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TECHNICAL FIELD

The present invention relates generally to methods and apparatuses for
chemically, mechanically, and/or electrolytically removing materials from
microelectronic substrates.

BACKGROUND

Microelectronic substrates and substrate assemblies typically include a
semiconductor material having features, such as memory cells, that are linked with
conductive lines. The conductive lines can be formed by first forming trenches or
other recesses in the semiconductor material and then overlaying a conductive
material (such as a metal) in the trenches. The conductive material is then
selectively removed to leave conductive lines extending from one feature in the
semiconductor material to another.
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of ¥igs@fklgiesto fail. A further drawback is that high
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conductive material adjacent to one aperture to smear
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apetiurechot smeat iveetheacorelustive atderdaldof tthe adjacenbbpetturenivbich can in
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* polishing liquid can further include abrasives (such

oi.dal abrasives) disposed in the liquid
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with the abrasives fornmng up to about 1% of

tzggiyhgob}ess@n?ginver%]ond Ig ydi\f\gci:tgg tt'ow-la:\pg m_eghozd% Eﬁ%r l:ﬂlf?}éé’reltuses for
chemically, mechanically, and/or electrolytically removing = material from
microelectronic substrates. A polishing medium in accordance with one aspect of
the invention includes a polishing liquid having a liquid carrier and an eléctrolyte
disposed in the liquid carrier. The electrolyte can transmit an electrical current
between an electrode and the microelectronic substrate to electrolytically remove
conductive material from the microelectronic substrate. The polishing liquid can
further include abrasives (such as colloidal abrasives) disposed in the liquid carrier,
with the abrasives forming up to about 1% of the polishing liquid by weight. The
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In still a further aépect of the invention, a first portion of material can be
removed from the microelectronic substrate by passing an electrical current between
at least one electrode the microelectronic substrate, and a second portion of
material can be removed from the microelectronic substrate without passing an
electrical current through the conductive material. In a particular aspect of this
method, the microelectronic substrate can be carried by the sam'e carrier for
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schematic illustration of "an apparatus for carrying

festures in ecrdcroslecironrcsubirate inacsortdncdi widnemotifertdmbodiment of
invention. Figure 4 is a partially schematic,

the YRIHPNC view of a portion of the apparatus shown in
Fi gut; i ' [ ;
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pretessssi inraccomanee weith empadmerds bbthe ipvent®si ng a
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embdd
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DESCRI PTI ON One approach (devel oped by the assignee of .

PrecRSSING Semicraplecirenic eibstiate in agaeriasica gvidy otttertarabodiment of
thé%\fégﬁbﬂg dr awbacks associ ated with contai ner
processes is to replace the conventional soft

mat dfigadest wshamutichlly illusinates enivaivsfors for electrohaicdly processing a
material . For exanple, conventional photoresist ] .

migeRelestEpryc shhsihaterip Acgewange vith aneibphembpdisagnt of thasinvention.
(PSG or spin-on glass (SOG, and can be di sposed in

DETAILEY FEdRP§ON ai ners. Further details of

material's and processes in accordance wth this
approach are disclosed in U S. Patent Application No.
10/ 130 epprodth ddeslopda diyethel B8s19n&S 73 USE, present appligation) for

aoidrr]é:sosri é) gggn%dofr}ﬁg ?ci)rrég%}/ngr grfaielvrb%gﬁg associated with container processes is
to replace the conven{ional soft materials used to fill the containers wi'th a harder
material. For example, conventional photoresist materials can be replaced with
phosphosilicate glass (PSG) or spin-on glass (SOG), and can be disposed in
platinum-lined containers. Further details of materials and processes in accordance
with this approach are disclosed in U.S. Patent Application No. 10/230,628 (Attorney
Docket 10829.8673US), previously incorporated herein by reference.

One challenge presented by the use of platinum-lined, PSG filled containers
is that relatively high CMP downforces are required to remove the platinum external

to the containers, which can cause the platinum to smear into the regions between
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the det ai gure 1A 1s a part
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trate mat eri i's substrate matert al
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whmhamaéhqﬂrameFme dfA) damebs fibrsdachinea rsaibsiratad méderial plane 113 of
conventi gnal techni ques such as patterned
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devicds dsudhr ascd:wcﬂnré)ohmt lhomthéprembtghmem the apertures 112 can
., enbodi rrent t he apertures 112 have a .
'nP@Fj&t reaFlesighhalesetfar fosming (ines. or yias: h- o oRedermbodiment, the

apéttirBs 11 Phave a relatively high aspect ratio (i.e., depth-to-width ratio). For
example, in one particular embodiment, the apertures 112 can have an aspect ratio
of about 4:1 or more, and in other embodiments, the apertures 112 can have other
aspect ratios. In any of these embodiments, an underlayer 114 (such as a tantalum
or tantalum oxide layer) is disposed on the substrate material plane 113 and
adjacent to the walls of the apertures 112. The underlayer 114 can be disposed on
the microelectronic substrate 110 using conventional techniques, such as physical
vapor deposition (PVD) or chemical vapor deposition (CVD). In one aspect of this
-5-
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The first external portion 119 of the fill material 117 can be removed (as
shown in Figure 1B) so that the remaining fill material 117 is flush with the
conductive material 115. In one aspect of this embodiment, conventional CMP
techniques and slurries can be used to remove the first projection 119. Accordingly,
the fill material 117 can be removed with a polishing pad 183 and a polishing liquid
189 disposed adjacent to the polishing pad 183 and the microelectronic substrate
110. Further details of apparatuses for removing the first projection 119 are
described below with reference to Figures 3-6.
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enbodi ment, the fill material 117 can have a har dnezsFebruary 2007

of about 0.04 GPa or higher. 1In a particular
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 afth nghaas TROGEcHRIathg! a0 ot Bind MitBomeiAiops: @moved from the
mlﬁro%lecgfbfgg SuBSIPRS!1 ¥ afd'ES cc?r%g;g) ?ﬁq{w thé I b\/él%friﬂese ions. The

als 05|t|one

poﬂns}o:mgeiqenrl n89a G::aa \ethidl tfurdiher ihdiderabrasive q:iael@ctlesi wﬂ'm:h can effectively
i nclude constjtuents that sinultaneously renove
ingraase the meghanical cantacthriwere the meetactr@nﬁeawerﬂﬁpéﬂce 110 and the

npl e, the polishing liquid can include an
poﬁ%lfﬁnglp%yf@@to conduct electrical current to the

cond@r exampiet of aPolishingf lijuid ¢Beathaning tieatharacmtics glescribed
t he conductive material 115. The polishing liquid 189a
abey is A seluting thak hﬁfét%PHcﬂfeﬁ'a‘PH'tnbg agérmgmﬁaﬂ Qimglar ammonium

PS u%s%l rat Q‘hﬂ%‘ egﬁ%g‘%%g@éﬂ? n%rﬁpﬁ\elhs&ﬁé)&@% (NH,OH).  The

anrhessien ovmosfj’HWe pedn siproddé | qhéd gofi8hinganliquid! | with — electrolytic
ché?éctégrﬂegt\f.‘ér%duggn %tr)cg\%glle\]/‘gr g 6}{3ltaltl\cltl—:‘l(ilshlg\s\rltl1 Ip%lh %’%g ammonium hydroxide
can also provide for a relatiVely high pH and can provide NH3 molecules that chelate
metal ions from the microelectronic substrate 110. The solution can further include
abrasive elements, such as diluted colloidal silica (silicon dioxide) partit:les that
constitute from about 0.1% to about 1.0% of the polishing liquid, by weight. In one
particular aspect of this embodiment, the colloidal silica particles can constitute
about 0.5% of the polishing liquid 182a by weight, and in another embodiment, the
colloidal silica particles can constitute about 0.2% of the polishing liquid 189a by
weight. In any of these embodiments, the colloidal particles can be diluted
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i ncrease the nechanical contact between the 26 February 2007
m cr oel ectroni ¢ workpi ece 110 and the polishing pad

wbBdo4/6206sexanpl e of a polishing liquid 189 ha¥iREdodB26803
characterlstlcs descri bed above is a solutlon t hat

oAl i R —
aﬂamd DOX tcsiabéxhw@sl)oonasrb%l WP hatdhycGthBES Wil diments,

the polishing | eectroly|
the ipatiakingrligsid d§9ar¢andmvepa@H agiabbout 0 teeraxiliceshnyd/br gliminate the

i<Blihand HtyE P TH G Pedfio BAduO RelS R in 861 e

chel lﬁkﬁner’@h@bdnh@ﬂﬁs fth@ 'Bdh@ﬁm@ lﬁfuﬁfl'! 864 rcﬁﬁ 'Hév%%ﬁélr &bBpositions

110. The solution can further ~incl ude. rasiv
thatl @lseralectralyitcallyscatidust etbotriddl mudehtssid theam(eroeiectmmc substrate
tute from about

115, b §R8) 5% reBied SRR a ictPoTaR o qipstiels 110, and
mé!ﬂ@e os‘llaﬂf ﬁ;éﬂiélés Efétp‘ﬁ’?ére dod MherarReg | Rkt \Engg the g gr%electromc

col I I ca partIC es can constitute
substratee d| Oxiei exgniple wif sutB Sapdlishive tiduid hasda pH @‘mﬁdmm with 1.0

g et ate . & AETolar AaRcR i HeIRUAQgY and 0.6%

oIBR8y S LA S S i i, o

anioodiLo? GedfateP@rovigas Ot OamralBtisitg rarfd @anelbiivetpr iowt WH) which is

are cqonvepti onal coIIO|daI slurries, which typical
Sunaﬂ?@ea 'bynﬂﬁeaeamorzw ehigHes W/oe@anpwyahphlgaﬂ?. %arzeglso provide

Ny 5B o 6 ohs RS SRR E0 Sore yPEl SReconc
subbﬁraienﬂﬂ@; tAdow Ipl-k&tudhoasi d pH d¢fhe) isoduitaibiaforspieventing aluminum

articles to agglonerate while in solution. In other
E‘%@hil fgomﬁgglopslafprﬁgﬂgﬁ@spwgnd 189a can have ot her

co r| ca cur @ﬁ% 1ﬁ %) 588}15 ﬁié%ﬁeg{)@ﬁgé Pgtremoved ina

suﬂué@qu@hed;tepp resulthhg Inorther mwdnfmfoa@mbmers 130 having the upper
m cr oebect roni c substrate 110, and include slurr

edggp 1qf dhedindsrlayerci thstbe candishve material Hd, and the filkmaterial 117
A OFH 9 SbSpB 1056 B AL FRTRIA. B Yefnr 120 i

elevtmicallyunissldiédt and Nish&EMed Gom niiear samomiding eklueturde in  the

NHACE), and 0.5% coll oidal alum na 211' um num oxi de)
mi &Q’?Céfoé%c supskale d3Bectn sne AERe@n@hH Hiseambodiment, conventional

al@ﬂﬁ%{‘b@@?@# iliH ‘Bﬁgécfivélg fsesf fe Egggu{bt m&éﬂ"’l’%@%%‘?{?ﬂﬁ’ the fill

matetiar il 4B, tﬁéwe;oammwma:éhaxrnd@ R uabeo niiteNalde14Ned a small
nol ecul es and CC i ons for chelating netal ions from

amayint 1ot thhe | sstigie gnaterial 111 to form the containers 130. In other

embodiments, other polishing liquids can be used to remove these materials.

As shown in Figure 1F, further features (such as electrodes) can next be
disposed in the containers 130 to form structures 121 such as capacito’rs. The
features can be disposed in the containers 130 using conventional techniques (such
as selective etching and deposition) and are electrically coupled to each other
and/or to external contacts with a network of vias and/or lines, also formed with
conventional . techniques, such as damascene techniques. For example, in one
embodiment, the remaining fill material 117 within the apertures 112 is removed. A
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substrate 110. A low pH (such as a pH of 4) is 26 February 2007
suitable for preventing alum num oxide particles from

wapahosREat i ng in solution. As shown in Figure 206803
under | ayer 114 (Fi 9Ufe 1 O can be renoved inPéT}B{S A

| ftl@](‘jﬁ aﬁggrﬁéd irtggPﬁ a{{ﬁtﬁé {%%ﬁh%%gqtnqglg%’égnrﬁtg%%ghg then disposed in the
apﬁ‘rﬂﬁéb ayer ahdida cbﬁm&wec&!éétrwé ﬂm@ ) u%poééé ,adfa%@nf Rethe film 118

fill material 117 all flush with the substra
torfatrathe (cappeitey. 1lm3>thwt emhpglﬁmtﬁttheéatﬁgmt@hnmueszran be used

' hi f t
ofrm G, R Yo 3 BB ARl B8 LB P as wronches ando
coridstivatimed10in ldhyOBE tiRssee el &his m%\ﬂ&he microelectronic
conventional alunmina and/or silica based slurries are

supstrate d16i0am thenderisligedr icomietiaegerriwafer mﬁmmratheyjar,e a part for
nductive nater,al t he under material 114,
ei%ﬁsg%éﬁﬁ %”J’Q%Wa%‘?“ i RRNE VB Rat or 1 ol 111 to |
f or nht ghef AthBodiRTehtd. 3fe f&egélhgrtecﬁﬂm@b"@éﬁ be B588to process
poli'shing I|iquids can be used t0 renove these
mmeiectamc sgbsiraias 110 maglun@ feaftres wthaerthéeather esntainers 130
el ect r des next be di s;?__osed [

e((?s ﬁf’népgvﬂso % £ ? rﬁ%t%’?%’gﬂ 189 FIQNIRS gA‘fg the foregoing
te6MBGES Okan P& eusd®abUbRscdsan abg? efo;e(?(ﬁcﬁ%é”&ésu e 110 having

contai ners 130 using convention I ques
conelustive wiructures sychures Idmsosn v:aerfprraed direetiglire a swtmrldtq material.

BEGIEANG WAL RS o U5 SRalegiront- sibsTile 4 1 sandaciife e substrate

mét%?«‘é? r1t1'1°%%bh i€ %hl?i\nﬂr{eéiele%ﬁ%‘ n?éteﬁ%l‘m%ﬁle %ﬁderl?yer 114 (including
techni ques. For exa n one d
mateniaim su@'l fasl & tamtamm atanidldmveoxite ntanbelump aittides, elsingdtén, tungsten

& 26 F 07 . WO 20041020545
it G ST iR LR NHIces) (& HEPasethn the apertures
1128 chARGIVETARNTER 8T sudtPal RBBodl S8 RGHseA di'fhe underlayer

11ei. sposed adj acent to the film118 to formthe

t th odi nents, the foregoing
CaPa Hheungh lgue a8 iha potionsch thecondusiesdaterial H45 and the
j r t h r dtar
rliefiehel B0 BRcfa > e dbettils ST (iich! EAIf HicluBE A" example,
trqmehes arthiodés)tdan e caémevm:tcr fominccorgiultive atractlibes 221, such as lines
then pe diced fraomithe | arger wafer of which they

or a\’ '%Sar PR as@?@a‘ﬁéﬂlsaﬁm%ﬂd'ﬁ}%’tu%BBVW%'%W gener 3”ya;'m”ar to the
or eg dlc‘fs ‘ieiﬁﬁé GBScriddy Qﬁcﬁ}f‘é wiRITPSRE SR & F@Ulees 1C, but buffered to

ni ques can used to proce

a pHan cﬁre:lneaboalrﬁ to abbstt 7, aaaeldsedivientpviectib Woeguoiveematerial 115.
t han t he cont ai ners 130 described above. For exanpl e,
A genvapiipnal alumiga o $ilisa-based: hary 68 &g wepd to remove the underlayer

114 and conductive material is external to the apertures 112. In other embodiments,

other polishing liquids can be used to remove these materials.

Figures 3-6 schématically illustrate apparatuses for processing the
microelectronic substrate 110 in a manner generally similar to that described above
with reference to Figures 1A-2B. For example, Figure 3 schematically illustrates an
apparatus 360 for chemically-mechanically and/or electrochemically-mechanicaily
polishing the microelectronic substrate 110 in accordance with an embodiment of
the invention. In one aspect of this embodiment, the apparatus 360 has a support
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techni ques can be used to process a m croel ectroni 26 February 2007
substrate 110 having conductive structures such as

w0 7065029545vi @as formed directly in a substrate ppLREhR5/026803
Begi nning with Figure 2A, the mcroelectronic

BRI 4 LG LPEL U BT B, T R rtbrion W of
pdlishitigugad B83TRY posiebRed.UCThéSoptphast 884N éei‘fé?éﬂyl@ rlgld plate to
oxide, tantalumnitride, tungsten, tungsten nitrid

previdgtdat,reglidazurtace ivawbidhanpagticiliar sectisin ohther pdbshmg pad 383
ertures 112, and a conductive
méﬁipg gﬁ%@%@ﬁhsﬁ %opper) is disposed on the
UndelfHeaaﬁpSaraW?;G@\%aﬁ Ry h'aOe E ;Qlt!lféht Ef rélhﬁs @@@Jﬁd&‘ osition and
of the conductive material 115 and under | ayer

hadst the pelishirg pAE 38covanrtos tqnpa(mlrﬁ&fh Iiae rolters gda, 1n¢lude a supply

roff5 R Er v & SEESnQcS8 yONkrsc B4R Sich dBAB 1) i Spond guide
rof&re 368G ehd F85bhiahdearpad- UB%HeraB%" "I“f':@ a.g;gly Péﬂé’fl 387 carries an

generally simlar to the polishing lig
urgsed rar reoperabive \nomon ef thespclshmg pad Laeés amhd (the kbake—up roller 386
cafiles B doch o BsBReRRRTTIO0 &1 o afisiing iac 388 Additonaly, the

flré?cQBté‘?%llé?rBMaaéﬁHTiHéaﬂer ?l'db' BRePBER e YrEédnRa p‘%ﬁshlng pad 383

used to renove the underlayer 114 and conductl
oventhe togl-panels3&ietonadldttbe tplmeslapg [ack 883 $tafonary dxminy operatlon A

MR TRRG) hlea a4t Peydioe ehaiciignasy A e ake-up roller
386 hd'Sdek q%bﬁttélﬁpaa'o@bﬁéésthgobﬁ%ﬁﬁisp%d‘@Stshgcross the lt?}) panel 381.

m croel ectroni c substrate a manner gener
Acsondingly, Bleamprteo@emiivebe@btmme\m thei pdvhshm‘@ped!cm& may be quickly
Figure 3 schematically

' sugpﬁwiqcf glAgs?e;Bg] sgg Pt g%np&[gg‘g% g gpnsistent surface for pollshlng anafor

Cléé}g’%rocmraagg 9hfrer:§c b\é}lr?glﬁf?/ pol i shing the

m cribel apparahisc38Bizahraise Hel® a wamiarcisiambdy B00thah controls and
he i nventi o In one aspect of this,

R ReCroFRel aRis s REa S 40Ty Balsiung. The garrier assembly
30084 R ud"e097sub\£9agﬁoﬂ§r;§:‘%?at g’to v@égﬁaﬁgﬂ Q@?Q%a&@%g substrate

380 wth a top-pan ere
110patr approprigter stages 'b¥\thed polishipg [dretessy Phel caferi assembly 390 can

itioned. The t anel 381 is generally a ri
a'%r Bake & SUPRQRY i iy f%tcarrym a dilver aseerably 39 ﬁweé can translate

aldty ﬁﬂégé@w 209! | i ﬂhvé rb%s%ﬁib'lf R Q:a?ﬁ@a\%gn d@éfatp? 396, a drive

secure g polTs € “appar a can a
shhﬁ@?acphplledltnt meoéctuatdrei% tandyehderm aeaus {é@tlﬂgcfrom the drive
d9€7 poI i shing pad 383 over the top ane 381. The
sh@&q r s |B§rAMh3P8 fames i sybstrate holder 3 2 via a terminal shaft 399
such that the drive assembly 395 orbits the substrate holder 392 about an axis E-E
(as indicated by arrow "R4"). The terminal shaft 399 may also rotate the substrate
holder 392 about its central axis F-F (as indicated by arrow "R,").
The polishing pad 383 and a polishing liquid 389 define a polishing medium
382 that mechanically, chemically-mechanically, and/or electro-chemically-
mechanically removes material from the surface of the microelectronic substrate
110. In some embodiments, such as those described above with reference to
Figures 1A-2B, the polishing pad 383 may be a nonabrasive pad without abrasive
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roller 387, first and second idler rollers 384a anq6 February 2007
384b, first and second guide rollers 385a and 385b,

wdogososdse- up roller 386. The supply roller 38&yrus2003/026803
carries an unused or preoperative portion of the

B 8A8 H2 A8 8t BEP AP U PR ios anc

chafficalddidi temoaélmatehbe froh tRé mibreslecebhier subddatando. In other
the first guide roller 385a can stretch the polishing

eﬁﬁ%&ﬁl@@@ts dhe polisRing fedy3ferasde a fxedrbrasie polishing ngd in which

8355 Aoty bIRERSD S BBy polon te

mlemélédftﬁomt atbstrate dliDewith 386 spareflieeBBDakhe cafigNassembly 390
the polishing pad 383 across the top -ganel 381.

Pregsasy m%@woel@pganlcmw@t%ﬂ10eagemt|t ﬁsoqﬂfshmlesurface 388 of the

PoRRATERAY P8 Ip 65 pEBtereE N Ehelisobr Bt ¥ 1% iV psembly

398Nhenr orbith @R8I SubstrBR Hbl@épgbﬁcéﬁc% itige %&PsSEf@taﬁdlé&ronally rotates
The apparatus 360 can al so have a carrier assenbly

the Eubstcatethalder %Qﬂjab@mtdhe exis F-fretoriransbatedbe sohsteate 110 across the

polgRb i act bt Ao Ba8RH 58 hfhsils PadBids SpBLT g Fhelhicals inthe

polishitigaffbdieh 9382 reffveURtddl efroml &@%uﬁ@@é OfF Hdd %lcroelectromc

stages of the polishing process. The carrier assenbly
supsigaieahlO b @@hﬁml anégqmbemugaifmeqhasmal palislyinggprecess.

Gantts 7 TSREEF 43Ret of I8 halRRins 53 edlistiad B 8o can include an
elétidhptbOfor :ﬁiﬁWPapr%ble!ﬁngshﬂf én&ﬁ@r @ﬁ%ﬁﬁﬁ?ﬁto tﬁé‘%gparatus 360 can

act uator 396, and an arm 398 projectin rom-t
inGitice Bnﬁ@ctrmlyte ampplswesseir%(bmat ideltsemssart eteetrbt;dtei separately to a

* polisAintyfsscid B in pishiim Ber oG Wi qe pondl B8t escribed in
gr@é@bﬁ dgteﬁ{ be(lé@ Wlﬂﬁl‘é?é\‘e%e hy F?ddr@"ﬂbslﬁ' en%er%dggrﬁggggile apparatus

may al so rotate the substrate
36@boam furtbecemlude avdusreht Fsl.(miy i32di catglddbtp eteutnwdes positioned

proyggalie {6hdn8” por R nBoeabam  SaSrBAN. mithaAPRAFIYS 360 can
el<hRINtRIY Yeﬁ‘i%QQ AteA4l from Wfrﬁ{,m%le%ﬁbhfb St by

nmechani cally renpbves nateria romthe surtace o# the
m chagureeﬁt mpartsaubekpmded padially Bclsematuerﬂmmbtnentem of a portion

uch as scr.j bed above W|th ref erence
of egapggr %EO grlb%q? PORVR Yith.kefergncadg higurg 3 In one aspect of

SRR ISHRAI O 3 B e 81 Mol iy Wbecroce
paps|47_§h|efg:H of wfnbe&&:luxfm; ttaeﬂrat eleﬂm;devmma lab]gaa;lseeond electrode
emcals to reno erial fraom

rt s and e
44ﬁ$crt E?tr %lﬁ:pgog gtsgel%:plep 'ccg,tq1 st lead 448a and the second
electrodes 440b are coupled to a second lead 448b. The first and second leads

448a and 448b are coupled to the current supply 321 (Figure 3). In one aspect of
this embodiment, the first electrodes 440a can be separated from the second
electrodes 440b by an electrode dielectric layer 449a that includes Teflon™ or
another suitable dielectric material. The electrode dielectric layer 449a can
accordingly control the volume and dielectric constant of the region between the first
and second electrodes 440a and 440b to control the electrical coupling between the

electrodes.
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enbodi ments, the polishing pad 383 can be a 26 February 2007
fi xed-abrasive polishing pad in which abrasive

wioobd/zhss are fixedly bonded to a suspension pegiidshos/n26803
To polish the mcroelectronic substrate 110 wth the

h 390 h
SPoNES WBeified 1408 3G AGETERY o BRI et o e
mistudlectrord88ubstrataet 1@9*19@!% B}Jb{)ﬁﬂf&b B&&HiMy bhs %Beslﬁ% aspect of
of the polishing |iqui drive assenbly

thisrmbeririens thﬁ@@éb@greacbsﬁ%meatueaed stitan eleetraiw@ 431 supplied

oy 56 TP CEA IR IS0 hepklB 4B b fitolitharE] 381 Tust beneath

tha@olisiing ead BeBi sctudegdmgryf m@e%%ﬁrodéé 4@0&% 1p0b e selected to

abrasi ve particles and/or the chemcals in the
bep@pmeafﬁhig Mﬁdthﬁrﬁmon‘)éﬁtﬂﬁé it @ isabtHer amrargensantf teeelectrolyte

43 cgtive SHERTRE iR foninkl P33 584 fromy 2ppte Bot Sxamo. by disposing
thé elddhelyta e Gh 119 pblisiHng N W’&qu &g He'?‘?hé}?by %Eﬂng the electrolyte

l'iquid 389 can include ectro
Uppmdlers&mggh Ithe apaiishéng euddo&B&)entAcctohdmgtypathat aspatéfus 360 can

infjife aLPe HiiaPlicrinde 1aoY apstarebatiean the ralRNiRl pad 383 and
thé eléc%%e%ﬁ#m{ ar‘idl‘@AEB' '\Rﬁ‘)bﬁ%@‘é}:‘et i ?le\ggfdglv\/?\e\ﬁf:?ﬁgﬁ'xé in place, the

7, as described in reater
ele@ﬁt@eerﬁé@atmd:#@@b er@flsolated iftolre phgsite dsoméardt wnmee electrolyte 431

ar at us 0, can,f er in Iu e a current sup
ang B At diaohob s Rl cletigom, Bt ais det e aitinaceoeery empativle

Wlﬂ’ﬁhbseﬂléét&)l ol?3’3183 Accordingly, the apparatus 360 can
electrolytically renove material fromthe

m cimehecspent of tmdoembeﬁeneritpbotﬁl gjecteodes 44Ga, F0bi ganl iye spaced

* erBAto e BRSoRCbic stk 10e O e el one slecirod
cah®ees é;?ﬁ{F frek ﬁeémidrBel%ﬁﬁoﬁE%%?&trQ{e 1?(?@% jhe other electrode

enbodi ment 'shown 1 n ane
can qﬂnhaetl a tcpndﬁcim!eepbrtumeof fred mcréé(ectseawﬂs@kﬁstmwmo (such as a

oS5y L TS 2 o okt St
b5 e R A SO SN FoSRYRhA pa o0
In éitiSer embodingintahe electpddas 4404, 44 0bwandrdnsmibah Ele’i‘;frlcal current to
tne frpgt suifedit ot SLaBalRe Elp Weheuirestiuoniasung ies Jostartace.

el efﬁq&geﬁ é49r_? ?Pnﬁﬁﬂflﬁ&kr&d?hgbﬁbﬁcb 'kﬁ‘ﬁ 'agﬁg at@e‘lgb%o having

t ha ncl u ano I Sui ric

eletiroeies 5540 (Shewel ach ffiostes|detedde 5408 ahdesechHipeleattode 540b), and
acc rdin cont rol the volunme and dielectric constant
YR PRA RE@ngerdns agagrdangedwiib caiadhen embedimeent of the

m\feﬁ%na”ﬂ ﬁﬁ@késP f?gtgggl_er{afﬁd;ﬂeﬁﬁtthbcﬁellsﬁ%bDHe%m 582 includes

bet ween
polishing pad portions 583 that project beyond the electrodes 540a and 540b. Each

polishing pad portion 583 can include a polishing surface 588 and a plurality of flow
passages 584 coupled to a fluid source (not shown in Figure 5) with a conduit 537.
Each flow passage 584 can have an aperture 585 proximate to the polishing surface
588 to provide an electrolyte 531 proximate to an interface between the
microelectronic substrate 110 and the polishing surface 588. In one aspect of this
embodiment, the pad portions 583 can include recesses 587 surrounding each
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26 February 2007 WO 2004/020545 PCT/ US2003/ 026803 ZWPebruary 2007
el ectrodes 440a and 440b can be electrically coupl ed

wiP20b4)054% Croel ectronic substrate 110 (Fi gurepd}R¥o03/026803
the polishing pad 383. In one aspect of this

iggRnt . ipshi is saturated with_an
 rPRRE o8R0 AcchRdnBf, T eebe B <P oEER v &8 the fow
pdseagegh58p ewhiis etel Ifickdelébteoriie Psisdifite 3840] IStpositioned directly
beneath the polishing pad 383. Accordingly, the

Overierad ae semaing spaged Zpariremdiae elsaodes 54De .
arr dpbefie ol hedd abpRbty e Clsdha D uiiTribucs to Figures

3-5hearppb iERANG ERniB8R-MRRARSNG rbEEssCiRPiGoeR¥ironic substrate
di sposing the electrolyte 431 in the polishing liquid

118s@End/er rlactropbemisalljimechanicalyhprasiees tthel mitagoelectronic substrate

Y T e
e e A0 A iOh ey 82 plVTe PR BBfcal Bient that

pasage frop tie efedtiodpsathepughdhe ebaductveanatstiZa ofitide 4dibioelectronic
re isqolated fro l.cg] .contac ith the X

S@ﬁ@@ﬁ 310, ve 4h% TRahG Hhad dv'ﬁw_qﬁl&|$n§&t'§g| et glgcirpaps with the

miBFdctEtPdrfic SiBbtratee 19! PRSERIL! ¥s %ﬁﬂ?/ﬂltlgqgﬁg 6! the apparatus

the el ectrolyte 431. In one aspect o %dlhent,
capogéneriate & bighsfregiiencyiwaie B4 bad sgac sdperppose fa ow-frequency

D P TR et R BREHF i o, o
highacBLERELIVAGE BOR GanSHERIHE geﬂéé)oﬁﬂgsiﬁ\%?oph@gét{'vr?evoltage spikes

el ectrode can contact a conductive portion o
containee Maihin arsquase lvsaveaervdltPe @efinbd dy the lbaskesuateyolvave 602.

t he syubstrat 1%? that is elgtrically coupl ed via L
Eqch, SPHa 0T bR QU SBTIRSUETPY SEaE, SO oy Bae Surdatiielt Slaape rise-time
sIcHEPRS ﬁ%ﬁeéénf%rg.@ tRRRY Wi I'écfrl%ergggé'riﬁxﬁgiaf’?% 4%%“@@% and a more

I'n either odi ment,” the electro
gradualSail-tinenslepec Thedall-time slepé can defihe & staightdine aﬁ&ndicated by
t he

.Qf _.the substrat 10 without direct]y. contact i_n%
gl rRACEReY e G fleBer Toq ines GrenHicetal By, highdreduency wave
rt 0 t [
S0RS] hoBtngh cibotRRan®, e Ah-BEIOHLY o RE BOA R Hilow-frequency
walee 60Podan SHANE ,othed shappe! depérmdingre forumxaiplear bangrd particular

d i th anot her embodi ment of th
cheigelsiistiss of e Bipedisaalonsl and hecsigemiiienthe eheracteristios of the

gl X 0, B0 o SR gRRBtrie
to Bacbmopetificim tig midloglectronic LBstran1i0icl ude a ‘

pol Lshing surface 588 and a plurality of flow
paséi’&eg’%j@gd%cﬂﬁﬁcéfae@ oakove with Jefarerce rfet Figwsam 146 may be

pefcicd i, et oy SOBUK e sFBRU I MGRESRES il o0 i
vasetyf acmanners in accordance with several embodiments of the invention. For
example, in one embodiment, a separate apparatus can be used to perform each of
the three processes described above with reference to Figures 1B, 1C, and 1D,
respectively. In a particular aspect of this embodiment, the microelectronic
substrate 110 can be placed on é first apparatus (such as the apparatus 360) while
a polishing liquid particularly suited for removing the fill material 117 is disposed
between the polishing medium 382 and the microelectronic substrate 110. When
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588 to provide an electrolyte 531 proximate to an 2g February 2007
interface between the mcroelectronic substrate 110

whod/fs430! i shing surface 588. In one aspect @brtRbshsiozes03
enbodi nent, the pad portions 583 can include recesses

S LTI 5 AR G P eonuctvs et
114¢ ¢ioe dhisedelectrdific &lusire®d Y16 &AlbeafoPes %‘F'\o‘%’rﬁéﬁ"ﬁﬁnpfﬁcr&tus (also

fromthe flow passages 584 while the mcroelectro
gedgraltyr sitmdlar 1o the appaiati® 860) and ecney pabiskingdimiticucdn be disposed

i f h I .540. Any of
oo P ARAEERNEP, hUBDAR%R) TEh' BRI Redh. i o rurter
aspetoLiS dntbddigiene Sthehéw pMsRifgURRAY c@n include an electrolyte for

chem cal |l y-nmechani cal |y process the mcroel ectronic

reggpior Hie conouictive omaterial etts. ocBecictild yomdubtive aadtesial 115 is
th ' I [ b t 110. When th

reRGRET Suke® Bledel8d b6 WidesRiBE A Ba miproptenizanic st bstrate 110

calll 96 8fiéved W8 @?tﬁfr@eéiﬁﬁréﬁfé' ﬁvrﬁ&?%ahaé%olﬁg’gpér{é?éﬂygﬁgi}ﬁr to the

provide a varying electrical current that asse
appheatys e360pdwy] a hihinalg hpdliskingodiduict i cen vt edispdsesd Hdiween the
. cr o%l ectroni,c the el ectrol

i S R R R P ARG bR A BB STV (o bnderiayer 114,
m Cﬂ@@he%tsg@ett &f tﬁétféﬁég%ﬁrf% ééh%odEﬁént,efrf%[?glcgeeiéétréﬁke%bstrate 110

in Figure he apparat can gene
cahirghmain adiea sjinole varter43%dds dlais moped fnoppeere apparatus to another.

Otﬁ%%érﬁﬁ%&%@%ﬁ%ﬁ%}éﬁsg ?%iﬁ?fréatbg%@giﬁ i k{l’rse uér}ﬁyonme'agﬁbodiment, the
elét!tlgﬁe_%r&‘é'd%ﬂélé’@ﬁbﬁtﬁ:gg}l ?g%]%ésgﬁﬁg rﬁiggﬁlé&?orgé Substrate 110 are

positive or negative v al ne
nok ins glirect physieak nortiach witthedithrerdthymidrecleotreficespiastiaie 110 or the
_ waveﬁé. . Each spi.ke of the high-frequency wave 604 .
cafTigl 3t dUHng ArgeesNiNg ik ey danse withhan amigsimept of the invention.

ACSHRIEIG! tfh8hfie dhfigkgbo! b B AIsBh! bt HofBiEktAlid Brddi8sing (for
el ecttolyte and a nore gradual fall-tinme slope. e
exémple, t wiven sthepfill cnatedef i11& andtthai giderlayee, 186 are removed) and

i ndi cated by . high-f , 604, or a curved .
olqalalylicopRgIRg (1B Mg e ecPRYiLREve masedal 11%is removed)
' ' . 604 . .
PARIETE O RS end g bl S0 R S A BB ecronic
substpated! 1) mdstrbee rmvehdromrorieheampiar tto caotier can be reduced and/or

.Charagterjstics of the dielectric material and the
ellr@pr@;@a uring this, Pregessg sefugncss reduging the likelihood for damaging

| thézﬂn@émlsigﬁ;ﬁ%@%&sﬁgpéﬂ te 110, and/or the target rate

uctive nmaterial is to be renpved from

t helnranother eatbaaiihent tiks sameeapbPatusBB0®4MBE Lised for some or all
gggcri bed above with reference to Figures 1A-6 nmay be
of Ja8 MEPFRIFOR dPsaribedaphryart Fossexasmplei ke @ngbembodimant, the same

poliifg fRGRI ddh B 94EETo Paold ik fill material 117 (as described above with
reference to Figure 1B) and the conductive material 115 (as described above with
reference to Figure 1C). In one aspect of this embodiment, an electrical current can
be passed through the polishing liquid and the conductive material of the
microelectronic substrate 110 when appropriate, for example, when removing
material that is largely comprised of electrically conductive constituents. The
electrical current can be reduced and/or halted when appropriate, for example, when
removing material that is largely comprised of nonconductive constituents.
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vari ety of manners in accordance with several 26 February 2007
enbodi nents of the invention. For exanple, in one

wordfieiat , a separate apparatus can be used ber/us2003/026803
perform each of the three processes described above

‘;"‘;S Begctﬁﬁgl; l%?r?t?qotnﬂeﬁ{sg ll‘?%ru rﬁbg‘éﬁgge aogdpr%)ﬁ%ses can be completed

withthedsarme tpohshmgrﬂqir @elreahy ontite fo?e@&hg nfoddhP e te downforce
placed on a first apparatus (such as the apparatus

ap;:@gg taine enicroelpntionis agpstrajaild Omant be aelectqd kasadedn the electrical

IR SGPTaRTE e  E B sPBEF Se BEHE e et

vasudss theden fokGhe Wiktnforck3ané the Riaad é’al?&Went\éQn be selected based
2004/ 020545 PCT/ US2003/ 026803 the fill material 11

upess thse dasiredrdesdlt devive ta@htéhl@dl by dhe gfrocess. chrm‘uexampIe to avoid

sriben i B cob BnivbinBl 27 che Rk Rt Relptla Bibg reatively

lowaarid thers st 4450112000 ﬁ@nﬁcr&él‘é’cﬁ@r‘nb%ﬂib@ﬁ‘a{e B ‘ﬂ)ecéé]ected to be
be di sposed between the m croel ectronic substrate and

r etalfwebdwgbhlG@wmﬁanhem smefamnghe mot as|great afconbem (for example,

t, th d
wiL FEigF e theh ErdBlalt 15 2 hihe. sRiarRS codradist agreases and the
cléfiCaltdieres®psleddve material 115 |s renoved down to

the | evel of the underlayer 114, the nicroel ectronic
subdﬂ oiiner ambodisaents,cotiney ethatacteristics raf thppaateriat removal process

ca \é% 5&}{%%9 a)%]sr?@( ene aI ll?/ ﬁsqéﬁsgagggqto%@trrgqe gggn%onductwe fill
métehamw (b ch@hﬁé&ﬂhé&iéﬁéﬁl%&%ﬁﬁbh@ttﬁe %ﬁgﬁve material 115 (by

polishing mediumto renove the unhderlayer
el%@miﬁnmaltmecham@cﬂm@nérslb'odﬁtarmuuslyt aed at apprOXImately the same
, gel ectroni c su {at e 11 can remain wt

rafl n{ﬂ

Ce CRRPPIERLION, DT, SIUTEY | RAMfiGIE. 4C3H It o'ﬁ‘@“@p“ﬁgr ataialive to the
coh@eﬁtﬁéﬂdi*%/hengﬂﬁy H@ﬁl@?&eﬁéhélt 10 f]/efse n_g'udyénz ttﬁiaﬁthe removal of the

feature possible€ that, 1n
fillenstariabddd km pace Mlth:th@i’qrhn@l cbfythprm&ﬂmtmg méterial 115, In

el nEet b LS sTRRRIMSNY i Comisnalion i des Khalaking agent can be
adiishsd f@é@uétltﬂe%té #eh H{rféf ¢ tﬁ\% Rflerid l"l"l%%é'r&@xob@d

accordance wth an errb I ment o
Acc (ﬁf@mn@leyforegmng,al’temﬂ abe iappred@ted dhatb epemﬁkd eim:fodxments of the

non- el ectr ti rocessing (for exanple, when the )
InSrYIpR v 5%%1 losBHART PRie (106 PLERRSES 14 s ER v dpat various
GiNteatRh8 Cinkg! b St T
m condaucltnl ve ?%r'ﬁgﬁéq&@l st gg%v % ga%fgﬁﬁ{éé’tgd;%??e of the
inveitionar Asngrelinegly, the ummntlbhelsnmiﬁ)mnezﬂ é)capt dshby the appended
| m croel ectronic substrate 110 nust be noved from one
C8%Prier to another can be reduced and/or elimnated

during this processing sequence, reducing the
l'i kel i hood for damagi ng



the mcroel ectronic substrate 110. In another 26 February 2007
enbodi nent, the sane apparatus 360 can be used for
WOk @bsadl | of the processes described abovePcfﬁ%mmy06&B
exanpl e, in one enbodinent, the sane polishing liqu
can be used to renove the meAmmaterlal 117 (as
descri bed above with reference to Figure 1 B) and the
conductive material 115 (as descri bed above with
nWwefgsigpice to Figure 1 C). In one aspect of this
enbodlnent an electrical current can be passed
t hr ough the polishing liquid and the conductive
material of the mcroelectronic substrate 110 when
when r enovi t.h

appr opr| I exa [ erial
P Hor gerty RaUBINGS S Ao e romE gy MEteAl CiroUL @ micioelectronic
ny can be reduced
Sugggléfoér bﬁﬁﬁ%& g\/\ﬁ?ﬁ“%ﬁgggpﬁb g{: g;ﬁé'gxarrpl e, when
rem@/iquidcatréeri al that is |largely conprised of

2008705 55k e 1 Gaerub b b a0 CBr i A gBelGHIAUIS transmit an
haCt oo Hhedifibal” Renidht PEOARIAC rC YoGfadkP BN B8 nfftdblectronic
the sane pol |

ing liquird. In an fore
enbodi nerstubstratee tdomin‘ohnt;&;caﬂgppienmiret m:ohtiactlve matenal from the
m croel ectronic suhstrate 110 can be sel ected based on

the el ectrp'lcﬁocﬁleCtE?IF?éH'Ps E¥BI % to the microel ectronic

Subgfr é‘%ﬁe lgﬁoé’é‘d Silg' Eh"?‘iqpi?f tda?ﬁ’ér?rwht‘-!@m‘etﬁe abrasive
chosen for t ce an el ectrical curren

can be sedlemea’ds fbr:raeqb tougbonit 1 eoitibei podidhingdiguid, thy \b@lght

achi eved by the process. For exanple, to avoid

snearing the conducive material 115, the downforce can

be sel ectgd :g%llgﬁmp Hfgdqrﬁ' ¥ & a\”%{e’?&nc e{)géiatrasive elements

applied tot ronlcs strate can

~ incletledoddidad dbeasives ahatvisny b db. abcun\eE%ebf/ thevpelishing liquid, by
snearing is not as great a concern (for exanple, when
W&igovi ng the underlayer 114), the downforce can be
i ncreased and the electrical current reduced. In
ot her enbodi nents, other characteristics of the

nratal aI Trrwnpoahhungommcam chkfmad usieesin ey abrasive elements

exanp it is desirable to renove the

mcﬂ@@l@ @ﬁm pgg of icp|loidgksikiga abrasives(ang colloidal alumina abrasives.
chem cal - mrechani cal action) and the conductive
material 115 (by el ectrochem cal -nmechani cal action)

si mdl, t anemigs pylistin Fedir SXEIER &, Yulthéer §éﬂ’€pnsmgt@ pollshmg pad
the concentration of slurry parti ¢lies can i ncr eased

haying atRalishing sudace ok mhesegin gheviiasid @arryert rhfee feleatrolyte and the

=t ife elirngriterd fisHRBEE Rt (e eish e Rackr ' (e

conductive material 115. In

5. The polishing medium of claim 1, further comprising a chelating agent

disposed in the liquid carrier.
6. The polishing medium of claim 1, further comprising a chelating agent

disposed in the liquid carrier, and wherein the chelating agent includes at least one

of ammonia and chloride.
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anot her aspect of this enbodinent, the concentrati
of the chelating agent can be adjusted to adjust t%?eFebruary 2007

wordoBeiMos8 Which the conductive material 115 i §crus2003/026803
renmoved. Fromthe foregoing, it will be apprecrate

t hat7 specpid gm?% 3 L aventd of
desc—/l'r'i geg]r éeé%ﬂ n bﬁgumrrﬁggélsaﬁrﬂ?l M‘&u@? Mﬁ F%Lﬂ’avc%{ﬁe%ﬁﬁcludes de-
iobizat weder.ous nodi ficati ons may be made wi t hout

deviating fromthe spirit and scope of the invention,
Accordingly, the invention is not limted except as by

t he qappe r . 2007
D00 booalE wel B Bigids st asra AT PP ing liopid js acidic.
pol i shing nmedium for renoving material froma
m croelectronic substrate, conprising a polishing
i qi-d t Hde ipedishings megium qgaf ¢lajer rli sherein &heqoalishinge liquid is
allgél' osed in the liquid carrier and configured to
transmt an electrical current between an el ectrode
and the mcroelectronic substrate to electrolytically
renove conductive material fromthe mcroelectronic
subsh® at eheapelisiingsinedium exfealaindl swhareih ithet @lectrolyte includes
liquid carrier, wherein the abrasive elenments formup
am OB PRS- { ho pol i shing Iiquid, by weight. 2.
The polishing nmediumof claim1 wherein the abrasive
el ements include colloidal abrasives that formup to
aboutl. 0. Sheopotiskingomedhinmgfl claimd| vayereireitgét eledtrolytee includes
ngrﬁl i shi NG r{edi umof claiml wherein the abrasive
anineiA 2 ficl ude at | east one of colloidal silica
abrasives and col |l oi dal al um na abrasives. 4. The
pol i shing medium of claim1, further conprising a
pol i1&hi ndheapblishing medium of icteiinnt farthéacempeisingvd ehalating agent

.the li.quid cartier, the, electrolyt nd the abrasive .
* ottt dhg 1G5 coisiascAsu fuegein 1he dellig Aaentigeiides ammonium
hyatii@se. 5. The polishing mediumof claim1, further

conprising a chelating agent disposed in the liquid
carrier. 6. The polishing nmediumof claim1, further

CONMpLi Si ac ati ng,  agent
nq& Dﬁ’\e pOIIhS Eng me%iun(ﬁ] of claim 1, further comprising a chelating agent
disposed in the liquid carrier, and wherein the chelating agent includes ammonium

chloride.

14.  The polishing medium of claim 1, further comprising a chelating agent
disposed in the liquid carrier, and wherein the chelating agent is selected to bind

with platinum ions.

15.  The polishing medium of claim 1, further comprising a chelating agent
disposed in the liquid carrier, and wherein the chelating agent is selected to bind

with copper ions.

16. A polishing medium for removing material from a microelectronic
substrate, comprising a polishing liquid that includes:
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di sposed in the liquid carrier, and wherein the 26 February 2007
chel ating agent includes at |east one of ammonia and

WeModlidss - 16 26 February 2007 WO 2004/ 02054 -
PCTI US2003/ 026803 7. The pol i shing nedi um of BCTUS20931026803

wher giifuiiherhig@ui d carrier includes de- ionized water.
8. Th!elalrj)]ol [ srlléﬁg medi um of claim | wherein the .

pol i ahiabecttdlytei dispssediiditbe lidid Tﬁﬁri@obhdfddmlgﬂféﬂ WNtransmit an
of claiml wherein the Eglishlngliquidis al’kal i ne. _
10. The pIPfEicRhFURaNtuRebyesn a4 elegiiedei andhihe microelectronic

el ectroly. [ e j hat e, . Th .

pol i shi ngéb?rroglti Eéml{gfé'c‘?f’gmﬂpéwér@?ﬁgt%e&&dé%W%'ﬁ?tS”a' from the
i ncl udes mineiatiionis substrate; 12. The pol i shing nmedi um

of cl aj n? 1, further conprising a chelating agent ) .
di sp%§b alRgt agent; dispepesain ther liawd ccarrier end aonégured to bind with

chel atin ' Lum, hydroxide. 13. The

‘pol i shi ngoﬁ%‘g%hnéw %ﬁdg{ég?%ﬂﬁg,@ﬁ%’r ghg,r conprising a _
chel afrasigeagismentsi digpassd i i the Ilguidi chrfigF " WhkreidNthe abrasive
wherein the chel ating agent includes ammnium

chl ori de.elementsforpain torabaut 18e by iwaightcofiherpolishing figeid.
conprising a chelating agent disposed in the liquid

carrier, and wherein the chelating agent is selected

to biTd Thd pohsdiing MEdilONG: clan 18heuridri compising @l pilishing pad |
of claiml, further conprising a ch(_el ating agent
haying, & a@lishingh surfacrii and awhersin thedliquidr earriet,hthe electrolyte, the

BB LAEhERRA nd SpPA Ll R ihddt SARREEH KSR otiin

sumrfageoel ectronic substrate, conprising a polishing
liquid that includes: -17 26 February 2007 WD
2004/ 020545 PCT/ US2003/ 026803 a liquid carrier;

18.  The polishing medium of claim 16 wherein the abrasive elements form
up to about 0.5% of the polishing liquid, by weight.

19.  The polishing medium of claim 16 wherein the abrasive elements

include at least one of colloidal silica abrasives and colloidal alumina abrasives.

20.  The polishing medium of claim 16 wherein the chelating agent includes
at least one of ammonia and chloride.

21.  The polishing medium of claim 16 wherein the chelating agent is
selected to bind with platinum ions. |

22.  The polishing medium of claim 16 wherein the chelating agent is
selected to bind with copper ions.

23. A method for removing material from a microelectronic substrate,
comprising:
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an el ectrolyte disposed in the liquid carrier and o¢ February 2007
configured to transmt an electrical current between

Wi‘f‘zoﬁi/@z%flso‘je and the mcroelectronic subst rai’?T}UQZOO 1026803
el ectrolytically renove a conductive material Trom t%e

m cr, ' i -
' TR B]rferd POk HupSpiethah o BoRiilh {BRSSFS polishing
i ons of tp&el; conductive material; and abrasive el ements

di sppsed.in the |iqui a carrier, wherein the abrasive

el erfg‘?‘ﬁc?"?%r?n RIS G HisWd 12dgesntwig dhe Belishieg surface and the

pol i shi Nngnil+SH1k . ol shi . ' -2
16, 1 urt Ractdbetront sub ok tad BTG I, ficl b ¥ etectroiyte
pol i shi n@rsuabeasive afemaitsy ¢han polishihg diduid dvingup fohebout 1%
el ectrolyte, the chelating agent and the abrasive

el ement s 3RFeSiYe sjsBRYs Y Weleht to the polishing

sur f L8 | (o] N ' ' . in.

Ehe Paseng; & vafER LIS SR Trithugh BN dldlid o the
pol i shi nenibrogléctrorly subistrbte frbh afheasobhs hélastro@slispted apart
of claim_16 ;(A(ﬁ&e)‘r ein the abrasive elenents include at

| east on&t themigpalgctrenicisubstipiaagndes and col | oi dal

T e e L —

of ammonirelating ohlties i sther 26. refhéve chahiah grdie dileMnfiEroelectronic
claim 16 wherein the chelating agent is selected to

bi nd wi t §UBFEieum i ons. 22. The poli shing nedi um of
claim 16 wherein the chelating agent is selected to
bind with copper ions. 23. A nethod for renoving

mat @4i al Theamethod 6f dalne &3 @hbirs @%dsﬁ‘%ﬁa (S)olishing liquid includes
conpri sin -18 26 February 2007 2004/ 020545

d'mﬁrm%ﬁeggﬁloélagisi Bavjag e abertd}. %l tecabahiOcc% colloidal particles
by%M%aﬁ{ate with a polishing surface of a polishing

- “pad? disposing a polishing liquid adjacent to the

pol i shing surface and the mcroelectronic substrate,

the polishing liquid including an electrolyte and

abr 25i ve TEegnetos, oft ¢leinp &3i whenein dispoisthghaofighing Itqoiid includes

. 0 - . . 3 . -
dlS?)%%H\tg éfgohshlng liquid having a chelating agent that includes at least one of
ammonia and chloride.

26. The method of claim 23 wherein removing material from the
microelectronic substrate includes removing platinum from the microelectronic
substrate, and wherein the method further includes binding the chelating agent to
platinum ions.

27. The method of claim 23 wherein copper from the microelectronic

substrate, and wherein the method further includes binding the chelating agent to
copper ions.
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abrasive el enents by wei ght; passing a variable
el ectrical current through the polishing liquid to %Gnléebruary 2007

WO f0098losst roni ¢ substrate fromat | east one e&?’fﬁfs%igg/umsos
spaced apart fromthe mcroel ectroni C substr an

NOVi at a ad and the

i crggl ect b%nﬁetg’ggs?)& %g?mpg \F’é%lrg ﬁ%’va?qwemaé%ﬂa’ from the
mieneketrshicesitedtrdte aRtiLEEs Wéﬁlb@?\g%hfa‘ﬁ%ctarﬁéﬁgﬁ{ hRfie, tungsten or
24. The nethod of claim 2 in disposin

tungstemnitiide fram thei misrorlestronic spbstratg. a pol i shl ng
l'iquid having fromabout 0.1 %to about 0.5% coll oi dal
particles by weight. 25. The nmethod of claim 23

wher gpn dvﬁﬁoﬁem&omﬂémbs%éréﬁlﬂa@pbékﬁg@ﬁénshm liguid adjacent
di sposing a polishing liquid having a c %
tq the nohémnugewéaca andt thenmiabeleatromici subshtte mh@udehe disposing an

8&3%{3@ %E%F of claim 23 wherein renoving nateri al
!) f?g FHidel ect ronic substrate includes renovi ng
platinumfromthe mcroelectronic substrate, and

wherein the nethod further includes binding the
chel 30. nngagemthbd of wlaiti A8 wheves. digdosinge pelidtig Ghuid adjacent

refn co fromthe m.croel ectronic
teC iR, Pl vt e mBH ihe o ae RGEOn G SRSl diaiades disposing an
ambnﬁé thgﬂg,g%gagjdatl ng agent to copper ions. -19 26

February 7" WD 2004/ 020545 PCT/ US2003/ 026803 28.
The nmet hod of claim 23 wherein renoving material from

t he crpel ect ubstrate i ncludes renoving
tant%{nu %me&f’aﬁ?ﬂﬁ FIMye3 Whehejst AePasing ﬁm@m liquid adJacent

e BRSPS L ML e, B iposing an

ellebtquiyté thaif awdudes ammdm:rnqihosbhét@ surface and the
m croel ectronic substrate includes disposing an
acidic polishing liquid. 30. The nethod of clai m 23

whergp n i.qui.d_adj acent he .
pol i sHi ngnzélj a@(gd gﬁ%‘)ﬂ? m%ﬁtéﬁ@é%?%‘ﬁ% s‘EHJ@PFé& Eqwd adjacent
tol thel pdiéshint soefsics gared the iiiztddectric ShbBgalel fidithes d|sposmg an

electrolyte that includes ammonium sulfate.

33.  The method of claim 23 wherein disposing a polishing liquid adjacent
to the polishing surface and the microelectronic substrate includes disposing a

chelating agent that includes ammonium hydroxide.

34.  The method of claim 23 wherein disposing a polishing liquid adjacent
to the polishing surface and the microelectronic substrate includes disposing a

chelating agent that includes ammonium chloride.

35.  The method of claim 23 wherein disposing a polishing liquid includes
disposing a polishing liquid adjacent to a conductive material in a trench of the

microelectronic substrate.



31. The nethod of claim 23 wherein disposing a
pol i shing liquid adjacent to the polishing surf ace26 February 2007

winshol/fRsdg croel ectroni ¢ substrate includes di %%52@3/026803
an electrolyte that includes amoni um phosphate

e L0 S MG AT A wome

camgnisiedi:ect r oni ¢ subst rate incl udes di sposi ng an
el ectrolyte that includes ammonium sulfate. 33. The
et HEWAFNE Baifroslegiranis; subgtrapwither Rolighing iunigee of a polishing
l[iquid ag%éa:ent to the polishing surface and the
m croel ectrdni c substrate includes disposing a

cheldisporingganpolidivig i it degaesmTo b wﬁehbdrmhgesur%e and the
The nethod of claim23 wherein disposing a polishing

li qui d adNiEEeslectrericsnbsisale #m pglishing diguidaingluding an electrolyte,

Chl ati ng SBldirEn 234nC e AL SeRRE RGPy e gelishing liquid

The net hathvdg ap &b BbaGt mﬁﬁbma@pgﬁmw WeRplti shing
liquid includes disposin pol I shi ng I|qU|d 'adj acent

to Passingu@ ivaeahie elecirica ncta{remteﬂmugh thige polishing liquid to the

2004/ 020516 T3 B Taish 48R SUIBREC Rl Flgrod® spaced apart.

renovi ng frerh e AlicroeREtrani® SURELeStdNni ¢ substrate,
conprising: engaging a m croel ectroni c substrate with

a Pdﬂ?‘\éﬂgr@ legst aae affthe F{QMShEFEI pad qnﬂdthedmoelengo:alc substrate
Phe i crpititd: foo e “GHRE barems R angiel ey I angoctectronic

i ncl ud| ngudBtreleectrol yte, a chelating agent and a
dilute colloidal slurry, the polishing liquid having
up to about 1% colloidal particles by wei ght; passing

abI el ect curyent thro t he polishin
T ade e metigd el deoheredh slithosing pikesamY hude inoludes
digpeRirg) Q‘Ho‘h@ﬁi‘h Wﬂa\ﬂﬁg?ﬁom Sb&m 6.7, 5 ﬁd&ﬁ'f@%r&fﬂbfﬂal particles
substrat e; noving at | east one o
bypeeighind the m croel ectronic substrate rel at ive to the

other to renove material fromthe mcroel ectronic
substrate.

38.  The method of claim 36 wherein disposing a polishing liquid includes
disposing a polishing liquid having a chelating agent that includes at least one of
ammonia and chloride.

39. The method of claim 36 wherein removing material from the
microelectronic substrate includes removing platinum from the microelectronic

substrate, and wherein the method further includes binding the chelating agent to
platinum ions.

40. The method of claim 36 wherein removing material from the
microelectronic substrate includes removing copper from the microelectronic

substrate, and wherein the method further includes binding the chelating agent to
copper ions.
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37. The nethod of claim 36 wherein disposing a
polishing liquid includes disposing a polishing 26 February 2007

Wo Rbi /(%g]@w ng fromabout 0.1 %to about 0.5%
part1 cles by weight. 38. The nethod of claim 5@?0950‘3%26303

wh I d I ud

et ShEREHR  dak SRR PHPebBEA Blinaane scecen
to tthetpalislingdasfade bRdstheORfcrotlecRBRRNsG sWe QHbIQ&éQQ}lsposmg an

39. The nmethod of claim 36 wherein renoving materi al

acidiopelishéng Helweloel ect roni ¢ substrate incl udes renoving
plati numfromthe mcroelectronic substrate, and
wherein the nmethod further includes binding the

chelat i Nghaghsthobof dhiRt Be%ér@ﬂﬁdlségsm-grhz? gﬂﬁ‘émﬁg liglid adjacent
clai m 36 wherein renovi ng mater al

to e pedskiogr gnfaces abst thet midroelectiesicr sutsiiate indpges disposing an

roelectronic substrate, and wherein the

a"{%@ﬁ%‘g&"ﬁmgﬁgp@m udes bi nding the chel ating agent to

copper ions. -21 26 February 2007 WD 2004/ 020545

PCTI-US2003/ 026803 41, The nethod of claim 36 wherein

di sfdsi n@ha npethiodhofrajaim §6iwheaeinadisposinga pbhshmg liquid adjacent

olishing surface and the m croelectraonic substr
to %}pc'pgﬂ € gn thea@;c&p%leﬁgpnngrﬁtﬁiftrqt%dncaudasz disposing an
eleEh@lyW@thdné!&déé ammo%ﬁum:mo%gﬂ af¥l. Sposing a polishing
ol 1 Shi

l'iquid adjacent to the ng surface and the
m cr oel ectronic substrate includes disposing an

LT 88 i e
to Pr% Ip%!]ée}giﬁgséﬁﬁét“ée aﬁadthbhﬁn Pﬂ?r‘ﬁﬁt L%lﬂ%tél ucjh&@é Qisposing an

I nC I SpoSsIn I nc

eleatrotyhe ﬂmtmh@a@émammm'ﬂumﬁnﬁatEt hod of claim 36 wher e| n
di sposing a polishing |iquid adjacent to the
pol i shing surface and the mcroel ectronic substrate

kg Tl SpangRR gt b Apiiy AR L aocen

to thes pasishipgasprdhce EnaigtHd mitdestit@pnisubswatehihcludes disposing a
urface and the m croel ectroni c substrate

é)ol i shi ng ?@
chelating aeentingh s yripsamere;um hM@%@@nt that includes
amoni um hydr oxi de.

46. The method of claim 36 wherein disposing a polishing liquid adjacent
to the polishing surface and the microelectronic substrate includes disposing a

chelating agent that includes ammonium chloride.

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

engaging a microelectronic substrate with a polishing surface of a polishing

pad, the microelectronic substrate having a dielectric material with an

aperture, a first layer of a first material disposed in the aperture, and a

second layer of a second material disposed in the aperture on the first

layer;
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46. The nethod of claim 36 wherein di sposi ng a
polishing liquid adjacent to the poI i shing surface26 February 2007

w0l /¥8s43 croel ectronic substrate includes di §8’P/%§£}ﬁ3/§26803

chel ating agent that includes amoni um chl ori de

cubetibido '€ FRIBRRG AL, Hlrodt. R i (BFlstid liface and e

subst r at enjptdelectrdpit sabstRgtes tHd p6RsHirlg Aqind! méltmm@ an electrolyte,
pad, the microelectronic substrate having a dielectric

mat eri al aghahating ag@fér&ﬂﬂ@dllutemqll@tdal sy, of a first

e s Sln ARMBe Pal EPBL Mg, IR DR o e
f I rst | ayefoeledtdri® sEﬁ&fé&@Warﬂ@? rst ‘é%cﬁtQﬁi%/ %’éﬂi%par’t from the
PCT/ US2003/ 026803 di sposi ng a polishing

adj acent mlarqeﬂ@ctmm shpsitate aefeaa@omdoeleﬁeode spaced apart from the

m croel e Ironl bst e, .the g

Thel uai ndrstPradtete Snd M micogBRanE N Bdoels’ahily |
di | l#ﬁ&nﬁ?'dt %@E!' oﬁé bf ’tb{e ﬁéﬂ§ﬁ|h@9pé’d‘ 2Rl 8AE Thicfbel6&F 6B substrate
t hr ough pol i shin uid to the mcroelectronic

subst r at éelfatlmt@ the o réb gemoye dhe fissteandagecand materigie from the
m croel ect.roni & substrate.to a second el ectrode spaced

apart fronriie Y BURS R T 0de and t he

m croel ectroni c substrate; and noving at |east one of

the polishing pad and the m croel ectronic substrate
rel #6i ve Tihe mathod hefr cltaimr difowierdia femes\tin@ntheséicsindnd second

| f t h | ect trate. 48. Th
PR RSIGRIE? RO WAL RO RGOS ORSE and

second materials includes renoving platinum and

phosphosi |l icate glass. 49. The nethod of claim47

wheréi n rTéometigod hef tlaist 4@nwheesinntbmomngrihel $irst and second
i.ncl udes renoving a refractory netal and copper. 50.

‘ m‘?ﬂtﬁ"éaﬁéf‘ﬂb‘ge%ferﬁp‘%pﬁ]%'?frﬁcm tal-@RhEPRRSSg di sposing a

- mcroelectronic feature in the aperture. 51. The

met hod of claim47, further conprising disposing an

el e&S0r od@hemethbel cifi=itnu4% fudZer dameprigitd dibpobingl @htieréélectronic

wherein the first material includes a
feature in the aperture.

51. The method of claim 47, further comprising disposing an electrode in
the aperture.

52. The method of claim 47 whefein the first material includes a
conductive material and wherein the second material includes a generally non-
conductive material, and wherein the method further comprises disposing an

underlayer between the conductive material and a wall of the aperture.

53.  The method of claim 47 wherein disposing a polishing liquid includes
disposing a polishing liquid having up to about 1% colloidal particles, by weight.
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conductive material and wherein the second materi al
i ncl udes a generally non- conductive material, and 26 February 2007

' he net hod further conprises disposin
Wyr@gﬁzgi/‘%r bet ween the conductive materi al angcg/%\%)l()f/(msos

of e aper . The .nmethod of claimd47 wherein.

i str?ngi né&? aﬁ%{gﬁ Psﬁ%n&erﬁs\ﬂ%dmﬁ%l%cfg%m 8i %‘HQFF?&%H”'C substrate,
coprisirty:ng i quid having up to about 1 % coll oi dal

particles, by weight. -23 26 February 2007 WO

2004002408 BET/ WRFOBIBLWEBE0SUbstrate. mithhed Hatishing surface of a

r enovi ng ri ‘'roma mcroel ectronic substrate,

conpri si Hgﬁg@GH?ga?&{. ng the mcroel ectronic substrate

Wi t Riisboeild BRI dI8ctpalyfi@fiuialadlacdift!tb IR WﬂicR%i'éctEonic substrate and
di sposing an electrolytic Iiquid adjacent to the

m cr oel edlte palighisaissrfaae of thedpolishingapdd;shi ng surf ace

ft i_shi ad: ,applyin force to at |east one
o Lo Lo, B ST TR SR RIS e e
pad, the pbRsiagbphAg tH " %&@%éiﬁ&ﬂagﬁtgﬁi %ﬁbgrg d_ﬂ{e tdiRer of the

m croel ectroni ¢ substrate and the p
passi ng &niorpeletifaniebahstrate ahddie pelishingpadgh t he

S pabebsinda Fansh dledRtaliat triobah ing Mldtionts ki bgtween at
conduct i Yty efdct@biet %%ggﬂfﬂg&# %t 9Re ??ﬁ{féé&%rﬁé substrate

selecting a | evel for on orce an
el ect ri candcucordictive seaterdal dfdhs microelguamoniosulesttate;el

for the,other: d removjng at | east part. of the
con&ﬁ@f” pg W@f{%lonﬁrqﬁh? ﬂ‘ércﬁi %&%&‘PP@W@ current based at least
subst r at ¢ Pajrt BpvA r&eﬁor'tﬁ@afhdesa{‘&n@f the

m croel ectronic substrate an the polishing pad

r el eemeeingoatt feasbtpgeet of Hte cbhductbteh athterfialcframntHe4 microelectronic
wherei n sel ecti g&one of the | evel of the force and

the el ecPHPRIERtSCRN MANING Acleasleana of & migroelRstiopic sllygrate and
have a r e%b'Yﬁhﬂ%k)gwr%@hﬁg%w\%gﬂﬂébe el ectri cal

current has a relative 56. The net hod of
claimb54, further conprising selecting a first force

Iev% f the force and_a first current level for the

N _ci[’edﬁ?ﬁh@HtOff%ﬁ"mr ehlierjn felacdiagtonepelk thedevelinf the force
. S

e S AN R S SErRRI BOBHEE1S PRLS AMIBNER) o vato

whandlee etetttiieal oemntent Basla retativelyenigh ealuel cal  current

56.  The method of claim 54, further comprising selecting a first force level
for the force and a first current level for the electrical current for removing at least
part of the conductive material from the microelectronic substrate and selecting a
second force level for the force and a second current level for the electrical current
for removing at least part of a generally non-conductive material from the
microelectronic substrate, wherein the first force level is less than the second force |

level, and wherein the first current level is greater than the second current level.

57.  The method of claim 54 wherein the conductive material is a first
material and the electrolytic liquid is a first liquid, and wherein the method further
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for renmoving at |least part of a generally
non-conductive material fromthe mcroelectronic 26 February 2007
substrate, wherein the first force level is |less than

the second force level, and wherein the first current

| evel is greater than the second current |evel. 57.

The met hod of claim54 wherein the conductive nateria

is afirst material and the electrolytic liquid is a

first liquid, and wherein the nethod further -24 26

February 2007 conprises disposing a second |iquid

different than the first |iquid adjacent to a second

mat er i @@MpAisasHdspeinD @l second tididsditistenatien thedirselimprid adjacent

mat er it@la s&@IOndidriat e He frﬂ&ﬁbfeﬁﬁ'orfgb rs%l)sﬂ?treefﬂeaéecoﬁd material
58." The I sposi ng

el ectr el'?/q fi%%r?r&manah%rsaa@éera 'sposi ng an

electrolytic liquid that includes a chelating agent.

59.ggl f ' 4 S

Sel ent e eyt %@gﬁudgﬂ a?!#’aé@ﬁ%’é) §°Sc'>'§§ ﬂ@eg?ﬁhgﬁ'g&"ﬂg'ldyt ic
l'i qui a’%@ﬁ%@smslm an @&CFTQI&@IQIIIQB@rthBUhe&JdeS aeheéting agent.
met hod of cl ai m 54 wherein di sposing an el ectrol yt| c

[ si.ng an.electrolytic liq

ha\c}él"i)| n‘il ab@s‘%?sﬁ%éﬂ@ﬁ &%Td'w'mméacta?'m 5‘71%154

wher eﬂ'?fP'\@@@ﬁSﬁ“ﬁlgO%lm ah elsctriobydic liquidrreaving ditute deloidalparticles.
jopassing an electrical current froma first el ectrode

a m i h croel ectroni c substrate,
© h 00 Pifhed BEFTebn B¢ wherein dspoarneleamavis i
mat er ingludsl disposimgarneleerdlytioliguid lﬂlbﬁih@aibeasnl@elanféﬁ%)nd
el ectrode spaced apart fromthe mcroel ectronic

subst gﬁte and the first electrode. 20 62. The net hod
of 831 AheMethoghof elaiin Bawdvareig nessing astelgsarieal obrrentgncludes

15 conduphssirey ameRictidal Eieéntdrim Eﬁfm\élé&rda@%'d@éd ¥Sart from the
mat er lr'rﬁ%rogre%%ﬁlct Subt rz%’re', rt‘hrougﬁ tma e ec?ro?y%c |IQUle to the conductive

subst
material of the microelectronic substrate, to a second electrode spaced

apart from the microelectronic substrate and the first electrode.
20 62. The method of claim 54 wherein removing at least part of the

conductive material includes removing conductive material from a trench in
the microelectronic substrate.
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