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DESCRIPTION

[Title of Invention]

MAGNETIC-DISK GLASS SUBSTRATE

[Technical Field]

[0001] The present invention relates to a magnetic-disk glass substrate.
[Background Art]

[0002] Nowadays, in order to record data, hard disk drives are incorporated in
personal computers, laptop computers, DVD (digital versatile disc) recording
apparatuses, and the like. In particular, a magnetic disk obtained by
providing a magnetic layer on a non-magnetic substrate for a magnetic disk is
used in a hard disk drive used in a device for which portability is a prerequisite,
such as a laptop personal computer. A glass substrate is used as a
magnetic-disk substrate, for example.

[0003] In order to meet the demand for an increase in the recording density
and an increase in the storage capacity of magnetic disks, DFH (disk flying
height)-type magnetic heads (referred to as DFH heads, hereinafter) have been
developed in which, due to allowing only a recording and reproduction element
(at least one of a recording element and a reproduction element to protrude
toward the medium surface, a distance between the magnetic disk surface and
the recording and reproduction element (referred to as a flying height,
hereinafter) is shorter than in a conventional magnetic disk, and a flying height
of about 5 nm is achieved, for example,.

[0004] In such DFH heads, the above-described flying height is short, and thus
it 1s necessary to avoid attachment of minute particles and the like to main
surfaces of magnetic disks. In order to suppress the attachment of these
minute particles, it is desirable that not only main surfaces but also edge
surfaces of the glass substrate are polished with high precision, so that defects

such as minute recesses and the like are not formed.
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[0005] Usually, the edge surface of a glass substrate includes a side wall
surface of the glass substrate and chamfered surfaces provided between this
side wall surface and the main surfaces. In this glass substrate, a glass
substrate that has no recessed pit defects on chamfered surfaces is known
(Patent Literature 1).

The glass substrate is obtained by performing edge surface polishing
using a polishing brush after chamfering processing is performed with a
grindstone to which diamond abrasive particles are fixed, and is a glass
substrate having five or less pit defects/mm?2, the pit defects having a diameter
or a major length of 10 pm or more that are observed after the surface of the
chamfered surfaces of the glass substrate are etched by 5 pm.
[Citation List]
[Patent Literature]
[0006] [PLT1]: JP 2012-142084A
[Summary of Invention]
[Technical Problem]
[0007] The above-described DFH head is provided with a heater for controlling
the above-described flying height with thermal expansion resulting from heat
provided to a recording and reproduction element, and recently, in order to
further reduce the flying height, a HDI (head disc interface) sensor has been
mounted on the DFH head as a functional element for controlling the flying
height with high precision. In this DFH head, a protrusion amount of at least
one of a recording element and a reproduction element is controlled based on a
signal from the HDI sensor. Even in the case where the distance between the
recording and reproduction element and the magnetic disk is made extremely
small, or for example, 1 nm or less, by the DFH head mounted with the HDI
sensor, for the first time, it has become possible to perform stable recording and
reproduction over a long period of time.
[0008] When a long-term medium durability test was performed under the

flying conditions that the flying height of the recording and reproduction
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element of the DFH head was 1 nm, 5 nm, and 10 nm using such a DFH head
and a magnetic disk that was produced from a glass substrate that had no pit
defects described above, under the flying condition that the flying height was 1
nm, a phenomenon in which the SN ratio of a reproduction signal decreased
was confirmed. A decrease in the above-described SN ratio was not observed
under the conventional flying conditions that the flying heights were 5 nm and
10 nm.

Thus, it is conceivable that under the flying condition that the flying
height was 1 nm or less, the SN ratio of the reproduction signal decreased due
to a phenomenon to which there was no need to give consideration before.
[0009] In view of this, an object of the present invention is to provide a
magnetic-disk glass substrate that does not hinder the recording and
reproduction of the magnetic disk and a method for manufacturing a
magnetic-disk glass substrate.

[Solution to Probleml]
[0010] An aspect of the present invention is a magnetic-disk glass substrate
containing an alkali metal component as a glass composition.

An edge surface of the glass substrate is a mirror surface, and

the edge surface includes a surface such that in a bearing ratio curve of
roughness cross-sectional areas obtained when a surface roughness of the edge
surface obtained by etching the edge surface by 2.5 pm is measured, a
roughness percentage when a bearing ratio of a roughness cross-sectional area
1s 50% 1s 40% or more.

[0011] At this time, it is preferable that the edge surface of the glass substrate
1s an outer circumferential side edge surface. Also, it is preferable that the
roughness percentage is 60% or less.

[0012] It is preferable that the edge surface includes a side wall surface of the
substrate and a chamfered surface provided between the side wall surface and
the main surface, and the side wall surface and the chamfered surface include a

surface such that in the bearing ratio curve, the roughness percentage when
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the bearing ratio of the roughness cross-sectional area is 50% is 40% or more.
[0013] It is preferable that an arithmetic average surface roughness of the
mirror surface is 0.015 pm or less.

[0014] It is preferable that the edge surface includes a side wall surface of the
substrate and a chamfered surface provided between the side wall surface and
the main surface, and when a measurement point is provided every 30 degrees
in a circumferential direction, referenced on a center of the magnetic-disk glass
substrate, and a radius of curvature of a cross-sectional shape of a portion at
which the side wall surface and the chamfered surface are connected to each
other at the measurement point is obtained, a difference in the radiuses of
curvature between measurement points is 0.01 mm or less.

[0015] It is preferable that the glass substrate is a magnetic-disk glass
substrate that is to be mounted on a hard disk drive together with a magnetic
head on which a HDI (head disc interface) sensor is mounted and that is
capable of controlling a protrusion amount of at least one of a recording element
and a reproduction element based on a signal from the HDI sensor.

Also, it is preferable that the glass substrate is a glass substrate that is
to be used as a magnetic disk for an energy-assisted magnetic recording
method.

[0016] Moreover, another aspect of the present invention is a method for
manufacturing a magnetic-disk glass substrate including processing for
polishing an edge surface of a glass substrate. In the edge surface polishing
processing in the manufacturing method, the edge surface is polished such that
in a bearing ratio curve of roughness cross-sectional areas obtained when a
surface roughness of the edge surface obtained by etching the edge surface of
the glass substrate by 2.5 pym is measured, a roughness percentage when a
bearing ratio of a roughness cross-sectional area is 50% is 40% or more.
[Advantageous Effects of the Invention]

[0017] According the above-described magnetic-disk glass substrate and

method for manufacturing a magnetic-disk glass substrate, it is possible to
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suppress the occurrence of corrosion on an edge surface of a glass substrate.
As a result, even under the flying condition that the flying height of a recording
and reproduction element is smaller than in the conventional recording and
reproduction element, the recording and reproduction of a magnetic disk is not
hindered and a decrease in the SN ratio of a reproduction signal can be
suppressed.

[Brief Description of Drawings]

[0018] FIG. 1is a diagram showing the external shape of a magnetic-disk glass
substrate of this embodiment.

FIG. 2 is an enlarged cross-sectional view of an edge surface of a
magnetic-disk glass substrate of this embodiment.

FIG. 3 is a diagram illustrating a bearing ratio curve of roughness
cross-sectional areas of a glass substrate.

FIG. 4 is a diagram illustrating a bearing ratio of a roughness
cross-sectional area (cross-sectional length).

FIGS. 5(a) to 5(d) are diagrams showing waveforms of various
one-dimensional surface shapes and a bearing ratio curve of roughness
cross-sectional lengths obtained from each waveform.

FIG. 6 is a diagram illustrating a method for obtaining a radius of
curvature of a cross-sectional shape of a portion at which a side wall surface
and a chamfered surface of the glass substrate of this embodiment are
connected to each other.

FIG. 7 is a diagram illustrating helical grinding performed on the glass
substrate of this embodiment.

FIG. 8 is a diagram illustrating an example of edge surface polishing
processing of this embodiment.

FIG. 9 is a diagram illustrating an example of edge surface polishing
processing of this embodiment.

FIG. 10 is a diagram illustrating an example of edge surface polishing

processing in this embodiment.
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FIG. 11 is a diagram illustrating an example of edge surface polishing
processing in this embodiment.
[Description of Embodiments]
[0019] Hereinafter, a magnetic-disk glass substrate and a method for
manufacturing a magnetic-disk glass substrate according to the present
invention will be described in detail.
[0020] Upon conducting studies on a glass substrate in which the SN ratio of a
reproduction signal decreases under the flying condition that the flying height
of a recording and reproduction element of a magnetic head is 1 nm or less, an
inventor of this invention found that a substance caused by corrosion (elution of
glass components) that conventionally would not occur if the edge surface of the
glass substrate was polished into a mirror surface was formed on the edge
surface. It is conceivable that this corrosion-derived substance moved to the
main surfaces and attached to the recording and reproduction element. That
1s, it is thought that even if the edge surface of the glass substrate is finished
into a mirror surface, the surface of the edge surface is damaged by heat shock
or the like during film formation processing when a magnetic disk is
manufactured, a latent crack formed in shape processing or edge surface
polishing widens, the crack becomes apparent, and corrosion occurs in which a
portion of the glass components, for example, an alkali metal component, is
eluted from this apparent crack. In particular, in a glass substrate used for a
magnetic disk for an energy-assisted magnetic recording method such as
HAMR (heat assisted magnetic recording) with which information is recorded
by locally heating the magnetic disk using a laser beam or the like, annealing
processing needs to be performed at a temperature of 500 to 700°C, for example,
after a magnetic layer is formed, and thus the occurrence of corrosion needs to
be suppressed more significantly.

In order to suppress the occurrence of this corrosion, as a result of
intensive studies on the surface shapes of an edge surface of a glass substrate

and the occurrence of corrosion, the inventor of this invention achieved the
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following techniques.
[0021] <An arithmetic average roughness Ra and a maximum height Rz
referred to in this specification are values conforming to JIS B0601: 2001.

* Measurement of a surface shape of an edge surface of a glass substrate,
which 1s performed in order to obtain a bearing ratio of a roughness
cross-sectional area, an arithmetic average roughness Ra, and a maximum
height Rz is performed under the following conditions in a 50x50 pm square
evaluation region using a laser microscope.

Observation magnification: 3000-fold,

Measurement pitch in height direction (Z axis): 0.01 um,

Cutoff value As: 0.25 ym, and

Cutoff value Ac: 80 pm.

Note that the resolution in the height direction is preferably 1 nm or
less. Also, although the observation magnification is 3000-fold in the present
embodiment, the observation magnification is selected in a range of 1000 to
3000-fold as appropriate in accordance with the size of the measurement
surface.

[0022] Magnetic disk

A magnetic disk has a donut shape obtained by concentrically hollowing
out the central portion of a disk shape and rotates about the center of the ring.
The magnetic disk includes a glass substrate and at least a magnetic layer.
Note that in addition to the magnetic layer, an adherent layer, a soft magnetic
layer, a nonmagnetic base layer, a vertical magnetic recording layer, a
protecting layer, a lubricant layer, and the like are formed, for example. A Cr
alloy or the like is used as the adherent layer, for example. The adherent
layer functions as a layer for affixing the glass substrate. A CoTaZr alloy or
the like is used as the soft magnetic layer, for example. A granular
nonmagnetic layer or the like is used as the nonmagnetic base layer, for
example. A granular magnetic layer or the like is used as the vertical

magnetic recording layer, for example. A material made of hydrogen carbon is
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used as the protecting layer. A fluorine-based resin or the like is used as the
lubricant layer, for example.
[0023] The magnetic disk is obtained by successively forming, on both main
surfaces of a glass substrate, a CrTi adherent layer, a CoTaZr/Ru/CoTaZr soft
magnetic layer, a CoCrSiOz nonmagnetic granular base layer, a
CoCrPt-Si02'TiO2 granular magnetic layer, and a hydrogenated carbon
protecting film, wusing an inline sputtering apparatus, for example.
Furthermore, a perfluoropolyether lubricant layer is formed with a dipping
method on the outermost layer that was formed.
[0024] Aluminosilicate glass, soda-lime glass, borosilicate glass, and the like
can be used as a material for the magnetic-disk glass substrate in the present
embodiment. In particular, aluminosilicate glass can be suitably used in light
of the fact that chemical strengthening can be carried out, and a magnetic-disk
glass substrate that is excellent in flatness of main surfaces and substrate
strength can be produced.
[0025] Glass Composition 1

Although there is no limitation on the composition of the glass
substrate of the present embodiment, the glass substrate of the present
embodiment 1is preferably amorphous aluminosilicate glass having a
composition including, in terms of oxide amount in mol%, SiO¢2 in an amount of
50 to 75%, Al2Os in an amount of more than 1% to 15% or less, at least one
component selected from Li2O, Na20, and K20 in a total amount of 5 to 35%, at
least one component selected from MgO, CaO, SrO, BaO, and ZnO in a total
amount of 0 to 20%, and at least one component selected from ZrOgz, TiOg, La20s,
Y203, Ta205, Nb20s, and HfO2 in a total amount of 0 to 10%. Hereinafter, the
above composition is also referred to as Glass Composition 1.

The glass substrate of the present embodiment is a substrate
containing alkali metal components such as Li2O, Na20, and K20 as the glass
composition.

Note that if the glass substrate is used for a magnetic disk for an



10

15

20

25

30

energy-assisted magnetic recording method, it is preferable to adjust the glass
composition such that a glass transition point (Tg) is 600°C or more.
[0026] Glass Composition 2

Also, as disclosed in Patent Literature 2009-99239A, for example, the
glass substrate of the present embodiment may be amorphous aluminosilicate
glass having a composition including, in mass%, SiO2 in an amount of 57 to 75%,
Al203 in an amount of 5 to 20% (it should be noted that the total amount of SiOs
and Al20s is 74% or more), ZrO2, HfO2, Nb2Os, Ta205, La20s, Y203, and TiO2 in
a total amount of more than 0% to 6% or less, LizO in an amount of more than
1% to 9% or less, Na20 in an amount of 5 to 18% (it should be noted that a mass
ratio Li2O/Na20 is 0.5 or less), K20 in an amount of 0 to 6%, MgO in an amount
of 0 to 4%, CaO in an amount of more than 0% to 5% or less (it should be noted
that the total amount of MgO and CaO is 5% or less and the content of CaO is
larger than that of MgO), and SrO+BaO in an amount of 0 to 3%, for example.
Hereinafter, the above composition is also referred to as Glass Composition 2.
[0027] Magnetic-disk glass substrate

FIG. 1 is a diagram showing the external shape of a magnetic-disk glass
substrate of the present embodiment. FIG. 2 is an enlarged cross-sectional
view of an outer circumferential side edge surface of a magnetic-disk glass
substrate.

As shown in FIG. 1, a magnetic-disk glass substrate in the present
embodiment is a donut-shaped thin glass substrate in which an inner hole 2 is
formed. There is no limitation on the size of the glass substrate. The glass
substrate can be used as a substrate having a nominal size of 1.8 to 3.5 inches,
for example. There is also no particular limitation on the substrate thickness,
and it may be 0.3 to 3 mm, for example.

As shown in FIG. 2, the glass substrate of the present embodiment has
a pair of main surfaces 1p, a side wall surface 1t of the glass substrate that
extends vertically to the pair of main surfaces 1p, and chamfered surfaces 1c

that are provided between the side wall surface 1t and the main surfaces 1p,
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extend from the side wall surfaces 1t with inclination with respect to the side
wall surfaces 1t, and are connected to the main surfaces 1p. Although not
shown, a side wall surface and chamfered surfaces are formed similarly to an
inner circumferential side edge surface of the glass substrate. Note that the
chamfered surfaces may be partially or entirely formed into an arcuate shape in
cross-sectional view.

[0028] The glass substrate of the present embodiment has a shape that meets
the following two requirements, namely, Requirement 1 and Requirement 2,
with regard to the surface shape of at least one of the side wall surface and the
chamfered surfaces.

Requirement 1: the edge surface of the glass substrate is a mirror
surface,

Requirement 2: the glass substrate includes an edge surface such that
in a bearing ratio curve of roughness cross-sectional areas obtained when the
surface roughness of the edge surface obtained by wet-etching the edge surface
of the glass substrate by 2.5 pm is measured, a roughness percentage when a
bearing ratio of a roughness cross-sectional area is 50% is 40% or more.

[0029] The edge surface of the glass substrate being a mirror surface in
Requirement 1 indicates that the edge surface of the glass substrate is a
surface that has undergone polishing processing, reflects an image of an object,
and reflects the image on the surface as a mirror. It is preferable that the
mirror surface is such that an arithmetic average roughness Ra, which is the
surface roughness of the edge surface, is 0.015 pm or less, for example. If the
arithmetic average roughness Ra of the edge surface is greater than 0.015 pm,
foreign matter (minute particles) easily attaches thereto due to foreign matter
being captured by a recessed portion on the surface. Also, it is preferable that
a maximum height Rz, which is the surface roughness of the edge surface, is
0.15 pm or less. Because the depths of grooves that are in the form of stripes
occurring on the edge surface are reduced by setting the maximum height Rz to

0.15 pm or less, minute particles of colloidal silica or the like used in polishing
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are unlikely to attach to (remain on) the surface.

The arithmetic average roughness Ra is more preferably 0.015 pm or
less, and the maximum height Rz is preferably 0.15 pm or less.
[0030] The roughness percentage of Requirement 2 can be obtained from the
bearing ratio curve of the roughness cross-sectional area of the edge surface
(the side wall surface and/or the chamfered surfaces) described below. FIG. 3
is a diagram illustrating the bearing ratio curve of the roughness
cross-sectional areas of the side wall surface and/or the chamfered surface.
Note that the bearing ratio curve of the roughness cross-sectional areas is also
referred to as a bearing curve.
[0031] Here, the "roughness percentage" indicates a value obtained by,
expressing the level of a cutting height in percentage, when assuming that, in
the results of measurement of the surface shape of a surface vicinity region of a
target object (or data on measurement of the surface shape), the surface
vicinity region of the object is cut by a plane parallel to a surface that defines a
macroscopic shape of the surface at a given height, the level of a cutting height
(cutting level) at which the cut plane comes into contact with the maximum
protruding portion that protrudes the most in the surface vicinity region is set
to a maximum height 0%, and the level of a cutting height (cutting level) at
which the cutting plane is in contact with the deepest valley portion that
recesses the most in the surface vicinity region of the glass substrate is set to a
minimum height 100%,. The "bearing ratio of the roughness cross-sectional
area" indicates a value obtained by expressing, in percentage, the ratio of an
area of a cutting plane that cuts the surface vicinity region at a specific cutting
level, with respect to the area of a portion in which the surface vicinity region of
the object is present on the cutting plane (that is, the area of the surface
vicinity region of the object viewed in a direction orthogonal to the cutting
plane, but not the area of a surface extending along the unevenness of the
surface). In the example of the one-dimensional surface shape shown in FIG.

4, the "bearing ratio of the roughness cross-sectional area" indicates a value,
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which is expressed in percentage, of a ratio of a total length (Li+Lo+Ls+L4) of
lengths L1, Le, L3, and L4 of a region that cuts the surface vicinity region of the
object, with respect to a cut length Lo. FIG. 4 is a diagram illustrating the
bearing ratio of the roughness cross-sectional area.

The "bearing ratio curve of the roughness cross-sectional areas" is a

curve that expresses a relationship between the roughness percentage and the
bearing ratio of the roughness cross-sectional area where the vertical axis is the
axis for the roughness percentage and the horizontal axis is the axis for the
bearing ratio of the roughness cross-sectional area.
[0032] FIGS. 5(a) to 5(d) are diagrams showing waveforms c to f of a plurality
of one-dimensional surface shapes and bearing ratio curves C to F of roughness
cross-sectional lengths obtained at this time. Because the bearing ratio curves
of one-dimensional waveforms are obtained, the bearing ratio curves of the
roughness cross-sectional lengths are shown in the examples shown in FIGS.
4(a) to 4(d), but the bearing ratio curves obtained by checking the roughness
cross-sectional areas are shown in the example shown in FIG. 3.

As shown in FIG. 4(a), in the case of waveform ¢ in which protruding
portions protrude at a distance from each other from a surface having an
approximately constant level, bearing ratio curve C is a curve in which the
bearing ratio gradually increases (advances in the rightward direction of the
horizontal axis in FIG. 4(a)) when the roughness percentage advances from 0%
to 100% (advances in the downward direction of the vertical axis in FIG. 4(a)).
In contrast, as shown in FIG. 4(d), in the case of waveform f in which recessed
portions such as cracks advance at a distance from each other from the surface
having an approximately constant level to the inner portion, bearing ratio
curve F is a curve in which the bearing ratio suddenly increases (advances in
the rightward direction of the horizontal axis in FIG. 4(d)) when the roughness
percentage advances from 0% to 100% (advances in the downward direction of
the vertical axis in FIG. 4(d)). As shown in FIG. 4(b), in the case of the

one-dimensional waveform d in which protruding portions and recessed
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portions appear at approximately the same ratio, bearing ratio curve D is a
curve in which when the roughness percentage advances from 0% to 100%
(advances in the downward direction of the vertical axis in FIG. 4(b)), the slope
of an increase in the bearing ratio (the rightward direction of the horizontal
axis in FIG. 4(b)) is approximately constant, and the slope is an intermediate
value between the slope of bearing ratio curve C and the slope of bearing ratio
curve F. Therefore, the type of the surface shape can be understood from the
bearing ratio curve.

[0033] Regarding Requirement 2 above, first, a bearing ratio curve of the
surface shape relating to the edge surface obtained by wet-etching the edge
surface of the glass substrate by 2.5 pm is obtained. Data on this surface
shape is obtained by measuring the surface shape relating to the edge surface
that has undergone wet-etching. At this time, on the edge surface of the glass
substrate of the present embodiment that has undergone wet-etching, the
roughness percentage when the bearing ratio of the roughness cross-sectional
area is 50% is 40% or more. In this manner, the edge surface of the glass
substrate of the present embodiment includes surface properties such that
when the edge surface of the glass substrate is wet-etched, the roughness
percentage is 40% or more.

[0034] The reason why the surface shape of the edge surface of the glass
substrate is defined using the roughness percentage of the surface shape of the
edge surface that has undergone wet-etching is so that at the time of shape
processing for forming the side wall surface 1t and the chamfered surfaces 1c
(see FIG. 2), a latent crack is formed in the vicinity of the surface of the edge
surface of the glass substrate, a gap of this latent crack widens due to
wet-etching, and the latent crack becomes apparent. That is, multiple latent
cracks that are not apparent unless wet-etched are formed on the edge surface
of the glass substrate that has undergone the edge surface polishing processing,
these latent cracks are made apparent with wet-etching, and the bearing ratio

curve of the surface shape of the edge surface that has undergone wet-etching



10

15

20

25

30

14

1s obtained in order to evaluate the edge surface.

[0035] With the glass substrate of the present embodiment, the roughness
percentage when the bearing ratio of the roughness cross-sectional area of the
surface shape of the edge surface that has undergone wet-etching is 50% is 40%
or more. This indicates that the edge surface that has undergone wet-etching
does not have a surface shape as shown in FIG. 4(d), but has a surface shape as
shown in FIG. 4(b). That is, it indicates that the edge surface does not have
the surface shape such that recessed portions such as cracks as shown in FIG.
4(d) advance the inner portion. The reason why the surface shape of the edge
surface is defined with a roughness percentage when the bearing ratio of the
roughness cross-sectional area is 50% is because the shape of the bearing ratio
curve can be known with this percentage, and the surface shape of the edge
surface that has undergone wet-etching can be known.

[0036] Regarding the bearing ratio curve of the surface shape of the edge
surface shown in FIG. 3, the roughness percentage when the bearing ratio of
the roughness cross-sectional area is 50% is 40% or more in bearing ratio curve
A, and the roughness percentage when the bearing ratio of the roughness
cross-sectional area is 50% is less than 40% in Bearing ratio Curve B. Thus,
the surface shape of the edge surface showing bearing curve A is close to the
surface shape in which recessed portions and protruding portions are included
in approximately the same ratio as shown in FIG. 4(b), and the surface shape
showing bearing curve B is close to the surface shape in which recessed
portions such as cracks advance at a distance from each other from an
approximately constant surface level, as shown in FIGS. 4(c) and 4(d).

That is, Requirement 2 means that even if the edge surface is
wet-etched, there are few apparent latent cracks. Therefore, with a glass
substrate that meets Requirement 1 and Requirement 2, minute particles are
unlikely to attach to its edge surface, and because the glass substrate has few
latent cracks, even if the latent cracks widen and become apparent due to heat

shock or the like in film formation processing at the time of production of a
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magnetic disk, there will be few apparent cracks. Thus, the occurrence of
corrosion on the glass substrate is suppressed. That is, the glass substrate of
the present embodiment, recording and reproduction are unlikely to be
hindered under the flying condition of a recording element or a reproduction
element in which the flying height is 1 nm or less, and a decrease in the SN
ratio of a signal can be suppressed.

If the glass substrate contains alkali metal components, the alkali
metal components easily are eluted from the surface of the glass substrate.
Even in the case of a glass substrate constituted by alkali-containing glass
containing such alkali metal components, the glass substrate of the present
embodiment has few latent cracks, and thus the occurrence of corrosion can be
suppressed.

[0037] In this manner, the edge surface of the present embodiment is a mirror
surface, and the edge surface has surface properties such that the roughness
percentage when the bearing ratio of the roughness cross-sectional area is 50%
1s 40% or more in the bearing ratio curve of the roughness cross-sectional area
of the edge surface that has undergone wet-etching. The edge surface
including such surface properties is realized by adjusting processing conditions
with later-described shape processing and edge surface polishing processing
using magnetic functional fluid in a method for manufacturing a glass
substrate that will be described later. In edge surface polishing processing
with the conventional polishing brush or polishing pads, the edge surface can
be formed into a mirror surface in the edge surface polishing processing for
polishing the edge surface by causing the polishing brush or polishing pads to
abut against the edge surface, but latent cracks easily form in the vicinity of
the surface, and thus Requirement 2 is not met. In edge surface polishing
processing using magnetic functional fluid, the magnetic functional fluid
hardens due to magnetism. However, compared to the polishing brush or
polishing pads, the magnetic functional fluid flexibly deforms in accordance

with the cross-sectional shape of the side wall surface 1t and the chamfered
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surfaces 1lc of the glass substrate, and thus stripe-shaped grooves or latent
cracks are unlikely to form on the surfaces of the side wall surface 1t or the
chamfered surfaces 1lc. A slurry obtained by including polishing abrasive
particles in magnetorheological fluid is favorably used as the magnetic
functional fluid.

[0038] Note that it is preferable that the roughness percentage after etching is
60% or less. If the roughness percentage after etching is greater than 60%, the
surface shape of the edge surface is closer to the surface shape as shown in
waveform ¢ shown in FIG. 4(a), and blemishes easily occur on the surface.
Although the cause for this is not necessarily clear, if the roughness percentage
after etching is greater than 60%, it is inferred that the edge surface of the
glass substrate before etching is likely to be damaged by corrosion due to a wire
region of its surface being etched or scratched. Therefore, it is inferred that if
main surfaces are polished after the edge surface is polished while the glass
substrate is held by a carrier, or if an outer circumferential edge surface of a
magnetic-disk glass substrate is held by claw-like jigs, blemishes easily occur
on the edge surface.

Also, it is preferable that the side wall surface 1t and chamfered
surfaces 1lc of the glass substrate have surface properties that satisfy
Requirement 2. Accordingly, the occurrence of corrosion on the side wall
surface 1t and the chamfered surfaces 1c of the glass substrate is suppressed
[0039] A portion at which the side wall surface 1t and the chamfered surfaces
lc of the glass substrate connect may have a round shape due to shape
processing or edge surface polishing processing in some cases. In this case,
when a measurement point is provided every 30 degrees in the circumferential
direction reference on the center of the glass substrate, and a radius of
curvature of a cross-sectional shape of a portion at which the side wall surface
1t and a chamfered surface 1c connect to each other is obtained at a
measurement point, a difference in the radius of curvature between adjacent

measurement points is preferably 0.01 mm or less. Accordingly, variation in
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edge surface shape on the circumference can be suppressed. Note that if this
value is greater than 0.01 mm, there are cases where fluttering problems will
arise after the glass substrate is incorporated into a HDD.

Note that a radius of curvature R of a portion at which the side wall

surface 1t and the chamfered surface 1c are connected to each other can be
obtained as follows.
[0040] FIG. 6 is a diagram illustrating a method for obtaining a radius of
curvature of a cross-sectional shape of the portion at which the side wall
surface 1t and the chamfered surface 1c are connected to each other. In FIG. 6,
R indicates a radius of a circle C2 that forms the curvature of a cross-sectional
shape of the portion at which the side wall surface 1t and the chamfered
surface 1c are connected to each other, and indicates the radius of curvature of
the shape of this connection portion. First, an intersection point of a virtual
line L1 obtained by extending a linear portion of the chamfered surface 1c and a
virtual line L2 obtained by extending a linear portion of the side wall surface 1t
is given as P1. Next, a virtual line L3 passing through the intersection point
P1 and extending vertically to the linear portion of the chamfered surface 1c is
set. Next, an intersection point of the virtual line L3 and the portion at which
the side wall surface 1t and the chamfered surface 1lc are connected to each
other is given as P2. Next, a circle C1 having a predetermined radius (50 pm,
for example) about the intersection point P2 is set on the cross-section of the
glass substrate. Next, two intersection points of an outer circumference of the
circle C1 and the portion at which the side wall surface 1t and the chamfered
surface 1c are connected to each other are respectively given as P3 and P4.
Furthermore, a circle C2 respectively passing through three intersection points
P2, P3, and P4 is set. By obtaining the radius R of the circle C2 in this manner,
the radius of curvature R of the cross-sectional shape of the portion at which
the side wall surface 1t and the chamfered surface 1lc are connected to each
other can be obtained.

[0041] Also, as for shape processing for forming the side wall surface 1t and
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the chamfered surfaces 1c of the glass substrate of the present embodiment, it
is preferable to perform helical grinding on the edge surface of the glass
substrate to form the side wall surface 1t and the chamfered surfaces 1c. FIG.
7 is a diagram illustrating helical grinding.

[0042] As shown in FIG. 7, a grinding grindstone 40 used in processing for
grinding the edge surface of a glass substrate G is formed in a cylindrical shape
as a whole and has a groove 50. The groove 50 is formed so as to be capable of
simultaneously grinding both the side wall surface 1t and the chamfered
surfaces 1c of the glass substrate G. Specifically, the groove 50 has a groove
shape including a side wall portion 50a and chamfering portions 50b and 50b
located on both sides of the side wall portion 50a. The side wall portion 50a
and the chamfering portions 50b and 50b of the above-described groove 50 are
formed so as to have predetermined dimensions and shapes in consideration of
the finishing target dimensions and shapes of the ground surfaces of the glass
substrate G.

[0043] In the shape processing for forming the edge surface of the glass
substrate, the grinding processing is performed by rotating both the glass
substrate G and the grinding grindstone 40 while bringing the grinding
grindstone 40 into contact with the edge surface of the glass substrate G in a
state in which the glass substrate G 1is inclined with respect to a
circumferential direction in which the groove 50 formed in the grinding
grindstone 40 extends, that is, in a state in which a rotation axis L1 of the glass
substrate G is inclined at an angle a (a is such that a counterclockwise angle is
positive in FIG. 7) with respect to a rotation axis Lao of the grindstone 40.
[0044] Although the inclination angle a of the glass substrate G with respect to
the groove direction of the above-described grinding grindstone 40 can be set
arbitrarily, in order to better obtain the above-described functional effect, the
inclination angle a is preferably set in a range of 1 to 15 degrees, for example.
It is preferable that the grinding grindstone 40 used in the grinding processing

is a grindstone obtained by fixing diamond abrasive particles with resin (resin
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bond grindstone) or an electrodeposition grindstone obtained by fixing diamond
abrasive particles with electrodeposition. It is preferable to use a 800# to
3000# diamond grindstone.
[0045] A preferable example of the circumferential speed of the grinding
grindstone 40 is 500 to 3000 m/minute, and the circumferential speed of the
glass substrate G is about 1 to 30 m/minute. In addition, it is preferable that
the ratio (circumferential speed ratio) of the circumferential speed of the
grinding grindstone 40 with respect to the circumferential speed of the glass
substrate G is in a range of 50 to 300. Note that the above-described grinding
step may be divided into two steps, and as described above, first grinding may
be performed in a state in which the rotation axis of the glass substrate G is
inclined at an angle a (a>0), second grinding may be performed in a state in
which the rotation axis of the glass substrate G is inclined at only an angle —a
using another grindstone, and adjustment may be performed such that the
machining allowance of the second grinding is smaller than the machining
allowance of the first grinding.

Note that in the shape processing, grinding with a formed grindstone is
more preferably performed before helical grinding.
[0046] Method for manufacturing magnetic-disk glass substrate

Next, a method for manufacturing a magnetic-disk glass substrate
according to the present embodiment will be described. First, a glass blank,
which serves as a raw material for a plate-shaped magnetic-disk glass
substrate having a pair of main surfaces, is produced by press molding (press
molding processing). Note that although the glass blank is produced by press
molding in the present embodiment, a glass plate may be formed by a known
float method, redraw method, or fusion method, and a glass blank having the
same shape as that of the above-described glass blank may be cut out from the
glass plate.

Next, a circular inner hole is created in a central portion of the

produced glass blank, and a ring-shaped (annular) glass substrate is produced
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(circular hole formation processing). Next, shape processing for forming a
chamfered surface is performed on the inner circumferential edge portion and
the outer circumferential edge portion of the glass substrate in which the
circular hole is formed (shape processing). Accordingly, the glass substrate is
obtained. Next, edge surface polishing is performed on the glass substrate
that was subjected to shape processing (edge surface polishing processing).
Grinding with fixed abrasive particles is performed on the glass substrate that
was subjected to edge surface polishing (grinding processing). Next, first
polishing is performed on main surfaces of the glass substrate (first polishing
processing). Next, chemical strengthening is performed on the glass substrate
as needed (chemical strengthening processing). Next, second polishing is
performed on the glass substrate (second polishing processing). Thereafter,
ultrasonic cleaning is performed on the glass substrate that has undergone the
second polishing processing (ultrasonic cleaning processing). A magnetic-disk
glass substrate can be obtained through the above-described processing.
Hereinafter, each process will be described in detail.
[0047] (a) Press molding processing

A disk-shaped glass blank is molded by cutting the tip of molten glass
flow with a cutter, sandwiching the mass of the cut molten glass between press
molding surfaces of a pair of metal molds, and pressing the mass. After
pressing is performed for a predetermined time, the metal molds are opened to
remove the glass blank.
[0048] (b) Circular hole formation processing

A disk-shaped glass substrate having a circular hole can also be
obtained by forming the circular inner hole on the glass blank with a drill or the
like.
[0049] (c) Shape processing

In the shape processing, chamfering processing is performed on an edge
surface of the glass substrate that has undergone the circular hole formation

processing. Chamfering is performed using a grinding grindstone, or the like.
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On the edge surface of the glass substrate, a side wall surface of the substrate
that extends vertically to the main surfaces of the glass substrate and
chamfered surfaces that are provided between this side wall surface and the
main surfaces and extend with an inclination with respect to the side wall
surface are formed by chamfering.

In the shape processing, the side wall surface and the chamfered
surfaces may be formed by the above-described helical grinding. Furthermore,
grinding with a formed grindstone may be performed before helical grinding.
[0050] (d) Edge surface polishing processing

In the edge surface polishing processing, mirror finishing is performed
on the outer circumferential side edge surface and the inner circumferential
side edge surface of the glass substrate by edge surface polishing processing
using the magnetic functional fluid as below. Accordingly, a glass substrate
that meets Requirement 1 and Requirement 2 can be obtained. In particular,
it is preferable to perform edge surface polishing processing using magnetic
functional fluid on the outer circumferential side edge surface of the glass
substrate in light of the fact that corrosion is suppressed. Because the area of
the outer circumferential side edge surface is larger than that of the inner
circumferential side edge surface, and the outer circumferential side edge
surface is exposed at the inner portion of a HDD (hard disk drive) into which
the glass substrate is incorporated as a magnetic disk, for example, when
corrosion occurs on the outer circumferential side edge surface, corrosion is
likely to greatly affect the magnetic head. The magnetic functional fluid
contains polishing abrasive particles, in addition to magnetic particles. That
1s, the edge surface is polished such that the edge surface of the glass substrate
has surface properties such that in the bearing ratio curve of roughness
cross-sectional areas obtained when the surface roughness of the edge surface
obtained by wet-etching the edge surface of the glass substrate by 2.5 pm is
measured, a roughness percentage when the bearing ratio of the roughness

cross-sectional area i1s 50% is 40% or more.
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[0051] The edge surface polishing processing using a magnetic slurry is
performed with a method as described below, for example. FIGS. 8 to 11 are
diagrams illustrating an example of the edge surface polishing processing in
the present embodiment.

An apparatus 10 that performs edge surface polishing uses a means of
generating magnetism and magnetic functional fluid containing magnetic
particles and polishing abrasive particles to polish the edge surface of the glass
substrate. To give a description of an overview of the apparatus 10 that
performs edge surface polishing, as shown in FIG. 8, the apparatus 10 includes
a pair of magnets 12 and 14, which are permanent magnets, and a spacer 16.
In the apparatus 10, the spacer 16 is sandwiched between the magnets 12 and
14, and the apparatus 10 has a rotary shape that is long in one direction. The
glass substrate on which edge surface polishing is performed is held by a holder
(not shown). The apparatus 10 is disposed in the vicinity of the outer
circumferential side edge surface of the glass substrate held by the holder, and
a mass 20 (see FIGS. 10 and 11) of magnetic functional fluid and the outer
circumferential side edge surface of the glass substrate are brought into contact
with each other. The apparatus 10 and the holders (not shown) for holding the
glass substrates are mechanically connected to a driving motor (not shown).
As shown in FIG. 11, the apparatus 10 and the holder rotate due to the driving
of the driving motor, and the outer circumferential side edge surface of the
glass substrate and the mass 20 move relative to each other. Accordingly, the
outer circumferential side edge surface of the glass substrate can be polished.
The outer circumferential side edge surface of the glass substrate can be
polished by rotating the apparatus 10 and the holder relative to each other at
500 to 2000 rpm, for example. Note that the outer circumferential side edge
surface of the glass substrate and the mass 20 may be moved relative to each
other by rotating only the glass substrate without rotating the apparatus 10.
Although the apparatus 10 shown in FIG. 8 has a structure such that the

spacer 16 is sandwiched between the magnets 12 and 14, the apparatus 10 may
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include an external member 18 (see FIG. 11) that covers this structure.

Furthermore, the apparatus 10 is allowed to pass through a circular

hole provided in the center of the glass substrate, the inner circumferential side
edge surface of the glass substrate may also be polished using the mass 20
provided on the outer circumference of the apparatus 10. Also, two
apparatuses including a pair of magnets and a spacer may be disposed so as to
polish the inner circumferential side edge surface and the outer circumferential
side edge surface simultaneously.
[0052] To give a more specific description of edge surface polishing processing
using magnetic functional fluid, the magnet 12 and the magnet 14 come close to
each other, function as the magnetism generation means, and form magnetic
field lines 19 as shown in FIG. 9. These magnetic field lines 19 advance
outwardly from the center of the magnets 12 and 14, and advance in the
thickness direction of the glass substrate. The mass 20 of a magnetic slurry as
shown in FIG. 10 is formed between the magnets 12 and 14 on the outer
circumference of the apparatus 10. Note that although the mass 20 of the
magnetic functional fluid protrudes outwardly from the outer circumferential
surface of the magnets 12 and 14 so as to rise in FIG. 10, the mass 20 of the
magnetic functional fluid may not protrude outwardly from the outer
circumferential surface of the magnets 12 and 14.

Although the magnetic flux density in the magnetism generation means
may be set to an extent that the mass 20 of the magnetic slurry is formed, the
magnetic flux density is preferably 0.3 to 2 (tesla) in light of the fact that edge
surface polishing is efficiently performed and the edge surface has the
above-described surface properties.

Note that although permanent magnets are used as a magnetism
generation means in the example shown in FIGS. 8 to 11, electromagnets may
also be used. Also, it is also possible to ensure that the clearance between the
N-pole edge surface of the magnet 12 and the S-pole edge surface of the magnet

14 is a certain distance by fixing the magnets 12 and 14 to an external member
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(not shown) without using the spacer 16.

[0053] In order that the edge surface meets Requirements 1 and 2 described
above, magnetic functional fluid that contains nonpolar oil containing magnetic
particles made of Fe in an amount of 3 to 5 g/cm3, and surfactant, for example,
is used as magnetic functional fluid used in edge surface polishing. The
nonpolar oil or polar oil has a viscosity of 100 to 1000 (mPa-*sec) at room
temperature (20°C), for example. The average particle size d50 (diameter) of
magnetic particles is preferably 2 to 7 pm, for example.

When the magnetic functional fluid containing magnetic particles is
formed as the mass 20 on the magnetic field lines, the mass 20 formed by the
magnetic functional fluid includes polishing abrasive particles as well as
magnetic particles. Because the polishing abrasive particles in the magnetic
functional fluid are pushed into a portion having a low magnetic force gradient
due to a magnetic levitation effect, the polishing abrasive particles are
unevenly present in the vicinity of an edge surface of the glass substrate that is
to be polished. Moreover, because the magnetic functional fluid forms a
relatively highly elastic mass (hard mass) due to the magnetic field lines,
polishing can be efficiently performed by the edge surface of the glass substrate
being pressed against the mass 20. That is, the polishing rate can be
increased and polishing can be efficiently performed.

[0054] Known polishing abrasive particles for a glass substrate, such as cerium
oxide, colloidal silica, zirconia oxide, alumina abrasive particles, diamond
abrasive particles, silica abrasive particles, or SiC abrasive particles, may be
used as the polishing abrasive particles included in the magnetic functional
fluid. The particle size of the polishing abrasive particles is 2 to 7 pum, for
example. Use of polishing abrasive particles in this range makes it possible to
efficiently perform the above-described edge surface polishing and favorably
polish the inner circumferential side edge surface of the glass substrate. The
magnetic slurry contains the polishing abrasive particles in an amount of 3 to

15 vol%, for example.
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[0055] The magnetic functional fluid is a slurry obtained by including
polishing abrasive particles in the magnetorheological fluid, for example. In
this case, the viscosity of the magnetic functional fluid is preferably 1000 to
2000 (mPa-<sec) at room temperature (20°C) due to adjustment of the
concentration of the magnetorheological fluid, in light of the fact that the mass
20 is formed and the edge surface polishing is efficiently performed. If the
viscosity is low (f the concentration of the magnetorheological fluid is low), the
mass 20 is unlikely to form, and it is difficult to perform polishing by relative
movement in a state in which the mass 20 is pressed against the edge surface of
the glass substrate 11. On the other hand, if the viscosity of the magnetic
functional fluid is excessively high, the mass 20 will have a shape recessed
along the shape of an edge portion of the glass substrate 11 during polishing,
will be unlikely to be restored to its original state from this shape, and the
shape of the glass substrate 11 will significantly remain on the mass 20. Thus,
1t will be difficult to form a state in which the mass 20 is evenly pressed against
the edge surface. Also, the magnetic flux density in the magnetism generation
means is preferably 0.3 to 2 (tesla) in light of the fact that the mass 20 is
formed and edge surface polishing is efficiently performed.

When the above-described edge surface polishing is performed, the side
wall surface and/or chamfered surfaces of the glass substrate can meet
Requirement 1 and Requirement 2 by setting processing conditions as
appropriate. The processing conditions include at least the wviscosity of
magnetic functional fluid, the types of magnetic particles and polishing
abrasive particles, the particle size of polishing abrasive particles, the content
of magnetic particles and polishing abrasive particles, the magnetic flux
density of the magnets 12 and 14, a relative speed of the magnets 12 and 14
and the glass substrate G at a polishing position, and a force of the glass
substrate G being pressed against the mass 20.

Note that use of the above-described helical grinding and polishing with
magnetic functional fluid is preferable in light of the fact that the edge surface
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of the glass substrate G meet Requirements 1 and 2.

Also, the polishing amount (machining allowance) resulting from edge
surface polishing is preferably a depth of 10 to 50 pm from the surface (20 to
100 pm in terms of the diameter of the glass substrate). If the polishing
amount is less than 10 pm, there is a risk that grinding blemishes resulting
from shape processing will not be sufficiently removed. Also, if the polishing
amount is greater than 50 pm, there is a risk that the processing time will
extend excessively and the productivity will deteriorate. Note that it is
preferable that the depth from the surface is set to 20 pm (40 pm in terms of the
diameter of the glass substrate) or more, because removal can be performed up
to the depth of damage (latent blemishes) occurring in the inner portion of the
substrate due to grinding processing. However, at this time, attention need be
paid to the occurrence of new damages due to polishing processing.

[0056] (e) Grinding processing

In the grinding processing, grinding processing is performed on the
main surfaces of the glass substrate using a double-side grinding apparatus
provided with a planetary gear mechanism. Specifically, both main surfaces
of the glass substrate are ground while the outer circumferential side edge
surface of the glass substrate is held in a holding hole provided in a holding
member of the double-side grinding apparatus. The double-side grinding
apparatus has a pair of upper and lower surface plates (an upper surface plate
and a lower surface plate), and the glass substrate is sandwiched between the
upper surface plate and the lower surface plate. The glass substrate and the
surface plates are moved relative to each other by moving one or both of the
upper surface plate and the lower surface plate while supplying coolant, and
thereby both main surfaces of the glass substrate can be ground. For example,
fixed abrasive particles obtained by fixing diamond with resin are formed into
sheet to obtain a grinding member, the grinding member is mounted on the
surface plates, and thereby grinding processing can be performed. Note that

the order of the grinding processing and the above-described edge surface
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polishing processing may be switched.
[0057] () First polishing processing

Next, first polishing is performed on the ground main surfaces of the
glass substrate. Specifically, both main surfaces of the glass substrate are
polished while the outer circumferential side edge surface of the glass substrate
is held in a holding hole provided in a carrier for polishing of a double-side
polishing apparatus. First polishing is for removing blemishes and warping or
adjusting minute unevenness (microwaviness, roughness) remaining on the
main surfaces that have undergone the grinding processing.
[0058] In the first polishing processing, the glass substrate is polished using a
double-side polishing apparatus having a configuration similar to that of the
double-side grinding apparatus used in the grinding processing with fixed
abrasive particles, while a polishing slurry is provided. In the first polishing
processing, a polishing slurry containing loose abrasive particles is used.
Cerium oxide abrasive particles, zirconia abrasive particles, or the like, for
example, are used as loose abrasive particles used in first polishing. Similarly
to the double-side grinding apparatus, in the double-side polishing apparatus,
the glass substrate is also sandwiched between the pair of upper and lower
surface plates. Tabular polishing pads (resin polisher, for example) having an
annular shape overall are attached to the upper surface of the lower surface
plate and the bottom surface of the upper surface plate. The glass substrate
and the polishing surface plates are moved relative to each other by moving one
or both of the upper surface plate and the lower surface plate, and thereby both
main surfaces of the glass substrate are polished. The size of the polishing
abrasive particles is preferably in a range of 0.5 to 3 pm in terms of the average
particle size (D50).
[0059] (g) Chemical strengthening processing

If the glass substrate is to be chemically strengthened, the glass
substrate is immersed in a chemical strengthening liquid using a melt in which

potassium nitrate and sodium sulfate are mixed, for example, as the chemical
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strengthening liquid. Accordingly, a compressive stress layer can be formed
on the surface of the glass substrate by ion exchange.
[0060] (h) Second polishing (final polishing) processing

Next, second polishing is performed on the glass substrate. The second
polishing processing is for mirror-polishing the main surfaces. In second
polishing as well, a double-side polishing apparatus having a configuration
similar to that of the double-side polishing apparatus used in first polishing is
also used. Specifically, both main surfaces of the glass substrate are polished
while the outer circumferential side edge surface of the glass substrate is held
in a holding hole provided in a carrier for polishing of the double-side polishing
apparatus. The second polishing processing differs from the first polishing
processing in that the type and particle size of the loose abrasive particles are
different, and the hardness of the resin polishers is different. The hardness of
the resin polisher is preferably smaller than in the first polishing processing.
For example, a polishing liquid containing colloidal silica as the loose abrasive
particles is supplied between the polishing pads of the double-side polishing
apparatus and the main surfaces of the glass substrate, and the main surfaces
of the glass substrate are polished. The size of the polishing abrasive particles
used in second polishing is preferably in a range of 5 to 50 nm in terms of the
average particle size (D50).

Although the chemical strengthening processing is performed in the
present embodiment, it is also possible to not perform the chemical
strengthening processing as needed. In addition to the first polishing
processing and the second polishing processing, other polishing processing may
be added, or two main surfaces may be polished in one instance of polishing
processing. Also, the order of the above-described processes may be changed
as appropriate.

[0061] In this manner, in the present embodiment, even under the flying
condition that the flying height is reduced compared to that of the conventional

magnetic-disk glass substrate, for example, even under the flying condition of a
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recording and reproduction element in which the flying height is 1 nm or less, a
decrease in the SN ratio of a reproduction signal can be suppressed by
suppressing corrosion. Therefore, it is possible to meet the quality demand for
a magnetic-disk glass substrate that is to be mounted on a hard disk drive
together with a DFH head on which a HDI sensor is mounted and that is
capable of controlling a protrusion amount of the recording and reproduction
element based on a signal from the HDI sensor.

[0062] Experimental Example 1

In order to study the effects of the glass substrate of the present
embodiment, various types of edge surface polishing processing were performed
on a side wall surface and chamfered surfaces of the glass substrate that had
undergone shape processing.

Specifically, circular hole formation processing was performed on a
disk-shaped glass blank obtained by a pressing method, and a disk-shaped
glass substrate having a circular hole in the center portion was obtained. A
glass composition that was used was Glass Composition 2 described above.
Upper and lower main surfaces of this disk-shaped glass plate were subjected
to the grinding processing using a double-side grinding apparatus including a
pair of grinding surface plates, and the substrate thickness was adjusted to 0.7
mm. Thereafter, shape processing was performed on the edge surface of this
disk-shaped glass plate such that the chamfering width was 0.15 mm and the
chamfering angle was 45 degrees so as to obtain an inner circumferential side
edge surface and an outer circumferential side edge surface, and then edge
surface polishing processing was carried out. In the shape processing, first, a
formed grindstone was used to perform rough processing by means of grinding
processing without inclining the grindstone, the grindstone was changed, and
finishing processing by means of helical grinding processing with an inclination
of 3 degrees was performed.

Thereafter, various types of edge surface polishing processing were

performed on the side wall surface and the chamfered surfaces of the glass
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substrate that had undergone the shape processing. Note that processes other
than the edge surface polishing processing were performed with the content of
the above-described embodiment, and 200 magnetic-disk glass substrates were
manufactured for each condition.

Specifically, as processes performed after the edge surface polishing
processing,

« First polishing (performed using cerium oxide (d50: 1 pm) and hard
polyurethane polishing pads),

* Chemical strengthening processing,

* Second polishing (performed using colloidal silica (d50: 30 nm) and
soft polyurethane polishing pads), and

* Cleaning processing

were performed in the stated order, and thus the magnetic-disk glass
substrates were manufactured. @ The manufactured magnetic-disk glass
substrate is a nominal 2.5-inch magnetic-disk glass substrate having an outer
diameter of approximately 656 mm, an inner diameter of approximately 20 mm,
and a thickness of approximately 0.635 mm.

Note that the magnetic functional fluid that was used in the edge
surface polishing processing was a magnetic slurry obtained by including
magnetic  particles containing  polishing abrasive  particles in
magnetorheological fluid, and had a viscosity of 1000 (mPa*sec) at room
temperature (20°C).

Fe particles having an average particle size d50 of 2.0 pm were used as
the magnetic particles, and zirconia particles having an average particle size
d50 of 0.5 pm were used as the polishing abrasive particles.

[0063] In the edge surface polishing processing of Working Examples 1 to 7
and Comparative Example (Magnetic slurry polishing 1 to 8), the side wall
surfaces and the chamfered surfaces of the glass substrates were polished with
a method shown in FIG. 11, using magnetic functional fluid having the same

composition.
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In this polishing, the rotation axis of the glass substrate or the rotation
axis of the magnets was caused to vibrate or fluctuate in directions in which the
glass substrate and the magnets move toward each other or directions in which
they are separated from each other, such that a force with which the glass
substrate G is pressed against the mass 20 of the magnetic functional fluid
slightly vibrates or slightly fluctuates. At that time, the frequency of the
vibration or fluctuation was in a range of 1 to 50 Hz, the amplitude (half of the
width of a change) was in a range of 0.2 to 2 mm, and the frequency and the
amplitude were selected and used in combination as appropriate. Doing this
makes it possible to cause vibration or fluctuation at a processing point where
the glass substrate and the mass 20 come into contact with each other and the
glass substrate is polished. Note that the rotation axes of both the glass
substrate and the magnets may be caused to vibrate or fluctuate. The
conditions were set based on the following tendencies as appropriate. That is,
if the frequency of the vibration or fluctuation is increased, the roughness
percentage tends to increase. Also, if the amplitude is increased, the
roughness percentage tends to increase. It is inferred that the reason why the
quality of a polished surface is improved by amplitude or fluctuation is because
the strength of a magnetic field formed circularly is not necessarily uniform
when viewed microscopically in a circumferential direction.

The polishing states of the side wall surface and the chamfered surfaces
slightly change due to this magnetic functional fluid, which affects the
formation of latent cracks on the edge surface of the glass substrate G.

Meanwhile, as Conventional Example 1, a side wall surface and
chamfered surfaces of a glass substrate were polished using a polishing brush
with a polishing slurry containing polishing abrasive particles that is the same
type as used in the above-described magnetic functional fluid and that has the
same average particle size d50, that is, zirconia particles having an average
particle size d50 of 0.5 pm.

Moreover, as Conventional Example 2, a side wall surface and
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chamfered surfaces of a glass substrate were polished using a polishing brush
with a polishing slurry containing ceria polishing abrasive particles having an
average particle size d50 of 1.0 pm. The glass composition and size of the
glass substrates of Conventional Examples 1 and 2 were the same as in
Working Examples 1 to 7, Comparative Example, and Conventional Examples
1 and 2, and the same processing as in Working Examples 1 to 7, Comparative
Example, and Conventional Examples 1 and 2 was performed on Conventional
Examples 1 and 2, except for edge surface polishing.

The polishing amount (machining allowance) for magnetic functional
fluid polishing and brush polishing resulting from edge surface polishing was
set to a depth of 20 pm from the surface (40 pm in terms of the diameter of the
glass substrate) such that grinding blemishes resulting from shaping
processing can be sufficiently removed.

After the surfaces of the edge surfaces were etched by 2.5 pm by
immersing the edges surfaces (side wall surface and chamfered surfaces) of the
glass substrates of Working Examples 1 to 7, Comparative Example, and
Conventional Examples 1 and 2 that were obtained by this edge polishing
processing in an etching liquid containing hydrofluoric acid, the surface shapes
of the edge surfaces of the glass substrates were measured. Furthermore,
from these measurement results, a roughness percentage when the bearing
ratio of the roughness is 50% in the bearing ratio curve of the roughness
cross-sectional areas was obtained. The roughness percentages of Working
Examples 1 to 7 were 40%, 44%, 50%, 57%, 60%, 62%, and 67%, respectively.
On the other hand, the roughness percentage of the glass substrate of
Comparative Example was 34%. The roughness percentages of the glass
substrates of Conventional Examples 1 and 2 were 36% and 29%.

Note that the edge surfaces, that is, the side wall surfaces and the
chamfered surfaces on the outer circumferential side, which include the
later-described edge surfaces of the magnetic-disk glass substrates that were

obtained in this experimental example were all mirror surfaces. Also, the side
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wall surfaces and the chamfered surfaces on the inner circumferential side
were similarly mirror surfaces. Also, with regard to the roughness of the edge
surface, the arithmetic average roughness Ra was 0.015 pm or less, and Rz was
0.15 pm or less. Also, when the arithmetic average roughness Ra of a main
flat surface of the glass substrate was measured with an atomic force
microscope, and microwaviness (@Wa) was measured with a scanning
white-light interferometer, the arithmetic average roughnesses Ra of all the
glass substrates were 0.15 nm or less, and the microwavinesses (@£Wa) of all the
glass substrates for a magnetic recording medium were 0.15 nm or less.

[0064] Furthermore, after the glass substrates of Working Examples 1 to 7,
Comparative Example, and Conventional Examples 1 and 2 were left in an
atmosphere having a temperature of 80°C and a humidity of 85% for 48 hours,
the occurrence of corrosion was observed and analyzed by surface observation
with a SEM (scanning electron microscope) and component analysis with an
EDS (energy dispersive X-ray spectrometry). Because a substance that
attaches to the edge surface of the glass substrate and causes corrosion can be
identified by its shape and components by the above-described observation and
analysis, the occurrence of corrosion was evaluated by subjecting a region to
which the identified substance attaches to surface observation with the
above-described SEM, and surface blemishes were evaluated.

The occurrence of corrosion was evaluated by observing 10 fields of view
of the side wall surface of the glass substrate at an observation magnification of
5000-fold using the SEM and counting locations at which foreign matter
(corrosion) including alkali metal elements of Li, Na, and K was observed in a
field of view. The glass substrates were classified into levels as described
below in accordance with the count. Levels 1 to 3 are acceptable and Levels 4
and 5 are not acceptable.

Level 1: no corrosion was observed

Level 2: corrosion was observed at one or two locations

Level 3: corrosion was observed at three or four locations
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Level 4: corrosion was observed at five or six locations
Level 5: corrosion was observed at seven or more locations
The results are shown in Table 1 below

[0065] [Table 1]

Edge surface Roughness E‘;?};ig?; of
C . . .
polishing processing percentage (%) OCCUrTence
Work. Ex. 1 magngtlg slurry 40 level 2
polishing 1
Work. Ex. 2 magngtlg slurry 44 level 2
polishing 2
Work. Ex. 3 magngtu; slurry 50 level 1
polishing 3
Work. Ex. 4 magnfetlc? slurry 57 level 1
polishing 4
Work. Ex. 5 magngtu; slurry 60 level 1
polishing 5
Work. Ex. 6 magngtu; slurry 62 level 1
polishing 6
Work. Ex. 7 magngtu; slurry 67 level 1
polishing 7
magnetic slurry
Comp. Ex. polishing 8 34 level 4
Conv. Ex. 1 polishing brush 36 level 5
Conv. Ex. 2 polishing brush 29 level 5

[0066] As is understood from the evaluation results of Table 1, it is understood
that the edge surface has surface properties such that in the bearing ratio curve
of the roughness cross-sectional areas of the edge surface that has undergone
wet-etching, the roughness percentage when a bearing ratio of a roughness
cross-sectional area 1s 50% 1s 40% or more, and thus the occurrence of corrosion
1s suppressed. Accordingly, the effects of the present embodiment are clear.

[0067] Also, in the working examples, if the roughness percentage when the
bearing ratio of the roughness cross-sectional area is 50% was greater than 60%,
very thin blemishes were observed on the outer circumferential side edge
surface. It is inferred that these thin blemishes occurred due to scratching

with the polishing carrier when the main surfaces that had undergone edge
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surface polishing were polished. That is, it is inferred that as a result of
increasing vibration at a processing point in edge surface polishing processing,
a difference in strength of the edge surface of the glass substrate abutting
against the polishing carrier increases, and the proportion of a soft portion of
the surface increased.
[0068] Experimental Example 2

Various types of edge surface polishing processing were performed on
the side wall surface and the chamfered surfaces of a glass substrate that had
undergone the shape processing with a method similar to that of Experimental
Example 1, and glass substrates were manufactured. Experimental Example
2 differs from Experimental Example 1 in that Glass Composition 1 obtained by
adjusting a glass transition point Tg to 670°C was used. Other than that, a
magnetic-disk glass substrate was manufactured with a manufacturing method
similar to that of Working Examples 1 to 7, Comparative Example,
Conventional Examples 1 and 2 of Experimental Example 1. After the
obtained glass substrate was subjected to annealing processing at 600°C,
corrosion and surface blemishes were evaluated in a manner similar to that of
Working Examples 1 to 7, Comparative Example, and Conventional Examples
1 and 2. As a result, with regard to the corrosion evaluation, although
annealing processing was performed, similarly to Table 1, it was found that
corrosion was favorably suppressed in the working examples in which the
surface properties of an edge surface that has a roughness percentage of 40% or
more when the bearing ratio of the roughness cross-sectional area is 50% are
included. Also, in the evaluation of surface blemishes, it was found that the
occurrence of very thin blemishes was suppressed under the condition that the
roughness percentage when the bearing ratio of the roughness cross-sectional
area is 50% was 60% or less.
[0069] As described above, although a magnetic-disk glass substrate of the
present invention has been described in detail, the present invention is not

limited to the above-described embodiment, working examples, and the like,
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and it will be appreciated that various improvements and modifications can be

made without departing from the gist of the present invention.

[List of Reference Numerals]

[0070] 1c Chamfered surface

1p Main surface
1t Side wall surface
2 Inner hole

10 Apparatus

12, 14 Magnet

16 Spacer

20 Mass

40 Grinding grindstone
50 Groove

50a Side wall portion
50b Chamfering portion
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CLAIMS

1. A magnetic-disk glass substrate containing an alkali metal component
as a glass composition, the magnetic-disk glass substrate comprising:

a pair of main surfaces; and

an outer circumferential side edge surface including an outer side wall
surface and outer chamfered surfaces arranged between the outer side wall
surface and the main surfaces, the outer side wall surface being a mirror
surface,

the outer side wall surface including a surface with a roughness
percentage that is 40% or more and 67% or less when a bearing ratio of a
roughness cross-sectional area is 50%, in a bearing ratio curve of roughness
cross-sectional areas obtained when a surface roughness of the outer side wall

surface obtained by etching the outer side wall surface by 2.5 pm is measured.

2. The magnetic-disk glass substrate according to claim 1,

wherein the roughness percentage is 60% or less.

3. The magnetic-disk glass substrate according to claim 1,

wherein the outer chamfered surfaces are mirror surfaces and include a
surface with the roughness percentage that is 40% or more and 67% or less
when a bearing ratio of a roughness cross-sectional area is 50% in a bearing
ratio curve of roughness cross-sectional areas obtained when a surface
roughness of the outer chamfered surfaces obtained by etching the outer

chamfered surfaces by 2.5 pm is measured.

4, The magnetic-disk glass substrate according to claim 1,
wherein an arithmetic average surface roughness of the mirror surface

1s 0.015 pm or less.
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5. The magnetic-disk glass substrate according to claim 1,

wherein when a measurement point is provided every 30 degrees in a
circumferential direction, referenced on a center of the magnetic-disk glass
substrate, and a radius of curvature of a cross-sectional shape of a portion at
which the outer side wall surface and one of the outer chamfered surfaces are
connected to each other at the measurement point is obtained, a difference in

the radius of curvature between measurement points is 0.01 mm or less.

6. The magnetic-disk glass substrate according to claim 1,

wherein the magnetic-disk glass substrate is a magnetic-disk glass
substrate for a magnetic disk that is configured to be mounted on a hard disk
drive together with a magnetic head on which a head disc interface sensor is
mounted and that is configured to control a protrusion amount of at least one of
a recording element and a reproduction element based on a signal from the head

disc interface sensor.

7. The magnetic-disk glass substrate according to claim 1,
wherein the magnetic-disk glass substrate is configured for use as a

magnetic disk for an energy-assisted magnetic recording method.

8. The magnetic-disk glass substrate according to claim 1, wherein a glass

transition point of glass of the magnetic-disk glass substrate is 600° C. or more.

9. The magnetic-disk glass substrate according to claim 1,
wherein a surface roughness Ra of the main surfaces of the

magnetic-disk glass substrate is 0.15 nm or less.

10. The magnetic-disk glass substrate according to claim 1,
wherein a microwaviness pWa of the main surfaces of the magnetic-disk

glass substrate is 0.15 nm or less.
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11. A magnetic disk comprising:
at least a magnetic layer on at least one of the main surfaces of the

magnetic-disk glass substrate according to claim 1.

12. A glass substrate for a magnetic-disk glass substrate containing an
alkali metal component as a glass composition, the glass substrate comprising:

a pair of main surfaces; and

an outer circumferential side edge surface including an outer side wall
surface and outer chamfered surfaces arranged between the outer side wall
surface and the main surfaces, the outer side wall surface being a mirror
surface,

the outer side wall surface including a surface with a roughness
percentage that is 40% or more and 67% or less when a bearing ratio of a
roughness cross-sectional area is 50%, in a bearing ratio curve of roughness
cross-sectional areas obtained when a surface roughness of the outer side wall

surface obtained by etching the outer side wall surface by 2.5 pm is measured.

13. The glass substrate according to claim 12,

wherein the outer chamfered surfaces are mirror surfaces and include a
surface with the roughness percentage that is 40% or more and 67% or less
when a bearing ratio of a roughness cross-sectional area is 50% in a bearing
ratio curve of roughness cross-sectional areas obtained when a surface
roughness of the outer chamfered surfaces obtained by etching the outer

chamfered surfaces by 2.5 pm is measured.

14. The glass substrate according to claim 12,
wherein an arithmetic average surface roughness of the mirror surface

1s 0.015 pm or less.
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15. The glass substrate according to claim 12,

wherein when a measurement point is provided every 30 degrees in a
circumferential direction, referenced on a center of the glass substrate, and a
radius of curvature of a cross-sectional shape of a portion at which the outer
side wall surface and one of the outer chamfered surfaces are connected to each
other at the measurement point is obtained, a difference in the radius of

curvature between measurement points is 0.01 mm or less.

16. The glass substrate according to claim 12,

wherein the glass substrate is a glass substrate for the magnetic-disk
glass substrate configured to be mounted on a hard disk drive together with a
magnetic head on which a head disc interface sensor is mounted and that is
configured to control a protrusion amount of at least one of a recording element
and a reproduction element based on a signal from the head disc interface

sensor.

17. The glass substrate according to claim 12,
wherein the glass substrate is a glass substrate for the magnetic-disk
glass substrate that is to be used as a magnetic disk for an energy-assisted

magnetic recording method.

18. The glass substrate according to claim 12,
wherein a glass transition point of glass of the glass substrate is 600° C.

or more.

19. A method for manufacturing a magnetic-disk glass substrate, the
method comprising:
preparing the glass substrate according to claim 12; and

polishing the main surfaces of the glass substrate.
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20. A method for manufacturing a magnetic disk, comprising:

preparing the magnetic-disk glass substrate manufactured by the
method according to claim 19; and

forming a magnetic layer on at least one of the main surfaces of the

magnetic-disk glass substrate.



