CHEMICAL-MECHANICAL POLISHTNG COMPOSITION AND METHOD FOR USING THE SAME
FIELD OF THE INVENTION [0001]This invention pertains to a chemical-mechanical polishing
composition and .a method of polishing a substrate using the same. BACKGROUND OF THE
INVENTION 10002]In the fabrication of integrated circuits and other electronic devices, multiple layers
of conducting, semiconducting, and dielectric materials are deposited onto or removed from a
substrate surface. Thin layers of conducting, semiconducting, and dielectric materials may be
deposited onto the subsiaig, sei{acey:a, RunbesRf depasitionesbnigies. Deposition techniques
common in modem microelectronics processing include physical vapor deposition (PVD), also known
as sputtering, chemical vapor déﬁ@sﬁ%ﬁ%@%ﬁ&pﬁ (%_F%'I chemical vapor deposition

(PECVD), ang:glgciroghemicakpiating (ECP). [0003]As layers of materials are sequentially deposited
onto and removed from the supstrate, the uppermost surface of the substrate may become non-planar

and require pTARHrizafiBh BHERAHBTHYY S AL ErmsoRei, 5o S s AR SR ss where material
is removed froridhel soifhve oftbrraubstates tedient, a generally even, planar surface. Planarization is
useful in removin ire C phy and surface defects, such as rough surfaces,
agglomerateﬁ‘?ﬁé%%%% %r?%tﬁm e, scratches, and contaminated layers or materials,
PlanarizaticniP§Ziso bséfubbridsivnivijfeattre sivnia adiotiratebyonerdovitrg exbds deposited material
used to fill thefeabaesanste, RERvioRiaR; By e KRR fensubsagdanizievelsof.metallization and
processing. [0004]Chemical-mechapical planarization, or chemical-mechanical polishing (CMP), is a
common tec%eﬁ?gﬂgegggxé}cf %% p %ﬁﬁ%‘;gp%{?gﬁﬁf éoﬁlg%ﬁf%ss Ac Oélrﬁg%ié}rgt&alr%pqsition, typically a
slurry or othelsierurstsials Hay kefeppried arrovaFSFiaisteHEcH shf tEngediiatesifisiconventional CMP
techniques, aesulisisat®garinnepalishingheadissdadniedenRaaatsighassppibly.and positioned in
contact with g poli Q} dj 2 B apparatus. Tl N I(' L %gm 5%\{£Q,§§ a controllable
pressure to tﬁ% gﬁ%s#gfe? EIBS& fﬁ\g s}ﬁgstraté%gigagi%st tﬁ{eg}o%shin pg?ip The ﬁa%l is moved relative to

rgin > I | g : :
the su bstratef%yianyg}i’ﬁéﬂ’ﬁ%ﬂa&ﬁ?% RS vepRedrarstioR {ﬁ%@%ﬁie?ﬁddﬁ?ﬁéoﬁﬁﬂ‘ﬁﬂd’@ﬁ’ﬂ%trate serves to

abrade the s@{EGe of the substrate to remove a portion of the material from the substrate surface,

thereby polisgigg the gubstraie:.The noishingatine spbsiraighwihefelativemawement of the pad and
the substrate typically is further aided béthe chemical actmtg of thelggllshmt%,composmon and/or the
9

mechanical SENIR 0PSB PRS T8 SR SR a ST TREth B SRy B BBE tsH30D5]As the demand for
ever smaller storaigside\ibes zipgabia bistoringisves” [asgdraniountsof informetioizlincreases,

electronics manuiactighanave-besun i manwagiuig.dnerassingly cempligaied integrated circuits

utilizing exotig, materials. For. example, the yse %f ngble metalshin DRAMs (ge\fn?mic random access
ananizaiion i useful i rerhoving undesped surface thﬁ}oﬂi' gaﬂ Suriace cols, such .
memory) an Eei‘-? S ( ermelectric rarrdom access me o?ya)pl becoming increasingly popular. While

the use of notlersb & esrepriovigatiddrelsels perferidcBM ButHEIdFeédd the use of noble metals
can - and oftemdess~prasant udighampnpwactivingchallenyrsotmipatisulas oneble metals are

mechanically, oy 209 chemicalletesisiant st e Jmanlemelal was adogled to describe the

metals' superior resistance to corrosion and oxidation. This mechanical hardness and relative chemical

resistance m&Wd RS FfetdrS e irib BTREIATHEr AMdTEITASFBBlish using conventional
chemical-meg@itaaical paiishingredmpositiensiandiectinigire 50063 phiithistaO¥RAY ithe difficulties

presented byatp&n%%%iﬁlﬂl@mqﬁmi9%M§Mates. CMP utilizes a chemical compasition,
typicaily a shurry or other fluid medium, for selective removal of matsrial from the
substrate. In conventional CMP techniques, a substrate carrier or polishing head is mounted
on & cartier assembly and positioned in contact with a gﬁolishing pad in a CMP apparatng,
The carrier assembly provides a controllable pressure to the substrate, urging the substrate
against the polishing pad. The pad is moved relaiive 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 noble metals, their potential benefits have driven their use in the manufacture of integrated circuits,
and several attempts have been made to develop chemical-mechanical polishing compositions and
techniques aimed at aiding their integration into integrated circuit manufacture and the realization of
the full potential that can result from their use. For example, U.S. Patent 5,691,219 discloses a
polishing composition comprising a halo-compound that is purportedly useful in the polishing of noble
metals. Similarly, U.S. Patent 6,290,736 discloses a chemically active polishing composition for noble
metals compg@@h%tgl% l?nrgv%iv% 0@@&1%11%%%%%%? ,O%}slﬁ agueous E&Ilgeti%%m O 81 44396 Al discloses a
Polishing . composition for-nob e metals comprising su ur-conﬁeumng-éompcf[ﬁj'lO §'8brasive particles, ..
and water-solRfieP g anidRadtRrechfc istirsordRyeimieove e dishBrgtemant thie abrasive particles
and enhancesthstet rephalplsratesanit Sajabtiviam Q0TI ieeaehiolthecalgrsragntioned
chemical meglianaaRalshiat.camposiiapamIcL he.carahle,ofAglisaing ipkle metals more

efficiently than conventional chemical-mechanical polishing co glosn ons, the compositions also can

produce defd@fYn thesif AEEMSF T 8 & BTSSR dari e G ¢ i S B Rvsé iBdFformance of any
integrated cirsuittatef ifantiactueesfrorzdhe s bstratetiFustremheres; thehalegen- and
?ugyr[;containmm@p@yﬂﬁéégﬂ%%memmmmﬁag%&% mkﬁﬁ@grﬁﬁ%{?@i@%&g@n be hig/hly toxic
which can complicate the palishjng process hy requiring specia ndling equipment and/or
procedures),%%](ng’éfﬁéti\% %6’%%&5%%8}%%‘%&%%7 558%8} %?’Rﬁ%fb%@ THeEE S dance with
environmentafHyubsERsh SC[000NS 1 Perantietiserefirely ernnitrs Tohiks SransicAhshieahdiical polishing
composition thabiscapahiasel pelishingeblenelrtcantaiping.subsicatesmorg effigigntly than
convenional chemicalmeehanical polishind compasitions wilout e need for using specialized
oxidizers or chemical etc ants. The mvention provides Stich & chemical-mechanical polishing

composition &tfdreieabuirbtrde eriraigdssh fssstpbtisinnshisstate vrsatetid other advantages
of the inventiascalse e lnasadditinaatinvent wecteatitie s; Il e ap pase alebiomcethe description of the

invention proyiged belein. BRIEE, SUMMARY OF THE INVENTION, [00081Accerding to a first aspect,

there is provided a chemical-mechanical polishing composition comprising: (a) an abrasive comprising
a-alumina, (bfBEEHOPS B HHIGITREBHEME Gradtaim L RS ARPGEIGHt S the polishing
composition, @tickiémpa liquid carrier comprising water. [0009a]The present disclosure provides a
chemical-me¢figical Ralishing.coMROSIHAMACMRISIRG b(AhAhARIABYE MBI IRIRAg;A:alumina, (b) 0.05
to 50 millimoles per kilogram (mmol/k)%_‘?f |0£s of at Ie%s_t one metal selected from the group consisting
of calcium, StPS R BRI BE MRS R BASHE o e ERREIShPof the polishing
composition, aksdritsy aifiniiicana ey d ofspritihgvabaer oo 10 frheop rswitaitisetbsuee also provides a

chemical-meghanicabpelismioe: caMmpPasition sampHsing; @irnBhkasivaselestaddrom the group
consisting of ag.allll{mina 7-a|un§i%a 6- Iumin% O-?I mig?gggmond b ron ¢ rbide, silicon carbide,

Gircult manufacinre and the'realization of 't DOjE: 1 result from fhelr usd.
tungsten carbldce, tﬂanlum nitride, an mIXCiIUI’eS ?hereo{ gg%o g% mMmol/Kg O%éIOI'IS of at least one

metal selectebPfritte Yrodpeonsietily drcamaant dtitnanpeshion GRnaafdsam, zinc, and mixtures
thereof, basechapdhe fotal weightinfilsenelishitgdempasitionsandsiexaiquisl eagder comprising
Water' 6,290,736 discloses a chemnically active polishing composition for nobie metals comprising an
| abrasive and a halogen in basic agueous solution. WO 01/44396 A1 discioses a polishing
composition for noble metals comprising sulfur-containing compounds, abrasivs particles, and
water-solible organic additives which purportediy improve the dispersion of the abragive
particles and enhance mstal removal rates and selectivity.
0007  While each of the aforementioned chemical-mechanical polishing compositions
might be capable of polishing noble metals more efficiently than conventional chbmical-
mechanical polishing compositions, the compositions aiso can produce defects on the surface
of the substrate that can negatively impact the performance of any integrated circuit later
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10010atAccording to a second aspect, there is provided a method of polishing a substrate comprising
the steps of: (a)providing a substrate, (b)providing a chemical-mechanical polishing composition
comprising: (i) an abrasive comprising a-alumina, (ii) 0.05 to 3.5 mmol/kg of ions of calcium based on
the total weight of the polishing composition, and (iii) a liquid carrier comprising water, (c)applying the
chemical-mechanical polishing composition to at least a portion of the substrate, and (d)abrading at

least po”iaoaf}n%até%ﬁré PoliAlk. Jﬁ?sﬁ%’?e%%%i&i%%%?ﬂ%@%%’%%% %Hsﬂlm?»é&ﬁﬁﬁﬁfﬁ% 100111The

present disclosure further provides a met olishing a substrate comprising steps of: (a)
providing acsefystratls, (Bl asrbvi ding@chemticak et Fanicalopatishing com peditidiydomiprising: 0) an

abrasive c rising. a-aluming, (i illi ) - kil : ' t least one. n
metal selegt(ggl(flfb%%lt%(gn rgégyféc%%\gi%ﬁg% f%%é%gjzéﬁ%%g%éﬁr%%%eﬁ%{ @ﬁ rdégsﬂjt%%r}gof, based on
the total weighbobthespakishiagpespdsitionuaadnidioa diqueicsozraropenbribimgwaten (c) applying the
iﬁg#gﬂgt least a portion of the substrate, and (d) abrading at
IS

chemical- ical polishi it
least a port%%%ﬁ%%&%%%ﬁtg%%%%p% ing composition to polish the substrate. (0012]The
present disHi888ie additiordiliciovidesaimdittodcbt potichines hasitas trates womprisiprsithensteps of: (a)

o o ey PO ST S Ec BT ATERSASPrsns Oen

abrasive selected from the group consisting of a-alumina, y-alumina, 8
boron carbidevsiicoretahbidizatungshen cabidiehtitasiompasitides anthenixtiwestddreoRifig) 0.05 to 3.5

rmol/kg ofjons, of af &%‘i‘cﬁ‘z@ﬁ%f‘%%@ﬁ%% é%&%%ﬁ[é’.”‘rﬂ%%%@%ﬁﬁ’oﬁﬁ{}% 1 s?f?ﬁad?éHé%iﬁaﬁQ”““m’ barium,

magnesium, zinc, and mixtures thereof, based on the total weight of the polishing composition, and (iii)
a liquid carmbwmigﬁigﬁwaml@oéﬁmyiﬁgd_th@%h@mﬁihpmeﬁ%hk@@d@ﬁshi@g)@ﬁﬂ!}pﬁosition to at
least a por%aasafagge BHRIUALE, A L) AIBAING ALIGARL A RLTHIOR AT e FuPsials ithihe polishing

composition to polish the substrate.
features, will be apparent from the description of the invention provided herein.

BRIEF SUMMARY OF THE INVENTION
[0009] According to a first aspect, there is provided a chemical-mechanical polishing
composition comprising:

(a) an abrasive comprising c-alumina,

(b) 0.05 to 3.5 mmél/kg of ions of calcium based on the total weight of the polishing

composition, and |

(¢) aliquid carrier comprising water.
[0009a] The present disclosure provides a chemical-mechanical polishing composition
comprising: (a) an abrasive comprising a-alumina, (b} 0.05 to 50 millimoles per kilogram
(mmol/kg) 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 (c¢) a liquid carrier comprising water.
160196] The present disclosure also provides & chemical-mechanical polishing
composition comprising: (a) an abrasive selected from the group consisting of w-alumina,
y-alumina, §-alumina, 6-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 from the group consisting of calcium, strontium, barium, magnesium,
zine, and mixtures therebf, based on the total weight of the polishing composition, and (¢}

a liquid carrier comprising water.



DETAILED DESCRIPTION OF THE INVENTION 100131The invention provides a
chemical-mechanical polishing composition comprising (a) an abrasive, (b) ions of at least one metal
selected from the group consisting of calcium, strontium, barium, magnesium, zinc, and mixtures
thereof, and (c) a liquid carrier comprising water. In one embodiment, the chemical-mechanical
polishing composition comprises (a) an abrasive comprising a-alumina, (b) 0.05 to 50 millimoles per
kilogram (mmq cr)Jionm of at least one metal selected frg tgh r nsisti aleium,
strontium, bzﬂtriCL“rlrQ%i béa d m@%ﬁ??gfﬁi%)egf? L?é?(f:%dchs)ijw%téa’et%?:tlaerl %/%é)lg %%?%%%%ﬂi aingggggﬁgéﬁs%%n, and (c)
a liquid carrierscontprisimgnwaterzifhanotierfembodiment, the-chemical-mechanical polishing SR
composition comp((ré es ( }o%d%pé;%sﬂ S&(%{Qprising a-alumina, (b) 0.05 to 3.5 millimoles per kilogram
(mrnol/kg) of ions of at least onemetal selected from the group consisting of magnesium, zinc, and
mixtures thereof, based grothditgtaloveightlofhivdpolishpol tongposioni tand (o) miiogd carrier
comprising water. In th ano&h% gamgg%iomle%tsigle&g Lmligazi-mechanical polishing composition
comprises (a) an abrasive sélected from the grotp conss%ﬁg of a-alumina, 7-alumina, d-alumina,
0-alumina, diamond, bidron cedbide3 Silieor Ehghidéotsngsteénicarbided wariartvmaitrdegand thixtures
thereof, (b) 0.05 to 3.5 mmolfkg f ions of at.lteast one metal selected from the group consisting of
calcium, strontium, barium, r%%gsriléns%ucr%l,n?l%%,lg%ﬁaflnlxtures thereof, based on the total weight of the
polishing composition;i@nd (e)iguliguiskcarkdengoivipdsiagewater. Aside from the abrasive and the

identity and concegnération oﬁ the nﬁgtal ﬁ)]ns.i $r _lshenhggﬁtcha en]E)S 1gimecr3)t]s o(;; Stltlll% %:ht%mi%allégg‘ cahanical
polishing composi fon of thB inven |'c()3n,C 10 Other characteriiics of the chemical-mechanica polishing
composition of the inventporti(en g, diresainouart efdbrasive, the liquid carrier, the pH, and other suitable
additives) can be same. [0014]The polishing composition comprises an.abrasive, and, in certain
erhbodim)ents, the@%rasi%gel%Lglrr}%p?]itslggsg-%ﬁjorlrﬁ!r(?g. (fs{l en(s)l\%\t/)r%t é& %h\?)%{g 0 60?8#1521%39 %l%fflﬁllr? ?ﬁlg%l}t, alumina
(i.e., aluminum oxide) existpdbSenNerabidiffeient crystalline phases, which include a-alumina,
y-alurnina, h: ina, Q-alumina,,lc-alumin alumina, %-alumina, and .p-alumina. The a-alumina,
wohen prosd i e 2braa e o R e e AR S BB 5 i can
be presenténithyeiforpiof digtinet: alwasive fiadiclesconisistin gessdmntazdyieipnontonsibtimg of,

a-alumina, or.the a-alumina.can be present in abrasive particles comprising a-alumina ang,other
Suitable ablRl e R e B R R B RS e
comprises exdlumilea,piivek dbgasivénprefekablyl conprise scidl widmotainoies trbiie préfeablyp 20 wt.% or
more, still more preferably 30 wt.% or mote, even more preferabl wt.% or more, and. most
oreforably Db b At s B S B e ot
weight of the ieraslhiehif@alsiAssiatedabous, tieing ention alswprovidesterctvemipliimedisanical
polishing c%gme%%%gign comprising an abrasive selected from the group consisting of a-alumina, "(-
alumina, 5-alumina, 0-alumina, diamond, boron carbide, silicon carbide, tungsten carbide, titanium
nitride, and mixtures thereof. In such an embodiment, the abrasive preferably is selected from the
group consisting of a-alumina, 7-alumina, 8-alumina, 6-alumina, diamond, silicon carbide, titanium
nitride, and mixtures thereof. More preferably, the abrasive is selected from the group consisting of
a-alumina, 7-alumina, 6-alumina, 6-alumina, diamond, silicon carbide, and mixtures thereof. Most
preferably, the abrasive is selected from the group consisting of a-alumina, y-alumina, 8-alumina,
O-alumina, and mixtures thereof. [0016]In addition to the aforementioned abrasive components, the
abrasive of the polishing composition can further comprise other suitable abrasive components.
Suitable 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, finned or pyrogenic silica, and precipitated silica), ceria, zirconia,
chromia, iron oxide, germania, magnesia, co-formed products thereof, and combinations thereof.
[0017]The abrasive can be present in the polishing composition in any suitable amount. Typically, the
abrasive is present in the polishing composition in an amount of 0.01 wt.% or more, preferably 0.05
wt.% or more, more preferably 0.1 wt.% or more, still more preferably 0.5 wt.% or more, and most
preferably | wt.% or more, based on the total weight of the polishing composition. The abrasive
typically is present in the polishing composition in an amount of 25 wt.% or less, preferably 20 wt.% or
less, more preferably 15 wt.% or less, still more preferably 10 wt.% or less, and most preferably 5 wt.%
or less, based on the total weight of the polishing composition. 100181In one embodiment, the
polishing composition comprises ions of at least one metal selected from the group consisting of
calcium, strontium, barium, and mixtures thereof. Inya second embodiment, the polishing composition
comprises ions of at least one metal selected from the group consisting of magnesium, zinc, and
mixtures thereof. In a third embodiment, the polishing composition comprises ions of at least one metal
selected from the group consisting of calcium, strontium, barium, magnesium, zinc, and mixtures
thereof The ions of the metal(s) contained in the polishing composition can be derived from any

suitable source. Preferably, the ions of the metal(s) contained in the polishing composition are derived
from at leact nne watar-ecnlithle metal calt 00101 The inne nf the Mmeftal fcan he nrecent in the nnlichinA



amount. Generally, the ions of the metal are present in the polishing composition in an amount of 0.05
millimoles per kilogram (mmol/kg) or more, preferably 0.06 mmol/kg or more, more preferably 0.07
intnolag or more, and most preferably 1 mmol/kg or more, based on the total weight of the polishing
composition. The ions of the metal generally are present in the polishing composition in an amount of
50 mmol/kg or less, preferably 40 inmol/lcg or less, more preferably 30 mmolikg or less, and most
preferably 20 mmol/lcg or less (e.g., 10 mmol/kg or less, 5 mmol/kg or less, or 3.5 mmol/kg or less),
based on the total weight of the polishing composition, In certain embodimen sh§uch as when the
polishing compesititaigolitbrigesipattiohan fiasiorROTRIAT 48 SRS SRY ffiaxé’roﬁnﬁ Eonsisting of
- calcium, strontiium, Bariyy Goehaksbe i ihe tenbhihecansefitheonais refirbly: are present in the
polishing composition .in an amourt of 0.05 19 il rKi ameseareferably
0.05 to 40 mnt8 (e. .,ed?ff’é‘?%t?%s%‘r’ﬁo ﬂ%?doi 05{%1)[ 2 t?rﬁr%%lﬂa?&k ig.g?%ﬁﬁ%%ﬂ%nkg, or 0.05 to 15
mmollkg, stilkrgrisipgdbe iy ob. G5 m@@iﬁﬁﬁéﬁﬂaﬁn@}ﬁﬁﬁﬁéé ?ﬁ?fcbgg‘gcg%mgcmmollkg, based on
the total weight gfthe pekishing sompesiiol) MAtersithegalishimnibnspoditertiedinpfides ions of at
least one metall selectgaﬁjuglc)m g_m@_gmimnmagﬁ%sgmé@im@nﬁmﬂﬂures thereof, or the
polishing comﬁ%@i’ﬁ%ﬁ comﬁ?fse;s an abrasive selected hu ll)ég &rguzpscongi 1ing gf.azalumina, alumina,
8-alumina, O-ahoesteracaehitihn ST ATHCaFBIJR EITRS Bf:eé)r%% ,'tun'ogsteﬁrgar%fde, titanium nitride, and
mixtures theregfciheionsaldienicdamiteioabloasistiaefcisior o 8 pEiF g EBmposition in an amount
of 0.05t0 3.5 miIIimoIes&%r}&l@%w,o&&m&mmmaﬂﬁetmﬁsmmmoI/kg (e.g., 0.05t0 3.3
mmol/kg, 0.0510°3.25 Mmol kg, Q.05 fo 3.2 mmol/kg, or 0.0 %&m@é@gﬁcgpd most preferably
0.05to 3 mind}ﬂ@@%@%}e&%ﬁiﬁ%%&%ﬂ BIGHCBPIRE R SiShin 2 position. [0020]A liquid carrier is
used to facilitatedheiappltaiiarrobteiiradiisisesrtion e BAdATP5HE QUIFEED the surface of a
suitable SUbSt'igat.% o) %%B%%esqmigﬁ@oﬁmgquﬁbeaﬁdemmﬁ@ekar;ybsgﬂa-ble liquid carrier. As
noted above, the |q%| carrier comprises water. Preferably, the water is deionized water. The liquid
carrier can furiher Comp s arIpTEBEOFEEE RIYEDESHIvent. However, in certain preferred '

embOdimemsTLg'&gfui%@Wnﬁgﬁ'ﬁiﬁﬁd@%%ﬁﬂ}ﬂ@cﬂfaﬁmmmmgmﬁiﬁwe preferably deionized
P

water. [0021] lishing composition, can e any sult (eg., el ly, the
polishing compeaRiEinhEs & RS S {%5‘?%%5@5% S}r{at# t%p'%gl %@r%%ﬁgg gtE?i(%e/llﬁh(3({]%7??(%}-mechanical
ns’

polishing systeim:saiestaotiovdtarm/ oreneiiviaifed: {romedie 61 specifically, the
polishing comQg%gpgﬁmﬁgmﬁqm%mmjuﬁtdrgmiwmmﬂmgmﬁémgor a combination
thereof. The pH adjustor can be suitabl -adjusti nRdskokexampiesthe pH adjustor
can be pOt&SSﬁﬁWW&MH&?%%&aI{%% %/E’J?%‘xfd%;,!n gr%&r%%r%:—&lrgjﬁﬁ?g& ide, or a w{ﬁgig@tgf” thereof The
pH buffering agaotraarisecdhs) shilcas i BUMmSHRS B5BhERS* {?%‘p}%,%?%soﬁﬁ%%es‘? acetates, berates, -
ammonium salg,.aRd e dilke, Treshemicakmedkanilakyel mhirrgusysteisieaiieatiishee any suitable
amount of a pH adjustor and/ tPuffening.a0enk ided:siich amesinkis, sufficient to achieve
and/or maintaifitf OEFP%fafhge(%gaI%%!r%&si%em wiﬁ{%ﬁ ﬁlggéra es setforth herain, ,[0022]The polishing
composition carfnithieneAnRAEReHEE IS SR FE Be E’ﬁffn sgfmable acid, such as an inorganic or
an organic acigekiR.CoNtinaion titieokTor dicampl énmhe/soIRHY AShirASsMIEE%h comprise an
inorganic acid ?ralet%tfﬂofé&g;e t%%gug&ggsggggm%&mgrmmd phasphotwicecidssuiiutic acid, salts
thereof, and combinations ereof. The pqllshlr#g G meg%g%&%%%ggg%(@ge@?gvely orin
addition to the ipfeteyisies abien RADIBRFIERH TGS oM the group consisting of oxalic acid, malic
acid, malonic agig.tReianisineis:, axaeﬁemich%hrﬂa@ﬁ@ia@id?lﬁﬁéﬁ%ﬁi%ﬂ%ﬂ“ﬁ‘?fﬁ%ffgsgéﬁ?penzoic acid,
citric acid, succipic acid, salisthereof- and GRabipetioasiheiephliie; Sptesent trivaeid(s) can be
present in the poﬂshlng composition,Jn an S ta‘;&le qmgmﬁ@)ti@g%g]g}gggg%mm@@mposmon-also
can comprise #ESPBSIBA RSP ‘.’f’%%ﬁﬁ- Yormmg agent). The cor sion, inhibitor can be any
suitable corrosigariahibitonsTypicatipolie ebiarbA MM TSR BIRMERoRFound containing a
heteroatom-co %%ggm;gﬁfmgmgl SR oL Rxe MpkRsdhe corrosigminhitshiierah Bee] Peterocyclic
organic compound with at least one 5-.or 6-m r hat k9 EiRgeRsoHheiastvadnctional group,
wherein the hefé?é%‘%ﬁ’é‘ﬁ%é’%%ﬁ?aﬂeilﬁgs“g{gIoeogls%%omn%%ﬁi%}r%g%% gt%ﬁ,égg% exaﬁ?;le, Ean azole compound.
Preferably, the corrosion inhibitor contains at least one azole group. More preferably, the corrosion
inhibitor is selected from the group consisting of 1,2,3-triazole, 1,2,4-triazole, benzotriazole,
benzimiciazole, benzothiazole, and mixtures thereof. The amount of corrosion inhibitor used in the
polishing system typically is 0.0001 wt.% to 3 wt.% (preferably 0.001 wt.% to 2 wt.%) based on the
total weight of the polishing composition. [00241The polishing composition optionally further comprises
a chelating or complexing agent. The complexing agent is any suitable chemical additive that
enhances the removal rare of the substrate layer being removed. Suitable chelafuig or complexing
agents can include, for example, carbonyl compounds (e.g., acetylacetonates, and the like), simple
carboxylates (e.g., acetates, aryl carboxylates, and the like), carboxylates containing one or more
hydroxyl groups (e.g., glycolates, lactates, gluconates, gallic acid and salts thereof and the like), di-,

tri-, and poly-carboxylates (e.g., oxalates, phthalates, citrates, succinates, tartrates, malates, edetates
(e n dnotaceciiimma EDTAY miviiiree therenf and the likel carhovviatee containina one or more <iilfonie



the form of a salt (e.g., a metal salt, an ammonium salt, or the like), an acid, or as a partial salt. For
example, citrates include citric acid, as well as mono-, di-, and tri-salts thereof; phthalates include
phthalic acid, as well as mono-salts (e.g., potassium hydrogen phthalate) and di-salts thereof;
perchlorates include the corresponding acid (i.e., perchloric acid), as well as salts thereof Furthermore,
certain compounds or reagents may perform more than one function. For example, some compounds
can function both as a chelating agent and an oxidizing agent (e.g., certain ferric nitrates and the like).
[0026]The polishing composition can further comprise a surfactant. Suitable syrf%:tants can include,
for exampleAgatianic Surtactantsidhioftets e GERTE T HEMSh RSSO EPAR = 5M Photeric surfactants, -
mixtures theglgggdi%gtglggtﬂg@ﬂéﬁ{@;g@&%ﬂm@@Hﬁhmmpmip‘osi@ﬁiheé@mﬁ@@e@@ao%hionic surfactant.

One example of a suitable nonionic.surfactant is; g%’ nediamine pebmxyetylere surfactant. The
amount of Sﬁ‘ﬁg{!&fﬁrﬁsﬁfﬁﬁ%%ﬁﬁ%“ﬁ}?ébﬁ'fa?&gt%&fa&vﬁ% (prefe abc% .0.031 wi.%.10.0,1 wt.%, and more
preferably 04865 R0BNYY) Wé%ﬁ&%?%@%?&w&%geo? %%VSS ]fsaﬁing composition. [0027]The
polishing cor[@m?itio@mg‘m{hgmﬁ)ﬁn@ﬁisecanpam#@amm@vag@ﬁt.iW%Fﬂ“PS%}Wﬁ agent can be any
suitable anti-]‘oaégnin agent. Suitable antifoaninoia@eisioatide, ot anaenet dmited to, silicon-based
and acetyleﬁ ¢ Biobase pa‘mtlfoa}ming agen{ﬁi.vThe a nt olf as,&ti- aming agent present in the
polishing corfiposiupitpsTEdR) FETOHBETT fﬁﬁcﬁib?ﬂg}[%%%iﬁe polishing composition can also
comprise a h{%&ﬂﬁ;@h@lﬁiﬁ@d&@%ﬂ%%ﬂ%%%ﬁ%iﬁ@,%f“éxﬁ'f?‘fﬁi‘é“%ﬁrfgothiazolinone biocide.
The amount of biocide ysed;inihe palishingearpesiiancypicallyis-toiEoppHrbieferably 10 to 20

.

ppm. [0029]'l°ﬁe polishing composition preferably is colloi iskh& igrm«colloid refers to the
suspension dPtke MprEERETE] .ﬂ,%%?éasl,l\'}‘gnﬁé}%ﬁcﬁ% Safﬁﬁl%ﬁg%%%m%ﬁg{ Colloidal stability refers to the
maintenancepafihat-suspeasiortbughtmesATCishEEBYdSRiEA 1S considered colioidally stable
if, when the polishing. compasitien.is plpeeddatshantQGrinlgraduitdeld Byintdeicandtafidwed to stand
unagitateql fofr} a time of Z,Q%USQ? . tgsefggégﬁﬂ,&gagewgg&%ﬁgg&%@&@m@lmﬁm (e.g., abrasjve
particles) in tHeSh B BHTHISF the graduated cylinder ( 13531rue gdg; /m3).ang the concentration of
abrasive (e.gabaisragidepaltictssyiFthe W s e !6? dfﬁa%e%]cyhﬁ%er (El] in terms of gun!)
divided by th%ﬁ}@&ﬁkﬁ%@ﬁﬁ@im%&braﬁvmémgrpfabifés%\’ﬁé@tﬂflé’@)"ﬁf?’ﬁﬁé“%lishing composition
([C] in terms of ani} § I%[stg/alogom%r (Q_.g::: 54181z LT RG] 8h9). Riefembly dhaivalnedf [13]-[T])/[C] is
less than or egjtral X % more pre erdbly is less than or equal to 0.1, even more preferably is less
than or equal toBe0BaiarERMESHSETEPABly is less than or equal to 0.01. [0030)The average particle
size of the polighing composiian prefeiably remaimoeidss AAR HHERSHYRT RIBURout the useful life
of the polishinc% coonslipgnsit(i}%%ﬁlsqnggﬁtMQIQ,&%@@{@QQMM&@E&MQH@MWg'composition
preferably incfeaSEs by less than 40% (£:0 1295 030204555 LiRn30iklepsiban 25% less than
20%, less thanaBws; HFEEEH A THSE) ﬁ‘&éﬁdﬁ]o‘)ﬁ?t}[he useful life of the’ olishing, composition (e.g., 90
days or more,RGudaystr morexora6s el TGRS HE%A é‘ﬁﬁ%ﬂl?ﬁr &r provides methods
of polishing a sybstrate with thenokishing sompesitionsiasidescrbatrhéraimiThdifietods generally
comprise the steps of (i) providing as ebgﬁﬁan%%;t&@s%&g@%cﬁ‘e%@@mﬂga gaapesittan as described
herein, (iii) apﬁl?ﬁ@%é“ﬁoﬁ%ﬁ“ f:uormp’()snion to a portion of tt'ée ubstr%t%u%&q (,Rhrading a portion
of the substratetetgolish thezsuystratst 05 2HFBHE éﬁ?ﬁ%ﬁﬁeﬁf% *&lich'a method, the method of

polishing a Su?ﬁ%@&%&r‘oida, and mixtures thereof, Most preferably, the abrasive is selected from the

group congisting of p-alumins, y-alumina, S-aluming, S-alumina, and mixtures thereof.

[8016]  Inaddition to the aforementionsd abrasive components, the abrasive of the

. . e rable
polishing composition can further comprise other suitabie abrasive components. Suitabl

additional abrasive components include, but are not Limited fo, metal oxide abrasives, such
med alumina}, silica (2.8., colloidally dispersed

as other forms of alumina (e.g., fu * ‘
and precipitated silica), ceria,

condensation-polymerized sifica, fumed or pyrogemic silica,

L



comprises the steps of: (a) providing a substrate, (b) providing a chemical-mechanical polishing
composition comprising: (i) an abrasive comprising a-alumina, (ii) 0.05 to 50 millimoles per kilogram
(mmol/kg) 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 compaosition and (iii) a liquid
carrier comprising water, (c) 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 0033]The%ollsh|n Omcp%)%rlél{%n H)%ggg in this r;inethod
embodlment%‘Ftﬁezfﬁi?gfﬁlwoé%lﬁﬁgﬁsg}g TaS AR AR RERE LB prioing A.alumina. (5) 0.05 to 50

millimoles pesckiloggiamms thermdl/kg) of ions of at least one metal selected from the group consisting of
calcium, 5”0'[6111 batt%txaﬁﬁta QaBdraesthereal @@ﬁ@@h@ﬁﬂb@gt@t@mmmtﬂ&aﬁshing
composition, Anc (ﬁ 'd SRSl %&’M?ter ool 0SRA06E §1 haraglersies of i

chemical-mechanic 1p s ing C mposmon filized in this method embodiment of the invention (e.g.,
the amount obgisrasifatiié- ﬂé]W/&arrﬁ@FestWérﬁ)R@fe%WH S s Sfdiiies) can be the same as

set forth aboye:farechemicabneeh anicaspetisking compositiameofdite mvantion +{8e84]in another
embodiment. (g hellingt ebaglishing a.substiale Aompseahe @tm% cBhpégtiRg a substrate, (b)

pl’OVIdIﬂg a chemlga hanical O ish INg, composition comprising: I an a ras(D/e comprlsmg

a-alumina, (i PDSREFE Bfr?ﬁIﬁﬁ%l%‘s"ﬁ%rpﬁﬁt%t’%o(ﬁﬁtrﬁo?ﬂé@ﬁso?‘%ﬁgr PR Ast SR metal selected from
the group consistirty ebmaghesivil wile cake: miktucespthisress, baskoossthbasetaindlsight of the

polishing 00”1&915\%9 gpﬁte(gglglwgl%ﬁ%compnsmg water, (c) applying the chemical-mechanical
polishing comgf?éttlon to at least a port n oé% e substrate, and %B) abradlinag atl least a portion of the

substrate with¥H8lpolihig BRrANBE R R HElEh PR LU h S R ThB 38 Hhe polistimg composition
utilized in thiswmethoekedfbodihrertofnsiiivenirel BonTBHsEE(B)TaE BfaSREEdmprising a-alumina,

(b) 0.05 to 3. %méttt‘nm@%ae@m@tgmmhﬁmm&gm@g iops@fiahleasiopeimeiahselecied from the group
consisting of ma v)ls Iuigi] ’ﬁzm(ﬁl ar}'t)umé)é;[llélzrs 11:: th%r%o&a uﬁ%egn & ?n‘t% glle\alvﬁ!aggbtfo Qe polishing
iqul

composition, & canfer comprisifig water. Thé other characteristics of the
chemical- medh?ailt’@dtoéeﬁgﬁtrﬁ@ ééhﬁ‘ﬁé%ﬁ?@t?‘tﬂﬂﬁ@d’%‘ﬂ%% s g eamisBamEh iSRS invention (e.g.,

the amount ofsabrasivewthedisick casdrintherphiiyandrothensgritaiole, additvéslcansbe the same as set
forth ahove lofe.cherical Figchanieg alisaing somagsiion ablbe puenion-I0gsGln a third

embodiment, the me ing & substrate comprises the steps of: (a) providing a substrate, (b)
providing a cHEiEaY- tﬁ’éﬁﬁ%tﬂ%t ORIFSHIRG B StiGR BEWISHEME 5 A% %E?t}egselected from the
group consistifgnpfsaial umidaivyedtuminaS-aluminas@ublemitdsadiamond, boron carbide, silicon
carbide, tungsigasarbide, 2 Alfa: s0dmisiuies hiekaoh (1h0540i3 inmaig of ions of at

least one- metal sélected from the grou‘e consistin gfntcald}l:mdis ronggéln Og rium magneS|um zinc,
and mixtures T FAEEO IS St ETH SRS B SHEHRG

05| 1on, an?j (lu) a liquid carrier
comprising wmﬂuﬁcpﬁmm@m@mmieam@mh@lﬁtwiﬁﬁ%hnﬁ@f%étﬁﬁ&qt%ﬁ%ﬁ%ﬂeast a portion of

the substrate, and (d).a %’Myﬁid@%ﬁﬁ@/%{.l%i@faM&ﬁub@Hﬁt%wlthrﬂﬁemgbshim@ composition to
polish the substrafe. Oe)tgt% %erz tlc!ﬂy A o?%ndtg(c)%%l}?cﬁztligf!:l izgdl '%J?&%t%%%@%ﬁju%ﬁgﬁﬁgmem of the

invention comp f'ﬁ%‘é—zgﬁ Sive se ected from't roup conS|st|n of a-alumina, y-alumina, &-
alumina, O-aluprsistat ditmpnigiibe FOPRHNE S MRS AFD] @“tﬁ%’@ﬁéﬁséd?’f?@@bh’t%lum nitride, and

mixtures theret%ﬁ@g%ﬂ@sﬁolﬁoﬁ méfwéﬂigSeriiﬁnﬁ/l@fcaﬁéwsﬁmesnpet&kmt@@temmm{gmm the group
consisting of alc rontium, bariim, Magnesium, ZinG. ARG AYKIULES, ﬂ%@é@@ﬁ hased on the total

weight of the po Ftﬁtg cé)nrﬁmos |on an (c) aTiquid carrier comprisi ﬂ% wate cher characteristics

of the chemm&tﬂﬁé@t&?ﬁé’&i*ﬁ@ﬁ&ﬁﬁ?ﬁ’%?ﬁ’bo’ﬁﬁ%ﬂ%&l s ARe tRod e e(?&lm%rrlﬂ of the invention
(e.g., the am0u@taﬁsaﬁfﬁﬁjﬁ@rtthﬂmnﬂat&mdh&tﬂtﬂ:im@i Givetlsusitablecadigitiges) can be the same

as set forth abgye for ﬁ&ttsr@m lkmeghanical pelishing ﬁamagt%gmmywon [0038]The
substrate to be poTInh using the methods of the mvenII p.can e I'?;wtaq substrate Suitable

substrates incRIGE™ b BN SIRTtEEYE Tl Gratea Ehtute; F?té{r)n%lr o(r) figid |scifs metals, interlayer
dielectric (ILDYdevides, semicahdbbtons, mieroelebiEcnethaical 1@%’5@?&@ 4#rddlectrics, and
magnetic heads. The metal layer can comprise any suitable metal. For example, the metal layer can
comprise copper, tantalum (e.g., tantalum nitride), titanium, aluminum, nickel, platinum, ruthenium,
iridium, or rhodium. The substrate can further comprise at least one insulating layer. The insulating
layer can be a metal oxide, porous metal oxide, glass, organic polymer, fluorinated organic polymer, or
any other suitable high or low-ic insulating layer. Preferably, the substrate comprises a noble metal,
and at least a portion of the noble metal is abraded with the polishing compaosition to polish the
substrate. Suitable noble metal include, but are not limited to, platinum, iridium, ruthenium, rhodium,
palladium, silver, osmium, gold, and combinations thereof. Preferably, the substrate comprises
platinum, and at least a portion of the platinum is abraded with the polishing composition to polish the
substrate.



[0039]The polishing methods of the invention are particularly suited for use in conjunction with a
chemical-mechanical polishing (CMP) apparatus. Typically, the apparatus comprises a platen, which,
when in use, is in motion and has a velocity that results from orbital, linear, or circular motion, a
polishing pad in contact with the platen and moving with the platen when in motion, and a carrier that
holds a substrate to be polished by contacting and moving relative to the surface of the polishing pad.
The polishing of the substrate takes place by the substrate being placed in contact with the polishing
pad and the polishing composition of the invention and then the polishing pad moving relative to the
substrate, so as:tdkahrade atleast/egportiohtof thersubsiraté teopalisfetidy Suljstrabe. [0040]Desirably,
the CMP appgﬁg&%élé%%&%ﬁ%%%@ 19 siRnRRishing endrait drigrliameysiRfgnany of which

are known in the art. Techniques for mspectmg_,and monitorin tpe e(ﬁ)gl{%gi'anlgtﬁarlosg Ss (py analyzing light
or other radiafSFPPEHEtSPHONE ROV LIS ot the SHbSTatE are kiiown in the . Desirably, the
inspection or fronitedrgrofotistprograsy efithezyslishimypric by sRitarés pelititdea substrate being
polished enahlgs heidatarpisatianwidhespelishingrantd poiftosisitheteteimiination of when to
ferminate the gole/ing rceess Wi peel 0. SR SNES (88, Q41T Gb1P apparatus car

further comprise a mgans.%ai’ oxidizing the substrate. In electrochemical polishing systems, the means
for oxidizing tEwubsirade. premEBIF Sstaidedor bt &t BsHIAMY ERiTedMitg potential (e.g.,
anodic potentiglidorthexsphsirate (@ groekectiionicofatiertiostdd) piitiei deuicerforidpplyimmg time-varying

potential to the, Sbsiiae:Gan beanyslabiasuch deyica. ] pesmeans darmidizinathe substrate
preferably corﬁpnses‘a device for applying a first potential e(g a moree(igddi@?ﬁ%gé) ential) during an
Z

initial stave of 1R&pEHSEi RPN bRy Sk ebherputsaar & s merddd oténtial) at or
during a later stape«ohpdlishingsianecdepistidor changing the first potential to the second potential
during an intefsg{ate iage; f.Aelishing«sthisaniougsishicaddeipabe eaentiakduring the
intermediate s&a e or rapidly reducing the po]gentialbfiro a first, qig??) rh%é(iggz'knlgdl??%ential to a second,
lower oxidizing"PStai sAEPE LR GE BBRIR g W%arv%f%sfﬁéefﬁs? igher oxidizing potential. For
example, durifhiquinitialistagefsyoftheholishirgrerefativety migrr dRidigigpotential is applied to the
substrate to promote.asalativelhigh fateef oxidatiopddisselutionitemenatofdhiusubstrate. When
polishing is at a later stage, e.g., when, roaching an underlying barrier | : lied potential is
reduced to a ISVEPPFOUT ?%%eég alspe gﬁ@agl%/)flgjg\r}\}éﬁ gFV ?1‘361faigigaﬁg%}éﬂ&%%%ggﬁ%nfégfﬁﬁion/removal of
the substrate, teiktyrictinnsistirgseitislibeientany etk BHg dRNiRI B SO/ S d"8rSsion. The
time-varying elggtiochemicalpptenialisiarefesahlyappheitbisig @ contrdllabirefarizble DC power
supply, e.g., an electronic Otgsf-}&igéﬁ%a%%ﬁ?&‘%E‘h@é&%&%&gﬁ%@@%r despribes,a means for oxidizing

the g Com : . .
a substrate by ap%?ylngga poFentlal. _ e following examples further illustrate Ehe invention but,
of course, shoﬂl@ﬁ@%ﬂ@%@ﬁ%ﬁ#@é&sﬁﬁﬁ@tﬁ?Wﬁﬂi?ﬁﬁ’ﬂﬁ?ﬁqﬁg%ﬁ@@@ﬁmfﬁ 186431 This example
demonstrates thexgnhaneadpalishing: rateidxhibitedshipthendotishingeompatitidingitiae invention.
Similar Substfaéﬁ%&@em rising platinymwerepolished-ysinaiaws: differant palishing.compositions

(polishing compositions 1A; 113, 10, and ID). Pglishin conuoosition IAhcﬂpmﬁaraté\{S% did not comprise
an appreciableSHEHHOBP Rt TGHE B BRI B SAISHP I Ve ntion) comprised 028 rranol/kg
(approximatelyhd&qxpin roficalciufy {asidaleiarruhiorive fhretiS hike EbFeRmEsart sihbention)
comprised 0.3§ mmollko.(FRAMxFEAEl 33.pTuIeisten e asksitanliumehierigey, Polishing

chlonde). Eect/el Hia Atord NG BTN AR e e B b S v Bt an aprasive
comprising, baseepbiethettoativeight it atsasive v Hisg kiR 50T Al and
approximately 40uat Za:fiiaeek aty aTing paindihad A-phkeitid khenyal ueSdalr teeiplatinum removal rate (in
cmarzed i RUHe 1. TAT T A o e DL, SemPeR LT b fels 21

suitable ac’id, such s an inorganic of an organic acid, or a combination thereof. For

exampile, the polishing composition can comprise an inorganic acid selected from the group
consisting of nitric acid, phosphoric acid, sulforic acid, saits thereof, and combinations
7



Polishing Composition Metal Concentration (ol/kg) Platinum Removal' Rate (A/min) 1 496 IA
(comparative) -- le (invention) Ca 0.38 1450 IC (invention) Sr 0.38

thereof, The polishing composition can comprise (alternatively or in addition to the
inorganic acid) an organic acid selected from the group consisting of oxalic acid, malic acid,
malonic acid, tartaric acid, acetic acid, lactic acid, propionic acid, phthalic acid, benzoic
acid, citric acid, shecinic acid, salts thereof, and combinations thereof. When present, the
acid(g) can be present in the polishing composition in any suitable amount{s}.

[6023]  The polishing composition aiso can comprise 2 corrosion inhibitor (Le., a film-
forming agent). The corrosion inhibitor can be any suitable corrosion inhibitor. Typically,
the corrosion inhibitor is an organic compound containing a heteroatom-containing
functional group. For example, the corrosion inhibitor can be & heterocychic organic
compound with at least one 5- or 6-member heterocyclic ring as the active functional group,
wherein the heterocyclic ring contains af least one nitrogen atom, for example, an azole
compound. Preferably, the corrosion inhibitor contains at least one azole group. More
preferably, the corrosion fnkibitor is selected from the group consisting of 1,2,3-miazole,
1,2 4-triazole, benzotriazole, benzimidazole, benzothiazole, and mixtures thereof. The
amount of corrosion inhibitor used in the polishing systeme typically is 0.0001 wt.% 1o 3
wt.% (preferably 0.001 wt.% to 2 wt.%) based on the total weight of the polishing
composition. ‘

{0024]  The polishing composition optionally further comprises a chelating or
complexing agent. The complexing agent is any suitable chemical additive that enhances
the removal rate of the subsirate layer being removed. Suitable chelating or complexing
agents can include, for example, carbonyl compounds (e.g., acetylacetonates, and the like),
simple carboxylates (e.g., acetates, aryl carboxylates, and the lke), carboxylates containing
one or more hydroxyl groups (e.g., glycolates, lactates, gluconates, gallic acid and salts
thereof, and the like), di-, tri-, and poly-carboxylates (e.g.. oxalates, phtbalétes, ciirates,
succinates, tartrates, malates, edetates (e.g., dipotassitun EDTA), mixtures thereof, and the
like), carboxylates containing one or more sulfonic and/or phosphonic groups, and the like.
Suitabie chelating or complexing agents also can include, for example, di-, tri-, or
polyalcohols (e.g., ethylene glycol, pyrocatechol, nyrogallol, tannic acid, and the like) and
emine-containing compounds (e.g., ammonia, amino acids, amino aloohols, di-, tri-, and
polyamines, and the like). The choice of chelating or complexing agent will depend on the

type of substrate layer being removed.



1551 1D (invention) Ba 0.37 1636 [0044]These results demonstrate that the polishing composition of
the invention exhibits a high platinum removal rate as compared to similar polishing compositions
comprising no appreciable amount of metal ions. In particular, polishing compositions 1B-ID
(invention), which comprised approximately 0.37 to 0.38 mmol/kg of ions of a metal selected from the
group consisting of calcium, strontium, and barium, each exhibited a platinum removal rate that was
approximately 200% or more higher that the platinum removal rate for polishing composition 1A
(comparative), which did not contain an appreciable amount of ions of calcium, strontium, or barium.
EXAMPLE 2§60251 Thistheampleicedtbristrates theabnirarmtionep slismigdaterésdiibited by the polishing
composition gf Elg&igygm{% g SIRlaN sDSY AesopRM BISIRGHRIBk) MR WrRIenelishediusing three

different polishin compositions (polishing compositions 2A, 2B,.and 2¢). Polishing composition 2A
(comparativeéf di %&%%?ﬁpﬂ%%ﬁ%ﬁ“&%%?e“%fé‘b?%’%ﬁ%‘i%rﬂ% ietal io%s. Bolishing composition 2B

(invention) compiadiciutisnhiolikgdpproginartyessp i) toPrigHEsTificess MRERESIum chioride).
Polishing com,gqgjmgt@&&m@aﬁ.@f@)@g_é‘cﬁﬂm@as@%@&ﬁi@ @Hng(ngma@y 48 ‘ppm) of
magnesium (s magpesium chlride). Each.g! iheslorementionedRolishing somagsitions also
comprised 3 Wt.9% Of an abrasive comprising, baséed on the total weln%ht of the abr%swe, approximately

60 Wt.% a-alansifucng ApiekatpUur RRGR IS MR RHRIRGD AhY RREEHHES

“fhe values for the
platinum remquak-fiatesttk | apgsitamspe nininstajdwerigeneasured for each of the polishing

ComPQSiFiP”Wﬂg resylis 1&gy Iimatiaed inTahie 2.4 able A Rlatipursremeval rates. Polishing
Composition Meta Concentration .. . . _ -
surfactants can include, for example, cationic surfactants, anionic surfactants, nontonic

surfactants, amphoteric surfactants, mixtures thereof, and the like. Preferably, the polishing
composition comprises a nonionic surfastant. One example of a suitable nonionic surfactant
is an ethylenediamine polyoxyethylene surfactant. The amount of surfactant typically is
C0.0001 wt.¥% to 1 wt.% (preferably 0.001 wt.% to 0.1 wt.%, and more preferably 0.005 wt.%
to 0.05 wt.%) based on the total weight of the polishing composition.
[6627;  The polishing composition can further comprise an antifoaming agent. The anti-
foaming agent can be any suitable anti-foaming agent. Suitable antifoaming agents include,
but are not Emited ta, silicon-based and acetylenic diol-based aptifoaming agents. The
amount of anti-foaming agent present in the polishing composition typicaily is 10 ppm to
140 ppm.
[0028]  The polishing composition can also comprise 2 biccide. The biocide can be any
suitable biocide, for example an isothiazolinone niceide. The amount of biocide used in the
polishing composition typically is 1 te 50 ppm, preferably 10 1o 20 ppm.
[0628]  The polishing comiposition preferably is colloidally steble. The term collpid
refers to the suspension of the abrasive (e.g., abrasive particles) in the lquid carrier.
Colloidal stability refers to the maintenance of thar suspension through time. A polishing
composition is considered colicidally stable if, when the polishing composition is placed
into a 100 ml graduated cylinder and allowed to stand unagitated for a time of 2 hours, the
difference between the conceniration of abrasive (e.g., abrasive particles) in the bottom 50
ml of the graduated cytinder {[B] in terms of g/ml) and the concentration of abrasive (s.g.,
abrasive particies) in the top 50 ml of the gradusted cylinder ([T in terms of g/ml) divided
by the initial concentration of abrasive (2., abrasive particles) in the polishing composition
9



(rnmol/kg) Platinum Removal Rate (Aimin) 2A (comparative) 1263 2B (invention) Mg0.4 1645 2C
(invention) Mg 0.74 2246 [00461These results demonstrate that the polishing composition of the
invention exhibits a high platinum removal rate as compared to similar polishing compositions
comprising no appreciable amount of metal ions. In particular, polishing compositions 213 and 2C
(invention), which comprised approximately 0.4 and 0.74 mmolag of ions of magnesium, each
exhibited a platinum removal rate that was approximately 30% and 75%, respectively, greater that the
platinum removal rate for polishing composition 2A (comparative), which did not contain an
appreciable dthdértecindgrdsidesitas cEXAMPLE Be., B~ [TIH/[C] <05}, Preferably,

the value of [B]-{TY{C] is less than or equal to 0.3, more preferably is less than or equal fo
0.1, even more preferably is less than or equal to 0.05, and most preferably is less than or
equal to 0.01.

[0630]  The average particle size of the polishing composition preferably remains
essentially unchanged throughout the useful life of the polishing composition. In particular,
the average particle size of the polishing composition preferably increases by fess than 40%
(2.2, less than 35%, less than 30%, less than 25%, less than 20%, less than 15%, or leas
than 10%) throughout the useful ife of the polishing composition (e.g., 90 days or more,
180 days or more, or 365 days or more).

[06031]  The mvention further provides methods of polishing a substrate with the
pelishing compositions as described herein. The methods generally comprise the steps of
(i) providing & substrate, (if} providing a polishing composition as desoribed berein, (iif)
applying the polishing composition to a portion of the substrate, and (iv) abrading a portion
of the substrate to polish the substrate,

[6032]  In one embodiment of such a method, the method of polishing a substrate
comprises the steps of: (a) providing a substrate, (b) providing a chemical-mechanical
polishing composition comprising: (i) an abrasive comprising a~-alumina, (i) 6.05t0 50
millimoles per kilogram (mmol/kg) of ions of at least one metal selected from the group
consisting of caleium, strontivm, barivm, and mixtures thereof, based on the iotal weight of
the polishing composition, and (ii) a liquid carrier comprising water, {c) applying the
chemical-mechanical polishing composition fo at least a portion of the substrate, and (d)
abrading at feast a portion of the substrate with the polishing composition to polish the
substrate.

[0033]  The polishing composition wilized in this method embodiment of the invention
comprises: (a) an abrasive comprising e-aluming, (&) 0.05 to 50 militmoles per kilogram
{mmol/kg) of ions of at least one metal selected from the group consisiing of calcium,
strontium, barium, and mixmires thereof, based on the total weight of the polishing
composition, and {c) 2 liguid 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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[0047]This example demonstrates the enhanced polishing rate exhibited by the polishing composition
of the invention. Similar substrates comprising platinum were polished using six different polishing
compositions (polishing compositions 3A, 313, 30, 3D, 3E, and 3F). Polishing composition 3A
(comparative) did not comprise an appreciable amount of metals ions. Polishing composition 313
(comparative) comprised 0.74 mmolag 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 1/mm1/kg (approximately 18 ppm) of magnesium (as magnesium chloride).
Polishing coAyaEribiBEe HRdERtidTY RYTEF 7 PRRRORRG BBk ARERE 49 ppm) of zinc (as zinc
chloride). Pdlishingticonipbsitiamidk. (invention) comprised 1.5 inmol/kg (approximately 96 ppm) of zinc

(as zinc chlogige). Eagh.of the.afiementionseRalishingnis: campasitionsalsacemprised 3 wt. 0% of

an abrasive comprising, based on the total weight of the abrasjve, approximately 60 wt.% a-alumina
and approxiffatéhPRYRe4 FRNELFa) ﬁ%‘ﬁ?lgﬁg%‘gﬁmgbﬂ%%@? Cﬁwpe%\ga et

a ues fg?%eoﬁlatinum removal
rate (in angstromrssiper Mirutbiesereompisbygredformach 6P iHe podERingwoIipdSEdRs. The results are
summarized ipkabls &:habie:d:Rlatinwnremeralraies. RalishingiampasifiesMetal Concentration
(inmollkg) Platinum Removal Rate, (A/min} A (GoMRARINE 5o ARCQMPRAAN GAIRy74 452

a liquid carrier comprising waler, {¢) 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 fo polish the substrate.

[(035] The polishing composition utilized in this method embodiment of the invention

comprises: (a)an abrasive comprising a~aluming, (b) 0.05 to 3.5 millimoles per kilogram

(mmol/kg) of ions of at least one metal selected from the group consisting of magnesium,

zine, and mixtures thereof, based on the total weight of the polishing composition, and (¢} a

liquid carrier comprising water. The other characteristics of the chemical—mechahical

polishing composition utilized in this method embodiment of the mvention (e.g., the amount

of abrasive, the liquid carrier, the pH, and other suitable additives) can be the same as set

forth above for the chemical-mechanical polishing comp'osition of the invention,

[0036]  In athird embodiment, the method of polishing a substrate comprises the steps‘

of: {a) providing a substrate, (b) providing a chemical-mechanical polishing composition

comprising: (i) an abrasive selected from the group consisting of g-aluming, v-glumina, 8-

alumina, S-alomina, diamond, boron carbide, silicon carbide, tangsten carbide, titanium

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

Fom the group consisting of calcimm, strentium, barium, magnesium, zine, and mixfurss

thereof, based on the total weight of the polisking composition, and (iii) & liquid 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 substraie with the

polishing composition to polish the substrate.

[0037] The polishing composition utilized in this method embodiment of the isvention

comprises: (a) an abrasive selected from the group consisting of o-alumina, v-alumina, &-

alumina, S-altmina, diamond, boron carbide, silicon carbide, tungsten carbide, titaniurm

nitride, and mixtures thereof, (b) 0.05 to 3.5 mmol/g of jons of at least one metal seiected
11



30 (comparative)Al 3.0 476 3D (invention)Mg 0.74 942 3E (invention)Zn 0.75 920 3F (invention)a 1.5
839 [0048]These results demonstrate that the polishing composition of the invention exhibits a high
platinum removal rate as compared to similar polishing compositions comprising no appreciable
amount of metal ions or a similar amount of different metal ions. In particular, polishing compositions
3D-3F (invention), which comprised approximately 0.74 to 1.5 mmol/kg of ions of a metal selected
from the group consisting of magnesium and zinc, each exhibited a platinum removal rate that was
approximately 80% or more higher that the platinum removal rate for polishing compositions 3A-3C
(com parativé%%‘%ﬁﬁﬁ%“ﬁ&i’%&ﬁ R EpPTEEEEI SRR DR IBHS BRSNS or zinc. EXAMPLE
4 [0049]Thistexenf) plecdembagivates ghieishhancedpolighisigoatadihbiteddbytle polishing
composition of e fventionimpilatskhstrates campiang Rlalnm.(fom.g different lot than those

used in Examplés |, 2, 3, and SEH‘\]évere polished using seven different polishing compositions (polishing

.2, 3, and,
compositionSARH1Y FHzgHn ,%ﬁ?%fﬁ&%@ﬁ‘?‘%ﬁ%ﬁ%&“&%dﬁﬁd SR EBiparative) did not
comprise an appreciablerddmouit.chmtalslivhs. sPisithidditompesitiche448(cowifentative) comprised
0.74 mmol/kgu(RPRIOXHIIRBI 29 RRMATR0iRsS IR asbelasaiumshlgride). Polishing composition 40

Comparaheh s G DMg eBn SR PP GLERlSa (o ptassum sl
suitable substrate. Suitable substrates include, but are not limited to, integrated circuits,
memory or rigid disks, metals, interlayer dielsctric (1113} devices, semiconductors, micro-
eleciro-mechanical systems, ferroelectrics, and magnetic heads. The metal layer can
comprise any suitable metal. For example, the metal layer can comprise copper, tantahum
{&.g., tantalum nitride), titanium, aluminem, sickel, platinum, ruthenium, fridivm, or
thodium. The substrate can firther comprise at least one instlating layer. The insulating
layer can be a metal oxide, porous metal oxide, glass, organic pelymer, fluorinated organic
polymer, or any other suitabic high or low-« insulating layer. Preferably, the substrate
comprises a noble metal, and at least a portion of the noble metal is abraded with the
polishing composition to polish the substrate. Suitabie noble metal include, but are not
Jimited to, platinum, iridium, ruthenium, rhodium, palladivm, silver, osmium, gold, and
combinations thereof. Preferably, the substrate comprises ﬁiatinum, and at least a portion of
the platinum is abraded with the polishing composition to polish the substrate.

[6639]  The polishing methods of the iInvention are particularly suited for use in
conjunction with a chemical-mechanical polishing (CMP) apparatus. Typically, the
apparatus comprises a platen, which, when in use, is in motion and has a velooity that
resulis from orbital, linear, or circular motion, a polishing pad in contact with the platen and
moving with the platen when in motion, and a carrier that holds a substrate to be polished
by contacting and moving relative to the surface of the polishing pad. The polishing of the
substrate takes place by the substrate being placed in contact with the pelishing pad and the
polishing composition of the invention and then the polishing pad moving relative to the
substrate, so as 1o abrade at least & portion of the substrate to polish the substraﬁe.
{60401 Desirably, the CMP apparatus further comprises an jn situ polishing endpoint
detection system, many of which are known in the art. Technigues for inspecting and
monitoring the polishing process by analyzing light or other radiation reflected from a
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magnesium (as magnesium chloride). Polishing composition 4E (invention) comprised 1.5 mmol/kg
(approximately 36 ppm) of magnesium (as magnesium chloride). Polishing composition 4F (invention)
comprised 3.0 mmol/kg (approximately 72 ppm) of magnesium (as magnesium chloride). Polishing
composition 4G (invention) comprised 5.9 mmol/kg (approximately 144 ppm) of magnesium (as
magnesium chloride). Each of the aforementioned polishing compositions also comprised 3 wt.% of an
abrasive comprising, based on the total weight of the abrasive, approximately 60 wt% a-alumina and
approximately 40 wt.% fumed alumina, and had a pH of 3. The values for the platinum removal rate (in
angstroms perapiie) TS RATERLIAIEE FoP et NRSF IR S RGE BRI S8R e PR B%esults are
summarizedhipgleahie s foaiblend plotatinuim remeavakratesa® olisiing iGedmpdsiidre Metal Concentration
(mmol/kg) | Blatinum Removal Rale (AN 44 (GomRAAMEY sr wRBAQ 45 (camparative) K. 0.74

polishing process with respect to 2 particular substrate.

[0&41] The CMP apparatus can further comprise a means for oxidizing the substrate. In

siectrochemical polishing systems, the means for oxidizing the substrate preferably

comprises a device for applying & time-varying potentiéd {c. g., anodic potential} to the

substrate {e.g., electronic potentiostat), The device for applying time-varying potential to

fhe subsirate can be any suitable such device. The means for oxidizing the substrate

preferably comprises a device for applying a first potential (e.g., 2 more oxidizing potential)

during an initiai stage of the polishing and applying a second potential (e.g., a less oxidizing

potential) at or during a later stage of polishing, ora device for changing the first potential

1o the second potential during an intermediate stage of polishing, e.g., continuously

reducing the potential during the intermediate stage or rapidly reducing the potential from a

first, higher oxidizing potential to & second, lower oxidizing potential after a predetermined

interval at the first, higher oxidizing potential. For example, during the initial stage(s) of

the polishing, a relatively high oxidizing potential is applied to the substrate to promote 2

relatively high rate of oxidation/dissolution/removal of the substrate. When polishing s ata

later stage, e.g., When approaching an underiying barrier laver, the app Hed potential is

reduced to a level producing a substantially lower or negligible rate of

oxidation/dissolution/removal of the substrate, thereby eliminating or substantially reducing

dishing, corrosion, and crosion. The thne-varying slectrochemical potential is preferably

applied using a controllably varable DC power supply, e.£., an electronic potentiostat. U.S.

Patent 6,379,223 further describes a means for oxidizing a substrate by applying e potential.

[6042]  The following examples further illusirate the invention but, of course, should not

be construed as in any way limiting its scope.

EXAMPLE 1
[6043]  This example demonstrates the enhanced polishing rate exhibited by the
polishing composition of the invention. Similar substrates comprising platinum were
polished using four different polishing compositions {polishing compositions 14, 1B, 1C,

and 1), Polishing composition 1A (comparative} did not comprise an appreciable amount
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2335 4C (comparative) K 0.74 , | 2054 4D (invention) Mg 0.74 >4000 4E (invention) Mg 1.5 >4000

of metals ions. Polishing composition 1B {invention} comprised 0.38 mmol/kg
(approximately 15 ppm) of calcium (as calcium chloride). Polishing composition 1C
(invention) comprised 0.38 mmol/kg {(approximately 33 ppm) of sirontium (as stromtium
chioride). Polishing composition 1D (invention) comprised 0.37 mmol/kg (approximately
51 ppm) of barium (as bariwm chloride). Each of the aforementioned polishing
compositions also comprised 3 wt.% of an abrasive comprising, based on the total weight of
the abrasive, approximately 60 wt.% s-aluming and approximately 40 wt.% fumed alumine,
and had a pH of 3. The values for the platinum removal rate (in angstroms per minute) were

measured for each of the polishing compositions. The results are summarized in Table 1.

Table 1: Platinum removal rates.

[ Polishing Commosition | Metal | Concentration Platinum Removal
: (mmol/keg) Rate {A/min)
1A (comparative) - - 496
1B {invention) Ca 0.38 1450
1C (invention) Sr 0.38 1551
1D (invention) Ba ! 0.37 1636

[0044]  These results demonstrate that the polishing composition of the inverntion
exhibifs 2 high platinum removal rate as compared to similar polishing compositions
comprising no appreciable amount of metal ions. In particular, polishing compositions [B-
1D (invention), which comprised approximately 0.37 to 0.38 mmol/kg of lons of & metal
selected from the group consisting of calcium, strontium, and barium, each exhiblied a
platinum removal rate that was approximately 200% or more higher that the platinum
removal rate for polishing composition 1A (comparative}, which did not contain an

appreciable amount of fons of caleium, strontium, or batium.

EXAMPLEZ
[6045]  This example demonsirates the enhanced polishing rate exhibited by the
polishing composition of the invention. Similar subsirates comprising platinum were
polished using three different polishing compositions (polishing compositions 24, 2B, and
2C). Polishing composition 2A (comparative} did not comprise an appreciabie amount of
metals jons. Polishing composition 2B (invention) comprised 0.4 mmol/kg {(approximately

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



4F (invention) Mg 3.0 >4000 4G (invention) Mg 5.9 >4000 [0050]These results demonstrate that the
polishing composition of the invention exhibits a high platinum removal rate as compared to similar
polishing compositions comprising no appreciable amount of metal ions or a similar amount of different
metal ions. In particular, polishing compositions 4D-4G (invention), which comprised approximately
0.74 to 5.9 nunol/kg of magnesium, each exhibited a platinum removal rate that was greater than or
equal to 4000 A./min. Such a removal rate was significantly greater than that observed for polishing
compositions 4A-4C (comparative), which did not contain appreciable amounts of magnesium. The
platinum renfoVaFrates’ forealdee fpemndnig cbhmpas it ormerpaCamantivny coeldonly be reported as
a minimum Vekiedpeeanserhe entireo 400} Atliisknessiof thepiatinum. lByeroieach substrate was
removed within, the. 1, rﬂé’s‘éﬁt‘énpfﬁé'%w‘%%ﬂt SFHAMENE 2 IR EATRE ARmonsirates the

enhanced polishing rate exhibited by thé polishing composition the invention. Similar substrates

comprising p?ﬁ?ﬁ%’ma\l}vgr@&5%ﬁ@ﬁeﬁ}ﬁh‘iﬁ’Wufrﬂlh‘é’réﬁrt{ﬁéﬁsﬁqﬁﬁvéﬁﬁﬁf@%ﬁi%ﬁétw|sh|ng compositions
5A, 5B, 5C, ascb&D)xPdlishgsercompasition Shcompaidtveltic foteitmpgse an appreciable amount
of metals |on§enl§>pggg§l@@gﬁgg&@&gtﬁ{%@@&nm}gq@@emprlsed 0.19 mmol/kg (approximately 26 ppm)
of barium (as barium chloride). Polishing composition 5C (invention) comprised 0.37 mmol/lcg
(approximately#2p prneimbariaval (asbarium chloride). Polishing composition 5D (invention)
comprised 0. Fg2 TNk {FRRroXImatez, 102 pprm) of JrunmHEs barsm: chiorde),Fach of the
aforementioned polishing compaositions also comprised3ywl/e0f an abragvei gemprising, based on
the total weightaf(thegbnasive, approximately 60 wt.% a-alumina and appreximately 40 wt.% fumed
alumina, ant-hagzgrpti-of 3 The-vatues{gr-theplatinum nﬁlhluval rate-On-angstromsper minute) were

measured far_each of the polishing compaositions. The results are summarized'in Table S. Table 5:
Platinum removaf-raisertion) ; Mg 0.74 2246

[0046]  These results demonstrate that the pélishing composition of the invention
exkibits 2 high platinum removal rate as compared to similar polishing compositions
comprising no appreciable amount of metal ions. In particular, polishing compositions 2B
and 2C {invention), which comprised approximately 0.4 and 0.74 mmol/kg of ions of
magpesium, each exhibited a platimom removal rate that was approximately 30%% and 75%,
respectively, greater that the platinum removal rate for polishing composition 2A

{comparative), which did not contain an appreciable amount of magnesium ions.

BEXAMPLE 3
[06047]  This example demonstrates the enhanced polishing rate exhibited by the
polishing composition of the invention. Similar substrates comprising platinum were
polished using six different pelishing compositions {pelishing compositions 34, 3B, 3C,
3D, 3E, and 3F). Polishing composition 3A (comparative) did not comprise an appresiable
amount of metals jons. Polishing composition 3B (comparative) comprised .74 mamol/ke
of aluminum (as alumirmm nitrate). Polishing composition 3C (comparative) comprised 3.0
mmoifkg of ahuninum (as aluminum nitrate). Polishing composition 3D (invention)
comprised 0.74 mmol/kg (approximatety 18 ppm) of magnesium (as magnesium chloride),
Polishing compesition 3E (invention) comprised 0.75 mmol/kg (approximately 49 pom) of
zine (as zinc chloride). Polishing compesition 3F {invention) comprised 1.5 mmol/kg
{approximately 96 ppm) of zine (as zine chloride). Bach of the aforementioned polishing
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Polishing Composition Metal Concentration (inrnol/kg) Platinum Removal Rate (Aiiinin) 5A
(comparative) -- - 388 5B (invention) Ba 0.19 1314 5C (invention) Ba 0.37 1408

compositions alse comprised. 3 wi.% of an abrasive comprising, based on the total weight of
the abrasive, approximately 60 wt.% u-alumina and approximately 40 wt.% fumed alumina,
and bad a pH of 3. The values for the platinum removal rate {in angstroms per minute) were

measured for each of the polishing compositions. The resulis are summarized in Table 3.

Table 3. Platinum removal rates.

Polishing Composition | Metal Concentration Platinam Removal
(mmol/kg) Rate (A/min)
3A. {comparative) .- - 455
3B (comparative) Al 0.74 452
3C (comparative) Al i 3.0 476
3D {invention) . Mg 0.74 942
3E (invention) in 0.75 520
3F (inventicn) Zn 1.5 839

[0048]  These results demongtrate that the polishing composition of the invention
exhibits 2 high platinum removal rate as compared to sirnilar polishing compositions
comprising ne appreciable amount of metal ions or a similar amount of different metal ions.
In particular, polishing composifions 3D-3F (invention), wiich comprised approximeately
¢.74 10 1.5 mmol/kg of ions of a metal selected from the group consisting of magnesium
and zinc, each exhibiied a platinum removal rate that was approzimately 80% or mors
higher that the platinum removal rate for polishing compositions 3A-3C (comparative),

whiich did not costain an appreciable amount of ions of magnesiom or zine.

EXAMPLE 4
[0649]  This example demonstrates the enhanced polishing rate exhibited by the
polishing composition of the invention. Similar substrates comprising platinum (from a
different lot than those used in Examples 1, 2, 3, and 3) were polished using seven different
polishing compositions {polishing compositions 44, 413, 4C, 4D, 4E, 4F, and 4G).
Polishing composition 4A (comparative) did not comprise an appreciable amount of metals
ions. Polishing compesition 4B (comparative) comprised (.74 mmol/kg (approximately 29
ppm} of potassium {as potassium chioride). 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
i6



5D (invention) Ba 0.743 1707 [00521These results demonstrate that the polishing comp_o_sition of the
invention exhibits a high platinum removal rate as compared to similar polishing compositions
comprising no appreciable amount of metal ions. In particular, polishing compositions 513.- 5D
(invention), which comprised approximately 0.19 to 0.743 mmol/kg of barium ion_s, each exhibited a
platinum removal rate that was approximately 240% or more higher that the platinum remov_al rate for
polishing composition IA (comparative), which did not contain an appreciable amount of bar!u_m ions.
CLAIMS I. A chemical-mechanical polishing composition comprising: (a) an abrasive comprising
a-alumina, (DTEFOBHTS25TAMETKE BlEfe ofdilinarrpasttdoo i otibweightrotdhe polishing
composition, amel(c) @pperuichaly b1 omprisugesatets habhaichemisalsmeshanigal polishing
composition ef,eiaifidh fieteiRdhe.aRiasiva (e gamprises.umed Aliming, = The

I+
chemical-mechanical polislgln omposition of claim erein t Ve co%%psﬁfg’és 10 wt.% or

as magnes oride). Polishing composition 4G (i tic i . <
more a-alumitg s g composit {invention) comprised 5.9 mmol/kg

(approximately 144 ppm) of magnesium (as magnesinm chioride). Bach of the

L ¢

aforementioned polishing compositions also comprised 3 wt.% of an abrasive comprising,
based on the total weight of the abrasive, approximately 60 wt.% o-alumina and
approximately 40 wt.% fumed alumina, and had 2 pH of 3. The values for the platinum
removal rate (in angstroms per minute) were measured for each of the polishing

compositions. The results are summarized in Table 4.

Table 4: Platinum removal rates.

Polishing Composition Metal Conceniration Platinum Removal
{mmol/kg) Rate (A/min)
4A {comparalive) - - 2540
4B (comparative) K 0.74 2335
4C (comperative) K (.74 20354
4D (invention) Mg 0.74 =4G00
4F {invention) Mg 1.3 =4000
4F (invention) Mg 30 >4000
4G (invention) Mg 3.9 ‘ =4000

[6056] These results demonstrate that the polishing composition of the invention
exhibits a high platinum removal rate as compared to similar polishing compositions
comprising no appreciable amount of metal jons or & similar amount of different metal ions.
In particular, polishing compositions 4D-4G (invention), which comprised approximately
(.74 to 5.9 mmolikg of magnesium, each exhibited 2 platinum removal rate that was greater
than or equal to 4000 A/min, Such a removal rate was significantly greater than that
observed {or 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 & minbmum value because the
entire 4000 A thickness of the platinum layer on each substrate was removed within the 1
minute polishing run,

17



4. The chemical-mechanical polishing composition of claim 1, 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. 5. The chemical-mechanical polishing composition of claim 4, 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. 6. The chemical-mechanical polishing composition of claim 1, wherein the
polishing composition has a pH of 1 to 7. 7. The chemical-mechanical polishing composition of claim 6,
wherein the polishing composition has a pH_of 2 to 5. 8. A method of polishing a substrate comprising
the steps of: (a)providing a substrate, -(b)-pr-&WIaEaﬁemica-l-mechanical polishing composition
comprising: (6&h abrékswegopptisingesaiuhainga(iyOpobs10e3 B muinblfikdbpfiions of calcium based on
the total weight; @ihe-REISHIRGCAMPRSERN. BRda(illAdeuid carieL.COmRIsSngvater, (c)applying the

chermicalmechapical polshing comegsiion 0 at leasta porkon of the subsiralg: and

and 5D). Polishing composition 5A (comparative) did not comprise an appreciable amount

of metals ions. Polishing composition 5B (invention) comprised 0.19 mmol/kg
(approximately 26 ppm) of barium {(as barium chioride). Polishing composition 5C
(invention) comprised (.37 mmoi/kg (approximately 51 ppm) of barium (as barium
chloride). Polishing composition 3D (invention) comprised 0.743 mimol/kg (approximately
102 ppm) of barium (as barium chioride). Each of the aforementioned polishing
compositions also comprised 3 wi.% of an abrasive comprising, based on the total weight of
the abrasive, approximately 60 wt.% c-alumina and approximately 40 wi.% fumed alumina,
and had a pH of 3. The values for the platinum removal rate (in angstroms per minute) were

measured for each of the polishing compeositions. The results are summarized in Tabie 5.

Table 5. Platipum removal rates,

Polishing Composition 5 Metal Concentration Piatinum Removal
{mmol/kg) Rate (A/min)
5A {comparative) o - 388
3B {invention) Ba 0.19 1314
5C (invention) Ba .37 1408
5D {invention) | Ba } 0.743 1767
i

[0652]

These results demonstrate that the polishing composition of the invention

exhibits a high platinum removal rate as compared to similar polishing compositions

comprising no appreciable amount of metal jons. In particular, polishing compositions 5B-

3D (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 platimun removal rate for polishing composition 1A (comparative), which did net

contain an appreciable amount of barium ions.
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(d)abrading at least a portion of the substrate with the polishing composition to polish the substrate. 9.
The method of claim 8, wherein the substrate comprises a noble metal selected from the group
consisting of platinum, iridium, ruthenium, rhodium, palladium, silver, osmium, gold, and combinations
thereof, and at least a portion of the noble metal is abraded with the polishing composition to polish the
substrate. 10. The method of claim 9, wherein the substrate comprises platinum, and at least a portion
of the platinum is abraded with the polishing composition to polish the substrate. 11. The method of
claim 8, wherein the abrasive further comprisgsg fafeed alumina. 12. The method of claim 11, wherein
the abrasive comprises 10 wt.% or more a-alumina. 13. The method of claim 8, 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 compgsitign; émEhe.methgsichsiaimmidsvhereidhesatrasive is present in the polishing
composition in an amount of 1 to 5 wt.% based on the total weight of the polishing composition. 15.
The method ®©f iaibresy WeREPSTISIRE PoHERHE-composition has a pH of Ito 7. 16. The method of claim

15, wherein Eg%%'mﬁ‘ﬂrﬁﬂm ition asra DEeE BAeE oiCHEMIC AlIME CHAMEGALROLISHING
COMPOSITION AN METHOD FOR USING THE SAME ABSTRACT The invention provides a

chemical-mech@ﬁﬂmsﬁ'@ﬁsrﬁﬁfb composition comprising: (a) an abrasive comprising a-alumina, (b) 0.05
to 50 mmol/kg gfijgna efakleashangrmpeliakselected from the group consisting of calcium, strontium,
barium, and mixtures thereof, based on the, total weight of th? aoﬂzsahfn%ﬁé)r@ %%F'%}a&@g (c) a liquid

carrier comprisiFRREVRIBHCA HESRAH IR IS B R & Kb HiCAT mechanical polishing composition
comprising: (a) arabrashyeiselested fiamihe group consisting of a-alumina, y-alumina, 6-alumina,

| rhids, iAium Airide.nd mixtures

0-alumina, diamond, bor%}ocar ide, silici?scgrpgd%tgggggen
a}% [east'ohe metal selected from the group consisting of

thereof, (b) 6:05 &5 SERRGIRGBFIGASS

calcium, strontiymmiarting magresir, ziainpand mixtures thereof, based on the total weight of the
methods of folgHnE A ST B SR e e e e polshing
compositions. (Ropseitable figupe)ishing composition in an amount of 0.1 to 10 wt.% based on
the total weight of the polishing composition.
5 The chemical-mechanical polishing composition of claim 4, 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.
6. The chemical-mechanical polishing composition of claim 1, wherein the polishing
composition has apHof 1 to 7.
7 The chemical-mechanical polishing composition of claim 6, wherein the polishing
composition has a pH of 2 to 5.
8. A method of polishing a substrate comprising the steps of:
(a) providing a substrate,
(b)  providing a chemical-mechanical polishing composition comprising:
(1) an abrasive comprising o-alumina,
{i1) 0.05 to 3.5 mmol/kg of ions of calcium based on the total weight of the
polishing composition, and
(i)  aliquid carrier comprising water,
(c) applying the chemical-mechanical polishing composition to at least a

portion of the substrate, and
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10.

11

13.

14.

15.
16.

(d) abrading at least a portion of the substrate with the polishing composition
(o polish the substrate.

The method of claim 8, wherein the substrate comprises a noble metal selected
from the group consisting of platinum, iridium, ruthenium, rhodium, palladium,
sitver, osmium, gold, and combinations thereof, and at least a portion of the noble
metal is abraded with the polishing composition to polish the substrate.

The method of claim 9, wherein the substrate comprises platinum, and at least a
portion of the platinum is abraded with the polishing composition 1o polish the

substrate.

The method of claim 8, wherein the abrasive further comprises fumed

alumina.

 The method of claim 11, wherein the abrasive comprises 10 wt.% or more o.-

alumina.

The method of claim &, 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.

The method of claim 13, 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.

The method of claim 8, wherein the polishing composition has apH of 1 to 7.

The method of claim 15, wherein the polishing composition has apH of 210 5.



