CMP COMPOSITION AND METHOD FOR POLISHING RIGID DISK
BACKGROUND OF THE INVENTION

[0001] The demand for increased storage capacity in meorangid disks and the trend
towards miniaturization of memory or rigid disksge due to the requirement for smaller
hard drives in computer equipment) continues toleasge the importance of the memory or
rigid disk manufacturing process, including thenglazation or polishing of such disks for
ensuring maximal performance. While there exisess chemical-mechanical polishing
(CMP) compositions and methods for use in conjwmctvith semiconductor device
manufacture, few conventional CMP methods or cororally available CMP compositions
are well-suited for the planarization or polishmfgnemory or rigid disks.
[0002] As the demand for increased storage capacity ltasased, so has the need for
improved processes for the polishing of such memomngid disks. The term “memory or
rigid disk” refers to any magnetic disk, hard diggjd disk, or memory disk for retaining
information in electromagnetic form. The memoryigid disk typically has a surface that
comprises nickel-phosphorous (NiP), but the menoonygid disk surface can comprise any
other suitable material. The planarity of the meyrar rigid disks must be improved, as the
distance between the recording head of a disk dmkthe surface of the memory or rigid
disk has decreased with improvements in recordamsitly that demand a lower flying height
of the magnetic head with respect to the memongat disk. In order to permit a lower
flying height of the magnetic head, improvementth®surface finish of the memory or rigid
disk are required.
[0003] Conventional CMP compositions and methods for NiRIldisks and other
substrates could be improved because, as remdeakramcreased, there is often a
concomitant deterioration of other polishing penfance, e.g., surface roughness,
defectivity, and the like. Furthermore, conventdib@MP compositions and methods can be
inefficient and require significant cycle time aafior intensity. There is a need for a
polishing composition and method that addressesetbencerns.

BRIEF SUMMARY OF THE INVENTION
[0004] In one aspect, the invention provides a polishimgosition comprising,
consisting of, or consisting essentially of siliedjrst alcohol having a flash point of at least
about 10° C (50° F); a second alcohol consistingabyvinyl alcohol; one or more of a nickel
complexing agents; and water. Optionally, hydrogeroxide, pH adjuster, and biocide can

be included in the polishing composition.



[0005] In another aspect, the invention provides a paiigltomposition comprising,
consisting of, or consisting essentially of siliedjrst alcohol comprising one or more of
monohydric alcohol, polyhydric alcohol, and digly,ca@ nickel complexing agent; a second
alcohol consisting of polyvinyl alcohol; and watédptionally, one or more of hydrogen
peroxide, pH adjuster, and biocide can be includdte polishing composition.

[0006] In another aspect, the invention provides a metigublishing a substrate. The
method comprises, consists of, or consists es#igrifeproviding a substrate and providing a
polishing pad. The method also provides a polgleimmposition. The polishing
composition comprises, consists of, or consisterdggly of (a) silica; (b) a first alcohol
having a flash point of at least about 10° C (50%&) a nickel complexing agent; (d) a
second alcohol consisting of polyvinyl alcohol; geylwater. Optionally, one or more of
hydrogen peroxide, pH adjuster, and biocide cam&aded in the polishing composition.
The polishing composition is dispensed to a surtddbe substrate, and the polishing pad
contacts the surface of the substrate. The sudbite substrate is abraded to remove at
least some portion of the substrate, and to ptiistsurface of the substrate.

[0007] In another aspect, the invention provides a metiqublishing a substrate. The
method comprises, consists of, or consists es#igrifgproviding a substrate and providing a
polishing pad. The method also provides a polglesimmposition. The polishing
composition comprises, consists of, or consistsrgggly of (a) silica; (b) a first alcohol
comprising one or more of monohydric alcohol, pgtic alcohol, and diglycol; (c) a
second alcohol consisting of polyvinyl alcohol; &hickel complexing agent; and (e) water.
Optionally, one or more of hydrogen peroxide, pkuatér, and biocide can be included in
the polishing composition. The polishing compasitis dispensed to a surface of the
substrate, and the polishing pad contacts thesidhthe substrate. At least a portion of the
surface of the substrate is abraded to removest $®me portion of the substrate and to

polish the surface of the substrate.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWG
[0008] FIG. 1 is a boxplot comparing the polishing perfanoe in terms of removal rate

(“RR”) (mg/min) of eight polishing compositions described in Example 2.

DETAILED DESCRIPTION OF THE INVENTION
[0009] The invention provides a polishing composition andethod of polishing a
substrate. The polishing composition providegsaifbrasive particles, preferably in the form



of colloidal silica. The composition also compssefirst alcohol, a second alcohol in the
form of polyvinyl alcohol, a nickel complexing adeand water. For example, in various
embodiments, a first alcohol comprises one or méraonohydric alcohol, polyhydric
alcohol, and diglycol and/or the alcohol is extediby a flash point of at least about 10° C
(50° F). In various embodiments, additional congua can be included in the polishing
composition, including, one or more of, hydrogeropale, pH adjuster, and/or biocide.
[0010] Embodiments of the invention provide a chemicaldnagical polishing (CMP)
composition and method that produce enhanced rdrmbahleast some portion of a
substrate being polished. The polishing compasiind method in accordance with
embodiments of the invention allow for higher thgbput (e.g., higher or faster removal rate)
while reducing negative effects on polishing perfance (e.g., with respect to surface
roughness or defectivity). As utilized herein, them “defectivity” refers to counting defects
(e.g., scratches), present on a substrate afteshpay a substrate with a polishing
composition. Defectivity can be measured by saaneiectron microscopy known to those
skilled in the art. The first alcohol and othengmnents as desired of the polishing
composition surprisingly and unexpectedly are stalpld work together synergistically to
achieve higher throughput of the desired remov#iaut compromising polishing
performance.

[0011] In accordance with some embodiments, the polisbé@mgbe conducted in a one-
step process. While conventional polishing proeg$sr some substrates (e.g., nickel-
phosphorus hard disks) can require two steps @ilgia bulk polishing step and a fine
polishing step), embodiments of the invention ssmgly and unexpectedly can be used in a
one-step process for hard disks and other substnatieout the need for separate bulk and
fine polishing steps. Advantageously, such a dap{srocess is more efficient and cost-
effective by, for example, reducing cycle time dedobr intensity. Embodiments of the
invention can realize high removal rates withouhpoomising polishing performance, all in
a single-step polishing process (i.e., that do¢setuire separate steps for bulk polishing
and fine polishing).

[0012] The substrate to be polished using the polishimypmsition and method of the
invention can be any suitable substrate, suchsabstrate that contains nickel-phosphorous.
In some embodiments, the substrate comprisessitdea layer, especially an exposed layer
for polishing, comprising, consisting essentialfyar consisting of nickel-phosphorous.

Particularly suitable substrates include, but atedimited to, memory or rigid disks, such as



aluminum disks coated with nickel-phosphorous. Ewsv, it will be understood that the
inventive polishing composition and method can $eduwith other substrates, including for
metal polishing with respect to semiconductor waftesed in fabrication of integrated circuits
and other microdevices.

[0013] The polishing composition includes abrasive paticl Silicon dioxide-based
abrasive particles (also referred to herein agc&si) are particularly suited to be used in
accordance with embodiments of the invention.hls tegard, silica has been found to be
favorable with regard to polishing magnetic sulisgde.g., NiP) in the inventive
composition because it produces low defectivityhsas low scratch counts and no embedded
hard particles, such as is seen with alumina aleasiThe silica can be any suitable form of
silica such as wet-process type silica, fumedasiloc combinations thereof. For example, the
silica can comprise wet-process type silica pasi€e.g., condensation-polymerized or
precipitated silica particles, also known as cdidisilica). For example, the silica can be in
the form of colloidal silica or fumed silica, wittolloidal silica being the preferred abrasive
particle.

[0014] The silica particles can have any suitable avepagtcle size (i.e., average
particle diameter). For clarity, it will be undeysd that, for non-spherical particles, the size
of the particle is the diameter of the smallesiesphthat encompasses the particle. For
example, in some embodiments, the silica has arageearticle size of from about 5 nm to
about 80 nm. In some embodiments, the silica hassarage particle size of, e.g., from
about 5 nm to about 60 nm, from about 10 nm to &#46unm, or from about 12 nm to about
35nm. Preferably, the silica can have an averagefe size of about 40 nm or less.

[0015] The unmodified phrase “particle size”, as utilizestein, refers to individual silica
particles dispersed in an aqueous carrier (e.denvavhich particles may be primary or
secondary particles depending on the nature gbdiniicles. The particle size can be
measured using any suitable technique, for exampleg laser diffraction techniques known
to those skilled in the art.

[0016] The silica particles can be present in any suitableunt. For example, the silica
particles can be present in an amount of from abdit wt.% to about 10 wt.%. In some
embodiments, the silica is present, e.g., in anusinfvom about 0.01 wt.% to about 5 wt.%,
such as from about 0.01 wt.% to about 10 wt.%, siscfiom about 0.1 wt.% to about

10 wt.%, or from about 0.1 wt.% to about 5 wt.%.



[0017] The polishing composition comprises a first alcohbhe alcohol can exhibit a
flash point of at least about 10° C (50° F) and®@iin the form of one or more of monohydric
alcohol, polyhydric alcohol, and diglycol. In acdance with some embodiments, the first
alcohol is selected from monohydric alcohols acewydo the formula ¢H2n+1 (OH);
polyhydric alcohols according to the formulaim+2-{OH),(m =n); and/or diglycols
according to the formula HOGBH,(OCH,CH,)xOH; where m is from about 1 to about 12,
n is from about 1 to about 11, and x is from Oldowt 12. Examples of suitable monohydric
alcohols include, but are not limited to, isopropafilPA™), butyl alcohol (e.g., normal, i.e.,
n-butyl, secondary, i.e., sec-butyl, etc.) (“BAd), the like. Examples of suitable polyhydric
alcohols include, but are not limited to, ethylghgol (“EG”), propylene glycol, or the like.
Examples of suitable diglycols include, but are limited to, diethylene glycol, dipropylene
glycol ("DPG”"), or the like.

[0018] Odorless alcohols that exhibit higher flash poarts preferred. As used herein,
“flash point” refers to the minimum temperatureadfquid at which sufficient vapor is given
off to form an ignitable mixture with air and, whigmited, will produce a flash fire, and not
continuous flaming combustion, over the surfactheffuel. Alcohols with higher flash
points (at least about 10° C (50° F)) are prefelrechuse they do not present a fire hazard
during polish.

[0019] In some embodiments, the alcohol has a flash pdjribr example, from about
10° C (50° F) to about 200° C (390° F), from abbdit C to about 150° C (300° F), from
about 10° C to about 100° C (212° F), from about@Qo about 70° C (160° F), from about
10° C to about 50° C (120° F), from about 10° @lout 25° C (77° F), from about 25° C to
about 200° C, from about 25° C to about 150° Qnfadbout 25° C to about 100° C, from
about 25° C to about 70° C, from about 25° C touah0° C, from about 40° C (100° F) to
about 200° C, from about 40° C to about 150° Qnfabout 40° C to about 100° C, from
about 40° C to about 70° C, or from about 40° @hout 50° C.

[0020] In some embodiments, the first alcohol is one orexad isopropanol (IPA), butyl
alcohol, ethylene glycol, propylene glycol, diety glycol, pentaerythritol, dipentaerytritol,
trimethyolpropane, and dipropylene glycol. Prebéyathe first alcohol can have a molecular
weight of about 32 to about 500, e.g., from abd@utdbabout 250, or from about 60 to about
200.

[0021] The first alcohol can be present in any suitable@am In some embodiments,

the first alcohol is present in an amount of frdmowt 0.05 wt.% to about 20 wt.%. For



example, in some embodiments, the first alcohplésent in an amount of from about

0.05 wt.% to about 15 wt.%, from about 0.05 wt.%lout 10 wt.%, from about 0.05 wt.%
to about 5 wt.%, from about 0.05 wt.% to about PAytfrom about 0.1 wt.% to about

20 wt.%, from about 0.1 wt.% to about 15 wt.%, frabout 0.1 wt.% to about 10 wt.%, from
about 0.1 wt.% to about 5 wt.%, from about 0.1 wicPabout 1 wt.%, from about 1 wt.% to
about 20 wt.%, from about 1 wt.% to about 15 wifSémn about 1 wt.% to about 10 wt.%,
from about 1 wt.% to about 8 wt.% from about 1 wt®/about 5 wt.%, or from about 1 wt.%
to about 3 wt.%.

[0022] The polishing composition includes a nickel compigxagent. For example, the
nickel complexing agent can comprise one or moradrganic monocarboxylic acid, an
organic bicarboxylic acid, an amino carboxylic a@dd any salt thereof. In some
embodiments, the nickel complexing agent comprasesor more of a hydroxy
multicarboxylic acid such as hydroxyethyl ethyleiagine triacetic acid (HEDTA or
HEDTA-H3), glycine, oxime- and/or dioxime- Ni congaler, such as dimethylglyoxime, or
any salt thereof. In some embodiments, the nickeliplexing agent consists of HEDTA
alone or in combination with glycine. In other esdbnents, the nickel complexing agent is
a compound having at least one hydroxyl functigmalp and at least two carboxyl or
phosphonic acid functional groups.

[0023] The nickel complexing agent is present in any bletamount. In some
embodiments, the nickel complexing agent can beegmtan an amount of from about

0.01 wt.% to about 10 wt.%. For example, in soméadiments, the nickel complexing
agent is present in an amount of from about 0.0%wd about 7 wt.%, from about 0.01 wt.%
to about 5 wt.%, from about 0.01 wt.% to about 34ytfrom about 0.01 wt.% to about

1 wt.%, from about 0.01 wt.% to about 0.5 wt.%nifrabout 0.1 wt.% to about 10 wt.%,
from about 0.1 wt.% to about 7 wt.%, from aboutWt®s to about 5 wt.%, from about

0.1 wt.% to about 3 wt.%, from about 0.1 wt.% towatl wt.%, from about 0.1 wt.% to
about 0.5 wt.%, from about 1 wt.% to about 10 wifSdm about 1 wt.% to about 7 wt.%
from about 1 wt.% to about 5 wt.%, or from abouwttl% to about 3 wt.%.

[0024] The polishing composition further comprises a sdanohol, particularly in the
form of polyvinyl alcohol. While not wishing to B®und by any particular theory, a benefit
of introducing polyvinyl alcohol into the polishirmpmposition is for lowering defectivity
upon polishing. In addition to lowering defect ats) the polyvinyl alcohol can contribute to



increasing removal rate performance of the polglsimmposition, in accordance with
embodiments of the invention.

[0025] The polyvinyl alcohol can have any suitable molacweight. For example, in
some embodiments, the polyvinyl alcohol has a mubégaveight of from about 2,000 g/mol
to about 50,000 g/mol. For example, the polyviedgbhol molecular weight can be from
about 2,000 g/mol to about 40,000 g/mol, from al&000 g/mol to about 30,000 g/mol,
from about 2,000 g/mol to about 20,000 g/mol, fralbout 2,000 g/mol to about 10,000
g/mol, from about 2,000 g/mol to about 8,000 g/nfraim about 2,000 g/mol to about 5,000
g/mol, from about 4,000 g/mol to about 50,000 g/nfreim about 4,000 g/mol to about
40,000 g/mol, from about 4,000 g/mol to about 30,80mol, from about 4,000 g/mol to
about 20,000 g/mol, from about 4,000 g/mol to alddyo00 g/mol from about 4,000 g/mol
to about 8,000 g/mol, from about 5,000 g/mol towks,000 g/mol, from about 5,000 g/mol
to about 40,000 g/mol, from about 5,000 g/mol towt80,000 g/mol, from about 5,000
g/mol to about 20,000 g/mol, from about 5,000 g/tochbout 10,000 g/mol, or from about
5,000 g/mol to about 8,000 g/mol.

[0026] The polyvinyl alcohol can be hydrolyzed to any ahié degree as measured by
conventional techniques. The degree of hydrolyslates the fraction of polyvinyl alcohol
backbone repeating units that bear a hydroxyl grdegr example, in some embodiments,
the polyvinyl alcohol is hydrolyzed from about 20técabout 99 %, such as from about 40%
to about 95% or from about 50% to about 90%.

[0027] The polyvinyl alcohol can be included in any suiégadmount. In some
embodiments, the polyvinyl alcohol can be presemin amount of from about 0.001 wt.% to
about 0.2 wt.%. For example, in some embodimaéméspolyvinyl alcohol is present in an
amount of from about 0.001 wt.% to about 0.15 wifi#m about 0.001 wt.% to about

0.1 wt.%, from about 0.001 wt.% to about 0.05 wifBém about 0.01 wt.% to about

0.2 wt.%, from about 0.01 wt.% to about 0.15 wttfdm about 0.01 wt.% to about 0.1 wt.%,
from about 0.01 wt.% to about 0.05 wt.%, from ab@06 wt.% to about 0.2 wt.%, from
about 0.05 wt.% to about 0.15 wt.%, from about @86 to about 0.1 wt.%, or from about
0.1 wt.% to about 2 wt.%.

[0028] In some embodiments, the polishing compositionagationally include an
oxidizing agent for oxidizing the substrate to mdhe desired material removal. In some
embodiments, the polishing composition comprisesxadizing agent consisting of



hydrogen peroxide. Hydrogen peroxide is a partitylareferred oxidizing agent in
accordance with embodiments of the invention.

[0029] If included, the hydrogen peroxide can be preseaniy suitable amount. In some
embodiments, the hydrogen peroxide is presentampthishing composition in an amount of
from about 0.01 wt.% to about 4 wt.%. For examplesome embodiments, the hydrogen
peroxide is present in an amount of from about W0% to about 3 wt.%, from about

0.01 wt.% to about 2 wt.%, from about 0.01 wt.%bout 1 wt.%, from about 0.01 wt.% to
about 0.5 wt.%, from about 0.1 wt.% to about 4 wiffam about 0.1 wt.% to about 3 wt.%,
from about 0.1 wt.% to about 2 wt.%, from aboutWt®s to about 1 wt.%, from about

0.5 wt.% to about 4 wt.%, from about 0.5 wt.% towat3 wt.%, from about 0.5 wt.% to
about 2 wt.%, or from about 0.5 wt.% to about 4wvt.

[0030] The polishing composition of the invention can hauag suitable pH. In some
embodiments, the polishing composition can desirable a pH of from about 1 to about 5.
Such a pH can be desirable because nickel is notuble at a lower pH, and nickel oxide is
more readily hydrolyzed at a low pH. For exampiesome embodiments, the polishing
composition exhibits a pH of from about 1 to abéuabout 1 to about 3, such as from about
1 to about 2, from about 2 to about 4, from abotd @bout 3, or from about 3 to about 4, or
from about 3 to about 5.

[0031] If desired, to achieve such a pH level, a pH adjusan be utilized. Any suitable
pH adjuster can be included in the polishing contmrs By way of example, the pH
adjuster can be in the form of one or more of mi&cid, sulfuric acid, and phosphoric acid.
The pH adjuster is included in an amount effectivachieve the desired pH level, such as in
an amount of from about 0.0001 wt.% to about 204aye.g., from about 0.001 wt.% to about
10 wt.%, from about 0.01 wt.% to about 5 wt.%, roind about 0.02 wt.% to about 3 wt.%.
[0032] Biocides as known in the art can be used in sontdiments. The biocide can
be any suitable biocide and can be present inghghing composition in any suitable
amount. By way of example, and not limitationu#able biocide is an isothuazolinone
biocide, isothiazolinone, or the like. The amoahbiocide used in the polishing
composition typically can be from about 1 to ab@Qite.g., about 1 to about 50 ppm, such as
about 10 to about 20 ppm.

[0033] Water is present in the polishing composition tvees an aqueous carrier, and
desirably in order to allow for dispersion of peles in some embodiments. The water can

be present in any suitable amount. For exampéewtter can be present in an amount of



from about 75 wt.% to about 99 wt.%. In some enniedts, the water is present, e.g., from
about 75 wt.% to about 99 wt.%, such as from aBOuwt.% to about 99 wt.%, from about

80 wt.% to about 95 wt.%, or from about 85 wt.%abmut 95 wt.%.

[0034] The polishing composition can be prepared by artglsle technique, many of
which are known to those skilled in the art. Tlodighing composition can be prepared in a
batch or continuous process. Generally, the polisbomposition can be prepared by
combining the components thereof in any order.

[0035] It will be understood that, generally, the actuauatity of one or more ingredient
in compositions in accordance with embodimentsefibvention (e.g., silica; a first alcohol
comprising one or more of monohydric alcohol, pgiytic alcohol, and diglycol; nickel
complexing agent; polyvinyl alcohol; pH adjusteydhogen peroxide; biocide; and water)
may vary depending on the desired degree of diutioconcentration. In this respect, some
embodiments can be packaged in the form of a cdrater(e.g., a 50 times concentrate, a
100 times concentrate, a 200 times concentratg,vetere water can be later added to dilute
the solution, such as at a point of use (e.g.rbgral user), or the solution can be packaged in
a diluted form with water already included. Foasple, in some embodiments, the
concentrated forms of each ingredient and/or théisa as a whole can facilitate ease of
shipping, distribution, and sale. However in oteetbodiments, each ingredient and/or the
solution as a whole can be in a diluted form, eéagsimplify end use. Thus, the weight
ranges for ingredients as set forth herein cam tefeither the diluted or concentrated ranges.
[0036] Accordingly, each ingredient can be present inaelil form that is suitable for
end use or in a form that is concentrated and dilated (e.g., 2 times, 5 times, 10 times, 25
times, 40 times, 50 times, 60 times, 70 times, ti@6s, 125 times, 150 times, 175 times, 200
times, etc. to the diluted form). When the coniaetis diluted with an equal volume of
water (e.g., 1 equal volumes water, 4 equal voluof@gter, 9 equal volumes of water, 24
equal volumes of water, 39 equal volumes of wa@rqual volumes of water, 59 equal
volumes water, 69 equal volumes of water, 99 egolaimes of water, 124 equal volumes of
water, 149 equal volumes of water, 174 equal vokiofavater, or 199 equal volumes of
water, respectively), each ingredient will be prése embodiments of the invention in an
amount within the diluted ranges set forth belowdach component. Furthermore, as will
be understood by those of ordinary skill in the #nr¢ concentrate can contain an appropriate
fraction of the water present in the final solutidfor example, in some applications, e.g.,

polishing compositions, the concentrate can coraaiappropriate fraction of the water
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present in the final polishing composition in ortieensure that the polishing composition
components are at least partially or fully dissdluethe concentrate.

[0037] “Pot life” is understood in the art to indicate gh@lishing composition’s useable
lifetime and can relate to the stability of the g@msition. In some embodiments, the
polishing composition is sufficiently stable sublattthe composition has a preferred pot life
of at least about two days at the point of use. example, in some embodiments, the
polishing composition has a pot life of at leastaithree days at the point of use, e.g., at
least about four days, at least about five daygs, €he desired pot life exhibited by preferred
embodiments of the invention are advantageousdnciag costs as the polishing
composition does not need to be replenished asdraly.

[0038] As another illustrative embodiment, the polishimgnposition comprises, consists
of, or consists essentially of silica; water; atfislcohol; a nickel complexing agent and a
polyvinyl alcohol. The first alcohol can be in tfteem of one or more of isopropanol (IPA),
butyl alcohol, ethylene glycol, propylene glycaktihylene glycol, pentaerythritol,
dipentaerytritol, trimethyolpropane, and dipropgegtycol, in some embodiments. A pH
adjuster and biocide also can optionally be inatlide

[0039] In another illustrative embodiment, the composittomprises, consists of, or
consists essentially of water; silica; a first éobcomprising one or more of isopropanol
(IPA), butyl alcohol, ethylene glycol, propyleng/gbl, diethylene glycol, pentaerythritol,
dipentaerytritol, trimethyolpropane, and dipropwgegtycol; nickel complexing agent
comprising one or more of an organic monocarboxadiici, an organic bicarboxylic acid, an
amino carboxylic acid, and any salt thereof; a sdacohol in the form of polyvinyl

alcohol; and hydrogen peroxide. A pH adjuster bindide can optionally be included. In
some embodiments, the nickel complexing agent cae@pHEDTA and/or glycine, and the
polyvinyl alcohol has a molecular weight of fronoalb 2,000 g/mol to about 50,000 g/mol.
[0040] In another illustrative embodiment, the composittomprises, consists of, or
consists essentially of water; silica; a first &éabexhibiting a flash point of at least about 10°
C (50° F); nickel complexing agent comprising onen@re of an organic monocarboxylic
acid, an organic bicarboxylic acid, an amino casfioxacid, and any salt thereof; a second
alcohol in the form of polyvinyl alcohol; and hydyen peroxide. A pH adjuster and biocide
can optionally be included. In some embodimeihis nickel complexing agent comprises
HEDTA and/or glycine, and the polyvinyl alcohol resolecular weight of from about
2,000 g/mol to about 50,000 g/mol.
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[0041] It shall be noted that the embodiments describedehbre merely examples of
combinations of the ingredients in accordance Withinvention. Other exemplary
combinations are apparent from the entirety oftiascription herein. It will also be
understood by one of ordinary skill in the art teath of these embodiments may be used in
various combinations with the other embodimentwipliex herein.

[0042] It will be further understood that embodiments “sisting essentially of” the
recited ingredients or method steps means thatdimposition precludes the inclusion of any
additional ingredient or method step that mateyriaffects the inventive polishing
composition or method (e.g., ingredients or metstegs that alter the desired effects of the
invention, particularly with regard to removal ra® discussed herein or increasing negative
effects on polishing performance (e.g., particylarith respect to surface roughness or
defectivity)). Compounds or method steps that aloaffect the removal rate or polishing
performance with respect to surface roughnessfectigty can be included in such
embodiments “consisting essentially of” the recitegtedients or method steps.

[0043] The invention also provides a method of polishirsgibstrate. The polishing
method of the invention is particularly suited fse in conjunction with a chemical-
mechanical polishing (CMP) apparatus. Typicallhg apparatus comprises a platen, which,
when in use, is in motion and has a velocity teatlts from orbital, linear, or circular
motion, a polishing pad in contact with the plaée moving with the platen when in

motion, and a carrier that holds a substrate tpdished by contacting and moving relative
to the surface of the polishing pad. The polistohthe substrate takes place by the substrate
being placed in contact with the polishing pad #redpolishing composition of the invention
and then the polishing pad moving relative to tilestrate, so as to abrade at least a portion
of the substrate to polish the substrate.

[0044] A substrate can be planarized or polished withcti@mical-mechanical polishing
composition with any suitable polishing pad (epglishing surface). Suitable polishing pads
include, for example, woven and non-woven polistpags. Moreover, suitable polishing
pads can comprise any suitable polymer of varyemgsdy, hardness, thickness,
compressibility, ability to rebound upon compresasiand compression modulus. Suitable
polymers include, for example, polyvinylchloridelyvinylfluoride, nylon, fluorocarbon,
polycarbonate, polyester, polyacrylate, polyetpetyethylene, polyamide, polyurethane,
polystyrene, polypropylene, coformed products tbker@nd mixtures thereof.
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[0045] Desirably, the CMP apparatus further comprisemaitu polishing endpoint
detection system, many of which are known in the @echniques for inspecting and
monitoring the polishing process by analyzing lightther radiation reflected from a surface
of the workpiece are known in the art. Such mesher@ described, for example, in U.S.
Patent 5,196,353, U.S. Patent 5,433,651, U.S. Pat@09,511, U.S. Patent 5,643,046, U.S.
Patent 5,658,183, U.S. Patent 5,730,642, U.S. Pa{@88,447, U.S. Patent 5,872,633, U.S.
Patent 5,893,796, U.S. Patent 5,949,927, and t8nP5,964,643. Desirably, the
inspection or monitoring of the progress of thegiohg process with respect to a workpiece
being polished enables the determination of thespiolg end-point, i.e., the determination of
when to terminate the polishing process with ressfmea particular workpiece.

[0046] The method of polishing a substrate comprises,istsnsf, or consists essentially
of (i) providing a substrate, (ii) providing a paiing pad, and (iii) providing a polishing
composition as described herein in various embodisneFor example, the polishing
composition can comprise (a) silica; (b) a firstodlol; (c) a second alcohol consisting of
polyvinyl alcohol (d) a nickel complexing agent) (eater. The first alcohol can have a flash
point of at least about 10° C (50° F) and/or cosgone or more of monohydric alcohol,
polyhydric alcohol, or diglycol. Various exemplangredients can be included in the
composition as described herein. In some embodsndre polishing composition can
optionally comprise hydrogen peroxide, pH adjusaoig/or biocide. In the method, (iv) the
polishing composition is dispensed to the surfdddesubstrate and the polishing pad
contacts the surface of the substrate. The metlsadncludes (v) abrading at least a portion
of the surface of the substrate to remove at k@sie portion of the substrate and to polish
the surface of the substrate.

[0047] Advantageously, in accordance with some embodinadrttse invention,

polishing of a substrate can be performed in oep-sistead of two-steps as in conventional
systems. For example, while conventional systeiag require a step of bulk polishing (for
high material removal rates) and a second stemefgdolishing (to obtain a low roughness or
waviness, and a scratch-free surface finish), emnteus of polishing composition and
method of the invention can be used to polish thistsate in a single step.

[0048] The composition and method of the invention candexl to produce any suitable
removal rate of desired material (e.g., at leastesaickel-phosphorous) from the substrate.
The removal rate of a substrate can be determisied any suitable technique. Examples of

suitable techniques for determining the removal cdita substrate include weighing the
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substrate before and after use of the inventivisipiolg method to determine the amount of
substrate removed per unit of polishing time, wtdah be correlated with the removal rate in
terms of thickness of substrate removed per unpbbishing time, and determining the
thickness of the substrate before and after ufeeohventive polishing method to directly
measure the removal rate of the substrate peotiplishing time.

[0049] For example, in some embodiments, the polishingpomition and method of the
invention can be used to produce a removal rag lefast about 10 mg/min, such as at least
about 12 mg/min, at least about 14 mg/min, at labstit 16 mg/min, at least about

18 mg/min, at least about 20 mg/min, etc. (e.gmfabout 10 mg/min to about 22 mg/min,
from about 12 mg/min to about 22 mg/min, from abbéimg/min to about 22 mg/min, from
about 16 mg/min to about 22 mg/min, from about I#mn to about 22 mg/min, or from
about 20 mg/min to about 22 mg/min).

[0050] Desirably, the inventive polishing composition andthod disclosed herein result
in reduction in the total scratch count and/othi@ long scratch count when used to polish
substrates comprising a nickel-phosphorous coatadary disk as compared with
compositions absent combinations of componentsntiogliments discussed herein. One
measure of defectivity is the total scratch cowntlefined as the sum of shallow, micro, and
deep scratches on the surface of a substratepatishing. Another measure of defectivity is
the long scratch count on the surface of the satesafter polishing. Another measure of
defectivity is the count of micro particles thaheir adhere to the surface or are embedded in
the surface of a substrate that has been polishied.substrate, such as a nickel-phosphorous
coated memory disk, can be inspected using oplefalct scanning equipment such as the
Candela 6100 and 6300 series and similar instrusreargilable from KLA Tencor (Milpitas,
CA). Long scratch count can be defined as the murobscratches that are long than about 2
pixels in the image obtained by use of the Candglapment. In some embodiments, the
polishing composition produces low particle defeek®n polishing a substrate, such as a
total scratch count of less than about 2000, kegs,than about 1000, less than 500 or less
than 200.

[0051] The method can be used with any suitable substfaaeexample, the substrate
can include at least one layer of nickel-phosphsrsuch that at least some nickel-
phosphorous is removed from the surface of thetgatbgo polish the surface of the
substrate. In some embodiments, the substrateickel-phosphorous coated aluminum

memory disk. However, the method of the inventian be used to polish a variety of other
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types of substrates, e.g., substrates that inch&tals used in semiconductor wafers. Thus,
in some embodiments, the substrate is a semicandueafer comprising metal conductors.
The metal conductors can be formed from any sw@tatgdtal. For example, in some
embodiments, the metal conductors are formed frioleast copper, tungsten, tantalum,
cobalt, ruthenium, or any combination thereof. $hmiconductor wafer can also comprise a
low-k dielectric material.

[0052] The following Examples further illustrate the inten but, of course, should not

be construed as in any way limiting its scope.

EXAMPLE 1
[0053] This Example demonstrates the effect of isoprofogteol (“IPA”) on the removal
rate (“RR”) achievable by some embodiments of tivemntive polishing composition in the
polishing of separate substrates comprising nipkelsphorous-coated hard disks.
[0054] Four compositions, designated compositions 1A-1&rewprepared. Composition
1A (control) consisted of (a) 3 wt.% of colloiddica commercially available as Bindzil DP-
5110 (“DP-5110") from Akzo Nobel N.V. (Bohus, Sweje(b) 300 ppm of polyvinyl
alcohol (“PVA”) (molecular weight of 6000 g/mol; 8hydrolyzed), (c) 0.5 wt.% of Ni
complexer in the form of hydroxyethylenediamineteac acid (‘HEDTA”), (d) nitric acid
was added as a pH adjuster to bring the final pH %0 (e) hydrogen peroxide in an amount
of 0.6 wt.%, and (f) water in the remaining amouktirthermore, IPA was added in various
amounts as described below to the formulation afrob composition 1A to produce
compositions 1B-1D.
[0055] Six disks per treatment were polished using a petiscommercially available as
Hamai 9B from Hamai Co., Ltd. (Tokyo, Japan), amqmbhshing pad commercially identified
as FK1N available from Fujibo Group (Tokyo, Japaith a polishing composition flow rate
of 450 ml/min. The post-polished disks were cleawéh a cleaner commercially available
as Invenpro ISW001 from Invenpro (Selangor Darwddth) Malaysia) and then dried.
Weight measurements were carried out on threeeo$ithdisks to understand the removal
rate (mg/min) achieved by polishing compositionsIiA The remaining three disks per
treatment were kept for measurement of scratch,-g\&fed AFM Ra to eliminate
contaminationThe results are summarized in Table 1 below.
[0056] “Percent RR enhancement” was calculated by subitatite removal rate of
composition 1A (control) from the removal ratescofmpositions 1B-1D and then dividing

the result by the removal rate of composition 18nfeol). Surface roughness was measured
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in Angstroms using an atomic force microscope coroiakly available as AFM NanoScope
D3100 from Bruker Corporation (Billerica, Massac#iis) and an interference microscope
commercially available as NewView™ 100 from Zygor@aration (Middlefield,

Connecticut) at a wavelength of about 80 to 500 gmAtomic Force Microscopy (“AFM”),
the topography is mapped out by measuring the nmécdiorce exerted on the tip due to
tip-surface interaction. “AFM Ra” indicates the fauwe roughness expressed by mean value

of the surface relative to the center plane.

Table 1
. RR Percent RR
0,

Composition IPA (wt.%) (mg/min) | enhancement AFM Ra (A)
1A (control) - 14.5 - 1.25

1B 0.5 wt.% 17.6 21% 1.26

1C 5 wt.% 19.0 31% 1.23

1D 10 wt.% 18.9 30% 1.24

[0057] Adding IPA to composition 1A (control) for compasits 1B-1D was found to

significantly improve the material removal rateds/much as about 20% to 30%, as
illustrated by the data presented in Table 1. Haurhore, the increased removal rates from
the addition of IPA did not compromise surface waphy. As seen in Table 1, the values
for “AFM Ra” indicate that even with high removaites, low surface roughness was still

maintained.

EXAMPLE 2
[0058] This Example was conducted to further understaacettect of various
ingredients on the removal rate achievable by semigodiments of the inventive polishing
composition in the polishing of separate substrabesprising nickel-phosphorous-coated
hard disks.
[0059]
silica (DP-5110) with HEDTA, (C) colloidal silicdf-5110) with PVA, and (D) colloidal
silica (DP-5110), with HEDTA and PVA (comparablectmmposition 1A (control) in

Example 1). Each system also included nitric asiéx pH adjuster and hydrogen peroxide in

Four systems were studied — (A) colloidal silic&¢b110) only, (B) colloidal

the amounts described in Example 1. For each systemcompositions were prepared, one
with IPA and one without. Each composition conggimitric acid as a pH adjuster and
hydrogen peroxide in an amount of 0.6 wt.% in #@®e manner as described in Example 1.

Table 2 shows the various other ingredients anduamtsdan each of compositions 2A-1-2D-2,
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where compositions 2A-1, 2B-1, 2C-1, and 2D-1 ditlinclude IPA and compositions 2A-2,
2B-2, 2C-2, and 2D-2 included IPA.

Table 2
Composition Colloidal silica| HEDTA (wt.%) PVA (ppm) IPA (wt.%)
(wt.%)

2A-1(control) 3 wt.% - - -

2A-2(control) 3 wt.% - - 5 wt.%

2B-1(control) 3 wt.% 0.5 wt.% - -

2B-2(control) 3 wt.% 0.5 wt.% - 5 wt.%

2C-1(control) 3 wt.% - 300 ppm -

2C-2(control) 3 wt.% - 300 ppm 5 wt.%

2D-1(control) 3 wt.% 0.5 wt.% 300 ppm -
2D-2(inventive) 3 wt.% 0.5 wt.% 300 ppm 5 wt.%

[0060] The polishing parameters were comparable to thoExample 1. The data
depicted in FIG. 1 and presented in Table 3 ilatstthe performance of each composition
with regards to removal rate. The “Percent RR @bacolumn shows the percent change in

removal rate between a particular composition witremd with the addition of IPA.

Table 3
" . Percent RR
Composition | RR (mg/min) Change
2A-1 12.32 -
2A-2 9.83 - 20%
2B-1 14.89 -
2B-2 11.26 - 24%
2C-1 12.7 -
2C-2 12 - 5%
2D-1 15.58 -
2D-2 20.28 30%

[0061] First, by comparing the four systems without IPtAcan be observed that HEDTA
acts as an effective accelerator for NiP removalessonstrated by compositions 2B-1 and
2D-1. Compositions 2A-1 and 2C-1, which did nalude HEDTA, had lower removal
rates. While not wishing to be bound by any patéictheory, it is believed that this effect is
due to the efficient chelation of HEDTA with nick@i) ions, such that HEDTA forms
complexes with Ni ions, thereby preventing the epaskition of Ni oxide and removing Ni
oxide from the substrate surface.

[0062] Second, for the control systems (i.e., compositidhsgo 2C), the addition of IPA

resulted in a slower removal rate. Only when IRAm amount of 5 wt.% was introduced
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into the inventive system was the removal rateiBggmtly enhanced (by 30%) as seen with
composition 2D-2. Therefore, these results sughestin accordance with some
embodiments, there is a requirement for the contibin@f a first alcohol, a second alcohol
in the form of polyvinyl alcohol, a nickel complexgj agent to get a rate boost.

EXAMPLE 3
[0063] This Example shows the effect of the inventive cosifon on removal rate in
polishing compositions with smaller size abrasiagiples. Two compositions, designated
3A (control) and 3B (inventive), were prepared asalibed in Example 1, the exception
being that 3 wt.% of a smaller sized colloidalcsilicommercially available as Bindzil
257/360, was used as opposed to 3 wt.% of coll@itlah (DP-5110). The Binzil 257/360
had an average particle size of 13 nm, as measyrdginamic light scattering. The DP5110
colloidal silica had an average particle size ohBbmeasure by the same method.
[0064] The polishing parameters were comparable to tloEgample 1.
[0065] Table 4 below illustrates the removal rate improgatrachieved when IPA is

added to a polishing composition containing smalieed silica.

Table 5
. . Percent RR
0,
Composition | IPA (wt.%) RR (mg/min) enhancement
3A (control) - 9.8 -
3B(inventive) 10 wt.% 11.3 15%

[0066] As compared with composition 3A (control), compsit3B, including IPA in an
amount of 10 wt.%, shows a 15% higher removal ratB¢ating that the synergistic effect
that occurs in the presence of alcohol effect pabée of helping overcome the limitation of
lower removal rate in polishing compositions comitag relatively small size particles.
[0067] These results suggest that particle size of ca@ladica in polishing compositions
including IPA in accordance with embodiments of itheention does not affect removal rate
enhancement. Moreover, these results in conjumetith the results of Example 2 (which
tested polishing compositions in accordance with@iments of the invention including
larger sized silica (DP-5110)), suggest that a foamount of IPA will still enhance removal
rate when included with various other ingredierggardless of particle size.

EXAMPLE 4
[0068] This Example tested the polishing performance @iEpimg compositions in

accordance with embodiments of the invention incgdlcohols other than IPA.
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Specifically, five polishing compositions, desigedicompositions 4A (control)-4E, were
prepared according to the procedure described amipie 1. Composition 4A (control) did
not include any alcohol. Compositions 4B-4E weamppred with IPA, ethylene glycol
(“EG”"), dipropylene glycol (“DPG”), and n-butyl atiol (“BA”), respectively. Each alcohol
component was included in an amount of 0.5 wt.%.

[0069] The polishing parameters were the same as thoselabsin Example 1.

[0070] Table 6 sets forth the results of the polishing, iesluding removal rate, “percent
RR enhancement,” uWa-s (A), and AFM Ra (A). “uWaesers to short-wavelength micro
waviness. “Waviness” of the surface of a substmfiers to irregularities having a larger
wavelength than roughness on the surface of thetmib. “pWa-s” is measured by a white
light interferometry microscope commercially avhllaas NewView™ 100 from Zygo
Corporation to describe surface roughness perfaceaihe measurement wavelength for
HWa-s is 80-500 um.

Table 6
Composition| Alcohol (m;ﬁin) eiﬁfﬁgérﬁfm uWa-s (&) | AFM Ra (A)
4A (control) - 13 - 1.03 1.25
4B IPA | 176 35% 1.01 1.26
4C EG 17.2 3206 1.03 111
4D DPG | 19.0 46% 1.02 1.26
4E BA 20.0 54% 1.03 1.28

[0071] As is apparent from the results in Table 6, alhef three alternatives to IPA
resulted in high removal rate (from about 30% towtb0% higher than composition 4A
(control)) and generated comparable surface rowgghn€omposition 4C offered similar
percent removal rate enhancement to compositiorppared with EG and IPA,
respectively. Compositions 4D and 4E, prepared WRG and BA, respectively, provided
significantly higher percent removal rate enhanagseFurthermore, EG and DPG are
preferable alcohol components in some embodimdriteednvention because they are
odorless and have much higher flash point than BeBh that they are favorable for

production use.

EXAMPLE 5
[0072] This Example demonstrates a single-step polishiBf@MP process. Three
polishing compositions were prepared, designategpositions 5A-5C.
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[0073]

alumina in an amount of 1 wt%, wet-process silican amount of 1.5 wt%, malonic acid,

Composition 5A was prepared with fumed aluminarniramount of 0.25 wt%a-

hydrogen peroxide and nitric acid (as pH adjustoryater at a pH of 2.2. Compositions 5B
(control) and 5C were prepared as described in Blafy with composition 5B (control)
being prepared without an alcohol component andposition 5C being prepared with IPA
as an alcohol component in an amount of 5 wt%.

[0074]
available as SpeedFam 16B from SpeedFam (Ayas&ahagawa 252-1123 Japan), and

The normal two-step polish (Step | aggressive hads a polisher commercially

Step Il fine polish on a polisher commercially dabie as Hamai 9B) with two slurries
(composition 5A slurry for Step | and compositidd &ontrol) for Step Il) used as baseline
for performance comparison, while the single-sesgh was carried out on the Hamai 9B
polisher using composition 5C. In this exampléjgks were polished per treatment.
[0075]

defined as the sum of ramp-up time, main polisketiend ramp-down time. “Ramp-up

The results are set forth in Table 5. Total patighime, measured in minutes, is

time” means the time needed for the polisher teflone the composition and gradually
increase down force and platen speed to the refualkeies of main polish. “Ramp-down
time” means the time needed for the polisher tolgally decrease down force and platen

speed after main polishing process until the poigleventually stops.

Table 7
i Target Total
Test Polishing Rem%val polishing* RR uVXa—s AF'X'\ Ra
Slurry (Mg) time (min) (mg/min) (A) (A)
Two-step StSeA[? ! Step I Step I
(Two platens . 120 26.4
with baseline Stglg Il: Step Il 10.2 Step II: 0.85 1.22
compositions) (control) 32 10
Single-step
(Single platen| o 152 9.5 18.4 0.88 1.24
with high rate
composition)

*All ramp-up and ramp-down time is included in tio¢gal polishing time.
[0076]

polishing time to achieve the same target remoweduat as compared with normal two-step

It was found that composition 5C for single-stefighong required even shorter

polishing. Furthermore, this single-step polishimgcess generated comparable surface

finish to the two-step polishing process.
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[0077] It will be understood that other ingredients cookdadded to polishing
compositions in accordance with embodiments ofrtliention that do not affect the
desirably high removal rate that is achieved witremmprising other aspects of polishing
performance.

[0078] All references, including publications, patent agtions, and patents, cited
herein are hereby incorporated by reference tednge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[0079] The use of the terms “a” and “an” and “the” andl&stst one” and similar
referents in the context of describing the invem{iespecially in the context of the following
claims) are to be construed to cover both the $amgund the plural, unless otherwise
indicated herein or clearly contradicted by contékite use of the term “at least one”
followed by a list of one or more items (for examplat least one of A and B”) is to be
construed to mean one item selected from the ligteas (A or B) or any combination of two
or more of the listed items (A and B), unless othgee indicated herein or clearly
contradicted by context. The terms “comprisindgiaving,” “including,” and “containing”
are to be construed as open-ended terms (i.e.,ingeancluding, but not limited to,”) unless
otherwise noted. Recitation of ranges of valugsiheare merely intended to serve as a
shorthand method of referring individually to eagparate value falling within the range,
unless otherwise indicated herein, and each sepaahie is incorporated into the
specification as if it were individually recitedreen. All methods described herein can be
performed in any suitable order unless otherwidecated herein or otherwise clearly
contradicted by context. The use of any and ahgXes, or exemplary language (e.g., “such
as”) provided herein, is intended merely to batteminate the invention and does not pose a
limitation on the scope of the invention unlesseotVise claimed. No language in the
specification should be construed as indicatingrasmy-claimed element as essential to the
practice of the invention.

[0080] Preferred embodiments of this invention are deedriirerein, including the best
mode known to the inventors for carrying out theeimtion. Variations of those preferred
embodiments may become apparent to those of oydgkdt in the art upon reading the
foregoing description. The inventors expect sHigtisans to employ such variations as
appropriate, and the inventors intend for the itloento be practiced otherwise than as

specifically described herein. Accordingly, tmsention includes all modifications and
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equivalents of the subject matter recited in tlaénts appended hereto as permitted by
applicable law. Moreover, any combination of thewe-described elements in all possible
variations thereof is encompassed by the inventidass otherwise indicated herein or
otherwise clearly contradicted by context.
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CLAIM(S):

1. A polishing composition comprising:

(a) silica present in an amount of from about W@.26 to about 10 wt.%;

(b) first alcohol comprising one or more of monohgdlcohol, polyhydric
alcohol, and diglycaol;

(c) nickel complexing agent;

(d) second alcohol consisting of polyvinyl alcohol,

and water, wherein the polishing composition hpslaf from about 1 to
about 5.

2. The composition of claim 1, wherein the polyvialcohol has a molecular
weight of from about 2,000 g/mol to about 50,000 @/

3. The composition of claim 1, wherein the polyvialcohol is present in an

amount of from about 0.001 wt.% to about 0.2 wt.%.

4, The composition of claim 1, wherein the firstaiol is one or more of
isopropanol (IPA), butyl alcohol, ethylene glycptppylene glycol, diethylene glycol,
pentaerythritol, dipentaerytritol, trimethyolprogarand dipropylene glycol.

5. The composition of claim 4, wherein the firstadlol is present in an amount
of from about 0.05 wt.% to about 20 wt.%.

6. The composition of claim 1, wherein the nickeinplexing agent comprises
one or more of an organic monocarboxylic acid, myaoic bicarboxylic acid, an amino

carboxylic acid, and any salt thereof.

7. The composition of claim 6, wherein the nickeinplexing agent is one or
more of hydroxyethylenediaminetriacetic acid (HEDT#lycine, oxime and/or dioxime Ni
complexer, and any salt thereof.

8. The composition of claim 7, wherein the nickenplexing agent comprises
HEDTA and glycine.

9. The composition of claim 1, wherein the nickeinplexing agent is present in
an amount of from about 0.01 wt.% to about 10 wt.%.

10.  The composition of claim 1, wherein the composifurther comprises

hydrogen peroxide.
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11.  The composition of claim 10, wherein the hy@mg@eroxide is present in an

amount of from about 0.01 wt.% to about 4 wt.%.

12. The composition of claim 1, wherein the silgs an average particle size of

from about 5 nm to about 80 nm.

13.  The composition of claim 1, wherein the sil@s an average primary particle

size of about 40 nm or less.

14. A polishing composition comprising:
(a) silica present in an amount of from about W@.26 to about 10 wt.%;
(b) first alcohol having a flash point of at leabbut 10° C;
(c) nickel complexing agent;
(d) second alcohol consisting of polyvinyl alcohard
(e) water, wherein the polishing composition hasleof from about 1 to
about 4.

15.  The composition of claim 14, wherein the fakiohol is present in an amount

from about 0.05 wt.% to about 20 wt.%.

16. The composition of claim 14, wherein the niat@inplexing agent comprises
one or more of an organic monocarboxylic acid, yanic bicarboxylic acid, an amino

carboxylic acid, and any salt thereof.

17.  The composition of claim 14, wherein the polyvialdohol is present and has

a molecular weight of from about 2,000 g/mol to att®0,000 g/mol.

18.  The composition of claim 14, wherein the conijas further comprises

hydrogen peroxide.

19. A method of polishing a substrate, which metbochprises:

) providing a substrate,

(i) providing a polishing pad,

(i) providing the polishing composition of claifn

(iv) dispensing the polishing composition and eatihg the polishing pad, to a
surface of the substrate, and

(v) abrading at least a portion of the surfacehefsubstrate to polish the surface

of the substrate.
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20. A method of polishing a substrate, which metbohprises:
(1) providing a substrate,
(i) providing a polishing pad,
(i) providing the polishing composition of claid:
(iv) dispensing the polishing composition and eatihg the polishing pad, to a

surface of the substrate, and
(v) abrading at least a portion of the surfacehefgubstrate to remove at least

some portion of the substrate and to polish thiasarof the substrate.

21.  The method of claim 20, wherein the substrateprises at least one layer of
nickel-phosphorous, and at least some nickel-pharspis is removed from the surface of the

substrate to polish the surface of the substrate.
22.  The method of claim 20, wherein the substsatenickel-phosphorous coated

aluminum memory disk.



