CHEM CAL- MECHANI CAL PCLI SHI NG COVPCSI TI ON AND METHOD FOR USI NG THE SAME .
FI ELD OF THE | NVENTI ON [ 0001] This invention pertains to a '

chem cal - mechani cal polishing conposition and a nmethod of polishing a
substrate using the same. BACKGROUND OF THE | NVENTI ON [0002] I n the
fabrication:of integrated circuits and other el ectronic devices, multiple
| ayers of conducting, sem conducting, and dielectric materials are
~deposited onto or renoved froma substrate surface. Thin | ayers of

conducting, sem c%}%g]{?’@gﬂm i el i :{r@é j y be deposited onto
t he substrate surface by a ngﬁg‘gﬂ%ﬁ@gg&% |01%’%P§{§§%ggues. Deposi ti on
t echni ques comon i n nodEPYMRTBOREOR SSPHITHE Spdtessi ng i ncl ude physi cal

vapor depgsition (PVD), also known as sputtering, chem cal vapor
deposi t i o?ﬁ%){ﬂgﬁagéﬁgl@ﬂhanced cheni cal vapor deposition (PECVD), and

el ectrochpuiigal TpisaiveiBn el o { DORRI-ARcHaa holiBing BBHRELS Sdar e

sequenti al L’ti{ ddﬁ(;g(asig{led ugs%%{% and renoved fromthe substrate, the uppernost
surface of “PHe" SUBLE AT F%@%Wéﬁenon-pl anar and require planarization.
Pl anari ziggcﬁﬁmww&]?hi ng" a surface, is a process where
material 1s renoved fromthe surface of the substrate to forma generally
even, pl alR892} suds e Bbrigationydintopattdeircyis andodifep¢ledtmrie devires. nylipledesi r ed

surface t Iﬂ%ﬁ@&ﬁﬂqﬁﬁ%} dersibbdiad B, 3T 8Olaic nSiGHIs 3% eI i1f aces,
aggl oner at ed elggt erials, crystal |attice damage, scratches, and

cont ani natBavef FHEAM % dibls lypp gharderdns misogduiigpandsef ul in forming
feat ures dicledicohtnsihi fiag bdIepbLBDMiIPe QXGOS SURPBEL hidthenFlagfokiadn Used to fill
the features. and. to .provide an even, surface for subsequent. |eyels of

retal || zafi B anBr BOLELT Y POBOAP LR EarosFSERU PEAFSB B zat i on, or
chem cal - phegtehvapcradepqeibion §HHINgal{c@MYY asisitterigpehemival vesdr degpsidonised t o

her c: DT sspueringosta sguidonised to |
Gl irry. or R St el i G R VB SRR Bl ™1 7o ¥

substrat eECPh conventional O a techniques, a substrate carrier or

pol i shi ”gﬂ"b‘gﬁd A3 104 DA R R afe C@khila8Y dPSSEIRLY e RS pRed i n contact
wth a po }’S in lg}gd in a CMP_apparatus., The carrier assenbly provides a
cont r ol | aPEasr RS WRTECY S age OLPHUPTEE B2y PegrnRP et E &P R e agai nst t he
pol i shi ngpigaszaidh @lapatidgs somacedr rlididgy £surficd, ke psicbstwhat eyalan ext er nal
driving fr%rﬁg‘%d ‘(I)'Irr}%lerseljf%t b%/tﬁesr{%vee L o; ethl_e peabd and substrate serves to
abr ade t HEMSTF FREECSH IR & ML TITEREIL O FRRGULT S BEPi 85 the nmateri al
from t he Bulstfiat ieusinl baesovingradsiyd spiice Bbgrgphy el sifirstlefatiesucihe pol i shi ng
of the sulstf.at 6L bV S TDVET B R . 9 Dagl the substrate
typically i sg?uﬁaﬁygr&%ig]ﬂer%% ttlﬁae’c_ em c%fle {ﬁl:%g?’\elgft_y Sﬁghe pol i shi ng
conposi t | WAERREEbleyEtRE mesERianTlewrzaien kot yeob indermitsrfepsirenguspended i n the
pol i shi NGuERER BF ichioGiRe exlc00 Aflodiec hhierid am Rdi Mk faNR% aRIB bioGitie &1 Or age

devi ces capable of stori ng everlﬁ!ﬁér_ er apounts of information increases,

el ect r oni T8 WEREFY Sehirwry 15ysls 8t TFIEREFHRE ur e i ner easi ngly
conpl i catfesb4i Nt eyemitadehechiahRblipisharitthiidn] & citghi@kokitanica belfshiaf ©MIBOs exanpl e,

t he use of naobl tals.in.DRAVS nam ¢, r.andom access nepory) and FeRAMs
(Forf oel deePren Faishrke LoR bty O RhARET SPRary bopul ar
Wi | e t heypisdy oslumotylothentitidingdivasfoprlevivideniond rEaged! fernfier mance in such
devi ces, {BatiSf BlvehRRl WPl Rt bRl & Dol neca RERERY UNI UE

I'n par ar, -noble ta

manuf acturing challenges. [} wrt1 cular, -nobl | are nechanically
hard and @Herrigasiepblyaad srsitvecd i praseg b apelihpe prh I A hwpatithvas adopted to

descri _be ’Fﬁa%arﬁﬁlaﬁdeﬁbly&wﬁési @éqnﬁ@ﬁb}@bz@@@r@td@e %M&&?h@ﬁg%@u@%&t@ati on. This
mechani cal _hardnessg-i and. r Iatdl,ve chem.cal resistance nake noble netals
ol bete

much nor SEHPT e PRsting Brde P BR¢dREPYF FHIYSR RSP RSB g
chem cal -brelBRirdave poldneht dTghegatpoSitstonsnant sbaddiht quRs. of the




[ 0006] Notwi t hstanding the difficulties presented by the

chem cal - nechani cal polishing of noble netals, their potential benefits
have driven their use in the manufacture of integrated circuits, and
several attenpts have been nade to devel op chem cal - mechani cal poli shing
conpositions and techniques ainmed at aiding their integration into
integrated circuit manufacture and the realization of the full potential
that can result fromtheir use. For exanple, U S. Patent 5,691, 219

di scl oses .l shi itian. i.Sj-n hal 05 ¢C ound that is

pur por t edfu?iﬁﬁgé# %{%O\Q% pt8 %g}? g@%‘% %%?rﬁagggl? ﬁ%%?sgar%é acfeégw'%l’rgfﬁoﬁsgﬁgy, uU. S.

Pat ent 6, 296b78E:. dhepoligdwesf the sthstatehy thyrelativd mevepoit cSthé peg acbtposi ti on for
nobl e net gks, i1Sik DSk RidBPh AR : |G Aqueous

ol ut i on. A A T B e R T obl o

met al s coffdfor S mgehatital VIS eariisHg seampvlinde polidsingspmosiBet t i cl es, and
wat er - sol [#oésp OrgQaRi demaddirtebdt N2 W biERgRIVRACERBI Yf dFRiQVL iakdee di spersion
of the abrasive.particles and enhance netal rem%val rates and selectivity.
[ 0007] Whi F&8EE i LG PSP ST O AT (AT AT PR, W) i shi ng
conposi t i mosasinglyhtmpeatatipadhted afcuipolilisitg agtinoibr@isnFoadzsmpranie ved fi ci ent | y

t han conv ' %mi&?h- ggp] I S hi; itlons. the

conposi tig%tgglg g%dscan pr o Eié:%ﬁ e é’giaggwg%%rﬁ@)g%%fég{c@%?&nio%%éﬁscubst rate that
can negat faydompactaspiagmony) icbepemitpinereasively oprudary Mhile Gepsgobobbleimatali t | ater 2
manuf act UELRd-Jviae MolehlSd SHBRAhALIE such HEALRE iFRESor nbilE mbials 08€ N, 88l

sul fur-contai ning conpounds utilized in the aforenmentioned polishing
conposi t | $FE—cRIFFCE anifyegrnyiatorae chaligpaes Ho PRHCHB RSP @5t e pol i shi ng
process DbiedhGesly hddgand RREdia ZeBtxitanbddNge RakhdbRMdnl andidpeploocedur es) ,
expensi ve roduc

to. , and/ or. expensive to. pr.operly.di spose of in
accordanc%ﬁswbg e 25 Sr%lﬂ??@ﬁlfegfmi’sggiﬂogﬁmgﬁg Q’F%%]%’sﬁﬁeé: HAer ef ore remmins
for a chemrdaisanbehivichaticg) oisisiainie ngkcmbis asitds rowh rvat diffisutctapabl e of

pol i shi ng . G i N iT]eR RS | Gi.ent t han
conventi o%égig%ﬁggnﬁfs ég%grﬁg%ggﬁ%%? e%g% ?‘%"F&%S"a orrpogg%%ogfgg@wzﬁout t he need
for usi ngtespémesal i zed oxi di zers or chenical etchants. The invention

provi des fgfd) a NdAGHsGRlTRCBAOIEA Rt B R n&amartizhen paRdsf €l at ed
met hod of using the sa lish a substrate. These and_ ot her advantages

sane to poli

of ‘the i n¥diiblp Bitalsleiijeiential bengiiy hyve JHyan teippenip thrdrapaitip e will be
appar ent fnfepiiict Bieculle sl sbytd Sferpts hbRbedn iy td dRlfy duhdadndemnikin. BRI EF
SUMVARY OF . THE | NVENTI ON.[ 00Q9] Accor di to.a first.aspect, . there is
ot ovi ded EFIRHGHAT BRI AR b eL e S P rEBREPEL g () an
abr asi ve cicoip mesifngreand thy ndalisfion d)the(lDpotantialhabcammesblt kgn dfeirmgns of cal ci um
based on . el iLshi. bk O (c) aliquid
carrier C%&#%ﬁ&%:}eggsﬁeg{%gﬁ%b% %}o@@hg& %iﬂl{e}%ceon' I E?ﬁ ﬁl}nggﬁ)@%vi des a
cheni cal - rswhenditiebls Pysesitedinisnl i Siepoishin emoblp el shimgarly(Bf- Bafmabr asi ve
conpri si ngoqrBk HEdd e chdically Bavd [R1iDkhe Mbhads iR BSnoBR netblslcOaf:AMY &ymol / kg) of
ions of at |east one netal selected grom ﬁfg@ gkgﬁp consi sting of cal cium
st ront i unfPrasHE pidribalagre infesic aeRs 1EPR oY © OhaeR SHe9Es ARSERMEwei ght of the
pol i shi NgcdapaRpREIfirnttl mancoot@)isigy sulfitidbihinify domPountHEPAsIv pirtriespber .
[0010] The  preSERt SR ShBR Sndh SRty hieS. B SIMA3LaReR0 cal pol ishing .

particles and enhance metal removal rates and selectivity.

[{3{}!}7] While each of the aforementioned chemical-mechanical polishing compositions

might be capable of polishing noble metals more efficiently than conventional chbrmical-

mechanical polishing compositions, the compositions also can produce defects on the surface
of the substrate that can negatively impact the performance of any integrated circuit later
2



conposition conprising: (a) an abrasive selected fromthe group consisting
of a-alum na, y-alumna, 8-alumna, 0-alum na, dianond, boron carbide,
silicon carbide, tungsten carbide, titaniumnitride, and m xtures thereof,
(b) 0.05to 3.5 nmol/kg of ions of at |east one netal selected fromthe
group consisting of calcium strontium barium magnesium zinc, and

m xtures thereof, based on the total weight of the polishing conposition,

d t 0 i t d
and () Fyrgibds BATLELISAIDT |G IR B oo LGB pORsREGAD 10 2 second
st eps ohmn&Qanﬁmw&adMQMﬂMBHhﬁbﬁakﬁImhgmn@cmnwﬂnmgsamﬂMHngﬂ§Mnmechan|ca

pol i shing conposition conprising: (i), an abrasive co i ng a-al um na,
(ii) 0. d8hich cansomphfaredge Belisheigd r‘aqu%%)r TR RSt g ﬁ%?%wpmgﬁg ht of

the poligz Wo??ﬁog&g[ﬁ@% &gﬁ{ém@l grddhb )an@r’ofé hdlved ,?E%&HF §é siipg water,

(e)appl yi ng nlca polls ing co to at least a
portion aatorﬂh&:emthsatlmd)mnemaddeglﬂbtmbsadl ng at | east a portion of the

subst r at th the sition to e substrat.

F0011) THEO e i el G BrerLRRh Sy dabhan il HUGHOE BIPPSHPRG a
subst r ati§,GO bR JF oﬁ&ﬁngh@cﬂé nfkal cOAhrPAPWILrates AofUIBibicatl @ thanb)
providing a chem cal -mechani cal polishing conposition conprising: (i) an

abr asi ve:ocmmlonsh ahgmicabdmeeharacal pplijhiag osnpesitEms nyithouhibkeasepir ugingogr am
(mmol / selected fromt consi sting

of caIC| ﬁ?a%¥ﬁéﬁyff at‘ﬁ%ﬁﬁ%?%ﬁﬁ@ﬂﬁiibﬁ?@@n?%%ngFbsﬁé@gﬂgﬁﬁﬁgﬁe t ot al

vei ght qﬁedhaﬁmﬂqjdhgmh% %ﬁﬁﬂéfi@@i ihDRlat@nsefboll o) uéing tHathea8pblidfa CONPr i si ng
‘wat er, appL¥|ng t em cal - nechani cal poljshi conposition to at

Iﬁast gsrsl straten @rse mmbotbalb@tvm&aées elribe (eypnias. g8l aaﬂdcﬂ%éa@%l IBVeHEFE i on of
b
the substlale W e aéxlp ﬁPﬁbr%*{hé‘g%ﬁ%ﬁp@%g{)ﬂhQ %Jeﬁﬂ%?éfo%ﬂieﬁ?nﬁ strate.

(0012) e presen osure a provi of pol i shi ng
grgng}ﬁgQgﬁgﬁgﬁbégkgﬂ%%Hgﬂfhgﬁﬁkﬁﬁbbﬁa) prOV|d|ng a substrate, (b)
[0009] According to a first aspect, there is provided a chemical-mechanical polishing
composition compﬂsiné: | - o
{(a) an abrasive comprising a-alumina,
(b) 0.05t0 3.5 mmél/kg of ions of calcium based on the total weight of the polishing
composition, and |
{c) 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 mixﬁn‘es thereof, based on the total weight of the polishing
composition, and (¢} a liquid carrier comprising water.
[0010] The present disclosure also provides a che‘ﬁﬁéél—fnechaniéal polishing
composition comprising: (a) an abrasive selected from the group rconsisting of a-alumina,
v-alumina, §-alumina, 8-alumina, diamond, boron carbide, silicon carbide, tungsten
carbide, titanium nitride, and mixtures thercof, (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,
zinc, and mixtures there;)f, based on the total weight of the polishing composition, and (c)

a hiquid carrier comprising water.
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pol i shing conposition conprising: (1) an abrasive selected fromthe group
consisting of a-alumna, y-alumna, 8-alum na, 0-alum na, dianond, boron
carbide, silicon carbide, tungsten carbide, titaniumnitride, and m xtures
thereof, (ii) 0.05 to 3.5 mmvl/kg of ions of at |east one netal selected
fromthe group consisting of calcium strontium barium mgnesium zinc,
and m xtures thereof, based on the total weight of the polishing
conpositio (ALi)q:a. Liqui i IS\l ) i,ng the
chom cal - muSHERF o Ghdchlifi b BN RERELA (RATR! bl ig dohElod ncRORbY oD
substr at e, séntatedpmpbisiadithgstaps dfeast a portion of the substrate with the
pol i shing conposition to polish the substrate. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [ 0023] THEOYIHpE Rt SU883%-0vi des a chemi cal - mechani cal pol i shi ng
conposition ri.sing: :abr.asi ]ﬁﬁgﬁﬁ I -<qpe net al
selected fr ogpme %?@%Sgacr@@é%?%@é%ﬁ%%ﬁghm stn%)rsit %Otl} r(ﬁ%ﬁ%g?]lﬁgm
magnesi um zi nc{i) andamrubstisive sompasiegti-alameha( c) a liquid carrier conprising
water. In one enbodi nent, the chenical-nechanicgl olishin coqﬁgfition 7
conprises (a) afDabr 44Pve 3compralke vk iops o Gafcwan %ﬁgoéﬂﬁﬁ veseehiof fienol es
per kil ogram (mol / kg: 'gﬂgq - at ast one netal selected fromthe
group consi sting of E%H%ﬁqgn cggﬁt ﬁﬁf barium and m xtures thereof,
based on the tofid) weilighid cafri¢rempeokinghwater, conposition, and (c) a liquid

carrier conprising ter. In_another enbodi nent., the chem cal - pechani cal
pol i shi ng cor{f)bsi t4PB ”bg’oﬁlb‘?icé‘@’?“@g)m& C@?d&&@@“ﬁo‘f%ﬁ’ﬁ%ﬁ‘ﬁ& W g} B§Fhd, (b)
0.05 to 3.5 mllinpl&s Hehe Kids@ama nmaol / kg) of ions of at |east one

netal selected fromthe group consisting of magnesium zinc, and mixtures
t her eof , basdd) on abhelingatadeasiai gitiowdi theesuptats withghe polpdsig ¢appostiied (c) a
liquid carrier conprisin ter. In yet another enbodinent, the
chenical-nechanicggpﬁﬁﬁT@ﬁﬁﬁgg@Bhposition conprises (a) an abrasive
sel ect ,eqmmg_m t MRe PreGiR SRS [iRthePproidel dMidlidod &F RiligRinga.sustatedim na,
6-al um na, dianond, boron carbide, silicon carbide, tungsten carbide,
titani ureomiptisingdbe dier ofi Xpupresidinges wostrate.dp) progBlinga ghanigpgpeqbgnisa!l i ons of
at | east e netal selected.from.{he istin |
stronti &} ﬁ]ﬁs J5F FUH Osrlr%ognnceoéﬁl RiR"e m:g}l %b(r%%?%rfélog(ot%ﬁ gsisngtcig]gglggl{x%i a@gngSno t he
total wehilitholef pédiglopeink EhidykgpmIosd of 4 fkasen@ ria)] @ldeiedUtdn dardro@y
conprising water. Aside fromthe abrasive and the identity and

c

concent CaRsiFHEHH cals@mestrgptipen Rarpe e mix fresaciesd Haseem tae total ypaght
e el e e T " on
char act O PR RARHGE pREbUHA MTATRARAL il cohlifislibiPbl B epblifuethoct

i nvent i eherfiealy. , the anmount of abrasive, the liquid carrier, the pH and
ot her suitable additives) can be the sane. [0014] The polishing conposition
conprises an abrasive, and, in certain enbodi nents, the abrasive conprises
a-alumna. As known to those of ordinary skill in the art, alumna (i.e.

al um num oxi de) exists is several different crystalline phases, which

i nclude a-alumna, y-alumna, Er-alum na, 0-alumna, x-alum na,

i 1-alum na, -alum na, and p-alumna. The a-al um na, when present in the
abrasive, can be present in any suitable form More specifically, the
a-alumna can be present in the formof distinct abrasive, particles
consisting essentially of, or consisting of, a-alumna, or the a-alum na
can be present in abrasive particles conprising a-alumna and ot her
sui t abl e abrasive conmponents (e.g., a netal oxide, such as funmed al um na).
When the abrasive conprises a-alumna, the abrasive preferably conprises
10 wt. % or nore, nore preferably 20 wt. % or nore, still nore preferably 30
wt.% or nore, even nore preferably 40 wt. % or nore, and nost preferably 50
wt.%or nore (e.g., 55 w.%or nore, or 60 w.% or nore) a-alum na based
on the total weight of the abrasive. 100151As noted above; the invention
al so provides a chem cal - mechani cal polishing conposition conprising an
abrasive selected fromthe group consisting of a-alumna,  y-alum na,
S-alum na, O-alum na, dianond, boron carbide, silicon carbide, tungsten
carbide, titaniumnitride, and m xtures thereof. In such an enbodi nent,
the abrasive preferably is selected fromthe wow consisting of a-alum na,
7-alum na, 8-alumina, O-alumna, dianond, silicon carbide, titanium
nitride, and m xtures thereof. Mre pteferably, the abrasive is selected
fromthe group consisting of a-alum na, 7-alumna, 8-alumna, O0-alum na,

di anond, silicon carbide, and m xtures thereof. Mst preferably, the
abrasive is selected fromthe group consisting of a-alumna, |-alumna,
a-alumna, O-alumna, and m xtures thereof. [00161lIn addition to the

af orenmenti oned abrasi ve conponents, the abrasive of the polishing



[0019] The ions of the nmetal can be present in the polishing conposition in
any suitable anobunt Generally, the ions of the netal are present in the
pol i shing conposition in an anount. of 0.05 mllirnoles per kilogram
(mol / kg) or nore, preferably 0.06 innol/lcg or nore, nore preferably 0.07
mol | kg or nore, and nost preferably 1 nunol Acg or nore, based on the
total weight of the polishing conposition. The ions of the netal generally
are present in the polishing conmposition in an amount of 50 nunol/kg or

| ess, preferably 40 mmol/kg or |less, nore preferably 30 nmmol/ kg or |ess,
and nost pheRk@i-apblchRe commikkion toret loass s pqraomcp the sepsiaie And (kb aiingfess, 5

mol / kg or, Iess or ]% ShmpORARE ¢ fRfsh thesubsdem]  wei ght of the
pol i shi ng %ﬁem evér}f%alﬂ;er?g:% e

dlrrents suchdé%wgnthe I{shlng
conposi t | qaamprrpTheslerssanbdgcbﬁuratadd@aé@lhbW@VHjé% amethqdipe ‘f‘%?ns? group
consi sting of - cal.ci S e sRrhtelTb) pRevatinng schemiesl-nehlenisdf , t he ions
of the net g?mrgft%r%g%cf I'(a%gfa%ireserﬁt in {@) %_(Sﬁlll n f[pn in an
anount of PidEgronBetios MMEEPEsIR Tecf‘ F%é%: preferabl y
0.05 to 40&19;{,&9+Jamﬂmﬁ,ea~aummﬂ BQﬁnﬁm, &enmmwraag:arh@isaempmcaz@ds mmol / kg, 0.05

to 20 mol or. 0.05 nyol./.K & 05 to 10
‘ol / kg, éﬁ&s%?fbli?rm%ﬂwgomw i ‘%!l)ﬂm%q’ ;'}l%[}ﬁ?%gssggﬁ%lﬁé? ﬁie)usi otal weight

“of the poIdtwmwwwmmthdmmhﬁeﬁﬁpbﬁ@hi%mﬁﬁﬁb n conpri ses

ions of at |east one Dk tRe W WPthe §lEhisg | ng of
magnesi ummﬁﬁﬁﬁﬁ’&ﬁ’ﬁ%a%e R es ?%er eo or the llshl ?]%EC nposi ti on

conpri ses @mﬁmﬂéu&i@d@@ﬂ%ﬁ%wﬁ% a-al um na, 1-
~alum na, 8- ?acbgngcl&pa 18 ﬂtm@gmﬂa@bpmeﬁaﬁ}mmﬁ@mbmtcarb| de,
m I tr|

tungst en c& and m xtur.es th I£ QQEE ions of the
netal pr efbﬂammwméﬁpmwﬁh FH@‘SW?Woﬁﬁ TR SI%[I on 1n an anount of

0.05 to 3.5 mllinoles kg), nore preferably 0.05 to 14
nol / | cg (EE@HE@%CBE)% N G to 3.25 nmml/kg, 0.05 to 3.2
mol / kg, Emg 05 m@m%@@oﬁmbﬂk@)chmnd m@ﬂ%@ﬁ%lﬁp‘?ﬁlﬁ% to 3 nmol / kg,

based on t ht of .t Gia CRIRRASA I AP grolyd&dd@dtifg | | qui d
carrier i sc"-‘&%*éﬁ“&é al“é%ﬁ%F’ gtf) ‘°‘P§%£gé€%ﬁ’g%:§u on of th a j ve, netal ions,
and any ot hehicRfiditichines b, hegesirnades. & d sy Egtsp e to be

poli shed or gana“zg hﬁ ﬁéé}waabn%ﬁcrﬂleeﬁenﬁ@pmbmawmmabl e liquid

carrier. quid carrie e ferably,
‘the water cmmau@momewem mabrarwecwaiﬁiﬂa “@5& Sggn%tsﬁ%%ﬁén? le%::)1i:’)(a'?rrpr| se a

sui tabl e wat g{amrﬂuiﬂ/f? %f%ﬁé&%ﬂkaﬁﬁ@@é&&elcmmmwmmpmg@d enmbodi ment s

the liquid carrier conS|sts ssent i ONSH wdight Of thie piBIHRIg, NOT e
pr ef er abl ycaiimg sirgrdigro, R, gé‘ﬁﬂr’fﬁ% Xf ‘?asecﬁl ntg corrpo% t oenﬁe%an have any

sui tabl e pkbng}ﬁslgmaﬂdt@ak&hxd&ef@m@bkl%wm i o] Irﬁ”ﬁ’@"‘&’@’i’?p%‘“sl tion has a pH

f 1to 7, h I
pol i shi ng’ St LI st Beeio (o AnERE At mahr 120 2

mai nt ai ned ?% %Pty suitabl e means.
More speci Ma;la,l(y),oamsﬁmﬂm“lmgﬁd@ml(wewgé%‘“?s& & BORER se a pH
adj ustor, uf ferin fgggg%% sﬁﬂﬂmna%ﬂ@mkheﬁmﬁ bas'Eﬁeni;hH adj ust or
S%%Feflgrﬁ ‘% justi

can be any conpound exa justor can
be pot assi wmih&@hmﬁﬂdep%n@@iﬁ?%%&@%i‘ﬁ%ahﬁm %O 15“% ?‘ﬁlp gﬁ(riLl a -
conbi nati on ilgerlﬁé’odim%g&e%&nﬁbﬁl&%ﬁaﬂﬂaﬁ%@ﬁﬂﬁng@ampdsmwmmst@l§11e buffering

agent, for® hat es, acetates, hor oRLY BlafdlidaS, and the
li ke. The aibmwe@el 5’&’!"1’%!5‘? % E]g%%l ?onprl se any suitable

amount of g lahggbmm,d@m&@fcmﬂammfcﬁewbﬁg titpglpnitifs S BEY™S uch anount
is sufficient to _achi ev RHe pe ing system
wi t hi n t he theea§ €3 0dgio 3- %%?fé G?%tg%fgtzcﬁ'ﬁle pofal&gi?ﬁn Igb&%s tl on can
further comgﬁgamammmammm%@maw "‘égﬁﬁ’gﬁ) as an

i norganic or an ot e GETRiaNatd1 1dtcﬂﬁézeﬁfnpxlﬁnrgmmrrpl e, the
pol i shi ng &GRS T&B#tﬁeap& gs an’ i ng%a%?c aci d sel ected fromthe
group consisting of nitric aci d phosghon c acid, sulfuric acid, salts

t hereof and conbi nations 7 thereof, he polishing conposition can
conprise (alternatively or in addition to the inorganic acid) an organic
acid selected fromthe group consisting of oxalic acid, malic acid, maim&
acid, tartaric acid, acetic acid, lactic acid, propionic acid, phthalic
acid, benzoic, acid, citric acid, succinic acid, salts thereof, and

conbi nati ons thereof. When present the acid(s) can be present in the

pol i.shing conmposition in any suitable anmount(s). [0023] The poli shing
conposition also can conprise a corrosion inhibitor (i e a film formng
agent). The corrosion inhibitor can be any suitable corrosion inhibitor.
Typically, the corrosion inhibitor is an organi c conpound containing a

het er oat or n- cont ai ni ng functional group. For exanple, the corrosion



[0025] 1t will be appreciated that many of the aforenentioned conpounds can
exist inthe formof a salt (e.g., a netal salt, an amoniumsalt, or the
like), an acid, or as a partial salt. For exanple, citrates include citric
acid, as well as nmono-, di-, and tri-salts thereof; phthalates include
phtbalic acid, as well as nono-salts (e.g., potassi um hydrogen phthal ate)
and di-salts thereof; perchlorates include the corresponding acid (i.e
perchloric acid), as well as salts thereof. Furthernore, certain conpounds
or reagents nmay perform nore than one function. For exarrpl e, sone
conpoundsg, ;(aRoh Haab:hsin dhothb 1mmmﬁwmemhp@fé@é¥ﬁﬂ%ﬂpfaﬁ“ﬁ%fhal zi ng agent
(e.g., certain ferric nit n [0 Givdtien, el dighi ng
conpomt@@ﬁ"dé%?’i‘ tpof fhe Fasmi %‘%ﬁ?galgisur%%%g%tgon tabl e surfactants can

i ncl ude, cﬁ@ga@m&mm cherakcilomickanal HoESng §eBDOSKAT i *‘ecm‘éeﬁ?cf“égtga ts, nonionic
surfactants eul k t , @bﬁi&r@ﬁi@.ﬂebﬁtﬁﬁ\egfsﬁnmmme i ke.

Pr ef er ablFoUE ﬁggf)o s %ﬁg&g%ﬁnj%o@?h on conprise noni. sw factant One
exanpl e qoe1d] suTkegioligingspmesiten SHRFETCERATTS Ay e% en g&gm he

pol yoxyetd‘%\%}:@a@@e&‘l’:{ B?c%ﬁ[&hxma'rb@ mmuﬂmoﬁfofsdnﬁa@k@mthﬁﬁdﬁﬁ@way is 0.0001

w . % (preterably O duore preferably
0. 005 Wt . (&-tamonu5oxKiie) %‘Stsdé?e‘fﬁt qﬁ&%r?‘flg &fl@? Jph:mg Fﬁl}c%?l t he pol i shi ng

conposi t |@Qmﬁgqaﬂnm§&meﬁl@ﬁ—mgnmmmmm @'ﬁl“@%i‘ﬂ: #%W‘%Fmdconprl se an

anti foam ng age ﬁ%ﬂg c&a&ﬂa@e@w@gwﬁﬁbl e
anti - f oanf- Bm’é@e’hle "g’ﬁ’f"t‘ ) an oamn ents i ?b but are not

limted t@msSHbiemafbdyetc @cnldma@G%Wbeé’FﬁS@tHﬁ Foan ng agents.
The amount 0 aniffsfsmgt gsgzl%g @Q@H’Hond@é&ﬁém alhﬂmfa,hetm@#ahsl‘rmmnbfonpom tion

t ypi cal | ypaiﬂé ppm ppm [ 0028] The poal i ?H ldsRN can al so
conpri se ﬁe@nmuhﬂewcrmd‘c‘ﬁc@@@a%“% “‘B% *ﬁﬁ e i ] Mﬁl oci de, for exanple
an isothi gﬁgol I“{‘l’%g’f&y QFh Q,qi:mél'd’tﬁuﬁﬂ@ummemhe Hrr@med@ﬁm@@sdl fr‘l‘FFl‘P%ém’pol i shing

conposi ti typl cally is 5 wl @ mdf, gigm [ 0029] The
pol i shi nga@wm@sqfﬂé'@@@ﬁ?’éﬁgé (gmg F@Q}go@%@ {S{eﬁ ?hg%ﬁﬁ% The term col | oi d

refers toyfl ,@W@o@oﬁm@sﬂe&@bW@Wﬁo&m"%i"@@“ﬁ rticles) in the
l'iquid carrier, idal sta $o¥r L6 fe 40 oY R o balueitaeed of  t hat
suspensi oﬂ?m?el‘ﬁbg’ Wﬁ?‘ﬁ‘é‘mf} pgﬂv&s ?6551 gor]rrpom tion is considered

col | oi-dal |oyt}§tuﬂéllme1ghtfofthmla@'ﬁ51‘tﬂhe pol i shing conposition is placed into a 100

m graduat yl 116 &@@d tiagpatatabahifabpolishitg me of 2
é&ﬁF}f i e%n ag&% 6 10 Iﬁ 5 "

hours, etween the ¢ tration. 8. -€.
abr asi ve mampasﬂmemmﬁﬁsﬁeabﬁé’ﬁ’?ﬁﬁﬁc?g it "5t (fuﬁe Ggra (facg?ggl cy#nder ([B] in

terms of 001D 8- GOMEL Alakdihid, Dorontarzdy, dldonearpies. SRRy o

0 Bfﬁ : 1 ekratiiist f
e ety g 1 Ul Y s o s«

Ion of abrasi velwém %1 n%ram ve

o o Coied £ g0 oplonginanbostubar ST T L) 1o Less

an or equal to So abte sasivé e val ue o
is |ess th“*&ﬁ?"%i‘aﬂ?é%u‘é\tm‘t‘% % o prég?erabl gpr Less Blgxgﬁ[id? ogglual to
0.1, even gpkied forethe g gonkigtirized g-amAEH: H Y T‘al ,
preferably js | sg t NaL - Rfes BEKEE m&t%eﬁﬁblyhﬂﬂa’b&)ﬁhsmmdé@@%rtl cle size
of the pol {¥RFRE™Ebiposition pref ergﬂé eé'na} espehbiakleoginchanged
t hr oughout grbieconsstingipf d-4fraing f-afyng, feng® n%05| tion, In particular,
t he averag@ Pt‘ﬁrt |Iggf§m§,h;@mgafai3h@nméda;hsamgcan@nm‘s%itb? Wﬁ?éﬁ% ably
i ncreases by I'ess than 40% er% nse g@dgie%@a{gwe!(%%ogemnsme | ess t han
25% | ess piighinp@aposiEasat FHA YN 5y fress t han 10/«))?{% ou%gout t he usef ul
life of thegifekiishhae SRpRest inchde, bet agp, not Boited &y, §1eBt P! Og“élays or

nore, or 32550 ﬂ(;le?¥sn§)£ ¢ ma) (e.g., fumed alumina), silica (&.2. colloidally dispersed

nsation-polymerized silica, fumed or pyrogenic silica, and precipitated silica),

ceria,
conde

5



[ 0031] The invention further provides nethods of polishing a substrate with
t he polishing conpositions as described herein. The nethods generally
conprise the steps of (i) providing a substrate, (ii) providing a
pol i shing conposition as described herein, (iii) applying the polishing
conposition to a portion of the substrate, and (iv) abrading a:portion of
the substrate to polish the substrate. [0032]1n one enbodi nent of such a
nmet hod, the method of polishing a substrate conprises the steps of. (a)
provi d| ng a substrate, (b) providing a chem cal -nechani cal polishing
conposi t.@ﬁmwmniascrhrfgma - (T3 Oxile. e, yesnesimPiTamAdPrad %Pﬁ‘i}ﬁ%gaﬂd(u i) 0.05 to
SO0 m | I'i mpd R8s thetopgr am (mmol / kg) of ions of at |east one netal
selected fromthe group consisting of calcium .strontiu bari um and

i xt ur es {‘Wéﬂeofmeﬁgé% BhPe AR Bt BT FWW?SIQOH&%SFT%% AG*"®brposi ti on,
and (iii )T@pldauﬁlﬂdibﬁamzrmp;reseﬁmﬂﬁrelpshsnggwm@smm(m)m appinkaivg 1 twhés or

chem cal - rrecha h| n i o ortion of the
subst r at e ™ HnY*® Eﬁ@ygggadl"normgfe abgib ]t?to/ﬁgr 4"&?%@1 %ﬁ strate with the
pol i shi ngpmf;rqbtysﬂliwtdfﬁl ot rorp@hd Qbﬁfpﬂq@fabhﬁwfa@@mff @@B@Tﬂm%foﬁb?“?igh’ﬂ ng

composi { | gyl bl @hmm%m%%m% ke bIBLHURBLIRA COMPI i ses:

(a) an abrasi a-al um na 05 to |m)I es per

ki | ogr am {nomswk gf "/f'Wﬁ%ssﬁﬂﬁﬁbﬂ%%’aBﬁéssﬂrf%‘fr%ﬂ”e’?ﬁplé‘é?% ¥ om t he group
consi sti n%&@«uiﬁﬁé&wﬁm@tm%va o s, Bt rhasrpre@iaBly i bAdr @8s, bived @ohe  based on
the total weight q h ol i shi.ng conposition, and (c) a liquid carrier
conpri si n§* WP’@?”W?@OI&FE%FOW%%M eristics of the chenical - mechani cal

poI | shi ng[mslpos’nntoh@ﬂnmtikﬂemzﬁdpmiishmgmiompmdmadmgmb@dixmattleasffon’@ he i nvention

, the br asi ve t.0 nd ot her
sw tabl e mﬁ%g?% ecw%g?m g Qbugc?nﬁméngg’rfr!édkg'gﬁ gtr&l%f%‘r&h abo%lé1 5ersat he
cheni cal - techfiit ¢ sdcopiohibsdinmy, troppbigdngoprossion earerrisshens of $ipastPED34] | n

anot her e !se@ﬂg&fr%ﬁllaﬁ EQ&Q;s@Jgo@ BB %R, SEbSial Scré@NRE Ses t he
steps of: rovi ubstrate b) row d|n a cheé? cal - mechani cal

pol i shing ﬂw@ @WF@&WWWWW@GSWP )"’%‘iﬁﬁbﬁ“’égﬁ@ T OPfigFe Sﬂﬁ”ﬁ al um na,

(ii) 0.05 ﬁoﬁxtﬁe%oﬂpcbhézsﬂﬂéﬁscamm dohiOgH, amdmi@énéﬁ@) 7k, dndmdctiots at | east one
net al sel ected

romthe consi, stjn na zi.ne, .and m xtures
thereof , BK%El Bf 1%@?‘%% ied B thctf“%gq%“(% |Igﬂm g & r}f"ﬁggrfvtl on, and (iii)
a liqui d Gl dn@ fuiebleRiuics] Pugfewdlypths m(xs:@fﬂapqutg}(s)rvgn@hei ig ﬁer@pléﬁaing mechani cal
pol i shi ng Conpas ti he substrate, and (d)
abr adi ng &% glg?mgem |ol¥1nat()1§§f%e su'ggogdrb%'?nea%ﬁmsat% the polishin
conposi ti gieh pbhd lsdnt of tre metaben baprescn{ip & Hpishias ﬁ?ﬂﬁf’%‘ﬁ?%@ WOHFEE ti on
1 zed Tfhohdl ScdlRUDAtL &M%%&t a@ﬁre&ﬁﬁn%@ﬁ%ﬁ?&@ﬁﬁﬂéﬂﬁ% (a) an

abrasi ve conprisin | um na, 5to 3. & %oﬁjt er kilogram ,
(ol / kg) asputeho U&t‘c’l?sé‘&‘skfﬂo&ﬁ’é ﬁﬁ%‘? 12) TIPEE FE r?b %0 DPFE"‘B‘PSHp consi sti ng
of magnesijg, n@ké}:ﬁefelﬁlﬂfiﬁm}ﬁﬂéﬂ@&rm% ﬁﬂfmosﬁ&ﬁﬁ%ipmmhﬂkg@m&,mel ght of the

pol i shing conpositi uid.cartier c fer. The

ot her cha%@@?@ﬁfﬁtgg&ggt%ﬂ%%wg poo ﬁ%%%zgrr}fféoan f%%%ét%l ng corrp05| tion
utilized |1fes&ﬂﬁ£rﬁhmﬁikhlﬁﬁg{ﬁﬁfpmhonmamfnu:ttluéSGmeh’kglooiqSS(E‘?@fahlﬂ‘*ﬁe anount of
abr asi ve, qul d ca Li ves) can be
the sane élém@@(? ort h7ab lg\%/cgarbﬂ%%&f&%ﬂﬂgrﬁgcagﬁ Bﬁ%g&%ﬁrﬁb g?f)%lg‘ﬂ?ig hi ng

conposi ti dess Cefg,tlﬁequgmiﬂatjsrﬁ mip oGt ks & Jitimpel ke blsHi- Oﬂqi‘ﬁ@mﬁet hod of

pol i shi ngaﬁe uRst, nébg?tﬁé et @R dRfents,(sBoh 48 A 8 RistangS ubst r at e,
(b) provi n%l m ca‘1 chani cal pol i Shlc{‘ﬁ 9 osi tiqn. cogprl sing: (i)

an abr asi \/-@mn@llt@etc@épffs?%ﬂﬁstoﬁét IRFFSBpERER LR TP B SRURUHHRE S v- al umi na,
al um na, Qai%iu&»!{r&tfbﬁmrﬂlb&mm dad Jﬁs&ﬁﬁeﬁ tie8ioh B@aons 51 the el Mﬂﬂﬂ}d&: t u ngst en

carbide, titaniumnitride, and nixtures R £, 3.5 mmolikg
of ions ofPresentnRRpPOlSHRS PEPSTIWAR H A rF thﬁg %mﬂn go%glagtl ng of

cal ci um  StoifRlkd)Uidre bafeiabin ¢.(Fagdesmoiks (8- n@ﬁﬁ' Taﬁ@lmmﬁi&ga p-EstotZer eof based
on the total weight of the polishings;conposition, and (iii) a I|qU|d
carrier conprising water, (c) applying the chem cal - mechani cal polishing
conposition to at least a portion of the substrate, and (d) abrading at

| east a portion of the substrate with the polishing conposition to polish
the substrate. [0037] The polishing conposition utilized in this nmethod
enbodi ment of the invention conprises: (a) an abrasive selected fromthe
group consisting of a-alum na, y-alum na, 6- alumna, 9-alumna, dianond,
boron carbide, silicon carbide, tungsten carbide, titaniumnitride, and
m xtures thereof, (b) 0.05 to 3.5 mmolikg of ions of at |east one netal
selected 11




fromthe group consisting of calcium strontium barium mgnesium zinc,
and m xtures thereof, based on the total weight of the polishing
conposition, and (c) a liquid carrier conprising water. The ot her
characteristics of the chem cal -nmechani cal polishing conposition utilized
in this nmethod enbodi nent of the invention (e.g., the amount of abrasive,
the liquid carrier, the pll, and other suitable additives) can be the sane
as set forth above for the chem cal - nechani cal polishing conposition of
the invention. [0038] The substrate to be polished using the methods of the

I nvent i Olnnﬁx?di!rk%’@ 03 BY2034Hh 1R 0e0.63Ha g6 Erﬁioﬁkg}&ﬁuhﬁbd;@et&u@ﬁanaﬁoqs i ncl udeI but
are not limte i ntegra cjrc net al s,
i nt erl ayer™enlss éE"cIFli’SEPTEﬁe’E‘@Y Uéig d &A‘s&ﬁfe (?H%ﬁ%?% ‘?‘ghgof%c o

m croel ectehpdsmed) awhepahe ;&yﬁh@m&npdsﬁbrr@seipﬂmsmmsfat Rmﬂomugﬂmétamteﬁaeads The
metal |ayer n_conp n .3 L& he netal |ayer
can conpr Fﬁé’ @0%?}'& nsfsﬁ?ﬁ% efi l%'c aanE auﬁ%ﬁ%{ﬁaﬁg{% t| ani um

al um num coinpdsgiby cqnim’sqsramhrasrvasdﬁ@wﬁ@ﬁmfhEr‘aT@JPGﬁqswéﬁgqfﬁcﬁéﬂmmT'The substrate
can furt heaiuﬁﬁr%n%%x@ﬁa,%t-aﬂnﬁﬁa? BiaR5R ﬁﬁ%ﬁe@mh@%ﬂ?ﬁe lB@eh Bﬁ'bili@-t | ng layer

can be a por ous net al oxide, glass, an| C pt#l
f1 uori nat dieniswrainie apsonigivess thespt i iprotfiermeasl Pl 5’ § yFeRn
i nsul at i NG| Eom;%&ﬁﬁ@ﬁ%@hﬂmunﬁcﬁi@(ﬁ%i ﬁﬁ&ﬁel%@]ﬁlo@ﬁﬁx (mmiolity), mdfmt al, and

at least a por ion of the po L4 shing
conposi t i oFEfEBPipGPI BR- 4t"1’f%°‘%%s€t rﬁg‘gé"a’:l %@gﬁg’ﬁ’ﬂé %‘ft]}g? Ol%gc 1 ude, but are
not 1im tefhhlolifp] @iionwm. 1mfsbmgwndmwxmf¢rabma OShodl unelkgpbastdaditem  si | ver,
osm um gol d, %!?g grgl i ons J;hhereof Preferably, the substrate

conpri ses BRAYY ?ﬁ(%heé’ﬁ SE PERSY ™S portion of the platinumjs abraded with
the pol i shjoéa§] compiggidteansier it wedolficditat theanplipgion ofitee 2bre3 91ePhigpol i shi ng

met hods Ofanh%dtﬂy dv@o a%ﬁb%lswbs&&é t.a4d pmas(abssxaﬁaﬂzéaom unction

i
with a chem cal - ani ca ing (. aPpar atus., H‘ypl cally, the
appar at us E@ﬁ@?ﬁﬁS%W&arﬁ?ﬁéﬂbW‘taWW°%ﬁ*ﬁ%eﬁ§ké’ve=lﬂ§qq fBt¥on and has a

vel ocity thabrife8 kbl $rdilrR, Bl Rzt dezbﬂxibﬂ&l’atsr OTheGigiii€ tdrfidr caniftuiden,  a

polishing pad in contact with e ten and m)V| ten when
i n ot i on, CORRESCR SBERD R #’ieﬁg}l ﬂ‘g B st r}g%\gﬂﬁlg &lgﬁeﬁh%

contactin gh@ﬂﬁaﬂﬁwoﬂgstsr ﬁkeahawm bﬂcoh&ms cﬁmﬂmerg bret‘elrﬁé ypslopigdal wagpr. pad The
pol i shi ng frate ta I tfat | aced in
Pont act i D o BEPRERRRGrREE off RiCaXpldf cBOn | 815 BReasnp! Bhe

i nvention aadoltslnegmdnipemmlhﬂ«sw}hﬁ ipad Wﬁ’rﬁij@’éﬁéﬁv’@‘e@@@?ﬁ'@ substrate, so.
as to abrag %g,?:% rl]& &ﬁypoﬂﬁﬁﬁﬁ'sﬁ?&’e&éanfbbﬁch&kl&ﬁ&%;ﬁalﬁ@m&pwaﬁﬁsuwﬁe substrat e.

[ 0040] Desi fa afatus further conprises, an situ polishing

endpoi nt dert-‘f@etmﬁfswﬁcéh‘) pradiishies copRpeen SRERUIERE SR ¢ a‘glfsfor Techni ques

fOL i nSpSCLHB&fe%HEf b1tag>6!fnﬂigaﬁoﬂﬂxesﬁ@ﬁ ﬂﬁ&l#yﬂ@d}m@aﬁ& abysuatekad yfki ng | |k ght or
other radiatiaon reflected from surfac t he r are known in
e ot D@“W”;“iizﬁziﬁ’??ﬁ émﬁ“fﬁmﬁimiiﬂ e
pol i shing pydGeEsanmh of @ccdn es the
det erm nation of . t hﬁf ol |es;j 1 %%%@Lm lcertes, Holies AQInfhihnatd on of when
to term naf® PHReTs Ry rro réspect to a particular substrate.
[ 0041] The emmmaam qhmnmaﬂnebwbi@phs@@gpﬁt@ecaa ORI A GRItEBRREPYY ng t he
substrate. {1 ‘%&, %@{Q@Q@ﬁ%{feﬁ)ﬁg Ag%li'd, %1&6&%&%011&%@3&%&&0 f@devoxi di zi ng

the substrd rises a a time-varying
pot enti al (a@ffgmmﬂaﬁb@% 98%@1’&1'?@8)53'%"%“ Y‘ﬁ Sasrf)’fgtj %‘éh‘%’ el ectronic

pot enti oSt adehz; ThendRNinER c&@;sosﬁ@fpéaxmeﬁdo@nseanwmgrmwémnnahnyt o the
substrate can be any suitable, such devic ﬂ{epe%i% di zi ng the

substrate ;5‘#‘@?‘6#%1@1I5‘5}°h€6ﬁ&)‘ﬁ?’§3é'é° & BRI oor“ﬁ%l ing a first potential
(e.g., a mmwthe balishigy @ﬁt;ﬁfiﬁﬂna:lar) cothpribeareg mnganmamﬁafticos@@é@@ tepf 2revite
pollshlng and. a 1.0 e t Zi ng

potenti al) cﬁ%s‘gglggpﬁéﬁ’%aé% 51}0 8rrlc éé% &%ﬂm%%@ﬁeméﬁ ingr%&gwédggﬂlm ce for
changing the first potential to the §econd potentlal during an

i nternedi ate stage of polishing, e.g., continuously reducing the potenti al
during the internedi ate stage or rapidly reducing the potential froma
~first, higher oxidizing potential to a second, |ower oxidizing potenti al
after a predetermned interval at the first, higher oxidizing potential.
For exanple, during the initial stage(s) of the polishing, a relatively
hi gh oxi di zing potential is applied to the substrate to pronote a
relatively high rate of oxidation/dissolution/renoval of the substrate.
When polishing is at a |ater stage, e.g., when approaching an underlying
barrier layer, the applied potential is reduced to a | evel producing a
substantially | ower or negligible rate of oxidation/dissolution/renoval of




pol i shing conposition of the invention. Simlar substrates conprising

pl ati num were polished using four different polishing conpositions

(pol i shing conmpositions 1A 1B, 1C, and ID). Polishing conposition | A

(conparative) did not conprise an appreciable anount of netals ions.

Pol i shing conposition 113 (invention) conprised 0.38 mmol/kg

(approxi mately 15 ppm of calcium (as cal ciumchloride). Polishing

conposition 1C (invention) conprised 0.38 mmuol /kg (approxi mately 33 ppm

of strontium (as strontiumchloride). Polishing conposition ID (invention)

conpr i sed tHre87 Thanpdlishige ¢oappsiidricrreompyse Sdtempiigelyot itadditiomtothes bar i um

chl oride) ; ' | Shi 44l SO
ingFfila R o BBfl] QUAHROLI AR BOL) Rkis GATBRSLA DI sl

conpri sed . 9 an abrasive conprising, baséd on the total weight of

t he abr asimalsnic apie rasriingride psplicEidectiprgd.Arapanitecneftappicéx bagtiel vy 40 wt. %
fumed al ugkipairiand, gg.g(gm-)aa@a;lsgfs thdreof] SR é&?ﬂ)}'ﬁaﬁmg‘@m%fh%pd laésie@,mﬁa renoval rate
cm angstrons, per. m nute) were neasured for each of t pol i shi ng

conposi t i GAEE cpnke resen) i te polishing (ARPTPBR G 79 ° ﬁ‘glleémi l abl e 1: Platinum
removal rakes. Phiipsirhing céompaisd didsoam ddetpeibe Qomogmtinfdbiioofi.e{ afimel / kg)

Plati num Removal Rabe (AR N6 (6 ARk Drosd Yt Chypant i on) Ca

the corrosion inhibitor is an organic compound containing a heteroatom-containing
functional group. For example, the corrosion inhibitor can be a heterocychic organic
compound with at least one 3- or 6-member heterocyclic ring as the active functional group,
wherein the heterooyélic ring contains at least one nitrogen atom, for example, an azole
compound. Preferably, the corrosion inhibitor contains af least one azole group. More
preferably, the corrosion inhibitor is selected from the group consisting of 1,2,3-trizzole,
1,2,4-triazole, benzotriazole, benzimidazole, benzothiazole, and mixtares thercof. The
amount of cotrosion inhibitor used in the polishing system typically is 0.0001 wt.% to 3
wt.% (preferably 0.001 W% to 2 wt.%) based on the total weight of the polishing
composition.

[0024]  The polishing composition optionaily further comprises a chelating or
comﬁlexing agent. 'The complexing agent is any suitable chemical additive that enhances
the removal rate of the substrate layer being removed. Suitable chelating or complexing
agents can include, for example, carbonyl compounds (e.g., é,cetylacetonaias, and the like},
stmple 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, phﬁaalétes, citrages,
succinates, tarirates, malates, edetates (e.g., dipotassium EDTA), mixtures thereof, and the
like), carboxylates containing one or more sulfonic and/or phosphonic groups, and the like.
Suitable chelating or complexing agents also can include, for example, di-, tri-, or
polyalcohols (e.g., ethylene glycol, pyrocatechol, pyrogallol, tannic acid, and the like) and
amine-containing compounds {(e.g., ammonia, amino acids, amino alcohols, di-, tri-, and
polyamines, and the like). The choice of chelating or complexing agent will depend on the

type of substrate layer being removed.



0.38 1450 IC (invention) Sr 0.38 1551 1D (invention) Ba 0.37 1636

[ 0044] These results denonstrate that the polishing conposition of the

i nvention exhibits a high platinumrenoval rate as conpared to simlar
pol i shi ng conpositions conprising no appreciable amount of metal ions. In
particul ar, polishing conmpositions |IBM (invention), which conprised
approximately 0.37 to 0.38 mmol/lcg of ions of a netal selected fromthe
group consisting of calcium strontium and barium each exhibited a

pl ati numrenoval rate that was approxi mately 200% or nore higher that the

pl ati num G@EpV ak: wiblephrediatBPibhiSiiny 6 (RCHiR@Sntibrea chrfipduadpasdt inve) , whi ch
did not contain an appreciable amount of ions.of cal.ecium strontium or
barium Ededopref 253l 66480t ?l SRR &b s ?ié]icggntaﬁé %ehhdnced pol i shing
rate exhifitt B4 elynplehrapalichlds tigicacitpe skl somrof, dtrwed rwanbrorf,  Simi | ar
b0l 1 <hi ngPpb P B et Tsle B BoRIuT R pUS 8 e O B 001 chi ng
conposi t i @K dRAl{ hombaeationt ingluds o torewrptresiddhe-dgFPotE: )< ampunt  of
metal s i oRsy ?s'é’ kﬁ#&%ﬁ %@%ﬂ&éj lefioopiBonld @Rk hayGRABH Hagt@a 4 ol /i cg
O I it o ks oo compotnc am fncio ot ' Rlahg fErend@! T 51 O
conposi t i o @Ciq Qr@mnp@eh};ome compeunds can fanc ] g ag

oxidizing agent (e.g., certain ferric nitrates and the fike).

[0626]  The polishing composition can further comprise 2 surfactant. Suitable

surfactants can inchude, for example, cationic surfactants, anjionic surfactamts, nontonic

surfactants, amphoteric swfactants, mixtures thereof, and the like. Preferably, the polishing

composition comprises a nonionic surfactant. One example of 2 suitable nonjonic surfactant

is an ethylenediamine polyoxyethylene surfactant. The amount of surfactant typically is

. 0.0001 wt% to 1 Wi.% (preferabiy 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.

[0627}  The polishing composition can firrther comprise an antifoaming agent. The anti-

foaming agent can be any suitable anti-foaming agent. Suitable antifoaming agents include,

but are not limited to, silicon-based and acetylenic diol-based antifoaming agents. The

amount of anti-foaming agent present in the polishing composition typically is 10 ppm to

140 ppm. _ '

[0028]  The polishing composition can also comprise a bio_cide. The biocide can be any

suitable biocide, for example an isothiazolinone biccide. The amount of biocide used in the

polishing composition typically s 1 to 50 ppm, preferably 10 to 20 ppm.

[0029]  The polishing composition preferably is colloidally stable. The term colleid

refers to the suspension of the abrasive (e.g., abrasive particles) in the Yiquid carrier.

Colloidai stability refers to the maintenance of that suspension through time. A polishing

composition is considered colioidally stable if, when the palishiﬁg compositicn is placed”

into a 100 mi graduated cylinder and allowed to stand unagitated for a time of 2 hours, the

difference between the concentration of abrasive (e.g., abrasive particles) in the bottom 50

ml of the graduated cylinder (JB] in terms of g/ml) and the concentration of abrasive (8.8,

abrasive particles) in the top 30 ml of the graduated cylinder ([T} in terms of g/ml} divided

by the initial concentration of abrasive (s.g., abrasive particles) in the poiishing composition

9



conprised 0.74 nmmol/kg (approxi mately 18 ppm) of magnesi um (as nmagnesi um
chl oride). Each.aof the aforenentioned polishing conpositions al so
conprised 3 wt.% of an abrasive conprising, based on the total weight of

t he abrasive, approximately 60 wt. % a-al umi na and approxi mately 40 wt. %
fumed alum na, and had a pH of 3. The values for the platinumrenoval rate
(in angstronms per mnute) were neasured for each of the polishing
conpositions. The results are summari zed in Table 2. Table 2: Platinum
removal rates. Polishing Conposition Metal Concentration (narnol/kg)

Pl at i num Reneverdns Redian (s/msmhma or?eﬁuf(l IPREAABYE)IIHREZ 038 KrbMEp! | On) My 0.4
1645 2C (i nvg.lgé &tcfﬂ? [TM%J] is iess than or equal to 0.3, more preferably is less than or equal to
0.1, even mare preferably is less than or equal to 0.05, and most preferably is less than or
equal to 0.01.

[0836])  The average particle size of the polishing compousition 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 less than 40%
{e.g., less than 35%, less than 309, less than 25%, less than 20%, less than 159%, or less
than 10%) throughout the useful life of the polishing composition (e.g., 90 days or moze,
180 days or more, or 365 days or more).

[60631]  The invention further provides methods of polishing a subsirate with the
polishing compositions as described herein. The methods generally comprise the steps of
{1) providing 2 substrate, (ii) providing a polishing composition as deseribed herein, (iif)
applying the polishing composition to a portion of the subsirate, and (iv) abrading a portion
of the substrate to polish the subsirate.

[0032]  In one embodiment of such a method, the method of polishing a substrate
comprises the steps oft {a) providing a substrate, (b) providing a chemical-mechanical
polishing composition comprising: (i) an abrasive cornprising o~aluming, (i) 0.05 10 50
millimoles per kilogram (mmol/kg) of ions of at least one metal selected from the group
consisting of calcium, strontium, barium, and mixtures thersof, 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 a portion of the substrate with the polishing composition to polish the
substrate.

[06633]  The polishing composition utilized in this method embodiment of the invention
comprises: (g) an abrasive comprising a-aluming, (b) 0.05 to 50 millimoles per kilogram
(mmol/kg) of ions of af least one metal selected from the group consisting of caleium,
strontium, bartum, and mixtures thereof, based on the total weight of the polishing
composition, and (¢} a iquid carrier comprising water. The other characteristics of the
chemical-mechanical polishing composttion utilized in this method embodiment of the

invention (e.g., the amount of abrasive, the liguid carrier, the pH, and other suitable

10



10046] These results denonstrate that the polishing conposition of the

i nvention exhibits a high platinumrenoval rate as conpared to simlar
pol i shi ng conpositions conprising no appreciable amount of metal ions. In
particul ar, polishing conpositions 2B and 2C (invention), which conprised
approximately 0.4 and 0.74 nmol /kg of ions of magnesi um each exhibited a
pl ati numrenoval rate that was approxi mately 30% and 75% respectively,
greater that the platinumrenoval rate for polishing conposition 2A
(conparative), which did not contain an appreci abl e anount of nagnesi um

i ons. EXAN@tiEsB:al BORT eFieiasscefothphone fhe e kemicsi-mechatien] priifkisiced pol i shing

rate exhiég&%gsgdoggf&gﬁv&%ﬂ_shi ng conposition of the invention. Simlar
substrates tonprising plbati num wer e pal i shed usi n% six, different polishing

conposi t i [BF4] ( p&t methensgbednpb e pakng of polishing = sypstrafgspmegises thefePS F) |

Pol i shi n?:fﬁ&ﬁ"ﬁ?ﬁiﬁ}lé@ﬂlb&%tef @@%{{eﬁaﬁgﬁu&bi@-ﬁe@%cac@mﬁﬁwmmimpr eci abl eOI
amount of nefals jons. Polishi.ng conposi. conpar ati.ve) conpri se

0. 74 ol PREE: & i W?fcﬁ%mé‘f’*g?fiaﬁ‘ﬁ’r‘ﬂahénﬁ ?%&?g "égllmlr%ﬁf’eﬁg{ﬂ%%%n%osi tion 3C
(conpar at(mew)/kg) ofphd cfededt die mel solegedfrom trergraupicontisie af wrdneimNi trat e) .

Pol i shing.conposi.tio I i I ol L ke

(appr oxi %%‘Epe‘{}@%’?rﬁ%{gﬁgﬁo%geﬁégﬁ%%)ﬁe%gg&rﬁ% gg%?%%%’ c%?lgﬁ’de }u) Pol i shi ng
conposi t | diguBEatimeentisityaedesppisys te PEntmbMeRguithppEsd matel y 49 ppm) of
zinc (as @h@%ﬁ@k&&!ﬁ!&)@o@@ﬁ bisk G ER TR &) bir@iingH lekdt RYQHH T conpri sed
1.5 mol / approxi mat el y zinc (as zinc chloride). Each of the

. . ately 96 ppm) of
aforerrentﬁiﬂgﬁﬁ‘é@%I@ﬁ%ﬁ?ﬂp%ﬂ‘bﬂ%ﬁlﬁi‘&%m & conprised 3 wt.%of an
abrasi ve pesspri sihaﬁoﬁsmg,sc@dap@siﬁohmﬁeemhisweimmammﬁimemfaiarhaas:itme,
approxi matel y 60 % a-.al um na and appr,.oxi tat eky .40 % . d al um na,
and had a""ﬁﬂ}/‘fﬁs' @) ml%?s\‘?%‘f“ﬁ‘é’?“f‘%?' ?gﬁﬁﬁ‘ﬁﬂ?ﬁsﬁélﬁ%\(}%% e %E% él n angstroms
per mn nut @modes)ef easiat et fromeshsitcef fibh dhqudup strisivipeed mposittions. The
results are sunmmari ol b RhatdNHR JgiRuad (f at es.

Pol i shi ng”Cofyasi fﬂgé%glﬁéf?%%&%lg%géﬁ?lr at g%ié?gﬁ%%%}dlggyﬁglsat i’_nungc emoval Rat e
(A min) 3iu{demsascatprisieg water. The other characteristics of the chernical-mechanical

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

of abrasive, the liquid carrier, the pH, and other sujtable additives) can be the same as set
forth above for the chemical-mechanical polishing comp'osition of the invention.
[6036]  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 grovp consisting of g-alumina, y-alumina, 6-
aluming, 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, strontinm, barium, magnesium, zine, and mixtures
thereof, based on the tota] weight of the potishing composition, and (iif) a 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 substrate with the
polishing composition to polish the substrate.
{6037]  The polishing composition utilized io this method embodiment of the invention
comprises: (2) an abrasive selected from the group consisting of a-alumina, y-alumina, 8-
alumina, S-aluming, diamend, boron ocarbide, silicon carbide, tungsten carbide, fitanitm
nitride, and mixtures thereof, (b) 0.05 to 3.5 mmol/kg of ions of at least one metal selected

11



- - 455 3B (conparative) Al 0.74 452 30 (conparative) Al 3.0 476 3D
(invention) . My 0.74 942 3E (invention) Zn

from the group consisting of calcium, strontiom, barium, magnesium, zinc, and mixtures
thereof, based on the total weight of the polishing composition, and (¢} a liquid carrier
comprising water. The other characteristics of the chemical-mechanical polishing
composition uiilized in this method embodiment of the invention (e.g., the amount of
abrasive, the liguid carrier, the pH, and other suitable additives) can be the same as set forth
above for the chemical-mechanical polishing composition of the inveation.
[0638]  The substrate to be polished using the methods of the nvention can be any
suitable substraie, Swuitable substrates include, but are not limited to, integrated circuits,
memory or rigid disks, metals, interlayer dielectric (JLD) devices, semiconductors, micro-
electro-mechanical systems, ferroelectrics, and magnetic heads. The metal layer can
comprise any suitable metal, For example, the metal layer can comprise copper, tantalum
{e.g., tantalum nitride), fitaninm, 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 orgenic
polymer, or any other suitable high or low-x insulating laver. Preferably, the substrate
comprises a noble mefal, and at least 2 portion of the noble metal is abraded with the
polishing composition to polisk the substrate. Suftable noble metal include, but are not
limited to, platinum, iridium, ruthenium, rhodiwn, palladium, silver, osmium, gold, and
combinations thereof. Preferably, the substrate comprises ;:;Iatmum, and at least a portion of
the platinum is abraded with the polishing composition. to polish the substrate.
[0039]1  The polishing methods of the invention are particularly suited for use in
conjunction with a chemical-mechanical polishing (CMP) apparatus. Typically, the
apparatus cbmprises a platen, which, when in use, is in motion and has a velocity that
results from orbital, finear, 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 ther the polishing pad moving relative to the
substrate, so as io gbrade at least a portion of the substrate to polish the substrate.
[B040] 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
meniioring the polishing process by analyzing light or other radiation reflected from a
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0.75 920 3F (invention) Zn 1.5 839 [0048] These results th..41 onstrate
that the polishing conposition of the invention exhibits a high platinum
renoval rate as conpared to simlar polishing conpositions conprising no
appreci abl e anount of nmetal ions or a simlar anount of different netal
ions. In particular, polishing conpositions 3D 3F (invention), which
conprised approximately 0.74 to 1.5 mml/kg of ions of a netal selected
fromthe group consisting of magnesi um and zinc, each exhibited a platinum
removal rate that was approxi mately 80% or nore higher that the platinum
renoval rsafaee §foire spisiris e kopvodnre sitt Pesisbi3 fhe3Gpyctomp aroaiivtire pfthehi ch di d not
cont ai n %pobw@soof@ﬁ%gag e AERUOL sk 8B ﬁﬂsﬂ&ﬁ%@iﬁéf&lﬁ%&%ﬁe@ﬁw EXAMPLE 4

[ 0049] Thi*s™eXa trates the enhanced i.shing rate exhibited by
the pol i sihﬁewgﬂa@@mf@@wh@wgéﬁd?% lienthe detpraTinatiag ‘i‘?l"‘fhﬁli‘t°§"’t’8§’f“}egfees conpri si ng

pl ati num{fEom.a cgg&;&iﬁ%@a&ué&)%arﬁchﬁﬂsubﬁ@@e used in Exanmples 1, 2, 3, and 5)
wer e pollshed u5|n seven dif

erent polishing conpositio p |sh|ng
conposi t i[BH3l 4aTke. %@mwbcmﬁg&e%@m%aﬁ&%g Ho ﬁ’q@ |ﬂ?1agsu€%%ogll tion 4A
( conpar ateigdggchahiick! ptﬁishmgwptems aleamaza}iqmoexdlzajglﬂe selpsogn preffabivet al s i ons.
Pol i shing composjtio . r / kg
(appr oxi rarEt az‘i?‘"ﬁ%%ap@y“%(%ﬁ%ls)g X’g&n&P Slgz?bﬁ%pgﬁﬁéﬁg F%%B Pol i shi ng
conposi t |mmﬂt€(e($@lwgmn&tnofmt)0%¥)nﬁmd§@@lf@@RlYWWWQEﬁ?W rately 29 ppm

of pot asgth ﬁ%{@t@ ,Rﬁ%}e%gf%:ﬂéﬁkééﬁkﬁ@ﬁé T&%@%@ﬂl&d&ﬁm&hﬁw 4D (I nventi on)

conpri se roxi mately 18 an)cﬁT nesi um magnesi um
chl or i de)prefipaiy enimipriggs eém@r@mﬁm&@ﬂ otFEt ()2 %Wigﬁ 1R POfes | / kg
(appr oxi n&},ﬁ‘éﬁﬁ iafa1 RRFA or fe pm&gaﬂd@piyagamgmmuﬁm iy, (aritsde;dmi&?pl |7 ;hl n?r) f
corrpOSI t1on I nvent1on APProxi Nately pp 0]
magnesi unﬁ%%a)réﬁrrﬁéﬁm msmtgo?mg n%%lo}bclé‘% on§%?|ﬁo%%r% (%| nvent i on)
conpri Sedto@;e%eomiﬂ)ioﬁelﬁﬂalﬁaﬁgmmmt@wm‘gddf phisingof.e.negiimeidim (as nmagnesi um

chloride) Each_of t f.or ement &S0 conprised
S ue. % of eRaRF 2urye SoRG PR O iEeds 5%%5‘3‘22@#%%@2@%%@%? 5 the

abr asi ve, frepigiexdditing gptf@ﬁalm a :%fmdéb‘mﬁoﬁélzﬁﬁ doterpsiph ARy AR EIemRY wt . % f uned
al um na, a{%waﬂaﬁ]%e 8P %’]ﬁgﬁér 0%1612&@ Eoﬁﬁ?ﬂiﬁy &%r éxgl'hpl% 'ﬁr@j tﬁé inﬁidf@tdgaﬂﬂh\i al rate (in

angstroms per asured f.ar each

COmpOS | 1  bipulsWbea Bty B PR SBTAEFAEPP IR AP BPFOTABREORS Pl at i num
renoval ratesiy R i b AR ASkibidnfBmdRE dlthe substrate. When polishing is at a

later stage, &.g., when approaching an underlying barrier layer, the applied potential is

reduced to & level producing a sﬁbstantiaiiy lower or negligible rate of
oxidation/dissolution/removal of the substrate, thereby eliminating or substantizlly reducing
dishing, corrosion, and erosion. The time-varying electrochemical potential is preferably
apé:lied using a controllably variable DC power supply, €.g., an electronic potentiostat. ULS.
Patent 6,379,223 further describes a means for oxidizing a substrate by applying e potential.
[0042]  The following exarhpies further illustrate the invention but, of course, should not
be construed as in any way limiting its scope.

EXAMPLE 1
[0043]  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 compasitions {polishing compositions 1A, 1B, 1C,

and 1D). Polishing composition 1A (comparative) did not comprise an appreciable amount

13



Concentration (ramolikg) Pl ati num Renoval | Rate (A/mn) 4A (conparative)
2540 4B (conparative) K 0.74 2335 4C (conparative) K 0.74 2054 4D
(i nvention) M '

of metals ions. Polishing composition 1B (invention) comprised 0.38 mmol/kg
(approximately 15 ppm) of calcium (as calcium chloride). Polishing compositiea 1C
(invention) comprised 0.38 mmol/kg (approximately 33 ppm) of strontium (as strontium
chioride). Polishing composition 1D (invention) coniprised 0.37 mmol/kg (approximately
51 ppmn) of barfum (as barium chloride). Bach of the aforementioned polishing
compositions also comprised 3 wt.% of an abrasive comprising, based on the total weight of
the abrasive, appraximately 60 wt.% c-alumina and approximately 40 wt.% fumed alumina,
and had & 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 I

Table 1: Platinum removal raies.

Polishing Composition Metal Concentration Platinum Removal
: {mmol/ke) Rate {A/min)
1A {comparaiive) - - 496
1B (imvention) Ca .38 1450
1C (invention) Sr 0.38 1551
1D (invention) Ba 0.37 1636

[0044]  These resulis demonstrae 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-
1D (iavention), whick camprised approximately 0.37 to 0.38 mmol/kg of ions of 2 metal
selected from the group consisting of calcium, strontivm, and barium, each exhibiied a
platinum removal rate tﬁat was approximately 200% or more higher that the platinum
removal rate for polishing composition 1A {comparative}, which did not coptain an

appreciable amoumt of ions of calcium, strontivm, or barium.

. EXAMPLE 2
[G045] This example demonstrates the enhanced polishing rate exhibited by the
polishing composition of the invention. Similar substrates comprising platinum were
polished using three different polishing compositions (polishing compositions 2A, 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 (a3 magnesium chioride). Polishing composition 2C (invention}
14



0. 74 >4000 4E (invention) My 1.5 >4000 4F (invention) My 3.0 >4000 4G
(invention) My 5.9 >4000 [0050] These results denonstrate that the

pol i shing conposition of the invention exhibits a high platinumrenoval
rate as conpared to simlar polishing conpositions conprising no

appreci abl e anount ; of nmetal ions or a simlar anount of different netal
lons. In particular, polishing conpositions 4D 4G (invention), which
conprised approximately 0.74 to 5.9 nunoll kg of magnesi um each exhi bited
a platinumrenoval rate that was greater than or equal to 4000 A/m n. Such
a renoval corgreed Wa4 mgiobkg Rpreesindtsly 8 part)of mbrasivt kratnaglesienviddridepr pol i shi ng
Composi ti 245 oftfls AGehGATRATRAMIE Lom Wi olh ol Ohe CAMRL AL ARALACT DI €
anount s of magnesium The pl atinumrenoval rates for each of polishing
conposi t | eRETiHE. h@iqﬂﬁb@ﬁiﬂf‘@ﬂw el rasive.yeopreximatpiy 60 s %asaluming sndmum val ue

because t frRiately040 905 A8 NinGicn @8SnAk philke 3PrR VR @Y fikirR €ach

substrate was.renpved within the 1 m nute polishing run.
removal raie (in angstroms per minute} were measured for each of the polishing

i~

compositions. The results are summarized in Table 2.

Table 2: Platinum removal rates.

Polishing Composition Metal Concentration | Platinum Removal
{mmol/kg) Rate (A/min)
24 (comparative) - - E 1263
2B (mmvention) Mg 0.4 1645
2C (invention) Mg .74 2246

[6046]  These results demonstrate that the pc;lishing composition of the rvention
exhibits a high platinum removal rafe as compared t¢ similar polishing compositions
comprising no appreciable amount of metal ions. In particular, polishing compositions 2B
and 2C (invention), which comprised approximately 0.4 and .74 mmol/kg 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 amount of magneshum ions.

EXAMPLE 3
[0647]  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 compesitions (polishing compositions 3A, 3B, 3C,
3D, 3E, and 3F). Polishing composition 3A (comparative) did not comprise an appreciable
amount of metals ions. Polishing composition 3B (comparative) comprised 0.74 mmol/kg
of aluminm (as aluminum nitrate). Polishing composition 3C (comparative) comprised 3.0
mmol/icg of aluminum (zs aluminum nitrate). Polishing composition 3D (invention)
comprised §.74 mmol/kg (approximately 18 ppm) of magnesium (as magnesinm chioride).
Palishing composition 3E (invention} comprised (.75 mmol/lcg (approximately 49 ppm) of
zinc (as zine chloride). Polishing composition 3F (invention) comprised 1.5 mmol/kg

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



EXAl vl PTF, 5 [00511Thi s exanpl e denonstrates the enhanced polishing rate
exhi bited by the polishing conposition of the invention. Simlar
substrates conprising platinumwere polished using four different

pol i shi ng conpositions (polishing conpositions 5A, 5B, 5C, and 5D).

Pol i shing conposition SA (conparative) did not conprise an appreciable
anount of netals ions, Polishing conposition 5B (invention) conprised 0.19
rnmol / kg (approximately 26 ppm) of barium (as barium chloride). Polishing
conposi tion 5C (invention) conprised 0.37 nmolllcg (approxinmtely 51 ppm
of bari untqupesitnap ﬁlﬁpmomhlhsgﬂﬁd@\% ofRo ks ngnisisip dstet bo the 8B (veigitedt | on)

conpri sedg sifdde) 19%9%% H%ﬁ£¥1d]a]9&vﬁ££}ll y 96 wPA IR i ar' um

chloride). Each o orenenti oned I shin npositions a

conpri sed2md baga It%%ffi‘ a‘hs Waéqr#@p@@ﬂwﬁw%rﬂ%a@wﬁems PO EninE) &’Pfemel ght of

t he abr asmRuredfRpsoxbmmipalidhiQombesitots. Thtrdbiin adRenaRREOXITARE €l Y 40 Wt .
funmed alum na, and had a pH of 3. The values for the platinumrenoval rate

(i n angst st p’wnmmmbea)hamre nmeasured for each of t he polishing

rSymTRr | ol
(r:ggg\?;: t %iﬂhmc’l g&?ﬂo‘ﬁﬁ gDCSTrrpom tion NE§ @ cen Plﬁ{u:?‘;‘tﬁﬂn@\ﬁaéwkat I) i
Pl ati nuwﬁe;r;pgméﬁ (A SA(conparat d%B 388—5b k4 nvention) Ba

3B (comparative) Al 0.74 . 452

3C {comparative) Al 3.0 476

3D (invention) . Mg .74 942

3E {(mvention) in 4.75 %20

3F (inifenﬁon) 4 Zn 1.5 _ 839

[0048]  These results demonsirate that the polishing composition of the invention
exhibits a high platimum removal rate as compared to simitar polishing compositions
comprising no appreciable amount of metal ions or a stmilar amount of different metal ions.
In particular, polishing compositions 3D-3F (invention), which comprised approximately
¢.74 1o 1.5 mmol/kg of ions of a metal selecied from the group consisting of magnesium
and zine, cach exhibiied a platinum removal rate that was approximaiely 80% or more
bigher that the platinum removal rate for polishing compositions 3A-3C (comparative),

which did not contain an appreciabie amount of ions of magnesiam or zinc.

EXAMPLE 4
[0049]  This example demonstrates the enhanced polishing raie exhibited by the
polishing composition of the invention. Similar substrates comprising platinum {from a
different lot than those used in Exampies 1, 2, 3, and 5) were polished using seven different
polishing compositions (polishing compositiong 44, 4B, 4C, 4D, 4F, 4F, and 4G).
Polishing composition 4A {comparative) did not comprise an appreciable amount of metals
jons. Polishing compasition 4B (comparative) comyprised .74 mmolkg (approximatefy 20
ppm} of potassivm (as potassivm chloride). Polishing composition 4C (comparative)
comprised 0.74 mmol/ke (approximately 28 ppm) of potassium (as potassium sulfate).

Polishing composition 4D (invention) camprised 0.74 mmol/kg (approximately 18 ppm) of
16



0.19 1314 SC (invention) Ba 0.37 1408 5D (invention) Ba 0.743 1707
100521These results denonstrate that the polishing conposition of the
invention exhibits a high platinumrenoval rate as conpared to simlar
pol i shing conpositions conprising no appreciable amount of netal ions. In
particul ar, polishing conpositions 513- 5D (invention), which conprised
approximately 0.19 to 0.743 mmol /kg of bariumions, each exhibited a
plati numrenoval rate that was approxi mately 240% or nore higher that the
platinumrenoval rate for polishing conposition A (conparative), which
di d not c&WAEnsbAT s mapissien cklblids). afnbishirg cofpdsaion dBihenton) cdalpfbdB 1. A
chem cal - RGhRNEsALRAL) SRS LIRS LR SOTRE Libag), (Bhud] 20T asive
P gcmposition 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 tota] weight of the abrasive, approximately 60 wt.% c-alumina and

approximately 40 wt.% fumed aluming, end had a pH of 3. The values for the platinum

removal rate (in angsiroms per minuie) were measured for each of the polishing

compositions. The results are summarized in Table 4.

Table 4: Platinum removal rates,

Polishing Composiiion Metal Conceriration Platinum Removal
_ {mmol/kg) Rate (A/min)

4 A (comparative) - - 2540

4B (comparative) X 0.74 2333

4C (comparative) K 0.74 , 2054
4D (invention) Mg 0.74 =4300
4F (invention) Mg 1.5 =4000
4F (invention) Mg 30 . >4000
4G (mvention) Mg 50 >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 ions or a similar amount of different metal ions.
In particular, polishirg compositions 4D-4G (invention), which comprised apprdmtely
(.74 10 5.9 mmol/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
abserved for polishing compositions 44 -4C (comparative), which did not contain
appreciable amounts of magnesium. The platimm removal rates for each of polishing
compositions 4D-4G (invention) could only be reported as a minimum valus becauss the
entire 4000 A thickness of the platinum layer on each substrate was removed within the 1
minute polishing run. _
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(b) 0.05 to 3.5 nmmol/kg of ions of calcium based on the total weight of
the polishing conposition, and (c) a liquid carrier conprising water. 2.
The chemi cal - mechani cal polishing conposition of claim1, wherein the
abrasive further conprises fumed alum na. 3. The chem cal - nechani cal
pol i shing conposition of claim2, wherein the abrasive conprises 10 w.%
or nore a-alumna. 4. The chem cal - nechani cal polishing conposition of
claiml, wherein the abrasive is present in the polishing conposition in
an anount of 0.1 to 10 wt.% based on_the total weight of the polishing
conposition. 5. The cheni cal - medi&HY 4k > pol i shing conposition of claim 4,

wher ei n t#es1pbr agis vy &d@xﬁ@ﬁ@ﬂ&sth&hnhﬁ@ed@ﬁlﬂh&@hﬂ@eﬁﬂﬁ%tﬁd on in an anmount
% based. on the total of the polishing conposition. 6.

of 1to 5 gg

The chemi ROYFEIHSERBGTIHER Pt %mWh§W§ﬁ%ﬁﬁW??8ﬂn 08 PRI Y hher ei n t he

pol i shi ngpatichep asirgt b diffesst mlmﬂgca;famﬂosttﬁnsﬁpolﬁhing hﬁ‘qﬂﬁﬁdﬂt 6Al sByechani cal

pol i shi ng L on -of ere h | shin 03|t|on has a
pH of 2 toﬁgﬁpgsh%m'cgﬁ§¥ %A%ﬁm%ﬁgh %@%% % a%ﬁ%@%%%%g t he steps
of 1 (a) prdwietdisigpsaPaighieg qompesﬁwn 5B {invention) compnsed 0.19 mmolfkg

(approximately 26 ppm) of barium (as barium chioride}. Polishing composition 5C

(invention) comprised 0.37 mmol/kg (approximately 51 ppm) of barjum (as barium
chioride). Polishing composition 5D (invention) cofaprised $.743 mmol/kg (approximaiely
102 ppm) of barium {as barium chioride). 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.% c-alumina and approximately 40 wt.% fumed alumina,
and had a pH of 3. The values for the platimun removal rate (in angstroms per minute) were

measured for each of the polishing compositions. The results are sumgmarized in Table 5.

Table 5: Platinum removal raies,

Polishing Composition Metal Concentration Platinum Removal
(mmol/kg) Rate (A/min)
5A {comparative) - - 388
3B (invention) Ba 019 1314
5C {invention) Ba 0.37 1408
5D (imvention} Ba- 0.743 1707

[0052]  These results demonstrate that the polishing composition of the invention
exhibits a high platinum removal rate as compared to similar poiishing compositions
comprising no appreciable amount of metal ions. In particular, polishing compositions 5B-
5D (invention), which comprised approximately (.19 to 0.743 mmol/kg of barium ions,
each exhibited a platinam removal rate that was approximately 240% or more higher that
the platinum removal rate for polisking composition 1A (comperative), which did not

comntain an appreciable amount of barium ions.
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(b) providing a chem cal - mechani cal polishing conmposition conprising: (i)
an abrasive conprising a-alumna, (ii) 0.05 to 3.5 mol / kg of ions of

cal cium based on the total weight of the polishing conmposition, and (iii)
a liquid carrier conprising water, (c)applying the chem cal - mechani ca
pol i shing conposition to at |east a portion of the substrate, and
(d)abrading at | east a portion of the substrate with the polishing
conposition to polish the substrate 9. The nethod of claim8, wherein the
substrate conprises a noble netahp sgM@cted fromthe group consisting of
platinum iridium ruthenium rhodium palladium silver, osmum gold,
and conbi nati ons thereof, and at |east a portion of the noble netal is
abraded with the

ol i shi.ng c osition.to | i.sh_the substrate. 10. The
met hod of- c%ﬁlilerﬁ“@a?"%ﬂ‘i ?‘E?agpf’ﬁgp% Osntlprog%ueonggﬁl]g%]?%és pl ati num and at | east
a portio LR LahpiHe bsai@hivaded with the polishing conposition to
pol i sh tﬁgq%h st?éte.bll. The nethod of claim38, wherei thel. r asive
further @9rpdd ®esS ol af imsmd catepun pssd eaithe W B oM PEPOURREE el n t he
abr asi ve cong&}ses 10,wt. % or nore a-alum na. 13. The nethod of claim8§,
wherei n t he*FBPHEPYE s present in the polishing conposition in an amount

of 0.1 t@)L0ipd Srhasethpasingvendrot al wei ght of the polishing conposition
14. The met hod of claim 13, erein the abra %ye IS RLESERE dbihshiae

pol i shi ng- cBprdsmigabmeshanical Eﬁb’*&i‘iﬁb YRGB G paded onﬁllt he total weight
of the polighi0%.HPARAFukb® Bumina.

3. The chemical-mechanical polishing composition of claim 2, wherein the abrasive
comprises 10 wt.% or more o-alumina.

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 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:
@) an abrasive comprising «-alumina,
(i) 0.05 to 3.5 mmol/kg of ions of calcium based on the total weight of the
polishing composition, and
(iif)  aliquid carrier comprising water,
() applying the chemical-mechanical polishing composition to at least a

portion of the substrate, and
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15. The method of claim@8, wherein the polishing conposition has a pH of 1

to 7. 16. The method of claim15, wherein the polishing co iti
pH of 2 to 5. P g conposition has a

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

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 comprises fumed
alumina.

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

13. 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.

14. 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.

15. The method of claim 8, wherein the polishing composition has a pH of 1t07.

16. The method of claim 15, wherein the polishing composition has a pH of 2 10 5.
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