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POLISHING OF METALS IN AN OXIDIZED FORM FIELD OF THE
INVENTION [0001] This invention pertains to compositions and methods
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[0004] The difficulty in creating an effective polishing system for microelectronic
devices stems from the complexity of the typical microelectronic device. Microelectronic
devices such as semiconductor wafers or memory devices é.r.e.typidally composed of a :
substrate, on which a plurality of transistors has been formed. Integrated circuits are
chemically and physically connected into a substrate by patterning regions in the substrate
and tayers on the substrate. To produce an operable semiconductor wafer or memory device
and to maximize the yield, performance, and reliability of the wafer or device, it is desirable
to polish select surfaces of the wafer or device without adversely affecting underlying
structures or topography. In fact, various problems in semiconductor and/or memory



structures or topography. In fact, various problems in semiconductor
and/or memory WO 2005/068572 PCT/US2005/000140 2 fabrication can
occur if the process steps are not performed on surfaces that are
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[60O7] While the aforementioned polishing compositions may be capable of polishing
metals (e.g. noble metals) at desirable rates, they are not very effective at polishing metals
in an oxidized form, such as iridium oxide. However, the use of such oxidized metals is
becoming increasingly popular. For example, oxidized metals (i.e., metals in an oxidized
form) have been and continue to be used in integrated circuits, memory devices {e.g.,
ferroelectric random-access memory), micro-clectrical-mechanical systems (MEMS), and
micro-electrical-optical systems (MEOS)). More specifically, iridium oxide (IrO») currently
is used ag a barrier/adhesion layer in certain ferroelectric random-access memory (FeRAM)
capacitor schemes. Despite the prevalence of such uses, very few commercially available




form) have been and continue to be used in integrated circuits, memory
devices (e.g., ferroelectric random-access memory),
micro-electrical-mechanical systems (MEMS), and micro-electrical-optical
weysiesnss@vPEOS)). More specifically, iridium oxide (IrO2) cup@nibp2isusetic
as a barrier/adhesion layer in certaif ferroelectric random-access memory
(FeRAM) capacitor schemes. Despite the prevalence of such uses very
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thetweitipamiovidetsharelhas additional inventive features, will be apparent
from the description of the invention provided herein. BRIEF SUMMARY
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wt.% of a reducing agent based on the weight of the liquid carrier and any components
dissolved or suspended therein, the reducing agent being selected from the group consisting
of 3-hydroxy-4-pyrones, a-hydroxy-y-butyrolactones, ascorbic acid, borane, borohydrides,
dialkylamine boranes, formaldehyde, formic acid, hydrogen, hydroquinones,
hydroxylamine, hypophosphorous acid, tribydroxybenzenes, solvaied electrons, sulfurous
acid, salts thereof, and mixtures thersof, and (iii) a liquid carrier, and (c) abrading at least a
portion of the metal in an oxidized form to polish the substrate.

[o011] The invention further provides a method for polishing a substrate comprising a
metal in an oxidized form, the method comprising the steps of: (a) providing a substrate



wt.% of a reducing agent based on the weight of the liquid carrier and any
components dissolved or suspended therein, the reducing agent being
selected from the group consisting of 3-hydroxy-4-pyrones,
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a meta)l(li% I%Sog?(%ze ffmamn,d (éﬂ gogta!llqmg a portion of the substrate with a chemical-

mechanical polishing system comprising: (i) a polishing component selected from the
group consisting of an abrasive, a polishing pad, and a combination thereof, (ii) a reducing
agent, and (iif) a liquid carrier, and (c) abrading at least a portion of the metal in an oxidized
form to polish the substrate.

{0014} The method of the invention can be used to polish any suitable substrate (e.g.,
integrated circuit, memory or rigid disk, metal, interlevel diglectric (ILD) layer,
semiconductor, micro-electro-mechanical system, ferroelectric, maguetic head, polymeric



carrier, and (c) abrading at least a portion of the metal in an oxidized form
to polish the substrate. DETAILED DESCRIPTION OF THE INVENTION
[0013] The invention provides a method for polishing a substrate

v?? 5/3!;@929 metal in an oxidized form, the method comprl 2eeost((aj S 0
’I(H% providing a substrate comprlsgng a metal in an OXIdI orm ?’b

contacting a portion of the substrate with a chemical- mechanical polishing
system comprising: (i) a polishing component selected from the group

fiyrakinyerigh dsleiircoastolShngoadisted adenibinatializhictent, (i) a
wi deivinigt stgenbaemilbi) autiquicscarrienrands(chakxaging ableashipastion
leaft the metalihanaxidized:fep rRolivihe ﬁ%&%@@ﬁﬁﬂ{ggéélh-gma‘smais
SMleamtwﬁyeﬂm@tg%atasmegatfaﬁp'&'amxuﬂﬂt %‘% S“qs%ate eg.
BRI AL TR 2L Al elal eV Lol AR

%}/er Semicon tor, Icro-electro- anicdl syste
ma

BheiPREAPS %ﬁ?ﬂ%%lﬁﬁﬁ%g% %ESW?BQWS}’O@‘M@@WQ film,
OrEWIBWHPh@W%Wét@éﬁW%@@HW lnyy-soraprdhsgnatenietaMarpoxidized
thegbstintentiebes dndier stvo g tifatbyitaigisusbstiiies kaaihe:piovided in a
ppetsifiguratisiliicaimprsingatrieastang layridiihe metakin %%tﬂ&ﬁ%
wiRaadathet Ve CARATRIRG QIReS Raeialsoayel.As amatal aﬁmet
(i. 9 ﬁﬁé%ﬁﬂ?ﬁé&%‘ﬂe%% cadom ’p% n'}”t%t’égﬂng ﬂ??ﬁ%r'u i 2 exa
e $ ﬁ)%act)%(% Omptise an insdlating ayer Compriahg ARy SUHAB

o nsula fiy° ARitERd foRT Rdeds, hrbeat Bbm B%F%ﬁ’ﬁf‘étélﬂé‘ﬁf"‘deb@lﬁ%%
sulfidesadiBiye? thienfn ey e Pitjasbiorsr enyhothenssuitable high
meJequiarferinsialalier yamidei sy hw Hemnpre seat ividhedsbbstiade cilie:jHsLlaling
in layexi¢irelctablyaomprisemadsiliconasad metah QX ide AL RlsAR Uilized
anBOIQiBicte 48 masgeaetategtmgaﬂ%ﬁgépmxygtﬁré&%ﬂxh@statq' if which
mAtieASLARHOR LIS MRA! AAMR ROSRSES (WK Eleelion ést BRES

|e th eén as beén chemica

'*““’%"” BS‘ESE‘% tueta% berd aPSWﬁfrsBﬁéfB?é‘e&%}Ht’;{%“Féﬁ‘ﬁté W ut

N an e oxi
In B0 SHARIARER to, oxides, nitrides, borides, sulfides, and mixtures thereof.
[06816 meltht inetah oRibicAsd foitablearsthiaRoramyrepiitatbematd|eoLibartfornA.
and-te exarhipley whéinethermetal inamoxidizetidqgen, inanioxidentheimetal in
Prétepridizechéanm eanunavedherRolssgtiasdormula eh{ly(g}ﬁt?ﬁ‘;lfheﬁ@b%l metal, but
prdBRIBSRNANERGIRINE By WRIRHS ABIRAE RIS SR HNd oD mber
£ ep atoms in theds % est mo ec ar u eta n én oxdnzed
pa?a HIXT LVET, ?Sl’ﬂ Hﬂ’l é"llllJaq: matlrﬁn% (‘31’6 g ? ?%é S tﬂﬁ) ?he

mer%r‘ﬁﬂx'éq”ﬂf"rﬁﬁ‘tét‘%’t’é‘?ﬁs‘Thath‘@‘@fﬁeéilfé’é‘t]ﬁ%d‘l@é‘tﬂb% (e metal in an

[0y ldizedsopiad above, the chemical-mechanical polishing system comprises a
polishing component selected from the group consisting of an abrasive, a polishing pad, or a
combination thereof. The chemical-mechanical polishing system described herein desirably
comprises an abrasive and a polishing pad. The abrasive can be in any suitable form (e.g.,
abrasive particles). The abrasive can be fixed on the polishing pad and/or can be in
particulate form and suspended in the liquid carrier. The polishing pad can be any suitable
polishing pad. The abrasive {(when suspended in the liquid carrier) and the reducing agent,
as well as any other components suspended in the liquid carrier, form the polishing
composition of the chemical-mechanical polishing (e.g., CMP) system.

[0018]  The abrasive can be any suitable abrasive. For example, the abrasive can be
natural or synthetic, and can comprise certain hard polymers (e.g., polycarbonates),
diamond (e.g., polycrystalline diamond), garnet, glass, carborundum, metal oxide, carbide,



[0016] The metal can be any suitable metal. For example, the metal can
be tantalum, and the metal in an oxidized form can be a tantalum oxide
(e.g., tantalum pentoxide). Preferably, the metal is a noble metal. The

le can be any suitable noble metal, but preferably is selected
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(e.g., 100 nm to 200 nm). [00191 When the abrasive is present in the
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cotmpydaxyidrhinegxy-4-pyrones (e.g., 3-hydroxy-2-methyi-4-pyrone), a-hydroxy-y-
butyrolactones, borane, borohydrides, dialkylamine boranes (e.g., dimethylamine borane),
formaldehyde, formic acid, hydrogen, hydroquinones (e.g., hydroquinone sulfonic acid),
hydroxylamine, hypophosphorous acid, trihydroxybenzenes (e.g., 1,2,3-trihydroxybenzene,
1,2,4-trihydroxybenzene, or 1,3,5-trihydroxybenzene), solvated electrons, sulfurous acid,
salts thereof, and mixtures thereof. In another preferred embodiment, the reducing agent is
selected from the group consisting of dimethylamine borane, formic acid, hydroquinone,
hydroquinone sulfonic acid, hydroxylamine, hypophosphorous acid, trihydroxybenzenes
{e.g., 1,2,3~trihydroxybenzene, 1,2,4-trihydroxybenzene, or 1,3,5-trihydroxybenzene), salts
thereof, and mixtures thereof. Alternatively, such as when the chemical-mechanical
polishing system comprises 0.1 to 1 wt.% of a reducing agent based on the weight of the



hypophosphorous acid (H3PO2), phosphorous acid (H3PO3), a metal or
metal ions in an oxidation state having a standard redox potential that is
less than the standard redox potential of the metal in an oxidized form,
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[0025] The chemical-mechanical polishing system can comprise any suitable amount of
the reducing agent. Typically, the chemical-mechanical polishing system comprises 0.01
wt.% or more (e.g., 0.05 wit.% or more, or 0.1 wt.% or more) reducing agent, based on the
weight of the liquid carrier and any components dissolved or suspended therein. The
chemical-mechanical polishing system typically comprises 15 wi.% or less {e.g., 12 wit.% or
less, 10 wt.% or less, 8 wt.% or less, or 5 wt.% or less) reducing agent, based on the weight



acid, hydrogen, hydroquinones (e.g., hydroquinone sulfonic acid),
hydroxylamine, hypophosphorous acid, trihydroxybenzenes (e.qg.,
1,2,3-trihydroxybenzene, 1,2,4- trihydroxybenzene, or
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composition can further comprise water and dissolved oxygen, which could react with the
Fe®* ions to produce a ferrous hydroxide, thereby preventing any reaction(s) with the other
components of the polishing system. In another embodiment, the chemical-mechanical
polishing composition can alternatively or additionally comprise a ligand that interacts with
the Fe*" ions to produce a complex that prevents or retards any reaction(s) with the other
components of the polishing system.



9 of the liquid carrier and any components dissolved or dispersed therein.
In a preferred embodiment, the chemical-mechanical polishing system
comprises 0.1 to 5 wt.%, more preferably 0.1 to | wt.%, and most
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can be any suitable pH-adjusting compound, For example, the pH adjustor can be
potassium hydroxide, sodium hydroxide, ammonium hydroxide, or a combination thereof.
The pH buffering agent can be any suitable buffering agent, for example, phosphates,
acetates, borates, ammonium salts, and the like. The chemical-mechanical polishing system
can comprise any suitable amount of a pH adjustor and/or a pH buffering agent, provided
such amount is sufficient to achieve and/or maintain the pH of the polishing system within
ihe ranges set forth herein.



components of the polishing system. In another embodiment, the
chemical-mechanical polishing composition can alternatively or
additionally comprise a ligand that interacts with the Fe2+ ions to produce

a complex that prevents or retards any reaction(s) with the other
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(H:PO:) based on the weight of the liquid carrier and the components dissolved or
suspended therein. Polishing System 1C (invention) contained approximately 1 wt.%
hypophosphorous acid (HaPO;) based on the weight of the liquid carrier and the
components dissolved or suspended therein. Polishing System 1D (invention) contained
approximately 1 wt.% ascorbic acid based on the weight of the liquid carrier and the
components dissolved or suspended therein. Polishing System 1E (invention) contained
approximately 1 wt.% formic acid based on the weight of the liquid carrier and the
components dissolved or suspended therein. Polishing System 1F (invention) contained



maintained by any suitable means. More specifically, the polishing

composition can further comprise a pH adjustor, a pH buffering agent, or

a combination thereof. The pH adjustor can be any suitable pH-adjusting
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pH buffering agent can be any suitable buffering agent, for example,
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liggfl agpitradiigtocandions pissdutioringsagelet] theeaidcabiishieh fmedntis
(insiificip oddaiachigy-anciery MmalaiR dhe kbl the.Rrlishing:sy 5?&% within
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rises a_sur actant. 5 aIBgIe sursfgc]’ian {s can inciud X4 rﬂg ©
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surfactants, mixtures thereof, and the like. Preferably, the polishing
Talggdtehidsompridesmavehigric surfactant. One example of a suitable

nonionic surfactant is an ethélgenedlamlne polyoxyethileng sksiactant The

arh 8l S8t ctant typicalBeREeBOOREML. 9% ta 1 wt.% ( kofgrgbly 0.001
W96 100, TWI'%6,0 : 0
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- |_DRI}QWE}9{{&}\$§$(QM optignally furthéﬁ@@)morﬁes an
antifoantifig agent. The aﬁbqfoﬁrmnhpmemcman be any suitdBk

anti-foarning agent. Suitable asdifieamicig agents include, bpiare not

limited tqgsilicon-based and aggfylenic; diol- bas ed anUfoarrg,Qg agents.
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sitfomiei#ad The biocide £2th be any
suitable biocide, for example an isothiazolinone biocide. The amount of
[60BépCId hrzedeinlth depolishingieomhpasiiion &y pieatkeisich EoeRMgh
renfRfesar 1hta:2Q RPRiIOABHRRS dolipwingLxamplesdudhel Isirate
olﬁhﬁ}gege@ﬁa;o@yﬁn% €4 ﬁ!&%ﬂ% énrﬁgncggﬁwgd%&rﬁmg@gﬁ% ing
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40 rﬁ@aﬁataf&%@?ﬁe’é?ﬁfﬂﬁafsﬁﬁﬁaﬁ@%&%@é%mﬁﬁgmrﬁmfﬁs% tdid
not (pOR)speredpolisieertiSing Redivhinafiferent shelndesd- the otsthoidaltpbiishing
Polsystelystems 1B and 1C each exhibited an iridium oxide removal rate that was

approximately 900% greater than the removal rate of the method utilizing Polishing System
1A,

EXAMPLE 2
[0037] This example demonstrates the enhanced polishing rate of a metal in an
oxidized form exhibited by the method of the invention. Similar substrates comprising
iridium oxide (IrOz) were polished using four different chemical-mechanical polishing
gystems (Polishing Systems 2A, 2B, 2C, and 2D). Polishing Systems 2B-2D each contained
1 wt.% ascorbic acid based on the weight of the liquid carrier and the components dissolved
or suspended therein, an amount of KOH or nitric acid sufficient to adjust the pH of the
polishing system to 3, and water. Polishing System 2A (comparative) contained
approximately 3 wt.% of an abrasive comprising a mixture of 60% a-almnina and 40%



(Polishing Systems IA, 113, 1C, ID, 1E, IF, and 1G). Polishing Systems
IA-IG each contained 3 wt.% of an alumina abrasive comprising a mixture
of 60% a-alumina and 40% fumed alumina, an amount of ICOH or nitric
acid sufficient to adjust the pH of the polishing system to 3, and water.
BOIRRG S fstem IA (comparative) did not contain a reducind CAgaRPes/000140
Polishing System IB (invention) contained approximately 1 wt.%
phosphorous acid (H3PO3) based on the weight of the liquid carrier and
futhrdl etsmiperiand dist chnddnoscstispenit thtkiel SyRakistBrinSysiem 1C
cofinuedtipmoemniRiyathappEoXiRtely:dNE. %o YROPHAERROOUS3RIdN)
cokith3R@YPasaden theweightahdheliauid SaILCr AR ShRSARANEHNS
RPN QL BHPRSAGR IS 0 RO DG SRR AR O, SRR
Iggggoagﬂ%g; ¥u16 .03 ascojbic %FI ased.qn the weight o 1 e %uql
A and thE o P EIEN S "G S8R g Hiedtidpahasadedraeral BSidhing
angROAR P KA YIS R YRearEshER cashfdhernalishing sormeriimire dbrrpaled
arpfivgheavisiy it Bblad-liquid carrier and the components dissolved or
suspended therein. Polishing System IF (invention) contained WO

TA006/06858% 2:R4 TihaZ00r{000140 12 approximately 1 wt .% pyrogallol

(.€., 1,2, 3-trihydroxybenzene) based onthe weight of th iigrlﬁg %?Iiéixe:{ie

Rudishing comBedexitezdissolved or suspended tiareins Polishing gys em

S@edivention) gamtained ap%%%f%eately | A Y SV onBLRAid
2 lan :

based.on.the weight of the liquid carrien and_the_compo

suspended therein. The|véluwes! donrihe ifidium ofide removal rateZin
angstroms per minute) wergdneasuiad for each of the polishing

cosapositiong.Jhe kepults aregymmarized in Taple 1. Table 17Trighym

0 remo %Lor es kb fist 'ngegglsﬁgg{na educing Agenttrg2 Renrgégdu Rat
Afmt)—tHA—= eakis nOSpHorous Reid-120046 Hypophespherous-Acid

1788 1D ASEERBC AR 2Dt tHRC iAcid 923 IF Pyrdgallol 5883 1G
Hydroquihone sulfonic and®3940038] These results demonstrate that the
method of the invention exhibits a high removal rate for a metal in an

[oedpizegdriaunastc amratatkdana: sinitanpacthed inwhichdhennolishing
reYPIEABES AL CAMP LR HAAHC NI ALHRL: 13 PATIEH ARG IEMods.
Ptillzm Sg} . . _ . -
polishing system does not comprise a reducing agent. In particular, the methods utilizing
Polishing Systems 2B-2D each exhibited an iridium oxide removal rate that was at least
1200% greater than the removal rate of a similar method utilizing a polishing system that

did not comprise a reducing agent (i.e., Polishing System 2A). These results further

demonstrate that the identity of the abrasive contained in the chemical-mechanical polishing
system can impact the polishing rate of the method. For example, a comparison of the
iridium oxide polishing rates exhibited by the methods utilizing Polishing Systems 2C and
2D reveals that a polishing system comprising v-alumina can be utilized to polish a similar
substrate at a higher rate than a polishing system only comprising fumed alumina.

[06039]  Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and



Polishing Systems 1B-IG each exhibited an iridium oxide removal rate that
was at least 400% greater than the removal rate of a similar method
utilizing a polishing system that did not comprise a reducing agent (i.e.,
\ggé%@% stem IA). Indeed, the methods utilizing Polishin S Ss:[zeo%?oeﬂmo
eac exhlblted an iridium oxide removal rate that wa
approximately 900% greater than the removal rate of the method utilizing
Polishing System |A. EXAMPLE 2 [0037] This example demonstrates the
cquraiceltisoibiteignaite sichedhiottiinlzns exididied fonrte expibitedddythe
apphieffiothef MertoventioncGibitstaLiTsioies canphisingicitiehitm aXigiessible
var{i02) eser Ralinkegdising fow Hiasent phamicakmeshanicakpelishing
oth%%?fs%”&‘l@a@ﬁb?ﬂ%c@i M5ad 2B, 2C, and 2D). Polishing Systems

2B-2D each contained 1 wt .% ascorbic acid based on the weight of the
liquid carrier and the components dissolved or suspended therein, an
amount of KOH or nitric acid sufficient to adjust the pH of the polishing
system to 3, and water. Polishing System 2A (comparative) contained
approximately 3 wt .% of an abrasive comprising a mixture of 60%
a-alumina and 40% WO 2005/068572 PCT/US2005/000140 13 fumed
alumina, but did not contain ascorbic acid. Polishing System 2B
(invention) contained approximately 8 wt.% of a silica abrasive. Polishing
System 2C (invention) contained approximately 8 wt.% of a fumed
alumina abrasive, and Polishing System 2D (invention) contained
approximately 3 wt.% of an abrasive comprising a mixture of 60% a-
alumina and 40% fumed alumina. The values for the iridium oxide removal
rate (in angstroms per minute) were measured for each of the polishing
compositions. The results are summarized in Table 2. Table 2: Iridium
oxide removal rates Iridium Oxide Polishing Reducing Abrasive Amount
of Removal Rate System Agent Abrasive (wt.%) (aimin) 2A -- Fumed
alumina 3 122 and a-alumina 2B Ascorbic acid Silica 8 1537 2C Ascorbic
acid Fumed alumina 8 1695



2D Ascorbic acid Fumed alumina 3 2223 and a-alumina (00381 These
results demonstrate that the method of the invention exhibits a high
removal rate for a metal in an oxidized form as compared to a similar
method in which the polishing system does not comprise a reducin%
RGP Aicular, the methods utilizing Polishing Systems"$B/2 B¢ 140
exhibited an iridium oxide removal Fate that was at least 1200% greater
than the removal rate of a similar method utilizing a polishing system that
did not comprise a reducing ageiit4idds Polishing System 2A). These
results further demonstrate that the identity of the abrasive contained in
the ehemiaahmesharisatnalishinaususismyean mpast e polsing rate
ishirig

mahihemehod; Forexa e, a comparison of the Iridium oxide po
ratee? exhlitlltl}ét%eéngy tehe ﬁ?egt ods utilizing Polishing Systems 2C and 2D

reveils thglfog%%l sﬁﬁﬁlﬁ’%ﬁgﬁmp&%ﬁgﬁ@l&l&mﬂﬂ Z<hi 8 utilized to

poliéW a siFAniaFtisgparEienf e ryheriarstiraebenpetisnavhesisionisily
SYssgRRerisingfimed alumina. (00391 Preferred embodiments of this

invention are deggribeslgotisking toalpsliag shechastomadeknpwimidheor

inventors fQreaying M{Sﬁlﬁ% %ﬁ?&ﬁ@co\{ﬁ:ﬂ%@ﬁﬁ%@f%}?se preferred
embodiments mgy beqame. ApRBISNL g ihpse oLordinary sdlljn the art
upon readsjrlg#he fgre oin S§I‘Iptl0n. e mvenﬁ)rspefﬁééf ’%ﬁ(ﬂfed
artisans t6 enipioy SuehVaSHEHERE - S rolBranss ittt brroayiddes
intend for tREHRBIE SR BB PR tdudcoterviad dramnmess padifivsiynes,
describedbigi@inamise harghpsthis dmvendi ortindiogesnatnmsodifiaations and
WO 20054068572 MGFHISRO0HBO046F, 1 eauivalemts ot the subject
matter recited initfie clajinsanpandgd hereto as permitted by applicable
laworegyex any cambinalian Alihe.Apove-descrined clements in all
ossible variations thereof Is encompassec%y’ihe invention unies

pRgse e varls . : .
S Otherwise indicated herein or otherwise clearly contradicted by context.

WO 2005/068572 PCT/US2005/000140 15 CLAIMS 1. A method for

polidhing Bbsuksshestefcdrimlisigroinietakitizad txidized formh fidhahmgthed
congptingrus mgdiensitds, bfiridy,puofidi) ena substatee@mprising a metal in an

oxidized form, (b) contacting a portion of the substrate with a

Chejﬂ'ca"fﬁgﬁi‘éﬂw&%kQﬁllﬁ'i',%e%ﬁﬁt%%%%&@&f'%? i A0SO e rea
in a%%@&%@c? E}E‘f?l lgscetlengofggu al:[ 'P&%%%i,ﬁ? E]ns\ln%giggh% represents the metal and x

and y represent integers, where y is greater than or equal to x.

4. The method of claim 2, wherein the metal is tantalurm.

5 The method of claim 2, wherein the metal is a noble metal selected from the
group consisting of platinum, iridium, ruthenium, rhodium, palladium, silver, osmium, gold,

and combinations thereof,

6. The method of claim 5, wherein the metal in an oxidized form is iridium
oxide.

7. The method of claim 6, wherein the reducing agent is selected from the
group consisting of dimethylamine borane, formic acid, hydroquinone, hydroquinone



an abrasive, a polishing pad, and a combination thereof, (ii) a reducing
agent selected from the group consisting of 3-hydroxy-4-pyrones,
a-hydroxy-y-butyrolactones, borane, borohydrides, dialkylamine boranes,
formaldehyde, formic acid, hydrogen, hydroquinones, hydroxylamine,
WhBRBE5Horous acid, trihydroxybenzenes, solvated elect®fnEUSaifiiRAG&:0
acid, salts thereof, and mixtures thereof, and (iii) a liquid carrier, and (c)
abrading at least a portion of the metal in an oxidized form to polish the
sulfSHPstialey &olanethoshsisRisnols whehaindbe exidized, frmissetesiad
mix]:{l%ptﬁlg%&{oup consisting of oxides, nitrides, borides, sulfides, and
mixtures thereof. 3. The method of claim 2, wherein the oxidized form is
an oxide, and the metal .in an oxidized form has a mqleculay formula
MxBy in WhERPIP A daiEhTs tHE Tt AR S A Pept e b H G
comptitsrery dbrepisaserntidadon Sguinis serdere hiothioel (TS wstRin
oxidhe:netdlfisraniaivop. Sndikiegndtiodiof, claérm Rrwhereiathiéarietal is a
serMfble elahaelesiedsmamdhangompiconsisiiagf platinum, iridium,
ruthenium, rhodium, palladium, silver, osmium, gold, and combinations
thegeor. 6y, the mefpd oL R ielsi e piEtalin ag.ogiged form is
iridium oxm?e. . The'method of claim 8 wherein the reducing agent is
alurgizys QYtABRPANE" §18EHconsisting of dimethylamine borane, formic acid,
hydroquinone, hydroquinone WO 2005/068572 PCT/US2005/000140 16
sulfinic athd nvytlsdxytaanin® vhepoptiosphersusapitctiihgitolgbenzenes,
salts thereof, and mixtures thereof. 8. The method of claim 7, wherein the
cheypical-meghanigat PRlisTIN:S15ieR nRRMPrises AR abrasive suspended
in the liquid carrier, and the abrasive comprises a metal oxide selected
from the group consisting of alumina, silica, ceria, zirconja, titani
gerHania%E‘bWBWﬂ%ﬂfﬁ}%ﬁ’ulctg]WS%g‘ﬁ e éso%}’r% |c‘?tna,s1 gﬁ[é)’rce% Igmhe
groppethe B CENABURHEARRREbspiuR TRty el il VRInSSE B &R,
andavagonibmédteorvthereof. 10. The method of claim 8, wherein the abrasive
comprises a-alumina. 11. The method of claim 1, wherein the metal is

tantl%l.l"m -The method of claim 12, wherein the chemical-mechanical polishing system
comprises an abrasive suspended in the liquid carrier and the abrasive comprises a metal
oxide selected from the group consisting of alumina, silica, ceria, zirconia, titania,
germania, co-formed products thereof, and combinations thereof.

14.  The method of claim 13, wherein the abrasive comprises silica, fumed

alumina, or a combination thereof.
15.  The method of claim 13, wherein the abrasive comprises a-alumina.

16.  The method of claim 1, wherein the chemical-mechanical polishing system

comprises an abrasive suspended in the liquid carrier.

17.  The method of claim 16, wherein the abrasive comprises a metal oxide
selected from the group consisting of alumina, silica, ceria, zirconia, titania, germarnia, co-

formed products thereof, and combinations thereol.



12. The method of claim 1, wherein the metal is a noble metal selected
from the group consisting of platinum, iridium, ruthenium, rhodium,
palladium, silver, osmium, gold, and combinations thereof 13. The

method of claim 12, wherein the chemical-mechanical polishing system
YEMPH&ESh abrasive suspended in the liquid carrier and tHEABFRESRAP00140
comprises a metal oxide selected ffom the group consisting of alumina,
silica, ceria, zirconia, titania, germania, co-formed products thereof, and
comidnatians theieobt thidd he, melkodielslaimd3awheeeniihe aheasive

AP IS soniligafinngd.2lumina, or a combination thereof. 15. The
method of claim 13, wherein the abrasive comprises a-alumina. 16. The

methqd of ¢laim 1, wherein the chemical-mechanical polishing system
com 8rises@ﬁ %%ti?giv\(}%%%@p nASE T (e MR S pnersss « Rk thod of

claim 16, wherein the abrasive comprises a metal oxide selected from the

groud® consistimetiofdaiticiin | sitlcacivdrtacdicdonigetitansalegemianiaheco-
ardopmedipiohfclimtieracisaboaebinalians lereafinde) RANSIA68RT 2
sul%il?/ééﬁ?ﬁs%é%%ﬁ@, Shdhodiiermethed tgﬁ%@ggm%@,@mstﬁ%moﬁ and

niohtasive gemprises silica, fumed alumina, or a combination thereof. 19.
The method of claim 17, wherein the abrasive comprises a-alumina. 20.
The method of claim 1, wherein the reducing agent is selected from the
grodp -consrafmeise il steiry laiipe b Sraplersahmeabiaion) pebshingspgen

cohpdserfuinorevisalfohiciacidetydsoxylathvineidhy pbiittdsptid rous awid any

coittlaydiiadibenze pes)spatigedhkeeaf, and mixtures thereof. 21. The method
of claim 1, wherein the chemical-mechanical polishing system comprises

0.1 195 whif Fedhicing agent Raseh o Bieelshtof hedguid carrict and
any com onentsﬂgl%solved or.rsi?s%?ndedlt erein. 22. The' method o
OO S P P A AT P AR T SBISHRAY system comprises an
abrasive and the abrasive is fixed to a polishing pad. 23. The method of
claigdil, wheraiethbédigldancharvierrcothplised vaater. 24 pTkes method of
claim 1, wherein the chemical-mechanical polishing system further
‘ CO”Miseslﬁ&ﬁéﬂﬁ@ﬁm&gE%h@éinﬁﬂ@cﬁéﬁiﬁ@ﬂﬁ&%‘ﬂ%ﬂpd&@ﬁf@#&@n
furﬁﬁ?@&iﬁﬁ%i&?&%%?&'ﬁ&oi@ﬂwg system further comprises a pH buffering
agent. _

25.  The method of claim 1, wherein the chemical-mechanical polishing system
further comprises a pH buffering agent.

26.  The method of claim 1, wherein the chemical~mechanical polishing system
further comprises a surfactant.

27. A method for polishing a substrate comprising a metal in an oxidized form,
the method comprising the steps of:
(a)  providing a substrate comprising a metal in an oxidized form,
{b) contacting a portion of the substrate with a chemical-mechanical polishing
system comprising:
{i) a polishing component selected from the group consisting of
an abrasive, a polishing pad, and a combination thereof,
(i)  0.1io 1 wt.% of a reducing agent based on the weight of the
liquid carrier and any components dissolved or suspended therein, the



26. The method of claim 1, wherein the chemical-mechanical polishing
system further comprises a surfactant. 27. A method for polishing a
substrate comprising a metal in an oxidized form, the method comprising
the steps of: (a) providing a substrate comprising a metal in an oxidized

WOrHB9%8dhtacting a portion of the substrate with a chemicBi-FEaR&Hmieat+0
polishing system comprising: (i) alpolishing component selected from the
group consisting of an abrasive, a polishing pad, and a combination

lt_her_gof, ((PRIRNARYY b%n@fs@léﬁgﬂﬁ&gtﬁcg@@hb@éﬁ%@iﬂél%g weight of hthe
iquid carrig 2 1 ISS Ll SUsp d therein the
s E R I

I
20 0 18 reducing agent bejn
elocton T s bR b oSk SR Rt rogen
a-hydroxy X B O OHHEL R B Ry BARHOBBPARES HBishiRyteradenzencs,
dialkylamipedsest slsesoterndtaanyeid, fotpihetaefd ahyerogers thereof, and
hydroquinones {ijdroxyigntinestiyrpaphosphorous acid,
trinygiroxybeazene seastalyatesh slertrons siiflsQusAciehsalstenasd, and
subdipbgtures thereof, and (iii) a liquid carrier, and (c) abrading at least a
portion of the metal in an oxidized form to polish the substrate. 28. The
method of claim 27, wherein the chemical-mechanical polishing system
corfiprises 5. PEUA S48 Adatierale Hissuetaress irw g hiirgmestem
comipgisid CatAdrantl amfueBrmps s trashiverighit s shelitidd ahdramdzay A
compretitdifer pelishingramsiatd tegtie. comprising a metal in an oxidized form,
the method comprising the steps of (a) providing a substrate comprising a
mesal in ap.Qidizeg }gmisg)aga%@y B ARAHINLING SHRS G Wil
the I%Qt%%%%}ﬁ@%?ha{%@% Eso(%hlng system comprising: (i) a polishing
componenit s_éﬁc e

om the group consisting of an abrasive, a polishing

paltPand IS ASHOTIRSETR RS Padildh agetired fetted from the
grdlih coR%Hg ot POTHYR RS- spsinadha RIS -ntslinpetheediskiag
systhoranerbmhydrides, dialkylamine boranes, formaldehyde, formic acid,
hydrogen, hydrgguinangsishing component selected from the group consisting of
an abrasive, a polishing pad, and a combination thereof,

(i)  areducing agent selected from the group consisting of
3-hydroxy-4-pyrones, a-hydroxy-y-butyrolactones, borane, borohydrides,
dialkylamine boranes, formaldehyde, formic acid, hydrogen, hydroquinones,
hydroxylamine, hypophosphorous acid, a metal or metal ions in an oxidation
state having a standard redox potential that is less than the standard redox
potential of the metal in an oxidized form, trihydroxybenzenes, solvated
electrons, sulfurous acid, salts thereof, and mixtures thereof, and

(iii)  aliquid carrier,

wherein the polishing system does not comprise an oxidizing agent,
and

(©) abrading at least a portion of the metal in an oxidized form to polish the

substrate.,

30. A method for polishing a substrate comprising a metal in an oxidized form,

the method comprising the steps of:
(8)  providing a substrate comprising a metal in an oxidized form,



hydroxylamine, hypophosphorous acid, a metal or metal ions in an

oxidation state having a standard redox potential that is less than the

standard redox potential of the metal in an oxidized form,

trlhydrox benzenes, solvated electrons, sulfurous acid, salts thereof, and

Wik elt¥eoeteof, and (iii) a liquid carrier, wherein the polishifig ByseA/000140

does not comprise an oxidizing ageft, and (c) abrading at least a portion

of the metal in an oxidized form to polish the substrate. 30. A method for

polighing asiusirgtepoataptsing sabnetahinian axidizaddemanidhesnethed
sySempiisingthe steps of. (a) providing a substrate comprising a metal in an

oxidized form 20 2 00014 contactin

a portion oft e substrg1 Q@S %@Icﬁ Ql(gé{w cppo Qh ét‘% mns}%mﬁf%

comprising’ % SpGHSARG ¢ i t‘ga 'ﬁ’B eﬁ’?g g?’o]ﬁf?‘@%%lstlng

of an abrReNBIng ﬁ?}ﬁgﬁiﬁ@t B%’t%s T AOPEB R BIFEYYF tieredmins et futhed

polishing éspnent does not comprise a mixture of a-alumina and fumed

alumina, (i) a reijcing agieringelgctedifae thenghewpoapReisitaobs

3- hydroxy%x?&@@aﬁpm@r@w&@ww@ﬁm&moamebmwmé@s

d|a|kylam'ﬁ‘ﬁl?ﬂﬁﬁﬁﬁébé%ﬁ@%?ﬁXﬁgh 8&%?&%'%&21@/9 %% i, dro uinones,
hydroqumf)

[1 lamine, oro

acid, a meiycfeo %a%}“ S BHSTASH f Hgf‘ %g  StAlt %‘g\‘?ﬂ‘?d‘ﬂdsl%ﬁ‘aﬁ‘}d’rrgﬁﬁi
potential tHAF 18 AR ifRlis iRt shavg TR aten palcorioh s dsdash i
oxidized féhestandnidedsyeintnky, hovatd dnete otridissddtfurous acid,
salts thereohydraybaimtuasstheredklanebii kel figolid Ll sahetdss) and
abrading atileast snperiqaof the metal in an oxidized form to polish the

substrate. (iif)  aliguid carrier, and

(<) abrading at least a portion of the metal in an oxidized form to polish the
substrate.



