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POLISHING COMPOSITION FOR NICKEL-PHOSPHOROUS-COATED MEMORY
MSKS

BACKGROUND OF THE INVENTION
{6001}  The demand for increased storage capscity in memory or rigid disks and the tend
towards sumatarization of memory or rigid disks (due 10 the requirement for smalter hard
drives in computer equipment) continues to emphasize the importance of the memory or rigid
disk manufacturing process, mcluding 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 comunction with semiconductor device
mamsfacture, few conventional CMP methods or conmmercially available CMP compositions
are well-suited for the planarization or polishing of memeory or rigad disks.
{6002} Axs the demangd for increased storage capacity has increasad, so has the need for
mnproved processes lor the pohishing of such memory or rigid disks. The term “memory or
rigidt disk™ refers to any magnetic disk, hard disk, rigid disk, or memaory disk for retaining
information m electromagnetic form. The memory or rigad disk typically has a surface that
comprises nickel-phosphoras, bat the memory or rigid disk surface can comprise any other
suttable matenal, 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 flving height
of the magnetic head with respect to the memory or ngid disk. In order to permit a lower
fiving beight of the magnetic head, improvements to the surface fintsh of the memory or vigid
disk are requived.
{0003} Improvements to the surface finish of the memory or rigid disk require that
scratches and micro defects caused by abrasive particles must be reduced. It has been
hypothesized that frictional forces generated between a polishing pad and a substrate bemng
polished leads to increased scraiching and micro defects. However, the presence of additives
stended to reduce frictional forces typically lead to agelomeration of abrasive particles, with
a consequent increase n scratching and micro defects. Accordingly, there 15 a need in the ant
for polishing compositions extubiting reduced scratching and pucro defects and also
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exhibiting good surface topography and practicable removal vates.
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BRIEF SUMMARY OF THE INVENTION
{0004} The invention provides a method of chemically-mechamcally polishing a
substrate, which method comprises (i) providing a substrate comprising at least one layer of
nickel-phosphorous, {11} providing a pelishing pad, (1) providing 3 polishing conyposition
comprising (&) wet-process sifics, (b) an oxidizing sgent that oxidizes suckel-phosphorous,
{¢} u chelating agent, {d) polvvinyt aleohol, () water, wherein the polishing composition has
apHof 1 to 4, (1v) comtacting a surface of the substrate with the polishing pad and the
polishing composition, and (v} abrading at least a portion of the surface of the substrate to
remove at least some nickel-phosphorous from the surface of the substiate and to polish the
surface of the substrate,
{6005} The invention also provides a chemical-mechanical polishing compeosition
comprising (a) wet-process sitica, (b) an oxidizing agent that oxidizes nickel-phosphorous,
(¢} a chelating agent, {d) polyvinyl alcohol. wherein the polyvinyl alcohol has a molecular
weight of 8000 gimol to 50,000 g/mol, (¢) water, wherein the polishing compostiion has a
pH of 1 w0 4, and wherein the polishing composttion does not comprise a heterocyelic

compound.

DETAILED DESCRIPTION OF THE INVENTION
6006} The invention provides a chemical-mechanical polishing composition comprisiag,
consisting essentially of, or consisting of (3) wel-process sthica, (1) an oxidizing agent that
oxidizes nickel-phosphorous, () a chelating agent, {d} polyvinyi alcohel, wherein the
polvviny aleohol has a molecular weight of 8,000 g/mol to 50,000 g/mol, (¢) water, wherein
the polishing composition hasapH of L to 4.
{0007} The polishing composition comprises wet-process stlica particles {e.g.,
condensation-polymerized or precipitated sihica particles). Preferably, the wet-process silica
particles are condensation-polymerized silica particles. Condensation-polyimerized silicy
particies typically are prepared by condensing $y{OH) to form collowdal particles, where
colloidal is defined as having an average particle size between 1 nm and 1000 mmn. Such
abrasive particles can be prepared m accordance with ULS, Patent 5,230 833 or e be obtained
as any of various commercially avatlable products, such as the Akzo-Nobel Bindzit S0/80
product and the Nalco 1050, 1060, 2327 and 2329 products, as well as other similar products
avatlable from DuPont, Bayer, Applied Research, Nissan Chemiend, Fuso, and Clanant. Other

examples of smitable wet-process silica mchude but are not Imstted to XP320, XP442, CC-
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301, and CC401 (EKA, Mannheim, Germany), NS, NB69 I, NHRBOC, and NEAB9
{supplied by Nalco Co., Naperville, 1L), ST-N and ST-O (Nissan Chemical America,
Houston, TX), and Nexsil 20, 204, 12, ¥, and § (Nyvacol Nano Technologies, Ashland, MA}
[6008]  The silica particles can have any suilable average particle sive (1.2, average
particle diameter). The silica particles can have an average particle size of 10 nm or more,
e, 5 wm or move, 20 mm or more, or 23 wn or more. Alternanvely, or i addition, the
stlica can have an average particle size of 80 nm or less, e.g., 75 nm or less, 70 nm or less, 60
nm or less, 30 am or less, 40 nm or less, or 30 am or less. Thus. the silica can have an
average particle size bounded by any two of the above endpoints. For example, the silica can
have an average particle size of 10 nm to 80 mm, 10 am o 70 wm, 10 mm to 60 nm, 10 nm o
36 am, 10 noyio 40 mn, 10 mm to 30 wm, 20 nm to 80 am, 20 nm to 60 nmy, 20 s 1o 40 nm,
or 20 mm (o 30 oL
160097 The polishing composition can comprise any suitable amount of silica. Typically,
the polishing composition can contain .01 wit.% or more, e.g., 0.03 wi.% or more, &.1 wt%
or move, 4.5 wi % or more, or 1w or more of silica. Allernatively, or i addition, the
polishing composition can contain 1 wi % or less, e.g., 9 wi%% or less, B wt% or less,
wi.% or less, 6 wt.% or less, or 5 wi% or less of stlica. Thus, the polishing composition can
comprise silica m amounis bounded by any two of the above endpoints reciled for silica. For
example the pohshing composition can comprise 0.0 wt.% to 10 wi %, 1.5 wi% 0 10 wi.%,
1wt % to 10 wi %%, 0.5 wi% to 10 wi %, 0.5 wi% 09 wi %, 0.5 wi % to 8 wi %, 0.5 wt %
to 7T wids, 0.3 wi2sto 6 w9, 0.5 wt.% 10 5 wi.%, or 1 wi.% 0 5 wile of silica.
{8010} The abrasive particles preferably are colloidally stable. The term collowd refers to
the suspension of abrasive particles in the hquid carrier. Colloidal stability refers to the
mamtenance of that suspension through time. In the context of this invention, an abrasive is
considered colloidally stable if, when the abrastve is placed into a 100 md graduated cyvlinder
and allowed to stand vnagitated for a tme of 2 hours, the difference between the
concentration of particles in the bottom 30 mi of the gradusted cylinder ([B] in terms of g'mb)
and the concentration of particles m the top 50 mi of the graduated cvlinder {{T] 1 terms of
g'ml) divided by the mitial concentration of particles in the abrastve composition {{C}in
terms of g/ml) 1s less than or equal to 0.5 (e, {{B] - {T1/C] = {}.5_},, More preferably, the
vatue of {BI-[TH{C] s less than or equal to 0.3, and most preferably is less than or equal to
G.1.
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{8911} The polishing composition comprises an oxidizing agent that oxidizes
nickeb-phosphorous. Preferred oxidiving agents are selected from the group consisting of
hydrogen peroxide, ureg hydrogen peroxide, peroxysulfuric acid, peroxyacetic acid, perboric
acid, salis thereof, and combimations thereof. More preferably, the cxidizing agentis
hydrogen peroxide. Typically, the polishing composition can contain 0.5 w.% or more, e .,
1 wt.% or more, or 2 wi.% or more, of the oxidizing agent that oxidizes mckel-phosphorous.
Alternatively, or in addition, the polishing composition can contain 10 wit.% or less, e.¢. 8
wi%o or less, or 6 wt.% or less, or 4 wi % or less, of the oxidizing agent that oxidizes nickel-
-phosphorous. Thus, the polishing composition can contprise silica i amounts bounded by
any two of the above endpoints recited for the oxidizing agent that oxidizes nickel-
-phosphorous. For example the polishing composition can comprise (1.3 wi.% 1o 10 wi¥, or
1 wi % 10 8 wil%, or 2 wi% 0 6 wi.% of the oxidizing agent that oxidizes wickel-
~phosphorous.

{89121 The polishing composition comprises a chelating agent. Desirably, the chelating
agent 1s a chelating agent for mickel. The chelating agent can be any suitable chelating agent,
especially any suitable chelating agent for mekel. The chelating agent preferably is chosen so
that the polishing composition exhibits low dissciution behavior when in contact with a
substrate comprising nickel-phosphorous. Non-lIimiting examples of suitable chalating agents
melude glyveine and alanine. In a preferred embodiment, the chelating agentas glyeine.
|6013] Typically, the polishing composition can contan 0.1 wi.% or more, e.g.. 0.2 wi¥
or more, or £.3 wi.% or more, or 0.4 wi.% or more, or 0.5 wi % or more, of the chelating
agent. Altermatively, or in addition, the polishing composition can contain 2 wit.% or less,
e.g., 18wt or less, or 1.6 wi% or fess, or 1.4 wi% orless, or 1.2 wi% or less, or T wit%
or less, of the chelating agent. Thus, the pohishing composition can comprise the chelating
agent in amounts boumded by any two of the above endpomts recited for the chelating agent.
For example the polishing composition can comprise 0.1 wit % to 2 we%, or 0.2 wi% to 1.8
wi%e, or 0.3 wt% to 1.6 wil%, 0.4 wi % to T wi.%, or 0.5 wi % to 1.2 wi.% of the chelating
agent.

{0014} The polishing composition comprises polyvinyl alcobol. The polyvinyl alcohol
can he gny suitable polyvinvl alcobol. In some embodiments, the polvvinyl alcohol has a
motecular weight of 8,000 g/mol or more, e.g., 11,000 g/l or more, 12,000 w'mol or more,
or 13,0081 g/mol or more. In some embodiments, alternatively, or i addition, the polyvinyl

aleohol has a molecular weight of 30,000 g/mol or less, e.g., 45000 g/mol or tess, or 40,000
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gimo! or less, or 35,000 g/mol or less, or 31,000 gimol or less, 25,000 afmeol or less, or
23,000 g/mol or less. Thus, in some embodiments, the polyvinyl alcohol has a molecular
weight bounded by any two of the above endpeints recited for the polyvinyl alcohol. For
example the polyvinvi alcohol can have a molecular weight of 3,000 g/mol to 30,000 g/mol,

16,000 g/mol to 45,000 g/mol, 10,000 g/mol to 40,000 g/mol. 10,000 g/mol to 35 600 g/mol,

16,000 g/imol to 30,000 g/mol, 12 000 g/mol to 25,000 g/mol, or 13,000 gimol to 23,000
'mol.

{8015} The polyvinyi alcobol can have any suitable degree of hydrolysis. Typically,
polyvinyl alcohol has a degree of hydrolvsis of 90% or move, or 92% or more, or 94% or
more, or 96% or more, or 98% or more. A is well known in the st, polyvinyd sleohol is
typically prepared by bvdrolysis of polvvinyl acetate. The degree of hvdrolysis refers to the
percentage of acetate groups in the polyvinyl acetate that have been hydrolyzed. In other
waords, the degree of hydrolysis refers to the percentage of free hydroxyl groups present in the
pelyvinvi alcohol.
{8016} Tvmcally, the polishing composition can contam (0.1 wi.% or more, e.g., 0.2 wi%
or more, or 8.3 wi.% or more, or B.4 wt.% or more, or .5 wi.% or more, of polyvinyl
alcohol. Alternatively, or in addition, the polishing composition can contain 2 wi'% or less,
e.g., LB wi.% orless, or 1.6 wi.% or fess, or 1.4 wt.% orless, or 1.2 wt.% or lexs, or I wi%
or less, of polyvinyl alcohol. Thus, the polishing composition can comprise polyvinyl
alcohol m amcunts bounded by any two of the above endpoinis recited for polyvinyl slcohol,
For example the polishing composition can comprise ¢.1 wi% to 2 wi%, or 0.2 wi% to 1.8
wi%o, ov 0.3 wi % to 1.6 wt%, or 0.4 9% to 1.4 wi%, or 0.5 wi % to 1.2 wi% of polyvinvi
alcohol.
{8017} Typically, the polishing composition has & pH of | or move, e.g., 2 or more, or 3
or more. Alternatively, or in addition, the pohishing composition has a pH of 4 or less, eg., 3
or less, or 2 or less. Thus, the polishing composttion has a pH bounded by any two of the
above endpoints recited for the pH of the polishing cowmposition, For example, the polishing
compuosition can haveapH of Ttwed, 1t03,2t04,3t04d, 0r l 102
{0018} In certain embodiments, the polishing composition does not comprise g
heterocyclic compound. More particularly, the polishing composition substantially
comprises less than 100 ppb (parts per billion), e.g , less than 75 ppb, or less than 50 ppb, less
than 25 ppb, less than S ppb, or less than 1 ppb, of any heterocyclic compounds. In some

embodiments, the polishing composition contams an andetectable amount of heterceyele
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compounds. In particular, heterocvelic compounds that complex with copper on the sucface
of a copper subsirate to form an msoluble complex on the surface of the copper substrate arve
excluded from the polishing composition of the invention. Noa-limiting examples of specific
heterocychic compounds that are exchuded from the polishing composttion of the mvention
mchde S-aminotetrazole, imidarole, benzotriazole, benzindazole, triazole, whvlinarole,
quinaldinic acid, quinohnic acid, amino compounds, imino compoands, carboxy compounds,
mercapio compounds, nitro compounds, urea compounds, and thicurea compounds, and
derivatives thereof. Desirably, the polishing composition does not contain any heterocyelic
compormds.

[8019]  The polishing composition can he prepared by any suttable technique, many of
which are known {o those skilled in the art. The polishing composition cap be prepared in a
batch or continuoas process. Generally, the polishing composition can be prepared by
combimng the components thereof in any order. The term “component™ as used herein
includes individual ingredients {e.g.. wet-process sifica, oxidizing agent that oxidizas
nickel-phosphorous, chelating agent, polvvinvt alcohol, elc.) as well ay any combination of
ngredients {e.g., wel-process silica. oxidizing agent that oxtdizes nickel-phosphorous,
chelating agent, polyvinyl alcohol, ete).

{6026} For example, the wet-process silica can be dispersed m waler. The chelating
agent and polyvinyd aleohol can then be added, and mixed by any method that is capable of
mcorperating the components inte the polishing composition, The oxidizing agent that
oxidizes nickel-phosphorous can be added at any time during the preparation of the polishing
composition. The polishing compaosition can be prepared prior to ase, with one or more
components, such as the oxidizing agent that oxidizes nickel-phosphorous, added 1o the
polishing composition just before use (e.g., within 1 minute before use, or within § howr
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 durning the polishing operation.

{6021} The pohishing composition can be supplied as a one-package sysiem comprising
wel-process silica, oxidizing agent that oxidizes nickel-phosphorous, chelating agent,
polyvinyl alechol, and water. Alternatively, the wet-process silica can be sapplied as a
dispersion in water in a first contatner, and chelating agent and polyvinyl alcobol can be
supplied in a second container, either i dry form, or as a solution or dispersion in water. The
oxidizing agent that oxidizes nickel-phosphorous desivably is supplied separately from the

other components of the polishing composition and is combined, e g., by the end-user, with
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the other components of the polishing composition shortly before use {e.g., 1 week or less
prioy to use, 1 day or less prior to ase, 1 bour ov less prior to use, 10 nunutes or less prior {o
use, or | minute or less prior to use). The components m the first or second contmner can be
i dry form while the components in the other container can be in the form of an aqueous
dispersion. Moreover, 1L is suitable for the compouents in the first and second contaners to
have different pH values, or alternatively 1o have substantally 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 i the art.

{0022} The polishing composition of the invention also can be provided as a concentrate
whach is mtended to be diluted with an appropriate amount of water prior to use. In such an
embodiment, the polisiing compostiion concentrate can comprise the wet-process silica,
chelating agent, polyvinv! alcobol, and water, with or without the oxidizing agent that
axidizes nickel-phosphorous, in amounts such that, upon dilution of the concentrate with an
appropriate amount of water, and the oxidizing agent that oxidizes nickel-phosphorous if not
already present 1y an appropriale amount, each component of the polishing composition wil
be present 1 the polishing composition in an amount within the appropriate range recited
above for each component. For example, the wet-process silica, chelating agent, and
polvvinyi alechol can each be present in the concentration m an amount that 1s 2 tmes (e.g., 3
nmes, 4 ames, or 3 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 vohames of water, or 4 equal volumes of water, respectively), along with the
oxidizing agent that oxidizes mckel-phosphorous in a saitable 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 confam an appropriate fraction of the water present in the final polishing
composition in order fo ensure that other components ave at least partially or fully dissolved
i the concentrate.

{89231 The invention also provides a method of chemicaliv-mechanically polishing a
substrate with the polishing composition described herein. In particular, the imventive
method comprises (1) contacting a substrate with g polishing pad and the
chemical-mechanical polishing composition described herein, (i) moving the polishing pad
refative to the subsirate with the chencal-mechanical polishing composition therebetween,

and (3t} abrading at least a portion of the sabstrate 1o polish the substrate.
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{8924} The substrate 10 be polished using the method of the nvention can be any suitable
substrate, especially a substrate that contains nickel-phosphorous. A preferred subsirate
comprises at least one laver, especially an exposed layer for polishing, conprising, consisting
essentially of, or consisting of nickel-phosphorous. Particulariy suitable substrates include,
but are not linsted to, memory or nigid disks, such as alumminam disks cousted with
nickel-phosphorous.

{80251 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 i use, is in motion and has a velocity that results from orbutal, hinear,
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
refative to the sarface of the polishing pad. The pohishing of the substrate takes place by the
substrate being placed 1 contact with the polishing pad and the polishing compuosition of the
invengion and then the polishing pad moving relative (o the subsirate, so as o abrade at least a
portion of the substrate to polish the substrate.

{8026} 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
inchude, for sxample, woven and non-woven polishing pads. Moreover, suitable polishing pads
can comprise any suitable polymer of varving density, hardness, thickness, compressibility,
ability to rebound upon compression, and compression modulus. Suitable polvmers include, for
example, pobyvinyichlonde, polyvinvl{iuoride, nyvion, fluorocarbon, polycarbonate, polyester,
polyvacrylate, polyether, polvethyvlene, polvasmude, polyurethane, polystyrene, polypropylene,
coformed products thereof, and mixtures thereof.

{6027}  Desirably, the CMP apparatus forther comypnises an in sify polishing endpoint
detection system, many of which are kuown in the art. Technigues for inspecting and
montoring the polishing process by analvzing bght ov other radiation reflected from a surface
of the workpiece are known int the art. Such methods are described, for example, i U.S.
Patent 5,196,353, US. Patent 5433651, UK. Patent 5,609 5311, ULS. Patent 5,643 046, 1.5,
Patent 5,658 183, US. Patent 5,730,642, U.S. Patent S 838447 LS. Patent 5§ 872,633, U5,
Patent §,893,796_ U8, Patent 5,949 927, and U.S. Patent 5,964,643, Desirably, the
mspection or mowitoring of the progress of the polishing process with respect to a workpiece
being polished enables the determination of the polishing end-pond, 1.2, the deternmnation of

when to terminate the polishing process with respect to a particulay workpiece.
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{89281 A chemical-mechanical polishing process can be characterized in a number of
ways, such as in terms of the removal rate of a substrate, the vesulting surface roughness, and
the resulting edge roll-off of a subsirate.

{6029} The removal rate of a substrate can be determined using any suitable technique.
Examples of suitable techmques for determimng the removal rate of a substrate include
weighing the sobstrate before and after nse of the inventive polishing method to deternune
the amount of subsirale 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 tume, and
deternuning the thickness of the substrate before and after use of the mventive polishing
method to directly measure the removal rate of the substrate per unit of pohshing time.
{0036} One measwre of defectivity is the tolal scratch count as defined as the sum of
shalfow, niicro, and deep scratches on the surface of  substrate after polishing. Another
measure of defectivity is the count of micro particles that either adhere to the surface or are
embedded in the surface of a substrate that has been polished. The substrate, suchas a
nickel-phosphorous coated memory disk, can be spected using oplical defect scanning
equipment such as the Candela 6100 and 6300 series and similar instraments available from
KLA Tencor (Milpitas, CA).

{6031} Desirably, the mventive polishing composition and method disclosed herein resull
i reduction in the total serateh connt and/or in the cownt of nucro particles when used o
polish substrates comprising & nickel-phosphorous coated memory disk.

00321 The followmyg example further tlustrates the wvention but, of course, should not

be construed as in any way Hmiting #s scope.

EXAMPLE
[6033}  This exanple demonstrates the effect on delectivity achievable by the inventive
polishing compeosition in the polishing of mckel-phosphorous-coated ahmunum memory
disks.
6034} Similar substrates comprising nickel-phosphorons~-coated alonunum memory
disks were separately polished on one side with four different polishing compositions. Each
of the polishing compositions comprised § wi.% of a wet-process silica having an average
parhicle size of <30 mn, 1 wit.% glveine, and 0.6 wi % hydrogen peroxide i water at a pH of
1.9, Polishing Composition A {control} did not contain any polvvinyl slcohol. Polishing

Compositions B, C, and D further comprised 250 ppm, 300 ppm, and 1000 ppm ofa
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polyvinvi alcohol, respectively, wherein the polvvinyl alcohol had a molecudar weight in the
range of 13.000-23 000 g'mol and a degree of hydrolysis of 98%,.

[6035] Following polishing, the substrates were examined for total scratch counts,
shalfow scraich counts, deep scratch counts, micro scratch counts, and micro particle cowts,
wherein micro particle counts refers to particles adbered (o ov imbedded in the subsirate

surface. The resulis are set forth in the Table.

Table
Composition A (control) B (invention) | C Ginventiony | D {invention}
Total scratch count 56 7 12 7
Shaflow scratch count | 30 3 3 4
Deep scratch cowt S | 1 i
Micro scratch count 22 2 6 3
Micro particle count 925 206 584 483

* average of two experiments

{0036} As is apparent from the results set forth in the Table, the nventive polishing

compositions B-1> exhibited approximately 79-88% reductions in the total scratch count,
approximately 83-87% reductions i the shallow scratch count, approximately 8%
reductions m the deep scratch count, and approxamately 73-91% reductions m the micro
scratch count, compared to the control polishing composition A, Inventive polishing
compositions C and D, which contained 500 ppm and 1000 ppm, respectively, of polyvinyd
alcohol, exiubited approximately 38% and 438% reductions in the micre particle count

compared to control polishing composition A.
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CLAIMS
1. A method of chenucally-mechanically polishing g substrate, which method

comprises;

(i} providing a subsirate comprising at least one layer of nickel-phosphorous,

(i3 providing a polishing pad,

(i1} providing a polishing composition comprising;
{a) wel-process silica,
{b) an oxidizing agent that oxidizes mckel-phosphorous,
{) a chelating agent,
{d)  polyvinyl alcohol,
{c) water,

wherein the polishing composition has a pH of 1 to 4,

(v}  contacting a surface of the substrate with the polishing pad and the polishing
composition, and

{v} abrading at {east a portion of the suxface of the subsitate (0 remove af least
some nickel-phosphorous from the surface of the substvate and to polish the
surface of the subsirate.

2. The method of claim 1, whersin the wet-process siica comprises {wo OF more

different types of silica particles.

3 The method of claim 1, wherein the wet-process silica has an average particle
size of 10 nny to 80 nm.
4, The method of claim 3, wherein the wet-process silica has an average particle

size of 10 mm to 3¢ nm.
5. The method of chinm |, wherein the polishing composition comprises 1 wt%

to 10 wi% of wet-process sihica.

6. The method of claim 1, wherein the oxidiznng agent is hydrogen peroxide.
7. The method of claim 1, wherein the chelating agent is glycine or alanine.
& The method of claim 1, wherelns the polishing composition comprises (1 wi%

to 2 wi.% of the chelating agent.

9, The method of claim |, wherein the polvviny! alcohol has a molecular weight
of 8,000 g/mol 1o 50,004 g/mol.

i The method of elaim 9, wherein the polvviny! alcohol has a molecular weight

of 13,000 p/mol 1o 23, 000 gfmol.
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11, The method of clamm 1, wheremn the polyvinyl alcohol has a degree of
hydrolysis of 90% or more.

12, The method of clmim 1, wherein the polishing composition comprises 0.1 wt.%
o 2 wi% of polyvinyl aleohol.

13, The method of elains 1, wherein the polishing compostion hasapH of 110 3.

14, The method of claim 1, wherein the substrate is a mckel-phosphorous-coated

aluminum disk.

15, A chemicalmechanical pohshing composition comprismg:
{a) wet-process silica,

(by  anoxadizing agent that oxidizes nickel-phosphorous,

{c} a chelating agent,

(  polyvinyl alcohol, wherenn the polyvinyl alcohol has a molecalar weight of

8,000 gdmol to 50,000 gimal,

{¢) water,
wherein the polishing compositzon has a pH of 1 1o 4, and wherein the polishing composition
does not comprise a heterocyclic compound.

16, The composttion of claim 13, wherein the wet-process silica comprises two or
more different types of silica panticles.

17, The composition of claim {5, wherein the wet-process silica has an average
particle size of 10 nm to 80 mm.

Lol
‘(

1% The composition of claim 17, wherein the wet-process silica has an average
parficle size of 1 nm to 36 nm.

19, The composition of claim 15, wherein the polishing composition comprises |
wit.% to 10 wi% of wet-process silica.

2. The composition of claim 15, wherein the oxidizing agent is hydrogen
peroxide.

21, The composition of claim 15, wherein the chelating agent is glycine or
alanme.

22, The composition of claim 135, wherein the polishing compositon compnses
0.} wt.% to 2 wt.% of the chelating agent.

23 The composition of claim 15, wherein the polyvinyl alcobol has a molecalar

weight of 13,000 gimol to 23,000 g/mol.
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24,

The composition of claim 13, wherein the polvvinyl alcohol has a degree of

hydrolysis of Y0% or more.

23

The composition of claim 15, whetein the polishing composition comprises

.1 wi¥ 1o 2 wi2% of polyvinvi alechol.

27,
C\O'I}lpl'!. SEs:
(i)
(it}
(it
(1)

{v)

The composition of claim 15, wherein the polishing composition has a pH of

A method of chemically-mechantcally polishing a substrate, which method

providing a substrate,

providing a pohshing pad,

providing the polishing composition of claim 13,

contacting a surface of the sabstrate with the polishing pad and the polishing
composition, and

abrading at {east a portion of the surface of the subsirate to remove af least
some portion of the surface of the substrale 3o as o polish the surface of the

subsirate.



