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pr esent inventlon relates to MECHANICALJPOLIGKHMNGt ure 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 technol ogies
for the next generatl on of uItra I arge scale inte grati on (ULSI). The

mul ti | evelRD8S FRENE i RELATEDARPLIGATIONSt hi s technol ogy require

pl anari zat i on Lnter ect feat res for . h aspect
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of ULSI to the continued effort to increase circuit density and quality
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circuits and. other nmultiple | ayers of conducti ng,

seni condu® 1FH61reg}uﬁ&)réﬁ)@tt%cgﬂﬂ%lqﬁtrgqugpg ‘are deposited on or renoved froma
surface of a substrate. Thin layers of conducting, sem conducting, and
dielectric materials may be deposited by a nunber of deposition techniques.
Conmmon d@ASKGBQUMBMFQ[HﬁINﬂEhﬂ'dGm processing include physical vapor
dep05|t|or1 gvg?m iaso known as sputtering, chem cal vapor deposition
(cvD), plfe @ WeRni cal vapor deposition (PECVD), and

el ectro- cal I
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Pl anari zing a surface, or "polishing" a surface, is a process where
material is renoved fromthe surface of the substrate to forma generally O
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[0003} Sub-quarter micron multi-level metallization is one of the key

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 suécess of ULSI and to the continued effort to increase circuit
density and quality on individual subsirates 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
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aggl onerated material s, ystal lattice damage, scra®™®hes, and cont am nated
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el ectrical properties. However, copper has its own _special fabrication
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formed in the dielectric |layer prior to deposition of copper na?grla
Copper neflectsapolishingedr udobitxy mswvesvant bativeebathei sirface of themsgubbisate and

surroundi,n I,ek. ver., copper. fill_qof the features .usually results in
excess copparoiuing [ Gire, OBPRGIRG 2 ndlisity spbBietifen o Plee” chfblEd ve
be renovegtiviey baGoraneondsitall adtivty drepésiduentiBf réhel csr matdmRd efdmithand
prepare the substrate surface for subsequent processing. [0008] One

chal | engsuriage qf shpsubsekiaied | n polishing copper materials is that the
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copper due to its desirable electrical properties. However, copper 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 fealures 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 filt 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-
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and pro rate surfacé having a | ess e polishing

qual i ty.syb3iride sirfatdanddimab plmavityt &f thbesupstrachsurtpad didftpbiao aanidwaces ari ses
fromthe wuse of_ low dielectric constant .(low k) dielectric naterials to
form cofBiel e elutor T HemdRoah 20k te Abstba FOHPRr Hadeidal fpe e
mat eri al I hel | Pe/eroN r 3 e
inder cOPSHERS SOiaEald BT ovEmRAh e IOSAE Siffacl PR ER (0rbonds et
downf or cegmehireiterigin chit reawhtialthe Wirmadion etitepoegraphisal idafectsalsuch and

detrinental |ly.affect deyi.ce fo I .on. .For npl.e.. .relative. rotational
movernte el FraetEiuBRar IS sbren T g Rt oars! AlRsSyed B A 't or ce
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t opogr aphi cal defects, which can detrinmentally affect subsequent polishing.

[0011] @¥shiagl @ndorereeiPnNp&RNs MIMErcisaskrioi Ropowitare demavel nelk @dddional t h
reduced L1 Qi f f 0f; cl |, shing PREL ;
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renove csuidicite sarfacehaving a fessithan slebsablietlishirigaaqueality. el ect r ocheni cal

mechani daPTeAr adieii o R Wah 86 ARlhonal CoRPSTLFudeabarisan dor the

el ect r oghem salioll HFAbEricORohStaPe IGWTBY Bilectric materials to form copper
damascenes in the substrate surface. Low k dielectric materiais, 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 exampie,
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
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substrate and a _nounti ng surface. The {)ol i shing article my

have a
pl ural i t [P032] perf8raitees eFeds a PEBLeIOR 3% ITPTRNRd Peliskingt aticle for the
ther et hr figByal ShulivERRIBARE GHPRSEhsRPOll ng article i s provided for
polishing a substrate 1ncluding a body having a polishing surface adapted
to polish the substrate and at |east one conductive el enent enbedded in the
pol i shing. surfac e cond Lve elenment having a contact surface that
ext ends BAMNARY.Q ~the polishing surface. [0015] In another
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an apparatus for planarizing a layer on a substrate using electrochemical

appl ying a bias between cat hode and substrate surfgiae to renove _conductive
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deposition techniques, electrochemical dissolution techniques, polishing
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 anrticle 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.



| east one conductive el ggant enbedded in the poli shi surface, and one or
nore pockets forned i e pol i shing surface, Wne& t he conduct:\lggeﬂ 2005
el ement is _disposed in | east one of the pockets. 2 4 OCT 2005
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that the manner in which the above rec?ted aspects of the invention are
at t ai ned and can be understood I n det all a nore particular description of
the invdaH i tON QiR 1t ny be had by reference to the
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considered limtin its scope, for the invention may admt to_ other
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Figures 4 is a side schematic. view of another q?n‘nodl ment of the - polishing

article; W%@hf”ﬁ%&'ﬂ"@@% Al desainvention andadhaalerey jarRenel 1 6t ARNSIGRRSET ment
of the %;'ttgp |%(r) tts,ct‘éhg tbPARe! inGLAtSE. r‘?lrags ?@gzg:f cﬁﬁ@?r@c{ Véff e

anot her e pol1shing artic |gure op plan
vi ew of GﬂﬁbﬁdhﬂﬂﬂﬂBnt of a grooved polishing article; [0024] Flgure 8is a

to | an ew of nother enmbodi nent, of a oved olishing article; [0025
Fi gulroe 9 [\Fglgﬂ\iv to;ga igrent 5 aR'at L'&Wo?fh%ﬁ‘e ﬁﬁ%@@i‘r\?{?ﬁﬂﬁooﬁ pigp(‘éqlsgg\gaapplaqjg}qss i ng ]

article; {h@GRfntldrgure 10A is perspective view of one embodi nent of a
polishing article having a conductive elenent; [0027] Figure 10B is parti al
per spect i[0e181i ewFigureridishe seelityad viewnof ate embodiment of an ECMP station;

[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 arlicle;
[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;



polishing article having conductive elenment; [002 Figure 10C is partial
perspective view of anot enbodi nrent of a polishi article havirg |7 2005
conducti vg e ; [0029] Figure 1 OD is detailed vi of _the palishing
article o@‘ﬂz @5%*01 OC, 2 4 OCT 2D@ WD 02/ 085570 PCT/ USOZ/Pf%é%%mB“"POOBO]
Figure 11A is a partial sectional view of another enbodi nent of a

cmbod meloft 5 Fiyubis ve arhdal SBehdd MR, oF kbt EibodbB e 871!

sect i onapoNdeXtivd eeRwdrier enbodi nent of a conductive el ement; [0033] Figure
12B is a partial sectional view of another enbodi ment of a conductiyve

el ement ; [G030B4] FEigwie e1 1B issappardipk sectienali Wgwoo! grather asmpedimeshiofop a
polishin rid: [hg a conductive elenent; [0035] Figure 14A is a

parti al g@@%@&‘f‘l’. @gh@%ﬂéw of anot her enbodi ment of a polishing article;

[0036] Fiaape 14BiguseatDRrispacpanial \weenwondl aieot lodramothediembbdinfend gfoki shi ng
article; [00371 Fi %;Jr:e 14C is a partial perspective view of another
enbodi negenguctve 8@MaNRi ng article; [0038] Figure 14D shows anot her

oo el 8 PRATIED 8 SR S B R B oo

schemat i eohdpctivelelmintyi ews of one enbodi nent of a inlet power pad nounted
on the polishing_article.described herein 0040] Tq facilitate . ..
nder st neAD, | LERMPCH 1§ GraiFRsRenivet o Snalie sEthodeak o aolisting

possi bl e, desh Bnhdenid Qamamenents that are common to the figures.
DETAI LED%%RI PT'% %@ THE P%EFERF\’ED EMBODI MENT [ 0041] The words and
phrases (34] her Eigurehbdh ds e pgriied rparapectiver diemaof amothercestbodimentnetiai ng i n

the art by,one ski.III ed in the art unless otherw se further defined. _
Cheni cal PRUEHRG #2fl€no| i shing shoul d be broadly construed and includes, but

is not |ighaepd t Figurbram Wapevspsdtivat\Bewsti athoy efivodiraaht a4 ipolitting
article;
[0037] Figure 14C is a partial perspective view of another embodiment of a
polishing arlicle;
[0038] Figure 14D shows another embodiment of a polishing article having
conductive elements comprising loops secured to the polishing article; and
o039} 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 numetals have been
used, wherever possible, 10 designate identical elements that are common 1o 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 1o, 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. Electrochemicai mechanical polishing (ECMP) should be
broadly construed and inctudes, but is not limited to, planarizing a substrate by the



mechani cal activity, or conbi nati on of both chem cgl and mechani cal
activity. Electropoli s'g shoul d be broadly cons‘d and includes?{par 7igs
not limted to, planar™ing a substrate by the appltcation of

el ect rocheWPd’&Wssa’g‘i ivity, such as by anodic dissolution. BEFEEVPGEAM; cal
mechani cal polishing (ECWP) shoul d be ’broadly construed and includes; but
is not limted to, planarizing a substrate by the 2 4 CUT 2005 WD 02/ 085570
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removal o CBACRRTICEEARAMEGaNICRl 8 AYs ubst rate surface and into a
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passage liroite@dopihe iapplisaton obapl anedig hias dagh subpstbjeedirectiy oh indirectly
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station 102 and at |eaSt one “conventional polishing or buffing station 106
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Cﬁl i f or ni 0431004 4igdrieet depitpy amyocgrshighpsarbdis ge0dranirigyal imlbudﬁe statipase 108
that suppar ne or nmore ECMP stations 102, one or nore poljshing stations
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100 via 225 SHeptecRiiRal FELRsALACboRRL ECRIT <laloh D02 anpas actine,
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chemical mechanical pelisher available from Applied Materials, Inc. located in
Santa Clara, California.

[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 depasition tool, physical vapor deposition tool, etch tool and the

like.
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factory interface 120) may transfer sgbstrates to one or nnréﬁ%(?ﬁé@)@

processing tools (not shown) such as a chem cal vapor deposition tool,

physi cal or d | tiqn ool t t 00l ; like. 0 % 005 WO
b2/ 08557658, Usg’gﬁ‘%ﬁﬁg’ocg’“feﬁbzlﬁf%%ﬁ’sg eStgﬁ%bgﬁﬁeﬁﬂ’?prf% ol erst a0 TR on
110 conpbiLfep skitidneds4, am oufipitbufhaif digfios @bl antrddster asb@Ui Pritarkyiflead
station 126, a transfer_robot 132, and a |load _cup assenbly 128. The | oadi ng

robot 116uplaEsemtind28ubberiaading rabehi H6 trcasniper subsimted 14teitp dhe inkut The

or foper PRAGEbEREA 20 T8 iorBP Rl 138 T AR o i A1 ¥ e BECTRRY Rg,
t r ansf er pnetimatit3gtigper fingerethat held wessubbdrale 01 byahi Bpustrbte’d edgst Iheon 124

and rotates the gri 2@2[ and substrate 114 to position the substrate 114
over thellRBB&LEr @Pgté g Jhe substie, 1datred ik IR yitarestaian dirh apht o t he

| oad : 4 .
ol ural i LIRSk Bpee: and bbbl ERAG R PR e M B kR Bpd 1,
during pcopeassemblyThescahensplacés 2thet sabsfrates 1tide dpaini ®integthbetudsi Lap

between the transfer station 110, the one or nore ECVP stations 102 and the
one or nBPEeHSNY t48-ng stations 106. One carousel 112 that may be adapted to

benefi t t hery i [ | | rd i b t ent
o 5, oltBTh, T ThOEARUR? 112 GETa, sHppORS S pREdln Br pNSRRERAIRISE, D,

i ncor por ebell dywhatheratains oone tdubsirateentl 4i durirgg poocessirgpnditet eatousiet H 12he
claims and djsclgsure. herein. [00Q nerally, the carous 112 is

central | ?;ag;‘: 55‘58 %‘ﬁ'sthﬁég QQQQL 1@?%@6&1&3@@,&@&@@%@& §£QI gﬁq RBF Res a
pluralitynge EOMP1SBtiok8ctuAERIL R Hreoh! hire PHNBRINGS s@liengl 168e PRkl shi ng
heads 130. One of the arns 138 depicted in Figure 1 s not shown so that

t he transteuss at1dihat masapebadsptas. taHkensdit dogml thel inventionn ise gsbletaltyuch

the. tr andhFBraaT Si TR, Siate Ratg o AL Gb Aot s SeBlarmBEuadroaer a1y
the poli ghiieg éead, WAh @& dersby coipbeiieatty idféraMid ® tihe exemsitriatgotl1l4 is
di sposed_in the ECVP station 102 or polishing station 106. The
inconsistent with the claims and disclosure herein.
[0048] Generally, the carousel 112 is centrally disposed on the base 108. The
carousel 112 typically includes a plurality of arms 138. Each arm 138 generally
supponts 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 a2 sequence defined by the user.
[o048] 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



arrangenment of the ECWP tions 106 and polishing sgations 102 on the
apparatus 100 all ow for e substrate 114 to be se*t ially plated pppy 2804
pol i shed b‘é’ Ogﬁ’}{l g the'Substrate between stations While bej ng ret ai ned (1
the same p8Q ?1’3 head 130. One pol i shing head that may bBCHYZPEI™ 0 be
used in the invention is a TITAN HEAD™ substrate carrier, manufactured by
Applied Materials, Inc., logcated in Santa Clara, California.,[0050].
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pol i shi ng Qfu;described herein are described in United States
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nore of readily avail able nenory such as random access nenory (RAM, read

onl y menofeadaR@Vmediugp pyayi k& oneaod mosk of wadiyavailable Meempof sutlyiasal

142 tor sipr b EnBion R PRk i bSO OBk Bard fisk i

i ncl ude ceehfy opeaveforaETA; i@@,st@ﬂag_@k isdal @virémote. NTHE/ SUPpivH cigduiteU 48 dre
subsystens, and the like. [0052] Figure 2 depicts a sectional view of the

pol i shi ngcorneetadto Fippdi 442 fab@wqﬁnm‘:\mps@cassehinl@gonvﬁ@tim{nmmwi on
102 i - _ ok )
205, o Shedpichelii it Bk, direr AibiieSPLicRR Tirchi, RBLYBIGNG e, ©

coupl ed tsubbdystdrasecaridthediket he pol i shing apparatus 100. The basin 202
general ly defines_a conéfiner or electrolyte ¢ I n,which a conductive

fluid sucif93d an fPetd fASRIES B Fecipnalyie rﬁfitﬁg::ll?o'}ﬁﬁ@gehgégr@%?épwd used
LT iy A SRECOVIS i, 04, 99 EOAIEhatl 10p MRkl LARRY o esit
el ect r och202 cah lejectumsleo204,gublishing arickd 205y acienR08ldngd aaoyee @0Br om arte
substrat eer% %’diment, the basin 202 is coupled to the base 108 of the polishing apparatus
100. The basin 202 generally defines a container or electrolyte cell in which a
conductive fluid such as an elecirolyte 220 can be confined. The electroiyle 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 white 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 anticle 205 disposed therein. Polishing article 205, such as a polishing

pad, is disposed and supported in the basin 202 on the disc 206.



[ 0053] The basin 202 can a bow shaped nenber nad f a pl astig such as
f1 uoropol yners, TEFLON(r FA, PE, PES, or other nai@ als that arellT 2605

conpat i bl L th_el ectroplating and el ectropolishing em s§ 1l The basin
202 has a%%p%lé%ﬁdﬂo t hat i ncl udes an](flperture 216 and a di’é*&g%&f.o‘%l'he
aperture 216 is generally disposed in the center of the bottom 210 and
allows a shaft 2 t as t her et hr ough. eal 218 is dispos between t he
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205, such as, a polishin ad, is disposed and supported in the basi.n 202 on
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article contacti ng substrate surface. The polishing article 205 is at
| east pasndathemicahmachianicahpelishingacr eectrochenicalrdiggolution.ofbé ededtindeni t h

mechani caPAoEY: B 7 80008 (EARBYE YRTERTharondbechelird HignTai s & o
deposi ti pagafiPé A TEARbJBE aRRNEE MetRekh INE WecPbde 200! ARG HINSRAG article

née
di ssolution. The el ectrode ?84 may be an anode or cat hode dependi ng upon
t he posi #0&e bi as (anode) or negative bias (cathode) applied between the

mat or { al 8 anf & SXePU ST aBBOSTRE B2 o e AR SRR RRlibIE
acts as afrfagedehandedtifics DAt a@tkeas Wrf apedendhdithe RRIDsHYat Gupthbé ArRI/805
acts as a cat hode. When renoving material froma substrate surface, such as

by di ssolP@lisbingraisieatPppls atiasiaiiode.ndVen cemeuagInatarighfiomasubgate

hod ! e )
anode. T oe ARG 34T B Y, BisSUhBRrantaR aphlied HndinBidbEsdue 20a BkaRts I "
posi ti oned Hebveete ahe thk sobeSessutiddecandyot polistiig avficielBOSomayac?@g avher e

It may be irmers&d in the el ectrolyte 220. The electrode 204 can be a
pl at e- | i RBOFEIBEME AISEPILTIAN PIQESRS nul ti pl e apertures forned ther et hrough,

P S gl o ek

di sc 206 batdm BéOal doe badin 202 wherelitevay bednz0drsaddn pot ietdutrodyta 220c | TEhe
electrode 204 can be a plate-like member, a plate having multipie apertures
formed therethrough, or a plurality of electrode pieces disposed in a permeable
membrane or coniainer. A permeabie 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 1o
reduce defect formation and stabilize or more uniformly apply current or power
therebetween.
[0058] The electrode 204 is comprised of the material o 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



to reduce defect form n and stabilize or nore ormy appl yszmjzez - or
power therebetween. [0 ] The el ectrode 204 is colprised of the materidl
to be depo¥PtBH8HYC renpved, such as copper , al um num gol dPCEUS(E1009
tungsten and other materials which cad!be el ectrochenically deposited on
the substrate 114. For electrochem cal renoval processes, such as anodic
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W t hout t : tional bias application apparatus, such as edge
cont act s,n%r?ﬂa@‘cg];?@gém i cal nechanical plating processes (ECVPP) that

i ncl ude afoosoybi nafheopolishired adide2ibmandie d@ads atweinonadeaeltafmaterial, maittani cal

i shing. 100601 Th i shi ticle 20 b . pad web belt of
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article 205 is circular in formand positioned at an upper end of the basin
202, suppbesiiane at 88 uppes ensielthedasn 2Re. suppartehen itsHewpobudacanby e cl e

materi sl OShaYe, JHR0bof R Hithe BoBONE SR 18 £ bRl RrdEMVE biattce
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conducti ve polishi ng material or a conposite_of a conductive Bol I shi ng
mat eri al Wwih dpesedsHateasedacR ALIDa AT0Be$SIRGH denpelishing anicke 28R4RpyY betae
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bet ween t
disposed on a conventional polishing materal. For example the conductive

205 to filter bubbl es, h as hydrogen bubbl es, forEthe waf er surface and

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.

[o061} 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 1o facilitale 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 1o the shaft 212.
The shaft 212 is generally coupled 10 a motor 224 disposed below the base 108.
The motor 224, in response 1o 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 208 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



and polishing article 20gmto tailor the conpliance or duroneter of the
pol i shi ng article 205 d g processing. [00611 The sin 202, thggqmygmg
208, and HLhe £,206 may be novably disposed on the base ggqi(§a5|n
202, cover 2 3 disc 206 may be axiglly noved toward the base %
facilitate clearance of the polishing head 130 as the carousel 112 indexes

th b te 114 bet t
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have a perforation density between about 30% and abouF 80% of the polishing

articl e. snffigrntfroass flow @ieeigcwm thapegh then diseaNthaed mgbme@rhcl@ id de

Cener a1 P shbSaerbithqt, n T8 polEhibbarbkR 2% kil Brdfliteeh ohife Pl 5o,
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The pol i §¢A6AY arﬂ‘@l‘ﬂe@@%‘%§2%é5d¥§b@%‘8§ ot peerfipwino e PRgCassSHiC-AESd cal
clanp or S59nguct YfaRy6S bierures 234 disposed in a skirt 254. The apertures 234

generally provide a path through the cover 208 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 cortact with the electrolyie 220 through the complete range of relative
spacing between the cover 208 and the disc 206.

{0065} The electroiyte 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 1o the nozzle 270 where the electroiyte 220 recycled
through the ECMP station 102. A filter 240 is generally disposed between the



[ 0064] The electrol yte Is prevented fromoverfl gwi ng the processing area
232 by a plurality of rtures 234 disposed in a d‘t 254. The az?}rrtgrz%
234 generally provide pat h through the cover 208 for the el ectr Igt 0
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subst r at endilflay Be ,gg&qqg%@glee%&hé bop, 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 nmintains contact with
the el ec lyte .t heQu t he conplete range of relative spacing between
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portion 32Qwedh@bobPBdUnkl fd RBLLEH MY, portion 310 may include a conductive
polishing material or be a conposite of the conductive polishing materi al
and t he ¢eoeeknt i dhalmpantinghpergjonrdiegéndratiy comiprieesee same Maderidliaskthess of
the poli S(:%inagct%t ip%llighirz185pc?;%¥n b(5}10. However, the mounting portion 320 may be
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 1o 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 electrolyle to flow through and contact the surface during processing.
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perforations of both the conductive polishing pon_iori 310 and the mounting portion
320 are configured and aligned to each another to provide for sufficient mass fiow
of electrolyte through the conductive polishing portion 310 and the mounting
portion 320 to the substrate surface.

[0073] Referring 1o 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 suppont 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 suppon 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 potlishing article 205 may be
affixed to the disc 206 by an adhesive or mechanical clamps (not shown). The

8
escribed herein as the area or vol une of
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affect polishing, The conductive article support |ayer 420 can be de of
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conductive article support layer 420 that are reactive with the surrounding
electrolyte, such as copper, if such materials are isolated from the surrounding
glectrolyte. For example, the conduclive article support layer 420 may be
conformally covered with the conduclive 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 8.81 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 arlicle 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 dissoiution
across the substrate surface.

f0078] The conductive article support layer 420 is connected 1o a power source
(not shown), The conductive anticle support layer 420 provides the current carrying
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15079 i Féra Bniesidia dafetis FscAdiatine Rt s el el orofid Sosive

mat eri al oh@ﬂﬁ sQrfaet @rigé 43bi ng article. Rigi d support |ayer 430 may
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conductive article suppori layer 420 and rigid support layer 430. The compressible
material includes a conventional sofi material, such as compressed feit fibers
leached with urethane, and having a Shore D hardness between about 25 and
about 40.

[00813 The conductive polishing surface article 410, the conductive aricle
support layer 420, and the rigid support layer 430 of the polishing article 205 are
generally made permeable to the electrolyte by a pluraiity 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 miltimeters)
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
anticle 205 and the diameter of the perforations disposed therein.
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[0082] Gefiendudtiyetarlicigesyrpost layar 428e angrijarmorsiuctiye pelishinansirtagceqtrticlee
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mechani cabmboditpenionciades avenhdqodichinghesd mgluding conductive polishing surface
article 510 disposed on a article support layer 520, which is disposed on a support
layer 530. The conductive polishing surface article 510 includes carbon fibers and
polyurethane, the article suppori iayer 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 anticle support layer
520, and the rigid support 530 of the polishing anicle 205, and perforations 505 are
formed in the disc 206 to further aliow electrolyte 1o 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 embodimemnt, 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
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and the thickness of the conventional polishing materia! are designed to provide a

bias or curreni to the subsirate surface wiith minimai resistance between 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.

[o089) 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 pQ-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 pattem. The conductive
polishing article 610 may also be manufactured to be confarmally covered by the
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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 |V 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 1o 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
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[0096] Grooves 742 are formed in the polishing surface 748 of the polishing
article 205 therein to assist transport of fresh electrolyte from the bulk solution from
basin 202 o the gap between the substrate and the polishing articie. The grooves
742 may be spaced between about 30 mils and about 300 mils apart from one
another. Generally, grooves 742 tformed 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.
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2005 21 giameter 950 of the polishing pad 944 may be free of perforations and grooves.

The grooves may be com’red into patterns, such n X-Y pattern disposed

[0100] 1 is believed that the grooves provide a supply of electrolyte to the substrate
surface that is evenly distribuled on the substrate surface allowing for 2 more even
dissolution -of material into the substrate, and thereby increasing subsirate
planarity and uniformity. It is further believed that the use of intersecting grooves
and perforations will allow electrolyte 1o enter through one set 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 patierns to incorporate the conductive elements

described herein as follows.
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through a second set of erforatlons Conducti ve El enents in Polishing
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dissolution from the substrate surface.
[0104] The body 1006 generaily 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 rectanguiar
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 conduclive elements 1065 generally have
mechanical properties that do not degrade under sustained electric fields and are
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and are Zafriédtdd285coated with an at least partially conductive material as described

herein. The spring 1090 may exiend above the polishing surface 1002 from the
groove 195.

[0108] A connector 1030 is utilized 1o 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 con.nector 1030 include insulated copper,
graphite, titanium, platinum, gold, and HASTELOY® among other materials.

f0109] 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 10 each conductive element 1065 at the perimeter
of the polishing article 205. Alternatively, the connectors 1030 may be disposed
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conductive elemenis may also extend over only a portion of the width or diameter
of the substrate suiface, 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.
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generally rounded to prevent danage to the substrate during processing.
[0112] AUn9EeSithg cRNANUSTVE 1membergi $5 sdvay diaBether I‘?@dﬁomﬁ@-tiﬁée Ria$Be8 1100
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polyurethane (e.g., PORON®), an elastomer, a bladder or other member or device
that urges the conductive member 1150. Typically, at least one of the biasing
member 1158 or the bushing 1156 comprises a conductive maierial 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 aricle 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 ulilized. The carrier 1202 is configured to remain in contact with
the contact member 1204 during processing.
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conductive material such as
The conductive sub-elements 1313 include electrically conductive fibers, such as

conpression spring, flat ring, coil spring, a foangol ymer such as

carbon fibers or other conductive, compliant (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 1330.

[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 corientated parallel to the
polishing surface 1306, the conductive elements 1304 may partially be disposed
on the polishing surface 1306.

[0121] The pockeis 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
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The conduct'i ve el enents 1304 generaﬁely are di sposed I n a pocket formed
i n the peobupleidizy 3 tiefwice based 41Flaghemediticthieooket @ he s Thaoniant hesght of

ori ent at ed pet 0, and, 90 deqgrees relati,ve to the lishing surface,1306.
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mount i ng yBOX AR dRA mate FANELAY BEditbAuhEC & hEsid Bire base 1414 may also be

coated in a layer of conductive material, such as copper, that dissolves from the
polishing pad articie during polishing.

[6124] 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, ventically displaced from the conducting
surface 1440 of the polishing arlicle 205 and horizontally displaced from each
other. The conducting elements 1402 of the brush 1400 are generally orientated
between 0 to 90 degrees relative to a conducting surface 1440 and can be inclined
in any polar orientation relative a line normal 1o 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 1o about 5 millimeters and the diameter of the material comprising the
conductive element 1402 is between about 1 mil (thousandihs of an inch) and
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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 piaten.

[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 t0 also isolate the
conductive elements 1402 from each other. The conductive elements 1402 may



conductive el enments 140 y be forned across the | th of the polishing
pads, as shown in figu 14B or may only be partifw di sposed in?tLh

polishing pad. The contact height of the conductiv® el ements 1402 ab@\}em%e
pol i shi ng WP ay be up to about 5 millimeters and t h@@VEveEE90f t he
material conprising the conductive el®nent 1402 is between about 1 ml
(thousandths of an inch) and Z 4 GET 2005 WD 021085570 PCT/ US02/ 11009 28
about 2 tvel i thEhéomeiod Hoops @seshtwn 0| Figirentd A uprf verticahaxtenging fbefiseas of .t he

conductive_ele may vary upon the polishing process being
perforrre&.ﬁon%éqggusrﬁl]‘? rnatively, the conducting elenents 1402 may conpri se

a conducid13g) Fw%mr@ ™D eppRerandqthét émbadinidratof fonmingahe ¢obdnpive eRimaritsum  or
.conbi nations thereof. The conducting surface 1440 may conpri se a mnetal

“mat eri al 1498chaiRg dooRsophed fameed therep and seavdngdie copductveselemente dat ed
10 f i ' |
Conpit anti€ ok T8 ol ddiEhRPaniclf FAREHGOS (A58 S RidhelE I Body

el ectri calposasttiae tpolishingarticledttetdectinguirbovss W T farate cendactive sierents
scratching of the substrate surface. nerally, the substrate surface only

cont act s 13R8- cAMUiRgsr, d 45Peife Aisposaddinothe; RastRIeSSHYRE-  arfhecinsepot45ne
Lact: _ E t . &= t

Gonaity! EonriRnhocfdicrdbCmpasid) WL 30 diig o G satfia Tmaliiigh ASTHAMT O

g! elrrents_cbnﬁegﬁma_aeihmneg!mf.t h@_?mmanM$i‘r[§BO(|)suna§aclHegybe_ digpos edn‘uludlh@e\d/e, or

lelectric, a esl or | naer. e Nnopn-con Iye a \Y m rQvi de a

i ol oot r PESEREES RSB ATHES BBRERCHIR S NP R LA S Ak nEs Thay Phbepnducive

el ect r00%5@1 ﬂﬁfz“r%'égb%“%%ﬂtatc'f@d CRNUfHe rlﬁséﬂt”ﬁ%@ i Qo b2 pbwer

surrounding el ectrolyt The conducting surface 1 may be in the form of

a round podrettrongh. Jawe endsi147hedthevebnductivel elemienpd#08 ranagtheradnsiestazss. A

[ f f ti t h y he di [ he. duct
Sur ace 1938 P8 HborauAS 1o, Mo Fonayae Brott e Re Pudielsbic MRS e i 1 o
not showThet gvermibauebhieenhRIce ugiy Bke hazaged R aveyPRY 1RBd of the
conventional polishing material for positioning and handling of the

pol i shi ngoaguriyaelepentohtQe. rajtiateryd)s @long Heealensth of e goprugtie. elpoEnd]
Figure 1 h ' ' a pluralit
co%duct [ égogr g@“‘??ﬁ%%ﬁ%&%ﬁ%@fitﬁgé:%flgﬂéi#@lb %éﬁﬁg?ﬁwp?gm t Ee cent e?/ of
t he subgorsaj éurther hexadgples dheoptuctale pylishing Qatisc bre edeadceibedtia baitetie

glr sglns Cg%@{ersomo%?sggna%t pg!%n?tA[;prl}E:gtria/nalsserigI Nﬁ?u%er?’éJO/zég,’ 1 6%0 filed' Be%gm%% rees,
22, 2001, which is incorporated by reference 1o the extent not inconsistent with the
aspects and claims herein.
Conductive Polishing Article Processing
[0132} in operation, the polishing article 205 is disposed on the disc 206 in an
electrolyte in the basin 202. A substrate 114 on the polishing head is disposed in
the electrolyle and contacted with the polishing article 205. Electrolyte 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 aricle 205 and the
electrode 204, and conductive material, such as copper, in the electrolyte is then
removed by an anodic dissoiﬁtion 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
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el ectrolyte and contacted With the polishing article 20 ectrolyte is
fl owed copper plating, copper anodic dissolution, or combinations thereof is Shipley

Leonel, a division of Rohm and Haas, headquartered in Philadelphia,
Pennsylvania, under the tradename Ultrafill 2000.

[0136] in anodic dissolution, the bias is applied between the eiecirode 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 surtace 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 electroiyte.

[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
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t hrough the perforation&f the disc 206 and the p*shi ng article 205 and

[0140] Power may be coupled into the polishing articles 205 described above
by using a power itransference device, such as a power inlet bar, for conductive k
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 transierence 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 transierence 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
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nodi fication technique may use a varying potential from between about -0.1
vol ts an@O8bout -15 volts to between about 0.1 volts and about 15 volts.

[ 0139] tive, ragah, C 0 40l ng el C b
renovedcﬁér]'ggfat ?éﬁ%gahggr %nmgsﬁ?ﬁe%sﬁg{@hﬂéﬁf gggéa{)b\gabfal ep’:’to al:'slbout
15, 000 Aisposert ohepalishiur hrtacde leisedbad dmein. 1G0gukel hS5Aris aaboiéméaibc Gide
Amn. In one , enbodi nent qf the jnyention where the copper material to be
removed MW s 3t RaWer ShisbPa Ll GISISRIREA, ot aBeeTaEy AORTGIp o] S EopGUEHEE
conduct i warphieh Bgsmrg'oﬁb S 52D, PRI indRved thﬁHSB{?%b@ddﬁé‘d‘té‘b@Ut

1
100 AV m n and about 5,0 mn. [0140] Power may be coupled Into the
pol i shi ngpoaverissiusee 208 shexd)itlystipawey 6ordy533i ng a power transference

device, 94l @5 #8458 Multrald the' S5wEPRIMBArF510 disposed on a linear belt
or web 1550 of conductive, perforated polishing material 1520. Equipotent lines
1560 of the linear voltage reduction from the power bar across the conduciive,
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 {0 be polished.
[0145] Figure 15D shows an alternative embodiment supplying power to the
conductive elements 1580. 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 sirip 1530 and the conductive elements 1590 during rotation of the polishing
pad. For example, the conduclive element 1590 has an exposed contact on the
side of the polishing material 1520 for contacting the power sirip 1530. The power
strip 1530 may comprise a conductive tape, such as copper tape. The conductive
elemenis 1590 and power strip 1530 are electrically connected for between about



points, such as a poli ng material conprising c n fibers or carbon

nanot ubes di sposed in yur et hane. A power transfeérence device ikt (CT 2605
typi cal | y‘?’:%ﬁf’??@a?"ed to provide a linear voltage reducti onP§HUSRGLHS ent
lines to the polishing material. The hi’ghest potential is closest to the
power inlet bar and the | owest potential is furthest from the power inlet

bar. The 205nend PAAsf BY chgenpiey pbaut ¢BVe 07 thenEatation mesios of de pelishingt v -

polishing materials tha’o not have readily avail :? power coupling
p

t han then%gg prégﬁ material, such as netal, i.e., platinumor copper. The
polishing article nmay 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
“usual |y Rglishingbrd Materigl&i ng side at | east as wide or long as the

di f th b N : i he. pol i shi d
i equitiask "o, THECHBh e pdihing fuREnd] T ifebEe, ShdnttyBonondiets, P°
surface Ghylymher ROMEdLites WwihpPEovdiRivEomA1Bi&s( chndbclifel Meftls, Yeh@ZARES570

PCT[ US02/ 11009 32 uniform material deposition rate or renoval rate. The
subst r at dillatg ofrseadyetive’ dopiag mptar@ls. 1 egnbinatipasdheriast etAlterrativelynribe de

doposi 11 SuTPuPRls BRRn, hfilel A8 LR B Rorkefale X A balBuetie dofshiho

cont enpl awewribbraspal pslishiny 1&@Erddispbbed power dohaesfietialnaielgeiics potighinge
| ocated either outside the electrolyte or immersed in the electrolyte it
proper | y "eai@paLat asurpPdA@lpsul ated” with a material that will not react

ith th ' : i , . ti : i al
above. FTHTLan FORBUENSE DORINGE RIGESBO|ARNc Machdl fRTAS! ity 2! ©
power extcandakttivd, suchehs qolyacetyterse dpalyghglenedinxythiephemd ¢PEDTN, whichpisat i num

ol ut 1 on COMBeREAl ayalLIe UBBRR TR 0 S oHE it s NG, S Ty o,
[0143] Figld 88mbrfiiibas thkhélstt I ahBieeRiROd aﬁatc&id&m%%lym@#% Son

di sposed on polishing article described herein. Figure 15A s a schenmatic
side vi dllediwith piskekcaate@canon. 1510 di sposed on an edge portion of a

Ct ! Y6peaP 8" BAPRL EoBOsBl S ok eI shOL b SRS,
15B i || usiobdd esethhaybaaeiatenhel Balynidriibisle speRE thyBAd amhidhieid tH%ﬂ'rhaY ®e Web
1550 of conductive, perforated polishing material 1520. Equi potent 1ines
used as the conductive polishing material described herein are generally
chemically inert with a surrounding electrolyte, such as those with noble metals
that are resistant 10 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 potishing 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.



1560 of the linear volta reduction fromthe power across the

conductive, perforated i shing material 1520 in e potent |lines is _shown
in relati S@iﬂ%st'ﬁ) a substrate 1570 being rotated counter-clockw Je- C(Hi Hilr e
15C i | 1 usYPatd¥8fe  enbodi nent of a pgwer inlet bar 1510 beS HYSHUAted on a
round polishing pad 1580 of conductive, perforated polishing material 1520.

Both figures depict th power. i nlet Qar 1510 as w der than the di aneter of
The subSERamBIES Gle cpBRveRe: Tef 1aedR: GAIBaN1 BOWERbWEaHIMY 8T haFAlRON
enbodi ne oy ' : ri
1530 1 o RanaBee) bitharEololr, i Gie gl e ] BBl AR AP ot 1 P

mat er i al nab@ubesharepmmetuctive ihpllddFamedts plotdarbbnmatesiabhadhgkbdianeter in
confi gur

dt | tri |1 duct f the .  strjp,.1530 dth
conduct i e BIGRER] PEOBTIELET Fge Tande: Lhe SPRUHEIME TifrRiGr FOnsMEtivE SOPTE: ! o,
the con Hﬁtéﬁﬁs%@rﬁgé%%igﬂ'n RS bR RRIESRI G P& ot 5?@5@;{? g?év:EB%

polishing nmaterial 1 r contacti'ng the power strip power
strip 1580lishing cantipiei Baving co Migsred conduptvitys uheatindep peatetiabis. typloally a
conductive el errer?ts. 590 and B wer strip 1530 are electrically connected
for bet weeRMVEBIRNA! POISIHAG MaEED 02/ 085570 PCT/ US02/ 11009 33 20% and 60%

for exanpgy; aboThe 4dHduefivé hﬁat@ﬁhﬁ?ﬂaf?nalﬂ)@rhhﬁﬁelyfbé Becatductile g digRiceid al
1520. Polishing Pad Materials [0146] The conducfive polishi nﬁ mat eri al may
Y

i ncl ude owidiak abéeassiparbally copiedy aecoveigdowithean Wt deasiopartially conduciive al s,

combi nat e apen AR HIER: ddqrbid FERE” AanERTRPIES HRRARMER b deal ey
form a campbet§olaf platep afiledtriv ematniatdli Oandu@hves indtedds anaglihGbdedbthayer
di sposed on a conventional, dielectric, polishi n?M material as a sugggt

| ayer. [oeadyctxhaipienals yut/oranaialsithaldegslal inerhiechamical Heacker
(! it AN lochie onBalERS! EFRE, SELYEI Y beRALocy. 1 oohene
pol yani | j;is2] pol Cpynposites ofaguwhdumiibe reatd oomsvdritimnad boliginag heateziedsrjriotudd a
conductive polyner js silicon filled w.,th nickel-coated carbon. 148] The
ol yrer - E6nga e polithino dBARals VisPREPRIN A CONHGTIRIE pOlsREe MAIRA Sred o
he. condig | e TPl PBed ey aerighal DRloHRY Rfatefied as

Conventional polishing materials are generally dielectric materials and may include

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 inciude filiers

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 tayer 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.



netals that are resist to oxidation. An exanpl a pol yner-nobl e netal
hybrid material is a platinumpolynmer hybrid materTal. The i nventlitditT 2005
cont enpl at B2 V#8570 se of pol yner-nobl e netal hybrid materi HETPREYI16Pe
chemcally reactive with a surroundi n?ij el ectrol yte when the pol yner-nobl e
metal hybrid material is insulated froma surrounding electrolyte b

anot her [R168) i al Gepenally] treccansivgtive ipalishiild sratagahat dhe atompgsitenof ube

conducti yve als. .Con Y I t he. used, as the | i shi.ng

mat eri al cgp&&%twgseolhﬁgéjgﬁétﬂ:@ grirﬁ goﬁgé%%“?ﬁ'@?}t mgger@l'@{gccﬁ V'ldéac I ons
wi t h t he peytuceU AdidHHRNi®E tPakling. antiblehbing 4 HUAD résitHyeo0h Bulk WiMaekl ve
.nmetal that may be used as the polishing material. The conductive netals may
- form a péetistottyopf Bheubdli Fecrpodn lassndn sne aspeclopf the pelishiog agicatibei al .

When form A _portion. of_ the | shi rFece., caond ' tals are
Cypi cal | FORPRRSEElePeS o reSiefitl 3 8uF I FRGR of Ms, M HibFa fl e
" conduct i ¢engottivepolishied at-tedis isaajer dfippatinum) wHizhdenoa esdigtvifyl 9.8epg- or
conductive doping materjals dispgsed in a binder material, such as the
conduct i 8" pbP e sPeRacen pdayeratnolysethangonvent i onal pol i shing naterial . 2
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i ncl ude gtglrs %En pﬁﬁge‘"?,yrﬂ%g%) #ﬁg ﬁéjeéogl %gg\?%ﬁh gﬂyﬁgﬁ uagéers@()%g#g%drp\(%gﬁg %)I:L]S
car bon agoligisihg, manerialomaynatdaies beheeenfabdiar Sowt. %nandt abest @oewtondefct i ve

hol l ow filaments of .carbon material havipg .a diapeter in. the mcron and
hanomet e£oBAuGNE: RAUSRIRGe TgRHAL i1 \Wer PORIBY oRRICIE RAG- 08 GXBMAE Shafer | al s

are disp |t I HO Sk ' | G . e a
pol i shi ngPeRASRp TN RALOGZbGI G bl Bonikiphel Soerlidy Bldiial
t ypi cal | yncudes nadin iberls gratarbon manotithes, dloth pd whidh aidubit sesistivities ofdt eri al
may alterpatively be.a conductive or dielectric terjal at |east partially
Cont o oTEBN B W dRPERE T P Rntiph AL B U Ee dTRlerob o pliveera B o
those degpiyhethaRer Bi BuffitfinteXABUNE, td fp?oxﬁ@@%”ﬂdli%ﬁin@%ﬁfcl@'havﬁfﬁ% abguo! d
plated dielectric materials. Conductive materials may include other

conduct i vesigtivierefabpW A Gremmer lgss. that are relatively inert to chenical

reaction {th ' I . e . ri used
< or apnite? [ 01 BBk 8L PehAStap Rl 1§ iSRG DG Aifhsh 200 BReiRel

mat er i al sibovel ardethecfoldwiria.vRefetrirgnbagk @ tRigi@iss3 dingpasad éxarapleostvigat i onal
polishing material Qr a conductive material |ayer disposed on a

convent i 6RRAUBEYE RRlishingaRoriieh 310 or conductive polishing” surface article 410

includes between about 5 wt.% and about 60 wt.% of carbon fibers or carbon

chemcally inert with a!rroundi ng el ectrol yte, sg‘as those with noble

nanotubes disposed in a conventionai polishing material of polycarbonate or
polyurethane. The carbon fibers or carbon nanotubes are generaliy provided in
sufficient amounts to produce a conductive polishing surface article 410 having a
bulk resistivity of about 10 (2-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



i nclude polyneric nate s, such as pol yurethane, ycar bonat e, ‘
pol yphenyl ene sul fi de ), or conbinations thereof, and ot her polzi"st{i’Tn%‘gﬂﬁ
mat eri al sS“E#P*7 %ol i shing substrate surfaces. The conveRGBHS2IBHN% shi ng
material may also include fitters andfor be in a foamed state. [0153) An
exenpl ary conventional material includes dielectric material, such as

pol yur et Mashanical pavRaTties pEnitarie teat eficorventioralpolisbingdmateriaie alanes drares of
pol i shin i cl i udi. - 101 i ch i.al i le from
Rodel | %é%tp!)%:’ tﬁﬁoéé%ﬁ ﬂf(ng Q'?z&g)%g&&b {as ﬁ%%%n??@ﬁ]e% gmt?d"@oénqg%?%%%goﬁ he use
of ot her thec @noentD drzatingsd sedlengr palyenérid matstalls s dastrityet aoli meawpuresisi bl e
material, The co resaiobl e materi al incb\ﬁaes a c&g\%%i onal soft material,

such as B¥nihecdggficans SocigipdpE |eskiBgeand Vigterals JroNeAYAYAIIEA Ral
L ePer | ShidboE comy Eobys et Lo o madfatoniy v

polishin e herel rl provi xanp ness or
gr eat er hardressSbbabolt Barongssater ahetfeoBhpod \ivdfardness escabd Sompolyaweic bed

and neasured by t Anerjcapn Socjety for, Testi and terials (ASTM,
headquar fEteHalsn "{F};ﬁ'p%lypﬂp‘ﬁ, p@lé%ﬂéQl @@ﬁ‘%.zoﬁn%e@@ﬁl%w| A

PCT/ US02{ sst AP ImicrdiEbRldsyg, the conductive polishing material or
t he conposite 015 t he conrguctl ve polishing material and conventi onal

pol i shi ngp1eayf er i Altermadivelyo\the epolishingrastitlee2a5 covagucompeispohi atetalgmaashi cl e

ess®| noimoSel fRaRe sonvning rdiistipdbefiteL, TheamelRlimest mAkeomence fas n
resisti Vbﬁérrf?cfall?bﬁéﬁ cbnglacﬁ\m ﬁfafté#al‘ﬂ,ssucﬂfﬂa§%%&n%htdh%a§ﬁﬁ@§%iibﬂ&e99.81

polishing material is a layer of platinum "which has a resistivity 9.81 po-
cm at OCH{HcmpatdifCon Bhe anetal onephl pay caldanischdel sejtenals Ymipbave deeh t he

el ude BEeRBEr hBoRcTav 152 S8 CuBRME Bl RBRse RS 3 ARATTpish uF fy
mat eri al rédistiviy d¢¥ol 6N agn at 0°Cl, & thaSmetid rexeii¥ ehemicallyGaswessd froff tHehe
conductive polishing material and conventional polishing material includes

car bon f Elastehde syab gsbynasepigsedl layer ot eenventionatgratenial resi stivities of 1
o CTOT  (iBR CLPBAREE e v idohidthaRfod SN A<BRLF abaskle ARl ONa! o

or pol ytr ne in suf provi de "a po ng a avi ng
a bulk eadelded inythd cahoeenticral @alishorg heserial. In such an embodiment, the

fixed abrasive particles generally include conductive abrasive materials. The

Conventi onal polishing rririals are general ly di ele‘i_c material s and may
r
(P

invention further contemplates other polishing aricle 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.



[0157] Exanpl es of conductive material in the polishing articles 205

descri bed above are the following. Referring back to Figures 3 and 4, an
exanpl e of the conductive polishing portion 310 or conductive polq§mtpgm5
surface article 410 includes between about 5 wt.% and about 60 wt. %o
carbon fibers or carbon nanotubes di sposed in a conventional polishing

mat eri al of polycarbonate or pol yuretfyane. The carbon fibers or carbon
nanot ubes are generally provided in sufficient anbunts to produce a
conductive polishing surface article 410 having a bulk resistivity of about
10 0-cn1oWVm@§§ﬁ“ﬂH%?ﬂé§:exanple of the polishing article 205 is a |layer of
pl ati num form ng the conductive polishing portion 310 or conductive
polishing surface article 410 disposed on a | ayer of pol yurethane. [0158]
Referring 1backAncﬁrﬁ¢|gmf€1€61,uf@ﬂiU®<fghpD|@f‘@Tg & kubgttatesermprigingf ace i ncl udes a

pol { shi ng mat e YN ot feaeh By RGBE S Bof RS bvishod -GERERR °"
resistivi tylisH theadugtrafd) addcm or | ess. [0159] The conductive polishing

materials and the conventiognal polishing materials generally have
mechani cal pr oBeMAUBENGEWETACED WRRTede R ROlighing  SUEre frged BIMERNEY (& fiel ds

and are r%%HﬁFeﬁiBhst REUAABIIP for' fibvioF Hdie®| tﬁét?tl?rouﬁh,eﬁﬁ(ﬁ HHEr&R:the
General |l y, the conductive polishing materials and the“conposite of

conduct i véogpid dinpegechen e mbsntingiswdaneent i onal pol i shing materials have S 5
2 4 OCT 2005 WO 02/ 085570 PCT/ USO2/ 11009 36 nechanical properties simlar
to that of conventional polishing materials alone. For exanple, the

conbi nati gn of TRetpticlelcf digim A, haetiedise bbdpkotiprisBs et |gistal esnduttivehe Shore
D Hardness scale faor polyneric materials as described and neasured by the

Ameri can SRteEalyhaing Talsigast aarartion: ef isacendystivyg) polxessqeandustivg filler

Phi | adel phi Ben §¥ﬁé}j ; : ; i j rral s has
a hardnesh}]gg?tgg“ﬁg’bgﬁ%s| 80 o(?oraé%ét;ég? Ithgﬁgt ectléhgﬁae@ﬁ)gﬁéra nenggcﬂeaﬁ%r@’o?

pol yner i ¢ metalt meshal ar.comtrnatiomsahéneof.t he polishing article 205 generally
i ncludes a surface roughness of about 1 mcron or |ess. 101601
Alternatively, the polishing article 205 nmay conprise a netal nesh disposed

in the comvent impairtipel dfshaing 1"aherfdifthe ThedurivalsupBes haRYa ESHIBIity &f a
chemcally inert conductive material, such as platinum which has a
resi stivi @poot AOQ-gMOE}esst 0C. The netal nesh may al so include materials
t hat have been observed to react wth the surrounding el ectrolyte, such as
copper which has a

4. The article of claim 2, wherein the polishing article comprises a metal

mesh disposed in a conventional polishing material, wherein the metal mesh is
connected to a power source and conducts electricity to the substrate surface

through the conductive polishing surface.

5. The article of claim 1, further comprising a plurality of grooves disposed in
the polishing surface.

6. The article of claim 5, 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.

7. The article of claim 1, wherein the conductive surface comprises

conductive polishing article disposed on a conductive article support.



resistivity of 1.6 pDcmat 0C, if the nmetal nmesh is chemcally insul ated
fromthe electrolyte such as by a confornmal |ayer of conventional material.
101611 Further, the invention contenplates the use of abrasive matleridl B0
enbedded in the conventional polishing material. In such an enbodi nent, the
fixed abrasive particles generally include conductive abrasive materials.
The invention further contenplates otfger polishing article configurations,
such as polishing webs and |inear polishing belts, in addition to polishing
pads. [0162] Wiile foregoing is directed to various enbodi nents of the
invention, other and further enbodinents of the invention may be devi sed

Wi thout depart iTRg arfi¢l@Hf REmbASItereroRe donBl&Re arfib dUppoPCiaRdnhB&EEOf 1S
determ ned by the clains that follow. 2 4 OCT 2005 37 What is Cained is:
1. An art itelaep@remsopurtacndr eorfiductspeleckiclty do the aubstrate suriasaphiasighdhea body
havi ng at | : 1all nductive polishing surface adapted to polish
t he substfgﬁga&gﬁdﬁﬁg@haﬁyﬁﬁ§83urface, wherein the polishing surface has a
plurality of perforations disposed therein for flow of material

t her et hrough, and wherein the body is di sposed on _the npunting surface. 2.

>0S oun
The articl% of TBPa"’IWW'?,Of\ﬁf?é’f“d-rWr?EHE'nstGyarE@ﬁﬂ?i"%%!é"f%(fm[ee'ésqm%PS@Grﬂfhéti ve
material hayi idE83dpdt BGhbiARg &I oy Sichl o GREHEHrve
filler mrabt%errlﬂgﬁJ gﬁldaeeg%é%/ner c%rlrpo%%tpe@rv?nﬁw on uc'ltolth\%e ﬁseerdi a?s, ar
conduct i véloweafahaterial tetethromgbh, or conbi nations thereof. 3. The article of
claim1l1, wherein the conductive surface has a resistivity of about 10 0-cm
or less. 4. The article of claim2, wherein the polishing article conprises

a nmetal mesh dinepgsier diclaint Gnweiréinnablupalty ifipegfora@iopisi ial the Wisiseihg t he
metal mesh is connected to a power source and conducts electricity to the
subst r at e a&lifi¢ arealignedovightherriutalibyaeicraripsatismsi of the golishing adiclessuppit. ar t i cl e
of claim1, further conprising a plurality of grooves disposed in the
polishing surface. 6. The article of claim5, wherein at |east a portion of
t he plurallilty dhegartioleesf clamnel sedierain tthe gtolisbimgt adicfgoig inoundéd anpbaral ity
of perforation d} sposed in theb P?l i shi n%.surface.
apparatus tor processing a substrate, comprising:
a basin;
a permeable disc disposed in the basin, wherein the polishing article is
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.

12. 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; and

a biasing member disposed between the conductive element and the
body, the biasing member adapted to urge the conductive element towards the

polishing surface.



7. The article of claim1l, wherein the conductive surface conprises
conductive polishing article disposed on a conductive article support. 2 4
CCT 20CC 38 8. The article of claim7, wherein the conductive articli ‘
support is connected to a power source and conducts electricity toZltH&T 2005
substrate surface through the conductive polishing surface. 9. The article
of claim1, wherein the article of manyfacture is disposed on a polishing
article support conprising a plurality of perforations disposed therein for

flow of material therethrough. 10. The article of claim9, wherein a
plurality18f pdhedolishipaartieletd<igion 13nvheyeinathe Redy eerarEseASEIRFIA t he
plurality r i P A Shi ti article
of claim {r?é tﬁ%r%ﬁ%ﬁ%ﬁ%@oﬁ%h@g gré?@rgg}agéhgﬁlkg %‘?%Qﬁ% 0'%83}'&5 35 for
pr ocessi ngubidsufedt fitzare |eadvedr wish ngethand,afflied; palympersydadrhed diodygmelisspoded i n

t he basi n, V\,her?.i n M\e gl ishing article is disposed on the perneabl e disk
and wher ei’RMANQUQEStheleBhr ¢ i on of the polishing article conprises an

el ectrode; a counter el ectrode disposed in the basin between the perneable
disc and the bottom of the basin; and a polishing head adapted to retain
the substrdte diiei pglishing astiglagf daim A% ovherrimiheabery| kas ar Piylitspifng a

substrat e, [P MaYok ving a polishing surface adapted to polish
t he subst ngfe%{]%;srfg}rﬁ?d f%&gﬁg%uriﬁconducti ve el enent enbedded in the polishing
surface, the conductive elenment having a contact surface that extends

beyond a plane_ defined by. the_polishing surface;, and a biasing .nenber
o enosed B6rnedhe melslina AHiae 55 BB e paTal e biag g morRer pROre Aomber

adapt ed t QpHh@S {d3fn BONAEF! HIMSHEIBIRN bntehyédsider Idh @onbMdtiohs iBerglf f ace. 2 4
HT 2004 39 137 The polishing articlé of claim12, wherein the body conprises

a dielectric material selected fromthe group of pol yurethane,
pol ycar bonat e, I ny | 1.d f f Lbe i : et hane,
P11 ea pol pver JSnlRERY e FOabhF. Wbl M BReERREher's Peslfeit

and urges a compliant contact surface of the conductive element to electrically

contact the substrate disposed on the polishing surface.

17. The polishing article of claim 12, wherein 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.

18.  The polishing article of claim 12, 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 the biasing member urges a compliant contact
surface of the conductive element to electrically contact the substrate disposed

on the polishing surface.

19.  The polishing article of claim 14, 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



14. The polishing article of claim12, wherein the body has a plurality of
apertures fornmed therethrough. 15. The polishing article of claim 12,
wherein the biasing nmenber conprises a spring, a foam polyner, plastic

tubi ng, an elastoner, or conbinations thereof. 16. The polishing arntglieipf
claim12, wherein the bi asing nmenber is resilient and urges a conpliant
cont act surface of the conductive elemgnt to electrically contact the
substrate di sposed on the polishing surface 17. The polishing article of
claim 12, wherein the conductiyve el ene is. selected from at Ieast one of
the group e¥tendsegondva rlans Agfined by Lﬁ%‘?\ poﬁs@@g iSHEface, ang; i, adaped to Rer ol | er,

a ball, h artlcle of cIa|n112
wherein t% %‘pas:tmanﬁegnﬁt?e% @iﬁggﬂe%ﬁoﬁﬁnﬁr%ﬁﬁcﬁehg@oup of a spring, a f oam
pol ymer, pl ast |acb1taa=bgrfg¢rr@|er glizposeddietwaen the sobiductiveotmmpliant edémentse
conductlve ﬁ Rn%gé is selected fromat |east one of the group of conductive
t ubi ng, Js% y'spring, a pin, a bar, aroller, a ball, and conbinations
t her eof , mhereln t he bi asi ng nmenber urges a conpliant contact surface of

t he conductlve el ement to electrjcally contact the substrate di sposed on
the polisOng Jher aelshing artigle @focialini hg Mherein ether cendiigive amembsrdisn t he
pollshlngcaﬁkkghp conprises: a body having a polishing surface adapted to
polish th strate; a plurality of conductive conpliant el enents enbedded
in the polishing surface, the conductive conpliant el enents haV|ng a

contact s fac that nds bheyon e defin by the
pol i shi ng urf a%tng %ﬁ[‘&‘g i?' E)Z Wﬁ?@%%"? @&%ﬂfﬁt%@éov% 'ds t he
pol i shi ng c%h'rﬁdrﬁ;@ﬁ spR8rigalDioas ichhpfeE® € bf dfilsdres eidopst iRRRerd, hetrapaslugri ve
conpliant elements and the body. 20. The polishing article of claim 12,

wher ei n t kembhaligesithieregbnber is conpliant. 21. The polishing article of
claim12, wherein the contact surface is rounded, cylindrical, spherical or
conprised of fibers, |oops, fingers, strands, or conbinations thereof. 22.
The polisii2ng dheipdlighiny adtiaienofl@ainii@r eiherdih éhe eoddadtivecelehmmefartiarr t her
conprises: a carrier disposed in a pocket forned in the body; and
comprises:
a carrier disposed in a pocket formed in the body; and
a contact member disposed on the carrier and extending beyond a plane

defined by the polishing surface.

23.  The polishing article of claim 22, wherein the carrier and contact member

are conductive.

24.  The polishing article of claim 22, wherein the contact member comprises a

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

25. The polishing article of claim 22, wherein at least one of the carrier and

contact member is made of graphite.

26. The polishing article of claim 12, further comprising a connector coupled to
the conductive element and adapted to electrically couple the conductive element

to a bias power source.



a contact nenber disposed on the carrier and extendi ng beyond a pl ane
defined by the polishing surface. 23. The polishing article of claim 22,
wherein the carrier and contact nenber are conductive. 24. The po}j sty
article of claim22, wherein the contact nenber conprises a plurality o
balls, pins, a rod, a spring, or conbinations thereof. 25. The polishing
article of claim 22, wherein at |east gne of the carrier and contact nenber
is made of graphite. 26. The polishing article of claim12, further

conpri si ngaa connect or cou%ded to the conductive el enent and adapted to

el ectricald¥y cdh@‘l"@h!rlﬂea'@é QEpPlshing 2 sebstrate.ocopiigiRg power source. 2 4 HI

20u5 41 27. A p 0#; ? !thln Bh?m 3uﬁ%+%ﬁ'dn§ ﬂ.lrﬁ séfr%bgve§§ﬂg@fee§'tg: "

body having a poli |ng ace a urall ves ada
pol i sh thqatmalh)ﬂ'lerantfs;traa Ieast one conductl ve eI errent enbedded in the

Wherain Tho . cauRRst PUB oBndHe TemahuGeIacindbe PaRING ABTBIS G pocker o,

28. The polishigng aFtinete ;ﬂjck@tsalfaana?éd M’ﬂﬁfee'd&llét'ﬂﬁ COMA, | WheRlieNMBt has a
contact surface that extends beyond a plane defined by the pol i shi ng

surface. Zondyeiveplement isglisnasedie apteast enerpbthe Hagketser conprising: a

bi asi ng nmenber in the pocket disposed between the conductive elenent and
the body. 30. The polishing article of claim27, wherein the conductive

el ement i 98. seITdaetmiishingraalcld ehishimriy, ofhdrbie heocgnduictice rieméntvieag abi ng, a
brush, a s i nations thereof.

31. The pdf g ngﬁaﬁaﬁpth@ﬁ@xf@ngab& @9 p?mf?eeff)r}ae'dttwet nals 99 UHBES: i s a

spring, a foam polyner, plastic tubing, an elastonmer, or conbinations

t hereof, and urges a conpliant contact surface of the conductive element to
el ectricaldyy cdimegutishing ariclosf chire 20, fptheedomprising: pol i shi ng surface 32.
The polishing art.icle aim27, erein cont ct su unded
eyl i hari cal | sprbippd MepBeDHibe Sokatifi e e RaEh 3% ePiicheE g or
conbi nat i cymthacbbgpf 33. The polishing article of cI ai m 27, wher e| n the
conductive el ement further

30. The polishing article of claim 27, wherein 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, or combinations thereof.

31.  The polishing article of claim 29, wherein the biasing member is a spring,
a foam polymer, plastic tubing, an elastomer, or combinations thereof, and urges
a compliant contact surface of the conductive element to electrically contact the

substrate disposed on the polishing surface.

32.  The polishing article of claim 27, wherein the contact surface is rounded,
cylindrical, spherical or comprised of fibers, loops, fingers, strands, or

combinations thereof.

33. The polishing article of claim 27, wherein the conductive element further
comprises:
a carrier disposed in the pocket;

a contact member disposed on the carrier, and



conprises: a carrier disposed in the pocket; a contact nenber di sposed on
the carrier, and 2 a OCT 2005 42 wherein at |east a portion of the contact
nmenber extends beyond a plane defined by the polishing surface. 34 [Te00s
polishing article of claim33, wherein the carrier and contact nenber are
conductive. 35. The polishing article of claim34, wherein the contact
menber conprises a plurality of ballssg pins, a rod, a spring, or

conbi nati ons thereof. 36. The polishing article of claim 34, wherein at

| east one of the carrier and contact nenber is nmade of g{q&;})hite. 37. The
pol i shing arti #hereln atlegsthaoportion of (& cRUARMEMBST £xtEHHRRaYIRd oRigNed to

t he condugifiy epolRpthpsiariced to electrically couple the conductive
el enent to a ﬁgg poever source through or around the body. 38. The polishing

article of claim112, wherein the polishing article is disposed on an

o Sposed P 1 nAMESERRIRG a7 ckihGen S WPt 9 Con@eLRERRER D

per neabl e géé s&ndwtigeunt er el ectrode di sposed in the basin between the
perneabl e disc and the bottom of the basin; and a polishing head adapted to
retain the substrate during processing. 39. An article of manufacture for

pol I shing sﬁeS“'?ﬁErp%h@hnng%ﬁ%ﬂé 3 Bdim %4%?1!9{?&1? the rgé&' ﬁw‘B@PEbﬁlPﬂﬁesaﬁbOdy

havi ng at ast a parti y con uctlve apte to pol

subst r at e pamality ofrbalhg, ipirs, ol ag epringherreiombtimationsdhehgof.i ve surface has a
resistivity of about 10 O-cmor |ess, wherein the body conprises at |east a
conductive material having at |least a portion of a conductive polyner,

conducti veef i | rge gBRERIhgArficledofPOAYITBYE, GABEMS it feadttdheCONthectarvier and ON
z'hQd 43 materials, or conbinations thereof. 40. The article of claim 39,

wherei n t kenteshaesiberds madeg aigpliei al s conprise carbon powder, carbon
fi bers, carbon nanotubes, carbon nanof oam carbon

37.  The polishing article of claim 27, further comprising a connector coupled to
the conductive member and adapted to electrically couple the conductive

element to a bias power source through or around the body.

38. The polishing article of claim 12, wherein the polishing article is disposed
on an apparatus for processing a substrate, comprising:

a basin;

a permeable disc disposed in the basin, wherein the polishing article is
disposed 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.

39.  An article of manufacture for polishing a substrate, comprising:

a polishing article comprising a body having at least a partially conductive
surface adapted to polish the substrate and a mounting surface, wherein the
conductive surface has a resistivity of about 10 Q-cm or less, wherein the body
comprises at least a conductive material having at least a portion of a conductive

polymer, conductive filler materials, a polymer composite with conductive



aerogel s, or conbinations thereof. 41. The article of claim39, wherein the
conductive filler materials conprise carbon powder, carbon fibers, and
conbi nati ons thereof. 74 CCT 7805
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materials, or combinations thereof.

40. The article of claim 39, wherein the conductive filler materials comprise
carbon powder, carbon fibers, carbon nanotubes, carbon nanofoam, carbon

aerogels, or combinations thereof.

41.  The article of claim 39, wherein the conductive filler materials comprise

carbon powder, carbon fibers, and combinations thereof,



