;e3el,l (()D*. +BL,6, T, X 5Polishing Slurry for and Method of Texturing
Technical Field This invention relates to polishing slurry for and a net hod
of texturing the surface of a magnetic hard di sk substrate. Background of
the Art Wth 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 i, mﬁé’ﬁwﬁfﬁfﬁgfﬂoé ?fg@%é‘?%%gthe density of

texturing marks forned on surtace of ragne sk substrates to
great er Theniz@l/FieRs/ um In order to reduce the floating distance of a
magnetic dead, it is generally necessary to prevent both adsorption and

col l'i sion of tHeisnegvesttian hedates oteanblishing tdhensufhncmdfa thetlmd fofice of
the magnetic hard disk. In order to_prevent the adsorption of a magnetic
head, thExXpringdeesturfate ofmymegnetinhagddlisk snbstratmave a certain degree of

roughness, for this reaspn, a so-called texturing process is carried out on
t he surfgggﬁgfom&?ét‘i%@&#d di sk substrates to form approxi nmately :

concent 11°¢_cl rWehRthd SHBBLAL bovse HSMBROLLNS RS LELALE A ARl Bx ur g

marks so as to thereby provi an appropri Sdghness,

as wel | peceh© yieles,oMeist BECOTRIRE bd dui TR 8 Hellls LtheSABNIRE WbBinkg & gaonetic
directionality in the circunferential direction of the Surface of the

- magnet i crgigakiiclheadrfiien the surfscei ofifhemagietinhgretisk wHasadiai Bohics, it is
necessaréto formvery fine texturing marks and this nmeans that the pitch
of the tBxtQRPAgHomEEhthes reauiremenieto reduce the foating rastaoge wfi ag nar ks

nmust be for af _a,very hihgh,density For the purpose of_ preventin

col I i si off nggmnh%%t ﬁcyﬁw@;%), lﬁefmf’%n%é’@égm {)On HCTEARS Jhﬁ_e FSIEh By mal

pr ot ruSi pASuRRe! BArke i &l BUNAGETRl bR E At Miifated g0 1N -
general , alum num substrates having an al umte processing or a non-magnetic
pl ati ng prextesthaugd lasesNun® pl ating carried out on the surface or glass

substrates are widely used as a magnetic hard di sk substrate. A magnetic
hard di sk subskt gréer o rednee -the| fledtin atistanicer efaft magnatiy eddagk] it dsa

hard-di SReder e RrseRtay orete g At hagHEPom #L collgion Rhgmagneds
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 imprdve 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 véry 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 textured surface of the magnetic hard

disks.
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filmform ng techni que such as sputtering. Concentric circular protrusions
and indentations are fornmed on the surface of this magnetic hard disk
approximately simlar to the texturing marks formed on the surface of the
magnetic hard di sk substrate. Since these protrusions and indentations
formed on the surface of the magnetic hard disk are the results of the
magnetic | ayer and the protective |layer formed on the top of the
protrusions and i ndentations on the nmagnetic hard di sk substrate, they are

hi gher and. s oRpgeRe/RYARINTRIR SEhlated KA0Id AL RIRPH.AR:LAG SHpf ace of

the magnetic hard di sk’ substrate. Thus, very Tine texturing nmarks nust be

- formed anonmmbgtetioptatie prockecendi aa NiER pRitise barded bak of WhstsuaffeW t hout
any abnorma] protrusions. It should be clear fromthe above expl anations

that theopglasssubstratescare widely sisad\asra/miagpeticdrardsdisk substdate.pr oduct i on of
icoh S ok , . ) Ll : .
acor di ng devi SeTEETERE RAD ik SHOPGal o xPaRAEToHoheH by hetagtera
conput er : I rt ant. epough to control the recordin ensity
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magneti c hard di sk substra and pressing ni ng i shing tape

t her eon. filppiopmingtelhnhiqoaseach hsGpaitteeinglr texturing ,arks are thereby
mechani cally fornmed by neans of free abrading particles. In this process,
pol i shing sl ur Pynesntsicrdscgr gireprusiinsgapdindentesions amreformadoer thiends of
mat eri al s&l ect g%rom di anoﬂd, .um na and si L’%ﬂca n a2 di spersi ng

medi um ( SVEAEF OLdfys mLagnele hard ARBEoEmately sunilar tadbe textwswen cl ot h,

- ' f ial | d h
pol i sni iR Bemed SRR S ARCOE ORI IR o R0t abnor ma
protrusions acSycatthe frotitisions ahaGRAGAtAIJRIBANLEA M) SixFhceSihiplr at e,

the material, dianeter and shape of abrading particles to be contained in

t he pol i stagngtie! handy dishvarebthenresxdisi afetth ecumch e tiod agerpan d i the qsroddctivieow

com ng tlc:)aézbe used w daey because di anond has superior properties regarding
r esi st antaveadarmed opetiie topenf; thegyogensiens and inHentadions, o Hee snagnetiono ki nds

o O aroR RO Sk e 30 IRASG NG Ao hAE %20
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be formed on the surface of a magneti ubstr turing

process fisengxtudhe mahe myasiobé foaenahdeqehiely ool il sn€adl S Athgtic Cl es
but since scratches and abnormal protrnsions tend to result if

nonocr yshard disk siilstoate wihoit hey abnermsd propulsiorsyst al | i ne di anond
ticl bei d di d ticles. As sh inJ
batent | ayi ng- Bpshoidohs Clfarohion the Fhout Apianaiatm, taghhe gupeessogs, 0017
d 0018 : . tl i i by adi
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tape having affixed thereon abrading partrc atively strong

gri ndi ngwhagleis anh extdread nbanonedéviseobadosiager. abnor mal protrusi ons fornmed
on the surface_of the magnetic hard disk substrate in the first stage are
renoved by a flndeedattis empopigmit enongh e coridobtharscorlipglidesisityqngl ther v

havi di .sed therein abradi. ticl i Si I talli
i anond FANDRCS! AsReRs A HOKa smot er | ogs than 1 uom Since
I talli ' | . . icl L)
B ound thom oS ek B BRALARL ghoeeS S Bch o WY bR b SR e omer

they canoR&hd 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 silicain a
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used conveniently for the purpose of renoving abnormal protrusions fornmed
inthe first stage. In other words, texturing marks w thout abnor mal
protrusions can be forned as a synergistic effect of the first and second
stages of texturing process. This prior art technique is disadvantageous in
that two stages are required and that texturing takes tinme and is costly
Mor eover, the second stage is only for renoving abnormal protrusions and,
since the -density of the texturing marks depends only on the first stage,
fine textispengngankivah (ARperdant) iLaded el thpemaoSf bl RRtéSHC Buds a80
~lines/um.or higher) cannot be formed. Japanese patent | ayi ng-open

publ i cat wowmemgloth] noB8veen( clotipadladkedfabrioGivdt f2hdd dimteliab &suasbabker
texturing techni.que by neans of abrading particles conprising
pol ycrys P&#guﬁgéﬁﬁﬁd particles wherein use is nade of slurry obtained by

~di spersing polycrystalline di anpn articles in the.formof prinary
e L e
particles‘(coag l'ating particles) are present Tn the porisnhing sturry,

caus! 19, ditaeiolomdsHapa!dadRopAvELEDSo! By Banfanaedach PRInaCE O

SRRty phpieses i lnsre il b Sty i

t ext uri n&lﬁi&y causthetanyend BassHperioy prenerties regamiing resisfamee @gamsgher . |t

is generally.known .t.;hat abrading. particles with even snmaller dianeters nust
be used W8P¥’fllﬁﬂ%| ﬂ@dﬁ?wgraﬁ&mﬂ} 'mar ks and al so that abrading particles
wi th uniform drRER! 84S tTSKRE 99‘“!} raek: f unj far uring
marks. |f only the gi aneters ongbra ?Irllg I{)Lgﬁntc%egr éga%#ehﬁgggytssﬁa & in the
af or enentlizonedd prarvicledr ntlepblycatitalined dpahbsdi partichRe MRASCSIstyBnen or
non-woven cloth or flocked fabric is used as a polishing tape 4 in a

t ext ur i ndigmendparticlhe aae paliizeopapanriidee svitto nodoeasis| aropadsthienr dlige t he
fibers -constituting,such palishing tape. If a tape nmade_ of a_foaned

mat eri al g‘?"?‘lﬁ?@dﬂ%?gka iﬂﬂﬁ%?‘ﬁ@l% L {vac:?ﬁﬂf&%ﬁ@amE 7y Wegnatly bardodisk be
captured i ipsi de | ntati roed. by _bubbles on the.surfage of the
pol i shi ng a%éet)éan wgaul gé}%g?ﬁl?ctﬁﬁb?ﬁe%%r EE%P_QEV_E?C hén%ltﬂcf%%tgﬁbqe t ﬁgﬁmagneti c
hard di sholsuiysiilie dimibd®SphiticlkdChis OLMA NGrhRheE 1A AalM
affected either locally or entirely over the surface of the magnetic hard
di sk subptotaesonsdeadsto frasdt viff t i onoaystalline ghinasmdvpalticles satlet usédy ot her
words, fine textyri n&_ mar ks cannot be forned uniformy and accurately.

“Japanes ePpyEByit ppriptles are sawNeeingooRd3gndiBmand partagdesphs
0012-0017) disgloges another texturi t echni que, usi.n I dine

di anond parti c*8§ ggmdﬂr‘iﬁﬂar?&sﬁg?%l‘?rbq ER e pU @tf‘gl ﬁ}go%iégg@fb%‘ry
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particles less than 20nm In this technique, the primary particles are
caused t eompuiged af twe stageshThe dpyarreng pdicass vBtle fifsti stdgeidemtriedbsetdi ng

particles (secondary, particles) heco | arger (say, Q.05-0.5um and hence
the af oréﬁe‘i‘ﬁmgn%&’ gb‘!%ﬁﬁp%ﬁlﬁ‘ﬂﬁgo@%éﬁdp&l%ﬂo%rﬁ%rﬁémmPiaﬁ@(‘»]ﬁéc‘mthques
(such as radin art.icles easily noying through.,the fibers of a

pol i shi ngélgﬁggﬁ' %&9‘1_ FApE S ‘ile%\‘?esr“%éﬁ&‘é%“t[ ﬁ?ec%ﬁfiu’% APt PRy smal |
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t ext uri nfirstestlige aae r&m ol o® belyfrbe partlclepdlizbing hicahed B ddies FBRSENLC hard
di sk substrate. The secondary particles, which are relatively larger, are
br oken uplugyy having dispersedvibencinmhpadinepadides compriape: pelypryssalishesuch

that the._.generation . of scr_ai_‘ches and abnormal protrusions on the surface of
t he magn8mond, gagtigles o r RVETRE gémpﬁfiﬁrbilﬁé‘ij. than yde 4 gnpadincst slurry

havi ng ¢ | . pok.ycrystal line diampnd,5  .parti.gles (second particles)
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arises the problemthat fine texturiﬁb mar ks cannot be accurately created.
Summary of the Invention It is therefore an object of this invention in
view of the problens of prior art techniques to provide new polishing
slurry for and a nethod of form ng very fine texturing marks on the surface
of a magnetic hard disk substrate at a density greater than 80 |lines/umin
the direction of the radius w thout abnormal protrusions. This invention
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In order to acconplish the above object, cluster particles conprising
nonocrystalline dianond particles with diameters in the range of 1-101m
cluster particles conprising polycrystalline dianond particles with
dianmeters in the range of 1-1Onmor cluster particles conprising
nonocrystal l i ne dianond particles with dianeters in the range of 1-1Owm and
pol ycrystal line dianond particles with dianmeters in the range of 1-1Owm are
used as the abrading particles. Coagul ated cluster particles that are
coagul at agedastvaliestlpfifot fles puepoist 6ff repidvin &l Shotinl Pr&QubRnkPoihed

i ncluded, Such abrading particles are contained in an anmount of 0.01 wei ght
% or nor& theeffastidtage.n Inhethexngeords, Gettiutrgvanghls Yithdute vamaornr2a

preferably in the range, of Q.01-1 weight %w th respect to the total of the
pol i shi n8¥ h%é?@%leg

AriFiPys ¢aR A8 ASYREBISHS elisruel e fiest andasgend stagssut i on
havi ng a itive added to water. The additive to be added according
to this ﬁ]&gﬁ?ﬁg‘%%ﬁ}e“ﬁe one or nore selected fromnon-ionic surfactants)
organi ¢ _phosphpRiC sk g SehSiquBi i W 2 g mpounds,
hi gher fatty acid Is)al ts aﬁ% a%i’qggi%h(;ﬁé?{igﬁ%ﬁtg@gﬁe%ggﬁygn%%gggtaﬁg

addi ti veréquitdt apd ilait rgteting roakes tife bmd s aosBMMBEecbr, thOsaBhaht %
with respect to the total of the polishing slurry A texturing nethod of
this i nvetagieda omby fiyerepheving tabnormdl pxotrosions sindy sirve thealemsity ofchat i ng a

magneti c_hard di sk substrate, supplyjng.polishing slurry of this invention
on the sHPfYBREPAIKS ‘iﬁ‘é&ﬁ'@ﬁi K a9y tBPsﬁf%uH@g?a%@ea%mgsmﬂgk& abol i shi ng
t.ape on . runni ng. t he pol.i sty t ape. The .poki shing.tape may
be of V\D\i'/‘gb%nc o%fﬁi, Irlle@- hveaﬁn%ilglgf;h,s’u 38@115}%8&5?1 Pﬁ%&@g‘*féwaflﬁo Pea f oaned
mat eri al forfed hese materials for the polishing tape, woven cloth, non-woven

cloth and raised cloth may conprise polyester and/or nylon mcrofibers of

t hi ckness in tdspamesge phtefit 1-1ayitg-ofdy y pubdicadbhi oNoof 1ptBsued pihes of
the fl ocked and raised cl %t hs that contacts the surface of the magnetic
hard di sRaxgraphatQ 400 pdistlones anatharotantiisimentechoiqure by wieanki afkness

ithin the range given above.. As for tapes aof a fqanmed, terial, there are
Vn\ianyl_i n?@ﬁ’faéﬁpgﬁ?g% ’%R\%‘%}Pg WEWV%"S”%%‘?J%H‘?@PPS&% eérﬂt?ﬁlfeléni%et ge
range of; -9, i S s rti .an
Congal ot Soras RSN B dishelah BN GORalihd B ahoBE RAGLERARN |
this i nvend foem sftgpphiaed phetitles vathiharRqefd (ﬁsg&%ﬁrt.i Phidqs Heiiide ;B WRS rate

are deconposed to an appropriate degree by the pressure applied by the
pol i shi nheliexesd thaththehdtaneteps st nhrating pardickdzneondd bpeahe ustegndamife not

formed. Si ncgg{'[such deconposed particles. act on the surface_ of the magnetic
hard di sRESUHETY RAEtiClPs ﬂﬁ@é%mrgﬂgrfwdwsar@ﬁeg@&mmmmsbmcﬁcace of

h i i S d icl h
ShaperoGuidind AithSard REROEH D p S ESort RO RERIRERE hOSmee Smd™ o
texturi nghJpRelie 1A B8kf QIbIBG té*&%ﬂﬂév@ﬁﬁ.lﬂga it AL G RRLYG A Shal | 1 ne

di anond particles. This invention iI's app e to the téxturing of the
surface bémanfprmedor art magnetic hard di sk substrate including al um num
substrates produced by mrror-polishing the surface of a disk of an

al um num al | oyWath suele pehshiag slornyi wgngmodyeystalline slighand pgrkialesrinof Ni - P
t her eon % ﬂ}lass substrates.. This . invention is particularly adapted to the
form ng Hie FrALok Rumary narficlesasabradpe pagicles, Vighr t@xbang ergrks; gi d
mat er i al o SUeh RSl PRastiaL, 8F B0 1P uPSRRERL] on of the Drawings

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



- Fig.l shows an exanpl e of polishing device which can be used for carrying
out a texturing process according to this invention. Fig.2 is a photograph
of a conputer-generated i nage of the surface of a glass substrate after a
‘texturing process according to this invention. Fig.3 is a photograph of a
conput er-generated i mage of the surface of a glass substrate after a
texturing process of Conparison Exanple 1. Fig.4 is a photograph of a
conput er-generated i mage of the surface of a glass substrate after a
texturi nin pregBasng® hrécwip atlics AbrdXAERIa0tidles Ml @A dsAy G s ahryh v ihenl ar ged
50 tlnEi% of the surface of a woven cloth conprising mncrofibefs and Fig.5B
i s an enfibergewnshjuiiogSuch maxilishimgvtae. I artape meade abm fodrheafd nngteriad woven
cloth of. Fig.5A. Fig.6Ais a plan view (enlarged 50 tines) of the surface of

a non- wolfelsed 8% A &tang sheh gbrading pardicksgvedd ke arptanpdegedy (by 1000
ti ' f m fib fit.uti h - loth of Fig,6A.
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of the | Avenidsalt, Bodic $ftiniing fewce is ad¢ersdlyaffe el tither N¥ely &ne&ﬁm{;i ses
abradi ng particles and a di spersion nedium ("di spersant”) "8 Cl uster

parti cl esverothr isvirfage nfnther ysagidticnbartl atisl dupatrtite a8l W sirfdearstler s in
the range of 1-10Oaym cluster partjcles conprising polycrystalline di anond
particl eganrhrlg}}%mgsg I“éoqﬁ rf"ﬁ&tf bngthesr werdsofimedextueg anarksr cangios s

conpri si ofr al line.,di anond, particles with dianmeters in the range of
1-1 Onm aﬁ(‘gfpo Ei/(fclrl%/%%)]é h’ ﬁgd(ﬁcﬁlﬁﬁalﬁart icles with dianmeters in the range of

1-10nm are usegh@mesbe pRERET DGRB8 pkhi! SFublication No. 2002-30275 (in
paragraphs 0012-0017) discloses another texturing technique using

polycrystalline diamond particles as abrading particles wherein use is made of
slurry obtained by dispersing' in a dispersing medium coagulated
polycrystalline diamond particles 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
caused to coagulate such that apparent diameters of individual abrading
-particles (secondary particles) become larger (say, 0.05-0.5 £m) 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 polycrystalline diamond
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The abradi ng particles need not entirely be cluster particles. So-called
coagul ated cluster particles forned by cluster particles coagulating within
t he di spersant may be used as the abrading particles together with cluster
particles. According to this invention) cluster particles and coagul at ed
cluster particles within polishing slurry of this invention are deconposed
to an appropriate degree as the slurry is supplied onto the surface of a
magneti ¢ hard di sk substrate and pressed by a polishing tape and such

deconposggrthdés i(§éc%ﬁdah§ftiééé) SmpRSinEY LhARRafid hﬂ@rgg%%iﬁ}ﬂec Mahdngd! sk

substrate together with the cluster particles an ated ¢luster

parti cl epartides wath primaryt particled haeiny dangdtess lasdbhbhalGhAedep&fsedn
unreinforced, reinforced or crystallized glass material, it is desirable to
use cl usiep disperpinigagedompoheradleymontiony of the texéurngmpmksgrecoinelites. [t is

because the,surf of a .glass substrate is hard and hence pol ygonal
nonocr ys?]é@‘?vﬁ glﬁfﬁ?daﬂg?ﬁ i%]i‘i’ é’§°€§heph tﬁﬁh NeoteFERENE 'aAREs canadt beunded
pol ycrys&gddriagﬁng&mad particles, can exhibit a higher grinder power.

Cluster part S nay be obtained by the expl osion-synthesis nethod known

for the BuatkalyT (He BAvdMgnParticles (such as disclosed in Japanese
patent | ayi ng-open publication No. 2000-136376) whereby a starting nateri al
conprising a nHtisl thetefoat ainyshjeétCof this,inventieh Gn )viaRtofUflaPpidiemeVater i s

i mpul se-conpressed at a high tenperature by the explosion are preferred.

Ol ust er PHPT &t dechmagiespioapraddemew aolishox abeyifor emdbh wethod nd] |

crystallpne .particles with no directionality. The dianmeters_of _the

nonocr ys¥°§ﬂlﬁﬁeveiﬁd§]b%%§?’}§i%lmff’§‘é ?ﬁ&ﬁﬁn‘-ﬂ"ﬁace ohrtmagnetiehardi diskn t he
range of .. i ). n | yerystal Li,ne di.anond
particl egébvétt i agngglzrﬁg& %#%)%gg]é%ﬁgﬁ %@%} ]gn g@%gl,reﬁﬁ?% Otgi’%lf%‘??é‘? and
protrusi afithodit xbaReiad petrakibdsf nonocrystal line and pol ycrystalline

di anond particles with dianmeters |less than | nmare used, the work '

ef ficiency is Hhiseisetntiaf fetated. tofhmlishiignilunfy dbr asidica paethed esf shoul d

be nore than 0.0l weight with respect to the total of the polishing slurry.
It is prtPdpEgEthesurkce epmagneticdrrd digk ghbstrated nore preferably in the

range of 0.01-ph.weight, % |f the content. of the. abrading parficles is |ess
than 0.01 wei g]ﬁ@h%;ngt shugry; ??Cioﬁﬁtntg {8 MR r?@nﬁ’é%% é%% gely and
at a hig i o & i [ bgtrate.. If the
cont ent g?ﬂ'?%éé E%lrd agi nlggﬁf)l:éréth{t(a:qags(ﬁég(%gg%@gé m%rgﬁ{’%@%?'ﬁ%lrag‘ iWéatﬁ% 0é'hange in
t he denswayeobasdtbpguedust Sbdutionisiusad afrhE FidprreReh.on the surface of a

~magnetic hard di sk substrate. In other words, texturing marks can be forned
on the surf aceltbprdemisyaenonlisdy thelabaves ohjett, alestar partielesi dommrisiager t han

80 lines/umin . radi al djrection already with the content of the

abr adi ngmﬁé?f)?]fy(,sl%gimiee&?q py‘é’x@ﬁ@ﬂ“ﬁﬁ‘%@&}ﬁtm@ withatrange ofgl Hfpsd it s
econom ¢ s tilent of th br adj articles

bel ow 3 é\l/elu%%t 0t o&?@mgﬁg@% gﬁ?&?ﬁ%ﬁgg&%ﬁ {lglarﬁfﬁag %ﬁb@?aﬁ%@ﬁ aqueous
sol uti onid shesesn@s dfhe- Wnshess Astes! 1 iphadf %]B!n tion is
produced by addi n%éto wat er a wat esF ?s%tg%egﬁgﬁhi ve %ﬁ%ﬂg&é@g vvgshi ng
capabi | i dianpéred pesticleswitly diathefpes $h ¢he ehngé uf L e10mArdndchdychRealtinagul at ed
cluster particles in the_tgol ishing slurry of this invention and al so the

| ubri ci t@l%(m Parheles ewithr fingnelest i $hemangs| ofs 10f0naw cirevasest abahed

sol ution f’)nc.ude Sﬁ| ﬁeti ons obtained by adding to water one or nore
addi tived ]%adi&ﬂgé’ér 61%% oni ¢ surfactants, organic esters of phosphoric acid,

hi gher fatty | ' : d Lahar. fatty. .and ts and

ani oni c surf ag?g%%@&éﬁ:?%%ﬁl@%%ug@ggﬁ%ﬁ %%e g P{L’/eefpﬁm%ai‘fi?bé i's
wi t hi n tﬂﬁSﬁ@rmtRleslmhgxad@é Bbifubfhek ihci@spect to the entire amount of the
polishing slurry. 10 anpl es of non-ionic surfactant to be used as an
addi tive i ncl utech hbradighgrarticlestmt coppainedin divamouypef Ot0TewRighitoni ¢ type
and the sorbitan type. Exanples of organic esters of phosphoric acid

i ncl ude thiozegpreierablnin the pange #eO.Q&i?pwazg‘ht %aind eyepemane préferablyphat i c

G et hanoi UhR GEeGE g & \Fighe itk aRopecs o dbS weel phtho eelime Fiwavpr opanol
1 d d ' ' [ 1Lde. I f . al I ds
"l ude al kyl nae gryenre-e AR FhSion AR el ol ifen FRERE B coi s

Exanpl es of higher fatty acid salt include potassiumricinol eate and
pot assi um ol eate. Exanpl es of anionic surfactant include al kyl benzene
sul foni ¢ and, sodium dodecil sulfate and sodium stearate. Additive of
appropriate kinds should be sel ected, depending upon the kind and the
surface condition of the nmagnetic hard disk substrate to be processed.
Fi g-1 shows.an exanpl e of polishing device 10 capable of carrying out a
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nozzles 16 to clean the magnetic hard di sk substrate 17 while the nagnetic
hard di sk substrate 17 is kept rotating. Exanples of polishing tape include
woven cloth tapes, non-woven cloth tapes, flocked fabric tapes, raised
cloth tapes and tapes conprising a foaned material. The woven cloth,
non-woven cloth and raised cloth are conprised of fibers with thickness in
the range of 0.1-5,um referred to as mcrofibers. Views of the surface of
a woven cloth (enlarged 50 tines) and that of the mcrofibers constituting
t hi s wovaadiivet dd y i ! ' LGELgs. 5A
and 5B. Views of tér%\lgd Ogﬁrrgféa}c%‘ﬁg% &gﬁgﬁ%ﬁ\%ggdgﬁ% Eéf(&gﬁég?ggﬁvggb{}f]ﬁ%s) and

that of niwy be onefdrbanse saesteidt fibimngoh orsic roRfAvexMeR, 6-aidic phRkgkhadasd 1000

times) are respectively shown in Figs,6A and 6B. Views of the surface of a
rai sed cheidrestens) hishey Ta@y ticidbaiidend ghival cohp omedsyheghyr fastysacddsaltist ut i ng
this raised cloth (epnl arged 2000 tines). are respectively shown in Figs.7A
and 7B. BR rﬂﬁ%‘%“:&wﬁc dTﬁﬁﬁPPEethitthﬁﬁ;ﬂdHéV%bﬂm Be gtshey isbt ai ned

by attachi -hai r 1B 1. e Rt o..tshe surface of .a en clqt.h, a
non-woveerlB E?é‘? %ho%ngﬁgt’,vg@? ilcr@ ‘ég%gie }E)Wgh Eﬁ%ﬂﬁﬁ{ g‘? gl&‘? i‘g?]t \Qfﬁ?ﬁ ngilﬁ‘lﬁganti ng
process, shgrypel | as those obtained by sewing piles and tufts (fibers made
into |l oops or tassels) onto a woven or non-woven cloth. Wven and non-woven
cl ot hs whi ch sAr vextasinghenéhod fobrthiscinven@ieedndpbhé cclitaadteMyedC@gpri se
mcrofibers as long as the piles or the tufts thenselves of the flocked

- fabric af¥NRIISHY fhe steps off psating ck meagnetisshai b dislabobstratd, sueplyihgoned

raised cloth.is qbtained by cutting a portipn of the fibers constituting
the surf B@P%PEEQ“WSPéﬂpémeeV\BWé Pt ﬁ“Ef(%ﬁﬁ rqfs‘ﬁhﬁfgmﬁ‘g@?’é# ihsaesdighy
raising i S h 'Qi'ﬁ rtj ops. maye.conprjse mcrafibers.
The rai sEéE c %gtehgﬁrrgyp]l?e o%etavﬁ%]éel nggfeﬁ%ernt e :'r'|5'§eg¥n Eubg%ﬁe fiber
struct ur pobshiagayen cloth are mcrofibers which are cut and raised. Thus,
at least a surface portion (that is, the portion that cones to 12
directly cont a’Ehetﬂmgshmg taqee ofayabawdnedven blath, doskverehsiodi Aetledng a

pol i shin rocess) of a tafpe made of _such a woven, non-woven, flocked or
raised c yaasqchelothy opadnamedgatarials with thi ckness in the range of

0.1-5,u m Thigegi or_the. purdo of ;alklowi ng the abrgdj,ng particles to be
appropriately @gltg‘e%% I?%tg figrciﬁf)o‘?cl]}s %ftagﬁ’e“ioéfﬁlé @Bm’@g?'m%eEont act

with the f fsed BISGL - di t ' xturin
mar ks caﬁﬁgg %girar]%glgegt a h%ﬁpggﬁéﬁsg %ﬁytéﬁg%%@grczﬁg@ %%?%%ng%gtoltfﬁ har d °

di sk subsiickhess irf thdeange ok 0el5 Lah. Uity ahetsitiongofl plaaked @hles b thape i s
less than 0.1 u m thenﬁ?i nts of contact between the fibers at the surface

port i onsfletkedhand ypised lpthisedhab caniacts the sidhes of tro meagnetict leavdadidkt he
abradi ng _particles canno ct sufficiently on the syrface of .the magnetic
hard di sRURSHHAtE ﬁ?lg_g ﬂ‘ﬂ?s’i‘eaf @Yt COMPESS AICHP rﬁo‘?ﬁeﬁ“ﬁ‘é‘i‘l‘éﬂssﬂ@l%ﬁhe
texturin be fornmed clearly and accurately. If the thickness
of theseg?llg%e@elﬁgdyé?gat er than 5 um on the other words, the step

di f ferences beAwEaNtabebof & f6ARSH int Atetiag, thidge !éfé)ﬁlrﬁ%ﬂ?rifnﬂ%ﬁﬁ ringf | arge
and fine texturing marks cannot be formed uniformy on the surface of the
magnet i chhaidbubbles smdstheit diarfetees anmite thé rangoafied -Spfer i al have voi ds

scattered thr gﬁgho t therein that are forned by bubbl es generated when the
f oaned nat eri af*CeRREINEL P thisdinventient shussers patiacles andceoagnlakedaclustarat t er ed

th . f f. f h af d npterial. The dianet f
Chose. suPRHide Fulidkd BFPoS e it nbais Fisavertion oahte A ~
ese suPFdte P THREIR eriee TRl
brocess. h ke Baacs il Hart oo o bl ohd tbrfbosif s el

Pol i shi ngpptdpiiate Wdgled DIPDR HreRBusd applibd bjPREpdiNBacUSHE: sifth that

hi gh-concentration stock solution was prelifmnarily prgpar eofS and tahe

pol i shi ndeeay usargtches s hndn abnorahl eprbtmasorodt ienemtborthddit Siged Mughst ock
solution with pure water. This was because it is a comon practice to nake

such a hfigspepnsedmarticlesract omythe sunfaereef the noEnetivdmrdsdisk lsubstnate,on
avai lablg 1 to the er ch that the er has only to diJute_ jt with
w\a/tt :a_r foﬁnﬁi%ﬁﬁr%@ar%?&g?ye_ 2P ‘P%gh%gs g0 @%ﬁ%ﬁi‘%hﬁd @’:§kd;Marmnd
particl e§ul‘f!4t§£'l;r(]ag' Sgﬁreers%cﬁ" td¥eBmbBEed 2PAFiALs 1nhPY msﬁarlﬁgruceedjge%y tBan
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met hod were used. As an additive to the dispersant for these cluster
particles, a surfactant of glycol conmpound (al kyl ene glycol) was used.
Table 1 Cluster particles0-05 weightAdditive (surfactant of glycol
conmpound) 5 wei ght Pure wat er94. 95 wei ght A tape of a woven cloth of

t hi ckness 700um conprising nylon fibers of thickness about 2um 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 bel ow.

e m nut St BB RS ARSI RPN Rt oRank: SEBR, ac
rol ler s6Rrdidoliei by Aléd (RBRELIHERLBIVEy LI PUESSYAE (BYricRAL act

rollers4.5 Kg Conpari son Tests Resul{s "of " af orenenti one est Exanple were

conpar ed wi t h ThizsavehtiGeipappSablEiaind estiriagdf Zhe eathtdetlabe boor
regarding the average surface roughness (Ra) and maxi mum hei ght (Rmax) of
t he gl asarisygsnete hazd digk substiate including ahyninog substratestimedicedbgensi t y

our T ace. THORRMALSRIR A Suehes B il G i AREKRSH allas apddbematiors ot e

ft th 2 ' ' - b
i or oscob2 it il BRctoRRE AR SaJBENAIFR Bertiy B elerS i BlER TRRS: ¢ urren
Co.) andifvi@tond pigfelld B aQhp @i @riBhE B Fihel R turing marks on a

disk of a very hard and very rigid material such as a glass substrate.

Brief Description of the Drawings

Fig.1 shows an example of polishing device which can be used for
carrying out a texturing process according to this invention.

Fig.2 is a photograph of a computer-generated image of the surface 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 1s a 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
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 6A.

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”).
8



surface of glass substrates were neasure fromthe phot ographs of
conputer-generated i mages after the texturing processes. These
conput er -generated i nages are each obtai ned by scanning 512 points over an
arbitrarily selected area of I.Qumx |.Oumon the surface of a gl ass
substrate and presenting the result three-dinmensionally. Figs.2, 3 and 4
respectively show results of Test Exanple, Conparison Exanple 1 and
Conpari son Exanple 2. Conparison Exanple 1 Polishing slurry with

iti L 1) | d t textyri
on The. surt acelRped paida? bompritfife WA AR eiflont bREHIRY N8 Oo”ana
pol i shi ngidnafierem Heeehr &Eplo@ﬁéemS%ew&%{dé%nQﬁﬁggﬁyg@g@gné” Tabl e

2. Coagul ated polycrystal line dianond particles used | adi ng

parti cl ediamiortchpartidles wiithy didmeteys hothE€eangs of ol Unoa e ldusterpatticles

pol ycrystal I i ne di anond Ear_t icles (primary particles) of average dianeter

AL i b ety o oo 40

conpound,used in,Te aml e wa _ ] X

(Olorrposi & | R AR WV%@TE%@%UIPWP% e?g‘eéhi 5 (e3e ﬁ‘ﬂré ;?i)ﬂ;sx?gaﬁ ed

ol ycrys §

Bar%/i c%legil nﬂmgﬁgggg&mggéﬁgﬂkg?{@%e‘g%ﬁg‘?%ct ant of glycol conpound)5

vei ght Pure wat'Bh@4bRR1ine ipahticlk’ nec@HM NS OR FXAURIE pAarticles. So-called
coagulated cluster particles formed by cluster particles coagulating within the

dispersant may be used as the abrading particles together with cluster
particles. According to this invention, cluster particles and coagulated cluster
particles within polishing slurry of this invention are decomposed to an
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 publication 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 monocrysta]]j'ne and polycrystalline diamond
9 B :



Polishing slurry with conposition as shown in Table 4 was used to carry out
a texturing process on the surface of a glass substrate by using the sane
poli shing device and polishing tape as used in Test Exanple under the
conditions shown in Table 2. Coagul ated pol ycrystalline dianmond particles
used as the abrading particles of the polishing slurry for Conparison
Exanple 2 were polycrystalline dianond particles (primary particles) of
average di ameter 8nm (about the sane dianmeter as the nonocrystalline

di anond gafihid] cg,tpg]l_:é,h't i c. r | .C f anphe) -
coagul at gg 'jlﬁ(%g% g‘gret he di s%%r g%%\%é%frhieggféﬁle bg(gélﬁéaec#g%{o(hgf &gﬁ%é](]:%é (gg ound
used in pelerystaliplecdisttord partitdarwith anadeid in/8xcelabl @0fn{ SRGs,ti on of
polishing slurry for Conparison Exanple 2) Coagul ated pol ycrystalline

di arond pwrei giretcheavand geottiuaivaseare Eeperated yamphiift nodnesnsstallihe0and

wei ght Addi ti ve urfactant. of glycol conmpound)5 wei ght Pure water 94. 95

wei ght RB8 F%'%Stéﬁﬂ’Fe‘g@é“q??é’smlt@lQﬁ withsdigmaters loas than dpenaroneer, thet and

Co i | i in Tabl 5 bel . Tabl 5
o R Ry B BT el T o O S3585eumaari son Exampl e
14. 06555C0rrparTﬁ@%oﬁﬁfﬁf%@&%ﬂiﬁeé’%oﬂh%%&nbfe bq) Ibﬁref WY from

Table 5 that test Exanple has er average surfacé roughness (Ra)
and nexi with pspettiss the fealodttthe Robshinduiny 8 iARfdrably ilBfe Amdedsroe | ine
density of texturing marks than Conparison Exanple 1 and this neans that
nore acclldrd weaghti¥i agd meetespreferably frothe dange 660 9ily lageizhhidghErthki ne
density on a gl ass sybstrate if_a nethod of this invention is used. '
Conpar i sBW@?gﬁgltge? A RdIsles 1weless than 0 height Yadbiy diffamléde and

[ ' hei ght but cl t.ext uri.n rks were not [forned on the
K| U B SRS PSR Rnhoat A B IR B B o1
coul d N0kl BRARIIAITR Subbda B! TR corltidh? of EHEAbIRANE BarliliRs WRELdds! AL
fine texturing marks can be fornmed uniformly on e surface of a magnetic

hard di sB veeight Pattherd ishosithaimoite dadifyust Shigedsf thel teRfdeBMddksi N t he
radial direction of greater than 80 |ines/um
ormed 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/#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 agueous 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 fétty 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



17 What is clainmed is: 1. Polishing slurry for texturing a surface of a
magnetic hard di sk substrate, said polishing slurry conprising: abrading
particles; and a dispersant for said abrading particles selected fromthe
group consisting of water and water-based aqueous sol ution, wherein cluster
particles conprising monocrystalline dianond particles with dianmeters in
the range of 1-10nm cluster particles conprising polycrystalline dianpnd
particles with dianeters in the range of 1-1Onmor cluster particles

conprising no i _di [t s Wikt h di apet.ers iin,t range of
1- Irrpme ang porggé%ﬁ‘% (#H\bgl I anon atg%lrl% F‘g})gélsﬁﬁltaﬁ & At Efén?lﬁd? Eﬁer a][\ge of
1-1 Onm ahseheses 159p 6, 'ngyﬂ@’rh' 2. &P / O
claim1l \;h\flgerei nc%g)agglbatggggﬁust er ptarbfl%lg??%nslge;cryggf urther _ {)Jﬂ;lgt agwé%l d

abr adi ngEpantpled eSorgamic esteay uf pheshloiricsacd ipdudeahearbsiatiy soageat ed

particles of said cluster particles inside said dispersant. 3. The
pol i shi nthespliphgtipmall] e and the abiphatic mcrd) tyee. Exdamplésraf higher fatég i n an

SO L e SRR e e i 0 Benl i oo
e a0 ok Ry Bl o S A e RS
com o110 804, Sl s S il p5EAL! i
" polypropylene glycols. Examples of higher fatty acid salt include potassium
ricinoleate and potassium oleate. Examples of anionic surfactant include alkyl
benzene sulfonic acid, sodium dodecil sulfate and sbdium stearate. Additive of
appropriate kinds should be selected, depending upon the kind and the
surface condition of the magnetic hard disk substrate to be processed.

Fig.1 shows an example of polishing device 10 capable of carrying out
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 ‘



6. The polishing slurry of claim1l wherein said water-based aqueous
solution is an aqueous solution having an additive added to water, said
addi tive being of one or nore material selected fromthe group consisting
of non-ionic surfactants, organic phosphoric acid esters, higher fatty acid
am des, glycol conpounds, higher fatty acid salts, and anionic surfactants.
7. The polishing slurry of claim6 wherein said additive is contained in an
anount of 1-10 weight %w th respect to the total of said polishing slurry.

8. A net hesghled _1B%taéaﬂ%@xﬁ%gﬂ&f@h9fd ARGk Gt NS %ﬂgr Gesgxf%;.%ﬁhﬁ sai d

met hod conprising the steps rotating sard magnetic _ Substrate
suppl yi n_bapd)Hiﬁhisnltlgstﬁiﬂ&ﬂ'?&/isdiep&%t@lﬂﬁgpf claims 1-6 on said surface and
pressing a poljshing tape on said surface and running said polishing tape.

- 9. The net hod Bkawipd¢snod peolishiien tapé dnphides wionen t dpth itaped, za?rrruthoee??l e
sel ected fromthe grou nsi sting of woyen cloth, unwoven cloth, ocked
cloth, rakoglé&aemﬂt)%ﬁ@ P EeaRa, Srised Slothotappn s tarss ©IMPriging @ wher ei n

said wov ayd unwoven cloth and said raised cloth conprise
m crof i ngr]‘lsn%(tht?ﬁghrret hod of claim9 wherein said fl ocked cloth has

m cr of i ber's_t e af6vchl ABIIEhinghovah A6l 37 16l AUMNAS ol EHALLREASt hat are

rai sed 12. The nethod of claim erern said mecr fTDers havg a
wi dt h i nfibbes watlgehivkn@sd i, the rah@ze off §.1-Bhammethesedto dsaivitRfiees ei n sai d

foamed material has a surface

Views of the surface of a woven cloth (enlarged 50 times) and that of the
microfibers constituting this woven cloth (enlarged 1000 times) are
respectively shown in Figs.5A and 5B. Views of the surface of a non-woven
cloth (enlarged 50 times) and that of the microfibers constituting this
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 flocked 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
compris'ing'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 N



with indentations forned by air bubbles, said indentations have dianeters
in the range of 0.1-5,um 20 .
. ALhS. A6. Ai . Ai . AL. Af. AL6. A p’? ALS?. Ai S. ALS. AL6. AOp\. A6. Af S. Amp". Ai 6
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L! D10%&' $Qbsti‘aﬂelﬁ%h‘e(t}uckﬂé&/&0f Phe ddnPacdirky Shers)jfuléitape is less than 0.1 4

m, the points of contact between the fibers at the surface portions of the tape

and the abrading particles become too few and the abrading particles cannot
act sufficiently on the surface of the magnetic hard disk substrate. This affects
the grinding power adversely and texturing marks cannot be formed clearly
and accurately. If the thickness of these fibers is greater than 54m, on the
other words, the step differences between fibers con.stituting 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

Apolishing 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
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Cluster particles comprising monocrystalline diamond particles with

diameters within the range of 1-10nm produced by an explosion-synthesis
method were used. As an additive to the dispersant for these cluster particles,

a surfactant of glycol compound (alkylene glycol) was used.

Table 1

Cluster particles 0.05 weight %

Additive (surfactant of glycol compound) | 5 weight %

Pure water 94.95 weight %

A tape of a woven cloth of thickness 700 £ 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 (1mm)
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
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texturing process and the line density of texturing marks on the surface of the
glass substrate.

The average surface roughness (Ra) and maximum height (Rmax) of
the glass substrate after the texturing process were measured by using a
scan-type probe microscope (Nanoscope Dimension 3100 Series, produced by
Digital Instrument Co.) and the line densities of texturing marks on the
surface of glass substrates were measure from the photographs of
computer-generated images after the texturing processes. These
computer-generated images are each obtained by scanning 512 points over an
arbitrarily selected area of 1.044m x 1.0 #zm on the surface of a glass substrate
and presenting 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. Coagulatéd 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
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Comparison Example 2

Polishing slurry with composition as shown in Table 4 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
2 were polycrystalline diamond particles (primary particles) of average
diameter 8nm (about the same diameter as the monocrystalline diamond
particles constituting the cluster particles of Test Example) coagulated inside
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 %

Results of Tests

Results of tests made on aforementioned Test and Comparison

Examples are summarized in Table 5 below.

Tabie 5

Ra(A) |Rmax(A) | Line density (lines/tm)
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
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than 1.5 times as large line density of texturing marks than Comparison
Example 1 and this means that more accurate texturing marks can be formed
uniformly at a higher line density on a glass substrate if a method of this
mvention is used. Comparison Example 2 shows about the same average
surface roughness and maximum protrusion height but clear texturing marks
were not formed on the surface of the glass substrate and the line density of
texturing marks could not be ascertained.

In summary, this invention has the merit that fine texturing 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/tm.

17



10 10 !S$Ly& 10% o
& ()-Ly& 109%& ()-! Ly& 10%& ()-Ly& 10%C& ()-Ly& 109 ()-ohhiKiiiidEPB4! 10
1i " 10%K& ()- i L10%K& ()-=i !10%K& ()- i!10%K& ()- i !10%K& ()- i6!10%KeE ()-

"j0j1j <jgY?4! 10

1109%& () - 1109%K& () - 1109%K&' () - 110%K&’ () - 110%K& ()-<j 1] Ij Kj j j k?knM 4
i 01 10%] & ()- 10%j' & ()- i-10%]! & ()- &10%j' & ()-

1109K& () - 1109K& () - 2k GegknkokkkkkK34 - 900! & () - cmocyq!&'()-()
209%4.0%! & () % .5 10%! & ()- kkkkkkkkpx<4 940%g! & () -
%0%! & () %%%quﬂs ditied is

Polishing slurry for texturing a surface of a magnetic hard disk
substrate, said polishing slurry comprising:

abfading particles; and

a dispersant for said abrading particles selected from the group
consisting of water and water-based aqueous solution,

wherein 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 said abrading particles.

2. The polishing slurry of claim 1 wherein coagulated cluster particles
are further used as said abrading particles, said coagulated cluster particles

being 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 grater 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.
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supplying polishing slurry of any one of claims 1-6 on said surface; and
pressing a polishing tape on said surface and running said polishing

tape.

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 ¢m.
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