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GoeagbtiomS:ffective polishing system for semiconductor wafers stems from the

complexity of the semiconductor wafer. Processed semiconductor wafers typically include
a plurality of transistors or other semiconductor devices formed over multiple layers

. together with complex, sometimes multi-metal, conductor patterns used to interconnect the
semiconductor devices. Accordingly, polishing steps must be applied to surfaces presenting
patterns formed of different materials.
[0405] 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. Because of their desirable qualities such as inertness, noble metals, including
ruthenium, iridium, and platinum, are finding increasing use in memory devices and metal



between devices, including titanium, titanium nitride, aluminum-copper,
aluminume-silicon, copper, tungsten, platinum, platinum-tungsten,
platinum-tin, ruthenium, and combinations thereof. Because of their
desirable qualities such as inertness, noble metals, including ruthenium,
iridium, and platinum, are finding inckeasing use in memory devices and
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substrate comprising a noble metal on a surface of the substrate with a
pPresigasthisafiiechanical polishing system comprising (a) a polishing
component selected:ftin thevgrorp congistingvaehancabrasive, a polishing

{O(R)%?’ and afr:]omn%me%tl O{}%lmeenrteotrie@) ignp%)'(a'%lazdng method of polishing a substrate

comprising (i) contacting a substrate comprising a noble metal on a surface of the substrate with &
chernical-mechanical polishing system comprising (a) & polishing componeni selected from the
group consisting of an abrasive, a polishing pad, and a combination thereof, (b} an oxidizing
agent selected from the group consisting of bromates, bromites, hypobromites. chiorates,
chiorites, hypochiorites, perchlorates, hypoiodites, periodates, organo-halo-oxy compounds, rare
earth salts, and combinations thereof, (¢) an ethylenc-oxide containing poiymer, and (d) a liquid
carrier, and (ii) abrading at least a portion of the noble metal with the chemical-mechanical

polishing system to polish the substrate.



agent selected from the group consisting of bromates, bromites,
hypobromites. chlorates, chlorites; hypochlorites, perehlorates,
hypoiodites, periodates, organo-halo-oxy compounds, rare earth salts,
and combinations thereof. (c) an ethylene-oxide containing polymer, and
(d) a liquid carrier, and (ii) abrading?at least a portion of the noble metal
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_comprising a noble metal and silicon oxide on a surface of the substrate
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I;1um, %smlum. rhgnium, st Vei, %1 il s therebr, oxjdes, théreo o%;_ ereof, and
a’chemical-mechanical’polishing system comprising: (a) a polishing

copathatioyatiieid carriech ey ian-aprasne siisting s renRiit € dAierPelyhing
pa@N X HZINGAERALIN an abrasive suspended in the Tiquid carrier, (d) an oxidizing agent in
the liquid carrier, (e} a dialkylsiloxane-ethylene oxide block copolymer in the liquid carrier,
wherein the dialkyisiloxane-ethyiene oxide biock copolymer suppresses the removal rate of the
silicon oxide, and (i1} abrading at least a portion of the noble metal with the chemical-mechanical

polishing system to polish the substrate.



the liquid carrier, (e) a dialkylsiloxane-ethylene oxide block copolymer in
the liquid carrier, wherein the diallcylsiloxane-ethylene oxide block
copolymer suppresses the removal rate of the silicon oxide, and (ii)
abrading at least a portion of the noble metal with the
chemical-mechanical polishing syst¥m to polish the substrate. 2b

DETAILED DESERIPTIONQFFHEN WENTION2a8gbThe invention

rovides a method of polishing a substrate comprising a noble metal on a
[008)rface of ASUBLIFARS. IREdrethBa R Blisnlig Hevb RAESIE) COIfaLtRg & noble
medV 6 2006044410 HRET U S2ROBABE D6l itngubatrake gomnprisiag a noble

metal on a surface of a substrate with a chemical-mechanical polishing
system comprising a polishing component, an oxidizing agent, an ethylene
oxide- containing polymer, and a liquid carrier, and (ii) abrading at least a
portion of the noble metal with the chemical-mechanical polishing system
to polish the substrate. 100101 The polishing system comprises a
polishing component selected from the group consisting of an abrasive, a
polishing pad, and 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
in particulate form and suspended in the liquid carrier and/or can be fixed
on the polishing pad. The polishing pad can be any suitable polishing
pad. The abrasive (when suspended in the liquid carrier), the oxidizing
agent, and the ethylene-oxide containing polymer, as well as any other
components suspended in the liquid carrier, form the polishing
composition of the chemical- mechanical polishing (e.g., CMP) system.
100111 When an abrasive is present and desirably is suspended in the
liquid carrier of the polishing composition, the abrasive can be any
suitable abrasive, many of which are well known in the art. 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 preferably comprises a metal oxide or diamond. 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 silica or
alumina-doped silica. [00121 The silica can be any suitable form of silica.
Suitable forms of silica include fumed silica and colloidal silica. Fumed
silica is typically prepared by a pyrogenic process,



in which a suitable precursor, such as silicon tetrachloride, undergoes
vapor phase hydrolysis at high temperatures. Colloidal silica useful in the

context of the invention includes wet-process type silica particles (@g
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silica particles typically are prepared py condensing Si(OH)4 to form
colloidal particles, where colloidal is defined as having an average particle
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includes wet-process type silica particles (e.g., condensation-polymerized silica particles).
Condensation-polymerized silica particles typically are prepared by condensing Si(OH)4 to
form colloidal particles, where colioidal is defined as having an average particle size between |
nm and 1000 nm. Such abrasive particles can be prepared in accordance with U.S. Patent
5,230,833 or can be obtained as any of various commercially available products, such as the
Akzo-Nobel Bindzil 50/80 product and the Nalco 1050, 2327, and 2329 products, as well as
other similar products available from DuPont, Bayer, Applied Research, Nissan Chemical, and
Clariant.

{06131 Another preferred abrasive is a doped silica, for example, alumina-doped silica.
Alumina-doped silicas are typically prepared by a co-fuming process in which mixtures of
silicon tetrachioride and aluminum chioride are subjected to vapor phase hydrolysis.



difference between the concentration of particles in the bottom 50 ml of

the graduated cylinder ([B] in terms of g/ml) and the concentration of
“Partlcles in the top 50 ml of the graduated cylinder ([T] in terms of g/ml

d @Wlﬂne initial concentration of particles in the abrasiV& EERPLEIeH
([C) in terms of g/ml) is less than or equal to 0.5 (i.e., {[B1- [T)}/[C) < 0.5).
The value of [B]-[T]/[C] desirably is less than or equal to 0.3, and
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hypoiodites, periodates, monoperoxy sulfate, organo-halo-oxy compounds rare carth salts,

1 c.ar

and combinations thereof. As utilized 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 atem. The organic functional group(s), halogen
atom(sj, and oxygen atom(s) of the organo-halo-oxy compound can be arranged in any
suitable manner, but will conform to one of three general formuias: Ry-X-Oy, Ra-Op-X, or
0,-R,-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 not limited to, N-chlorosuccinimide, N-bromosuccinimide, N-
bromoacetamide, N-bromobenzophenoneimine, iodine triacetate, iodine



The purpose of the ethylene-oxide containing polymer is to reduce the
polishing rate for the portion of the substrate that is not a noble metal.
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j6021] The ethylene-oxide containing polymer desirably is compatible with the other
components of the polishing system (e.g., the oxidizing agent, the pH adjustor, and the like).
[0622] The ethylene-oxide containing polymer can be any suitable potymer comprising
ethylene-oxide units. When the ethylene-oxide containing polymer consists essentially of
ethylene oxide repeating units, the ethylene-oxide containing polymer typically comprises
the structure R(CH2CH,0),R’, wherein R can be OH, OR”, or R whereinn R is H or lower
alkyl, R* can be H or R”, and n can be an integer from 150 to 250. Preferably, R is H.



dialkylsiloxane-ethylene oxide block copolymer also can be a graft
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[0626] The substrate can further comprise any suitable material, Suitable materials
include silicon oxide, an adhesion-promoting layer such as titanium or tantalum, and/or a
diffusion barrier layer such as titanium nitride or tantalum nitride, or other high- or low-x
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dielectric materials. Preferably, the substrate comprises silicon oxide.

[0027]  The chemical-mechanical polishing system can have any suitable pH. Typically,
the polishing system has a pH of 1 or more (e.g., 2 or more). Preferably, the polishing
system has a pH of 6 or less (e.g., 3 or less, or 4 or less). More preferably, the polishing
system has a pH of 1 to 4,

[0028)  The pH of the polishing system can be achieved and/or maintained by any
suitable means. More specifically, the polishing composition can further comprise a pH



polishing composition can comprise any suitable amount of a pH adjustor
and/or a pH buffering agent, e.g., to achieve and/or maintain the pH of
the polishing system within the ranges set forth. [0029] A liquid carrier is
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polishing compeosition in any suitable amount. 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 40 ppm to 140 ppm.
[0032] The polishing composition optionally further comprises a biocide. The biocide
can be any suitable biocide and can be present in the polishing composition in any suitable
amount. A suitable biocide is an isothiazolinone biocide. The amount of biocide used in

the polishing composition typically is 1 16 50 pprm, preferably 10 to 20 ppm.



8 [00331 A substrate can be planarized or polished with the polishing
composition described herein and/or in accordance with the inventive
ethod described herein by any suitable technique. The palishi
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O(Zrtpst%%g]ncomponents such as a complexing agent, can be placed in the first and/or second
containers or a third container. Furthermore, the components in the first or second container
can be in dry form while the components in the corresponding container can be in the form
of an aqueous dispersion. Moreover, it is suitable for the components in the first or second
containers o have different pH values, or alternatively to have substantially similar, or even
equal, pH values. If an optional component such as a complexing agent is a solid, it may be
supplied either in dry form or as a mixture in the liquid carrier. The oxidizing agent

desirably is supplied separately from the other components of the polishing composition and



containers to have different pH values, or alternatively to have
substantially similar, or even equal, pH values. If an optional component
such as a complexing agent is a solid, it may be supplied either indry
WO A Y mixture in the liquid carrier, The oxidizing agenf’%gﬁ% 577
supplied separately from the other cognponents of the polishing
composition and WO 2006/044417 PCT/US2005/036577 9 is combined,
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flow lines can be combined at any point into a single flow line that leads to the point-of-use.
Furthermore, any of the one or more flow lines (e.g., the individual flow lines or a
combined flow line) can first lead to one or more of the other devices (e.g., pumping device,
measuring device, mixing device, etc.) prior to reaching the point-of-use of the
component(s).

{0040] The components of the polishing composition can be delivered to the point-of-
use independently (e.g., the components are delivered o the substrate surface whereupon
the components are mixed during the polishing process), or the components can be
combined immediately before delivery to the point-of-use. Components are combined



flow lines can be combined at any point into a single flow line that leads to
the point-of-use. Furthermore, any of the one or more flow lines (e.g., the
individual flow lines or a combined flow line) can first lead to one or more

W& thUEHAEY devices (e.g., pumping device, measuring deviBETHR /036577
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Fﬁ‘éﬁﬁgm RN naa},ne g %Yﬁp pc 1s ing pads. Moreover, sunta shing pads can
comprise any suitable polymer of varying density, hardness, thxckness compressibility,

ability to rebound upon compression, and compression medulus. Suitable polymers
include, for example, polyvinylchloride, polyvinyifluoride, nylon, fluorocarbon,
polycarbonate, polyester, polyacrylate, polyether, polyethylene, polyamide, polyurethane,
polystyrene, polypropylene, coformed products thereof, and mixtures thereof.

[0043) Desirably, the CMP apparatus further comprises an in situ polishing endpoint
detection system, many of which are known in the art. Techniques for inspecting and
monitoring the polishing process by analyzing light or other radiation reflected from a
surface of the workpiece are known in the art. Such methods are described, for example, in



known in the art and include stirrers, blenders, agitators, paddled baffles,
gas sparger systems, vibrators, etc. [0042] A substrate can be planarized
olished with the polishing composition with any suitable p0|IShIn
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Way limiting its scope. [00451 In IEgch of these examples, the polishing
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a:i)oﬂxm&rqé%g‘rmthEoiﬁhmg experunents Polishing Composition 1A (comparative)
contained 1% Degussa MOX-80 abrasive particles (1% alumina-doped silica) and 5%

potassium bromate in water, adjusted to pH 2 with nitric acid. Polishing Composition 1B
(invention) was the same as Polishing Composition 1A except that it further contained 0.25
wt.% of polyethylene glycol with a molecular weight of 8000 Daltons.

[0048] Following use of the polishing compositions, the ruthenium removal rate (Ru
RR} and silicon dioxide removal rate (oxide RR) were determined for both of the chemical-
mechanical polishing compositions. The results are summarized in Table 1.



[0046] This example demonstrates the effect of the addition of
polyethylene glycol to a polishing composition containing an

alumina- doged silica abrasive on the polishing of a ruthenium- contaln%gq
MO eN 047] Two similar substrates comprising ruthenifif 4ndemesn’’

dioxide were chemically-mechanically polished with different polishing
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acBmog]g!’Iy DANES 0.10 we.% sodium dodecylsulfate. Composition 2G (comparative)
additionally contained contained 0.005 wt.% cetyltrimethylammonium bromide.
[0051] Foliowing use of the polishing compositions, the ruthenium removal rate (Ru
RR) and silicon dioxide removal rate (oxide RR) were determined for each of the chemical-
mechanical polishing compositions. The results are set forth in Table 2.



adjusted to pH 2 with nitric acid. Composition 2A (control) did not contain
any other components. Composition 2B (invention) additionally contained
0/ DBE-821 (a dimethylsiloxane-ethylene oxide b ‘_cg/
Szuosma(sw
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COMmPRSIliNE (BaliskingCompdsitars B, 12E, 2F, and 2G) did not exhibit
ruthenium/oxide removal rate ratg pﬁ\ﬂg{g ter than 12. EXAMPLE 3
[0053] This example demonstrates't ect of the molecular wel%ft}’ylene
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polishing compaositions were used to chemically-mechanically polish the substrates
(Compositions 34, 3B, 3C, 3D, 3E, 3F, and 3G). Each of the compositions comprised 1
wt.% Degussa MOX-80 abrasive particles (1% aluminum-doped silica) and 4 wt.%
potassium bromate, and was adjusted to pH 2 with nitric acid. Polishing Composition 3A
(control) did not contain any other compenents. Polishing Compositions 3B-3G {invention)
additionally contained polyethylene glycols with molecular weights and at concentrations as
set forth in Table 3.

[0054) Following use of the polishing compositions, the ruthenium removal rate (Ru
RR) and silicon dioxide removal rate (oxide RR) were determined for each of the chemical-
mechanical polishing compasitions. The results are set forth in Tabie 3.

m_cn

JBATHI UIunlldc [WJLJ I_UIIUVVIIIg Lﬁ}:‘ UI LIIU




polishing compositions were used to chemical ly-mechanically polish the
substrates (Compositions 3A, 3B, 3C, 3D, 3E, 3F, and 3G). Each of the
itions comprised 1 wt,% Degussa MOX-80 abrasiv icles (19
a Lﬁﬁﬁzfl%}ﬁggoped silica) and 4 wt.% potassium bromate, an%@ﬁgskgggmss}éoy
to pH 2 with nitric acid. Polishing Composition 3A (control) did not contain
other compqnents, Polishin mpositions 3B-3G (invention)
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from 0.15 wt.% 10 0.35 wit.% (Polishing Compositions 3F and 3G) were approximately 5%
less than that of the control polishing composition. However, the ratio of ruthenium to oxide
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removal rates increased over the concentration range to approximately 233% greater than
the ratio observed for the control polishing composition.

EXAMPLE 4
[0057) This example compares the ruthenium and oxide removal rates achievable by the
polishing method of the invention as compared to a polishing method involving the use of
polishing compositions containing polyvinyl alcohol or a control polishing composition,
[0058] Similar substrates comprising ruthenium and silicon dioxide were polished with
different polishing compositions. Five different polishing compositions were used to
chemically-mechanically polish the substrates (Polishing Compositions 4A, 4B, 4C, 4D,
and 4E). Each polishing composition was mixed at the substrate via delivery of two
separate flow streams to the substrate. The first flow stream consisted of 5 wi.% Degussa
MOX-80 abrasive particles (1% alumina-doped silica) dispersed in water at a pH of 4, and
was delivered at a flow rate of 50 mL/min. The second flow stream consisted of a 6.25
wt.% solution of KBr(O; in water at a pH of 2, and was delivered at a flow rate of 150



concentration of polyethylene glycol having a molecular weight of 3400
Daltons increasing from 0.15 wt.% to 0.35 wt.% (Polishing Compositions
ngﬁl&%gg _were approximately 5% less than that of the control olishin
composmon However, the ratio of ruthenium to oxide remdva 5/036577
increased over the concentration range to approximately 233% greater
than the ratio observed for the control polishing composition. EXAMPLE 4
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4A (control) 263 90 3 4B (comparative) 140 29 5 4C (comparative) 74 28
3 4D (comparative) 19 36 1 4E (invigntion) 204 15 13 [00601 As is
apparent from the results set fort E}éﬁgﬂe 4, polishing compositions
containing polyvinyl alcohol exhibited greatly reduced removal rates for
B both%‘fﬁ&ﬁ% PAlRY KRR BRI B proximately 1.7-fold

imprévemeneiitpeiegraticbeftsthenivisinga ogide metplaral siitenatifie dowest
polyvinyl alephaideadiogumyaayietaopleamib e ROEURBEORMAOGEIgR P
containing a0 Ie B RIS ORIRIAN ALR L EEURSE A, monum,

approximately 22% decrease in the ruthenium removal rate but allowed
for an approVih Aty HUSIES SF e QAT et P AIRERS G £ BRIions
removal ratéei®f Gita nBemnicamethacicsf pollsshiagyateulsstratising:
comprising:&) condaelisgng ssrptiaie saBaRiiskae anbgRieBatabarbsiicon
oxide on a surfacedtg'ggm’ S ﬁyﬁﬁﬁ B\Q&(’aéﬁmaﬂagn%@gomﬁ@égﬁ sglected

from the grottép consisting of ruthenium, Iridium, platinum, palladium,
u

; P
osmium, thibhum, SE B ARG SrAB SRS A SlBtes.
thereof, and combitiamisess hieksoigitictiosfemitiitinadhanibidrsishing

system comprisingse(@jiaredshypgermpeaRItRelertasplRy MEgE0sBano-
consisting of an aprasive .a.nalishing.pad, and a combination:thetrat W)

an oxidizing, agent selected from the group consisting of bromates,
bromites, hyPobrorffEgSiRiBP&eLy @%%?ﬁ@?, YSRGS perchlorates,
hypoiodites{Perioddi@sd asgirdpa1dxy sulfate, organo- halo-oxy
compigundsatekeng attienalsoaie eombidakonstiheredie (Hemical- mechanical
diaIkylsion%géﬁ%y@ggn%g%lgp% polymer and (d) a liquid carrier, and
(ii) abrading at least a portion of the noble metal with the chemical-
mechanical polishing system to polish the substrate. 2. The method of

2. claimfhs WRBRS At Hewheiniec phamiea-prstRbamepsyalihindwstanp bpsef aH

of erlesss. 3. The method of claim 2, wherein the chemical-mechanical
polishing system has a pH of 1 to 4.

3. The method of claim 2, wherein the chemical-mechanical polishing system has a pH
of 1to 4.
4. The method of ciaim 1, wherein the chernical-mechanical polishing system comprises

0.1 wt.% to 10 wt.% of an oxidizing agent based on the weight of the liquid carrier and any
components dissoived or suspended therein.

5. The method of claim 1, wherein the oxidizing agent is a bromate.

8. The methed of claim 1, wherein the oxidizing agent is potassium hydrogen
peroxymonostulfate sulfate.



4. The method of claim 1, wherein the chemical-mechanical polishing
system comprises 0.1 wt.% to 10 w4:#6 of an oxidizing agent based on the
weight of the liquid carrier and any components dissolved or suspended
therein. 5. The method of claim 1, wherein the oxidizing agent is a
7 brom4te MEPPACHBIRda BieeRiii e Siherianarrs g Ry Sy RiRpfepolymer has
a elesysiune by dvotieh tp&PeRy Prlisosulfate sulfate. 17 7. The method of
claim 1, wherein the dialkylsiloxane-ethylene oxide block polymer has a
molecular weight of 7500 to 10000 Daltons. 8. The method of claim 1,
wherein the chemical-mechanical polishing system comprises an _
8. abradiVR REEpL ALY Th aURY Eaf AR MiRa TIRE 2B ICR RV E BRI FroMRMses
anthlyapiotipuspendisting bivadwanitea, aitidbe seraiveiiceritaiaitémin figegrmemia,
cofkRRNA aARINeOMBH) ab Sirtb RS afafa, HappathadmbslaimiBowbaeadhe
mapgasive comprises silica doped with alumina. 10. The method of claim 1,
wherein the noble metal is ruthenium. 11. The method of claim 1, wherein
the liquid carrier comprises water. 12. The method of claim 1, wherein the
9. chenieameibehahttsnSoiseirdhs altesivh goverrissseipeisespesh tiralivinzhat
is affixed to a polishing pad. 13. The method of claim 1, wherein the
chemical-mechanical polishing system further comprises a complexing
agent. 14. The method of claim 13, wherein the complexing agent is
OselectBf HERCHL TBLD VEsHEL it 3P e MSiRHR BN Etetraacetic acid,
nitrogen-containing crown ethers, citric acid, chloride ligands, bromide
11liganttse eyamdedigands vauaciphes pliikediganesmidses hrwrethod of claim
1, wherein the chemical-mechanical polishing system further comprises a
12pH b¥fferingna€ent. 16. A method of poI_ishin% a substrate ,comprisingi: g)
contadlfifg A eBBEHAR LOMPRGAY & roKta Tatarart eniEBRbREBAG "
cogpftaricdtfatiiastigisataieiiee iein rhtshiobkethetal is selected from the
group consisting of ruthenium, iridium, platinum, palladium, osmium,

1arhenigm, SIS o8l Nitidgs thpLeek AXEeR HRerRAf BHAVS BRie Rl « AR,

combinations thereof, with a chemical-mechanical polishing system
COTBRTER AT REX [P X BBlishing pad, (b) a liquid carrier,

14, The method of claim 13, wherein the complexing agent is seiected from the group
consisting of ethylenediaminetetraacetic acid, nifrogen-coniaining crown ethers, citric acid,
chioride ligands, bromide ligands, cyanide ligands, and phosphine ligands.

15, The method of ciaim 1, wherein the chemical-mechanical poiishing system further
comprises a pH buffering agent.

16, A method of polishing a substrate comprising:

{i) contacting a substrate comprising a noble metal and silicon oxide on a
surface of the subsirate wherein the noble metal is selected from the group
consisting of ruthenium, iridium, platinum, palladium, osmium, rhenium,
silver, gold, nitrides thereof, oxides thereoi, alloys thereof, and combinations

thereof, with a chemical-mechanical polishing system comprising:



(c) an abrasive suspended in the liquid carrier, (d) potassium bromate
present in the liquid carrier in an ampgint of 0.1 wt.% to 10 wt.% based on
the weight the Ilg gﬁ(g Oand any components dissolved or
suspended ereln % ylsiloxane-ethylene oxide block polymer
having a méféculaf \ﬁ/‘éijg?ﬁr%eff%oo to 10000 Daltons present in the liquid
carrier, and{qii) abeadiprgsiveleesteadedrtidnedivthe saoisie metal with the

chemical- nwphanBé@ésﬂmlﬂﬁhm&%/&*@é@nt%m@%mmaﬁu&%@?ﬁarﬂc?urﬁ\of 0.1
method of po"Sh'”%@/%%Q@‘? ELORPUR (g%% v@«afn F@f &L% %ﬂ?é g any
e on face o

comprising a noble metal and silicon oxi e su strat

wherein the noble BRI EHEEREH BRUTRE BN etdhsisting of
ruthenium, igdium digfarisiprenpaiadinmeodstinek phipnaiimyisivenarsidar
nitrides thereof, oxidagtberess 1aHoysotbarent pactaambAiIRNSHReaS,
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pad, (b) ali carrier, (c) an abrasive suspended in t carrier,
(d) an omdéﬂf'ﬁhé'bge?ﬁs AR AR BT RETHRY S a dialkylsiloxane-ethylene

oxide block copolymer in the liquid carrier, wherein the
17diakylsiteraaeidans Dxidarbloekearelymer suppresses the removal

rate ‘@E the siligonoxi 9&@4@&%2&%&% L%@%e?apé%{&'gncep E?]&tgep'g
metal with the chemical- mechanical system to polis
substrate. surface of the substrate wheresn the nob meta[ is seéected from the group

consisting of ruthenium, iridium, platinum, palladium, osmium, rhenium,
silver, gold, nitrides thereof, oxides thereof, alloys thereof, and combinations
thereof, with a chemical-mechanical polishing system comprising:

a) a polishing pad,

{

{b) a hquid carrier,

{c) an abrasive suspended in the liquid carrier,

{d) an oxidizing agent in the liquid carrier,

(&) a dialkyisiloxane-ethylene oxide block copolymer in the liquid carrier,
wherein the diakylsiloxane-ethylene oxide block copolymer
suppresses the removal rate of the silicon oxide, and

{ii) abrading at least a pertion of the noble metal with the chemical- mechanical

polishing system to polish the substrate.



