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[DESCRIPTION]

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

HEAT ASSISTED MAGNETIC RECORDING
[Technical Field]

[0001]
The present invention relates to a glass substrate for a magnetic disk to be a source

of a magnetic disk for heat assisted magnetic recording and a magnetic disk for
heat assisted magnetic recording.

[Background Art] |

[0002]

Conventionally, a glass substrates is suitably used for a magnetic disk which is
used as one of information recording mediums. Today, in response to the request
for increased recording capacity of a hard disk drive (HDD) device, the density of
magnetic recording is being increased. Consequently, a magnetic recording
information area is micronized by making a flying height of a magnetic head from
- a magnetic recording surface extremely low. Dimension and form of the glass
substrate used for such a magnetic disk are preferably made with high accuracy
with respect to a target value.

[0003]

Especially, the lower a flying height ofa magnetic head from a magnetic recording
surface becomes, the more scratches on the principal face of a magnetic disk can
occur when the magnetic head is in operation, caused by a fine waviness on the
principal face of the magnetic disk. Accordingly, it is preferable that the level of
the fine waviness on the principal face of a glass substrate for a magnetic disk to be
a source of a magnetic disk is decreased.

[0004]

On the other hand, recently, the heat assisted magnetic recording (HAMR) system
is noticed as a technology which further increases the recording capacify. A
magnetic disk for heat assisted magnetic recording is obtained by forming at least

an adhesive layer, an underlying layer, a magnetic layer (magnetié recording layer),
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a protective layer, and a lubricant layer on the principal face of a glass substrate for
a magnetic disk. As a forming method of a magnetic layer, a method of
performing a heat treatment to a glass substrate for a magnetic disk at a
temperature close to a glass transition temperature Tg is known (Patent Literature
1).

[Citation List]

[Patent Literature]

[0005]

[PTL 1}

Patent Literature 1: JP 2013-178855 A

[Summary of Invention]

[Technical Problem]

[0006]

Generally, a heat treatment for forming a magnetic layer of a magnetic disk for
heat assisted magnetic recording is performed in a state that an outer diameter end
portion of a glass substrate for a magnetic disk is held by a holding claw. In this
state, a fine waviness occurs on the prinéipal face of the glass substrate for a
magnetic disk due to a pressure to the outer diameter end portion of the glass
substrate for a magnetic disk exerted by the holding claw and heat which is applied
in the heat treatment. Due to the fine waviness, the scratch occurrence rate when
a magnetic head is in operation is increased.

[0007]

Thus, the present invention is intended to provide a glass substrate for a magnetic
disk to be a source of a magnetic disk for heat assisted magnetic recording and a
magnetic disk for heat assisted magnetic recording which can restrain the
occurrence of scratches when a magnetic head is in operation.

[Solution to Problem]

[0008]

As a result of intensive studies in order to solve the above-described conVentional
problems, the present inventor has found that the occurrence of scratches can be

restrained when a magnetic disk for heat assisted magnetic recording is made from
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a glass substrate for a magnetic disk whose level of the fine waviness of a
wavelength band of 1 to 3 mm on the principal face thereof is decreased.

[0009] _ |

From the above, a first aspect of the present invention is a glass substrate for a
magnetic disk to be a source of a magnetic disk for heat assisted magnetic
recording. In thé glass substrate, an arithmetic average waviness Wa of the
wavelength band of 1 to 3 mm on the principal face thereof is 2.15 A or less.
[0010]

A second aspect of the present invention is a glass substrate for a magnetic disk to
be a source of a magnetic disk for heat assisted magnetic recording. An
arithmetic average waviness Wa of the wavelength band of 1 to 3 mm on the
principal face of the glass substrate is a predetermined value or lesé, the
predetermined value being a value in which scratches upon the magnetic head
operation do not occur on the principal face of the magnetic disk when actuating
the magnetic disk on a hard disk drive device. '

[0011] |

A third aspect of the present invention is a magnetic disk for heat assisted magnetic
recording which is made by performing a heat treatment to the above-mentioned
glass substrate for a magnetic disk.

[Advantageous Effects of Invéntion]

[0012]

According to the present invention, the occurrence of scratches of a magnetic disk
for heat assisted magnetic recording can be restrained by setting an arithmetic
average waviness Wa of the wavelength band of 1 to 3 mm on the principal face of
a glass substrate for a magnetic disk to a value in which scratches upon the

magnetic head operation do not occur on the principal face of the magnetic disk or

less.

[Brief Description of Drawings]
[0013]

[Fig. 1]

Fig. 1 is a drawing illustrating an example of the flow of the method of
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manufacturing the glass substrate for a magnetic disk of this embodiment.
[Description of Embodiments] |

[0014]

A glass substrate for a magnetic disk of this embodiment will be specifically
described hereunder. '

[0015]

[The glass substrate for a magnetic disk]

Aluminosilicate glass, soda lime glass, boron silicate glass, or the like can be used
-as materials of the glass substrate for a magnetic disk in this embodiment.
Especially, aluminosilicate glass including cations such as alkali nﬁetal ions can be
suitably used in that chemical strengthening can be performed and a glass substrate
for a magnetic disk which is excellent in flatness of the principal face and strength
of the substrate can be made. ‘

[0016]

The composition of the glass substrate for a magnetic disk of this embodiment
includes one or more kinds of alkali earth metal oxide selected from a group
‘composed of Si0O,, Li,0, Na,O, énd MgO, CaO, SrO, and BaO, as the essential
components. The molar ratio of the content of CaO with respect to the total
content of MgO, CaO, SrO, and BaO (CaO/(MgO+CaO+SrO+Ba0) is 0.20 or less,
and a glass transition temperature Tg may be 650 °C or higher. The glass
substrate for a magnetic disk composed in this composition is suitable for a glass
substrate for a magnetic disk used for a magnetic disk for heat assisted magnetic
recording.

[0017] |

The glass substrate for a magnetic disk in this embodiment is an annular thin glass
substrate. In this embodiment, although any size of the glass substrate for a
magnetic disk can be employed, a glass substrate for a magnetic disk of 2.5 to 3.5
inches in nominal diameter is preferably employed. Compared to a glass
substrate which is 2.5 inches in nominal diameter, a glass substrate which is 3
inches or more in nominal diameter is larger in area and volume, and is heavier.

Accordingly, since pressure exerted to the glass substrate by a holding claw thereof
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becomes stronger, a fine waviness due to the holding claw is easy to occur. Thus,
in the case of using the glass substrate which is 3 inches or more in nominal
diameter, applying the present invention is especially effective. |
[0018]

[Method of manufacturing the glass substrate for a magnetic disk]

Fig. 1 is a drawing illustrating an example of the flow of the method of
manufacturing the glass substrate for a magnetic disk of this embodiment. As
illustrated in Fig. 1, in the manufacturing method of this embodiment, firstly, a
forming treatment of a sheet glass blank having a pair of principal faces (S10) is
performed. Next, a rough grinding treatment of this glass blank (S12) is
performed. Then, a shape processing treatment (S14) and an end face polishing
treatment (S16) are applied to the glass blank. Then, a precise grinding treatment
(S18) using fixed abrasive grains is performed to the glass substrate obtained from
the glass blank. Then, a first polishing treatment (520), a chemical strengthening
treatment (S22), and a second polishing treatment (S24) are performed to the glass
substrate after the precise grinding treatment (S18.) Note that, although this
- embodiment is described according to the flow in F ig. 1, not all of the treatments
of the flow (S10 to S24) in Fig. 1 are necessary and some of the treatments are
optional. Additionally, it is also possible to change the order of some of the
treatments.

Each treatment will be described hereunder.

[0019]

(a) Forming treatment of a glass blank

In the forming of a glass blank, a press forming method, for example, can be used.
Around glass blank can be obtained through the press forming method. Further,
it can be manufactured using known manufacturing methods such as a down-draw
- method, a redraw method, a fusion method or the like. A disk-shaped glass
substrate to be a source of the glass substrate for a magnetic disk can be obtained
by appropriately performing shape processing to the sheet glass blank made
through these known manufacturing methods. |

[0020]
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(b) Rough grinding treatment

In the rough grinding treatment, specifically, grinding of the principal faces on
both sides of the glass blank is performed while holding the glass blank in a
holding hole which is provided in a holding member mounted on a double faces
grinding apparatus. For example, loose abrasive grains are used as grinding
materials. In the rough grinding treatment, the glass blank is grinded so as to
approach close to a target dimension of plate thickness and a target flatness of the
principal faces. Note that the rough grinding treatment is performed according to
dimension accuracy or surface roughness of the formed glass blank, and in some
‘cases, it does not have to be performed.

[0021]

(c) Shape processing treatment

Next, the shape processing treatment is performed. In the shape processing
treatment, after the fofming treatment of the glass blank, a disk-shaped glass
substrate having a round hole is obtained by forming the round hole using a known
processing method. After that, chamfering of an end face of the glass substrate is
conducted whereby a side wall face orthogonal to the principal faces and a
chamfering face (intervening face) which connects the side wall face and the
principal faces are formed on the end face of the glass substrate.

[0022]

(d) End face polishing treatment

Next, the end face polishing treatment of the glass substrate is performed. In the
end face polishing treatment, polishing is performed by supplying polishing
solution including loose abrasive grains between a polishing brush and the end face
of the glass substrate and moving the polishing brush and the glass substrate
relatively. In the end face polishing, the inner circumferential end face and the
outer circumferential end face of the glass substrate are objects to be polished, and
the inner circumferential end face and the outer circumferential end face become a
mirror state.

[0023]

(e) Precise grinding treatment
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Next, the precise grinding treatment is exerted to the principal faces of the glass
substrate. Specifically, grinding is performed to the principal faces of the glass
substrate using the double faces grinding apparatus. Thé double faces grinding
apparatus has a pair of upper and lower surface plates (upper surface plate and
lower surface plate), and the fixed abrasive grains including diamond abrasive
grains, for example, are attached to the faces of the upper surface plate and the
lower surface plate. As the abrasive grains, particles of diamond or the like and
an aggregate obtained by binding a plurality of particles with a binder such as glass,
ceramic, metal, or resin or the like can be used. For example, a sheet on which a
pellet fixed with the abrasive grains using a supporting member such as resin or the
like is attached can be the fixed abrasive grain. The grass substrate is clamped
between such upper surface plate and lower surface plate. The both principal
- faces of this glass substrate can be grinded by movably operating either the upper
surface plate or the lower surface plate, or both of them while supplying coolant so
as to relatively move the glass substrate and each surface plate.

In the grinding treatment of this embodiment, the principal faces of the glass
substrate are grinded by making the grinding face including the fixed abrasive
grains and the principal faces of the glass substrate contact with each other, while
grinding using the loose abrasive grains can also be performed.

[0024]

(f) First polishing treatment

Next, the first polishing treatment is exerted to the principal faces of the glass
substrate. Specifically, mirror surface polishing is perforrhed to the principal
faces of the glass substrate using the double faces polishing apparatus. The first
polishing treatment can be performed by clamping the principal faces of the glass
substrate with polishing pads attached to the upper and lower surface plates,
supplying the polishing solution including loose abrasive grains between the glass
substrate and the polishing pads, and relatively moving the grass substrate and the
principal faces. At.this time, it is preferable to hold the glass substrate with a
holder such as a carrier or the like and relatively move it by a planetary gear

movement because the principal faces of the glass substrate can be uniformly
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polished. The first polishing removes cracks and distortions which remain on the
principal faces when grinding by the fixed abrasive grains, for example, is
performed, or fine surface unevenness which occurs on the principal faces by a
crystalizing treatment. The removal amount is preferably 1 to 100 pm. By
setting the removal amount within the above stated range, surface roughness of the
principal faces, for example arithmetic average roughness Ra can be decreased
while preventing the shape of the end faces of the principal faces from excessively
sinking or protruding. |

[0025]

In the first polishing treatment of this embodiment, polishing of the principal faces
of the glass substrate is performed setting the polishing condition of the first
polishing treatment so as to be 2.15 A or less in arithmetic average waviness Wa of
the wavelength band of 1 to 3 mm on the principal faces of the glass substrate for a
magnetic disk. Specifically, as the condition of the first polishing treatment, the
polishing condition is determined so as to decrease the arithmetic average waviness
Wa of the wavelength band of 1 to 3 mm on the principal faces of the glass
substrate for a magnetic disk. For example, the arithmetic average waviness Wa
of the wavelength band of 1 to 3 mm on the principal faces of the glass substrate
for a magnetic disk can be decreased by using a polishing pad which is 3 pm or
less in surface waviness of the wavelength band of 1 to 3 mm on the surface of the
. polishing pad.

Additionally, from the point of view of suppressing polishing speed and
occurrences of scratches, ivt is preferable that the polishing solution includes
particles of CeO,, ZrO,, and SiO, or the like as abrasive grains. Further, the
average particle diameter (D50) of the abrasive grains is preferably 0.3 to 3.0 um.
Furthermore, the force which presses the glass substrate with the polishing pad 1s
preferably 30 to 200g/cm”.

[0026]

(g) Chemical strengthening treatment

The glass substrate can be chemically strengthened appropriately. As chemical

strengthening solution, molten solution which is obtained by heating, for example,
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potassium nitrate, sodium nitrate, or their mixture can be used. Then, by soaking
the glass substrate into the chemical strengthening solution, lithium ions and
sodium ions in the glass composition in the surface layer of the glass substrate are
replaced with sodium ions and potassium ions which are relatively large in ion
diameter in the chemical strengthening solution respectively whereby a
compressive stress layer is formed in the surface layer portion, thereby
strengthening the glass substrate. '

Although timing of performing the chemical strengthening treatment can be
determined appropriately, it is especially preferable to perform the polishing
treatment after the chemical strengthening treatment because the surface can be
smoothed and foreign matters sticking to the surface of the glass substrate can be
removed by the chemical strengthening treatment. Moreover, the chemical
strengthening treatment may be performed as needed and it does not have to be
performed. v

[0027]

(h) Second polishing treatment (last polishing)

Next, the second polishing is exerted to the glass substrate after the chemical
strengthening treatment. The second polishing is intended for the mirror surface
polishing of the principal faces. The double faces polishing apparatus which has
the identical configuration to the double faces polishing apparatus used for the first
polishing is used in the second polishing as well. In the second polishing
treatment, it is preferable to make the particle size of the loose abrasive grains
- smaller compared to the first polishing treatment. Additionally, it is preferable to
lower the hardness of a resin polisher of the polishing pad. Additionally, in the
second polishing treatment, it is preferable to lessen the removal amount than in
the first polishing treatment. Thereby, roughness of the principal faces can be
decreased while preventing the shape of the end portions of the principal faces
from excessively sinking or protruding.

As for the polishing pad used in the secdnd polishing treatment, it is preferable to
use a polishing pad which is 3 pm or less in surface waviness of the wavelength

band of 1 to 3 mm on the surface of the polishing pad similarly to the first
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polishing treatment. In the second polishing treatment as well, the arithmetic
average waviness Wa of the wavelength band of 1 to 3 mm can be further
decreased by using the polishing pad which is 3 um or less in surface waviness of
the wavelength band of 1 to 3 mm on the surface of the polishing pad.

[0028]

As the loose abrasive grains used for the second polishing treatmént, for example,
fine particles such as colloidal silica or the like are used. The glass substrate for a
magnetic disk can be obtained by washing the polished glass substrate.

It is preferable to perform the second polishing treatment in that the level of
surface unevenness on the principal faces of the glass substrate can be further
smaller. The gIass substrate exerted with the second polishing becomes the glass
substrate for a magnetic disk in this manner.

[0029]

[Magnetic disk for heat assisted magnetic recording] |
The magnetic disk for heat assisted magnetic recording (hereunder, referred to as
“magnetic disk”) is constituted in such a way that at least an adhesive layer, an
underlying layer, a magnetic layer (magnetic recording layer), a protective layer,
and a lubricant layer are stacked on the principal faces of the glass substrate for a
magnetic disk in the order closer to the principal faces.

For example, the glass substrate for a magnetic disk is introduced into a film
forming apparatus which has béen vacuumed, and layers are sequentially formed
on the principal faces of the glass substrate for a magnetic disk from the adhesive
layer to the magnetic layer in an Ar atmosphere by a DC magnetron sputtering
method. AS the adhesive layer, for example, CrTi can be used, and as the
underlying layer, for example, CrRu can be used.

The magnetic layer is formed by heat treatment using, for example, CoPt based
alloy and FePt based alloy of Lj, regular structure. In this heat treatment, it is
heated for about 1 to 60 minutes at 300 to 700 °C while holding an outer diameter
end portion of the glass substrate for a magnetic disk. Note that, it just needs to
be heated so that the Lo regular structure occurs, and this is not the only case.

Note that the glass transition temperature Tg of the glass substrate for a magnetic
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disk of this embodiment is 650 °C. At this time, the fine waviness on the
principal faces of the magnetic disk increases due to the pressure applied by the
“holding claw to the outer diameter end portion of the glass substrate for a magnetic
disk and the heat added in the heat treatment.

After the film is formed as described above, the protective layer is formed using
C,H; through a CVD fnethod, for example, then, a nitrogen treatment of
introducing nitrogen to the surface is performed whereby a magnetic recording
medium for heat assisted magnetic recording can be formed. After that, the
lubricant layer can be formed by applying a PFPE (perﬂuoroalkylpolyether) on the
protectlve layer through a dip-coating method.

[0030]

The present inventor has found that the wavelength band of the fine waviness on
the principal faces of a magnetic disk which is aggravated by the heat treatment
above is 1 to 3 mm wide. Therefore, in this embodiment, the glass substrate for a
magnetic disk is made in such a way that the level of the fine waviness on the
principal faces of the wavelength band of 1 to 3 mm is low (in other words, a
margin is provided in the fine waviness on the principal faces of the wavelength
band of 1 to 3 mm) in advance, considering that the fine waviness on the prihcipal
faces of the wavelength band of 1 to 3 mm is aggravated by the above-described
heat treatment. Specifically, as shown in the example described later, the glass
substrate for a magnetic disk in which the arithmetic average waviness Wa of the
wavelength band of 1 to 3 mm on the principal faces of the glass substrate for a
magnetic disk is the value at which scratches upon the magnetic head operation do
not occur on the principal faces of a magnetic disk (2.15 A) or less is made, and the
heat treatment is performed to this glass substrate for a magnetic disk to make the
magnetic disk.  Accordingly, even though the fine waviness on the principal faces
of the magnetic disk is éggravated, the occurrence of the scratches on the principal
faces of the magnetic disk upon magnetic head operation can be restrained when
actuating the magnetic disk on a HDD apparatus.

[0031]

[Example, Comparative example]
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In order to confirm the effects of the glass substrate for a magnetic disk of this
embodiment, six types of glass substrates for magnetic disks whereof the
arithmetic average waviness Wa of the wavelength band of 1 to 3 mm on the
principal faces were different from each other (glass substrates for magnetic disks
of examples 1 and 2, and comparative examples 1 to 4 ) were made, magnetic disks
were made from respective glass substrates for magnetic disks (magnetic disks of
examples 1 and 2, and comparative examples 1 to 4) to measure the sératch
occurrence rate with respect to respective magnetic disks.

[0032]

The glass material with the following composition was used as a material of the
glass substrate for respective magnetic disks: SiO, of 65 mol%, ALO; of 6 mol%,
Li;0O of 1 mol%, Na,O of 9 mol%, MgO of 17 mol%, ZrO, of 2 mol%, and the
glass transmission temperature being 671°C.

[0033] |

Each grass substrate for a magnetic disk was made by applying the flow of F ig. 1
to the above-mentioned glass material. Note that the glass substrates for
magnetic disks of the examples 1 and 2 were separately made by performing the
first polishing treatment using the polishing pad which was 3 pm or less in surface
waviness of the wavelength band of 1 to 3 mm on the surface of the polishing pad
so that the arithmetic average waviness Wa of the wavelength band of 1 to 3 mm
on the principal faces were 2.15 A and 2.11 A, respectively. The glass substrate
for magnetic disks of the comparative examples 1 to 4 were selectively made by
performing the first polishing treatment using a polishing pad which was 5 pum or
more in surface waviness of the wavelength band of 1 to 3 mm on the surface of
the polishing pad so that the arithmetic average waviness Wa of the wavelength
band of 1 to 3 mm on the principal faces of the glass substrate were 4.34 A, 2.56 A,
3.16 A, and 3.80 A , respectively. Also note that the average value of a region of
15.0 to 31.5 mm in diameter was employed for the arithmetic average waviness Wa
on the principal faces of the glass substrate.

[0034]

Each magnetic disk was made by sequentially forming layers on the principal faces
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of each glass substrate for a magnetic disk from the adhesive layer to the magnetic
layer. Especially, the magnetic layer was formed after forming the FePt based
alloy by heating it so as to be the Lo regular structure in a state that the outer

diameter end portion of the glass substrate for a magnetic disk was held by the

holding claw.

[0035]

The scratch occurrence rates were measured using a laser type optical surface
analyzer (OSA) by confirming whether scratches existed on the principal faces of
the magnetic disks after repeating the basic sequence to be hereinafter described 36
times to each disk of the examples 1 and 2 as well as the comparative examples 1
to 4 which were prepared 60 pieces for each as samples. In the basic sequence,
while rotating each magnetic disk at 7200 rpm, a head for evaluation was kept
flying at a fixed position of 22.0 mm in radius for one hour, then seeking in the
range of 15.0 to 31.0 mm in radius for one hour was performed.

[0036]

As a result, with respect of the examples 1 and 2 as well as the comparative
examples 1 to 4, the results as illustrated in Table 1 were obtained regarding the
relation between the arithmetic average waviness Wa on the principal faces of the
glass substrate for a magnetic disk and the scratch occurrence rate (the number of
magnetic disks on which scratches occur/the number of samples.)

[Table 1]

Arithmetic average waviness Wa [A] v
Less than 1 mm of 1 to 3 mm of Scratch oc[%/lj]rrence rate
wavelength band wavelength band
Example 1 1.54 2.15 0
CExample.Z 1.59 2.13 0
omparative '
Cexa%ple_l | 1.60 434 30
omparative |
Cexample_2 1.56 3.80 30
omparative
Cexample} 1.53 3.16 20
omparative
example 4 A1.57 2.56 15
[0037]

Table 1 illustrates that the smaller the arithmetic average waviness Wa of the

wavelength band of 1 to 3 mm on the principal faces of the glass substrate for a
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magnetic disk was, the less scratches of the magnetic disk occurred, and no scratch
occurred when the arithmetic average waviness Wa was 2.15 A or less.
Additionally, it also illustrates that the arithmetic average waviness Wa of the
wavelength band of less than 1 mm on the principal faces of the glass substrate for
" a magnetic disk did not influence the occurrence of scratches. Also, no
correlation between the arithmetic average waviness on the principal faces of the
glass substrate for a magnetic disk with the wavelength band longer than 3 mm and
the scratch occurrence rate was found.

-[0038]

The details have been described with respect to the glass substrate for a magnetic
disk and the magnetic disk of the present invention as above. However, the
present invention is not limited to the above-described embodiment, and various
improvements and modifications can be undoubtedly performed within a range not

deviating from the gist of the present invention.
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[CLAIMS]
[Claim 1]
A glass substrate for a magnetic disk to be a source of a magnetic disk for heat
assisted magnetic recording, the glass substrate comprising a principal face on
which an arithmetic average waviness Wa of a wavelength band of 1 to 3 mm is
2.15 A or less.
[Claim 2]
A glass substrate for a magnetic disk to be a source of a mégnetic disk for heat
assisted magnetic recording, the glass substrate comprising a principal face on
which an arithmetic average waviness Wa of a wavelength band of 1 to 3 mm is a
predetermined value or less, ‘the predetermined value being a value in which
-scratches upon magnetic head operation do not occur on the principal face of the
magnetic disk when actuating the magnetic disk on a hard disk drive device.
[Claim 3] |
A magnetic disk for heat assisted magnetic recording made by performing a heat

treatment to the glass substrate for the magnetic disk according to claim 1 or 2.
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