1 DESCRIPTION METHOD FOR PRODUCING GLASS SUBSTRATE FOR
MAGNETIC DISK AND METHOD FOR PRODUCING MAGNETIC DISK
Technical Field [0001] The present invention relates to a method for
producing a magnetic disk to be mounted in a magnetic disk device, such as
an HDD (hard disk drive), and a method for producing a glass substrate for a
magnetic disk. Background Art [0002] Today, in information recording
techniques, in particular, magneticpasorgpg ¢taghniques, with the rapid
development of IT industry, there are increasing demands for technological
innovation. In magnetic disks to be mounted in HDDs or the like, due to the
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attention as a substrate for a magnetic disk suitable for higher recording
density. Glass substrates have higher rigidity than metal substrates, and are
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disk having a predetermined size. Here, as the o
a method for producing a glass substrate for a magnetic disk.

Background Art
[0002]

Today, in information recording techniques, in particular, magnetic
recording techniques, with the rapid development of IT industry, there are
increasing demands for technological innovation. In magnetic disks to be
mounted in HDDs or the like, due to the requirement for higher capacity, there
are demands for a technique that can realize an information recording density of
40 Gbit/inch? (1 inch being 25.4 mm) or higher.

[0003]

Recently, glass substrates have been receiving attention as a substrate
for a magnetic disk suitable for higher recording density. Glass substrates
have higher rigidity than metal substrates, and are thus suitable for allowing an
increase in the rotation speed of magnetic disk drives. Furthermore, since a
smooth and flat surface can be obtained, the flying height of magnetic heads
can be easily decreased. Thus, glass substrates are suitable for improving the
S/N ratio of recording signals and for increasing the recording density.

[0004]



method for forming a glass disk having a predetermined size, for example, a
method may be used in which a glass disk is cut from a glass material which
has been formed into a planar shape by a float process. [0005] Non-Patent
Document 1 listed below describes a plapar glass obtained by the float
process. Furthermore, Patent Document 1 listed below describes a glass
substrate obtained by forming a cut line in a glass plate using a cutter. [0006]
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recording medium using the float process, a production method thereof, etc.
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Non-Patent Document 1: Sumio Sakuhana and two others, "Glass

Harlti5od%eN 181880 B1R BRARFY, KERERY SHBRPRIESSNovember 20, 1985,

pp. 1§d@sf13. Disclosure of Invention Problems to be Solved by the Invention
[00(59] en a square glass plate or a disk-shaped glass plate is cut out by
forming aNanifaientDeleumaegldsksiadteeialolesedoey a fitemap@aes Obtaired3
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a glass substrate obtained by forming a cut line in a glass plate using a cutter.
[0006]

Patent Document 2 listed below describes a substrate for an information
recording medium using the float process, a production method thereof, etc.
[0007]

For reference, examples of prior art documents include JP-B-2785906,
JP-A-H02-92837, JP-Y-S57-23452, JP-B-S55-6584, JP-B-H05-35095, and JP-
B-S55-29019.

[0008]

Patent Document 1: Japanese Patent Publication JP-B-2973354

Patent Document 2: International Publication WO 02/076675

Non-Patent Document 1: Sumio Sakuhana and two others, "Glass

Handbook", 1st ed., 8th printing, Asakura Shoten K.K., November 20, 1985, pp.
412-413.

Disclosure of Invention
Problems to be Solved by the Invention
[0009]
When a square glass plate or a disk-shaped glass plate is cut out by

forming a cut line in a planar glass material formed by a float process, there



Since a glass substrate for a magnetic disk is designed so as to be fitin a
narrow housing of a hard disk drive, the thickness of the glass substrate is
tightly controlled. Therefore, the planar glass material formed by the float
process is a thin plate. Consequently, chips, flaws, and cracks easily occur in
the side of the glass plate in the cutting process. [0011] Therefore, in a
method for producing glass substrates for magnetic disks, when square
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planar glass material formed by the float process, defective products are
easA)prsaekeaceusinthe sidmsfitheicnt plessueladn efficiency and prevention
Oflri -scale production, which is a problem. [0012] Recently, since

demands for hard disk drives (HDDs) in which magnetic disks are mounted
have beeSiragadlyylasseasisgairsicoampargebiiditisietodesityisedeguaretd toe fit in a
establish a production process for glass substrates for magnetic disks such
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disks, it is also required to supply inexpensive glass substrates for magnetic
diskyreeeas ip nibiet pradeketCrragsoaiB chipghbamerandewantly aasityaepastidn
dislg[gath%ree ve bleen r?qgire%gr&tgﬁ%or a%iréfsosrmation recording density of
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to theofalgt that HDDs have been increasingly mounted in personal digital
assistants (PDAs), mobile phones, digital cameras, car navic?;ation systems,

etc., in adARFSRIRSCIRGERESIRI IRERIRICoGsRyaURstRISS T9F BXaapeie disks.
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lines in a planar glass material formed by the float process, defective products
are easily produced, resulting in insufficient production efficiency and prevention
of large-scale production, which is a problem.

[0012]

Recently, since demands for hard disk drives (HDDs) in which magnetic
disks are mounted have been rapidly increasing, as compared with before, it is
required to establish a production process for glass substrates for magnetic
disks such that large-scale production can be achieved. Furthermore, through
the improvement in the production efficiency of glass substrates for magnetic
disks, it is also required to supply inexpensive glass substrates for magnetic
disks so as to meet market needs.

[0013]

Furthermore, recently, in magnetic disks, there have been requirements
for an information recording density of 80 Gbit/inch? (1 inch being 25.4 mm) or
higher. One reason for this relates to the fact that HDDs have been
increasingly mounted in personal digital assistants (PDAs), mobile phones,

digital cameras, car navigation systems, etc., in addition to conventional needs



small compared with computers, it is necessary to reduce the size of HDDs.
For that purpose, it is also necessary to decrease the diameter of magnetic
disks to be mounted in HDDs. For example, in the computer application, it
was possible to use 3.5-inch or 2.5-inch magnetic disks. In the mobile
applications, small-diameter magnetic disks having a smaller diameter than
the above, for example, a diameter of 0.8 to 1.8 inches, are used. [0015]

Wheg glge®)gigksivat greadl diameter are cut from the planar glass
material, in particular, the defect ratio is high, which is a problem. [0016]

FurlR@ibre, even in glass substrates for magnetic disks having a relatively
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venesanadlerardexasipleafths flying heipbt cdridegsagnetic head is 10 nm or
less. Furthermore, in the LUL-type HDD, unlike the conventional CSS-type
HD@,QEQ not necessary to provide a contact sliding region for CSS, and thus
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Furthermore, even in glass substrates for magnetic disks having a
relatively large diameter, such as 2.5 inches, a circular hole formed in the center
has a small diameter. Consequently, when glass disks provided with such a
circular hole are cut, defective products having a defect particularly in the
circular hole portion easily occur, which is also a problem.

[0017]

Recently, HDDs have been designed so that a Load Unload (hereinafter,
referred to as "LUL") method is used for start/stop operations. Compared with
the conventional CSS (Contact Start and Stop)-type HDD, in a LUL-type HDD, it
is not necessary to provide an uneven shape for CSS on the surface of the
magnetic disk, and the surface of the magnetic disk can be extremely flat and
smooth. Therefore, the flying height of the magnetic head can be set to be
very small. For example, the flying height of the magnetic head is 10 nm or
less. Furthermore, in the LUL-type HDD, unlike the conventional CSS-type

HDD, it is not necessary to provide a contact sliding region for CSS, and thus



cracks, flaws, and other defects, which have been conventionally tolerated,
are present in a magnetic head to be mounted in an HDD or a glass
substrate for a magnetic disk, serious faults (e.g., thermal asperity faults)
easily occur, which is a problem. [0018] jn a method for producing a glass
substrate for a magnetic disk, after a glass plate is cut from a glass material,
flaws, cracks, and the like are removed by a given process, such as grinding
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Consequently, when a glass plate is cut out, it IS necessary to reduce as
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second object of the present invention to provide a method for producing a
glassabisrate for a magnetic disk including a cutting step in which a square
glariad)]l%e or a disk-shaped glass plate can be cut with high quality even

fro glass material formed into a thin plate by a float process in response

to the prothugtinstebdferpassusinst gladosabsegadtc dislkagitiizldisk lbitea a
third object of the present invention to provide a method for producing a glass
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completely remove them. Consequently, when a glass plate is cut out, it is
necessary to reduce as much as possible the occurrence of flaws, cracks, and
the like which may cause a failure in the HDD.

[0019]

Accordingly, it is an object of the present invention to provide a method
for producing a glass substrate for a magnetic disk, including a cutting step of
cutting a square glass plate or a disk-shaped glass plate from a glass material
formed by a float process, and then at least a polishing step, thereby obtaining
a high-quality glass substrate for a magnetic disk, free from defects, such as
cracks and flaws.

[0020]

It is a second object of the present invention to provide a method for
producing a glass substrate for a magnetic disk including a cutting step in which
a square glass plate or a disk-shaped glass plate can be cut with high quality
even from a glass material formed into a thin plate by a float process in
response to the production of the glass substrate for a magnetic disk.

[0021]



even from a glass material formed into a thin plate, for example, with a
thickness of 1.5 mm or less, in response to the production of the glass
substrate for a magnetic disk. [0022] It is a fourth object of the present
invention to provide a method for producing a glass substrate for a magnetic
disk, including a step of cutting a square glass plate or a disk-shaped glass
plate from a glass material formed by a float process, in which excellent
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suitable for large-scale production. [0023] It is a fifth object of the present
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the structures of the invention described below. [0025] (Structure 1 of the
invdAIRSAPES et BohBERk P SRNEES UBSRIRIHAI A iR flagRsRubstrate
inclygingmfQyRangdfskut line in one surface of a glass material formed into a
planar shape on a molten metal; allowing the cut line to extend in the
thicl®8] direction of the glass material, thereby cutting a glass plate from
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whighodasiagaeglke sussaatanvith atheagheltieruisigtalclb2§h step of cutting a
square glass plate or a disk-shaped glass plate from a glass material formed by
a float process, in which excellent production efficiency can be obtained, the
method being low-cost and suitable for large-scale production.
[0023]
It is a fifth object of the present invention to provide a magnetic disk to be
mounted in a hard disk drive in which start/stop operations are performed by a

Load Unload method and a method for producing a glass substrate suitable for

the magnetic disk.

Means for Solving the Problems
[0024]

The present invention has at least the structures of the invention
described below.
[0025]

(Structure 1 of the invention)

A method for producing a glass substrate for a magnetic disk including
forming a cut line in one surface of a glass material formed into a planar shape
on a molten metal; allowing the cut line to extend in the thickness direction of

the glass material, thereby cutting a glass plate from the glass material; and



(Structure 2 of the invention) A method for producing a glass substrate for a
magnetic disk including forming a cut line in one surface of a glass material
formed into a planar shape on a molten metal; allowing the cut line to extend
in the thickness direction of the glass material, thereby cutting a glass plate
from the glass material; and making a glass substrate from the cut glass
plate, wherein the cut line is formed in a surface having relatively small
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[0027] (Structure 3 of the invention) A method for producing a glass substrate
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mat%réqlnc}‘&{ erq '%3 a planar shape on a molten metal; allowing the cut line
to exten mgghe %hlc'kness direction of the glass material, thereby cutting a

glagsqdaje from the glass material; and making a glass substrate from the
cut glass %)Iate, wherein the cut line is formed in a surface having a

maximum( RERSHY S LS NANH¥YS of 50 nm or less. [0028] (Structure 4 of
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according to any one of Structures 1 to 3, wherein a plurality of square glass
platigrairgoucUidne iheogassriaaecef. JEe29INesriat faresdointheriplanati ehippe

The method for piesuing Al URRIaie. oL A magasic fisk acrodg

to any oneoo?% uctures 0o, wherein a cut line ' is forme glass
matgidad | 53 asaie thn\arebyvsBixig ading alelate drsnbsiagiiad Perphely afd

O kg & giass Substrate rom the cat Slace pibte, wherem the aut Ime 1 foried
in a surface having relatively small surface waviness selected from two
opposing surfaces of the glass material.

[0027]

(Structure 3 of the invention)

A method for producing a glass substrate for a magnetic disk including
forming a cut line in one surface of a glass material formed into a planar shape
on a molten metal; allowing the cut line to extend in the thickness direction of
the glass material, thereby cutting a glass plate from the glass material; and
making a glass substrate from the cut glass plate, wherein the cut line is formed
in a surface having a maximum height of surface waviness of 50 nm or less.
[0028]

(Structure 4 of the invention)

The method for producing a glass substrate for a magnetic disk according
to any one of Structures 1 to 3, wherein a plurality of square glass plates are cut
from the glass material.

[0029]
(Structure 5 of the invention)

The method for producing a glass substrate for a magnetic disk according



(Structure 6 of the invention) A method for producing a magnetic disk
including forming at least a magnetic layer on a glass substrate produced by
the method for producing a glass substrate for a magnetic disk according to
any one of Structures 1 to 5. [0031] (Strycture 7 of the invention) A method
for producing a glass substrate for a magnetic disk including forming a cut
line in one surface of a glass material formed into a planar shape; allowing

the @ihfip@ie extaAkinEetickness diresian IMfdherltrs matesiglasd agRYial

cutting a glass plate from the glass material; and making a glass substrate
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glags@djstrate for a magnetic disk including forming a cut line in one

surface of a glass material formed into a planar shape; allowing the cut line

to extend iR THERFR L LLEIRUEABANS the glass material, thereby cutting a
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platg®atg cut from the glass material. [0034] (Structure 10 of the invention)

(Structure 7 of the invention)

A method for producing a glass substrate for a magnetic disk including
forming a cut line in one surface of a glass material formed into a planar shape;
allowing the cut line to extend in the thickness direction of the glass material,
thereby cutting a glass plate from the glass material; and making a glass
substrate from the cut glass plate, wherein the cut line is formed in a surface
having relatively small surface waviness selected from two opposing surfaces of
the glass material.

[0032]

(Structure 8 of the invention)

A method for producing a glass substrate for a magnetic disk including
forming a cut line in one surface of a glass material formed into a planar shape;
allowing the cut line to extend in the thickness direction of the glass material,
thereby cutting a glass plate from the glass material; and making a glass
substrate from the cut glass plate, wherein the cut line is formed in a surface
having a maximum height of surface waviness of 50 nm or less.

[0033]
(Structure 9 of the invention)

The method for producing a glass substrate for a magnetic disk according



The method for producing a glass substrate for a magnetic disk according to
either Structure 7 or 8, wherein a cut line is formed in the glass material so as
to draw a curve extending along a substantial periphery of a region in which a
glass substrate for a magnetic disk is to ke formed. [0035] (Structure 11 of
the invention) A method for producing a magnetic disk including forming at
least a magnetic layer on a glass substrate produced by the method for
Progly Gt A SENaSBraUP ol Blavias BimABNRHE fiskeePeding: b rYOAR efit from
Structures 7 to 10. [0036] (Structure 12 of the invention) A method for
prothe g graser@ibstrate for a magnetic disk including the step of cutting
a di@ﬁgﬁl ped glass substrate from a glass material formed into a planar
shape orm a molten metal, wherein a cut line is formed obliquely with respect
to the thiciStessudieidiontiod theeglhes) material, in a principal surface of the
glass material on the side which has come into contact with the, molten

metal, so A88GGARA URRIEGIRMFiAE SR S aliD L4 ATRPFBRIR IS FAeEording
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then the cut line is allowed to extend, thereby cutting a disk-shaped glass
subtardtew fOOBYE(Stiekting aRrg theupstentiah)esiphetticd foiegioairtiubieh a
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diskS aped glass substrate from a glass material formed into a planar

sha@®®s] a molten metal, wherein the glass substrate for a 10 magnetic disk

is provided with a circular hole in the center, and wherein the method
includes thel"S&p 8 fbRhIRG AYRRUAME obliquely with respect to the thickness
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magnetic layer on a glass substrate produced by the method for producing a
glass substrate for a magnetic disk according to any one of Structures 7 to 10.
[0036]

(Structure 12 of the invention)

A method for producing a glass substrate for a magnetic disk including
the step of cutting a disk-shaped glass substrate from a glass material formed
into a planar shape on a molten metal, wherein a cut line is formed obliquely
with respect to the thickness direction of the glass material, in a principal
surface of the glass material on the side which has come into contact with the
molten metal, so as to draw a curve extending along a substantial periphery of a
region in which a glass substrate for a magnetic disk is to be formed, and then
the cut line is allowed to extend, thereby cutting a disk-shaped glass substrate.
[0037]

(Structure 13 of the invention)

A method for producing a glass substrate for a magnetic disk including
the step of cutting a disk-shaped glass substrate from a glass material formed

into a planar shape on a molten metal, wherein the glass substrate for a



draw a curve extending along a substantial periphery of the inner peripheral
side of a region in which a glass substrate for a magnetic disk is to be
formed, and allowing the cut line to extend, thereby forming a circular hole in
the center of the disk-shaped glass subsigate. [0038] (Structure 14 of the
invention) The method for producing a glass substrate for a magnetic disk
according to either Structure 12 or 13, wherein, after the cut line is formed in
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cooled so that the cut line is allowed to extend toward a principal surface of
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Struntitegiallchtthd 4jdehenigh Hae gtane subswatedsvethlagsnrilesiratediosa as to
small magnetic disk having a diameter of 65 mm or less. [0040] (Structure 16
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is a glass substrate used for a magnetic disk to be mounted in a Load
Unlead-&)ipwingdbastc inskeleviead[dbarepy fo(wingcasecuiapheie imrmaenter
A m&tn]%dﬁfigk_%oadu%r@ a ma n{artlytsedlsk including forming at least a

magnetic layer orPa g 32°STIbStrate for a magnetic disk obtained by the

progomdgin method according to any one of Structures 12 to 16.

(Structure 14 of the invention)

The method for producing a glass substrate for a magnetic disk according
to either Structure 12 or 13, wherein, after the cut line is formed in the principal
surface of the glass material, the glass material is heated and/or cooled so that
the cut line is allowed to extend toward a principal surface of the glass material
opposite the principal surface which has come into contact with the molten
metal.

[0039]

(Structure 15 of the invention)

The method for producing a glass substrate for a magnetic disk according
to any one of Structures 12 to 14, wherein the glass substrate is a glass
substrate for a small magnetic disk having a diameter of 65 mm or less.

[0040]

(Structure 16 of the invention)

The method for producing a glass substrate for a magnetic disk according
to any one of Structures 12 to 15, wherein the glass substrate is a glass
substrate used for a magnetic disk to be mounted in a Load Unload-type
magnetic disk device.

[0041]



[0042] (Structure 18 of the invention) A method for producing a glass
substrate for a magnetic disk including the step of cutting a disk-shaped
glass substrate from a planar glass material, wherein a cut line is formed
obliquely with respect to the thickness difgction of the glass material, in a
principal surface having relatively small surface waviness out of two
opposing principal surfaces of the glass material, so as to draw a curve
extending glpRguacSyPSianiahperiary of a region in which a glass
substrate gfor a magnetic disk is to be formed, and then the cut line is allowed

to extend AfeEIRE dakigueiRk sMasneiifaisksnpokicine. frooum esinasire 19
of the_invention t ar pr [ I bstr tic disk
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glagsodatgival metheteiwtbediglgss sopsinatefStracnegnedicalisl is provided
with a circular hole in the center, and wherein the method includes the step
of f(gplqﬂﬁb a cut line obliquely with respect to the thickness direction of the

glass matgsialcine inciRglsufaemhaving relatively small surface waviness
out of two opposing principal surfaces of the glass material, so as to draw a
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that the cut line is allowed to extend toward a principal surface of the glass
mateéréay a curve extending along a substantial periphery of a region in which a

glass substrate for a magnetic disk is to be formed, and then the cut line is
allowed to extend, thereby cutting a disk-shaped glass substrate.
[0043]

(Structure 19 of the invention)

A method for producing a glass substrate for a magnetic disk including
the step of cutting a disk-shaped glass substrate from a planar glass material,
wherein the glass substrate for a magnetic disk is provided with a circular hole
in the center, and wherein the method includes the step of forming a cut line
obliquely with respect to the thickness direction of the glass material, in a
principal surface having relatively small surface waviness out of two opposing
principal surfaces of the glass material, so as to draw a curve extending along a
substantial periphery of the inner peripheral side of a region in which a glass
substrate for a magnetic disk is to be formed, and allowing the cut line to extend,
thereby forming a circular hole in the center of the disk-shaped glass substrate.
[0044]

(Structure 20 of the invention)



opposite the principal surface having relatively small surface waviness.
[0045] (Structure 21 of the invention) The method for producing a glass
substrate for a magnetic disk according to any one of Structures 18 to 20,
wherein the glass substrate is a glass sybstrate for a small magnetic disk
having a diameter of 65 mm or less. [0046] (Structure 22 of the invention)
The method for producing a glass substrate for a magnetic disk according to

any one OfI%eréﬁW&?féBﬁFbaﬁeiﬁq:ﬁrﬁlié‘sw%@ﬁ&é%rﬁ{%dﬁéﬁ@|z§i§§ according
s

substrate used for a magnetic disk to be mounted in a Load Unload-type
mad@efibernsitroeidea 1 004 19 (Bhe@ivefisr dheneutdinensdaympeshitiar poncipal

produci tic. disk i ing formi | '

i B el Ot E S e A R
glaghesubsliratésfal awaagmetitedistoactdra iminpan g iz e bf e gtasesriddal
22.[0048] (Structure 24 of the invention) A method for producing a glass

subSHERE B REREBHBALHERGRUIAURG "TEINRIY Sealt SdareoraYafFsce of a

plar]@@gg?ss material so as to draw a curve extending along a substantial
periphery of a region in which a glass substrate for a magnetic disk is to be
formed; alloiuctyta&twf ine ityextend in the 13 thickness direction of the

O R RSB B MR
shapedsyforped Sirtheugbasssmatjaliesdithir glitisgidspatéonreglate
et Tor B Smell magnGtc ISk maving & drameter of 65 mimer less.

[0046]

(Structure 22 of the invention)

The method for producing a glass substrate for a magnetic disk according
to any one of Structures 18 to 21, wherein the glass substrate is a glass
substrate used for a magnetic disk to be mounted in a Load Unload-type
magnetic disk device.

[0047]

(Structure 23 of the invention)

A method for producing a magnetic disk including forming at least a
magnetic layer on a glass substrate for a magnetic disk obtained by the method
for producing a glass substrate for a magnetic disk according to any one of
Structures 18 to 22.

[0048]

(Structure 24 of the invention)

A method for producing a glass substrate for a magnetic disk including
forming a cut line in one surface of a planar glass material so as to draw a curve

extending along a substantial periphery of a region in which a glass substrate

for a magnetic disk is to be formed; allowing the cut line to extend in the



circle (r [mm]) and the maximum height of surface waviness (PV [nm]) of the
glass material satisfy a predetermined relationship. [0049] (Structure 25 of
the invention) The method for producing a glass substrate for a magnetic disk
according to Structure 24, wherein the predetermined relationship is PV <_5
x r. [0050] (Structure 26 of the invention) A method for producing a glass
substrate for a magnetic disk including forming a cut line in one surface of a

planfceiss NAIEIHGH 8P RS KM ALY XIS ElinthglarisR-sHastandiaks
periphery of a region in which a glass substrate for a magnetic disk is to be

fornpéaie anBdmghing aullane sobskiiediprinactRiticiess RIptss tUteETithavgRisthe
o : el ! ! _
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substrate from the cut gla ate, wherein, when a circ
mmperiessad, thé qutthy fierparfgraned iz tihe cohtiitns fidrane this adiudfatehe
having relatively small surface waviness selected from two opposin

surfdfds BrlABTY i8S MG EAXIMEHs19 estRlcrAs WRHHER En i&?ﬁ‘%ﬁ’é the
methadJon REPANER R 9pRsIRUDRIAKR Iidisnaapetic disk according to

Structure 26, wherein, when a circle with a radius of 10 mm is cut out by
forni®g 2 cut line, the cut line is formed in a surface with a maximum height

of surfac? ta\éines(?ﬁ) ?91 nm or %es . [0052] 14 (Structure 28 of the

) , ructyre e invention o
invention) methed Tor producing a glass substrate for a magnetic disk

including Tagmrghadtdrineducing syitasesabstiRirar glassymaiedalksacasrtiing
draw a curve egdtfecvorllinrg iﬁlor?g ar subsE%ri]}]ial pr)elriﬁgﬁgiofi g Fr)e ;og >i(nlr.which a
gla§§ Slbsig24, wherein the predete ed rela p

[0050]

(Structure 26 of the invention)

A method for producing a glass substrate for a magnetic disk including
forming a cut line in one surface of a planar glass material so as to draw a curve
extending along a substantial periphery of a region in which a glass substrate
for a magnetic disk is to be formed; allowing the cut line to extend in the
thickness direction of the glass material, thereby cutting a disk-shaped glass
plate; and making a glass substrate from the cut glass plate, wherein, when a
circle with a radius of 10 mm or less is cut out by forming a cut line, the cut line
is formed in a surface having relatively small surface waviness selected from
two opposing surfaces of the glass material.

[0051]

(Structure 27 of the invention)

The method for producing a glass substrate for a magnetic disk according
to Structure 26, wherein, when a circle with a radius of 10 mm is cut out by
forming a cut line, the cut line is formed in a surface with a maximum height of

surface waviness of 50 nm or less.

[0052]



for a magnetic disk is to be formed; allowing the cut line to extend in the
thickness direction of the glass material, thereby cutting a disk-shaped glass
plate; and making a glass substrate from the cut glass plate, wherein, when a
circle with a predetermined radius or less is cut out by forming a cut line, the
maximum height of surface waviness of the glass material is measured, a
glass material having a predetermined maximum height of surface waviness

or less is (splgstiad andithrntbeisale is cut out. [0053] (Structure 29 of the
invention) The method for producing a glass substrate for a magnetic disk

accordingAtoShed figrerslugingraialasglagbstiate fienl aatiagnatctHistnalietisgip

PV ris. select i [ t ircle, V[
RS s UBL P s S, R
inventiongingaloreszoslitsstproalusino e glasasebiinate ibich Bngestsutsskate
according to any one of Structures 24 to 29, wherein_ the cut line is formed so

as tIPIfMRENGHA ApEdPB PRk Y EYLBE R bitRd LA ARRGI and
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for producing a magnetic disk including forming at least a magnetic layer on
a glakdes dnshmaking e gtash ippbistrateetiand fiog pubdlasieglateylwbesimsiiags for

a magnetic.disk according to, any. one of Structures, 24 to 30. 15 Jé) 6{4
o Y B PN PO LB e T S B B Brand 3 R e

magnetimdiaknisightcinguiiceinanaraisslipetie grestuitaceadisanmiasaralaagiass
matr%rzli?éﬁgl ﬁg\}%g;agvrgdgijeryrﬁined maximum height of surface waviness or less is
selected, and then the circle is cut out.
[0053]

(Structure 29 of the invention)

The method for producing a glass substrate for a magnetic disk according
to Structure 28, wherein a glass material satisfying the relationship PV <5 xris
selected, wherein r [nm] is the radius of the circle, and PV [nm] is the maximum
height of surface waviness.

[0054]

(Structure 30 of the invention)

The method for producing a glass substrate for a magnetic disk according
to any one of Structures 24 to 29, wherein the cut line is formed so as to incline
with respect to the thickness direction of the glass material and so as to draw a
closed curve.

[0055]

(Structure 31 of the invention)

A method for producing a magnetic disk including forming at least a
magnetic layer on a glass substrate produced by the method for producing a

glass substrate for a magnetic disk according to any one of Structures 24 to 30.



extending along a substantial periphery of a region in which a glass substrate
for a magnetic disk is to be formed; allowing the cut line to extend in the
thickness direction of the glass material, thereby cutting a disk-shaped glass
plate; and making a glass substrate from the cut glass plate, wherein, when
at least an inner hole of the disk-shaped glass plate is formed, the cut line is
formed in a surface having relatively small surface waviness selected from
twoy sing surfaces of the glass material. [0057] (Structure 33 of the
invention) A method for producing a glass substrate for a magnetic disk
including (@rkfitwjeadaLelihe invidiatrface of a planar glass material so as to

draw a cupv I n tanti ipher, iop_in.whicf
alass sub o e IO e SR e Y e e
extdodrimdhe cthilbhe @ssrairectianecdithep Blassgiaatenialictiw rebystdtirgwe a curve

disk-shaped glass plate; and maki,r}%%g glass substrate from the cut glass

plat&RAYAL R Mg $ORA PHIPEEHOR B BRIk WNSRSOASE SHRHERS
formgsda adHEHINGIR iSaETRA drrdesk HASRiMGIthe ERHBYS EhRiARG FhmsIrface

waviness of 50 nm or less. [0058] (Structure 34 of the invention) The method
for phistinesrydireption stiistralgssonataiiagribacetisktog@itigk ohspetgless2

or3 herejn, after the cut line is formed in the surface oEthe lass
el D A A s Do M S S Bl T e

allowast tanaxiesnchold of 05 Ui S Enaee Basefplate iy fntan), Theomdthedsfor
producing a glass substrate for a magnetic disk according to any one of

strUetied BAUIcK NGNS (IRAHIR SNBYFHIEARS 4/gIasss selected from two

opposing surfaces of the glass material.
[0057]

(Structure 33 of the invention)

A method for producing a glass substrate for a magnetic disk including
forming a cut line in one surface of a planar glass material so as to draw a curve
extending along a substantial periphery of a region in which a glass substrate
for a magnetic disk is to be formed; allowing the cut line to extend in the
thickness direction of the glass material, thereby cutting a disk-shaped glass
plate; and making a glass substrate from the cut glass plate, wherein, when at
least an inner hole of the disk-shaped glass plate is formed, the cut line is
formed in a surface with a maximum height of surface waviness of 50 nm or
less.

[0058]

(Structure 34 of the invention)

The method for producing a glass substrate for a magnetic disk according
to Structure 32 or 33, wherein, after the cut line is formed in the surface of the
glass material, the glass material is heated and/or cooled so that the cut line is

allowed to extend.



substrate used for a magnetic disk to be mounted in a Load Unload-type
magnetic disk device. [0060] (Structure 36 of the invention) A method for
producing a glass substrate for a magnetic disk including forming a cut line
in one surface of a planar glass material;sp as to draw a curve extending
along a substantial periphery of a region in which a glass substrate for a
magnetic disk is to be formed; allowing the cut line to extend in the thickness
direm@yyg]of the glass material, thereby cutting a disk-shaped glass plate; and
making a glass substrate from the cut glass plate, wherein cutting is
performedIredv it 8T ohHIgdAL Rt the thickness (t [mm]) of the glass

material t [ i f sur i P ) of:

matoral e B b G PR i P 88
inventnty) drizeoinStituetlifes pRotusH) gvagtbasishkisateutosteaia dgaefimsdisk
according to Structure 36, wherein the predetermined relationship is PV <_

50t SRR B ECHRE BB IREGARNBRT AAMEHEI TS RBAIGS HRSs

subg{raiectRr AdRaguric disk including forming a cut line in one surface of a
planar glass material so as to draw a curve extending along a substantial
peri®9eB] of a region in which a glass substrate for a magnetic disk is to be

formeq; al@mng}@a&% I{He.to er%ra in the thickness direction of the glass
material, t

ru Inv .
ereby cutling a %lsﬂ(-shap d glass 17 plate; and making a glass
substrate Argmattel ¢oit plegsaata, prdisreimsivhrnidhe wiginshapk taksiing
plate is cut from a glass material with a thickness of 1 mm or less, the cut

Iinef%”f@iﬂﬂ@ocﬁ ingjpane ﬁHVWr@iétiQ@%rﬁaf%mﬁiﬁﬂq}vﬁQ/iﬁ%gé dEaeatedrve
fron 40 ARRSRIRG SWiRcesahiRe Rss BAEFRfon in which a glass substrate

for a magnetic disk is to be formed; allowing the cut line to extend in the
thickness direction of the glass material, thereby cutting a disk-shaped glass
plate; and making a glass substrate from the cut glass plate, wherein cutting is
performed under the conditions where the thickness (t [mm]) of the glass
material and the maximum height of surface waviness (PV [nm]) of the glass
material satisfy a predetermined relationship.

[0061]

(Structure 37 of the invention)

The method for producing a glass substrate for a magnetic disk according
to Structure 36, wherein the predetermined relationship is PV < 50t.

[0062]

(Structure 38 of the invention)

A method for producing a glass substrate for a magnetic disk including
forming a cut line in one surface of a planar glass material so as to draw a curve
extending along a substantial periphery of a region in which a glass substrate
for a magnetic disk is to be formed; allowing the cut line to extend in the

thickness direction of the glass material, thereby cutting a disk-shaped glass



[0063] (Structure 39 of the invention) The method for producing a glass
substrate for a magnetic disk according to Structure 38, wherein, when the
disk-shaped glass plate is cut from a glass material with a thickness of 1
mm, the cut line is formed in a surface wjth a maximum height of surface
waviness of 50 nm or less. [0064] (Structure 40 of the invention) A method for
producing a glass substrate for a magnetic disk including forming a cut line

in OB%@;JHﬁ@%k%@'é@é&'%%%@rﬁrﬁm@d& drays RIS VRNhEXSANINAEN the
along a substantial periphery of a region in which a glass substrate for a
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making a glass substrate trrom the cut glass p ein, when a glass
matsglatigdframredetemosieg shitkoesefahtegass onditdrialmaximum height
of surface waviness of the glass material is measured, a glass material

hav[ﬂﬁagbredetermined maximum height of surface waviness or less is

selected, @pdhps SaceHding infiermed. [0065] (Structure 41 of the

invention) The method for producing a glass substrate for a magnetic disk
accordingT be Stetieedréonpradheirgroggiss suhsitatefenti shaapelicdislagoesiipg

PV S sledat et [lde e disiess,aid 4 e

maximum height of  strface waviness. ructure 420
inventiamal imethiokniespso duningtheatassirsiRstsatetbincarsagassi ovidisk

according to any one of Structures 36 to 41, wherein the cut line is formed so
as tB'fERyE height of surface waviness of 50 nm or less.
[0064]

(Structure 40 of the invention)

A method for producing a glass substrate for a magnetic disk including
forming a cut line in one surface of a planar glass material so as to draw a curve
extending along a substantial periphery of a region in which a glass substrate
for a magnetic disk is to be formed; allowing the cut line to extend in the
thickness direction of the glass material, thereby cutting a disk-shaped glass
plate; and making a glass substrate from the cut glass plate, wherein, when a
glass material with a predetermined thickness of less is cut, the maximum
height of surface waviness of the glass material is measured, a glass material
having a predetermined maximum height of surface waviness or less is selected,
and then the cut line is formed.

[0065]

(Structure 41 of the invention)

The method for producing a glass substrate for a magnetic disk according
to Structure 40, wherein a glass material satisfying the relationship PV < 50t is
selected, wherein t [mm] is the thickness, and PV [nm] is the maximum height of

surface waviness.



with respect to the thickness direction of the glass material and so as to draw
a closed curve. [0067] (Structure 43 of the invention) A method for producing
a magnetic disk including forming at least a magnetic layer on a glass
substrate produced by the method for prpglucing a glass substrate for a
magnetic disk according to any one of Structures 36 to 41. [0068] (Structure
44 of the invention) A method for producing a glass substrate for a magnetic
dlsk{m@@!dlng forming a cut line in one surface of a planar glass material so
as to draw a curve extending along a substantial periphery of a region in
which a gi&eisiwerfatel 1be dmeatrelic disk is to be formed; allowing the cut

ne to exgng In B iPkpsaairPatng ol AES Sl BTERK ing

a disk-shaped glass plate; an g a glass su ecutg ass
plate whe:bemom&anbtb&scmﬁmhapamgasstrmmet|Br@itffanmedgia&asnminmimle
with a thickness of 1.5 mm or less, the cut line is formed in a surface having

relafVBIJESREA! K HgbichagRRdLeiRr Aid P iR BB IRiARERras e SﬁWea

glasgquaienialeand after the cut line is formed, the cut line is allowed to
extend by heating and/or cooling the glass material. [0069] (Structure 45 of
the iB0€Rkion) A method for producing a glass substrate for a magnetic disk
including Qrufgﬁ 4(th i e ||rr1“;)er}] rface of a planar glass material so as to
draw a cu ve extent ing along 8lbstantial periphery of a region in which

a glass subsieatedtsraproageiatcadisigisctic isfoirmordirg|ringghe lpaistiae to
extend in the thickness direction of the glass material, thereb%guttlng a

diskTH]54G PRsOp@ieagh §4hsikg %f%@@%%éﬂ%@%ﬂ?t RiRdycieg 2
platg b elRi YYEEE Wehagnetic disk according to any one of Structures 36 to 41.

[0068]

(Structure 44 of the invention)

A method for producing a glass substrate for a magnetic disk including
forming a cut line in one surface of a planar glass material so as to draw a curve
extending along a substantial periphery of a region in which a glass substrate
for a magnetic disk is to be formed; allowing the cut line to extend in the
thickness direction of the glass material, thereby cutting a disk-shaped glass
plate; and making a glass substrate from the cut glass plate, wherein, when the
disk-shaped glass plate is cut from a glass material with a thickness of 1.5 mm
or less, the cut line is formed in a surface having relatively small surface
waviness selected from two opposing surfaces of the glass material, and after
the cut line is formed, the cut line is allowed to extend by heating and/or cooling
the glass material.

[0069]
(Structure 45 of the invention)
A method for producing a glass substrate for a magnetic disk including

forming a cut line in one surface of a planar glass material so as to draw a curve



disk-shaped glass plate is cut from a glass material with a thickness of 1.5
mm or less, the cut line is formed in a surface with a maximum height of
surface waviness of 50 nm or less, and after the cut line is formed, the cut
line is allowed to extend by heating and/ay cooling the glass material. [0070]
(Structure 46 of the invention) The method for producing a glass substrate for
a magnetic disk according to Structure 44 or 45, wherein the glass substrate

IS aipsRIRPIGAELSasLIan T PagRIRS gisk iggRm MAVRIdyRILaGhstrate

Unload-type magnetic disk device. Advantages of the Invention [0071]

AccloromBaenpicsresdataneioned: Bllpyigdketeuw ingriaedgRainding

glass: a . efic disk i i e uch,as,chips,
g G S e IR T G
cut preetantealddng mgthssl Sawraduicon hgggtidssiiate, floheraaomedic the
disk suitable for large-scale production by improving production efficiency;

andd85BRaREY HASTHBEYR ISHTBLUIRIAG Q'ARsgairy aldkith dHHHRESRst 8A™
glass RESHRIRTHORRABRENIR diskratb Gt WeadnTuH tREIgRPER sBiRste

defects, such as chips, cracks, and flaws, do not occur in a glass substrate
for avavirgsastief diglknt & lpesssibid adesthalsiyt pinslisdormech the glhlige is

substrate faor a magnetic disk, a netic. di lﬁto e mounted in a hard disk
v e e R AR o e betrate

for gogrEgnetic disk used for the magnetic disk. 20 Brief Description of

Drawings [0072] Fig. 1 is a cross-sectional view showing the steps of cutting
a disk- shEPEERIEEHAEEENVEAYREhar glass according to the present

i(:‘r‘]’zntion-Tﬁégm%tﬁo% RORPIGUL RN & SR ReYBich AU HRRS Gk IRaraing
to Structure 44 or 45, wherein the glass substrate is a glass substrate used for a

magnetic disk to be mounted in a Load Unload-type magnetic disk device.

Advantages of the Invention
[0071]

According to the present invention, it is possible to obtain a high-quality
glass substrate for a magnetic disk in which no defects, such as chips, cracks,
and flaws, are present in the portion cut after being provided with a cut line; to
realize a method for producing a glass substrate for a magnetic disk suitable for
large-scale production by improving production efficiency; and to obtain a
method for producing a magnetic disk in which the cost of a glass substrate for
the magnetic disk can be reduced. Furthermore, since defects, such as chips,
cracks, and flaws, do not occur in a glass substrate for a magnetic disk, it is
possible to suitably produce, from the glass substrate for a magnetic disk, a
magnetic disk to be mounted in a hard disk drive which starts and stops by a
Load Unload method and a glass substrate for a magnetic disk used for the

magnetic disk.



principal surface of a planar glass. Fig. 3 is an enlarged cross-sectional view
showing a state in which a cut line is formed on a principal surface of a
planar glass together with a cutter. Fig. 4 is a graph showing a relationship
between the waviness/radius ratio and the percent defective in planar
glasses. Fig. 5 is a graph showing a relationship between the
waviness/thickness ratio and the percent defective in planar glasses.
Reference Numerals [0073] 1 planar glass 2, 3 cut line 10 disk-shaped
glass plate (disk-shaped glass substrate) Best Modes for Carrying Out the
InveHiRS rPeTTpline @ laiayitdthis embodiment, a cut line is formed in one
surf f a glass material formed into a thin plate, for example, with a
thickness of 1.5 mm or less, in response to the production of a glass
substrate fig.d sagoeiss-disitioAd sievh shgleisg thaterdpkinftbetitnppealiska thin
plate, a glass material formed by a float process is preferably used. The

glasVPRAE KSRGS ARMANENA Y ANRMCHRIRALLING RIeskihIBYaLen:
particularly;prefrailiab-didWR IASS a1k In MAER BIRIHIESN d BMBUYN a

less. Still more preferably, the glass plate is a thin plate with a thickness of
1.2 privrcimelesigfaae sif grefarabigliaashin plate with a thickness of 1.1 mm or

less, in par_rtic ar, 1.0 mm ar.less can he uaed. 0075] In this.e bodiHnehnt
JF1g..31s’an enlarscge.d cross—se? iona \éle showin as}ae in,which d cut
the term suqrface waviné means a three- dimensionar surface shape

forniad Briciragdaeeaqirn gississoradesiak 4 prinsugacs wjdihessvitarnritter.
grasped by observing a predetermined region of the glass material with a
microscodeoAtisedigrh showing a relationship between the waviness/radius
ratio and the percent defective in planar glasses.
Fig. 5 is a graph showing a relationship between the waviness/thickness

ratio and the percent defective in planar glasses.

Reference Numerals
[0073]
1 planar glass
2,3 cutline

10  disk-shaped glass plate (disk-shaped glass substrate)

Best Modes for Carrying Out the Invention
[0074]

According to this embodiment, a cut line is formed in one surface of a
glass material formed into a thin plate, for example, with a thickness of 1.5 mm
or less, in response to the production of a glass substrate for a magnetic disk.
As such a glass material in the shape of a thin plate, a glass material formed by
a float process is preferably used. The glass plate is a thin plate, preferably

with a thickness of 1.5 mm or less, particularly preferably 1.4 mm or less, and



[0076] In this embodiment, the surface waviness can be a surface shape
formed on a surface of a glass material and constructed by selecting a
shape having a shape wavelength in the range of 0.1 to 5 mm. [0077] As the
predetermined region in which the surfacg waviness is to be observed, for
example, any region of 1,837 mm2 in a planar material can be selected.
[0078] As the predetermined region in which the surface waviness is to be

ObsgTyRAISRARINPIE nihiIPIESY regianMEFe prefBRdIyaniigiatd BlaE @A Ghin
an outer radius of 29 mm can be selected. [0079] Furthermore, as a device

for GlRiervity sitipkogra et Waimess less. OMIRitnTeRipiFRlyIA dRimp!FRwEh a
Sh'wa%@gg'gﬁxmmw S %e %Fﬁ@' 5P rAPokET ﬁ%ﬂ]&e&’.‘ this
embodiment, the average height 'of surface waviness may be referred to as
Waladnspaverage height of surface waviness (Wa) represents an arithmetic
mean roughness of the surface waviness shape. Furthermore, in this

embodim&h{NHERREGIMAR HERIRBE SHAASE WAVIRESS MEPH Al ¢&ferred to
as RindigomardImipeGidPE 96 SHERGR Walingss dPYisse ¥aliesipPiaingd by

calculating an average plane of the surface waviness shape, and adding the
abselitaceakayiveascchriptasashethiyhelseeik witiadeissatinediegpvephtie
plane and the ahsa %te value of the dﬁrﬁ’éﬁn?ef the lowest valley with respect to

the %\?é?a@g Sféané'\./ '* Mc]t%secg?gsoern Inventors have found that, in the case

of ajpdemadr glass base plate formed by a float process, the planar glass base
plate has %?Higae?nebodiment, the surface waviness can be a surface shape formed
on a surface of a glass material and constructed by selecting a shape having a
shape wavelength in the range of 0.1 to 5 mm.
[0077]

As the predetermined region in which the surface waviness is to be
observed, for example, any region of 1,837 mm? in a planar material can be
selected.

[0078]

As the predetermined region in which the surface waviness is to be
observed, for example, a toroidal region with an inner radius of 16 mm and an
outer radius of 29 mm can be selected.

[0079]

Furthermore, as a device for observing such surface waviness, an
Optiflat manufactured by Phase Shift Technology Inc. may be preferably used.
[0080]

Furthermore, in this embodiment, the average height of surface waviness
may be referred to as Wa. The average height of surface waviness (Wa)

represents an arithmetic mean roughness of the surface waviness shape.

Furthermore, in this embodiment, the maximum height of surface waviness may



(bottom surface) which has come into contact with molten tin and a surface
(top surface) opposite thereto, and there is a difference in the quality of the
glass plate which has been subjected to cutting between the case where a
cut line is made in the bottom surface and then cutting is performed and the
case where a cut line is made in the top surface and then cutting is
performed. In particular, it has been found that, in the case of a glass

matgEibfenae tbigtora/thim atealiniganrangst i isrRredusline Rl @Ylass value
substrate for a magnetic disk, there is a significant difference in the quality of
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the case where a cut line Is made in'the top surface a en cutting 1
perfaveragde ividhe anddbetibsolite glalse sifiltistrdegptiiosfahnagnesiovaitly Wit
preferable to select the bottom surface and make a cut line therein. [0082]
The $PREEHOINR AHLHaPPERamined the difference between the top surface
andrpg ottom surface. As a result, it has been found that there is a
difference in the shape of surface waviness in a certain shape wavelength
range. WHée presept svenieramdaddvadchatunfite casecrapirodrtolesshase

other {t as b%en foiﬂsd that the s%hrfac%waw ess shap 8i)f hhe tog surface is

El rmed’b oaf process, the planar,alass e as a surface
rela?lve y ?arge, a%éa e strfacé waviness shape o %ﬁe% om surface is 23

relabsttyrarsatadéhemiarglagscambsiratecsrtacnagneisitdiskrisapepa daedcl (Sop
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a glass plate is cut out, it is preferable to form a cut line in a surface having a

maxiradeniéightattosuifadecsariddssRMing HOpemicomessinddbe4jase where a
cut line is made in the top surface and then cutting is performed. In particular,
it has been found that, in the case of a glass material formed into a thin plate in
response to the production of a glass substrate for a magnetic disk, there is a
significant difference in the quality of the glass plate which has been subjected
to cutting between the case where a cut line is made in the bottom surface and
then cutting is performed and the case where a cut line is made in the top
surface and then cutting is performed. In the production of a glass substrate
for a magnetic disk, it is preferable to select the bottom surface and make a cut
line therein.
[0082]

The present inventors have examined the difference between the top

surface and the bottom surface. As a result, it has been found that there is a
difference in the shape of surface waviness in a certain shape wavelength
range. When the top surface and the bottom surface are compared to each
other, it has been found that the surface waviness shape of the top surface is

relatively large, and the surface waviness shape of the bottom surface is



Furthermore, when a cut line is formed in a glass material formed into a
planar shape and a glass plate is cut out, it is preferable to form a cut line in a
surface having an average height of surface waviness (Wa) of 5 nm or less.
[0085] Furthermore, when a cut line is fosmed in a glass material, the depth
of the cut line is preferably in a range of 50% to 85% of the thickness of the
glass material. When the cut line is actually formed, the force for pressing a

cutted| flade dmBrnefevahin eeg s thatHie fertihabHaicuidng [SréddENESs
of 50% to 85% of the thickness of the glass material. [0086] When the depth
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glass substrate is composed of an amorphous glass and an aluminosilicate
glassirfaemhavingrainssiitodre Reighlaisusface mevisass(RAYe ebhtaiming dess.
alkagsé'g%jal element is more preferable. For example, a glass that contains
SiOZ and A1203 and further contains Na20O can sufficiently show the effect

of this empodieentré) glass geotdingg tortedanadtasberpitefrablynasadio a
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[0085]

Furthermore, when a cut line is formed in a glass material, the depth of
the cut line is preferably in a range of 50% to 85% of the thickness of the glass
material. When the cut line is actually formed, the force for pressing a cutter
blade is preferably set such that the depth of the cut line is in a range of 50% to
85% of the thickness of the glass material.

[0086]

When the depth of the cut line is smaller than 50% of the thickness or
larger than 85% of the thickness, there is a possibility that cracks and chips may
occur when the glass plate is cut out (cut) from the glass material.
Consequently, in order to prevent defective products with cracks, chips,
fractures, and the like from occurring, it is preferable to set the depth of a cut
line formed when a glass plate is cut from a glass material in a range of 50% to
85% of the thickness of the glass material.

[0087]
In this embodiment, a particularly preferable glass substrate is composed

of an amorphous glass and an aluminosilicate glass. Among aluminosilicate



Li20O, and 4% to 13% by weight of Na20 is preferable. [0089] An example of
a particularly preferable glass is an aluminosilicate glass which contains as
principal components, 62% to 75% by weight of SiO2, 5% to 15% by weight
of A1203, 4% to 10% by weight of Li20, A6 to 12% by weight of Na20O, and
5.5% to 15% by weight of ZrO and in which the weight ratio of Na20/ZrO2 is
0.5 to 2.0 and the weight ratio of A1203/ZrO2 is 0.4 to 2.5. [0090] Another

exagudedy 2 Breteratia s e onaihAly ANaRbcatetdlaterentaimoe: Fréersrmable.
of percent by weight, 61 % to 70% of SiO2, 9% to 18% of A1203, 2% to
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cutt[@ga%Plurality of square glass plates from a planar glass material, and a
second cutting process of cutting disk-shaped glass plates from the square
glass platés. 3Hch3 glasts.cazises pastaiaing, ascopneiraicoveatents B8%dtin
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with respect to a process of producing a disk- shaped glass plate using a
plar{gp Ass material or a square glass plate will be described below in more

details. Infhe.expligrasioneirieaf Pk Pans Y8R an aluminosilicate glass
which contains as principal components, 62% to 75% by weight of SiO2, 5% to
15% by weight of Al203, 4% to 10% by weight of Li20, 4% to 12% by weight of
Na20, and 5.5% to 15% by weight of ZrO and in which the weight ratio of
Na20/ZrO2 is 0.5 to 2.0 and the weight ratio of Al203/ZrO2 is 0.4 to 2.5.
[0090]

Another example of a preferable glass is an aluminosilicate glass
containing, in terms of percent by weight, 61% to 70% of SiO2, 9% to 18% of
AI203, 2% to 3.9% of Li20, 6% to 13% of Na20, 0% to 5% of K20, 10% to
16% of R20 (wherein R20 = Li20 + Na20 + K20), 0% to 3.5% of MgO, 1% to
7% of Ca0, 0% to 2% of SrO, 0% to 2% of BaO, 2% to 10% of RO (wherein RO
= MgO + CaO + SrO + Ba0), 0% to 2% of TiO2, 0% to 2% of CeO2, 0% to 2%
of Fe203, and 0% to 1% of MnO, wherein TiO2 + CeO2 + Fe203 + MnO =
0.01% to 3%.

[0091]

This embodiment may include a first cutting process of cutting a plurality

of square glass plates from a planar glass material, and a second cutting

process of cutting disk-shaped glass plates from the square glass plates. In



plate is described as a disk-shaped substrate. [0093] Fig. 1 is a
cross-sectional view showing the steps of cutting out a disk- shaped glass
plate according to the present invention. [0094] A method for producing a
glass substrate for a magnetic disk accogding to this embodiment includes a
step of cutting a disk-shaped glass substrate from a glass material formed
into a planar shape on a molten metal (i.e., cutting step). In the cutting step,
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along a substantial periphery of a region in which a glass substrate for a
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fornpesceds. a planar shape can be used. Alternatively, a glass plate cut into
a SCﬂuare shape from a planar glass material may be used. [0096] In the case
of aB r glass material formed by a float process, since molten glass is
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shoplatdnisfdgsdibgdiag apisk-siineipal istiate. corresponds to a bottom
surface 1 A, and the lower principal surface corresponds to a top surface 1
B. NB¥@3hat a metal diffusion layer with a thickness of about 10 to 50 m is
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the molten metal is not directly brought into contact with the top surface 1 B
sideshagied graskuptase according to the present invention.

[0094]

A method for producing a glass substrate for a magnetic disk according to
this embodiment includes a step of cutting a disk-shaped glass substrate from a
glass material formed into a planar shape on a molten metal (i.e., cutting step).
In the cutting step, a cut line is formed in the glass material so as to draw a
curve extending along a substantial periphery of a region in which a glass
substrate for a magnetic disk is to be formed, and then the cut line is allowed to
extend so that the disk-shaped glass substrate is cut.

[0095]

Fig. 1(a) is a cross-sectional view of a planar glass 1. As the planar
glass, a glass material formed into a planar shape can be used. Alternatively,
a glass plate cut into a square shape from a planar glass material may be used.
[0096]

In the case of a planar glass material formed by a float process, since
molten glass is formed into a planar shape on a molten metal, it is possible to

distinguish a principal surface (hereinafter referred to as the "bottom surface")



step, in some cases, the metal vaporized into the atmosphere may permeate
into the top surface 1 B side to form a metal diffusion layer. However, even if
a metal diffusion layer is formed on the top surface 1 B side, the thickness
thereof is at most about several micromgters. [0097] A cut line is formed in
the bottom surface 1 A of the planar glass 1 so as to draw a curve extending
along a substantial periphery of a region in which a glass substrate for a
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portion surrounded by the cut line is removed, it is possible to stably obtain a
highs glalgtglasst dsket@arficnmdéests, such as chips, cracks, and flaws,
evefb&ﬁhe part cut following the formed cut line.
A cut line is formed in the bottom surface 1A of the planar glass 1 so as to
draw a curve extending along a substantial periphery of a region in which a
glass substrate for a magnetic disk is to be formed. In this embodiment, as
shown in Figs. 1(b) and 2, circular cut lines 2 and 3 are formed so as to extend
along a substantial periphery of the outer peripheral side of the region for
forming a glass substrate for a magnetic disk and a substantial periphery of the
inner peripheral side, respectively, in the bottom surface 1A of the planar glass
1, using a glass cutter. Fig. 2 is a plan view showing a state in which the cut
lines are formed on the bottom surface of the planar glass 1, and Fig. 1(b) is a
cross-sectional view taken along the line |-l of Fig. 2.
[0098]
In this case, each of the outer peripheral side cut line 2 and the inner
peripheral side cut line 3 is formed obliquely with respect to the thickness
direction. Furthermore, in this embodiment, the cut lines 2 and 3 are formed

so as to incline outward from the bottom surface 1A to the top surface 1B of the



[0099] Fig. 3 is an enlarged cross-sectional view showing a state in which a
cut line is formed. When a cut line is formed obliquely, although the
inclination angle is not particularly limited, preferably, the angle a between
the cut line and a direction orthogonal tg @ bottom surface 1A (refer to Fig. 3)
is set, for example, in a range of about 5 to 45 degrees. [0100] Furthermore,
as the glass cutter used for forming such an oblique cut line, for example, a
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diameter.
angle is not particularly limited, preferably, the angle a between the cut line and

a direction orthogonal to a bottom surface 1A (refer to Fig. 3) is set, for example,
in a range of about 5 to 45 degrees.
[0100]

Furthermore, as the glass cutter used for forming such an oblique cut line,
for example, a wheel cutter is preferably used, and a diamond cutter can be
used. In such a case, it may be possible to use a cutter in which the left edge
angle and the right edge angle are different with respect to the cutter ridge.
Alternatively, using a cutter in which the left edge angle and the right edge angle
are the same, the cutter may be inclined at a certain contact angle relative to
the planar glass surface.

[0101]

That is, as shown in Fig. 3, as the method for forming a cut line 2 that
inclines with respect to the thickness direction of the planar glass 1, in a first
method, using a cutter 5 in which the left edge angle 61 and the right edge
angle 62 are the same with respect to a cutter ridge 4, the cutter 5 is relatively

moved with the cutter ridge 4 of the cutter 5 being inclined by the angle o with



Therefore, the size (diameter) of each of the circular cut lines 2 and 3, which
extend along a substantial periphery of the outer peripheral side of the region
for forming a glass substrate for a magnetic disk and a substantial periphery
of the inner peripheral side, respectively, @are preferably determined in
consideration of the grinding and polishing margin. [0103] Next as shown in
Fig. 1(c), the cut lines 2 and 3 formed in the bottom surface 1 A of the planar
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means for causing a thermal expansion difference, for example, heating
and?HFf@SEI%%@’fol@!ﬁﬁ?bﬂ%%sf may be preferably mentioned. By heating
andjgy ggoling the planar glass 1, a thermal expansion difference is caused
in the thickness direction of the planar glass 1, and the planar glass 1 is
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such a case, the one side of the planar-glass 1 may be entirely heated or
cootbd,inner peripheral side, respectively, are preferably determined in
consideration of the grinding and polishing margin.
[0103]

Next as shown in Fig. 1(c), the cut lines 2 and 3 formed in the bottom
surface 1A of the planar glass 1 are allowed to extend toward the top surface
1B side. Thereby, an inner region 10a surrounded by the cut line 2 is
separated from the planar glass 1. Furthermore, an inner portion 10b
surrounded by the cut line 3 is separated from the region 10a surrounded by the
cut line 2.

[0104]

As the means for allowing the cut lines 2 and 3 formed in the bottom
surface 1A of the planar glass 1 toward the top surface 1B side as described
above, a means for causing a thermal expansion difference, for example,
heating and/or cooling the planar glass 1 may be preferably mentioned. By
heating and/or cooling the planar glass 1, a thermal expansion difference is
caused in the thickness direction of the planar glass 1, and the planar glass 1 is

deformed convexly upward or downward. This deformation allows the cut lines



or the one side may be partially heated or cooled. For example, when the one
side of the planar glass 1 is entirely heated or cooled, preferably, the bottom
surface 1 A side on which the cut lines 2 and 3 are formed is heated, or the
top surface 1 B side opposite the bottomm surface on which the cut lines 2
and 3 are formed is cooled. Furthermore, when the one side of the planar
glass 1is partially heated or cooled, preferably, the region outside the cut

lineasRaajed rosdhenewprsinmigs iricehlingtimegooled. [0106] Next, as
shown in Fig. 1(d), using an appropriate means, such as a pushing rod, the
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thereby obtaining the glass disk 10. [0108] In the case of a glass substrate for
a sragtifavadRetidalzphaiimipabaiaey surface on which the cut lines 2 and 3 are

formed is cooled. Furthermore, when the one side of the planar glass 1 is
partially heated or cooled, preferably, the region outside the cut line is heated,
or the region inside the cut line is cooled.

[0106]

Next, as shown in Fig. 1(d), using an appropriate means, such as a
pushing rod, the inner regions 10a and 10b surrounded by the cut line 2 are
pushed out downward, and then the region 10b surrounded by the cut line 3 is
pushed out. Thereby, a glass disk (disk-shaped glass substrate) 10 provided
with a circular hole in the center is obtained.

[0107]

In this embodiment, firstly, the cut lines 2 and 3 are formed so as to
extend along a substantial periphery of the outer peripheral side of the region in
which a glass substrate for a magnetic disk is to be formed and a substantial
periphery of the inner peripheral side, respectively, in the bottom surface 1A of
the planar glass 1, and then the cut lines are allowed to extend to the top

surface 1B side, thereby obtaining the glass disk 10. However, the method is



diameter of 65 mm or less, the inner diameter is very small at 20 mm or less.
According to this embodiment, it is possible to stably produce a glass
substrate for a magnetic disk by cutting a glass disk having a circular hole
with such a small diameter in the centersfsom a planar glass, resulting in an
increase in yield. [0109] Furthermore, in this embodiment, the cut lines 2 and
3 are formed so as to incline outward from the bottom surface 1 A of the
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Furthermore, in this embodiment, the cut lines 2 and 3 are formed so as
to incline outward from the bottom surface 1A of the planar glass 1 toward the
top surface 1B side. However, the method is not limited thereto. For example,
a method may be used in which cut lines 2 and 3 are formed so as to incline
inward from the bottom surface 1A of the planar glass 1 toward the top surface
1B side, such that in a cross-sectional view as that shown in Fig. 1(b), the left
and right cut lines 2 and the left and right cut lines 3 each are formed so as to
correspond to sides of a truncated inverse pyramid, the cut lines are allowed to
extend, and the inner portions surrounded by the cut lines are taken out upward.
[0110]
Furthermore, in this embodiment, the cut line is a closed curve extending
along a substantial periphery of a region in which a glass substrate for a
magnetic disk is to be formed. However, the cut line may not be a completely
closed curve. For example, even in the case where the start point of a cut line

and the end point slightly deviate from each other, it is possible to allow the cut



necessary to improve the smoothness of the surface of a glass substrate. A
glass substrate for a magnetic disk is produced by grinding and polishing the
surface of a glass disk 10 with a predetermined size cut from a planar glass
obtained by the float process as describgd above. Usually, the grinding step
is performed using a lapping apparatus, and in order to improve the
dimensional accuracy and form accuracy of the glass disk 10, abrasive
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polishing step is performed using a polishing apparatus. In a preferred
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Furthermore, the glass substrate which has undergone the polishing step
maydd Jubjected to chemically strengthening. In particular, when the type of

glass used is an aluminosilicate glass, by performin ghemicall. o
crongine MOt RATRAT 4 Al T e S S lirel e

stressdeyedristdImineeagess aodtareed ettt onpabarone gtaks chisdnats. The
method for chemical strengthening is not particularly limited, and a

condESASHARRIfoharmaBRel il s BERAioerbRY SPPHOsEAr SO Retne
chegats'ce AdRRYBRK NN A BRBEIHHRAA LSS QR A AIRAR  Ylass

preferable. [0113] Furthermore, a texture for imparting magnetic anisotropy to
a melfaited kyythetddas foooess an desaylbed shbeeratdm@ybéngriedingatep is
D 0 R B Q0 A RS 8 Fiona
forn® gsuc §s'ng PRINg app P
accuracy and form accuracy of the glass disk 10, abrasive grains having a
predetermined grain size are used. Furthermore, the polishing step is
performed using a polishing apparatus. In a preferred embodiment, a first
polishing step and a second polishing step are carried out. In the first polishing
step, in order to remove flaws and strain remaining from the grinding step, the
surface of the glass substrate is polished using a hard polisher as the polisher,
and in the second polishing step, in order to perform finishing to obtain a
smoother mirror-like surface while maintaining the flat surface obtained in the
first polishing step, the surface of the glass disk is polished using a soft polisher
in place of the hard polisher.
[0112]
Furthermore, the glass substrate which has undergone the polishing step
may be subjected to chemically strengthening. In particular, when the type of

glass used is an aluminosilicate glass, by performing chemically strengthening,

the flexural strength is increased, the depth of a compressive stress layer is



texture is a method using tape polishing, in which a tape is pressed against
the principal surface of the glass substrate, and by relatively moving the
glass substrate and the tape with a polishing solution being supplied, a
circumferential texture can be formed on he principal surface of the glass
substrate. [0114] In this embodiment, although the diameter of the glass
substrate for a magnetic disk is not particularly limited, a more significant

effepiciesheyvana bR NEvH KGR Phrialassis wBriiaky forp smathdimraeter

magnetic disk which is obtained by forming a cut line that draws a circular

closdteEuraesHRAGhSHAN irbRlPadisHEsBlUERIgdfRRE amraeteanpenallyknown
vie | tic di [ ' 2.5 inches or (i > Of
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whidly ariewitempsetlieribtDixsangwiniéehapibqattmapiiass substrates for
magnetic disks which have high impact resistance and which enable higher
recgpaihﬂ density can be stably produced, thus being highly useful. Usability

is high, prefRiisdbnoley alasa sl Ao STAIhBIREMSIHYSY Tt aghghe

of 1.8 inches (outer diameter 48 mm, inner diameter 12 mm) or less, and
moreysiete kiprfadytasih e uhrsrascbFatenmadly hratpietRs diskbawinaiva@uter

diameter of 30 mm or less, for ex le, with a size of 1.0 inch (puter
a8 T e € 2 e IR S T6cTho a0 g suph o

thickeesreo$ thengined auipgitape fosIRmagneihidisla agserdipetadbiagainst the
embodiment is 1.5 mm or less, preferably 1.0 mm or less, and more
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to cut, the glass substrate is highly useful and preferable. [0116] By forming

at |dextuaentagrinetiotayast om thespbistiaed $orface afjtetigldisks distiated

accPdgm? to this embodiment, it is possible to obtain a magnetic disk

In this embodiment, although the diameter of the glass substrate for a

magnetic disk is not particularly limited, a more significant effect is shown in the
production of a glass substrate for a small-diameter magnetic disk which is
obtained by forming a cut line that draws a circular closed curve with a small
radius. Consequently, from a practical point of view, for small magnetic disks
with a size of 2.5 inches or less (in the case of 2.5 inches, the outer diameter is
65 mm and the inner diameter is 20 mm), which are often used for HDDs in
mobile applications, glass substrates for magnetic disks which have high impact
resistance and which enable higher recording density can be stably produced,
thus being highly useful. Usability is high, preferably, for glass substrates for
small magnetic disks with a size of 1.8 inches (outer diameter 48 mm, inner
diameter 12 mm) or less, and more preferably, for glass substrates for small
magnetic disks with an outer diameter of 30 mm or less, for example, with a
size of 1.0 inch (outer diameter 27.4 mm, inner diameter 7 mm) or less.

[0115]



suitable for higher recording density. When a Co-based alloy magnetic layer
having a hcp crystal structure is used as the magnetic layer, the coercive
force (Hc) can be increased, and it is possible to contribute to higher
recording density. [0117] Furthermore, as necessary, an underlying layer is
preferably formed between the substrate and the magnetic layer in order to
control the crystal grains and orientation of the magnetic layer. [0118]

Add't'onaMrWBﬁﬂcﬁfénﬂféﬂN&ﬁlé%‘é @f@ﬁ@%&@gs%fﬁﬁ@bﬂ% étrﬁ%@ﬂeﬂc disk
magnetic layer is formed, using a static facing-type film deposition method,
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for example a carbon-based protective layer is suitably used. Furthermore,
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the !glp{ ant layer, abrasion between the magnetic recording head and the
magnetic disk can be prevented, and 34 durability of the magnetic disk can
be improvayl faxgihe ahiaasiad mamtiml,mreannlawbma@(mplmagnﬂ@ disk
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density.
[0117]

Furthermore, as necessary, an underlying layer is preferably formed
between the substrate and the magnetic layer in order to control the crystal
grains and orientation of the magnetic layer.

[0118]

Additionally, when a magnetic disk is produced, preferably, at least a
magnetic layer is formed, using a static facing-type film deposition method, by
DC magnetron sputtering.

[0119]

Furthermore, preferably, a protective layer is provided on the magnetic
layer. By providing the protective layer, the surface of the magnetic disk can
be protected from a magnetic recording head flying above the magnetic disk.
As the material for the protective layer, for example, a carbon-based protective
layer is suitably used. Furthermore, preferably, a lubricant layer is provided on
the protective layer. By providing the lubricant layer, abrasion between the

magnetic recording head and the magnetic disk can be prevented, and



production method according to this embodiment, the production cost of the
magnetic disk can be reduced because of high production yield of the glass
substrate for a magnetic disk. [0121] [EXAMPLE] The present invention will
be described in detail below with referengg to an example. However, it is to
be understood that the present invention is not limited to the example
described below. [0122] A glass substrate for a magnetic disk in this example

wasiRraeHEEes! TheQHEGNEICCHEK i8R iffirobage-TREMHathsieRid3betkeding
step, (4) end-face polishing step, (5) principal surface polishing step, and (6)

chelvicigant saaigiereexagste pP Wi krarbugseeeiyeth e sprfdar2®|q1) Cutting
step {Eagrout step) A planar amorphous glass material composed of an
alurninosilicate glass with a thickness of 1 mm produced by a float process
was prepayecbrdirsy tiatteés einicbdiasre, ingtnganfaah avithdss abtaineadlignanieta
in the float forming is_referred to as a bottom surface, and a surface opposite
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observed using an Optiflat manufactured by Phase Shift Technology Inc.
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toroidal region with an innf-:-r radius,of 1§ mm and an quter B?dius 06‘ ZI% mm
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2) Vg Tjere?nde'%if using T s sUl trate tor a magnetic disk obtaine
production method according to this embodiment, the production cost of the
magnetic disk can be reduced because of high production yield of the glass
substrate for a magnetic disk.

[0121]

[EXAMPLE]

The present invention will be described in detail below with reference to
an example. However, it is to be understood that the present invention is not
limited to the example described below.

[0122]

A glass substrate for a magnetic disk in this example was produced
through (1) cutting step, (2) shape-forming step, (3) grinding step, (4) end-face
polishing step, (5) principal surface polishing step, and (6) chemically
strengthening step, which are described below.

[0123]

(1) Cutting step (cut-out step)

A planar amorphous glass material composed of an aluminosilicate glass
with a thickness of 1 mm produced by a float process was prepared. A surface
which came into contact with tin as a molten metal in the float forming is

referred to as a bottom surface, and a surface opposite the bottom surface is

referred to as a top surface.



3) Selected shape wavelength: shape wavelength range of 0.1 to 5 mm As a
result, in the bottom surface of the glass material, the maximum height of
surface waviness (PV) was 40 nm. In the bottom surface of the glass
material, the average height of surface waviness (Wa) was 4.5 nm. On the
other hand, in the top surface of the glass material, the maximum height of
surface waviness (PV) was 55 nm. In the top surface of the glass material,
the [6ve4pge height of surface waviness (Wa) was 6.5 nm. [0126] For
comparison, using a stylus-type surface roughness tester, surface

roughnes¥Wiib sapreiipaoth S wriaerstoftirapl Aot ptaiivlasd metiek surface
diff i h L
0138 B4R HHaSCRR BBRA e AR IOy ¥agE shir

withTactuidésgyriany STberracasseméatesoatitioradaeeas fididha cutter, a

diamond cutter was used. [0128] First, the bottom surface is selected from
bothMdé&thces of the prepared planar float glass material, and the diamond

cutter is piespessaaasitheibetorsissr ReRFPVIRAMRIRHEN LIS Eie16%hm and

line-forming step, the cut line was not allowed to reach the top surface, i.e.,
the appotndgesintaekt236170129] Specifically, the cut line was formed with the

force for ing, a cutter blad ing set such that the depth of the cut line
was 50%%?@@%3%% rrrllgéets%r]e E%hgg?ays]@rr%aterial. [0130] Next, by splitting and

bending ti3p Sércsteaairsios pravitsathwiteihpcowhlisRndiie ranghins & alew et
to extend from the bottom surface to the top surface, i.e., the opposing

surface, antl & '6§HRr&JNEBYIaMR fdaces) aFaiAgSAMARARty g maximum

height of surface waviness (PV) was 40 nm. In the bottom surface of the glass
material, the average height of surface waviness (Wa) was 4.5 nm. On the
other hand, in the top surface of the glass material, the maximum height of
surface waviness (PV) was 55 nm. In the top surface of the glass material, the
average height of surface waviness (Wa) was 6.5 nm.

[0126]

For comparison, using a stylus-type surface roughness tester, surface
roughness was measured. As a result, it was not possible to observe a
difference in the shape between the top surface and the bottom surface.

[0127]

(1)-1 First cutting process

By cutting the planar float glass material with a cutter, many square glass
plates are produced. As the cutter, a diamond cutter was used.

[0128]

First, the bottom surface is selected from both surfaces of the prepared
planar float glass material, and the diamond cutter is pressed against the
bottom surface to form a cut line. In the cut line-forming step, the cut line was

not allowed to reach the top surface, i.e., the opposing surface.



cut lines, many square glass plates can be produced. [0131] As described
above, from one glass material, many glass plates were produced. The
resulting glass plates are rectangular with a size of 50 to 100 mm in each of
longitudinal and lateral directions. The cage where a glass substrate of 75 x
75 mm was used will be described below. [0132] (1)-2 Second cutting
process Next, circular cut lines were formed so as to extend along a
subgjagg]al periphery of the outer peripheral side of the region in which a
glass substrate for a magnetic disk was to be formed and a substantial
periphery ePeRicatethesdihiarnas éorrasgavtiveng fiereadaarensisdraeeter

the Ql'e?&% l?é%% 8%19&ﬁ tﬁgﬁﬁe h B IS SR %Re SR @Jr IS Wsh Bﬁﬂgé‘sefa?'

side cut line a e Inner perlp ral Side cUt ing was formed 86 as 1o
inclihedyisbvatdaniih respect to the thickness direction. The inclination angle
of each cut line with respect to the normal to the surface of the glass plate
wad&Ei%t about 10 degrees. Furthermore, the cut lines were formed with

the force {5 prep it e RrtiIHRdaReIgssshatku b Il A Gt AbBE: Ime,

cut lines was 50% of the thickness of the plate. Then, the bottom surface of
the tlassipiacipatiaded tovekiend diontites b@éﬁ@mﬁut@lwfeatt@tomatmfmm ;
the t%Ut lines were aj Ovc\a/edn%7a tSo Sé(}[gn toS t gttGO{) {faig 'grer)n (l)nf the BPur nar ¢
glass, Caey gqg arsk havmg 2 G RAIS IR the Centef was cato i
[0133} (Ae5hapeyfetming Gtess Nexéstbanovéairpetigderal end face and the
inner erlpheral end face were subjected to grinding to set the outer
diarf8tetlto 65 mma4 and the inner diameter (diameter of the circular hole in

the center)46;20-KDd BRI REr KnObls PRHRDRIE HRAK) B pa s dRRe"

peripheral end face were subjected to
produced. The resulting glass plates are rectangular with a size of 50 to 100

mm in each of longitudinal and lateral directions. The case where a glass
substrate of 75 x 75 mm was used will be described below.
[0132]

(1)-2 Second cutting process

Next, circular cut lines were formed so as to extend along a substantial
periphery of the outer peripheral side of the region in which a glass substrate for
a magnetic disk was to be formed and a substantial periphery of the inner
peripheral side, respectively, in the bottom surface of the glass plate, using a
glass cutter. In this case, each of the outer peripheral side cut line and the
inner peripheral side cut line was formed so as to be inclined outward with
respect to the thickness direction. The inclination angle of each cut line with
respect to the normal to the surface of the glass plate was set at about 10
degrees. Furthermore, the cut lines were formed with the force for pressing
the cutter blade being set such that the depth of the cut lines was 50% of the
thickness of the plate. Then, the bottom surface of the glass plate provided

with the cut lines were entirely heated with a heater, the cut lines were allowed



predetermined chamfering. In this stage, the surface roughness of the glass
disk end face was about 4m in terms of Rmax. Note that, generally, in a 2.5-
inch HDD (hard disk drive), a magnetic disk with an outer diameter of 65 mm
is used. [0134] (3) Grinding step Next, the surfaces of the glass disk were
subjected to lapping with a double-sided lapping apparatus using alumina
abrasive grains with a grain size of #1000. Thereby, the surface roughness

wagsekierethd Mo st dR Blan S PR QhSs2dRd 2 GEDS AERRaViRg a

glass disk having undergone the lapping step was immersed in a cleaning
taniciEHietinvg & Haeenigewagant @id a cleaning tank containing water in
thaggﬁgx (under application of ultrasound) to perform ultrasonic cleaning.
[01 End-face polishing step Next, the surface roughness of the end
faces (inn@) |Btrapheiyraird)etser periphery) was polished to about 1m in
terms of Rmax and about 0,3 m in terms of Ra by brushing while the qlass

disk was DK RRRelE PRERNRTR! QARHASSAO0 P S RRIPAS(RhgN Tace
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Principal surface polishing step Next, a first polishing step for removing flaws
anddarapieetdi@imelg fairthaleedalgping s isghee pleroarritnuingead then the
do“@ﬂ%é?'ﬁ%@qﬁopahé%% ?‘é’d%a.éﬁa‘ﬁiéﬁ‘ S o 'Sr'at'%%%DP%'éSWé‘r% PR
glass'dis y a carrier'is placéd in” clos€ contact between upper an

lowergrlatesmeaeh ¢rianitiethavithatprlistigeg thadlifieceatighiscesgages yads
a sun gear and an internal gear, and the glass disk is clamped with the
upp%'ls 849dRks W%&é@out um in terms of Rmax. Note that, generally, in a 2.5-

inch HDD (hard disk drive), a magnetic disk with an outer diameter of 65 mm is
used.
[0134]

(3) Grinding step

Next, the surfaces of the glass disk were subjected to lapping with a
double-sided lapping apparatus using alumina abrasive grains with a grain size
of #1000. Thereby, the surface roughness was set to about 2 um in terms of
Rmax and about 0.2 um in terms of Ra. The glass disk having undergone the
lapping step was immersed in a cleaning tank containing a neutral detergent
and a cleaning tank containing water in that order (under application of
ultrasound) to perform ultrasonic cleaning.
[0135]

(4) End-face polishing step

Next, the surface roughness of the end faces (inner periphery and outer
periphery) was polished to about 1 um in terms of Rmax and about 0.3 um in
terms of Ra by brushing while the glass disk was being rotated. Then, the
surfaces of the glass disk having undergone the end-face polishing were

cleaned with water.



[0137] Then, a polishing solution is supplied between the polishing pad and
the surface to be polished of the glass disk and rotation is performed.
Thereby, glass disk revolves while rotating on its own axis on the polishing
plates, and its both surfaces are simultafigously polished. Specifically, the
first polishing step was carried out using a hard polisher (rigid expanded
urethane) as the polisher. The polishing was performed under the conditions
whqmggp water in which cerium oxide (average grain size 1.3 m) was
dispersed as an abrasive was used as the polishing solution, and the
polishing fEiReirsesatfacehmMistisg StRe glass disk having undergone the

noutal GoBen R WEIED ehe et o RS AR EEr G R

(stetha ldppimg) stethatiencef dorerfiagimg altasbiicidedpivigHiadosppdiyus. In
drying. é0138] Next, a second polishing step was performed using the same
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polisher (suede). The second polishing step is mirror polishing for the
purpase tbefaagienis engpgegnvitigasnigass aidien diermaigeas ebthiheaglass

smooot mir[or-lik swﬁge, for exan le Witlh a surface roughness of 8 nm or
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less’in terms of Rmax while maintainin € Smooth flat surface obtained

in the1fdBL polishing step. The polishing was performed under the conditions
where RO water in which cerium oxide (average grain size 0.8 m) was
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was immersed in cleaning tankS respectively containing a neutral detergent,
purglasaalisiuesolse iy hParciathtPen {istoam aiigiog)thetpalishidgriateerfanchits

uItr%%?Higucr: ggensi,n ’efSi'r'r?MYt%%é’Xung’ ir?&ile%%i.sg]Specifically, the first polishing step
was carried out using a hard polisher (rigid expanded urethane) as the polisher.
The polishing was performed under the conditions where RO water in which
cerium oxide (average grain size 1.3 um) was dispersed as an abrasive was
used as the polishing solution, and the polishing time was set at 15 minutes.
The glass disk having undergone the first polishing step was immersed in
cleaning tanks respectively containing a neutral detergent, pure water, pure
water, IPA (isopropyl alcohol), and IPA (steam drying) in that order to perform
ultrasonic cleaning, followed by drying.
[0138]

Next, a second polishing step was performed using the same double-
sided polishing apparatus as that used in the first polishing step, in which the
polisher was changed to a polishing pad composed of a soft polisher (suede).
The second polishing step is mirror polishing for the purpose of finishing on the
principal surface of the glass disk to obtain a smooth mirror-like surface, for

example, with a surface roughness of 8 nm or less in terms of Rmax while



(6) Chemically strengthening step Next, the glass disk having undergone the
cleaning was subjected to chemical strengthening. In the chemical
strengthening, a chemically strengthening solution in which potassium nitrate
and sodium nitrate were mixed was prepared, the chemically strengthening
solution was heated to 380C, and the cleaned and dried glass disk was
immersed therein for about 4 hours to perform a chemically strengthening
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immersed in cleaning tanks respectively containing sulfuric acid, a neutral
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microscope (AFM). The result showed that the glass disk had an
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of 20 mm, and a thickness of 0.635 mm. [0141] In such a manner, glass
subktresss doyinghdnbtis dreles in EeisasaHiphs AUC wlgsvhgaitedawdbntianyiag.
first gy ing process and the second cutting process, no glass plates after
cutt[ng d defects, such as cracks and flaws. [0142] Next, each of the glass

substratesdpCrengioatie stighg)blispstép this example was subjected to a
film deposition step, which will be described below, to produce a Load

Unload.-tyﬂéﬁhé@ﬁéﬁ,saigﬁ.k[Biﬁi@P%é'&mS/m%ﬂﬁaﬁ'Q%&%S\EHF&?Cted to
SPULRLIAG ARRAAIHSe ArREediaKe cR¥ical strengthening, a chemically

strengthening solution in which potassium nitrate and sodium nitrate were
mixed was prepared, the chemically strengthening solution was heated to
380°C, and the cleaned and dried glass disk was immersed therein for about 4
hours to perform a chemically strengthening process. The glass disk having
undergone the chemically strengthening was immersed in cleaning tanks
respectively containing sulfuric acid, a neutral detergent, pure water, pure water,
IPA, and IPA (steam drying) in that order to perform ultrasonic cleaning, followed
by drying.

[0140]

Furthermore, the surface roughness of the principal surface of the glass
disk obtained through the individual steps described above was measured with
an atomic force microscope (AFM). The result showed that the glass disk had
an ultra-smooth surface in which Rmas = 2.2 nm and Ra = 0.2 nm.
Furthermore, the resulting glass disk had an outer diameter of 65 mm, an inner
diameter of 20 mm, and a thickness of 0.635 mm.

[0141]

In such a manner, glass substrates for magnetic disks in this example



underlying layer, a magnetic layer, a protective layer, and a lubricant layer
were formed in that order on the glass substrate. [0144] As the seed layer, a
first seed layer composed of a CrTi thin film (thickness 30 nm) and a second
seed layer composed of an AlRu thin film(thickness: 40 nm) were formed.
The underlying layer was composed of a CrW thin film (thickness: 10 nm)
and disposed so that a good crystal structure was provided to the magnetic

|ayQK/aE%tﬁﬂf@ﬂpsiﬁ%@\hrﬁ{@fﬁéﬁbﬁtﬁfy\bm%s@'%W%@E&Q@%%ﬁf%é@s,

at%. [0145] The magnetic layer is composed of a CoPtCrB alloy and has a
thicRAesasPlEtasalteheudtiadiad defeefs Puctt aariaghkn ane firaghetic layer
ared{:,%gﬁ at%, Pt: 7 at%, Cr: 18 at%, and B: 2 at%. The protective layer is
disposed so as to prevent the magnetic layer from being degraded by
contact witlexa, pmgnsitibd gads Bubqiratestiventaygicticatishp @teairadd in this
hydrogenated carbon with a thickness of 5 nm, and wear resistance can be

obt&NEAPFHYABBHEI REE 28 BARBATHPA BifRiNG IR HE PESIRTLEaRIRPIOW:
lubrigant gararesed Ll NEEIHOIRPRINSHREE dkk has a thickness of 0.9 nm.

[0146] In such a manner, it was possible to produce glass substrates for 41
madP&4id] disks and magnetic disks. [0147] [COMPARATIVE EXAMPLE] In

the exam ee%qscr\bed above, in,each of the first cuttlnagr %lrocess agiathe

ifically, using a.single-warer sputtering.a us. a see er an
second cutting proc.yéss, c%&lng%nes weraHormedintha botiom s . In

contragérlyirigimgenmparagivetiexayeple, proesstivefdher fusteuttibgoarndeps: anste
the second cutting process, cutting lines were formed in the top surface to cut
g|a§grm§geg1_ that order on the glass substrate.

[0144]

As the seed layer, a first seed layer composed of a CrTi thin film
(thickness 30 nm) and a second seed layer composed of an AlRu thin film
(thickness: 40 nm) were formed. The underlying layer was composed of a
CrW thin film (thickness: 10 nm) and disposed so that a good crystal structure
was provided to the magnetic layer. The compositional ratio of the CrW thin
film was Cr: 90 at% and W: 10 at%.

[0145]

The magnetic layer is composed of a CoPtCrB alloy and has a thickness
of 20 nm. The contents of Co, Pt, Cr, and B in the magnetic layer are Co: 73
at%, Pt: 7 at%, Cr: 18 at%, and B: 2 at%. The protective layer is disposed so
as to prevent the magnetic layer from being degraded by contact with a
magnetic head. The protective layer is composed of hydrogenated carbon with
a thickness of 5 nm, and wear resistance can be obtained. The lubricant layer
is formed by a dipping method using a liquid lubricant composed of
perfluoropolyether and has a thickness of 0.9 nm.

[0146]

In such a manner, it was possible to produce glass substrates for



[0148] The results in Example and Comparative Example are shown in Table
1 below. Note that the percent defective in Table 1 was obtained from data in
the case where N = 10000. 42 [0149] [Table 1] Cut line- Cutter life Percent
forming Surface waviness surface [sheefs] defective (%) Maximu Average
Coring Coring m height height Cutting (radius Cutting (radius PV nm Ra nm
9 mm) 9 mm) Example Bottom 40 4.5 31074 26278 0.03 0.23 surface

Compairdiiedisne andmahite disRe4 0.35 2.3 Example surface [0150]

When comparison was made between Example and Comparative Example,
in eBB#AF the first cutting process and the second cutting process, more

cracks anfbgﬁva%&W\r@:é& Nl\}?PQL'IE? of the glassf plate in Comparative _
Example than Example. As a result,'in Comparative Example, the production
efficiency ldebeasad gomgseeideditih v inpdeacDdbiheNiest catingtpatéss and
producing a glass substrate for a ,ma%letic disk accordinﬁg%o another

|
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been found that when a disk-shaped glass plate is cut
the second cutting process, cutting lines were formed in the top surface to cut
glass plates.
[0148]
The results in Example and Comparative Example are shown in Table 1

below. Note that the percent defective in Table 1 was obtained from data in the

case where N = 10000.



from a planar glass material, in particular, when a small circle is cut (for
example, when an inner hole (inner diameter) is formed rather than when an
outer diameter of a disk-shaped glass plate is formed), many defective
products are produced. It has also beenyfpund that when a small-radius
circle is cut out, depending on the magnitude of surface waviness of the
glass material and the radius of the circle of the cut line formed, the
nonr@lﬁz{g]:tlve ratio varies. For example, it has been found that in the case
where an inner hole (inner diameter) having a relatively small radius is
fornhE&Plohhpared with the case 43 where an outer diameter of a

digk-shaped glas§lﬁIMé i formed, the non- defectigg{@tigimproves P¥rcent
forming a cut line F'Pace faé@rf‘?&ﬁ?’i’ﬁ‘%?ﬁéﬂ surfacegsneawness in vmhiehtiﬂee(%

surface waviness &t 4 Specifiguayi |%|139¢é chdt:tcllllicgrkil'n&a ueort aTdeth
of fwo opposing surfaces oitheiglass reagerial. dodibg] Waens disktslapeddius
glass plate is cut from a plaPdfrgtdss Reaeribl, a cutter awwv)is pressed 9 mm)

agpingitpr plarn aPgis mategigl toform g cut liggAn [sugpmcase,gyhen g.03

Clrﬁullar cut line i rfgqa‘n L radince ic farmeod- the vt o e formed-thr
uCIéArhUUL hVe vvu.lTOUl Shat-ractuststTormea,the-cutHheistormea—tr

para

mcu@g(%ﬁ,@ce wa\éhr}pa%%e,. At3his time, riany (clR4Bges| afd0otcur@itpin|the-3

force applied to the cutter blade and the force applied to the glass material.
As a result, wear of the cutter blade is accelerated, or chips and cracks
occpyqigghe cut disk-shaped glass plate. [0154] When a circle with a smalll
radius IS cut out, in consideration of such a correlation between the radius of
the circulabat lgrenjpaliedio masdraat thetwaaidcrawglénass Gb theapkdimar

CrER VAR IR L A REED, 08 O e S RIniBbIcges
surfméwa& hativals Toel s incReaaIeshe W wRIORPCsBarative

surfaces of the glass material. Thereby, it is possible to improve the

nonba@feeiR EproeiRIRiBo dherferamktshdper rasaily ISRl dhe o BrsHan

efficiency decreased compared with Example.
[0151]

Next, a method for producing a glass substrate for a magnetic disk
according to another embodiment of the present invention will be described.
[0152]

In the method for producing the glass substrate for a magnetic disk
described above, it has been found that when a disk-shaped glass plate is cut
from a planar glass material, in particular, when a small circle is cut (for
example, when an inner hole (inner diameter) is formed rather than when an
outer diameter of a disk-shaped glass plate is formed), many defective products
are produced. It has also been found that when a small-radius circle is cut out,
depending on the magnitude of surface waviness of the glass material and the
radius of the circle of the cut line formed, the non-defective ratio varies. For
example, it has been found that in the case where an inner hole (inner

diameter) having a relatively small radius is formed compared with the case



glass material. [0155] That is, it is obvious that, in the case where the radius
of a circular cut line to be formed is small, the percent defective increases
when the cut line is formed on a surface having large surface waviness and
then cutting is performed, and the percepy defective decreases when the cut
line is formed on a surface having small surface waviness and then cutting is
performed. [0156] 44 As described above, when the radius of the circular cut

line\imsraalh Birdndidenag btEISKIEICDYAYIRESD AR lReRIABA! BESdN-
material relatively increases. Therefore, it is evident that surface waviness

gre§jesifee ratiod MpAresIpoINnasSevinemnisaiueaes having carell suhece
sam ' : r fectiye s hi the radius of
the Yﬁ??mé%%i”t |ngéﬂ§ﬁsgmsﬁgﬁﬁ$§n&’v%ggn%ﬁ§ Irédslhgg:is a%(\a’/\.{%{%g] For the
abope=dietecnidestiresiaororidasoat of cwiaoppb iime) isuidaoeacoiitide glass material.
material and then cutting is performed, preferably, cutting is performed under
the Wnditions where the radius of the circle (r [mm]) and the maximum

height of yH&ce WiaKIBRSSE Yid88 )06 & Aldh ARl SRSy Raterial, a

predetermined relationship, for example, PV <_ 5 x r. Note that it is obvious
thatcuittenoleslativ pstapaseageinnt tthe plaranglassafgtie(RMY ez setlling nnin

and thg1 radius r %Xé)ressed mm, com arison IHS made.e cludiag ﬁhe upits. :
suF %caﬁ when.a circular.cut ling with a’'sma r% LU {s Prm the cut [ing is
Specirically, it the radius'r is 10 mm, the maximum height of surfate waviness

PV isrbibanh@uigis 403 58} faueheviysseshenrigclseithan petdeigssuned
radius or less is cut out by formingqa cut line, a method may be used in

Whi@ﬁ‘iH@'ﬂngimﬁrerF?&@WB?dsﬁ’r ECWIRTRESe @Y fiedorrirrpied to the
megpskedh asHars Matera iaWed ot the cutter blade is accelerated, or chips

and cracks occur in the cut disk-shaped glass plate.
[0154]

When a circle with a small radius is cut out, in consideration of such a
correlation between the radius of the circular cut line to be formed and the
surface waviness of the planar glass material, a planar glass material having
surface waviness with a specific wavelength is selected. Alternatively, the cut
line is formed on a surface having relatively small surface waviness out of two
opposing surfaces of the glass material. Thereby, it is possible to improve the
non-defective product ratio of the disk-shaped glass plate cut from the planar
glass material.

[0155]

That is, it is obvious that, in the case where the radius of a circular cut
line to be formed is small, the percent defective increases when the cut line is
formed on a surface having large surface waviness and then cutting is
performed, and the percent defective decreases when the cut line is formed on
a surface having small surface waviness and then cutting is performed.

[0156]



predetermined maximum height of surface waviness or less is selected, and
then the circle is cut out. For example, the glass material is selected such
that the maximum height of surface waviness PV [mn] satisfies the
relationship PV 5 x r, wherein r [nm] is the radius of a circle to be cut. [0159]
The fact that when a small-diameter disk is cut, waviness of a cut surface on
which a cut line is to be formed has a strong influence, and by forming the

cut line syeh dba¢BEd B0 lisalel e et aBrdha waviness satiafytRe

45 specific relationship, the non-defective product ratio can be improved will

be évenbe@biRaiarereRaRsE & dearlperpelasrmaledsiatealo]
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waviness were prepared, and the coring step cess) was
perferringcsteth theicultingvadinistitadaveoirctidinase dfaforsaed) hefage
variously changed. In this case, the force for pressing a cutter blade is set

such ks HERR'GPIHERIGCE 18 BOOSORRIINBKAELS o the pistdaThid line
results tharapfpimehMe Hilae £gl0161] [Table 2] Waviness Thickness

Cutting Waviness of cut Waviness Percent radius surface (surface of non-cut

defdé@li®é](mm) in which cut line surface (mm) is formed) (back side) (,)

ggmg:g iquﬁgura]rgbso%en@egc%ge%%gago%m\%é%tg/%irgcu Sc”?lrncrtr}tAl'igeng]1%'r§n0e '|%5a
glass material and then cutting is performed, preferably, cutting is performed
under the conditions where the radius of the circle (r [mm]) and the maximum
height of surface waviness (PV [nm]) of the glass material satisfy a
predetermined relationship, for example, PV <5 xr. Note that it is obvious that
in the relationship between the maximum height (PV) expressed by nm and the
radius r expressed by mm, comparison is made excluding the units.
Specifically, if the radius r is 10 mm, the maximum height of surface waviness
PV is 50 nm or less.
[0158]

Furthermore, when a circle with a predetermined radius or less is cut out
by forming a cut line, a method may be used in which the maximum height of
surface waviness of a glass material is measured, a glass material having a
predetermined maximum height of surface waviness or less is selected, and
then the circle is cut out. For example, the glass material is selected such that
the maximum height of surface waviness PV [mn] satisfies the relationship PV <
5 xr, wherein r [nm] is the radius of a circle to be cut.

[0159]
The fact that when a small-diameter disk is cut, waviness of a cut surface

on which a cut line is to be formed has a strong influence, and by forming the

cut line such that the radius of the circle to be cut and the waviness satisfy a



Reference Sample 33 40 nm 59 nm 0.30 0.95 Reference Sample 33 59 nm
40 nm 0.30 0.95 [0162] With respect to the determination of non-defective
and defective products, end faces of the cut glass materials were visually
observed, and those having chips, cracks, and fractures were considered to
be defective products. Furthermore, those which were fractured during
cutting were also considered to be defective products. Note that the percent
def%ge‘t%%&&@ﬁ%% t&@%&fﬁ@e%ﬂ@?ﬂdﬂd@ﬂ&%@éﬁ@%m@&ﬁ&@l be
[0163] As is evident from the results (Sample and Comparative Sample),
whedescriradiPalamuidh i eneitoactiabaynornasstal ipeulist surface in

whi Eﬁ cut line is formed has a strong influence. 46 [0164] The results
sho there is almost no difference in the percent defective between the
case wheBpthificatiygles® mancanl theyicasdifidnene taxiraciuscg) s oisurface
However, the results shown are on a disk basis. The distance scanned by

the WAEIEFS E"ERERAHRTRE MRIRRINI SR 11669 CHitRg E’rﬁﬁ?‘ﬁﬁhé’%%\se
whegeribgras vsnthe BUfting RsRAYUEINs ERETHRND HefRrH&IPBdig basis
of distance scanned by the cutter in the case where the radiusis 9 mmis 2.7
or nvar@umesimwed théndhioaserthentoierifas msesssmgna c[otesBiade is set
Furthernmre etwde tfron?IRefergage b When he cutting tﬁglus
is Iarge sma wa\?i%esos SeShol Rave a'&dbstan uence l%é

Furteeumotesrbabla s stoawisiilaplereent defective when each of the cutting
radi[%s1 g1n]d the waviness of the cut surface was changed. [0167]

[Table 2]
Waviness Thickness
. Waviness of cut | Waviness
Cr;:étﬂg surface (surface | of non-cut dZ?e?:?ice (mm)
(mm) in which cut line surface (%)
is formed) (back side) °
Sample 1 9 40 nm 59 nm 0.23 0.95
Comparative
Sample 1 9 59 nm 40 nm 2.30 0.95
Reference Sample 33 40 nm 59 nm 0.30 0.95
Reference Sample 33 59 nm 40 nm 0.30 0.95
[0162]

With respect to the determination of non-defective and defective products,
end faces of the cut glass materials were visually observed, and those having
chips, cracks, and fractures were considered to be defective products.
Furthermore, those which were fractured during cutting were also considered to
be defective products. Note that the percent defective in the above table was
obtained in the case where N = 10000.

[0163]

As is evident from the results (Sample and Comparative Sample), when a

small-diameter disk is cut out, the waviness of the cut surface in which the cut

line is formed has a strong influence.



[Table 3] Cutting radius Waviness of cut Percent Waviness/radius (mm)
surface (nm) defective % ratio (*10 6) Sample 1 9 40 0.23 4.44 Sample 2 6
20 0.25 3.33 Sample 3 3.5100.27 2.86 Comparative 9 59 2.30 6.56
Sample 1 Comparative Sample 2 6 50 3,32 8.33 Comparative Sample 3 3.5
40 3.56 11.43 [0168] Fig. 4 shows the results where the relationship
between the waviness/radius ratio and the percent defective shown in Table
3 is|plwigd. As is evident from the results, for example, when the cutting
radius is small, such as at 10 mm, the quality degradation is large, and thus

there is a'EbﬁBréffét_IBﬁ &hp%&aiééﬁrm’@ gliagsy %éiff%qmﬁ)iﬂﬁmdo@mﬁﬁg _
fad'a;gfé]%twfs 6?%&9&%@‘8%%%%%& & T4 e tgﬁd%;a@@(ﬁﬁ dh

which the cut line1s forme urthermore, In this em ment, the cu
linesadiandk 3ararfarneohsveas the eclifte shibwardrérom diuishdiinim. surface 1
A of the planar glass 1 toward the top surface 1 B side. However, the,

metHSIRICASCARMRUIN EPEBU T AR RES WNRERABE RYDE d3dBThiSvRitn
CUt {iRRss Zranth 3/ eJSEMAR RAAS 1uI06!189 MwardkRgeiente® savdane

1 A of the planar glass 1 toward the top surface 1 B side, such thatin a
crosielastivernil thevwagistivhdistiaree seaiged(by, threedefieaindheybrstimigss the

and et and iabibchbings 2 each a15 lomed: 50 85 L0 SRUTESRA0 95 mm.
sides Of a fruncated mverse pyramid, the cut linés are allowed to
[0165]
Furthermore, as is evident from Reference Samples, when the cutting
radius is large, small waviness does not have a substantial influence.
[0166]
Furthermore, Table 3 shows the percent defective when each of the

cutting radius and the waviness of the cut surface was changed.

[0167]

[Table 3]
Cutting radius | Waviness of cut dZ?(reCcfiC; Waviness/radius
(mm) surface (nm) (%) ratio (x10°)

Sample 1 9 40 0.23 4.44
Sample 2 6 20 0.25 3.33
Sample 3_ 3.5 10 0.27 2.86
g;’mglaerﬁ‘“"e 9 59 2.30 6.56
gggglaerg“"e 6 50 3.32 8.33
gggglaer%“"e 3.5 40 3.56 11.43

[0168]

Fig. 4 shows the results where the relationship between the
waviness/radius ratio and the percent defective shown in Table 3 is plotted. As
is evident from the results, for example, when the cutting radius is small, such

as at 10 mm, the quality degradation is large, and thus there is a correlation



extend, and the inner portions surrounded by the cut lines are taken out
upward. [0170] Furthermore, in this embodiment, the cut line is a closed
curve extending along a substantial periphery of a region in which a glass
substrate for a magnetic disk is to be fopmed. However, the cut line may not
be a completely closed curve. For example, even in the case where the start
point of a cut line and the end point slightly deviate from each other, it is

OSBRIty ARt F dnd MGl PaRYS BN ha o H & WaQUE Jotisk $hRRRGHYREFt of

substrate. Furthermore, the cut line may not be a continuous curve. For
exaftibiace: WaaynBespfdsibialass Ratel i étHvaich RieHtdrRItSiMEMetbrmed in
the Eﬂ of a broken line so as to extend along a substantial periphery of a
region iIn"'which a glass substrate for a magnetic disk is to be formed, the cut
line is allokethtonexteniad, taisceantskmempibe sublbteate isncli aus. il $o as
order to achieve a higher recording density of a magnetic disk, it is
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48 surface of a glass disk 10 with a predetermined size cut from a planar
glass st @oRly\pehesBoan prbiskseub dntisse rivddB 56 Jermuraiaihyashie igaliing
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dimensional” accuracy and form accuracy ass dis , abrasive
graing biainguan fpnadzier ortidsgtlivhaizgavea s seat. shawhernrge 1(bg the left
polishing step is_performed usiné? a polishing apparatus. In a %;eferred
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from the grinding step, the surface of the glass substrate is polished using a
haréxyjelishenddh@épelisiesiionenelimotivedsd dpnthe clis Hiimep stespidienrdet tyward.
perf@q‘ggjnishing to obtain a smoother mirror-like surface while maintaining

the flat sturface obtained in the

Furthermore, in this embodiment, the cut line is a closed curve extending
along a substantial periphery of a region in which a glass substrate for a
magnetic disk is to be formed. However, the cut line may not be a completely
closed curve. For example, even in the case where the start point of a cut line
and the end point slightly deviate from each other, it is possible to allow the cut
line to extend and to cut out a disk-shaped glass substrate. Furthermore, the
cut line may not be a continuous curve. For example, it may be possible to
use a method in which a cut line is formed in the shape of a broken line so as to
extend along a substantial periphery of a region in which a glass substrate for a
magnetic disk is to be formed, the cut line is allowed to extend, and a disk-
shaped substrate is cut out.
[0171]

In order to achieve a higher recording density of a magnetic disk, it is
necessary to improve the smoothness of the surface of a glass substrate. A

glass substrate for a magnetic disk is produced by grinding and polishing the



first polishing step, the surface of the glass disk is polished using a soft
polisher in place of the hard polisher. [0172] Furthermore, the glass
substrate which has undergone the polishing step may be subjected to
chemical strengthening. In particular, whes the type of glass used is an
aluminosilicate glass, by performing chemical strengthening, the flexural
strength is increased, the depth of a compressive stress layer is increased,

andsereRICH XHR8p MskIEaf IS LhGHsestTiheBpd et iRonceiRat glass

strengthening is not particularly limited, and any conventionally known
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Furthermore, a te>§[ure0¥%)r IMmparting magnetic anisotropy to a magnetic layer

to bactarmaed 2 floeng lessusubystiates g bdisarntedmadive principahvingface
of the glass substrate. One example of the method for forming such a texture
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substrate and the tape with a polishing solution being supplied, a
circoniigiragtsienaadre s20obe folistiadosiehalsricwiped Quifack dferfirsylagkshing
substrate. [gr%?edrf]tln this erqPodlment although the dfameﬁ% O];i%rclfn Igtses

subSirate IS & m%gr;enrgﬁgedls {RAY %té?t'f&rj arﬁl/'rlli'rr#'?ter m atmo e Sig ficant the

effestimisboMhéglass pubdtelion PoigHassisigsirate dpoistimadisdiaansiisher,
magnetic disk which is obtained by forming a cut line that draws a circular
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2.5 inches, the outer diameter is 65 mm ancllﬁe inner diameter is 20 mm),
whidrstipelisftémg e, fbe i Dfrsioftithjitasp plitaisarsljstied sisinbstrevépfdisher
i g Si e sty BaKghigh Impact

[0172]

Furthermore, the glass substrate which has undergone the polishing step
may be subjected to chemical strengthening. In particular, when the type of
glass used is an aluminosilicate glass, by performing chemical strengthening,
the flexural strength is increased, the depth of a compressive stress layer is
increased, and excellent Knoop hardness is obtained. The method for
chemical strengthening is not particularly limited, and any conventionally known
method may be used. From a practical point of view, chemical strengthening
by a low-temperature ion exchange method is preferable.

[0173]

Furthermore, a texture for imparting magnetic anisotropy to a magnetic
layer to be formed on the glass substrate may be formed on the principal
surface of the glass substrate. One example of the method for forming such a

texture is a method using tape polishing, in which a tape is pressed against the

principal surface of the glass substrate, and by relatively moving the glass



resistance and which enable higher recording density can be stably
produced, thus being highly useful. Usability is high, preferably, for glass
substrates for small magnetic disks with a size of 1.8 inches (outer diameter
48 mm, inner diameter 12 mm) or less, agd more preferably, for glass
substrates for small magnetic disks with an outer diameter of 30 mm or less,
for example, with a size of 1.0 inch (outer diameter 27.4 mm, inner diameter

7 MEpberr s iHSldpe ieiaYs isfilil%g@&iﬁﬁ%ﬁso@fr{ﬁ%lﬂi@ﬁéé@&?@lﬁ]f&%ﬂtial

magnetic disk according to this embodiment is 1.5 mm or less, preferably 1.0
mmite¥tisescaihbie ionereidhtopinpoat sutfaseobthmerash papstialar, in a
mag@a}i disk composed of a thin substrate with a thickness of about 0.1 to
0.4 mm, which is difficult to cut, the glass substrate is highly useful and
preferabldn[fhls’ 6hibodiieneretladttl dog pthd utingeteg iab s ghsisadeldsir e for a
magnetic disk, when a disk-shaped ?Iélj;s plate is cut from a planar glass,
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products are produced. When a 50 glass plate is cut from such a glass
matepitaineighoy rminglateutriokribstdrawsroeirdelictioegstedn vitlbasamed

depending o&g the correl tl%n between thle mf;[l%l'flltude Pf surfa\ e wavi e%&l‘.s%

the G1aSS matenarand ne ticknesa of the glags aterar {o1 7 7Fm o

congiieension of 2Uciméeneerselationiheieeasdios 26dkorss, dhéheuadrRImgtass
material and the magnitude of surface waviness, when a disk-shaped glass
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cut out, or a cut line is formed on a surface having relatively small surface
waviegistance ahthwhigipesiaiteshigheetsobtting kasssityatendie Fasgtpyodised,
thus being highly useful. Usability is high, preferably, for glass substrates for
small magnetic disks with a size of 1.8 inches (outer diameter 48 mm, inner
diameter 12 mm) or less, and more preferably, for glass substrates for small
magnetic disks with an outer diameter of 30 mm or less, for example, with a
size of 1.0 inch (outer diameter 27.4 mm, inner diameter 7 mm) or less.
[0175]

Furthermore, the thickness of the glass substrate for a magnetic disk
according to this embodiment is 1.5 mm or less, preferably 1.0 mm or less, and
more preferably about 0.1 to 0.65 mm. In particular, in a magnetic disk
composed of a thin substrate with a thickness of about 0.1 to 0.4 mm, which is
difficult to cut, the glass substrate is highly useful and preferable.

[0176]

In the method for producing a glass substrate for a magnetic disk, when a
disk-shaped glass plate is cut from a planar glass material, in particular, when a
disk-shaped glass plate is cut from a planar glass material with a small

thickness, in many cases, many non-defective products are produced. When a



possible to improve the non-defective product ratio of the disk-shaped glass
plate cut from the planar glass material. [0178] That is, it is obvious that, in
the case where the thickness of a planar glass material is small, the percent
defective increases when a cut line is formed on a surface having large
surface waviness and then cutting is performed, and the percent defective
decreases when a cut line is formed on a surface having small surface

wavgnassid [9e0tGHHNSUSHPL HRISBeRatéHA HithsadaranRedahriumeysane

the glass material is a thin plate, the ratio of surface waviness to the

thicRRBgieferiyeaNafuet saies v aeg slepending el deacerglaligfdei Wranibes
greatl t gl [ ide i e
e S s sle i SR flsase
matgiaabimatehial plate than when the glass material is a thick plate. [0180]
Conseguently, when a thin glass plate is cut out, by selecting a surface 51

hav[% Jhall surface waviness, the non-defective ratio can be improved. That
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surface waviness strongly affects the thickness, by selecting a surface having
smdllassrfastenialdnddbarmagnilids ehatstageor yingdecting masdiskch apgihg

relatilvel ﬁn}all sur{ ce waviness 01f|t of twg o gosiln syrf CE[\(S of the glass
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mat%rla, na’by forming a cut'line, a non-defective product can be’ obtained
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was carried out. As a result, it was found that when a thin c\;}lﬁl;s plate is cut

ogtﬁf‘%%\té?éh‘{?ﬂ@@Jtﬂié‘ﬁd?rﬁ)ﬂﬂﬁ%amﬁééffﬂ?@ EaMthasr&lyiebrsdl surface
thickRRe U BB B8 IGSRg surfaces of the glass material. Thereby, it is

possible to improve the non-defective product ratio of the disk-shaped glass
plate cut from the planar glass material.
[0178]

That is, it is obvious that, in the case where the thickness of a planar
glass material is small, the percent defective increases when a cut line is
formed on a surface having large surface waviness and then cutting is
performed, and the percent defective decreases when a cut line is formed on a
surface having small surface waviness and then cutting is performed.

[0179]

As described above, when the glass material is a thin plate, the ratio of
surface waviness to the thickness relatively increases. Therefore, it is evident
that surface waviness greatly affects the coring step. It is also evident that,
even in the case of the same surface waviness, the percent defective is higher
when the glass material is a thin plate than when the glass material is a thick
plate.

[0180]

Consequently, when a thin glass plate is cut out, by selecting a surface



material and the maximum height of surface waviness (PV [nm]) of the glass
material satisfy a predetermined relationship, for example, PV <_ 50t. For
example, if the thickness tis 1 mm, the maximum height of surface waviness
PV is 50 nm or less. [0182] Furthermoregwhen a glass material having a
predetermined thickness or less is cut out, a method may be used in which
the maximum height of surface waviness of a glass material is measured, a

lasmiadesinhinauinsca WiGHBER THBSHMaXIEHTR haighipH BEABRWRYINaSfat
or less is selected, and then a cut line is formed. For example, assuming that
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by forming the cut line such that the thickness of a glass material to be cut
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with reference to actual experimental results. [0184] Specifically, glass
mateffiglertibiving different maximum heights of surface waviness and
diffeibq%tii\t]vicknesses were prepared, and the coring step (second cutting
process) was performed. In this case, the force for pressing a cutter blade is
set such toat e e b ofd eactitseritsctllovet i thipeiessroiihe calated out.

The results the_,reof are shown in Table 4. [0185] |[Table 41 Thick- Wavfinres?

PerOSA Rstlittiavas found that when a thin glass’plate is cut out, it is preferable to
perform cutting under the conditions where the thickness (t [mm]) of the glass
material and the maximum height of surface waviness (PV [nm]) of the glass
material satisfy a predetermined relationship, for example, PV <50t. For
example, if the thickness t is 1 mm, the maximum height of surface waviness
PV is 50 nm or less.
[0182]

Furthermore, when a glass material having a predetermined thickness or
less is cut out, a method may be used in which the maximum height of surface
waviness of a glass material is measured, a glass material having a
predetermined maximum height of surface waviness or less is selected, and
then a cut line is formed. For example, assuming that the thickness of glass
material is t [mm], a glass material is selected so that the maximum height of
surface waviness PV [nm] satisfies the relationship PV < 50t.

[0183]

The fact that when a thin planar disk is cut out, waviness of a cut surface
on which a cut line is to be formed has a strong influence, and by forming the
cut line such that the thickness of a glass material to be cut and the surface

waviness of the cut surface satisfy a specific relationship, the non-defective



ness in corin Waviness of cut Waviness ID OD (mm) surface (surface of
non-cut (radius (radius in which cut line surface 9 mm) 33 mm) is formed)
(back side) Sample 4 0.95 40 nm 59 nm 0.23 0.30 Comparative Sample 4
0.95 59 nm 40 nm 2.30 2.45 Sample 5 £31 40 nm 59 nm 0.21 0.29
Comparative 1.31 59 nm 40 nm 2.53 2.54 Sample 5 Reference Sample 10
40 nm 59 nm 0.22 0.21 Reference Sample 10 59 nm 40 nm 0.21 0.22
[018%bduckabiR taHbEERRBRAMES wilasiufest@setn BefoRIRtiPFENe@ He @8 laskial
disk, and OD represents a radius of an external (outer circle). Furthermore,
the %@ﬁféﬁ@@@fé@ﬁvéﬁn coring was obtained in the case where N = 10000.
[01 g;| is evident from the results, when a glass substrate is cut from a thin
plate, the waviness of the cut surface in which the cut line is formed has a
strong ianBpe@ﬁcéﬂ]ﬂ,&jB}aE&Jrﬂmﬁme}dii'ef@tﬂiﬁe&ﬁanwdiamainhwghmMiserface
the waviness is small 53 relative to the thickness, the waviness does not

sub%ifgHs Al eifeceidhicanEs o 16 BIRRREAHGRT THbROEGRIRR FReond
PereemtifieirotvssNSs sarbrkte |Wtﬁ'@€§§eaﬂ‘i’ethﬁd@%ﬂﬁ§§s@ﬁér§cutter

surface on which the cut line was formed
blade is set such that the depth of the cut line is 50% of the thickness of the

plate. The results thereof are shown in Table 4.

[0185]
[Table 4]
Thick- . Percent defective
ness Waviness in coring (%)
Waviness of cut Waviness D oD
surface (surface of non-cut . ;
(mm) in which cut line surface (s;arglnlﬁ é;aﬁqlﬁ)
is formed) (back side)
Sample 4 0.95 40 nm 59 nm 0.23 0.30
Comparative
Sample 4 0.95 59 nm 40 nm 2.30 2.45
Sample 5 1.31 40 nm 59 nm 0.21 0.29
Comparative
Sample 5 1.31 59 nm 40 nm 2.53 2.54
Reference Sample 10 40 nm 59 nm 0.22 0.21
Reference Sample 10 59 nm 40 nm 0.21 0.22
[0186]

In Table 4, ID represents a radius of an inner hole formed in a glass disk,
and OD represents a radius of an external (outer circle). Furthermore, the
percent defective in coring was obtained in the case where N = 10000.

[0187]

As is evident from the results, when a glass substrate is cut from a thin
plate, the waviness of the cut surface in which the cut line is formed has a
strong influence.

[0188]

Furthermore, Reference Samples show that when the waviness is small



(waviness of cut surface) was changed. [0190] [Table 5] Thickness
Waviness of Percent Waviness/thickness cut surface defective s (mm) nm
oho ratio (*10 ) Sample 4 0.95 40 0.30 42.11 Sample 5 1.31 40 0.29 30.53
Sample 6 0.50 20 0.27 40.00 Comparative 0.95 59 2.30 62.11 Sample 4
Comparative 1.31 75 3.32 57.25 Sample 5 Comparative 0.50 40 3.56 80.00
Sample 6 [0191] Fig. 5 shows the results where the relationship between the
wavigagsahictesidaiis anddhpappicaniseiedivbs s aRsnnadiedese As
is evident from the results, in the case of a thin glass material, for example,
withresuligckness of 1.5 mm, there is a correlation between the thickness and
the [m%ginum height of surface waviness of the glass material on which a cut
line’is formed. [0192] Furthermore, the same experiment was carried out
when the Heptizofdhe Titldtestowethinpbheglasefsalasialheasatiang e
from 50% to 85% of the glass material. The results thereof showed the

simifiFERER A (B3R ARSRFIREIN LRIUIRCG A9k the cut line was formed

(waviness of cut surface) was changed.

[0190]
[Table 5]
Thickness Waviness of Percent Waviness/thickness
(mm) cut surface defective ratio (*10.6)
(nm) (%)

Sample 4 0.95 40 0.30 42.11
Sample 5 1.31 40 0.29 30.53
Sample 6_ 0.50 20 0.27 40.00
ggmglaerinve 0.95 59 2.30 62.11
ggmglaeras“"e 1.31 75 3.32 57.25
ggmglaer%nve 0.50 40 3.56 80.00

[0191]

Fig. 5 shows the results where the relationship between the
waviness/thickness ratio and the percent defective in this case is plotted. As is
evident from the results, in the case of a thin glass material, for example, with a
thickness of 1.5 mm, there is a correlation between the thickness and the
maximum height of surface waviness of the glass material on which a cut line is
formed.

[0192]

Furthermore, the same experiment was carried out when the depth of the
cut line formed in the glass material was changed from 50% to 85% of the glass
material. The results thereof showed the similar tendency to that described
above.

[0193]



By forming at least a magnetic layer on a substrate for a magnetic disk
obtained according to this embodiment, it is possible to obtain a magnetic
disk suitable for higher recording density. When a Co-based alloy magnetic
layer having a hcp crystal structure is usgd as the magnetic layer, the
coercive force (Hc) can be increased, and it is possible to contribute to
higher recording density. [0194] Furthermore, as necessary, an underlying

layer is pre{ersihin P ENeds PE egReta SHbSrPiesans R %@gﬂﬁﬁﬁdéﬂérdi@k

order to control the crystal grains and orientation of the magnetic layer.
[0195tAaRMRRAINGHE T sTRETRSHD @tk T ssrosribed o BB Maanets tisk
ma r.is. for ic facing-type fi e

oy D s e e e
layerasimgayitgrcoysthiestagmetic Uagdradyhprovighegdheyprotesitvendyerfolice
surface of the magnetic disk can be protected from a magnetic recording
heal Y SR oGRS Rth GREHE BIRRSSIE R SRR IAPHR HRDBroRdR Sayer,
for gaiple, a carbon-based protective layer is suitably used. Furthermore,
preferably, a lubricant layer is provided on the protective layer. By providing
the 10b%#lant layer, abrasion between the magnetic recording head and the

magnetic gis can be prevented, and dur@bi,i%oithe m?ﬂqn ti%@gércr%n e

improved. A% TRa IRaterial for the: iBHCANL Ty 1o 10f ExAIpIS, ©

(peistaregotietbebsirapsefietahten]8d St Aagerdingrdethiscomhn dimenistasing
a planar glass, it is possible to stably produce a glass substrate used for a

magiaiie 4Rk %0 HuatN At MRINEHE '8¥Rbad-type magnetic disk device
Whifdjﬁ '@5211dvantageous for higher 55

Additionally, when a magnetic disk is produced, preferably, at least a
magnetic layer is formed, using a static facing-type film deposition method, by
DC magnetron sputtering.

[0196]

Furthermore, preferably, a protective layer is provided on the magnetic
layer. By providing the protective layer, the surface of the magnetic disk can
be protected from a magnetic recording head flying above the magnetic disk.
As the material for the protective layer, for example, a carbon-based protective
layer is suitably used. Furthermore, preferably, a lubricant layer is provided on
the protective layer. By providing the lubricant layer, abrasion between the
magnetic recording head and the magnetic disk can be prevented, and
durability of the magnetic disk can be improved. As the material for the
lubricant layer, for example, PFPE (perfluoropolyether) is preferable.

[0197]

According to this embodiment, using a planar glass, it is possible to

stably produce a glass substrate used for a magnetic disk to be mounted in a

Load Unload-type magnetic disk device which is advantageous for higher



recording density. Furthermore, by producing a magnetic disk using a glass
substrate for a magnetic disk obtained by the production method according to
this embodiment, the production cost of the magnetic disk can be reduced
because of high production yield of the glass substrate for a magnetic disk.
[0198] The embodiments and examples of the present invention have been
described above. [0199] In the embodiments and examples, the case where

a glassoramig dahdeymec RyidhadleabpiaersriifgushthfastRasskdrncagslRs
an example. However, it is not always necessary to limit the present

invesRsirateties aqsagontisreiskphtainadieritiddedertioninectiond prooedinaso
useq; £ RN e %H&%%”é‘égﬁé’i"t%‘é m%ﬁe‘ﬁ'ﬁ%&s P Peduced.

down-draw process, a glass material formed Intd a planar shapé by a fusion

protesausk afghigis predadidbnfgienedfitiie gladarabshatecst tysanmigsstiordizsss
may also be used. [0200] Furthermore, in still another embodiment of the
pre %h?%vention, when a thin glass plate is cut out, cutting is performed

under the-aondiBRagiMBRIS 4hE Sitkhes ot thaBBLn ialasRishAIGY8 ke the

maximum height of surface waviness (PV [nm]) of the glass material satisfy
a preeRsdpedraipvelationship, for example, PV <_ 50t. That is, it has been
fou 61 %; in a preferred embodiment, for example, if the thickness tis 1
mm;, t1he aximum height of surface waviness PV is 50 nm or less. [0201]

ExperimemnisHuwembotifiigits dhatexheplaglarsonsdariad leayiglgss material
predetermined thickness or less is cut out, a method may be used in which

the TAAEBEMRHAIIIDRE BFRSRESIE YPEANRSLEER HRasEiprgeR AN e dEred, a
g'ra‘lﬁeﬁs%%iﬂ' BRUNFREHELBETURCE T TP BE I IcPHERTS Wa\asss
where a glass material formed by the float process is used. For example, a
glass material formed into a planar shape by a down-draw process, a glass
material formed into a planar shape by a fusion process, or a glass material
formed into a planar shape by a press process may also be used.
[0200]

Furthermore, in still another embodiment of the present invention, when a
thin glass plate is cut out, cutting is performed under the conditions where the
thickness (t [mm]) of a glass material and the maximum height of surface
waviness (PV [nm]) of the glass material satisfy a predetermined relationship,
for example, PV <50t. That is, it has been found that, in a preferred
embodiment, for example, if the thickness t is 1 mm, the maximum height of
surface waviness PV is 50 nm or less.

[0201]

Experiments have confirmed that when a glass material having a
predetermined thickness or less is cut out, a method may be used in which the
maximum height of surface waviness of a glass material is measured, a glass

material having a predetermined maximum height of surface waviness or less is



selected, and then a cut line is formed. For example, assuming that the
thickness of glass material is t [mm], a glass material is selected so that the
maximum height of surface waviness PV [nm] satisfies the relationship PV <_
50t. [0202] By forming at least a magnetjg layer on a substrate for a
magnetic disk obtained according to this embodiment, it is possible to obtain
a magnetic disk suitable for higher recording density. When a Co-based alloy

MagReiiday8hdAING BUIGRETY SGHRERICIRER ScHsRibaadbemaphRiieHayer,

the coercive force (Hc) can be increased, and it is possible to contribute to

highBickaesrdnh §lassrsiaje e o3 [Mirinerahaye maieilds SaIocien andRalying
o A A S DS <

[020Qa@2@g]ditionally, when a magnetic disk is produced, preferably, at least a
magnetic layer is formed, using a static facing-type film de&(;sition method,

by DC mreiBRSAIRHha TRASS! ElRHRE ORcH S UpRTRIZEN AMAeRsUG sk
layes e RERY SIS RAEIR MRIBRHIS RIS BYPHRING IDRIAES WS RYR! KR

surface of the magnetic disk can be protected from a magnetic recording
heasuitiplg tasdiehereenatshiegicensity. AY¢hemaateribhtedta boyrateanedc] s,

for Exam le, a carb nl-té%%guprotectlvaeala%ler is sum'f\bly useﬂ1 Furthermaqre

prefetaby 2 TUBHCANT I3yar 1 provided oh IR proteetve Ayel By Broviding

the (Hieficantdayesradyesiandriivpesdibe: magnetiutecottliieheadantythe
magnetic disk can be prevented, and durability of the magnetic disk can be
imp?@vr@HY-As the material for the lubricant layer, for example, PFPE
(per[g%@g?polyether) is preferable. 57

Furthermore, as necessary, an underlying layer is preferably formed
between the substrate and the magnetic layer in order to control the crystal
grains and orientation of the magnetic layer.

[0204]

Additionally, when a magnetic disk is produced, preferably, at least a
magnetic layer is formed, using a static facing-type film deposition method, by
DC magnetron sputtering.

[0205]

Furthermore, preferably, a protective layer is provided on the magnetic
layer. By providing the protective layer, the surface of the magnetic disk can
be protected from a magnetic recording head flying above the magnetic disk.
As the material for the protective layer, for example, a carbon-based protective
layer is suitably used. Furthermore, preferably, a lubricant layer is provided on
the protective layer. By providing the lubricant layer, abrasion between the
magnetic recording head and the magnetic disk can be prevented, and
durability of the magnetic disk can be improved. As the material for the

lubricant layer, for example, PFPE (perfluoropolyether) is preferable.



[0206] According to this embodiment, using a planar glass, it is possible to
stably produce a glass substrate used for a magnetic disk to be mounted in a
Load Unload-type magnetic disk device which is advantageous for higher
recording density. Furthermore, by producing a magnetic disk using a glass
substrate for a magnetic disk obtained by the production method according to
this embodiment, the production cost of the magnetic disk can be reduced
becmm]of high production yield of the glass substrate for a magnetic disk.
[0207] Next, a Load Unload-type magnetic disk was produced by subjecting a
glass subAgagsdiog dntzigresteagisresbiainied aplanstalnsg .dbewrossinlalin

d.epﬁ’t%il\@i\g})?&ﬁf]c%v’a‘iﬁ!é&i L fssHsRe(oed ?'é’\%a@?e‘?%] oﬁ&??&fb“@% Y09 a
single-water sputtering apparatus, a seed layer,"an underlying layer, a
maduetkicUajerd-ayprotesinetiavk dodicelwhittaist dalyaniagee ubofonédyhethat
order on the glass substrate. [0209] As the seed layer, a first seed layer

contBEREHNGrALESY thinfiRF AT YR LAY AiBYREIOA s Hal g &tass
conyppseaaitanLHagABHE Hidk Ghsaassy (H: HIHEIE ABIR Etﬂ@ording to

underlying layer was composed of a CrW thin film (thickness: 10 nm) an
disgbiseemeotiatcatytmirpditalietraealief tagpandtiedist tan beugdirethyer.
The compaositional ratig of the Cr, in_film was, Cr; 90 at% and W:. 1Q.a1%.
(02 BT LRt R R oLl YA S A A Rt O
thickomsg of 20 nm. The contents of Co, Pt, Cr, and B in the magnetic layer
are Co: 73 at%, Pt: 7 at%, Cr: 18 at%, and B: 2 at%. The protective layer is

disposed S5*hatbqRd LERIAE YRS GrRARSHS Eistr YA RIAY Heg K ErDisFting a

confagtwitihfe for a magnetic disk obtained as described above to a film
deposition step, which will be described below.
[0208]

Specifically, using a single-wafer sputtering apparatus, a seed layer, an
underlying layer, a magnetic layer, a protective layer, and a lubricant layer were
formed in that order on the glass substrate.

[0209]

As the seed layer, a first seed layer composed of a CrTi thin film
(thickness 30 nm) and a second seed layer composed of an AlRu thin film
(thickness: 40 nm) were formed. The underlying layer was composed of a
CrW thin film (thickness: 10 nm) and disposed so that a good crystal structure
was provided to the magnetic layer. The compositional ratio of the CrW thin
film was Cr: 90 at% and W: 10 at%.

[0210]

The magnetic layer is composed of a CoPtCrB alloy and has a thickness
of 20 nm. The contents of Co, Pt, Cr, and B in the magnetic layer are Co: 73
at%, Pt: 7 at%, Cr: 18 at%, and B: 2 at%. The protective layer is disposed so

as to prevent the magnetic layer from being degraded by contact with a



magnetic head. The protective layer is composed of hydrogenated carbon

with a thickness of 5 nm, and wear resistance can be obtained. The lubricant
layer is formed by a dipping method using a liquid lubricant composed of
perfluoropolyether and has a thickness af0.9 nm. [0211] In such a manner, it
was possible to produce a glass substrate for a magnetic disk and a

magnetic disk. [0212] [EXAMPLES/COMPARATIVE EXAMPLES] Next, glass
matgrishe Heg IfferRNb IREIMEM G 3 e PHoYER S nErdaesstéMdarbon with
different thicknesses were prepared. A coring step (second cutting process)
wagBitsRertiobh dThea RSl AR IBRISRIGREANIE ARIRIARIM hbRyWoEaDHaYer

brec (AR R RS e85, of e
thickeeioaidbly ¢itade amb @ e suitschrereobhioedsihawn in Tables 6 and 7. In

the tables, ID represents a radius of an inner hole formed in a glass disk, and
oD dHsents a radius of an external (outer circle). [0213] [Table 6]

Thickness Y{auingsadnAEe Rt AR BRI By W RsS & Bt WaYiess

ID OD (mm) surface (surface of non-cut (radius (radius in which cut line
surferég et ssanthd madnetiedjstback side) Example 1 0.95 40 nm 59 nm
0.210%83% Comparative Example 1 0.95 59 nm 40 nm 2.30 2.45 Example 2
1.3 m 59 nm 0.21 0.29

[EXAMPLES/COMPARATIVE EXAMPLES]

Next, glass materials having different maximum heights of surface
waviness and different thicknesses were prepared. A coring step (second
cutting process) was performed, and the relationship between the maximum
height of surface waviness and the thickness was examined. In this case, the
force for pressing a cutter blade is set such that the depth of the cut line is 50%
of the thickness of the plate. The results thereof are shown in Tables 6 and 7.
In the tables, ID represents a radius of an inner hole formed in a glass disk, and

OD represents a radius of an external (outer circle).

[0213]
[Table 6]
. . Percent defective
Thickness Waviness in coring (%)
Waviness of cut Waviness D oD
surface (surface | of non-cut . ;
(mm) in which cut line surface garg'#s é;ag:lrjns)
is formed) (back side)
Example 1 0.95 40 nm 59 nm 0.23 0.30
Comparative
Example 1 0.95 59 nm 40 nm 2.30 2.45
Example 2 1.31 40 nm 59 nm 0.21 0.29
Comparative
Example 2 1.31 59 nm 40 nm 2.53 2.54
Reference Example 10 40 nm 59 nm 0.22 0.21
Reference Example 10 59 nm 40 nm 0.21 0.22

[0214]



Comparative 1.31 59 nm 40 nm 2.53 2.54 Example 2 Reference Example 10
40 nm 59 nm 0.22 0.21 Reference Example 10 59 nm 40 nm 0.21 0.22
[0214] 59 Here, the percent defective in coring corresponds to the percent
defective in the second cutting process, agd is the value in the case where N
=10000. Furthermore, with respect to the determination of non-defective and
defective products, end faces of the cut glass materials were visually

observed +a5e, iiaSSerdaMinLftRve HRASFHPAEBHESEBHES 1w 6 FeRTntasfbidive

be defective products Furthermore, those which were fractured during

cuttifghrERsansheBingdRiRaess, pecisfheivalys il thescdee 1H]eAs M e iRoR.
”O”?:E]*Pt%é%ﬁ%tihé i eﬂa?g%'é”ﬁ% Vﬁrﬁ%’&ﬁ%ﬁ‘?ﬁ% MSFPt]ShtG'& Bl n defective

waviness €cu cein e cutline I1s ormed as a str

|anLmndec{§z2érﬁ:] ﬁua@ermeu@mm&ammas\smwwmmemaed those
waviness is small relative to the thickness, the waviness does not

subBBYRGA M R EATS IR IaGhE SR P EARFIERHOHS BaPRICF LRS!
PErGRIMHIRHRGIE/ GIBE I RRR W & ea dRiFSH 655 R R g \R¥HBeSS P dRSidered to

surface on which the cut line was formed (waviness of cut surface) was
chahgee¢f¢oteBprprsiss. 7] Thickness Waviness of cut Percent
WaYg%q%]s/thickness (mm) surface (nm) defective ratio (*10"6)

As is evident from the results, when a glass substrate is cut from a thin
plate, the waviness of the cut surface in which the cut line is formed has a
strong influence.

[0216]

Furthermore, Reference Examples show that when the waviness is small
relative to the thickness, the waviness does not substantially influence the
results.

[0217]

Furthermore, Table 7 shows the percent defective when each of the

thickness and the waviness of the surface on which the cut line was formed

(waviness of cut surface) was changed.

[0218]
[Table 7]
Thickness | Waviness of cut dpe?é?:?icte Waviness/thickness
(mm) surface (nm) (%) ratio (x107)

Example 1 0.95 40 0.30 4211
Example 2 1.31 40 0.29 30.53
Example 3 0.50 20 0.27 40.00
gg;“ngslft{"e 0.95 59 2.30 62.11
gg;“ngslftz“’e 1.31 75 3.32 57.25
gg;“ngslfg"e 0.50 40 3.56 80.00




Example 1 0.95 40 0.30 42.11 Example 2 1.31 40 0.29 30.53 Example 3
0.50 20 0.27 40.00 Comparative Example 1 0.95 59 2.30 62.11
Comparative Example 2 1.31 75 3.32 57.25 Comparative Example 3 0.50 40
3.56 80.00 60 [0219] Fig. 4 shows the rggults where the relationship
between the waviness/thickness ratio and the percent defective in this case
is plotted. As is evident from the results, in the case of a thin glass material,
for ?@(@mple, with a thickness of 1.5 mm, there is a correlation between the

quality and the ratio between the thickness and the maximum height of
surface whignéshonvedegiesidimahaialtba wiatangintpiwes fofifed. [0220]

Further h [ t ' t . e gut

L S B R GRS S R
mateviaent he e thetssthers oh she vk thieasini gl dendeneydn ftvas xiespléhedth a
above. [0221] In the embodiments and examples, the case where a glass

mat NSt Byt MeSe R sreeusialian peineprdirualinandig satio
exapylfech MYERHRK ML NOIAIMENRRRRGRSALER Snatihe PIPsERE4SvSEHEN to

the case where a glass material formed by the float process is used. For
exagipss, naigikgsomateidhleuhbaeiitdaimpeshar shape by a down-draw
prog&gﬁma glass material formed into a planar shape by a fusion process, or
a glass material

Furthermore, the same experiment was carried out when the depth of the
cut line formed in the glass material was changed from 50% to 85% of the glass
material. The results thereof showed the similar tendency to that described
above.

[0221]

In the embodiments and examples, the case where a glass material
formed by the float process is used has been described as an example.
However, it is not always necessary to limit the present invention to the case
where a glass material formed by the float process is used. For example, a
glass material formed into a planar shape by a down-draw process, a glass
material formed into a planar shape by a fusion process, or a glass material

formed into a planar shape by a press process may also be used.

Industrial Applicability
[0222]

According to the present invention, it is possible to produce a glass
substrate suitable for producing a magnetic disk for high-density recording, the

glass substrate being free from chips, flaws, cracks, and the like in its side.



formed into a planar shape by a press process may also be used. Industrial
Applicability [0222] According to the present invention, it is possible to
produce a glass substrate suitable for producing a magnetic disk for
high-density recording, the glass substrgte being free from chips, flaws,
cracks, and the like in its side. 61 CLAIMS 1. A method for producing a glass
substrate for a magnetic disk comprising forming a cut line in one surface of
a glass material formed into a planarghapgpn a molten metal; allowing the
cut line to extend in the thickness direction of the glass material, thereby

cutting a dlasé’\ﬂ@féQﬁbfWﬁPr@@i_l'ﬁgsg m&@%ﬁ@ﬁﬂﬁm@hg atmetiedisitrate
fro”&%epﬁ%gweatgf Wpﬂg'ﬁt QIS 1S3rmed 'H%ﬁr

\‘%ﬁgﬁ‘n KMo a
glass materi side which has come into contact with the molten

metplaZarsmagtod fompheducistgl aafasingihsicatdiierna exagnkiictikstkickness
comprising forming a cut line in one surface of a glass material formed into a

plarfieSHIPOIIRS HaskaRATER); RSN GHHE S G ReS&'Blad MR glass
thichﬁﬁéﬁaﬁié‘ﬁ@iﬁﬁr@ﬁgﬁ GasssmRERl HhRraky HIYRE Sdiass plate from

the glass material; and making a glass substrate from the cut glass plate,
wherein thehetgifirtbastbline dsifoamsgface hwldag oéthtveBssmaleasiattaoghe

Waingss, SeleRied o Mo ohResIng RYHAces gh the glass material 3. A
method for producing a glass substrate for a magnetic disk comprising

forming az.ut inadthon €os s bigtadiass matbetiald dome ehigaaicalnar
shape on a molten metal; allowing the cut line to extend in the thickness

direCHBIRE S/ YIRLUAALHHIC P8R P LilRfTPA RIssIBREerBIReIYe 2
mateHAL AHLRASNY AHERHRUBS LA HYThEYELFhe RSERHE iNHRE i kREss

cut line is formed in a surface having a maximum height of surface waviness
of 5adinegiion kfdbe glass material, thereby cutting a glass plate from the glass

material; and making a glass substrate from the cut glass plate,

wherein the cut line is formed in a surface having relatively small surface
waviness selected from two opposing surfaces of the glass material.

3. A method for producing a glass substrate for a magnetic disk
comprising forming a cut line in one surface of a glass material formed into a
planar shape on a molten metal; allowing the cut line to extend in the thickness
direction of the glass material, thereby cutting a glass plate from the glass
material; and making a glass substrate from the cut glass plate,

wherein the cut line is formed in a surface having a maximum height of
surface waviness of 50 nm or less.

4. The method for producing a glass substrate for a magnetic disk
according to any one of claims 1 to 3, wherein a plurality of square glass plates
are cut from the glass material.

5. The method for producing a glass substrate for a magnetic disk
according to any one of claims 1 to 3, wherein a cut line is formed in the glass

material so as to draw a curve extending along a substantial periphery of a



4. The method for producing a glass substrate for a magnetic disk according
to any one of claims 1 to 3, wherein a plurality of square glass plates are cut
from the glass material. 5. The method for producing a glass substrate for a
magnetic disk according to any one of cjgims 1 to 3, wherein a cut line is
formed in the glass material so as to draw a curve extending along a
substantial periphery of a 62 region in which a glass substrate for a magnetic

diskégsiehbg iHirIed- fadd NBERSETbPEOAEEINSE RAABY HE iR BeAPrising
forming at least a magnetic layer on a glass substrate produced by the
method fd?-prAduethghiogleresisoistfBaaneliedighcamarsinectasraing ableast a
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magne compris Ig orming a cut line in one surface of a planar g
matgitss Snlesttatedoaws magneticaishdogaiogdassiyhsterdfallgiergphesysof a
region in which a glass substrate for a magnetic disk is to be formed;

allowing the cOtMIRE'SS T8%RIAGYAIBGAAIERASSOHEOh BMAT GRS Haterial,
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the cut glass plate, wherein, when the cut line in a circular shape is formed in
the diawsa slausriexiandingedl angtinslisstantahpedpiesy aitdrngdopéfottiahda

under the conditions where the radius of the, circle, (r [mm d the,.
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a predeterinifredthielkaiéssstipcord bethaajhad faawiadutisgbyotagmgubalsate
for a magnetic disk according to claim 1, wherein the predetermined
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material so as to draw a curve extending along a substantial periphéry of a
regiovatieriatdck &heylasstmngost peedionednibgeetiindiskasrforbeetbundar; the
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surface waviness (PV [nm]) of the glass material satisfy a predetermined
relationship.

8. The method for producing a glass substrate for a magnetic disk
according to claim 1, wherein the predetermined relationship is PV <5 xr.

9. A method for producing a glass substrate for a magnetic disk
comprising forming a cut line in one surface of a planar glass material so as to
draw a curve extending along a substantial periphery of a region in which a
glass substrate for a magnetic disk is to be formed; allowing the cut line to
extend in the thickness direction of the glass material, thereby cutting a disk-
shaped glass plate; and making a glass substrate from the cut glass plate,

wherein, when a circle with a radius of 10 mm or less is cut out by
forming a cut line, the cut line is formed in a surface having relatively small
surface waviness selected from two opposing surfaces of the glass material.

10. The method for producing a glass substrate for a magnetic disk

according to claim 9, wherein, when a circle with a radius of 10 mm is cut out by



shaped glass plate; and making a glass substrate from the cut glass plate,
wherein, when a circle with a radius of 10 mm or less is cut out by forming a
cut line, the cut line is formed in a surface having relatively small surface
waviness selected from two opposing sugfaces of the glass material. 10. The
method for producing a glass substrate for a magnetic disk according to
claim 9, wherein, when a circle with a radius of 10 mm is cut out by 63

formgngiag HidiRGinE1QHRIEINIMES EOIARE dNrRaSSU AR WIRR 3 Faximmum it of
of surface waviness of 50 nm or less. 11. A method for producing a glass
subsuAse gy itrasneltic0dnk atdesprising forming a cut line in one surface of

a planar glass material I [ | b tial
peripher;?{ j:"a g@éﬁ?ﬁ' ﬁﬁégugi@gﬁ%sé{%te or a ?ﬁ%%r?@?%ﬂgﬁsri %ts?g be
forncedhmlidng igrthiagatdutdite inxiradurfdbe thigiass direstioniefitieglasso
material, thereby cutting a disk- shaped glass plate; and making a glass
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height of surface waviness of the glass material is measured, a glass
matexiandanitg dhivkeerse diteetiomeiiegiasrepateddistheaebyweatiingss disk-

less js selected, and then the circle is cut oyt. 12, The method fqr prodycing a
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material satishging Wit nelalionsiphPMVplzdetdensiaetiadivghenels ifron] dsithe
radius of the circle, and PV [nm] is the maximum height of surface waviness.
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incline with respect to the thickness direction of the glass material and so as
to dfasuriackhseyioesscorlidsisrrsieote b rprbtheriigeacirede rrediat disk
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according to claim 11, wherein a glass material satisfying the relationship PV <
5 x r is selected, wherein r [nm] is the radius of the circle, and PV [nm] is the
maximum height of surface waviness.

13. The method for producing a glass substrate for a magnetic disk
according to any one of claims 7 to 12, wherein the cut line is formed so as to
incline with respect to the thickness direction of the glass material and so as to
draw a closed curve.

14. A method for producing a magnetic disk comprising forming at least
a magnetic layer on a glass substrate produced by the method for producing a
glass substrate for a magnetic disk according to any one of claims 7 to 13.

15. A method for producing a glass substrate for a magnetic disk
comprising forming a cut line in one surface of a planar glass material so as to
draw a curve extending along a substantial periphery of a region in which a
glass substrate for a magnetic disk is to be formed; allowing the cut line to

extend in the thickness direction of the glass material, thereby cutting a disk-



glass substrate for a magnetic disk according to any one of claims 7 to 13.
15. A method for producing a glass substrate for a magnetic disk comprising
forming a cut line in one surface of a planar glass material so as to draw a
curve extending along a substantial perighery of a region in which a glass
substrate for a magnetic disk is to be formed; allowing the cut line to extend
in the thickness direction of the glass material, thereby cutting a disk 64
ShaQ@QbG@é%Qéaé@ét@[‘Qrf@ﬁ'@Rdeé Q%§§§§D§§Wéﬁ3f’f% i@ eut glass niate.
wherein cutting is performed under the conditions where the thickness (t

[mm]) of tWegRIsCHifSraIRaTP IR ribdeTUREIRSiMtionswriece thaviegregs\it
[nm ial sati [ |afi in. 16..
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claipnrdp, ofter gjlagbenpedatsushed pedalsonshineis feMtion&tip. 17. A method
for producing a glass substrate for a magnetic disk comprising forming a cut

line in ond SuriARE BYENOR FRIrRIRALCING & RSSOl 1R & TRaaReiGAiaking
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magnetic disk is to be formed; allowing the cut line to extend in the thickness
direction dfitheAymethashierpioticiedp olagagubsitke shapaagreiicslisie; and

ma'éié‘ﬁ adlassaubetate from t.*r‘]eo%‘étﬁ%'r a2 8}‘2‘? X&ﬁ%re‘% WHEHINS! so.as to
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or lepawtlaecaridisgiéminigedng a substaatkhpagphierqtbrelysgimllisuwtace a
waviness selected from two opposing surfaces of the glass material. 18. The
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material with a thickness of 1 mm, the cut line is formed in a Surface with a
maxhapedraiasist PaudadenadiigesglasSeubsiretd dsxn 10e Auhngiaesdofete,
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with a thickness of 1 mm or less, the cut line is formed in a surface having
relatively small surface waviness selected from two opposing surfaces of the
glass material.

18. The method for producing a glass substrate for a magnetic disk
according to claim 17, wherein, when the disk-shaped glass plate is cut from a
glass material with a thickness of 1 mm, the cut line is formed in a surface with
a maximum height of surface waviness of 50 nm or less.

19. A method for producing a glass substrate for a magnetic disk
comprising forming a cut line in one surface of a planar glass material so as to
draw a curve extending along a substantial periphery of a region in which a
glass substrate for a magnetic disk is to be formed; allowing the cut line to
extend in the thickness direction of the glass material, thereby cutting a disk-
shaped glass plate; and making a glass substrate from the cut glass plate,

wherein, when a glass material with a predetermined thickness of less is

cut, the maximum height of surface waviness of the glass material is measured,



draw a curve extending along a substantial periphery of a region in which a
glass substrate for a magnetic disk is to be formed; allowing the cut line to
extend in the thickness direction of the glass material, thereby cutting a disk-
shaped glass plate; and making a glass gybstrate from the cut glass plate,
wherein, when a glass material with a predetermined thickness of less is cut,
the maximum height of surface waviness of the glass material is measured,
65 agassaterrhBAVGa PratRAsTRTREaeRmAIMHBIiRiIehsoff st AeRiness
waviness or less is selected, and then the cut line is formed. 20. The method
for grdasRisgelesiess supsdhendhercatiagifetfmrtk according to claim 19,

wherein as er isfyi e relationship PV, <. 50t | t
wherein ?fgim]%is ﬁﬁ%ﬁéﬁﬁé@@l%%y ﬁg/%rﬁ%%%%%s%\é%?noﬂgkﬁggﬁ%ﬁ gk
surfacsovdirvinesdaidd 19heheetoa gerssrochisiiag saidhdagtiestedddosizp PV <
mar%net,ic disk according to any one of claims 15 to 20, wherein the cut line is
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matggighfBAstRrascQ ahAus& closed curve. 22. A method for producing a
magnetic disk comprising forming at least a magnetic layer on a glass

substrate produtedtsihind oregieduing rdlasihgubstiaieseubsnagasdie disk
ma r&gg(r:d(ljr% § gﬁgrgr%gotfoc%ri] s t%ffg,i ivr\T/hSerleF)lr;[ ?h%lcut line is formed so as to
incline with respect to the thickness direction of the glass material and so as to
draw a closed curve.
22. A method for producing a magnetic disk comprising forming at least
a magnetic layer on a glass substrate produced by the method for producing a

glass substrate for a magnetic disk according to any one of claims 15 to 21.



