CHEMICAL-MECHANICAL POLISHING COMPOSITION
AND METHOD FOR USING THE SAME
FIELD OF THE INVENTION

i0601]  This invention pertains to a chemical-mechanical polishing composition and a

method of polishing a substrate using the same.

BACKGROUND OF THE INVENTION

[6002]  Inthe fabrication of integrated circuits and other slectronic devicss, multiple
lavers of conducting, semiconducting, and dielectric materials are deposited onto or
removed from a substrate surface. Thin layers of conducting, semiconducting, and
dielectric materials may be deposited onto the substrate surface by a number of depasition
techniques. Deposition techniques common in modern microelectronics processing inchude
physical vapor deposition (PVD), also known as sputtering, chemical vapor deposition
(CVD}, plasma-enhanced chemical vapor deposition (PECVD), and electrochemical plating
(ECP).

[0003!  As layers of materials are sequentially deposited onte and removed from the
substrate, the uppermost surface of the substrate may become non-planar and require
planarization. Planarizing & surface, or “polishing” a surface, is a process where material is
removed from the surface of the substrate to form a generally even, planar sirface.
Planarization is useful in removing undesired surface topography and surface defects, such
as rough surfaces, agglomerated materials, orystal lattice damage, scratches, and
coniaminated layers or materials. Planarization is also useful in forming {eatures on 2
substrate by removing excess deposited material used to fill the features and to provide an
even surface for subsequent levels of metaliization and processing. '
[8004]  Chemical-mechanical planarization, or chemical-mechanical polishing (CMP), is
a common fechnique used to planarize substrates. CMP utilizes a chemical composition,
typicaily a shurry or other fluid medium, for selective removal of matsrial from the
substrate. In conventional CMP techniques, a substrate carrier or polishing head is mounted
on & cartier assembly and positioned in contact with a gﬁolishing pad in a CMP apparatng,
The carrier assembly provides a controllable pressure to the substrate, urging the substrate
against the polishing pad. The pad is moved relaiive to the substrate by an external driving
force. The relative movement of the pad and substrate serves to abrade the surface of the
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substrate to remove _a_po_rti{m of the material from the substrate surface, thereby polishing
the substrate. The polishing of the substrate by the relative movefﬁéxﬁ of.t.h.e 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 capable of storing ever larger
amonnts of information increases, electronics manufacturers have begun to manufactore
increasingly complicated integrated circuits ufilizing exotic materials. For example, the use
of noble metals in DRAMSs (dynamic random access memory) and FeRAMs (ferroslectric
random access memory) is becoming increasingly popular. While the use of noble metals
can provide increased performance in such devices, the use of noble metals can — and ofen
does — present unique manufacturing challenges. In particular, noble metals are
mechanically hard and chemically resistant. Indeed, the ferm nobie metal was adopted to
describe the metals’ superior resistance to corresion and oxidation. This mechanical
hardness and refative chemical resistance make noble metals roueh more difficult to
efficiently polish using conventional chemical-mechanical polishing compositions and
tachnigues.

[0066] Némithstandmg the difficulfies presented by the chemical-mechanical polishing
of noble metals, their potential benefits have driven their use in the manufacture of
integrated circuits, and several attempts have been made to develop chemical-mechanical
polishing compositions and technigues aimed &t aiding their infesration into integratad
eircult marnufaciure and the realization of the full potential that can result from their use,
For example, U.S. Patent 5,691,216 discioses a polishing composition comprising 2 halo-
compound that is purportediy useful in the polishing of noble metals. Similarly, U.S. Patent
6,290,736 discloses a chemnically active polishing composition for nobie metals comprising an
abrasive and a halogen in basic agueous solution. WO 01/44396 A1 discioses a polishing
composition for noble metals comprising sulfur-containing compounds, abrasivs particles, and
water-solible organic additives which purportediy improve the dispersion of the abragive
particles and enhance mstal removal rates and selectivity.

0007  While each of the aforementioned chemical-mechanical polishing compositions
might be capable of polishing noble metals more efficiently than conventional chibmical-
mechanical polishing compositions, the compositions aiso can produce defects on the surface

of the substrate that can negatively impact the performance of any integrated circuit later
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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 1o produce, and/or expensive to properly dispose of in
accordance with environmental regulations.

[6008] A need therefore remains for a chemical-mechanical polishing composition
that is capable of polishing noble metal containing substrates more efficiently than
conventional chemical-mechanical polishing compositions without the need for using
specialized oxidizers or chemical etchants. The invention provides such a chemical-
mechanical polishing composition and related method of using the same to polish a
substrate. These and other advantages of the invention, as well as additional inventive

features, will be apparent from the description of the invention provided herein.

BRIEF SUMMARY OF THE INVENTION
[0009] According to a first aspect, there is provided a chemical-mechanical polishing
composition comprising:

(a) an abrasive comprising c-alumina,

(b) 0.05 to 3.5 mmél/kg of ions of calcium based on the total weight of the polishing

composition, and |

(¢) aliquid carrier comprising water.
[0009a] The present disclosure provides a chemical-mechanical polishing composition
comprising: (a) an abrasive comprising a-alumina, (b} 0.05 to 50 millimoles per kilogram
(mmol/kg) of ions of at least one metal selected from the group consisting of calcium,
strontium, barium, and mixtures thereof, based on the total weight of the polishing
composition, and (c¢) a liquid carrier comprising water.
160196] The present disclosure also provides & chemical-mechanical polishing
composition comprising: (a) an abrasive selected from the group consisting of w-alumina,
y-alumina, §-alumina, 6-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 from the group consisting of calcium, strontium, barium, magnesium,
zine, and mixtures therebf, based on the total weight of the polishing composition, and (¢}

a liquid carrier comprising water.



[0016a] According to a second aspect, there is provided a method of polishing a
- qubstrate- comprising the steps of:
(a) providing a substrate,
(b) providing a chemical-mechanical polishing composition comprising:
(i) an abrasive comprising a-alumina,
(i)  0.05 to 3.5 mmol/kg of ions of calcium based on the total weight of the
polishing composition, and
(iii}y  aliquid 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. _
[0011] The present disclosure further 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 comprising a—a]umina,.;(ii) 0.05to 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 total weight
of the polishing composition, and (iii) a liquid carrier comprising water, {¢) applying the
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mechanical polishing composition to af least a portion of tﬁc.substratﬁ, and (d) abrading at
least a portion of the substrate with the polishing composition to polish the substrate.
[0012]  The present disclosure additionally provides a method of polishing a substrate
comprising the steps of: (a) providing a substrate, (b) providing a chemical-mechanical
polishing comiposition cémprising. (i) an abrasive selected from the group congisting of o-
aluming, y-aluming, S-alumina, O-alumina, diamond, boron carbide, silicon carbide,
tungsten carbide, titanium niiride, and mixtures thereof, (if) 0.05 to 3.5 mmol/kg of ions of
at least one metal sslected from the group consisting of calcium, sirontium, barjam,
magnesiupy, Zinc, and mixtures thereof, hased on the total weight of the polishing
composition, and (ili) a Hiquid carrier comprising water, {c) applying the chemical-
mechanical polishing composition 1o at least & portion of the substrate, and () abrading at
least a portion of the subsirate with the polishing éomposition to polish the substrate,

PDETAILED DESCRIPTION OF THE INVENTION
[6013]  The invention providesa chemical-mechanical polishing composition
comprising (a) an abrasive, {b) ions of at least one meta] selected from the group consisting
of calcium, strontium, barium, magnesium, zing, and mixtures therecf, and (c} a liquid
carrier comprising water. In one embodiment, the chemical-mechanical polishing
somposition comprises {2) an abrasive comprising a-alumina, (b) 6.05 to 50 miljimoles per
kilogram {mmol/kg) of ions of at least one metal selected from the group consastmc* of
calcium, strontium, barium, and mixtures thereof, based on the total weight Gf the polishing
composition, and {¢) a Hquid carrier comprising water. In another embodiment, the
chemical-mechanical polishing composition comprises (2) an abrasive comprising o~
alumina, {b) 0.05t0 3.5 mxlhmel’*s per kilogram (mmobkg) of lons of at least one metal
seiected from the group aonsxstmg of magnasmrm, zinc, and mixturss thereof, based on the
‘sotal weight of the polishing composition, and () a lquid carrier comprising water. Invet
snother embodiment, the chemical-mechanical polishing composition comprises (a) an
abrasive selected from the group consisting of c-alnmina, v-alumina, S-alumina, g-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 from the group
consisting of calcium, strontium, barium, magnesinm, zine, and mixtures thereof, based on

the total weight of the polishing composition, and (¢} a liquid carrier comprising water.
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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 chernical-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.
[e014]  The polishing composition comprises an abrasive, and, in certain embodiments,
the abrasive comprises g-alumina. Asknown to those of ordinary skill in the art, alumina
(ie., aluminum oxide) exists is several different crystelline phases, which inciude
g-zlumina, y-aluming, d-alumina, o-aiuming, k-alumina, n-aluming, y-alumina, and
p-alumina. The c-aluming, when present in the abrasive, can ba present in any suitable
form. More specificatly, the c-alumina can be present in the form of distinct abragive
particles consisting egsentially of, or consisting of, g-alamina, or the g-aiumina can be
presert in abrasive particles comprising o-alumina and other smitable abrasive components
(e.g., a metal oxide, such as fumed alumina). When the abrasive comprises a-alumina, the
abrasive preferably comprises 10 wi.% or more, more preferably 20 wt.% or more, still
more preferably 30 wt.% oy more, even more preferably 40 wt.% or more, and most
preferably 30 wt.% or more (e.g., 35 wt.Y% or more, or 60 wt.% or more) calumina based
on the total weight of the abrasive.

[0015]  Asnoted above, the invention also provides a chemical-mechanicel polishing
composition comprising an abrasive selected from the group consisting of g-alumina, v-
alumina, S-alumina, B-atumine, diamond, boron carbide, silicon carbide, tungsten carbide,
titanium niride, and mixfures thereof. Tn such an embodiment, the abrasive preferably is
selected from the group consisting of g-alumina, y-alumina, S-ahuming, g-alumina, diamond,
silicon carbide, titanium nitride, and mixfures shereof. More preferably, the abrasive i
selected from the group consisting of o-alumina, v-aluming, 5-alumine, S-alumina, diamond,
silicon carbide, and mixtures thereof. Most preferably, the ahrasive is selected from the
group consisting of g-alumine, v-elumina, S-alumine, -alumina, and mixtures thereof.
[8016]  Inaddition to the aforementioned abrasive components, the abrasive of the
polishing composition can further comprise other suitable abrasive components. Suitable
additional abrasive components include, but are not Limited fo, metal oxide abrasives, such
as other forms of alumina (e.g., fumed ahimina), sitica (e.g., colloidally dispersed

condensatiop-palymerized sifica, fumed or pyrogenic silica, and precipitated silica), cerla,
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titanda, zirconia, chromia, iron oxide, germania, magnesia, co-formed products thereof, and
combinations thereof. -
[0017]  The abrasive can be present in the polishing composttion in any suitable amount.
Typically, the abrasive is present in the polishing compesition in an amount of 0.01 wt.% or
more, preferably 0,03 wt.% or more, more preferably (.1 wt.% or more, still more
preferably 0.5 wt.% or more, and most preferably 1 wt.% or more, based on the total weignt
of the polishing composition. The abrasive typically is present in the polishing composition
in an amount of 25 wt.% or less, preferably 20 wt.% or less, more preferably 15 wt.% or
less, still more preferably 10 wt.% or less, and most preferably 5 wt.% or less, based on the
total weight of the polishing coraposition.
[0018]  Tn one embodiment, the polishing composition comprises lons of at ieast one
metal selected from the group consisting of calcium, strontiur, barium, and mixtures
thereof. In 2 second embodiment, the polishing composition comprises ions of at least one
meta)l selected from the group consisting of magnesium, zine, and mixtures thereof. Ina
third embodiment, the polishing composition comprises ions of at least one metal selected
from the group consisting of calcium, strontium, barivrs, magnesiom, zinc, and mixtures
thereof. The ions of the metal(s) contained in the polishing composition can be derived
from any suitabie source. Preferably, the ions of the metal(s) contained in the polishing
composition are derived from af least one water-soluble metal salt. ‘
10019} The icns of the metal can be present in the polishing composition in any suitable
amount. Generally, the ions of the metal are present in the polishing composition in an
amount of 0.05 millimoles per kilogram (mmol/kg) or more, preferably 0.06 mmolkg or
nore, more preferably 0.07 mmol/kg or more, and most preferably 1 mmol/dcg or more,
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/ig or less, preferably 40
mmol/kg or less, more preferably 30 mmeol/kg or Jess, and most preferably 20 mmol/kg or
fess (e.g., 10 mmoV/kg or less, 5 mmol/kg or less, or 3.5 mmol/kg or less), based on the total
weight of the polishing composition. 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 rmixturss thersof, 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), mare preferably (.05 to 40 mmol/kg {e.g., 0.03 to 30 mmol/kg, 0.05t0 25
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mraolke, .05 1o 20 mmol/kg, or §.05 to 15 mmolikg), still more preferably 0,05 10 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 selecied
from the gronp consisting of magnesium, zine, and mixtures thereof, or the polishing
coraposition comprises an abrasive selected from the group consisting of e~-aluming, -
alumina, S-alumina, S-alumina, diamond, boron carbide, silicon carbide, tungsten carbide,
titanium nitride,' and mixtures thereof, the ions of the metal preferably are present in the
polishing composition in an amount of 0.05 to 3.5 millimoles per kilogram (mmolkg), more
preferably 0.05 to 3.4 mmol/kg (e.g., 0.05 t0 3.3 mmolkg, 0.05 10 3.25 mmoifke, .05 10
3.2 mmol/kg, or 0.05 to 3.1 mmol/kg), and most preferably 0.05 to 3 mmol/kg, based on the
total weight of the polishing composition.
10020] A liquid carrier is used to facilitate the application of the abrasive, metal jons,
and any other additives to the surface of a suitable substrats o be polished or planarized.
The liquid carrier can be any suitable lignid carrier. As noted above, the {iquid carrier
comprises water. Preferably, the water is deionized water. The liquid carrier can further
comprise a suitable water-miscible solvent. However, in certain preferred embodiments the
liquid carrier consists essentially of, or consists of, water, more preferably delonized water.
[0621]  The polishing composition can have any suitable pH (e.g., | to 13). Preferably,
the polishing composition has a pH of 1 to 7, more preferably 2 1o 5. 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 2 pH adjustor, a
pH buffering agent, or a combination thereof. The pH adjustor can be any suiteble pil-
adjusting compound. For example, the pH adjustor can be potassium hvdroxide, sodium
hydroxide, antmonium hydroxide, or a combination thereof. The pH buffering agent can be
any suitable buffering agent, for example, phosphates, acetates, borates, ammonium salis,
and the Hke. The chemical-mechanical polishing system can comprise any suiteble amount
of @ pH adjustor and/or a pH buffering agent, provided such amount is sufficient to achieve
and/or maintain the pH of the polishing system within the ranges set forth herein,
[6022]  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
exampile, the polishing composition can comprise an inorganic acid selected from the group
consisting of nitric acid, phosphoric acid, sulforic acid, saits thereof, and combinations
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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, benzoic
acid, citric acid, shecinic acid, salts thereof, and combinations thereof. When present, the
acid(g) can be present in the polishing composition in any suitable amount{s}.

[6023]  The polishing composition aiso can comprise 2 corrosion inhibitor (Le., 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 corrosion inhibitor can be & heterocychic organic
compound with at least one 5- or 6-member heterocyclic ring as the active functional group,
wherein the heterocyclic ring contains af least one nitrogen atom, for example, an azole
compound. Preferably, the corrosion inhibitor contains at least one azole group. More
preferably, the corrosion fnkibitor is selected from the group consisting of 1,2,3-miazole,
1,2 4-triazole, benzotriazole, benzimidazole, benzothiazole, and mixtures thereof. The
amount of corrosion inhibitor used in the polishing systeme typically is 0.0001 wt.% 1o 3
wt.% (preferably 0.001 wt.% to 2 wt.%) based on the total weight of the polishing
composition. ‘

{0024]  The polishing composition optionally further comprises a chelating or
complexing agent. The complexing agent is any suitable chemical additive that enhances
the removal rate of the subsirate layer being removed. Suitable chelating or complexing
agents can include, for example, carbonyl compounds (e.g., acetylacetonates, and the like),
simple carboxylates (e.g., acetates, aryl carboxylates, and the lke), carboxylates containing
one or more hydroxyl groups (e.g., glycolates, lactates, gluconates, gallic acid and salts
thereof, and the like), di-, tri-, and poly-carboxylates (e.g.. oxalates, phtbalétes, ciirates,
succinates, tartrates, malates, edetates (e.g., dipotassitun EDTA), mixtures thereof, and the
like), carboxylates containing one or more sulfonic and/or phosphonic groups, and the like.
Suitabie chelating or complexing agents also can include, for example, di-, tri-, or
polyalcohols (e.g., ethylene glycol, pyrocatechol, nyrogallol, tannic acid, and the like) and
emine-containing compounds (e.g., ammonia, amino acids, amino aloohols, di-, tri-, and
polyamines, and the like). The choice of chelating or complexing agent will depend on the

type of substrate layer being removed.



166257 - Trwill be appreciated that many of the aforsmentioned compounds can exist in
the form of 2 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 thereot,
phthalates include phtbalic acid, as well as mono-salts (e.g., potagsiumn hydrogen phthalate)
and di-salts thereof; perchlorates include the corresponding acid (i.e., perchloric acid), as
well as salts thereof, Furthermore, certain compounds or reagents may perform more than
one function. For example, some compounds can function both as a chelating agent and an
oxidizing agent (e.g., certain ferric nitrates and the like}.
[0026]  The polishing composition can fusther comprise a surfactant. Suitable
surfactants can include, for example, cationic surfactants, anionic surfactants, nontonic
surfactants, amphoteric surfactants, mixtures thereof, and the like. Preferably, the polishing
composition comprises a nonionic surfastant. One example of a suitable nonionic surfactant
is an ethylenediamine polyoxyethylene surfactant. The amount of surfactant typically is
C0.0001 wt.¥% to 1 wt.% (preferably 0.001 wt.% to 0.1 wt.%, and more preferably 0.005 wt.%
to 0.05 wt.%) based on the total weight of the polishing composition.
[6627;  The polishing composition can further comprise an antifoaming agent. The anti-
foaming agent can be any suitable anti-foaming agent. Suitable antifoaming agents include,
but are not Emited ta, silicon-based and acetylenic diol-based aptifoaming agents. The
amount of anti-foaming agent present in the polishing composition typicaily is 10 ppm to
140 ppm.
[0028]  The polishing composition can also comprise 2 biccide. The biocide can be any
suitable biocide, for example an isothiazolinone niceide. The amount of biocide used in the
polishing composition typically is 1 te 50 ppm, preferably 10 1o 20 ppm.
[0628]  The polishing comiposition preferably is colloidally steble. The term collpid
refers to the suspension of the abrasive (e.g., abrasive particles) in the lquid carrier.
Colloidal stability refers to the maintenance of thar suspension through time. A polishing
composition is considered colicidally stable if, when the polishing composition is placed
into a 100 m! graduated cylinder and allowed to stand unagitated for a time of 2 hours, the
difference between the conceniration of abrasive (e.g., abrasive particles) in the bottom 50
ml of the graduated cytinder {[B] in terms of g/ml) and the concentration of abrasive (s.g.,
abrasive particies) in the top 50 ml of the gradusted cylinder ([T in terms of g/ml) divided
by the initial concentration of abrasive (2., abrasive particles) in the polishing composition
9



({C] interms of ghml} i less than or equal to 0.5 fey, (BT~ [TIMC] <0.5). Preferably,
the value of [B]-{TY{C] is less than or equal to 0.3, more preferably is less than or equal fo
0.1, even more preferably is less than or equal to 0.05, and most preferably is less than or
equal to 0.01.

[0630]  The average particle size of the polishing composition preferably remains
essentially unchanged throughout the useful life of the polishing composition. In particular,
the average particle size of the polishing composition preferably increases by fess than 40%
(2.2, less than 35%, less than 30%, less than 25%, less than 20%, less than 15%, or leas
than 10%) throughout the useful ife of the polishing composition (e.g., 90 days or more,
180 days or more, or 365 days or more).

[06031]  The mvention further provides methods of polishing a substrate with the
pelishing compositions as described herein. The methods generally comprise the steps of
(i) providing & substrate, (if} providing a polishing composition as desoribed berein, (iif)
applying the polishing composition to a portion of the substrate, and (iv) abrading a portion
of the substrate to polish the substrate,

[6032]  In one embodiment of such a method, the method of polishing a substrate
comprises the steps of: (a) providing a substrate, (b) providing a chemical-mechanical
polishing composition comprising: (i) an abrasive comprising a~-alumina, (i) 6.05t0 50
millimoles per kilogram (mmol/kg) of ions of at least one metal selected from the group
consisting of caleium, strontivm, barivm, and mixtures thereof, based on the iotal weight of
the polishing composition, and (ii) a liquid carrier comprising water, {c) applying the
chemical-mechanical polishing composition fo at least a portion of the substrate, and (d)
abrading at feast a portion of the substrate with the polishing composition to polish the
substrate.

[0033]  The polishing composition wilized in this method embodiment of the invention
comprises: (a) an abrasive comprising e-aluming, (&) 0.05 to 50 militmoles per kilogram
{mmol/kg) of ions of at least one metal selected from the group consisiing of calcium,
strontium, barium, and mixmires thereof, based on the total weight of the polishing
composition, and {c) 2 liguid 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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additives) can be the same as set forth above for the chemical-mechanical polishing
compostiion of the mvention.
[0034] In another embodiment, the method of polishing a substrate comprises the steps
of. (&) providing a substrate, (b} providing a chemical-mechanical polishing composition
comprising: (1) an abrasive comprising o-alumina, {if) €.03 to 3.5 millimoles per kilogram
(mmol/kg) of jons of at least one metal selected from the group consisting of magnesium,
zine, and mixtures thereof, based on the total weight of the polishing composition, and (iii)
a liquid carrier comprising waler, {¢) 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 fo polish the substrate.
[(035] The polishing composition utilized in this method embodiment of the invention
comprises: (a)an abrasive comprising a~aluming, (b) 0.05 to 3.5 millimoles per kilogram
(mmol/kg) of ions of at least one metal selected from the group consisting of magnesium,
zine, and mixtures thereof, based on the total weight of the polishing composition, and (¢} a
liquid carrier comprising water. The other characteristics of the chemical—mechahical
polishing composition utilized in this method embodiment of the mvention (e.g., the amount
of abrasive, the liquid carrier, the pH, and other suitable additives) can be the same as set
forth above for the chemical-mechanical polishing comp'osition of the invention,
[0036]  In athird embodiment, the method of polishing a substrate comprises the steps‘
of: {a) providing a substrate, (b) providing a chemical-mechanical polishing composition
comprising: (i) an abrasive selected from the group consisting of g-aluming, v-glumina, 8-
alumina, S-alomina, diamond, boron carbide, silicon carbide, tangsten carbide, titanium
nitride, and mixtures thereof, (if) 0.05 to 3.5 mmol/kg of ions of at least one metal selected
Fom the group consisting of calcimm, strentium, barium, magnesium, zine, and mixfurss
thereof, based on the total weight of the polisking composition, and (iii) & 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 substraie with the
polishing composition to polish the substrate.
[0037] The polishing composition utilized in this method embodiment of the isvention
comprises: (a) an abrasive selected from the group consisting of o-alumina, v-alumina, &-
alumina, S-altmina, diamond, boron carbide, silicon carbide, tungsten carbide, titaniurm
nitride, and mixtures thereof, (b) 0.05 to 3.5 mmol/g of jons of at least one metal seiected
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from the group consisting of caleium, strontium, harium, magnesium, zine, and mixtures
thereot, based on the total weight of the polishing composition, and {¢) & liguid carrier
comprising water. The other characteristics of the chemical-mechanical polishing
composition utilized in this method embediment of the invention (e.g., the amount of
abrasive, the liguid carrier, the pH, and other suitable additives) can be the same ag set forth
above for the chemical-mechanical polishing composition of the invention.
{0038]  The substrate {0 be polished using the methods of the invention can be any
guitable substrate, Suitable substrates inclnde, but are not limited to, integrated circuits,
memory or rigid disks, metals, interlayer dielsctric (1113} devices, semiconductors, micro-
eleciro-mechanical systems, ferroelectrics, and magnetic heads. The metal layer can
comprise any suitable metal. For example, the metal layer can comprise copper, tantahum
{&.g., tantalum nitride), titanium, aluminem, sickel, platinum, ruthenium, fridivm, or
thodium. The substrate can firther comprise at least one instlating layer. The insulating
layer can be a metal oxide, porous metal oxide, glass, organic pelymer, fluorinated organic
polviier, or any other suitable high or low-k insulating layer. Preferabiy, the substrate
comprises a noble metal, and at least a portion of the noble metal is abraded with the
polishing composition to polish the substrate. Suitabie noble metal include, but are not
Jimited to, platinum, iridium, ruthenium, rhodium, palladivm, silver, osmium, gold, and
combinations thereof. Preferably, the substrate comprises ﬁiatinum, and at least a portion of
the platinum is abraded with the polishing composition to polish the substrate.
[6639]  The polishing methods of the iInvention are particularly suited for use in
conjunction with a chemical-mechanical polishing (CMP) apparatus. Typically, the
apparatus comprises a platen, which, when in use, is in motion and has a velooity that
resulis from orbital, linear, or circular motion, a polishing pad in contact with the platen and
moving with the platen when in motion, and a carrier that holds a substrate to be polished
by contacting and moving relative to the surface of the polishing pad. The polishing of the
substrate takes place by the substrate being placed in contact with the pelishing pad and the
polishing composition of the invention and then the polishing pad moving relative to the
substrate, so as 1o abrade at least & portion of the substrate to polish the substraﬁe.
{60401 Desirably, the CMP apparatus further comprises an jn situ polishing endpoint
detection system, many of which are known in the art. Technigues for inspecting and
monitoring the polishing process by analyzing light or other radiation reflected from a

i2



surface of the substrate are known in the art. Desirably, the inspaction or monitoring of the
progress of the polishing process with respect to a substrate being polished spables the
defermination of the polishing end-point, i.e., the determination of when to terminate the
polishing process with respect to 2 particular substrate.

[0&41] The CMP apparatus can further comprise a means for oxidizing the substrate. In
siectrochemical polishing systems, the means for oxidizing the substrate preferably
comprises a device for applying & time-varying potentiéd {c. g., anodic potential} to the
substrate {e.g., electronic potentiostat), The device for applying time-varying potential to
fhe subsirate can be any suitable such device. The means for oxidizing the substrate
preferably comprises a device for applying a first potential (e.g., 2 more oxidizing potential)
during an initiai stage of the polishing and applying a second potential (e.g., a less oxidizing
potential) at or during a later stage of polishing, ora device for changing the first potential
1o the second potential during an intermediate stage of polishing, e.g., continuously
reducing the potential during the intermediate stage or rapidly reducing the potential from a
first, higher oxidizing potential to & second, lower oxidizing potential after a predetermined
interval at the first, higher oxidizing potential. For example, during the initial stage(s) of
the polishing, a relatively high oxidizing potential is applied to the substrate to promote 2
relatively high rate of oxida’gionf‘dissoiutionfremoval of the substrate. When polishing s at a
later stage, e.g., When approaching an underiying barrier laver, the app Hed potential is
reduced 1o a level producing a substantially lower or negligible rate of
oxidation/dissolution/removal of the substrate, thereby eliminating or substantially reducing
dishing, corrosion, and erosion. The thme-varying electrochemical potential is preferably
applied using a controllably varable DC power supply, e.£., an electronic potentiostat. U.S.
Patent 6,379,223 further describes a means for oxidizing a substrate by applying e potential.
[6042]  The following examples further illusirate the invention but, of course, should not

be construed as in any way limiting its scope.

EXAMPLE 1
[6043]  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 1), Polishing composition 1A (comparative} did not comprise an appreciable amount
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of metals ions. Polishing composition 1B {invention} comprised 0.38 mmol/kg
(approximately 15 ppm) of calcium (as calcium chloride). Polishing composition 1C
(invention) comprised 0.38 mmol/kg {(approximately 33 ppm) of sirontium (as stromtium
chioride). Polishing composition 1D (invention) comprised 0.37 mmol/kg (approximately
51 ppm) of barium (as bariwm chloride). Each of the aforementioned polishing
compositions also comprised 3 wt.% of an abrasive comprising, based on the total weight of
the abrasive, approximately 60 wt.% s-aluming and approximately 40 wt.% fumed alumine,
and had a pH of 3. The values for the platinum removal rate (in angstroms per minute) were

measured for each of the polishing compositions. The results are summarized in Table 1.

Table 1: Platinum removal rates.

[ Polishing Commosition | Metal | Concentration Platinum Removal
: (mmol/keg) Rate {A/min)
1A (comparative) - - 496
1B {invention) Ca 0.38 1450
1C (invention) Sr 0.38 1551
1D (invention) Ba ! 0.37 1636

[0044]  These results demonstrate that the polishing composition of the inverntion
exhibifs 2 high platinum removal rate as compared to similar polishing compositions
comprising no appreciable amount of metal ions. In particular, polishing compositions [B-
1D (invention), which comprised approximately 0.37 to 0.38 mmol/kg of lons of & metal
selected from the group consisting of calcium, strontium, and barium, each exhiblied a
platinum removal rate that 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 batium.

EXAMPLEZ
[6045]  This example demonsirates the enhanced polishing rate exhibited by the
polishing composition of the invention. Similar subsirates comprising platinum were
polished using three different polishing compositions (polishing compositions 24, 2B, and
2C). Polishing composition 2A (comparative} did not comprise an appreciabie amount of
metals jons. Polishing composition 2B (invention) comprised 0.4 mmol/kg {(approximately

9 ppm) of magnesium (as magnesium chiloride}. Polishing composition 2C (invention)
14



comprised .74 manol/kg (approximately 18.ppm} of magnesium (as magnesium chloride),
Each of the aforementioned polishing compositions also comprised 3 wt.% of an abrasive
comprising, based on the total weight of the abrasive, approximately 60 wt.% g-atumina and
approximately 40 wt.% fumed alumina, and had 2 pH of 3. The values for the platinum
removal rate {in angstroms per minute) were measured for each of the polishing

compositions. The results are summarized in Table 2.

Table 2: Platinum removal rates.

| Polishing Composition Metal Concentration Platinum Removal
{rmmol/ke} Rate (A/min)
2A (comparative) - ! - 1203
2B (invention} Mg | 0.4 1645
| 2C (invention) : Mg .74 2246

]

[0046]  These results demonstrate that the pélishing composition of the invention
exkibits 2 high platinum removal rate as compared to similar polishing compositions
comprising no appreciable amount of metal ions. In particular, polishing compositions 2B
and 2C {invention), which comprised approximately 0.4 and 0.74 mmol/kg of ions of
magpesium, each exhibited a platimom removal rate that was approximately 30%% and 75%,
respectively, greater that the platinum removal rate for polishing composition 2A

{comparative), which did not contain an appreciable amount of magnesium ions.

BEXAMPLE 3
[06047]  This example demonstrates the enhanced polishing rate exhibited by the
polishing composition of the invention. Similar substrates comprising platinum were
polished using six different pelishing compositions {pelishing compositions 34, 3B, 3C,
3D, 3E, and 3F). Polishing composition 3A (comparative) did not comprise an appresiable
amount of metals jons. Polishing composition 3B (comparative) comprised .74 mamol/ke
of aluminum (as alumirmm nitrate). Polishing composition 3C (comparative) comprised 3.0
mmoifkg of ahuninum (as aluminum nitrate). Polishing composition 3D (invention)
comprised 0.74 mmol/kg (approximatety 18 ppm) of magnesium (as magnesium chloride),
Polishing compesition 3E (invention) comprised 0.75 mmol/kg (approximately 49 pom) of
zine (as zinc chloride). Polishing compesition 3F {invention) comprised 1.5 mmol/kg
{approximately 96 ppm) of zine (as zine chloride). Bach of the aforementioned polishing
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compositions also comprised 3 wt.% of an abrasive comprising, based an the total weisht of
the abrasive, approximately 60 wt.% u-alumina and approximately 40 wt.% fumed alumina,
and bad a pH of 3. The values for the platinum removal rate {in angstroms per minute) were

measured for each of the polishing compositions. The resulis are summarized in Table 3.

Table 3. Platinum removal rates.

Polishing Composition | Metal Concentration Platinam Removal
(mmol/kg) Rate (A/min)
3A. {comparative) .- - 455
3B (comparative) Al 0.74 452
3C (comparative) Al i 3.0 476
3D {invention) . Mg 0.74 942
3E (invention) in 0.75 520
3F (inventicn) Zn 1.5 839

[0048]  These results demongtrate that the polishing composition of the invention
exhibits 2 high platinum removal rate as compared to sirnilar polishing compositions
comprising ne appreciable amount of metal ions or a similar amount of different metal ions.
In particular, polishing composifions 3D-3F (invention), wiich comprised approximeately
¢.74 10 1.5 mmol/kg of ions of a metal selected from the group consisting of magnesium
and zinc, each exhibiied a platinum removal rate that was approzimately 80% or mors
higher that the platinum removal rate for polishing compositions 3A-3C (comparative),

whiich did not costain an appreciable amount of ions of magnesiom or zine.

EXAMPLE 4
[0649]  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 3) were polished using seven different
polishing compositions {polishing compositions 44, 413, 4C, 4D, 4E, 4F, and 4G).
Polishing composition 4A (comparative) did not comprise an appreciable amount of metals
ions. Polishing compesition 4B (comparative) comprised (.74 mmol/kg (approximately 29
ppm} of potassium {as potassium chioride). 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/kg (approximately 18 ppm) of
i6




magnesiunm (as magnesium chloride). Polishing composition 4E (invention) comprised 1.5
mmolfkg (approximately 36 ppm) of magnesium {as magnesium chloride). Polishing
composition 4F (invention) comprised 3.0 mmol/kg (approximately 72 ppm) of magnesium
{as magnesium chioride). Polishing composttion 4G (invention) comprised 5.9 mmol/kg
(approximately 144 ppm) of magnesium (as magnesinm chioride). Bach of the
aforementioned polishing compositions also comprised 3 wt.% of an abrasive comprising,
based on the total weight of the abrasive, approximately 60 wt.% o-alumina and
approximately 40 wt.% fumed alumina, and had 2 pH of 3. The values for the platinum
removal rate (in angstroms per minute) were measured for each of the polishing

compositions. The results are summarized in Table 4.

Table 4: Platinum removal rates.

Polishing Composition Metal Conceniration Platinum Removal
{mmol/kg) Rate (A/min)
4A {comparalive) - - 2540
4B (comparative) K 0.74 2335
4C (comperative) K (.74 20354
4D (invention) Mg 0.74 =4G00
4F {invention) Mg 1.3 =4000
4F (invention) Mg 30 >4000
4G (invention) Mg 3.9 ‘ =4000

[6056] These results demonstrate that the polishing composition of the invention
exhibits a high platinum removal rate as compared to similar polishing compositions
comprising no appreciable amount of metal jons or & similar amount of different metal ions.
In particular, polishing compositions 4D-4G (invention), which comprised approximately
(.74 to 5.9 mmolikg of magnesium, each exhibited 2 platinum removal rate that was greater
than or equal to 4000 A/min, Such a removal rate was significantly greater than that
observed {or 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 & minbmum 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 o .
[0651]  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 54, 58, 5C,
and 5D). Polishing composition 5A (comparative) did not comprise an appreciable amount
of metals ions, Polishing composition SB (invention) comprised 0.19 mmol/kg
(approximately 26 ppm) of barium {(as barium chioride). Polishing composition 5C
(invention) comprised (.37 mmoi/kg (approximately 51 ppm) of barium (as barium
chloride). Polishing composition 3D (invention) comprised 0.743 mimol/kg (approximately
102 ppm) of barium (as barium chioride). Each of the aforementioned polishing
compositions also comprised 3 wi.% of an abrasive comprising, based on the total weight of
the abrasive, approximately 60 wt.% c-alumina and approximately 40 wi.% fumed alumina,
and had a pH of 3. The values for the platinum removal rate (in angstroms per minute) were

measured for each of the polishing compeositions. The results are summarized in Tabie 5.

Table 5. Platipum removal rates,

Polishing Composition 5 Metal . Conceniration Piatinum Removal
{mmol/kg) Rate (A/min)
5A {comparative) o - 388
3B {invention) Ba 0.19 1314
5C (invention) Ba .37 1408
5D {invention) | Ba } 0.743 1767
i

[06852]  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 jons. In particular, polishing compositions 5B-
3D (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 platimun removal rate for polishing composition 1A (comparative), which did net

contain an appreciable amount of barium ions.
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1.
(a)

CLAIMS

A chemical-mechanical polishing composition comprising:

an abrasive comprising o.-alumina,

{b) 0.05 1o 3.5 mmol/kg of ions of calcium based on the total weight of the polishing

(c)

2.

composition, and
a liquid carrier comprising water.
The chemical-mechanical polishing composition of claim 1, wherein the abrasive
further comprises fumed alumina.
The chemical-mechanical polishing composition of claim 2, wherein the abrasive
comprises 10 wt.% or more a-alumina.
The chemical-mechanical polishing composition of claim 1, wherein the abrasive
is present in the polishing composition in an amount of 0.1 to 10 wt.% based on
the total weight of the polishing composition.
The chemical-mechanical polishing composition of ciaim 4, wherein the abrasive
is present in the polishing composition in an amount of 1 to 5 wt.% based on the
total weight of the polishing composition.
The chemical-mechanical polishing composition of claim 1, wherein the polishing
composition has apHof 1 to 7.
The chemical-mechanical polishing composition of claim 6, wherein the polishing
composition has a pH of 2 to 5.
A method of polishing a substrate comprising the steps of:
(a) providing a substrate,
(b)  providing a chemical-mechanical polishing composition comprising:

(1) an abrasive comprising o-alumina,

{i1) 0.05 to 3.5 mmol/kg of ions of calcium based on the total weight of the

polishing composition, and

(i)  aliquid carrier comprising water,

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

portion of the substrate, and
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10.

11

13.

14.

15.
16.

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

The method of claim 8, wherein the substrate comprises a noble metal selected
from the group consisting of platinum, iridium, ruthenium, rhodium, palladium,
sitver, osmium, gold, and combinations thereof, and at least a portion of the noble
metal is abraded with the polishing composition to polish the substrate.

The method of claim 9, wherein the substrate comprises platinum, and at least a
portion of the platinum is abraded with the polishing composition 1o polish the

substrate.

The method of claim 8, wherein the abrasive further comprises fumed

alumina.

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

alumina.

The method of claim &, wherein the abrasive is present in the polishing
composition in an amount of 0.1 to 10 wt.% based on the total weight of the
polishing composition.

The method of claim 13, wherein the abrasive is present in the polishing
composition in an amount of 1 to 5 wt.% based on the total weight of the
polishing composition.

The method of claim 8, wherein the polishing composition has apH of 1 to 7.

The method of claim 15, wherein the polishing composition has apH of 210 5.



CHEMICAL-MECHANICAL POLISHING COMPOSITION

e ADDLMETHOD FOR LISING THE SAME
ABSTRACT

The invention provides 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 (¢) a liguid carrier
comprising water. The invention also provides a chemical-mechanical polishing
composition comprising: (a) an abrasive selected from the group consisting of o-
alumina, y-alumina, 8-alumina, 8-alumina, diamond, boron carbide, silicon carbide,
tungsten carbide, fitanium nitride, and mixtures thereof, (b) 0.05 to 3.5 mumol/kg of
ions of at least one metal selected from the group consisting of calcium, strontinm,
barium, magnesium, zinc, and mixtures thereof, based on the total weight of the
polishing composition, and (c) a liquid carrier comprising water. The invention
further provides methods of polishing a substrate using each of the above-described
chemical-mechanical polishing compositions.

(no suitable figure)
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