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COMPOSITIONS AND METHODS FOR CHEMICAL-MECHANICAL
POLISHING OF PHASE CHANGE MATERIALS
FIELD OF THE INVENTION
[0001] This invention relates to polishing compositions and methods for polishing a
substrate using the same. More particularly, this invention relates to chemical-mechanical
polishing compositions suitable for polishing substrates comprising a phase change material,
such as a germanium-antimony-tellurium alloy.
BACKGROUND OF THE INVENTION
[0002] PRAM (Phase Change Random Access Memory) devices (also known as Ovonic
memory devices or PCRAM devices) utilize a phase change material (PCM) that can be
electrically switched between an insulating amorphous phase and conductive crystalline phase
for electronic memory applications. Typical phase change materials suited for these
applications utilize various Group VIB (chalcogenide, e.g., Te or Po) and Group VB (e.g., Sb)
elements of the periodic table in combination with one or more metallic element, such as In,
Ge, Ga, Sn, or Ag. Particularly useful phase change materials are germanium (Ge)-antimony
(Sb)-tellurium (Te) alloys (GST alloys), such as an alloy having the formula Ge,Sb;Tes
(GST225). These materials can reversibly change physical states depending on heating/cooling
rates, temperatures, and times. Other useful alloys include indium antimonite (InSb). The
memory information in a PRAM device is preserved with minimal loss through the conductive
properties of the different physical phases or states.
[0003] Compositions and methods for chemical-mechanical polishing (CMP) the surface of
a substrate are well known in the art. Polishing compositions (also known as polishing slurries,
CMP slurries, and CMP compositions) for polishing metal-containing surfaces of
semiconductor substrates (e:g., integrated circuits) typically contain abrasives, various additive
compounds, and the like, and frequently are used in combination with an oxidizing agent.
[0004] In conventional CMP techniques, a substrate carrier (polishing head) is mounted on
a carrier assembly and positioned in contact with a polishing pad in a CMP apparatus. The
carrier assembly provides a controllable pressure ("down force" or "down pressure") to urge the
substrate against the polishing pad. The pad and carrier, with its attached substrate, are moved

relative to one another. The relative movement of the pad and substrate serves to abrade the
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surface of the substrate to remove a portion of the material from the substrate surface, thereby
polishing the substrate. The polishing of the substrate surface typically is further aided and
controlled by the chemical activity of the polishing composition (e.g., due to oxidizing agents,
chelating agents, corrosion inhibitors, acids, and the like present in the CMP composition)
and/or the mechanical activity of an abrasive suspended in the polishing composition. Typical
abrasive materials include, for example, silicon dioxide (silica), cerium oxide (ceria), aluminum
oxide (alumina), zirconium oxide (zirconia), titanium dioxide (titania), and tin oxide.

[0005] U.S. Pat. No. 5,527,423 to Neville ef al., for example, describes a method for
chemically-mechanically polishing a metal layer by contacting the surface of the metal layer
with a polishing slurry comprising high purity fine metal oxide particles suspended in an
aqueous medium. Alternatively, the abrasive material may be incorporated into the polishing
pad. U.S. Pat. No. 5,489,233 to Cook ef al. discloses the use of polishing pads having a surface
texture or pattern, and U.S. Pat. No. 5,958,794 to Bruxvoort et al. discloses a fixed abrasive
polishing pad.

[0006] CMP techniques can be utilized to manufacture memory devices employing phase
change materials; however, current CMP compositions often do not provide sufficient planarity
when utilized for polishing substrates including relatively soft phase change materials, such as
a GST or InSb alloy. In particular, the physical properties of many phase change materials
(e.g., GST or InSb) make them “soft” relative to other materials utilized in PCM chips. For
example, typical CMP polishing slurries containing relatively high solids concentrations (e.g.,
> about 3%) remove a phase change material (e.g., a GST alloy) through the mechanical action
of the abrasive particles, resulting in heavy scratching on the surface of the phase change
material. When such high solids CMP compositions are used, phase change material residues
often remain on the underlying dielectric film after polishing, since the CMP slurry is not able
to remove all of the phase change material. The phase change material residues cause further
integration issues in subsequent steps of device manufacturing.

[0007] Co-owned and co-pending U.S. Patent Application Serial No. 11/699,129 describes
CMP compositions and methods for polishing a phase change material employing a particulate
abrasive in combination with at least one chelating agent, an optional oxidizing agent, and an

aqueous carrier. The abrasive material is present in the composition at a concentration of not
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more than about 3 percent by weight. The chelating agent comprises a compound or
combination of compounds capable of chelating a PCM or component thereof (e.g.,
germanium, indium, antimony and/or tellurium species) that is present in a substrate being
polished, or chelating a substance (e.g., an oxidation product) that is formed from the PCM
during polishing of the substrate with the CMP composition.
[0008] One drawback of CMP compositions for polishing phase change materials (e.g.,
GST) employing oxidizing agents, is that an oxide coating can build up on the surface of the
PCM, which can degrade the electrical performance of the PCM device. There is an ongoing
need to develop new CMP compositions that reduce the level of PCM oxide build-up on the
surface of the substrate, while still providing acceptably rapid removal of phase change
materials compared to conventional CMP compositions. The present invention provides such
improved CMP compositions. 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] The present invention provides a chemical-mechanical polishing composition
suitable for polishing a substrate containing a phase change material. The CMP composition
comprises a particulate abrasive material in combination with lysine, an optional oxidizing
agent, and an aqueous carrier therefor. The abrasive material preferably is present at a
concentration of not more than about 6 percent by weight. The lysine is believed to act as a
PCM oxidation inhibitor, which reduces the undesirable build-up of an oxide layer on the
surface of the PCM.
[0010] The present invention also provides a method of polishing a surface of a PCM
substrate with a CMP composition of the invention. A preferred method comprises the steps
of contacting a surface of a PCM-containing substrate with a polishing pad and an aqueous
CMP composition of the invention, and causing relative motion between the polishing pad and
the substrate, while maintaining a portion of the CMP composition in contact with the surface
between the pad and the substrate. The relative motion is maintained for a period of time

sufficient to abrade at least a portion of the PCM from the substrate.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 shows a Tafel (voltage versus log-current) plot of electrochemical corrosion
of a GST electrode in contact with an aqueous solution containing about 1 percent by weight
lysine and about 1 percent by weight hydrogen peroxide at a pH of about 3, compared to
corrosion of a GST electrode in contact with an aqueous solution containing about 3 percent by
weight malonic acid and about 1 percent by weight hydrogen peroxide at a pH of about 3.
[0012] FIG. 2 shows Tafel plots of electrochemical GST corrosion obtained in 1 percent by
weight aqueous hydrogen peroxide at pH 2.9, compared to water at pH 2.9.

DETAILED DESCRIPTION OF THE INVENTION
[0013] The present invention provides a CMP composition useful for polishing a substrate
containing a phase change material in the presence of an oxidizing agent. The CMP
compositions of the invention provide for even removal of PCMs while reducing the level of
PCM oxide build-up on the surface of the substrate relative to conventional CMP compositions.
The CMP compositions of the invention contain a particulate abrasive material and lysine in an
aqueous carrier such as water (e.g., deionized water). In some embodiments, the compositions
include a chelating agent that is capable of chelating a PCM or a component thereof (e.g.,
germanium, indium, antimony and/or tellurium species) present in the substrate being polished
or capable of chelating a substance formed from the PCM during the polishing process (e.g., an
oxidation product formed from the PCM). In other embodiments, the composition also
comprises an oxidizing agent.
[0014] Particulate abrasives useful in the CMP compositions of the invention include any
abrasive material suitable for use in CMP of semiconductor materials. Non-limiting examples
of suitable abrasive materials include silica (e.g., fumed silica and/or colloidal silica), alumina,
titania, ceria, zirconia, or a combination of two or more of the foregoing abrasives, which are
well known in the CMP art. Preferred metal oxide abrasives include colloidal silica, fumed
silica, and alpha-alumina. The abrasive material preferably is present in the composition in an
amount of not more than about 6 percent by weight. Preferably, the abrasive material is present
in the CMP composition at a concentration in the range of about 0.001 to about 6 percent by
weight, more preferably in the range of about 0.01 to about 5 percent by weight, most

preferably in the range of about 0.1 to about 1 percent by weight. The abrasive particles
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preferably have a mean particle size in the range of about 5 nm to about 250 nm, more
preferably about 50 nm to about 150 nm, as determined by laser light scattering techniques,
which are well known in the art.

[0015]  The abrasive desirably is suspended in the CMP composition, more specifically in
the aqueous component of the CMP composition. When the abrasive is suspended in the CMP
composition, the abrasive preferably is colloidally stable. The term "colloid" refers to the
suspension of abrasive particles in the liquid carrier. "Colloidal stability" refers to the
maintenance of that suspension during a selected period of time with minimal settling. In the
context of this invention, an abrasive is considered colloidally stable if, when the abrasive is
placed into a 100 mL graduated cylinder and allowed to stand without agitation for a period of
time of about 2 hours, the difference between the concentration of particles in the bottom 50
mL of the graduated cylinder ([B] in terms of g/mL) and the concentration of particles in the
top 50 mL of the graduated cylinder ([T] in terms of g/mL) divided by the initial concentration
of particles in the abrasive composition ([C] in terms of g/mL) is less than or equal to about 0.5
(i.e., ([B] = [T]/[C] <0.5): The value of ([B]-[T])/[C] desirably is less than or equal to about
0.3, and preferably is less than or equal to about 0.1.

[0016] Oxidizing agents suitable for use in the CMP compositions and methods of the
present invention include, without limitation, hydrogen peroxide, persulfate salts (e.g.,
ammonium monopersulfate, ammonium dipersulfate, potassium monopersulfate, and
potassium dipersulfate), periodate salts (e.g., potassium periodate), and a combination of two or
more of the foregoing. Hydrogen peroxide is particularly preferred. Preferably, the oxidizing
agent is present in the composition or is utilized in combination with the CMP composition at a
concentration in the range of about 0.01 to about 6 percent by weight, more preferably about
0.1 to about 4 percent by weight, based on the combined weight of the composition with
hydrogen peroxide incorporated therein.

[0017] The compositions of the invention include lysine, preferably at a concentration in
the range of about 0.01 to about 5 percent by weight, more preferably about 0.05 to about 2
percent by weight, based on the total composition weight. It is believed that the lysine inhibits

PCM oxidation, particularly GST oxidation, and reduces the amount of oxidation products that
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build-up on the surface of the PCM substrate during CMP in the presence of oxidizing agents,
such as hydrogen peroxide.

[0018] The CMP compositions of the invention preferably have a pH in the range of about
2 to about 11, more preferably about 2 to about 5, most preferably about 2 to about 4. The
CMP compositions can optionally comprise one or more pH buffering materials, for example,
ammonium acetate, disodium citrate, and the like. Many such pH buffering materials are well
known in the art.

10019] Optionally, the CMP compositions of the invention can include one or more
chelating agent capable of chelating a PCM or a component thereof (e.g., germanium, indium,
antimony, and/or tellurium species) present in the substrate being polished, or capable of
chelating a substance formed therefrom during the CMP process. Non-limiting examples of
suitable chelating agents include dicarboxylic acids (e.g., oxalic acid, malonic acid, succinic
acid, maleic acid, phthalic acid, tartaric acid, aspartic acid, glutamic acid, and the like),
polycarboxylic acids (e.g., citric acid, 1,2,3,4-butane tetracarboxylic acid, polyacrylic acid,
polymaleic acid, and the like), aminocarboxylic acids (e.g., alpha-amino acids, beta-amino
acids, omega-amino acids, and the like), phosphates, polyphosphates, amino phosphonates,
phosphonocarboxylic acids, polymeric chelating agents, salts thereof, combinations of two or
more of the foregoing, and the like. Preferred chelating agents include oxalic acid, malonic
acid, succinic acid, citric acid, salts thereof, and combinations of two or more of the foregoing.
The chelating agent, when utilized, preferably is present in the composition at a concentration
in the range of about 0.1 to about 3 percent by weight.

[0020] In addition, the CMP compositions of the invention can include other optional
ingredients such as biocides, dispersants, viscosity modifiers, buffers, pH adjusting agents,
metal corrosion inhibitors (e.g., benzotriazoles.or. 1,2,4-triazoles), and the like. * -

[0021] The CMP compositions of the invention can be prepared by any suitable technique,
many of which are known to those skilled in the art. The CMP composition can be prepared in
a batch or continuous process. Generally, the CMP composition can be prepared by combining
the components thereof in any order. The term “component” as used herein includes individual
ingredients (e.g., abrasives, lysine, chelating agents, acids, bases, oxidizing agents, and the

like), as well as any combination of ingredients. For example, an abrasive can be dispersed in



-7 -

water, and the lysine can be added, and mixed by any method that is capable of incorporating
the components into the CMP composition. The oxidizing agent, when present, can be added
to the composition at any suitable time. In some embodiments, the oxidizing agent is not added
to the CMP composition until the composition is ready for use in a CMP process, for example,
the oxidizing agent is added just prior to initiation of polishing. The pH can be adjusted at any
suitable time.

[0022] The CMP compositions of the present invention also can be provided as a
concentrate, which is intended to be diluted with an appropriate amount of an aqueous carrier
(e.g., water) prior to use. In such an embodiment, the CMP composition concentrate can
include the various components dispersed or dissolved in the aqueous carrier in amounts such
that, upon dilution of the concentrate with an appropriate amount of aqueous carrier, each
component of the polishing composition will be present in the CMP composition in an amount
within the approprate range for use.

[0023] The invention also provides a method of chemically-mechanically polishing a
substrate that includes a PCM. A preferred method comprises (i) contacting a surface of a
substrate with a polishing pad and a CMP composition of the invention as described herein, and
(i1) moving the polishing pad relative to the surface of the substrate with the polishing
composition therebetween, thereby abrading at least a portion of a PCM from the substrate to
polish the surface thereof.

[0024] The CMP methods of the present invention can be used to polish any suitable
substrate, and are especially useful for polishing substrates comprising a GST alloy, InSb, and
the like. Preferably, the PCM is a GST alloy (e.g., Ge,Sb,Tes) or InSb. The substrate
preferably also includes a liner material such as Ti or TiN, as well as a layer of silicon dioxide
thereunder. In a preferred method, a PCM and a liner layer are abraded, and the abrading is
stopped at a silicon dioxide layer.

[0025] The CMP methods of the present invention are particularly suited for use in
conjunction with a chemical-mechanical polishing apparatus. Typically, the CMP apparatus
comprises a platen, which, when in use, is in motion and has a velocity that results from orbital,
linear, and/or circular motion. A polishing pad is mounted on the platen and moves with the

platen. A carrier assembly holds a substrate to be polished in contact with the pad and moves
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relative to the surface of the polishing pad, while urging the substrate against the pad at a
selected pressure (down force) to aid in abrading the surface of the substrate. A CMP
composition is typically pumped onto the polishing pad to aid in the polishing process. The
polishing of the substrate is accomplished by the combined abrasive action of the moving
polishing pad and the CMP composition of the invention present on the polishing pad, which
abrades at least a portion of the surface of the substrate, and thereby polishes the surface.
[0026] A substrate can be planarized or polished with a CMP composition of the invention
using any suitable polishing pad (e.g., polishing surface). Non-limiting examples of suitable
polishing pads include woven and non-woven polishing pads, which can include fixed
abrasives, if desired. Moreover, suitable polishing pads can comprise any polymer having any
suitable density, hardness, thickness, compressibility, ability to rebound upon compression, and
compression modulus, chemical stability, and/or chemical resistance, as is well known in the
CMP art. Suitable polymers include, for example, polyvinylchloride, polyvinylfluoride, nylon,
fluorocarbon, polycarbonate, polyester, polyacrylate, polyether, polyethylene, polyamide,
polyurethane, polystyrene, polypropylene, coformed products thereof, and mixtures thereof.
[0027] Desirably, the CMP apparatus further comprises an in situ polishing endpoint
detection system, many of which are known in the art. Techniques for inspecting and
monitoring the polishing process by analyzing light or other radiation reflected from a surface
of the workpiece are known in the art. Such methods are described, for example, in U.S. Pat.
No. 5,196,353 to Sandhu et al., U.S. Pat. No. 5,433,651 to Lustig e al., U.S. Pat. No. 5,949,927
to Tang, and U.S. Pat. No. 5,964,643 to Birang ef al. Desirably, the inspection or monitoring of
the progress of the polishing process with respect to a workpiece being polished enables the
determination of the polishing end-point, i.e., the determination of when to terminate the
polishing process with respect to a particular workpiece.
[0028] The following examples further illustrate the invention but, of course, should not be
construed as in any way limiting its scope.

EXAMPLE 1
[0029] This example illustrates the GST-oxidation inhibiting activity of lysine in the

presence of hydrogen peroxide.
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[0030] Individual GST wafers (1 cm-by-1 cm, Ge,Sb;Tes; GST225) were dipped in various
aqueous test solutions for about 100 seconds at ambient room temperature. A control solution
had a pH of about 3 and comprised about 1 percent by weight hydrogen peroxide in water.
Other test solutions included about 1 percent by weight hydrogen peroxide combined with
either benzotriazole (BTA; about 0.1 percent by weight), lysine (about 1 percent by weight), or
malonic acid (about 3 percent by weight). The wafers had a shiny metallic appearance prior to
being dipped into the test solutions. A brown coloration on the surface of the wafer after
dipping indicated the formation of a GST oxide layer on the surface. The results of these
evaluations and the formulations of the solutions that were tested are shown in Table 1. As the
information in Table 1 indicates, lysine effectively and substantially inhibited the formation of
a GST oxide coating on the surface of the wafer. BTA had a slight inhibiting effect, whereas
hydrogen peroxide alone and hydrogen peroxide combined with malonic acid each formed a

significant oxide layer.

Table 1.
Test Solution Surface Appearance
none, as-received sample shiny-metallic, no discoloration
1% H,0,, pH 3 brown discoloration
0.1% BTA, 1% H,0,,pH 3 some brown discoloration
1% lysine, 1% H,0,, pH 3 shiny-metallic, slight discoloration
1% lysine, 1% H,O,, pH 3 shiny-metallic, slight discoloration
3% malonic acid, 1% H,0,, pH 3 brown discoloration

EXAMPLE 2
[0031] This example illustrates the GST-oxidation inhibiting activity of lysine in the
presence of hydrogen peroxide using electrochemical measurements.
[0032] A GST225 (Ge,Sb,Tes) rotating disc electrode (1 cm diameter) was submerged in
an aqueous solution (pH of about 3) containing about 1 percent by weight lysine and about 1
percent by weight hydrogen peroxide. Linear sweep voltametry was performed, and the
voltage relative to a standard hydrogen electrode (SHE) was plotted against the log of the
corrosion current (log[1]) to provide a Tafel plot (FIG. 1). A Tafel plot also was obtained by

the same procedure using a substantially similar GST electrode submerged in an aqueous
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solution containing about 3 percent by weight malonic acid and about 1 percent hydrogen
peroxide at about pH 3 for comparison purposes (FIG. 1). The Tafel plots in FIG. 1 show that
the corrosion current for the lysine/hydrogen peroxide solution was about 0.22 mA, while the
corrosion current for the malonic acid/hydrogen peroxide solution (no lysine) was about 4.5
mA. For comparison, Tafel plots were obtained for a 1 percent by weight aqueous hydrogen
peroxide solution at pH 2.9 and water at pH 2.9 (see FIG. 2). The 1 percent hydrogen peroxide
solution had a corrosion current of about 0.2 mA, and water had a corrosion current of about
0.17 mA in these experiments. These results indicate that lysine significantly reduces the GST
corrosion current in aqueous hydrogen peroxide at acidic pH compared to the corrosion current
obtained with an aqueous solution of malonic acid and hydrogen peroxide.

EXAMPLE 3
[0033] This example illustrates the GST-oxidation inhibiting activity of lysine using x-ray
photoemission spectroscopy (XPS).
[0034] XPS experiments using depth profiling with Ar-sputtering were performed to
determine the oxide layer depths obtained by oxidation of GST225 with 1 percent by weight
hydrogen peroxide (pH 3) in the presence of either 0.5 percent by weight lysine or 3 percent by
weight malonic acid. The depth measurements were calibrated by sputtering a SiO; sample of
known depth. The oxidation depths were obtained when the oxidation peaks were absent, after
removing about 4 nm of the surface films. The observed oxidation depths are shown in Table 2
(in Angstroms, as SiO; equivalent depths). As the data in Table 2 indicate, lysine reduced the

oxide layer depth by about 50% for germanium and antimony, and by about 66 percent for

tellurium.
Table 2.
Solution Ge Sb Te
3% malonic acid, 1% H,O,, pH 3 160 A 160 A 120 A
0.5% lysine, 1% H,0,, pH 3 80 A 80 A 40 A

EXAMPLE 4
[0035] This example illustrates the ability of CMP compositions of the invention to

effectively remove a GST film in a CMP process.
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[0036] Silicon wafers having about 5000A of Ge,Sb,Tes film on the surface of the wafer
were polished in the presence of about 1 percent by weight of hydrogen peroxide (based on the
combined weight of the polishing composition and hydrogen peroxide) on a 200 mm Mirra
polisher using a IC1010 polishing pad, with a platen speed of about 93 revolutions-per-minute
(rpm), a carrier speed of about 87 rpm, a down pressure of about 4 pounds-per-square inch
(psi), and a slurry flow rate of 200 milliliters-per-minute (mL/min). The CMP compositions
that were evaluated each contained about 1 percent by weight hydrogen peroxide and had a pH
of about 3. Comparative Composition 4A included about 1 percent by weight of colloidal silica
(130 nm mean particle size) and about 3 percent by weight malonic acid. Composition 4B (of
the invention) included 3.5 percent by weight of the colloidal silica (130 nm mean particle size)
and about 0.5 percent by weight lysine. The GST removal rates (RR) are shown in Table 3.
Table 3

Composition GST RR (A/min)
4A 1 % abrasive, 3% malonic acid 1200
4B 3.5 % abrasive 0.5% lysine 1935

[0037] Comparative Composition 4A represents a composition as taught by co-owned and
co-pending U.S. Patent Application Serial No. 11/699,129 (Dysard et al.), which teaches the
use of not more than about 3 percent by weight of abrasive in combination with malonic acid
and similar materials. The removal rate shown in Table 3 for Composition 4B indicates that
the compositions of the invention can achieve excellent GST removal rates even without
malonic acid present.

[0038] All references, including publications, patent applications, and patents, cited herein
are hereby incorporated by reference to the same extent as if each reference were individually
and specifically indicated to be incorporated by reference and were set forth in its entirety
herein.

[0039] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be construed
to cover both the singular and the plural, unless otherwise indicated herein or clearly
contradicted by context. The terms “comprising,” “having,” “including,” and “containing” are

to be construed as open-ended terms (i.e., meaning “including, but not limited to,”) unless
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otherwise noted. Recitation of ranges of values herein are merely intended to serve as a
shorthand method of referring individually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is incorporated into the specification
as if it were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
The use of any and all examples, or exemplary language (e.g., “such as”) provided herein, is
intended merely to better illuminate the invention and does not pose a limitation on the scope of
the invention unless otherwise claimed. No language in the specification should Be construed
as indicating any non-claimed element as essential to the practice of the invention.

[0040] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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WHAT IS CLAIMED IS:

1. A chemical-mechanical polishing (CMP) composition for polishing a phase
change material-containing substrate, the composition comprising:

(a) a particulate abrasive material, wherein the particulate abrasive material is
selected from the group consisting of colloidal silica, fumed silica, and alpha-alumina;

(b) lysine present at a concentration in the range of 0.01 to 5 percent by weight;

(c) an oxidizing agent comprising hydrogen peroxide; and

(d) an aqueous carrier therefor.

2. The CMP composition of claim 1 wherein the particulate abrasive material is
present at a concentration in the range of 0.001 to 6 percent by weight.

3. The CMP composition of claim 1 wherein the oxidizing agent is present at a
concentration in the range of 0.01 to 6 percent by weight.

4. The CMP composition of claim 1 wherein the oxidizing agent further comprises
at least one oxidizing agent selected from the group consisting of a persulfate salt, a periodate
salt, and a salt thereof.

5. A chemical-mechanical polishing (CMP) method for polishing a phase change
material-containing substrate, the method comprising abrading the surface of the substrate with
a CMP composition of claim 1.

6. A chemical-mechanical polishing (CMP) method for polishing a phase change
material-containing substrate, the method comprising the steps of:

(a) contacting a surface of the substrate with a polishing pad and an aqueous
CMP composition, the CMP composition being in accordance with any one of claims 1, 2, and
3; and

(b) causing relative motion between the polishing pad and the substrate while
maintaining a portion of the CMP composition in contact with the surface between the pad and
the substrate for a period of time sufficient to abrade at least a portion of the phase change
material from the substrate.

7. The CMP method of claim 6 wherein the oxidizing agent further comprises at
least one material selected from the group consisting of a persulfate salt, a periodate salt, and a

salt thereof.
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8. The CMP method of claim 6 wherein a) the substrate comprises a surface layer
of a germanium-antimony-tellurium (GST) alloy; or b) the substrate comprises indium
antimonite (InSb).

0. The CMP method of claim 8 wherein the substrate further comprises a liner
material under the surface layer.

10. The CMP method of claim 9 wherein the liner material is selected from the
group consisting of Ti, TiN, and a combination thereof.

11. The CMP method of claim 9 wherein the substrate further comprises a layer of
silicon dioxide under the liner material.

12. The CMP method of claim 11 wherein the GST alloy and the liner material are

each abraded, and the abrading is ceased at the silicon dioxide layer.



