SPECI FI CATION METHOD OF AND SLURRY FOR TEXURI NG GLASS SUBSTRATE OF
MAGNETI C HARD DI SK 5 Technical Field This invention relates to a nethod of
texturing a glass substrate of a mnmagnetic hard disk in order to produce
texturing marks thereon, as well as to slurry used for such a nethod. 10
Background of the Art Increased data recording capacity and accuracy in
reproduction are required of data processing devices such as conputers for
recordi ng and reproducing character, inmage and voice data. 15 Such data
are recorded magnetically by nmeans of a magnetic head on a nagnetic hard

di sk and reproduced from such aspggﬂgq' di sk. Recording capacity of
data and accuracy in reproduction epe'rtlzgﬂ&sfil%gsgel y on the distance (floating

di st ance) f i i magneti c
head. In o%%@%%%&%ﬁgﬁ?ﬁég§%@sﬁﬂﬁﬁg&ed and
accurate reproduction can be educi ng and stabilizing the

floatihg distance. For this reason, it is being required to stabilize the
floating g erfiqt he magnetic head at 50nmor less. In order to
stabilize tﬁ%ﬁgﬁoaﬁgng di stance of the magnetic head, to 25 prevent the
adsorption of This imegneon eelheadooninethdbobtextirs afglidiesubapaes bta hard di sk
and further to..li rrp%‘gve t he rgi%gnetic characteristics of the magnetic hard
di sk by pFEPPEHAGREGHRE incOTgrF b2 preshige itexturing marks thereem.cisomell as to

directiong; @pPuSd PRLELY qggﬁﬁgtric circular line marks are fornmed on the
surface o? tﬁg magneti c ﬁard isk. 30 In order to thus stabilize the

fl oatillhg di stance of the magnetic head at 50nmor |less, to prevent the
adsorptiOﬁagiggggadg¥¥ﬁgjd% head and to inprove 1
Increased data recording capacity and accuracy in reproduction are
required of data processing devices such as computers for recording and
reproducing character, image and voice data.
15 Such data are recorded magnetically by means of a magnetic head on a
magnetic hard disk and reproduced from such a magnetic hard diék.
Recording capacity of data and accuracy in reproduction depends
largely on the distance (floating distance) between the surface of the
magnetic hard disk and the magnetic head. In other words, the data
20 recording capacity can be increased and accurate ’réproduction can be made
possible by reducing and stabilizing the floating distance. For this reason, it
is being required to stabilize the floating distance of the magnetic head at
50nm or less,
In order to stabilize the floating distance of the magnetic head, to
25  prevent the adsorption of the magnetic head onto the surface of the magnetic
hard disk and further to improve the magnetic characteristics of the
- magnetic hard disk by providing magnetic directionality in the
circumferential direction, approximately concentric circular line marks are
formed on the surface of the magnetic hard disk.
30 In order to thus stabilize the floating distance of the magnetic head at

50nm or less, to prevent the adsorption of the magnetic head and to improve



the magnetic-characteristics, it is required to formline marks with |ine
density of 30 lines/m (as the nunber of |ine marks crossing a |ine segnent
of length Imin the radial direction of the nmagnetic hard disk) or nore
clearly and uniformy on the surface of the nmagnetic hard disk. 5 A
magnetic hard disk is obtained by mrror-polishing a magnetic hard disk
substrate and thereafter form ng concentric circular ine marks (referred
to as texturing line nmarks) on this polished surface of the magnetic hard
di sk substrate and a magnetic | ayer and a protective |ayer thereon. The

af or enent {g/ad ehi AeCHRIRTPIIBY ORdIR S A6 nbbE, fRGNEH ¢ hard di sk

10 are approximately siml xturi'ng l'ine nmar orned on the
surface d&éndgiteofiBipheds/emtas thelhsinlenbslinatearkhsssing a lipeekegmeabpfct s are

left on the surface of the nmagnetic hard disk _substrate fromthe
fabri cati E’Hg@? Jumsin Jagkﬁ%gﬁ??éfpl‘)? of e magmetic hardidisky or e sienabt er

summar i | ya f@LathEdlS on e SRRQLITHHBLALLUIIANS, ALe for med, 15 protrusions

simlar to-these abnormal protrusions éQJ#%icforrre(ggo'n the surface of the
magneti ¢ har d dirskerete lerdhligh &t shtsimmdshcalitlog@olslihgth@aphgnehhal head
(referred,to as head hi to damage the magnetic head or the surface of
t he magne?hisg ﬁﬁ’%ﬁ{}agq §’Rf.& %@%ﬂeaftﬁz; g’rF{%—&g GRARCERRTIE sysRkaTilEe Iifl@ﬂ‘é?a&?fewdout to
check whethes t3EuRak 1; : [ ' { .My cause
head hits are pr%se%tlﬂ%glrll%?%g)gﬁhsgidgfs@g aggyn%ﬁﬁéfﬁ%dﬁggﬁ&g'?gﬁﬂg%gtrate

after a tsuhstratagndromegsetit layesaad aprvedtite layet thuseonsTase found, the
magneti c hard di i ed as a, defective product. As for

ﬁk ‘?sfgﬁstrat .S dd'nsca]rég 6 |

the text uFiChgRFrHenshiRe maxis durnqd or the guripeseli the saaenaticriardidisk 25 f or med
over fde § : i i i i density of
30 lines/ rﬁ%ﬂﬁngﬁgat%pﬁselﬁngﬁ% t\gl\ne? ﬁitgmﬁgﬁlgn %gﬁ“zﬁ ;gr ?ﬁe\%%pf}?énééds} ™ or rm)r/e
cannot beoftermaagndtianary dski substiatrerl y over the surface of the magnetic

floating di ot anbe 3f PBBRRBITLEs FAgpRM Brted s (RasoraersPadte 30
01 RS OBt SRR LA |3 coTTo
clearly (hereinafter summarily referred to as abnormal protrusions) are formed,
15 protrusions similar to these abnormal protrusions are formed on the surface
of the magnetic hard disk and such protrusions collide with the magnetic
head (referred to as head hits) to damage the magnetic head or the surface of
the magnetic hard disk. - |
For this reason, an inspection is carried oﬁt to check whether or not
20 abnormal protrusions exceeding 100A that may cause head hits are present
on the surface of a magnetic hard disk substrate after a texturing process. If
such abnormal protrusions are found, the magnetic hard disk substrate is
~ discarded as a defective product.
As for the texturing line marks, unless they are clearly and uniformly
25 formed over the surface of the magnetic hard disk substrate with a line
density of 30 lines/um or more, line marks with a line density of 30 lines/um
or more cannot be formed clearly and uniformly over the surface of the
magnetic hard disk and it is not possible to stabilize the magnetic head at a

small floating distance of 50nm or less, to prevent its adsorption and to

30  improve the magnetic characteristics. Thus, an inspection test is commonly
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and uniformy over the surface of a magnetic hard disk substrate with a
line density (as the nunber of texturing line marks crossing a line
segnent of length Imin the radial direction of the magnetic hard di sk
substrate) of 30 5 lines/mor nore. The line density is generally exam ned
froman enlarged i mage or a - conputer inmage of the magnetic hard di sk
surface after the texturing process obtained with the aid of a m croscope
such as an atonmic force mcroscope. In order to exam ne whether or not
texturing line marks are clearly and to uniformy fornmed, use is usually

made of aca&bfaﬁ%%at@?gégs ?h%%%ﬁ%xﬁgxﬁl]%i%eeﬁérk?\c%gf’ogﬁjehi Gadpn ratio

(general ly about 4 um nati ng e surface of the gnetic hard
di sk sur f @k unifoimly dvieghhe basficadf emagetictiexti Wislogupteaessithkilge 2-8 are

exanpl es of suc ot ogr.aph .for the exam nation. Figs. 15 2-4 are exanples
where cl e‘iﬁnﬁg’x@ﬁgﬂﬁguﬁ:ﬁ}ewﬁg@@up&gm merkoereeging s hne segreertefi ¢ circul ar

manner fr t:ariLanea; R q ic hard
i Sk subsrrEr R B B 1B o Pa i g AEL RISk Slhee PR 2 oo
cl ear % exlived/mm arendee. Thus, gl ass substrates which have been processed as
shown in Figs. S-ﬁ are discar de{jﬁﬁ? defectjve products._ (The 20 phot ograph
in Fig. 4 show & [1Bg Aepsily U S5 TRy REAIERedEIoOw T eRigrgedimagher a magnet i c
hard dis O%%q%e jreleli] . i il | ai bel ow
and is C(lgcnsi derggﬂlg%(fbgg%i ve.g H%rllc gé%’rgiré%,&g’?aﬁggne it%eﬁ(g}?tg‘)lgﬁ}gg}(ﬂag%ﬁst rate is
consi der eebtdifedcwithahe andlofia sriarddechainldisss i afasREsroaahicOfcyps.NEr

i nspection t as descg% ed above 25 but al so another test on the

{
presence %r[d.egggg%n@fw ; ¥ Q8 MOp PSTMEISBOHRE m%k%jﬁg%‘lﬂééﬂﬁaﬂﬁ Japanese
Pat enig Pu&hiﬁ'&%ﬁl&qarﬂé’&,lﬂ?de-ig’h%éZ%ﬁa%(ieo fa gﬁ@cgﬂ*a h (?Dtta W1t Process Is
I th abradi ng article

carried out by supplying slurry S dispersed therein
to the surfaideelpfow magraficatipmegitelgenctaydaligi tisiebsby il emandiny essi ng and

causing tg run.ther.eon a processing.tape of a 30 _woven, ngn-woven or raised
cloth ma eo%urgacﬁloég}(ﬁ)‘? Paﬁ?‘ﬁ@F%ﬁﬁégﬂﬁkaWr%a@ wHhA dghtheas gbist thte with a
surface sibi@chedrd@s&n alunmte processing or a non-nagnetic plating

process such as N -P plating has ‘
Figs. 2-8 are examples of such photograph for the examination. Figs.

15 24 are examples where clear texturing marks are formed uniformly in a
concentric circular manner from a center area towards the outer periphery of
a magnetic hard disk substrate. The photographs of Figs. 5-8, by contrasf, do
not show clear texturing marks. Thus, glass substrates which have been
processed as shown in Figs. 5-8 are discarded as -defective products. (The

20 photograph in Fig. 4 shows clear texturing marks formed uniformly but the
magnetic hard disk substrate has abnormal protrusions as will be explained

~ below and is considered defective.)

In summary, a magnetic hard disk substrate is considered defective

and discarded unless it passes not only the inspection test as described above
25 but also another test on the presence or absence of abnormal protrusions.

As disclosed in Japanese Patent Publication Tokkai 3-147518, for
example, a texturing process is carried out by supplying slurry with abrading
particles dispersed therein to the surface of a rotating magnetic hard disk
substrate and pressing and causing to run thereon a ﬁrocessing tape of a

30  woven, non-woven or raised cloth made of a plastic fiber material.
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commonly been used as a magnetic hard di sk substrate but a gl ass substrate
Wi th superior characteristics regarding flatness, snoothness and strength
is 5 comng to be popularly used. As disclosed in Japanese Pat ent
Publ i cati ons Tokkai 4-28013, 5-290369, 5-166176 and 8-241521, slurry with
di anond abrading particles dispersed therein is used for the texturing of
a glass substrate which is harder than an al um num substrate. (See
Japanese Patent Publication Tokkai 2000-141210 regarding slurry for
texturing of an io alum num substrate.) It is believed possible to form

texturing Iineafarks; it @uﬂs@&&uﬁﬁhld—&ﬁf%%e%édec?% O%%&ggl | er abradi ng

particles and to formtexturing |1 ne mar re uni usi ng

abr adi ng pacesschesr winbh-magdainplastizi prodssdiuehasNiahpadimghpar ti cl es,

nat ural di anond, particles nmay be used 15 as disclosed in Japanese Patent
Publ i cat | SHRCPBRIGACTAISSEFPF MHeveHe5erd Siskipdsingta Aut B elasssppsEatartifici al

di anond paihi &lRSioR Shah S6d: 984 ﬂegahqﬂgﬂ%&essf’éﬁs&hgg@m rfgggtﬁgkkai

2000-136376. Wen natural dianond particles are used as a ng particl es,
however , ¢oming toetpopraiarly vserbchadischises ihdepknesp Ratent Rpbhiatiatsur al

oo 11 1 ot AT o UeP SRR ot S IGHL BSSRABHBHEED axt ut 1 ng || ne
mar ks cangigladbes pm{dl@ﬁdi‘éf)&:@eé tHEQh b ﬁ‘%gg@?%ﬂé qu&‘l\e/fé;['iﬁg 3%%1[5%48”] or nore by

using such abrading particles. As disc din roduci ng
Di anond astbskiagh »iriels suhard2s thac hncllogiesth dupstviasan@ee JAlpianase G j ut su

(o 11 witeen dahcd8os ARERY danor B byarretias shicro o tmsnsies pirn o

exampie, iluntiaandbgatRaen proposed to nake use of particles of artificial
di anond with dianmeter 20nm or | ess produced by a static pressure nethod

wher ei n car borltiis befgestedniossible tacompr tesbednatide dimds|wiehl ai igheriihé en 30
I B T L e L e
Patent Rubkd aalthnlyTokkdahe 200013637 Ahles SHRS GniMRSGaaLe Particles obtained
by heating artificial dianond to
As diamond abrading particles, natural diamond particles may be used
15 as disclosed in Japanese Patent Publications Tokkai 4-28013, 5-290369, 5-
166176 and 8-241521 or artificial diamond particles as disclosed in Japanese
Patent Publication Tokkai 2000-136376.
When natural diamond particles are used as abrading particles,
however, it is customary to mechanically break up é. scrap of natural diamond
20 and this usually makes it difficult to oBtain uniformly sized particles with an
average diameter of 0.1um or less and hence texturing line marks cannot be
formed with a high line density of 30 lines/um or more by using such
abrading particles.
As disclosed in "Method of Producing Diamond and High-Pressure
25 Technologies" by Masanori Akira, Gijutsu Kaihatsu News, No. 75 (January,
1998) (http ‘/fwrww.chuden.co.jp/torikumi/kenkyu/news/pdf/075/NO7503.pdf),
for example, it has also been proposed to make use of particles of artificial
diamond with diameter 20nm or less produced by a static pressure method

wherein carbon is mechanically compressed and dissolved in a molten

30 metallic catalyst under a high-pressure, high-temperature condition and
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convert the whole or a portion of its surface into non-di anond carbon, if
they 5 are used for the texturing of the surface of a glass substrate, the
non di anond carbon that covers the surface portion operates on the surface
of the glass substrate and hence clear texturing |line marks cannot be
formed at a high line density of 30 lines/mor nore on the hard. surface
of the glass substrate. 10 Since it is difficult to formtexturing |ine
mar ks on the hard surface of a glass substrate by using slurry of the kind
nmerely dispersing such dianond abrading particles, it has been known to

add to thgn%amlamm 'étdeBB?&écﬁﬁ%téﬁ?wﬂ%n?y%ﬂt‘d% gxﬁf@ﬁbg et HLLON havi ng

hydr oxi de, groups) capabl ca eactin e surface of the
gl ass subE’ubhczE:;om’i‘okﬂea;cﬁGOBekB%ﬁB)lapanese 15 Patent Publications Tokkai

8-241521 and 2Q01- If a sub IS subjegted to,a texturing
process by usi ’j‘cgggﬁse e particlkes i‘? a&’ﬁg?ﬁaé%’lgl %i"t&%’afgtqeﬁ’&ogel %At i on added
thereto, hawevethe #A6le cIr%BﬁBéFtio@;%f"1hé‘§aﬂ’§£e‘ﬁ§1t@ﬁ8£@aﬂ:l8ﬁél 88Fbod] img h the

surface roughness of the Jglass substrate can be nmade extremély small and
t he t ekt uaiagsdd fae thatekgupibgodmhesutfacd of agthsasitbairatey theeont he s ur face of

t he gl ass subst ot her r accept abl e product nno

produced £ &zfon tﬁ%*p%%&ﬁ%ﬂ@ SRRSO PR 0o O GUFAFEA U1 ef o of
product i oglagé sﬁﬁﬁ:@@ﬁe‘ a{hdﬂﬁé&edﬂ@i&sbex%&ﬁg 1ing 4 dks GARbEBe BN v the
probl em of devel oping a texturing technol ogy 25 capable of producing in a

dependabl bighakine deagitept Ablivegimss mobson dbebaot surfagneitthe ghassd di sk havi ng
no abnor nmal %rotrum ons exceedi ng 100A and having texturing |line marks .
clearly aﬁ‘t’fo Orrﬂy formed with a line density of 30 lines/mor nore. It

is thegefore a&r@@h@f'stdlﬁiaﬂthtosfokﬂlvt%%ﬁﬁﬂg lh?leriﬁé&\k's% ﬁle”f?éljaos%rﬂ{ce%@ carrying
out a texturing process such he surface of a glass substrate 5 wll

have no aBmbasseiu 9i'rr@t€r big ueing Eéurm'elf thg kiod mexnly diemensiiggudh diemmadks are

| ear| ty, of 30 J .
D1 Sl obur BoBng paridler SEREbE Bufivp ‘B RddiP e RS st 457 (BHE on vi ew of

‘the obj echofd@sieit B§droxide solution having hydroxide groups) capable of chemically
reacting with the surface of the glass substrate, as described in Japanese
15 Patent Publications Tokkai 8-241521 and 2001-9694.

Ifa glaés substrate is subjected to a texturing process by using such
slurry having a chemically reacting solution added thereto, however, the
texturing line marks become unclear although the surface roughness of the
glass substrate can be made extremely small and)l.the texturing line marks

20 cannot be formed uniformly over the surface of the glass substrate. In other
words, acceptable products cannot be produced thereby in a dependable
manner.

Thus, in the technical field of production of magnetic hard disks, there
still remains currently the problem of developing a texturing technology

25 capable of producing in a dependable manner acceptable glass substrates of
magnetic hard disk héving no abnormal protrusions exceeding 100A and
‘having texturing line marks clearly and uniformly formed with a line density
- of 30 lines/pum or more.
It is therefore an object of this invention to pro;.ride a method of

30  carrying out a texturing process such that the surface of a glass substrate
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above, the present inventors have discovered that it is necessary in order
to carry out a texturing process for formng texturing line marks clearly
and uniformy on the surface of a glass substrate for a magnetic hard di sk
with a line density of 30 lines/mor nore to carry out a texturing process
using, as 10 abrading particles, primary particles with average di aneter of
1nm 20nm and secondary particles wth average di aneter of 0.051m -

. 0.201im such that the average surface roughness will exceed 4A.
Accordingly, a glass substrate of a magnetic hard di sk enbodying this

i nvent i onwiiasaoe nabAbFBAL pf&{«ﬁéi&a@&&e@a omgaxikf%mﬂﬁg LY AUBEATE 15

surface roughness exceedi n? A and has texturing [1ne marks uniformy
formed wi ¥ deqlnendamiformlyforated withst medensiteof 3blieeppnaf @rablre;, t he
aver age surface roughness of a gl ass substrate of a nagnetic hard disk
according to this invention is in the range of 4A - 7A. The texturing

process apegﬂgﬁlﬁg dfdnb&hSohNvention is carried out by 20 rotating a gl ass
substrat e, g&l ying slurry on the surface of the glass substrate, and
pressihg a pr %@@ﬁﬁ@tpééélwntnmreesgaatlanelmhem theabgect sabaibedt e and

runni ng t p sLpg slurr iL.ses abrading p rtlcles and a
di spersi ngﬁos‘rr%ed:ﬂg ?esen nﬁ’ggg%ﬁl]@l &1?5’3?’%/11'6 |t§§5 18 TREESAEY HYOI% he present

i nvention it et ear bt ¢dres IquﬁR{I si ng
artifici a?axg;ﬁgnnnde{)rga%cﬁehgmby a sh oc?gégg%giﬂg?ﬁﬁ%gggbﬁaﬁ I's, in order

to form tenermiypn heesurﬁﬁqesnfwglhssasuhsmtdéma magobtic 3@rd diskswithor nor e,
art|f|C|a es wth avera aneter. I nm- 20nmthat are

pri mary par€| %‘E&E‘L’g (%6 1fleS/fL B OB 1 9%0’[1 2 SIS RICSTRST NSRS

0. 05gmy 0. ZErbdimd PattidsL p%%q?dﬂlc[l%r%itﬁ'a%re%érﬂiﬁin%'télgoftl%@ohhi' cial 6

di anond particles are used as the abrading particles to be dispersed in the
di sper si n@nfﬁﬁ%ﬂ@ﬁﬁmﬂﬁlql@%wmaﬂemgmélamtat oBfrO6nn -03.201ma, stalr that(i . e. the
t ot al amoynt. of.. seurr ql% S as be 100 weight %, these abrading
particles are fFed™ Rnﬁﬁg‘g ﬁ’ﬁctee .02 weight %or nmore, and nore

preferable in A&t@rdﬂ’n@ﬁgﬁ @hs DAt MRE ghh m/agne%ic%éﬁﬁi A8t eMhodying this
invention has no abnormal protrusions exceeding 100A, has an average

15 surface roughness exceeding 4A and has texturing line marks uniformly
formed with a line density of 30 lines/um or more. More preferably, the
average surface roughness of a glass substrate of a magnetic hard disk
according to this invention is in the range of 44 - 71?3.

The texturing process according to this in\}ention is carried out by

20  rotating a glass substrate, supplying slurry on the surface of the glass
substrate, and pressing a processing tape on the surface of the glass
substrate and running this processing tape.

The slurry comprises abrading particles and a dispersing medium for
the abrading particles.

25 According to the present invention, as such abrading particles,
abrading particles comprising artificial diamond produced by a shock method
are used. That is, in order to form texturing line marks with a line density of
30 lines/pum or more, artificial diamond particles with average diameter 1nm -
20nm that are primary particles and cluster particles-with average diameter

30 0.05pm-0.20pm that are secondary particles comprising the artificial
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The di spersing nedi um conpr.ises water and an additive. In order to carry
out the texturing process such that the glass substrate will have no
abnormal protrusions exceedi ng 100A and have an average surface roughness
to exceeding 4A and that texturing line marks can be forned clearly and
uniformy, the additive conprises higher aliphatic amde and two or nore
sel ected fromthe group consisting of glycol conpounds, organic phosphates
and surfactants. Wth respect to the total anmount of the slurry, the
additive is 15 contained in an anount of 0.5 weight % or nore and nore

pr ef er abl @ahibrdeart MO8 Qlscl 53 WE 1B i 2R B be WispBkbdu FEGRECt O the

total amount of the additive (i.e the total anmount of "the additive is
assuned téispersiopmedight %, the preferred content of higher aliphatic

amde is 20 weight % - 60 i,ght % that. of glycal qunds is, 2 20

wei ght 96 - 60 Tyibest it tOr apienRt o e sht Bre 288 Bial Bt o 40" wei gt
% and t hatheOflusty ik agk@nbd its b2Q 00&eiabht %),%e%@§§rad?n%§ﬁ?ti&l@é’hﬂg a surface
porti on made of a woven, non-woven, raised or flocked cloth materi al

conpr isi ngprtpmeddngn #mpAntRind 98 weigipntse-orsnommand meneafrefexbble ingdd as t he
processi ng tape. Jrethod as descri bed above, a surface with no
i T R e

abnormal “protrusions can be obtained on a glass substrate

of a magneti cThadiipdiske andit@xdowrgs!WRr Fanks £801:R6. TRLIEI ¢l early and
uniformy on this surface with a line density of 30 |lines/pmor nore. 7

Bri ef Des®#TrpePibhhaotextwanppagdenssuch thatithsrmlass subdonae <8 dafvace t ext uri ng

appar at us | { f ..this~knvention. Figs. 2-8 are conputer
heges of AR BB LAS Y Bieaitd! B RHANAB n SV elBks Griad FrRERE ang
t hei rivi esvewdtien 44 hudithat ®sttdiing ligltm k@A REmRA clQRYY 53 Observation
appar at us, porres&;gdégg_respectively to Test Exanples | and 9 and

q_, I l,V

Conpar i sonrifsezaiy e zomprizag highepad iphbiearhiste a2k fwo pymone t he
il gvent | ONs 1064 HdS Thé gpo%tprc%hgisttﬁgbo% g%gc%? ‘é&%%o&%&s? rogig&{]rgctp%ogpkﬁzﬁei@, nvent hon
and surfactants.

With respect to the total amount of the slurry, the additive is

15 contained in an amount of 0.5 weight % or more and more preferable in the
range of 0.5 weight % - 5 Weighf %.

With respect to the total amount of the additive (i.e the total amount of
the additive is assumed to be 100 weight %), the preferred content of higher
aliphatic amide is 20 weight % - 60 weight %, thaf (;f glycol compounds is 20

20 weight % - 60 weight %, that of organic phosphate is 5 weight % - 40
weight % and that of surfactant is 20 weight % or less.

A tape having a surface portion made of a woven, non-woven, raised or
flocked cloth material comprising fibers with thickness 0.1pm - 5.0pm is
preferably used as the processing tape.

25 By a method as described above, a surface with no abnormal
protrusions exceeding 100A can be obtained on a glass substrate of a
magnetic hard disk and texturing line marks can be formed clearly and

uniformly on this surface with a line density of 30 lines/um or more.



characterized as having no .abnormal protrusions exceedi ng 100A, having an
aver age surface roughness exceedi ng 4A and preferably 7A or less, and
having texturing line marks clearly and uniformy fornmed with a |ine
density of 30 lines/mor nore. 15 Exanples of the kind of glass for the

gl ass substrate include soda linme glass having silicon dioxide (S Q2),

sodi um oxi de (Na20) and cal cium oxide (CaO as main conponents,

al um nosilicate glass having silicon dioxide (SiQ), alum num oxide
(A1203) and R20 (where R = potassium (K), sodium (Na) or lithium(Li)) as
nmai n conpBrief DescHptionidfithaliragtiags, |ithium oxide 20 (Li20)-Si Q2 type

gl ass, Li20-Al208-Si Q2 type glass and R O Al 20s-Si 2 type glass (where R
= magnesi um ( NGE; L6bpes @ '$u1§@¢90ﬁw¢1&mn£8ppawuba6¢i:m a@Bhpd ofs wel | as
chemi cal |y ¢ 'J&Q{O%ed type of glass obtained by adding zirconium oxide
(Zr@2) or titaniumoxide (Ti2) to these kinds of glass. Exanples of glass

to be used as HjgasH33ubstmalierdimdddl $f kAMBAd (I dd/dul8ira?s 4G 4de t hose
obtained by chemically carrying out a surface reinforcing process (by

i mrer §i ngteETHIRS 8TAeR% AR their vieyhwherdllupiineted ivdight hof maans sbak nol t en

It of [ Li: [ i trat . | agi ti f
The i ons" aren Pk ibabEp Al S SR B e BB DRt 47 ger i on

di anet er synd LaydtGdihpadsbrgEasmpidst ) DS agin@gad. crystal conprising a-crysto 8
halite (a-Si Q2) and |ithium dioxide (Li 20Si Q) may be used as gl ass
substrate. A glass substrate for a magnetic hard di sk according to this

i nventi o@egmggq%gﬁg%ng?d&%%%n?é&% texturing process on a glass

substrate. 5 Fi Joubl e- surface texturi ng appar at us,

al though a si nykkassuubsveatd @Xieusiodgcedpedoading tonBls imhewadn i@y be used
instead for the ,pu(&poijl(?iI of this invention. As shown, the.texturing process
is carriCRrBHUETEHY S8RV 2o gbreanal myetrustanspycensting 409Aahavipasm shown)

comect etk itete BRLCL, A0 MIGTEELL Dl 09 JRl e ! o7 10

rotate the glass 10 sub 1'on’ o . While slurry

i s suppl i leabvingtexthoidy lirssmhakesleaflytdne @hidsenlybshs@ivethls linbraeueitys! urry
nozzl es éﬁ’%ﬂg{ioc ssing tapes 14 are pressed onto both surfaces of the
gl ass suldStTat AR BYGh cont act

15 Examples of the kind of glass for the glass substrate include soda lime
glass having silicon dioxide (SiO»), sodium oxide (Na20) and calcium oxide
(Ca0) as main components, aluminosilicate glass having silicon dioxide
(8102), aluminum oxide (Al203) and Rz0 (where R = potassium (K), sodium
(Na) or lithium (Li)) as main components, bOI‘OSi].Vi‘CE‘!.te glass, lithium oxide

20 (Li20)-SiO2 type glass, Lis0-Ala03-Si0s type glass and R'O-Al203-Si02 type
glass (where R' = magnesium (Mg), calcium (Ca), strontium (Sr) or barium
(Ba)), as well as chemically reinforced type of glass obtained by adding
zirconium oxide (ZrOs) or titanium oxide (TiOs) to these kinds of glass.
Examples of glass to be used as glass substrate of this invention further

25 include those obtained by chemically carrying out a surface reinforcing
process (by immersing a glass substrate in a heated molten liquid of a mixed
molten salt of potassium nitrate and sodium nitrate and replacing a portion
of the ions on the surface of the glass substrate with ions having larger ion

diameters). Crystallized glass with principal crystal éomprising o-crysto-



rollers 11 and caused to run in the directions of arrows T. After the
texturing process, a washing |liquid such as water is blown 15 onto both
surfaces of the glass substrate 15 through washing nozzles 13 to carry out
a washing process while the glass substrate 15 is caused to rotate
continually in the direction of the arrow R The slurry conprises abrading
particles and a dispersing nediumfor these abrading particles. 20
Abradi ng particles nade of artificial dianond obtained by a shock nethod
are used. Explained nore in detail, artificial dianmond particles with

average dhARl(@rSIOnd 29RM AMxdE O POVRIY nRlid fleasadldse! ust er
m- 0.2m

particles wth average dianeter 0.05 hat are séecondary particles
conpri si ngnhsheste. artificial dianond particles are used as the abrading 25

e agol omer at SEVYF SOSHAL (7 BPEPCH BROR-NACYIATEL DOBNEVROGR hor [ n
the form pfp:adReditb e carlfrigthtdh teR¥hMhE IR RISelass SRt fAbI Mary particles

that formthe cluster particles are préssed onto the surfaces of the glass
substrate by rlignd sbpwsha gxasuds of dgublepesfacandxturnmsagfardfugr ooves t hat

are to be he texturi ine .marks are thereby formed on .9 the
sur f aces %ﬁﬂgﬁhgls}%g)siegﬁggg? g%uﬁntgﬁpéj%ﬂusi (ﬁf’{e%l&) IP?IYg’Et‘\ﬁE@:n. In the
meant i me, iﬂsb@&foﬂ%h@ﬁu?ﬁdsfeic@tﬁﬁ_ihk}@ﬁtié‘ﬁ.e A gssed BBk Oxtbeigsiwokages of the

glass substrate with an excessive force are broken up into snaller cluster
parti cl escargiedgnitiharsptidag ai Bhessubstirase ASentheshalr (dkeshupnamnniecieds oper at e

on the 5 surfiaces._of the,gl ass.sulhstrat l.ear texturi | j ne, marks can be
f or med u?ﬂ%g%'%?g/m&&%ﬁ a?(illghesrﬁﬁﬁﬁ% §vgte ﬁﬁe&BV%Fs@c’ GQEP%}%%t g}?&ﬁt form ng
unvwanted s@staiteNesn the dtdition W0 hefHw Rl WIS MBhhshis Phid B YoR8Hot k! €S

operate on the surfaces of the glass substrate Wi th ‘an approxi mately even

force, thdgdacesekthe elags subgrater ksthrangheldwy modzles é8s pypcessdngibidesr M y. 10

The abr adi ] d the k thod ,( al k
2 the oxot PRl R RBRBITALEER: b eher OSUR B Rl nebfeny "
Publ i cat i syileFol i aind2Q08ed 868 A6 in AL Tditiéhd 6F dridws ghock method, after a

di anond material conprising graphite powder is conpressed at a high
er the texturing process, a washing liquid such as water is blown

15 onto both surfaces of the glass substrate 15 through washing nozzles 13 to
carry out a washing process while the glass substrate 15 is caused to rotate
continually in the direction of the arrow R.

The slurry comprises abrading particles and a dispersing medium for
these abrading particles. .

20 Abrading particles made of artificial diamoﬁd obtained by a shock
method are used. Explained more in detail, artificial diamond particles with
average diameter Inm - 20nm that are primary particles and cluster particles
with average diameter 0.05um - 0.2um that are secondary particles
comprising these artificial diamond particles are used as the abrading

25  particles and are dispersed in_the dispersing medium.

The cluster particles are agglomerates of 5-20 ai‘tificial diamond
particles bound together in the form of a bundle. During a texturing process,
small primary particles that form the cluster particles are pressed onto the
surfaces of the glass substrate by means of the proceséing tapes, and lines of

30 grooves that are to become the texturing line marks are thereby formed on

9



tenperature by providing a shock, inpurities are renoved so as to obtain 15
artificially produced dianond. particles. By this nethod, dianond particles
with density in the range of 3.2g/cnB - 3.4g/cnB (as conpared to the
density of natural dianmond which is 3.518/cnB) can be artificially
obtained. The rate at which abrading particles are to be contained is 0.02
wei ght % or over with respect to the total amount of the slurry. If the
content 20 is less than 0.02 weight % it is not possible to obtain clear
and uniform texturing line marks. Since no significant change can be

obtai ned i1, LigacdWIRRE o0 ﬁ%ﬁ&tﬁﬂe’\%ﬁh'sﬁ%ﬁﬂﬁ%ﬁxﬁig‘f) iNRRRE.

roughness by increasing e content of I ng partlc eyond 3.0
wei ght % nidanitsngrteé eh&béxepamlclese:&lat hee gpeed bhtd theafurfdees of)ttteeg’lhss)f t he

abr adi ng rticles, t 3.0 weig %in 25 order to mt the cost. of the
abr adi ng ggb%tr%ﬁe guit &%C%%‘f E%P arpﬂ%r gﬁ%&@rl&%@m 8y ehstesinrtisles wat er

and an add} biweary Iéﬁg'ah'dvs@ncec%gé b?(ﬂ&lﬂl}%gﬁf'tft&!a 4 tEoamhde and at

| east two selectéd fromthe group consisti conpounds, orgam c
phosphat esm&fawssafrthacgl@ﬁtsstbsﬁh@ r:htae tattunhigching henrls spebsifagnededi umis to
be cont ai ne nore with respect to the total anount

of the sl tf §’ ?1‘635 tﬁﬁ Suﬁtl@g%q g&%ﬁ‘f‘t”@ﬁ%‘% uEéor@HPglurWr&ﬁ t he
surface 0501*&9&1&' §§%tﬁé&b§*51rtﬁat @111%@\! %‘fhaﬂe} PR &t Mlcﬁi's% e QN €

di spersion mediumis used, it is preferable to set He upper%flmt of the
content ofurfhcesdifépectisssubstttenvith & Spmwixghttely | even faxderthese limt the

cost of the,sl.urr her hat I.c ion as a process
accel erat tggggt}{%e I&Pﬁ%%a&’eli’ee*oﬁﬁ gd‘f"ﬂ' §B§é16’33§?mﬁ3he procesgl ng. Exanpl es
of hi gher al | PTBE iaBralThe Pardiflat o e%{rda%c@&ﬂ%%@%b%' 46k A &hed 2ok4

di et hanol am de, stearic acid hanol aim de, lauric acid diethanol
am de, ri bhewnias theieaplisamhshvok nzethdd) sudhi s disrciosed sofampane Pajeitde,

ersinic a dieth tall hatic.lo Cld i et hanol
ani de. gsghcattl ?ﬁ%a%ﬂggb]d%%gﬁ C@F@“ﬁ%@ftg‘?sr%Hmk Oiia’t‘ eHE whi ch
hi gher al HRhabh & itk A8Scon $ridifg RearIont sbRady g%dﬂp&@édr@&gﬁlg@f 20 veight %

-60 weight %of the total anount of the additive. If the rate of content
is | ess tHMPARIWES ‘@hprf%ldllﬂg@ Proskegspmgtisp esdrdeoEie® a0 dbdswxl If it

exceeq§ GQrtV\ﬁmg.ﬁy pr uceﬁocﬁamongr O%ﬁ‘lsels O%Sy t(hl@zne%od %ear%[)g& particles
with density in the range of 3.2g/cm? - 3.4g/cm? (as compared to the denmty of
natural diamond which is 3.51g/cm?) can be artificially obtained.

The rate at which abrading particles are to be contained is 0.02
welght % or over with respect to the total amounf of the slurry. If the content

20 is less than 0.02 weight %, it is not possible to obtain clear and uniform
texturing line marks. Since no significant change can be obtained in the
number of texturing line marks or average surface roughness by increasing
the content of the abrading particles beyond 3.0 weight %, it is preferable to
set the upper limit of the content of the abrading particles at 3.0 weight % in

25 order to limit the cost of the abrading particles to be employed.

The dispersing medium comprises water and an additive. The additive
comprises higher aliphatic amide and at least two selected from the group
consisting of glycol compounds, organic phosphates and surfactants.

The rate at which the dispersing medium is to be contained is 0.5

30 weight % or more with respect to the total amount of the slurry. Since no
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15 G ycol compounds have affinity with abrading particles and hence
function as a dispersant. 3 ycol conpounds al so serve to prepare a uniform
di spersant because they have the effect of reducing the viscosity of the

di spersant when the di spersant is prepared. Since they also have affinity
wth water, the glass substrate can be washed efficiently after the
polishing 20 process. Exanples of glycol conpound that can be used incl ude
al kyl ene gl ycol, polyethylene glycol, polypropylene glycol and diethyl ene
butyl ether. The rate at which egcoI conpounds are to be contained is in
t he range addi tive.
If the ra?lgﬁlof%%ng\gﬁ% Caﬁb(fsess t g%g\%\%%fgﬁttgﬁh% %gggol sptél‘rafg? %Jr;?h

char act erifsnome tthantﬂ:@mhg}w%rm@d%)epaonimécham & wadeitdepyefafdldetedet 1 it
exceeds 6 vvel % it become 5389' fficult to formtexéuri_' | i.ne marks

clearly. eé'lﬂﬁgscifﬁg? gentg thredepartioR mesiuR T O Meisly % AR gener ati on

of abnormer%gﬂlggh@%t@%essltu@g} are formed by polishing debris and
becone attached to the surface of” the glass substrate) on the substrate

surfaces. 30 THeghearadipbstiorsnidbt fimmibrbys a@pdmss ag:eberhytdmagahleaifom of
phosphoric_agid.. H3 th alk al | npl es of organic
phosphat e® (Ecﬁ%tr Jﬁhgép?&%ﬁﬂﬁé}raﬁsﬁ}g S}I'[%’é‘i Ye§aﬂ?§“é ’é’j’@ﬁ’&ﬁn&l@al ts such
as phosphgdsm&f be Eﬁipﬂ@j}@deihbwd%rlﬂel@%@/d BRRERLAALHE e, &QQﬂE%E@ at which

organi c phosphates are to be contained is in the range o wei ght % - 40
wei ght % @ietharoltegnide, Buaenend dpfthahe addle mmoridacucﬂadmhandmmm | ess than

5 wei ght 0/ abnor mal r.ot rusi ons beco kel y appe f..i1 exceeds 40
el ght 9 PERRRd o R AR, PRk ar At R ok ibaliplais

Sur f agd anﬁ@dmahbpaﬁﬁaeeci‘h@e WRNVE NG 18 a‘%bﬁ@%&é E?&e%ﬁabﬂ‘ﬂé ty of

abradi ng particles. Exanples of surfactant that may be used include 10

noni oni c kate adnvhiah @@wfﬂm}m}m@mﬂiﬁe aratebatomaindd sunfthetrangsob2® to be

cont ai ned_jis,2Q b ess thet t he, addi ti ve.
Slurry may ei%l% A\(l)@u‘% 0/0 {}‘f ’ﬁﬂ?ﬂboéfgﬂetaradg]?@%e 't gt\%ﬁtrépa 0‘gfjurt her
addi ng th@mb@t ‘et dr wW@@mr% Sﬂh@q;ﬂabéﬂaﬁ{g @éee%tcbxﬁeéeaodl%wﬂm%ﬁt | east

two selected fromthe group consisting of gl conpounds, organic 15
phosphat egxcapds §9meaghtalt sbrmvehal irpiriusiprsHBpir x&gmwmtadh a hono- m xer-.
15 Glycol compounds have affinity with abrading particles and hence

function as a dispersant. Glycol compounds also serve to prepare a uniform
dispersant because they have the effect of reducing the viscosity of the
dispersant when the dispersant is prepared. Since they also have affinity
with water, the glass substrate can be washed efﬁciently after the polishing
20  process. Examples of glycol compound that can be used include alkylene
- glycol, polyethylene glycol, polypropylene glycol and diethylene butylether.
The rate at which glycol compounds are to be contained is in the range of 20
weight % -60 weight % of the total amount of the additive. If the rate of
content is less than 20 weight %, the dispersion characteristic of the abrading
25  particles is adversely affected. If it exceeds 60 weight %, it becomes difficult
to form texturing line marks clearly.
Organic phosphates have the function of controlling the generation of
abnormal protrusions (burs that are formed by polishing debris and become
attached to the surface of the glass substrate) on the substrate surfaces.

30 They are esters obtained by replacing a hydrogen atom of phosphoric acid
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A tape of woven cloth, unwoven cloth, flocked cloth (having hair known as
piles attached to the surface) or raised cloth with at |east the surface
portion (or the portion that contacts and actually acts on the surface of
the glass substrate) conprised of fibers with thickness in the range of
0.1m 20 5.0m may be used as the processing tape. If the thickness of these
fibers is less than 0.1m the contact between the fibers on the surface
portion of the polishing tape and the abrading particles in the polishing
slurry dimnishes and the abrading particles cannot act on the surface of

the gl ass(EOHrALR al]%llfofriaﬂgr?rg,{fddb.eﬁiaﬁﬁ%ifg%lf)ﬂrgoa}ﬁ?ggo%I b hAGmhine marks

cannot be fornmed clearly. 25 I'f the thickness ers exceeds 5.0m
on the ot heusedieiludheliphatic salits fed encestiansing stdteas phesghates ofi ng t he

surface partion . of. the processi tape increase . and texturi | i ne marks

cannot bepf’%P ﬁ’é‘?}fgﬁ}ﬁnﬁ&‘:ﬁ\y&’ Ohgger‘s 33’!’3'&1'@@8 8F WiHeh gegnic B K%

Conpar i sofrd f5bé coMthihe@dkih e Q%E%ebé‘f BebldGht 3 v xve‘égm\?v)%%%tﬁ;f ¢sth) 30 Exanpl es
o 0

1-15 and Conpari son Exanples 1- be descri bed be with 12 dispersion
nedi a havRrguat pf Brepddisivapokithe oortenbis leas tydmf vaighta%t ebarmialg  process

on the surf f..gl ass;.substrates (w.th di er .of 2.5 .inches and

t hi cknesspgﬁ%ﬁ%gg%%o% ggéﬁy:ta@gpp%.e 1% X eeag?‘é VISRBRE B HBSCPRRERi 1 1 or -
pol i shed atfdctilddo dorswitéAGLinkdint AhekddeRfIpcess carried out, having an
average 5 surface roughness (Ra) of 2-5A were used for these tests. The

texturing procBEgciaass baye thajeffret obymmgivimg thredidpetsien sapdtaliy <fur f ace

processin J h in Fig. nd_under the conditiQns shown in
Table 1 bgP%a\;%\ﬁRg%)gg%ge%’ %:‘l))v{éa Ii’%%&?%%%@a%’fhﬂgﬁ%%}BEGBEEE%@BS%OO rpm Travel
speed1of poRLESSIIYahitpee SuldadtASHReSTRE ButLat WRIANRSE @hnsQlrk 86 $e45 duro
Tension in tape 11 |bs  Oscillation frequency 5.0 Hz Supply rate of slurry

15 m / mi neRaimdsisedsyeight Pner lees sbwnigsaliomount of the additive.
' Slurry may be produced by adding abrading particles to water, further
- adding thereto an additive comprising higher aliphatic amide and at least
two selected from the group consisting of glycol compounds, organic

15 phosphates and surfactants and stirring the mixture with a homo-mixer.

A tape of woven cloth, unwoven cloth, flocked cloth (having hair known
as piles attached to the surface) or raised cloth with at least the surface
portion (or the portion that contacts and actually acts on the surface of the
glass substrate) comprised of fibers with thickneés in the range of 0.1um -

20 5.0pm may be used as the processing tape. If the thickness of these fibers is
less than 0.1pm, the contact between the fibers on the surface portion of the
polishing tape and the abrading particles in the polishing slurry diminishes
and the abrading particles cannot act on the surface of the glass substrate
sufficiently effectively. Thus, texturing line marks cannot be formed clearly.

25 Ifthe thickness of the fibers exceeds 5.0um, on the other hand, the step
differences among the fibers forming the surface portion of the processing
tape increase and texturing line marks cannot be formed uniformly on the
surface of the glass substrate.

Comparison tests were carried out by using slui'ry samples (Test

30  Examples 1-15 and Comparison Examples 1-7 to be described below) with
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In each of Test and Conparison Exanples, artificial dianond particles
(primary particles) with average di aneter 20nm or | ess produced by a shock
met hod (expl osion synthesis nmethod) were used as abrading particles. The
average dianmeter (D50) of the cluster particles (secondary particles) 15
conprising these artificial dianond particles was 0. 111m Also in each of
Test and Conparison Exanples, a tape of woven cloth with thickness of
700pm conprising nylon fibers of thickness 2. 0pm was used as the
processing tape. Measurenents of the follow ng four kinds were nmade on each
of Test @@&M@uﬁpﬁaﬁﬁgm@ﬂ&%m %Qmiaaém%hg%zccafr%ﬁ I GrRR6ARE: (product
nanme: D nension 3100 pr oduced Digital Instrunents Corporation) was
used to rRSEAseON e Slaﬁ@eagégbgﬁﬁabﬂ:ramﬂdm@s@a@mw of 2.6 hechgisagsl substrat e

after thet xturl e 2 t om orce m.crosc roduct nane:
Di ensi ort 08 6BBisRc sy e G iR theh ST BT S R ORAE o) vas. Used
to measurgslidhed ahd WEKE Bl Be t@horinf (HLBNGS aCFBR VLt RBINEE BInavBidde and a

valley on the glass supstrate after the texturing process. (3) If abnornal
prot r usi mﬁqq&gpuﬁhm@@dﬁa@oﬁ%ﬁx wexe pyedsfonthene tehts. Ehe featering t he gl ass

substrate h Xt urin I OCES the ass bstrate . 5 is considered
def ect i vep %ﬁ caar e(ﬁ1 ki bf’glbﬁp’éggﬁ aﬂﬂblg Sb’gk ER]P G REACSEIRE  |f there is
no such a@pﬂrﬁﬁls FHoRr USFRN.1 éﬂhﬂ&@&%esdéhaiticﬁ{sesﬂo%rpﬂf@éﬂerl%lonOOd and
indicated in Tables 4 and 5 bel ow by synmbol "0". (4) Conputer inmage

phot ographs of the surfaces of the glass substrat es after the texturing

process wpLg ijnspected to judge whether 10 texturing line marks are clearly
and uni f or v forned with a line density of 30 lines/pmor nore. The

i nspect i ORot&@RnaBEFdeAhiQiissnbEtiatgd ah3@nrbrheal observation apparatus

- (product| Tafe Dy RR=SIVAE Co. Inc., using netallic
hal i de LBEYLLE Doggﬁ 5?1&[%%%:1%28) h §bﬁ£§§§%‘?§%ﬁ‘§, the use of this

. u .
optical pRsE] T appar attus—was—¢ eti—out—by—usi ng 15 phot ographs (with
a | ow 'E:?I?TI%I}AFFEQP about 4 ti-re Ishe surfacks of the gl ass

subst r at qul-latmﬁlmﬁnw/ light If 5z ng line marks are not forned
Supply rate of slurry 15 mUminute

Processing time 20 seconds

37

-
!
o
a
S
>

)
7
t

10
In each of Test and Comparison Examples, artificial diamond particles
(primary particles) with average diameter 20nm or less produced by a shock
method (explosion synthesis method) were used as abrading particles. The
average diameter (D50) of the cluster particles (s'éck;ndary particles)

15 comprising these artificial diamond particles was 0.1um. Also in each of Test
and Comparison Examiales, a tape of woven cloth with thickness of 700pm
comprising nylon fibers of thickness 2.0pm was used as the processing tape.

Measurements of the following four kinds were made on each of Test
and Comparison Examples:

20 (1)  Atomic force microscope (product name’ Dimension 3100,
produced by Digital Instruments Corporation) was used to measure the -
average surface roughness (Ra) of the glass substrate after the texturing
process.

(2)  Atomic force microscope (product name: Dimension 3100,

25 produced by Digital Instruments Corporation) was used to measure the

13



clearly and uniformy with a line density of 30 lines/pmor nore, the glass
substrate is considered defective and indicated in Tables 4 and 5 bel ow by

synmbol "X". If such texturing line marks are formed clearly and uniformy,
20 the gl ass substrate is considered good and indicated in Tables 4 and 5
bel ow by synbol "0". In Test Exanples 1-15, texturing processes were

carried out on the glass substrates by using slurry sanples with
conpositions shown in Table 2 given below. Test results are shown in Table
4 given below. 25 In Conparison Exanples 1-7; texturing processes were

carried omfax@fum Réight aFRreRSHRASD RN ebrS 2 NG Sl Yal3a Ph 85 Wakd _
conpositions shown In Table 3 given below The test results are shown in

Tabl e 5 gFuRstraieafigr the tegpriagprvesss. Pure Abrading Additive Higher d ycol

Organic Surfa nt |l & water.particles ali | ¢_conmpound osphat e
ami de W % wi 2r£§§§%%hfrﬁtwts ‘fnﬁl(k‘ﬂ?eé%‘h\ﬁnﬁfrﬁpr@%é‘ﬁ‘fw e{lﬂgn%ef al amount
of additisefacofuht pbissSubstraBaBor %@@x&aﬁ%ﬁ@oc@@s,%ﬁe 2028100t rhtL0 1. 00 45
25 20 10 .3 98.00 1.00 1.00 20 60 10 10 4 98.00 1.00 fOO 40 50 -- 10 5 :

98. 00 3. 08 cpraidepss defeclave gnd endjgaipd in Trblas $endd Blowdyxymbpl 887.00 1. 00
20 10 98 00 T Do 1oy Sobs R stunteint g disstntey St 10 120
96. 00 1. 0goodl. £ 2Mi6Red On TAbleb3 94d 8Qeclow By 3yRBoRAE0 10 10 14 98.00 1.00 -
1.00 20 60 20 (4) Computer image photographs of the surfaces of the glass

subst;'ates after the texturing process were inspected to judge whether
10 texturing line marks are clearly and uniformly formed with a line density of

30 lines/pm or more. The inspection was carried out by using an optical

observation apparatus {(product name VMX-2100, produced by Vision Psytec

Co. Inc., using metallic halide 180W lamp as light source). The judgments by

the use of this optical observation apparatus was carried out by using
15 photographs (with a low magnification of about 4 times) of the surfaces of the

glass substrates illuminated by light. If texturing line marks are not formed |

clearly and uniformly with a line density of 30 lines/um or more, the glass

substrate is considered defective and indicated in Tables 4 and 5 below by

symbol "X". If such texturing line marks are formeél clearly and uniformly,
20  the glass substrate is considered good and indicated in Tables 4 and 5 below

by symbol "O".

In Test Examples 1-15, texturing processes were carried out on the

glass substrates by using slurry samples with compositions shown in Table 2

given below. Test results are shown in Table 4 given below.
25 In Comparison Examples 1-7' texturing processes were carried out on

the glass substrates by using slurry samples with compositions shown in

Table 3 given below. The test results are shown in Table 5 givén below.
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15 98.00 1.00 1.00 50 30 20 Table 3 Conparison Pure Abrading Additive

H gher dycol Organic Surfactant Exanple water particles aliphatic
conpound phosphate amde W %wth respect- to the W %w th respect to the
total amount of total amount of slurry additive 1 98.00 1.00 1.00 100 - 2
98.00 1.00 1.00 -- 100 - 3 98.00 1.00 1.00 -- -- 100 -- 4 98.00 1.00 1.-00
-- 80 10 10 5 98.00 1.00 1.00 15 70 -- 15 6 98.00 1.00 1.00 -- 20 40 40
7 98.00 1.00 1.00 70 10 10 10 5 15 Table 4 Test Ra(A) Rmax(A) Rp(A) Mcro
Exanple max 1 4.51 64 00 2 4.7563 00 35266500 45.14 7300 5
492660'I‘§ble@4647000 74.78 68 00 85656300 95137300 10

5.69 84 114,60 76.0 Q 12 4. 82 75 0 0 13 5 02 65 0 0
Test Pure Abrading | Additive Higher Glycol Organic | Surfactant
Example | water | particles aliphatic | compound | phosphate
amide
Wt % with respect to the total | Wt % with respect to the total amount of additive
amount of slurry
1 98.00 1.00 1.00 60 - 30 10
2 98.00 1.60 1.00 45 25 20 10
3 98.00 1.00 1.00 20 60 10 10
4 98.00 1.00 1.00 40 50 -- 10
5 98.00 1.00 1.00 20 50 20 10
6 98.00 1.00 1.00 20 30 40 10
7 98.00 1.00 1.00 20 60 10 10
8 98.00 1.00 1.00 50 30 10 10
9 98.00 1.00 1.00 20 50 10 20
10 98.00 1.00 1.00 50 20 10 20
11 98.50 1.00 0.50 20 60 10 10
12 96.00 1.00 3.00 20 60 10 10
13 94,00 1.00 5.00 20 60 10 10
14 98.00 1.00 1.00 20 60 20 -
15 98.00 1.00 1.00 50 30 20
Table 3
Comparison | Pure | Abrading | Additive | Higher Glycol Organic | Surfactant
Example water | particles aliphatic | compound | phosphate
amide
Wt % with respect to the Wt % with respect to the total amount of
total amount of slurry additive
i 98.00 1.00 1.00 100 - --
2 98.00 1.00 1.00 == - 100 --
8 98.00 1.00 1.00 - - 100 -
4 98.00 1.00 1.00 - 80 10 10
5 98.00 1.00 Loo | 15 70 - 15
6 98.00 1.00 1.00 - 20 40 40
7 98.00 1.00 1.00 70 10 10 10
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14 4.81 77 0 0 15 5.55 80 0 0O Table 5 Conparison Ra(A) Rmax(A) RpWM cro
Exanple max 1 5.65 90 X0 2-1.93 450 X 3 2.76 40 0 X 4 3.80 70 0 X 5
3.08 49 0 X 6 2.12 40 0 X 7 4.70 88 X 0 5 Although texturing |line marks
are not formed clearly and uniformy over the surface of the glass
substrate if the average surface roughness (Ra) of the glass substrate is
4A or |l ess (as shown by Conparison Exanples 2-6 and in Figs. 4-8), they
can be forned clearly and uniformy if the average surface roughness
exceeds 4A (as shown by Test Exanples 1-15 and 10 Conpari son Exanples 1 and
7 and in fFepk-42, 3 and 4). This leads to the conclusion that a necessary
conditiopfor formng texturing line marks clearly and uniformly at a line
density of 364 | nefekm |[Fmanbe Re(A} o dEerpy |out a texturing process on the
surface pf Eéa“éﬁlés;_subctrat_e_w_t_h_axer_‘ggbﬁ‘surface roughness exceedi ng 4A.
15 Al t hough the ayefahd sUi*f ade Poughn s of the glass surface nay exceed
4A, abnofmal gorotru ons ceqdi 100A may be present (as shown 16 by
Conpari spn Exanpl ¢sg'], and -4) . |Ang nvestdgation may lead to the conclusion
that the|aversage sufénce rfughnegs gxceeded 4A and texturing line. marks
were formed g earlysend unjgf orjm yy by Cqyrpari son Exanples 1 and 7 because
addi tivegs comt ai nif ng7di|ghess alii platiic an de were used but that 5 abnornal
protrusi pns were alses flormad hecause the content of higher aliphatic am de
was too hi gh19é exceeding 603weiightd %of @ he,whole of the additive).

5.69 84 0 0

11 4.60 76 O 0

12 4.82 75 0 O

13 5.02 65 0 O

14 481 77 0 O

15 5.55 80 0 O

Table 5

Comparison | Ra(A) | Rmax(A) Rp(A) Micro
Example max

1 5.65 90 X 0

2 1.93 45 O X

3 2.76 40 O X

4 3.80 70 0 X

5 3.08 49 0 X

6 2,12 40 0 X

7 4.70 88 X O

5 Although texturing line marks are not formed clearly and uniformly

over the surface of the glass substrate if the average surface roughness (Ra)
of the glass substrate is 4A or less (as shown by Comparison Examples 2-6
and in Figs. 4-8), they can be formed clearly and uniformly if the average
surface roughness exceeds 4A (as shown by Test Examples 1-15 and

10 Comparison Examples 1 and 7 and in Figs. 2, 3 and 4). This leads to the
conclusion that a necessary condition for forming texturing line marks clearly
and uniformly at a line density of 30 lines/pm or more is to carry out a
texturing process on the surface of a glass substrate with average surface
roughness exceeding 4A.

15 Although the average surface roughness of the glass surface may

exceed 44, abnormal protrusions exceeding 100A may be present (as shown
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If slurry sanple of a kind.containing an additive by 0.5 weight %or nore
wWth respect to the total anount of the slurry is used and if the additive
10 conprises higher aliphatic am des within a range of 20 weight % - 60

wei ght % (that is, not exceeding 60 weight % and two or nore selected from
gl ycol compounds within a range of 20 weight % - 60 weight % organic
phosphates within a range of 5 weight % - 40 weight % and surfactants
within a range of 20 weight %or less with respect to the total anmount of
the 15 additive, texturing line nmarks can be forned clearly and uniformy

over a ghuSsmpubizbh Mol 1and Tie Aensidsyiofiodthdy RE4/GAROr NOre in the
absence of abnor mal t@r ot rusi ons exceedi ng %OOA (as shown by Test Exanpl es

1. 15 and comslusigpsthat tha @veyage surfassranghness:exaedded 44 aad fextiasingdinde f or med

clearly A | i.ne densi of . 30 -Lines or re on the
surf ace g@qu%fvgggs subegtz':?{?at’a\télll Y utnﬁ%rﬁlg’égﬁcé arLeh Wp{?gm’?’rﬂ% ons
exceedi ngheb@Ode alditiveethmchiningttiEEer AyRMNié ORidSwerdhomesht thatCLAIMS 1. A

met hod of formng a surface of a glass substrate of a magnetic hard disk
wi t hout abhfsEraL Pﬁ?@??@%&‘f?@@k@e‘%ﬁﬁﬁé beommedha chntanigf digleraver age surface

o face v TRt 8RR AGRTL BN 80 NIkt R0 L SRa1e thbRoa Compr i o1 ng

t he stepsadditivetating said gl ass substrate; supplying sl urry on said
surface of sailg | ass substrate; and 10 pressing a processi ng t ape-on said
surface of sai Sg‘}%§a’§mf‘s‘?fr%k@da‘ﬁﬂi1ta¥rﬂﬁ&iaﬁgﬁd§1aﬁl’de by 8cewsiahd % ape; wherein

said slur Il ragdi i ¢l rising.artificial .. di amnd
pr oduced %ér%%?%o%éﬁén%? Egggg%I gﬁ{(ﬁfg gg?g?%gl@n%}su%&%fi oarndslgiﬂ(sae agglrtgﬁi ng-
parti Bl esqongmiisksdtiphel aliplpetid amides Wrhhga ¢anjabMETweizan, agpunt of 15 0. 02
wei ght % or, % 'g/ith respect to the total ampunt of said slurry, said
artifici aVeigthiofaahi ook PeeedmesQyeighidohrndibve or move selegiad rbmt ar e

primary pg?lﬂ*&él(‘cl)ﬁﬁmﬁﬂés Wiﬂﬁﬁ%&a@%@&k%&)%ei%% b, aé’(?@v%?g%t%,%&ﬁfc 0. 05pm

phosphates within a range of 5 weight % - 40 weight % and surfactants
within a range of 20 weight % or less with respect to the total amount of the

15 additive, texturing line marks can be formed clearly and uniformly over a
glass substrate with a line density of 30 lines/nm or more in the absence of
abnormal protrusions exceeding 1004 (as shown by Test Examples 1-15 and
in Figs. 2 and 3). )

In summary, texturing line marks can be fbrﬁed clearly and uniformly
20 with a line density of 30 lines/um or more on the surface of a glass substrate

in the absence of abnormal protrusions exceeding 100A if a method of this

invention is employed.

17



0. 20pmthat are secondary particles conprising said artificial dianond
particles being used as said abrading particles; 20 wherein said dispersing
medi um conpri ses water and an additive, said additive being contained in
an amount of 0.5 weight % or nore with respect to the total anpunt of said
slurry; wherein said additive conprises higher aliphatic amdes in an _
anmount of 20 weight % - 60 weight %wth respect to the total anpunt of
said additive 25 and two or nore selected fromthe group consisting of

gl ycol compounds, organi c phosphates and surfactants; said glycol conpounds
bei ng contained in an amount of 2@IweiMBt % - 60 weight %wth respect to
the total anbunt of said additive, said organic phosphates bei ng contai ned
in an anount of 5 weight % - 40 weight %wth respect to the total anount

of said additiye, | i ont ai.n i e an _anmount of 20
wei ght % or Ie%s m?? $%%g8€%EE®%£?%gﬁ?g%gﬁg§%§ﬁﬁﬁbg$ggﬁ$ﬁi%ﬁgp?ﬁee; and
wher ei n shand disk frdtiwfabsardatpessusivhs txatings1 ok sed hwi-igoyt  abnor mal

protrusions exceelgi ng 10%A and wi th an average surface roughness 5
exceedi ngf AAREHFIHRSE ARG S %@eﬁ%ﬁ%%%df@m@a tewiureniye overkai d surface

with ali RV ' nar . The, nethod of claim1l
wher ei n slﬁalligg&gg?gnm Sr‘?g(fl Sgrg:tai[}%:ﬁg%{%ggg dggg{tgiorfle% hln%‘g/ rl?lérmg)lt?ﬁ?’ Sd?‘%éo. 02 wei ght
% - - 3. 0 . vieethud Gnmwridingébpetpstod the 10 total anount of said slurry. 3.
The net hod of C%ﬂﬁﬁﬁL‘ Q%ein said additive is contained in an anount of
0.5 wei ght % -*° 3 fstiaéPect to the total amount of said slurry.

15 4. The met hogpfingkRY bnWlRr Sbl SALa1 0GRS SLAG,Lapg pavi ng a surface

portion nade -of @ woven, nhon-woven, ralse h nmateri al

conpribsi ng fi eessing aiprobdsskipempe Onlyaid sufabpof s ghass Subkirutd @d using in a
texturing of .a gl.ss substrate of a magnetic hard disk to obtain a surface
wi t hout a%ﬁ%)rlﬂ% G POFTSIYNE@PEX ceedi ng 100A and havi ng an average surface

roughness excegikirdth ¢Adaldhrh QofDiiBel 8XFAHIHhE Sarticles comprising artificial
diamond produced by a shock method and a dispersing medium for said
abrading particles, said abrading particles being contained in an amount of

15 0.02 weight % or more with respect to the total amount of said slurry, said
artificial diamond particles with average diameter 1nm - 20nm that are
primary particles and cluster particles with average. diameter 0.05nm-
0.20pm that are secondary particles comprising said artificial diamond
particles being used as said abrading particles; .

20 wherein said dispersing medium comprises water and an additive, said
additive being contained in an amount of 0.5 weight % or more with respect
to the total amount of said slurry;

wherein said additive comprises higher aliphatic amides in an amount
of 20 weight % - 60 weight % with respect to the total amount of said additive

25 and two or more selected from the group consisting of glycol compounds,
organic phosphates and surfactants; said glycol compounds being contained
in an amount of 20 weight % - 60 weight % with respect to the total amount
of said additive, said organic phosphates being contained in an amount of 5

weight % - 40 weight % with respect to the total amount of said additive, said
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line marks uniformy on said surface with a line density of 30 |ines/Jimor
nore, said slurry conprising:-25 abrading particles conprising artificial

di anond produced by a shock nethod; and a dispersing mediumfor said
abradi ng particles, wherein said abrading particles are contained in an
anount of 0.02 weight %or nore with respect to the total anpunt of said
slurry; 19 wherein said artificial dianond particles with average di aneter
| nm- 20nmthat are primary particles and cluster particles with average

di aneter 0.05pm 0.20pmthat are secondary particles conprising said

artifici adurdh@apitbedag boetase BIrfan 8huaS of 8D Gl i e fAk1thGle8Sectd Wherein
sai d di spersing nmedi um caonprises water and an additive, said additive

bei ng contediseatal rmennid said addipive; @;@fﬂght %or nore with respect to the

total anount [e ses hi gher

al i phatic ani &ggéﬁ%gg%d;gmﬁaﬁtem@%?l%a thﬁ% (}e 18 éﬁ%@rﬁﬁ b}fw th respect to

t he t ot al alamwrl p@f)traaiods ad@hetdm@ 1048 aalrddzvitmn%ve Ca®Fh@CtRghheqm t he
compounds organl ¢ phosphat es and surfact ants;

f I
géf)gp C?Q%%cﬁt%%&%qa% tﬁemcgdmeaw S arg oanledrmufqmdf opGaikpgHaces - 60
wei ght %ME& Eﬁéﬁ‘é‘ﬁ%n} gf{%@ﬁngg/hgl oAIRynt of said additive, said organic

phosphat es bel ng cont al ned anount of 5 wei ght % - 40 weight %wth
respect to the total anount of said additive, said 15 surfactants being
contained in anglﬁ?t %WEI ht %w th respect to the total anount of
sai d additive %or gt mulyvléﬁremaaldwabmm@gmmgbs@rabram ng

particl es; i finef R z{}ﬁﬁuﬁﬁoﬁ]()@%'f@g‘? ﬁourryéw 7% pec tBlght % wi th

respect to the 20 total anpount of urry claimb
wher elin staital addutt efesaid sloang.ai ned in an  anount of 0 5 wei ght % - 5 wei ght
%wth respect to the total anmpbunt of said slurry. 25 20
3. The method of claim 1 wherein said additive is contained in an
amount of 0.5 weight % - 5 weight % with respect to the total amount of said
slurry.
15
4. The method of claim 1 wherein said processing tape having a
surface portion made of a woven, non-woven, raised or flocked cloth material

comprising fibers with thickness 0.1pm - 5.0pm.

20 5. Slurry for using in a texturing of a glass substrate of a magnetic
hard disk to obtain a surface without abnormal protrusions exceeding 100A
and having an average surface roughness exceeding 4A and to form texturing
line marks uniformly on said surface with a line density of 30 lines/um or
more, said slurry comprising: - |

25 abrading particles comprising artificial diamond produced by a shock
method; and

a dispersing medium for said abrading particles,
wherein said abrading particles are contained in an amount of 0,02

weight % or more with respect to the total amount of said slurry;
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ABSTRACT  METHOD OF AND SLURRY FOR TEXURI NG GLASS SUBSTRATE OF MAGNETI C
HARD DI SK  Texturing line nmarks are fornmed clearly and uniformy over a
surface of a glass substrate for a nagnetic hard disk such that there wll
be no abnormal protrusions exceeding 100A and the line density will be 30
~lines/[err]m or nore by rotating the glass substrate, supplying slurry, on
the surface of the glass substrate and pressing a processing tape on the
surface of the glass substrate and running the processing tape. The slurry
i ncludes abrading particles of an artificial dianond material produced by

a shock net hodwhaein dhignatFRelidiaotld PReFisled itk didrize AsahbRrabmadi ng
particles ficial . dianond particles with average dianeter 1nm - 20nm

that are %QI?E%W pER PTiEaE pandcles gt shuster panticles withrrveyesadiemfiteret er 0. 05
G arond parere S20RPEed ale oRRERNER PR LnaSh R TRI Bl LT 5 nel aes
wat er anddiamcadidpdritictestdratusednkaafibabidghepasidghat i ¢ anide and two or nore
sel ected fromthe group (ﬁgnsi sting of glycol compounds, organic phosphates
and surf act ant®herein said dispersing medium comprises water and an additive, said

additive being contained in an amount of 0.5 weight % or more with respect

to the total amount of said slurry;

wherein said additive comprises higher aliphatic amides in an amount
of 20 _weight % - 60 weight % with respect to the total amount of said additive
10 and two or more selected from the group consisting of glycol compounds,

organic phosphates and surfactants; said glycol compounds being contained

in an amount of 20 weight % - 60 weight % with respect to the total amount

of said additive, said organic phosphates being contained in an amount of 5

weight % - 40 Weight % with respect to the total amount of said additive, said

15 surfactants being contained in an amount 20 weight % with respect to the

total amount of said additive or less.

6. The slurry of claim 5 wherein said abrading particles are
contained in an amount of 0.02 weight % - 3.0 weight % with respect to the

20  total amount of said slurry.

7. The slurry of claim 5 wherein said additive is contained in an
amount of 0.5 weight % - 5 weight % with respect to the total amount of said

slurry.
25

20



