2 4 AUG 2006 Polishing Slurry for and Method of Texturing Technical Field
This invention relates to polishing slurry for and a nethod of timb%&kng
the surface of a nmagnetic hard di sk substrate. Background of ch)4 th
the increase in the nmenory capacity of magnetic hard disks in recent
years, it is becomng required to reduce the floating distance of a
magneti c head fromthe surface of the magnetic hard disk to | ess than 50nm
In connection with this requirenment to reduce the floating distance of a

magnetic head, it pgs; %1% tgﬁgﬂ?gf}%a%g&g\?ga&ydwjegﬁﬁﬁ%sgg t he density of

texturing marks forne magnetic har I Sk substrates to
gr eat er Tédtamc8D Hiehks/,um I n order to reduce the floating distance of a
magnetic dead, it is generally necessary to prevent both adsorption and
col li sion of This megpmgite rebtad to polidhimg hsltbhey for faok 2f metleods wff ace of
t he magneti c hgi?g di all<. In order tqQ prevent the adsorption of a magnetic

head, t&tagpg qerfd ampsaetis harddlisk skbetrete.nave a certain degree of

roughnegs., For. thi reason, a so-called texturing process is carried out
on the @g{:ﬁ*{gxé%u%ao &ﬁe@?% hard di sk substrates to form approxi mately

concent ¢ Wit the H48RLEL 9AS mARGPEabAUN BFTASIELIRE fisRs ihoX\ Uring

mar ks so as to thereby provid at’e e of surtace roughness,
as wel | r@ent GradPr tvis bbeomBgnebdwired tarachee i el Asakid s PISKIHHeNeF @ magneti c
directionality in the circunferential direction of the surface of the
magnet | magnekic headdiremr theosurface ifheonagnéiic hoadydetki to ehathan 0nsi.i cs, it
is necessary to.formyvery fine texturing marks and this_neans that the

pitch o nt%@?@%@%r%ée%?k%eww hadedyes thedeating distancet ¢feat ext uri ng
o . g HEFRC1s AuAE el S5B3kLky, E blSe HIPBRSB) i ver "9
pr ot r us{QRariae mheks FXHEE InSHd 85@ad of REadRANehAA RN suiitsk®s to
greater than 80 lines/ (£m.
In order to reduce the floating distance of a magnetic dead, it is
generally necessary to prevent both adsorption and collision of the magnetic
head to and with the surface of the surface of the magnetic hard disk.
In order to prevent the adsorption of a magnetic head, the surface of
the magnetic hard disk must have a certain degree of roughness. For this
reason, a so-called texturing process is carried out on the surface of magnetic
hard disk substrates to form approximately concentric circular indentations
and protrusions referred to as texturing marks so as to thereby provide an
appropriate degree of surface roughness, as well as to improve the magnetic
characteristics by providing a magnetic directionality in the circumferential
direction of the surface of the magnetic disk. In order to thus improve the
magnetic characteristics, it is necessary to form very fine texturing marks and
this means that the pitch of the texturing marks must be made very small or
that the texturing marks must be formed at a very high density. For the
purpose of preventing collision of a magnetic head, it is necessary that there

be no abnormal protrusions on the teﬁ_tured surface of the magnetic hard
disks.
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particles. In this process, polishing slurry obtal ned

I 'sper si ng

parti cl esagifetic hard disk are the results of the magnetic layer and the protective

layer formed on the top of the protrusions and indentations on the magnetic
hard disk substrate, they are higher and sloped somewhat more gently than
those formed on the surface of the magnetic hard disk substrate. Thus, very
fine texturing marks must be formed accurately on the surface of a magnetic
hard disk substrate without any abnormal profrusions.

It should be clear from the above explanations that the process of
texturing is a very important step in the production of magnetic hard disks (as
magnetic memory media) installed in a magnetic recording device or the like
which is an external memory device of a computer.

Indeed, it is important enough to control the recording density and the
reliability of magnetic hard disks.

Such a texturing process is carried out by supplying polishing slurry
on the surface of a rotating magnetic hard disk substrate and pressing and
running a polishing tape thereon. Approximately concentric circular
texturing ,arks are thereby mechanically formed by means of free abrading
particles. In this process, polishing slurry obtained by dispersing particles of

one or more kinds of material selected from diamond, alumina and silica in a
2
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one or nore kinds of material selected fromdianond, alumina and silica in
a 2 2 4 AUG 2006 dispersing nedium (dispersant) is used. A t?QeAM@ of a
mat eri'al such as woven cloth, non-woven cloth, flocked fabric™and foaned
material is used as the polishing tape. For formng very fine texturing
mar ks wi t hout abnormal protrusions accurately on the surface of a magnetic

hard di sk ; ' . ] ter._and _sha of _abr adi
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superior properties regardi ng resistance agai nst wear, eat, oxidation and
cheni cal s. thbeolsking tape ki nds of di anond particles, that is, _
monocrystal line _dianond particles and polycrystalline dianmond particles.
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particles are used, polycrystalline dianond particles are now being used

as di anond begevse ideamond hek owperiar Juppertise pgardintg resistanceo pgainplubteacat i on
No. 6-150304 (in., paragraphs 0007, 0008, 0017 and 0018), for exanple,
convent i on eaéaéﬁlﬁ‘%}q{'g‘%%m%s usi ng abrading particles conprising

di anond parti cl €,...C rq. . The texturin r.oqgess of
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subsequent second stage, abnormel " protrusions fornmed on the surface of the
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particle palishing, method by usi.ng polishing slurry having dispersed
therein abra¥HYSIAHRG aqaagor@@pgﬁpgeﬁ@ge sk pyrdickas| with round corners. Fine

texturing marks can be formed on the surface of a magnetic hard disk substrate

by a texturing process using such monocrystalline and polycrystalline diamond
particles but since scratches and abnormal protrusions tend to result if
monocrystalline diamond particles are used, polycrystalline- diamond particles
are now being used as diamond particles.

As shown m Japanese patent laying-open publication No. 6-150304 (in
paragraphs 0007, 0008, 0017 and 0018), for example, conventional texturing
processes using abrading particles comprising diamond particles are
comprised of two stages. The texturing process of the first stage is carried out
by using a polishing tape having affixed thereon abrading particles with
relatively strong grinding power. In the éubsequent second stage, abnormal
protrusions formed on the surface of the magnetic hard disk substrate in the
first stage are removed by a free particle polishing method by using polishing
slurry having dispersed therein abrading particles comprising polycrystalline
diamond particles with average diameter less than 1 pm. Since polycrystalline
diamond particles are round particles with - -round corners around them, as

explained above, having a relatively low grinding power, they can be




di anond particles with average dianeter less than 1 m Since

" polycrystalline dianond particles are round particles with -ro ? g&@ﬁfrs
around them as explained above, having a relatively Iom/grindiﬁg a ]
they can be 3 2 4 AUG 2006 wused conveniently for the purpose of renoving
abnormal protrusions fornmed in the first stage. In other words, texturing
mar ks wi t hout abnormal protrusions can be fornmed as a synergistic effect
of the first and second stages of texturing process. This prior art

techni qyged SV SAENAPHBHTRE DurPodd 8t rdMBvineAioralf pro@Yddidodniddt hat
texturing takes time  and is costly. Mreovér, the second stage is only for
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mar ks depends only on the first stage, fine texturing marks at recently
requi r eBTofirgsions santiedornedss asyvogistiseeffectof the Argand secandstages  f or ned.
Japanese,.patent | ayi ng-open publication No. 11-138424 (in paragraphs
0014- OOT%Ee’ﬁPglﬂ eg'snot her texturing techni que by means of abrading

particles co b S| pal.ycr | j.ng. di I C ergin . use is nade
o sl urry obt Sriel iy eI KORRPEREk-BRL U A EFEE 1 1° The
form of y@qdiR®d Yanath 4iCtSGuiineMdked filn@Uisd di D88 aMoreotRlStHe sb@mause it
was believed that the dianmeters of abrading particles would becone
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t he polishing slurry, causing scratches and abnormal protrusions to be
formed &extmass mrarksedeendse onlyngnethiec fislr gtagies finey bestthzing medkpratvent i ng

uni formtexturing.may ks from. bei or 4. Wth such .pplishin | urry
usi ng pB?V&@sF%&#%%%r@%ﬁﬁltﬁngﬁflé?ng& lingstecmy, oF, ﬁ@i‘??é?ﬁ’t ticles
as abr agl articles, however, texturing marks cannot be forned at

- densities of 80 lines/,umor higher. It is generally known that abrading

particles w t Jagxedsesphi@it HiydARopes psilidd@ions eWof orii-p3gdany fGnner

texturing nmarks and al so that _
paragraphs 0014-0016) discloses another texturing technique by means of
abrading particles comprising polycrystalline diamond particles wherein use
is made of slurry obtained by dispersing polycrystalline diamond particles in
the form of primary particles within a liquid dispersant. This is because it was
believed that- the diameters of abrading particles would become irregular if
secondary particles (coagulating particles) are present in the polishing slurry,
causing scratches and abnormal protrusions to be formed on the surface of the
magnetic hard disk substrate and preventing uniform texturing marks from
being formed.

With such polishing slurry using polycrystalline diamond particles in
the form of primary particles as abrading particles, however, texturing marks
cannot be formed at densities of 80 lines/ ¢tm or higher.

It is generally known that abrading particles with even smaller
diameters must be used for forming finer texturing marks and also that
abrading particles with uniform diameters must be used in order to form
uniform texturing marks. If only the diameters of abrading particles were
made smaller in the aforementioned prior art technique as a polishing tape

made of woven or non-woven cloth or flocked fabric is used as a polishing tape
' 4




abrading particles with uniformdi aneters nmust be used in order to form
uniformtexturing marks. If only the dianeters of abrading particles were
made smaller in the aforenmentioned prior art technique as a polishing tape
made of woven or non-woven cloth or flocked fabric is used as a?gdijssHigng
tape 4 24 AUG 2006 in a texturing process, the abrading particles would
easily pass through the fibers constituting such a polishing tape. If a
tape made of a foamed material is used as a polishing tape, such abrading
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pol ycrystal li ne dianond particles 1n the formof secon y

pr oducedverbvh aairfaceetfy tieausangetiohved ydiskl dubaerade s d parface | wighwi t h
dianeter of primary particles Iess than 20nm In this technique, the

pri mar yupgayen spwghnase weoddsedultoln othrn words diste teixtnringpaads cadimtet er s of

I ndi vi dpal. abradi n arti.cles (secondary particles) becone |arger (say,
0. 05- 0. Be fopmedy H’E’Eytaﬁéacﬁ’f‘ﬁt@ nti oned problens of the other prior art

texturing techni ( as...t.he radi rtigles L vi.ng through
the fibers ofﬁgé%%?sﬁ#%ﬁfaggﬁgn%%gbzg%%ag%ﬁle.f‘#\%rezg)@eréds% ce{]{‘he _
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particles (secondary particles) act on the surface of the magnetic hard

di sk subslycegtstalliniendiatemtdyyad niigl esersebradingogartides whyrdinraseds amdesf sur f ace

of the S u%%? t i0 ta?ﬂalrecdl dl;ys kdfs%%ﬁixrlgt eii:l TQ © dispersing medium coagulated
polycrystalline diamond partides in the form of secondary particles produced
by positively causing polycrystalline diamond particles with diameter of
primary particles less than 20nm. In this technique, the primary particles are
caﬁsed to coagulate such that apparent diameters of individual abrading
particles (secondary particles) become larger (say, 0.05-0.5 .2m) and hence the
aforementioned problems of the other prior art texturing techniques (such as
the abrading particles easily moving through the fibers of a polishing tape).
may be overcome. Moreover since the plurality of very small primary particles
which are around the abrading particles (secondary particles) act on the
surface of the magnetic hard disk substrate, fine texturing marks can be
thereby formed on the surface of the magnetic hard disk substrate. The
secondary particles, which are relatively larger, are broken up by the pressure
with which the polishing tape is pressed such that the generation of scratches
and abnormal protrusions on the surface of the magnetic hard disk substrate

can be inhibited.

If use is made of slurry having coagulated polycrystaliine diamond
5




secondary particles, which are relatively larger, are broken up by the

. pressure wth which the polishing tape is pressed such that the generation
of scratches and abnornal protrusions on the surface of the ngqqﬁﬂjﬁmpard
di sk substrate can be inhibited. If use is made of slurry having
coagul at ed pol ycrystalline dianond 5 24 AUG 2006 particles (second
particles) conprising coagul ated polycrystalline dianond particles with
primary particles having dianmeters | ess than 10nm di spersed in a

di sper sbawae@i(gmonuhﬁayﬁabgycmghiggn{g cBhglldged PolvtrlRAITRE 'rﬂga&%ﬁaﬁe too
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This in ' r s to polishing slurry for and a nethod of texturing
t he sur}/igtgieﬂag yace';lreﬁisl';‘l‘zz‘;%étic hard di sk substrate. Polishing slurry according

to thisSuiNRRryOsY RPAT&SGoAPr ading particles and a di spersant for
di spersing the abrading particles. Water or water-based aqueous sol ution

i s used as thhk o thprefaatan bhjeot of thisongentionlinstietwhef dopeokibhrcdf cl uster
particles, conprising nonocrystalline dianond particles with dianeters in
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without abnormal protrusions.

This mvention xelates to polishing slurry for and a method of
texturing the surface of a magnetic hard disk substrate.

Polishing slurry according to this invention comprises abrading
particles and a dispersant for dispersing the abrading partides. Water or
water-based aqueous solution is used as the dispersant.

In order to accomplish the above object, cluster particles comprising
monocrystalline diamond particles with diameters in the range of 1-10nm,
cluster particles comprising polycrystalline diamond particles with diameters
in the range of 1-10nm or cluster particles comprising monocrystalline
diamond particles with diameters in the range of 1-10nm and polycrystalline
diamond particles with diameters in the range of 1-10nm are used as the
abrading particles.

Coagulated cluster particles that are coagulated particles of these
cluster particles may also be further included.

Such abrading particles are contained in an amount of 0.01 weight %
or more, preferably in the range of 0.01-3 weight % and even more preferably
in the range of 0.01-1 weight % with respect to the total of the polishing slurry.

The water-based aqueous solution is an aqueous solution having an
6




Coagul ated cluster particles that are coagul ated particles of these duster
particles may al so be further included. Such abrading particles are
contained in an amount of 0-01 weight % or nore, preferably in the range
of 0.01-3 weight % and even nore preferably in the range of O0.04A0; %86 ght
%wth respect to the total of the polishing slurry. The water-based
aqueous solution is an aqueous solution having an 6 2 4 AUG 2006 additive
added to water. The additive to be added according to this invention may
be one or -m&re.sel&&t d fromnon-ionic surfactants, organi c phosphonic

aci d est er 2ddiayadded fe yater) Thei agditivg ity del addedpaneorting b ghisrinvantiyn add
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polishing tape.

The polishing tape may be of woven cloth, non-woven cloth, flocked
cloth, raised cloth or a foamed material.

Of these materials for the polishing tape, woven cloth, non-woven
cloth and raised cloth may comprise polyester and/or nylon microfibers of
thickness in the range of 0.1-5 4m. Only the portion of planted piles of the
flocked and raised cloths that contacts the surface of the magnetic hard disk
substrate being polished may comprise microfibers of thickness within the

Y - range given above.
As for tapes of a foamed material, there are many indentations formed
by air bubbles and their diameters are in the range of 0.1-5 ztm.

According to the present invention, cluster particles (and coagulated cluster
particles), that comprise monocrystalline diamond particles ‘contained in the
polishing slurry embodying this invention supplied to the surface of a magnetic hard
disk substrate are decomposed to an appropriate degree by the pressure applied by
the polishjng tape such that deep scratches and abnormal protrusions are not formed.
Since such decomposed particles act on the surface of the magnetic hard disk
substrate, fine texturing marks can be formed on the surface of the magnetic hard

disk substrate. Since such decomposed particles have sharper edges than
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particles), that conprise nonocrystalline dianond particles contained in
the polishing slurry enbodying this invention supplied to the surface of a
magnetic hard disk substrate are deconposed to an appropriate degnpg 2oy
the pressure applied by the polishing tape such that deep scratches and
abnormal protrusions are not forned. Since such deconposed particles act
on the surface of the magnetic hard disk substrate, fine texturing marks
can be forned on the surface of the nmagnetic hard disk substrate. Since
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fine textumingprmlishirgn the sdifie of & disk wf hﬁfﬂuﬁﬁﬂuﬁ?%ﬂogiaﬁi@tﬁﬁeﬁfﬂe@ such

as a glass,substrate. Brief Description of the Drawi ngs Fig.1l shows an
exanpl e of {BRRgIAMglegrolese phating layer ofNirPotheiresn or glasgi supstuates Theixt ur i ng

process acgording to this iTve tion. Figebé is a ggltograph of a

conput er - gENEPAR08 S RAThisully g aBtPﬁf'é’c@l rmangpg edgpbining marksan g :
texturing m@&sgvm&qiggd%g&m&i ?2 t%ntion. Fi %5315{'55 a gho%ograph of a
conput er - gener at ed I'nage of the s d %&alsgclélag glashspbsiateiter a
gexturing Brosfebeséiipomef theMipwinyse 1. Fig.4 is a photograph of a

‘eonput er-generated i mage of the surface of a glass substrate after a

texturing procesBigpl sbowsaansemniplanyl polZshihizoddAcd whiclplcan e awedefrar ged
50 times) of the surface of a woven cloth conprising mcrofibers and
Fig.5B i s SHTEHISPEEA tesiarimgpreqess gpcorting ta thigiieverttiomer s constituting the

woven cloth of Fi A Fi,g,6A s,a Hlan view (enl arged 50 tjges f the
surface of a non-=wWo¥ ap]:%tograph Ofpa computer-generated image ofl tirl% s)ur?ace of

a glass substrate after a texturing process according to this invention.

Fig.3 is a photograph of a computer-generated image of the surface of
a glass substrate after a texturing process of Comparison Example 1.

Fig.4 isa photograph of a computer-generated image of the surface of
a glass substrate after a texturing process of Comparison Example 2.

Fig.5A is a plan view (enlarged 50 times) of the surface of a woven
cloth comprising microfibers and Fig.5B is an enlarged (by 1000 times) view of

S’

microfibers constituting the woven cloth of Fig.5A.

Fig.6Ais a plan view (enlarged 50 times) of the surface of a non-woven
cloth comprising microfibers and Fig.6B is an enlarged (by 1000 times) view of
microfibers constituting the non-woven cloth of Fig.GA_

Fig.7A is a plan view (enlarged 50 times) of the surface of a raised
cloth comprising microfibers and Fig.7B is an enlarged (by 2000 times) view of
microfibers constituting the raised cloth of Fig.7A.

Detailed Description of the Invention
Polishing slurry according to this invention comprises abrading

particles and a dispersion medium (“dispersant”).
) ‘




cloth conprising mcrofibers and Fig.6B is an enlarged (by 1000 tines) view
~of mecrofibers constituting the non-woven cloth of Fig.6A Fig.ZA 'E @

pl an view (enlarged 50 tines) of the surface of a raised cloth -éﬁb ﬂ ﬁng
m crofibers and Fig.7B is anenlarged (by 2000 tines) view of mcrofibers
constituting the raised cloth of Fig.7A Detailed Description of the

I nvention Polishing slurry according to this invention conprises abrading
particles and a di spersion nedium ("dispersant”). 8 2 4 AUG 2006 C uster

particles Comlﬂﬁéﬁgaﬁﬁﬂ@y&ﬁﬁﬁﬁhg%%@&%ﬁﬂﬁﬁé% BadY gcﬁsﬁg&hefs in

the range of 1-10nm duster particles conprising polycryst di anond

parti cl deametels il thetraige ofil-1bant, abgsted paititiel compribisd polypaydtaldies
conprising nonocrystalline dianond particles with dianmeters in the range of
1- 10nm grampad parfedes with siamngtays dnpdettanigewofi-10nuai enedueter partichss r ange of

L
ormed Bl LSRR PR B PR B B

thi s i nyergdm hre digsl s m@rgﬁrgldgisg gggﬁagg_gul ated duster particles within
polishing slurry of this invention are deconposed to an appropriate degree

as the sl urryThe abupdiniggehrtieies nded sotr drttel phe alumanphiticled BecAdlesk
substrate and pressed by a polishing tape and such deconposed particles

al so actoalaipd dustesparbeles fermed harclestan parclen ceagdatingovitigethieer i t h
the cluster particles and ¢oagul at .uster rticles. For_ texturing the
sur f ace“6¥® gad’rta&ays sPF%‘gea g g‘%ﬁﬁ“@rﬁ?%‘i oY é‘é%ﬁtﬁe}? e‘i"ﬁ%‘o%’é&eror
crystal Ll I @k s 1 LS deR] et I ticles
conposegh%)t?&(rar%n%%%@gﬁ{oi%gs (ljé‘}aerxrlt)%r‘rtlbtlj1 ’ g%sﬁ?lg*)ggﬁaF%aﬁg%gg%é%&gﬁlgk%urface of
a gl aspasiiéles reithin polizghth@ndufionee thi YEGGRiodRIRCAYEndhddeftdliaamond

particles with many corners, rather than rounded pol ycrystalline dianond
appropriate degree as the slurry is supplied onto the surface of a magnetic
hard disk substrate and pressed by a polishing tape and such decomposed
particles also act on the surface of the magnetic hard disk substrate together
with the cluster particles and coagulated cluster particles.

For texturing the surface of a glass substrate made of an unreinforced,
reinforced or crystallized glass material, it is desirable to use cluster particles
composed of monocrystalline diamond particles. It is because the surface of a
glass substrate is hard and hence polygonal monocrystalline diamond
particles with many corners, rather than rounded polycrystalline diamond
particles, can exhibit a higher grinder power.

Cluster particles may be obtained by the explosion-synthesis method
known for the production of diamond particles (such as disclosed in Japanese
patent laying-open pub]icgtion No. 2000-136376) whereby a starting material
comprising a metallic catalyst (Co, Ni, Fe, etc.) and graphite powder is
impulse-compressed at a high temperature by the explosion are preferred.
Cluster particles thus obtained are tasseled assemblies of very small
crystalline particles with no directionality. |

The diameters of the monocrystalline and polycrystalline diamond
9



particles, can exhibit a higher grinder power Cluster particles may be
obt ai ned by the expl osion-synthesis nethod known for the production of
di anond particles (such as disclosed in Japanese patent Iaying-ogen
publication No. 2000-136376) whereby a starting material conpris ﬁ&uglmﬁ
metallic catalyst (Co, Ni, Fe, etc.) and graphite powder is

I mpul se-conpressed at a high tenperature by the explosion are preferred.
Cluster particles thus obtained are tassel ed assenblies of very small

crystal phagiaatibchithitl 4 Aangh (01 1003 ekt hAREEGAIA bAR

nmonocrystalline and polycry i ne di anon

Wit hin pblgcramgling dibnididhphaddes aith dimnewrry &i ekédsaafaodnpaky akygt al | i ne
di anond particles with dianmeters in excess of 10nm are used, nore

scr at chewrarstratches iand protmsiapsn aragederatdd i dndrof ocoysirpstallinee and

pol ycrystal li ne.di anmond particles w.th dianeters | ess than | nmare used,
t he mPRﬁféﬁfﬁtabéWc&DaFgo articles waly dianeetersriass than dmm grre aised.dthey

parti cl . . e than Q Q1. .weight % with respect to the total of

t he pol ﬁé’ﬁlﬁ%gﬂéfqﬂrﬁ/ 'Irleﬁsgﬁ'p?%?%?gbly in the range of 0.01-3 weight % and
more pref er abiryeiconidit draRadls Paftic H\ﬁ!}] ? S o0f the
abradi ng parti c?ecsni s |l ess thangg 01 s\%i g tq&ge ﬁor{eith%:fiﬁ?%ﬁsféﬁ@{%ﬁ form

t ext ur i withreespecttctireafoehlyofahe pilishiig glureen6id prefordbbe s Wi aeesoff a
magnetic hard disk substrate. If the content of the abrading particles
exceeds0.03-fiaveight % andenere preferablymyshe mange of Okl-tlyweightHapE dfe t he

texturi k f . th f f tjc hard dj sk bstrate-
|5 ot nePhBRRSE the S adinggp AIoles Lhipondban, L TORERN S a6 o5 ABCHIL @ magnet i o
hard di ' r rythang 80,lines/,umdin the radial
di r ect : %}rs\:m 3%@%1’% \;E\‘[A1 %S%%%Q%{neﬁin dg? t t%h]%lgg]bagﬁ?l%loﬂaﬁﬁ gﬁuglgcefé’ & ¢ _haln 3
vei ght  fadesaYic lﬂaxdvmismhb%rae@%%@%néehtioft%&ﬁﬁ%ﬁé'ﬂa&ﬁ@fé\éae%@&fsous to

keep the content of the abrading particles below 3 weight %to reduce the
mat er i aB waght %,\thees 1soto ehmagein Has dendguepslsasobiiticotexteriigadasds t he
di sper s?ori'tnied on the surface of a magnetic hard disk substrate. In other words,
texturing marks can be formed on the surface of a magnetic hard disk
substrate at a density greater than 80 lines/x#m in the radial direction
already with the content of the abrading particles less than 3 weight % (say, 1
weight %) and hence it is economically advantageous to keep the content 6f
the abrading particles below 3 weight % to reduce the material cost..

Water or a water-based aqueous solution is used as the dispersant.

Such a water-based aqueous solution is produced by adding to water a
water-soluble additive with a good washing capability that can improve
dispersion of cluster particles and coagulated cluster particles in the polishing
slurry of this invention and also the lubricity during the texturing process.
Examples of such water-based solution include solutions obtained by adding
to water one or more additives such as non-ionic surfactants, organic esters of
phosphoric acid, higher fatty acid amides, glycol compounds, higher fatty acid
salts and anionic surfactants. The content of such an additive (or additives) is

- within the range of 1-10 weight % with respect to the entire amount of the

polishing slurry.
: . 10




Such a wat er-based aqueous solution is produced by adding to water a

wat er - sol ubl e additive wth a good washing capability that can inprove

di spersion of cluster particles and coagul ated cluster particles ihéthbé 2006
polishing slurry of this invention and also the lubricity during the
texturing process- Exanples of such water-based solution include solutions
obt ai ned by adding to water one or nore additives such as non-ionic
surfactants, organic esters of phosphoric acid, higher fatty acid am des,

| | ; f At ¢ i i i G . . Th
gl ycol conpouRgsmplitFaion ﬁ)h?(lécf) ?ﬁ’lgggtaﬁ 3h tb)é Bl a%ryfﬁ?%&fﬁgri%td%%}% L e

content of such an additive ditives) Is w range of 1-10

vei ght Highieralcdrpagpef the beiretypeé, ethanplibnief typeeand ehé sbitigastypsy. 10 2 4
AUG 2006 Exanpl es of non-ionic surfactant to be used as an additive
i ncl udelxpmphesypleprganiopsters phphospwricacidtipplidetthe ronradin salt ypee,and t he

sorbitap t .Ex | es of . organj ¢ esters of phosphoric, add include the
aronat i &%éﬁgh??ﬁé,gﬁpﬁmg and ﬁﬁgﬁ%@%@ﬁcta@‘iﬁﬁp%nﬁxﬁlﬁél%l olomabet taktyd t ype.
Exanpl eg..:qQf .. .hj r t . aci. hde kncl.ude | auric.agid,di et hanel am de,
er si ni cg‘é‘% a&md%ﬁr%‘%o f%‘r%_md%é,‘ﬂ AR 8de‘fsé%‘8iaﬁ‘g§ﬁ%8?n§'}ﬁ’d”é‘?%nd

steari Cridfriodich@d E@G%ro?%@?am?&@ﬂﬂﬂ%%eaﬂf a&ﬂﬁéﬂhaﬁgﬁﬁﬁif&gsﬁ“&é}ﬁ*ﬁége

al kyl ene glycols, polyethylene glycols and polypropylene glycols. Exanples
of highef dlatdycampdunds tinchodeiddkphinas siyls, r pelyathydane glydolgotadsi um

ol eate. Exanpl es of anionic surfactant include alkyl benzene sulfonic

aci d, sBeivoreidere glycols. fBxamples efohigher fattaraid salditidude potassappr opri at e

ki nd houl | ected, d di he_ ki,nd dth f
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sur f acesufacacomdjtion of thamdaghstic habd disit sulistrate tole paresdddre, a pol i shing
device of ANOHP] shows an exampie of polishing devics 10 capable of carryingouts 0o
a texturing method of this invention (such as disclosed in Japanese patent
laying-open publication Nos. 11-90810 and 11-161946). Although it is a
polishing device of the type adapted to carry out a texturing process of both
surfaces of a magnetic hard disk substrate 17 at the same time, a polishing
device of another kind (such as disclosed in Japanese patent laying-open
publication No. 6-19570) for texturing only one surface at a time.
For carrying out a texturing process accrding to this invention, the
magnetic hard disk substrate 17 is set to a shaft 14 connected to a driver
motor 13 and thereafter the driver motor 13 is switched on to rotate the
magnetic hard disk substrate 17. Polishing slurry of this invention is supplied
onto both surfaces of the magnetic hard disk substrate 17 through nozzles 15
and polishing tapes 12 are pressed through contact rollers 11 onto the surfaces
of the magnetic hard disk substrate 17 while the polishing tapes 12 are caused
to run.

After the texturing process, a cleaning liquid such as water is

projected onto the surfaces of the magnetic hard disk substrate 17 through
11




publication No. 6-19570) for texturing only one surface at a tine. For
carrying out a texturing process accrding to this invention, the nmagnetic
hard disk substrate 17 is set to a shaft 14 connected to a driver 2 {nifsagsl3
and thereafter the driver notor 13 is switched on to rotate the magnetic
hard di sk substrate 17. Polishing slurry of this invention is supplied

onto both surfaces of the magnetic hard di sk substrate 17 through nozzl es
15 and polishing tapes 12 are pressed through contact rollers 11 onto the

surf acehozdlbs 16%0MMEIPHhE mhahibtl! RltrP URM S@trdel YIWIALL [IFe RElnRllicn tapes

12 are caused to run. After the texturing process, cl eanin I'quid such
as wat ehard digk sylestt®ig Phisdkdptaosatifgces of the magnetic hard disk
substrate 17 through 11 2 4 AUG 2006 nozzles 16 to clean the magnetic
hard di sk subBk s1 f welisbingh dapagnelide waven dileth sapses,r aom-widvens kept

rotating. anpl es of .pplishing tape in¢lude woven cloth tapes, non-woven
cloth t&ﬁ&%agg% eﬂa@i’ﬂ? @s?&sﬁ‘i& §g‘lfﬁd9&eﬁ anh 43D e BOMBFSEE 8npr i si ng
a foanﬁ%ﬂ?&qh 'alThe woven cl oth, non-woven cloth and raised cloth are
conprised o I'bers with thickness in the range of 0.1-5,um referred to

as microf i berghe whvdWScleth, hdh-SvEA G afd Wa¥Ra Abai Ia]r% gﬁh@g%%ﬂ o0 times)

and that of the mcrofibers constituting this woven c arged 1000

ti mes) fibers wmatipahickweby ishenranze-of) 9. bA ang rolBrrad evsaDinithdibewsf ace of a
non-woven claoth (enlarged 50 tinmes) and that of the mcrofibers

const i t ¥Yiewy of rthe swracenef, arweyen ielqtbriealagged 15 dimeseadd dhat rafsghect i vel y
shown in.Figs. 6A and . 6B. Views of the surface of rai sed. claqth (enlarged
50 ti me®yc %eﬁa{:m{ﬁm{l & Hds oioNER S ci‘%?iisf(ﬁf‘lﬁrgﬁ H1Q08 Ahme¥ly aeot h

£ SRSyl i 4 e OGN SF P Bl B s
hairs keloth a@npidged 60t Gintdy sndfare of eraviRRlsNeostRABNIO YRR
non-woven cloth (enlarged 1000 times) are respectively shown in Figs.6A and
6B. Views of the surface of a raised cloth (enlarged 50 times) and that of the
microfibers constituting this raised cloth (enlarged 2000 times) are
respectively shown in Figs.7A and 7B.

Examples of fiocked fabric that may be used include those obtained by
attaching hairs know as piles onto the surface of a woven cloth, a non-woven
cloth or a plastic sheet by a known electrostatic hair planting process, as well
as those obtained by sewing piles and tufts (fibers made into loops or tassels)
onto a woven or non-woven cloth. Woven and non-woven cloths which serve as
the base for such flocked fabric need not comprise microfibers as long as the
piles or the tufts themselves of the flocked fabric are microfibers of the
thickness described above. Aforementioned raised cloth is obtained by cutting
a portion of the fibers constituting the surface fiber system of a woven cloth
comprising microfibers and raising these fibers. Only the raised portions may
comprise microfibers. The raised cloth may be one wherein either the warps or
wefts of the fiber structure of a woven cloth are microfibers which are cut and

raised.

Thus, at least a surface portion (that is, the portion that comes to
12




cloth or a plastic sheet by a known electrostatic hair planting process, as
well as those obtained by sewing piles and tufts (fibers made into | oops
or tassels) onto a woven or non-woven cloth- Wwven and non-wovehé U606
whi ch serve as the base for such flocked fabric need not conprise

m crofibers as long as the piles or the tufts thenselves of the flocked
fabric are mcrofibers of the thickness described above. Aforenentioned
raised cloth is obtained by cutting a portion of the fibers constituting

the surfiaeenf i Batadyhé r%d;fac"é WP\ WoPELE ! Aehdth e Rl RE:S gand

rai sing these fibers. On the ralsed”portions may conprise m Crofibers.

The r ai peldshihgtgrosess) f arapvhaadeofesiden wWieenonfis wiivenElokked®fort he fi ber
structure of a woven cloth are mcrofi bers which are cut and raised. Thus,

at | eastaiged glothde fpmaed sath nharofibers whth ploickness inhthte canpgesoft® 1-512 2 4 AUG
2006 diregtly contact the surface of a magnetic hard di sk_substrate during
a poli sﬁ?-né‘i‘ﬂyg’o‘ée Qn ‘%‘P PUrppee neld gchhey sadme eactindererto reocked or

i sed ¢l IS { d with m fi Lt h thickn in th f
0-1° 5, bbby A e oo Wb P reong e thc! es o
b : I ) ﬁ . ¢ = Nt

cgnt :(F:)Pfl\?m@tg‘?]ﬁaféhgf ggirlf ace %?%éﬂn%gnet |S(?E{1talr E]aﬁislﬁi subestt%rggl%lgﬁguc% Htsﬂa'? fine

text uri ogn mer foemedasnt behidr dedsigy on hgRudRs idfthenmbBaetibHadedik t he
magnetic hard di sk substrate. If the thickness of the contacting fibers of

t he tapsubsirateslf thedhidhness of the corgapbngfibens oftbettape iblesatlan Ohleuf | ber s at
the surface portions of the tape t he apradi pg particles becone too few

a
and t heTaPE Mo contactbetygranthe rgaﬁ?ch%ﬁe £ Partionokihe e of the

i sk Thi s, af h i.ndi d |
Tnd"s exinllahg dlhadi baiddtonedie o 67 aid MiGIAAANG PRt fiiEl ¢! Y
thi ckneggt QffiERATS du AR SwifScdbfaRbihathdit RardAisR BubbiatOMAL a8kds, the

step differences between fibers constituting the tape surface becone too
| ar ge abhle grindinge power rglversdly anahtedtuhiegfanfedcam dtoserfornesd tlearlysur f ace

of the nmagnetic hard di sk substrate.
and accurately. If the thickness of these fibers is greater than 54m, on the
other words, the step differences between fibers constituting the tape surface
become too large and fine texturing marks cannot be formed uniformly on the
surface of the magnetic hard disk substrate.

Tapes made of a foamed material have voids scattered throughout
therein that are formed by bubbles generated when the foamed material was
obtained. Indentations due to such voids are scattered over the surface of a
tape made of such a foamed material. The diameters of these surface

indentations are in the range of 0.1-5 «m.
Test Example
A polishing device as shown in Fig.1 was used to carry out a texturing
process on the surface of a glass substrate for a magnetic hard disk.
Polishing slurry with composition shown in Table 1 was used. A
high-concentration stock solution was preliminarily prepared and the
polishing slurry as shown in Table 1 was obtained by diluting this stock
solution with pure water. This was because it is a common practice to make

such a high-concentration (say, 10 times or 100 times) stock solution available
13




Tapes nmade of a foaned material have voids scattered throughout therein
that are fornmed by bubbl es generated when the foanmed nmaterial was

obt ai ned. Indentations due to such voids are scattered over thelduklibalflh of
a tape made of such a foanmed material. The dianeters of these surface
indentations are in the range of 0.1-5,um Test Exanple A polishing device
as shown in Fig. 1 was used to carry out a texturing process on the
surface of a glass substrate for a magnetic hard disk. Polishing slurry

Wi th cogpesd hb&“fﬁé}f)’maﬂ deT@Qr%ajs ééﬂgntgsctﬁﬁéteég ?ﬁl@l@ watlf T(?}t L @lhPRs8t OCK

solution was prelimnarily prepare Ishing slurfy as shown in
Tabl e 1Chastesbtpairtielbsbyodigridingg hbhscr§bedline SAiamhbAd WdrlicRy ewy@t er. This
was because it is a common practice to nmake such a high-concentration
(say, 1diametess ovith0o the mespe sifotd Onm girodacad hiy| sablexpldsBor? synNd& 2006 t o
t he user spch that tae user has only to dilute it with_water for actual
use. O Jatepd yuereiusedsAs gmadditiyg t dispersantifae thesgrebwetep particess wit h
di aneters, wethin, t range of 1z roguc by an .expl osi on-synt hesi s
met hod el ahcé%lat.(’{@yﬁ %’W?‘f%%@%ﬂeﬁ’@ @i”gg{g&%ﬁf%ﬂor t hese cl uster
particles, a surfactant of glycol conmpound (al kyl ene glycol) was used.
Table 1 Cluster particles 0.05 weight % Additive (surfactant of glycol
conmpoun@abbe iei ght % Pure water 94.95 wei ght % At ape of a woven cloth of
t hi ckness—700/tm-conpr+stng—hayton—f-+bers—ot—-+thi-ekness—about 21um was used
"as the|fduisten particles. The texturing prdok®s waighte%sur faces of the gl ass

substr at e wa ) 1 Tabl e 2 bel ow.
Tabl e pAdshive (spefagtant of slyeolcompound Woareight %

Pure water - 94.95 weight %

A tape of a woven cloth of thickness 700 £t m comprising nylon fibers of
thickness about 2 #£/m was used as the polishing tape.

The texturing process on the surfaces of the glass substrate was

carried out under the conditions shown in Table 2 below.

Table 2

Rotary speed of glass substrate | 400rpm

Running speed of tape 6 cm/minute

Supply rate of polishing slurry { 15 cc/minute

Hardness of contact rollers 60 duro
Oscillation (amplitude) 5 Hz (Imm)
Pressure by contact rollers 4.5 Kg

Comparison Tests
Results of aforementioned Test Example were compared with those of
Comparison Examples 1 and 2 described below regarding the average surface

roughness (Ra) and maximum height (Rmax) of the glass substrate after the
14




Runni ng speed of tape 6 cmmnute Supply rate of polishing slurry 15
cc/mnute Hardness of contact rollers 60 duro Gscillation (anplitude) 5
Hz (1mm) Pressure by contact rollers 4.5 Kg Conparison Tests Rédub 3§ of

af orenenti oned Test Exanple were conpared with those of Conparison
Exanples 1 and 2 descri bed bel ow regardi ng the average surface roughness
(Ra) and maxi num hei ght (Rmax) of the glass substrate after the 14 2 4 AUG
2006 texturing process and the line density of texturing marks on the

surface . a;{.qbﬁ} %@ge ?Q&» ﬁ@} and
maxi rrur#%{enlﬁaﬁg%@n%% 0 e{%gg?%%@%ﬁxﬁﬁgqg eror[ﬁjc‘a%g ex?%erﬂgng process
wer e neghissedbbttatei ng a scan-type probe mcroscope (Nanoscope Di nension
3100 Series, produced by Digital Instrunment Co.) and the |ine densities of
texturi ng nmar'Kbe awerdge serfadaceuginegs {Ba) smdsmmatmamvbemhte®nae 6¢ff om t he
phot ogr aphs_of conput er-generated inages after the texturing processes.
These @aﬁrﬁlﬂ%r syhsteatar alier the dextmang uncesst were anensured by AGUELA poi nt s

over an__arbitrarily selecte rea of 1.0 ,um X OLtmon the surface of a
ol 265 "o sl Rt miFaShe NioRestie Dimenfnaatas Seffed grtadysd e 2 5
and 4 r t ' le 1 and
Conpar | ST mp R b Al the Nind WehsHATH TertHMIRISAY B!

conposi udhcesof hglass | Bulsphfesd weke UsRdstfe &ohd YUt pRofoX¥dpHd NGF process
on the surface of a glass substrate by using the sane polishing device and
pol i shi eegmpupar-genensted i rinfeees Eaftepl ethenddextieng coprticessess SHoewe | n Tabl e

2. Coagul ated pol ycrystalline dianpnd particles used as the abrading
particl é%mBFthF%e%figeéH%e@l arerspchbtameddy scamnme Al @oints over an

arbitrarily selected area of 1.0.44m x 1.0 44m on the surface of a glass substrate
and presentihg the result three-dimensionally. Figs.2, 3 and 4 respectively
show results of Test Example, Comparison Example 1 and Comparison
Example 2.
Comparison Example 1

Polishing slurry with composition as shown in Table 3 was used to
carry out a texturing process on the surface of a glass substrate by using the
same polishing device and polishing tape as used in Test Example under the
conditions shown in Table 2. Coagulated polycrystalline diamond particles
used as the abrading particles of the polishing slurry for Comparison Example
1 were polycrystalline diamond particles (primary particles) of average
diameter 20nm coagulated inside the dispersant. The same surfactant of

glycol compound used in Test Example was also used as an additive.

Table 3 (Composition of polishing slurry for Comparison Example 1)

Coagulated polycrystalline diamond particles | 0.05 weight %

(average diameter of primary particles=20nm)

Additive (surfactant of glycol compound) 5 weight %

Pure water 94 .95 weight %

i5




1 were polycrystalline dianond particles (primary particles) of average

di aneter 20nm coagul ated i nside the dispersant. The sanme surfactant of

gl ycol compound used in Test Exanple was al so used as an additi\zqP.AEa@bﬁe 3
(Conposition of polishing slurry for Conparison Exanple 1) Coagul aI{e

pol ycrystal line dianond particles 0.05 weight % (average di ameter of
primary particles=20nm Additive (surfactant of glycol conmpound) 5 weight %
Pure water 94.95 weight % 15 2 4 AUG 2006 Conparison Exanple 2 Polishing

slurry %Hba&‘ig&?ﬁidxﬁglé“l% shown in Table 4 was used to carry out a
texturing process on the surface of a glass substrate by using the sane

pol i shing devPeléshing sh@hryStwithy cédpesisinUas @hoim idSTableadRlas uge@rot he
conditions shown in Table 2. Coaqgul ated pol ycrystalline dianmond particles

used ascamip ombradixteripgmrocéssomthe kerfpot of highasssiubstsate by @inpaheson
Exanple 2 were polycrystalline_dianond particles éﬁ;{l mary particles) of
S

aver ageSagp hinggdenite pgdipalishing fapeing msed in 3% apgie anger ghei ne

coagul af Bt aBSwi IF it L bRt BrbREl BB s b B ormmound

used in o84 : g%# ; e 4 sition of
pol i shi %gég%%rry fg(ram%ﬁn%g?éiﬂgggp%g%éﬁg§g ag‘ﬁ%‘% egg%)lg?l;/g%ys al'l i ne

di amond2 paveié opdgciystiilinei ghiménd (paeidles @rinBivepaeficles) BN dverage
-particles=8nn) Additive (surfactant of glycol conpound) 5 weight % Pure
wat er 9odiagseteridim Ghomrt et sawe diesnateReauths méndceypstallie eiamond

af orenentioned Test and t%%néiari son ampl es are sugmari zed in Table 5

bel ow. Hapidesconstituting uster particles of Test Example) coagulated inside
a the dispersant. The same surfactant of glycol compound used in Test'Example

- was also used as an additive.

Table 4 (Composition of polishing slurry for Comparison Example 2)

Coagulated polycrystalline diamond particles | 0.05 weight %

(average diameter of primary particles=8nm)

Additive (surfactant of glycol compound) 5 weight %

Pure water 94.95 weight %

Resu_lts of Tests

Results of tests made on aforementioned Test and Comparison

Examples are summarized in Table 5 below.

Table 5
Ra(A) |Rmax(A3)|Line density (lines//m)
Test Example 1.8 25 85
Comparison Example 1 4.0 65 55
Comparison Example 2 1.0 15 Lines not clear

It should be clear from Table 5 that test Example has smaller average
16




"Ra(A) Rmax(A) Line density (lines/an) Test Exanple 1.8 25 85 Conparison
Exanple 1 4.0 65 55 Conparison Exanple 2 1.0 15 Lines not clear It should
be dear from Table 5 that test Exanple has smaller average 16 2 #; ﬁ\hﬁ@ﬁ%
surface roughness (Ra) and maxi mum protrusi on height (Rmax) and nore

1.5 times as large line density of texturing marks than Conparison Exanple
1 and this neans that nore accurate texturing marks can be forned

uniformly at a higher line density on a glass substrate if a method of this
i nvent i Qifhée ¥5&€&h AR XS ( ge
surface rougehlr];ess %‘%dé rraxi%u%rvn pr o?‘%@i %%&E‘g%ﬁg%?%%ét %ﬁ%‘?ﬁrﬁlﬁg mar ks
ver e nothfiorinkdimes tdsel agefle dehsitheofgtaasanaybstirks ehandCohgariseg density
of texturing marks could not be ascertained. In sumary, this invention
has t heExample dand thiaeneang that myoresadeuratedexbuingmenlis gantherformedn t he

f f tic .hard disk substrat i { hout | trusi t
S o uatierrly Bh A hleha g et otha gass grbaare dhamemhad Aoktom 17 2
4 AUG is ¢l ai i s Paki shi | texturi f
ot o o Rnaiiols ek Rolfifhuldtn ExabBe S B8pS A, IR shEE Hhpliben ey ke
on the swrthes fofhddis aRAGNakirtuepdtisin h%ygwbﬁﬂtcfea&tteﬁtﬂﬂg h&a/rk%r eat er

than 80 lines / min the direction of the radius, said polishing slurry
conpr i sivege nabfahed) opathiel tirésce afntheagldss palistaate 4t tlsalide alunadtiynef
particles selected fromthe group consisting of water and an aqueous
sol ut i otedtavinggmanks aenld net beiasegrtainedt er, wherein cluster particles
conpri si ng mopocr stal line di anond ﬁart' cles.w

th
mary, this mvention has the merit that fine texfuring marks
can be formed uniformly on the surface of a magnetic hard disk substrate
without abnormal protrusions at a line density in the radial direction of

greater than 80 lines/#m.
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dianmeters in the range of 1-10 nm are used as said abrading particles. 2.
The polishing slurry of claim1 wherein coagul ated cluster particles are
further used as said abrading particles, said coagul ated cl uster? {pAlif 2068 es
being coagul ated particles of said cluster particles inside said

di spersant. 3. The polishing slurry of claim1 or 2 containing said
abrading particles in an anount of 0.01 weight % or greater with respect
to the t . of id polishing slurry. 4. The polishing slurry of claim1l
or 2 con\?%a?hﬁcgaém%glf'd abrading particies in an anount of 0.01-3 weight %

3
with respect to thg,total; of sajd, polishi slurry. 5, Th olishing slurry
of claima or 2 ol RERyPe PRt nPRag A% Ol adiend net b %o 01 1
wei-ght %ovast to foempeay fise tdxeuringt @brkefors eiedsurfilct i thE rSdghetiy had ditke
polishing slurry of claim1l wherein said additive is of one or nore

mat er i alSuB¥raie Al densiy gisatey oS baes Spmin G ditsstion af thestrdiuac saidt s,
organi c &Qﬁﬁgﬁﬂf&&oﬁlﬁhgm sters, higher fatty acid amdes, glycol
Igher-fa

compounds, y atid salts, and anionic surfactants. 7. The
pol i shing sl wbradirgf paztielespaid wherei n said additive is contained in an
anount of 1-10 .weight % w.th respect to the to%ral %f sai d poli shi ?g slurry.
18 2 4 AUG 2008ispassank foresaid, abadmeartigles,splepted Fpmcthe group popSIERE ©thar d di sk

Subst 1 aty,§CiA%intaQué R B IEEY hiviRE ad Saditd RRUTR KhtePn the surface of the
magneti c hard di saausulgstrate at ga dengl\?ty Sreat ere than 80 lines / min the

direction of wheseinadister, pastitlds wemposing cuonecrysiabline fiemoné partodes wishat i ng
said magpeti.c hard di sk substrate; .supplyjng.polishing slurry on said

sur f acegﬂ%{ﬁ%ferﬁr‘%@belrﬁ%geaoééF(?Elﬂiaﬁ%ﬁﬁegﬁé%ﬂ ab@ﬁﬁpgﬁ?m%‘??e and running said
polishing tape, said polishing slurry conprising: abrading particles; and

a dispersant for said abrading particles selected fromthe group

consi sting of2-wat etheanodishing alpmoorfsclapl Livhereih sedgniptednelasien paridessarded to

WAL el | SAEECHIE LT RS B ARTPLLP A TRAR LS al Rfes hBHE "
coagulated particles of said cluster particles inside said dispersant.

3. The polishing slurry of claim 1 or 2 containing said abrading particles in
an amount of 0.01 weight % or greater with respect to the total of said polishing slurry.

4. The polishing slurry of claim 1 or 2 containing said abrading particles in
an amount of 0.01-3 weight % with respect to the total of said polishing slurry.

5. The polishing slurry of claim 1 or 2 containing said abrading particles in
an amount of 0.01-1 weight % with respect to the total of said polishing slurry.

6. The polishing slurry of claim 1 wherein said additive is of one or more
material selected from the group consisting of non-ionic surfactants, organic
phosphoric acid esters, higher fatty acid amides, glycol compounds, higher fatty acid

salts, and anionic surfactants.

7. The polishing slurry of claim 6 wherein said additive is contained in an

amount of 1-10 weight % with respect to the total of said polishing sturry.
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dianmeters in the range of 1-10 run are used as said abrading particles. 9.
The nmethod of claim8 wherein said polishing tape is of a materi al

sel ected fromthe group consisting of woven cloth, unwoven cl ot h, E'ﬂﬁ@@ﬁ
cloth, raised cloth and foaned materials. 10. The method of clai%1é
wherein said woven cloth, said unwoven cloth and said raised cloth
conprise mcrofibers. 11. The nethod of claim9 wherein said flocked cloth
has m crofibers that are planted and said raised cloth has mcrofibers .
that are raised. 12. The method of claim 10 or 11 wherein said mcrofibers

1SS 047 0, AR S TEROR g gher el
bubbl es,to daing véenydmettaxthong masuscordiha isetfasesofi the tdagnetrined dikk sGbstrate gym 19
a density greater than 80 lines / um in the direction of the radius, said method
comprising the steps of:
rotating said magnetic hard disk substrate;
supplying polishing slurry on said surface; and
pressing a polishing tape on said surface and running said polishing tape,
said polishing slurry comprising:
abrading particles; and
a dispersant for said abrading particles selected from the group
consisting of water and an aqueous solution having an additive added to water,
wherein cluster particles comprising monocrystalline diamond particles with

diameters in the range of 1-10 nm are used as said abrading particles.

9. The method of claim 8 wherein said polishing tape is of a material
selected from the group consisting of woven cloth, unwoven cloth, flocked cloth,

raised cloth and foamed materials.

10. The method of claim 9 wherein said woven cloth, said unwoven cloth

and said raised cloth comprise microfibers.

11. The method of claim 9 wherein said flocked cloth has microfibers that

are planted and said raised cloth has microfibers that are raised.

12. The method of claim 10 or 11 wherein said microfibers have a width in

the range of 0.1-5 pm.

13.  The method of claim 9 wherein said foamed material has a surface with
indentations formed by air bubbles, said indentations have diameters in the range of
0.1-5 pm.
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