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100061The i nvention provides a chem cal - nechani cal polishing conposition
conprising (a) funed alum na particles, (b) alpha alumnii pirrticles, (c)
substantially spherical, non-aggregined silica particles, (d) hydrogen
peroxi de, (e) an im nocarboxylic acid, and, (0 water. 100071The i nventi on
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conprising,consistim! essentially of, or consisting of (a) funed alum na
particles., th) alpha alum na particles, 'c) substantially spherical,

non- aggr eyatet/widsecca particles, (d) an oxidi zi ng agent PCOMSRO19/08TShydr ogen
per oxi de, oxone, and sodium persulfate, (e) a conplexinu agent, and, (f)
wat er. 100111The polishing conposition conprises a mxture of finned

al um na particles, alpha alumna particles, and substantially spherical,

non- aggregated silica particles. Funed netal oxides, e.g,,, funed al umna
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parti cl esy REQ 1 PESHRE LA yHBRO (ChRIsR tHelskiRuAQIr €gat es of primary particl es
that resenble a -bunch of grapes.” Both primary abrasive particles and
aggregated primary particles (e.g., secondary particles) can be
characteri zed as having an average particle size. In this regard, particle
size refers to the dianmeter of the smallest. sphere that encloses the
particle. For aggregated particles, the particle size is with respect to

t he aggregates as opposed to the primary particles unless explicitly
stated. 100151The fumed al um na particles can have any suitabl e average
particle size (i.e., average particle diameter). The funed al um na
partlcles can have ‘an average partlcle si ze of 30 amor nore, e.g.. 40 am
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spherical, non-aggregated silica particles in anounts bounded by any two

ol di e above endpoints recited for each of funed alum na particles, alpha

al um na paotooleses2and substantially spherical, non-aggPegatseeoss1sga
particles. For exanple the polishing conposition can conprise (a) 0,01 wt.
to 50,1 wt.%to 3 wth. or 0.5 wt.%to 3 w' of fumed alum na particles, (b)
0.05 wt.%to 5wm.% 0. E%to 3 w.1/4, or 0.1 wt.%to | w."' of alpha
alum na particles, and (c) 0,1 w.%to 8 wt.,% 0.5 w.%to 5 w.% or 0,5
w,'N, to 1 w,%of substantially spherical non - aggregated silica
particles. 10019] The abrasive part ly are colloidally stable.
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any particular theory, it is believed that the use of glycine in the

pol i shing conposition results in inproved m crowavi ness of the disk. The
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surfactants include copolyner surfactants conprising siloxane units,

et hyl ene oxi de units, and/or propylene oxide units which can have a |inear,
pendant, WO 20t0/Kildsexane structure. Non-limting exanpl epChfUSsUO0ANES

noni oni ¢ surfactants include al kyl phenol ethoxyl at esnonyl phenol

et hoxyl ates), al cohol ethoxyl ates, siloxane ethoxylates, and the |iKke.
Exanpl es of preferred nonionic surfactants include nonyl phenol el boxyl ates
such as the Tergitol NP series available from Dow Corning (Mdland, M) and
si | oxane et hoxyl ates such as the Sil vvet series avail able from General
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conpl exi ng agent and optional biocide can be supplied in a second
container, either in dry form or as a solution or dispersion in water. The
oxi di zing agent that oxidizes nickel -phosphorous desirably is supplied
separately fromthe other conponents of the polishing conposition and is
conbi ned, e.g.., by the end -user, W|th the ot her corrponents of the
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wi th a chem cal - mechani cal polishing (CW) apparatus. Typically, the
apparatus conprises a platen, which, when in use, is in notion and has a
vel ocity whapiwmsets fromorbital, |inear, or circul ar PEDIUSREL0/08718®] | shi ng
pad in contact \Vitt) the platen and noving with the platen when in notion,
and a carrier that holds a substrate to be polished by contacting and
noving relative to the surface of the polishing pad. The polishing of the
substrate takes place by the substrate being placed in contact with the
pol i shing pad and the polishing conposition of the invention and then the

pollshlng ad nDV|n? relative to the substrate SO as to abrade at |east a
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bel ow, edge roll-aff is expressed as extrene radi us of curvature. Before
pol i shing, the substrates have a high positive radius of curvature. The
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curvature, depending on the edge polishing efficiency of the polishing
conposltlon used to pollsh the substrate A substrate havi ng a nore
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contained 0.2 w.% funmed alumna, 0.8 w.% of alpha alumna, 3 w % of
substantially spherical, non-aggregated silica, 144 ppm nonionic

:surfact aw0,200/131652. % hydr ogen peroxi de, and KIDS in theCansamnws3iiagli cat ed
below in Tabl e 1. 10044]After polishing, the renoval rate, extrene radius
of curvature, and m crowavi ness of each substrate were determ ned, and the
results are summari zed in Table 1. Table] Polishing Conp, |UDS(w % Renoval
Rate -,.ing/mn) Radius of Curvature Side A (rmu) Radius of Curvature --
Side B (un) Merowaviness (A) IAO0-353- -, -."... -0.2 2.9 1B 0.836,3
7,4 -1,7 2.4 IC b

spherical, non-aggregated silica particles in amounts bounded by any two of the above eadpoints
recited for each of fumed slununa particles, alpha ahumina particles, and substantially sphencal,
non-ageresated silica particles. For example the polishing composition can comprise £a) 8.01
wi% 1o 5 wi%, 0.1 wi% 1o 3 wi%, or (0.5 wi % 10 3 wit % of fumed aluming pariicles, (b) .05
wi.% 10 8 wi.%, 0.1 wi% o 3w, or 0.1 wi% 1o 1 wi.% of alpha alummna particles, and {¢)
0.1 wi% 10 8 wi %, 0.5 wt.% to S wib, or 0.5 wi to | wi % of substantially spherical, non-
aggregated sifica particles.
0619} The abrasive particles preferably are collowdally stable. The term colloid refers 1o the
suspension of abrasive particles in the hquid carrier, Colloidal stability refers to the
maintenance of that suspension through time. In the context of this invention, an abrasive is
considerad colloidally stable if) when the abrasive is placed inte a 100 ml gradeated 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 cvlinder ({B] in terms of g/'mi} and the
concentration of particles i the top 30 md of the graduated cyvlinder ([T in terms of g/ad)
divided by the initial concentration of particles in the abrasive composition ({C] in tevms of
g/ml) is less than ov equal 10 0.5 (Le., {B] - {TIHHC] £90.5). More preferably, the value of [B-
{TTCY 15 less than or equal 0 0.3, and most preferably is less than or equal 1o 001,
D201 The polishing composition comprises an oxidiang agent that oxidizes nickel-
phosphorous. In one embodiment of the polishing composition, the oxidizing agent comprises,
consists essentially of, or consists of hivdrogen peroxide. In another embodiment, the oxidizing
agent comprises, consists esseptially of, or consisis of hydrogen peroxide, oxone, and sodiam
persalfate (USPS™). Without wishing 1o be bound by any particular theovy, 1t is bebieved that the
combination of hydrogen peroxide, oxone, and sodium persuifate has synergistic attributes
which mmimize microwaviness and edge roll-off i a polished disk, without sacrificing the
removal rate of the memory or rigid disk dormyg polishing. The oxadizing agent preferably
comprises 1} wi.% or less {e.g., 8 wt.% or less, & wi% or less, 4 w15 or less, or 2 wt.% or less)
of the polishing composition. For example the polishing composition can comprise (.05 wt.% to
1O wi e, 01 wite to 3 witla, or 6.5 wi.% to 2 wi.% of the oxidizing agent. When the oxidizing
agent comprises, consists essentially of, or consists of hydrogen peroxide, oxene, and sodium
persulfate, the polishing composition comprises {a) 0.01 wi %6 to 1 wi.%, 0.05 wi.% 1o 0.3 wi%,
or 0.1 wi % to 0.3 wi.% of hvdrogen peroxide, {h) 0.05 wi % to 3 wi%, 0.1 wi % to 1 wit%, or
.1 wt% 10 0.5 wi%% of oxone, and (¢) 0.1 wt9% 10 5 wi%%, 0.3 witlo o 3 wil%, or 0.5 v % to }

wi.% of sodiom persulfate. The relative amounts {on a weight basis) of hvdrogen



1.6 40,2 -2.1 1,5 :2.44 1D 2,4 38,9 0,3 2.9 2,49 100451As i s apparent
fromthe results set forth in Table 1, Polishing Conpositions 1B- I D, which
cont ai nedwoaniogseseoncent rati ons of KIDS, exhibited a. mCTRSkeywlssphor ous
renoval rate equivalent to or better than that of Polishing Conposition IA
whi ch did not contain BIDS. The conpositions containing BIDS al so exhibited
a reduction in mcrowavi ness of the nickel -phosphorous substrate. In

addi tion, the polishing conpositions containing KIDS exhibited a nore
positive radius of curvature, |nd|cat|ng that the conp05|t|ons have an

i mproved edge pol i shi ng eff|C|ene g ‘are thus less |ijkely n in
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determ ned, and the results are summarized . in Table 2.
consists of an amino acid. Preferably, the amino acid is glyveine. \\ ithoot wishing to be bound
by any particular theory, it is bebieved that the use of glyaine in the polishing composition results
in improved nucrowaviness of the disk. The polishing compostiion conprises 0.01 wi.% or
more, g.g., 0.05 wi % or more, 0.1 wi % or nrore, 0.5 wi %% or more, or 1 wi% or meore
complexing agent. Alternatively, or i addition, the polishung compuosition can contain 10 wi %
ovless e, 8wt or less, 5wt % or less, 3 wi% or less, or 1 wi.% or less complexing agent.
Thus, the polishing composition can comprise an amount of complexing sgent abounded by any
two of the above endpoints. For example, the polishing composition can contain 4.01 wit% o
FO %, (105 wi % 10 8 wi%, 0.1 wit.% to 5 wi.%, or 0.5 wt. % to 3 wt.% of complexing agent.
06224 The polishing composition optionally further comprises a biocide, The biocide can
be any suitable biocide, for example, an isothiazolinone biocide. The amount of binckde vsed in
the polishing composition typically is 1 ppmito 500 ppm, and preferably is 10 ppm to 200 ppm.
(1023} The polishing composition can have any suitable pH. The pH of the polishing
composition can be achieved and/or maimntained by any suitable means. Move specifically, the
polishing composition can further comprise a pH adjustor, a pH buffering agent, ora
combination thereof. The pH adjustor can be any suntable pH-adjusting compound. For
example, the pH adjustor can be nitric acid, sodium hydroxide, potassium hydroxide,
ammoniem hydroxide, or a combination thereof. The pH buffering agent can be any suitable

buftering agent, for example, phosphates, sulfates, acetates, borates, apymoniiam salts, and the



Table 2 Polisiting Conp. Total Oxidizing Agent (wW.% 11202 (wt.% Oxon
e (m.% SPS (wt.% Renoval Rate (ng mll) (nm Radius of Curv. Side A
Radi us ofwQ@upw/148isde |i (nnt) . Mcro-. : waviness ' (APCTAA2010/027154, 2 0
0O-,-) "7-).:,-, ?2-3.9
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Iike. The pohishing composition can comprise any suitable amount of a pH adjustor and/or a pH
huffering agent.
24} The polishing composition optionally comprises a nonionic surfactant. The puepose
of the nontonic surfactant is to reduce the amount of edge polishing observed n the polishing of
metal surfaces and to enhance the removal rate of the metal surface. In the polishing of metal
surfaces, typically the edges experience higher downforee from a polislung tool. Because
abrasion is in part a function of the pressure applied to the surface, the metal edges experience a
faster rate of metal erosion relative to the rest of the surface. The resalt of such uneven
polishing of the metal surface results in edge erosion, which is known in the art as roll-off, rub-
off, or dub-off. Withowt wishing to be bound by any particular theory, it is believed that the
nontonic serfactant is adsorbed onto the metal surface, thes forming a lubnicating film which
preferentially reduces removal rate at the edgefs) of the substinte.
[0025] The nontonic surfactant can be any suitable nonionic surfactant. Suitablz non-ionin
surfactants inchude copolymer surfactants comprising stloxane units, ethylene oxide units, andfor
propylene oxide units which can have a linear, pendant, or insiloxane stracture. Non-limiting
examples of suitable nontonic surfactants include alkviphenol ethoxylates {e.g.. nonylphenol
sthoxylates}, alcobol ethoxylates, siloxane ethoxylates, and the like, Examples of preferred
nontonic serfactants include nonylphenol ethoxylates such as the Tergitol NP series available
from Dow Corning (Midland, MI) and sitoxane ethoxylates sach as the Sihwet sertes aviulable
from General Electnic (Schenectady, NY). The polishing composition can contain § ppm or
more, e.g., S ppm or more, 10 ppm or more, or 20 ppm or more of the nontonic surfactant.
Ahernatively, or in addition, the polishing composition can contain 250 ppm or less, e.g 200
ppm or less, 150 ppm or less, 100 ppim ov less, or 30 ppm or less of the nonionic surfactant.
Thus, the polishing composition can contain an amount of nonionic surfactant bounded by any
two of the above endpomts. For example, the polishing composition can contain 1 ppm to 250
ppm, 10 ppm o 200 ppm, or 20 ppn to 100 ppm of the nomonic surfactant.
[0626] In an embodument, the polishing compostiion consists essentially of or consists of
famed atomina particles, alpha alumina particles, substantially sphercal, non-aggregated silica
partictes, hydrogen peroxide, an iminocarboxyhic acid, a nontonic surfactant, and water. In
another erabodiment, the polishing composition consists essentially of or consisis of fumed
alununa particles, alpha aluming particles, substantially spherical, non-aggreszated silica
particles, an oxidizing agent consisting of hydrogen peroxide, oxone, and sodium persalfate, o

complexing agent, a nontonic sarfactant, and water. The amounts of fumed alumina, alpha
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alunving, substantially spherical, non~-aggregated sitica particles, oxidizing agent, nontonic
surfactant, and complexing agent can be as recited herein.

46271 Desirably, the inventive polishing composition mainiains of redaces microwaviess,
and mamiains or reduces edge roll-off, while maintaining or increasing removal rate of the
memory or rigid disk, thus improving overall polishing performance of the composition.

[0628] The polishing composition can be prepared by any suitable technique, many of which
are known to those skilled i the art. The polishing compaoaition can be prepared in a batch or
continuous process, Generally, the paiishm g composition can be prepared by combining the

S

components thereof in any order. The tenm “component” as used herein includes individual
ingredients {e.g., Rumed aluming, alpha alumina, substantially spherical, non-agpregated silica
particles, an oxidizing agent that oxidizes nickel-phosphorous, a complexing agent, etc.} as well
as any combimnation of ingredients (e.g., fumed alumina, alpha alumina, substantially sphencal,
non-aguregated silica particles, an oxidizing agent that oxidizes nickel-phosphorous, a
complexing agent, efc.).

{06294 For example, the fumed alumina, alpha slumina, and substantially spherical, non-
ageregated silica particles can be dispersed in water, Any addiutional components can then be
added, and nuxed by any method that is capable of incorporating the components into 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 composition can be
prepared prior to use, with one or more components, such as the oxidizing agent that oxidizes
sickel-phosphorous, added to the polishing composition just before use {e.g., within 1 miute
before use, or within 1 hour before use, or within 7 days before wse). The polishing composition
also can be prepared by nuxing the components at the surfiice of the substrate during the
polishing operation.

(0381 The polishing composition can be supplied as a one-package system comprising
fumed alunvna, alpha ahemima, and substantially spherical, non-aggregated siica particles, an
oxcdizing agent that oxidizes nickel-phosphorous, g complexing agent, and water. Alternatively,
the fumed ahwning, alpha alununa, and substantially spherical, non-aggregated silica particles
can be supphied as a dispersion in water m a {irst container, and the complexing agent and
optiongl biocide 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 desirably is supplied
separately from the other components of the polishing composition and 1s combined, e.g., by the

end-aser, with the other components of the polishing composition shortly before use fe.g, 1
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week or less prior to use, 1 day or less prior to use, 1 hour or less prior to wse, 10 minutes or less

prior 1o 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 i the form of an aqueons
dispersion. Moreover, 1t is switable for the components m the first and second containers 1o have
dilferent pH values, or alternatively to have snbstantially stmilar, 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 ant.

{0631} The polishing composition of the invention also can be provided as a concentrate
which is intended 1o be diluted with an appropriate amount of water prior to use. In such an
embodiment, the polishing composition concentrate can comprise the fumed aluming, alpha
alumina, substantially sphenical, non-aggregated silica particles, a complexing agent, and water,
with or without the oxidizing agent that oxidizes nickel-phospborous, i amounts such that, upon
dilution of the concenirate with an appropriate amount of water, and the oxidizing agent that
oxidizes nickel-phosphorous i not alreadv present in an appropriate amount, each component of
the polishing composition will be present 1o the polishing composition in an amount within the
appropriate range recited above for each component. For example, the fumed alumina, alpha
alununa, substantially spherical, non-aggregated silica particles, and complexing agent can each
be present in the concentration in an amount that is 2 tines (e, 3 times, 4 times, or § times}
greater than the concentration recited above for each component so that, when the concentrate is
diluted with an equal volume of water (e.g., 2 equal volumes of water, 3 equal volumes of water,
or 4 equal vohames of water, respectively), along with the oxidizing agent that oxidizes nickel-
phosphorons 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 i the art, the concentrate can contain an appropriate
fraction of the waler present in the final polishing composition in order to ensure that other
components are at least partially or fully dissolved in the concentrate.

0632} The mvention also provides a method of chemically-mechanically pohishing a
substrate with the polishing composition described herein. In particular, the inventive method
comprises {1} contacting a substrate with a polishing pad and the chenucal-mechanical pelishing
compaosition described heremn, (1) moving the polishing pad relative to the substrate with the
chentical-mechanical polishing composition therebaiween, and {111) abrading at least a portion of

the substrate to polish the substrate.
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0633} The substrate to be polished using the method of the imvention can be any switable

substrate that contains nickel-phosphorous. A preferred substrate comprises at least one layer
comprising nickelphosphorous. Particularly suttable substrates include, but are not limited to,
memory or rigid disks, sach as aluminum disks coated with nickel-phosphorous.

[0034] 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
circnlar 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 comtacting sand moving relative to
the surface of the polishing pad. The polishing of the substrate takes place by the subsirate
being placed in contact with the polishing pad and the polishing composition of the mvention
and then the polishing pad moving relative to the substrate. so as to abrade at least o portion of
the subsirate to polish the subsirate.

[6635] 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. Moveover, suitable polishing pads can
comprise any suitable polymer of varying density, hardness, thickness, compressibility, ability to
rebound upon compression, and compression modutas. Suitable polymers include, for example,
potyvinyichloride, polyvinylfiuoride, nylon, {luorecarbon, polvearbonate, polyester,
polyvacrylate, polyvether, polvethylene, polvanude, polyurethane, polystyrene, polypropyvlene,
coformed products thereof, and mixtures thereof

{0636} Desirably, the CMP apparatus further comprises an & vt polishing endpoint
detection systeny, many of which are known in the art. Techniques for inspecting and
monitoring the polishing process by analvzing light or other radiation refleciad from a surface of
the workpiece are known in the art. Soch methods are described, for example, in U.S. Patent
S096,353, LS. Patent 5,433,651, ULS. Patent 5,600 511, 1L.S. Patent 5,643,046, 1.5, Patent
F.658,183, ULS, Patent 5,730,642, US. Patent § 838,447, ULS, Patent 5 872,633 U158, Patent
5,893,796, ULS. Patent 5,949 927, and ULS. Patent 5,964,643, Desirably, the tnspection or
montioning of the progress of the polishung process with respect to a workpiece being pohished
enables the determination of the polishing end-point, .e., the determination of when (o terminate

the polishing process with respect to a particular workpiece.
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{0637} A chenucal-mechanical polishing process can be characterized 1 a mumber of ways,

such as in terms of the removal rate of a substrate, the resulting microwaviness of a subsirate,
and the resolting edge roli-off of a substrate.

[(1038] The removal rate of a substrate can be determined using any suuitable technmique.
Examples of suitable techniques lor determuning the removal rate of a substrate include
weighing the substrate before and after use of the inventive polishing method to determine the
amount of subsirate removed per anit of polishing time, which can be correlated with the
removal rate in terms of thickness of sabstrate removed per anit 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 i terms of thickness of the substrate per unit of polishing

fime,
(1039 Microwaviness of a substrate can be determined using any suitable techmque.

Examples of suitable techniques for determining the microwaviness of a substrate mchde
optical methods such as incidence interferometry, using instruments avatlable from, for
example, Zvgo Corp. (Middlefield, CT).

00401 As previously discussed hevein, roll-off refers to a deviation i planarity of g
substrate, such as a nickel-phosphorous coated aluminum memory disk, caused by the increased
removal rate of the subsirate at the edge of the substrate, where the substrate experiences greater
downforce than the remainder of the substrate. As a result, the outenmost section of a substrate,
such as a memory disk, extubits a curvature, Determination of the extent of roll-off can be
performed by measuring the curvature of the substrate (e g . memory disk} with a techmigue such
as mterferometry. Instnumentation useful in deternuining roll-off 1s commercially available from
vendors including Zygo Corp. (Middlefield, CT) and Veeco Instroments (Plainfield, NY). In the
examples below, edge roll-off is expressed as extreme radius of curvature. Befors polishing, the
subsirales have a high positive radius of carvature. The polishing process reduces the high
positive radius of curvature of the substrates to lower positive values, zer0 or to a negative
radius of curvature, depending on the edge polishung efficiency of the polishing composition
used o polish the substrate. A substrate having a more positive radius of curvature afier
polishing indicates that the polishing composition has a better edge polishing efficiency and s
less likely to result i edge roll-off.

jo0411 The following examples further tHustrate the nvention but, of course, should not be

constroed as in apy way linnting its scope.
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EXAMPLE |

[0042] Thus example demonsirates the effect of tetrasodium hvdroxyl minodisuccinate
{HIDS} on the substrate vemoval rate, edge roll-off, and microwaviness achievable by the
inventve polishing composition conptaining hydrogen peroxide as an oxadizing agentn the
pohishing of separate subsirates comprising nickel-phosphorous-coated aluminum memory disks.
j0043] Four separate substrates comprising nickel-phosphorous-coated ahaniimum memory
disks were separately polished on both sides with four different polishing compuositions.
Polishing Composition 1A contained 0.175 wi.% fumed alaming, 0.7 wi.% of alpha aloming,
2,23 wi% of substantially spherical, non-agpregated silica, 0.8 wi.%; {artaric acid, 108 ppin
gponionic swiactant, and 1.2 wi.% of hydrogen peroxide. Polishing Compositions 18-1D each
contained 0.2 wi.% fomed alumina, 0.8 wit.% of alpha ahanina, 3 wi.% of substantiaily
spherical, non-aggregated silica, 144 ppm nowonic surfactant, 1.2 wi.% hydrogen peroxide, and
HIDS in the amounts indicated below in Table 1.
(044 After polishing, the removal rate, extreme radius of carvature, and microwaviness of

cach substrate were deterpuned, and the results ave suramartzed in Table 1.

Table }

Polishing pips | Rewoval Radiusof | Radiusof | (0 o iens
Comp. (8. %) Rate ‘ L; urva’m re Cﬁurvatl‘u re (A)
’ (mg/ min) Side A {nm) | Side B {(nm}
1A 0 353 -3.2 {32 2.9
1B {18 30,3 -7.4 -1.2 2.4
iC 1.6 4072 2.1 1.5 244
iD 24 389 0.3 2.9 2498

[0045]  Asis apparent from the resulis set forth in Table 1, Polishing Compositions 18-1D,
which contained various concentrations of HIDS, exhibited a nickel-phosphorous removal rate
equivalent 1o or better than that of Polishing Composition 1A, which did not contam HIDS. The
compositions contmning HIDS also exlubied a reduction in microwaviness of the
nickel-phosphorous substrate. In addition, the polishing compositions containing HIDS
exhibited a move positive radius of awrvature, indicating that the compositions have an improved
edge polishing efficiency and are thus less hikely to result i edge roll-off.

EXAMPLE 2
j0046] This example demonstrates the effect of various oxidizing agents and combinations

thereof on the sebstrate removal rate, edge roll-off, and microwaviness achievable by the
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inventve polishing composition coptaining glycme as a complexing agent in the polishing of

substrates comprisig mckel-phosphorous-coated aluminum memory disks.

1047} Nineteen separate substrates comprising nickel-phosphorous-coated alanimun
memory disks were separately polished on both sides with different polishing compositions.
Polishing Composition 2A contained 0,175 wi % fumed alomina with an average particle size of
120 mn, 0.7 wi% of alpha aluming with an average particle size of 300 nm, 2.25 wi % of silica
with an average particle size of 32 mm, 0.8 wi % tartaric actd, 108 ppin nonionic surfactant, and
1.2 wi.% of hydrogen peroxide, Polishing Compositions 28-2S each contained 0.2 wit. % fumed
alumina with an average particle size of 120 nm, 0.8 wt.% of alpha alumina with an average
particle size of 300 am, 3 wi% of silica with an average particle size of 32 nm, 144 ppm
nontonic serfactant, 1.2 wi% glycine, and an oxidizing agent{s) in the amounts indicated below
m Table 2.

[0048] After polishing, the removal rate, extrame radins of curvaturs (sides A and B), and
sicrowaviness of each substraie were delermined, and the vresulis are suunmarized in Table 2.

Table 2

Total u B Removat | Radius | Radins | .
Polishing | Oxidizing H.0. Oxone | SPS ﬁa té of Cury, | of Carv, ;s:'é\-:’i@.neﬁ
Comp. Agent {WEL%) | (wE%) | (WE%) {mv f min) Side A | Side B ( A}
{wl,%} = {nm} (nim) '

2A 1.2 1.2 { 4] 327 -39 -(.3 2.89
2B 0.5 {} 4] 248 -13.3 -Q.7 2.56
2C 0 {1 0.5 20.6 4.1 4.8 2.96
2D 05 015 {135 {3 254 4.2 ~0.3 2.21
2E 0,25 {} 1123 331 -1 -7.5 2.96
2F 0105 10.248 0.15 22.6 -3.9 0.4 2.12
2G | 0.06 (.14 0.3 24.2 -0.1 3.7 2.6
2H 1.2 {3 { 272 -13.3 -12 2.08
24 0 3 1.2 257 ~2.4 0.9 2.57
2l {2 L 0.36 {384 {3 35 -84 ~3.4 2.1
2K B R X {1 (1.6 -10.5 -7.1 2.68
2L 0,252 | 0.588 (.36 124 -3.5 2.3 2.23
pAy NIREE! {3.336 (.72 3 -3 1.2 2.22
N 1.9 {} {3 A2 -1, -1 K 2,72
20 0 {1 1.9 317 2.2 0.6 2.5
2P 19 0.57 1.33 1] 196 -5.7 -1.8 2.37
2 (.95 { 195 378 ~13.3 ~10.9 2.61
2R - 0.399 (.93} (.37 35.6 -3.4 0.8 2.34
28 0,228 1 0.532 1.14 325 =32 1.6 2.19




-3.4 0.8 2,34; 25 0.728, 0.532 1.14 32.5 -3.2 1.6 2.19. 15 100491As is
apparent fromthe results set tbrai in Table 2, Polishing Conpositions 2F,
.G 21.. ,wekp1ZR16sand 2S, whi ch cont ai ned hydrogen per oeCaS2axosdass and
sodi um persul fate, resulted in the best bal ance of renoval rate,

m crowavi ness, and edge roll-011la the substrate, as conpared to the
remai ni ng polishing conpositions, which contained only one or two of these
same oxidi zing agents. Polishing Conpositions 2G 2M and 2S, each of which
contained the three oxidizing agents in_a ratio of 12% H202, 28% oxone, and
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mode known o the mventors for carrying out the invention. Variations of those preferred

embodiments mav become apparent to those of ordinary skill in the art upon reading the

foregoing description. The inventors expect skilled artisans to employ such variations as

appropriate, and the mventors mtend for the myvention to be practiced otherwise than as

specifically described herein, Accordingly, this invention includes all modifications and

equivalents of the subject matter recited in the claims appended hereto as permitted by

apphicable law. Moreover, any combination of the above-described elements in all possible

variations thereof is encampassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.



(d) hydrogen peroxide, (e) an ininocarboxylic acid, and twater, 2.

The polishing conposition of claim1l, wherein the poI i shing conposition

conpri seswO.201ov4162t o 3 of fumed al umi na particles, 0.1Pam/Usk¢10/037159 1

wt.' N, of alpha alumna particles, and 0.5 wt.%to 5 wt % of substantially

spherical, non-aggregated silica particles, 3. The polishing conposition of

claim1, further conprising a nonionic surfactant, 4, The polishing

conposition of claim3, wherein the nonionic surfactant is a copol yner

surfactant conprising siloxane units %hyl ene oxide units, and propyl ene

oxi de units. 5. The polishing ch‘g sition of claiml1, wherein the

i m nocarboxylic acid is tetrasodi um h%’: \6§yl i m nodi succi nat e. 6. The

pol i shing conposition of claiml1, wherein the polishing conposition

conprises 0.5iwt . %\kﬁuﬁm&!’tm@@hyﬂﬂ pgeninpesapd it chuphsighem cal - mechani cal

pol i shing conposition conpri si ng \B é funmed al umina particles, (b) al pha

al umi na particl es, (E‘fc) s‘H”S?ii%!H‘f“i“ IPRY*EBheri cal , non-aggregated silica

particles, (d) nonjgui qihﬂgr{i@gﬁ Afttrictdse) an oxi di 2| ng agent conpri sing

hydr ogen peroxi de, oxone sodium persul fate, (f) a conplexing agent,

and (g) water. (e swmmpsléﬁr i@ﬁ‘ﬁ% ﬂewwwféﬁméwwﬁ% m 7, wherein the

pol i shing conposi tien QQH%L,§§ Sodal WM. %to 3 wt. % of funed al uni na

particles, 0.1. w.%to 1 w.9%of al pha alumna particles, and 0.5 wt.%to
5 Okrt.%of substaii alfmymﬁﬁhébf?‘éé# acifgidaggregated silica particles,

9 The polishing cgymposigi,on of claim 7, wherein the 11011liOnie sur f act ant

is a copolyner sur fact ant conprising S|onane units, ethylene oxide units,

and propyl ene2oKicdelithig @mpogition of claim0., Therepahd i@}iﬁiﬁ*ﬂg& composion r-@m?fm’ew cI aim

7, wherein £ i n [

Corrpl x| ngi ‘téhe ig?k\i &»Qﬁmg@lﬂPBnﬁ mtlfcf% {pg‘g?(t(}l%ﬁ%’of &ﬂz}%ha ﬂ)};}t\sv\%gfm\{\g 52t he

conpl exi rgd agent“o s an' uarrmimﬂacmld pﬁ@mﬂ' he- mhaasﬂad ﬁ:gca:pmmd@t tion of claim

ZOW\[/)\A(;gr te: gnt 2? f;if n}))lih 1);lll“n(, I} pan (t)fscé’gﬁ%lf\l Ikuslﬁlm CONTY iﬁ}g’ &H?Hl I?K: éul%’l(l’\lnges 0 05

Wt %to 0,3 wh, %eqfahhmdr@g&ﬁqpm @f)@lfdﬁ héxt*m ’rﬁ)e féogmﬁuco/éuﬁﬁxtmxmecopahdzeﬂ 5

.%to 1 vat % or SOdI{)Ul’p persw Fll (5) 9 a
chem cal Y HEEHERTRISIEY BSTF ERinY ‘ae‘éfu’o‘édce “é%t‘% SEOHEPY E:‘?en“@*‘ ¢ anits.

5. The pt}h»hmg compaosition of claim 1, wherein the iminocarboxyhic acid i3 tetrasodium
hydroxy] iminodisuccinate.
. The polishung composition of clainy 1, wherein the polishing composition comprises 0.5
wi % 1o 2 wi% hvdrogen peroxide.
7. A chemvcal-mechanical polishing composition comprising:
{a) finmed aluming particles,
{4} alpha aluming particles,
{c) substantially spherical, non-aggregated silica particles,
(@}  wontonic surfactant,
(e} an oxidizing agent comprising hvdrogen peroxide, oxone, and
sodium persulfate,
{3 a complexing agent, and
{g} water,
8. The polishing composition of claim 7, whergin the polishing composition comprises
0.1 wt% to 3 wi% of fumed alemipa particles, 0.1 wi % to 1wt % of alpha alwmina particles,
and 0.5 w.% to § wi % of substantially spherical, von-ageregated silica particles.
9. The pohishung composition of claim 7, wherein the nonionic surfactant 18 8 copolymer

surfactant comprising siloxane unus, ethylene oxide wats, and propylene oxide muts,



( 1) contacting a substrate with a polishing pad and a chem cal - mechani cal
pol i shing conposition conprising: (a) funed alum na particles, (b) alpha

al um na paotooleses2(c) substantially spherical, non-aggPegatSeeo®s11sga
particles, (d) hydrogen peroxide, (e) an im nocarboxylic acid, and

(17, )wat er. (i1) moving the polishing pad relative to the
substrate with the chem cal - mechani cal polishing conposition dierebetween,
and (iii) abrading at |east a portion of the substrate to
polish the substrate. 15. The nethod of claim 14, wherein the polish ng
conposition conprises 0.1to 3 wt.% of fumed alumna particles; 0.1 wt.%to
| wt.%of al dﬂﬁlﬁai@eﬁw& CHRPRTRANSY Clali i SRR RP Y BIIE SRPPOSTBPT CUBEESNt i al |y
spheri caly ; ROR@9W: egahgdegid do6a. parti cl es. 16. The met hod of claim 14,
wherein the polishing conposition further conprises a nonionic surfactant,
17. The net hgb Toe p@lpsgmmcmpﬂwﬁiclﬁutl Reritohn BRicemglitRa sewhts 3 s0EcBPol ymer
surfactant CoMahk phGing hAYARMEUR LS 78HLE DR BXbRCRY Blds®is ARSh.Pr OPYI €ne
oxi de units. 18. "The nethod of claim 14, whereih the imnocarboxylic
acid is tetrasddeaphshipdrcosposition o olding doehann the polishing coposiipiecomriiegd of

cl ai m 14,, yherel y § 0e o PO S D0, S QNRO1 11N  COIDK bSES Dned oM 0 104 &, 4 W . %
hydr ogen Uﬁ;‘ér g‘)’("iu Ic[i@;} S0P Hﬁ”gmg%}ﬂ%&%g?ﬁgdt‘gfi (‘ﬂcig%fh&%\}\g%ersg}(&nﬁ%ﬁ% stébist rate
conpr i ses¥tds ni ©kedn phodipltor ouscoat ed al unmi num di sk. 21, The net hod of chum

20, Wher ern it4h 1}%&?{%1 (if%}ug'mFﬁgpa{}é‘:hg;,lxia!ﬁ'yﬁmf[&‘h%}g%l%{ubﬁ‘ra{eq,%gnﬁﬂging:f
chem cal | y-nmechani cal 1y polishing a substratte conprising: ~
(i)contacting a sufsdonatenan tubstaipeith shilnhinpad! and heohermedbuindchani cal
polishin ﬁgg%ocsi ;[ iOolg cor ri gs]io_ng: (a) filmed alum na particles, (b) al pha
al um na 338 P @EPOTEY SIS ARt i al Iy spherical, non-aggregated silica
particles, (d) nonioni gasur f@addbddimina particles,
{h) alpha alumina particles,
{c} substantially spherical, non-aggrepated silica particles,
{d) hydrogen peroxide,
{e) an inypocarboxylic acid, and
{fH) water.
(1)  moving the polishing pad relative to the substrate with the
chenncal-mechanical polisiung compusition therebetwesn, and
(i) abrading at least a portion of the substrate to polish the substrate.

P

15, The method of claim 14, wherein the polishing composition comprises .1 wi.% to 3
wi % of fumed alomina particles, 0.1 wi % to 1wt % of alpha alumina particles, and 0.5 wit3% to
3 wit % of substantally sphevical, non-aggregated sihea particles.
16, The method of clavm 14, wherein the polishing composition further comprises a

nonionic serfactant.

17. The method of clasm 4, wherem the nontonic surfactant is a copolymer surfactant
comprising sitoxane unis, ethylene oxide units, and propvlene oxide wmts.

18, The method of claim 14, wherein the inunocarboxylic acid 1s tetrasodium hydroxyl
ininodisuceinaie.

19. The method of claim 14, wherewn the polishing composition comprises 0.5 w10 2
wi. % hydrogen peroxide.

20. The method of claim 14, wherem the substrate comprises a mckel-phosphorous-
coated aluminum disk.

21. The method of claim 20, wherem the disk s a memory disk.



(d)an oxidi zing agent conprising hydrogen peroxi de, oxone, and sodi um
persul fate, (e) a conplexing agent, and (t)water. (ii)noving the polishing
pad rel atWwoeoton4tdse substrate with the cheni cal - mechani ear/ysed108B1158)
conposition there between, and (iii)abrading at |least a portion of the
substrate to polish the substrate. 23. The nmethod of claim22, wherein the
pol i shing conposition conprises 0.1 w.%to 3 t ';',4s of funed al um na
particles, 0.1 w.%to 1 wt.%of alpha alunmna particles, and 0,5 wt,%to 5
wt,c.'.4, of substantially spheri cal non- aggr egated silica particles.

24. The nethod of cl ai m, 22, the"nonjonic Siff factant is a

copol yner sur fact 8&%&*“‘68%&‘»{“&3}*%@““%’1‘ @3&»& ePYUHPRE 2 SEBHYE 6H8PERI%e units, and

propyl ene oxide units. contacting@Rubstie xﬁﬁf-’h&ﬁini@fm g&@dnma%Be;naemﬁ&m&ume
pol i shing conposition conprises 0.1to 5 wt. % conpl exi ng agent. 26. The

net hod offcltigigropposiipiesatitiistie conpl exi ng agent is an anmino acid. 27, The

nmethod of claim 22, wherein n‘i;ﬂ% ﬁg{ml E)ﬂﬂg agent is glycine. 28. The
nmet hod of claim 22, wherein the ing conposition conprises 0.05 wt.%

to 0.3 w. %of hydr ogeribper @km@léiuﬂ‘@ml‘*awciem %to 0.5 wt.% of oxone, and 0.5
%10 | k. %ol S0 yo) POLALLBR. s, BB HECTEKEO, Rl ai m 22,

wher ei n the subst rate conprises orouscoated a “umi num d| sk.
30. The nethod of cl ai f¥R9, nvm'@neﬁtnfat:hw d| sk is a nenory di sk,

{d}  an oxidiving agent comprising hydrogen peroxide, oxone, and
sodiwm persuliate,
{e) a complexing agent, and
{H water.
(1}  moving the polishing pad relative to the substrate with the
chemical-mechanical polishing composition there betwesn, and
(11}  abrading at least a portion of the sabsivale to polish the substrate.
23.The mwethod of claim 22, wherein the polishing composition comprises (1.1 wi.% to 3
wi %% of fumed alumina particles, 0.1 wi.% to 1 wi.% of alpha alomina particles, and 0.5 wi.% to
5 wi % of substantially spherical, non-aggregated silica particles.
24. The method of claim 22 wherein the nontonic surfactant 1s a copolymer surfactant
comprising sifoxane wats, ethylene oxide units, and propylene oxide s,
25. The method of claim 22, wherein the polishing composition comprises .1 wi% to 5
wi.% complexing agent.
36. The method of claim 22, wherein the complexing agentis an amino acid.
27. The method of claim 22, wherein the complexing sgent is glycine.
2%, The method of claim 22, wherem the polishing composition comprises .05 wi.% o
1.3 wt.% of hvdrogen peroxide, 0.1 wt %o to (.5 wi.% of oxone, and (1.5 wt3% 1o 1 wib of
sodivm persulfate.
29, The method of clamm 22, wherein the substrate comprises g nickel-phosphorous-
coated aluminum disk.

30. The method of claim 29, wherein the disk is a memory disk.



