CHEMICAL-MECHANICAL POLISHING COMPOSITION AND METHOD
FOR USING THE SAME FIELD OF THE INVENTION [0001] This
invention pertains to a chemical-mechanical polishing composition and a
method of polishing a substrate using the same. BACKGROUND OF THE
INVENTION [0002] In the fabrication of integrated circuits and other
electronic devices, multiple layers of conducting, semiconducting, and
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tallization and processing. [0004] Chemical-mechanical planarization, -
or chemical-mechanical polishing (CMP), is a common technique used to
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asgﬁainst the polishing pad. The pad is moved relative to the substrate by
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coppvesitol Slyeads thesinfacdaofdhaipn is alse useful in forming features on a
substrate by removing excess deposited materjal used to fiil the features and to provide an
even surface for subsequent levels of metallization and processing.

[6064] Chemical-mechanical planarization, or chemical-mechanical polishing (CMP), is
a common technique used to planarize substrates. CMP utilizes a chemical composition,
typicaily a slurry or other fluid medium, for selective removal of material from the
substrate, In conventional CMP technigues, a substrate carrier or polishing head is mounted
on a carrier assembly and positioned in contact with a ﬁolishing pad in a CMP apparatus,
The carrier assembly provides a controllable pressure to the substirate, urging the substrate
against the polishing pad. The pad is moved relative 1o the subsirate by an external driving

force. The relative movement of the pad and subsirate serves to abrade the surface of the
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substrate to remove a portion of the material from the substrate surface,
thereby polishing the substrate. The polishing of the substrate by the
. relative movement of the pad and the substrate typically is further aided
by the chemical activity of the polishing composition and/or the
mechanical activity of an abrasive suspended in the polishing
composition. [0005] As the demand for ever smaller storage devices
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compositions might be capable of polishing noble metals more efﬂuentle/
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composition for noble metals comprising sulfur-containing compounds, abrasive particles, and
water-solubie organic additives which purportedly improve the dispersion of the abrasive
particles and enhance metal removal rates and selectivity.

[0607] While each of the aforementioned chemical-mechanical polishing compositions
might be capable of polishing noble metals more efficiently than conventional chémical-
mechanical polishing compositions, the compositions also can produce defects on the surface

of the substrate that can negatively impact the performance of any integrated circuit later
2



2 manufactured from the substrate. Furthermore, the halogen- and
sulfur-containing compounds utilized in the aforementioned polishing
compositions can be highly toxic (which can complicate the polishing
process by requiring specialized handling equipment and/or procedures),
expensive to produce, and/or expensive to properly dispose of in
accordance with environmental regulations. [0008] A need therefore
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method of using the same to polish a substrate. These and other
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providing a substrate, (b) providing a chemlcal mechanical polishing
%ﬁﬁ’ﬁ@@ﬁr&@c@ﬁﬁﬂ@ﬁgﬁ RSN Eprising a-alumina, (i) 0.05 to
[ (mllllniﬁiemwpmdﬁldgm@mv(mmm@)@fitmqsmﬁlaﬂl@abﬂm%cmﬁta?”l@n

cgr%lezg:st}%% 106-QE0LD. CORSIRURCQS ghd Lo Sirentiema i RanA maﬁﬁﬂna 3-
ture reof, based on the total weight of the 0|IShIn9 %oc{m% sition,
abyveingii -4 HepHe G BRL BRRHEHHRI AR/ AtAFOR SRR %fy the & ?a“‘“m

nitride, and mixtures thereof, (b) 0.05 to 3.5 mmol/kg of ions of at least one metal seiected
from the group consisting of calcium, strontium, barium, magnesium, zinc, and mixfures
thereof, based on the total weight of the polishing composition, and (c) a liguid carrier
comprising water.

[0011] The invention further provides a method of polishing a substrate comprising the
steps of: (a) providing a substrate, (b) providing 2 chemical-mechanical polishing
composition comprising: (i) an abrasive comprising a~alumina, (if) 0.05 to 50 millimoles
per kilogram (mmol/kg) of ions of at least one metal selected from the group consisting of
caleinm, strontium, barium, and mixtures thereof, based on the total weight of the polishing

composition, and (iif) a liquid carrier comprising water, (¢} applying the chemical-
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3 mechanical polishing composition to at least a portion of the substrate,
and (d) abrading at least a portion of the substrate with the polishing
composition to polish the substrate. [00121 The invention additionally
provides a method of polishing a substrate comprising the steps of: (a)
providing a substrate, (b) providing a chemical-mechanical polishing
composition comprising: (i) an abrasive selected from the group consisting
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seiected from the group consisting of magnesium, zine, and mixtures thereof, based on the
‘total weight of the polishing composition, and {(c) a liquid carrier comprising water. In yet
another embodiment, the chemical-mechanical polishing composition comprises (2) an
abrasive selected from the group consisting of ¢-alumina, y-glumina, S-alumina, G-alumina,
diamond, boron carbide, silicon carbide, tungsten carbide, titanium nitride, and mixtures
thereof, (b) 0.05 o 3.5 mmol/kg of jons of at least one metal selected from the group
consisting of calcium, strontium, barivm, magnesinm, zine, and mixtures thereof, based on

the total weight of the polishing composition, and (c) a liquid carrier comprising water.
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4 Aside from the abrasive and the identity and concentration of the metal

ions present in the embodiments of the chemical-mechanical polishing

composition of the invention, the other characteristics of the

chemical-mechanical polishing composition of the invention:(e.g., the -

amount of abrasive, the liquid carrier, the pH, and other suitable additives)

can be the same. [0014] The polishing composition comprises an
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silicon carbide, and mixtures thereof. Most preferably, the abrasive is selected from the
group consisting of g-alumina, y-alumina, d-alumine, @-alumina, and mixtures thereof.
[0016]  Inaddition to the aforementioned abrasive components, the abrasive of the
polishing composition can further comprise other sujtabie abrasive components. Suitable
additional abrasive components include, but are not imited to, metal oxide abrasives, such
as other forms of aiumina (e.g., fumed alumina), silica (e.g., colloidally dispersed

. . e o . iem). ceria
condensation-polymerized sifica, fumed or pyrogenic silica, and precipitated silica), .



5 titania, zirconia, chromia, iron oxide, germania, magnesia, co-formed
products thereof, and combinations thereof. [0017] The abrasive can be
present in the polishing composition in any suitable amount. Typically, the
abrasive is present in the polishing composition in an amount of 0.01 wt
.% or more, preferably 0.05 wt% or more, more preferably 0.1 wt.% or
more, still more preferably 0.5 wt .% or more, and most preferably 1 wt.%
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based on the total weight of the polishing composition. The ions of the metal generally are
present in the polishing composition in an amount of 50 mmol/kg or less, preferably 40
mmol/kg or less, more preferably 30 mmol/kg or less, and most preferably 20 mmol/kg or
Jess (e.g., 10 mmol/kg or less, 5 mmol/kg or less, or 3.5 mmol/kg or less), based on the total
weight of the polishing compaosition. In certain embodiments, such as when the polishing
composition comprises ions of at least one metal selected from the group consisting of
calcium, strontium, barium, and mixtures thereof, the ions of the metal preferably are
present in the polishing composition in an amount of 0.05 to 50 millimoles per kilogram
{mmol/kg), more preferably 0.05 to 40 mmol/kg {e.g., 0.05 to 30 mmol/kg, 0.05 to 25
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(mmol/kg), more preferably 0.05 to 40 mmol/kg (e.g., 0.05 to 30 mmol/kg,
0.05 to 25 6 mmol/kg, 0.05 to 20 mmol/kg, or 0.05 to 15 mmol/kg), still
more preferably 0.05 to 10 mmol/kg, and most preferably 0.05 to 5
mmol/kg, based on the total weight of the polishing composition. When
the polishing composition comprises ions of at least one metal selected
from the group consisting of magnesium, zinc, and mixtures thereof, or the

polishing composition comprises an abrgsive selected fr. h u
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composition in an amount of Q.05 to 3.5 millimoles per kilogram . .
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iquid carrier consists essentially of, or.consists of, water r
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system can be achie nd/or maintaine any,suitable means. Mar
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potassium roxide, sodjium roxide, ammonjum hydr ora
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suitable amount of a pH adjustor and/or a pH buffering agent, pr. \éig!}ed
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pRlislegnsysten withinthierRngesHet forhHerdistof00R 2k Thespolishirid
SamRps Lo G L SRMP RS A Al COE R0 NG A R 8l
acld, stuc an inorganic or an organic acid, or a comblnatlon_thereof,
Bydroxide, ammonium hydroxide, or a combination thereof. The pH buffering agent can be
any suitable buffering agent, for example, phosphates, acetates, borates, ammonium salis,
and the like. The chemical-mechanical polishing system can comprise any suitable amount
of a pH adjustor and/or & pH buffering agent, provided such amount is sufficient to achieve
and/or maintain the pH of the polishing system w&thin the ranges set forth herein.
[0022]  The polishing composition can further comprise an acid. The acid can be any
sujtable acid, such as an inorganic or an organic acid, or a combination thereof. For
example, the polishing composition can comprise an inorganic acid selected from the group
consisting of nitric acid, phesphoric acid, sulfuric acid, saits thereof, and combinations
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example, the polishing composition can comprise an inorganic acid
selected from the group consisting of nitric acid, phosphoric acid, sulfuric
acid, salts thereof, and combinations 7 thereof The polishing composition
can comprise (alternatively or in addition to the inorganic acid) an organic
acid selected from the group consisting of oxalic acid, malic acid, malonic
acid, tartaric acid, acetic acid, lactic acid, propionic acid, phthalic acid,
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include, for example, carbonyl compoun acetylacetonates, and
R 0 L A OE 10 Bt BT ERELSaHe the

dke)ogashoxylates containing one or more hydroxyl groups (e.g.,

s arendqgien, dusonaiee salianeandsalis.detohapdihe

di-, tri-,’a pézly -carboxylates (e.g., oxalates, phthalates, citrates,
%%m&ggﬁaw%@m@a@g 2RI I8 8N FRIGDIS ST AHAE TSRS FREGRTRSS
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Phosphonic groups, and the like. Suita |ati |
T o

GiyoelcayeEsatRie: pwﬁw T bR, @Wdhﬁéhﬂlesaél?ﬂa‘y afes containing
&{@H}%@@Hﬂ%@m G%ﬁﬁ@dé’&%(}%&ﬂ@%ﬂ@ﬂ&@g%ﬂﬁ@@%ﬁ:@&ﬁﬁd salts
tianlecngglfoelt%ddhe I ce) afﬂ , tri-, and poly-carboxylates (e.g., oxalates, phthalates, citrates,
succinates, tartrates, malates, edetates (e.g., dipotassium EDTA), mixtures thereof, and the
like), carboxylates containing one or more sulfonic and/or phosphonic groups, and the like.
Suitable chelating or complexing agents also can include, for example, di-, tri-, or
polyalcohols (e.g., ethylene glycol, pyrocatechol, pyrogallol, tannic acid, and the like) and
amine-containing compounds (e.g., ammonia, amino acids, amino alcohols, di-, tri-, and

polvamines, and the like). The choice of chelating or complexing agent will depend on the

type of substrate layer being removed.



polyamines, and the like). The choice of chelating or complexing agent will
depend on the type of substrate layer being removed. 8 [0025] It will be
appreciated that many of the aforementioned compounds can exist in the
form of a salt (e.g., a metal salt, an ammonium salt, or the like), an acid, or
as a partial salt. For example, citrates include citric acid, as well as
mono-, di-, and tri-salts thereof; phthalates include phthalic acid, as well
as mong-salts (e.g., potassium hydrogen phthala I 0f;
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ﬂ%%{h% gb&ﬁR Qm,??r%ge ﬁ@ﬁ%lﬁgﬁg%%ﬁlﬁﬁghggﬁﬁZ%ﬂliﬂﬂ? potigiain g gagamn#hﬁbﬂe,
preferably is colloidally stable. The term colloid refer A NSjaN
B e AR e PR AT T BLruay e e iR
Stability rafefsatoithesmaiptenalicdhobtishing speRsRMPIHRGIGI fihe" pm
ﬁ%lis%ng composition is considered colloidally stable if, when the

polf3 Ing composition is placed into a 100 ml graduate I'q ef & ,
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ihe:seneritatioexafpbr asisetiemimbraseidpatitclaniinthé Hestidsh n the
polishing composition typically is 1 to 50 ppm, preferably 10 to 20 ppm.
[0029]  The polishing coniposition preferably is colloidally stable. The term colloid
refers to the suspension of the abrasive (e.g., abrasive particles) in the liquid carrier.
Colloidal stability refers to the maintenance of that suspension through time. A polishing
composition is considered colloidally stable if, when the polishing composition is placed
into a 100 ml graduated cylinder and allowed to stand unagitaied for a time of 2 hours, the
difference between the concentration of abrasive (¢.g., abrasive particles) in the bottom 50
ml of the graduated cylinder ([B] in terms of g/ml) and the concentration of abrasive {e.g.,
abrasive particles) in the top 50 ml of the graduated cylinder ([T] in terms of g/ml) divided
by the initial concentration of abrasive (e.g., abrasive particles) in the polishing composition
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ml of the graduated cylinder ([B] in terms of g/ml) and the concentration of
abrasive (e.g., abrasive particles) in the top 50 ml of the graduated
cylinder ([T] in terms of g/ml) divided by the initial concentration of
abrasive (e.g., abrasive particles) in the polishing composition 9 ([C] in
terms of g/rnl) is less than or equal to 0.5 (i.e., {[B] - [T]}[C] :5 0.5).
Preferably, the value of [B]-[T]/[C] is less than or equal to 0.3, more

ferably is less.than or equal to 0.1, even mor ably.is less than
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from the group consisting of calcium, strontium, barium, and mixtures
i BPLISH TSP O e Al W G AP STERRRge Macer. () applying the

chemical-mechanical polishing composition to at least a portion of the substrate, and (d)
abrading at least a portion of the substrate with the polishing composition io polish the
substrate.

[0033] The polishing composition utilized in this method embodiment of the invention
comprises: (&) an abrasive comprising o-alumina, (b) 0.03 to 50 millimoles per kilogram
(mmol/kg) of ions of at least one metal selected from the group consisting of calcium,
strontium, barium, and mixtures thereof, based on the fota] weight of the polishing
composition, and (c) a liquid carrier comprising water. The other characteristics of the
chemical-mechanical polishing composition utilized in this method embodiment of the

invention (e.g., the amount of abrasive, the liquid carrier, the pH, and other suitable
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composition, and (c) a liquid carrier comprising water. The other
characteristics of the chemical-mechanical polishing composition utilized
in this method embodiment of the invention (e.g., the amount of abrasive,
the liquid carrier, the pH, and other suitable 10 additives) can be the same
as set for th above for the chemical-mechanical polishing composition of
the invention. [0034] In another embodiment, the method of polishing a
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a chemical-mechanical polishing composition comprising: (i) an abrasive
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from the group consisting of calcium, strontium, barium, magnesium, zinc, and mixtures
thereof, based on the total weight of the polishing composition, and (iif) a liquid carrier
comprising water, (c) applying the chemical-mechanical polishing composition to at least a
portion of the substrate, and (d) abrading at least a portion of the substrate with the
polishing composition to polish the substrate.

[6037]  The polishing composition utilized in this method embodiment of the invention
comprises: (a) an abrasive selected from the group consisting of a-alumina, y-alumina, &~
alumina, H-alumina, diamond, boron carbide, silicon carbide, tungsten carbide, titanium

nitride, and mixtures thereof, (b) 0.05 to 3.5 mmol/kg of ions of at least one metal selected
11



[0037] The polishing composition utilized in this method embodiment of
the invention comprises: (a) an abrasive selected from the group
consisting of a-alumina, y-alumina, 6- alumina, 0-alumina, diamond, boron
carbide, silicon carbide, tungsten carbide, titanium nitride, and mixtures
thereof, (b) 0.05 to 3.5 mmol/lcg of ions of at least one metal selected 11
from the group consisting of calcium, strontium, barium, magnesium, zinc,
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iridium, ruthenium, rhodium, palladium, sil ver, osmium,
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kes place by the substiate being placerdn contect with (e polishing,pad
moving with the platen when in motion, and a carrier that holds a substrate to be polished
by contacting and moving relative to the surface of the polishing pad. The polishing of the
substrate takes place by the substrate being placed in contact with the polishing pad and the .
polishing composition of the invention and then the polishing pad moving relative to the
substrate, so as to abrade at least a portion of the substrate to polish the substirate.
[6040] Desirably, the CMP apparatus further comprises an iz 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
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polishing composition of the invention and then the polishing pad moving
relative to the substrate, so as to abrade at least a portion of the
substrate to polish the substrate. [0040] 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 froma 12
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anodlc entl tll'le substrate ﬁnlc g Qtlg ega%tg hge
CORUARE 15 ﬁlﬁﬁi?fnad)? FHREGAR? 'Va% 3P s B aRs Can Be any
substitable. sudhodemceofﬁh@mé)ar@ﬂﬁemmfm@nhwsub@nwirme@imgfm

thggmpcw%@éaﬁ@%&%@gbmbﬂ%@c@r%&%@ﬁ{@&%ﬂmﬁﬂmm@mgwg
potential) during an initial stage of t pO|IShI and ?g)(% %a second
t&F

Prﬁ%fé‘h‘f’é‘tf’@’ﬁse%algg‘é%ﬁ% 3G Pok ﬁ%ﬁ’f’ﬁf‘%? tifing {4ge Rspential)
dppinkishingiidrsagedide falichapgidgihiyifisst poterdfatettiahie seedrse oxidizing

RN QJ&L&HHQ%ZAM&@{@%%@%%W SFRAUSIAG: & BeifORINHOUSntial

reducing the ntial dufing the intermediate stage or rapldly reducing

tortke ﬁ@%ﬁ@&t%ﬁh dyrifpggn ﬁ?@%@ﬁ%ﬁ i) %&f@ﬁhﬁ’lgﬁ &sEEHREC Y Wer
re@Xidigitng pﬁ&&ﬁﬂ&hﬁiﬁgm& ﬂfﬁdﬁé&i’zﬂ&lﬂlﬁ@@: intepidilyatdhafy dis higherl from a

ﬁrs{( [g Zhnxgog%tel?lat%aé F OXI é n&j %'J{J& @?di%%gb&@ﬁﬁﬁh&f a%]‘edetex ‘rnined

are izing potential isapplied to the substrate to

mpﬂf@ﬁh étéh&ﬁféudﬂﬁ@yﬁﬁﬁ’@é%?%&ld ﬁﬁbm'ai@ﬁaﬁﬁ%w%éf%> of
th%t;b@ﬁgiﬁﬁg MQ%@? lisGingiisa Spdriglsiagemied wheibapp eashingtan
S BT e R bR i s
latxistagion/dissetutivpiveshivganondse subserses larrer disycanbsiheriag s

re'au&%t@m@éhéﬁ&@agm pgsmagnmu@wmraeg@msm Jihe time-varying

e R e R
diBLBE9 2R3sfumther desmb%atmeamm dsitiipiheracelisenitd by wHpig
;gpﬁ@&%ﬂa' L J9R4zLdibe Jollowing examplghiwthenibusirale thednwenation s,

t, of course, should not be construed, g,s in any, Wa¥ I|Dm|t|n its scope.,
Patent 6,379,223 further describes a means for oxidizing a stbstrate by applymng a potential.

[6642] The following examples further illustrate the invention but, of course, should not

be construed as in any way limiting its scope.

EXAMPLE 1
[0043]  This example demonstrates the enhanced polishing rate exhibited by the
polishing composition of the invention. Similar substrates comprising platinum were
polished using four different polishing compositions (polishing compositions 14, 1B, 1C,

and 1D). Polishing composition 1A (comparative) did not comprise an appreciable amount
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EXAMPLE 1 [0043] This example demonstrates the enhanced polishing
rate exhibited by the polishing composition of the invention. Similar
substrates comprising platinum were polished using four different
polishing compositions (polishing compositions 1A, 1B, 1C, and ID).
Polishing composition 1A (comparative) did not comprise an appreciable
amount 13 of metals ions. Polishing composition IB (invention) comprised

of ,}}13halfr1n ol 59115@&% Egé%%%t[ E! Sq)t C'Ume@é £algl k%hloride)-

olishing composition i Invent r|s O 38 mmo g
(appioprogipiatépras phiplrbrstioml &’Hﬂ%@‘tﬁ@hﬂﬁﬁ‘i@@ﬁﬂ)‘?woﬁﬂi&&hﬁtg
(txﬁeﬂﬁe@ﬁ&ﬁmldad(mmmgw@ﬂsm@@me@j/gg;@aﬁﬁmqmatetmuﬁﬂ,
R obbanum (a3 %%%%Q‘tﬁ't'ottéjn%? ngag}:ptp?f s %‘%‘%ﬁ%‘ﬁf‘ % hx'”g

compositions also comprised fan‘abrasive compn ase

51tnertb@élbwet@t{%taatn@a?é#e@% %W@Mafetym%p%palammma and

co@r@tat%metelm@@ﬁse%sfwm@fadﬂ BbAsyeach Padna, pekef & hbevalvastioss
ol rrglatmum removal ra angstroms per minute) were t@efas%{ie for

B AYR O iRR iSRRG composoft"%nnmtahe reifts are summarize abte
andl hafgdél of Plafhsuimuesriovbd pl@siPehivhing: e@nﬁmeesm@mmtaninute) were

mEQREg RFRHANF tﬁé'ﬁ&l‘fﬁhﬁg %%1@31{?5}{@ offikeRAteLAIMakAed in Table 1.
(comparative) -- i -- 496 IB (invention) Ca 0.38 1450 IC (invention) Sr 0.38

TabEb1L: m@t:@meammw)l Beae6.37 1636 [0044] These results demonstrate that

Pé'hﬁlfﬁg ?‘Mﬁ SiioH osition o the nver emoval
removal rate as compared to similar pollst'{mglglgggpo& ions CAMANSAY

e} )amount of metal 1ons. In particular, polishing comj@sitions
1. B-1D ln\/pntlnn\ which nnmnrlcnrl nnrnvnmntnlu 0.37-t6-0-38 r“m.ol./kg

of BTSN Rbtal selected ffom the g oup coor‘nﬁstlng of alcium?wo

strﬁntiummamj barium, eactsexhibited{a platiédén removal rate thatl was

apj ﬁwuqhgl 200%ot |||U|§ahigi|c:| thatthe Hig\-}‘;inum removat l%tg',ﬁfur
polishing composition 1A (comparative), which did not ¢ontain an

appreciable amount of ions of calcium, strontium, or barium. EXAMPLE 2
0451 Thiscaxample:Hemensinates theienhaneeshaolishinge aie-eidibited

3 thtlt]s% high platinum removal rate as compared to similar polishing compositions
comprising no appreciable amount of metal ions. In particular, polishing compositions 1B-
1D (imvention), which comprised approximately 0.37 to 0.38 mmol/kg of fons of a metal
selected from the group consisting of calcium, strontium, and barium, each exhibited a
platinum removal rate t}:tat was approximately 200% or more higher that the platinum
removal rate for polishing composition 1A (comparative), which did not contain an

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

EXAMPLE 2
[0045] This example demonstrates the enhanced polishing rate exhibited by the
polishing composition of the invention. Similar substrates comprising platinum were
polished using three different polishing compositions (polishing compositions 24, 2B, and
2C). Polishing composition 2A (comparative) did not comprise an appreciable amount of
metals ions. Polishing composition 2B (invention) comprised 0.4 mmol/kg {(approximately

9 ppm) of magnesium (as magnesium chloride). Polishing composition 2C (invention)
4



polishing composition of the invention. Similar substrates comprising
platinum were polished using three different polishing compositions
(polishing compositions 2A, 213, and 2C). Polishing composition 2A
(comparative) did not comprise an appreciable amount of metals ions.
Polishing composition 2B (invention) comprised 0.4 mmol/kg
(approximately 9 ppm) of magnesium (as magnesium chloride). Polishing

oRIRRAYHA hhfo IMEBHRN AP Bﬂa%f%lén@%m&'/ﬂé% lt{@eBEJQ&QH‘c%‘S%QjS

p mg of magnesium (as magnesium chloride). Eacho )
By R SRS HIA G R S S HE A RIS PSSP Voo 81 gpyasive
ccmmlﬁilgebmmr i&img;tﬁaﬁghwf theamhaixwexigﬂs_rbﬂmbxel@boasivfe ¢~alumina and
RRRRIBAIRN 00 Wit aInA 200 ARPYMAIENAD MG UMt

p sforthe p A

alumina, and had a pH of 3. The value atinum removal rate (in
R FER RSP R R sgstirsassrb BRIt isomdsas
cCORIOSIHOMEe feairasylisarersummagized.in Table 2. Table 2: Platinum

removal rates. Polishing Composition Metal Concentration 1 Platinum
TRERoVHigmNBmRY YIRS (A/min) 2A (comparative) -- -- 1263 2B

PO NGRA [[645 2GLHVention) Mgt 2420 [O0RRETIE e moval |
results demonstrate that the polishing/ compasiiag of thib INVRAEQA /min)

ibitsydaigR)platinum remeval rate as compared to similar poligbing

c la amarint-af-matal inone In
A+ Ly (T Al Ui arTtomrms.— 11 -
3 g 45

parficular, 5)0 ishing compositions 2B Jand 2C (invention), which

cothpHseatiapproximately 0Mgnd 0.74 mmolfkgdof ions [of magri@dium,

gach exnibited a platinum removal rate that was approximately 30% and

75%:), respectively, greater that the platinum removal rate for polishing
03800 a0 DTS A R A8 W CBFRATH A i/ iaERe
exwnitumbigh plagnesivmden satE XAMBLEG (04T r Doisexgmpleositions

c&%ﬁ&ﬂ@ﬂé&%ﬁrﬁ&ﬁaﬁ@ Qﬂf&ﬁ%?ﬂ;‘é@# RAs A EHURIE S AYeARE RIRIIAGS o5

comp_osvltlo_n of t e |nventhn, Simi ar substrates comprlsm% platl.num were
R s HBY Bty S diferamtspoRRRmMEETpbEitRhS (harenlng ebivfscditions
m3dhe 8B 3ash 3khiBikedand-3MmRelishihgieanapesiim3Ai(eamparative )7 chd
re@&fcﬁ%}_pg;%%am%leﬁ{@glﬂ%la QP&%&%‘FS?E}%%A%%?%%&B% ﬁ'il‘c% 2A
composition 3B (comparative) comprised 0.74 mmdl/kg “of aluminum (as
(carermiriiin- MfrstesiPwismHg e IpBsRigNc 3O pEBrRp AanG e Edfbrised 3.0
EXAMPLE 3
[0047]  This example demonstrates the enhanced polishing rate exhibited by the
polishing composition of the invention. Similar substrates comprising platinum were
polished using six different polishing compeositions (polishing compositions 34, 3B, 3C,
3D, 3E, and 3F). Polishing composition 3A (comparative) did not comprise an appreciabie
amount of metals ions. Polishing composition 3B (comparative) comprised ¢.74 mmol/kg
of aluminum (as aluminum nitrate). Polishing composition 3C (comparative) comprised 3.0
mmol/kg of aluminum (as aluminum nitrate). Polishing composition 3D (invention)
comprised 0.74 nunol/kg (approximately 18 ppm) of magnesium {as magnesium chloride).
Polishing composition 3E (invention) comprised 0.75 mmol/kg (approximately 49 ppm) of

zinc (as zine chloride). Polishing composition 3F (invention) comprised 1.5 mmol/kg

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



mmol/kg of aluminum (as aluminum nitrate). Polishing composition 3D
(invention) comprised 0.74 mnol/kg (approximately 18 ppm) of
magnesium (as magnesium chloride). Polishing composition 3E
(invention) comprised 0.75 mmol/kg (approximately 49 ppm) of zinc (as
zinc chloride). Polishing composition 3F (invention) comprised 1.5
mmol/kg (approximately 96 ppm) of zinc (as zinc chloride). Each of the
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Was approximat

or polis

hing comy

L O N04L
1y oU70 Ugjym T

ositions 3A-3C

(comparatlve) which did not contain an appreciable amount of ions of
[0oABPnesTusgeat TN dEMGANBRE hd ROATkTiRiscexptRIendemRnStEalRS the

eﬁq:ufa ql ?I{SI;\}IHQQ LS % Iebflltse cc(in%éare q[) O“sﬂlrn G0 %Sltlon f;[rhe
|nvent|o imiar su strates comprl INg platnum rom 8%[‘6“? ot than

G%é@@qgs*@oﬁm@abmé@@@f Bretphip®) G PN ghed i singjféuveimetal ions.
Inditfetant, palisieecopiResiions. (P elisbiRe SOMRasiiansidA af R odtadR),
Oéf fo41|.:5 1%1@1%%& )df ions of a metal selected from the group consisting of magnesium
and zinc, each exhibited a platinum removal rate that was approximately 80% or more
higher that the platinum removal rate for polishing compositions 3A-3C (comparative),

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

EXAMPLE 4
[0049] This example demonstrates the enhanced polishing rate exhibited by the
polishing composition of the invention. Similar substrates comprising platinum {from a
different lot than those used in Examples 1, 2, 3, and 5) were polished using seven different
polishing compositions {polishing compositions 4A, 4B, 4C, 4D, 4E, 4F, and 4G).
Polishing composition 4A (comparative) did not comprise an appreciable amount of metals
ions. Polishing composition 4B (comparative) comprised (.74 mmol/kg (approximately 29
ppm) of potassium (as potassium chloride). Polishing composition 4C (comparative)
comprised 0.74 mmol/kg (approximately 29 ppm) of potassium (as potassium sulfase).

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



Polishing composition 4A (comparative) did not comprise an appreciable
amount of metals ions. Polishing composition 4B (comparative)
comprised 0.74 mmol/kg (approximately 29 ppm) of potassium (as
potassium chloride). Polishing composition 4C (comparative) comprised
0.74 mmol/kg (approximately 29 ppm) of potassium (as potassium
sulfate). Polishing composition 4D (invention) comprised 0.74 mmol/lcg

1@%@&%&%%&8@1&9%&?&? 'P&E&Hg%%‘ %ﬁl Si?étm g%gi%wemn }?()Igl Ocrcl)gne rised 1.5

h|n composition 4E (invention) comp
m(rgp[g B&a 5%1?%@%?)%’)05‘9 FHAERRBENHH é%@ﬁ@@%%%?ﬂéhd@)ﬁsﬂmﬂshmg
cgopaptisitighn(dFefinventhon: cedir lﬁﬁ%ﬂc@ (ﬁﬁmﬂk@a(awmmﬂﬁ%ig%esmm
(a@B{Qg;ﬁE;Hh@Qlﬂ@ﬁ&éWP@ﬁ %r%%%?zgs Jf%r@nel)en?()“ R‘%rwe'??%%%!%&/ﬁ?

mvennonéhcompnsed 59m apprOX|mate

(RpIgets %Pm@g?fé%?@m%%ﬁa&a@%%fhh@dwo@ﬂmﬁmed

aﬁgmmmnglemmpasﬁmmlehmmb Sﬁ%&%ﬁ%ﬁ%%ﬁ&(@?&(ﬁ&&@%}?ﬂg
e aprasive tel wt.% a-a

b%%?ngﬁ ggtﬁﬁ%@%ﬁﬁ We T8 ume gf&%ﬁlvéméand W BRF of 3. The

ARPERTERABR tHeigtifmed F@M@Valﬂﬁdthaém rheEfofls penenifvate) piaisum
remeaswredifonhgasinobiiepelishing: cempesitipasnisesulisae

§}§gm%r ed.in Table 4. Table 4: Pla ;}n m, removal rates. Polishing
pOéélO?l Metal Concentr %%E fl{rs:lum Removal (mmol/kg) Rate

TAREMINY AAEPERRAALVE) -- -- 2540 4B (comparative) K 0.74 2335 4C
(combarative).K-0.Z4 2054_4D (|n\/pn ion).Mg Q.74 2?4000 4E (invention)

PiﬁSilf[% MH('OHF% (mvenMﬁﬁz}IMg 3.0| 24O AV entioR aNRy'S. @eaam@b

Qtr tha +hn(meW$.g). rnnneﬁlﬁ @‘f/
Wﬁlﬁwﬁb eemonstrate-tha GOHAPO
inve tIOR exhibits a high platinum renmoval rat"e" as compared tozﬁﬁ‘?llar

p‘lﬁi&?ﬁﬁ’@%@?ﬁ@osit ons condprising na appre@i%le amaunt of metas ions

oI SHRfia B UN L Of differgnt metatjors: iy particutar; puiiahi|%54

> (invention) which comprised approximately 0.74 to
gﬁfﬁ%ﬁ%% maEnesmmM@ach exhibited alpiAtinum removal4#8%hat

was greatéonthan or equal 164000 A/min. Suglt a remoyal rate Wagg

SOF{ROil,greater thanthgt 50 <4000
4G (invention) Mg 5.9 =4000

[0856] These results demonstrate that the polishing compesition of the invention
exhibits a high platinum removal rate as compared to similar polishing compositions
comprising no appreciable amount of metal ions or a similar amount of different metal ions.
In particular, polishing compositions 4D-4G (invention), which comprised approximately
0.74 to 5.9 mmol/kg of magnesium, each exhibited a platinum removal rate that was greater
than or equal to 4000 A/min. Such a removal rate was significantly greater than that
observed for polishing compositions 4A-4C (comparative), which did not contain
appreciable amounts of magnesium. The platinum removal rates for sach of polishing
compositions 4D-4G (invention) could only be reported as a minimum value because the
entire 4000 A thickness of the platinum layer on each substrate was removed within the 1
minute poiishing run,
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observed for polishing compositions 4A-4C (comparative), which did not
contain appreciable amounts of magnesium. The platinum removal rates
for each of polishing compositions 4D-4G (invention) could only be
reported as a minimum value because the entire 4000 A thickness of the
platinum layer on each substrate was removed within the 1 minute
polishing run. 17 EXAMPLE 5 [0051] This example demonstrates the
enhanced polishing rate exhibitgg by#he golishing composition of the
0ifgg/ljntio Similar substrates comprising platinum were R%)I_ished using
(5 aiierd T PEEIRR R eBT S Hib AR BRI PR e b sibhis S Y BB, 5C,
relstiED ) Rolishingidonipasifien SAn(cemparativediding: cRMPHSEHAD
' lons,.Belishing.compaosition, 5B (invention)
P B O e Rt b
G B YRS e eBHeB O BrmmerativR) &FiiBe) BB ISEIN BT ibin et
of appioiinmatediishihppmpofibatisBiashatiypomphiedde)s Ralighing
iti in [ 1] A ol/icg (approximately 102
L B I CCERRONER otshing
(RSB RSP ISHE S S6mpradka Gritosimetieln Horasivel bemricingatbased on
cithﬁd@l@PWﬁi@?ﬁ%ﬂjnﬁh@iafm@a(ﬁm@ﬂmMBiﬁéﬁE&Scdﬁ@ “’W?q %}@%@%@m@gﬁdy
roximat t.% fumed alumin nd had a pH of 3. The values for
e e R R P bt ot ror
cEERIs Bk alycirstrHecd Srptsition sbriesresuhs e buethvarizethir Feible of
the.abkable Bygrdatinien, rmavablalesine s RNECAMPLSIHAN Melaled aumina,

tion Plati | (imnoUk Rate (A/min) 5A
R ) LD G A B P A et (RN AP gy e

meBoBISM ¢inlrehtiornpBRi0 4B pFOT[R05 1} Tyakeare sultsadrd rsTkdie 5.
that the polishing composition of the invention exhibits a high platinum

TRl R RESETBE IS to similar polishing compositions comprising

Poitslappeeigpbtéiampunt of measal ions. In paiieulaii@oliSNINg.campREFEG2S
5B- 5D (invention),| which comprised appraximaitedy 0.19 to RA43 Anme)/kg

otbéasurpaiens;) each exhibited a platinum remeval rate that was388
apmq;g{;@%gm 240% 0r ok, tigheT that 0.19 1314
5C (invention) Ba 0.37 1408
3D (invention) Ba 0.743 1707

[0052]

These results demonstrate that the polishing composition of the invention

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

comprising no appreciable amount of metal ions. In particular, polishing compositions 5B~

5D (invention), which comprised approximately 0.19 to 0.743 mmol/kg of barium ions,

each exhibited a platinum removal rate that was approximately 240% or more higher that

the platinum removal rate for polishing composition 1A (comparative), which did not

contain an appreciable amount of barium ions.
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the platinum removal rate for polishing composition IA (comparative),
which did not contain an appreciable amount of barium ions. is CLAIMS
1. A chemical-mechanical polishing composition comprising: (a) an
abrasive comprising a-alumina, (b) 0.05 to 50 mmol/kg of ions of at least
one metal selected from the group consisting of calcium, strontium,
barium, and mixtures thereof, based on the total weight of the polishing
composition, and (c) a liquid carr'@ﬁ&ﬁ\p&orising water. 2. The
chemical-mechanjcal polishing composition of claim 1, wherein the ions
of thé'metaf‘&F@BYé’é‘é‘?ﬂch?%?ﬁqaﬁﬁ%fﬂWW‘@&G%ﬁ%%. 3. The
chengigal-mechanicakpaliskingocgmpasgition of claim 2, wherein the ions
of theuetal BESPIERERLAAR RO @19 O 19 IUNAUKG: oy FlGrou
chemical-mechanica po1|s INng composition of cTaim , Wherein ?ﬁgr P
abraSRASIFiPhET VB SBeniime brrlimnnd moixmres Biserpickisedastbniotl
polishisighcomposiliontof @aimstioaharein the abrasive comprises.10 wt
% or(gmoreaa}ia&ymina. 6. The chemical-mechanical polishing composition
I, Whg

riSr cpmprising water. . . .. .
of clai rein the - abrasnveds present in the polishing composition in

an arount groheteicpd acheiues el iohinh eomediVvightleintHe wiotishuitig ions
ommﬂékﬁit&%préséﬁglﬁl QBQHEBGQJ@@%@&Q%H{I?JL?]@“Q composition of claim

6, wherein the abrasive is present in the polishing composition in an

oot of 116 S S BACHR BA FE4 VSIS WRIGROEY (16 Bah e te ons
opbaipositionr@schhin ehemioal-¢fiedhanicabpdlishing composition of claim

1, wherein fhg ROUSHING LAMRASHALNRS S Rh O ftaBn TNEherein the
chemlﬁial-mechamcarlﬁ%ghmg composition of claim 8, wherein the

ARG 0 ROBERIRS AWPI%E 2 to 5. 10. A chemical-mechanical
polishing caimpdsiianleoepnsiagiola)an amasiitinseladidd frovhethia group
25 RRSASHNG, QLRI YA IR @lumina, O-alumina, diamond, boron

carbide, silicon carbide, tungsten carbide, titanium nitride, and mixtures
th ere%f The chemical-mechanical polishing composition of claim I, wherein the

abrasive is present in the polishing composition in an amount of 6.1 to 10 wt.% based on the
total weight of the polishing composition.

T The chemical-mechanical polishing composition of claim 6, wherein the
abrasive is present in the polishing composition in an amount of 1 to 5 wt.% based on the
total weight of the polishing composition, ,

8. The chemical-mechanical polishing composition of claim 1, wherein the
polishing composition has a pH of 1 to 7.

9. The chemical-mechanical polishing composition of claim 8, wherein the
polishing composition has a pH of 2 to 5.

10. A chemical-mechanica! polishing composition comprising:

{a) an abrasive selected from the group consisting of a-alumina, y-alumina, 8-

alumina, 6-alumina, diamond, boron carbide, silicon carbide, tungsten carbide,

titanium nitride, and mixtures thereof,

(by  0.05to 3.5 mmol/kg of ions of at least one metal selected from the group

consisting of calcium, strontium, barinm, magnesium, zinc, and mixtures thereof,

based on the total weight of the polishing composition, and
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(b) 0.05 to 3.5 mmol/kg of ions of at least one metal selected from the
group consisting of calcium, strontium, barium, magnesium, zinc, and
mixtures thereof, based on the total weight of the polishing composition,
and 19 (c) a liquid carrier comprising water. 11. The chemical-mechanical
polishing composition of claim 10, wherein the abrasive further comprises
fumed alumina. 12. The chemical-mechanical polishing composition of
claim 11, viherein thgiARIRSINEHARRLSES.10 Wt.% or more a-alumina. 13.
The Hwemifﬁ\é- echapical poliggrrin composition of claim 10, wherein the
abrasive is present in THERD i?fﬂql%ﬂgﬁ(ﬂg}ﬂ%ﬁtiﬂﬂéﬁ dai Ut ohotinthd 0
abigsive Pabeccomnrieestbtakwaighibaf the polishing composition. 14. The
chemical-mecbRiahRAShInG CURARHIUOR ALARIMAZ, WIRISIRINE
abIaal:glra5|\c({en|;;7(ij‘£)eresent in the polishing composition in an ampunt 0
W05 HagE 3r1l?h‘§t‘{?)?ém%‘?gﬁﬁh8¥lﬁfe polishing composition. 15. The
chervical-rikechamidal polishing ol ositonssstiain AQ:swhereiRLbe, te
abROHSRINGCOMRQSLION: 0.7.16. The chemical-mechanical
ot 1olis,h'% compggﬁgmnlgﬁ%g%%%% énran% cémpgﬁs&hlu%ﬁa}coom%gﬁ‘?%mge
ol Sieted SfihspalishRe imeaEolishing a substrate comprising the steps
of: (@ pro’%did@@ﬁmbﬁﬁm@bpnm@@arbﬁpgaami%@%m_ﬁgm%ﬁ@fem the
: tion: rising:,. (i) an abrasive comprising a-alumina,
e S b Ree el Carected mimins e
toidf Beighe Shdie il ieterpasigerontium, barium, and mixtures thereof,
basesi on ﬂhﬁQﬁﬁ@ﬂi&ﬂﬁiﬁ&&]@tﬁ&ﬁﬁ)ﬁ@]ﬁﬁlﬁ&ﬁﬁ&%ﬁlﬂ@&ﬁﬁﬁl@dl ini'ﬂ%%
scc it gelelule Sy \S/vaat?f,ogfl) g[}plylngt e chemical-mechanica po Ishing
composition to at [east a pOI‘TtIOﬁ of the substrate, and (d) abrading at
leastta pofisreisiainalsupdnaie withsthe polighitigpeampasitiontaepolish
polbigpudsipateickthak hg methadsof claim 17, wherein the ions of the metal

are pyesent in the .
P IA meH?od of polishing a substrate comprising the steps of!

(a) providing a substrate,
(b}  providing a chemical-mechanical polishing composition comprising:

(i) an abrasive comprising o-alumina,

(ii) 0.05 to 50 mmol/kg of ions of at least one metal selected from the
group consisting of calcium, strontium, barium, and mixtures thereof, based on the
total weight of the polishing composition; and

{ili)  a liquid carrier comprising water,

(©) applying the chemical-mechanical polishing composition to at least a portion

of the substrate, and

(d)  abrading at least a portion of the substrate with the polishing composition to

polish the substrate.

18.  The method of claim 17, wherein the jons of the metal are present in the
chemical-mechanical polishing composition in an amount of 0.05 to 10 mmol/kg.

19. The method of claim 18, wherein the ions of the metal are present in the

chemicai-mechanical polishing composition in an amount of 0.05 to 5 mmol/kg.
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chemical-mechanical polishing composition in an amount of 0.05 to 10
mmol/kg. 19. The method of claim 18, wherein the ions of the metal are
present in the chemical-mechanical polishing composition in an amount
of 0.05 to 5 mmol/kg. 20 20. The method of claim 17, wherein the
substrate comprises a noble metal selected from the group consisting of
platinum, iridium, ruthenium, rhodium, palladium, silver, osmium, gold,

and ggmbingligns.theseakiand al t ign.of the noble metal i

br Ogred with the pl)olishing coﬁ%péﬁﬁ%ﬁ%ﬁ%%@%ﬁ%&m U Ss?r.aa{lé).b > ef?lle
S B B SR ST tHE S AR o Fiee s e
silieastsanjportioridbtie patintionistabested with.the pelishingreammeositianio

abPRLIR IAEnRSBRRLAIS- C%%pggl?gomgtpoqgho&ﬁlgj@ L{, wherein the abrasive

further comprises fumed alumina. 23. The metﬁod of claim 22, wherein

the abrasive'eSHBAS Q5B Y s Er D e AU bR SaMPY seRtRiatimsth cd dft
lesslaiprddnwhtreitthenhs asive dsqtesepbinihe palishing comnesitien in
sufR-amount of 0.1 to 10 wt.% based on the total weight of the polishing

composition. 25. The method of claim 24, wherein the abrasive is present

in thé“polisHiRgeRAsBsiaENLh Bheechmelrsive Bukiteysapastoitied total
alweight of the polishing composition. 26. The method of claim 17, wherein

the pglishing composition has a pH of [ to_7. 27. The method of claim 26,
e e A heh I A% (51857085 o DA BT &
ahES”t‘)‘ﬁéhing a substrate comprising the steps of: (a) providing a substrate,

(b) previdingenchesnisabimeahanicalinalishingiconpasiion samprising: 0
oan al {3sjve selecte;[d Pé)g] tgﬁa%g/ug consisting of a-alumina, y- alumina,
Brauming, O-ATmHa: diafRohd s rarrtapdifeodlinsistinbitarlifigiden
copapsiden-titanium nitride, and mixtures thereof, (i) 0.05 to 3.5 mmol/kg of
ionsf at legshrpkMetaheeRctet KON rasive is present in the polishing
composition in an amount of 1 to 5 wt.% based on the tota] weight of the polishing
composition.

26.  The method of claim 17, wherein the polishing coinpositicn hasapH of 1 to
27.  The method of claim 26, wherein the polishing composition has a pH of 2 to

28. A method of polishing 2 substrate comprising the steps of:
(a) providing a substrate, ‘
(b)  providing a chemical-mechanical polishing composition comprising:

(1 an abrasive selected from the group consisting of a-alumina, y-
alumina, 8-alumina, 6-alumina, diamond, boron carbide, silicon carbide, tungsten
carbide, titanium nitride, and mixtures thereof,

(i) 0.03 to 3.5 mmol/kg of ions of at least one metal selected from the
group consisting of calcium, strontium, barium, magnesium, zinc, and mixtures
thereof, based on the total weight of the polishing composition, and

(i)  aliguid carrier comprising water,
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group consisting of calcium, strontium, barium, magnesium, zinc, and
mixtures thereof, based on the total weight of the polishing composition,
and (iii) a liquid carrier comprising water, 21 (c) applying the
chemical-mechanical polishing composition to at least a portion of the
substrate, and (d) abrading at least a portion of the substrate with the
polishing composition to polish the substrate. 29. The method of claim 28,

whergin thesubstralecsomplises snob! som%%g &%%sgﬁgofr%@t EQE?FI%{ oy

consi%iﬁlg o}g %atinu , iridium, ruthenium, rhodium, palladium, "si velj,m on
osmﬁjm,ad%‘ d, LrefEdmbinations thereof, and at least a portion of the
noblélinetalisdalgradedtwitortive ptiishingmaampositiopoianelisbrbesition to
substiate. B30, haemethod of claim 29, wherein the substrate comprises
platinum, and at least a portion of the platinum is abraded with the
polisting cORSTEERRSHPIS RGNSk Tesreintes saiesiate cpmeiRsth 5ebbf ki 28,
seigtteddinnibeaiovasive fisttineofoamipiis eifime duadHmin an&Bud Nameihd
; j where as] omprises 10, wt .% or more a- alumina.
b s ST e PR T el
abEARARTHY teorrpdreteRPaRIAR SRS BeswbstiBtov. % based on the total
weigh. of techokshing? QamRoskiasi e Hoes el ot A el iy agiein
sent in the polishing ¢ osition in.an amount of | to
e A R R LGS Cemhsa o b s
suiE#fod of claim 28, wherein the polishing composition has a pH of 1. to

7. 381The TRethedoaf laimn3f, whatsinnthapelishing.cannpsiion,has a
ahHMn?LT 210 5.22

32. The method of claim 31, wherein the abrasive comprises 10 wt.% or more o~

alumina,

33, The method of claim 28, wherein the abrasive is present in the polishing

composition in an amount of 0.1 to 10 wt.% based on the total weight of the polishing

composition,

34.  The method of claim 33, wherein the abrasive is present in the polishing
composition in an amount of | to 5 wt.% based on the total weight of the polishing

composition.

35.  The method of claim 28, wherein the polishing composition has a pHof 1 to

36.  The method of claim 33, wherein the polishing composition has a pH of 2 to

22



