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POLISEING COMPOSITION FOR NICKEL-PHOSPHOROUS-COATED MEMORY
HSKS

BACKGROUND OF THE INVENTION
{6001} The demand for increased storage capacity in memory or rigid disks and the wend
tovwards snksterieanon of memory or rigid disks {dee (o the requirement for smaler hard
drives in computer equipment) contimues to emphasize the importance of the memory or rigud
disk manufacturing process, including the planarization or polishing of such disks for
easucing maximsl performance, While there exist several chemical-mmechanical polishing
(CMPY compositions and methods for use in comunction with semiconductor device
manufacture, few conventiong! CMP methods or comumercialty avadable CMP compositions
are well-suited for the planarization or polishing of memory or rigid disks,
{6092} As the demand for increased stogage capacity has inereasad, so has the need for
smproved processes for the polishing of sach memory or rigid disks, The tere “mesory or
rigid disk™ refecs to any magnetic disk, hard disk, rigid disk, or memory disk for retaining
information in slectromagnetic form. The memory or rigid disk tvpically has a surface that
conywises rekebphosphoras, but the memory or rigid disk surface can comprise any other
suitable material, The planarity of the memory or rigid disks muost be improved, as the
distance betwesn the recotding head of & disk drive and the surface of the memory o rigid
disk has decreased with improvernenis in recording density that demand a lower flying helght
of the magnetic head with respect to the memory or nigid disk. o order 1o permit & lower
fiving height of the magnetic head, improvements 1o the surface fnish of the wermory or rigid
disk ave required.
[o0a3} Improvements to the surface finish of the memory or vigid disk requive that
scratches and micro defects caused by abrasive panicles must be reduced. 1 has been
bypothesized that frictional forces penerated between a polishing pad and 2 substrate being
polished leads to increased scratching and micro defects. However, the presence of additives
jntended o redoce frichonal forces typicaily lead to sgglomeration of abrasive particles, with
g cousequent increase 1 seratching and micro defects. Accordingly, there 1§ a need n the ant
for polishing compostiions exhabiting reduced seratching and suero defects and also

exhibiting good surface wopography and practicable removal rates.
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BRIEF SUMMARY OF THE INVENTION
[0004]  The disclosure provides a method of chemically-mechanically polishing a
substrate, which method comprises (i) providing a substrate cofnprising at least one layer of
nickel-phosphorous, (ii) providing a polishing pad, (iii) providing a polishing composition
comprising (a) wet-process silica, (b) an oxidizing agent that oxidizes nickel-phosphorous,
(c) a chelating agent, (d) polyvinyl alcohol, (c) water, wherein the polishing composition has
apH of | to 4, (iv) contacting 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 substrate and to polish the
surface of the substrate.

In one aspect, there is provided a method of chemically-mechanically polishing a
memory or rigid disk substrate, which method comprises: (i) providing a memory or rigid
disk substrate comprising at least one layer of nickel-phosphorous, (ii) providing a polishing
pad, (iii) providing a polishing composition comprising: (a) wet-process silica, (b) an
oxidizing agent that oxidizes nickel-phosphorous, (c) a chelating agent, (d) polyvinyl alcohol,
wherein the polyvinyl alcohol has a degree of hydrolysis of about 90% or more, (e) water,
wherein the polishing composition has a pH of about 1 to about 4, (iv) contacting 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 substrate and to polish the surface of the substrate.

In another aspect, there is provided a method of chemically-mechanically
polishing a memory or rigid disk substrate, which method comprises: (i) providing a memory
or rigid disk substrate, (ii) providing a polishing pad, (ii1) providing the polishing
composition comprising: (a) wet-process silica, (b) an oxidizing agent that oxidizes nickel-
phosphorous, (c) a chelating agent, (d) polyvinyl alcohol, wherein the polyvinyl alcohol has a
moiécular weight of about 8,000 g/mol to about 50,000 g/mol, (¢) water, wherein the
polishing composition has a pH of about 1 to about 4, and wherein the polishing composition
does not comprise a heterocyclic compound, (iv) contacting 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 portion of the surface of the substrate so as to

polish the surface of the substrate.
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(00605} The disclosure also provides a chemical-mechanical polishing composition
comprising (a) wet-process silica, (b) an oxidizing agent that oxidizes nickel-phosphorous,
(c) a chelating agent, (d) polyvinyl alcohol, wherein the polyvinyl alcohol has a molecular
weight of 8,000 g/mol to 50,000 g/mol, (c) water, wherein the polishing composition has a
pH of 1 to 4, and wherein the polishing composition does not comprise a heterocyclic

compound.

DETAILED DESCRIPTION OF THE INVENTION
[0606] The invention provides a chemical-mechanical polishing composition comprising,
consisting essentially of, or consisting of (a) wet-process silica, (b) an oxidizing agent that
oxidizes nickel-phosphorous, (¢) a chelating agent, (d) polyvinyl alcohol, wherein the
polyvinyl alcohol has a molecular weight of 8,000 g/mol to 50,000 g/mol, (c) water, wherein
the polishing composition has a pH of 1 to 4.
[06007] The polishing composition comprises wet-process silica particles (e.g.,
condensation-polymerized or precipitated silica particles). Preferably, the wet-process silica
particles are condensation-polymerized silica particles. Condensation-polymerized silica
particles typically are prepared by condensing Si(OH). to form colloidal particles, where
colloidal is defined as having an average particle size between 1 nm and 1000 nm. Such
abrasive 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 Akzo-Nobel Bindzil 50/80
product and the Nalco 1050, 1060, 2327, and 2329 products, as well as other similar products
available from DuPont, Bayer, Applied Research, Nissan Chemical, Fuso, and Clariant. Other
examples of suitable wet-process silica include but are not limited to XP320, XP442, CC-
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301, and CC401 (EKA, Mannheim, Gernmany), N111IS, N8641, NI1030C, and NS4S
{supplied by Nalco Co., Napervilte, 1L), ST-N and ST-O (Nessen Chemical America,
Houston, TX), and Nexsil 20, 204, 12, §, and § {(Nyacol Nano Technologies, Ashiand, MA)
{6008}  The silica particles can have any suitable average particle size (e, average
particle diameter). The silica panticles can have an aversge pardcle skee of 10 nm or more,

e 15 mn or move, 20 nm or thore, or 23 wn or more. Alternatively, or in addinon, the
silica can have an averyge particle size of 80 am or less, e.g., 75 nm or legs, 70 nm or less, 60
mm or loss, Minm or fess, 40 o or less, or 30 nm oy tess. Thus, the silica can have an
average particle size bounded by any two of the sbove endpoints. For example, the silica can
have an gverage particle size of 10 nm to 86 wm, 10 am 0 70 nm, 10 wn o 60 nm, 10 wmio
S0 nm, 10 oo io 40 w, 10 am (o 30 am, 20 nm o 80 aoy, 20 nm 1o 60 am, 20 ne w40 nm,
or 20 wm to 30 n

{80097 The polishing composition can comprise any suitable amount of sifica. Typically,
the polishing composiion can contaimn 0.01 wi% or morg, e.g., .03 wi.% or more, .1 wil
ot mare, 4.5 wi % or maore, or 1 wil% or more of stlica, Alternatively, or i addition, the
polishing composition can coutmin 10 wt.% or less, e, 9 wt.% or less, 8 wi.% or less, 7
wi.% or less, & wt.% or less, or 3 wi% or less of silica. Thus, the polishing composition can
cenmprise silica 3o amounts bounded by any two of the above endpoinis recited for silica. For
exanple the polishing composition can conprise 6.01 wit% 1o 10 wil, .5 wi% to 10 wi%,
bwet %% 1o TO W%, €.5 wi%% o 10 wihe, 0.5 wi% o9 wi%, 0.5 wile o 8 wi%h, 0.5 wit%
10 ?who%, 0.5 w10 6 wioe, 0.3 w06 1o 8 wile, v 1 wi% 0 5 wile of silica,

{8016} The abrasive particles preferably are colloidally stable. The term colloid refers to
the suspension of abrasive particles in the Houid carrier. Colloidal stabulity refevs to the
maintenance of that suspension through thme. In the context of this invention, an abrasive is
considered colloidaliy stable if, when the abrasive is placed into 2 100 mi graduated cviinder
and allowed 1o stand vnagitated {or a tume of 2 hours, the difference between the
concentration of particles in the bottom 36 mi of the gradusted cylinder (1B} in torms of g/mb)
and the concentration of particies i the top 50 m! of the graduated cyhinder {{T] i terms of
giml} divided by the mwitial concentration of particles in the abrasive composition §C in
terms of giml) is less than or equal to 0.5 (Le, {{ B}~ {T1AC] < 0.5}, More preferably, the
vatue of [BI-[THC] is less than or equal to 0.3, and most preferably is less than or equal 1o
€%,



WO 2013/177251 PCT/US2013/642168

{0011} The polishing composition comprises an oxidizing agent that oxidizes
nickebphosphorous. Preferred oxidizing agents are selected from the group consisting of
hydrogen peroxide, urea hydrogen peroxide, peroxysulfuric scid, peroxyacetie acid, perboric
acid, salts thereo!, and combinations thereof, More preferably, the oxidizing agent s
hydrogen peroxide. Typically, the polishing composition can contain 0.5 wi% or mere, e.g.,
I wt.% or more, of 2 wt.% or more, of the oxidizing agent thar oxidizes mckeb-phospharouns.
Alternatively, or in addition, the polishing composition can containn 10 wt.% or less, eg. 8
wt.t% or less, or 6 wi% or less, or 4 wi or less, of the oxidizing agent that oxidizes nickel-
-phosphoroas. Thus, the polishing composition can comprise sifica in amounts bounded by
any fwo of the above endpoints recited for the oxidizing agent that oxidizes nickel-
~phosphorous. For exunple the polishing composiiion can comprise 0.5 wi% to 10 wi, or
I wi% 1o 8 Wi, or 2 wi% w & wi.% of the oxidizing agent that oxidizes mickel~
-phosphorous.

{6812} The polishing composition comprises a chelating agent. Desirably, the chelating
agent is a chelating agent for mekel. The chelating agent can be any suitable chelating agent,
especially any suitable chelating agent for mickel. The chelating agent preferably is chosen so
that the polishing composition exhibits low disselution hehavior when in contact with a
substrate comprising hickel-phosphorous. Non-thniting examples of sustable chelating agents
inchude glycine and alanine. In g preferred embodiment, the chelating agentis ghycine.
{80131 Typically, the polishing composition can contain 0.1 wi.% or more, e.g.. 0.2 wth
or more, of .3 wi% or more, or 0.4 wi% or more, or 0.5 wit.% or more, of the chelaiing
agent. Alternatively, or i addition, the polishing composttion can contain 2 wi. % or less,
e.g., 1.8 wi.% or less, or 1.6 wi% or less, or 1.4 wt% or fess, or 1.2 wi% or less, or 1 wi%
or less, of the chelming agent. Thug, the polishing composition can conprise the chelating
agent in amounts bounded by any two of the above endposts recited for the chelating agent.
For example the polishing composition can comprise 0.1 w2 10 2 w0, or 02 wilo to 18
W%, or 0.3 wi %% o 1.6 wi%%, 0.4 wi% o 14 w0, or 0.5 wi.% to 1.2 wi% of the chelating
agent.

{6014} The polishing composition comprises polyvinyl alcobol. The polyvinyl alcohol
can be any soitable polyviny! alcohol. In some embodiments, the polyvinyl alcohol has a
molecular weight of 8,000 g/mol or more, e.g., HL000 g/imol or more, 12,000 gimol or more,
or 13,0(H g/mol or more. In some embodinents, alteruatively, or in addition, the polyvinyl

aleohol has & molecudar welght of 50,000 g/mol or less, e.2., 45,000 pimol or less, or 44,000
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gimol or fess, or 35,000 gimol or tess, or 3,000 whmol or less, 25,000 ghmol or less, or
23,000 gimol or fess. Thus, in same embodiments, the potyvinyl alcohol has a molecular
welglt hounded by anv two of the above endpoints recited for the polyvinyl alcobol. For
example the polyvinyl alecho! can have a molecular weighl of 8000 wmol to 30,000 g/mol,

10,000 grmol to 45,000 giol, 10,000 g/mel 10 40,000 wmol, 10,000 g/imol to 35,000 gimol,
16,000 gimol to 30,000 gimol, 12,000 g/mol to 25000 ¢g/mod, or 13,000 gimol to 23,000
g'mol.

{8015} The polyvinyt alcobol can have any switable degree of hydrolysis. Typically,
polyvinyl alcohol has a degree of hvdrolysis of 90% or move, or 92% or mwore, or 94% or
more, or 9% or mare, or 9R% ormore. Ag is well konown in the get, polveinyl sicobiol is
typically prepared by hyvdrolysis of polyviny! acetate. The degree of hydrodysis 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 percemage of free hvdroxyl groups present i the
polyviny! alcohel.

{816} Typically, the polishing composition can confam 0.1 wt.% or morg, e.g., 0.2 wih
or more, or 8.3 wi % or more, or 8.4 wi.% or more, or .5 wL.% or more, of polyvinyl
alcohol. Alternatively, or in addition. the polishing composition can contam 2 wi% ov less,
e.0.. 1.8 wt.% or lesy, or 1.6 wt.% or leas, or 1.4 wi% or fess, of 1.2 wi% or less, or 1wt
o less, of polyvinyl alcobol, Thus, the polishing composition can comprise polyvinyl
aleohol in amounts bounded by anv two of the above endpoints recited for pobwviny! sleohol.
For example the polishing composition can comprise 4.1 wi% to 2 wi't, or 0.2 wt%% to LB
wi%, or 0.3 wi% to 1.6 wit.%, or 0.4 wi % 1o 1.4 wi.%, or .5 wi ¥ to 1.2 wi% of polyvioyl
alechol.

{6817} Typically, the polishing composition has 8 pH of | or move, e.g., 2 or more, or 3
or morg. Alternatively, or in addivion, the polishing coraposition has a pH of 4 or less, e, 3
o7 less, or 2 or less. Thas, the polishing composition has a pH bounded by any two of the
above endpoints recited for the pH of the polishing cowposition, For example, the polishing
composition canhaveapHof Ttod 1103, 204, 3twod ort o 2.

{8018} n certain embodiments, the polishing composition does not comprise o
heteroevelic compound. More particularly, the polishing composition subsiaatially
comprises less than 100 ppb (parts per billion), 2.g., less than 79 ppb, or less than 30 ppb, less
than 25 ppb, less than S ppb, or Jess than 1 ppb, of any hez‘méeyc‘iic compounds. In some

embodiments, the polishing composition comains an andetectable amownt of heterocyele

o
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compoaids, In particular, heterocyelic compoands that complex with copper on the sucface
of a copper substrate 1o fonm an insotable complex on the surface of the copper substrate are
- excluded from the polishing composition of the invention. Non-limiting examples of specific
heterocyche compounds that are excluded from the polishing composition of the wvention
scinde S-aminoletrazole, imidasole, benzotriazele, benvimidarole, triazole, wivitiazole,
guinaldinic acid, quinolinic acid, amino compounds, imino compounds, carboxy compounds,
mercapto compounds, nitroe compounds, urea compounds, and thioures compounds, and
derivatives thereof. Desirably, the polishing compoaition does not contain sy heterocyelic
compounds.

{0019 The polishing composition cun be prepared by any suttable technique, many of
which are knows o those skilfed in the art. The polishing composition can be prepared in a
batch or continaoas process. Generally, the polishing composition can be prepared by

[

combining the components thereol in any order. The tevm “component”™ as nsed herein
includes individual ingredients (... wet-process siliva, oxidizing agent that oxidizgs
nickel-phosphorous, chelating agent, polyvinyi alcobol, ate.) as well as ayy combination of
ingredients {e.g., wel-process silica, oxidizing agent that oxidizes nickel-phosphorous,
chelating agent, polyvinyl alcohol, ete.).
{6020} For example, the wat-process silica can be dispersed in water. The chelating
agent and polyvinyd aleohol can then be added, and mixed by any method that is capable of
incorporating the components into the polishing composition. The oxidizing agent that
axidizes micksl-phosphorous can be added 8t any time dusing the preparation of the polishing
composition. The polishing composition can be prepared priot 1o ase, with one ov more
components, such gs the oxidizing agent that oxidizes nickel-phosphorous, added 1o the
polishing composition just before use (e.g., within 1 minute before use, or within § hour
before use, or within 7 days before use). The polishing composition also can be prepared by
mixing the components at the surfuce of the substiaie duning the polishing operation.
180237 The polishing composition can be supplied as a one-package system comprising
wet-process sitica, oxidizing agent that oxidizes nickei-phosphorons, chelating agent,
polyeinyi alcobol, and water. Allematively, the wet-process silica can be sapplied as a
dispersion i water in a first container, and chelating agent and polyviuyl alcobol can be
supplied in a second containgr, either in dry form, or a8 a solution or dispersion in water, The
oxidizing agent that oxidizes nickel-phosphorous desivably is supphied 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 componenis of the polishing composition shortly befote use {e.g., 1 week or less
prior e use, | day or less prior to-ase, 1 bour ot less prior to use, 10 nunutes or less prior o
use, oF 1 minute or less prior to wse). The components m the first ov second contaner can be
i dry form while the components in the other container can be in the form of an agueous
dispersion. Morsover, it is saitable for the compovents in the first and second coutainers to
have diffevent pH valoes, or dlternatively to have sabstantially simitlar, or even equal, pH
values. Other two-container, or three or more-container, combinations of the componenis of
the polishing composition ave within the knowledge of one of ordinary skill i the an.

{8022}  The polishing composition of the invention also can be provided as a concentrate
which is intended o be diluted with an appropriste amount of water prioy to use. In such an
embodiment, the polishing composition concentrate can comprise the wet-process silica,
chelating agent, polyvinyl alcohol, and water, with or without the oxidizing agent that
oxidizes nickel-phosphorous, in amounts such that, upon dilution of the conpcentrate with an
appropriate amount of water, and the oxidizing agent that oxidizes nickel-phosphorous 1f not
already present in an appropriaie 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 wet-process siliva, chelating agens, and
polyvinyl aleobol can each be present in the concentration in an amount that is 2 times (e.g., 3
nes, 4 tmes, or 3 thes) greater than the concentration recited above Ry each component $o
that, when the concentrate is diluted with an equal volume of (e.g.. 2 equat volumes of water,
3 equal vohumes of water, or 4 equal vohunes of water, respectively), along with the
oxidizing agent that oxidizes wickel-phosphorous in 8 suitable amownt, each component will
be present in the polishing composition in an amount within the ranges st forth above for
each component. Furthermore, as will be undersiood by those of ordiowry skill in the art, the
concenirate can condain an appropriate fraction of the water present in the final polishing
composition i order to easure that other components ave at least partially or fally dissolved
i the concentrate.

{6023}  The invention also provides a method of chemically-mechanically polishing a
substrate with the polishing composition described herein. In particelar, the inventive
method comprises (1) contacting & substrate with g polishing pad and the
chemical-mechanical polishing composition described herein, (if) moving the polishing pad
refative io ihe subsirate with the chemical-mechanical polishing composition therebetween,

and (il abrading at least a portion of the substrate 1o polish the substrate,
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(80247  The substrate 1o be polished using the method of the mvention can be any saitable
substrate, especially a substrate thay coutains nickel-phospborous. A preferved subsirate
comprises at igast one layer, especially an exposed layer for polishing, comprising, consisting
essentially of, or consisting of nickel-phosphorous. Particularly suitable substrates include,
bot are wot [imited to, memory or righd disks, such as alusmnam disks costed with
nickel-phosphorons.

{60251 The polishing method of the invention is particularty suited for use in confunction
with & chemicalwmechanical polishing {CMP) apparatus. Typically, the apparatus comprises
a platen, which. when in use, is in moton and has a veloesty that results from orbilal, linear,
or cirmuglar motion, a polishing pad in contact with the platen and moving with the platen
when in motion, and & casrier that holds a substiate to be polished by contacting and moving
relative 10 the surface of the polishing pad. The polishing of the mubstrate takes place by the
substrate being placed in contact with the polishing pad and the polishing composition of the
invenuon and then the polishing pad moving relative 1o the sabstrate, so as {0 abrade at leadi a
purtion of the substrate to polish (he substrate.

0026} A subsirate can be planarived or polished with the chemical-mechanical polishing
composition with any suiable polishing pad (e.g., polishing surface). Suttable polishing pads
inchude, for example, woven and non-woven polishing pads. Morvsover, suitable polishing pads
can comprise any sttable polymer of varying density, hardness, thickness, compressibility,

ability to rebound upon conyression, and compression modufus, Suitable polymers include, for

polyacrylate, polyether, polyethvieve, polvamde, polvarethane, polystyrene, polypropylene,
coformed products thereof, and mixtures thereof.
[6027]  Desirably, the CMP apparatus forther comprises an iy siy polishing endpoint
detection system, many of which ave known in the art. Technigues for inspecting and
mwontioring the polishing process by analyzing light ov other radiation reflected from a surface
of the workpiece are known in the art. Such methods are desceribed, for example, n US,
Patent 5,196,353, U, Patent 3433651, U5, Patent 5,000 5311, U 5 Palent 5643046, U S,
Patent 5,658,183, U1LS. Patent 5,730,642, US. Patent S 838447 U8, Putent S,872,633, US.
Patent 5,893,796 118, Patent 5949 927 and U.S. Patent 5964643, Desirably, the
mspection or moniioring of the progress of the polishing process with respect to a workpiece
emg polished enables the delenmination of the polishing end-point, 1.2, the defersmination of

when o lerminaie the polishing process with respect 1o a particular workpiece.
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{80281 A chemicalanechanical polishing process can be characterized in a nusaber 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 substraie.

{6628]  The removal rate of a subsirate can be determined using any suitable techaiqus.
Exasples of suitable tecleiques for determining the removal rate of a substrate include
weighing the substrate before and after ase of the inventive polishing miethod o deternune
the amount of subsirate 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
detarmining the thickness of the substrate before and after use of the mventive polishing
method to directly measure the vemoval rate of the substrate per unit of polishing tme.
{6836} One measure of defectivity is the wtal scratch count as defined as the sum of
shaltow, micro, and deep scraiches on the surface of & substrate after polishing. Another
measure of defectivity is the count of micro particles that either adheve to the surface or gre
smbedded in the swrface of a substrate that has been polished. The subsurate, suchas g
nickel-phosphorous coated mumory disk, can be inspected vsing optical defiact scanning
eguipment such as the Candela 6100 and 300 series and similar istruments available from
KLA Tencor (Milpitas, CA)

0831} Dissirably, the inventive polishing composition and method disclosed herein resull
i reduciion in the total seratch connt anddor i the count of micro particles when used 1o
pelish substrates comprising a nickebphosphorous coated memory disk.

{80321 The following example further illugrates the invention but, of conrse, shoudd not

be construed as inany way Bioiting s scope.

EXAMPLE
{8833} This exaruple demonstrates the effect on delectivity achievable by the inventive
polishing composition in the polishing of mickel-phosphorous-coated alununum memery
disks,
{6634}  Similar subsuates comprising nickel-phosphorons-coated alominom memory
disks were separately polished on one side with four different polishing compositicns, Each
of the polishing compositions comprised § wi.% of a wel-process silica having an average
particle size of € 30 wn, 1 wi.% ghveine, and 0.6 wi.% hydrogen peroxide i water st a pH of
1.9 Polishing Composition A (control) did not contain any polyvinyl sleohol. Polishing

Compositions B, €, and D further comprised 250G ppim, 500 ppm, and 1006 ppm of a
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polyviny! alcohol, respectively, wherein the polvvinyd aleohol had a molecular weight in the
range of 1300023000 gmol and a degree of hydrolysis of 98&%.

{68358}  Following polishing, the substrates were examined for total scratch counts,
shallow seraich counts, deep scratel coumts, micra serateh counts, and micro particle cowts,
wherein micro particle counts refers to pasticles adbered to ov imbedded i the subsirate

surface. The resulis are set fordh i the Tahle.

Table

- Compostiion A {contrel} B (nvention) | C Govention) | D {(nvention}
Total serateh count 56 7 12 7
Shatlow scratch count 340 3 s 4
Deep scratch count ] | 1 i
Micro seraich cownt 22 2 6 3
Micro particle coust | 925 06 584 483

* gverage of hwo experiments

{0636} As 15 apparent from the resulis set forth i the Table, the inventive polishing
compositions B-1» exhibited approximately 79-88% reductions in the total scratch count,
approximately 83-87% reductions in the shallow scratch court, approocimately R0%
reductions i the deep scratch count, and approximately 73-919% reductions i the micro
seraich cowut, compared to the control polishing composition A, Inventive polishing
composttions € and D, which contpived 500 ppim and 1000 ppm, respectively, of polyviny
alcohol, exhibited approximately 38% and 48% reductions in the micro particle couwt

compared {o control polishing compesition A.
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CLAIMS

The mvention claimed is:

1. A method of chemically-mechanically polishing a memory or rigid disk
substrate, which method comprises:
(1) providing a memory or rigid disk substrate comprising at least one layer of
nickel-phosphorous,
(ii) providing a polishing pad,
(111) providing a polishing composition comprising:
(a) wet-process silica,
(b) an oxidizing agent that oxidizes nickel-phosphorous,
(¢) a chelating agent,
(d) polyvinyl alcohol, wherein the polyvinyl alcohol has a degree of hydrolysis
of about 90% or more,
(e) water,
wherein the polishing composition has a pH of about 1 to about 4,
(iv) contacting 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 substrate and to polish the surface of

the substrate.

2. The method of claim 1, wherein the polishing composition comprises about 1

wt. % to about 10 wt. % of wet-process silica.

3. The method of claim 1, wherein the oxidizing agent is hydrogen peroxide.

4. The method of claim 1, wherein the chelating agent is glycine or alanine.

5. The method of claim 1, wherein the polishing composition comprises about 0.1

wt. % to about 2 wt. % of the chelating agent.
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6. The method of claim 1, wherein the polyvinyl alcohol has a degree of hydrolysis

of about 98% or more.

7. The method of claim 1, wherein the polishing composition comprises about 0.1

wt. % to about 2 wt. % of polyvinyl alcohol.

8. The method of claim 1, wherein the polishing composition has a pH of about 1

to abouf 3.

9. The method of claim 1, wherein the substrate is a nickel-phosphorous-coated

aluminum disk.

10. The method of claim 1, wherein the wet-process silica has an average particle

size of about 10 nm to about 80 nm.

11. The method of claim 10, wherein the wet-process silica has an average particle

size of about 10 nm to about 30 nm.

12. The method of claim 1, wherein the polyvinyl alcohol has a molecular weight

of about 8,000 g/mol to about 50,000 g/mol.

13. The method of claim 12, wherein the polyvinyl alcohol has a molecular weight
of about 13,000 g/mol to about 23,000 g/mol.

14. A method of chemically-mechanically polishing a memory or rigid disk
substrate, which method comprises:
(i) providing a memory or rigid disk substrate,
(ii) providing a polishing pad,
(1i1) providing the polishing composition comprising:
(a) wet-process silica,
(b) an oxidizing agent that oxidizes nickel-phosphorous,

(c) a chelating agent,
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(d) polyvinyl alcohol, wherein the polyvinyl alcohol has a molecular weight of
about 8,000 g/mol to about 50,000 g/mol,
(e) water,
wherein the polishing composition has a pH of about 1 to about 4, and wherein
the polishing composition does not comprise a heterocyclic compound,
(iv) contacting 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 portion of the surface of the substrate so as to polish the surface of the substrate.



