1 DESCRI PTI ON POLI SHI NG BRUSH, PCLI SHI NG METHOD, POLI SHI NG APPARATUS,
AND METHOD OF MANUFACTURI NG GLASS SUBSTRATE FOR MAGNETI C DI SK

Techni cal Field [0001] The present invention relates to
pol i shing brushes or abrasive nmenbers, and polishing nethods and
pol i shi ng apparatuses using the sane. In particular, the invention
relates to a polishtng brush or abrasive nenber, a polishing nethod,
and a polishing apparatus that are suitable to polish inner

peri pheries of glass substrates for small-di ameter magnetic disks,
and to a method of manufacturing a glass substrate for a magnetic

di sk and a nmethod of manufacturing a magnetic di sk. Background Art

[ 0002] As I T industry is rapicﬁ%ﬁ VEKﬁbed, dramatic

t echnol ogi cal innovation is required of information recording
technol ogy, particularly magnetic recording technol ogy. A magnetic
di sk nmount ed | ROAISHINGAEBRIBEH IO NGIMEGHOSY PORISHNGIAPRARATHE ANDI sk

drive (HDD), r i L es i o r.di it f e 40
to 100 ot 111 HirgiOB R FCTER e LS SisHs daARa ot pRR i BRY
capacity. [0003] Wil e substrates for nagnetic recording medi um
such as magnetic di sks, have conventionally been made of an al um num
al | oy, gl ass dlebistigahtiesl are bei ng t hought of as a magnetic disk
substrate suit@ﬂ? to increase the recording density. d ass
substrates have ¥ hi gher stiffness than alum num al |l oy substrates,

and are accor di nglghegitédeRbinferition MBSl Jofdld 1901l @R dbrabivaR@RBEAC
and polishing methods and pcelishing apparatuses using the same. In
particular, the invention relates to a polishing brush or abrasive member, a
polishing method, and a polishing apparatus that are suitable to paolish inner
peripheries of glass substrates for small-diameter magnetic disks, and to a
method of manufacturing a glass substrate for a magnetic disk and a method of

manufacturing a magnetic disk.

Background Art
[0002]

As IT industry is rapidly developed, dramatic technological innovation is
required of information recording technology, particulariy magnetic recording
technolegy. A magnetic disk mounted in an information recording device, such
as a hard disk drive (HDD), requires an information recording density of at least
40 to 100 Gbit/inch?, responding to the growing demand for high capacity.
[0003]

While substrates for magnetic recording medium, such as magnetic disks,
have conventionally been made of an aluminum alloy, glass substrates are
being thought of as a magnetic disk substrate suitable to increase the recording
density. Glass substraies have a higher stiffness than aluminum alloy

substrates, and are accordingly suitable to higher rotation speed of magnetic



2 di sk devices. Also, the glass substrate can have such a snooth
surface as the flying height of the nagnetic head can easily be
reduced. Consequently, the S/Nratio of recording signals can

advant ageously be increased. [0004] In addition, in order to

i ncrease the recording density of the magnetic disk, high processing
precision is required of the glass substrate, |nclud|ng not only the
mai n surface, but also the shape of the_peripheries. [0005]

Patent Document 1 |isted bel ow di scl oseé a nethod for polishing a
periphery of a glass substrate. In the nmethod, a circular glass

substrate havi circular hole in the center is imersed.in a
liquid abrasi &% ni Qﬁ%ﬁ&é@ E?B“T%?éﬂ‘f’é 65‘%\ $HEmoolh QUECE as ffifer

periphery of tfl}%g%%ﬁﬁof%ﬁ@ﬁ%@ﬁéﬂ@ hb§d9é?1'éa%hﬁ9e aeeuéelae bbﬁ’é& qderthrBsi ve

by rotation with™a polishing brush or a polishing pad in contact W th
t he subst r at e.S/NOS®G]f recording $iginpls dab ddvamtagmosly Oadicraasedv of a

pol i shi ng appath[ﬂ)%‘ts illustrating the known polishing nethod. In Fig.
10, reference ral 60 designates a glass substrate for a nagnetic

di sk as an obj ect |4 gidRdnPRldrghedlincRise ﬁe%@bﬁlﬁ@@&]sﬁ@%h@ﬁﬁ@mm' ng
many gl ass substrates 60 inmmersed in a |liquid abrasive; 65,

rotatabl e suppughpreessainabtegisionppmauierpftireiassosbsteate lmmm od2, a

l'i shi b t.ed he, h d d by th h
of the Stack gfe DB HiRy bILAS er MRt M oo eh o5, & i quid

abr asi ve cont q@mL containing a liquid abrasive. The substrate case
61 has a liquid rasive flow path 70 t hrough which the Iiquid

abrasive flows betRasem Dtoh@'n@!tﬂsiistfé beiow disntoses §ingpghasifon ppdishiage, at an
appr opr! ate | %‘éﬁptﬁ@?&l t gss su-g§t? th Ot|ﬁt1hae3!~,§th§&1% c?rﬁﬁiaesqi%sgtsugar%%a%?n W th

a rotation sh andls ro riving

to rotate in tdwrcilathble ARkl E@*ﬂ@r@mrﬁl@ré@ﬁhlaqiﬁﬁad\&bia@w@cbﬂbmnlgon dri VI ng
device 67. The polishing brush 62 is connected to the rotation shaft
of anot her r otSHEREHACHAPrGSINIQIGi sl tBe inngr pegiphery OhP @IRSE AURSHate’s ght

mechant am ( noP Ssun) 1 A44E Borak 08 P L RHAR PRGN ofoer s BER

brush 62 on t padimndeatacpeith poeubamte)f the gl ass substrates 60 and
al l ows reciprocal novenent of the brush along the rotation axis.
Convent i onal Fkhing i s perforned using such a polishing apparatus

by rotating the rqi@%t?é £ sSHBRANVew R o ﬁs%{hﬁa&?g}aitﬁmldggam&{ﬁgk%ﬂ n,

for exanple, directions opposite to e
polishing method. [n Fig. 10, reference numeral 60 designates a glass

substrate for a magnetic disk as an object to be polished; 61, a substrate case
accommodating many giass substrates 60 immersed in a liquid abrasive; 65, a
rotatable support rotatably supporting the substrate case 61; 62, a polishing
brush inserted in the hole defined by the inner peripheries of the stack of the
many glass substrates 60; and 68, a liquid abrasive container containing a liquid
abrasive. The substrate case 61 has a liquid abrasive flow path 70 through
which the liquid abrasive flows between the outside and the inside of the case,
at an appropriate lower position. The rotatable support 65 is combined with a
rotation shaft 66 and is rotated by driving the rotation shaft 66 to rotate in the
right and reverse directions with a rotation driving device 67. The polishing

brush 62 is connected to the rotation shaft of another rotation driving device 64



[ 0007] [ Patent Docunent 1] Japanese Unexam ned Patent
Application Publication No. 11-221742 Disclosure of Invention

Probl ens to be Sol ved by the Invention [0008] As an
information-oriented society is growi ng, demand for |owprice
magneti c di sks having a high recording density is increasingly
rising. The peripheries of the magnetic disk are also required to be
snoot her and to be processed with a higher precision in a shorter
time, and subsidiary naterials require Ponger lifetime. [0009]

In addition, the above-nentioned hard disk drive is increasingly and
rapi dly spreadi ng i.n so-called, nobile applications, ¢ch as cel lular
bhones” por soddi Saign e St g Heiss SramRps. Hiep. Berpolilipreiie

systens, as W§lak a28mREHANERUASERoNA) RARERBS e YR &F & -theahdligRing he
space for nounting a hard disk drive is limted for such nobile use,

t he hard di sk hiwsh& drsthe enei pesigheriesing thergidsk salsstratsls|60zmdradews ri ng t hat
e, TRAnett o o Sl Belh SRS BRSO
f\gfg{ ?i/gglyy 4%%1@49‘. i§ pEéTined akiRy BUAPLSSEniNG hsthr A0 E0 P FoRtihg Enel BRLR
support 65 and the polishing brush 62 in, for example, directions opposite to
each other.
[0007]
[Patent Document 1] Japanese Unexamined Patent Application

Publication No. 11-221742

Disclosure of Invention
Problems to be Solved by the Invention
[0008]

As an information-oriented society is growing, demand for low-price
magnetic disks having a high recording density is increasingly rising. The
peripheries of the magnetic disk are also required to be smoother and to be
processed with a higher precision in a shorter time, and subsidiary materials
require longer lifetime.

[0009]

In addition, the above-mentioned hard disk drive is increasingly and
rapidly spreading in so-called mobile applications, such as cellular phones,
personal digital assistances (PDA), and car navigation systems, as well as
being mounted in personal computers. Since the space for mounting a hard
disk drive is limited for such mobile use, the hard disk drive is required to be
small as well as requiring that the magnetic disk have a high shock resistance.
Hence, the magnetic disk used in the hard disk drive is also required to be small.

Accordingly, magnetic disks are proposed which are smaller than a relatively



smal | nobile-oriented so-called 2.5-inch disk. These still smaller
magnetic disk include a 1.8-inch disk having an outer dianmeter of 48
nm and an inner dianmeter of 12 mm a 1-inch disk having an outer

di ameter of 27.4 mmand an inner dianeter of 7 mm and a 0.85-inch

di sk having an outer dianmeter of 22 nmand an inner dianeter of 6 mm
[ 0010] As the dianeter of the magnetic disk is reduced, the

t hi ckness of the disk substrate is reduced. While a conventional disk
substrate has a thickness of, for exanple, 0.635 mm a magnetic disk
havi ng a reduced dianeter is required to have a thickness of 0.581
mm 0.381 mmor_|ess. [Q011 e gl ass _substrate for a magnetic
TSk, whi oh hetnal TPRHIB BT stealer 2BIacE R JB8F 1 ctehe Stase B s
that its inneringgdd PNBNNehREKIHalhE B8 Buleha@maRs bf fKmaNRRaNaMNE a
mrror-snmooth state with a superior dinmensional precision. In

addi ti on, thoghargtasy 18uysta hinek diskhaviegareviter damkter ohdiidchmeaand an

finished in high quality with smal]_ variation anong.th ar
Fequired to b Aparat £t aila s Bt 35k BRI GBI T 22 e
many gl ass subghr-aties idref digmerebi €mei. sks are manufactured by the
known polishing nethod as disclosed in Patent Docunment 1,

unfortunately [B®%@]resul ting gl ass substrates have large variations in

i nner periphery sh nd di si onal ..pr.eci si pn nd, t he inper .

bor oot oo camnot b G A<t TEMe AR SHSOs B Bed, e nhRRoskBREe ai

def ective subsiubgifsisiByucee NeMRY Kefhveltishaldik sOb&iRishasthidkeesdiosposed
of . Consequently, the cost is undesirably increased. [0013]

Accordi ngly, d9r eYBnete: 0@‘35 B agpagieg digh _ ' _Q)Wdii@dtcﬁﬁ"?ﬁ@\ﬁ tReluiged
o S 9 I SR PRSPR AR TSR
i nner periphengniof a gl ass substrate for a

The glass substrate for a magnetic disk, which has a reduced diameter
and a reduced thickness, requires that its inner periphery be finished in a
desired shape and a mirror-smooth state with a superior dimensional precision.
In addition, those glass substrates for magnetic disks, which are finished in high
quality with small variation among them, are required to be stably mass-
producing at a low cost.

[0012]

When many glass substrates for magnetic disks are manufactured by the
known polishing method as disclosed in Patent Document 1, unfortunately the
resulting glass substrates have large variations in inner periphery shape and
dimensional precision, and the inner peripheries cannot be finished in a highly
smooth state. Some defective substrates may be reworked, but the others
must be disposed of. Consequently, the cost is undesirably increased.

[0013]

Accordingly, an object of the present invention is to provide a polishing

brush or abrasive member, a polishing method and a polishing apparatus that

can efficiently finish, particularly, the inner periphery of a glass substrate for a



5 magnetic disk into a high-quality state at a | ow cost, fromthe

vi ewpoi nt of responding to the demands for nmagnetic disks, whose

dianeter is required to be reduced with a high priority, to increase

the recording density and reduce the cost. Another object of the

invention is to provide a nmethod of manufacturing a glass substrate

for a magnetic disk and a nethod of manufacturing a magnetic disk

that include a polishing step using the polishing nethod to prevent

probl ens resulting froma surface stat e®of the inner peri phery of the

substrate, and that thus can achieve a high recording density. Means

for Solving the Problenms [0014] The inventors of the present

i nvent i on have"3¥iEHudishigio spehraviey sI3R&} a faur §95h &P 1B vigwge!y

substrate havi nekl ' i < ITB faces
r@%o?glﬁgﬁd mggﬁhnagfafb} m @(ege BRks Wrke a.gmteféﬁ |sqg%ﬁe§%

and two chanfers ernmedi ate faces or med between the ripheral
wal | and t he fheoaducaddvithedighmioritystorificaeass thesrepording sisesity layd tdupick thewn
pol i shi ng net hod, ?otp or . ei tgler_ of the two ccpam‘ ers d@ﬁs ?ot )
finished in af°3pprey PrROECE AR VeI IHaPr9Y e|f’s'"”8‘ih'F"_r‘P PRURAINEG sh
the periphery gysaubin@ld wr 8 RELQiIcHRARd a ThanR SFRAHUIdCRYIRG B ManbRy e

al so found that those problens are noticeable in glass substrates
havi ng smal | erdigkriinadinodlidaragiotistsng $ep tdieg W pelishingenéthadiotpoevent ound t hat
when many gl ass substrates, are stack apd are simultaneous

ol 1'shed. ¢ he ORI AR Bt HiaPLge Jufr Bt PORY o TeairTe
state anong t hegumHeeus b8 achiév@lagh re_cordinyb%nﬂgl i shing brush used in
t he known polishing nethod as shown in Fig. 10 has a structure in
which a bristle called a channel brush prepared by arranging a

plurality of istledmterjals, in parallel and folded at the center
and pinching t eea”?éqrfrég"rl%b? IDBOR‘GH? a long netal nenber is wound

around a roundpdi@yl i ndrical) axis and wel ded. Since the axis requires
such a stiffness that the 6 channel brush can be wound around, the
di aneter of the axihg irvgniest ofifee preskrit swemntipamavatoysd Hiahyhen thedngdl i sh a

| bst havi ' - dj f.1h
Bristlo must BEH N Ok AadRbriddfelng  ATENER walFerpiofly flmp ©
reduced. Thus,mdit sieees®sd Wiofchamidrd (internfddritesiacéd) orpet bplaeey tHen a

hi ghly smooth state. In particular, the polishing brush cannot work
effectively o@eﬁprﬁl@%”§D%§'\erf@ﬂéaﬂﬁfaf\?ﬁfd'@a'ﬁﬁu'ifﬁ‘ﬁ¢éﬂ5 RIPERTEeERY 19 kKBWUt 6

to 7 mm In a GFiéhiin%r}n%tﬁgb? blS{P:%%itnP@P'ot ﬁgingg?mé#agdagéna n‘ﬁﬁﬂé& f'ﬁ“q\‘h out er

dianeter in the axr’s diréction. ishrn rush has a 1 arger
di anet er than sppeptineehapzi ametherit iokiffidak tofidssthe pbgiheatie a highey

pol i shing brush ocg(tgefi es_a larger volume of the hole definjing the

i nner di amet eSMOAREHHE nfieyPreseAbinYis Nge dismirepd that Bespotroblgds Atfer ed

to the pert PNGbYccaYRM LIBRSPALS AMMAEPRRL AR FirbRfore,
polishing brush 1s reciprocally noving. us, varirations iIn
processi ng qudtd inyentres &owed thadbyhen manpglass subpdidbire stacked and are
simultaneously polished, the inner peripheries have large variations in surface
state among the substrates.
[0015]
The polishing brush used in the known polishing methed as shown in Fig.
10 has a structure in which a bristle called a channel brush prepared by
arranging a plurality of bristle materials in parallel and folded at the center and

pinching the folded pertion by a long metal member is wound around a round

{cylindrical) axis and welded. Since the axis requires such a stiffness that the



The present inventors have conducted intensive research on the basis
of the above-described findings, and acconplished the invention.

[ 0017] The present invention has the followng features to
overconme the above-descri bed probl ens. [0018] (Structure 1) A
pol i shing brush used in a polishing nethod for polishing the inner
peri phery of a circular glass substrate having a circular hole in the
center thereof by rotating the polishing brush in contact with the

i nner periphery of the glass substrate ile aliquid abrasive is
bei ng supplied to the periphery, wherein the polishing brush includes
an axis and bristl eri otrud n t he rection

per pendi cul ar “thﬁmﬁqier“é&?%” “r’]HO Ay r?@ﬁre‘gdr?ﬁa%‘?aﬂ’l’% havi ng
di fferent out gpqydicamRicar sAéc@Fd.rsgﬂ) rﬁgsﬂags QJ@V%%%\HHQE.%%PM@P' a

| arge di aneter portion, and the e materi a e snal

di amet er port idiamdtewy thedenghh bﬁttgmleustlha‘lwh@swdudrmirandhlw Hastictidree odheri al s
of thelargeg]rE Ler

pol i shing bru @6?%Eortl “§fy%%8%g%dqm“mﬁg&g%ﬁﬁfh%&ﬁ?%éf;E%hw

[rgg %i al's of tdaRoRi@htb. dlh%ﬁﬁk@l'ér BRI JolishPrasH@dnABNesH BiechvdIRh B-
glass substrate having an inner diameter of about 6 to 7 mm. In addition, the
known polishing brush has a constant outer diameter in the axis direction. If
the polishing brush has a larger diameter than the inner diameter of the glass
substrate, the polishing brush occupies a larger volume of the hole defining the
inner diameter. Accordingly, the abrasive cannot be stably delivered to the
periphery even though polishing is performed while the polishing brush is
reciprocally moving. Thus, variations in processing quality become liable to
ocCur.
[0016]

The present inventors have conducted intensive research on the basis of
the above-described findings, and accomplished the invention.
[0017]

The present invention has the following features to overcome the above-
described problems.
[0018]

{Structure 1) A polishing brush used in a polishing method for polishing
the inner periphery of a circular glass substrate having a circular hole in the
center thereof by rotating the polishing brush in contact with the inner periphery
of the glass substrate while a liquid abrasive is being supplied to the periphery,
wherein the polishing brush includes an axis and bristle materials protruding in
the direction perpendicular to the axis and defining two types of portions having

different outer diameters including a small diameter portion and a large

diameter portion, and the bristle materials of the small diameter portion have a



(Structure 3) A polishing method for polishing the inner periphery of
a circul ar glass substrate having a circular hole in the center

t hereof, the polishing nethod conprising preparing a polishing brush
i ncluding portions having bristle materials arranged al ong an axis
direction and protruded to be different in outer dinension, the
bristle materials of a snall-dianeter portion having a higher
hardness than the bristle materials of a | arge-di aneter portion; and
substantially vertically inserting the Bolishing brush into the
circular hole, and polishing the inner periphery of the glass

substrate by ing the polishing brush relatively nove with respect
S the | nner Jep SR IEAe bRRleratg e PO oo cont act
w th the innery i phery while a liquid abrasive is delivered to the

i nner periphery. [0021] (Structure 4) The polishing nethod
accordi ng to strudSwaurg,2) whbe eolishipglorushiangprdisg restfuotunetl whergiuthe a

t hat | Lt I bst , t d on t f
anot her so t naPelt BeierdieB! BEFTBRAAMEE BNoha raBses Aee Tt es are.
si nul t aneousl| yo@el i shed. [0022] (Structure 5) The polishing nethod

according to structure 3 or 4, wherein the circular hole in the
center of the gl adStreiyetd afeolighingametheshior pelisbihg I inmargeriphessof 0023

(Srcture ©) a0 R AR PR Ra BT RUAR, Ry BRaeh ©

plurality of nfethod comprising preparing a polishing brush including portions having bristle
materials arranged along an axis direction and protruded to be different in outer
dimension, the bristle materials of a small-diameter portion having a higher
hardness than the bristle materials of a large-diameter portion; and substantially
vertically inserting the polishing brush into the circular hole, and polishing the
inner periphery of the glass substrate by making the polishing brush relatively
move with respect to the inner periphery and by rotating the polishing brush in
contact with the inner periphery while a liquid abrasive is delivered to the inner
periphery.
[0021]

{Structure 4) The polishing method according to structure 3, wherein
polishing is performed in such a manner that a plurality of glass substrates are
stacked one on top of another so that the inner peripheries of the glass
substrates are simultaneously polished.

[0022]

(Structure 5) The polishing method according to structure 3 or 4,
wherein the circular hole in the center of the glass substrate has a diameter of
12 mm or less.

[0023]
{Structure 6) A polishing apparatus comprising a substrate cassette

holding means that holes a subsirate cassetie accommodating a plurality of



circular glass substrates stacked one on top of another, the gl ass
substrates each having a circular hole in the center thereof; a

| i qui d abrasive delivering neans that delivers a liquid abrasive to
the inner peripheries of the stack of the glass substrates
accomobdated in the substrate cassette; a polishing brush held for
rotation and contact with the inner peripheries of the glass
substrates within the substrate cassette; a first driving neans that
drives the polishing brush for rotation® and a second driving neans
that relatively noves the polishing brush with respect to the inner

peri pheries of the stack of the ass substrates in the strate
cassette, \Aherfé’P‘Ha‘[ i@sﬁﬁPF‘%?%ﬂa%ﬁEQﬂe P'hEﬂPLPélé§°tB%fr¥1F8ﬂ”§ ”ﬁljs
bristle materigbs halifd gsmlaa!h%gn@ﬁém Ql‘e%?%thh@iﬂ aB%qu@H@NeHﬁ'&d to

be different in outer dinension an rlst e materl al s of
smal | - di anet ermggustihaehas alictmiogdrtasasnveammaelssertphaphanheotihestat:leof the
materials of a Iarae di amet er

e hod o man ks CUR Rt Bob meb s She bSfab cassalg apoihns bsh)

conpri si ng t heneif 8ProRitioR 8hd Wté@ﬁtﬁ%e'lﬁ\'@bem%h Stie @Es@sﬁbﬁéﬁﬂ ar
gl ass substrate having a circular hole in the center thereof by the

pol i shi ng net heidlindbe sehtstratgraaksdtie; ahrgat mmgoﬁeaslsrtmmv@sthepwl@hlﬁg [ 0025]
(Structure 8)

f act
Che St o ) vt aRuRk 208 A3e Rt Y R R el Toves PR of Va

gl ass substr atgyidHig tﬁfuéfﬁxguﬂ%bﬁec@tostke m‘h@u‘ stiph&ricd RN theatdc bethe R¥ast he
met hod set forth in structure 7. [0026] (Structure 9) nmet hod

of manuf act ur |S|tl95t@t&ﬁ indhe subplsate a@@eﬂ@mi@rm@ﬁ@piwm bsksh inelegesi si ng

e P bed Paftohg Rttt SR iterBR 4 2RLOSBRL dh SACHREIA PR She B

and the peri phebabitfarnt m@htetr hme@uh@ﬁan@ubsinéw rﬂateﬁél@opﬁﬁﬂnﬁlh@iéfﬁeter
polishing 9 step beln% performed using an abrasive nmenber having a

peri pher al mlmﬂﬁﬁlhﬁéﬁ iheplardness thegi tFﬁP QT'Sﬂﬁlm%ﬁlaﬁg’fﬁﬂ%’gﬁéWﬁ%r al
wal | and an |3%ﬁfned|ate face-polishing portion mainly polishing the
internedi ate faces while a liquid abrasive containing abrasive grains
i s delivered gaoa4he peripheral wall and the internedi ate faces.
[0027] (Structure 7) A method of manufacturing a glass substrate for a
magnetic disk, comprising the step of polishing the inner periphery of a circular
glass substrate having a circular hole in the center thereof by the polishing
method as set forth in any one of structures 3 to 5.
[0025]
(Structure 8) A method of manufacturing a magnetic disk, comprising
the step of forming at least a magnetic layer on a main surface of a glass
substrate for a magnetic disk, which is manufactured by the method set forth in
structure 7.
[0026]
(Structure 9) A method of manufacturing a glass substrate for a
magnetic disk, comprising the periphery polishing step of polishing both the
peripheral wall of a glass substrate and intermediate faces between the main

surfaces and the peripheral wall of the glass substrate, the periphery polishing



(Structure 10) The nethod according to structure 9, wherein the
abrasive nmenber has a rotation axis, and the periphery polishing step
is performed by rotating the abrasive nenber with the peri pheral

wal | - polishing portion in contact with the peripheral wall of the

gl ass substrate and/or with the internedi ate face-polishing portion
in contact wwth the internedi ate faces of the glass substrate. [0028]
(Structure 11) The nethod according to structure 10, wherein the

| ength of the abrasive nmenber in the direction perpendicular to the
rotation axis fromthe rotation axis to the peripheral wall-polishing

ti i | th th th of .th nb th
R betTon” per psithetd S ed AT A rave e o AE e P Al "axi s

to the inter rrg;synamg b RBhly pBiishthgReg bérRera #ARRId an interrhelidtt dcd! €

12) The meth according to any one of structures 9 to 11, wherein
t he abrasive rlighng prikoremainly #elishingdhe injerapdateteces edile afiqud abrasive

abr asi ve nenber aken al on ncl uding the rotation axi s has
S ehape mat onien i A i leiared Ahs b pafalfal fdhé o1 o
substrates. [ QR3Rdediate fackHStructure 13) The net hod according to any

one of structures 9 to 12, wherein the periphery polishing step is
perfornmed in d0@Hla manner that a plurality of glass substrates are

stacked one on ¢ ORGlci@A0D]CTnS el bolinl L GRRLA RASHRREOT e

gl ass substrate are Similt necus!

(Structure 14)abldzeemndhisdl hé@@@itﬁildh@xts@arﬁmtyle@@@l@fy sdliEeg stegss 9 to 13,
wherein the abrasive nenber has the peripheral wall-polishi pﬁg’!
portions and tﬁ‘?é‘omFﬁdé?yrfﬁféf"éﬁ@eﬁa@éWﬁmeI”ﬁWTW@h ﬁ@rqerlmalawaﬂ@p gl y

arranged in t rb%rt%’ﬁ'u?cé%éc?ﬁrﬁﬁ fua- peri %gl]wall of the glass substrate and/cr with the

intermediate face-polishing portion in contact with the intermediate faces of the
glass substrate.
[0028]

(Structure 11)  The method according fo structure 10, wherein the length
of the abrasive member in the direction perpendicular to the rotation axis from
the rotation axis to the peripheral wall-polishing portion is smaller than the
length of the abrasive member in the direction perpendicular to the rotation axis
from the rotation axis to the intermediate face-polishing portion.

[0029]

(Struciure 12) The method according to any one of structures 9 to 11,
wherein the abrasive member has a rotation axis, and the section of the
abrasive member taken along the plane including the rotation axis has a shape
matching the shape of the periphery of a stack of glass substrates.

[0030]

{Structure 13) The method according to any cne of structures 9 to 12,
wherein the periphery polishing step is performed in such a manner that g
plurality of glass substrates are stacked one on top of another so that the inner

peripheries of the glass substrate are simultaneously polished.



(Structure 15) The nethod according to any one of structures 9 to 14,
wherein the internedi ate face-polishing portion is a polishing brush.
[ 0033] (Structure 16) The nethod according to claim15, wherein
t he peripheral wall-polishing portion is an abrasive pad. [0034]
(Structure 17) The nethod according to any one of structures 9 to 16,
wherein the peripheral wall-polishing portion is a polishing brush
whose bristles are hardened by a resin._ [0035] (Structure 18)
The net hod according to any one of strudtures 9 to 17, wherein the
abrasi ve nmenber has a rotation axis, and the polishing step is
performed by retaining the abrasive nenber and/or noving the abrasive
menber in the[eqyiction of the rotation axis. [0036] (Structure 19)

An abrasive ”e”beWSHéﬁgeHQ)aTﬁ?&B@ﬂdgﬁmﬁﬁﬁﬁﬁﬁﬁﬂQﬁbBgﬂﬁmﬂﬁé§§m13,
substrate for a magnetic di sk, including the step of periphery

pol i shing st epvtefeiptiei abrdsivg nembiter haethpeeripieeal atall\walidhingfpodiogs asd the
substrate and .interpedjate faces between the main surfaces.and the
er i phor al vl TOBTdae oG 2SR EGPORPEY BIoTFHED AERARE0 o Birocton
conprising a Q@ggzﬂ)her al wall -polishing potion mainly polishing the
peri pheral wall; and an internedi ate face-polishing portion mainly
pol i shi ng the i nt bmediratie) f Atewethp@@ETding to any one of structures 9 to 14,

wherein the intermediate face-polishing portion is a polishing brush.
[0033]

(Structure 16) The method according to ¢laim 15, wherein the peripheral
wall-polishing portion is an abrasive pad.
[0034]

(Structure 17) The method according to any one of structures 9 to 16,
wherein the peripheral wall-polishing portion is a polishing brush whose bristles
are hardened by a resin.

[0035]

(Structure 18) The method according to any one of structures 9to 17,
wherein the abrasive member has a rotation axis, and the polishing step is
performed by retaining the abrasive member and/or moving the abrasive
member in the direction of the rotation axis.

[0036]

{Structure 19) An abrasive member used in a method of manufacturing
a glass substrate for a magnetic disk, including the step of periphery polishing
step of polishing both the peripheral wall of a glass substrate and intermediate
faces between the main surfaces and the peripheral wall of the glass substrate,
the abrasive member comprising a peripheral wall-polishing potion mainly
polishing the peripheral wall; and an intermediate face-polishing portion mainly
polishing the intermediate faces.

[0037]



11 (Structure 20) A polishing apparatus conprising a substrate
support neans that supports a glass substrate; a liquid abrasive
suppl ying neans that supplies a liquid abrasive to the inner

peri phery of the glass substrate; a abrasive nenber having a rotation
axi s and including a peripheral wall-polishing portion mainly
polishing the peripheral wall of the glass substrate, and an

i nternedi ate face-polishing portion nmaiply polishing internediate
faces between the main surfaces and the peripheral wall of the glass
substrate; and a driving neans that rotates the abrasive nenber"

and/ or noves the a@{r@@lhr’éezr?ggrmﬂlﬁﬁ]sh%r@naﬁyggc[amﬁrct%ﬁtp%iﬂﬁg T g‘# on

axis with the abrasive ne C € | nner per ery of
t he gl ass subsheatsehat sORDBRE a glass sulfsBatey atiquie aBrhyivd Bepph@id médansghat
apparatus according to claim 20, wherein_ the abrasive nenber is
rotated with tHBPI5EA IGHERIas& 19 thdInes ReTRGey theasssubideiét with

t he peri pheral R R Y .

i nternedi ate faé)\é‘%sﬁ\)gorﬁéln;tﬁﬁ?ﬁaﬂt%‘éﬁt%t}r?hi%?](fsgahﬁ{ act u%q{;%ﬁn%;ﬁeerﬁlﬁﬁatller medi at e
faces of the glolisngspdrtdnrradiely pAldbhing tizegeesiph @B of the glasheubsicktagnti o

t he polishing brush (abrasive nmenber), th ol i shin t hod and
pol i shing appfe?r”al't’tﬁgn‘i?éﬁt?]E‘C?ﬁgl'sﬁwpipé’ﬁ%oﬁg‘aﬂﬁhg‘ﬂ'sf“%F}%an’a%ﬁ%r) , even
the inner periRfgioh tof mﬁin%‘dha’?&e&%@tl{@ﬁ@riﬁﬂerﬂ%f\he'dm%rsuﬁlétl%ﬁﬂ?faﬁﬁ of ,

for exanple, 12 mmor |less can be finished in a desired shape and a
m rror - snoot h &iviag eeans thabrotatesthel ebresiseé owealbeparetiérgnayes therabaadiliet | on,

even though the_inner peripherjes of . many s substrates stacked
one on top of TaRal 8 Ake @Bl 3 el e B S et oS bR RR A Eo B
finished stat Guithind RAHGRAPRIPHENS BRsSHRRHERL es, and, thus, gl ass
substrates for magnetic disks, which are finished in high quality,

can be stably [PR88k- produced at a | ow cost. 12 [0040]
(Structure 21) The polishing apparatus according to claim 20, wherein

the abrasive member is rotated with the peripheral wall-polishing portion in
contact with the peripheral wall of the glass substrate and/or with the
intermediate face-polishing portion in contact with the intermediate faces of the

glass substrate.

Advantages
[0039]

According to the polishing brush (abrasive member), the polishing
method and polishing apparatus using the polishing brush (abrasive member),
even the inner periphery of a substrate having a small inner diameter of, for
example, 12 mm or less can be finished in a desired shape and a mirror-smooth
state with a high dimensional precision. In addition, even though the inner
peripheries of many glass substrates stacked one on top of another are
simultaneously polished, the variation in finished state is reduced among the
substrates, and, thus, glass substrates for magnetic disks, which are finished in

high quality, can be stably mass-produced at a low cost.



According to the nethod of manufacturing a glass substrate for a
magnetic di sk and a nethod of manufacturing a magnetic di sk,

i ncluding a polishing step using the polishing nethod, even the inner
peri phery of a substrate having a small inner dianeter of, for
exanple, 12 mmor |less can be finished in high quality. Also, the

met hods can prevent problens resulting froma surface state of the

i nner periphery, and the resulting glass substrate and nmagnetic disk
can achi eve high recording densities. Bri ef Description of Draw ngs

[ 0041] Fig. 1 is a perspective view of the entirety of a gl ass
substrate for a magnetic di sk, which has a circular hole in the
center. [W@] 2 is a sectional viewillustrating the shape of

the inner periphery.gf irjr'ghﬁ_tr%' rﬁﬁrﬁoéﬁﬁﬁéﬁﬁéc@ringaglass%hgstra?é Sk

sectional view of a polishing brush according to an enbodi nent of the
present i nventmagmetic disk andma gethéd icbmanfeconngreaihagnediovdisk, isclglngke used

for placing glass . substrates in a substrate cassette sp as_ ,to be
stacked i n t h&OLNg PR ke BR PRISTITOMTRLNGck AYas S BRes BRIPNSMEY i amet er s

al i gned. subktthte Raviry AsMACHAS WRImdrW 18 exbRBleS | Bfrth bedthiaf et he
gl ass substrates are accommpdated in the substrate cassette so as to

be stacked i n finlsbedini highdiuatiyt | Aso, Wie hethbeds caantrevest pbbleme résultieg from

di anmeters al i gned. ig. 6 is. a sectjonal view of the state in
Which the subdtsibaee aeatednenediinngnd he euubr e srileSifet r ot es
is placed in %d&bfié@bm&n%ﬁfébéhﬂgﬁ recording denk@les. 7 1S @ side sectional
view of the structure of a polishing apparatus according to an

enbodi ment of the present invention. Fig. 8 is a schematic sectional

view of the SUCHUL G0l & DIRARG! ' ¢ di sk
[0041]

Fig. 1 is a perspective view of the entirety of a glass substrate for a
magnetic disk, which has a circular hole in the center.

Fig. 2 is a sectional view illustrating the shape of the inner periphery of
the glass substrate.

Fig. 3 is a sectional view of a polishing brush according to an
embodiment of the present invention.

Fig. 4 is a sectional view of a guide used for placing glass substrates in a
substrate cassette 50 as to be stacked in the axis direction with the centers of
the inner diameters aligned.

Fig. 5 is a sectional view of the state in which the glass substrates are
accommodated in the substrate cassette so as to be stacked in the axis
direction with the centers of the inner diameters aligned.

Fig. 6 is a sectional view of the state in which the substrate cassette
containing the stack of glass substrates is placed in a polishing apparatus.

Fig. 7 is a side secticnal view of the structure of a polishing apparatus
according to an embodiment of the present invention.

Fig. 8 is a schematic sectional view of the structure of a magnetic disk



13 according to the present invention. Fig. 9 is a sectional of
a polishing brush according to anot her enbodi nent of the present

I nventi on. Fig. 10 is a sectional view of a polishing apparatus
illustrating the known polishing nethod. Reference Nunerals [0042]
1gl ass substrate 10magnetic di sk 1lmain surface of glass substrate
12i nner periphery of glass substrate 20, 25polishing brush

13

according to the present invention.

Fig. 9 is a sectional of a polishing brush according to another
embodiment of the present invention.

Fig. 10 is a sectional view of a polishing apparatus illustrating the known

polishing method.

Reference Numerals
[0042]
1 glass substrate
10  magnetic disk
i1 main surface of glass substrate
12  inner periphery of glass substrate
20, 25polishing brush
22  Dristle material
34  substrate cassette

40  polishing apparatus

Best Modes for Carrying Out the Invention
[0043]

Best modes of the present invention will now be described in detail.
[0044]

Fig. 1 is a perspective view of the entirety of a magnetic disk glass
substrate {glass substrate for a magnetic disk) 1 used in the present invention.
The glass substrate | is a disk having a circular hole in the center, and has a
front and a rear main surface 11, and an inner periphery 12 and an outer
periphery 13 formed between the main surfaces 11.

[0045]

Fig. 2 is a sectional view illustrating the shape of the inner periphery 12 of



22bristle material 34substrate cassette 40polishing apparatus Best
Modes for Carrying Qut the Invention [0043] Best nodes of the present
I nvention will now be described in detail. [0044] Fig. 1is a
perspective view of the entirety of a nmagnetic disk glass substrate
(gl ass substrate for a magnetic disk) 1 used in the present

I nvention. The glass substrate | is a disk having a circular hole in
the center, and has a front and a rear pain surface 11, and an inner
peri phery 12 and an outer periphery 13 ¥ornmed between the main
surfaces 11. [0045] 14

the magnetic disk glass substrate 1. As shown in Fig. 2, the inner periphery 12
of the glass substrate 1 has a peripheral wall 12a perpendicular to the main
surfaces 11 and two chamfers (chamfered faces) 12b formed between the
peripheral wall 12a and the front and rear main surfaces 11. The inner
periphery 12 may not be chamfered between the peripheral wall 12a and the
front and rear main surfaces 11. Faces formed between the peripheral wall
12a and the front and rear main surfaces 11 are herein referred to as
"intermediate faces", and the intermediate faces may be the chamfers as shown
in Fig. 2.

[0046]

The magnetic disk glass substrate is finished into a small-diameter
magnetic disk having, for example, an cuter diameter of 48 mm and an inner
diameter of 12 mm for a 1.8-inch disk, an outer diameter of 27.4 mm and an
inner diameter of 7 mm for a 1-inch disk, and an outer diameter of 22 mm and
an inner diameter of 6 mm for a 0.85-inch disk. The inner diameter menticned
herein refers to the diameter of the circular hole formed in the center of the
glass substrate 1.

[0047]

As the diameter of the magnetic disk is reduced, the thickness of the disk
substrate is also reduced. For example, while the disk substrate of the
conventional 2.5-inch disk has a thickness of 0.635 mm, the thickness of the
substrate for a smaller-diameter magnetic disk is reduced to 0.581 mm, 0.381
mm or less.

[0048]

The main surfaces 11, the inner periphery 12, and the outer periphery 13
of the magnetic disk glass substrate 1 are polished (mirror-polished) to have
predetermined surface roughnesses, respectively. The inner periphery 12 is

required to be finished into the above-described shape and in a mirror-smooth



the magnetic disk glass substrate 1. As shown in Fig. 2, the inner
peri phery 12 of the glass substrate 1 has a peripheral wall 12a
perpendi cular to the main surfaces 11 and two chanfers (chanfered
faces) 12b formed between the peripheral wall 12a and the front and
rear main surfaces 11. The inner periphery 12 may not be chanfered
bet ween the peripheral wall 12a and the front and rear main surfaces
11. Faces fornmed between the peripheral wall 12a and the front and
rear main surfaces 11 are herein referred to as "intermedi ate faces",
and the internediate faces may be the chanfers as shown in Fig. 2.

[ 0046] The magnetic disk glass substrate is finished into a
snal | - di amet erstHaGAER] & Syfasr reHginess, of et examalepP 40 nEvPrdessd tegnarkt er
of 48 mm and inner dianeter of 12 mmfor a 1.8-inch disk, an outer

di aneter of 27.4 nmmand an inner dianmeter of 7 nmfor a 1-inch disk,
and an outer doeseeter of 22 nmand an inner dianeter of 6 nmfor a
0.85-inch disk. The inner dianmeter_nentioned herein refers to the

di aneter of the cif@ul iar seficeakigwmitlesiiabing e skesvreof BPO'ESﬁ‘é‘ggqr%%’s
substrate 1. | / : J magnetic disk is
reduced, the t g%éﬁgg%a%?ﬁﬁﬂgﬂgﬁgﬁ S %%?g%%éﬁgmalso reduced. For
exanpl e, whil qo@d0¢ di sk substrate of the conventional 2.5-inch disk
has a thickness of_0. 635 t he thickness of the substrate for a

smal | er - di amet er nHEFRAPUGLIUR ¢1dnG REFTRSVEY'G 1S ELAHRMINCPOIBY dm or
lless. [0048] |, thodTija?%cﬂ%?iH% ﬁ%rré@&%g%éuc &i&ﬁglb&%@rﬁﬁstpﬁé h?{ﬁg{ ¥ cifefilar and

the outer periphery 1 e magnet1 c di sk” gl ass subs el are
pol i shed (i rrole-iptid ehted) 0 temlishing Bdibbdthe paidhisg bfuak & browghhinesses,

AR AR R AT MENE TR RO RIS MRS
[3362 Sfe r oughn@esraed whifeld liPdBrhdve i ddieRINOthel GRS pbiibHeRl MBHOf Ra.
polishing brush 20 according to an embodiment of the invention includes an
axis 21 and bristle materials 22 protruding from the axis 21 in the direction
substantially perpendicular to the axis 21, as shown in Fig. 3. Two types of
portions having different diameters (D1, D2) are alternately arranged over the
length of the axis. The bristle materials of the portions having a small diameter
{D2) have a higher hardness than the portions having a large diameter (D1).
By polishing the inner periphery of the glass substrate with such a polishing
brush, the inner periphery can be appropriately finished into a predetermined
shape with a high dimensional precision and in a mirror-smooth state having a
surface roughness of, for example, 0.10 nm or less in terms of Ra, even if the
substrate has a small diameter of 12 mm or less.
[0051]
Preferably, the axis 21 of the polishing brush 20 includes a plurality of
stainless steel core wires having a diameter of several millimeters, and the core
wires are twined so as to be twisted around each other. The axis having such

a structure can be thin as much as possible, and can be used for a disk

substraie having an inner diameter of 6 to 7 mm. In addition, a minimum



Fig. 3 is a sectional viewillustrating the structure of a polishing
brush according to an enbodi nent of the present invention. [0050]

The polishing brush of the present invention is used in the polishing
nmet hod for polishing a circular magnetic di sk glass substrate having
acircular hole in the center. In the polishing nethod, the polishing
brush is brought into contact with the inner periphery of the glass
substrate and rotated to polish the subgfirate while a liquid abrasive
is delivered to the inner periphery. The polishing brush 20 according
to an enmbodi ment of the invention includes an axis 21 and bristle
materials 22 pgiahddddhqfed iR Me fifising &u%carrbetaﬁu%ure%é ;szﬂsh.ng brush
substantially perpendicular to t%e axis 21, as shown in 3. Two
types of portidts gresanhigvehtioh eragme mthfwtmd;bs(t@hm@ﬁc) plar%tyadfbenenat ely

arranged over the lLength of the axis e bri tIe materi al s of the
o £ 1 9ms havi iires vl St etk dassed Bowean fpGRervisa: dRdSs "t han t he
portions havi Ngsighcbath 8rislicanRERs il %ave%ﬁfd?&*t'lé?ﬂﬁgorttﬂ@ 6rf?6}%rhavmg
periphery of the glass substrate wi such I shing %rus

i nner per i pherdjferem disenetgsproo pristigtnestgrials Irrﬂvméhle serme)leagtpmwé:tee:sﬁﬁ tced
shape with a high di nensiona precl st and in m rror-snmooth state
havi ng a surf28@“?gﬁ’gﬁr?é‘9§f% PB‘?rO%ri’i F@,qo qu'i%tr?ﬁﬁ'wetfeéss in terms
of Ra, even ifg substrate has a small dianmeter of 12 mmor | ess.
[ 0051] referably, the axis 21 of the polishing brush 20

i ncludes a plural |Tf3e bﬁlﬁﬂ%maienale@g ags gasleradp ped NEfeé@blwaaiim@ rylodifigaet er
of several mlllrret re vmres .as.to be
i Sted o oundnHTEY Hetnad ¥ b G3h8, HbLERoRIE Aol DER ARrfe i °F

thin as nuch asapersge, tﬂlemo vaﬂ%dorcsﬁélnlbﬁs ik thsteid oRtHéirjlonIibst FahethBavi ng
an inner diameter of 6 to 7 mMm In addition, a mninmnum 16 stiffness

required for tRWPEBE Piiasigitopraventiog hegadustianpidhe m?ﬁféa%l $tempWg brush

Of L he Pr esentLMAIISB A% RIMKACLHE AL Yo IubD! Damblie phpr a1ty

of core wires w i nche vveen t core

wires. In thi smemw@tm@ ark Iu.etdwré@ettém nwah@lsueﬂ & Gmrwldmaarﬂ aglofrilenena
lengths for the portions having different diameters, or bristle

mat eri al s havifRgy i l%r!ﬁﬂ%mla@ﬁgltﬁﬁefﬁ%wﬁ@s@é%“?t%r ¥ gpout 40510 SH5 MIRd ar e
t hen appropri %\%edtﬁ’azsﬁé)étcokf&mﬁﬂi %tnlf;bglem ggg#e%rs [ 0052] The

bristle materi al are y an pre efably made of nylon
fiber, and mayodse] made of polyester fi ber pol ypropyl ene fiber, vinyl
chl ori de fiber, boar bristle, piano w or stainless fiber, i nst ead

of the nylon fi ber Ne@EPiFANGHREUSH haxgitha a'@f”aé‘?légrt'?r@iegwo PRTERNSEVAG t he
reduction of tdh@réﬁ?ﬁ:ﬁﬁ%@le?@éanﬁﬁ@ﬂétgly%&ﬁ@{bd?ﬂh%?eﬁ ) Waf78a 2R

durability, nylon fiber is s nong nyl o ers pre erreg are
wat er - r esi st ahamigroteb, of shedhnapetitheny 1 Dof taedasllbaiydten. Wofei ber of

the bristle material prefer asadarrete of about 0. to 0.15
. An abr asi SESC5AVAIE e ARG POBERS hareb et damersr BT

suitably polish and finish the chamfers 12b into an appropriate shape andin a

mirror-smooth state, and small-diameter portions having a second outer

diameter (D2} suitably polish and finish the peripheral wall 12a into an

appropriate shape and in a mirror-smooth state (functioning as a polishing pad).

The first and second outer diameters depend on the size of the disk substrate,

but the first outer diameter D1 is preferably 1 to 5 mm larger than the inner

diameter (final diameter) of the glass substrate 1, that is, the inner diameter of

the circular hole in the center of the glass substrate 1. Also, the second outer



[ 0053] The polishing brush having the alternately arranged two
portions having different dianeters can appropriately polish both the
peri pheral wall 12a and the chanfers 12b of the inner periphery 12 of
the glass substrate 1. More specifically, the | arge-diameter portions
having a first outer dianeter (Dl) suitably polish and finish the
chanfers 12b into an appropriate shape and in a mrror-snooth state,
and smal | -di aneter portions having a second outer dianeter (D2)
suitably polish and finish the peripher%ﬁ wal | 12a into an
appropriate shape and in a mrror-snooth state (functioning as a
polishing pad), The first and secgnd outer dianeters depend on the
e ot The ardamdas pierally BURtRAYARG St BF MuehilgngR Bins gabs
preferably 1 t@ngrdidn |(§i?&ﬁf|arb@ﬁﬁaﬁ 18 inr2P 8fandtcR GBS Glaks bilRtradi amet er)
of the glass substrate 1, 'that 1s, the inner dianeter of the circular
hole in the cdd@®] of the glass substrate 1. Al so, the second outer

17 dianeter is preferabl ubstantially the sa the inner

i ameter of the gl BOYECBERy Be oTor<p il edlhiiaPyef ey e mrier

di ameter of the @l gaghify betchahers (ifibPRblate faces) nbe QlchIdidRéttisas dahe
portions of the polishing brush having outer diameter D1 for

pol i shi ng t he redchrtheckanfferst(desesdd the ndmsusisyred) ol bepatiphery efitageless as
can reach the chanfers . (closer to.the nai.n sur es),. of the periphery
o the gl ass. SUBarS el W 7 e uhd SRt o2 R Bl MR dBhedl o
pol i shing the vafiHapé 8 laberWinetdtans the IrREO@EMBleABRE & flatd @bstdte ahaper

di aneter of the glass substrate and a smaller dianeter than outer

di anet er D1 sémaderdiameipl ioan ewier grametphidt 8¢ asg Holig the perigdiesad wall of

substrate wt i.ahi L . . In the present enbodi nent,
the two typesq% &%éosr |b%{ﬁ%¥rwg%/?e%géhy'ffer ent outer dianeters (D1, D2)
are al ternateljgossrranged over the length in the axis direction. The

|l ength L1 of the portions having the first outer diameter D1 and the
| ength L2 of the pBiE Rfﬁ%e“hﬁ'w?fg)“?’ﬁeth@é’&%ﬁaeso‘iftpéft'oaf Andradiffapntdepend

on the size Ofou¥e?9iame?éf? gjﬁbﬁgtgr%%’ltemﬂfe r&ngédeé\fe.rr ?r@llé’nggf RAineXaar! e,

about 3 mmeach for a gl ass trate having an 1 nner aneter of 7
mm [ 0056] directida. desclendird1 abne @ortibhehgvirlg tediimpolerutdmeadér Dhand
present enbodi ment is _an abrasive nenber having both a _peripheral

wal | - pol i shi ng'lPELN &R of tie PREIPAT J2viial e RPdoqd OHE" fiampishBr dPPsnd a7 of
the 1nner perlipgigofthe bidesbshas, silant fiefofil, fob BEaniiBlabodtiafl<abn

portion having the second outer net'er n the ‘presen

enbodi nent ) arat sagiadsrdubstretelhaiirg draioeerpitdmeddrioh@ nporti on for mainly
polishing the internmedi ate faces fornmed between the main surfaces of
t he gl ass subdt%8te 1 and the peri pheral wall (the |arge-dianeter

portion having th%fderséﬁbealébe\fe,ﬂieadsﬁgrﬁﬁq kst & thd\SreRER 28Bbdiment is an

enbodi ment). Al though the peripheral wall-polishing portion is

intended to pebisivettanieehaytpvah aweatithesst salrablshing pottios fessnaiie
per i pher al walln i e Bhb AP tR0kh S hetBer) B A5 TR i lB9%he "
small-diameter portion having the second outer diameter D2 in the present
embodiment) and an intermediate face-polishing portion for mainly polishing the
intermediate faces formed between the main surfaces of the glass substrate 1
and the peripheral wall (the large-diameter partion having the first outer
diameter D1 in the present embodiment). Although the peripheral wall-

polishing portion is intended to polish the peripheral wall and mainly polishes

the peripheral wall, this portion may polish the intermediate faces in addition to



18 the peripheral wall. Although the internediate face-polishing
portion is intended to polish the internediate faces and mainly
polishes the internedi ate faces, this portion nmay polish the
peripheral wall in addition to the internedi ate faces. [0057]

The use of the polishing brush (abrasive nenber) allows the

si mul t aneous polishing of the peripheral wall and the internediate
faces of the inner periphery of the glass substrate, and these faces
can be polished with a high precision. 4% addition, the polishing
brush can appropriately polish the inner periphery of the magnetic

di sk gl ass substrate that is difficult to polish with a polishing
brush havi ng tRePRbRIR! Wil udiipugh tesintpasedinlg dareRoEHNT PRIV 18 sk
Qrives (Hoo) , Jiuenddfb folenSht ARk AERRieL Sxi B ARILARIE, HRfheqand the
size of the HOD is required to be small. Accordi'ngly, the magneti c

di sk nount ed ifaceshidishioRionsna polishr ke pergherdl evald @y skfitibh fo tha thietomediaiezi ng
the magnetic disk so as to be suitable for nobile use is an urgent
necessity. In f@%ﬁeral , the precision in processing the inner

peri phery of 5}0637?55 substrate is lower than the precision in

nmet al - processing the spindle notor of a HDD. In particular, in a HOD
i n nmobil e use, an Thepaetof therpolishingdeust (aonasivayneodas allowssthki gnnent, and
the head may deviate to ot her track to cause an errqr. when the head
eads wri t t en SBYIENSqYS RolsHieEy dreadbhergiivall 408 g Plermediie dres pbine
increase the pRREBSHINAY d?ﬁf?&éléés%bﬁfaté,'&ﬁd'tH?z@@'facQ@Eérpﬁ@hd{isﬁ’éd #tha
smal | -di aneter magneti ¢ disk used in, particularly, a HDD for nobile
use, even thouigh grégsiomndn adiittomethe polshinghieushegineppepdatsl phishrikeluced
as the dianeter of the netic disk is reduced. The, polishin t hod
si gt he pol 1T ARG Tedhdnetc S aRst st el RS PR o on
can highly pregicisling Babh BdVidgBe kibeY stikBlurd? N YieSdribb 8bS/dBhdrd disRMet er
magneti c di sk glass substrate and allows the ID tolerance to be
reduced. AccorddvesgiHpD) areragidysprasdiysmpbitecusedporisdlepisel iag@é the sideanipied t o
the spindle n hu he ahove-describ Lr can duced.
1o roosg) s Alfeh e bnd. D ASTG AT RE TR Hk BB e
bristle materiHdsis@isolrbguirRats bonGal)and BewiiSigEhé migaskidik sol2é)o bave a
hi gher hardness than that of the portions having a |arge dianeter
(D1). |f the HKHitahriosmepileyse iHan ¢opw neaessity. allsogteralibe pwesiopirs havi ng

a small diane LS. fici 0 i
appropri at el y%g&;cgésﬁ@%th% E%Hegﬁ %&g% &63? Q:%ais% F@ésgr%f%ﬁgsf?}"’%gﬁ’?‘ ﬁg%&g%?'%%nelp al
wal | 12a (funecidtaprac®s§ind iheRbingiepeudr,of aHDO. hus paieuIdrEiniafHTED ih mdbile
result in an undesired shape. [0059] In order for the portions
havi ng a smal [US@i3iEpPast dursg orsfation @ay GRESHTISIMEsh 20 edPad Bali gher
har dness t han i j i : raply,
the bristl o miPareRp EhbRETER Y Glsfah Bty th Akl kb Bl TR Y g
brush may be iigtpeegnatigoifivdntiiingortastitt iraredsé theprémmasidg pegisibhef theThe
resinis preferabl@g/r a rubber adhesive having a resistance to water

and an appr opin&t REPRPY R @Smafdigmeier nagnetia disk ysediim partifdatiaa Hkbxy
resins and ackylj o i j ; i

smal | di anmet eg&&%légg‘%%ﬁ? %gg%%@??@t@ i 3'9%(31} E@P gﬁ{aggafra?aéﬁ?éflfg.gc%n t he
pol i shi ng br ushk thef digrhete pofesemagrestib didk rremtiycetiheThor padihieg methed iuaihg  of
the portions having a snall dianmeter $D2) have a, hi gher hardness than
that of the plRUMENES hEFOEE RRRR TGt eqe0l veog can Aok
hardness man%_r&is@lg%lié* thé i8R SerPherd) oBthe 8hidf o B Mt dhetic didll FhgT

har dness” nentioned herelin neans that the stiffness 1's set higher, or
t hat the el astiigstnatzdariduslows tredD idlergher to be08B@pd. Accordingly, the glass

substrate can be precisely clamped to the spindle moter, and thus the above-

described error can be reduced.



In order to give different hardnesses (elastic noduli) to the
smal | -di ameter portions and the | arge-di aneter portions, the
polishing brush nmay use bristle materials having different

har dnesses. [0061] Wil e the polishing brush shown in Fig. 3 as an
enbodi nent of the 20 invention includes two types of portions having
different dianeters (D, D2) alternately arranged over the length in
the axis direction, the polishing brush of the present invention is
not linmited to such an enbodi nent, as Ibhg as two types of portions
having different dianeters are arranged. For exanple, the portion
havi ng a Iarge di aneter (D1l) may be disposed over the left half of
the axis and tﬁgﬁﬁortlon having a small dianeter (D2) is disposed

over the right half,., eﬁléhuﬂé%sﬁHﬂhé’gfetsbrﬂ%%%gﬁ*e??tﬁee&% fidhateals of

arranged. Alternatlve portions havin érent |aneters may

be al ternatel ythe)pomamfaavtnglaysnaerllrchaamgad (aEnwsgfetahﬂgrpeharph@syhamhatm
pol i shi ng erﬁg éthe cross section of the XIS 0{% %ns havi ng
di fferent di arte®BPEOTSAVRE & /3G demeierédt) o )the 119(5@'@2? thebristie; g 97 s

a sectional V'rﬁé(‘l’e@ils@ftHQbérﬁSHs'T&v%‘é%'%a@%éﬂ%antlQnr%[]i%i ﬁtrmsg@odl ment

of the present 1 nvention. The polishing br shown in Fig. 9is
t he sane as th:@rtmblcamnomgpnmmrsalelysmrodumenhe Eﬁe@tofamlrwphlmmgtthmas bot h

i pheral wal | - hi t 24 or t i havi
bt er i amet orPHBGH A SBRUR 25 AB A RERE) bR hERRSrEy

face- pol i shi ngeQih bRNRARed bigpge- di amet er portions having outer
dianmeter D). However, the poli Shl ng brush 25 of the present

enbodi nent i s [O@@ﬂured in that the section of the internedi ate

face-polishing portions,?2 taken n n di t | .rotation
b s of the pol Lot Te miiohs RadigaRuRl SAGele TSt BB Al Fr g
9) of the entigigshiehhddd RighétasdheddthhRlRhorRB Balif®a Rirgd@amBie () ng
the rotation axis of the polishing brush has a shape that fits with

t he shape for rpé@re'@plyxth@ bp@ieurm@rral%@ taf sroledigmetespartignstof Heasligtingcked
O o es P! (B RE ne MBS 2 b S b0 8 S ABRURET | fieSbtin e

pol i shes the perl ries ass su ates 1'n Such

manner that t m‘eefbrraum rhawraabésmqamag alréﬁlzﬁar@‘déﬁ& aater GAd ah SpPosRSLd On)
along the peripheries. [0063] The polishing brush of the present

i nvention has 8&tesa Fermples phguchgsins include epoxy resins and acrylic resins.
The hardness of the portions having a small diameter (D2) can be appropriately

adjusted as required. In the polishing brush of the present embodiment, the
bristle materials of the portions having a small diameter (D2) have a higher
hardness than that of the portions having a large diameter (D1), and a high
hardness means a high stiffness or high elastic modulus. "Higher hardness"”
menticned herein means that the stiffness is set higher, or that the elastic
modulus is set higher.

[0060]

In order to give different hardnesses (elastic moduli) to the small-
diameter portions and the large-diameter portions, the polishing brush may use
bristle materials having different hardnesses.

[0061]

While the polishing brush shown in Fig. 3 as an embodiment of the



21 polishing portion and an internedi ate face-polishing portion, and
may have a structure including a bristle material portion and a pad
portion. For exanple, the peripheral wall-polishing portion may be a
pol i shing pad, and the internediate face-polishing portion may be a
polishing brush. In this instance, the pad portion nay be nade of the
sanme material as the polishing pad used for mrror-polishing the main
surfaces of the glass substrate (for exanple, soft pad such as a
suede pad or hard pad such as foamed ur€thane resin). [0064]

The polishing method of the present invention polishes the inner

peri phery of a circular glass substrate having a circular hole in the
center. In t hé"SBlPREIHEESIIPE RMES of PRItIGNSIhaxiAg ﬁg]e@ﬁh@ﬁmﬁﬁerst@é:'a?)esent
invention is ' ' - : " e | e,
and pol i shes, o n-arParb SRS Bhcn i g Bk o, RFpdikkifl bk BP
relatively di 3p pesag inviestignds heihiritgd by sush ah emibbdimant, es tongas aloiyged he
rotation axis and rotating the polishing brush in contact with the

i nner peri pherdf PAfiPIEhaying diffprent dismelsre arejagrapeqd. v EPEEKAMP!S: e RORINEY
periphery of t6gl353e 3l ?Jr%ﬂ-mé@&%ﬂ o588 oRP hie3Bk RYr oBE Q6 Mg t he

present invention'is Suitable to si'mul taneously polish the i1nner
peri pheri es ofthapptiar Bdvirgya shalgdiasstes(iiasisrdispesedsivac thedigbitelfonThusp of

anot her. Specifically, the polishing net h%{j czf\n finish the inner
peri pheries eVBhMErPOLtARS May| r?@f’%rﬁteg’&d@f‘g_ e\ IRBGIYRY BeiPRHERS di anet er
of , for exampliyind RiEPnPhianBRes hBY Be AtdheRél) BFscPIARAy Whdryed aré'nglfhe

precision, and in"a mrror-snooth state having a surface roughness
of , for exanplperipl@eriof therpdishing bsushrithe eross sedtioiat thEarxis hes potiens t he

vari ation anong t hgﬁub?#r at es .Cﬂqn be r .duct:eog, and thus, magnetic
di sk gl ass suB&VPadEerent HROREE P ey 'Hsa'ﬂ%ﬂ'f’rﬂy can be mass- produced
at a | ow cost .;pdg2p66] The polishing nethod of the present invention

is suitable for small -
Fig. 9 is a sectional view of a polishing brush according to another

embodiment of the present invention. The polishing brush 25 shown in Fig. 9
is the same as the polishing brush shown in Fig. 3 in that it has both peripheral
wall-polishing portions 24 (small-diameter portions having outer diameter D2 of
the present embodiment) and intermediate face-polishing portions 23 (large-
diameter portions having outer diameter D1). However, the polishing brush 25
of the present embodiment is featured in that the section of the intermediate
face-polishing portions 23 taken along a plane including the rotation axis of the
polishing brush has an angular shape. The section (Fig. 9) of the entire
polishing brush 25 taken along the plane including the rotation axis of the
polishing brush has a shape that fits with the shape formed by the peripheries of
the glass substrates stacked one on top of another. Thus, the polishing brush
appropriately polishes the peripheries of the stacked glass substrates in such a
manner that the brush favorably comes into contact (or is pressed on) along the
peripheries.

[0063]

The polishing brush of the present invention has both a peripheral wall-



22 di aneter glass substrates having a hole of 12 nmin dianeter in
the center. Specifically, the polishing method can finish the inner
peri phery of the disk substrate into a desired shape with a high
precision and in a mrror-snooth state having a surface roughness of,
for exanple, 0.10 nmor less in terns of Ra even though the inner

di anmeter of the disk substrate is reduced in association with the
reduction of the dianmeter of the nagnetic disk. [0067] The

pol i shing nmethod nmay use two types of pdlishing brushes having
different outer dianeters (each polishing brush having a constant
outer diameter) together in the hole of the substrate instead of the
pol i shi ng br us®ging prEINRAFENINBERECRH tace -PRESTINGPRtioB A STBRGN e Feach
pol i shing bru ; ; ; Ny i phery

Cubstrate ar o duafe hOBRy 53 otaih PEbRaR o PRIBRIGLY £ olfbe

pol i shi ng net hbelperdgherd anlpeldhiagpbiion pal ibs lai polisHingusad, ared theéy pol | shes
and finishes the chanfers of the inner periphery into an appropriate
shape and in d"RiP§dAe GeadplshERosionmay RerfePAizRiig Pysndt BliS H3IFNShi ng
brush mainly ' : L0 i-nh ' r
peri phery int gﬁ%h&&;ﬁ%—%ﬂ%g{%h@ﬁggﬁg%ﬂ?E\daggﬁurﬁnf%'rtgg"_ﬁélhgfg{; ﬁggg%ég} oF
(functi oni ng asirrar-poikhisthithegnagadirfacéhokihe glashsubszatpdior plemde, satbad and
the chanfers of the inner perihgher of the rgll ss substrate can be
favorably pol i%¥RR&ES appeRsgiad or hard pag sHehueg i9g S%H@F%“Eée cording to

t he present iqy@; ion wll now be described. [0069] Fig. 4is a
sectional view of "a guide used for placing glass substrates in a
substrat e cassett elhspatishingombibod bhibk present investiangayishtistieeinnen with t he
centers of the inner dianeters aligned. Fig. 5 is a sectional view of
Che state i n RTBIFY AER SirbeCoBenebibea b Ea sluiiBat b SRR ndd
substrate casggd p&lishiflg Afettod, B8 pSlishigaiudnibf ieSrasendindédiiggis on wi th the
centers of the inner dianmeters of the 23 substrates aligned. Fig. 6
i s a secti onalsubstantiady vartieally ingerted in thetdirewar hade, a0 pelishesthednsst t e
accommodati ng th tack. of the gl bstrates is.Dpl . in th

ol 1 ot ng. appdractd) TEPLRS okEshefis Wkl A oA Ry BF B0ichPabBey ur e
of a pol i shi ngn feRAE&IASIHGERY Bidlign bAs afd ARG tHEMisifg bragh PreesRbt

i nvention.
with the inner periphery while a liquid abrasive is delivered to the inner

periphery of the glass subsirate.
[0065]

The polishing method of the present invention is suitable to
simultaneously polish the inner peripheries of a plurality of glass substrates
stacked one on top of another.  Specifically, the polishing method can finish the
inner peripheries even of small-diameter substrates having a inner diameter of,
for example, 12 mm or less into a desired shape with a high precision, and in a
mirror-smooth state having a surface roughness of, for example, 0.10 nm or
less in terms of Ra.  Furthermore, the variation among the substrates can be
reduced, and thus, magnetic disk glass substrates finished in high quality can
be mass-produced at a low cost.

[0066]

The polishing method of the present invention is suitable for small-



[ 0070] In Fig. 4, alid 31 is intended to secure the stack of
the gl ass substrates accommodated in the substrate cassette 34. The
lid 31 has a circular hole 31a in the center through which the
polishing brush is inserted into the cassette placed in the polishing
apparatus. Spacers 32 and 33 are intended to protect the stack of the
gl ass substrates accommodated in the substrate cassette 34, and are
formed in a disk shape as a whole. The spacers 32 and 33 also have in
their centers circular holes 32a and 3 respectively through which
the polishing brush is inserted into the cassette placed in the
pol i shing apparatus. The substrate cassette 34 has a cylindrical

shape as a whdlianetgitasssubgipiesiEnina§ leLTde MME IypetehpdREenidti ch a
| bstrate i | Sk LS intE Dot om.of 1 h
dubstrare cassieblody hetosARPekipd olh FAEH GG nel BERBh Pt 0 o

35 of a subst rsabsrasd ingna@ssired sihape vaih d lHgh preeisibe end iora miracsmgoth he

substrates in the cassette, and throuqh whi ch the polishi nt% brush is
i nserted when Sai@h@4ike BYrEac8 L UoBNGSF oL 1of XREPISoP-1€ AR leg8 FLiPHERS.  The
substrate al i GUREh 1HigH Frodndl Bsnotet ¥ ek SHAMKSS rhdcblip cent er
that is to be |nsertgﬁbthrou% F%e circSIar hoﬁes %ﬁ tce center of

t he gl ass subssaiation witd @iélipduction of tha diameter st thactagnetjc didke substrat e
cassette 34 is_set fromabove along the stem 35 of the substrate

al i gnment gui @845 and the spacer 33 is first placed in the
substrate cassett erddylighiRfmetRodmas lﬁsé”@vo%pesfo@bol%ﬁﬁqﬁh%heslﬁ’@i@l ass
substrates is placed in the substrate casSette 34. The gl ass

subst r at es nayifiefent outesdiambeters (aeddpaisngyruembeaving byorstentoyereces. The

ot her spacer 32 i et on the glass, suhstrates in.the bstrate
cassettb o4 anteme) foangyn e T Siies SBhaR SFecttiy it hofefis btFor
accommodat i on yQf addie efoddifmeAtDThE Alt@RnisPedd & cabtbpdiERhE bRBRSRA TR | S
conpleted (see Fig. 5). By use of the substrate cassette 34 and the

substrate ali grasswe aguhelengmeriahsrp akthe gubstrats arg apprapriately sdiasird ©F

Centors of ot Besbiie PR BARGE Mo Rl TurEion ot e

substrate cassglitigpsiBRéRard IMEhbHBeGhasfersHnd ihaémeripsery Ihtd &er secured
at the ends with pushers 47 and 48 of the polishing gﬁgarat us (see

Fig. 6), and tehpropdain skrpemndded mMirertsiwopoitaterandgheppardemnstehs it is.
Hence, the pluyralit . 2 t es Lo axi s
direction w t%oﬁ%ﬁen gcern{herﬁéﬁg}%lﬁ%g?ﬁdn@ﬁ&%%gﬂeetfezlp Eér%ﬁ%ﬁag%ék e{é%

subj ected to pelipry @ @saghhpya@rsBapd adtobta rhiebignetipédte dunctioning as
Consequently, the variation in roundness or cylindricity can be

reduced in a BaRCEHIRRRAGORYS At RE perpeny well prethgshasid neyf Bpipatat us
shown in Fig. eriHHeH of?f?ér(v%lgﬁ%?&gété @gﬁjbe gggrgg%golésll}gd;rhe pol i shi ng

apparatus has "a structu an receive t Strate cassette 34
containing a peosspl ity of nmagnetic di sk glass substrates 1 to be
polished as it is. The substrate cassette 34 can accommdate, for
exanpl e, about 50,ARWBNINGEPPAFIUGRCSEING 18 416 RpRE invertiaR Wik naw berpe
substrate casggllfedd IS secured in the polishing apparatus by

ti ghteni ng pushers (pressing cocks) 47 and 48 fromthe axis

di rection. [0069]

Fig. 4 is a sectional view of a guide used for placing glass substrates in a
substrate cassette so as to be stacked in the axis direction with the centers of
the inner diameters aligned. Fig. 5 is a sectional view of the state in which the
glass substrates are accommodated in the substrate cassette so as to be

stacked in the axis direction with the centers of the in_ner diameters of the



[ 0074] The substrate cassette 34 is supported for rotation on
the axis on the rotatable support 41 of the polishing apparatus 40

w th housings 44 and 45. The substrate cassette 34 is rotated on the
axis at a predeterm ned rotation speed by a driving notor (not

shown). The housings 44 and 45 are supported by a |linear-notion guide
for reciprocal novenent in the axis direction of the substrate
cassette 34 as indicated by arrow A shown in Fig. 7. In the figure,
reference numeral 46 designates a beari4ly. The substrate cassette 34
is 25 operated for periodical reciprocal novenment in the axis
direction of the substrate cassette 34 by the driving notor 42 and

t he cam mecharfiussHates aligoesr5irio. 6 is a sepdiond viewr g %ﬁ)é{‘r‘ﬁh tistha §Ubsbel es
the polishing g P ﬁ%o&ﬁﬁgﬂe@&ﬂ%&@@?ﬂ%%%t [%ﬁrged'lﬁ' tehe

center holes o ass subStrates tal ne e su strate
cassette 34, Lmimgwgatmachtusx/l Rig. Triztaogidd seatiorsh oiem of Wetstruaudercmah
rotation driving notor shaft 49. The polishing apparatus 40 can
rotate the polRCEHNGARRAIRYS aseoTriRg & ?%%’Pb%ﬁ'?‘%@ﬂprrqﬁ?@ IPYREPM0on speed
of the poli Shl?;@; ie)r ush 20 can varied between a | ow | evel (about 4000
rpm and a hig vel (7000 rpmor nore). As the inner dianeter of

t he gl ass subst r atie Figs 4y 2litu2%kid mtertuednmséc&mthgstacluefrth@@la‘sssu’osmalbss ed to

h |1 t di 1 Al di hal di t
b ovi ded at | bOLHRHAAEGIN Hoshee Grrehe 36 abed ¥ Beh et ok ence
of the reduceq, flicthReEPouRh thh:ﬁ 1 Hﬁlghlnd} Hru@ﬁi%' ihdePBd irflo IhelcdifRget he

polishing brush 20 at both ends, the apparatus 40 has a nmechanismin
which an air @dceddetheﬁﬁllspmeslswawhe $pagerty Sﬁ@hdﬁa@rqdoievdemfs pmietWard

in the direction |l el e brush axi.s revet t he atlon
of the brush 43 SRk A aebHER e Hreopar P AT PRSP e e

vari abl e i ndeppadenilied A of kahbSNasS P RABIeOf TH a@é’rls B8RAhMY3 Brsblﬁﬂve
rotation speed of the substrate cassette, speed and wi dth of the

reci procal rrovreﬂnempemiemtcﬁ@ul@"dw@rsaa@n@a%gmswﬁw@jv gueughevhigh there
pol i shi ng br ;Splrc])llscr)'nn gzbr} ['IIIQPH Erddfihlo hera}/ssgt drglhceeadsirv{%%t O%h‘?rigpe[é)?) algery of

Pref erably, qui Brashve s % FVared T o the imner

the stack of tiihe sgbgte sdsbsiar BLiRS alcyinbricAIGhRSY Ashivhge, drd REART tO
deliver the liquid abrasive, a liquid abrasive dellverlng portion

(not shown) déPpves 34a aidhe toa&hraugitwfa@ % glashsubstiptedn apigk BRARSIIDe 51 or
53 th t h
53 10 Lhe S YEHLE NNl L sl SNSRI

liquid abr asi \igroligrowhié himstene3siovmsubetatd iali@ritdn0 guiti©36 isensepad for
direction and vice versa. In order to prevent the change in fluidity

of the 26 abPi§INGaGFHORIEtPHS heCaseRis: PBA tieyahyigh e Pefisting Srushissh
the liquid abraghyewhbPie CHARREYS isBuk h the BoAnG appd b5, PRHe!s2BiRe

alignment guide 36 has a vertical stem 3S in the center that is to be inserted
through the circular holes in the center of the glass substrates.
[0071]

In this structure, the substrate cassette 34 is set from above along the
stemn 35 of the substrate alignment guide 36, and the spacer 33 is first placed in
the substrate casseite 34. Then, a stack 30 of, for example, 100 glass
substrates is placed in the substrate cassette 34. The glass substrates may of
course be placed one by one or by some pieces. The other spacer 32 is set

on the glass substrates in the substrate cassette 34 and the lid 81 is further set.



[ 0077] Abr asi ves used herein include cerium oxide, iron oxide,
magnesi um oxi de, zirconi um oxi de, and manganese oxi de. Cerium oxi de
is particularly suitable because of its hardness close to the

har dness of the glass substrate 1. An excessively hard abrasive
scratches the periphery of the glass substrate, and an excessively
soft abrasive cannot polish the periphery of the glass substrate in a
mrror state. The tenperature of the li%uid abrasive is preferably
about 25 to 40C. [0078] The above-descri bed polishing apparatus
usi ng the polishing brush of the present invention can finish the

i nner peri pherihuevibe agfomanadation ofdhenprassesubsivdies indbaesubairata gassete mnet er

of, for exanple or. less_into desired shape wth_an

appropri ate dic}ggwiq%%dgg]ﬁe Elrgeg)'r sP%HS%ﬂgh‘?ﬂ" é{r?ﬁercﬁﬁ) -tgﬁﬁ&f‘%t@tsgpgr%%vi ng
a surface rouddigeent@lide36! arfsAaBAroasly Pi8cibiatk biQHds slbsi@fcdn Ak Ra.
Furthernore, the resulting magnetic disk gl ass substrates have | ow

vari ati ons anowgstradienssssiicdt aghgh timgawith thesabistsra thesneiniapweters

mass- produced at_a .l gw cost. W th | iabjlity. Since the polishing
brush of ¢ he. o BHp B8 S8 reblon Lo e ok tinelle B e B R Sout or
di ameters, theubéteiéds ahasiactreaanthewntit W[tl@ElDéh)érsllﬁ' &RldeugiRd to the
i nner periphery of the substrate even though the | arge-di aneter

portion has arPobehing anpiatatst(eee Figrfeandthemcants nlanedin Beapishg of t he
substrate. [00Q o S {.shi [.a f t.h resent
Thvent on” can FavaresiE Hist Mk A0TSR IR B o e BIE

substrates st arkeds drsttiacwiimmedaited of hetileer silzeRidrabineasfadubrctsdt h
the centers of the inner dianeters aligned in the axis direction can

be subj ect ed t'®PRISNiNgi3E MipyREe Wiyt hrireuRRileto (FonsRTUeHtY: His vagation in
Co tly, i at i _ : 2 it b
oducad n & ‘SYRREH ARGl bah O R BRSO EBE T i ng

appar atus of t@2present invention can reduce the anount of the
| i quid abrasive used in conparison with the known nethod polishing
the gl ass substrat®d€ HOW?&?E‘W}’S&S“PY‘HN 9 obyii spyde daseibedi ngl y, the
i qui d abrasi \{Go7gser voir can be small and, thus, the space for
installing the polishing apparatus can be reduced. In addition, use
of a small anount Toke dolishingbppbratisi hae alstradsrettbataan esheive theesubstraiament al
| oad and is thus environnent-oriented. .

cassette 34 containing a plurality of magnetic disk glass substrates 1 to be

polished as it is. The substrate casseite 34 can accommodate, for example,

about 50, 100, or 200 glass substrates at one time. The substrate cassette 34

fs secured in the polishing apparatus by tightening pushers (pressing cocks) 47

and 48 from the axis direction.

[0074]

The subsirate cassette 34 is supported for rotation on the axis on the

rotatable support 41 of the polishing apparatus 40 with housings 44 and 45.

The substrate cassette 34 is rotated on the axis at a predetermined rotation

speed by a driving motor (not shown). The housings 44 and 45 are supported

by a linear-motion guide for reciprocal movement in the axis direction of the

substrate cassette 34 as indicated by arrow A shown in Fig. 7. In the figure,

reference numeral 46 designates a bearing. The substrate cassette 34 is



[ 0081] A met hod of manufacturing a nmagnetic disk gl ass
substrate according to the present invention includes the step of
polishing the inner periphery of a glass substrate by the
above-descri bed polishing nmethod of the present invention. [0082]

A magnetic disk glass substrate is generally manufactured by
perform ng some steps on a glass substrate formed into a disk step by
step, including grinding, polishing, and chem cally strengthening,
and optionally texturing for giving nagﬁ%tic ani sotropy to a nagnetic
| ayer. The polishing step includes polishing the periphery of the

gl ass substrate and polishing the main surfaces of the gl ass
substrate. [O0oWg[ated orper@ﬁ@a@pgg@c%@pmgpt i herayes dirgginstal 16di sk gl ass

substrate 's NOhstPRE &és%git%éw ihualr.{nﬁ@po@faﬂahfﬁ]e%fanW@cuaFaﬁrztsal of

the gl ass substrate I nc um nosT |l 1 cate gl ass I me gl ass,
soda- al um nosi[DdT&t e gl ass, al um noborosilicate gI ass, borosilicate

glass, quartz glas ch n silicat | ass C CS O
Cryetal 1 sed g aceeaalaitrmaraian  Greasche B5af B 28io) PeFesthi o
because of it gyfngbh hERRGN HRTeRARAS &6k %,(l!a@e,f fbkPited @@bo’“‘r&aﬁﬁ&ﬁn tHgOr

exanple, a preferred 28 alumnosilicate glass Is a chem cal
st rengt heni ng sybsisae nasiselie/34 oningiths driying 2%terdnatS%ewy) witi agbrustolotaBp02,

5%to 15% b i ght of Al , %t O(V b ht of Li 20, 4%to 12%
by wei ghtof 1408 malky BeB0 s o hesslampYtea tan e R polSREB0) 71 02
wei ght ratio afudh B ih @itker Qirddidn 2 ﬁle%@l%{l&{ Bt BB olightrigbr@dh 43 nt 0

2.5. In order to elimnate protrusions fromthe surface of the gl ass

substrat e causededbhetwaen & oul el (Fno0R400P emArisshignlgveldARARIrpMBT % t o

% of Si02, 0 2 8 f 3% % O 203 0
Tior S 08 0k 2 e AR i A4 0,

brush 20 is required to have a small cuter diameter. Accordingly, holding
portions are provided at both endé to hold the brush so as to reduce the
influence of the reduced stiffness of the brush.  In addition to holding the
polishing brush 20 at both ends, the apparatus 40 has a mechanism in which an
air cylinder 50 presses the brush halding portions outward in the direction
parallel to the brush axis to prevent the deviation of the brush axis during
working. The polishing apparatus 40 is variable independently in rotation
speed of the polishing brush, rotation speed of the substrate cassette, speed
and width of the reciprocal movement of the substrate cassette, pressure of the
polishing brush on the inner periphery of the substrate.

[0076]

Preferably, a liquid abrasive is delivered to the inner periphery of the
stack of the glass substrates 1 during polishing. In order to deliver the liquid
abrasive, a liquid abrasive delivering portion {not shown) delivers the liquid
abrasive through a slurry pipe 51 or 53 in the structure shown in Fig. 7. For
delivering the liquid abrasive, a switching solenoid 52 or 54 switches the
direction of the liquid abrasive flow from the downward direction to the upward

direction and vice versa. In order to prevent the change in fluidity of the



Such alum nosilicate glass can be chemcally strengthened to forma
conpressive stress |layer at the surface of the glass substrate and is
superior in flexural strength, stiffness, inpact resistance,

vi bration resistance, and heat resistance. Al so, the alumnosilicate
gl ass does not separate Na out even in a high tenperature
environment, can maintain the evenness, and is superior in Knoop

har dness. The nethod for chem cal strqu%hening is not particularly
limted as | ong as a known chem cal strenhgthening is applied. The
chem cal strengthening of the glass substrate is performed by

i mrersing-the glass substrate in a heated chemcally. strengthening
mol ten sal tt GCOEAMEANAE sHiEh By bhBroddPe ok ng odid bl Tow
substrate for dnapseid Qitt BB wehs Thédoishigt r engt hening nol ten salt.

[ 0085] When a chem cal strengthening glass substrate is used as

the gl ass subd0@%&fe, texturing is preferably perfornmed after chemi cal
strengt heni ng. Chem cal stren t.hen]élgg may di.sturb t.Qe surface state
of the gl ass substPEEECalITIE T NCLRE AR HBB P g aHERIT & Cor
smal | er of t en A& furh BxiE®Rinkendigkhdse RREAUS UMY 18 DEALUILMVRREBION
provi des an inpact-resistant nmagnetic di sk gl ass substrate capabl e of

achi evi ng a hibghausefoditsrbardioesscese tathe jadeess af yhe JlesSepstrate 1. e gl ass

b f bl y, h hi ck f ab, .
Tmgnet 1o d Sk e B TR firiene sl e St ! el tries e

particul ar, thg dxBaRveRebit AbREYe Aot Bflish thai geReskry bi the Glabs Sibsthdt e to
i ncrease the inpact resistance, because the inner periphery having a

| ar ge surf ace it s eiae. nalnesemperaibiece theiavisi pbeasiieds pisieranakast 25 t h
the spindle i Ny Hﬁ% in a magnetic di sk device. The present invention
providing a highly inpact-resistant magnetic di sk glass substrate
havi ng an i nngpo7Ageri phery finished in a mrror-snooth state i s useful

and suitable for a thin magnetic di sk glass substrate. [0088 A
magnetic di sk i s prEdRhe¥RIdesE ipest pRlipYNREPRAERLS USNGRG RIISNYIDEE O B t he

mvent i on. | n Pogear oo LA i R G b ARRR L IR IR | yer.
a base | ayer, sabstegmiedvirg d diz@eter &, for oxaaqdié, vie nirayeless mnda dedirabshap@t | ng
layer on the %tﬁsa% a%g%gigtgtd%iensional precision and in a mirror-smooth state having a

surface roughness of, for example, 0.10 nm or less in terms of Ra.

Furthermore, the resulting magnetic disk glass substrates have low variations

among them. Such high quality substrates can be mass-produced at a low

cost with reliability.  Since the polishing brush of the present invention has

portions having different outer diameters, the liquid abrasive c¢an sulfficiently be

delivered to the inner periphery of the substrate even though the large-diameter

portion has an outer diameter larger than the inner diameter of the substrate.

[0079]

Since the polishing apparatus of the present invention can receive the
substrate cassette as it is, the glass substrates stacked and accommodated in
the substrate cassette with the centers of the inner diameters aligned in the axis

direction can be subjected to polishing as they were without being unpiled.

Consequently, the variation in roundness or cylindricity can be reduced in a



[ 0089]
crystal
al | oys,

al | oys,

The protective | ayer
The | ubricant formng

structure, such as Al alloys, C alloys, NNA alloys, N A
AlRu alloys, AlRuB alloys, Al Co alloys, and FeAl alloys, from
t he vi ewpoi nt of reducing the size of the magnetic particles. [0090]

The base | ayer may be made of Cr alloys, CrM alloys, Cy alloys,
alloys, and Ti alloys to adjust the orientation of the
magnetic | ayer. [0091] The nagnetic | ayer nmay be made of an all oy
havi ng an hcp crystal 30 structure, suth as a Co alloy. [0092]

CrTi

The seed | ayer can be made of alloys having a bcc or a B2

B

W

is preferably made of a carbon-based materi al
the lubricating |layer on the protective |ayer

may be a PFPE Raf&rdF#opedRiFeeher) conpound. Each | ayer can be forned
on the gl ass S[HMrate by a known net hod, such as sputtering. Exanple

The poiishing apparatus of the present invention can reduce the amount
of the liquid abrasive used in comparison with the known method polishing the
glass substrates immersed in a liquid abrasive. Accordingly, the liquid
abrasive reservoir can be small and, thus, the space for installing the polishing
apparatus can be reduced. [n addition, use of a small amount of liquid
abrasive leads to a reduced environmental load and is thus environment-
oriented.

[0081]

A method of manufacturing a magnetic disk glass substrate according to
the present invention includes the step of polishing the inner periphery of a
glass substrate by the above-described polishing method of the present
invention.

[0082]

A magnetic disk glass substrate is generally manufactured by performing
some steps on a glass substrate formed into a disk step by step, including
grinding, polishing, and chemically strengthening, and optionally texturing for
giving magnetic anisotropy to a magnetic layer. The polishing step includes
polishing the periphery of the glass substrate and polishing the main suriaces of
the glass substrate.

[0083]

The glass material of the magnetic disk glass substrate is not particularly
limited. Examples of the material of the glass substrate include aluminosilicate
glass, soda-lime glass, soda-aluminosilicate glass, alumincborosilicate glass,
borosilicate glass, quartz glass, chain silicate glass, and glass ceramics or
crystallized glass. Aluminosilicate glass is particularly suitable because of its

high impact resistance and vibration resistance. For example, a preferred



[ 0093] The enbodi nents of the present invention will be further
described in detail with reference to the follow ng Exanple. The
present invention is not limted to the foll ow ng Exanple. [0094]
Exanmple 1 A magnetic disk gl ass substrate of the present
exanpl e was prepared through the follow ng steps: (1) rough | apping
step (rough grinding step); (2) shaping step; (3) fine |lapping step
(fine grinding step); (4) periphery polishing step; (5) first main
surface polishing step; (6) second mai r*S&urface polishing step; and
(7) chem cal strengthening step. [0095] (1) Rough | apping step
First, a circular alumnosilicate glass substrate having a dianeter
of 50 mm and R4Finexicaleisss isia phamicalgkenstignnosinse MR KCHRA TIRA 58 as s
by direct pre | of n f . 4Bl ag , a
38 752 Y ucark 860, Zofl| P B el (AN, AL LF09Ab Bk

sheet gl ass may nto a of'6 ass substrate

gri ndstone by ol lLdOwtsds 82% v tvetit offNOf arabd.5%ee hed by nsighadf 20, with
applying direct press. The alum nosilicate gl ass was a C%%gi cal

st r engt heni ng aN&eS¥ Ce MERNHiEHY 0EBY4e 0 P89 R KO Inteight raf|og) 0-459:2%
23% by wei ght |9bo8 RQEminde brdtr c%’stfbén‘/‘@bghﬁac‘éfof {o%fhss ANBstAY Lfisdd % by
wei ght 31 of Na20. Then, the glass substrate was subjected to a

| appi ng st ep thy undissarasieZrOh ahalglassrsapcaitaind &6 its 745 o8- f ®torA.8% of

Bpar at us” and 22800 A 4k ENgTa7 30 1R it P2 e Bl  ces
of the glass sylishel paggommodated in a carrier was |apped to a

profile irregularity of O to 1 pmand a surface roughness (Rmax) of
about 6 p.m at{0@84] oad of about 100 kg with #400 al unm na abrasive

grai ns bY T otat Nt SRS Read Yacdlah B SARbaf SRingHorblfs LARE! N9
compressive stress layer at the surface of the glass substrate and is superior in
flexural strength, stiffness, impact resistance, vibration resistance, and heat
resistance. Also, the aluminosilicate glass does not separate Na out evenin a
high temperature environment, can maintain the evenness, and is superior in
Knoop hardness. The method for chemical strengthening is not particularly
limited as long as a known chemical strengthening is applied. The chemical
strengthening of the glass substrate is performed by immersing the glass
substrate in a heated chemically strengthening molten salt to exchange the ions
at the surface of the glass substrate for ions in the chemically strengthening
molten salt.
[0085]

When a chemical strengthening glass substrate is used as the glass
substrate, texturing is preferably performed after chemical strengthening.
Chemical strengthening may disturb the surface state of the glass substrate
during ion exchange.

[0086]
While the diameter of the glass substrate is not particularly limited, the

invention is useful and suitable in practice for small magnetic disks, such as 1.8-



[ 0096] (2) Shaping step Then, using a cylindrical grindstone, a
hole was fornmed in the center of the glass substrate and the outer
peri phery was polished to a dianeter of 48 nm Subsequently,
predeterm ned chanfers were forned at the outer periphery and the

i nner periphery. At this point, the surface roughnesses of the

peri pheries of the glass substrate were about 4 gmin terns of Rmax.
In general, a 1.8-inch HDD (hard disk drive) uses a magnetic disk
havi ng an outer diameter of 48 nm [009%1 (3) Fine | apping step
Then, the surfaces of the glass substrate were | apped with #1000
abrasive grains to a surface roughness of about 2 $&n1in terns of

Rrax, and aboufcdisk gmalien lienysest inpiobile RPPs, begigst W ATeRgndpestion he
gl ass substrat M@i%ammﬁé&fr‘é%'ét BRI AU P b o LEASATY ©
waves were app‘??ed of a neut'rga“l' dagt ergen@%n%u\/\at eér,\&}pn tehat or der
for ultrasoni caltibkesfmrmgtior] ©€98hg dpsitiRer i phery pol i shing step

Then, the outﬁ %(jri phery of the glass substrate was polished with a
known pol i shi éo ush and a known polishing apparatus. For this

polishing, the brisid %aé%fsubﬁ%t@ﬂ%iééﬂlw&sbd HRRnN D1 BRL0 9o $:06nAY! ON.
The polishing brush 2
For a magnetic disk made of a thin substrate of about 0.6 mm or less, in

particular, the inner periphery must be finished in a mirrcr state to increase the
impact resistance, because the inner periphery having a large surface
roughness may be cracked to cause dust by contact with the spindle in use in a
magnetic disk device. The present invention providing a highly impact-
resistant magnetic disk glass substrate having an inner periphery finished in a
mirror-smooth state is useful and suitable for a thin magnetic disk glass
substrate.

[0088]

A magnetic disk is produced by forming at least a magnetic layer on the
magnetic disk glass substraie produced according to the present invention. In
general, the magnetic disk preferably has a seed layer, a base layer, a magnetic
layer, a protective layer, and a lubricating layer on the glass substrate.

[0089]

The seed layer can be made of alloys having a bce or a B2 crystal
structure, such as Al alloys, Cr alloys, NiAl alloys, NiAIB alloys, AIRu alioys,
AlIRuB alloys, AlCo alloys, and FeAl alloys, from the viewpoint of reducing the
size of the magnetic pariicles.

[0090]

The base layer may be made of Cr alloys, CrMo alloys, CrV alloys, CrwW
alloys, CrTi alloys, and Ti alloys to adjust the orientation of the magnetic layer.
[0091]

The magnetic layer may be made of an alloy having an hcp crystal



was rotated at a 1400 rpm and a stack of many gl ass substrates was
rotated in the opposite direction to the polishing brush at 60 rpm A
cerium oxi de abrasive was used. A |iquid abrasive containing the
cerium oxi de of about 30C was delivered during polishing. The
polishing time was about 30 m nutes. [0099] Then, the inner

peri phery of the glass substrate was polished with the polishing
apparatus shown in Fig. 7. A polishing brush having the structure
shown in Fig. 3 was used. The poli shi ng3°orush had outer dianeter D1
of 14 nm and outer dianeter D2 of 12 mm and L1 and L2 were 3 nm
each. The bristle material was made of 6-6 nylon. The bristle
materials of tHECHE YRS @AY snal | di aneter D2 were bound
together wth ggygpoxy resin. The polishing brush was rotated at 1800
to 2700 rpm (preferably 2200 to 2400 rpn), and the substrate cassette
cont ai ni ng t he st atfie wbtectiveyaygt Bpsefsnably taaie @f a warbon-basddadatenal t Hehe

opposite direction to the | ishing brush at 6Q rpm The s and
oPBeh of the rRArGRRIn 6 saingfeeht amiatocve bt 1ok BRAE

pressure of t nﬁerﬁﬁﬂrbﬁdﬂéﬂﬂarﬁoﬁﬁﬁuﬁ’cﬂ tE38h |HBELanRRI bR 1 gibdie

substrate were appropriately adjusted. The abrasive was cerium oxi de.
A liquid abrasiubgrateby akmvwigmethed.cech asspuktedar. of about 30C was
del i vered during polishing. The polishing time was about 8 to 16

m nutes. [0100] Thus the resulting 100 gl ass substrates after
pol i shi ng had mdkele Peri pheries having surface roughnesses of about
0.1 gmin terns of Ra on average, and inner peripheries having
surface roughrd@d$gs of about 0.05 urn in terns of Ra on average. The

di mensi onal vari atjon i,n . inner .di aneter. was. W thin The.
surfaces of the gI%?sen%%g@?ﬂgﬁ%&esﬂﬁfe@&”é’ﬁ%iog “f'iﬂ%e fﬁé&?gﬁ@?&egm i shing
were washed Wdektnil\With@sterehbd kthe TNewiR@ Ek&NRE. TTRSFeSMbRUEAbBE iSRS
nmeasured for the shape of the inner 33 periphery with a contour

tracer. As a rigdgd to the fllowing&xapelei phery 12 had a shape defined by
two chanfers J@pyﬁnd a peripheral wall 12a between the chanfers, as
shown in Fig. 2.7 The outer periphery had substantially the sane

shape. Example 1

A magnetic disk glass substrate of the present example was prepared
through the following steps: (1) rough lapping step (rough grinding step); (2)
shaping step; (3) fine lapping step (fine grinding step): (4) periphery polishing
step; (5) first main surface polishing step; (6) second main surface polishing
step; and (7) chemical strengthening step.
[0095]
{1) Rough lapping step

First, a circular aluminosilicate glass substrate having a diameter of 50
mm and a thickness of 1.0 mm was prepared from a molten glass by direct
press using a cope, a drag, and a frame. Alternatively, a sheet glass may be
cut into a disk of the glass substrate with grindstone by a down draw method or
a float method instead of applying direct press. The aluminosilicate glass was
a chemical strengthening glass containing 58% to 75% by weight of Si0O5, 5% to
23% by weight of Al,O3, 3% to 10% by weight of LiO, and 4% to 13% by weight



[0102] (5) First main surface polishing step In order to renove
flaws and distortions remaining after the |apping steps, the first
polishing step was perforned with a two-side polishing apparatus. In
t he two-side polishing apparatus, the glass substrate held by a
carrier was tightly pinched between an upper and a | ower surface

pl ate on which polishing pads were stuck, and the carrier was engaged
with a sun gear and an internal gear. The gl ass substrate was thus
conpressed between the upper and the | oter surface plate. Then, the
gl ass substrate was rotated while a liquid abrasive was del i ver ed

bet ween t he pollshln pads and the polished surfaces of the glass
substrate. Thud Nag® egH'Ie&s@e 8768 Bybstratepmap subigeien & %\E’EH‘”Q ﬁ'é’pé‘hr face

plates and rot r@éjseQEeeHJ'mcé &¥ha RFe‘&sBﬂ'a‘nﬁ%rP}Sﬁ El?lﬁbﬁ f %29:}33 ds'™®

Mor e speci fi ca Shl g Sstep was orrre u5|
polishers (ri gnedolfrnmlmtrraatd%mme)Iamng)appasmmmdmderabmemdlgtamns Mosd ng
an RO water in which cerium oxide averagb;‘°rtr article size:

was di sper sed SRECHFATY: QAihFULBresLl (e, 0'ags sy acepmméafgﬂmca%?r “‘iag)
mnutes. Aft eﬁ?ﬁpfée 4 hb?&nle%ééu'?é?h;ﬁ% OStBGthm LiEa Gl ARe r&}éhﬁ%srsefhﬁlawﬁo?

subjected to ultrasonic cleanin being 1 mersed 1 n cleaning baths
of neutral detabogiehpm apa toed\maatmul 1rpmlfgawmba#@0 alunﬂm ébrasipe graink by

al cohol ), and | PA (steam dr % t or | owed by drying.
0703 {5) " SedBAUTEHARY SR Fiban BIATAAPATS! e EPRTIRAPPEE. s econd

pol i shi ng st eQoyds perfornmed using the same type of two-side

pol i shing apparatus as used in the first polishing step and soft

pol i shers (sud@eShepihg)stepThe second pol i shing step is intended to

reduce the 34 surface rou hne t far_ex u 0to 0.3
b or 1 ess under R tBHEOETRg et Slape. R o R ool acdier ab
(average partitgd glasd #iBstréle EndiR: JORS pEHiHRAN BRChdRShed th a@ibntkiatyt asi ve,

at a load of 100 g/cnR2 for 5 mnutes while the flat surfaces produced

in the first dmgp S«véqseqmﬂmsﬁde@nmmﬁ@si@ﬁmfeﬁewe'eécmad polhe gHlieng step,
the ol ass subsirals, BPRRYRLPELEeho ML ERNYE S Eallgyitehslng

immersed in cleanln pure ter

wat er, | PA, anigk pdrPhérsdsenhedfiats shﬁstiah:ﬁ\'ﬁler@radeut 4 ;in@iri eMeof M. ylrng
[ 0104] (7 Chegglngrgll as1t8r ue’lgrg}-lgeDn(Lgr d?sE(eciﬂve) uses a magnetic disk having an outer
diameter of 48 mm.
[0097]
{3) Fine lapping step
Then, the surfaces of the glass substrate were lapped with #1000
abrasive grains to a surface roughness of about 2 um in terms of Rmax, and
about 0.2 um in terms of Ra.  After the lapping step, the glass substrate was
immersed in cleaning baths (to which ultrascnic waves were applied) of a
neutral detergent and water in that order for ultrasonic cleaning.
[0098]
(4) Periphery polishing step
Then, the outer periphery of the glass substrate was polished with a
known polishing brush and a known polishing apparatus.  For this polishing,

the bristle of the polishing brush was made of 6-6 nylon. The polishing brush



After the conpletion of cleaning, the glass substrate was chemcally
strengt hened. For the chem cal strengthening, a chem cal
strengthening liquid containing potassiumnitrate and sodiumnitrate
was prepared. The chem cal strengthening liquid was heated to 380C,
and the glass substrate after the above-described cleaning and drying
was imMmersed in the chem cal strengthening liquid for 4 hours, thus
chem cally strengthened. The chem cal ly_strengt hened gl ass substrate
was subjected to ultrasonic cleaning by3 eing i mrersed in cleaning
bat hs of sulfuric acid, neutral detergent, pure water, pure water,

| PA, and | PA (steam dr in that order, follo b dry|n
After the conpYa&'Piged c% a{1RR0 éPHb%’EéP%F‘é%%ﬂ”i’ﬂj‘y sﬁasg (R %6‘?‘[”?%1@“
gl ass substratf, wog.téeﬁmcﬁ&t foghé Boliéhiny Blush BEEEGH. O c%ﬂfﬂm%%é' | ed

i nspection using reflection fusion and transm ssion of l[ight. As
a result, protabsivervasfusedredt Impiddadpardict cootainifeftbe taiuguetidead abbaws wer e
rate. The aurf ces

t f d t f th b
o he o acn b s BRE R BoRhBRe e o s e, e PPy a0 €1

wer e measur ed g surface roughness with an atomic force nlcroscope
(AFM . As a resul!, it was found that the resulting magnetic disk
gl ass substrate haﬁwearthairtneap@mbawrmf E‘emﬂﬁeesb&uﬁtm&m@)sw witmthl so,

the gl ass substrate was |n|shed n,ou ter an
e et epoligie ARt SuR b &S, autligind B3 i othe StlsER,

About ten thousandinagrekiCusdts kT Fushisdab RdESutRlindBagiised as
descri bed above and subjected to long run test. As a result, 90% or

nore of the smt'fgtantépétgr diamplef D’é@f & pmeaed bt ﬁ'i"h'e%lwﬁr@rﬁ pegagh. shgpe,
di mensi onal ?&'] QWas%ade &rehn?ﬁe bri e%h?erlal? oﬁhepeor lorﬁher yo

pol i shi ng. The noncon ormng su str S werere nd Bst

t hem conf or medhatiag tamkgiaRkick BRivRre b&ma?dgetherwuthénﬁp@@ebm driek 10 as
shown in Fig. 8 was produced by form ng a nonnmagnetic netal |ayer

i ncl udi ng a séetshingysyshwasiaigted 31480 10%789 r%(prafef@&yr?@Pﬂéoﬁr’WéPmB a
car bon- based %585?%0@'13&?&& @é(s%@lfte corﬁ'ﬁhﬂ ?w&épal’ck%ﬂnhﬁ&gggéiﬁlrbft?at@was

descri bed bel ow on a nai net

substrat e prodotared iraihe\oppoditd H0&dtion to the polishing brush at 60 rpm. The speed
and width of the reciprocal movement of the substrate cassette and pressure of
the polishing brush on the inner periphery of the substrate were appropriately
adjusted. The abrasive was cerium oxide. A liquid abrasive containing the
cerium oxide of about 30°C was delivered during polishing. The polishing time
was about 8 to 16 minutes.
[0100]

Thus the resulting 100 glass substrates after polishing had outer
peripheries having surface roughnesses of about 0.1 um in terms of Ra on
average, and inner peripheries having surface roughnesses of about 0.05 um in
terms of Ra on average. The dimensional variation in inner diameter was
within 10 um. The surfaces of the glass substrates subjected to the periphery
polishing were washed with water.

[G101]

The polished glass substrate was measured for the shape of the inner



Specifically, an AlIRu all oy seed layer 2a, a C M alloy base |ayer

2b, a CoCrPtB alloy magnetic |ayer 3, and a carbon-based protective

| ayer 4 were fornmed in that order on a nain surface of the gl ass
substrate with a DC magnetron sputtering apparatus. In addition, an
al cohol -nodi fi ed perfl uoropol yether |ubricating |ayers was formed on
t he carbon-based protective |ayer 4 by dipping. Thus, the magnetic

di sk 10 was produced. [0109] The resulting nagnetic di sk was

| oaded in a | oad/unload (LUL) HDD (hardI%isk drive). The nagnetic
head used a GWR el enent and had a flying height of 10 nm Thus, a LUL

endur ance test was perforned b%/ﬂqr epeati ng | oad/ unl oad operation. The
magnetic di sk REFPRETE Witk 85pMaUTdRGEr eAS @ TREUTY theinneyReriPEeyr2tad & UL

oper ati on wi t hgut. failbi b2 wd QhAfb:s 13 bl falP(BBlioen o The
conparative e%gn}%ﬁe sns EFW er ent r?r o%a'tqﬁngfr@%ea- ﬁgscrl enge%nxa?rpl ein
t hat the i nnerchpefdrpheshesn nfFigl2as $he olist pesipleay Wed eulstdniisllydde bamée he
known pol i shing nethod disclosed in Patent Docunent 1. Mbre

speci fically, %' -polishing brush had a structure in which the
above-descri begighannel brush was wound around a netal axis, and had
a constant outer dianeter of 14 nm The bristle was nade of 6-6

nyl on. A st acKk5)dfirsi®@ingudss: mliBsog stees havi ng t he sane shape and si ze
as in Exanple 1 wgs i rsed ip a liguid_ abrasive, and the inner

peri pher i 66 wer e tRGESHE FERKGITY i TIAIaR BB alPUie Re g Stpsas
in Exanple 1, yadglsQidNetindsbh 385 Pw&ﬂe@mthamﬁo-mé PG ARpAaRS! Yin

adj usted. [0111] The 100 gl ass substrates after the conpletion
of polishing heaitworside paliehing heneiraiss, ievdlery sybsifaie beld by gleawisswas of

about 0.1 um qQn _aver in terms of . The inner peripheries of the
Gl'ass substr at EUHEE 80 Prites” FBUBRT AL aLowT Ui dE oM etPer age
in terms of Rpaasidted ARRSAANAE cHAbi Bdd SHYEgEBwittPd Sh Gar aROEN iInddndRm
[0112] The shaﬁe of the inner periphery of the glass substrate

after peri pheggahollhe BlapySuRsEalgwEs (hUsFORIPIsSed RINEYLINSLUPBREAN s a
result, the peplparcelise ! "ol TLRLS s 3008 RETLEAGLRL W3kli Dot ween
Sh Ei g. 2 g Yy~ pr ba

the chanfers as own’i'n recesses forne bly
unst abl e pressurgiveiwaslieliveedd isdivesh the psilshing badd ade paiished slriickyofi N

t he peripheral wall. [0113]

the glass substrate. Thus, the glass substrate revolved between the surface
plates and rotated on its axis to polish both surfaces at one time. More
specifically, the polishing step was performed using hard polishers (rigid foam
urethane) as polishers under conditions using an RO water in which cerium
oxide {average particle size: 1.3 pum) was dispersed as a liquid abrasive, at a
load of 100 g/om? for 15 minutes.  After the first polishing step, the glass
substrate was subjected to ultrasonic cleaning by being immersed in cleaning
baths of neutral detergent, pure water, pure water, |PA (isopropyl alcohal), and
IPA (steam dry) in that order, followed by drying.
[0103]
(6) Second main surface polishing

Then, the second polishing step was perfermed using the same type of
two-side polishing apparatus as used in the first polishing step and soft

polishers {suede pads). The second polishing step is intended to reduce the



In the Conparative Exanple as well, about ten thousand 1.8-inch
magneti c di sk gl ass substrates were produced and subjected to |ong
run test. As a result, 70%or less of the substrates satisfied a
predet er mi ned peri pheral shape, dinensional precision and surface
roughness by the first periphery polishing. Wile sone of the
nonconform ng substrates could be repolished, 37 50% of the
nonconf orm ng substrates could not be repolished and had to be

di sposed of because of excessive polish? g. Furthernore, the
variation was | arge anong the substrates. [0114] The polishing
brush (abrasive nenbe&é1of the present invention can he substituted

for the known SYGRFSRIGYEET HaH 67 RBEISI FPUhECRNORA DT PISHEFS"
pol i shi ng app%oﬁ?iﬂ%}sqgn@w\@afepinﬁb@ch ééﬁum%f(idéﬁ%\%ga R dishbig, oy ush

(abrasi ve nenber € present invention In nown peri phery
pol i shing appavastdispersetes aflijeid abesive hat agoass® 00 glewé fdrisaninitss phiteluced,

so that peripherjes of magnetic di sk glass substrates, particularly
el | i et orth i StareR SrooneR BUTENGP BB SRR o g second
effectively. —pdfsifeidfBine giass subdratdwlPLIMAGS o TRAYAC Lk dodihASS

substrate for 'a magnetic conprising the periphery polishing
step of poli shinmgrdedtirncledningimtiigpdieenairal walergeof, paregiadsrspyeabstar.dPs, and

internediate fa tween the maj n,surfaces and the peripheral wall
of the gl ass Sades B T Ji PERE/SIOHER BERRRE st op bei ng per fof med
using an abraggmr)menber having a peripheral wall-polishing portion

mai nly polishing the peripheral wall and an internedi ate
f ace- pol i shi nd7)dehramien sierigtiepingstdpshi ng the i nternedi ate faces while

Deri pheral var | ot HE R REH S a8 iR bostEle W't 10,
accordi ng to Glrahdthdned. WhetEd thenhéal alpsrafrienmg e siedicd) eferiytiepingtibaia

axis, and the periphery polishing step is perfornmed by rotating the
abrasi ve membéPNAINTG ROMSSIAIMIFIRARY SQGHM NiFBLE VIFiPRRPARSK t ok Chemiednt act

e oo BB B RS S T B ST B o
faces of the gbassdeahisddradaBing and drying was immersed in the chemical
strengthening liquid for 4 hours, thus chemically strengthened. The chemically
strengthened glass subsirate was subjected to ultrasonic cleaning by being
immersed in cleaning baths of sulfuric acid, neutral detergent, pure water, pure
water, IPA, and IPA (steam dry) in that order, followed by drying.
[0105]

Aifter the completicn of the above cleansing, the surfaces of the glass
substrate were subjected to visual inspection and detailed inspection using
reflection, diffusion and transmission of light. As a result, protrusions formed
by deposit or defects such as flaws were not found on the surfaces of the glass
substrate. The main surfaces of the glass substrate obtained through the
above-described steps were measured for surface roughness with an atomic
force microscope (AFM). As a resuli, it was found that the resulting magnetic

disk glass substrate had an ultra-smooth surfaces of Ra = 0.20 nm. Also, the

glass substrate was finished to an outer diameter of 48 mm, an inner diameter



3. The method according to claim2, wherein the | ength of the
abrasive nmenber in the direction perpendicular to the rotation axis
fromthe rotation axis to the peripheral wall-polishing portion is
smal l er than the length of the abrasive nmenber in the direction
perpendicular to the rotation axis fromthe rotation axis to the

i nternedi ate face-polishing portion. 4. The met hod accordi ng
to claim1, wherein the abrasive nenber %as a rotation axis, and the
section of the abrasive nenber taken al® g the plane including the
rotation axis has a shape matching the shape of the periphery of a
stack of glass ,sybstrates, . The met hod according to claim
1, wherein theOngr”i"B'kPé}dftB'Sme?:ﬁPE%S&@H“i s perforned in such a manner
that a pluralibyosf glass substrates are stacked one on top of

anot her so that the inner peripheries of the glass substrate are

si mul t aneousl y pol flxhtten thousand magnetiTidisk gissh oubstigies meieangrotduesedlaai m 1,

wh inth b I nb h i | [l - i.shi
bort 1 ons. and. +IRESTaRE PRI I L oPgled Yo Brd L e oo B rel Yt Bl kel
arranged in thpe adiskrafds 86k B preddfrmined pdriphEResHERE AR cAGGR di Nng to

claim1l, wherein the internediate face-polishing portionis a
pol i shi ng br ugtigcision andgsurfaperovgiinesd b dedirdipadpiesy edliahing. 7, Theher ei n t he

P ot mocor aienERb AN HoBRibd Btel St AL LRP IS R coprommedia, T

portion is a pRbédediiteng. br ush whose bristles are hardened by a resin.
10. The nmethod according to claim1, wherein the abrasive nenber has
a rotation axil8197hnd the polishing step is performed by retaining the

abr asi ve nmenber an f t b I irection of
the rotation axi sﬁh%bn%¥kﬂqgﬁggggg@ﬁ\?éd%e‘% rg%ugé&d]b?t' %ﬂgg‘ﬁeat hod of
manuf act ur i ng rnglhgssic udis tayat inkting arsegt lyer2z0hriilka basstdyee2ma t he
step of periphery polishing step of polishing both the peripheral
wal | of a gl a@@ﬁﬁ%‘lﬁﬁﬁ%a&ﬁ@wﬁﬁma‘ﬁﬁtﬁ@ I3y b2 et Rricatingiayendi as

surfaces and tdag%rl_%a IbBRG G a MGt lsufdcel I rethAFRICHES L& Smsfidle abrasive

menber conpri si
produced above.

[0108]

Specifically, an AIRu alloy seed layer 2a, a CrMo alloy base layer 2b, a
CoCrPiB alloy magnetic layer 3, and a carbon-based protective layer 4 were
formed in that order on a main surface of the glass substrate with a DC
magnetron sputtering apparaius. In addition, an alcohol-modified
perfluoropolyether lubricating layer 5 was formed on the carbon-based
protective layer 4 by dipping. Thus, the magnetic disk 10 was produced.
[0109]

The resulting magnetic disk was loaded in a load/unload (LUL) HDD
(hard disk drive). The magnetic head used a GMR element and had a flying
height of 10 nm. Thus, a LUL endurance test was performed by repeating
load/unload operation. The magnetic disk of the Example endured a million
cycles of the LUL operation without failure.

[0110]



a peripheral wall-polishing potion mainly polishing the peripheral
wal | ; and an internedi ate face-polishing portion mainly polishing the
I nternmedi ate faces. 12. A polishing apparatus conprising: a
substrate support neans that supports a glass substrate; a

| i quid abrasive supplying neans that supplies a liquid abrasive to
the inner periphery of the glass substrate,; a abrasive nenber
having a rotation axis and incl udi ng aiﬂgripheral wal | - pol i shi ng
portion mainly polishing the peripheral”wall of the glass substrate,
and an internedi ate face-polishing portion mainly polishing

I nternedi ate nzces QEtﬁgen Fhe mai n surfaces and the peripheral wall
of the glass s TSR = (S a driving neans that rotates the

abrasi ve nmenber antiodonifarfive biendiftcydht MBMIIRE aboleldBserBbd €Gahge Of
the rotation axis with the abrasive nenber in contact with the inner

peri phery of tinéhagihasanes neriphedeseol glass substrgles eee paiisherhiribe sper at us
he.peri pher it BarEefe sl BB T3 tBal e eRod Refo B pher a
wal | of the glmsshisbrash Rdden QNGRS inWHidh thé GbdvatRisBRBL@hennel brush
face-polishing portion in contact with the internedi ate faces of the
gl ass subst r atwas wound around a metal axis, and had a constant outer diameter of 14 mm.
The bristle was made of 6-6 nylon. A stack of 100 glass substrates having the
same shape and size as in Example 1 was immersed in a liquid abrasive, and
the inner peripheries were thus polished. A cerium oxide abrasive was used
as in Example 1, and other polishing conditions were appropriately adjusted.
[0111]
The 100 glass substrates after the completion of polishing had outer
peripheries having surface roughnesses of about 0.1 um on average in terms of
Ra. The inner peripheries of the glass substrates had surface roughnesses of
about 0.20 um on average in terms of Ra and dimensional variations as large
as about 20 pm.
[0112]
The shape of the inner periphery of the glass substrate after periphery
polishing was measured with a contour tracer. As a result, the periphery has
two chamfers and a peripheral wall between the chamiers as shown in Fig. 2,
but recesses formed by probably unstable pressure of the polishing brush were
found particularly in the peripheral wall.
[0113]
In the Comparative Example as well, about ten thousand 1.8-inch
magnetic disk glass substrates were produced and subjected to long run test.
As aresult, 70% or less of the substrates satisfied a predetermined peripheral
shape, dimensional precision and surface roughness by the first periphery

polishing. While some of the nonconforming substrates could be repaolished,
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50% of the nonconforming substrates could not be repolished and had to be
disposed of because of excessive polishing.  Furthermore, the variation was
large among the subsirates.

[0114]

The polishing brush (abrasive member) of the present invention can be
substituted for the known polishing brush 62 used in the known periphery
polishing apparatus as shown in Fig. 10. By using the polishing brush
(abrasive member) of the present invention in the known periphery polishing
apparatus, the effect of the present invention is produced, so that peripheries of
magnetic disk glass substrates, particularly small-diameter substrates, can be

highly precisely polished effectively.
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CLAIMS

1. A method of manufacturing a glass substrate for a magnetic disk,
comprising the periphery polishing step of polishing both the peripheral walt of a
glass substrate and intermediate faces between the main surfaces and the
peripheral wall of the glass substrate, the periphery polishing step being

performed using an abrasive member having a peripheral wall-polishing portion
mainly polishing the peripheral wall and an intermediate face-polishing portion

mainly polishing the intermediate faces while a liquid abrasive containing
abrasive grains is delivered to the peripheral wall and the intermediate faces.

2. The method according to claim 1, wherein the abrasive member has
a rotation axis, and the periphery polishing step is performed by rotating the
abrasive member with the peripheral wall-polishing portion in contact with the
peripheral wall of the glass substrate and/or with the intermediate face-polishing
portion in contact with the intermediate faces of the glass substrate.

3. The method according to claim 2, wherein the length of the
abrasive member in the direction perpendicular to the rotation axis from the
rotation axis to the peripheral wall-polishing portion is smaller than the length of
the abrasive member in the direction perpendicular to the rotation axis from the
rotation axis to the intermediate face-polishing portion.

4. The method according to claim 1, wherein the abrasive member has
a rotation axis, and the section of the abrasive member taken along the plane
including the rotation axis has a shape matching the shape of the periphery of a
stack of glass substrates.

5. The method according to claim 1, wherein the periphery polishing
step is. performed in such a manner that a plurality of glass substrates are
stacked one on top of another so that the inner peripheries of the glass
substrate are simultaneously polished.

6. The method according to claim 1, wherein the abrasive member has
the peripheral wall-polishing portions and the intermediate face-polishing

portions alternately arranged in the axis direction.
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7. The method according to ciaim 1, wherein the intermediate face-
polishing pottion is a polishing brush.
8. The method according to claim 7, wherein the peripheral wall-

polishing portion is an abrasive pad.

9. The method according to claim 1, wherein the peripheral wall-
polishing portion is a polishing brush whose bristles are hardened by a resin.

_10. The method according to claim 1, wherein the abrasive member has
a rotation axis, and the polishing step is performed by retaining the abrasive
member and/or moving the abrasive member in the direction of the rotation axis.

11. An abrasive member used in a method of manufacturing a glass
substrate for a magnetic disk, including the step of periphery polishing step of
polishing both the peripheral wall of a glass substrate and intermediate faces
between the main surfaces and the peripheral wall of the glass substrate, the
abrasive member comprising:

a peripheral wall-polishing potion mainly polishing the peripheral wall; and
an intermediate face-polishing portion mainly polishing the intermediate faces.

12. A polishing apparatus comprising:

a substrate support means that supports a glass substrate;

a liquid abrasive supplying means that supplies a liquid abrasive to the
inner periphery of the glass substrate;

a abrasive member having a rotation axis and including a peripheral wall-
palishing portion mainly polishing the peripheral wall of the glass substrate, and
an intermediate face-polishing portion mainly polishing intermediate faces
between the main surfaces and the peripheral wall of the glass substrate; and

a driving means that rotates the abrasive member and/or moves the
abrasive member in the direction of the rotation axis with the abrasive member
in contact with the inner periphery of the glass substrate.

13. The polishing apparatus according to claim 12, wherein the abrasive
member is rotated with the peripheral wall-polishing portion in contact with the
peripheral wall of the glass substrate and/or with the intermediate face-polishing

portion in contact with the intermediate faces of the glass substrate.



