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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, 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/inch2 (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] 

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, 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/inch2 (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] 2  Usually, a glass substrate for a
magnetic disk is produced by grinding and polishing the surface of a glass
disk having a predetermined size. Here, as the  
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 Usually, a glass substrate for a magnetic disk is produced by grinding and 

polishing the surface of a glass disk having a predetermined size.  Here, as the 

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 planar 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] 

 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 

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 planar 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]
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 3
may be cases in which cutting cannot be performed successfully, or chips,
flaws,  and cracks occur in the side of the cut glass plate. [0010] 
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may be cases in which cutting cannot be performed successfully, or chips, flaws, 

and cracks occur in the side of the cut glass plate. 

[0010] 

 Since a glass substrate for a magnetic disk is designed so as to be fit in 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 glass plates or disk-shaped glass plates are cut out by forming cut 

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/inch2 (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 

Since a glass substrate for a magnetic disk is designed so as to be fit in 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
glass plates or disk-shaped glass plates are cut out by forming cut  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/inch2 (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 4  as storage devices for computers.
[0014] In these mobile applications, since the housing space is significantly  
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as storage devices for computers. 

[0014] 

 In these mobile applications, since the housing space is significantly 

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] 

 When glass disks with such a small diameter are cut from the planar 

glass material, in particular, the defect ratio is high, which is a problem. 

[0016] 

 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 

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]
When glass disks with such a small diameter are cut from the planar  glass
material, in particular, the defect ratio is high, which is a problem.  [0016]
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
5  the recording/reproducing region can be enlarged in the magnetic disk,
which is  advantageous. In the LUL method, since the flying height of the
magnetic  head is set to be very small compared with the conventional
method, even if  
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the recording/reproducing region can be enlarged in the magnetic disk, which is 

advantageous.  In the LUL method, since the flying height of the magnetic 

head is set to be very small compared with the conventional method, even if 

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] 

 In 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 or polishing.  However, it is difficult to 

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] 

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] In 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
or polishing. However, it is difficult to  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] 6  It is a
third 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  
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 It is a third 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, 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 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 

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
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 7  making a glass substrate from the cut glass plate,
wherein the cut line is formed  in a surface of the glass material on the side
which has come into contact with  the molten metal. [0026] 



 7 

making a glass substrate from the cut glass plate, wherein the cut line is formed 

in a surface of the glass material on the side which has come into contact with 

the molten metal. 

[0026] 

 (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 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 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
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 8
to any one of Structures 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
region in  which a glass substrate for a magnetic disk is to be formed. [0030] 
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to any one of Structures 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 region in 

which a glass substrate for a magnetic disk is to be formed. 

[0030] 

 (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] 

 (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 

(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] (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 9  to either Structure 7 or 8, wherein a plurality of square glass
plates are cut from  the glass material. [0034] (Structure 10 of the invention) 
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to either Structure 7 or 8, wherein a plurality of square glass plates are cut from 

the glass material. 

[0034] 

 (Structure 10 of the invention) 

 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 be 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 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 

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 be 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
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 10  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 of the glass  material on
the side which has come into contact with the molten metal, so as to  
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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 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 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. 

[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 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] 

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. [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
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] 11  (Structure 17 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
production method according to any one of Structures 12 to 16. 
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 (Structure 17 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 

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

[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 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 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) 

[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 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 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) 12
The method for producing a glass substrate for a magnetic disk according to
either Structure 18 or 19, 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  
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 The method for producing a glass substrate for a magnetic disk according 

to either Structure 18 or 19, 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 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 

substrate 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 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 

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  substrate 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 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 13  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  cut line in a circular
shape is formed in the glass material and then cutting is  performed, the
cutting is performed under the conditions where the radius of the  
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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 

cut line in a circular shape is formed in the glass material and then cutting is 

performed, the 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. 

[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 × 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 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] 

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
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] 14  (Structure 28 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  
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 (Structure 28 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 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 

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 × r is 

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. 

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  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 x r is  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. 15  [0056]
(Structure 32 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  
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[0056] 

 (Structure 32 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 having relatively small surface waviness 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. 

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
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. 16  [0059] (Structure 35 of the invention) The method for
producing a glass substrate for a magnetic disk according  to any one of
Structures 32 to 34, wherein the glass substrate is a glass  
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[0059] 

 (Structure 35 of the invention) 

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

to any one of Structures 32 to 34, wherein the glass substrate is a glass 

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 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 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 

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 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 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 17  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 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. 



 17 

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 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. 

[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 with 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 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. 

[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 with 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 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. 18  [0066] (Structure 42 of the
invention) The method for producing a glass substrate for a magnetic disk
according  to any one of Structures 36 to 41, wherein the cut line is formed so
as to incline  
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[0066] 

 (Structure 42 of the invention) 

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

to any one of Structures 36 to 41, 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. 

[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 producing 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 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 

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 producing 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
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 19  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  
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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 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/or 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 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. 

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/or 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 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. 20  Brief Description of
Drawings [0072] Fig. 1 is a cross-sectional view showing the steps of cutting
a disk- shaped glass plate from a planar glass according to the present
invention.  Fig. 2 is a plan view showing a state in which cut lines are formed
on a  
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Brief Description of Drawings 

[0072] 

 Fig. 1 is a cross-sectional view showing the steps of cutting a disk-

shaped glass plate from a planar glass according to the present invention. 

 Fig. 2 is a plan view showing a state in which cut lines are formed on a 

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 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 

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
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 21  more preferably 1.3 mm or
less. Still more preferably, the glass plate is a thin  plate with a thickness of
1.2 mm or less. Most preferably, a thin plate with a  thickness of 1.1 mm or
less, in particular, 1.0 mm or less can be used. [0075] In this embodiment,
the term "surface waviness" means a three- dimensional surface shape
formed on a surface of a glass material. The  surface waviness can be
grasped by observing a predetermined region of the  glass material with a
microscope or the like. 



 21 

more preferably 1.3 mm or less.  Still more preferably, the glass plate is a thin 

plate with a thickness of 1.2 mm or less.  Most preferably, a thin plate with a 

thickness of 1.1 mm or less, in particular, 1.0 mm or less can be used. 

[0075] 

 In this embodiment, the term "surface waviness" means a three-

dimensional surface shape formed on a surface of a glass material.  The 

surface waviness can be grasped by observing a predetermined region of the 

glass material with a microscope or the like. 

[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 surface 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 

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 

[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 surface 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
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 22  be referred to
as PV. The maximum height of surface waviness (PV) is a value  obtained by
calculating an average plane of the surface waviness shape, and  adding the
absolute value of the height of the highest peak with respect to the  average
plane and the absolute value of the depth of the lowest valley with  respect to
the average plane. [0081] The present inventors have found that, in the case
of a planar glass base  plate formed by a float process, the planar glass base
plate has a surface  
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be referred to as PV.  The maximum height of surface waviness (PV) is a value 

obtained by calculating an average plane of the surface waviness shape, and 

adding the absolute value of the height of the highest peak with respect to the 

average plane and the absolute value of the depth of the lowest valley with 

respect to the average plane. 

[0081] 

 The present inventors have found that, in the case of a planar glass base 

plate formed by a float process, the planar glass base plate has a surface 

(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 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 

(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
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 23
relatively small. When a glass substrate for a magnetic disk is produced, it is
preferable to select a surface whose surface waviness shape is relatively
small  and to form a cut line in the selected surface. [0083] 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 a
maximum height of surface waviness (PV) of 50 nm or less.  [0084] 
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relatively small.  When a glass substrate for a magnetic disk is produced, it is 

preferable to select a surface whose surface waviness shape is relatively small 

and to form a cut line in the selected surface. 

[0083] 

 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 a maximum height of surface waviness (PV) of 50 nm or less. 

[0084] 

 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 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 

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 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 24  glasses, a glass substrate containing an
alkali metal element is more preferable.  For example, a glass that contains
SiO2 and A1203 and further contains Na2O  can sufficiently show the effect
of this embodiment. A glass containing Li2O  can also be preferably used.
For example, a glass for chemically strengthening processing is preferable in
this embodiment.  [0088] As such a glass, a glass containing, as principal
components, 58% to  75% by weight of SiO2, 5% to 23% by weight of A1203,
3% to 10% by weight of  
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glasses, a glass substrate containing an alkali metal element is more preferable.  

For example, a glass that contains SiO2 and Al2O3 and further contains Na2O 

can sufficiently show the effect of this embodiment.  A glass containing Li2O 

can also be preferably used.  For example, a glass for chemically 

strengthening processing is preferable in this embodiment. 

[0088] 

 As such a glass, a glass containing, as principal components, 58% to 

75% by weight of SiO2, 5% to 23% by weight of Al2O3, 3% to 10% by weight of 

Li2O, and 4% to 13% by weight of Na2O 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 Al2O3, 4% to 10% by weight of Li2O, 4% to 12% by weight of 

Na2O, and 5.5% to 15% by weight of ZrO and in which the weight ratio of 

Na2O/ZrO2 is 0.5 to 2.0 and the weight ratio of Al2O3/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 

Al2O3, 2% to 3.9% of Li2O, 6% to 13% of Na2O, 0% to 5% of K2O, 10% to 

16% of R2O (wherein R2O = Li2O + Na2O + K2O), 0% to 3.5% of MgO, 1% to 

7% of CaO, 0% to 2% of SrO, 0% to 2% of BaO, 2% to 10% of RO (wherein RO 

= MgO + CaO + SrO + BaO), 0% to 2% of TiO2, 0% to 2% of CeO2, 0% to 2% 

of Fe2O3, and 0% to 1% of MnO, wherein TiO2 + CeO2 + Fe2O3 + 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 

Li2O, and 4% to 13% by weight of Na2O 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 Li2O, 4% to 12% by weight of  Na2O, 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
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  A1203, 2% to
3.9% of Li2O, 6% to 13% of Na2O, 0% to 5% of K2O, 10% to  16% of R20
(wherein R20 = Li2O + Na2O + K2O), 0% to 3.5% of MgO, 1 % to  7% of
CaO, 0% to 2% of SrO, 0% to 2% of BaO, 2% to 10% of RO (wherein RO  =
MgO + CaO + SrO + BaO), 0% to 2% of TiO2, 0% to 2% of Ce02, 0% to 2%
of Fe2O3, and 0% to 1 % of MnO, wherein TiO2 + Ce02 + Fe2O3 + 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 25  such a case, preferably, the present invention is used in
at least one of the first  cutting process and the second cutting process.
Particularly preferably, the  present invention is used in the first cutting
process and the second cutting  process. [0092] A preferred embodiment
with respect to a process of producing a disk- shaped glass plate using a
planar glass material or a square glass plate will be  described below in more
details. In the explanation below, a disk-shaped glass  
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such a case, preferably, the present invention is used in at least one of the first 

cutting process and the second cutting process.  Particularly preferably, the 

present invention is used in the first cutting process and the second cutting 

process. 

[0092] 

 A preferred embodiment with respect to a process of producing a disk-

shaped glass plate using a planar glass material or a square glass plate will be 

described below in more details.  In the explanation below, a disk-shaped glass 

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 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") 

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 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") 26  which
has come into contact with the molten metal (generally, molten tin) in the
production step from a principal surface (hereinafter referred to as the "top
surface") opposite the bottom surface. In the case of the planar glass 1
shown  in Fig. 1(a), the upper principal surface corresponds to a bottom
surface 1 A,  and the lower principal surface corresponds to a top surface 1
B. Note that a  metal diffusion layer with a thickness of about 10 to 50 m is
inevitably formed  on the bottom surface 1Aside. On the other hand, although
the molten metal  is not directly brought into contact with the top surface 1 B
side in the production  
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which has come into contact with the molten metal (generally, molten tin) in the 

production step from a principal surface (hereinafter referred to as the "top 

surface") opposite the bottom surface.  In the case of the planar glass 1 shown 

in Fig. 1(a), the upper principal surface corresponds to a bottom surface 1A, 

and the lower principal surface corresponds to a top surface 1B.  Note that a 

metal diffusion layer with a thickness of about 10 to 50 µm is inevitably formed 

on the bottom surface 1A side.  On the other hand, although the molten metal 

is not directly brought into contact with the top surface 1B side in the production 

step, in some cases, the metal vaporized into the atmosphere may permeate 

into the top surface 1B side to form a metal diffusion layer.  However, even if a 

metal diffusion layer is formed on the top surface 1B side, the thickness thereof 

is at most about several micrometers. 

[0097] 

 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 I-I 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 

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 micrometers. [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
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 1 A 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 I-I 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 1 A to the top surface 1 B of the 27
planar glass 1. In the cross-sectional view of 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 pyramid. By forming a cut line obliquely with respect
to  the thickness direction in the bottom surface of the planar glass obtained
by the  float process, when the cut line is allowed to extend and an inner
portion  surrounded by the cut line is removed, it is possible to stably obtain a
high- quality glass disk free from defects, such as chips, cracks, and flaws,
even in  the part cut following the formed cut line. 
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planar glass 1.  In the cross-sectional view of 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 pyramid.  By forming a cut line obliquely with respect to 

the thickness direction in the bottom surface of the planar glass obtained by the 

float process, when the cut line is allowed to extend and an inner portion 

surrounded by the cut line is removed, it is possible to stably obtain a high-

quality glass disk free from defects, such as chips, cracks, and flaws, even in 

the part cut following the formed cut line. 

[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 α 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 θ1 and the right edge 

angle θ2 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 α with 

[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 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
01 and the right edge  angle 02 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 a with 28  respect to the bottom surface 1 A of the
planar glass 1, and in a second method,  using a cutter (not shown) in which
the left edge angle 01 and the right edge  angle 02 are different with respect
to a cutter ridge 4, the cutter is relatively  moved with the cutter ridge 4 of the
cutter being perpendicular to the bottom  surface 1 A of the planar glass 1.
[0102] Furthermore, after the glass disk is cut out, grinding and polishing are
performed so as to obtain a predetermined outer diameter and inner
diameter.  
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respect to the bottom surface 1A of the planar glass 1, and in a second method, 

using a cutter (not shown) in which the left edge angle θ1 and the right edge 

angle θ2 are different with respect to a cutter ridge 4, the cutter is relatively 

moved with the cutter ridge 4 of the cutter being perpendicular to the bottom 

surface 1A of the planar glass 1. 

[0102] 

 Furthermore, after the glass disk is cut out, grinding and polishing are 

performed so as to obtain a predetermined outer diameter and inner diameter.  

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 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 

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
glass 1 are allowed to extend toward the top surface  1 B side. Thereby, an
inner region 1 Oa 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 1 A of
the planar glass 1 toward the top surface 1 B 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 29  2 and 3 to reach the top surface 1 B in an instant.  [0105] When the
planar glass 1 is heated or cooled, although the entire planar  glass 1 may be
heated or cooled using a heating device, such as an oven, or a  cooling
device, preferably, in particular, one side of the planar glass 1 is heated  or
cooled. The reason for this is that by heating or cooling the one side of the
planar glass 1, extension of the cut lines can be performed more reliably. In
such a case, the one side of the planar glass 1 may be entirely heated or
cooled,  



 29 

2 and 3 to reach the top surface 1B in an instant. 

[0105] 

 When the planar glass 1 is heated or cooled, although the entire planar 

glass 1 may be heated or cooled using a heating device, such as an oven, or a 

cooling device, preferably, in particular, one side of the planar glass 1 is heated 

or cooled.  The reason for this is that by heating or cooling the one side of the 

planar glass 1, extension of the cut lines can be performed more reliably.  In 

such a case, the one side of the planar glass 1 may be entirely heated or cooled, 

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 1A side on which the cut lines 2 and 3 are formed is heated, or the top 

surface 1B side opposite the bottom 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 

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 bottom 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 1 Oa 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 1 A of  the planar glass 1,
and then the cut lines are allowed to extend to the top  surface 1 B side,
thereby obtaining the glass disk 10. However, the method is 30  not limited
thereto. It may be possible to use a method in which firstly, a cut  line 2 for
the outer periphery is formed, the cut line 2 is allowed to extend, the  entire
inner region surrounded by the cut line 2 is cut from the planar glass 1, a  cut
line 3 for the inner periphery is formed in the cut glass disk, the cut line 3 is
allowed to extend, and a circular hole surrounded by the cut line 3 is formed,
thereby obtaining the glass disk 10. [0108] In the case of a glass substrate for
a small magnetic disk having an outer  
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not limited thereto.  It may be possible to use a method in which firstly, a cut 

line 2 for the outer periphery is formed, the cut line 2 is allowed to extend, the 

entire inner region surrounded by the cut line 2 is cut from the planar glass 1, a 

cut line 3 for the inner periphery is formed in the cut glass disk, the cut line 3 is 

allowed to extend, and a circular hole surrounded by the cut line 3 is formed, 

thereby obtaining the glass disk 10. 

[0108] 

 In the case of a glass substrate for a small magnetic disk having an outer 

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 center from 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 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 

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 center from 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
planar glass 1 toward the  top surface 1 B 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 1 A of the
planar glass 1 toward the top surface 1 B 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 31  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. [0111] In order to achieve a higher recording
density of a magnetic disk, it is  
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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. 

[0111] 

 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 

surface of a glass disk 10 with a predetermined size cut from a planar glass 

obtained by the float process as described 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 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 

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 described 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
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 32  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. [0113] 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  
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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. 

[0113] 

 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 

substrate and the tape with a polishing solution being supplied, a circumferential 

texture can be formed on the 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 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] 

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 the 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
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] 33  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. [0116] 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  
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 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. 

[0116] 

 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 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] 

 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 

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]
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 34  durability of the magnetic disk can
be improved. As the material for the  lubricant layer, for example, PFPE
(perfluoropolyether) is preferable.  [0120] According to this embodiment,
using a planar glass obtained by a float  process, 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  
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durability of the magnetic disk can be improved.  As the material for the 

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

[0120] 

 According to this embodiment, using a planar glass obtained by a float 

process, 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. 

[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. 

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. 35  [0124] With respect to
both surfaces of the planar float glass material, surface  waviness shape was
observed using an Optiflat manufactured by Phase Shift  Technology Inc.
The measurement conditions are as follows: [0125] 1) Measurement region:
toroidal region with an inner radius of 16 mm and  an outer radius of 29 mm
2) Measurement area: 1,837 mm2 
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[0124] 

 With respect to both surfaces of the planar float glass material, surface 

waviness shape was observed using an Optiflat manufactured by Phase Shift 

Technology Inc.  The measurement conditions are as follows: 

[0125] 

 1) Measurement region: toroidal region with an inner radius of 16 mm and 

an outer radius of 29 mm 

 2) Measurement area: 1,837 mm2 

 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 

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. 

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  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. 36  [0129] Specifically, the cut line was formed with the
force for pressing a cutter  blade being set such that the depth of the cut line
was 50% of the thickness of  the glass material. [0130]  Next, by splitting and
bending the glass material provided with the cut line,  the cut line is allowed
to extend from the bottom surface to the top surface, i.e.,  the opposing
surface, and a square glass plate is cut. By forming a plurality of  
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[0129] 

 Specifically, the cut line was formed with the force for pressing a cutter 

blade being set such that the depth of the cut line was 50% of the thickness of 

the glass material. 

[0130] 

 Next, by splitting and bending the glass material provided with the cut line, 

the cut line is allowed to extend from the bottom surface to the top surface, i.e., 

the opposing surface, and a square glass plate is cut.  By forming a plurality of 

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 case where a glass 

substrate of 75 × 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 

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 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 37  to extend to the top surface side of the planar
glass, and a glass disk having a  circular hole in the center was cut out.
[0133] (2) Shape-forming step Next, the outer peripheral end face and the
inner peripheral end face  were subjected to grinding to set the outer
diameter to 65 mm4 and the inner  diameter (diameter of the circular hole in
the center) to 20 mm4, and then the  outer peripheral end face and the inner
peripheral end face were subjected to  
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to extend to the top surface side of the planar glass, and a glass disk having a 

circular hole in the center was cut out. 

[0133] 

 (2) Shape-forming step 

 Next, the outer peripheral end face and the inner peripheral end face 

were subjected to grinding to set the outer diameter to 65 mmφ and the inner 

diameter (diameter of the circular hole in the center) to 20 mmφ, and then the 

outer peripheral end face and the inner peripheral end face were subjected to 

predetermined chamfering.  In this stage, the surface roughness of the glass 

disk end face was about 4 µm 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 µm in terms of 

Rmax and about 0.2 µm 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 µm in terms of Rmax and about 0.3 µm 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. 

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
was set to about 2m in terms of  Rmax and about 0.2 m 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 1m in
terms of Rmax and about 0.3 m 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. 38  [0136] (5)
Principal surface polishing step Next, a first polishing step for removing flaws
and strain remaining from  the lapping step was performed using a
double-sided polishing apparatus. In  the double-sided polishing apparatus, a
glass disk held by a carrier is placed in  close contact between upper and
lower plates each provided with a polishing  pad, the carrier is engaged with
a sun gear and an internal gear, and the glass  disk is clamped with the
upper and lower plates. 
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[0136] 

 (5) Principal surface polishing step 

 Next, a first polishing step for removing flaws and strain remaining from 

the lapping step was performed using a double-sided polishing apparatus.  In 

the double-sided polishing apparatus, a glass disk held by a carrier is placed in 

close contact between upper and lower plates each provided with a polishing 

pad, the carrier is engaged with a sun gear and an internal gear, and the glass 

disk is clamped with the upper and lower plates. 

[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 simultaneously 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 where RO water in which 

cerium oxide (average grain size 1.3 µm) 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 

[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 simultaneously 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
where RO 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 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 39  maintaining the smooth flat surface obtained
in the first polishing step. The  polishing was performed under the conditions
where RO water in which cerium  oxide (average grain size 0.8 m) was
dispersed was used as the polishing  solution, and the polishing time was set
at 5 minutes. The glass disk having  undergone the second polishing step
was immersed in cleaning tanks  respectively containing a neutral detergent,
pure water, pure water, IPA, and IPA  (steam drying) in that order to perform
ultrasonic cleaning, followed by drying.  [0139] 
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maintaining the smooth flat surface obtained in the first polishing step.  The 

polishing was performed under the conditions where RO water in which cerium 

oxide (average grain size 0.8 µm) was dispersed was used as the polishing 

solution, and the polishing time was set at 5 minutes.  The glass disk having 

undergone the second polishing step was immersed in cleaning tanks 

respectively containing a neutral detergent, pure water, pure water, IPA, and IPA 

(steam drying) in that order to perform ultrasonic cleaning, followed by drying. 

[0139] 

 (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 

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 

(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
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 40  was obtained. In both the
first cutting process and the second cutting process,  no glass plates after
cutting had defects, such as cracks and flaws. [0142] Next, each of the glass
substrates for magnetic disks obtained in this  example was subjected to a
film deposition step, which will be described below,  to produce a Load
Unload-type magnetic disk. [0143] Specifically, using a single-wafer
sputtering apparatus, a seed layer, an  
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was obtained.  In both the first cutting process and the second cutting process, 

no glass plates after cutting had defects, such as cracks and flaws. 

[0142] 

 Next, each of the glass substrates for magnetic disks obtained in this 

example was subjected to a film deposition step, which will be described below, 

to produce a Load Unload-type magnetic disk. 

[0143] 

 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. 

[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 

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 AIRu 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 41
magnetic disks and magnetic disks. [0147] [COMPARATIVE EXAMPLE] In
the example described above, in each of the first cutting process and  the
second cutting process, cutting lines were formed in the bottom surface. In
contrast, in this comparative example, in each of the first cutting process and
the second cutting process, cutting lines were formed in the top surface to cut
glass plates. 
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magnetic disks and magnetic disks. 

[0147] 

 [COMPARATIVE EXAMPLE] 

 In the example described above, in each of the first cutting process and 

the second cutting process, cutting lines were formed in the bottom surface.  In 

contrast, in this comparative example, in each of the first cutting process and 

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. 

[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 [sheets] 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
Comparative Top 55 6.5 24362 21054 0.35 2.3  Example surface [0150]
When comparison was made between Example and Comparative  Example,
in each of the first cutting process and the second cutting process,  more
cracks and flaws occurred in the side of the glass plate in Comparative
Example than Example. As a result, in Comparative Example, the production
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  
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[0149] 

[Table 1] 

 
Cut line-
forming 
surface 

Surface waviness Cutter life 
[sheets] 

Percent 
defective (%) 

  
Maximu
m height 
PV [nm] 

Average 
height 

Ra [nm] 
Cutting 

Coring 
(radius 
9 mm) 

Cutting 
Coring 
(radius 
9 mm) 

Example Bottom 
surface 40 4.5 31074 26278 0.03 0.23 

Comparative 
Example 

Top 
surface 55 6.5 24362 21054 0.35 2.3 

 

[0150] 

 When comparison was made between Example and Comparative 

Example, in each of the first cutting process and the second cutting process, 

more cracks and flaws occurred in the side of the glass plate in Comparative 

Example than Example.  As a result, in Comparative Example, the production 

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 

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 43  where an outer diameter of a
disk-shaped glass plate is formed, the non- defective ratio improves by
forming a cut line on a surface having small surface  waviness in which the
surface waviness at a specific waviness is a  predetermined value or less out
of two opposing surfaces of the glass material.  [0153] When a disk-shaped
glass plate is cut from a planar glass material, a  cutter blade is pressed
against the planar glass material to form a cut line. In  such a case, when a
circular cut line with a small radius is formed, the cut line is  formed through
many surface wavinesses. At this time, many changes are  occurring in the
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
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
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where an outer diameter of a disk-shaped glass plate is formed, the non-

defective ratio improves by forming a cut line on a surface having small surface 

waviness in which the surface waviness at a specific waviness is a 

predetermined value or less out of two opposing surfaces of the glass material. 

[0153] 

 When a disk-shaped glass plate is cut from a planar glass material, a 

cutter blade is pressed against the planar glass material to form a cut line.  In 

such a case, when a circular cut line with a small radius is formed, the cut line is 

formed through many surface wavinesses.  At this time, many changes are 

occurring in the 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 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] 

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] 44  As described above, when the radius of the circular cut
line is small, the influence of the surface waviness on the planar glass
material 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 radius of
the circular cut line  is small than when the radius is large. [0157] For the
above-described reason, when a circular cut line is formed in a  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 x r. 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  
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 As described above, when the radius of the circular cut line is small, the 

influence of the surface waviness on the planar glass material 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 radius of the circular cut line 

is small than when the radius is large. 

[0157] 

 For the above-described reason, when a circular cut line is formed in a 

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 × r.  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 × 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 such that the radius of the circle to be cut and the waviness satisfy 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 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 such that the radius of the circle to be cut and the waviness satisfy a
45  specific relationship, the non-defective product ratio can be improved will
be  described below with reference to actual experimental results. [0160]
Specifically, glass materials having different maximum heights of surface
waviness were prepared, and the coring step (second cutting process) was
performed with the cutting radius (radius of cut line to be formed) being
variously changed. 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 Table 2. [0161]  [Table 2] Waviness Thickness
Cutting Waviness of cut Waviness Percent radius surface (surface of non-cut
defective (mm)  in which cut line surface (mm) is formed) (back side) (,)
Sample 1 9 40 nm 59 nm 0.23 0.95  Comparative 9 59 nm 40 nm 2.30 0.95
Sample 1 
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specific relationship, the non-defective product ratio can be improved will be 

described below with reference to actual experimental results. 

[0160] 

 Specifically, glass materials having different maximum heights of surface 

waviness were prepared, and the coring step (second cutting process) was 

performed with the cutting radius (radius of cut line to be formed) being 

variously changed.  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 Table 2. 

[0161] 

[Table 2] 
  Waviness  Thickness 

 
Cutting 
radius 
(mm) 

Waviness of cut 
surface (surface 
in which cut line 

is formed) 

Waviness 
of non-cut 

surface 
(back side) 

Percent 
defective 

(%) 
(mm) 

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. 

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. 46  [0164] The results
show that there is almost no difference in the percent  defective between the
case where the radius is 9 mm and the case where the  radius is 33 mm.
However, the results shown are on a disk basis. The  distance scanned by
the cutter in the case where the radius is 33 mm is 2.7  times that in the case
where the radius is 9 mm. Consequently, the percent  defective on the basis
of distance scanned by the cutter in the case where the  radius is 9 mm is 2.7
or more times that in the case where the radius is 33 mm.  [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]  
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[0164] 

 The results show that there is almost no difference in the percent 

defective between the case where the radius is 9 mm and the case where the 

radius is 33 mm.  However, the results shown are on a disk basis.  The 

distance scanned by the cutter in the case where the radius is 33 mm is 2.7 

times that in the case where the radius is 9 mm.  Consequently, the percent 

defective on the basis of distance scanned by the cutter in the case where the 

radius is 9 mm is 2.7 or more times that in the case where the radius is 33 mm. 

[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 
(mm) 

Waviness of cut 
surface (nm) 

Percent 
defective 

(%) 

Waviness/radius 
ratio (∗10-6) 

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 
Comparative 
Sample 1 9 59 2.30 6.56 

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 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 

[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 3.5 10 0.27 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 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 47  between the quality and the ratio of the cutting
radius to the maximum height of  surface waviness of the glass material in
which the cut line is formed. [0169] 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 planar glass 1 toward the  top surface 1 B 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
1 A of the planar glass 1 toward the top surface 1 B 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  
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between the quality and the ratio of the cutting radius to the maximum height of 

surface waviness of the glass material in which the cut line is formed. 

[0169] 

 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. 

[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 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 

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 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
48  surface of a glass disk 10 with a predetermined size cut from a planar
glass  obtained by the float process as described 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
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  
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surface of a glass disk 10 with a predetermined size cut from a planar glass 

obtained by the float process as described 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 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. 

[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 

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, 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 49
substrate and the tape with a polishing solution being supplied, a
circumferential  texture can be formed on the principal surface of the glass
substrate. [0174] 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  
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substrate and the tape with a polishing solution being supplied, a circumferential 

texture can be formed on the principal surface of the glass substrate. 

[0174] 

 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. 

[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 

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. [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 50  glass plate is cut from such a glass
material with a small plate thickness, the  non-defective product ratio varies
depending on the correlation between the  magnitude of surface waviness of
the glass material and the thickness of the  glass material. [0177] In
consideration of such a correlation between the thickness of the planar  glass
material and the magnitude of surface waviness, when a disk-shaped  glass
plate is cut from a glass material with a small plate thickness, a planar  glass
material having surface waviness with a specific wavelength is selected  and
cut out, or a cut line is formed on a surface having relatively small surface
waviness out of two opposing surfaces of the glass material. Thereby, it is  
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glass plate is cut from such a glass material with a small plate thickness, the 

non-defective product ratio varies depending on the correlation between the 

magnitude of surface waviness of the glass material and the thickness of the 

glass material. 

[0177] 

 In consideration of such a correlation between the thickness of the planar 

glass material and the magnitude of surface waviness, when a disk-shaped 

glass plate is cut from a glass material with a small plate thickness, a planar 

glass material having surface waviness with a specific wavelength is selected 

and cut out, or a 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. 

[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 

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 51
having small surface waviness, the non-defective ratio can be improved. That
is, in the case where a thin glass plate is cut from a glass material, since
surface waviness strongly affects the thickness, by selecting a surface having
small surface waviness in the glass material or by selecting a surface having
relatively small surface waviness out of two opposing surfaces of the glass
material, and by forming a cut line, a non-defective product can be obtained
efficiently. [0181] On the basis of the fact described above, an experiment
was carried out.  As a result, it was 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  
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having small surface waviness, the non-defective ratio can be improved.  That 

is, in the case where a thin glass plate is cut from a glass material, since 

surface waviness strongly affects the thickness, by selecting a surface having 

small surface waviness in the glass material or by selecting a surface having 

relatively small surface waviness out of two opposing surfaces of the glass 

material, and by forming a cut line, a non-defective product can be obtained 

efficiently. 

[0181] 

 On the basis of the fact described above, an experiment was carried out.  

As a result, it was 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 

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 52  product ratio can be improved will be described below
with reference to actual  experimental results. [0184] Specifically, glass
materials having different maximum heights of surface  waviness and
different thicknesses were prepared, and the coring step (second  cutting
process) was performed. 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 Table 4. [0185]  [Table 4] Thick- Waviness
Percent defective  
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product ratio can be improved will be described below with reference to actual 

experimental results. 

[0184] 

 Specifically, glass materials having different maximum heights of surface 

waviness and different thicknesses were prepared, and the coring step (second 

cutting process) was performed.  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 Table 4. 

[0185] 

[Table 4] 

 Thick-
ness Waviness Percent defective 

in coring (%) 

 (mm) 

Waviness of cut 
surface (surface 
in which cut line 

is formed) 

Waviness  
of non-cut 

surface 
(back side) 

ID 
(radius  
9 mm) 

OD 
(radius 
33 mm) 

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 

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 1.31 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
[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 53  relative to the thickness, the waviness does not
substantially influence the  results. [0189] Furthermore, Table 5 shows the
percent defective when each of the  thickness and the waviness of the
surface on which the cut line was formed  
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relative to the thickness, the waviness does not substantially influence the 

results. 

[0189] 

 Furthermore, Table 5 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. 

[0190] 

[Table 5] 
 Thickness 

(mm) 

Waviness of 
cut surface 

(nm) 

Percent 
defective 

(%) 

Waviness/thickness 
ratio (∗10-6) 

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 
Sample 4 0.95 59 2.30 62.11 

Comparative 
Sample 5 1.31 75 3.32 57.25 

Comparative 
Sample 6 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] 

(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
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] 54  
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 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 used 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 preferably formed 

between the substrate and the magnetic layer in order to control the crystal 

grains and orientation of the magnetic layer. 

[0195] 

 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 

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 used 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 preferably formed  between the substrate and the magnetic layer in
order to control the crystal  grains and orientation of the magnetic layer.
[0195] 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 55  
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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 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. 

[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 

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 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. [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 56  
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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 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 used as the magnetic layer, the coercive force 

(Hc) can be increased, and it is possible to contribute to higher recording 

density. 

[0203] 

 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. 

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 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 used as the magnetic layer,
the coercive force  (Hc) can be increased, and it is possible to contribute to
higher recording  density. [0203] 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. 57  



 57 

[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 

because 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 substrate 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 

[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
because 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 substrate 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 AIRu 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 58  
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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. 

[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 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] 
 Thickness Waviness Percent defective 

in coring (%) 
 

(mm) 

Waviness of cut 
surface (surface 
in which cut line 

is formed) 

Waviness  
of non-cut 

surface 
(back side) 

ID 
(radius 
9 mm) 

OD 
(radius 
33 mm) 

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] 

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. [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
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]
Thickness Waviness Percent defective  in corin  Waviness of cut Waviness
ID OD (mm) surface (surface of non-cut (radius (radius  in which cut line
surface g mm) 33 mm)  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  
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 Here, the percent defective in coring corresponds to the percent defective 

in the second cutting process, and 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, 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. 

[0215] 

 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 

(mm) 
Waviness of cut 

surface (nm) 

Percent 
defective 

(%) 

Waviness/thickness 
ratio (∗10-6) 

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 

 

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, and 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, 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. [0215] 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 Percent
Waviness/thickness  (mm) surface (nm) defective ratio (*10"6)  
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[0219] 

 Fig. 4 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 quality and the ratio 

between the thickness and the maximum height of surface waviness of the 

glass material on which a cut line is formed. 

[0220] 

 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. 

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 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
quality and the ratio  between the thickness and the maximum height of
surface waviness of the  glass material on which a cut line is formed. [0220]
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  
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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 

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 of the glass material on the 

side which has come into contact with the molten metal. 

   2.  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 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 

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. 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  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 of the
glass material on the  side which has come into contact with the molten
metal. 2. 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 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. 
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region in which a glass substrate for a magnetic disk is to be formed. 

   6.  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 1 to 5. 

   7.  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 the cut line in a circular shape is formed in the glass 

material and then cutting is performed, the 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. 

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

according to claim 1, wherein the predetermined relationship is PV ≤ 5 × r. 

   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 

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 62  region in which a glass substrate for a magnetic
disk is to be formed. 6. 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 1 to 5. 7. 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 the cut line in a circular shape is formed in
the glass  material and then cutting is performed, the 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. 8. The method for producing a glass substrate
for a magnetic disk  according to claim 1, wherein the predetermined
relationship is PV <_ 5 x r.  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- 
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forming a cut line, the cut line is formed in a surface with a maximum height of 

surface waviness of 50 nm or less. 

   11.  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 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 selected, and then the circle is cut out. 

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

according to claim 11, wherein a glass material satisfying the relationship PV ≤ 

5 × 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-

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 63
forming a cut line, the cut line is formed in a surface with a maximum height
of  surface waviness of 50 nm or less. 11. 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
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 selected, and then the circle is cut out. 12. The method for producing a
glass substrate for a magnetic disk  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  
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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. 

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

according to claim 15, wherein the predetermined relationship is PV ≤ 50t. 

   17.  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 the disk-shaped glass plate is cut from a glass material 

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, 

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 64
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. 16. The
method for producing a glass substrate for a magnetic disk  according to
claim 15, wherein the predetermined relationship is PV <_ 50t.  17. 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 the
disk-shaped glass plate is cut from a glass material  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  
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a glass material having a predetermined maximum height of surface waviness 

or less is selected, and then the cut line is formed. 

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

according to claim 19, 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. 

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

according to any one of claims 15 to 20, 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. 

   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. 

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,
65  a glass material having a predetermined maximum height of surface
waviness  or less is selected, and then the cut line is formed. 20. The method
for producing a glass substrate for a magnetic disk  according to claim 19,
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. 21. The method for producing a glass substrate for a
magnetic disk  according to any one of claims 15 to 20, 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. 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. 


