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DESCRIPTION

[Title of Invention]
GLASS SUBSTRATE FOR MAGNETIC DISK AND MAGNETIC DISK

[Technical Field]

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

[Background Art]

[0002] Nowadays, personal computers, digital versatile disc (DVD) recorders,
and the like have a builtsin hard disk drive (HDD) for data recording. In
particular, in a hard disk drive that is used in a device premised on portability
such as a notebook-type personal computer, a magnetic disk in which a
magnetic layer is provided on a glass substrate is used, and magnetic recording
information is recorded on or read from the magnetic layer with a magnetic
head that flies slightly above the surface of the magnetic disk. A glass
substrate is unlikely to be plastically deformed compared with a metal
substrate (aluminum substrate) or the like, and thus is preferably used as the
substrate of this magnetic disk.

[0003] Moreover, the density of magnetic recording has been increased to meet
the demand for an increase in the storage capacity of hard disk drives. For
example, the magnetic recording information area has been made smaller
using a perpendicular magnetic recording system that causes the direction of
magnetization in the magnetic layer to be perpendicular to the surface of the
substrate. This makes it possible to increase the storage capacity per disk
substrate. In such a disk substrate, it is preferable that the substrate surface
is made as flat as possible and the direction in which magnetic particles grow is
arranged in the vertical direction such that the direction of magnetization in
the magnetic layer faces in a substantially perpendicular direction relative to

the substrate surface.
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Also, in order to further increase the storage capacity, by using a
magnetic head equipped with a dynamic flying height (DFH) mechanism to
make the flying height of the magnetic head from the magnetic recording
surface extremely short, the magnetic spacing between the recording and
reproducing element of the magnetic head and the magnetic recording layer of
the magnetic disk is reduced, thus further improving the accuracy of the
recording and reproducing of information (improving the S/N ratio). Also in
this case, it is required to make the surface unevenness of a magnetic-disk
substrate as small as possible in order for the magnetic head to stably
read/write magnetic recording information over a long period of time.

[0004] Servo information that is to be used to position the magnetic head at a
data track is recorded on the magnetic disk. It is conventionally known that
when the roundness of an edge surface of the magnetic disk on the outer
circumferential side (also referred to as “outer circumferential edge surface”
hereinafter) is reduced, the magnetic head flies stably, and thus the servo
information is favorably read, and the magnetic head stably reads/writes
information. For example, the technique described in Patent Literature 1
discloses a magnetic-disk glass substrate in which the roundness of the outer
circumferential edge surface 1s 4 pum or less. With this glass substrate, the
durability against load/unload (LUL) testing is improved by reducing the
roundness of the outer circumferential edge surface.

[Citation List]

[Patent Literature]

f0005] [PLT1l: JP 2008-217918A

[Summary of Invention]

[Technical Problem)

[0006] Incidentally, in recent years, a magnetic disk provided with an
extremely high track recording density of 500 kTPI or more has become
practically viable due to the progress of elemental technology such as

energy-assisted magnetic recording technology and shingle writing technology.
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However, when the magnetic disk provided with such an extremely high track
yecording density was incorporated into a spindle and a HDD was assembled, it
was found that there were cases in which even when a magnetic disk having a
sufficiently reduced (small) roundness of a circular hole at the center
(appropriately referred to as "inner hole" hereinafter) was used (magnetic disk
in which the roundness of the inner hole is 1.5 pm or less, for example), a level
of fluttering (a phenomenon where the magnetic disk vibrates (rattles) due to
the rotation of the magnetic disk) increased during high speed rotation of the
magnetic disk.

[0007) In view of this, an object of the present invention is to provide a
magnetic-disk glass substrate and a magnetic disk that are capable of reducing
fluttering of the magnetic disk during high speed rotation.

[Solution to Problem]

[0008] Regarding the abhove-described issues, the inventors studied variation
in the thickness of a magnetic disk having a high level of fluttering in a HDD
and the roughness and microwaviness of a main suxface, but no particular
anomalies could be confirmed.

[0009] The inventors assumed that the reason why the level of fluttering
increased was as follows.

In particular, in the magnetic disk using energy-assisted magnetic
recording technology, the particle size of magnetic particles is reduced in order
to perform high density recording, and in order to suppress deterioration in
magnetic characteristics due to thermal fluctuation resulting from a reduction
in the paxticle size, so-called high Ku magnetic material (such as Fe-Pt-based
or Co-Pt-based magnetic material having a high magnetic anisotropy energy) is
used. This high Ku magnetic material needs to obtain a specific crystal
orientation state in order to achieve a high Ku, and therefore, it is necessary to
perform heat processing at a high temperature when or after film formation at
a high temperature. In order to form a magnetic recording layer made of these

high Ku magnetic materials, a glass substrate needs to have a high heat
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resistance that can withstand the above-described high temperature processing,
or in other words, the glass substrate needs to have a high glass transition
temperature (600 to 700°C or more, for example). There are cases where in
order to have a high heat resistance, a glass material having a smaller
coefficient of thermal expansion (CTE) than that of a conventional glass
material is used in a magnetic-disk glass substrate using enecrgy-assisted
magnetic recording technology. Stretching of the glass substrate during the
heat processing can be suppressed by reducing the coefficient of thermal
expansion, and thus a risk of deformation or cracking of the disk by a holding
member that holds the substrate during the heat processing, dropping of the
disk from the holding member, or the like can be reduced.

[0010] However, although the coefficient of thermal expansion of the glass
material for a conventional magnetic-disk glass substrate is relatively large
value (from 90x107 to 100x10°7 [K'1], for example) in order to approximate to
the coefficient of thermal expansion of the spindle material, in the case where a
magnetic-disk glass substrate is produced using a glass material having a
smaller coefficient of thermal expansion than that of a conventional glass
material, the difference in coefficient of thermal expansion between the
materials of the magnetic-disk glass substrate and the spindle is greater than
that when the conventional glass material is used. It is thought that if the
difference between both coefficients of thermal expansion is great, in the case
where, after a HDD is assembled, the HDD is placed in a high temperature
atmosphere through performing a heat cycle test or the like on the HDD, the
spindle greatly expands relative to the glass substrate, and locally abuts
strongly against the inner hole of the magnetic disk, as a result of which the
magnetic disk is slightly distorted. In other words, it is thought that even in
the case where the inner hole of the magnetic disk is provided with sufficiently
favorable roundness by conventional standards, if the precision of the
three-dimensional shape of the inner hole is not high, stress is applied due to

the spindle locally abutting strongly against the inner hole of the magnetic disk,
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and thus the magnetic disk is slightly distorted (warped).

It should be noted that the roundness of the inner hole has been
conventionally measured by inserting a plate-shaped probe that is longer than
the thickness of the glass substrate into the inner hole in the vertical divection
with respect to the main surface of the glass substrate and scanning the inner
hole in the circumferential dirvection. At this time, the probe comes into
contact with the substrate at a position in the substrate thickness direction
that projects most centrally. Accordingly, the shape projecting furthest
toward the center of the substrate is reflected in the outline of the inner hole
that serves as a basis of the roundness measurement, independently of the
shape of the inner hole in the substrate thickness direction. Therefore, with
the conventional method for measuring roundness, the roundness could not
serve as an index for evaluating the three-dimensional shape of the side wall
surface of the inner hole in the substrate thickness direction. In other words,
in the case where the inner hole of the magnetic disk was provided with
sufficiently favorable roundness based on the conventional method for
measuring the roundness, there may be cases where the precision of the
three-dimensional shape of the inner hole is not high.

If the magnetic disk is slightly distorted as described above, the level of
fluttering increases when the magnetic disk is rotated at high speed due to this
slight distortion. It is thought that an increase in the level of fluttering leads
to problems such as the accuracy of positioning the magnetic head at a data
track of the HDD being deterviorated. In particular, with a high TPT HDD, in
order to suppress the eccentricity of the magnetic disk during rotation that
adversely influences the accuracy in positioning the magnetic head at a data
track of the HDD, play between the diameter of the spindle and the inner
diameter of the magnetic disk is thought to have become extremely small at 20
pm or less, and thus it is conceivable that this small play amount facilitates the
spindle coming into local contact with the inner hole of the magnetic disk due to

the difference in CTE described above. Also, the problem of fluttering
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resulting from the distortion of the substrate described above is more marked
in 2 HDD in which the substrate rotates at a high speed of 10000 rpm or more.
[0011] As a vesult of further intensive studies based on the above-described
assumption, the inventors found that the degree of fluttering described above is
associated with the precision of the three-dimensional shape of the inner hole of
the magnetic disk. In other words, it is conceivable that even in the case
where the roundness of the inner hole of the magnetic disk is sufficiently
increased, if the precision of the three-dimensional shape is not high, the
spindle will come into local contact strongly with the side wall surface of the
magnetic disk on the inner hole side and the magnetic disk is likely to be
distorted, and thus the level of fluttering increases. On the other hand, it is
conceivable that in the case where not only a favorable roundness of the inner
hole of the magnetic disk but also a favorable precision of the
three-dimensional shape are achieved, the spindle comes into contact (that is,
comes into surface contact) with the entire side wall surface of the magnetic
disk on the inner hole side, and thus the magnetic disk is unlikely to be
distorted, and the level of fluttering is unlikely to become significant.

[0012] From the point of view described above, a first aspect of the present
invention is a magnetic-disk glass substrate having a circular hole at a center,
and including a pair of main surfaces and a side wall surface orthogonal to the
main surfaces, a roundness of the circular hole being 1.5 pm or less, and a
difference between a maximum value and a minimum value of radii of three
inscribed circles that ave respectively devived from outlines in a circumferential
direction at three positions spaced apart by 200 pm in a substrate thickness
direction on the side wall surface of the circular hole being 3.5 um or less.
[0013] A second aspect of the present invention is a magnetic-disk glass
substrate having a circular hole at a center, and including a pair of main
surfaces and a side wall surface orthogonal to the main surfaces, a substrate
thickness being 0.635 mm or less, a roundness of the circular hole being 1.5 pm

or less, and a difference between a maximum value and a minimum value of
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radii of three inscribed circles that are respectively derived from outlines in a
circumferential direction at three positions spaced apart by 100 pym in a
substrate thickness direction on the side wall surface of the circular hole being
3.5 pm or less.
[0014] In the above-described magnetic-disk glass substrate, it is preferable
that a surface roughness Rz of the side wall surface of the circular hole is 0.2
pm or less.
[0015] In the above-described magnetic-disk glass substrate, it is preferable
that an average coefficient of thermal expansion from 100°C to 300°C is 60x107
[K1] or less.
[0016] In the above-described magnetic-disk glass substrate, with regard to
the surface roughness of the side wall surface of the circular hole, in a case
where a maximum height in the substrate thickness direction is Rz{t) and a
maximum height in the circumferential direction is Rz(c), it is preferable that
Rz(£)/Rz(c) is 1.2 or less.
[0017] In the above-described magnetic-disk glass substrate, when a
measurement point is provided every 30 degrees in the circumferential
direction referenced on the center of the glass substrate, and a radius of
curvature of a shape of a portion between the side wall surface and a chamfered
surface of the circular hole at the measurement point is derived, it is preferable
that a difference in the radius of curvature between adjacent measurement
points is 0.01 mm or less.
[0018] A third aspect of the present invention is a magnetic disk in which a
magnetic layer is formed on a main surface of the above-described
magnetic-disk glass substrate.
[Brief Description of Drawings]
[0018} FIG. 1A is a diagram showing an external shape of a magnetic-disk
glass substrate of the present embodiment.

FIG. 1B is an enlarged cross-sectional view of an inner circumferential

side edge portion of the magnetic-disk glass substrate of the present
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embodiment.

FIG. 2A is a diagram illustrating a method for measuring outlines of a
side wall surface of the magnetic-disk glass substrate of the present
embodiment.

FIG. 2B is a diagram illustrating a method for measuring outlines of a
side wall surface of the magnetic-disk glass substrate of the present
embodiment.

FIG. 3 is a diagram illustrating a method for calculating a shape
evaluation value of an inner hole based on the outlines of the side wall surface
of the magnetic-disk glass substrate of the present embodiment.

FIG. 4 is an enlarged view of a portion of an inner circumferential
cross-section of FIGS. 1.

FIG. 5 is a diagram illustrating a method for polishing an edge portion
of a glass substrate in an embodiment.

[Description of Embodiments]

[0020] Hereinafter, a magnetic-disk glass substrate of this embodiment and a
method for manufacturing the same will be described in detail.

[0021] [Magnetic-disk glass substrate]

Aluminosilicate glass, soda-lime glass, borosilicate glass, or the like can
be used as a material for a magnetic-disk glass substrate of the present
embodiment. In particular, aluminosilicate glass can be preferably used
because it can be chemically strengthened and be used to produce a
magnetic-disk glass substrate having excellent flatness of its main surfaces and
excellent strength of the substrate. Furthermore, amorphous aluminosilicate
glass facilitates improving smoothness of the surface, such as roughness, and is
more preferable.

[0022] Although there is no limitation on the composition of the glass material
that is used for the magnetic-disk glass substrate of the present embodiment,
the glass substrate of the present embodiment may preferably be amorphous

aluminosilicate glass containing SiOg, Li20, and NasO and one or more alkaline
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earth metal oxides selected from the group of consisting of MgO, Ca0, SrO, and
BaO as essential components, and having a molar ratio of the content of CaO to
the total content of MgQ, Ca0, Sr0O, and BaO (CaQ/(MgO+Ca0+Sr0+Ba0)) of
0.20 or less, and a glass transition point of 650°C or more.

The glass substrate may also be crystallized glass containing, in terms
of oxide amount 1n mass%, SiO2 in an amount of 45.60 to 60%, Al2Osz in an
amount of 7 to 20%, B203 in an amount of 1.00 to less than 8%, P:O5 in an
amount of 0.50 to 7%, TiOs in an amount of 1 to 15%, and RO (it should be
noted that R represents Zn and Mg) in a total amount of 5 to 35%, CaO in an
amount of 3.00% or less, BaO in an amount of 4% or less, no PbO component, no
As203 component, no Sb203 component, no Cl' component, no NO- component,
no 8O component, no F* component, and one or more selected from RA1:O4 and
RsTi0y (it should be noted that R represents one or more selected from Zn and
Mg) as a main crystal phase, in which the particle size of crystals in the main
crystal phase is in a range of 0.5 nm to 20 nm, the degree of crystallization is
15% or less, and the specific gravity is 2.95 or less.

The magnetic-disk glass substrate having such a composition has a Tg
of 650°C or more and has high heat resistance, and thus is preferable for a
magnetic-disk glass substrate to be used for a magnetic disk for energy-assisted
magnetic recording. Also, such a magnetic-disk glass substrate is preferable
because it is possible to set a coefficient of thermal expansion (CTE) to 60x10°7
[K1 or less. It should be noted that the coefficient of thermal expansion
referred to in this specification indicates an average coefficient of thermal
expansion calculated using the rate of thermal expansion of the glass substrate
at a temperature of 100°C and 300°C.

The glass material having the above-described composition is merely an
example. The glass material may have another composition that can be used
as the magnetic-disk glass substrate as long as the shape of a circular hole,
which will be described later, is satisfied.

[0023] FIG. 1A shows an external shape of a magnetic-disk glass substrate 1 of
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the embodiment. As shown in FIG. 1A, the magnetic-disk glass substrate 1
according to the present embodiment is a thin doughnut-shaped glass substrate
having an inner hole 2 (circular hole) at the center. Although there is no
limitation on the size of the magnetic-disk glass substrate 1, the magnetic-disk
glass substrate 1 is preferably formed as a magnetic-disk glass substrate
having a nominal diameter of 2.5 inches, for example. It should be noted that
the thickness (0.635 mm, 0.8 mm, or the like) of the magnetic-disk glass
substrate referred to in the description below is a nominal value and the actual
measurement value may be slightly thicker or thinner than the nominal value.
FIG. 1B is an enlarged cross-sectional view of an inner circumferential
side edge portion of the magnetic-disk glass substrate 1 of the present
embodiment. As shown in FIG. 1B, the magnetic-disk glgss substrate 1 has a
pair of main surfaces 1p, a side wall surface 1t arranged along a direction
orthogonal to the pair of main surfaces 1p, and a pair of chamfered surfaces 1c
arranged between the pair of main surfaces 1p and the side wall surface 1t.
Although not shown, a side wall surface and chamfered surfaces are similarly
formed for the outer circumferential side edge portion of the magnetic-disk
glass substrate 1. It should be noted that the chamfered surface may be
formed into a circular arc in cross-sectional view. The side wall surface and
the chamfered surfaces are also correctively referred to as an “edge surface” in
the following description. The inner circumferential edge surface is an inner
circumferential edge surface, and the outer circumferential edge surface is an
outer circumferential edge surface.
[0024] The magnetic-disk glass substrate 1 of the present embodiment is
configured such that the roundness of an inner hole 2 of the glass substrate is
1.5 um or less, and when outlines of the side wall surface 1t in the
circumferential direction at a plurality of different positions in the substrate
thickness direction including at least three positions spaced apart by 200 um in
the substrate thickness direction on the side wall surface It of the inner hole 2

are obtained, among inscribed circles of the respective outlines, a difference
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between the radius of the smallest inscribed circle and the radius of the largest
inscribed circle is 3. 5 pm or less. It should be noted that when the outlines of
the side wall surface 1t in the circumferential direction at the plurality of
different positions in the substrate thickness dirvection including at least three
positions spaced apart by 200 pnm in the substrate thickness direction on the
side wall surface 1t of the inner hole 2 are respectively obtained, among the
inscribed circles of the respective outlines, the difference between the radius of
the smallest inscribed circle and the radius of the largest inscribed circle is
referred to as the “shape evaluation value of the inner hole” or as merely the
“shape evaluation value” hereinafter. As the shape evaluation value of the
inner hole of the magnetic-disk glass substrate deceases, the inner hole of the
magnetic disk, when formed from this glass substrate and mounted on the
spindle, becomes less likely to locally abut against the spindle in the substrate
thickness direction, or in other words, the side wall suxrface of the inner hole of
the magnetic disk becomes more likely to come into surface contact with the
spindle, and this is thought to work advantageously against distortion of the
magnetic disk {that is, the magnetic disk is unlikely to become distorted) due to
contact with the spindle.

It should be noted that the method for measuring rounduness can be a
known method. For example, as described above, a plate-shaped probe that is
longer than the thickness of the glass substrate is inserted into the inner hole
in the vertical direction with respect to the main surface of the glass substrate,
an outline is obtained by scanning the inner hole in the circumferential
direction, and thus a difference in the radius between an inscribed civcle and a
circumscribed circle of this outline can be calculated as the roundness of the
glass substrate.

[0025] The method for calculating a shape evaluation value of the inner hole of
the magnetic-disk glass substrate will be described with reference to FIGS. 24,
2B, and 3. FIGS. 2A and 2B are diagrams illustrating the method for

measuring outlines of the side wall surface 1t of the magnetic-disk glass
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substrate 1 of the embodiment, and FIG. 3 is a diagram illustrating the method
for caleulating a shape evaluation value based on the outlines of the side wall
surface 1t of the magnetic-disk glass substrate 1 of the embodiment.

[0026] Similarly to FIG. 1B, FIG. 2A is an enlarged cross-sectional view of the
inner hole 2 of the magnetic-disk glass substrate 1 of the embodiment. In FIG.
2A, a central position C in the substrate thickness direction of the inner hole 2
of the magnetic-disk glass substrate 1, a position A upward from the central
position C to one of the main surface sides by 200 pm, and a position B
downward from the central position C to the other of the main surface sides by
200 pm are three examples of a plurality of positions (that is, measurement
positions in the substrate thickness direction when referenced on either one of
the main surfaces) at which the outline of the side wall surface 1t of the inner
hole 2 is measured. These positions are favorable for a magnetic-disk glass
substrate having a thickness of 0.8 mm or more, for example. It should be
noted that in the case where the thickness is 0.635 mm or less or the
measurement positions A and C used in the above-described method for
determining measurement positions will miss the side wall surface due to the
large chamfering amount or the like, the measurement positions A and C may
be spaced apart from each other by 100 pm in the substrate thickness direction.
A stylus 3 is set at these positions A to C to obtain the outlines of the inner hole
2. Accordingly, as shown in FIG. 2B, three outlines Pa to Pc are obtained at
different heights of the inner hole in the substrate thickness direction. It
should be noted that the stylus 3 preferably uses a small hole gauge head
having a relatively small diameter with a radius of curvature of the tip of 0.4
mm or less, for example, so that measurement can be performed at a plurality
of positions in the substrate thickness direction. Also, although three
measurement positions are shown as examples in FIGS. 2A and 2B, the
number of measurement positions can be greater than 3.

{0027] In the magnetic-disk glass substrate 1 of the present embodiment, the

roundness of the inner hole 2 is 1.5 um or less. Also, the inscribed circles of
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the three outlines Pa to Pc are cbtained, and a shape evaluation value of the
inner hole 2 is measured as follows, based on the data of three inscribed circles
(shown in FIG. 3). It should be noted that the centers of three inscribed circles
are located at the same position.

Referring to FIG. 3, first, radii of the inscribed circles of the three
outlines Pa to Pc are derived. Next, a difference between a2 maximum value
Rmax and a minimum value Rmin of the radii of the inscribed circles of the
three outlines is derived, and the difference of the radii is used as a shape
evaluation value of the inner hole 2. In the magnetic-disk glass substrate of
the present embodiment, the shape evaluation value of the inner hole 2 is 3.5
pm or less, and more favorably 2.5 pm or less.

[0028] The surface roughness of the side wall surface 1t of the inner hole 2
(that is, on the inner circumferential side) preferably has a maximum height Rz
of 0.2 pm or less and more preferably 0.1 pm or less. Also, the surface
roughness thereof preferably has an arithmetic mean roughness Ra of 0.02 pm
or less. Setting Rz and Ra in this range can prevent thermal asperity
resulting from adherence or digging in of foreign substances and corrosion
resulting from the deposition of ions such as sodium and potassium. Also, for
similar reasons described above, it 1s also preferable that the surface roughness
of the pair of chamfered surfaces 1c is in the above-described range. Here, Rz
refers to the maximum height defined by JIS B 0601:2001. Ra refers to the
arithraetic mean roughness defined by JIS B 0601:2001.

[0029] Also, with regard to the surface roughness of the side wall surface 1t of
the inner hole 2, letting the maximum height in the substrate thickness
direction be Rz(t) and the maximum height in the circumferential direction be
Rz(c), Rz{t)/Rz{c) is preferably 1.2 or less, and even more preferably 1.1 or less.
If Rz(t)/Rz{c) exceeds the above-described range, variation in the shape
evaluation value of substrates is likely to increase at the time of mass
production. By setting Rz(t)/Rz(c) to a value in the above-described range, it is

possible to reduce variation in the shape evaluation value.
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[0030] It should be noted that the value of surface roughness can be obtained
by measuring the side wall surface 1t with a wavelength bandwidth in which
the surface roughness is measured using a laser microscope set from 0.25 pm to
80 nm, for example, and selecting and analyzing a region of 50 pm square in the
measured range. The surface roughness in the substrate thickness direction
and the circumferential direction can take an average value of data obtained by
measwring the line roughness of the region of 50 pm square, for example, from
a plurality of cross-sections rvespectively corresponding in the substrate
thickness direction and the circumferential direction. For example, it is
sufficient that five sets of data are obtained and the average thereof is used as
the surface roughness.

[0031] Next, a preferable shape of a portion between the side wall swrface 1t
and the chamfered surface 1c will be described.

First, a method for deviving the radius of curvature of the shape of a
portion between the side wall surface 1t and the chamfered surface 1c will be
described with reference to FIG. 4. In FIG. 4, R is a radius of a circle C2
forming the curvature of the shape of the portion between the side wall surface
1t and the chamfered suxface 1c, and is the radius of curvature of the shape of
the portion. The radius of curvature R is derived as follows, for example.
First, an intersection point of a virtual line L1 obtained by extending a linear
portion of the chamfered surface le and a virtual line L2 obtained by extending
a linear portion of the side wall surface 1t is denoted by P1. Next, a virtual
line L8 passing through the intersection point P1 and extending perpendicular
to the linear portion of the chamfered surface 1c is set. Next, an intersection
point of the virtual line I.3 and the portion between the side wall surface 1t and
the chamfered surface lc is denoted by P2. Also, a cizcle C1 having a
predetermined radius (50 pm, for example) around the intersection point P2 is
set on the cross-section of the magnetic-disk glass substrate 1. Also, two
intersection points of an outer circumference of the circle C1 and the portion

between the side wall surface 1t and the chamfered surface 1c are respectively
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denoted by P3 and P4. Furthermore, a circle C2 respectively passing through
three intersection points P2, P3, and P4 are set.

By deriving the radius of the circle C2, the radius of curvature R of the
shape of the portion between the side wall surface 1t and the chamfered surface
1c can then be derived.

It should be noted that the radii of curvature of shapes of both portions
between the side wall surface 1t and the chamfered surface 1c adjacent to one
main surface Ip and between the side wall surface 1t and the chamfered
surface 1c adjacent to the other main surface 1lp can also be derived as
described above.

[0032] In the present embodiment, a measurement point is provided every 30
degrees in the circumferential direction, referenced on the center of the
magnetic-disk glass substrate 1. In other words, the number of measurement
points is 12. When the radius of curvature R of the shape of the portion
between the side wall surface 1t and the chamfered surface lc is derived at
each measurement point, it is preferable that a difference in the radius of
curvature R between adjacent measurement points is set to 0.01 mam or less.
Accordingly, it is possible to reduce a change in the shape of the inner
cirvcumferential edge swrface in the circumferential direction of the
magnetic-disk glass substrate 1, and reduce variation in the shape evaluation
value of the inner hole 2. It should be noted that the difference in the radius of
curvature R between adjacent measurement points is more preferably 0.005
mm or less, because variation in the shape evaluation value of the inner hole 2
can be further reduced.

{0033} On the main surface of the magnetic-disk glass substrate 1, a region
including locations at which a magnetic disk is clamped by a clamping member
when the magnetic disk produced based on the magnetic-disk glass substrate 1
is fixed to the HDD is referred to as a "clamp region”. The clamp region has a
diameter that is 128% of the diameter of the cireunlar hole on the main surface,

and is an annular region on the central portion side of the circumference of a



10

15

20

25

30

16

concentric circle with the circular hole. It is preferable that the clamp region
has a flatness of 1 pm or less.

The flatness of such a clamp region is expressed by TIR (Total Indicated
Runout) value, which is a difference between a height of the maximum peak
and a depth of the maximum valley., Measurement of flatness can be
performed using an interference flatness measurement device through
phase-measurement interferometry (phase shifting) at a predetermined
measurement wavelength, for example. Specifically, it is sufficient that the
flatness of the clamp region of both main surfaces of the glass substrate is
measured using a light source having a measurement wavelength of 680 nm
through phase-measurement interferometry (phase shifting). It should be
noted that it is sufficient that the flatness is measured in the clamp region of
both main surfaces and a higher value is used as the measured flatness of the
glass substrate.

On the main surface of the glass substrate, if the flatness is low at a
location where the magnetic disk is clamped and fixed by the clamping member,
the shape of the glass substrate slightly deforms when the magnetic disk is
clamped using the clamping member, as a result of which the overall flatness of
the magnetic disk may be deteriorated. As a result, there are cases where
fluttering is deteriorated. Thus, as described above, it is preferable that the
flatness of the clamp region is 1 pm or less.

[0034] In the case where a magnetic disk in which a magnetic layer is formed
on the main surface of the magnetic-disk glass substrate of the present
embodiment is produced and integrated into the spindle of a HDD, the
roundness and the shape evaluation value of the inner hole of the magnetic
disk are extremely small. Therefore, distortion of the magnetic disk resulting
from the side wall surface of the magnetic disk on the inner hole side locally
abutting against the spindle is unlikely to occur. For example, in the case
where the coefficient of thermal expansion of the glass substrate is smaller

than that of the spindle and the HDD is placed in a high {emperature



10

15

25

30

17

atmosphere, even in a case where the spindle expands relatively largely with
respect to the glass substrate, the entire side wall surface of the magnetic disk
on the inner hole side comes into contact with the spindle, and therefore the
above-described distortion is unlikely to occur. Thus, when the magnetic disk
of the HDD is rotated at high speed, the level of fluttering is unlikely to
increase. Although the coefficient of thermal expansion of the spindle is about
90 to 100x107 [K'l] or more, for example, the magnetic-disk glass substrate of
the present embodiment is favorable in the case in which a difference in the
coefficient of thermal expansion between the spindle and the glass substrate
increases. In particular, the magnetic-disk glass substrate of the present
embodiment is favorable in the case of a magnetic-disk glass substrate having a
coefficient of thermal expansion of 60x10°7 [K-{] or less or the like to be used for
a magnetic disk for energy-assisted magnetic recording.
[0035] When a magnetic disk on which a magnetic layer having a track
recording density of 500 kTPI (tracks per inch) or more, in particular, is formed
is integrated into the HDD, such as a magnetic disk for energy-assisted
magnetic recording, there are cases where accuracy in positioning the magnetic
head at the data track of the HDD deteriorates due to slight distortion in the
magnetic disk, and thus the magnetic-disk glass substrate of the present
embodiment is favorable for a magnetic disk provided with the above-described
high recording density.
10036] [Method for manufacturing magnetic-disk glass substratel

Hereinafter, a method for manufacturing the magnetic-disk glass
substrate of the present embodiment will be described step-by-step. It should
be noted that the order of the steps may be changed as appropriate.
[0037] (1) Glass substrate formation

A raw glass plate is molded by press molding and processes are
appropriately performed to form an inner hole and an outer shape to obtain an
annular glass substrate having an inner hole that has a predetermined

thickness, for example. It should be noted that the method for molding a raw
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glass substrate is not limited to these methods and a glass substrate can also be
manufactured by a known manufacturing method such as a float method, a
down draw method, a redraw method, or a fusion method.

[0038] (2) Edge surface grinding step

Next, the edge surfaces of the annular glass substrate are ground. The
edge surfaces of the glass substrate are ground in order to form chamfered
surfaces at the outer civcumferential side edge portion and the inner
circumferential side edge portion of the glass substrate, and adjust the outer
and inner diameter of the glass substrate. The grinding processing performed
on the outer circumferential side edge surface of the glass substrate may be
known chamfering processing with a formed grindstone using diamond
abrasive particles, for example.

The inner circumferential side edge surface of the glass substrate is
ground using a formed grindstone and by additional grinding processing in
which a grindstone is brought into contact with the edge surface of the glass
substrate such that a locus of the grindstone that is in contact with the edge
surface of the glass substrate is not constant. Heveinafter, the additional
grinding processing on the inner circumferential side edge surface of the glass
substrate will be described with reference to FIG. 5.

[0039] FIG. 5 is a diagram showing a method for processing the inner
circumferential side edge surface of the glass substrate.

As shown in FIG. 5, a grindstone 40 used to grind the inner
circumferential side edge surface of the 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 surface 1c of the glass substrate G on the inner circumferential
side. Specifically, the groove 50 has a groove shape including a side wall
portion 50a and chamfering portions 50b located on both sides of the side wall
portion 50a. The side wall portion 50a and the chamfering portions 50b of the

groove 50 described above are formed so as to have predetermined dimensions
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and shapes in consideration of the finishing target dimensions and shapes of
the ground surfaces of the glass substrate G.

In the processing of the inner circumferential side edge surface of the
glass substrate, the grinding processing is pexformed by rotating both the glass
substrate G and the grindstone 40 while bringing the grindstone 40 into contact
with the inner circumferential side edge surface 1t of the glass substrate Gina
state in which the glass substrate G is inclined with respect to the groove
direction of the groove 50 formed in the grindstone 40, that is, in a state in
which a rotation axis L of the glass substrate G is inclined by an angle o (in
FIG. 5, ais a positive counterclockwise angle) with respect to a rotation axis Lao
of the grindstone 40. Accordingly, the locus of the grindstone 40 that abuts
against the inner circumferential side edge surface of the glass subsirate G is
not constant, and the abrasive particles of the grindstone 40 abut against and
act on the edge surface of the substrate at random positions. Therefore, since
impairment of the substrate is reduced, the surface roughness of the ground
surface is reduced, and in-plane variation is reduced, it is possible to make the
ground surface smoother, that is, to finish the ground surface with a quality of
a level that meets the requirement for higher gquality. Furthermore, the effect
of improving the life of the grindstone is obtained.

[0040] Moreover, as shown in FIG. 5, the grindstone 40 and the glass substrate
G are in contact with each other in a state in which the groove 50 of the
grindstone 40 and an inner diameter arc of the glass substrate G are in contact
with each other in a surface contact state, thus increasing a contact area
between the grindstone 40 and the glass substrate . Therefore, a contact
length (cutting blade length) of the grindstone 40 with respect to the glass
substrate G is extended, thus making it possible to maintain the sharpness of
the abrasive particles. Accordingly, stable grinding performance can be
secured even in the case where the grinding processing is performed using a
grindstone with fine abrasive particles that is advantageous in terms of the

guality of the ground surface, and the favorable quality of the ground surface
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(mirror surface gquality) can be stably obtained by grinding processing mainly
using a plastic mode. In addition, the sharpness of the grindstone is
maintained and the grinding performance for achieving the plastic mode is
stably secured, thus making it possible to secure the favorable accuracy of
dimensions and shapes obtained by chamfering processing performed on the
inner circumferential edge surface of the glass substrate.
[0041] Although the inclination angle a of the glass substrate G with respect to
the groove dirvection of the grindstone 40 described above can be set arbitrarily,
it is preferable that the inclination angle a is in a range of one to fifteen degrees
in order to more favorably exhibit the operations and effects described above.
It 1s preferable that the grindstone 40 used in the grinding processing is a
grindstone obtained by binding diamond abrasive particles with resin (resin
bond grindstone). It is preferable to use a 2000# to 3000# diamond grindstone.
A preferable example of the circumferential speed of the grindstone 40
18 500 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 grindstone 40
to the circumferential speed of the glass substrate G is in a range of 50 to 300.
It should be noted that the above-described grinding step can be divided
into two steps, and first grinding is performed in a state in which the rotation
axis of the glass substrate G is inclined by an angle o (@>0), as described above,
second grinding is performed in a state in which the rotation axis of the glass
substrate G is inclined by an angle -a using another grindstone, and
adjustment is performed such that the machining allowance of the second
grinding is smaller than the machining allowance of the first grinding, as a
result of which Rz(t)/Rz(c) can be 1.2 or less.
[0042] It is preferable that the hardness (referred to as "grindstone hardness"
hereinafter) obtained by measuring a binder (resin) portion on the grindstone
surface of the above-described resin bond grindstone using a Berkovich

indenter under conditions where an indentation load is 250 mN by a
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nanoindentation test method is in a range of 0.4 to 1.7 GPa. In the case of the
resin bond grindstone, the grindstone hardness is an index that is correlated
with a bond strength between the diamond abrasive particles and the resin.

As a result of grinding the inner circumferential side edge surface using
resin bond grindstones having various characteristics and observing the
processed quality of the edge surface of the glass substrate, the inventors of the
present invention found that the bond strength between the diamond abrasive
particles and the resin in the resin bond grindstone had a large influence on the
shape evaluation value of the inner hole of the glass substrate subjected to the
above-described grinding processing. That is, it was found that if the inner
circumferential side edge surface is ground using a resin bond grindstone
having a grindstone hardness that is too high, the processing rate is favorable
but the surface is likely to be blemished and the shape evaluation value of the
inner hole is deteriorated, whereas if the inner circumferential side edge
surface is ground using a resin bond grindstone having a grindstone hardness
that is too low, the shape evaluation value of the inner hole is favorable but the
processing rate decreases markedly. In other words, the shape evaluation
value of the inner hole of the glass substrate can be adjusted by changing the
grindstone hardness. As a result, it was found that the grindstone hardness
was preferably in the above-described range. By setting the grindstone
hardness in the above-described range, it is possible to process the innex
circumferential side edge surface subjected to the grinding processing to a
semi-mirror surface, and therefore, the machining allowance can be reduced in
a subsequent edge surface polishing step, thus making it possible to improve
the shape accuracy of the edge portion including the shape evaluation value of
the inner hole while maintaining high surface quality.

[0043] A method for measuring grindstone hardness by a nanoindentation test
method will be described. A load is applied at 1 nm/sec to a binder portion of
the grindstone surface, which is the measurement target, using a Berkovich

indenter having a quadrangular pyramidal tip, the pressure is increased to 250
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mN and held for a predetermined time (10 seconds, for example), and then a
relationship between the load and the displacement when the pressure is
reduced at an unloading rate equivalent to when the pressure was increased is
obtained. A curve obtained here indicates dynamic hardness, which is a
characteristic closer to actual use conditions than evaluation of hardness,
which is a conventional static hardness characteristic. Based on the result of
the obtained curve of dynamic hardness characteristics, grindstone hardness

can be obtained by the nanoindentation test method using Equation (1) below.

H=FlAc (1)

where H is the hardness of the grindstone, F is a load, and Ac is an
indentation area.

The above-described indentation area Ac is expressed by relational
expressions (2) and (3) below.

Ac=flhc) < 24.5-he?  (2)

hc=hmax~e-F/S (3

where hc is an indentation depth, hmax is a depth at maximum load, hs
is an indentation depth at the start of unloading, ho is an indentation depth
after unloading, ¢ is a shape coefficient specific to the indenter (example: in
case of a Berkovich indenter = 0.75), S is a proportionality coefficient of the load
and displacement, and m is a slope (AF/dh).
[0044] (3) Edge surface polishing step

Next, the edge surfaces of the annular glass substrate are polished.
The edge surfaces of the glass substrate are polished in order to improve the
properties of the outer circumferential side edge surface and the inner
circumferential side edge surface (side wall surface and chamfered surfaces) of
the glass substrate. In the edge surface polishing step, the outer
cireumfevential side edge surface and the inmer circumferential side edge
surface of the glass substrate are polished by brushing.

[0045] By performing the edge surface grinding and the edge surface polishing
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described above, contamination by attached waste and the like and impairment
such as scratches on the edge surface of the glass substrate can be eliminated,
thermal asperity and deposition of ions such as sodium and potassium that
causes corrosion can be prevented, and surface roughness and waviness can
also be significantly reduced and the shape evaluation value of the inner hole of
the glass substrate can be reduced, thus making it possible to improve the
shape accuracy of the edge portion of the inner hole.

[0046] (4) First polishing (main surface polishing) step

After the main surface grinding step is appropriately performed as
required, first polishing is performed on the ground main surfaces of the glass
substrate. The first polishing is performed in order to eliminate scratches and
distortions that remain on the main surfaces due to the main surface grinding
or the like and to adjust surface unevenness (microwaviness, roughness).

In the first polishing step, the main surfaces of the glass substrate are
polished using a double-side polishing device provided with a planetary gear
mechanism. The double-side polishing device has an upper surface plate and
a lower surface plate. Planar polishing pads (vesin polishers) are attached to
the upper surface of the lower surface plate and the bottom surface of the upper
surface plate. One or more glass substrates accommodated in a carrier are
held between the upper surface plate and the lower surface plate, and the glass
substrate and the surface plates are moved relative to each other by the
planetary gear mechanism moving one or both of the upper surface plate and
the lower surface plate while supplying loose abrasive particles including an
abrasive, so that the two main surfaces of the glass substrate can be polished.

During the relative motion described above, the upper surface plate is
pressed against the glass substrate (that is, in a vertical direction) with a
predetermined load, the polishing pads are pressed against the glass substrate,
and a polishing liquid is supplied between the glass substrate and the polishing
pads. The main surfaces of the glass substrate are polished by the abrasive

contained in this polishing liquid. Known abrasive particles such as Cerium
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oxide, zirconium oxide, and silicon dioxide can be used as the abrasive, for
example. It should be noted that this step may be divided into a plurality of
steps changing the type or size of the abrasive particles.

[0047] (5) Chemical strengthening step

Furthermore, as requirved, the glass substrate may be chemically
strengthened.

A molten liquid of mixed salts of potassium nitrate and sodium nitrate,
for example, can be used as a chemical strengthening liquid. Chemical
strengthening processing is performed by immersing the glass substrate in the
chemical strengthening liquid, for example.

In this manner, by immersing the glass substrate in the chemical
strengthening liquid, lithium ions and sodium ions in the surface layer of the
glass substrate are respectively substituted with sodium ions and potassium
ions with a relatively large ion radius in the chemical strengthening liquid, and
the glass substrate is strengthened.

[0048] (6) Second polishing (final polishing) step

Next, second polishing is performed on the glass substrate. The second
polishing is performed in order to mirror polish the main surfaces. In the
second polishing, a polishing device used in the first polishing is used, for
exanmple. In this case, the second polishing differs from the first polishing in
the type and size of loose abrasive particles and the hardness of the resin
polisher.

Microparticles (particle size: diameter of about 10 to 100 nm) of colloidal
silica or the like suspended in a slurry, for example, are used as the loose
abrasive particles to be used in the second polishing. This makes it possible to
further reduce the surface roughness of the main surfaces of the glass substrate
and to adjust the shape of the edge portion in a preferable range.

The polished glass substrate is cleaned to provide a magnetic-disk glass
substrate.

[0049] [Magnetic disk]
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A magnetic disk can be obtained as follows using the magnetic-disk
glass substrate.

A magnetic disk has a configuration in which at least an adherent layer,
a base layer, a magnetic layer (magnetic recording layer), a protecting layer
and a lubricant layer are laminated on the main surface of the magnetic-disk
glass substrate (referred to as mervely "substrate" hereinafter) in this order
from the main surface side, for example.

For example, the substrate is introduced into a film deposition device
that has been evacuated and the layers from the adherent layer to the magnetic
layer are sequentially formed on the main surface of the substrate in an Ar
atmosphere by a DC magnetron sputtering method. CrTi can be used in the
adherent layer and CrRu can be used in the base layer, for example. A
CoPt-based alloy can be used in the magnetic layer, for example. Also, a
CoPt-based alloy or a FePt-based alloy having an Lie ordered structure is
formed as the magnetic layer for thermally assisted magnetic recording. After
the film deposition as described above, by forming the protecting layer using
CeHg by a CVD method, for example, and subsequently performing nitriding
processing that introduces nitrogen to the surface, a magnetic recording
medium can be formed. Thereafter, by coating the protecting layer with
perfluoropolyether (PFPE) by a dip coat method, the lubricant layer can be
formed.

The produced magnetic disk is preferably incorporated in a
magnetic-disk drive device (hard disk drive (HDD)) serving as a magnetic
recording and reproduction device provided with a magnetic head equipped
with a dynamic flying height (DFH) control mechanism and a spindle for fixing
the magnetic disk.

[0050] [Working examples and comparative examples]

In order to confirm the effect of the magnetic-disk glass substrate of the

present embodiment, 2.5-inch magnetic disks (having an outer diameter of 65

mm, an inner diameter of 20 mm, and a thickness of 0.8 mm, a length of a side
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wall surface on the inner diameter side of 0.5 mm, and an angle of the
chamfered surface of 45 degrees with respect to the main suxface) were
produced using manufactured magnetic-disk glass substrates. The glass
composition of the produced magnetic-disk glass substrate was as follows.

(Glass composition)

Amorphous aluminosilicate glass was used that contained SiOs in an
amount of 63 mol%, AlsO3 in an amount of 10 mol%, LizO in an amount of 1
mol%, Naz0 in an amount of 6 mol%, MgO in an amount of 19 mol%, CaO in an
amount of 0 mol%, SrO in an amount of 0 mol%, BaO in an amount of 0 mol%,
and ZrOs in an amount of 1 mol%.

It should be noted that the molar ratio of the content of CaO to the total
content of MgO, Ca0, 5r0 and BaO (CaQ/(MgO+Ca0+SrO+Ba0)) was zero,
and the glass-transition temperature was 703°C. The coefficient of thermal
expansion of the glass material having this composition was 56x107 [K1].
[0051] [Production of magnetic-disk glass substrates of working examples and
comparative examples]

The magnetic-disk glass substrates of working examples were produced
by performing the steps of the method for manufacturing a magnetic-disk glass
substrate according to the present embodiment in the given order.

Heve, the press molding method was used in molding of the glass
substrate, and an inner diameter and an outer shape were formed, and the
thickness was adjusted using a known method.

In the edge surface grinding step, the inner circumferential edge
surface and the outer circumferential edge surface of the glass substrate were
chamfered and the inner circumferential side wall surface and the outer
circumferential side wall surface were ground with a formed grindstone using
diamond abrasive particles to form chamfered surfaces and a side wall surface.
Furthermore, with regard to the inner circumferential side edge surface of the
glass substrate, by adding grinding processing in which the edge surface of the

glass substrate is inclined and brought into contact with the grindstone such
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that the locus of the grindstone abutting against the edge surface of the glass
substrate was not constant, surface quality was further improved while
increasing the shape accuracy of the chamfered surfaces and the side wall
surface.

In the additional grinding processing performed on the inner
circumferential side edge surface of the glass substrate, a resin bond grindstone
with 2500# diamond abrasive particles was used, and the inclination angle (a in
FIG. 5) of the glass substrate with respect to the groove direction of the
grindstone was set to 5 degrees. Other conditions were adjusted as
appropriate. In this case, glass substrates that were different in the shape
evaluation value of the inner hole were produced by adjusting the inclination
angle (a in FIG. 5) of the glass substrate with respect to the groove divection of
the grindstone and the other factors (e.g., grit of the grindstone, and
circumferential speed of the grindstone or the glass substrate) in the
above-described range as appropriate. It should be noted that although in the
case of a working example 11in Table 1, a = 5 degrees, by further increasing the
inclination angle, the surface quality is improved after grinding, and thus it is
possible to further improve the shape evaluation value.

It should be noted that in case of the working example 1 of Table 1, a
resin bond grindstone having a grindstone hardness of 1.05 GPa was used to
perform edge swrface grinding.

[0052] In the edge surface polishing step, the brushing was performed on the
inner circumferential side edge surface and the outer circumferential side edge
surface of the glass substrate, using a slurry containing cerium oxide abrasive
particles as polishing abrasive particles. It should be noted that the
machining allowance for a chamfered surface in the edge surface polishing was
adjusted in accordance with the surface quality after the edge surface grinding
step as appropriate.

[0053] Thereafter, grinding was performed on the main surface using a known

method, and then two-step polishing and chemical strengthening were
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performed thereon. A polishing liguid containing cerium oxide abrasive
particles was used in the first polishing, and a polishing liquid containing
colloidal silica polishing abrasive particles was used in the second polishing.
The chemical strengthening was performed before the second polishing. The
glass substrate on which polishing has been performed was cleaned using a
known cleaning method as appropriate. Accordingly, the magnetic-disk glass
substrate was obtained.

[0054] Through the above steps, samples of the magnetic-disk glass substrates
of the working examples and comparative examples were produced as shown in
Table 1. As shown in Table 1, the magnetic-disk glass substrates of the
working examples and comparative examples were different from each other in
the shape evaluation value of the inner hole. As described above, the glass
substrates that are different in the shape evaluation value of the inner hole
were produced mainly by adjusting the inclination angle of the glass substrate
with respect to the groove dirvection of a grindstone used in the grinding
processing performed on the inner circumferential side edge surface of the glass
substrate as appropriate. Although not shown in each table below, the
roundness of the samples of the working examples and comparative examples
was 1.5 jum or less.

It should be noted that a plate-shaped probe that was longer than the
thickness of the produced magnetic-disk glass substrate was inserted into the
inner hole in the vertical direction with respect to the main surface of the glass
substrate, an outline was obtained by scanning the inner hole in the
circumferential direction, and thus the roundness of the inner hole of the
magnetic-disk glass substrate was calculated as a difference in the radius
between an inscribed circle and a circumscribed circle of this outline. The
shape evaluation value of the inner hole was calculated based on three outlines
obtained at positions shown in FIG. 2A. That is, outlines were obtained at the
central position of the inner hole in the substrate thickness direction and the

positions spaced apart upward and downward by 200 pm from the central
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position, and among the inscribed circles of the three outlines, the difference
between the radius of the smallest inscribed circle and the radius of the largest
inscribed circle was used as the shape evaluation value of the inner hole. All
measurements were performed using a roundness/cylindrical shape
measurement machine.

[0055] {Evaluation method]

Next, the samples of the magnetic-disk glass substrates of the working
examples and comparative examples were formed into films as described above
to produce samples of magnetic disks of working examples and comparative
examples. Fluttering was evaluated by measuring fluttering characteristic
values of the samples of the magnetic disks of the comparative examples and
the working examples using a laser Doppler vibrometer. In the measurement
of the fluttering characteristic value, a magnetic disk was mounted on the
spindle of a 2.5-inch type HDD and was rotated, and the main surface of the
rotating magnetic disk was irradiated with a laser beam from a laser Doppler
vibrometer. It should be noted that the cover of the HDD was provided with a
hole for laser beam irradiation. Next, the laser Doppler vibrometer received
the laser beam reflected by the magnetic disk, and thus the amount of vibration
in the thickness direction of the magnetic disk was measured as a fluttering
characteristic value. In this case, the fluttering characteristic values were
measured under the following conditions.

Environment for HDD and measurement system: The temperature was
kept at 80°C in a constant temperature and humidity chamber.

Rotation rate of magnetic disk: 7200 rpm

‘Laser beam irradiation position: Position 31 mm apart from the center
(1.5 mm apart from the outer circumferential edge) of a magnetic disk in the
radial direction
[0056] [Evaluation criterion]

As described below, the results of evaluation of the measured fluttering

characteristic values were divided to four levels 1 to 4 in descending order of
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favorability (that is, in increasing order of the fluttering characteristic value).
Levels 1 and 2 are acceptable for practical purposes for a HDD of 500 kTPTL.
Level 1: 20 nm or less
Level 2: more than 20 nm to 30 nm or less
Level 3: move than 30 nm to 40 nm or less
Level 4: more than 40 nm
[0057] [Table 1]

Shape evaluation value of inner hole (am) | Fluttering characteristic value
Comp. Ex, 1 3.7 Level 4
Comp. Ex. 2 4.0 : Level 3
Work, Ex. 1 3.5 Level 2
Work, Ex. 2 2.8 Level 2
Work. Ex. 8 2.5 Level 1
Work. Ex. 4 1.9 Level 1

[0058] As shown in the comparative examples 1 and 2 of Table 1, in the case
where the shape evaluation value of the inner hole was not sufficiently small
even with a magnetic-disk glass substrate in which the roundness of the inner
hole was favorable, fluttering characteristics were not favorable. It is
conceivable that this is because the magnetic disk slightly distorted due to the
side wall surface of the magnetic disk on the inner hole side locally abutting
against the spindle. On the other hand, as shown in the working examples 1
to 4 of Table 1, in the case where both the roundness of the inner hole and the
shape evaluation value were 3.5 pm or less, the fluttering characteristics of the
HDD were favorable. It is conceivable that this is because the magnetic disk
did not distort, due to surface contact between the side wall surface of the
magnetic disk on the inner hole side and the spindle, even in a high
temperature atmosphere in which a gap between the inner hole of the magnetic
disk and the spindle was reduced. It should be noted that as shown in the
working examples 3 and 4 of Table. 1, in the case where the shape evaluation
value of the inner hole of the magnetic disk was 2.5 nm or less, it was confirmed
that fluttering characteristics were further improved. As shown in the
working examples 1 to 4, it is conceivable that in the case where fluttering

characteristics were favorable, an error was unlikely to occur when a magnetic
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signal was written to or read out from the magnetic disk of the HDD,
positioning accuracy by the servo of the HDD was favorable.

{0059] It should be noted that when a magnetic-disk glass substrate having a
roundness of 1.8 um and a shape evaluation value of 3.5 pm or 2.5 pm
{(respectively, comparative examples 3 and 4) were prepared and fluttering
characteristic values were measured using the glass substrate, each value was
level 4. According to this, it was found that even in the case where the shape
evaluation value was 3.5 nm or less, if the roundness exceeded 1.5 um, the level
of fluttering was not improved.

{0060} Next, ten magnetic-disk glass substrates of the working example 1
described above and ten magnetic-disk glass substrates of the working
examples 5 and 6 were produced, and Rz, Ra, an average value of Rz{t)/Rz(c),
and variation in the shape evaluation value were derived. Rz of each glass
substrate was 0.2 pm or less. Also, Ra of each glass substrate was 0.02 pm or
less. The magnetic-disk glass substrates of the working examples 5 and 6
were produced under the production conditions of the working example 1 except
that only the edge surface grinding step was different. Specifically, in the
working examples 5 and 6, in the edge surface grinding step, the first grinding
was performed such that the inclination angle (o in FIG. 5) of the glass
substrate with respect to the groove direction of the grindstone was 5 degrees,
the second grinding was then performed such that the inclination angle of the
glass substrate was -5 degrees using another grindstone, and adjustment was
performed such that the machining allowance of the second grinding was
smaller than the machining allowance of the first grinding. The evaluation
results of the working examples 1, 5, and 6 were shown in Table 2. In Table 2,
the average value of Rz(t)/Rz(c) is the average value of Rz{t)/Rz(c) of the ten
magnetic-disk glass substrates, and “variation in the shape evaluation value” is
a difference between the maximum value and the minimum value of shape

evaluation values of the ten magnetic-disk glass substrates.
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It could be found from Table 2 that Rz(t)/Rz(c) was 1.2 or less, and thus
variation in the shape evaluation value decreased. Also, it could be found that
if Rz(t)/Rz(c) was 1.1 or less, variation in the shape evaluation value furthex

decreased.
[0061] [Table 2]

Average value of Rz(t)/Rz(c) Variation in shape evaluation value (pm)
Work. Fx. 1 1.31 0.5
Work. Ex. 5 1.17 0.3
Work. Bx. 6 1.08 0.2

[0062] Next, ten samples (working examples 7 and 8) were produced under the
production conditions of the working example 1 except that the machining
allowance of the edge surface grinding was changed, and variation in the shape
evaluation value of the working examples 7 and 8 was derived. Similarly to
those shown in Table 2, variation in the shape evaluation value is a difference
between the maximum value and the minimum value of shape evaluation
values of the ten samples.

Also, with regard to the working examples 1, 7, and 8, the radius of
curvature of a portion between the side wall surface and the chamfered surface
of the inner circumferential edge portion was derived. It should be noted that
the shape trimmed in the grinding step is further maintained as the machine
allowance of the edge surface polishing decreases, and thus shape accuracy can
be increased. In other words, a difference in the radius of curvature can be
veduced at adjacent measurement positions in the circumferential direction of
the inner circumferential edge portion.

The radius of curvature of one glass substrate was derived as follows.
Specifically, 24 points of the inner circumferential edge portion, namely 12
points on the surface side and 12 points on the back side, were measured in
total. Then, a difference in the radius of curvature between adjacent
measurement points in the 12 points on the surface side (twelve sets of data)
and a difference in the radius of curvature between adjacent measurement
points in the 12 points on the back side (twelve sets of data) were derived, and

among twenty-four sets of data in total, the maximum value was used as the
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maximum value of the radius of curvature of the glass substrate. Examples of
measurement data are shown in Table 3. In Table 3, the surface and the back
of the glass substrate, which was the measurement target, are respectively
indicated as an A surface and a B surface. Also, in Table 3, a difference in the
radius of curvature when “0O to 30 degrees” means the absolute value of
differences in the radii of curvature between a measurement point at 0 degrees
and a measurement point at 30 degrees, for example. Also, the position of the
A surface at 30 degrees on the back side was corresponded to the position of the
B suxrface at 30 degrees, for example.

When the maximum value of a difference in the radius of curvature was
derived with regard to the ten samples of the working examples 1, 7, and 8, the
ten samples of the working example 1 had a maximum value of 0.010 mm or
less, the ten samples of the working example 7 had a maximum value of 0.005
mm or less, and the ten samples of the working example 8 had a maximum
value of 0.012 mm or less. Examples of measurement data shown in Table 3
are data of one sample having the largest maximum value of differences in the
radii of curvature of the working examples.

With regard to the working examples 1, 7, and 8, Table 4 shows the
maximum value of differences in radii of curvature (same as the value indicated
in Table 3; the maximum value of the ten samples) and variation in the shape
evaluation value.

It could be found from Table 4 that by setting the maximum value of
differences in radii of curvature to 0.01 mm or less, variation in the shape
evaluation value could be significantly reduced.

[0063] [Table 3]

Difference in radius of curvature (mm)

Work, Ex. 1 Work. Ex. 7 Work. Ex. 8
A B A B A B
surface surface surface surface surface surface
0 to 30 degrees 0.005 0.009 0.003 0.003 0.006 0.008
30 to 60 degrees 0.003 0.009 0.002 0.004 0.003 0.004

60 to 90 degrees 0.005 0.010 0.002 0.003 0.010 0.002

90 to 120 degrees 0.004 0.009 0.004 0.004 0.009 0.003

120 to 150 degrees 0.006 0.009 0.002 0.003 0.011 0.001
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180 to 180 degrees 0.605 0.007 4.003 0.002 0.004 0.008

180 to 210 degrees 0.005 0.008 0.001 0.c03 0.004 0.002

210 to 240 degrees 0.002 0.007 0.001 0.002 0.010 0.003

240 to 270 degrees 0.007 0.006 0.004 0.004 0.003 0.005

270 to 300 degrees 0.006 0.008 0.003 0.004 0.004 0.007

300 to 330 degrees 0.005 0.006 0.005 0.005 0,012 0.011

330 to 360 degrees 0.003 0.007 0.005 0.003 0.009 0.010

Max. value of
differonces 0.010 0.005 0.012

[0064] [Table 4]

Max. value of differences of radii of

curvature (mu) Variation in shape evaluation value (um)

Work. Bx. 1 0.010 0.3
Work. Ex. 7 0.005 0.2
Work. Ex 8 0.012 0.6

[0065] Also, similarly to the above, a 2.5-inch magnetic-disk glass substrate
was produced such that the thickness and the length of the side wall surface on
the inner diameter side were changed respectively to 0.635 mm and 0.335 mm.
The roundness of the inner hole of this glass substrate was 1.5 pm or less.
Also, when the shape evaluation values of the inner hole of the glass substrate
were measured similarly to the above except that three outlines of the inner
hole of this glass substrate were spaced apart by 100 um, the shape evaluation
value was 3.4 pm. Similarly to the above, when this glass substrate was used
to produce a magnetic disk and fluttering chavacteristics thereof were
evaluated, the fluttering level was 2.

Furthermore, with regard to the magnetic-disk glass substrate having a
thickness of 0.635 mm, glass substrates that were different in the shape
evaluation value of the inner hole were produced (comparative example 5 and
working examples 9 and 10) by adjusting the inclination angle (a in FIG. 5) of
the glass substrate with respect to the groove direction of the grindstone and
the other factors (e.g., grit of the grindstone, and circumferential speed of the
grindstone or the glass substrate) as appropriate. It should be noted that the
working examples 9 and 10 were produced by increasing the above-described
a=5 degrees as a reference such that the working examples 9 and 10 were
different in the shape index value. Measurement results of the comparative

example 5 and working examples 9 and 10 are shown in Table 5.
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As shown in Table 5, in the case where the thickness was 0.635 mm, it
was confirmed that if the shape evaluation value of the inner hole of the
magnetic disk was 3.5 pm or less, the fluttering characteristics of the HDD
were favorable, whereas if the shape evaluation value was 2.5 pm or less, the
fluttering characteristics were further improved.

[0066] [Table 5]

Shape evaluation value of inner hole (am) Fluttering characteristic value
Comp. Bx. 5 3.8 Level 3
Work. Ex. 9 2.3 Level l
Work. Ex 10 1.7 Level 1

[0067] Next, when the flatness of the clamp region of the main surface of the
magnetic-disk glass substrate of the working example 1 was measured, the
flatness was 1.1 pm. Also, when the magnetic-disk glass substrate of the
working example 1 was produced, the parallelism of the polishing surface of the
upper and lower grinding surface plates was reduced during main surface
polishing, as a result of which the flatness of the clamp region was 0.7 pm. It
should be noted that the parallelism of the polishing surfaces (polishing
surfaces of polishing pads attached to the upper and lower surface plates) of the
upper and lower surface plates was derived as follows. Specifically, when the
distance between the polishing surface of the upper surface plate and the
polishing surface of the lower surface plate in the inner circumferential edge
portions of the upper and lower surface plates was D1 and the distance between
the polishing surface of the upper surface plate and the polishing surface of the
lower surface plate in the outer circumferential edge portion was D2, the
absolute value of (D2-D1) was parallelism.

When the fluttering characteristic value was measured using a
magnetic disk substrate, which was based on the magnetic-disk glass substrate
in which the clamp region had a flatness of 0.7 pm, the flatness of the clamp
region was reduced by approximately 10% compared to a case of the 1.1 pm.
In other words, it was confirmed that when the flatness of the clamp region was

reduced, fluttering was improved.
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[0068] While the magneticdisk glass substrate and the magnetic disk
according to the present invention have been described in detail, the present
invention is not limited to the above-described embodiment, and it will be
appreciated that various improvements and modifications can be made without
departing from the gist of the present invention.

[Descriptions of Reference Numerals]

[0069] 1 Magnetic-disk glass substrate
ip Main surface
1t Side wall surface
le Chamfered surface

2 Inner hole
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CLAIMS

1. A glass substrate used for a magnetic-disk glass substrate, the glass substrate
having a circular hole at a center, and comprising a pair of main surfaces and a side wall
surface orthogonal to the main surfaces,

a roundness of the circular hole being 1.5 um or less, and

a difference between a maximum value and a minimum value of radii of three
inscribed circles that are respectively derived from outlines in a circumferential
direction at three positions spaced apart by 200 um in a substrate thickness direction on
the side wall surface of the circular hole being 3.5 um or less.

2. The glass substrate according to claim 1, wherein the thickness of the glass
substrate is 0.8 mm or greater.

3. A glass substrate used for a magnetic-disk glass substrate, the glass substrate
having a circular hole at a center, and comprising a pair of main surfaces and a side wall
surface orthogonal to the main surfaces,

a substrate thickness being 0.635 mm or less,

a roundness of the circular hole being 1.5 pm or less, and

a difference between a maximum value and a minimum value of radii of three
inscribed circles that are respectively derived from outlines in a circumferential
direction at three positions spaced apart by 100 ym in a substrate thickness direction on
the side wall surface of the circular hole being 3.5 um or less.

4, The glass substrate according to any one of claims 1 to 3, wherein the
difference is 2.5 um or less.

5. The glass substrate according to any one of claims 1 to 4, wherein

a surface roughness Rz of the side wall surface of the circular hole is 0.2 pm or
less.
6. The glass substrate according to any of claims 1 to 5, wherein

an average coefficient of thermal expansion from 100°C to 300°C is 60x107
[K"] or less.
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7. The glass substrate according to any of claims 1 to 6, wherein

with regard to the surface roughness of the side wall surface of the circular hole,
in a case where a maximum height in the substrate thickness direction is Rz(t) and a
maximum height in the circumferential direction is Rz(c), Rz(t)/Rz(c) is 1.2 or less.

8. The glass substrate according to any of claims 1 to 7, wherein

when a measurement point is provided every 30 degrees in the circumferential
direction referenced on the center of the glass substrate, and a radius of curvature of a
shape of a portion between the side wall surface and a chamfered surface of the circular
hole at the measurement point is derived, a difference in the radius of curvature between

adjacent measurement points is 0.01 mm or less.

9. A manufacturing method of a magnetic-disk glass substrate, including
performing polishing the pair of main surfaces of the glass substrate according to any

one of claims 1 to 8.



