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[0004] Chemical-mechanical planarization, or chemical-mechanical polishing (CMP), is
a common technique used to planarize substrates. CMP utilizes a chemical composition,
typically a slurry or other fluid medium, for selective removal of material from the
substrate. In conventional CMP techniques, a substrate carrier or polishing head is mounted
on a carrier assembly and positioned in contact with a polishing pad in a CMP apparatus.
The carrier assembly provides a controllable pressure to the substrate, urging the substrate

against the polishing pad. The pad is moved relative to the substrate by an external driving

force. The relative movement of the pad and substrate serves to abrade the surface of the
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of the substrate that can negatively impact the performance of any integrated circuit later
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composition, and (iif) a liquid carrier comprising water, () applying the chemical-
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steps of: (a) providing a substrate, (b) providing a
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consisting of calcium, strontium, barium, magnesium, zinc, and mixtures thereof, based on

the total weight of the polishing composition, and (c) a liquid carrier comprising water.
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anot her enbodi mrent, the chem cal - mechani cal poli shing
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d- al um na, g-alum na, dianond, boron carbide, silicon
carbi de, tungsten carbide, titaniumnitride, and
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embuilixtents @f the Nb@@@ﬁl-m@p&g@@l@ﬁh#ﬁlg 096]83 QNS dm m&‘fﬂt]toﬂ I’l[ge other
chan%gtellls%m Qigchg ANRESH i eLRani@NFblKihe aorhﬂ)o@iﬂiod of &feﬁm\ehtlon (e.g., the
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selbetad froinrthe grqumqmﬁiswbg of g aiRBg: - %gﬁngﬁ glu%urgéb lémnfiﬁaé diamond,
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additional abrasive components include, but are not limited to, metal oxide abrasives, such

as other forms of alumina (e.g., fumed alumina), silica (e.g., colloidally dispersed

condensation-polymerized silica, fumed or pyrogenic silica, and precipitated silica), ceria,



selected fromthe group consisting of a-alum na,
g-alum na, d-alumna, g-alum na, dianond, silicon
W@ 200bi101896 and m xt ures thereof. Mst preferabl PCT/UR®05/008411
abrasive is selected fromthe group consisting of
a-alum na, g-alum na, d-alumna, g-alumna, and
m xtures thereof. [0016] In addition to the
titerfiag @ exeid, iclonmih, #bn esily @emempomegicsia, ddifprabl podwes théreof, and
conposition can further conprise other
coglﬁmtag%rfs tﬁe&%rl}gm ve conponents. Suitable additional
[0el7] asiTHe abewive nmﬁ@pwseﬁﬂ ihéle, polisingdaenpositioh irf‘ﬂnty&dltdb% amount.
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example, the polishing composition can comprise an inorganic acid selected from the group
consisting of nitric acid, phosphoric acid, sulfuric acid, salts thereof, and combinations
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conpl exi ng agent. The conpl exi ng agent is any suitable
chem cal additive that enhances the renoval rate of
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[00£5]" DOXWhiBbEsppreangbditha nhdnk 8F the @ﬁﬁém)eﬁyibﬁﬁde&nmom’(cmcm engst in
one or nore f? dr oxyl groups.

the foxprofp &3t (e Fepiaon AnGEpIqne ﬁ‘éial%déréﬂ%y%e 1¥’sa°{din g asgypartial

Salta@gr] éxgﬁpfe' é’iﬁ'i’ces idkude élfric ac1da£bdeHHSMn&1@¥ hl@xyﬂd&h%lts( theigof;
at es, hal at es, citr at es, succi nat es, rer é@alate)

phtmt@ne@udemﬂl&aa@ aejdas W1l 25 HIORRFUE ST GnP ERFPRT by %&°0 P
andtcf1 %‘51%% ?ﬁﬁ%réh'f@aﬂeé #ehide B LDPYbilifSacfOME ApdTthlgriomed)pds

and/ or phosphoni ¢ _groups, and the IiKke.
welSaﬂ  tibhercohlhimyo rcermr@@uw & GRAEILS WP geréoypy more than

clidge tfoh bBA &% al GOR t and an
one fgncélon E rhegﬁmﬁl)é aigﬁle%o %n;i? g%ﬂat;ugcc 6, bBeh 4 ggal gen

oxitliainp iagena (d.gl, ceetaid fmhe nitfakes pndihd lisel ne- cont ai ni ng

I
(003”4 B eryp R AL SpRE P iOhlty SERR0
surﬁlﬁtaﬂtﬁ Giftrﬁlhblg&:, edr e&@rll’(plleﬁoangtgc agfntanta anﬁon@eqyleﬁq@;a@m nopjienic
e o ubstrat.e er  hei 0 n
surtyb BB BT B o1 (L. AP Gl gy >, Mepbiihing

corfipiReH B&ﬁpﬁs@ﬁla Q¥hiGiic kurfichat. f@rerexafpla of akuitaple. ngnionig surfactant
netal salt, an ammni um sa

is qgretlg(gengdlgamp palyoxystlyylene syr aé%@ﬁh‘p hg anbou{ltrol;fsél’sfac?aﬁ\é ﬁ/% a:glly is

0. 06?11 1.9 181wl % aﬁeféﬁbi (BG0 19 ta 0. Uiwt. %, andimbrel prefatably 0.005 wt.%
ereof ; pht hal at es |ncI ude phthalic aci.d, as well as

to Qrpfrt Babased pe thy totalweialiof ﬁmmvﬂﬁl%fé’ﬁlpﬁﬂ{%l ate) and
[00‘%‘7], sallg H%l%ﬁ[n%%%mgQﬁﬁ&Naﬁ IF@AHRS cdnhlsilst e aﬁtff@ammg agent The anti-

respo perchl orjc acid) as 4
foamdihg agehtvan éoﬁny ﬁumblh @ntn-ﬁyagnng:@ﬁ@talslqn%wgg%n% Pgents include,

odhhin nts. The
ol FE R LTRSS AR Re Rl Afsbe b iikaninaTac
ameig o bt hamiiey dgentrlesant i fiediodshing c@ggm@ltl%ty@lcall}é isr10 ppr to
ferric nitrates and the |ike). [0026] The polishing
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abrasive particles) in the top 50 ml of the graduated cylinder ([T] in terms of g/ml) divided
by the initial concentration of abrasive (e.g., abrasive particles) in the polishing composition
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but are not Iimted to, silicon-based and acetylenic
di ol - based antifoam ng agents. The anount of

Ww@niosA6@ae ng agent present in the polishing PCT/US2005/008411
conposition typically is 10 ppmto 140 ppm [0028] The
pol i shing conposition can al so conprise a biocide. The
bi oci de can be any suitabl e biocide, for exanple an
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substrate.
strontium, barium, and mixtures thereof, based on the total weight of the polishing

composition, and (c) a liquid carrier comprising water. The other characteristics of the
chemical-mechanical polishing composition utilized in this method embodiment of the

invention (e.g., the amount of abrasive, the liquid carrier, the pH, and other suitable
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[0032] In one enbodi nent of such a nethod, the nethod

of polishing a substrate conprises the steps of: (a)
w@e@gildisng a substrate, (b) providing a PCT/US2005/008411

chem cal - mechani cal polishing conposition conprising:

(i) an abrasive conprising a-alumna, (ii) 0.05 to 50
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Wt
(mraqlfsg} otdpws of[db@s%]onerwst sleckdifiog: @6 Hi9UB ConssHng pf ppgngum,
zind, Bnd RbSurBBhbRer, 6700 dh MRAbtaidleitli®r th@\ﬁ%ﬁiﬂ@hﬁ%ﬁﬁﬁ&% @Rd (iii)
a) an abrasivé conprising a-alum na
a liqrid parmigy| ceBPpERS RPeh §9)anply gy qbgml%i-mﬁ@h@sw@lfpoashm@ ast
I [
coniRfelIF i 18 oHERR I FRRbADRANE SRLEEA RS Hicpton of the
subfiegeewlitiothe phlishing campesitighto p@hsht the syhsiratehi ng
[00%@{“’ el.é]o(f@hlfl% ;g(% atlrog (lzlt é%ldlsx‘tfith%al{lgtp(?{ %rﬁl%ﬁﬂ{lérﬁ 'opgle invention
conpinieest c(a)l anrabelixn comprls;ntg d-glomitg, (o MH6$0 3.5 amillumdldsi peekilagram

iR o Rar ou ek Hecly T UF P St g b gt
zin®) biehiGutd thbleef daket b &&)totﬁl&ﬂelgiﬂ of tie psﬁfmnmnﬁnetltlﬁm ahd(c) a

i ove for the chem mechani cal. | i shi

o O maioles VARE. TIRAUNE FORe QuetA thetha e pchanica

polBIRE SbiERItion ubiBzdiBA t}ﬁ’éjm@tﬁocpélhlbcﬁihhé}ﬂ ofBths iB&htid (€.g., the amount
conpri ses the ste s aﬁprow di ng. a substrate (b)

of Bragly -l d eeeh suo ré@rab&oﬁdﬂgwm GRS 306 g5yiet

fortﬁ Qgc'We'féﬂ tHQcheGﬂ&al%c%‘i(ﬁf’bd{ﬁhlﬁg @&’ﬁf)&itﬁﬁ ARl iBafigh. (i)

5 I'linmoles per kilogram (nnol/kg) of ions
[00@6] at Inl aetasrti cwhedippentathe g@th@épéﬂolfSh@matSH@tr@meprlses the steps
of: g%g)%\%lhggﬁlgjs’%rgit@%ﬂ?@]\g%ﬁmg% ?&nﬁgﬂg%ﬁ:aé&%d ﬁ%ﬁshﬁr{ked'oﬁﬁ%mtlon
compmsmgs (i amabramﬂjsetepﬂed )’rom thé grabplcanaistinget Ocdﬁlpmas'r plgmina, d-

c e I h

oL bl AR R R AL R
mtrﬁllé;hnﬁdﬂlxﬁlbﬁsalﬁhrﬂg' @i 0 IOS as3 5 mn}m}/rkg |of)r0n96f atthﬂlsisambmataisdected
fi Wt Se %Ql LS n t t ﬁ 3 zmc d. mixtures
rorg 5 PUR 9! Slftﬁ't%g]c BCT“i IEWI’ aélu% glgﬁ fuln%i G T2 8

therleBf, bikes ofreiehiow] @ﬂ@lﬁdﬂfﬂﬁl@bhﬂﬁng dmmpomﬂantan@ (iiiohiquid S@ﬁer
(a) an abr a3| v

risi.n
contRing R AP NS DG PR ARG BAsh bR oBposgion i idgast
porBAEofTRS @bsteRe, a6d @ﬁ abfa@iRY bi18asBh PoiElok 6NGE Sibsige fith the
magnesi um _ zinc, and m xtures thereof, based on the

polishing Forapasiion 1o polishéhesybsteffi ng conposi tion, and (c) a

[0037] The polishing composition utilized in this method embodiment of the invention
comprises: (a) an abrasive selected from the group consisting of a-alumina, y-alumina, 8-
alumina, 8-alumina, diamond, boron carbide, silicon carbide, tungsten carbide, titanium

nitride, and mixtures thereof, (b) 0.05 to 3.5 mmol/kg of ions of at least one metal selected
11



liquid carrier conmprising water. The other
characteristics of the chem cal - nechani cal poli shing

W@ oovpoeaisré on utilized in this nethod enbodi meneCoiS100&008411
invention (e.g., the anmount of abrasive, the liquid
carrier, the pH and other suitable additives) can be
the sane as set forth above for the

frorg Hergrapl condstingnif catiumoftroatinmgbaciompmsgriesiom, eiictdneé mixtures

ther B Bk s bRl edigns P e bitlhe SEMBRUART b COF g e

contpn@Mg diateg ’BheScbtbértcha’aﬁﬁrls(tlbs) offth@shethidagm@chanical polishing

m cal chani cal pol.i hln osition conprisin
conpy g PG 0 08 TG oG (L OF SRR o0
abradiva] tHelifad crisd, ¥ phR andlothé sufdblPadditivad) ¢hh Béthe damem et forth

bor on carbide, silicon_carbide, tqu§ten car bi de,

aboys o5 fite GReicelrerbaniga] rolishing romposipity ddke inyentipng o5 ¢ o

[0038]5 TR s[ukﬂraﬂif tolbR PElightd Adind BaRlethOBLOMRS AlvertBh 64 8any
fromthe g @gi conS|st|n of calcium_ strontium
c

suitphie mlpﬁﬁratmﬁn (FHpstrates é @c udeypuhirg noflBitadie isiggrated g euts,
merg&ryto;]ﬁ%lh%ﬁ I%@alg hte@iyet BEIRAL {13 1) BOVICRR %otntiﬁ)cﬁ?rs adro-

carrier conprising water, appl yi ng
electiaenashamiad aystamese franoeleetkics otd widnage besdd oBhethesal laysr aan

o35 B o 08 08 S B A B
(e.gc tamedhen hitode) titapiom] dhminnm, sigkdtplainem, FEIGERm, Thdum, or

ol i in osjtion uti
rho@io I Bt EF BN bt hotblis Koo bibuBfElDR0 the insuiatin
lay ehieled Llethl @idd, perogs mual @ides glatsi aigarit pelyaky fuodnated organic

-alum na, d al und na, . di anond,, .boron,
polfactittany otter B Mo I-C iy Oetiayech PRab I he St
confprikés adRbleandalMandt 4 Teast Al JORTRQN the(lBdlePneddl is Abratled withwhd kg

of ions of at |east one netal f}}ﬁil ;e(redfromthe gr oup

polighing pagrnasgion fo palisk thirubditeo iR Dbl e InFHdh &Y§ ARt

lum%édncg plﬁﬂlqmmri@lﬁ-fﬁ erﬁtlﬁeﬁlﬁﬁie@lt)dluﬁﬁaﬁeﬂﬁdi%ﬁl tihRr, toghfim, WeldgkHd
ol i shing g}(})rrr@osulon d(c) a liquid carrier

1rémmppms§ﬁ¢fgofvm ‘fpra e g¢hstaste eopaprises Rlatimm, @ad gilegsheportion of
the ﬁﬁﬁﬂlﬁ al aﬁnﬁg@ﬁgkg}% oﬁ%&h@&n&%yﬁ&%ﬁﬂ&ﬁ g swstrbﬂez ﬁd in

I nventi on
[003%ounTheafolislingsietheds offtke inveption atsaerticalarly SW@der usg it

conduBn wil] 4 ARhReAUMAINGPAo1 SRR @%ﬁ%pmgﬂg a9picfly, fRr th

em cal
app@@tip oampiisesna pratdnhwhlch verehiilouse, 5 ﬁromeqlonTm Isabstlpatyethztto

NS RO A e
movibE wath ehePdted Whard 1ﬁdndtrb)n, andhegriai thdt lﬁ)llds(aLsubs%natertB e pylished

o e CEEL B S i LG5 e S

sub§tad 81 pldc8 by R s@EJt{ateo&lngé}il‘déedfﬁlgﬁﬁtfabﬁmhﬁtﬂd §ohsﬁh1@ p&@hlﬂi the
| ayer can_conprise any suitable netal. For ex

polishiag ﬁféitlmqsn]og@g];hed@@n@@hﬁdlt@ thfd?fﬁ hing paachmgylagﬁe(legWQ to the
subgtr’agé & %'ﬁbxtaﬁé gi82ast & h&:BBE Hithe &bt PolitH K Shbstrate.

tinum ruthenium iridium or
0040] Desirably, the CMP apparatus further comprises an in situ polishing endpoint

detection system, many of which are known in the art. Techniques for inspecting and

monitoring the polishing process by analyzing light or other radiation reflected from a
12



rhodium The substrate can further conprise at | east

one insulating layer. The insulating |ayer can be a
woredoaliosé de, porous netal oxide, glass, organPCI/US2005/008411

pol ynmer, fluorinated organic polymer, or any other

sui table high or lowk insulating | ayer. Preferably,

the substrate conprises a noble netal, and at |east a
surfp@ dfitigrsubdtratdree Rindwreinnied at. Deirallly,abkeidspeictidn drimgonitoring of the

ol i shi ng,.conposition, to |ish the substr.ate.
proBat o GO o Pt Fp s ol Rt ety e
detdin@fationion thé polBhidend-péifie né.Lle détb@dhatioh opahéediterfinate the
silver, osn}un] gold, aqg conmbi nati ons t hereof.
polishigg pioggse Yith ¢5eed {H PartEBa B HAi®ses pl atinum and at
[004B2St TR @APlahPRatd cdnlTRrtiRlr 3bihrikdNaingeandfondgidizigliie §ubSirate. In
pol i shing conposition to polish the substrate. [0039]
electigahegtital BpliHEE FBtLeiBY hegneant Bor pidizing thisulpigate preferably

conpstd acdé:vi% et aﬁfﬂ'_yfn@% tfn‘fé{-yéﬂﬁﬁg b&elﬁﬁl"se@,‘hﬁb&i@ WehtihlPto the

em cal - mechani cal polishinhg (CVP) apparat us. i
subSiyats . lelectrotiepeipsat)u dhe éevinei feapplying tiperaryijgpetgntial to

the \MB%H?’[% ganfutfegan gl?iga{b;%aw {i%ea Ao BRSnsBoV&i@SihE YhelsOBdtrate

resu inear, or circular motion, a
prefeibiystoimpgisgsadiciise Eompplyingwifirst poteatiad (&g emmaredxidiving gotential)

ith.th | at L ' ri o
curfg o i 5B 18 B dn T i G S il @1z, WA oxidizing
potérdidi) agorrdatiag & leeertstage hepdislihg oe a déviteter gohgiah thedirpigdiential

The pal i shi, af the substrate takes.place by.the
to e e PR GO P DI G SRS IR ERE £t R0
redﬁlﬁl@g G Eotéﬁtfall @@Lﬂg&ﬂé mgeémeme_ sfaé @raysiiily rédzicing vienidteamiakbiiven a
then the polishing pad novjng rel.ative to the .
Firt, g AT UG AL | s lte A PRUEhE HSGA pBfT agredeigamined
inteP P el th&fifdt, hghBdidibing F@teﬁt&hﬂlSFJr%kﬁanE,Qﬂﬂiﬁi thoesitindRlgy(s) of
the CWP a?paratus further conprises an_ in situ
the polishistsi g latinely dighroxiritiog potemiably apRlief (oA YURSHaRAR BIYMRF%
reléﬁ@@l&“ﬂ%’h@a‘t@ laﬁ%ﬁ&z;tion[-ﬁ%%&ﬁﬁ%ﬁlo(lﬁ lof IR SPREhIeNGVIRAGolishing is at a
nmonirtoring the polishing process by analyzing I'ight or
laten gy, egadiban ammoacémg@nmedﬁrlmrb@ﬁ@u?at/@re@e @pplte%é)otentlal IS

redg’é'le%% 5 %‘/%1 ﬁ?%cﬁlcﬁg %}gpbétﬁltlgfﬁg%o%{woer ngglgé kg lleté’ of he

rnspectl ori ng dress of the .
oxiflonlisssigtigpremesa ofithetsubstsioetberebyelanigatbngtor agbstapsialfygreducing

. pol i shed enabpl es t et erm.nat i ] 1 1Shj
cisfR R A 5ot pEret eI Rb BB BoRALLS b ftrably
appliedl B3iRed eontroBatitpldribleTaC powaassplyietgy anespeatic patedtiostat. U.S.

particular substrate. [004 % The. CNPtgp?a%a%u§ can  ential
Patpi} 6, BP 2 BHBFY eacripen A RIS gt R lPRg S WG TR & BeR dpgrontial
[ooky €l e6s fonehaE ahpRoturGbi iNgstawsheiBentioh @utretrusrsephould not

oxXi di zing the substrate preferably conprises a device
be ganstregd 3 Vi a0y veytingiEng 4% 7Oy potential (e.g., anodic

potential) to the substrate ., electronic
potentiostat). The devi@gAQQ%i%gplying time-varying

[0039{/ entrh Rlexdplb BEmSHLREES b enie@bediR lisiye Bt dxaidited byitb
evi ce. The neans for oxidi zing the substrate

polhizgepmbositicaci e igetian qdiviileesubgrates spMmpTiFae Blafpaere
pol%ﬂgc}e&ﬁl{gaﬂoul(cﬁff&'emt p%liE@ﬁﬁc%o@i’tiéﬁs"tﬁolﬁ@ﬂn@r&t)fnﬁbgitions 14, 1B, 1C,

and 1D). Polishing composition 1A (comparative) did not comprise an appreciable amount
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during an initial stage of the polishing and applying
a second potential (e.g., a less oxidizing potential)
wa@eoosnodee i ng a | ater stage of polishing, or aPCBEUSES/008411
for changing the first potential to the second
potential during an internediate stage of polishing,
e.g., continuously reducing the potential during the
of nhdlelone dPdisking tagpostion Birtetionpciaprivgd 0.88 npedlat i al

fram a f rst her oxi |2|n ent| a second,
PGB SR A cat 6 scian peRED Polidingr eSS T

(mv'eﬂﬂi&ﬂ) \z@hp@ed 013€ nirh 1&g (agPr IRk I3 G ml) Bﬂstﬂfﬁhﬁlﬂt(asadtronﬂﬁﬁﬁ
during the initial stage of t pol i shi n

ChloéldﬁblPé’thﬁkyég Wmoaﬁlos@dr%wnmr@mﬂ P37 g ﬂfg&aé%ﬂ’“txaﬂgfely

51§ 0T YRR B Batien BRIGARY) © ERcl (T dfd@h¥ntiingd paﬁ;hﬁagof
oxi'dati on/ di ssol uti on/renoval of the substrate.

compebitignsi alyy dompeiseds Vel ar phyprdve f@rrgvrlsmwéﬁﬁdaqﬁlﬁ%@&% “ﬁg%ht of
the 915}8 ég}gér&lﬂﬁ gﬁdof Wi ol aﬁbﬁﬁfna ahdSpeRRhied 4@5&%@/@ flfdd dlSmina,

produci ng a substantrally | ower or
andrheg |p§1i df3e Thavauestfonthf glatinen ranaysiatet (inmgsteomprgl mifute) were

meatsﬂre d?cyr %l{ gftt ¢ }:ﬁolgf'? l;lg @é/rg}gcls tf&lp ahger}gsu@tg at%légt%ffﬁﬂ%dqh l"ﬂéble 1.

TmﬁeFEPﬁ@J ngghqgggochen1cal potential is preferably
using a controllably variable DC power supply,

Polshimg Coatpositiec | r oni cMptl ent i ot &loncddir&@ionPat e Platinum Removal
6, 379, 223 further describes p nEmn®l/kgr oxi di RewdAdnin)

suksihakavdy applying a potential. -{0042] | The 496

wther illystrate thelinvention

kﬁﬁ@nﬁmﬁ@ﬁurse, shouf# not be conéﬁwued as in anV‘Qay

HaTikyebod)T S $COPE. BXAVPLE [ [0043J3 Thi s | exanpl &51
denbnstrates the enhanced polishing rate exhibited hy

tHbOmUmUQﬁlng composPei on of | t he Khﬁ%ntlon. Si mi 163p

stbstrates ComnprTsring pl atTnunTwer e pUI rsthred—Uusi ng
four different polishing conpositions (polishing
[0044]pOThdst odssltd dé,molnB; ate {Gat thmjolism)lg c@np@sﬁkﬂnm@ the invention

R I B oy FO e
congRI¥RRSotabpracihiBe éllnﬂl\ﬂﬁ of meta) 1oﬂ£) m]nrpaﬂedlaﬂ p3shimpolofpgsitions 1B-

1D RGPl | ch S PETIAGP B BET fSh T PROUR fohps of  metal
sel&%ﬂfdﬂ?ﬁl@ gQ)u§ BoEiin s kHcalcppy Beshiitah Qinﬁ b&ﬁn@,@ﬁ?}h @dhibited a

strontium(as strontlunlchlorlde hi
plapypissiovplgate it faf W}iﬂ@ﬁt)elygaprﬁrqr g Qgée; e/pigginum

ren{o@ﬁ%{ég&fml%ﬂ{ OndpoBiBBd 187 (cfak i) 3BicRAd ATtontain an

or | of the aforenentioned polishing
apmmqbdﬁsamquch@f ionssd celoirpy Plswdium, orbasi@f an abrasi ve
conprising, based on the total weight of the abrasive,
approxi mately 60 wt. % aE¥AMEIAR2 and approxi mately 40

[00% % fFH Qal 15 Hél‘H&lSPthgthg aftcdd oﬂghu’i)g rateMEhibREMBBhE OF

removal rate (In angstrons per m nute)
polisking cmnpmmmobfﬂwrm@aunn ofimilesupgitatestsomgrigiagpladnun Wﬁ@

pohsned usmgutLree dftfefent m{ng %glgp(!)sntlo-ﬁg l&lo?isﬁlmg compositions 24, 2B, and

2C). Polishing composition 2A (comparative) did not comprise an appreciable amount of
metals jons. Polishing composition 2B (invention) comprised 0.4 mmol/kg (approximately

9 ppm) of magnesium (as magnesium chloride). Polishing composition 2C (invention)
14



Table 1: Platinumrenoval rates. [0044] These results
denonstrate that the polishing conposition of the

WO pooenod4omn exhi bits a high plati numrenoval raP€&I/ES2005/008411
conpared to simlar polishing conpositions conprising
no appreci able anount of netal ions. In particular,
pol i shing conpositions IB ID (invention), which

conymispd 9.34 dnapfig Gpipnaxtiedtyly 0 8 3Pm) of BaB8simmghy kgenefiumeh®ride).

f tal selected.fromthe. gr consi sting, o .
b e e RBET bR EBAPTIGRT TeSeRTERRT b aSlam sbrasive
conpﬁr'ﬁtnigﬂl@ﬂ%d enhe adtalrvﬁaﬁglt lbhﬂié abvasveq pﬂfr&lﬁhﬁ&lﬂ%’wﬂ%@%l@hina and

nor. e | er at e ati.nu r a rat e or .
cprg e B0 S hobgaod A GnR A BT AT o L9 s 1 ths plaingm
renQ4#ltrate (inARgAPRs et Aue:) ddRURdas@td Fo? BEChQIF tikA kAR

strontiuy or barium EXAVPLE 2 [0045] This exanple
compoRiiiARt r Hedesulth aresinaated Horhiehi ng rate exhibited by

h ol.i shi ng conposition of the invention. Simlar
Talé%%sﬁf"é’%’%rmlr‘igg’?ng pl ati num were pol i shed using

PolisRmBT A E@beNt POl hdHING COMP@InEdr@Afod PO A Removal
conposi tions 2A, 2B, and 20)| Pqlj.&ikpp CONMPORafe @M

3 rakige) [did not_Cconprise anm appr eci abt e am t
o‘fsrrega]l%s} %ons. Pol i shing composition 2B (i nvent ﬂog%)

cihfinvestieh)0. 4 |nmol / kig(appr oxi mat edy 9 ppn) of 1645

ne-rHA-e -t m-{ ac lrmaabnact irtm-eobl akti-da) DAl - chiline
f esStum(asaghesi amenof+ae)— o1 +STH1g
ArpsEnionn ¢ (i nverti on) conpr i s&%0. 74 ol / kg*240

(approxi mately 18 ppn) of nmagnesium (as nagnesi um
| orj de). ch of the aforenentioned polishing .
l00§@npo_ihi5ff &%@%ﬂie@%?né%?%tﬁap%ﬁams%laposgwné’s FigayRgtion
exhfRRMighl PlainuBASREvA Raté RecnPhrl taindIbt pdtkhihf Somiisahy €,
approximately 60 w.% a-al um na and approximately 40
comrisirgma darrcaRUFRRAUNt ghieithigng Ipmavsicular, prkginggoppssifioss 2B
andtﬂﬁe(irRJeﬁ‘ﬁdrﬂ,%iEﬁé@ﬂﬁ'ise% %g,f?oéﬁﬁgelg@%&rﬁ% RE6IEE SHbR)of

wer e nmeasured for eac I'i shing conpositions.
magnissiumeengh exhibites asplatraim ewdvil midHist wasapphadhatelp 30% and 75%,

. hnur I . .
L T
(comparetinte) ,ovhigk il lpbt @ntirtdngpprebiable auourtefioaghesiuat enas

conpared to simlar polishing conpositions conprising
no appreci abl e anount OEXABIFAIE 3 ons. In particul ar,

[ishi.ng co sitions 2B and 2C (.. nventi on. ieh
008 PRSP e Py B0 il b R R e R
polshingragngsitiomof €edhveatdn. Bimdar sabgtases icomprisienplr@lunt aére

IE t was. approxi mately 30% .and 75% .respectj.vely,
polghedastid SpreiHoN Dpting samRor DBVERI i SOPB iR Eh R C
3D,CERABIH)| Polishihg(aippéfiat 3A Bompwhatiod) di bt RekpERIhabpredible
apPr eci abl e appunt of magnesjum ions. _
amount of metals ions. Polishing composition 3B (comparative) comprised 0.74 mmol/kg
of aluminum (as aluminum nitrate). Polishing composition 3C (comparative) comprised 3.0
mmol/kg of aluminum (as aluminum nitrate). Polishing composition 3D (invention)
comprised 0.74 mmol/kg (approximately 18 ppm) of magnesium (as magnesium chloride).
Polishing composition 3E (invention) comprised 0.75 mmol/kg (approximately 49 ppm) of

zine (as zinc chloride). Polishing composition 3F (invention) comprised 1.5 mmol/kg

(approximately 96 ppm) of zinc (as zinc chloride). Each of the aforementioned polishing
15




EXAMPLE 3 [0047] This exanple denonstrates the
enhanced polishing rate exhibited by the polishing
weevpoaisé on of the invention. Simlar substraP@sUS2005/008411
conprising platinumwere polished using six different
pol i shing conpositions (polishing conpositions 3A, 3B,
3C, 3D, 3E, and 3F). Polishing conposition 3A
confpmsitipns Ata apgiprided3 mote chamabﬂas'ee ‘ajmpmxsmgelo}isabbletha 0324l Weight of

the%graﬁ% %é%o%l%r% l¥ g)(? - ‘26(1 nlgmg]la Ki %Rﬁmyglggt%gl tﬁp %{!me ah%zﬁna
and’hatl la@Hs)f 3. Ak ivshefyr ﬂﬁlﬂlﬂﬁum IréeovaG a(eqﬂmliigﬁt@dmélﬁ)r minute) were
S al um nu

mefRaY, e)ag* s B hglggsmﬂiffoelf WIS R AFHEVRySd in Table 3
0. 74 / k tely 18 f
e Ee i (2 REARESH m ol or 1 de). Polihing

Polishimg@infpositioBE: (1 NVerkdlon) CPM@ohsaton’S | MMAtHsE Removal
(approxi mately 49 ppm) of zipc (@smo¥kgc chl or [Rq%)(A/mm)

tdoﬁllﬂ,h@gvé;om)om tron-3F (inyention) conprised 1,5
mol [ kg (appr @xi rmtplv 96 ppM) of zinc (as zinc

%(%W@F@?Ve)Eac h of tKé af orehenti Gdd 452

oREHETRNPUST tT oy at socpnprisgg—3 wt—%of—an
gtggas ve conprnising, based oh the Total weight 01‘47? he

a&DGsvm&qn)approm mat®lgy 60 w . % a-0dMum na and 942

0ff i had A nl—l r\f

AND 1\ a ik
UAT Cl y =0T V. ey | H u.llu fae—ac
?ﬁ'%vgn@% ues [for th&"pl atinum rerQ;7\7a rate (in 920

BIYGiivieHtidh) per m nut eypwer e neasuregdsfor each of ®he

polishing conpositions., The results are slimmarized in

Tabl e 3. Tabl e 3: Platinumrenoval rates. [0048] These
[OOEQS ul T esd RABIRSHh RS bt tfl@ﬁolﬁﬁ’ihg §(§}h15&1tf69rg?%' ilvedfof

he i nvention exhibits a high platinumrenoval rate as
hdxytﬁﬁérgé@lettmu@u AP YA rgioRd eonipagd sotipde rolishisg eanmsitionng
congﬁ)lsfﬁg R6& r@&% e AIBWALE f?lfeﬁafr'%ﬁsa& a s?ﬁﬁar%ﬁqtoﬁntsqf Qﬁf%e%nt metal ions.

erent netal ions
In padicitleh |pn@shu@q@umpsltlmrss3m5‘ﬁ Gﬁve@tlmbewhmb RYmpnsied approxunately

0.74 %I’Ep{ nfh%ijfkg BPL flonl A& J)f?%‘lgtl l%/ slgfe):ctz(? ]gu tl:ll'e 2 lirlrp.gs?c!n/s,llégno% of me?grr]les:su911f1
andagnesh exhibired azplzrtmunﬁambvaéxdne thattxeai appmlxﬂﬂiat&’lyl S0%emaoad

: hat . 80% hi t hat
i 2 T B Bt 67 F RS SUTPA R S aRperEFane .
whidf\did Gof ear@sBAppye)ablediduit ¢fiishs RO magi@Rtuad 6 7.

appr eci abl e anmount of ions of magnesi um or zinc.

EXAMPLE 4 [0049] This exxapiPeEdenonstrates the
rate exhi bite

hanced polishin the polis
1008 1oLt PR derpsicE Fpcedprihlie easSe pie o
polﬁﬁﬂ@édrﬁﬁd@ﬁloﬁ |oﬂ€h|e nlWEhﬁ(ﬁrf Qiﬁhﬁar@hlsilﬁfe@ Bémpringd AU @28 a
i n Exanpl e 5) were polished usin

dlfféré‘?/té?it tharr theseaised lﬁﬁ&a@nleﬁé % én@ééo pretsrolighsd|ysignseign di ditferen
polSAAPEh s RIBRs PBtisiAR coifposifiths 4AEABAG, ANIEHD, and 4G).

Polishing composition 4A (comparative) did not comprise an appreciable amount of metals
jons. Polishing composition 4B (comparative) comprised 0.74 mmol/kg (approximately 29
ppm) of potassium (as potassium chloride). Polishing composition 4C (comparative)
comprised 0.74 mmol/kg (approximately 29 ppm) of potassium (as potassium sulfate).

Polishing composition 4D (invention) comprised 0.74 mmol/kg (approximately 18 ppm) of
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Pol i shing conposition 4A (conparative) did not
conprise an appreciabl e anount of netals ions.
w@00580i4p€ conposi tion 4B (conparative) conpriBedUS20821008411
nmol / kg (approxi mately 29 ppm of potassium (as
pot assi um chl oride). Polishing conposition 4C
(conparative) conprised 0.74 mol /kg (approxi mately 29
magpasiumyps magnesiym ahlqrids). Relistssg mmlx)aﬂtlbmﬂEvaﬁmion‘ﬁ&Urﬂt@sed 1.5

mn%%fgﬁgg r@%}iﬁo&ﬁﬁﬁl{i‘a&c—flg 36 Bﬂﬁﬁgﬁg&%}&sﬁﬁ r S{%%? o gglﬁﬂg%l gﬂﬁshmg
cor@pﬂs@pn 4B Imv@@lon)sdwrmgxs@b'hﬁ) mmdi/kg (apéﬁx(nnem&/l? e Ippnlii) of magnesium

(as ﬁn%gﬂéég@ﬁﬂ%l%ldg) n;@é ﬁéﬂé Ft%:t(lugvg(;nve%bqng g«ﬁﬁg\)éseg 5.9 mmol/kg
(approwiposily 1 4rpps® of mgwiuno(a); nagmRiuhsadordle]) Bavhlof ke

T NN e T L
baseborpthe seal véeight bk Akigsi(@ @ﬂir@ﬂﬁtnﬁﬁlyeéOYth%‘& dm%a%d
| oride). Each of th

opp PP P BT RGP o BRI bf BrCheayoliss Eehs pleintig
remM/al%té)fm aﬂgs&bﬁ@gbl\/rﬁmﬁﬁéméﬂe%édﬂlrem? ShQR tﬂvep)%l }lﬁﬁgal

t he abrasive, approximtely
COHE’Oé‘PE:‘?ﬁ ﬁ‘é‘eéﬁaltsa?fﬁﬁ‘éﬁm%éllfﬂ%w %furred al uni na, and
bﬁ] Z?eﬂ 11;13H of 3. The val ues for the platinumrenoval
Tableyt: Plptiimyicmoyslaaes-per minute) were neasured for each

PolRhink T8mPBLiti&NI NT CO tTons: s
0 sulr?grar }nz%eci ‘7| Tabl emﬁ%%%Tabl e Cér%’ﬁ% rligo?m ga?g%g&%ﬁﬁ%"al

4[“@{0@1% a_r[nli)‘}é O] TThese resutts UCIIUIIDLI rat—t
pol |

SF]I ng conposition of the invention exhibits 25?4P1| gh

“iﬁ@blinmmhiveeno/al rat & as conparedOW@ Si m ar pol43shi ng

:\nnr eci-able unt _of net al

UIIPI | S IU ||u 1) =4

1 D21 T U
Lﬁcc;(lr?b’m%arratéve mlar andunt of |diffePdAt met al i ong205¢n

A (idventionl , 3I I shi nggconposi t1 ong 74D- 4G [T NVENLL&)
' . ' rmurmtpl\/()74t059mTD|/RG of
Hevent ath exhiMgted a [pl ati v renolal raz€000hat

AN

WS indERRLET t an or ggual—tg 4000 M Such—ag
reznval rgte was significant|ly qregla-\Hter t han that‘4000

dos@vertbn) or pol i shll\rig conp05| ti o 4A- 40 >4000

(conparattve)—whi-ch—di-d—not—conta-r—appreciable

anounts of magnesium The platinumrenoval rates for
[00384c h Toseposuilts demonsnaris kel plishithRofiBoitioy 6Mthe @Rkntioaul d

b orted a m ni nu because the entire
exhlglé%%hxg\ﬁ{){af 1@ éeé%ovaf ra?eﬁé cgtpga(r tﬁﬁ’}ni“% gplishngeqppositions
com{étihﬁg HERAPPradRdle LITMESE ndtdl ldR of B EimblafAAsting opéﬁkfel%m 1H&al ions.

%CKP 5 [0051] This exanple denonstrates
In PSR @ag P@HP%&I%&Q A Grvsniicag, Wiick ¢rannsispd fsmm m@nately
0. 74Q@ Bp%hély@rbf ﬁfaghé’bﬁmﬁ RYE dh Bited aSblghIllLﬁ'ﬁ redHRSE At ﬁft was greater
npri si n%ggﬁ%tl num wer e polished using four P ENF

than 95 pqt@h’qoﬁl@ s iSurlbm Eenfqyal rhis hyap sigoidinplyi gréatar $h2@Ahat 5B,

obsepfed for polishing compositions 4A-4C (comparative), which did not contain

appreciable amounts of magnesium. The platinum removal rates for each of polishing
compositions 4D-4G (invention) could only be reported as a minimum value because the
entire 4000 A thickness of the platinum layer on each substrate was removed within the 1
minute polishing run.
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and 5D). Polishing conposition 5A (conparative) did

not conprise an appreci able anount of netals ions.
w@0054mi4ng conposition 5B (invention) conpri seRCOUIM05/008411

nol / kg (approxi mtely 26 ppm of barium (as barium

chl oride). Polishing conposition 5C (invention)

conprised 0.37 mmol / kg (approximately 5 1 ppm of

barium (as bari um chl or EHAMPIFPo] i shi ng corrposi tion 5D

[Oﬂgip]nv e #us QQQmqu aénséggteg thzg'slﬁ ice ngE%inr{gEx%% tF(%gy %fle 102

polhiog emmmsnmn@(ﬂ t@ohwimhom g&mﬁamlmtate@ nSmphﬁﬂ%]pl@ﬂi’ﬁfm 6@ 3
t

polftheds l%ﬁngog L ARGES oga'gg';l” s (o1 Egygggmms%@gn‘s’ 'al 5B, sc,
andaﬁl)}l Bnhsrhmganmpaﬁﬁmom (@i@bﬁéﬁ@ At ndVcbipisd oalaP e Bidble BRGunt
The val ues for e platinum renpval

or péfls e Pt i oo T GueaionerEPRed dPeumbde each

(appl‘bxihh&:l)plﬂ shhly di@)aﬁﬂm%%%ahmﬁ r&ﬁlorla_ e pbBshil gl SufoSition 5C
rized in Table 5. Table | ati num r enoval

(m‘feaftl COIP@(‘)%QP ST/ 1ige(§1mr ?@maféwspﬁ?mapébarnm (as fherium

chldﬁ‘i&e} SIYIREInE %mﬁb%itfoh@@ (vaeﬁttb%) b&ﬂ&&&& 9'7433 ok?/'kgga[pﬁs nggely

l ati num renoval rate as conpared to sim

10266’??13 oEbarjughs bense Pldprids) nEaCdmﬁﬂ@@ﬁabm@t@ncrhmhsmhg et aI
con'i}ﬁﬁ‘iﬁonsl J’so%frﬁj Wﬁéﬂil e 26RPhA %gﬁ&p&%ﬁ?ﬁgtda?%% t%@to?a[l)welght of

(i nvention) conprise
the gbrizd®:, mrmwlmgtebf 600\a:lr%lmmluroms anceapproxéstelyi40ed.%a fumed alumina,
0,
R L e L
megsuied §driengh chblmmﬂushmg) nompbs(tmnmiﬂfeaésweaw swhin@lized il TaBIE 5.
contai n an appreci abl e anmount of bariumions. CLAI M5 1.
Tabke T Hatinmal rememtiaatbs:al pol i shing conposition

V"\(‘I\IQ onmri-csina 2

ll)

Po%wﬂfgblf@lpé b /(Izlgl Ml ons of Gongest §t§
g)cal

l]?‘lsapgpm Removal
cal aet t ha gr nup Consl st KIHWO ~ iU Rate (A/mm)

%@%P?rﬁl‘i‘ﬂe)ba ium afid m xtures thereof, based o#& he

5 @ve®Inght 0T The pplishing conggsi trony and (Giza

liquid carrier conprising water. 2. The
éﬁje(#ﬁVé%ﬂonhechani cal ol ishing conpddition|of cladifsi,

ons—of e netat—at c:cnt Hr—af—agpuht
? % ijgudng mml/k%d 3. The ch:OmMcaI - mechani calrm‘f

pol i shi ng corrp05| tion of claim2, wherein the i ons of
T A S R TR M R
exhib@sPhigh platitup fengdval fitelas cokipired 1 siti®ar polishing compositions
comprising no appreciable amount of metal ions. In particular, polishing compositions 5B-
5D (invention), which comprised approximately 0.19 to 0.743 mmol/kg of barium ions,
each exhibited a platinum removal rate that was approximately 240% or more higher that
the platinum removal rate for polishing composition 1A (comparative), which did not

contain an appreciable amount of barium ions.

18




abrasive further conprises funed alum na. 5. The

chem cal - mechani cal polishing conposition of claimd4,
wob@sa0039¢ he abrasi ve conprises 10 wt. % or norBCT/US2005/008411

a-alum na. 6. The chem cal - nechani cal polishing

conposition of claim1l1, wherein the abrasive is

present in the polishing conposition in an anmount of

0.1 to 10 wt. % based on tdieAIM#t al wei ght of the

pol j shin cheni cal - nechani cal

pol 1| ‘shi ﬁ% npagﬁficlj%ﬂca&dgplgg APBPOSHORCBRIPAE abr asi ve

| s (;a} eseantabtamvé b@nmﬁmgs&laln@mpnpom t| on in an anount

nth ot al ht of the
poI r‘i’g‘)5v¥t8r?§ ﬁi%r??lces Ogﬁéeaéfr@ﬁ] H Seletekiipm e group
pol doﬁmmg dfeﬂnamﬁi bir@iugf baluad, Bhdmixied BbRot, B@sed on the total
po“Sglgo%t osition has apH of 1 to 7. 9.
I

cheff{! %{H’il%%mpﬁéllu%ﬁpﬁg conposi tion of cI ai'm 8,

wh i N atiRRidabhe RbApiGYWAS. tion has a pH of 2 to 5.
10%§ che%gcal -mech agﬁlc%m ol i shing conposition

conpr i silhgchemiralypechpriea pvl@hgelce@peﬂthmf ilaimd, whereip the ions
oftﬁ@ﬂl%!aisérb ggaséHt 1@arﬁérﬁgﬂnf@f0 @5@'19%&% §| - al um na,

g-alumn di anond, boron carbi I icon carbide,
t ungst el he ah%msel-mmhmaml pelishingcoupositiomcbliviaiin @ wherein the jons

of&@ﬁ,@ﬁpére e é edﬁ%n{%o@o(ﬁ%ls/m @f, ions of at |east

one et af rom-t group ¢onsi sting of
cal4i umThs ph@mmlumchmacal poljshinggnmpositign oficketm 1awhlerein the

t ed on the total weight of the
abrggl‘f% fﬁﬁ%ﬁﬁﬁ&ggrlrsﬁggj umlgﬁd(c) aliquid carrier

conpri siThg chﬁmeatl-mebhama'dil eolshigicompedimhaRiad@lM, wherein the
b ol ishin B% ition of cJaim 10, wherein t he
abriie cmpESSE 0P P OLBR YRS R uned Al unina. 12, The
chegri c aITheendmamaéchm&al lishihg COMPEStidn dmla% 1C¢vaéraih e

wherein the ve conprises 10 w. % or
ar eGSR, B PREITG KGR R HETE 810 b@q TSt Hpased on the

tota} RBRASAThOFbIBAInS L&hpaskRa. Wherein the abrasive is

present in the polishing conposition in an anmount of
0. 7-to The ghemisdacehanien! polishing campagitiogf clgim phwherein the

abu!%‘?&le 1§E&"e§bﬂt HQAPPS shin @omﬁo@ﬂpﬁﬁf?a&%ﬁ«gﬂ ?g# {Jﬁ“? I1528d on the

pol i shing conpositi aiml
totaébfpygbﬁ afghd polishing epimpasitionhe pol i shi ng corrp05| tion in an

anount qﬁle &héxﬁcaﬁ-rﬁ@chﬁl&?gcﬁghﬁg c&HSOSmm of claim 1, wherein the

polishing composition has a pH of 1 to 7.
9. The chemical-mechanical polishing composition of claim 8, wherein the
polishing composition has a pH of 2 to 5.
10. A chemical-mechanical polishing composition comprising:
(a) an abrasive selected from the group consisting of a-alumina, y-alumina, -
alumina, 6-alumina, diamond, boron carbide, silicon carbide, tungsten carbide,
titanium nitride, and mixtures thereof,
(b)  0.05to 3.5 mmol/kg of ions of at least one metal selected from the group
consisting of calcium, strontium, barium, magnesium, zinc, and mixtures thereof,

based on the total weight of the polishing composition, and
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total weight of the polishing conposition. 15. The

chem cal - mechani cal polishing conposition of claim 10,
wob@se0w9é he pol i shing conposition has a pH of PAT/US2005/008411

16. The chem cal - mechani cal polishing conposition of

cl ai m 15, wherein the polishing conposition has a pH

of 2 to 5. 17. A nethod of polishing a substrate

conpri si9g t hdqeid epsienfompfising previ di ng a substrat e,

(b)1pr oy di - .eal - hani cal . pol i_.shin ,

Compos t o RGeS ER RO et Shisbrerisesin e
abragivg ffigrHienegmygrised fumedBlumons0 ol / kg of ions of at | east

ong, et [ romthe .group consisting of .
cal Ci um%%?lr%%ﬁ(fcaﬁ gn?re]c{l%%{:ﬁ RAYShing, compasion & clap p b gtherein the
abragiyg eeinpnises he wi.ot almove bighimiad, t he pol i shing

conposi & on: an I l.iquid carrier conprising
vva?g'r , ﬁé‘“) &ﬁﬁﬁ?@ﬁ?@haﬁkéﬁwgﬂ%%m%@ﬁaﬁf ¢laim Hb whetsimige
abrasiversqsstiidn tHeQotithih@asmipositiBPitanQhoht drvel t%%%x{)t%%%ed on the
abrﬁ?l.ng at |l east a portion of the substrate

d.(d .
toml\?&r’]?gp(ttoﬁg’e% WFPeHbsi tion to polish the
subst r afle ch&&-icaifﬁﬁclﬁﬁfcgl%liinngcé_oﬂiﬂtgh%%n oP8LEI 3] whi&in the

brakiONS of the metal are present in
abragie 1$iPECSPut iR ths PRlighng Gosippsitivhig a0 emousti dafil 6o 5 iwt.% basadonithe

totaI%eiQ}tQﬁtl&%oﬁﬁ%ﬂg@[ﬂfpg?ﬁ%ég The met hod of clai m 18,

erein the ions of the netal are present in the
ché&hi calherfbemisal-mashapistlipshishing corppsition dfxlainnl @ WhaeDURE
1is8fneQoRBodi@ rﬁha‘ﬂ? .1£9. The nethod of claim 17,
pOI\M?egrgi gotlhoe sub Hégtqgggbnpri ses a noble netal selected
i .y | al.l adium silver, osmum gold,
pe 1s§%§@§%hﬁﬁo&@g% %&&%81‘, and at |east a portion of
t hE/. nobA mettetiaff polshmbnadeetawichRipiifies #ekiesdb Mg
co(gfosi tév(f@\ﬁﬂto {iﬁ%ltri sh the substrate. 21. The nethod of
cl'al m 207V %ABF &' tfie substrate conprises platinum
and) at preadihg a chdnitiloechdnidah ol Bhiak ko dit%n%{n?ﬂﬁﬁg:""' th

t he pol jshing conposition to polish the substrate? 22.
The netBod 6F ARPHYSSomprisifgeradiminghe abrasi ve furt her

conpri sgs fomed, 8 hhmo‘iyﬁg of ions of at least one metal selected from the
group consisting of calcium, strontium, barium, and mixtures thereof, based on the
total weight of the polishing composition; and
(i)  aliquid carrier comprising water,
(©) applying the chemical-mechanical polishing composition to at least a portion
of the substrate, and
(d) abrading at least a portion of the substrate with the polishing composition to
polish the substrate.
18.  The method of claim 17, wherein the ions of the metal are present in the
chemical-mechanical polishing composition in an amount of 0.05 to 10 mmol/kg.
19. The method of claim 18, wherein the ions of the metal are present in the

chemical-mechanical polishing composition in an amount of 0.05 to 5 mmol/kg.
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23. The nethod of claim 22, wherein the abrasive

conprises 10 wt.%or nore a- alumna. 24. The net hod
wo@boosheidne 17, wherein the abrasive is present PCI/UB®05/008411

pol i shing conposition in an anmount of 0.1 to 10 wt. %

based on the total weight of the polishing

conposition. 25. The nethod of claim 24, wherein the

abr?dsi v&he method o plpini 1/, herepohé sutisimae candseh & hobile inBtaln

.9 on. t he total i ght of the
sclsS 48in BE erbl cohtdingSEAZRANCch I B Sy, Bl
silvethesngiim, gdié, and lcosbinatipns dryros iahd arledyas p@*tipllrllo%; RoBl®métal is

net.hod of claim26.. wherein the polishing
abra@g%%g i‘ﬁ%el pggl%ggc%mppoﬂ%8$}°2pqh§ﬁ\@‘? Se%sﬁrayﬁ' net hod of
pol2ilshi Aie methobi SF claitre20; oipreinshOgibbige Sér@RTeOplatilid), and at
rovi.di ng.a substrate, (b rovi.ding a . )
Bl GG PR RERVE bt wihe s PElihieictrontion anatioh we:
subgiiaje. an abr asi ve sel ected fromthe group consisting of
a-glumpa, g- alumna,_ d-alumna, g-alumna, dianond,
bo%n ciﬁ‘bf"g@f’dg Flpigoly, whensinghe abresivssipaher camphiges fumed
alurhipk.aniumnitride, and m xtures thereof, (ii) 0.05 to
3.5 mmol /kg of ions of at |east one netal selected
f r dt t h&heymsthpd ebelaims32, whersin therbeasivg comprisest 0w h % or more a-
alun@@4.l um nmagnesi um zinc, and m xtures thereof, based

on the total weight of the polishing conposition, and

- (i Pt aThe maibdd ebelrimel7, wherpiniths ahgasiwetie prean) inathpbolishing
: LGal.- j i.shi oSl ti to.at

comp3RthE A SR 0 P8 PRI e SRR sEPabilifh
compesiiédn. a porti on of the substrate with the polishing

cogposition to l,Li.sh, the substrate. .29. The t hod of
cl 2vm obhe HrP BRORE M B SRR Rseeni nifgpelshing
compreditidn is @h embet of 1 0015 &6 IgEalih the fsd] Steighgothe pblahingum

i ri.dium ruthenium rhodium palladium silver,
comBAi{¥m gol d, and combinations thereof, and at |east a

pops.i oNTRS mbthed BOMMiR 1MEwRdrein SheAplidies chpditlol Bas a pH of 1 to
pol i shing conposition to polish the substrate.

27.  The method of claim 26, wherein the polishing composition has a pH of 2 to

28. A method of polishing a substrate comprising the steps of:
(a) providing a substrate,
(b) providing a chemical-mechanical polishing composition comprising:

6)) an abrasive selected from the group consisting of a-alumina, y-
alumina, 6-alumina, 6-alumina, diamond, boron carbide, silicon carbide, tungsten
carbide, titanium nitride, and mixtures thereof,

(ii) 0.05 to 3.5 mmol/kg of ions of at least one metal selected from the
group consisting of calcium, strontium, barium, magnesium, zinc, and mixtures
thereof, based on the total weight of the polishing composition, and

(iii)  a liquid carrier comprising water,
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30. The nethod of claim?29, wherein the substrate

conprises platinum and at |least a portion of the
Web@tiiondne i s abraded with the polishing conposPCT/os2005008411

polish the substrate. 31. The method of claim 28,

wherein the abrasive further conprises funed al um na.

32. The nethod of claim 31, wherein the abrasive

cortpk i séBplyipgite demicalpecharical pblishingaconBBsitidine ariakiachortion

of FhRidhLBie. Werein the abrasive is present in the

pol i shing conposition in an anount of 0.1 to 10 w.%

badéd osbrefiagebleast a pertighof thé subiseatp olith S pdishing composition to

co it ) . The met hod of cl ai m 33, V\,h_er_ein _the
ab:@l}s?léfvtze113 ?@Sgg{ésent in the polishing conposition in an

amgint  Ghe Miethod ofitlaits 2a sdereinthe hbstat sdmpvebghol mbhe
B OSSR 0 P 50, G,
silvg6osniitne, gid, ad cahbisdtnmtdieof, Whehigéddt 4 PatiOPbE BOAMe metal is
abra%gm?[ﬁ itﬁei p%ﬂshqgg CO%’I]:i%IS_{tigrfl tozpoﬁigh ’Exé substrate.

30. The method of claim 29, wherein the substrate comprises platinum, and at
least a portion of the platinum is abraded with the polishing composition to polish the
substrate.

31. The method of claim 28, wherein the abrasive further comprises fumed
alumina.

32. The method of claim 31, wherein the abrasive comprises 10 wt.% or more o~
alumina.

33.  The method of claim 28, wherein the abrasive is present in the polishing
composition in an amount of 0.1 to 10 wt.% based on the total weight of the polishing
composition.

34. The method of claim 33, wherein the abrasive is present in the polishing
composition in an amount of 1 to 5 wt.% based on the total weight of the polishing
composition.

35. The method of claim 28, wherein the polishing composition has a pH of 1 to

36.  The method of claim 35, wherein the polishing composition has a pHof2to
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