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DESCRIPTION

[Title of Invention]
METHOD FOR MANUFACTURING GLASS SUBSTRATE FOR MAGNETIC DISK
AND METHOD FORMANUFACTURING MAGNETIC DISK

[Technical Field]

[0001] The present invention relates to a method for manufacturing a magnetic disk
glass substrate to be provided in a magnetic disk device such as a hard disk drive
(HDD) and to a method for manufacturing a magnetic disk.

[Background Axt]

[0002] A magnetic disk is one of the information recording media provided in
magnetic disk drives such as hard disk drives (HDDs). The magnetic disk is
configured with a thin film such as a magnetic layer formed on a substrate, and
conventionally an aluminum substrate has been used as the substrate. However,
recently, in response fo the pursuit of high recording density, glass substrates with
which the space between the magnetic head and the magnetic disk can be narrower
than that attained with aluminum substrates have been increasingly used. The glass
substrate swrface is highly precisely polished to achieve a high recording density such
that the flying height of the magnetic head can be as small as possible. In recent
years, the demand for HDDs with a laxger storage capacity at lower cost has been
increasing, and in order to meet this, further quality improvement and cost reduction
of glass substrates for magnetic disks are also required.

[0003] As stated above, it is essential for a magnetic disk to have a highly smooth
surface to achieve a low flying height that is necessary for a high recording density.
In order to attain a highly smooth magnetic disk surface, after all, a highly smooth
substrate surface is required, and it is thus necessary to highly precisely polish the
surface of a glass substrate.

[0004] In order to prepare such a glass substrate, a grinding method with fixed
abrasive grains that uses a diamond sheet in a lapping step where loose abrasive
grains have been used conventionally is proposed (for example, Patent Document 1).

The diamond sheet refers to pellets in which diamond abrasive grains are fixed using a
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support such as resin {for example, acrylic resin) (or a sheet to which such pellets are
attached). With conventional loose abrasive grains, abrasive grains with uneven
shapes are present non-uniformly between the surface plate and the glass, and thus
the load on the grains is not uniform. Ifthe load concentrates, glass cracks deeply
because the elasticity of the surface of the cast-iron swrface plate is poor. Accordingly,
the processed surface of glass is rough, and large amounts of glass need to be removed
in the subsequent mirror-polishing step, thus making it difficult to reduce processing
costs. On the other hand, in grinding with fixed abrasive grains using a diamond
sheet, abrasive grains are uniformly present on the sheet surface, and thus the load
does not concentrate. In addition, abrasive grains are fixed to the sheet using a resin,
and therefore even when the load is applied to the abrasive grains, cracks in the
processed swrface is shallow because of the highly elastic nature of the resin that fixes
the abrasive grains. Thus, the roughness of the processed surface can be reduced, the
burden on the subsequent steps is reduced, and the processing costs can be reduced.
After this grinding (lapping) step, mirror-polishing processing is performed to
obtain a highly precise flat swrface.
[0005] Meanwhile, current HDDs can achieve a recording density as high as about
400 gigabits per square inch, and for example, it is possible to store about 250
gigabytes of information on a 2.5-inch (65-mm-diameter) magnetic disk. As a means
for achieving even a higher recording density, such as 500 gigabytes and 1 terabyte,
thermally assisted magnetic recording, for example, has been proposed. Magnetic
disks applied to this theymally assisted magnetic recording ave requived to have a
higher heat vesistance than the heat resistance that is currently required.
Accordingly; it is suitable to use a highly heat resistant glass matexial also for a
substrate.
[Citation List]
[Patent Literature]
[0006] [PLT 11 JP-A-2001-191247
[Summary of Invention]
[Technical Problem]
[0007] As stated above, according to the grinding method using a diamond sheet with

fixed abrasive grains, the roughness of the processed surface can be reduced, the
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burden on the subsequent mirror-polishing step is reduced, and the processing costs of
glass substrates can be reduced. However, the research conducted by the inventors
revealed the following problems.

That is, with a grinding method that uses fixed abrasive grains, it was
observed that the grinding rate decreased as the processing time progressed. FIG. 1
shows the change of the grinding rate observed as the processing time progressed. In
the case where ordinary glass (aluminosilicate glass that is commmonly used for
conventional glass substrates for magnetic disks) is used, the grinding rate decreases
as the processing time progresses, and in particular, in the case where heat resistant
glass (Tg of approximately 600°C or greater) is used, the grinding rate decreases
significantly. It is thus not possible to simultaneously improve the surface quality
and reduce the processing costs.

[0008] The present invention has been conceived in order to solve the foregoing
conventional problems, and an object of the present invention is to provide a method
for manufacturing a glass substrate for a magnetic disk that enables grinding
processing with fixed abrasive grains without a decrease of the grinding rate and that
can manufacture a high quality glass substrate at Iow cost, and a method for
manufacturing a magnetic disk that uses a glass substrate obtained by said method.
[Solution to Problem]

[0009] As a result of having also investigated the reason why, as stated above, the
grinding rate decreases as the processing time progresses in the case of a grinding
method that uses fixed abrasive grains, the inventors inferred as follows.

In the case of conventional grinding processing that uses loose abrasive grains,
the abrasive grains move freely, thus repetitively rotate even when grinding dust that
is generated as grinding processing progresses adheres to the abrasive grains, and are
discharged by friction between the surface plate and glass without grinding dust
building up on the abrasive grain surface. On the other hand, in grinding processing
that uses fixed abrasive grains, because abrasive grains ave fixed, abrasive grains do
not rotate when grinding dust adheres thereto, and grinding dust builds up and
solidifies on the abrasive grain surface, thus resulting in the blocking of fixed abrasive
grains by grinding dust and decrease of the grinding rate by inhibition of processing.
In this case, it is difficult to wash away (remove), by the action of a Iubricant (also
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called a coolant) supplied to the surface on which processing is performed, the grinding
dust that has built up on the abrasive grain surface. Another reason is that grinding
processing with fixed abrasive grains yields a smaller grinding amount and enables
more precise processing than grinding processing that uses loose abrasive grains, and
therefore particles of grinding dust discharged as processing progresses mostly have a
small diameter and easily adhere to the abrasive grain surface.

[0010] Also, the inventors inferred the reason why the processing rate significantly
decreases especially with heat resistant glass as follows.

Silica and alumina, which are main components of glass, have structures in
which silicon atoms are bonded via oxygen and aluminum atoms are bonded via
oxygen, and it is possible to control physical properties such as heat resistance by
changing the proportions of silica and alumina. For exaraple, hi-silica that contains a
large amount of silicon (the amount of aluminum is relatively small) has a uniform
crystal structure, thus being stable against, for example, heat, i.e., being heat resistant.
According to the inventors' research, grinding dust discharged as processing
progresses from such heat resistant glass having a small aluminum content is likely to
aggregate in an environment such as grinding processing where the contact part
between grindstone and the glass substrate surface can be locally exposed to a
high-temperature and high-pressure environment, and facilitates build-up and
solidification of grinding dust on the abrasive grain surface. Accordingly, heat
resistant glass that has a smaller aluminum content than ordinary glass or that does
not contain aluminum is usually likely to generate blocking of fixed abrasive grains by
grinding dust, resulting in a substantial decrease of the grinding rate by inhibition of
processing. In other words, it seems that the grinding rate is substantially decreased
in grinding processing performed on glass because the alumina content in the glass is
small.

[0011] Thus, as a result of having focused on a Iubricant on which research was not
conducted previously and carried out extensive research to solve the foregoing
problems, the inventors found that adding Al2O3 or the like to a lubricant to allow Al*
to be contained therein can inhibit build-up and solidification of grinding dust,
prevents blocking of fixed abrasive grains caused by grinding dust that inhibits

grinding processing performed with fixed abrasive grains, and can improve the
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decrease of the grinding rate. The inventors also found that the effect is significantly
demonstrated particularly in grinding processing performed on heat resistant glass.
That is, the inventors also found that the effect is significantly demonstrated in
grinding processing performed on glass that has a small alumina content.

[0012] In other words, the present invention has the following aspects.

(Aspect 1)

A method for manufacturing a glass substrate for a magnetic disk, including a
grinding step of grinding a main surface of a glass substrate using a lubricant and a
surface plate that has a grinding surface provided with a fixed abrasive grain
containing diamond particles, Al¥* being contained in the lubricant that is supplied to
the swrface on which grinding processing is performed of the glass substrate.

[0013] (Aspect 2)

The method for manufacturing a glass substrate for a magnetic disk according
to aspect 1, wherein AlsOs is added to the lubricant.
[0014] (Aspect 3)

The method for manufacturing a glass substrate for a magnetic disk according
to aspect 1 or 2, wherein the lubricant has an Al3* content in a range of 0.05 g/L to 1.0
g/L.

[0015] (Aspect 4)

The method for manufacturing a glass substrate for a magnetic disk according
to any of aspects 1 to 3, wherein the glass substrate contains:

S1021n an amount of 50 to 75 mol%,

AlO3in an amount of 0 to 5 mol%,

BaO in an amount of 0 to 2 mol%,

1450 in an amount of § to 3 mol%,

Zn0 in an amount of 0 to 5 mol%,

NasO and K20 in a total amount of 8 to 15 mol%,

MgO, Ca0, Sr0, and BaO in a total amount of 14 to 35 mol%, and

ZrQOsz, Ti09, Lag0s, Y203, YbeOs, Ta20s, NbeOs, and HfOzin a total amount of 2
0 9 mol%, and

has a molar ratio [(MgO+Ca0)(MgO+CaO+SrO+Ba0)] in a range of 0.85 to 1
and a molar ratio [Al:03/(MgO+Ca0)] in a range of O to 0.30.
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[0016] (Aspect 5)

A method for manufacturing a magnetic disk, including forming at least a
magnetic layer on a magnetic disk glass substrate obtained by the manufacturing
method of any of aspects 1 to 4.

[0017] (Aspect 6)

Amethod for manufacturing a glass substrate for a magnetic disk, including a
grinding step of grinding a main surface of the glass substrate using a lubricant and a
surface plate that has a grinding surface provided with a plurality of fixed abrasive
grains, an additive to facilitate discharge of an aggregate of sludge accumulated on the
grinding surface due to grinding being contained in the lubricant that is supplied to
the surface on which grinding processing is performed of the glass substrate.

[0018] (Aspect 7)

The method for manufacturing a glass substrate for a magnetic disk according
to aspect 6, wherein the glass substrate is composed of glass containing SiOz as a main
component and Al2Osin an amount of 0 to 15 wt%.

[0019] (Aspect 8)

The method for manufacturing a glass substrate for a magnetic disk according
to aspect 6 or 7, wherein the lubricant is composed of an aqueous solution contaiming
one or more selected from the group consisting of amine, mineral oil, kerosene, mineral
spirit, water soluble oil emulsion, polyethylene imine, ethylene glycol,
monoethanolamine, diethanolamine, triethanolamine, propylene glycol, amine borate,
boric acid, amine carboxylate, pine oil, indole, thicamine salt, amide,
hexahydro-1,3,5-triethyltriazine, carboxylic acid, sodium 2-mercaptobenzothiazole,
isopropanolamine, triethylenediamine tetraacetate, propylene glycol methyl ether,
benzotriazol, sodium 2-pyridinethiol-1-oxide, and hexylene glycol.

[0020] (Aspect 9

The method for manufacturing a glass substrate for a magnetic disk according
to any of aspects 6 to 8, wherein the additive added to the lubricant is selected from
Al;O3, aluminum ammonium sulfate, aluminum bromide, aluminum chloride,
aluminum hydroxide, aluminum iodide, aluminum nitrate, aluminum phosphate,
aluminum potassium sulfate, and aluminum sulfate.

[0021] (Aspect 10)
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The method for manufacturing a glass substrate for a magnetic disk according
to any of aspects 6 to 9, wherein a content of the additive added to the lubricant isin a
range of 0.05 g/l to 1.0 g/L.

[Advantageous Effects of Invention]

[0022] According to the present invention, it is possible to improve the decrease of the
grinding rate in conventional grinding processing that uses fixed abrasive grains.

That is, it is possible to perform grinding processing with fixed abrasive grains without
a decrease of the grinding rate and manufacture a high quality glass substrate at low
cost. The effect is significant particularly in grinding processing on heat resistant
glass (in other words, glass whose alumina content is small). Also, use of the
resulting glass substrate makes it possible to obtain a highly reliable magnetic disk.
[Brief Description of Drawings]

[0023] [Fig. 1] FIG. 1is a diagram showing the change of the grinding rate in relation
to the processing time in a conventional grinding step performed on a glass substrate
using fixed abrasive grains.

[Fig. 2] FIG. 2 is a diagram showing the change of the grinding rate in relation
to the number of processing batches in Example 1-1 and a comparative example
(conventional).

[Fig. 3] FIG. 3 is a diagram showing the change of the grinding rate in relation
to the number of processing batches in Example 2-1 and a comparative example
(conventional).

[Description of Embodiments]
[0024] Embodiments of the present invention will now be described in detail below.

The present invention is, as described in aspect 1 above, a method for
manufacturing a glass substrate for a magnetic disk, including a grinding step of
grinding a main surface of the glass substrate using a lubricant and a surface plate
that has a grinding swrface provided with fixed abrasive grains containing diamond
particles, AI3* being contained in the lubricant that is supplied to the surface on which
grinding processing is performed of the glass substrate.

[0025] A magnetic disk glass substrate is usually manufactured through a rough
grinding step (rough lapping step), a shaping step, a precision grinding step (precision
lapping step), an end face polishing step, a main surface polishing step, and a chemical
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strengthening step.

In the manufacture of this magnetic disk glass substrate, first, molten glass is
molded into a disk-shaped glass substrate {glass disk) by direct pressing. Other than
using such direct pressing, a glass substrate (glass disk) may also be obtained by
cutting plate glass that has been produced by a downdraw method or a float method
into a glass substrate with a predetermined size. Then, this molded glass substrate
(glass disk) is ground (lapped) to improve the dimensional accuracy and shape
accuracy. In this grinding step, a double-side lapping machine is used, and the main
surfaces of the glass substrate are ground using hard abrasive grains such as those of
diamond. By grinding the main surfaces of the glass substrate in this manner, the
substrate is processed so as to have a predetermined thickness and flatness and attain
a predetermined surface roughness.

[0026] The present invention relates to an improvement of this grinding step. The
grinding step in the present invention is a grinding step that uses fixed abrasive grains
containing diamond particles, and for example, in a double-side lapping machine, a
glass substrate that is held by a carrier is tightly placed between the upper and lower
surface plates to which pellets in which hard abrasive grains such as diamond
abrasive grains are fixed using a support such as resin (for example, acrylic resin) (or a
sheet to which such pellets are attached (veferred to as a diamond sheet or the like))
are attached, then the glass substrate is moved relative to the upper and lower surface
plates while the glass substrate is pressed by the upper and lower surface plates at a
predetermined pressure, and thus both main surfaces of the glass substrate are
ground simultaneously. At this time, a Iubricant (coolant) is supplied in order to cool
the processed surfaces and facilitate processing. This lubricant after being used is
supplied back to the lapping machine and used cyclically.

[0027] In the present invention, the grinding step is performed using such an
Al3*containing lubricant. In order to allow Al3* to be contained in a Jubricant, for
example, a method that adds a substance, such as AlyO3, that contains Al and becomes
lonized in an agueous solution is convenient. The substance to be added may be solid
or liguid, and it is convenient that the substance is dissolved in water or the like in
advance and added in the form of an Al3*-containing fluid. Other examples of the

substance that contains Al and becomes ionized in an agueous solution include
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aluminum ammonium sulfate, aluminum bromide, aluminum chloride, aluminum
hydroxide, aluminum iodide, aluminum nitrate, aluminum phosphate, aluminum
potassium sulfate, aluminum sulfate, and the like.

Normally AlyOs3 is poorly soluble in water, but under a high-load condition as
in grinding processing, a high-temperature and high-pressure environment is locally
created, and thus AloO3 partially leaches and supplies Al ions. Also, in the case where
AlpOg is added to the Iubricant, use of Al2O3 having a small particle diameter of 1 pm
or less makes if possible to prevent scratches on the main suirfaces of a glass substrate.
[0028] In this way, allowing Al3* to be contained in the lubricant makes it possible to
suppress build-up and solidification of grinding dust that is created as grinding
processing progresses, and prevent blocking caused by grinding dust that inhibits
grinding processing performed with fixed abrasive grains. Accordingly, the decrease
of the grinding rate that is the problem of conventional grinding processing that uses
fixed abrasive grains can be improved. In particular, in grinding processing
performed on heat resistant glass in which the content of AlsO3 among the glass
ingredients subjected to melting is small, the effect of improving the decrease of the
grinding rate attained by allowing Al3* to be contained in the lubricant is significantly
demonstrated.

[0029] The lubricant used in the present invention is not particularly limited, and a
water-soluble lubricant that has a large cooling effect and is highly safe at a production
site is particularly suitable. For example, an aqueous solution is suitable that
contains one or more of amine, mineral oil, kerosene, mineral spirit, water soluble oil
emulsion, polyethylene imine, ethylene glycol, monoethanolamine, diethanolamine,
triethanolamine, propylene glycol, amine borate, boric acid, amine carboxylate, pine oil,
indole, thioamine salt, amide, hexahydro-1,3,5-triethyltriazine, carboxylic acid, sodium
2-mercaptobenzothiazole, isopropanolamine, triethylenediamine tetraacetate,
propylene glycol methyl ether, benzotriazol, sodium 2-pyridinethiol-1-oxide, and
hexylene glycol. The temperature of the lubricant when used (fluid temperature) is
also not particularly limited, and a temperature around 40°C is usually suitable.
[0030] In the present invention, it is preferable that in the lubricant the content of
the substance that contains Al and becomes ionized in an aqueous solution, i.e., the

content of the substance that can supply Al3* ions, is in the range of 0.05 g/l to 1.0 g/L.
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When the content of the substance that can supply Al** ions in the lubricant is
less than 0.05 g/L,, the effect of improving the decrease of the grinding rate that is the
problem of conventional grinding processing that uses fixed abrasive grains is not
sufficiently attained. In particular, the grinding rate decreases considerably in
grinding processing on heat resistant glass, and it is thus not possible to improve this
grinding rate decrease. On the other hand, even when the content of the substance
that can supply Al%* ions in the Iubricant exceeds 1.0 g/L, the effect of improving the
grinding rate decrease does not change.

[0031] In the present invention, it is preferable that glass (the type of glass)
constituting the glass substrate is amorphous aluminosilicate glass. Mirror-polishing
the surface of such a glass substrate can yield a smooth mirror-finished surface, and
the post-processing strength is favorable. A preferable example of such
aluminosilicate glass is glass that contains SiOs as a main component and AlsOz in an

amount no greater than 20 wt%. Furthermore, glass that contains SiOs as a main

| component and AlsO3 in an amount no greater than 15 wt% is more preferable.

Specifically, it is possible to use phosphorus oxide-free amorphous aluminosilicate glass
that contains as main components SiOzin an amount of 62 wt% to 75 wt%, AlsO3in an
amount of 5 wt% to 15 wt%, Li20O in an amount of 4 wt% to 10 wt%, Naz0 in an.
amount of 4 wt% to 12 wt%, and ZrO21in an amount of 5.5 wt% to 15 wi%, and has an
Nag0/ZrOz weight ratio of 0.5 to 2.0 and an AloO3/ZrO2 weight ratio of 0.4 to 2.5. Ttis
desirable that glass does not contain an alkali earth metal oxide such as CaO or MgO.
An example of such glass may be N5 Glass (trade name) manufactured by HOYA
Corporation. .

[0032] As the aforementioned heat resistant glass, glass that contains SiOzin an
amount of 50 to 75 mol%, AlsO3in an amount of G to 5 mol%, BaO in an amount of 0 to
2. mol%, Liz2O in an amount of 0 to 3 mol%, ZnO in an amount of 0 to 5 mol%, NasO
and K20 in a total amount of 3 to 15 mol%, MgO, CaO, SrO, and BaO in a total
amount of 14 to 35 mol%, and ZxOz, TiOz, LasOs, Y203, YbeOs, Ta20s, NbeOs, and HfOs
in a total amount of 2to 9 rqol%, and has a molar ratio
[(MgO+CaO)(MgO+CaO+Sr0+Ba0)] in the range of 0.85 to 1 and a molar ratio
[Al:05/(MgO+Ca0)) in the range of 0 to 0.30 can be preferably used.

Also, glass may contain SiOzin an amount of 56 to 75 mol%, AloO3in an
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amount of 1 to 9 mol%, alkali metal oxide(s) selected from the group consisting of LisO,
Naz0, and K20 in a total amount of 6 to 15 mol%, alkaline earth metal(s) selected from
the group consisting of MgO, Ca0, and SrO in a total amount of 10 to 30 mol%, and
oxide(s) selected from the group consisting of ZrQg, TiOs, Y203, Las0s, Gd203, Nb2Os,
and Ta20s51n a total amount of greater than 0 and no greater than 10 mol%.

In the present invention, the AleO3 content in the glass composition is
preferably 15 wt% or less, and more preferably the AlaOs content is 5 mol% or less.
[0083] The grinding step is usually performed, as stated above, through two stages,
i.e., a rough grinding step (first grinding step) and a precision grinding step (second
grinding step), and in this case, it is desirable to apply a grinding step that uses fixed
abrasive grains containing diamond particles and a lubricant in accordance with the
present invention at least to the latter-stage precision grinding step. With regard to
the former-stage rough grinding step, a conventional grinding step that uses surface
plates composed of, for example, cast iron may be performed depending on the glass
disk molding method, and also a grinding step that uses fixed abrasive grains
containing diamond particles and a lubricant in accordance with the present invention
may be applied to the formex-stage rough grinding step. The fixed abrasive grains
are not limited to diamond particles, abrasive grains made of other materials may be
used.

[0034] After this grinding step, mirror polishing processing is performed to obtain a
highly precise flat surface. In the present invention, the grinding step uses a grinding
method performed with fixed abrasive grains in accordance with the present invention
as opposed to a conventional grinding method performed with loose abrasive grains,
thus making it possible o reduce the roughness of the processed surface. Accordingly,
the amount of glass removed in the subsequent mirror-polishing processing step is
small, the processing load is reduced, and the processing costs can be reduced.

It is suitable to perform a mirror-polishing method on the glass substrate
using a polishing pad with a polyurethane or like polisher while supplying a shury
(polishing liquid) containing an abrasive that is made of a metal oxide such as cerium
oxide or colloidal silica. A highly smooth glass substrate can be obtained by, for
example, polishing the glass substrate using a cerium oxide-based abrasive (first

polishing processing) and final-polishing (mirror-polishing) the glass substrate using
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colloidal silica abrasive grains (second polishing processing).

[0035] In the present invention, the surface of a glass substrate after the
aforementioned grinding processing and mirror-polishing processing is preferably a
mirror surface having an arithmetic average roughness Ra of 0.2 nm or less. Ra and
Rmax in the present invention both denote roughmess that is calcutated in accordance
with the Japanese Industrial Standards (JIS) B 0601.

From a practical viewpoint, the surface roughness (for example, maximum
roughness Rmax, arithmetic average roughness Ra) in the present invention is
preferably the surface roughness of a surface shape obtained by a measurement under
an atomic force microscope (AFM).

[0036] In the present invention, it is preferable to perform chemical strengthening
treatment after the first polishing processing and before the polishing processing. As
a method for the chemical strengthening treatment, it is preferable to use, for example,
a low-temperature ion-exchange method that performs ion exchange in a temperature
range not exceeding the glass transition point, for example, at a temperature of 300°C
or greater and 400°C orless. The chemical strengthening treatment is a treatment in
which a glass substrate is brought into contact with a molten chemical strengthening
salt so that an alkali metal element having a relatively large atomic radius in the
chemical strengthening salt and an alkali metal element having a relatively small
atomic radius in the glass substrate are ion-exchanged, thus the alkali metal element
having a relatively Jarge atomic radius permeates through the surface layer of the
glass substrate, and compressive stress is generated on the surface of the glass
substrate. The tempered glass substrate has excellent impact resistance, and it is
thus particularly switable to provide the tempered glass substrate in, for example, an
HDD for mobile use. As a chemical strengthening salt, an alkali metal nitrate such
as potassium nitrate or sodium nitrate can be preferably used.

[0037] The present invention also provides a method for manufacturing a magnetic
disk using the above-described magnetic disk glass substrate. In the present
invention, the magnetic disk is manufactured by forming at least a magnetic layer on
the magnetic disk glass substrate of the present invention. As a material of the
magnetic layer, hexagonal-system CoCrPt-based or CoPt-based fexrromagnetic alloy

with a large anisotropic magnetic field can be used. The magnetic layer is preferably



10

15

20

25

30

13

formed on the glass substrate by a sputtering method, for example, a DC magnetron
sputtering method. Interposing an underlayer between the glass substrate and the
magnetic layer makes it possible to control the orientation direction and size of
magnetic particles in the maguetic layer. For example, use of a cubic-system
underlayer such as Cr-based alloy makes it possible to orient, for example, the
direction of easy magnetization of the magnetic layer along the magnetic disk surface.
In this case, the magnetic disk of a longitudinal magnetic recording type is
manufactured. Also, for example, use of a hexagonal-system underlayer containing
Ru and Ti makes is possible to orient, for example, the direction of easy magnetization
of the magnetic layer along the normal of the plane of the magnetic disk. In this case,
the magnetic disk of a perpendicular magnetic recording type is manufactured. The
underlayer can be formed in the same manner as the magnetic layer by a sputtering
method.
[0038] It is preferable to form a protective layer and a lubricating layer in this order
on the magneticlayer. An amorphous hydrogenated carbon-based protective layer is
suitable as the protective layer. The protective layer can be formed by, for example, a
plasma CVD method. As the lubricating layer, a lubricant that has a functional
group at the terminal of the main chain of a perfluoropolyether compound can be used.
In particular, it is preferable that the lubricant contains as a main component a
perfluoropalyether compound that has a hydroxyl group as a polar functional group at
the terminal. The lubricating layer can be coated and formed by a dipping method.

Use of the glass substrate obtained according to the present invention makes
it possible to obtain a highly reliable magnetic disk.
[Examples]
[0089] Below, embodiments of the present invention shall be described in detail by
way of examples. Note that the present invention is not limited to the following
examples.
(Example 1-1)

A magnetic disk glass substrate of this example was manufactured through
(1) rough lapping step (rough grinding step), (2) shaping step, (3) precision lapping step
(precision grinding step), (4) end face polishing step, (5) main surface polishing step
(first polishing step), (6) chemical strengthening step, and (7) main surface polishing
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step (second polishing step) as described below.
[0040] (1) Rough lapping step

First, a disk-shaped glass substrate made of aluminosilicate glass and having
a diameter of 66 mm and a thickness of 1.0 mm was obtained from molten glass by
direct pressing using upper, lower, and drum molds. Other than using such direct
pressing, a glass substrate may also be obtained by cutting plate glass that has been
produced by a downdraw method or a float method into a glass substrate with a
predetermined size. As this aluminosilicate glass, glass for chemical strengthening
containing Si02in an amount of 62 to 75 wt%, ZrOzin an amount of 5.5 to 15 wit%,
Aly031in an amount of  to 15 wit%, Li2O in an amount of 4 to 10 wt%, and NasO in an
amount of 4 to 12 wi% was used.
{0041] Then, a lapping step was performed on this glass substrate to improve the
dimensional accuracy and shape accwracy. This lapping step was performed using a
double-side lapping machine and abrasive particles with a #400 particle size.
Specifically, the glass substrate that was held by a carrier was tightly placed between
the upper and lower swrface plates, the load was set at about 100 kg, the sun gear and
the internal gear of the lapping machine were rotated, and thus both main surfaces of
the glass substrate accommodated in the carrier were lapped so as to have a surface
accuracy of 0 to 1 pm and a surface roughness (Rmax) of about 6 pm.
[0042] (2) Shaping step

Next, a cylindrical grindstone was used to create a hole in the centey of the
glass substrate, the outer civcumferential end face was ground so as to obtain a
diameter of 65 mm, and then predetermined chamfering processing was performed on
the outer circumferential end face and the inner civcumferential end face. The
surface roughness of the end faces of the glass substrate at this time was about 4 pm
in Rmax. Generally, a magnetic disk with an outer diameter of 65 mm is used in a
2.5-inch HDD (hard disk drive).
[0043] (8) Precision lapping step

Using a double-side lapping machine, this precision lapping step was
performed while the glass substrate that was held by a carrier was tightly placed
between the upper and lower surface plates to which pellets containing diamond

abrasive particles with a #1000 particle size (abrasive particle diameter of about 2 to
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10 pm) fixed with acrylic resin were attached. A lubricant in which AlsOs (particle
diameter of about 1 pm) had been added to a coolant (temperature of 40°C) so as to
achieve a 0.06 g/L content was used.

Specifically, the load was set at about 400 kg, the sun gear and the internal
gear of the lapping machine were rotated, and thus both main surfaces of the glass
substrate accommmodated in the carrier were lapped so as to have a surface roughness
of about 2 pm in Rmax and about 0.2 im in Ra.

The glass substrate after the lapping step was immersed in respective
cleaning baths of water and a neutral detergent (for ultrasonication) in a sequential
manner and thus ultrasonically cleaned.

[0044] In this lapping step, one batch included 100 substrates, and processing was
performed on 10 batches. FIG. 2 shows the change of the grinding rate that occurred
as the batch-wise processing progressed (see the data points represented by m (solid
squares) in the figure). As for a comparative example, FIG. 2 also shows the change
of the grinding rate that occurred as the batch-wise processing progressed (see the
data points represented by o (blank squares) in the figure) when a precision lapping
step was performed in the same manner as in the foregoing example except that no
Al20; was added to the lubricant (coolant). As can be understood from the results
provided in FIG. 2, in the case where Al;03 was added to the Iubricant (coolant) to
allow A3+ to be contained therein as in this example, a downward. trend of the grinding
rate was barely observed even when the batch-wise processing progressed, and it is
thus possible to improve the decrease of the grinding rate that is observed as the
batch-wise processing progresses if the processing is performed only with a
conventional {comparative example) lubricant.

[0045] (4) End face polishing step

Then, the inner and outer circuraferential end faces of the glass substrate
were brush-polished while the glass substrate was rotated so as to have a roughness of
about 0.3 nminRa. Then, the surface of the glass substrate after this end face
polishing was washed with water.

[0046] (5) Main surface polishing step (first polishing step)
Then, a fixst polishing step to remove cracks or distortion remaining after the

above-described lapping step was performed using a double-side polishing machine.
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In the double-side polishing machine, a glass substrate that is held by a carrier is
tightly placed between the upper and lower surface plates to which polishing pads
have been attached, the caxrrier is meshed with the sun gear and the internal gear, and
the glass substrate is pressed between the upper and lower surface plates. Then, a
polishing liquid is supplied between the polishing pads and the surfaces of the glass
substrate to be polished, the upper and lower swrface plates ave rotated, and thus the
glass substrate makes an orbital motion while rotating on its axis on the surface plates
so that both main surfaces of the glass substrate are polished simultaneously.
Specifically, the first polishing step was performed using a hard polisher (hard
urethane foam) as a polisher. RO water in which cerium oxide {(average particle
diameter of 1.3 pm) was dispersed as a polisher was used as a polishing liquid, a load
of 100 g/em? was applied, and the polishing time was 15 minutes. The glass substrate
that had undergone the first polishing step was immersed in respective cleaning baths
of a neutral detergent, pure watey, pure water, IPA (isopropyl alcohol), and IPA (vapor
drying) in a sequential manner so as to be ultrasonically cleaned and dried.

[0047] (6) Chemical strengthening step

Then, chemical strengthening was performed on the glass substrate that had
undergone the aforementioned cleaning. Chemical strengthening was performed by
providing a chemical strengthening solution in which potassium nitrate and sodivum
nitrate were mixed, heating this chemical strengthening solution to 380°C, and
immersing the cleaned and dried glass substrate in the chemical strengthening
solution for about 4 hours.

[0048] (7) Main surface polishing step (second polishing step)

Then, a second polishing process was performed using the same double-side
polishing machine as used in the first polishing step, but polishing pads with a soft
polisher (suede) (polyurethane foam with an Asker C hardness of 72) was used. This
second polishing step is a mirror-polishing step to finish the main surfaces of the glass
substrate into smooth mirror surfaces with a surface roughness of, for example, about
0.2 nm or less in Ra while retaining the flat surfaces obtained in the first polishing
step described above. RO water in which colloidal silica (average particle diameter of
0.8 pm) was dispersed was used as a polishing liquid, a load of 100 g/cm?2 was applied,
and the polishing time was 5 minutes. The glass substrate having been subjected to
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the second polishing process was immersed in respective cleaning baths of neutral
detergent, pure water, pure water, IPA, and IPA (vapor drying) in a sequential manner
s0 as to be ultrasonically cleaned and dvied.]

Also, the surface roughness of the main surfaces of the glass substrate
obtaimed through the foregoing processes was measured using an atomic force
microscope (AFM), revealing that the glass substrate with an ultra-smooth surface of
2.13 nm in Rmax and 0.20 nm in Ra was obtained. In addition, the swfaces of the
glass substrate were analyzed under an atomic force microscope (AFM) and an
electron microscope, thus revealing that the glass substrate had mirror swrfaces, and
no surface defects such as protrusions or cracks were observed.

The resulting glass substrate had an outer diameter of 65 mm, an inner
diameter of 20 mm, and a thickness of 0.635 mm.

In this manner, the magnetic disk glass substrate of this example was
obtained.

[0049] (Example 1-2)

A preciston lapping process was performed in the same manner as in Example
1-1 except that the coolant (temperature of 40°C) that served as a lubricant had an
AlxOs content of 1.0 g/Li in the precision lapping process as performed in Example 1-1
above. Then, a magnetic disk glass substrate was obtained in the same manner as in
Example 1-1 except for the precision lapping step.

Table 1 below shows the change of the grinding rate that occurred as the
batch-wise processing progressed in the precision lapping step of this example.

[0050] (Example 1-3)

A precision lapping process was performed in the same manney as in Example
1-1 except that the coolant (temperature of 40°C) that served as a lubricant had an
Al203 content of 0.03 g/l in the precision lapping process as performed in Example 1-1
above. Then, a magnetic disk glass substrate was obtained in the same manner as in
Example 1-1 except for the precision lapping step.

Table 1 below shows the change of the grinding rate that occurred as the
batch-wise processing progressed in the precision lapping step of this example.

[0051] (Example 1-4)

A precision lapping process was performed in the same manner as in Example
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1-1 except that the coolant (temperature of 40°C) that served as a Iubricant had an
Al2Q3 content of 1.5 g/l in the precision lapping process as performed in Example 1-1
above. Then, a magnetic disk glass substrate was obtained in the same manner as in
Example 1-1 except for the precision lapping step.

Table 1 below shows the change of the grinding rate that occurred as the
batch-wise processing progressed in the precision lapping step of this example.
{0052] Table 1

Table 1 Grinding rate fpm/min]

1st batch 5th batch 10th batch
Example 1-2 4.8 4.5 44
Example 1-3 4.5 4.0 3.9
Example 1-4 4.8 4.5 4.5

[0053] As can be understood from the results presented in Table 1, adding Al2Os to a
lubricant can improve the decrease of the grinding rate that occurs as the batch-wise
processing progresses if the processing is performed only with a conventional coolant.
Meanwhile, in Example 1-3 where the Al2O3 content in the Iubricant is less than the
preferable range, the effect of improving the decrease of the grinding rate that occurs
as the batch-wise processing progresses if the processing is performed only with a
conventional Iubricant is small. Also, as can be understood from Example 1-4 where
the AleO3 content in the lubricant exceeds the preferable range, the effect is not
different even when Al2O3 is added in an amount exceeding a specific level.
[0054] Moreover, as Example 1-5, a precision lapping step was performed in the same
manner as in Example 1-1 except that aluminum ammoniwm sulfate was added in an
amount of 0.06 g/L to the coolant (temperature of 40°C) that sexrved as a lubricant in
the precision lapping step as performed in Example 1-1 above. Then, a magnetic disk
glass substrate was obtained in the same manner as in Example 1-1 except for the
precision lapping step. The change of the grinding rate that occurred as the
batch-wise processing progressed. in the precision lapping step was the same as that in
Example 1-1.
[0055] (Example 2-1)

In this example, as for the type of a glass substrate, heat resistant glass (Tg:
no less than 650°C) containing SiOzin an amount of 50 to 75 mol%, AlOzin an

amount of 0 to 5 mol%, BaO in an amount of 0 to 2 mol%, LisO in an amount of 0 to 3
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mol%, ZnO in an amount of 0 to 5 mol%, NagO and KO in a total amount of 3 to 15
mal%, MgQ, Ca0, Sr0, and BaQ in a total amount of 14 to 35 mol%, and ZxOq, TiOs,
Laz03, Y203, YhoO3, Taz0s, NbaOs, and HfOzin a total amount of 2 to 9 mol%, and
having a molar ratio [(MgO+CaO)(MgO+CaO+SrO+Ba0)] in a range of 0.85 to 1 and
a molar ratio [AlOsMgO+CaO)] in a range of 0 to 0.30 was used.
[0056] A magnetic disk glass substrate was manufactured by performing the same
steps as in Example 1-1 above on a glass substrate composed of this heat resistant
glass. Note that a coolant {(temperature of 40°C) to which AlsO3 had been added in an
amount of 0.06 g/L. was used as a Iubricant in the precision lapping step.
[0057] In this example also, as for the precision lapping step, one batch included 100
substrates, and processing was performed on 10 batches. FIG. 3 shows the change of
the grinding rate that occurred as the batch-wise processing progressed (see the data
points yepresented by e (solid civcles) in the figure). As for a comparative example,
FIG. 3 also shows the change of the grinding rate that occurred as the batch-wise
processing progressed (see the data points represented by o (blank cixcles) in the
figure) when a precision lapping step was performed in the same manner as in the
foregoing example except that no AlsO3 was added to the lubricant (coolant). As can
be understood from the results provided in FIG. 3, in the case where AloOs was added
to the lubricant (coolant) to allow Al3* to be contained therein as in this example, a
downward trend of the grinding rate was barely observed even when the batch-wise
processing progressed, and it is thus possible to significantly improve the substantial
decrease of the grinding rate that occurs as the batch-wise processing progresses if the
processing is performed on a heat resistant glass substrate only with a conventional
(comparative example) Iubricant.
[0058] (Example 2-2)

A precision lapping process was performed in the same manner as in Example
2-1 except that the coolant (temperature of 40°C) that sexved as a lubricant had an
Al2O3 content of 1.0 g/ in the precision lapping process as performed in Example 2-1
above. Then, a magnetic disk glass substrate was obtained in the same manner as in
Example 2-1 except for the precision lapping step.

Table 2 below shows the change of the grinding rate that occurred as the

batch-wise processing progressed in the precision lapping step of this example.
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[0059] (Example 2-3)

A precision lapping process was performed in the same manner as in Example
2-1 except that the coolant {temperature of 40°C) that served as a lubricant had an
AlbOs content of 0.03 g/l in the precision lapping process as performed in Example 2-1
above. Then, a magnetic disk glass substrate was obtained in the same manner asin
Example 2-1 except for the precision lapping step.

Table 2 below shows the change of the grinding rate that occuxred as the
batch-wise processing progressed in the precision lapping step of this example.
[0060] (Example 2-4)

A precision lapping process was performed in the same manner as in Example
2-1 except that the coolant (temperature of 40°C) that sexrved as a lubricant had an
Al2Qj3 content of 1.5 g/LL in the precision lapping process as performed in Example 2-1
above. Then, a magnetic disk glass substrate was obtained in the same manner as in
Example 2-1 except for the precision lapping step.

Table 2 below shows the change of the grinding rate that occurred as the
batch-wise processing progressed in the precision lapping step of this example.
[0061] Table 2

Table 2 Grinding rate [pm/min]

1st batch 5th batch 10th batch
Example 2-2 4.6 4.3 4.0
Example 2-3 4.0 3.1 3.0
Example 2-4 4.7 4.3 4.1

[0062] As can be understood from the results presented in Table 2, adding AlzO3 to
the lubricant can significantly improve the substantial decrease of the grinding rate
that occurs as the batch-wise processing progresses if the processing is performed on a
heat resistant substrate only with a conventional coolant. Meanwhile, in Example
2-3 where the Al,O3 content in the lubricant is less than the preferable range, the effect
of improving the decrease of the grinding rate that occurs as the batch-wise processing
progresses if the processing is performed only with a conventional lubricant is small.
Also, as can be understood from Example 2-4 where the AloO3 content in the lubricant
exceeds the preferable range, the effect is not different even when AlzOs is added in an
amount exceeding a specific Jevel.

[0063] Moreover, as Example 2-5, a precision lapping step was performed in the same
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manner as in Example 2-1 except that aluminum ammonium sulfate was added in an
amount of 0.06 g/L to the coolant (temperature of 40°C) that served as a lubricant in
the precision lapping step as performed in Example 2-1 above. Then, a magnetic disk
glass substrate was obtained in the same manner as in Example 2-1 except for the
precision lapping step. The change of the grinding rate that occurred as the
batch-wise processing progressed in the precision lapping step was the same as that in
Example 2-1.

[0064] (Example 3)

A magnetic disk for perpendicular magnetic recording was manufactured by
performing the following film forming step on the magnetic disk glass substrate
obtained in Example 1-1 described above.

Specifically, an adhesive layer in the form of a Ti-based alloy thin film, a soft
magnetic layer in the form of a CoTaZr alloy thin film, an underlayer in the form ofa
Ru thin fibm, a perpendicular magnetic recording layer in the form of a CoCrPt alloy
thin film, a carbon protective layer, and a lubricating layer were laminated in a
sequential manner on the glass substrate. The protective layer is to prevent
degradation of the magnetic recording layer caused by contact with a magnetic head.
The protective layer is composed of hydrogenated carbon and yields wear resistance.
The lubricating layer was formed by a dipping method using an alcohol-modified
perfluoropolyether Liquid lubricant.

A specific glide characteristics test was performed on the resulting magnetic

disk. There was no particular defect, and favorable results were obtained.
[0065] Also, a magnetic disk for perpendicular magnetic recording was manufactured
by performing the same film forming step as above on the magnetic disk glass
substrate obtained in Example 2-1.

A specific glide characteristics test was performed on the resulting magnetic

disk. There was no particular defect, and favorable results were obtained.
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CLAIMS

1. A method for manufacturing a glass substrate for a magnetic disk, comprising
a grinding step of grinding a main surface of a glass substrate using a lubricant and a
surface plate that has a grinding surface provided with a fixed abrasive grain
containing diamond paxrticles,

Al3* being contained in the lubricant that is supplied to the surface on which

grinding processing is performed of the glass substrate.

2. The method for manufacturing a glass substrate for a magnetic disk according

to claim 1, wherein AlsO3 is added to the lubricant.

3. The method for manufacturing a glass substrate for a magnetic disk according
to claim 1 or 2, wherein the lubricant has an Al content in a range of 0.05 g/L. to 1.0

g/L.

4. The method for manufacturing a glass substrate for a magnetic disk according
to any of claims 1 to 3, wherein the glass substrate contains:

S1021n an amount of 50 to 75 mol%,

AlsO31in an amount of 0 to 5 mol%,

BaO in an amount of 0 to 2 mol%,

Li2O in an amount of 0 to 3 mol%,

7Zn0 in an amount of 0 to 5 mol%,

NazO and K20 1in a total amount of 3 to 15 mol%,

MgO, CaO, SrO, and BaO in a total amount of 14 to 35 mol%, and

ZrOg, TiOz, Las0s, Y203, YbOs, Tas0s, NbeOs, and HfOz1in a total amount of 2
to 9 mol%, and

has a molar ratio [(MgO+Ca0)/(MgO+Ca0+SrO+Ba0)] in a range of 0.85 to 1
and a molar ratio [AlO3/(MgO+CaO)] in a range of 0 to 0.30.

5. A method for manufacturing a magnetic disk, comprising forming at least a

magnetic layer on a magnetic disk glass substrate obtained by the manufacturing



method of any of claims 1 to 4.
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