
METHOD OF POLISHING NICKEL-PHOSPHOROUS BACKGROUND OF THE INVENTION [0001]
The demand for increased storage capacity in memory or rigid disks and the
trend towards miniaturization of memory or rigid disks (due to the
requirement for smaller hard drives in computer equipment) continues to
emphasize the importance of the memory or rigid disk manufacturing process,
including the planarization or polishing of such disks for ensuring maximal
performance. While there exist several chemical-mechanical polishing (CMP)
compositions and methods for use in conjunction with semiconductor device
manufacture, few conventional CMP methods or commercially available CMP
compositions are well-suited for the planarization or polishing of memory
or rigid disks. [0002] As the demand for increased storage capacity has
increased, so has the need for improved processes for the polishing of such
memory or rigid disks. The term "memory or rigid disk" refers to any
magnetic disk, hard disk, rigid disk, or memory disk for retaining
information in electromagnetic form. The memory or rigid disk typically has
a surface that comprises nickel-phosphorus, but the memory or rigid disk
surface can comprise any other suitable material. The planarity of the
memory or rigid disks must be improved, as the distance between the
recording head of a disk drive and the surface of the memory or rigid disk
has decreased with improvements in recording density that demand a lower
flying height of the magnetic head with respect to the memory or rigid
disk. In order to permit a lower flying height of the magnetic head,
improvements to the surface finish of the memory or rigid disk are
required. [0003] Surface roughness is a high frequency, short wavelength
component of a measured surface which affects performance of memory disks
insofar as it limits the decrease in the gap between the disk surface and
the recording head of a disk drive that is practically achievable. Thus,
reduction in surface roughness of memory disks is highly desirable from a
performance standpoint. Attempts have been made to reduce surface roughness
by utilizing abrasives having smaller particle size in polishing
compositions for memory disks. However, typically smaller abrasive
particles result in a reduction of removal rate of the surface of memory
disks, which 



increases the amount of time required to achieve a desired surface finish,
thereby increasing production time and costs. Accordingly, there is a need
in the art for methods for polishing memory disks that produce decreased
levels of surface roughness while exhibiting increased polishing
rates.BRIEF SUMMARY OF THE INVENTION [0004] The invention provides a method
of chemically-mechanically polishing a substrate, which method comprises
(i) providing a substrate comprising nickel-phosphorous, (ii) contacting
the substrate with a chemical-mechanical polishing composition comprising
(a) wet-process silica, (b) an agent that oxidizes nickel-phosphorous, and
(c) an aminopolycarboxylic acid, wherein the polishing composition has a pH
of 1 to 5, and (iii) moving the polishing composition relative to the
substrate to abrade at least a portion of the nickel-phosphorous to polish
the substrate. DETAILED DESCRIPTION OF THE INVENTION [0005] The invention
provides a method of chemically-mechanically polishing a substrate
comprising nickel-phosphorous. The method comprises (i) providing a
substrate comprising nickel-phosphorous, (ii) contacting the substrate with
a chemical-mechanical polishing composition comprising, consisting
essentially of, or consisting of (a) wet-process silica, (b) an agent that
oxidizes nickel-phosphorous, and (c) an aminopolycarboxylic acid, wherein
the polishing composition has a pH of 1 to 5, and (iii) moving the
polishing composition relative to the substrate to abrade at least a
portion of the nickel-phosphorous to polish the substrate. [0006] The
polishing composition comprises wet-process silica. Wet-process silica is
characterized as being prepared by the polymerization of soluble silica
precursors from aqueous solutions thereof. Wet-process silica comprises
particles that typically are non-aggregated, individually discrete
particles, which generally are spherical or nearly spherical in shape, but
can have other shapes (e.g., shapes with generally elliptical, square, or
rectangular cross-sections). Such particles typically are structurally
different from fumed (i.e., pyrogenic) silica, which particles are prepared
via flame hydrolysis of volatile precursors and have chain-like structures
of aggregated primary particles. 



[0007] Suitable examples of wet-process silica include
condensation-polymerized silica and base-stabilized colloidal silica.
Condensation-polymerized silica particles typically are prepared by
condensing Si(OH)4 to form substantially spherical particles. The precursor
Si(OH)4 can be obtained, for example, by hydrolysis of high purity
alkoxysilanes, or by acidification of aqueous silicate solutions. Such
condensation-polymerized silica particles can be prepared in accordance
with U.S. Patent 5,230,833 or can be obtained as any of various
commercially available products such as the BINDZIL 50/80, 30/310, 40/130,
and 40/170 products from EKA Chemicals, the Fuso PL-I, PL-2, PL-3, PL-3H,
and PL-7 products, as well as other similar products available from DuPont,
Bayer, Applied Research, and Clariant.[0008] Base-stabilized colloidal
silica particles can be prepared, for example, from silicic acid derived
from an alkali silicate solution having a pH of 9 to 11, wherein the
silicate anions undergo polymerization to produce discrete silica particles
having the desired average particle size in the form of an aqueous
dispersion. The colloidal silica is stabilized by the presence of a base
such as sodium hydroxide. Non-limiting examples of commercially available
colloidal silica suitable for use in the invention include SNOWTEX(tm)
products from Nissan Chemical, NEXSIL(tm) and NEXSIL A(tm) series products
available from Nyacol Nanotechnologies, Inc., the TX131 12, TXl 1005,
DVSTS006, 1034A, 1050, 1130, 2327, and 2329 products available from Nalco
Chemical, and LEVASIL(tm) products available from H. C. Starck. [0009] The
wet-process silica abrasive particles typically have an average particle
size (e.g., average particle diameter) of 4 nm to 200 nm. For example, the
wet-process silica abrasive particles can have an average particle size of
4 nm or more, 10 nm or more, 20 nm or more, 30 nm or more, 40 nm or more,
or 50 nm or more. In addition, or alternatively, the wet-process silica
abrasive particles can have an average particle size of 200 nm or less, 150
nm or less, 125 nm or less, 110 nm or less, 100 nm or less, 80 nm or less,
or 50 nm or less. In some embodiments, the wet-process silica abrasive
particles have an average particle size of 4 nm to 40 nm (e.g., 8 nm to 30
nm). In other embodiments, the wet-process silica abrasive particles have
an average particle size of 40 nm to 90 nm (e.g., 50 nm to 80 nm). In still
other embodiments, the wet-process silica particles have an average
particle size of 90 nm to 200 nm 



(e.g., 100 nm to 150 nm). Generally, use of silica having smaller particle
size results in lower surface roughness but at the expense of lower removal
rate as compared with use of silica having larger particle size. In this
regard, particle size refers to the diameter of the smallest sphere that
encloses the particle. [0010] The polishing composition typically comprises
0.1 wt.% or more (e.g., 0.2 wt.% or more, or 0.5 wt.% or more) of
wet-process silica. Preferably, the polishing composition comprises 5 wt.%
or less (e.g., 4 wt.% or less, or 3 wt.% or less) of wet-process silica.
More preferably, the polishing composition comprises 0.1 wt.% to 5 wt.%
(e.g., 0.2 wt.% to 4 wt.%, or 0.5 wt.% to 3 wt.%) of wet-process silica.
[0011] The silica desirably is suspended in the polishing composition, more
specifically in the water of the polishing composition. When the silica is
suspended in the polishing composition, the silica preferably is
colloidally stable. The term colloid refers to the suspension of silica
particles in the water. Colloidal stability refers to the maintenance of
that suspension over time. In the context of this invention, a silica is
considered colloidally stable if, when asuspension of the silica in water
is placed into a 100 ml graduated cylinder and allowed to stand unagitated
for a time of 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 silica composition ([C] in terms of g/ml) is less than or
equal to 0.5 (i.e., {[B] - [T]}/[C] <0.5). The value of [B]-[T]/[C]
desirably is less than or equal to 0.3, and preferably is less than or
equal to 0.1. [0012] The polishing composition comprises an agent that
oxidizes nickel-phosphorous. The agent that oxidizes nickel-phosphorous can
be any agent having a suitable oxidation potential at the pH of the
polishing composition. Typically, the agent that oxidizes
nickel-phosphorous is a peroxide. Non-limiting examples of suitable
peroxides include hydrogen peroxide, alkyl hydroperoxides (e.g., t-butyl
hydroperoxide), sodium peroxide, and the like. Preferably, the agent that
oxidizes nickel-phosphorous is hydrogen peroxide. [0013] The polishing
composition typically comprises 0.01 wt.% or more (e.g., 0.05 wt.% or 



more, or 0.1 wt.% or more) of the agent that oxidizes nickel-phosphorous.
Preferably, the polishing composition comprises 2 wt.% or less (e.g., 1
wt.% or less, 0.5 wt.% or less, 0.4 wt.% or less, 0.3 wt.% or less, or 0.2
wt.% or less) of the agent that oxidizes nickel-phosphorous. More
preferably, the polishing composition comprises 0.01 wt.% to 1 wt.% (e.g.,
0.05 wt.% to 0.5 wt.%, or 0.05 wt% to 0.4 wt%) of the agent that oxidizes
nickel-phosphorous. [0014] The polishing composition comprises an
aminopolycarboxylic acid. In the context of the invention, the term
"aminopolycarboxylic acid" refers to a compound that comprises at least one
amino functional group and two or more carboxylic acid functional groups.
The amino functional group(s) can be primary amino group(s), secondary
amino group(s) or tertiary amino functional group(s) but are preferably
tertiary amino functional group(s). Preferably, the aminopolycarboxylic
acid is selected from the group consisting of /3-alaninediacetic acid,
methylglycine diacetic acid, hydroxyethylethylenediaminetriacetic acid,
diethylenetriaminepentaacetic acid, N,N,-bis(carboxymethyl)alanine, salts
thereof, and combinations thereof. More preferably, the aminopolycarboxylic
acid is methylglycinediacetic acid or hydroxyethylethylenediaminetriacetic
acid. [0015] It will be appreciated that the aforementioned
aminopolycarboxylic acid can exist in the form of a salt, an acid, or a
partial salt thereof. For example, an aminodicarboxylic acid includes
aminodicarboxylic acid, as well as mono- and di-salts thereof. Furthermore,
the aminopolycarboxylic acid can exist in the form of an acid salt of the
amino functional group.Suitable carboxylate salts of the
aminopolycarboxylic acid include, e.g, sodium salts, potassium salts,
ammonium salts, tetraalkylammonium salts (e.g., tetramethylammonium salts),
and the like. Suitable acid salts of the amino functional group(s) include
hydrochloric acid salts, sulfuric acid salts, and the like. [0016] The
polishing composition typically comprises 0.1 wt.% or more (e.g., 0.2 wt.%
or more, or 0.5 wt.% or more) of the aminopolycarboxylic acid. Preferably,
the polishing composition comprises 5 wt.% or less (e.g., 4 wt.% or less,
or 3 wt.% or less, or 2 wt.% or less) of the aminopolycarboxylic acid. More
preferably, the polishing composition comprises 0.1 wt.% to 5 wt.% (e.g.,
0.2 wt.% to 4 wt.%, or 0.5 wt.% to 2 wt.%) of the aminopolycarboxylic 



acid. [0017] Without wishing to be bound by any particular theory, it is
believed that the aminopolycarboxylic acid acts as a complexing agent and
serves to sequester nickel ions generated when the inventive method is used
to polish substrates comprising nickel-phosphorous, thereby minimizing
decomposition of the agent that oxidizes nickel-phosphorous that is
catalyzed by free nickel ions. [0018] Desirably, the polishing composition
will have a pH of 1 or more (e.g., 2 or more). Preferably, the polishing
composition will have a pH of 5 or less (e.g., 4 or less, or 3 or less).
More preferably, the polishing composition will have a pH of 2 to 4 (e.g.,
2 to 3). [0019] The pH of the polishing composition can be achieved and/or
maintained by any suitable means. More specifically, the polishing
composition can further comprise a pH adjustor, a pH buffering agent, or a
combination thereof. The pH adjustor can be any suitable pH-adjusting
compound. For example, the pH adjustor can be nitric acid, potassium
hydroxide, or a combination thereof. The pH buffering agent can be any
suitable buffering agent, for example, phosphates, sulfates, acetates,
borates, ammonium salts, and the like. The polishing composition can
comprise any suitable amount of a pH adjustor and/or a pH buffering agent,
provided that a suitable amount of the buffering agent is used to achieve
and/or maintain the pH of the polishing composition within the ranges set
forth herein. [0020] The polishing composition optionally further comprises
a biocide. The biocide can be any suitable biocide, for example, an
isothiazolinone biocide. The amount of biocide used in the polishing
composition typically is 1ppm to 500 ppm, and preferably is 10 ppm to 200
ppm. [0021] The polishing composition can be prepared by any suitable
technique, many of which are known to those skilled in the art. The
polishing composition can be prepared in a batch or continuous process.
Generally, the polishing composition can be prepared by combining
thecomponents thereof in any order. The term "component" as used herein
includes individual ingredients (e.g., silica, agent that oxidizes
nickel-phosphorous, aminopolycarboxylic acid, etc.) as well as any
combination of ingredients (e.g., silica, agent that oxidizes
nickel-phosphorous, aminopolycarboxylic acid, optional biocide, etc.). 



[0022] For example, the silica can be dispersed in water. The
aminopolycarboxylic acid and optional biocide can then be added, and mixed
by any method that is capable of incorporating the components into the
polishing composition. The agent that oxidizes nickel-phosphorous can be
added at any time during the preparation of the polishing composition. The
polishing composition can be prepared prior to use, with one or more
components, such as the agent that oxidizes nickel-phosphorous, added to
the polishing composition just before use (e.g., within 1 minute before
use, or within 1 hour before use, or within 7 days before use). The
polishing composition also can be prepared by mixing the components at the
surface of the substrate during the polishing operation. [0023] The
polishing composition can be supplied as a one-package system comprising
silica, agent that oxidizes nickel-phosphorous, aminopolycarboxylic acid,
optional biocide, and water. Alternatively, the silica can be supplied as a
dispersion in water in a first container, and aminopolycarboxylic acid and
optional biocide can be supplied in a second container, either in dry form,
or as a solution or dispersion in water. The agent that oxidizes
nickel-phosphorous desirably is supplied separately from the other
components of the polishing composition and is combined, e.g., by the
end-user, with the other components of the polishing composition shortly
before use (e.g., 1 week or less prior to use, 1 day or less prior to use,
1 hour or less prior to use, 10 minutes or less prior to use, or 1 minute
or less prior to use). The components in the first or second container can
be in dry form while the components in the other container can be in the
form of an aqueous dispersion. Moreover, it is suitable for the components
in the first and second containers to have different pH values, or
alternatively to have substantially similar, or even equal, pH values.
Other two-container, or three or more-container, combinations of the
components of the polishing composition are within the knowledge of one of
ordinary skill in the art. [0024] The polishing composition of the
invention also can be provided as a concentrate which is intended to be
diluted with an appropriate amount of water prior to use. In such an
embodiment, the polishing composition concentrate can comprise the silica, 



aminopolycarboxylic acid, optional biocide, and water, with or without the
agent that oxidizes nickel-phosphorous, in amounts such that, upon dilution
of the concentrate with an appropriateamount of water, and the agent that
oxidizes nickel-phosphorous if not already present in an appropriate
amount, each component of the polishing composition will be present in the
polishing composition in an amount within the appropriate range recited
above for each component. For example, the silica, aminopolycarboxylic
acid, and optional biocide can each be present in the concentration in an
amount that is 2 times (e.g., 3 times, 4 times, or 5 times) greater than
the concentration recited above for each component so that, when the
concentrate is diluted with an equal volume of (e.g., 2 equal volumes of
water, 3 equal volumes of water, or 4 equal volumes of water,
respectively), along with the agent that oxidizes nickel-phosphorous in a
suitable amount, each component will be present in the polishing
composition in an amount within the ranges set forth above for each
component. Furthermore, as will be understood by those of ordinary skill in
the art, the concentrate can contain an appropriate fraction of the water
present in the final polishing composition in order to ensure that other
components are at least partially or fully dissolved in the concentrate.
[0025] The substrate to be polished using the method of the invention can
be any suitable substrate that contains nickel-phosphorous. A preferred
substrate comprises at least one layer comprising nickel-phosphorous.
Particularly suitable substrates include, but are not limited to, memory or
rigid disks, such as aluminum disks coated with nickel-phosphorous. [0026]
The polishing method of the invention is 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 velocity that results 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 polishing pad and the polishing composition of the
invention and then the polishing pad moving relative to the substrate, so
as to abrade at least a portion of the substrate to polish the substrate. 



[0027] A substrate can be planarized or polished with the
chemical-mechanical polishing composition with any suitable polishing pad
(e.g., polishing surface). Suitable polishing pads include, for example,
woven and non-woven polishing pads. Moreover, suitable polishing pads can
comprise any suitable polymer of varying density, hardness, thickness,
compressibility, ability to rebound upon compression, and compression
modulus. Suitable polymers include, for example, polyvinylchloride,
polyvinylfluoride, nylon, fluorocarbon, polycarbonate,
polyester,polyacrylate, polyether, polyethylene, polyamide, polyurethane,
polystyrene, polypropylene, coformed products thereof, and mixtures
thereof. [0028] 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. Patent
5,196,353, U.S. Patent 5,433,651, U.S. Patent 5,609,511, U.S. Patent
5,643,046, U.S. Patent 5,658,183, U.S. Patent 5,730,642, U.S. Patent
5,838,447, U.S. Patent 5,872,633, U.S. Patent 5,893,796, U.S. Patent
5,949,927, and U.S. Patent 5,964,643. 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. [0029] The removal rate of
a substrate can be determined using any suitable technique. Examples of
suitable techniques for determining the removal rate of a substrate include
weighing the substrate before and after use of the inventive polishing
method to determine the amount of substrate removed per unit of polishing
time, which can be correlated with the removal rate in terms of thickness
of substrate removed per unit of polishing time, and determining the
thickness of the substrate before and after use of the inventive polishing
method to directly measure the removal rate of the substrate per unit of
polishing time. [0030] Measurement of surface roughness is well known in
the art. Suitable techniques for the determination of surface roughness of
a substrate include surface profilometry, light scattering techniques,
interferometry, and atomic force microscopy. Instrumentation useful in 



determining surface roughness is commercially available from vendors
including Schmitt Industries (Portland, OR), Lightmachinery, Inc. (CA), and
Veeco Instruments (Plainfield, NY). [0031] The following examples further
illustrate the invention but, of course, should not be construed as in any
way limiting its scope. EXAMPLE l [0032] This example demonstrates the
effect of the complexing agent on the removal rate observed for
nickel-phosphorous achievable by the polishing method of the invention.
[0033] Similar substrates comprising nickel-phosphorous-coated aluminum
disks were separately polished with fourteen different polishing
compositions (Compositions 1A-IN). Each of Compositions IA- IN contained
1.8 wt.% colloidal silica, glycine or methylglycinediacetic acid as a
complexing agent, hydrogen peroxide, and water, at a pH of 2.35.
Compositions IA1C contained 0.8 wt.% glycine, colloidal silica having an
average particle size of 110 nm, and 0.10 wt.%, 0.20 wt.%, or 0.45 wt.% of
hydrogen peroxide, respectively. Compositions 1D-1F contained 1.0 wt.%
methylglycinediacetic acid, colloidal silica having an average particle
size of 110 nm, and 0.10 wt.%, 0.20 wt.%, or 0.45 wt.% of hydrogen
peroxide, respectively. Compositions IG and IH contained 0.8 wt.% glycine,
colloidal silica having an average particle size of 70 nm, and 0.20 wt.% or
0.45 wt.% hydrogen peroxide, respectively. Compositions II and IJ contained
1.0 wt.% methylglycinediacetic acid, colloidal silica having an average
particle size of 70 nm, and 0.20 wt.% or 0.45 wt.% hydrogen peroxide,
respectively. Compositions IK and IL contained 0.8 wt.% glycine, colloidal
silica having an average particle size of 23 nm, and 0.20 wt.% or 0.45 wt.%
hydrogen peroxide, respectively. Compositions IM and IN contained 1.0 wt.%
methylglycinediacetic acid, colloidal silica having an average particle
size of 23 nm, and 0.20 wt.% or 0.45 wt.% hydrogen peroxide, respectively.
[0034] After polishing, the removal rate for nickel-phosphorous was
determined for each composition. The results are set forth in Table 1.Table
1 * - average of two experiments [0035] As is apparent from the results set
forth in Table 1, Compositions ID- IF, which contained
methylglycinediacetic acid and colloidal silica having an average particle
size of 110 



run, exhibited nickel-phosphorous removal rates that were approximately
9.3% to 29% greater than the nickel-phosphorous removal rates exhibited by
Compositions 1A-1C, which contained glycine and colloidal silica having an
average particle size of 110 run, with the greatest difference (20%)
exhibited between Compositions 1C and IF, which contained 0.45 wt.%
hydrogen peroxide. Compositions II and IJ, which contained
methylglycinediacetic acid and colloidal silica having an average particle
size of 70 nm, exhibited nickel-phosphorous removal rates that were
approximately 11% and 26% greater, respectively, than the
nickel-phosphorous removal rates exhibited by Compositions IG and IH, which
contained glycine and colloidal silica having an average particle size of
70 nm. Compositions IM and IN, which contained methylglycinediacetic acid
and colloidal silica having an average particle size of 23 nm, exhibited
nickel-phosphorous removal rates that were approximately 49% and 68%
greater, respectively, than the nickel-phosphorous removal rates exhibited
by Compositions IG and IH, which contained glycine and colloidal silica
having an average particle size of 23 nm. EXAMPLE 2 [0036] This example
demonstrates the effect of the complexing agent on the surface roughness
observed for nickel-phosphorous resulting from use of the polishing method
of the invention.[0037] Similar substrates comprising
nickel-phosphorous-coated aluminum disks were separately polished with the
fourteen different polishing compositions recited in Example 1
(Compositions 1A-IN). After polishing, the average surface roughness ("R ")
of the substrates was determined using a light scattering texture
measurement instrument obtained from Schmitt Industries (Portland, OR), and
the results are set forth in Table 2. Table 2 * - average of two
experiments [0038] As is apparent from the results set forth in Table 2,
the use of Compositions ID and IE, which contained methylglycinediacetic
acid, colloidal silica having an average particle size of 110 run, and 0.10
wt.% and 0.20 wt.% hydrogen peroxide, respectively, resulted in a surface
roughness approximately 23% and 19% lower, respectively, than the surface
roughness resulting 



from the use of Compositions IA and IB, which were identical to
Compositions ID and IE except for containing 0.8 wt.% glycine instead of
1.0 wt.% methylglycinediacetic acid, when used to polish a substrate
comprising nickel-phosphorous-coated aluminum. The use of Composition IF,
which contained methylglycinediacetic acid, colloidal silica having an
average particle size of 110 nm, and 0.45 wt.% hydrogen peroxide, resulted
in a surface roughness that was approximately 5.6% greater than the surface
roughness resulting from the use of Composition 1C, which identical to
Composition IF except for containing 0.8 wt % glycine instead of 1.0 wt.%
methylglycinediacetic acid. The use of Compositions II and U, which
contained methylglycinediacetic acid, colloidal silica having an average
particle size of 70 nm, and 0.20 wt.% and 0.45 wt% hydrogen peroxide,
respectively, resulted in a surface roughness that was approximately 8.5%
and 6% lower, respectively, than the surface roughness resultingfrom the
use of Compositions IG and IH, which were identical to Compositions II and
U except for containing 0.8 wt.% glycine instead of 1.0 wt.%
methylglycinediacetic acid. The use of Compositions IM and IN, which
contained methylglycinediacetic acid and colloidal silica having an average
particle diameter of 23 nm, resulted in a surface roughness that was
approximately equal to the surface roughness resulting from the use of
Compositions IK and IL, which were identical to Compositions IM and IM,
respectively, except for use of 0.8 wt.% glycine instead of 1.0 wt.%
methylglycinediacetic acid. EXAMPLE 3 [0039] This example demonstrates the
effect of the complexing agent on the removal rate observed for
nickel-phosphorous achievable by the polishing method of the invention.
[0040] Similar substrates comprising nickel-phosphorous-coated aluminum
disks were separately polished with seven different polishing compositions
(Compositions 3A-3G). Each of Compositions 3A-3G contained 1.8 wt.%
colloidal silica having an average particle size of 70 nm and 0.45 wt%
hydrogen peroxide in water at a pH of 2.35. Compositions 3A-3G further
contained 0.8 wt.% glycine, 2.0 wt.% glycolic acid, 0.8 wt.% citric acid,
0.8 wt.% tartaric acid, 0.8 wt.% alanine, 0.8 wt.%
hydroxyethylethylenediaminetriacetic acid, and 0.8 wt.%
methylglycinediacetic acid, respectively. 



[0041] After polishing, the removal rate for nickel-phosphorous was
determined, and the results are set forth in Table 3. Table 3 * - average
of two experiments [0042] As is apparent from the results set forth in
Table 3, Composition 3F, which contained
hydroxyethylethylenediaminetriacetic acid, exhibited a nickel-phosphorous
removal rate that was approximately 4.1% to 22% greater than the removal
rate exhibited by Compositions 3A- 3D. Composition 3G, which contained
methylglycinediacetic acid, exhibited anickel-phosphorous removal rate that
was approximately 16% to 37% greater than the removal rate exhibited by
Compositions 3A-3D. EXAMPLE 4 [0043] This example demonstrates the effect
of the complexing agent on the surface roughness observed for
nickel-phosphorous resulting from use of the polishing method of the
invention. [0044] Similar substrates comprising nickel-phosphorous-coated
aluminum disks were separately polished with five different polishing
compositions (Compositions 4A-4E). Each of the polishing compositions
contained 1.8 wt.% colloidal silica having an average particle size of 70
nm and 0.45 wt.% hydrogen peroxide in water at a pH of 2.35. Compositions
4A-4E further contained 0.8 wt.% glycine, 1.8 wt.% glycolic acid, 3.0 wt.%
glycolic acid, 1.0 wt.% hydroxyethylethylenediaminetriacetic acid, and 1.0
wt.% methylglycinediacetic acid, respectively. [0045] After polishing, the
average surface roughness ("Ra") of the substrates was determined using a
texture measurement instrument obtained from Schmitt Industries (Portland,
OR), and the results are set forth in Table 2. Table 4 * - average of three
experiments [0046] As is apparent from the results set forth in Table 4,
use of Composition 4D, which contained hydroxyethylethylenediaminetriacetic
acid, resulted in a surface roughness 



approximately 12% to 20% lower than the surface roughness resulting from
the use of Compositions 4A-4C, when used to polish a substrate comprising
nickel-phosphorous-coated aluminum. The use of Composition 4E, which
contained methylglycinediacetic acid, resulted in a surface roughness
approximately 9.8% to 18% lower than the surface roughness resulting from
the use of Compositions 4A-4C, when used to polish a substrate comprising
nickel-phosphorous-coated aluminum.CLAIMS 1. A method of
chemically-mechanically polishing a substrate, which method comprises: (i)
providing a substrate comprising nickel-phosphorous, (ii) contacting the
substrate with a chemical-mechanical polishing composition comprising: (a)
wet-process silica, (b) an agent that oxidizes nickel-phosphorous, and (c)
an aminopolycarboxylic acid, wherein the polishing composition has a pH of
1 to 5, and (iii) moving the polishing composition relative to the
substrate to abrade at least a portion of the nickel-phosphorous to polish
the substrate. 2. The method of claim 1, wherein the polishing composition
comprises 0.1 wt.% to 5 wt.% wet-process silica. 3. The method of claim 2,
wherein the polishing composition comprises 0.5 wt.% to 3 wt.% wet-process
silica. 4. The method of claim 1, wherein the wet-process silica has an
average particle size of 20 nm to 125 run. 5. The method of claim 1,
wherein the oxidizing agent is hydrogen peroxide. 6. The method of claim 5,
wherein the polishing composition comprises 0.05 to 0.5 wt.% hydrogen
peroxide. 7. The method of claim 1, wherein the aminopolycarboxylic acid is
selected 



from the group consisting of beta alaninediacetic acid, methylglycine
diacetic acid, hydroxyethylethylenediaminetriacetic acid,
diethylenetriaminepentaacetic acid, N,N,- bis(carboxymethyl)alanine, salts
thereof, and combinations thereof. 8. The method of claim 1, wherein the
aminopolycarboxylic acid is methylglycinediacetic acid. 9. The method of
claim 1, wherein the aminopolycarboxylic acid is
hydroxyethylethylenediaminetriacetic acid. 10. The method of claim 1,
wherein the polishing composition comprises 0.1 wt.% to 5 wt.% of the
aminopolycarboxylic acid.11. The method of claim 10, wherein the polishing
composition comprises 0.5 wt.% to 2 wt.% of the aminopolycarboxylic acid.
12. The method of claim 1, wherein the pH of the polishing composition is 2
to 4. 13. The method of claim 1, wherein the pH of the polishing
composition is 2 to 3. 14. The method of claim 1, wherein the substrate
comprises a nickelphosphorous- coated aluminum disk. 15. The method of
claim 14, wherein the disk is a memory disk. 16. The method of claim 1,
wherein the polishing composition comprises: (a) 0.1 wt.% to 5 wt.%
condensation-polymerized silica, (b) 0.05 wt.% to 0.5 wt.% hydrogen
peroxide, and (c) 0.1 wt.% to 5 wt.% of methylglycine diacetic acid or
hydroxyethylethylenediaminetriacetic acid, wherein the polishing
composition has a pH of 2 to 4. 17. The method of claim 16, wherein the
substrate comprises a nickelphosphorous- coated aluminum disk. 18. The
method of claim 17, wherein the disk is a memory disk. 


