1 DESCRIPTION POLISHING BRUSH, POLISHING METHOD, POLISHING
APPARATUS, AND METHOD OF MANUFACTURING GLASS SUBSTRATE
FOR MAGNETIC DISK Technical Field [0001] The present invention relates
to polishing brushes or abrasive members, and polishing methods and
polishing 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 polighagogs|papperies 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
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information recording device, such as a hard disk drive (HDD), requires an
information recording density of at least 40 to 100 Gbit/inch2, responding to
the ggeMdRg dgal@nd for high capacity. [0003] While substrates for magnetic
recording medium, such as magnetic disks, have conventionally been made
of al®@Mliinum alloy, glass substrates are being thought of as a magnetic
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suitahtegolibighg imetadies snrepdichimaapptimilisdisk slayites saise, the glass
substrate can have such a smooth surface as the flying height of the
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polishing method, and a polishing apparatus that are suitable to polish 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, particularly magnetic recording
technology. 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 substrates have a higher stiffness than aluminum alloy

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



S/N ratio of recording signals can advantageously be increased. [0004] In
addition, in order to increase the recording density of the magnetic disk, high
processing precision is required of the glass substrate, including not only the
main surface, but also the shape of the peripheries. [0005] Patent Document
1 listed below discloses a method for polishing a periphery of a glass
substrate. In the method, a circular glass substrate having a circular hole in
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grains, and the inner periphery of the glass substrate is polished in the liquid
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desjgoadés a glass substrate for a magnetic disk as an object to be polished;

61, a substrate case accommodating many glass substrates 60 immersed in
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peripheries of the stack of the many glass substrates 60; and 68, a liquid

abréevergiorsaifanccbotAatsadghe bhake abisiverigfesissbstrate case 61 has a
quu@@&gfsive flow path 70 through which the liquid abrasive flows between
the outside and the inside of the case, at an appropriate lower position. The
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driving the rotation shaft 66 to rotate in the right and reverse directions with a
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and reverse directions. Also, the polishing apparatus has a cam mechanism
(notsshpendethabpreivecgyy dites baistl éhe3rufethpgpiplstijngf the glass substrate is
polished in the liquid abrasive by rotation with a polishing brush or a polishing
pad in contact with the substrate.
[0006]

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



brush 62 on the inner peripheries of the glass substrates 60 and allows
reciprocal movement of the brush along the rotation axis. Conventional
polishing is performed using such a polishing apparatus by rotating the
rotatable support 65 and the polishing brysh 62 in, for example, directions
opposite to each other. [0007] [Patent Document 1] Japanese Unexamined
Patent Application Publication No. 11-221742 Disclosure of Invention
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drive is limited for such mobile use, the hard disk drive is required to be
smaihaB oibiiras requiring that the magnetic disk have a high shock
resif&%} . Hence, the magnetic disk used in the hard disk drive is also
required to be small. Accordingly, magnetic disks are proposed which are

smaller thgrareie Boveltyeht SMaldpahdesrientathised @igen? Apjslidattisk.
These still smaller magnetic disk include a 1.8-inch disk having an outer
diarﬁé@'%i‘ﬂ%%n@?%%“i%ner diameter of 12 mm, a 1-inch disk having an
outer diameter of 27.4 mm and an

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



inner diameter of 7 mm, and a 0.85-inch disk having an outer diameter of 22
mm and an inner diameter of 6 mm. [0010] As the diameter of the magnetic
disk is reduced, the thickness of the disk substrate is reduced. While a
conventional disk substrate has a thicknegs of, for example, 0.635 mm, a
magnetic disk having a reduced diameter is required to have a thickness of
0.581 mm, 0.381 mm or less. [0011] The glass substrate for a magnetic disk,
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be r@@qq:]ed with a high priority, to increase the recording density and reduce
the
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



cost. Another object of the invention is to provide a method of manufacturing
a glass substrate for a magnetic disk and a method of manufacturing a
magnetic disk that include a polishing step using the polishing method to
prevent problems resulting from a surface state of the inner periphery of the
substrate, and that thus can achieve a high recording density. Means for
Solving the Problems [0014] The inventors of the present invention have
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peripheries have large variations in surface state among the substrates.

[00 PEp IR ctisHititp roghasiwthretbiatereiirepolishpryiphetyocef deshbsiidie,
Fig.a n1(9) tﬂgﬂ%usstrucrguar ilrelvwhailc‘hhI %%isctjl%i%all dnaitchannel brush prepared by
arranging a p urzﬁﬁy BF Bristie matenals'in paraliel and folded at the center
and pinching the folded portion by a long metal member is wound around a
round (cylindrical) axis and welded. Since the axis requires such a stiffness

that'is8'® HaENgrisnhRRIBESvound around, the diameter of the axis
canppibe reduced much. Accordingly, to polish a glass substrate having a
small inner diameter, the length of the bristle must be reduced and the
elastic forCbefnyrntbristbtie reesestlinvhotioit haod fnesdiffiduithenfihisinties
pe”BQr% eipy%Pziiggllgss substrate having a peripheral wall perpendicular to the
main surfaces and two chamfers (intermediate faces) formed between the
peripheral wall and the front and rear main surfaces is processed by the known
polishing method, both or either of the two chamfers does not finished in an
appropriate shape, and that it is difficult to finish the periphery in a highly
smooth state. The present inventors have also found that those problems are
noticeable in glass substrates having smaller inner diameters. Furthermore,
the inventors found that when many glass substrates are 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 method 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 portion by a long metal member is wound around a round

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



smooth state. In particular, the polishing brush cannot work effectively on a
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 diameterghan 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
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abrasive is being supplied to the periphery, wherein the polishing brush
inclidewranclisiking bruskthasraraisiaprotiedicigmetaiendinesion direction.  If
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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



[0020] (Structure 3) A polishing method for polishing the inner periphery of a
circular glass substrate having a circular hole in the center thereof, the
polishing method 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
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circular hole, and polishing the inner periphery of the glass substrate by
makf® 8he polishing brush relatively move with respect to the inner
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method according to structure 3 or 4, wherein the circular hole in the center
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A palishing apparatus comprising a substrate cassette holding means that
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a circular hole in the center thereof; a liquid abrasive delivering means that
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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 substrate cassette accommodating a plurality of



held for rotation and contact with the inner peripheries of the glass substrates
within the substrate cassette; a first driving means that drives the polishing
brush for rotation; and a second driving means that relatively moves the
polishing brush with respect to the inner peripheries of the stack of the glass
substrates in the substrate cassette, wherein the polishing brush includes
portions having bristle materials arranged along an axis direction and
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to 5. [0025] (Structure 8) A method of manufacturing a maﬁnetlc disk
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set forth in structure 7. [0026] (Structure 9) A method of manufacturing a
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delivered to the peripheral wall and the
portion has a higher hardness than the bristle materials of a large diameter

portion.
[0024]

(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



intermediate faces. [0027] (Structure 10) The method according to structure
9, 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 contagt 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. [0028] (Structure 11) The
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member in the direction perpendicular to the rotation axis from the rotation
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Thecoretiidpabersivig damsyodeliodisiduct tiepriohtlal whlkeeid the abrasive
member has a rotation axis, and the section of the abrasive member taken
alolgeHRiAI8 iReRSding the rotation axis has a shape matching the shape
of t @dggfiphery of a stack of glass substrates. [0030] (Structure 13) The
method according to any one of structures 9 to 12, wherein the periphery
polishing §&épietupefBrmdtermaibncaseaidinctiastiugiviefywdtageisshe

substrates are stacked one gn,.top of another so that the inper. peripheries of
the SRS e A e Dol o) cBIr SR 1)
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intermediate face-polishing portion in contact with the intermediate faces of the
glass substrate.
[0028]

(Structure 11) The method according to 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]

(Structure 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 one of structures 9 to 12,
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.



[0032] (Structure 15) The method according 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 claim 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
resimd@QSS] (Structure 18) The method according to any one of structures 9

to 17, wherein the abrasive member has a rotation axis, and the polishing
step is pdfBHeidEblHetdineh eHodReendingdenbey anelrsiieingsifeto 13,
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both the peripheral wall of a glass substrate and intermediate faces between
the 3% ksurfaces and the peripheral wall of the glass substrate, the abrasive
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peripheral wall; and an intermediate face-polishing portion mainly polishing
the whergie theténtacnediaeizre pofStrinctupestizm) ia poribhigodpparatus
contg %ﬁag a substrate support means that supports a glass substrate; a
liquid abrasive supplying means that supplies a liquid abrasive to the inner
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and including a peripheral wall-

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 9 to 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]



polishing 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.

[0038] (St(SﬁUtﬁﬁr%]QOThQA%iﬂPiiﬂg apparalus RERPALING fostlsdmatdsuipRein
the abrasive member Is rotated with the peripheral wall-polishing portion in
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precision. In addition, even though the inner ‘peripheries of many glass
subbgairesrsthekndinaertacespod anewriinherasinalileiibe g polbatsatehand a

variation in finish tate is reduced among the substrates, and, thus, glass
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manufacturing a glass substrate for a magnetic disk and a method of

maftifBdh& RGeS ResRshc ofidhe m@ﬁﬁﬁﬁtﬁ’grﬁﬁlishing step using the polishing
me ggven the inner periphery of a substrate having a small inner

diameter of, for example, 12 mm or less can be
(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.



finished in high quality. Also, the methods can prevent problems resulting
from a surface state of the inner periphery, and the resulting glass substrate
and magnetic disk can achieve high recording densities. Brief Description of
Drawings [0041] Fig. 1 is a perspective yiew 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
subﬁjm. 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 phecPigligmis tsarBattesd oh RasuRaiaiacatiage Jalsals her &acked
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al view of the state in whic SS substrates are
accpuilistodgistdprutheyshbivtithicassetteoso e tothxe intagkastiphthe ebds
direction with the centers of the inner diameters aligned. Fig. 6 is a sectional
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of the structure of a polishing apparatus according to an embodiment of
pre<esitriaversiaie. FHighesiner netipinenc vuttionh e sidinogliss swbstate ehd

ma naetir(]: %gﬁ.%%cgﬁcorr%@}%tﬁi tp{eré)crgrs : nt invr(]esr?,[tliosn. Fig. 9 is a sectional of a
polishlﬁg%rush accor%?ng 5 another°em %?men?o‘f the present invention.

Fig. 10 is a sectional view of a polishing apparatus illustrating the known
PSS enpton o Biwings "
[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 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 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 sectional 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



[0042] 1 glass substrate 10 magnetic disk 11 main surface of glass substrate
12 inner periphery of glass substrate 20, 25 polishing brush 22 bristle
material 34 substrate cassette 40 polishing apparatus Best Modes for
Carrying Out the Invention [0043] Best mgdes 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

usegddeoramgreseetiveHioRvehtienglass substrate | is a disk having a
circular hole in the center, and has a front and a rear main surface 11, and

an inner gefpRds\p BRE RN aArPbatesiphinpishs 3deprait e &nedtethe main

surf . Fi iS A {onal view illustrating the shape of the
inne%%%%ﬁér@p@)? ?ﬁ%ﬁ%@nﬁggecﬁglc'disk glass substrate 1. As shown in
Fig. 2, theFiigneo ket dal iéthef gl patishibg tapieadahasiupeditpiretiad wadwn
12a perpendicular to the main surfaces 11 and two chamfers (chamfered
facd91EPPIINELYDetween 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
fornaiasensedumerpleripheral wall 12a and the front and rear main surfaces
11 S L{ﬁrein referred to as "intermediate faces", and the intermediate faces
maiébe e chamfers as shown

1 glass substrate

10  magnetic disk

11 main surface of glass substrate
12 inner periphery of glass substrate
20, 25polishing brush

22  bristle 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 detalil.
[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



in Fig. 2. [0046] The magnetic disk glass substrate is finished into a
small-diameter magnetic disk having, for example, an outer 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 mentioned herein refers to the diameter of the circular hole

formgs bR fEBISK gl ies aReaRIPSTALholPOMY FRyS Ahhdimmetpeabrasy 12

magnetic disk is reduced, the thickness of the disk substrate is also reduced.
For @XamplasasiikstratadisRasud desrheraheatdradrrierafE@anthtasRAks a

thick fO, , ' t -digmeter
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magnetic disk glass substrate 1 are polished (mirror-polished) to have
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mirror-smooth 15 state having a surface roughness of, for example, 0.10 nm
or ldgaiane thesfeinRenqdoeaoinmig. Blitteesettieraheiein ilkistradrig ase
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polighifig. aethod for polishing a circular magnetic disk glass substrate
hav{884% ]circular

The magnetic disk glass substrate is finished into a small-diameter
magnetic disk having, for example, an outer 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 mentioned
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



hole in the center. In the polishing method, the polishing brush is brought into
contact with the inner periphery of the glass substrate and rotated to polish
the substrate while a liquid abrasive is delivered to the inner periphery. The
polishing brush 20 according to an embagdjment 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

portéiests Raving sld{nress daginiess ddkoP)Arplaltlernaialy sHiaaardaves dre

length of the axis. The bristle materials of the portions having a small
diarfiéter (D2) have a higher hardness than the portions having a large
diarﬁfotgé (D1). By polishing the inner periphery of the glass substrate with
such a pélishing brush, the inner periphery can be appropriately finished into
a predetefigngds alsapdonthvieldglustirgmsibeatprecisal apdlisting brush
mirror-smooth state having a surface roughness of, for example, 0.10 nm or
lesEFPREARY i BLCBRATINGRY LiBePAES FHIWMAN-diameter of 12 mm or
lessg 1] Preferably, the axis 21 of the polishing brush 20 includes a
plurality of stainless steel core wires having a diameter of several
millimetershamplinkire ks ualirebthecoraaent isveatioo Iscuseidiadhe patishégh

other. The, axis having such a structure.can pe thin as much as possible, and
T T O o e AR TS RGNS ST BB RGP R Y
addiine rathdroemien 16n stéfpesshiaguitethdar the peilishirgdpngahscamdght into
ensured. The polishing brush of the present invention may be manufactured

by tRARIAGL PR IRPEPEBRE RISt 468 BRtHEAIR ARF ANARtLIdsRPlish the
betwgra e G WGRid bk RRBER dN% RHHE MAP Bty havk

different lengths for the portions having different diameters, or bristle
mateeiibihaing ) snee dingyth anagniieodiseentooffirenizventish,iagiddes ahen

A A R Aol 009 Rhedle Rolggezg e
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

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



and may be made of polyester fiber, polypropylene fiber, vinyl chloride fiber,
boar bristle, piano wire, or stainless fiber, instead of the nylon fiber. From the
viewpoint of elasticity, preventing the reduction of the mechanical strength
under moist conditions, and durability, nylgn fiber is suitable. Among nylon
fibers preferred are water-resistant nylons, such as 66 nylon and 610 nylon.
A fiber of the bristle material preferably has a diameter of about 0.05 to 0.15

MMstifiedBagYReOBIMANEH I RaE Nean R wsRdrdd0SThERR RMIARIBELSh
brush having the alternately arranged two portions having different diameters
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large-diameter portions having afirst outer diameter suitably polish and
finishdizaahahfersie niakerials appropratdithepe langths éormthy pogiuootimving
state, and small-diameter portions having a second outer diameter (D2
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second outer diameters depend on the size of the disk substrate, but the first
outép@fi2ineter D1 is preferably 1 to 5 mm larger than the inner diameter

(final diameter) of the glass suhstrate 1. that is E{]ei ner diameter of the .
circular oS DL e B2 B S AR o G o
diametemisy e ety s pbyiesitalip éhaspmemadhe fibaerniigneaternas thr,
glass substrate 1 (slightly Iarge,r than the inner diameter of the glass
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a diameter as can reach the chamfers (closer to the main surfaces) of the
periphdey bisiecgeditiossibamtchekirabitityheytortites isstitghtrite Adiameg teda?
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fiber of the bristle material preferably has a diameter of about 0.05 to 0.15 mm.
An abrasive-containing nylon fiber may be used.

[0053]

The polishing brush having the alternately arranged two portions having
different diameters can appropriately polish both the peripheral wall 12a and the
chamfers 12b of the inner periphery 12 of the glass substrate 1. More
specifically, the large-diameter portions having a first outer diameter (D1)
suitably polish and finish the chamfers 12b into an appropriate shape and in 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



smaller diameter than outer diameter D1 so as to polish the peripheral wall of
the glass substrate with reliability. [0055] In the present embodiment, the two
types of portions having different outer diameters (D1, D2) are alternately
arranged over the length in the axis diregtion. The length L1 of the portions
having the first outer diameter D1 and the length L2 of the portions having
the second outer diameter D2 depend on the size of the disk substrate, but

are QEpHRIBPIY, RIS B SRBANAR THE SARE JOtHR HRes SlaRvdiaioNMAlass

an inner diameter of 7 mm. [0056] As described above, the polishing brush of
the pibskateem(sbathe r geaihaoiR&iDaeh Sinbet it ItARssPBAlAEIal
walt)(%%i hing portion for mainly polishing the peripheral wall of the inner
peri er@ of the glass substrate 1 (the small-diameter portion having the
second outesttErmetels B drptirdopresettiie @ollsbehmbnidandvinmioteemeidiateer
face-palishing portion for mainly polishing the intermediate faces formed
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embodiment). Although the peripheral wall- polishing portion is intended to
polishlsicatrripgtitie weillians ravindyoptgisHiesnetrr Perfiohelisiial, thespeorisial
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may polish the peripheral wall in addition to the intermediate faces. [0057]
TheliR8lBsrybeiidia Y BraiREBrasive member) allows the simultaneous
poliﬁm@g]of the peripheral wall and the intermediate faces of the inner

periphery of the glass substrate, and these faces can be polished with a
In the present embodiment, the two types of portions having different

outer diameters (D1, D2) are alternately arranged over the length in the axis
direction. The length L1 of the portions having the first outer diameter D1 and
the length L2 of the portions having the second outer diameter D2 depend on
the size of the disk substrate, but are preferably, for example, about 3 mm each
for a glass substrate having an inner diameter of 7 mm.

[0056]

As described above, the polishing brush of the present embodiment is an
abrasive member having both a peripheral wall-polishing portion for mainly
polishing the peripheral wall of the inner periphery of the glass substrate 1 (the
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 portion 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



high precision. In addition, the polishing brush can appropriately polish the
inner periphery of the magnetic disk glass substrate that is difficult to polish
with a polishing brush having the known structure. As described above, hard
disk drives (HDD) are rapidly spread in mobile use (portable use), and the
size of the HDD is required to be small. Accordingly, the magnetic disk
mounted in the HDD is also required to be small, and downsizing the

magRetheilitie P REI0 DatBUERPIRSAitEIRRIBUS PalScasb BRI REBRSEY. In
general, the precision in processing the inner periphery of a glass substrate
is |ofteneeshierRolsl dRedRtriMedigieirces HEgNAR KAt oA dbSr iBfairRYIBIe
In particular. i in [ ' r| rati
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wheadbe head reads written data. It is therefore significantly important to
increase the processing precision of the inner periphery of a small-diameter
madP&did disk used in, particularly, a HDD for mobile use, even though the
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magnetic disk is reduced. The polishing method using the polishing brush
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error can be reduced. 19 [0058] In the golishing brush of the present .
emBORRRETPREEYRISHE MadIphic YpaB PR MR 1 Sifiiariiapetish with
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diameter (DI). If the hardness of the bristle materials of the portions having a
smallidesnigia | B®) ispitty fiviead, ithowbilpasie(sockabitispp@stittelsize of the
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HDD is also required to be small, and downsizing the magnetic disk so as to be
suitable for mobile use is an urgent necessity. In general, the precision in
processing the inner periphery of a glass substrate is lower than the precision in
metal-processing the spindle motor of a HDD. In particular, in a HDD in mobile
use, an impact during operation may cause misalignment, and the head may
deviate to another track to cause an error when the head reads written data. It
is therefore significantly important to increase the processing precision of the
inner periphery of a small-diameter magnetic disk used in, particularly, a HDD
for mobile use, even though the inner diameter of the magnetic disk is reduced
as the diameter of the magnetic disk is reduced. The polishing method using
the polishing brush (abrasive member) of the present invention can highly
precisely polish the inner periphery of the small-diameter magnetic disk glass
substrate and allows the ID tolerance to be reduced. Accordingly, the glass
substrate can be precisely clamped to the spindle motor, and thus the above-

described error can be reduced.



[0059] In order for the portions having a small diameter (D2) of the polishing
brush to have a higher hardness than the portions having a large diameter
(D1), preferably, the bristle materials of the small-diameter portions of the
polishing brush may be impregnated witfwa resin and thus bound together.
The resin is preferably a rubber adhesive having a resistance to water and
an appropriate hardness. Examples of such resins include epoxy resins and
acr)[bgggplns The hardness of the portions having a small diameter (D2) can

be appropriately adjusted as required. In the polishing brush of the present
embodiméhttheolisivte MaserihefirspBratiosavy tshantigiaratasals of
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modhdusortidighraviagnésge dmmqmmprelhthmmﬂeasmmmneﬂe is set
higher, or that the elastic modulus is set higher. [0060] In order to give

diffRaiR FriFcRidBeRo(ipRSRAYBARIT RANITRRIRT RahisiisHBitisAL Kistne
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different hardnesses. [0061] While the polishing brush shown in Fig. 3 as an
emipsdipheraloraid 20 (fm@mroaa nolisiirowedygad diysoitie perriengmay
dlfferen d|ameter ng D2 alternately arranged over the length in the axis
dlrecetlon the" p0|IS |r'1ge rus B the present invention is not limited to such
an Wplment as long as two types of portions having different diameters

are arran For example, the portion havm . Iﬁa}tr%e diameter (D1) may be
disposed %\/@M‘Ffef REARIOBIRE @a«gwaﬁds% ehADRLCA B RRRRR R ter
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separately arranged. Alternatively, the portions having di feren dlameters
mayp tedesitehyn dtel P st sepatatilis afrtheggrdatoigmater portions of the polishing

brush may be impregnated with a resin and thus bound together. The resin is
preferably a rubber adhesive having a resistance to water and an appropriate
hardness. Examples of such resins 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"
mentioned 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



periphery of the polishing brush (the cross section of the axis has portions
having different diameters in the radius direction). [0062] Fig. 9 is a sectional
view of a polishing brush according to another embodiment of the present
invention. The polishing brush 25 shownip 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

embarlime) AN eBegiaie Jassrrsis RinarRaslirns R 3darerrlimmetss)
portions having outer diameter D1). However, the polishing brush 25 of the
presépt Rt aifeageR suarihedenaiiintHie sxisigiestion theeplkshing brush of

facerpolishi ions 2 . i i e ' [
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polishingtions h 2bnig ke alongidheidenarenatighingdhe Fotatiamplds tbthertion
polishing brush has a shape that fits with the shape formed by the peripheries
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in such'a manner that the brush favorably comes into contact (or is pressed
on) Aehyciperigpheyds {8068 Fapelideihg Hrieinaibly, phesesrtions
'”V%“at{/?ﬁ‘gha%ﬁebr%ﬁ‘é‘.é)rﬁé' %*#EF%‘EW%Q ZheRRlENg é’eogrr%'%‘t‘e?”gr%(‘n'”et ré‘i‘en‘ﬁ%%
face-polishing portion, and may’have a structure nclu nga bristie ' material

poriienisishacp atkgsulisiing oF xahalerokdiespetipherahwalip alishogipastion
may be a polishing pad, and the intermediate face-polishing portion may be
a pORHSLEIeET HaMSRTSiHNES rad B A §i%h may be made of the same
matgygbas the polishing pad used for mirror-polishing the main surfaces of
the glass substrate (for example, soft pad such as a suede pad or hard pad
such as fdamédursthalienedgin)y [IG6RPlishing 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-



The polishing method of the present invention polishes the inner periphery of
a circular glass substrate having a circular hole in the center. In the polishing
method, the polishing brush of the present invention is substantially vertically
inserted in the circular hole, and polishes the inner periphery 12 of the glass
substrate 1 by relatively displacing the polishing brush in the direction along
the rotation axis and rotating the polishing brush in contact with the inner

periphasivg s Roktatid ahrmeivm knredvaretbENsAm PSR ianagHAR: a
glass substrate. [0065] The polishing method of the present invention is
suitalsks tieresinglycine aUlstipomaianial perdppangenad ePAlurdiey exgyrRRe,
sub : other. ifi t ishing method
e e S
innénteiameeiatedt céopishinglepitid mimagrde sspolieranddsived. shiapaisvitistance,
high precision, and in a mirror-smooth state havi,rpqia surface roughness of
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substrates finished in high quality can be mass-produced at a low cost.
[0066F!TIae palistdagpadeenbdroinhe prekast ivamatdangtengaBRirtor small 22
diaerﬂcﬁtgﬁ glass substrates having a hole of 12 mm in diameter in the center.
Speci |ca]IIy, the polishing method can finish the inner periphery of the disk
substrate Tiie goteisingthahinpe ovitheaphigbrriecisitorapdighasianrssnooth
state having a surface roughness of, for example, 0.10 nm or less in terms of

Ra BHRNRRLRJRAECHIAB S ARhRs G eeAiar a pisiaeneipen dpedenter  In
asSRRIARMHAG HIRHSAUFKIALIG SRBIPIATAL KIedBRORGUAYs (0067]

The polishing method may use two types of polishing brushes having
substantially vertically inserted in the circular hole, and polishes the inner
periphery 12 of the glass substrate 1 by relatively displacing the polishing brush
in the direction along the rotation axis and rotating the polishing brush in contact
with the inner periphery while a liquid abrasive is delivered to the inner
periphery of the glass substrate.

[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-



different outer diameters (each polishing brush having a constant outer
diameter) together in the hole of the substrate instead of the polishing brush
of the above embodiment. The rotation speed of each polishing brush and
the pressure on the inner periphery of the substrate are appropriately
adjusted for polishing. In such a polishing method, the large-diameter
polishing brush mainly polishes and finishes the chamfers of the inner

perighRaiv g ass SRNPRIEIRAIPE ADR i6f 8 W aRekta Rena0d e,
small-diameter polishing brush mainly polishes and finishes the peripheral
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now be described. [0069] Fié:]. 4 is a sectional view of a guide used for
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sectional view of the state in which the glass substrates are accommodated
in tHe0&Mstrate cassette so as to be stacked in the axis direction with the
centers of-the inner.diameters of the 23, substrates aligned. Fig. 6 is,a .
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the gielenf shecgliismatdistietes isontaneg hrudienaahghinghappataiusrFig. 7
is a side sectional view of the structure of a polishing apparatus according to
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cassette 34. The lid 31 has a circular hole 31 a in the center through which

the prigshiregor tshi i ergeated ényooflibecaigiseittate are appropriately adjusted for
polishing. In such a polishing method, the large-diameter polishing brush
mainly polishes and finishes the chamfers of the inner periphery into an
appropriate shape and in a mirror-smooth state, and the small-diameter
polishing brush mainly polishes and finishes the peripheral wall of the inner
periphery into an appropriate shape and in a mirror-smooth sate (functioning as
a polishing pad). Thus, both the peripheral wall and the chamfers of the inner
periphery of the glass substrate can be favorably polished.
[0068]

A polishing apparatus according to the present invention will now be
described.
[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 inner diameters of the



placed in the polishing apparatus. Spacers 32 and 33 are intended to protect
the stack of the glass 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 33grespectively through which the
polishing brush is inserted into the cassette placed in the polishing apparatus.
The substrate cassette 34 has a cylindrical shape as a whole, and has an

opegipgirfasthiifrd@r hiQuoR WRkHiaralnae & ¥rHa KR4 tdiFicFhRRSsibstrate

introduced. The bottom of the substrate cassette 34 has a circular hole 34b
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be inserted through the circular holes in the center of the glass substrates.
[Ooﬂ?m]this structure, the substrate cassette 34 is set from above along the
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in the substrate cassette 34. Then, a stack 30 of, for example, 100 glass
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substrate cassette is completed (see Fig. 5). By use of the substrate
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centers of the inner diameters "aligned in the axis direction. The substrate
casietteicostigringintidaylhslessBdamatb8ds feapestivetyuie syhhehiidbhevith
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substatasostaaisashiette 34 has a cylindrical shape as a whole, and has an
opening 34a at the top through which a glass substrate in a disk shape is
introduced. The bottom of the substrate cassette 34 has a circular hole 34b
through which the stem 35 of a substrate alignment guide 36 is inserted for
placing the substrates in the cassette, and through which the polishing brush is
inserted when the cassette 34 is put in the polishing apparatus. The substrate
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
stem 35 of the substrate alignment guide 36, and the spacer 33 is first placed in
the substrate cassette 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.



the axis direction with the centers of the inner diameters aligned are
subjected to polishing as they are without being unpiled. Consequently, the
variation in roundness or cylindricity can be reduced in a batch and among
batches. [0072] The polishing apparatus,shown in Fig. 7 will now be
described. [0073] The polishing apparatus has a structure that can receive
the substrate cassette 34 containing a plurality of magnetic disk glass

subsiaietd REEMRRISRRM 35 1héSgihEs SURFHALR GREREHEL3 ARt assette is

accommodate, for example, about 50, 100, or 200 glass substrates at one

timeeoThHieiep seead thHettBBUSR Afdbarabriraie paisgiiepammsrthasulstrate
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The substrate cassette 34 is rotated on the axis at a predetermined rotation
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substrate cassette 34 as indicated by arrow A shown in Fig. 7. In the figure,
refepeligintampeipne destyhigie® abddhivg can be plasesté dhegutisBags 25

operated for perigdical, reciprocal moveme féirru]th is direction of the .
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rotate the polishing brush 20 in either direction. The rotation speed of the
polig¥fidglbrush 20 can

The polishing apparatus shown in Fig. 7 will now be described.

[0073]

The polishing apparatus has a structure that can receive the substrate
cassette 34 containing a plurality of magnetic disk glass substrates 1 to be
polished as itis. The substrate cassette 34 can accommodate, for example,
about 50, 100, or 200 glass substrates at one time. The substrate cassette 34
is secured in the polishing apparatus by tightening pushers (pressing cocks) 47
and 48 from the axis direction.

[0074]

The substrate 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



varied between a low level (about 4000 rpm) and a high level (7000 rpm or
more). As the inner diameter of the glass substrate is reduced, the polishing
brush 20 is required to have a small outer diameter. Accordingly, holding
portions are provided at both ends to holgkthe 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 élﬂfe@ai&ﬂf%fr%@M&&?%@Sr@éﬁﬁﬁmtﬁﬁ%@w&ﬂdﬁ dhendirection
a

parallel to the brush axis to prevent the deviation of the brush axis during
worRi§IraiRqeeRsHin g A p)p AratdevatDigeierARea B PrRIB TIH IR R G-
spega 9 the polishing brush, rotation speed of the substrate cassette, speed
and width of the reciprocal movement of the substrate cassette, pressure of

the polishihg polishig dpparmes peniptatsy ofdipelztysiratasiOL 6] Prefetaizin,
a liquid abrasive is delivered to the inner periphery of the stack of the glass
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slurry pipe 51 or 53 in the structure shown in Fig. 7. For delivering the liquid
abraksiviegarsiorcsiag 48lenbite pRIshEw apheraivsHd chrewmiste dheneolighicg

abrasive flow from the downwatrd direction to the,upward direction and.yice
o R B ey P SR A
a funaitied eaydea arewdeddqdbsit dooiqpid)abrasiHghday«iaooeimwity tap
water after polishing. [0077] Abrasives used herein include cerium oxide,
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hardness of the glass substrate 1. An excessively hard abrasive scratches
the pertiiphegrefrioxideassthuikteatds tnloldrinexbrsties\as ot @iokazshibacannot

po”?n Ittjré% ee(r)iP t%%rYe%E:%% glﬁﬁnsegg t(’)?ttrhaet%rush. 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 holding 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



in a mirror state. The temperature of the liquid abrasive is preferably about 25
to 40C. [0078] The above-described polishing apparatus using the polishing
brush of the present invention can finish the inner periphery even of a
small-diameter substrate having a diameter of, for example, 12 mm or less
into a desired shape with an appropriate dimensional precision and in a
mirror-smooth state having a surface roughness of, for example, 0.10 nm or
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have low variations among them. Such high quality substrates can be
ma$spnogiscaithdesn walecabenrelisbirgility. Since the polishing brush of the
prei&rﬁ.}ﬁwention has portions having different outer diameters, the liquid
abrasive can sufficiently be delivered to the inner periphery of the substrate
even thoughdsiedangsediaensite ngodéoretias axidaférodi ariede Magmes inanilice,
inner diameter of the substrate. [0079] Since the polishing apparatus of the
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centers of the inner diameters aligned in the axis direction can be subjected
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polishing the glass substrates immersed in a liquid abrasive. Accordingly, the
quuf@ sive reservoir can be small and, thus, the space for installing the
poliﬁmag] apparatus can be reduced. In addition, use of a small amount of
liquid abrasive leads to a reduced environmental load and is thus
environmdmie above-described polishing apparatus using the polishing brush of the

present invention can finish the inner periphery even of a small-diameter
substrate having a diameter of, for example, 12 mm or less into a desired shape
with an appropriate dimensional 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 can sufficiently 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



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 magnetig €lisk 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

strepgidieRHPamdAPBHRIMKY texturing for giving magnetic anisotropy to a
magnetic layer. The polishing step includes polishing the periphery of the

glad8®Hstrate and polishing the main surfaces of the glass substrate.

[0083] Th : rial ic disk . is.n
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aluminoborosilicate glass, borosilicate glass, quartz glass, chain silicate
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resistance. For example, a preferred 28 aluminosilicate glass is a chemical
streappasirgiads esindedontaiadietiienstise of smelvesgind dBIQBEI5% to
15% by weight of A1203, 4% to 10% by weight of Li20, 4% to 12% b
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weighieragig. of 0.5 to 2.0 and a A1203/ZrO2 weight ratio of 0.4 to 2.5. In
order to eliminate protrusions from the surface of the glass substrate caused
by dReRMolved ZrO2, the glass may contain 57% to 74% of SiO2, 0 to 2.8%

of Zn02, 8Yddd ¥t RIMLRRRurTE Loni&ihertldior ghiad 4XBdn a8 %ebRire o

on a mole percent basis.
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 surfaces 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, aluminoborosilicate 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



[0084] Such aluminosilicate glass can be chemically strengthened to form a
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 aluminosilicateglass does not separate Na out
even in a high temperature environment, can maintain the evenness, and is
superior in Knoop hardness. The method for chemical strengthening is not

partiguharyslituieRS408% 3pehiiBavd ShaREaR S HRBIhRMNOCSRRIRA6 2%
The chemical strengthening of the glass substrate is performed by
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useful and suitable in practice for small magnetic disks, such as 1.8 29 inch
disklofanRiteto ofbéh eisbidta, misbitel BB DKL becandetthdptésent INeshitma

prO\(Ti%?g. an i@rﬁ%cz:at-ggsistant magnetic disk glass substrate capable of
achlevmgD a high fiormation recording density. [0087] The glass substrate

prefecgdy has a thickness of about 0.1 to 1.0 mm. For a magnetic disk made
of a thin substrate of about 0.6 mm or less, in particular, the inner periphery

must be fiﬁigﬁb@l'Wg‘ﬁﬁvmtgt%@s&%%%%qpﬁp%@%ﬁ&%@ ieEBRIse
the nesBeEInh YRR YR PalaFREsERES S 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 even in 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-



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 suitalje 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 substrate produced according to the

Pregest HIMRBHIM I asRe akdhemasriqoisk etalrklynaaseseaemiay@bn
a base layer, a magnetic layer, a protective layer, and a lubricating layer on
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alloys, a afloys, A Co alloys, and FeAl alloys, from the
vievi@asi of reducing the size of the magnetic particles. [0090] The base
layer may_be made of Cr alloys, CrMo alloys, CrV alloys, CrW alloys, CrTi

alloys, and"f AlfSssHPSHRieRIRiesRRMBRDA BrekasTRghabeybder o dddmm-
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structure, such as a Co alloy. [0092] The protective layer is preferably made
of apeaioolabiisei nearerihdyemiudiisaiinifhen yameilgsstateng iageaasa the
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glass substraté by a known method, such as
sputtrrihgebxamaplbe [©@8REd 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 substrate 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 bcc or a B2 crystal
structure, such as Al alloys, Cr alloys, NiAl alloys, NiAIB alloys, AlRu alloys,
AlIRuB alloys, AlCo alloys, and FeAl alloys, from the viewpoint of reducing the
size of the magnetic particles.

[0090]

The base layer may be made of Cr alloys, CrMo alloys, CrV alloys, CrW
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



The embodiments of the present invention will be further described in detail
with reference to the following Example. The present invention is not limited
to the following Example. [0094] Example 1 A magnetic disk glass substrate
of the present example was prepared thggugh 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

polishingsteRud s£6ang agin surface polishing step; and (7) chemical
strengthening step. [0095] (1) Rough lapping step First, a circular

alutflifB4llicate glass substrate having a diameter of 50 mm and a thickness
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instead of app%igggdirect press. The aluminosilicate gilass was a chemical
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of Na20. Then, the glass substrate was subjected to a lapping step to
increase the dimensional precision and form precision. The lapping step was

performed with a two-side lapping apparatus and #400 abrasive grains. More
amﬁle - :
specifically, both surfaces of the glass substrate accommodated in a carrier

wagoeggled to a profile irregularity of 0 to 1m and a surface roughness
(Rmax) of_about 6 pm at a load of about 100 kg with #400 alumina abrasive

grains by Tof:RMEIEIANGRAl RRPHSFRMATYRar Bl fR MBI hEessHRRR IS,
[00QRka{R)RNARNERIER the following Example. The present invention is not

limited to the following Example.
[0094]
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 SiO2, 5% to
23% by weight of Al,O3, 3% to 10% by weight of Li,O, and 4% to 13% by weight



Then, using a cylindrical grindstone, a hole was formed in the center of the
glass substrate and the outer periphery was polished to a diameter of 48

mm. Subsequently, predetermined chamfers were formed at the outer
periphery and the inner periphery. At this point, the surface roughnesses of
the peripheries of the glass substrate were about 4m in terms of Rmax. In
general, a 1.8-inch HDD (hard disk drive) uses a magnetic disk having an
outeyt NimeterHitehaglad@pktSehing Bt e T Rppithategrfaces of
the glass substrate were lapped with #1000 abrasive grains to a surface
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abr 6\5%]Was used. A liquid abrasive containing the cerium oxide of about

30C was'delivered during polishing. The polishing time was about 30
min(gpsSh4pRPdtépen, the inner periphery of the glass substrate was

polished with the polishing apparatus shown in Fig. 7. A polishing brush
having thd BEUSIRY SHNRARCRIQradRiRNGs8d 1oYW BD RIS Hidi%ﬁ ¢rper of
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L2 weré 3 mm each. The
mm. Subsequently, predetermined chamfers were formed at the outer

periphery and the inner periphery. At this point, the surface roughnesses of
the peripheries of the glass substrate were about 4 um in terms of Rmax. In
general, a 1.8-inch HDD (hard disk drive) 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 ultrasonic 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



bristle material was made of 6-6 nylon. The bristle materials of the portions
having small diameter D2 were bound together with an epoxy resin. The
polishing brush was rotated at 1800 to 2700 rpm (preferably 2200 to 2400
rpm), and the substrate cassette containing the stack of many glass
substrates was rotated in the opposite direction to the polishing brush at 60
rpm. The speed and width of the reciprocal movement of the substrate

caspRiteaaEbarass Ys0rdheapalisRgidbuAihAP daduAisheadRas 0bthRd in

substrate were appropriately adjusted. The abrasive was cerium oxide. A
liquibpPROSIkecraeiiin et pRlRMIGRIYE HREBOIIPBOC AR idBlivside

duri ishing. The polishing ti 8t inut us
the res%ﬁiunag%ug Ia%sl's s%lgg%t%‘é@ﬁ}gg %ﬁﬁ%ﬁf %g}% %l%é’%pse%p é ﬁgis) &m
havBuyrGwiacdalinegiuh essieg pbkitng 0. ITheipdishisgafRavens abetade, mimdites.
inne{)/@eripheries having surface roughnesses of about 0.05 m in terms of Ra
on be. The dimensional variation in inner diameter was within 10 m.

The SUrfa‘?ﬁ%rﬁ’,“_tﬂ@iM%?%é%é@@ﬁtﬁlé@%%@QJ&EF@&WA@*M&M%W%
were washed with water. [0101] The polished glass substrate was measured
for thelishiapeappaiatusrahosd ipdriphéry dipoliskipatburshduamingdhe sigigtutae
inner,_peripher had a_shapg defined.by two chamfers 12b and a
el 5 S Al PR RN IR RAR IR AR AR D of 14

peripheahbatisulstanttal \Dh efsemems hape. 1QHI2] 2(WpFdrstmnaisastfadee
poIishinP step In order to remove flaws and distortions remaining after the
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polishing brush was rotated at 1800 to 2700 rpm (preferably 2200 to 2400 rpm),
and the substrate cassette containing the stack of many glass substrates was
rotated in the opposite direction 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.

[0101]

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



tightly pinched between an upper and a lower surface plate on which
polishing pads were stuck, and the carrier was engaged with a sun gear and
an internal gear. The glass substrate was thus compressed between the
upper and the lower surface plate. Then; {he glass substrate was rotated
while a liquid abrasive was delivered between the polishing pads and the
polished surfaces of the glass substrate. Thus, the glass substrate revolved

betweRpHES HHareoRIGHRS-acst rotried 8uls %%ﬁﬁbp?léﬁbm BURAgRS at

one time. More specifically, the polishing step was performed using hard

polisheps grfiiedam tpchamigras BorsILFsraraBeEdMAIRE bsiMPan RO
o T e T L 8 oo S PP s SR R e e

polishapg step, the glass substrate was subjected to ultrasonic cleaning by
beinéa immersed in cleaning baths of neutral detergent, pure water, pure
wat WIBJA (isopropyl alcohol), and IPA (steam dry) in that order, followed by

drying. dR403hiedrreesbRaiRgyEace polishing Then, the second polishing
step was performed using the same type of two-side polishing apparatus as
used in thi frsiep ddishngvetdpvemdrsbitispastione e (saiaiig Gées YhE heppétaiePs,
polighing step.is intended to reduce the 34 surface roughness Ra to, for

e LB Y SR R AR R e

whigheagviusitexidis(ang ragsa Rakic e 6igrise Sustratadis pyraasharavigsid
abrasive, at a load of 100 g/cm2 for 5 minutes while the flat surfaces

prodigBlY RNHISARe VB ATSPREIRAMBACKRFHHBSRIGHRIOP IR BUtRiNg
the Pﬁb@s\nﬁ# BifaeR WAS BPiEriRY il IEASoue ARANY z{@ﬁiaadim%
in cleaning baths of neutral detergent, pure water, pure water, IPA, and IPA
(stegeardry] e glasoadidstfetowes thysiopmpréssed b¢Rye@ndhaaadper and the
stre%%Qre Qtljrr]%gée ate. Then, the glass substrate was rotated while a liquid
abrasive was delivered between the polishing pads and the polished surfaces of
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 um) was dispersed as a liquid abrasive, at a
load of 100 g/cm? 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, IPA (isopropy! alcohol), and
IPA (steam dry) in that order, followed by drying.
[0103]
(6) Second main surface polishing
Then, the second polishing step was performed 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



After the completion of cleaning, the glass substrate was chemically
strengthened. For the chemical strengthening, a chemical strengthening
liquid containing potassium nitrate and sodium nitrate was prepared. The
chemical strengthening liquid was heateg;to 380C, and the glass substrate
after the above-described cleaning and drying was immersed in the chemical
strengthening liquid for 4 hours, thus chemically strengthened. The

chegygaly réﬁﬁﬁﬂé%mtg,'a@ﬁ SubspiRieMaR SUPiBTe i@ Yiiasetitder
cleaning by being immersed in cleaning baths of sulfuric acid, neutral

detESRjuhitiopairesingtBO praterWardticiPEerisie oRide sevanefpariclfasigrd &8 1m)
foll d i 0 , the completion ye cl i ,
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result, protrusions formed by deposit or defects such as flaws were not found
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surface roughness with an atomic force microscope (AFM). As a result, it
wasafsbiitht(sieane deginitngivsderetiullavek Gladsyinghstrate had an
u“rjf:),s'ré]‘ﬂc,)th surfaces of Ra = 0.20 nm. Also, the glass substrate was
finishe an outer diameter of 48 mm, an inner diameter 35 of 12 mm, and

a thizksersmé4.S8dngthen{fd 8dpAbout ten thousand magnetic disk glass
substrates were produced as described above and subjected to long run

test. As aNSLNHETBISHRObEIGRRIAUER AESS SHORRA!S WASHIBMY ALY
periphergliRiiane. HEIaRsiIeRah RE SHIy Mt iRYTACh I NESH Bt ErRiuid
periphery polishing. The nonconforming substrates were repolished, and
mosiootatning potedesiednitrath eswl additian [(H@E]was prepared. The chemical
strengthening liquid was heated to 380°C, and the glass substrate after the
above-described cleaning and drying was immersed in the chemical
strengthening liquid for 4 hours, thus chemically strengthened. The chemically
strengthened glass substrate 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]

After the completion 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 result, 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



A magnetic disk 10 as shown in Fig. 8 was produced by forming a
nonmagnetic metal layer 2 including a seed layer 2a and a base layer 2b, a
magnetic layer 3, a carbon-based protective layer 4, and a lubricating layer 5
as described below on a main surface of the magnetic disk glass substrate
produced above. [0108] Specifically, an AlIRu alloy seed layer 2a, a CrMo
alloy base layer 2b, a CoCrPtB alloy magnetic layer 3, and a carbon-based

profgcivenayehd Welrkfussed dxdaharder on a main surface of the glass
substrate with a DC magnetron sputtering apparatus. In addition, an

alcdAdPPhodified perfluoropolyether lubricating layer 5 was formed on the

carbon-b rotecti ipRing, T t netic di S
procuced Hbb e e o B et SR R

(LUt st d nb elishddsingeclideetonaggetio tezad veed aesuR @6 orenbendf
had a flying height of 10 nm. Thus, a LUL endurance test was performed by

repd3RiRHPRIRFS LRI B & RIRTEISHR PRARRER Bfek e BRATASIR@hdured
a miiglsencier iRk ugResai Dy MRt [ukERed? béMniRg Corpparative

Example The comparative example is different from the above-described
Exanmprorifotnangray hatatgseyiprrerriolis igds s rdibmeieisheore poipshed by
the known .Polishing method disclosed in Patent Document 1. More
spemﬁcstglfi/r,' e polishing brush had a structure in which the above-described
chajg@prush was 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

substrate$\ MBI IRCIZaMeas=ivana EigeBwas Rredvisid RXIaEig@rsed
in aigiithghEasMetaNdy S INBRIGATI IR REEaTaYSr 2 AuRiRPisRE dye coHUM
oxide abrasive was used
magnetic layer 3, a carbon-based protective layer 4, and a lubricating layer 5 as
described below on a main surface of the magnetic disk glass substrate
produced above.
[0108]
Specifically, an AlRu alloy seed layer 2a, a CrMo alloy base layer 2b, a
CoCrP1B 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 apparatus. 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]



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 m on average in terms
of Ra. The inner peripheries of the glass; gubstrates had surface
roughnesses of about 0.20 m on average in terms of Ra and dimensional
variations as large as about 20 m. [0112] The shape of the inner periphery of

the glsipp SR &taattee periphery polishing was measured with a contour
tracer. As a result, the periphery has two chamfers and a peripheral wall

between theecprinfarativg snamnlmiFwiferemroatiusabaeerdeacnpendbample
f ishi icul i
S SR B B

peripheral parative Example a ten

thoyseishlidg8ristiodeigheseidis R gassCrudstiates . wavienerepeciéidatindhe
subjected to long run test. As a result, 70% or less of the substrates satisfied
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substrates could be repolished, 37 50% of the nonconforming substrates
coulthadtrisé e eyasiistaste ah 601y lobe Adstpdset 1O0aaasiselsiiatee deivieg the
pollshlng. ﬁgrtherra]ore the.vaélatlon was Iar.gne amorg}qthe F%Pégg}gsiv{eo%%“
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polishing apparatus as shown in Fig. 10. By using the polishing brush
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afp&fﬁtﬂs, the effect of the present invention is produced, so that peripheries
0

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 chamfers 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 a result, 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 repolished,



magnetic disk glass substrates, particularly small-diameter substrates, can be
highly precisely polished effectively. 38 CLAIMS 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 cepjer 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
inclgdes anrxioARShRIFHA RIS trdSe PEBLIAHAG 2 Hap &lisReHthd had to be
perpendicular to the axis and defining two types of portions having different
outéHNapeetel PRIGUSRNY &$iRssI B RokaBingortiowthREMarRr e yriALasy was
porti t rs rials of the small diameter portion have a higher
harﬂi%égst 8ﬁ rtilaeébgr%%%&%%érials of the large diameter portions. 2. The
polighimg]brush according to claim 1, wherein the bristle materials of the small
diameter portion are hardened by a resin. 3. A polishing method for polishing

the inner PEAMMSIBIPEHTUIZPGRILE QR5RRICh AR S RIING ok GRRe
ceniehUiRiRel (U1 RARINSIIRIRG 1agIPasI 06 IRRRAGHAGIiRG prush
including portions having bristle materials arranged along an axis direction
andpgtisthingeepratiutifésrehewndatein. ditherfsyorsitgetheipptshathaishof a

smalldiame!er porian having & highero hsdness han, e brise Matprials of
ala ge-aslameter portion; ahd subs an\flally veﬂicaﬁly mserﬁng e bgllsﬁmgg
brusippaiailis tiecoizichoiehap@anishingtive ispesgardehetytbatpeiiassies of
substrate by making the polishing brush relativelﬁl move with respect to the

inndPAAPIHiPh AEBY FebstiRleh PRy BraliAeeisfR kTR R fRde
perimlgﬁry wggggwggf’g%@(g&i%@elivered to the inner periphery. 4. The

polishing method according to claim 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. 39 5. The polishing method according to claim 3,
wherein the circular hole in the center of the glass substrate has a diameter
of 12 mm or less. 6. A polishing apparatyg comprising: a substrate cassette
holding means that holes a substrate cassette accommodating a plurality of
circular glass substrates stacked one on top of another, the glass substrates
each having a circular hole in the centenigseof; a liquid abrasive delivering
means that delivers a liquid abrasive to the inner peripheries of the stack of

the glass lsubRtpatiesiaadsninoaatein id pebshing Mabied iecnelisaipoliskiryer
b : . . et |
g R e g

polighengpbhystotatingatadipolisinogebsasio indodritacy witeahs tinedrplaipradyy of the
moves the polishing brush with respect to the inner peripheries of the stack

of tEAGRRLNSTiRLE RIeiA YIS ABEIRAE SRIBASURRREIIPHE PSTORFY brush
includes REREAAR Y Rgidind o rIRARIiARSTANaRA alpng RAMaENISRlION

and protruded to be different’in outer dimension and the bristle materials of a
smalfaifadiegein joetidirentieraoigleadicided e daetiaxis tiedishasting dverixResfal
large Jamelel Rorlaf. Lo/ methed ol manuinchiing & diase. subsirate o1 2.
magnetic disk, comprising the step of polishing INNer periphery of a
circdlairgéogiasichstiaiai dm\dang e eigtay inakerialthef denteniherianidayrtpertion
polishing method as set forth in claim 3. 8. A method of manufacturing a

madRFEIHINEb AFABRRS thersiBp Brisis MRISHAIRASINS IAsmaRmealps Porigns-
main surface ¢ha GlAShiSH RSN RRPGNSHFISkuiNSH indpRYEACtured

by the method set forth in"claim 7. 9. A method of manufacturing a glass
substedesidty of thagneaitdigsketeopoptisings eneapdgipsiteby poksiting step of

polishing Qoth the periphera| w. Tofa. lass substrate and intermediate faces
between he rﬁﬁﬂlgﬁ}@c@gbﬁg Rgpollghmg t?"le Inner periphery oma circular

glass substrate having a circular hole in the center thereof, the polishing method
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.

4. The polishing method according to claim 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.



peripheral wall of the glass substrate, the periphery polishing step being
performed using an abrasive member having a peripheral wall-polishing
portion 40 mainly polishing the peripheral wall and an intermediate
face-polishing portion mainly polishing thg intermediate faces while a liquid
abrasive containing abrasive grains is delivered to the peripheral wall and
the intermediate faces. 10. The method according to claim 9, wherein the

abrasive memify has ntPREM @iSREmMES BRITAMEIIRGLINIAG SIRRIE hole
performed by rotating the abrasive member with the peripheral wall-polishing

portidinm eastiea&l Withalaes sehphiatelinaaih siantetsast Byt & asd/or with

the intermedi -polishi ortion | : ith the inte ' aces
of the gias s ARUS L Pn R P e s SRR
lengtizafishrablhois \esuesnhir tadbetidi eciconnpedpingl plardiiyhed chtatian
axis from the rotation axis to the peripheral wall-polishing portion is smaller
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12. The method according to claim 9, wherein the abrasive member has a
rotaiiaih daligetanal libeid abriasivet théhabnasivearieiabes rikba siattgahideiiass

includjng the rotation axis,has a shapge matching the sha f the peripher
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glass substrates are stacked one on top of another so that the inner

periRHENOFEYIES fiseisdivng areadimifiRhAEYER P oRiRBRor R dor
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peripheral wall-polishing portions and the intermediate face-polishing
portgiisrafipeatte tharraeyeimlesexes theesidon.of Sha b sasthogiratzsoinlihg

Lﬂ:@&t?atvev%ﬁé%‘e A 8 R R R B oS S RN Pbristie
materials arranged along an axis direction and protruded to be different in outer
dimension and the bristle materials of a small-diameter portion has a higher
hardness than the bristle materials of a large diameter portion.

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 claim 3.

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 claim 7.

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 step being

performed using an abrasive member having a peripheral wall-polishing portion



16. The method according to claim 15, wherein the peripheral wall- polishing
portion is an abrasive pad. 41 17. The method according to claim 9, wherein
the peripheral wall polishing portion is a polishing brush whose bristles are
hardened by a resin. 18. The method acgprding to claim 9, 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

diregfipRnppENsHiRERIRYIShd & AAIPRRASAYE M MESRHSRESIR BRMPERion
manufacturing a glass substrate for a magnetic disk, including the step of

periftaétly pelishing e ntspedisgimigersvinie gdiaple Paragiveot iRy
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peripheral wallralishetgpeiteo miamty paiishingvhzegie thehabed siad| nesrdbanhas
intermediate face-polishing portion mainly polishing the intermediate faces.
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liquid abrasive to the inner periphery of the glass substrate; a abrasive
merp@Epiteigied pbthediasstis hsirdieladdior avpe dipdérigrmatliateliseingolishing

porion manly polishine he becpherpl wall ot e glags subsigigand an
inteRRediate ace-polishing pOI‘?IOh mainly polishing miermedia etT%ices

between the nTaie swstacesanstdhe) peidpiherabywalobthehslassaubstrate; and
a driving means that rotates the abrasive member and/or moves the
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polishing apparatus according to claim 20, wherein the abrasive member is
rotalfeg] abithsthe peridesial thaldipedishinge petidnutactntae rotithameaxis from the

perphal il o e (SR 2R e 2Rl mgp s ermediae

12. The method according to claim 9, 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.

13. The method according to claim 9, 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.

14. The method according to claim 9, wherein the abrasive member has
the peripheral wall-polishing portions and the intermediate face-polishing
portions alternately arranged in the axis direction.

15. The method according to claim 9, wherein the intermediate face-
polishing portion is a polishing brush.

16. The method according to claim 15, wherein the peripheral wall-

polishing portion is an abrasive pad.



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

41

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

18. The method according to claim 9, 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.

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.

20. 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-
polishing 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.

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.



