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FIELD OF THE INVENTION [0001] This invention pertains to a method of
polishing a substrate comprising a noble metal. BACKGROUND OF THE
wdDMENIIQN [0002] Compositions and methods for planarizipghahRRlishing
the surface of a substrate are well known in the art. Polishing '
compositions (also known as polishing slurries) typically contain an
abrasive material in an aqueous sojution and. are applied to a surface by

contacting the surface V@Mgﬁﬂg haegakrated with the slurry
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mefsblishing a metal layer by contacting the surface with a pollshlng slurry
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polishing efficiency, uniformity, and removal rate and leaves a high quality polish with

minimal surface defects,

[0004]  The difficulty in creating an effective polishing system for gemiconductor wafers
stems from the complexity of the semiconductor wafer. Semiconductor wafers are typically
composed of a substrate, on which a plurality of transistors has been formed. Integrated
circuits are chemically and physically conmected into a substrate by patterning regions in the
substrate and layers on fhe substrate. To produce an operable semiconductor wafer and to
maximize the yield, performance, and reliability of the wafer, it is desirable to polish select
sorfaces of the wafer without adversely affecting underlying structures or topography. In
fact, various problems in semiconductor fabrication can occur if the process steps are not
performed on wafer surfaces that are adequately planarized.

[0005] Various metals and metal alloys have been used to form electrical connections
between devices, including titanium, titanium nitride, aluminum-copper, aluminum-silicon,
copper, tungsten, platinum, platinum-tungsten, platinum-tin, ruthenium, and combinations
thereof. Noble metals present a particular challenge in that they are mechanically hard and



substrate and layers on the substrate. To produce an operable
semiconductor wafer and to maximize the yield, performance, and
reliability of the wafer, it is desirable to polish select surfaces of the wafer
without adversely affecting underlying structures or topography. In fact,
various problems in semiconductor fabrication can occur if the process
steps are not performed on wafer surfaces that are adequately
planarized. [0005] Various metalsand metal alloys have been used to
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mechanically hard noble metal-containing substrates.
[6008]  The present invention seeks to provide such & chemical-mechanical polishing
system and method. These and other advantages of the invention will be apparent from the

description of the invention provided herein.
BRIEF SUMMARY OF THE INVENTION
[0009] Disclosed herein is a method of polishing a substrate comprising (1)

contacting a substrate comprising a noble metal layer with a chemical-mechanical polishing
system comprising (a) a polishing component, (b) an oxidizing agent, and (c) a liquid
carrier, and (if) abrading at least a portion of the noble metal layer to polish the substrate.
Disclosed further herein is a method of polishing a substrate comprising (i} contacting a

substrate comprising a noble metal layer and a second layer with a chemical-mechanical

polishing system comprising (a) a polishing component, (b) an oxidizing agent,



[0007] A need remains, however, for polishing systems and. polishing
methods that will exhibit desirable planarization efficiency, uniformity, and
removal rate during the polishing and planarization of substrates, while
WO PSR defectivity, such as surface imperfections andpatgmgbdg%mm
underlying structures and topography during polishing and planarization.
Improved polishing systems are particularly needed for the polishing of
chemically stable and mechanically hard noble met I-contaiTin% fth
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and combitnati%rt]s thereof. The chemical-mechanical polishing system
has a pH o]f‘egeor’less, and the oxidizing agent does not produce a
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(d)  aliquid carrier
wherein the chemical-mechanical polishing system bas a pH of 9 or less, and
wherein the oxidizing agent does not produce a substantial amount of
elemental halogen, and

(it) abrading at least a portion of the noble metal layer to polish the

substrate.
[0009b] 1In a second aspect, there is provided a method of polishing a substrate comprising:

(i) contacting a substrate comprising a noble metal layer and a second layer

with a chemical-mechanical polishing system comprising:



layer with a chemical-mechanical polishing system comprising: (a) a
polishing component selected from the group consisting of an abrasive, a
polishing pad, or a combination thereof (b) an oxidizing agent selected
from the group consisting of bromates, bromites, hypobromites, chlorates,
chlorites, hypochlorites, iodates, hypoioditgs, organo- halo-oxy
compounds, salts thereof, and combinations thereof. (c) a stopping
compound which suppresses the removal rate of the second layer,
wherein the stopping gdisipayindnsoaccatidnical lfiehargedup consisting of an

nitrogen-coniRiNIng CRMROMAC SE e G ib MGG consisting of

amines, imines, amides, imides, polymers thereof, and mixtures thereof,
and (d) a liquid c&hVit R tETCHdRGTTme BitaHRun 8RsHM Sy stem
has a pH gkRKelass, rAddnhereindhe oxigizngrgeridgasienfiodiaes a
substantial amoynt of elemental halogen, and (ii) abrading at least a
portion of %Hﬁél'er?dble metal layer to polish the substrate. [0009b] In a
second aspect, tHerensmprsvidediningativaohesinhing By ketransial atoms
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a second layer with a chemical-mechanical polishing system comprising:
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amine-corftSHrE ey Bling 5 or more sequential atoms  separating
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wherein the chemical-mechanical polishing system has a pH of 9 or less,

and DETAILED DESCRIPTION OF THE INVENTION
| {6010}  The invention provides a method of polishing a substrate comprising (i) .
contacting 2 substrate comprising a noble metal layer with 2 chemical-mechanical polishing
system comprising (a) a polishing component selected from the group consisting of an
abrasive, a polishing pad, or a combination thereof, (b} an oxidizing agent selected from the
group consisting of bromates, bromites, hypobromites, chiorates, chiotites, hypochlorites,
perchlorates, iodates, hypoiodites, periodates, peroxyacetic acid, organo-hale-oxy
compounds, salts thereof, and combinations thereof, and (c) a liquid carrier, wherein the
chemical-mechanical polishing system has 2 pH of 9 or less, and wherein the oxidizing
agent does not produce a substantial amount of slemental halogen, and (ii) abrading at least
a portion of the metal layer to polish the substrate.
[0011] As noted above, the polishing system comprises 2 polishing component selected
from the group consisting of an abrasive, a polishing pad, or a combination thereof. The
polishing system described herein desirably comprises an abrasive and a polishing pad. The
abrasive can be in any suitable form (e.g., abrasive pariicles). 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 oxidizing agent, as well as any other components suspended inthe
liguid carrier, form the polishing composition of the chemical-mechanical polishing (c.g.,

CMP) systent.



wherein the oxidizing agent does not produce a substantial amount of
elemental halogen, and (ii) abrading at least a portion of the noble metal
layer to polish the substrate. DETAILED DESCRIPTION OF THE
INVENTION [0010] The invention provides a method of polishing a
substrate comprising (i) contacting a sub%tﬁate comprising a noble metal
layer with a chemical-mechanical polishing system comprising (a) a
polishing component selected from the group consisting of an abrasive, a
polishing pad, or a combination thereof, (b) an oxidizing agent selected
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theppolisMng pafapbhe ricakdtedidérsrithenglogn cahsisting thasbabirasive, a
polishing pad, or a combination thereof. The 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 oxidizing 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. 3b [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, nitride, and the like. The abrasive desirably comprises a. metal
oxide. Suitable metal oxides include metal oxides selected from the group
consisting of alumina, silica, ceria, zirconia, titania, germania, co-formed
products thereof, and combinations thereof. Preferably, the



metal oxide is selected from the group consisting of alumina, silica, ceria,
and combinations thereof. More preferably, the metal oxide is alumina
(e.g., a-alumina). The abrasive WO 2005/005561 PCTI1JS2004101.7601
I typlcally have an average particle size (e.g., ave article
élgﬁw%l%%%%of 20 run to 500 nm. Preferably, the abrasive pa’r’ff?@?p’t?g%%‘?’i"
average particle size of 70 nm to 300 ran (e.g., 100 ran to 200 nm).
[0013] When the abrasive is present in the polishing system and is
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suitable substrate to be polished or planarized. The liquid carrier can be any suitable liquid
carrier. Typically, the liquid carrier is water, a mixture of water and a suitable water-
miscible solvent, or an emulsion. Preferably, the liquid carrier comprises, consists
essentially of, or consists of water, more preferably deionized water.

[0016] The oxidizing agent is selected from the group consisting of bromates, bromites,
hypobromites, chlorates, chlorites, hypochlorites, perchlorales, iodatss, hypoiodiies,
periodates, peroxyacetic acid, organo-halo-oxy compounds, salts thereof, and combinations
thereof. As utilized herein, the term “organo-halo-oxy compound” is used fo refer fo
oxidizing agents which contain at least one organic functional group, at least one halogen
atorn, and at least one oxygen atom. The organic functional group(s), halogen atom(s), and
oxygen atomy(s) of the organo-halo-oxy compound can be arranged in any suitable manner,
but will conform to one of three general formulas; Ry-X-Op, Ry-Op-X, or Op-Ry-X, wherein
R represents an organic functional group, X represents a halogen atom, and a and b are
integers greater than or equal to one. Suitable organo-halo-oxy compounds include, but are



[0016] The oxidizing agent is selected from the group consisting of
bromates, bro.mites, hypobromites, chlorates, chlorites, hypochlorites,
perchlorates, iodates, hypoiodites, periodates, peroxyacetic acid,

w&HIaardg]o-oxy compounds, salts thereof, and combinatigirs,tResens As:
uti!ized herein, the term "organo-halo-oxy compound" is used to refer to
oxidizing agents which contain at least one organic functional group, at
least one halogen atom, and at least one oxygen atom. The organic
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{0019} The chemical-mechanical polishing system has a pH of 2 or less. Preferably, the
chemical-mechanical polishing system has a pH of 7 or less (e.g., 6 or less, 5 orless, or 4 or
less). Typically, the chemical-mechanical polishing system has a pH of 1 or moze {(e.g., 2 or
More).

[00Z0] The pH of the chemical-mechanical polishing system can be achieved and/or
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 compound. For example, the pH adjustor can be
potassium hydroxide, sodium hydroxide, ammonjum 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



based on the weight of the liquid carrier and any components dissolved or
dispersed therein. [0018] The metal layer of the substrate can comprise
any suitable noble metal. Suitable noble metals include, but are not
wdmiieddksplatinum, iridium, rhenium, ruthenium, rhodium, palladidig 17601
silver, osmium, gold, nitrides thereof, oxides thereof, and alloys thereof.
Suitable alloys include, but are not limited to, "cermet" materials such as
ruthenium-stabilized zirconia and rgithenium yttrium-stabilized zirconia
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well as salis thereof Furtherimore, certain compounds of reagents may perform more than

one function. For example, some compounds can function both as a chelating agent and an
oxidizing agent (e.g., cerlain ferric nitrates and the like).

[0023] The chemical-mechanical polishing system optionally further comprises a
corrosion inhibitor (i.e., a film-forming agent). The corrosion inhibitor can be any suitable
corrosion inhibitor. Typically, the corrosion inhibitor is an organic compound containing a
heteroatom-containing functional group. For example, the film-forming agent is a
heterocyelic organic compound with at least one 5- or 6-member heterocyclic ring as the
active functional group, wherein the heterocyclic ring containg at least one nitrogen atom,
for example, an azole compound. Preferably, the film-forming agent is a triazole, more
preferably, 1,2,4-triazole, 1,2,3-triazole, or benzotriazole. The amount of corrosion
inhibitor used in the polishing system typically is 0.0001 wt. % to 3 wt. % (preferably 0.001
wt. % to 2 wt.%) based on the weight of the liquid carrier and any components dissolved or

suspended therein.



phthalates, citrates, succinates, tartrates, malates, edetates (e.g.,
dipotassium EDTA), mixtures thereof, and the like), carboxylates
containing one or more sulfoniecaand/or phosphonic groups, and the like.
wokiiahigsghelating or complexing agents also can include, ,fof, examRle.
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 alephols, di-, tri-, and polyamines, and the
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bromates, bromites, hypobromites, chlorates, chlorites, hypochlorites, perchlorates, iodates,
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hypoiodites, periodates, peroxyacetic acid, organo—halo oxy compounds, salts thereof, and
combinations thereof, (c) a stopping compound which suppresses the removal rate of the
second layer, and (d) a liquid carrier, wherein the chemical-mechanical polishing systern
has a pH of 9 or less, and wherein the oxidizing agent does not produce a substantial
amount of ¢lemental halogen, and (ii) abrading at feast a portion of the noble metal layer to
polish the substrate. The aspects of the method and components of the polishing system are
as otherwise dezcribed herein except for the use of the stopping compound to suppress the
removal rate of the second layer that exists on the substrate.

[on28] The stopping compound can be any suitable compound which suppresses the
removal rate of the second layer. Suitable stopping compounds include, but are not limited
to, cationically charged nitrogen containing compounds selected from the group consisting
of amines, imines, amides, imides, polymers thereof, and mixtures thereof. The term
“cationically charged" as used herein means that a portion (e.g., 5% or more, 10% or more,



surfactant. Suitable surfactants can include, for example, cationic
surfactants, anionic surfactants, nonionic surfactants, amphoteric
surfactants, mixtures thereof, and the like. Preferably, the polishing
Wéﬁ&g}g},gsg;npnses a nonionic surfactant. One example of YIRS 4017601
nonionic surfactant is an ethylenediamine polyoxyethylene surfactan 1|1I61
amount of surfactant typically is 0.0001 wt. % to 1 wt. % (preferably 0.001
wt. % to 0.1 wt. %, or 0.005 wt. %gto 0.05 wt.%) based on the weight of
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conRsaIRRRIA KB Y Akt IskiREeSse theipic acid condensation copolymer. The
amine-containing polymer also can be polydiallyldimethylammonium chloride or a
copolymer comprising repeating units containing one or more amine functional groups and
repeating units selected from the group consisting of amides, vinyl acetate, vinyl alcohol,
sthylene oxide, and propylene oxide. For example, the amine-containing po lymercanbe a
copolymer of vinylamine and vinyl alcohol.

[B6038] Suitable amine-containing polymers also include block copolymers with at least
one polymer block comprising one or more amine functional groups and at least one
polymer block not comprising any amine functional groups. The amine-containing block
copolymer can be an AB diblock, ABA triblock, or ABC triblock copolymer. The amine-
containing block copolymer can also be a graft copolymer. Typically, the polymer blocks
comprising one or more amine functional groups are 10 wt. % or more of the amine-
containing block copolymer. Preferably, the polymer blocks comprising one or more amine



removal rate of the second layer that exists on the substrate. [00201 The
stopping compound can be any suitable compound which suppresses the
removal rate of the second layer. Suitable stopping compounds include,

w426t limited to, cationically charged nitrogen containiRg:-omRRYREs

selected from the group consisting of amines, imines, amides, imides,
polymers thereof, and mixtures thereof. The term "cationically charged"
as used herein means that a portign (e.g., 5% or more, 10% or more, WO
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(e.g., 10 or more) sequential atoms ?ggzrating the nitrogen atoms of the
amino functional groups. Thus; ntaining p?gmers like,

[0033lyvirtansieplademonyEsAin i (EaediHasRRy S SadheRtAEE s
ruthapaiaiingethenairofepolisbmsspfttie amino functional groups) do not
[p@vplify assushRAAMIDeERBIaIniNG phiyiteiut veamineatdntaining
elegg&ﬁéﬁﬁé%%’gl 16,3 £ARFERSATIRARE WNCILEBHRI(RIDG) rRRRAgRg: LRt that
diﬂ(t:erent polishing compositions (Polishing Compositions 1A-1D). The rutheniuvm
electrode was rotating at 500 rpm and held in contact with an abrasive pad with a down
force of 90 kPa (13 psi). The metal dissolution rate was evaluated as the surface of the
electrode was abraded (dissolution rate) and after abrasion (corrosion rate). The ruthenium
activity was measured ag a current density and then recalculated into a dissolution rate or
corrosion rate (in A/min) using Faraday’s law.

[0035] Each of the polishing compositions (except Polishing Composition 14)
contained an oxidizing agent at a concentration of approximately 1 N and had a pH of
approximately 1. The dissolution and corrosion rates for ruthenium were measured for each
of the chemical-mechanical polishing systems. The results are summarized in Table 1.



an amino functional group (e.g., a polyaminoamide). Such condensation
polymers can be prepared by reaction of a polyamine monomer with a
diacid monomer. Preferably, the condensation copolymer is a
W(g%gg){,l@ggg;rlamlne /adipic acid condensation copolymer. TIB’%T/USZOMIOI?(O}
amine-containing polymer also can be polydiallyldimethylammonium
chloride or a copolymer comprising repeating units containing one or
more amine functional groups andgrepeating units selected from the
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conttg{xgl%r% o¥u&1%§¥g agent at a concentration of approximately 1 N and had a pH of
approximately 1. The dissolution and corrosion rates for iridium were measured for each of

the chemical-mechanical polishing systems. The results are summarized in Table 2.




groups in an alpha position relative to a carboxylic group (e.g., citric acid
and citrates), and compounds containing a benzene ring (e.g., ortho di-
and polyhydroxybenzoic acids and acid salts, phthalic acid and acid salts,
yieoaiaee!, pyrogallol, gallic acid, gallates, tannic acid, apd-taR0atES)¢04
[0032] The following examples further illustrate the invention but, of
course, should not be construed as.in any way limiting its scope.
EXAMPLE 1 [0033] This examplejgemonstrates the effect of oxidizing
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[0042] Similar substrates comprising iridium, silicon oxide, and silicon nitride were
polished with different polishing compositions (Polishing Compositions 3A-3F). Each
polishing composition contained 4 wt. % silica and had a pH of approximately 4. In
addition, each of the polishing compositions (except Polishing Composition 3A) contained
an oxidizing agent. The identity and concentration of the oxidizing agent in cach of
Polishing Compositions 3B-3F are set forth in Table 3.

10043] The iridium removal rates (RR) and within-wafer-non-uniformity (WIWNU}
were determined for each of the chemical-mechanical polishing systems, and the results are

summarized in Table 3.

Table 3: Indium Removal Rates and WIWNU Measurements

Polishing Oxidizmg | Amount of Oxidizer IrRR WIWNU
Composition Agent (wt.%) (A/min) (%)
3A Hons - 5 38
{comparative}
3B H20, 0.6 4 20
(comparative)
3C MaClOy 2.2 112 21
(invention)
3D K104 0.04 148 11.1
(invention)
3E KB1O3 3 316 8.5
{invention)
3F K103 38 510 24
(invention)




1C KC103 16.7 0.5 (invention) 1D KBrO3 155 51.6 (invention) [00361
These results demonstrate that relatively high noble metal dissolution
rates can be achieved using the method of the invention. EXAMPLE 2
wé%?ﬁ;f]o;s]ais example demonstrates the effect of oxidizing 0 4}5‘161 sol
|s Ing of iridium in the context of a polishing system. [0 e
dissolution and corrosion rates of iridium were evaluated electrochemically
using a iridium rotating disk electrgde (RDE) in the presence of different
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Rates Polishing Composition Oxidizing Agent Ir Dissolution Rate Ir
Corrosion Rate (A/min) (t~/min) 2A None 3.2 1.1 (comparative) 2B H104
364 260 (invention)




2C KC103 15.6 2.1 (invention) 2D K103 15.6 3.9 (invention) 2E KBr03
39 2.1 (invention) [0040] These resglts demonstrate that relatively high
noble metal dissolution rates can be achieved using the method of the
invention. EXAMPLE 3 [0041] This example compares the effect of
oxidizing agents in a polishing system on the polishing of an
CLAINYium-containing substrate. [0042) Similar substrates comprising iridium,
silicon oxide, and silicon nitride were polished with different polishing
c?mposi&i%réﬁ}ggoliishg(r;%Co%ggsiti ns 3A-3F). Each polishing
t. %

composition Contaihed 4 Wt % Silica and had= pH of approximately 4. In

addition{ibach ofithelipplishibgjreormpopitiors { exbiprflibhfmgnd a second layer

CQEHP&Q&E@%&%A&Q&E@Q%Eiﬁﬂ;@@%@ﬂ&éﬂﬁﬂ&in@he identity and
concentration of the oxidizing agent in each of Pglishing Compositions

3B-3F are set fofth in*TRBIN S GORB NG SHAHIH) FARIVRITAHRS RIS HRET 2
within-wéitesivio n poifbing ity d W Wi ldbingtoe thetesfined for each of the

Phemica"meCha(’ﬂéca'a%?'h%l?&ri‘gn%\’%géﬂf‘" e pesyitg are, summanzed of
in Table 3. Table 3: Iridium Removal Rates and WIWNU Measurements
Polishingf CidtziREATeuRYTesadiser SRR YPITTE dripssblfissadedites,
(Wt.%) ([#\FBiegit94)or@i 8 angy=0:5 I8migaimpasaiye):26 HR00QHn 4385 thereof,
(comparative) 3? NaC104 2.2 112 21 (in erlltion 3D 1(104 0.04 ]I48 11,

c}  a stoppiig compoind which suppresses the removal raté of the
second layer, wherein the stopping compound is a cationically charged nitrogen-
containing compound selected from the group consisting of amines, imines,
amides, imides, polymers thereof, and mixtures thereof, and

(&)  aliquid carrier
wherein the chemical-mechanical polishing system has a pH of 9 or less, and
wherein the oxidizing agent does not produce a substantial amount of elemental
halogen, and

(i) abrading at least a portion of the noble metal layer to polish the substrate.

2. The method of claim 1, wherein the organo-halo-oxy compound is selected from
the group cbnsisting of Nachiordsuccinimicfe, N-bromosuccinimide, N-bromoacetamide,N-
bromobenzophenoneimine, iodine triacetate, iodine tris (trifluoroacetate), .iodobenzene diacetate,
'.peniraﬂuqroiqdobenzene‘_'bis (trifluoroacetate), iodosobenzene, io'doxybenzene, iodoxyb_enzéic

© acid, salts thereof, and combinations thereof.

-3 The method of claim 1, wherein the chemical-mechanical polishing systein haé a

| pH of 7 or less.

4, The method of claim 3, wherein the chemical-mechanical polishing system has a

pH of 4 or less.

5. The method of claim 4, wherein the chemical-mechanical polishing system has a
pHof 1to4.



(invention) 3E KBr03 3 316 8.5 (invention) 3F KIO3 3.8 510 24
(invention) WO 2005/005561. PCT/US2004/01.7601 12 [00441 These
results demonstrate that the methad of the invention can be used to polish
a noble-metal containing substrate &t a relatively high rate. In particular,
when the substrate is polished according to the method of the invention,
the removal rate of the noble metal is approximately 20 to 100 times
freateriranchiadrahbve tatdwreisdtablzNeG QEgas ardde mee! selected
from thanetapdafstheinveptianush avws ansimianincrense evenhadpelispingdasinater,
. __usi /drogen peroxide as the oxidizing.agent. The method of the
ST r%\(}g%ﬁg)négreess%f S (gljri&éméﬁ tsﬁeé%klkgfmcﬁe%rllzg‘é%g fi’?leov%ith in-wafer-non-uniformity
as compared to a similar method using no oxidizing agent. Furthermore,
the meifpdhofthe.nyenfionysiad Petshing.(eupgsitanamdRand 3E
showed a marked decrease in within-wafer-non-uniformity over a polishing
method using hydrogen peroxide as the oxidizing agent. 13 CLAIMS: 1. A
Bnethod'ief padishingfadubstiateisoniprisingh¢inicentacting@lspbisthaie system
comprisGOMPHSIRg 8 Boble metal layer and aseqond WB¥eh: Wt &iquid carrier and any
chemical-mechanical polishing system comprising: (a) a pochshlng
compongspiitsAkRT b RERERCHHIFELRE group consisting of an abrasive, a polishing
pad, or a combination thereof (b) an oxidizing agent selected from the
roup consisting of bromates, bromites, hypobromites, chlorates, .
ot B A S AT SR TR e
compounds, salts thereof, and combinations thereof, (c) a stopping
compound which suppresses the removal rate of the second layer,
wherein the stopping compound is a cationically charged nitrogen-
containing compound selected from the group consisting of amines,
imines,



amides, insides, polymers thereof, and mixtures thereof, and (d) a liquid

carrier wherein the chemical-mechanical polishing system has a pH of 9

or less, and wherein the oxidizing agent does not produce a substantial

amount of elemental halogen, andi(ki) abrading at least a portion of the

noble metal layer to polish the substrate. 2. The method of claim 1,

wherein the organo-halo-oxy compound is selected from the grou

cthsisti§fofNttorbstieiiitnideeRibrhséaebntnmerdanical polishing system
compribshrompacaiamidedNd iiomabenzephenaneinine 196ine iriacetaigdiodingive
se;ecteiﬁ:.‘ﬁ%ﬁﬁ‘flﬁgro%%et%%e@aé%d0% nzens diagetate, pentrafiuorolodobenzene.  and
is (Influcréacetate), lodosobenzene, |oc°io’xy8eﬁzéne, |otioxayl/%ér1%0|c ’
combinggifups Segrsothereof, and combinations thereof. 3. The method of claim 1,

wherein the chemical-mechanical polishing system has a pH of 7 or less.

4. The method of claim_ 3, wherein the chemical-mechanical polishing

sYstem hASRETRHY BF A B e T P RBEH PO CRERTAS WIS the

chemical-mechanical polishing system has a pH of 1to 4. 13a 6. The

methodgiclaim Jy Whergin the melarlayer CompHses AN00IE MRRh, system

_selected from the group consisting of platinum, iridium, rhenium,
coMprisgi A ARGHHLY SRS ABEra A < e, PRSP 01d, nitrides thereof,
oxides thereof, and alloys thereof. 7. The method of claim 6, wherein the
tal layer compri ruthenjum. 8, The method of claim 7,.wherein the
e O At e Sl P o e e w06
oxidizing agent based on the weight of the liquid carrier and any
campongiis,dissalved.ansuspendadithareinmithemethadiop i B sysiem
.wherein the OXIdIZIQ agent is a bromate or an iodate. 14 10. The method
comprigss 4 kit o 4 iRer&in theLHEmRAE/M BRIARAP P SIRFTh G PRIt sapand any
comporgntabrasivelsuspgrdédiithdlemliquid carrier and the abrasive is a metal
oxide abrasive selected from the group consisting of alumina, silica, ceria,
zirconia, titania, germania, and
15. The method of claim 1, wherein the chemical-mechanical polishing system
comprises 0.1 wt. % to 5 wt. % oxidizing agent based on the weight of the liquid carrier and any

components dissolved or suspended therein.
16. The method of claim 1, wherein the oxidizing agent is a bromate.

i7. The method of claiml, wherein the oxidizing agent is an iodate.



combinations thereof. 11. The method of claim 10, wherein the metal
oxide abrasive is silica. 12. The method of claim 9, wherein the
chemical-mechanical polishing system comprises an abrasive, and the
abrasive is fixed to a polishing pad. 134&he method of claim 6, wherein
the metal layer comprises iridium. 14. The method of claim 13, wherein
the chemical-mechanical polishing system comprises 0.1 wt. % to 5 wt. %
oXidizing g attidsall elithel waigHest the Retiacehrrshaperaglishing system
compriG@mpsiiadis, dissolyest-ansuspendettdhemriniqlil dheemethod of claim 1,
wherein the chemical-mechanical polishing system comprises 0.1 wt. %
to 5 wt. % oxidizing agent based on the weight of the liquid carrier and any
cimpongmseissbifedior St speeia sheHardihcagemssprethodter claim 1,
wherein the oxidizing agent is a bromate. 17. The method of claiml,
wherein the oxjdizing agent is gn iodate. 14a. 18. The methad of claim 1,
il cint R (e G W BT 0SSt EGHNgS Sasrve seestd
from thetgasivepansitizeofblasive, isisus permiadinith eifiqiridsearder, 29d Thabinations
gmethod of claim 18, wherein the liquid carrier comprises water. 20. The
method of claim 18, wherein the abrasive is a metal oxide abrasive
selected from the group consisting of alumina, silica, ceria,zirconia,
titania, gaepatiad andcampinatansHheredfo2de Ihesmethatdeaf claim 20,
wherein the metal oxide abrasive is silica. 22. The method of claim 1,
wherein the liquid carrier comprises water. 23. The method of claim 1,
wherein! frranshish failiive dhahfeaingb SRR sy te Aol iges. an

abrasive, and the abrasive is fixed to a polishing pad. 24. The method of

claim 1, wherein the chemical-mechanigal polishing system further .
ik e b gl e
comprigomplbrasigeagehhanplasbyaffefing! tageotjshisgfattant, and combinations

thereof. 15 25. The method of claim 1, wherein the stopping compound is
selected from the group consisting of a polyetheramine, N4

gﬁ]ino(ﬂm Dﬁ@?@%ﬁﬁ]ﬁgb}o’ﬁ%}ﬂ@fﬁ)ﬂ@ﬁg%}ﬁ@?mw% polishing system further

comprises a component selected from the group consisting of a complexing agent, a pH buffering

thereo

agent, a surfactant, and combinations thereof.



trioxatridecane-1,13-diamine,
3,3-dimethyl-4,4-diaminodicyelohexyhnethane, 2- phenylethylamine,
N,N-dimethyldipropylenetriamine, 3-(2-methoxyethoxy)propylamine,
isophoronediamine, hexamethylenediamine,
cyclohexyl-1,3-propanediamine, thiomicamine,
(aminopropyl)-1,3-propanediamine, {etraethylenepentamine,
tetramethylbutanediamine, propylamine, diaminopropanol, aminobutanol,
(2-aminoethoxy)ethanol, and mixtures thereof. 26. The method of claim 1,
wherein the stopping compound is an amine-containing polymer. 27. The

nmethod cmsLaum&ﬁ@wmfmnMeramsﬁmme&mh@n%éme@ L@ sroup

sequ tia sse ar tin toms of the o functional

consis D R e R A e TR e e v 410
tﬂoxat&ﬁ?ﬁ@éecbhia#ﬁmgwpolymer sdéhmﬁlﬁbm%ﬁ@wmwommgemane 2-
phenyG@jgleRsation I@@Nm%& Hgﬂ%ﬁgﬁ%@rﬁmﬂ@g units 1hat CORIAIN &7, 20N Snine,

func lonal grou djall |methylammon|um chloride, and a copolymer
isophopoli 6‘?‘3?3& re %ﬁﬂﬁb}éﬂ‘ﬁﬂ% Eohtining ORRESY! nﬁgrérﬁ?ﬁiﬁé‘?ﬂﬂ%‘?tonﬁ]llf’mmmme

(aminggropy$- haggpeatimgiunits saleciatlyfrospditrengiraup comﬁlatmg}%aﬁliﬂé%mme
propy ML agSIAR IRy, Alcphelustiviens axide.A0d Rropyens oxide, 29. The

method of claim 26, wherein the amine- contalnlng polymer Isan amine-
containing block copolymer with at least one polymer block comprising

0RE. O MOKEAANAE othl]ﬁiiOmah@@ﬁﬂ&lﬁrﬂoﬁbiﬁgﬁbﬁ@%@lmﬁrﬁlﬁfékceﬁ’cﬁming
comprising any amine functional groups. 16 30. A method of polishing a
Substrate comprising: (i) contacting a substrate comprising a noble metal
layer and a second layer with a chemical-mechanical polishing system

comprisifgs (a@QHshig cemprient selesiad éfﬁ@xﬁhf'g G eSS more
n abrasive, a ollshlng pad o%%comblnatlon thereof, (b) an oxidizing

seque g B A o L CEn e e UMb CAEHIGHA 2 Brodates.

peroxyacetic acid, salts thereof, and combinations thereof, (c) an

amyine-copiaining POME B@VM&Q&&@%{&&%@U&%&'% E‘Sn 3% A%E%BQ ining

the nltrodgt)en atoms of the amino functional groups, and |qU| carrier,
polymg selects ﬁféﬂeH&ﬁﬁ&%ﬁ@%ﬁameaﬂfﬁa}%ﬁfﬁﬁigw%laﬁnﬁﬁscanaww&rwe%gg units

that coatath an amino functional group, polydiallyldimethylammonium chloride, and a copolymer

polymer

comprising repeating units containing one or more amine functional groups and repeating units
selected from the group consisting of amides, vinyl acetate, vinyl alcohol, ethylene oxide, and

propylene oxide.

29. The method of claim 26, wherein the amine-containing polymer is an amine-
containing block copolymer with at least one polymer block comprising one or more amine

functional groups and at least one polymer block not comprising any amine functional groups.



wherein the oxidizing agent does not produce a substantial amount of
elemental halogen, and (ii) abrading at least a portion of the noble metal
layer to polish the substrate. 31. The method of claim 30, wherein the
amine-containing polymer is selected from the group consisting of
condensation polymers comprising repeating units that contain an amino
functional group, polydiallyldimethylamraonium chloride, and a copolymer
comprising repeating units containing one or more amine functional
groups and repeating units selected. from the group consisting of amides,
vinyl acetate, vinyl alcohol, ethylene oxide, and propylene oxide. 32. The

method of elaifed3&; puhﬁr@gwathﬂ)@mmﬁgﬂm@ing polymer is a block

copolym rvcv(lgtlactleast e poly menrsplogk cbD |ts|1 one $r more amine
functiona brou S'and At ﬁeast ORE BUIF B bR ot €Ot TG A yaYer with a

chemiggimechansubpelishrogipestem comprismg

(a} a polishing component selected from the group consisting of an
abrasive, a polishing pad, or a combination thereof,

(b} an oxidizing agent selected from the group consisting of perchlorates,
periodates, peroxyacetic acid, salts thereof, and combinations thereof,

(¢) an amine-containing polymer having 5 or more sequential atoms
separating the nitrogen atoms of the amine functional groups, and

(d) a liguid carrier,
wherein the chemical-mechanical polishing system has a pH of 9 or less, and
wherein the oxidizing agent does not produce a substantial amount of elemental
halogen, and

(ii) abrading at least a portion of the noble metal layer to polish the substrate.

31, The method of claim 30, wherein the amine-containing polymer is selected from
the group consisting of condensation polymers comprising repeating units that contain an amino
functional group, polydiallyldimethylammonium chloride, and a copolymer comprising repeating
units containing one or more amine functional groups and repeating units selected from the group

consisting of amides, vinyl acetate, vinyl alcohol, ethylene oxide, and propylene oxide.

32. The method of claim 30, wherein the amine-containing polymer is a block
copolymer with at least one polymer block comprising one or more amine functional groups and at

least one polymer block not comprising any amine functional groups.



