing articles 205 described above
by using a power transference device, such as a power inlet bar, for conductive
polishing materials that do not have readily available power coupling points, such
as a polishing material comprising carbon fibers or carbon nanotubes disposed in
polyurethane. A power transference device is typically configured to provide a
linear voltage reduction in equipotent lines to the polishing material. The highest
potential is closest to the power inlet bar and the lowest potential is furthest from
the power inlet bar. The power transference device typically has a greater
conductivity than the conductive material, such as metal, i.e., platinum or copper.
The polishing article may be of any possible shape, i.e., a round polishing pad or
linear belt, and the power transference device may be of any shape, such as a bar
inlet bar or conductive mesh. The power transference device usually has a
substrate facing side at least as wide or long as the diameter of the substrate.

[0141] Substrate rotation on the polishing pad will equalize or average out the
potential imparted to the substrate surface during polishing to provide for more



application of a voltage of about 15 volts or less to the substrate
surface. A voltage between about 0.1 volts and about 10 volts may be used
to di ssolwe wogises - contai ning material fromthe substrat ecaarshacwoand i nto
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[0139] Conductive material, such as copper containing material can be
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provi de @r web 1550 of conductive, perforated polishing material 1520. Equipotent lines
1560 of the linear voltage reduction from the power bar across the conductive,
perforated polishing material 1520 in equipotent lines is shown in relationship to a
substrate 1570 being rotated counter-clockwise. Figure 15C illustrates one
embodiment of a power inlet bar 1510 being mounted on a round polishing pad
1580 of conductive, perforated polishing material 1520. Both figures depict the
power inlet bar 1510 as wider than the diameter of the substrate to be polished.
[0145] Figure 15D shows an alternative embodiment supplying power to the
conductive elements 1590. A power strip 1530 is connected to a power source
1535 and a side of the polishing material 1520. The power strip 1530 and
polishing material 1520 are configured to electrically conduct power from the
power strip 1530 and the conductive elements 1590 during rotation of the polishing
pad. For example, the conductive element 1590 has an exposed contact on the
side of the polishing material 1520 for contacting the power strip 1530. The power
strip 1530 may comprise a conductive tape, such as copper tape. The conductive
elements 1590 and power strip 1530 are electrically connected for between about



| i near vol tage reduction in equipotent lines to the polishing material. The
hi ghest potential is closest to the power inlet bar and the | owest

pot ent i alwo2fosgsthest from the power inlet bar. The powercraozimoence
device typically has a greater condustivity than the conductive material,
such as netal, i.e., platinumor copper. The polishing article may be of
any poss2(d.candad®s, foreexarplepabdupdbis ofnpepadation periodasf thel polishirg t he
power transference device may be of any shape, such as a bar inlet bar or
conduct i Matefd A526he power transference device usually has a substrate
facing side at |east as wide or long as the dianeter of the substrate.
[0141] Substrate rotation on the polishing pad wll equalize or average out

the potPolishing PadMatériabs t he substrate surface during polishing to
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for the conductive materials above. For exanple, a copper power inlet bar
may be meterial @s asuppaAdt la¥eower external of an electrolyte and a plati num
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nerei n " ggiescabasvaiaple hgsh the tetBaare dipBRrs obAeRfinpcpShRR a0

di sposedag RMISASHOrROIHErEY, OndtHeR NEkaFipI¥ of &Udnauaivs ppRmerhisnglica er i al
1520. The power inlet bar 1510 is coupled to a power source (not shown) by

a power filtadowitls ke[-caatedl car.e 15B illustrates the power inlet bar 1510

di sposed a | ifear | cil aperfprat i shing
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rot at ed @8Rt @ - breo GeRAYEtiver; RplisBings Materigk descadbed nperein are generally

chemically inert with a surrounding electrolyte, such as those with noble metals
that are resistant to oxidation. An example of a polymer-noble metal hybrid
material is a platinum-polymer hybrid material. The invention contemplates the
use of polymer-noble metal hybrid materials that are chemically reactive with a
surrounding electrolyte when the polymer-noble metal hybrid material is insulated
from a surrounding electrolyte by another material.

[0149] The conductive polishing material may include conductive metals.
Conductive metals that may be used as the polishing material are those metals
that are relatively inert to chemical reactions with the surrounding electrolyte.
Platinum is an example of a conductive metal that may be used as the polishing
material. The conductive metals may form a portion or the entire polishing surface
of the polishing material. When forming a portion of the polishing surface, the
conductive metals are typically disposed in a conventional polishing material.

[0150] The conductive polishing materials may further include conductive fillers
or conductive doping materials disposed in a binder material, such as the
conductive polymers described herein or a conventional polishing material.



enbodi mrent of a power inlet bar 1510 being nounted on a round polishing pad
1580 of conductive, perforated polishing material 1520. Both figures depict
t he powewoimlogts7bar 1510 as wi der than the dianmeter of tireTaisb¥inate to be
polished. [0145] Figure 15D shows amd4al ternati ve enbodi nent supplying

power to the conductive elenents 1590. A power strip 1530 is connected to

a powver Egathpls bbIondndtive Sllldes dhclide aboshpogdemtearbeh filet8, cansorpower
strip 1530 and polishing material 1520 are conf irgﬁr ed to electrically
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conductive, such as pol yacetyl ene, polyethyl enedi oxyt hi ophene (PEDT), which
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conposi t @352y t h Cempositdsvef corididtiab andnconuéatipodlypalishingiraterfads dnclingér i d
mat eri al s. Pol yner-nobl e netal hégri d materi al s that 5{%}(1 be 'flsepé as the
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the polymeric materials, such as polyurethane, polycarbonate, polyphenylene sulfide

(PPS), or combinations thereof, and other polishing materials used in polishing

substrate surfaces. The conventional polishing material may also include fillers

and/or be in a foamed state.

[0153] An exemplary conventional material includes dielectric material, such as

polyurethane and polyurethane mixed with fillers, found in the IC series of

polishing article, including 1C-1010, which are commercially available from Rodel

Inc., of Phoenix, Arizona. The invention further contemplates the use of other

conventional polishing materials, such as a layer of compressible material. The

compressible material includes a conventional soft material, such as compressed

felt fibers leached with urethane,

[0154] Mechanical properties of the conventional polishing materials used in

the conductive polishing article herein provide, for example, a hardness of about

50 or greater on the Shore D Hardness scale for polymeric materials as described

and measured by the American Society for Testing and Materials (ASTM),

headquartered in Philadelphia, Pennsylvania.



use of polyner-noble netal hybrid materials that are chemcally reactive
with a surrounding electrolyte when the pol yner-noble netal hybrid

mat eri al we m2m8isr@ted from a surrounding el ectrol yte by aaatuser/irwaseri al .
[ 0149] The conductive polishing mater3sal nmay include conductive netals.
Conductive netals that may be used as the polishing material are those
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WO 02/ 085570 PCT/ US02/11009 34 Exanples of conductive fillers include
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mat eri al ternatively be a conductive or dielectric nmaterial at |east
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convent i polishing materi or a con uct materi al | ayer di sposed on
a convenaboreabrepthe WIamngrat%efeerIng b@dﬂmarh’ugwaaw podutlsmm@xamp!a ohltke ar e

gener ! | ofhEuge' BOTR DS S0 T oh RN oo Mg=S B 1o st

conbi nat |h@mije%hl§>étﬂfé%n atsLitos hﬁr%p@rhc'u Hbony 6TaeRd af carsen fiberp ek icakbary
nanotubes disposed in a conventional polishing material of polycarbonate or
polyurethane. The carbon fibers or carbon nanotubes are generally provided in
sufficient amounts to produce a conductive polishing surface article 410 having a
bulk resistivity of about 10 Q-cm or less. Another example of the polishing article
205 is a layer of platinum forming the conductive polishing portion 310 or
conductive polishing surface article 410 disposed on a layer of polyurethane.
[0158] Referring back to Figure 6, an example of the polishing surface includes
a metal mesh of platinum, gold, or platinum coated copper in a conventional
polishing material of polyurethane. The metal mesh providing a bulk resistivity of
about 10 Q-cm or less.
[0159] The conductive polishing materials and the conventional polishing
materials generally have mechanical properties which do not degrade under
sustained electric fields and are resistant to degradation in acidic or basic
electrolytes. Generally, the conductive polishing materials and the composite of
conductive polishing materials and conventional polishing materials have



substrate surfaces. The conventional polishing material may al so include
fillers and/or be in a foaned state. [0153] An exenplary conventi onal
mat eri al woahkwsksgo di el ectric material, such as pol yur et haaos/@ozi11009

pol yuret hane m xed with fillers, foun®% in the IC series of polishing
article, including | C 1010, which are commercially avail abl e from Rodel
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properties of the conventional polishing materials used in the conductive
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or a resistivity of about 10 0O-cmor less. In one
aspect ofo1edle pdlteshativelyr thieclpelishing artiolei £8bnmayr compas@sa metabsneshvi ty

of about (1 O-cmor | ess. An exa e of the nd iV ol.i_shi terial
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on a | aygheficalfineH edmdaitdive rRdtefihl, Eheh aermamudrg, whichltasca neBistivity®.81
polishing material and conventional polishi nP mat eri al may include between
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or |less, disposed iin a,conventional polishing. material of polycarbonate or
pol yur et ﬁ@‘fgqyf‘?%'ﬂﬁhfiép&‘i‘tco@fﬁﬁrmé]za)f 9c80Y |0£|a§)mqtgr|1ﬁllng article having a
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material "1 nthe polishing articles 205 described above are the follow ng.
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portion ﬁ)%gd Oarbrgglogug‘ettrjli}:/l%sp&laﬁgrgh?%aﬂ&éac?o%o%r(:{i\ilg laeorélg’ige materials. The
invention further contemplates other polishing article configurations, such as
polishing webs and linear polishing belts, in addition to polishing pads.
[0162] While foregoing is directed to various embodiments of the invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims

that follow.



i ncl udes between about 5 wt.% and about 60 wt.% of carbon fibers or carbon
nanot ubes di sposed in a conventional polishing material of polycarbonate or
pol yur et hape2/083320 car bon fi bers or carbon nanot ubes are gensnasbl/yiopr ovi ded
in sufficient anbunts to produce a c¥nductive polishing surface article
410 having a bulk resistivity of about 10 O-cmor |ess. Another exanple of
t he polishi article 205 is a layer of platinumformng the conductive
pol i shi né[vﬂégﬁ Glaimed i$:  conducti ve polishing surface article 410 di sposed
on a | ayer of polyurethane. [0158] Referring back to Figure 6, an exanple
of the polishing surface includes a nmetal nesh of platinum gold, or

pl ati numicoat ¢t gaipleesf rhan@facmmawrt ehlng PolbstrEtegcompesingl  of
pol yur et hane. The netal mesh prOV| ulk resistivity of about 10 0-cm
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degrade un ust al are resistant to degradation
in acidic or basic electrolytes. Generally, the conductive polishing
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al one. For exanple, the conbination of materials has a hardness of about
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(ASTM , hea quar er hi a, Pennsylvania. In one aspect, the
conbi natlon of materials has a hardness of about 80 or greater on the
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m cron oppbaf$e O-Eh&lled. t er natl vely, the polishing article 205 may
conprise a metal mesh disposed in the conventional polishing material. The

metal mesh may conprise a chemically inert conductive material, such as
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5. The article of claim 1, wherein the polishing article further comprises a
plurality of perforations formed therein.

6. The article of claim 5, further comprising a plurality of grooves disposed in
the polishing surface.

7. The article of claim 6, wherein at least a portion of the plurality of grooves
intersect with at least a portion of a plurality of perforations disposed in the
polishing surface.

8. The article of claim 1, wherein the conductive surface comprises conductive
polishing article disposed on a conductive article support.



enbedded in the conventional polishing material. In such an enbodi nent, the
fi xed abrasive particles generally include conductive abrasive materi al s.
The i nvewbDioansdsast her contenpl ates ot her polishing articlpeTomotiigas ati ons,
such as polishing webs and |inear po3s shing belts, in addition to

pol i shing pads. [0162] Wile foregoing is directed to various enbodi nents
of the igyent iThs,article lvéclaivnd, wherbiarthe dooductive artiole supportis eannecteddy be

devi sed wi thout departing fromthe basi ope .t hereof .. and, the s e
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polishing a substrate, “conprising: a polishing article conprising a body
having at |east a partially conductive surface adapted to polish the

substrat e ,and [ ur face. 2 i Gl f L i-n, t he
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with conductive materials, a conductive netal, a netal nesh, or

conbi nat flewofimateaktherethraughar ticle of claim 1, wherein the conductive
surface has a resistivity of about 10 Qcmor less. 4. The article of
claim2, wherein the polishing article conprises a netal nmesh disposed in
a conventlilonalThpaarticle ofgclain &0, avhereinea giluratityeofnperioratiens in ¢he pelistieded t o

d d I Ll :
he. condadiis araerre Wi L PLESN bfbdubllohs Bt BEIBIEALS FHEETEpatin The
polishing article further conprises a plurality of perforations forned

therein. 6. The article of claim5b, further cor risi,ng a 'E\Iur%‘ldt% of
grooves dRspodbe aricle v ¢laim <hi wherain the epolishing, artigle is| woypted gnnaB,
wherein i f I Lty of grooves intersect with at
| east a %bP%faggé Bc? pg&é(%%??rgq |8ts3l/'|bo at%é?é@bg%llxghs di sposed in the polishing
surface. 8. Theasin;icle of claim1l, wherein the conductive surface
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disposed on the permeable disk and wherein at least a portion of the polishing
article comprises an electrode;
a counter electrode disposed in the basin between the permeable disc and
the bottom of the basin; and '
a polishing head adapted to retain the substrate during processing.

13. A polishing article for polishing a substrate, comprising:

a body having a polishing surface adapted to polish the substrate; and

at least one conductive element embedded in the polishing surface, the
conductive element having a contact surface that extends beyond a plane defined
by the polishing surface.

14. The polishing article of claim 13, wherein the body comprises a dielectric
material selected from the group of polyurethane, polycarbonate, polyphenylene
sulfide, felt fibers leached with urethane, filled polymers, foamed polymers, and

combinations thereof.

15. The polishing article of claim 13, wherein the body has a plurality of
apertures formed therethrough.



38 9. The article of claim@8, wherein the conductive article support is
connected to a power source and conducts electricity to the substrate
surface twooagkssthe conductive polishing surface. 10. ThecartSozhimoof claim
5, wherein the article of manufacture3d s di sposed on a polishing article
support conprising a plurality of perforations disposed therein for flow
of material therethrough. 11. The article of claim 10, wherein a plurality
of perforations in the polishing article are aligned with the plurality of

perforati o6s oThét‘@olmingslalrmﬂle ajft tleird $3|PAMHer cokdprisif @rﬂléﬁh% Abnbleftl M 5,
wherein tQ gol | sb;a' article is mounted on an appar at us rocessing a
subst r at e9ISP tygen dhgacenductive celpment and the diodyodheel biasing enembien,

wher ei n tQSapH@H'té U@l ddridite eauéthgmﬁﬁgrdythb*b%é.pﬁ.hg%@gtﬁ%gd' sk and

wherein at |l'east a portion o e polishing arti es an
el ectrode; a counter electrode disposed in the basin between the perneable

di sc and he t he basin:. an a, pol.i shi head adapted to retain
the subst! Zt‘te ﬁﬁétp??gblﬁ (?éﬁ%'?r@.da' 'AWBET‘%'% gpaém Eleg‘t?egrcoﬁlﬂrlsﬁ%@tg a
substr at espmmrfbanﬂml?/meb,qﬂastmmb anrépéstéhiemgorwrﬁaﬁétu@r%a@b%ﬁf o polish

the substrate; and at [east one conductive el enent enbedd
polishing surface, the conductive el enent having a contact surface that

ext ends b on e d The shing
article o cI gTI?ne ?Jgﬂ Q@H@ ér‘nEI"e t Pl B'éorﬁg% dgﬁnﬂﬁéﬁ%@eg%aﬁ&rsﬁﬁq’ﬁér 'ﬁarteé 'eQ

sel ect ed andmrges: agcomp’llmflt p@ttyutr strtfacee of plmémadb@tﬂ@t elenmsiitiphslByiricamy

sul fide, eI t tftbber | e‘a% ggé# %r (Qap} | ed polymers, foamed

pol yrrers ﬁté? SPRSES AHENe RIS Geshing article of claim13,
wherein the body has a plurality of apertures formed therethrough. WO

02/ 085570 PCT/ USOZ/ 11009 39 16. The polishing article of claim 13, further
conpri si ntP-a blk&palshirgpaicle af episda, wberaie the d’:mdtmhdaetemmtet; selactechnd

the body, fc’irjﬂeatt?é%:tl e é‘ﬁtﬁpggyﬁ%ﬁl%ﬁguét%e%g%gfg s ndéj g;grllr\t/ge aeplﬁngrhar

towards the poli
a roller, a ball, and combinations thereof.

20.  The polishing article of claim 16, wherein the biasing member is selected
from the group of a spring, a foam polymer, plastic tubing, an elastomer, and
combinations thereof, the conductive element is selected from at least one of the
group of conductive tubing, a brush, a spring, a pin, a bar, a roller, a ball, and
combinations thereof, wherein urges a compliant contact surface of the conductive
element to electrically contact the substrate disposed on the polishing surface.

21.  The polishing article of claim 15, wherein the polishing article comprises:

a body having a polishing surface adapted to polish the substrate;

a plurality of conductive compliant elements embedded in the polishing
surface, the conductive compliant elements having a contact surface that extends
beyond a plane defined by the polishing surface and is adapted to be urged by the
substrate towards the polishing surface; and

‘ a biasing member disposed between the conductive compliant elements
and the body

22. The polishing article of claim 13, wherein the conductive member is
compliant.



17. The polishing article of claim 16, wherein the biasing nmenber conprises
a spring, a foam polyner, plastic tubing, an elastoner, or conbi nations

t her eof . W®.02/0%87ol i shing article of claim 16, wherein tRreThisagirng nenber
is resilient and urges a conpliant c#ntact surface of the conductive
element to electrically contact the substrate di sposed on the polishing
surface. 19. The polishing article of claim 16, wherein the conductive
element is selected from.at Iea}s_t o%e f the group of conductive tybing, a
brush, a23pri e PRIghiRg %‘aﬁr(,’f claim Ji3, fhergingthe, coriact "h@tﬁ%ﬂgeaher eof .
20. The H§RiNg i Cl e ~pf i 6, i N bisael geraih i

sel ect edmbpggn%lt hgegé%(%pl) gf gBS rrlllgﬁg, oé"‘?i%%ﬁqé,pé{)@ﬁsér’fﬁ%:eg%“ C tggi ngégr an

el ast omecomhbindtionothereaft i ons t hereof, the conductive elenent is sel ected
fromat |east one of the group of conductive tubing, a brush, a spring, a
pin, a bar, aroller, a ball, and conbinations thereof, wherein urges a
conpl i an24.00nTW§tpoﬁ§|ﬁiﬁgC@1i@Ib dhelafmnBiovhaein ehewentudttivecblRaiant datthgr
contact the substrate disposed on the polishing surface. 21. The polishing
article @mMpIgRSN 15, wherein the polishing article conprises: a body
havi ng a polishi : : |: . strate; a plurality of
conducti ve coérlrgiliﬁ%r'{t%g Og’%taar@g%gh grgelarllhfrﬁbesg&(}f’?shﬁi ng surface, the
conduct i ve coagontatt reémbentdsposed an thec carriee tanduextanaing Haayoogt 2 piane beyond
a plane defi ned t he polishing surface and is adapted to be urged by the
subst r at ef!rlﬂﬂapﬂtg‘yetﬁfﬂ'sﬂg‘lgiw%&'surface; and a bi asi ng menber di sposed

bet ween the conductive conpliant elenments and the body 22. The poli shing
article of claim13, wherein the conductive nmenber is conpliant. WO

02/ 0855725.PCTTBPRIishipgartide afxclaimm@4pwiheseinrije-garriel andcoptast meambenner ei n
t he contact Oj‘tgfﬁﬁ is rounded, «cylindrical, spherical or conprised of
fibers, ocp ue %ers, strands, or conbinations thereof. 24. The
polishing article of claim 13, wherein the conductive el enment further
conprises: a carrier dispo cket forned i.n the y; and a cont act

T ed.in.a od
menber d¢@posthe pRlisiHag @&Wfﬁ?&f Icgad@p é‘it"é’iﬁ%ﬁeﬂbﬂ@emachmﬁﬂg?% CORASRER by t he
pol i shi ngy84iftf 8FBalls, pins, a rod, a spring, or combinations thereof.

27. The polishing article of claim 24, wherein at least one of the carrier and

contact member is made of graphite.

28. The polishing article of claim 13, further comprising a connector coupled to
the conductive member and adapted to electrically couple the conductive member

to a bias power source.

29. A polishing article for polishing a substrate, comprising:
a body having a polishing surface adapted to polish the substrate;
at least one conductive element embedded in the polishing surface; and
one or more pockets formed in the polishing surface, wherein the

conductive element is disposed in at least one of the pockets.

30. The polishing article of claim 29, wherein the conductive element has a
contact surface that extends beyond a plane defined by the polishing surface.



25. The polishing article of claim24, wherein the carrier and contact
menber are conductive. 26. The polishing article of claim24, wherein the
cont act nwolensssanpri ses a plurality of balls, pins, a r®dI/@ogproong, or
conbi nations thereof. 27. The polishi4lg article of claim?24, wherein at

| east one of the carrier and contact nenber is nade of graphite. 28. The
pol i shi n@1.ar t The pobishing article Bf cfaimzasrwlwﬁmmmtgs'agmget tSra epliRg.edl t o

t he conducti ve, nenbe n dapt ed CLS] : tive
ronber - 1am PBIERET Blasfi dufinge aR SuAdafist bl iRbIngipRY Puciebh S sl V2
substrat eom?mémr ESAtABE sarfAes!yof gl egnductiob i elemegt soirdlecteicalilaporidct theol i sh
the substrate; at |east one conductive el enent enbedded in the polishing

sur f ace; subrirate dispesedwndhp POkishisgsyFfAEs- i n t he polishing surface, wherein
the conductive elenent is disposed in at |east one of the pockets. 30. The
polishing article of claim?29, wherein the conductive el enent has a

cont act 88rf aTke potishing tagticle ob elaim @9awbiezeip thie tonduttive alémepbisiseteated

surface. WO 02/ 085570 /US02/ 11009 41 . Th alishing article claim
36, | wher PR 1gast og A Meedup Teodupfive,ibing. B3y 3 Hde ™ bl evd!
t ubi ng, Q%Iféraétb‘éﬂeér, cohbinafiBhgHdrésrs thereof, and urges a conpliant
contact surface of the conductive element to electrically contact the

substrate di sposed on the polishing surface. 33. The polishing article of

claim 29, wherein the. co [ enENnt LS . ne of
the gr ouB4Df iﬁﬁ(ﬂ%@ﬁ\?@ ?ﬂ%ﬁn&y%ﬂ& gg’h?““?%@ﬂ‘%‘%&‘gjuﬁf"?\?@a&ﬁ%'lr“?ﬁﬁ@e?m | er,
a ball, esmpesds aadontast durfaceahat @dend$bepmid alplane defined by difie pblishing9,
wherein the conductive el enent further conprises a contact surface that
ext ends BY§tR a pl ane defined by the polishing surface. 35. The polishing
article of claim34, wherein the contact surface is rounded, cylindrical,
spherical or conprised of fibers, |oops, fingers, strands, or conbinations
t her eof . 386. The pulishity adicker of clagmo34,cvheneirethe whetast sutfaee isfeurdad e

el ement ]Z:)Lljllrnt ri%‘[:ll, %%%Fié:a ©or acocrﬁﬁrrisi,e%r 8'1’ Sﬁ’r?érgfi fogpg,hefirpé)&g,etétrands, or

combinations thereof.

36. The polishing article of claim 29, wherein the conductive element further

comprises:
a carrier disposed in the pocket;
a contact member disposed on the carrier; and
wherein at least a portion of the contact member extends beyond a plane

defined by the polishing surface.

37. The polishing article of claim 36, wherein the carrier and contact member

are conductive.

38. The polishing article of claim 36, wherein the contact member comprises a

plurality of balls, pins, a rod, a spring, or combinations thereof.

39. The polishing article of claim 36, wherein at least one of the carrier and

contact member is made of graphite.



a contact nenber disposed on the carrier; and wherein at |east a portion of
the contact nenber extends beyond a plane defined by the polishing
surface. W0.0208887pol i shing article of claim 36, wherein tRreTOES02/1®09 and
contact nenber are conductive. 38. T42e polishing article of claim 36,
wherein the contact nenber conprises a plurality of balls, pins, a rod, a
spring, 40. coTip palishing atticte @b tlai®R9, Togh@otormprising & tormextarf cotlphedns6,
wherein at |east one of the carrier an(il Co%}act meg})er i s made of

gr aphi t cNeRONGSEtIES Temberandsagralegds Slasifionly caupiedla SPRdHFNE rmembeb
claim?2 159 led to the conductive nenber
and adagttoe%Hi{a%qg\%ég%gp (F:"l'z;al'S 1h€&f:%qugf§%?ﬁgqg%ﬁgggti ve nmenber to a bias power
source through or around the body. 41. The polishing article of claim13,

substrat - cofs Patid Bl Breun 3P RRERE e BRVAREERRL e Monc BT " °
wher ei n ahapparatsdion préddssiea sabsteatepesmagrisingt he per neabl e di sk; a counter
el ectrode disposed in the basin between the perneable disc and the bottom

of the basin;38A8Na polishing head adapted to retain the substrate during
processing. 42. W& i G frLdiai i fept i~ g a
bi asi ng menbe% pegﬁggggaeg?%@nafgﬁgg%%gﬁg't] 8btt)a":it‘é\;\'/il’e‘??hta ﬁeén ctgﬁcpl}gispv efﬂecﬁééﬁ and
t he bodydisposed on the permeable disk;
a counter electrode disposed in the basin between the permeable disc and
the bottom of the basin; and

a polishing head adapted to retain the substrate during processing.

42. The polishing article of claim 29, further comprising a biasing member
disposed in the pocket between the conductive element and the body.



