
Specification Title of the invention: Glass substrate for magnetic
recording medium, magnetic recording medium, and glass substrate
blank for magnetic recording medium Technical field [0001] The
present invention relates to a glass substrate employed as a
substrate in magnetic recording media such as hard disks, a glass
substrate blank that can be employed for the preparation of the above
substrate, and to a magnetic recording medium comprising the above
substrate. Background art [0002] With the development of
information-related infrastructure such as the Internet the need for
information recording media such as magnetic disks and optical disks
has increased sharply. The main structural components of the magnetic
memory devices of computers and the like are magnetic recording media
and magnetic heads for magnetic recording and reproduction. Known
magnetic recording media include flexible disks and hard disks. Of
these, examples of the substrate materials employed in hard disks
(magnetic disks) include aluminum substrates, glass substrates,
ceramic substrates, and carbon substrates. In practical terms,
depending on size and application, aluminum substrates and glass
substrates are primarily employed. In the hard disk drives of laptop
computers, in addition to impact resistance, higher density
recording, and the development of thinner magnetic recording media,
the requirements of increased surface smoothness of the disk
substrate and the development of thinner substrates are intensifying.
Thus, there are limits to how well aluminum substrates, with afford
poor surface hardness and rigidity, can respond. Accordingly, the
development of glass substrates is currently the nasinqtream (for
example, Published Japanese Translation of a PCT international
publication for patent application (TOKUHYO) No. Heisei 9-507206,
Japanese Unexamined Patent Publication (KOKAI) No. 2007-51064,
Japanese Unexamined Patent Publication (KOKAI) No. 2001-294441,
Japanese Unexamined Patent Publication (KOKAI) No. 2001-134925,
Japanese Unexamined Patent Publication (KOKAI) No. 2001-348246,
Japanese Unexamined Patent Publication (KOKAI) No. 2001-58843,
Japanese Unexamined Patent Publication (KOKA1) No. 2006-327935,
Japanese Unexamined Patent Publication (KOKAI) No. 2005-272212,
Japanese Unexamined Patent Publication (KOICAI) No. 2004-43295, and
Japanese Unexamined Patent Publication (KOKAI) No. 2005-314159).
[0003] In recent years, with the goal of achieving even higher
density recording in magnetic recording media, the use of magnetic
materials of high magneto-anisotropic energy (magnetic materials of
high Ku value), such as Fe-Pt and Co-Pt based materials, is being
examined (for example, see Japanese Unexamined Patent Publication
(KOKAI) No. 2004-362746). It is necessary to reduce the particle
diameter of the magnetic particles to achieve higher density
recording. However, when just the particle diameter is reduced, the
deterioration of magnetic characteristics due to thermal fluctuation
becomes a problem. Magnetic materials of high Ku value tend not to be
affected by thermal fluctuation, and are thus expected to contribute
to the 1  achievement of greater recording density. Summary of the
invention Problems to be solved by the invention [0004] However, the
above-described magnetic materials of high Ku value must be in a
specific state of crystal orientation to exhibit a high Ku value.
Thus, a film must be formed at high temperature or thermoprocessing
must be conducted at high temperature following film formation.
Accordingly, the formation of a magnetic recording layer comprised of



with a total content of alkaline earth metal oxides selected from the
group consisting of MgO, CaO, and Sr() falling within a range of 10
to 30 percent, with a total content of MgO and CaO falling within a
range of 10 to 30 percent, with a molar ratio {(Mg0 + Ca0)/(Mg0 + CaO
+ Sr0)} of a total content of MgO and CaO to a total content of the
above alkaline earth metal oxides being equal to or more than 0.86,
with a total content of the above alkali metal oxides and alkaline
earth metal oxides falling within a range of 20 to 40 percent,
with a molar ratio {(MgO + CaO + Li20)/(Li20 + Na20 +1(20 + MgO + CaO
+ Sr0)) of a total content of MgO, CaO, and Li20 to a total content
of the above alkali metal oxides and alkaline earth metal oxides
being equal to or more than 0.50,       with a total content of
oxides selected from the group consisting of Zr02, Ti02, Y203, La203,
Gd203, Nb205, and Ta205 being more than 0 percent but equal to or
less than 10 percent, and       with a molar ratio {(Zr02 + TiO2 +
Y203 + La203 + 0d203 + Nb2O5 + Ta205)/Al203} of a total content of
the above oxides to a content of Al203 content being equal to or more
than 0.40, as well as       the glass having a glass transition
temperature of equal to or higher than 600C, an average coefficient
of linear expansion of equal to or higher than 70 x 10-7/C at 100 to
300C, and a Young's modulus of equal to or higher than 80 GPa. [0012]
The above glass substrate may be employed, in a magnetic recording
medium having a magnetic recording layer comprising either Fe and Pt
or Co and Pt on a substrate, as the substrate. [0013] The above glass
substrate may be employed as a substrate of a magnetic recording
medium for energy-assisted recording. [0014] The above glass
substrate may be employed as a substrate of a magnetic recording
medium for heat-assisted recording. [0015] The above glass substrate
may comprise an ion-exchange layer over a part or all of the 4
surface thereof  [0016] The above ion-exchange layer may have been
formed by ion exchanging with at least one alkali metal ion selected
from the group consisting of Na, K, Rb, and Cs.  [0017] The above
glass substrate may have a specific modulus of elasticity of equal to
or greater than 30.0 MNm/kg.  [0018] The above glass substrate may
have a specific gravity of equal to or less than 2.90. [0019] A
further aspect of the present invention relates to a magnetic
recording medium, characterized by comprising a magnetic recording
layer on the above glass substrate. [0020] The above magnetic
recording layer may comprise either Fe and Pt or Co and Pt.  [0021]
The above magnetic recording medium may be a magnetic recording
medium for energy-assisted recording. [0022] The above magnetic
recording medium may be a magnetic recording medium for heat-assisted
recording. [0023] In the above magnetic recording medium, the glass
substrate may comprise an ion-exchange layer over a part or all of
the surface thereof. [0024] The above ion-exchange layer may have
been formed by ion exchanging with at least one alkali metal ion
selected from the group consisting of Na, K, Rb, and Cs. [0025] A
further aspect of the present invention relates to:       a glass
substrate blank for a magnetic recording medium, which is comprised
of glass comprising, denoted as molar percentages, 56 to 75 percent
of 8i.02, 1 to 11 percent of Al203, more than 0 percent but equal to
or less than 4 percent of Li20, equal to or more than 1 percent but
less than 15 percent of Na20, equal to or more than 0 percent but
less than 3 percent of 1(20, and substantially no BaO,       with a
total content of alkali metal oxides selected from the group



BRIEF DESCRIPTION OF THE DRAWINGS [0027] [Fig. 1] Fig. 1 is a drawing
descriptive of the method of measuring deflecting strength. Mode for
carrying out the invention [0028] An aspect of the present invention
relates to a glass substrate for a magnetic recording medium, which
is comprised of glass comprising, denoted as molar percentages, 56 to
75 percent of Si02, Ito 11 percent of Al202, more than 0 percent but
equal to or less than 4 percent of Li20, equal to or more than 1
percent but less than 15 percent of Na20, equal to or more than 0
percent but less than 3 percent of 1(20, and substantially no BaO,
with a total content of alkali metal oxides selected from the group
consisting of Li20, Na20, and 1(20 falling within a range of 6 to 15
percent, with a molar ratio (Li20/Na20) of a content of Li20 to a
content of Na20 being less than 0.50,       with a molar ratio
{K20/(Li20 + Na20 + K20)} of a content of K20 to a total content of
the above alkali metal oxides being equal to or less than 0.13,
with a total content of alkaline earth metal oxides selected from the
group consisting of MgO, CaO, and Sr0 falling within a range of 10 to
30 percent, with a total content of MgO and CaO falling within a
range of 10 to 30 percent,         with a molar ratio {(MgO +
Ca0)/(Mg0 + CaO + Sr0)} of a total content of MgO and CaO to a totl
content of the above allcaline earth metal oxides being equal to or
more than 0.86,        with a total content of the above alkali metal
oxides and alkaline earth metal oxides falling within a range of 20
to 40 percent,        with a molar ratio {(MgO + CaO + Li20)/(L120 +
Na20 + K20 + MgO + CaO + Sr0)} of a total content of MgO, CaO, and
Li20 to a total content of the above alkali metal oxides and alkaline
earth metal oxides being equal to or more than 0.50,        with a
total content of oxides selected from the group consisting of Zr02,
Ti02, Y203, La203, Gd203, Nb203, and Ta203 being more than 0 percent
but equal to or less than 10 percent, and        with a molar ratio
{(Zr02 + TiO2 + Y203 + ['alb + Gd203 + /\113203 + Ta203)1Al203) of a
total content of the above oxides to a content of Al203 content being
equal to or more than 0.40, as well as        the glass having a
glass transition temperature of equal to or higher than 600C, an
average coefficient of linear expansion of equal to or higher than 70
x 1 04/C at 100 to 300C, and a Young's modulus of equal to or higher
than 80 GPa.        The present invention further relates to a glass
substrate blank that can provide the glass substrate of the present
invention set forth above.        The glass substrate of the present
invention has high heat resistance capable of withstanding
high-temperature heat treatment in the course of forming a magnetic
recording layer comprised of a high Ku value magnetic material, has a
high coefficient of thermal expansion matching that of the support
member (spindle), has high rigidity capable of withstanding
high-speed rotation, and can have a good chemical strengthening
property. [0029] A further aspect of the present invention relates to
a magnetic recording medium comprising a magnetic recording layer on
the glass substrate of the present invention. The present invention
will be described in greater detail below. [0030] The magnetic
recording medium of the present invention can be a disk-shaped
magnetic recording medium (referred to as a magnetic disk, hard disk,
or the like) of laminated configuration comprised of, on the main
surface of a glass substrate, and in order from the main surface
outward, at least an adhesive layer, an undercoat layer, a magnetic
layer (magnetic recording layer), a protective layer, and a



[0036] Si02 is a glass network-forming component that has the effect
of enhancing glass stability, chemical durability, and in particular,
acid resistance. It is a component that functions to lower the heat
dispersion of the substrate and increase heating efficiency in the
course of heating the substrate with radiation in the step of forming
the magnetic recording layer and the like on the glass substrate for
a magnetic recording medium and in the heat treatment of the film
that is formed in the above step. When the 8102 content is less than
56 percent, chemical durability decreases, and at above 75 percent,
it becomes difficult to obtain a rigid glass. When the Si02 content
exceeds 75 percent, the Si02 does not melt completely, leaving
=melted 9  material in the glass, rendering the viscosity of the
glass excessively high during clarification, and resulting in
inadequate elimination of bubbles from the glass. When a substrate is
made from glass containing unmelted material, protrusions are
produced by the unmelted material on the surface of the substrate by
polishing, precluding its use as the substrate of a magnetic
recording medium, which is required to have an extremely smooth
surface. When a substrate is prepared from glass containing bubbles,
polishing exposes portions of bubbles on the surface of the
substrate. Those portions become pits, compromising the smoothness of
the main surface of the substrate and precluding its use as a
substrate in. a magnetic recording medium. Thus, the Si02 content is
56 to 75 percent. The Si02 content desirably falls within a range of
58 to 70 percent, preferably within a range of 60 to 70 percent.
[0037] Al203 is also a component that contributes to forming the
network of the glass, and enhances rigidity and heat resistance.
However, the resistance to devitrification (stability) of the glass
decreases when the content of Al203 exceeds 11 percent, so the
quantity incorporated is equal to or less than 11 percent.
Additionally, the stability, chemical durability, and heat resistance
of the glass decrease when the content of Al203 is less than 1
percent. Thus, the quantity incorporated is equal to or more than 1
percent. Accordingly, the quantity of Al203 in the glass substrate of
the present invention falls within the range of 1 to 11 percent. From
the perspectives of glass stability, chemical durability, and heat
resistance, the content of Al203 desirably falls within a range of 1
to 10 percent, preferably a range of 2 to 9 percent, and more
preferably, within a range of 3 to 8 percent. [0038] Li20 is a
component that increases the rigidity of the glass, and is thus an
essential component in the glass substrate of the present invention.
The readiness of migration within the glass of the alkali metals is
Li>Na>K. Thus, the incorporation of Li is advantageous from the
perspective of the chemical strengthening property. However, the
incorporation of an excessively large quantity tends to decrease heat
resistance. Thus, the quantity incorporated is equal to or less than
4 percent. That is, the content of Li20 in. the glass substrate of
the present invention is greater than 0 percent but equal to or less
than 4 percent. From the perspectives of high rigidity, high heat
resistance, and the chemical strengthening property, the content of
Li20 desirably falls within a range of 0.1 to 3.5 percent, preferably
falls within a range of 0.5 to 3 percent, more preferably falls
within a range of greater than 1 percent but equal to or less than 3
percent, and still more preferably, falls with in a range of greater
than 1 percent but equal to or less than 2.5 percent.       As set



incorporated with preference. Accordingly, keeping the above molar
ratio to equal to or more than 0.86 also has the effect of achieving
a high Young's modulus and a low specific gravity in the glass
substrate. From the above-described perspectives, the above molar
ratio is desirably 13  equal to or more than 0.88, preferably equal
to or more than 0 90, more preferably equal to or more than 0,93,
still more preferably equal to or more than 0.95, even more
preferably equal to or more than 0.97, yet more preferably equal to
or more than 0.98, yet still more preferably equal to or more than
0.99, and optimally, I. [0045] When the total content of alkaline
earth metal oxides selected from the group consisting of MgO, CaO,
and Sr() is excessively low, the rigidity and thermal expansion
characteristic of the glass decrease; when excessively high, chemical
durability drops. To achieve high rigidity, high thermal expansion
characteristic, and good chemical durability in the glass substrate
of the present invention, the total content of the above alkaline
earth metal oxides is set to 10 to 30 percent, desirably 10 to 25
percent, preferably to 11 to 22 percent, more preferably to 12 to 22
percent, still more preferably to 13 to 21 percent, and yet still
more preferably, to within a range of 15 to 20 percent.       As set
forth above, MgO and CaO are components that are preferentially
incorporated in a total content of 10 to 30 percent. When the total
content of MgO and CaO is less than 10 percent, rigidity and the
thermal expansion characteristic decrease. When it exceeds 30
percent, chemical durability drops. From the perspective of achieving
a good effect by preferentially incorporating MgO and CaO, the range
of the total content of MgO and CaO is desirably 10 to 25 percent
preferably 10 to 22 percent more preferably 11 to 20 percent and
still more preferably, 12 to 20 percent [0046] Further, among the
alkaline metal oxides, 1(20 has a high atomic number, functions to
greatly lower thermal conductivity, and is disadvantageous from the
perspective of the chemical strengthening property. Thus, the content
of K20 is limited with respect to the total content of alkali metal
oxides. In the glass substrate of the present invention, the molar
ratio {K20/(Li20 + Na20 + 1(20)) of the 1C20 content to the total
content of the alkali metal oxides is set to 0.13. From the
perspectives of the chemical strengthening property and thermal
conductivity, this molar ratio is desirably equal to or lower than
0.10, preferably equal to or lower than 0.08, more preferably equal
to or lower than. 0.06, still more preferably equal to or lower than
0.05, even more preferably equal to or lower than 0 03, yet even more
preferably equal to or lower than 0.02, yet still more preferably
equal to or lower than 0.01, and optimally, substantially zero. That
is, 1C20 is optimally not incorporated. [0047] The total content
(1120 + Na20 + 1(20 + MgO + CaO + Sr0) of the alkali metal oxides and
the alkaline earth metal oxides in the glass substrate of the present
invention is 20 to 40 percent. This is because at less than 20
percent, glass meltability, the coefficient of thermal expansion, and
rigidity decrease, and at greater than 40 percent chemical durability
and resistance to heat diminish. From the perspective of maintaining
various characteriStics described above in a good level, the total
content of the alkali metal oxides and alkaline earth metal oxides
desirably falls within a range of 20 to 35 percent preferably within
a range of 21 to 33 percent, and more preferably, within a range of
23 to 33 percent. [0048] As set forth above, MgO, CaO, and Li20 are



18  specific modulus of elasticity is obtained by dividing the
Young's modulus of the glass by its density. In this context, the
density can be thought of as a quantity obtained by expressing the
specific gravity of the glass in units of g/cm3. Achieving a glass of
low specific gravity makes it possible to lighten the substrate in
addition to increasing the specific modulus of elasticity. Lightening
the substrate can reduce the weight of the magnetic recording medium,
thus reduce the electric power required to rotate the magnetic
recording medium, and inhibit power consumption by an HDD. The
specific gravity of the glass substrate of the present invention
desirably falls within a range of equal to or less than 2.90,
preferably within a range of equal to or less than 2.80, more
preferably, with a range of less than 2.70. The specific gravity of
the glass substrate can be controlled by adjusting contents and
proportions of glass components set forth above as those affecting
the specific gravity. [0066] 5. Acid resistance       In the course
of producing the glass substrate for a magnetic recording medium, the
glass is processed into a disk shape and the main surface is
processed to be extremely fiat and smooth. Following these processing
steps, normally, the glass substrate is cleaned with an acid to
remove grime in the form of organic material that has adhered to the
surface. In that case, when the glass substrate has poor acid
resistance, the cleaning with an acid roughens the surface, flatness
and smoothness are lost, and the glass substrate cannot be readily
used in a magnetic recording medium. In a glass substrate for a
magnetic recording medium with high recording density having a
magnetic recording layer comprised of a magnetic material of high Ku
in which high flatness and smoothness of the glass substrate surface
are required, good acid resistance is particularly desirable.       A
substrate that is rendered even cleaner by removing foreign matter
such as abrasive that has adhered to the surface can be obtained by
cleaning with an alkali following cleaning with an acid. To prevent a
decrease in flatness and smoothness of the surface of the substrate
due to roughening during cleaning with an alkali, the glass substrate
desirably has good alkali resistance. Good acid resistance and alkali
resistance that render high flatness and smoothness of the substrate
surface are also advantageous from the perspective of low floating
levels, as set forth above. In the present invention, good acid
resistance and alkali resistance can be achieved by conducting
adjustment of the glass composition described above, especially, by
conducting adjustment of the composition that is advantageous for
chemical durability. [0067] 6. Liquidus temperature       In the
course of melting glass and molding the glass melt obtained, the
glass crystallizes and a homogenous glass cannot be produced when the
molding temperature is lower than the liquidus temperature. Thus, the
glass molding temperature must be greater than or equal to the
liquidus temperature. However, when the molding temperature exceeds
1,300C, for example, the pressing mold employed in the course of
press molding a glass melt reacts with the hot glass and tends to be
damaged. Even when conducting molding by casting a glass melt into a
casting mold, the casting mold tends to be similarly damaged. Taking
these points into account, the liquidus temperature of the glass
constituting the glass substrate of the present invention is 19
desirably equal to or lower than 1,300C. The liquidus temperature
preferably falls within a range of equal to or lower than 1,280C,



[0074] Deflecting strength is commonly employed as an index of the
impact resistance of the glass substrate for a magnetic recording
medium. As shown in Fig. 1, the deflecting strength can be determined
by placing a steel ball in the center hole of a glass substrate
positioned on a holder, applying a load with a load cell, and taking
the load value when the glass substrate is broken down. The
measurement can be conducted with a deflecting strength measuring and
testing device (Shimadzu Autograph DDS-2000), for example. It is
desirable for the glass substrate of the present invention to have a
deflecting strength of, for example, equal to or greater than 10 kg,
desirably equal to or greater than 15 kg, and preferably, equal to or
greater than 20 kg. The deflecting strength within the above range
can be achieved by conducting the above composition adjustment, and
optionally by conducting the chemical strengthening treatment. [0075]
The glass substrate of the present invention is, for example, equal
to or less than 1.5 ram in thickness, desirably equal to or less than
1.2 mm in thickness, and preferably, equal to or less than 1 nun in
thickness. The lower limit is desirably 0.3 mm. The main surface on
which a magnetic recording layer is formed desirably has surface
properties (1) to (3) below        (1) an arithmetic average surface
roughness Ra measured over an area of 1 pm x 1 gm by an atomic force
microscope of equal to or lower than 0.25 nrn;        (2) an
arithmetic average surface roughness Ra measured over an area of 5 pm
x 5 pm of equal to or lower than 0.15 run;        (3) an arithmetic
average surface waviness Wa at a wavelength of 100 gm to 950 pm of
equal to or lower than 0.5 run.         The grain size of the
magnetic recording layer that is formed on the substrate is, for
example, less than 10 nm in a vertical recording method. To increase
the recording density, even when a minute bit size is employed, no
improvement in magnetic characteristics can be anticipated when the
surface roughness of the substrate is high. By contrast, a substrate
in which the arithmetic averages Ra of the two types of surface
roughens of (1) and (2) above fall within the above-stated ranges
permits improvement in magnetic characteristics even when a minute
bit size is employed to achieve a high recording density. Keeping the
arithmetic average of surface waviness Wa of (3) above within the
stated range permits enhancement of the floating stability of the
magnetic head in an HDD. The acid resistance and alkali resistance of
the glass are effective for achieving a substrate having surface
properties (1) to (3) described above. [0076] The magnetic recording
medium of the present invention can be called a magnetic disk, hard
disk, or the like. It is suited to use in an internal memory device
(fixed disk or the like) such as a desktop computer, server-use
computer, laptop computer, or mobile computer; internal memory device
such as a portable recording and reproduction device that records and
reproduces images and/or sound; vehicle-mounted audio recording and
reproduction devices; and the like. As described above, it is
particularly suited to the heat-assisted recording method. [Examples]
[0077] The present invention is described in greater detail below
through Examples. However, the present invention is not limited to
the embodiments shown in Examples. [0078] (1) Preparation of glass
melts        Starting materials such as oxides, carbonates, nitrates,
and hydroxides were weighed out and mixed to obtain blended starting
materials in a manner calculated to yield glasses of the compositions
shown in Table 1. Each of the starting materials was charged to a



The Young's modulus of each of the glasses was measured by the
ultrasonic method. (3) Specific gravity The specific gravity of each
of the glasses was measured by Archimedes' method. (4) Specific
modulus of elasticity       The specific modulus of elasticity was
calculated from the Young's modulus obtained in (2) above and the
specific gravity obtained in (3) above. [0087] 2. Evaluation of
substrates (surface roughness, surface waviness)       A 5 pm x 5 pm
square region of the main surface of each of the substrates of
Examples (surface on which the magnetic recording layer and the like
were laminated) was observed by an atomic force microscope (AFM). The
arithmetic average of the surface roughness Ra was measured for an
area of 1 pm x 1 pm and the arithmetic average of the surface
roughness Ra was measured for an area of 5 pm x 5 gm. The arithmetic
average of the surface waviness Wa at a wavelength of 100 pm to 950
pm was also measured.       The arithmetic averages of the surface
roughness Ra measured for an area of 1 gm x 1 pm ranged from 0.15 to
0.25 mu for all of the glass substrates of Examples. The arithmetic
averages of the surface roughness Ra measured for an area of 5 pm x 5
pm ranged from 0.12 to 0.15 inn. And the arithmetic averages Wa of
surface waviness at a wavelength of 100 pm to 950 pm were 0.4 to 0.5
nm. These ranges presented no problems for substrates employed in
magnetic recording media. [0088] [Table 1]  Glass composition
(Content:molar lb, ratio:molar ratio) 1 2 3 4 5 6 7 8 1103 64.00
63.00 84.00 64.00 60.00 64.00 85.00 65.00 BA aoo 0.00 aoo 0.00 0.00
0.00 0.00 0.00 Al203 5.00 6.00 5.00 5.00 9.00 600 6.00 6.00 Lip 



1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 Nap 8.50 8.50 8.50 8.50 8.50
8.00 8.00 8.00 K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Mg0 4.00
400 10.00 13.00 2.00 3.00 2,00 1.00 050 13.00 13.00 7,00 9.00 15.00
13.50 13.50 19.50 Sr() 000 600 0.00 0.00 



0.00 0.00 0.00 0.00 Bs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ZnO
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2r02 4.00 4.00 4.00 4.00 4.00
4.00 4.00 4.00 1102 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 Y203 0.00
0.00 0,00 0.00 600 0.00 0.00 0.00 



Yb502 0.00 0.00 600 0.00 0.00 0.00 0.00 0.00 0.5203 0.00 600 0,00
0.00 0.00 0.00 0.00 0.00 Gd203 0.00 0.00 0.00 0,00 600 0.00 0.00 0.00
MID, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00 Ta20, 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 Total 100,00 100.00 100.00 



100.00 100.00 100.00 108.00 10600 LIpttile209K20 10.00 10.00 10.00
10.00 10.00 9.50 9.60 9.50 1.110/Na20 0.18 0.18 0.18 0.18 0.18 0.19
0.19 0.19 L130/(1.120+14a20+KP) 0.15 0.150 0.150 0.150 0.150 0.158
0.158 0.158 K20/(L120161.200520) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 Mg0+CoOtSr0 17.00 17.00 17.00 17.00 17.00 16.50 15.60 



15.50 11100+Ce0 17,00 17.00 17.00 17.00 17.00 16.50 15.50 1E50
1.120+NepriC20tMe0+0a0+300 27.00 27.00 27.00 27.00 27.00 26.00 2540
25.00 (1/4410+0;09L120)/(1.120+Na20+820Mg0+Ca0+Sr0) 0.685 0.685 0.685
0.685 0.665 0.692 0.680 0.080 2r02+110,1303+La203+0d203+Nb203+Ta20i
4.00 4.00 4.00 4.00 9.00 4.00 4.00 4.00
SIO2-M1202+2r02+7103+Y2049La203+Gd03+Nb50itTa2O5) AL1201-Nlo0+K20)
720 7.30 7.30 7.30 7.30 7.79 7.89 7.89
(Zr02+7101+Y203+La203+0c1202+N13203+Ta292)/Al203 0.800 0.567 



0.000 0.600 0.444 0.667 0.667 0.067 (Ms0+Ca0)/(M601C30+3r0) 1.000.
1.000 1.000 1.000 1.000 1.000 1.000 1.000 Glass transition
temperatura Test) 633 k630 639 650 858 046 GO 651 Average coefficient
of linear expansion Or 10-7PC) 000-300C) 77 75 72 70 74 75 74 74
Yowls modulus(11Pa) 87.5 87.8 87.9 88.3 88.8 87.6 85.7 86.8 Spool%
modulus of elasticit41Nrn/18) 32.8 32.9 33.3 33.5 33.0 



32.8 32.8 12.8 i Specific gravity 2.67 2.87 2.64 2.63 2.69 2.67 2.66
2.66  Glass composition (Content: molar %, ratio:molar ratio) a to 11
12 13 14 16 16 3102 6500 65.00 66.00 64.00 64.00 64.00 83.00 65.00
13202 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Al202 6.00 6.00 6,00
5,00 5.00 5.00 8.00 



6.00 1.120 1.50 1.50 1.50 1.50 1.50 1.50 1.00 2.00 Nap 8.00 8.00 500
820 8,60 8.60 000 6.50 K50 0,00 0.00 0.00 0.00 0.00 0.00 1.00 1.00
Mg0 0.00 1.00 0.00 2.00 4.00 4.00 4.00 1.50 Ca0 1550 13.60 13.60
13.00 13,00 13.00 13.00 14.00 Sr0 0.00 1.00 



2.00 2.00 0.00 0.00 0.00 0.00 13a0 0.00 0.00 0.00 0,00 0.00 0.00 0.00
000 ZnO 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 Zr02 4.00 4,00 4.00
4.00 2.00 2.00 4.00 4.00 1102  0.00 0.00 0.00 0.00 2.00 0.00 0.00
0.00 Y202 0.00 0.00 o 00 0.00 0.00 0.00 



0.00 0.00 111203 0.00 0.00 0.00 0.00 0.00 0.00 0,00 000 1.2202 0.00
0.00 0,00 0.00 0.00 0.00 0.00 0.00 0d202 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 Mb202 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15508
0.00 0.00 0.00 0,00 0.00 0.00 0.00 0110 Total 100.00 



100.00 100.00 100.00 100.00 100.00 100.00 100.00 1J20+Ne2041(20 950
9.50 9.50 10.00 10.00 10.00 10,00 9,50 1120/Na20 0.19 0.19 0.19 0.18
0.18 0.18 0.13 0.31 L120/(U20+Ne20+1C10) 0.158 0.158 0.158 0.150 0150
0.150 0.100 0.211 K20/(L120+Ne2.04K20) 0.000 0.000 0.000 0.000 0.000
0.000 0.100 0.105 Mg0+0a0+Sr0 15,50 15.50 15.50 17.00 17.00 



17.00 17.00 15.50 Mg0+060 15.50 14.50 13,60 15.00 17.00 17.00 17.00
15.50 LI20+N520MK219+M50+0o0+3r0 25.00 25,00 25.00 27.00 27.00 27.00
27.00 25.00 (MgOiCe0+1120M0.120+Na50+1(I0+Mg0+Ca0+Sr0) 0,080 0.640
0.600 0.611 0.685 0.685 0.667 0,700
Zr02+1102+Y202+Le502+Gd2,02+N13202+Te202 4.00 4.00 4.00 4.00 4.00
2.00 4.00 400 (6102+A(203+Zr02+1102+Y203+Le202+6403+Nb205+Ta202)
Ati2O+Na204K20) 7.89 7.89 7.89 7.30 7.30 7.10. 7.30 7.89
(Zr0241102+Y202+Le203+04034M6206+Ta202MAl203 



0.667 0.667 0,667 0.800 0.800 0.400 0.667 0.667 (Mg0+0a0)/(Mg0+0a0+60
1.000 0.995 0.971 0.862 1.000 1.000 1.000 1.000 Glass transition
temperature TeCi 658 645 620 820 620 605 650 640 Average coefficient
of linear expansion (x 10-7,AC) 000e-300.09 76 74 >70 79 80 75 81 77
Young's modulusfOP4 06.4 87.0 86.7 87.6 862 85.6 67.5 87.5 Spoolfic
modulus of eloctialty(MNmAM) 32.4 32.4 32.1 



32.3 32.8 32.3 32.8 33,0 Specific gravity 2.66 2.68 2.70 2.71 2.63
2.65 2.66 2.65   Glass composition (Gontent:molar %. ratio:molar
ratio) 17 18 19 20 21 22 23 5102 67.00 65.00 65.00 84.00 64.00 63.00
6410 9204 0.00 0,00 0.00 0,00 0.00 0.00 0.00 Al203 2.00 3.00 2.00
5.00 5.00 4.00 5.00 



L120 0.50 1.00 1.00 3.00 1.50 1.00 1.50 NO 9.50 9.00 9.00 7.00 13.50
8.00 8.50 620 0.00 1.00 1.00 0.00 100 0,00 0.03 Mg0 4.00 110 1.00
0.00 0.01 200 4.00 MO 13.00 15.00 16.00 17,00 17.00 18.00 13.00 Sr0
0.00 0.00 0.00 0.00 100 0.00 0,00 Bo 



0.00 0.00 0.00 0.00 0,00 100 0.00 ZnO 0,00 0.00 0.00 0.00 0.00 0.00
100 Zs02 4.00 5.00 610 4.00 4.00 4.00 2.00 TIO2 0.00 0.00 0.00 0.00
0.00 0.00 100 Y203 0.00 0.00 0.00 0.00 0.00 0.00 0,00 Y13203 0.00
0.00 0,00 0.00 0.00 0.00 0.00 Lo202 0.00 



0.00 0.00 0.00 0.00 0.00 0.00 0c1203 0.00 0.00 0.00 0.00 0.00 0.00
0.00 Nb202 0.00 0.00 0,00 .0.130 OM 0.00 2.00 To206 100 0.00 0,00
0,00 0.00 0.00 0.00 Total 100.00 100.00 100.00 100.00 100.00 10100
100.00 11204-Na20+520 10.00 11.00 11.00 10.00 10.00 9.00 10.00
1.120/Na20 015 0,11 



0.11 0.43 0.18 0.13 0.18 L120/(L120+Ne20+520) 0.050 0.091 0.091 1300
0.160 0.111 0.150 K20/(L320+N520+520) 0.000 0.091 0.091 0.000 0.000
0.000 0.000 Mg0+0,10+Sr0 17.00 16.00 1100 17.00 17.00 20.00 17.00
Mg0+Ca0 17.00 16.00 16.00 17.00 17.00 20.00 17.00
L120+No20+620+Mg0+0.04Sr0 27.00 27.00 27.00 27.00 27.00 29.00 27.00
(M50+0.011120)/(L1/20+No20+K20+Mg0+Ca0+Sr0) 0.646 0.630 0.630 



0.741 0.685 0.724 0.685 1r02+71021Y202+L0203+Gd202+Nb206+Te202 4.00
100 100 4.00 4.00 4.00 4.00
(Si0tAl203+210237102+Y203+121203+Ge202+Nb2023To202) AL12001820+520)
7.30 6.64 6.64 7.30 7.30 719 7.30
rdr02+1102+11203+Lo203+Gd202+06202+Ta3ONAl203 2.000 1.667 3.000 0.800
0.800 1.000 0.800 (Mg0e0a0)f043030a0+61.0) 1.000 1.000 1.000 1.000
1,000 1.000 1.000 Glass transition temperature Te() 630 636 640 622
645 646 632 Averago coefficient of Cesar expansion Cc 10-7,0)
000-'300.0) 79 83 83 



80 85 77 78 Young's modulo:05Q 85.0 86.6 87.8 89.0 87.3 8131 87.4
Specific, modulus of elastleity(ANmAcg) 32.0 32.1 32.2 331 32.5 32.7
32.2 Specific gravity 2.66 2.70 2.73 2.86 2.08 2.71 2.71   Mast
composition (Content: molar %, retie:molar ratio) 24 25 26 27 28 29
30 31 32 SIO2 84.00 64.00 64.00 6400 64.00 62.00 69.00 



64.00 64.00 8203 0,00 000 0,00 OM 0.00 0.00 0.00 000 0.00 ALA 5,00
600 5.00 6.00 5.00 5.00, 5.00 5.00 5.00 Lie) 1.50 1.50 1.60 1.50 1.60
0.50 0,50 2.50 1.00 Net 8.50 8.50 8.50 8.50 8.50 12.50 11.00 8.00
12.50 X10 0.00 0.00 0.00 0.00 0.00 2.00 



1.50 0.00 0.00 Mg0 4.00 400 4.00 4.00 4.00 0.00 1.50 2.00 1.50 Ca0
13.00 13.00 19.00 13.00I 13.00 14.00 12.00 19.50 12.00 Sr0 000 0.00
0.00 0.00: 0.00 0.00 0.00 0.00 0.00 Be0 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 ZnO 000 0.00 0.00 0.001 0.00 



0.001 I 0.00 0.00 0.00 ZrDt 2.00 2.00 2.00 2.00I 2.00 4.00 9.50 4.00
4.00 TiO2 0.00 0.00 0,00 0.00 0.00 0.00 0.00 aoo 0.00 11103 2.00 0.00
0,00 0.00 0.00 0.00 0.00 0.00 0.00 Y13103 0.00 0.00 000 200 coo 0.00
0.00 080 0.00 Let% 0.00 2.00 0.00 0.00 



0,00 0,00 0.00 0.00 0.00 040, 0.00 000 2.00 0.00 0,00 0.00 0.00 0.00
0,00 MI06 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7%06 0.00 0.00
0,00 0.00 2.00 0.00 0.00 0,00 0.00 Total 100.00 105.00 100.00 10300
10000 100.00 100.00 100.00 100.00 L1207148104K10 10.00 10.00 10.00 



10.00 10.00 15.00 13.00 10.50 13.60 LipMe10 0.18 0.18 018 0.18 0.10
0.04 0.05 0,31 0,08. 1-110/0J20t04e10.1K20) 0.150 0,150 0,150 0.150
0.150 0.033 0.038 0.238 0.074 1920/(L110+Na10.K20) 0.000 0.000 0.000
0.000 0.000 0.133 0.115 0.000 0.006 N140+Ca0+Sr0 17.00 17.00 17.00
17.00 17.00 14.00 13.50 16.60 13.60 8/604Ce0 17.00 1700 



17,00 17.00 17.00 1490 13.50 16.50 13.60 Llt0+Netp+K10+Mt040410+5r0
27.00 27,00 27.00 27.00 27.00 29.00 2860 2.7.00 27.00
(.480+00(741.120)/(L1109Nat0+K204M60-4CsOSr0) 0.6E15 0.685 0.605
0.655 0.605 0.500 I 0428 0.704 0.637 2r02+TiOi4;
03414,20,9134039N11/40,+Tapa 4.00 4.00 4.00 4.001 400 4.00: 950 4.00
4.00 (6i0i4A1103+Zr02+1101+Y2039Let03+04103.1Nbt06+Tat0t)
/(.1204-Nat0+Ka0) 7.30 7.30 7.30 720? 7.30 4.73 5.85 6.85 5.41
(Zr0ll-T101+Ya0t+Lat04+04204+Nbt049-Ta50t)/Ale03 



0.800 0,800 0.600 0.800 0.800 0.800 0.100 0.800 0.800
(5160+Co0)/(4116040.04Sr0) 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 Glans transition temperature Tg(t) 039 623 625 641 042
616 623 817 >600 Average coefficient of Unser expansion 04104P0)
(100~200t) 76 80 81 77 74 98 89 78 >75 Yovnes modulus(GSa) 88.9 87.7
68.4 89.0 892 83.1 84.0 88,4 



84.4 Specific moduluselaalei19(19NmAct) 32.5 $1.3 311 81.0 312 31.1
31.5 33.1 31.8 Specific gravity 2.73 2.80 2.84 2.87 2.86 2.67 2.66
2.67 2.65  [0089] As indicated in Table 1, the glasses of Examples
had the three characteristics required of a magnetic recording medium
substrate, namely, high heat resistance (high glass transition
temperatures), high rigidity (high Young's moduli), and high
coefficients of thermal expansion. From the results of Table 1, it
can be confirmed that the glasses of Examples had high specific 32
moduli of elasticity enabling them to withstand high-speed rotation,
and low specific gravities, permitting substrate weight reduction.
Additionally, the glasses of Examples were found to permit the ready
formation of ion-exchange layers by a chemical strengthening
treatment.       Based on the above results, the present invention
was determined to yield glasses having the characteristics required
of the magnetic recording medium substrate. [0090] 3. Evaluation of
magnetic disks (1) Flatness       Generally, a degree of flatness of
equal to or lower than 5 pm permits highly reliable recording and
reproduction. The degree of flatness (the distance (difference in
height) in the vertical direction (direction perpendicular to the
surface) of the highest portion and lowest portion of the disk
surfaces) of the surfaces of the various magnetic disks formed using
the glass substrates of Examples by the above-described methods was
measured with a flatness measuring device. All of the magnetic disks
had degrees of flatness of equal to or lower than 5 pm. From these
results, it can be determined that the glass substrates of Examples
did not undergo substantial deformation even when processed at high
temperature during the formation of an FePt layer or CoPt layer. (2)
Load/unload test       The various magnetic disks formed using the
glass substrates of Examples by the above methods were loaded into a
2.5-inch hard disk drive that rotated at a high speed of 5,400 rpm
and subjected to a load/unload durability test ("LUL" hereinafter).
The spindle of the spindle motor in the above hard disk drive was
made of stainless steel, and the distance between the element part of
the magnetic head and the surface of the magnetic disk was about 9
nm. The durability of all of the magnetic disks exceeded 600,000
cycles. Further, although crash failures and thermal asperity
failures will occur during LUL testing with deformation due to a
difference in the coefficient of thermal expansion with the spindle
material and deflection due to high-speed rotation, such failures did
not occur during testing of any of the magnetic disks.
Furthermore, the LUL durability test was conducted in the same manner
as above with a magnetic head equipped with the DEB mechanism to
protrude the recording and reproduction element part so as to achieve
the distance between the element part of the magnetic head and the
surface of the magnetic disk of equal to or less than 2 nm. As a
result the number of endurance times exceeded 600,000 times. It was
confirmed that, in the hard disk drive equipped with the DFH
mechanism, good recording and reproduction could be achieved.
From these results, the present invention was determined to permit
highly reliable recording and reproduction. [0091] Magnetic disks
prepared using the glass substrates of Examples by the above methods
were loaded into the hard disk drive with a magnetic head of a
recording method in which the reversal of magnetization was assisted
by irradiation with a laser beam (heat-assisted recording method) to
prepare the information-recording device of a heat-assisted recording



[0093] The present invention can provide an optimal magnetic
recording medium for higher density recording.  CLAIMS What is
claimed is: 1. A glass substrate for a magnetic recording medium,
which is comprised of glass comprising, denoted as molar percentages,
56 to 75 percent of Si02, 1 to 11 percent of Al203, more than 0
percent but equal to or less than 4 percent of Li20, equal to or more
than 1 percent but less than 15 percent of Na20, equal to or more
than 0 percent but equal to or less than 1 percent of K20, and
substantially no Ba0, with a total content of alkali metal oxides
selected from the group consisting of Li20, Na20, and K20 falling
within a range of 6 to 15 percent, with a molar ratio (Li20/Na20) of
a content of Li20 to a content of Na20 being less than 0.50, with a
molar ratio {K20/(Li20+Na20+K20)} of a content of K20 to a total
content of the above alkali metal oxides being equal to or less than
0.13, with a total content of alkaline earth metal oxides selected
from the group consisting of MgO, CaO, and Sr0 falling within a range
of 10 to 30 percent, with a total content of MgO and CaO falling
within a range of 10 to 30 percent, with a molar ratio
{(Mg0+Ca0)/(Mg0+Ca0+Sr0)} of a total content of MgO and CaO to a
total content of the above alkaline earth metal oxides being equal to
or more than 0.86, with a total content of the above alkali metal
oxides and alkaline earth metal oxides falling within a range of 20
to 40 percent, with a molar ratio
{(Mg0+Ca0+Li20)/(Li20+Na20+K20+Mg0+Ca0+Sr0)} of a total content of
MgO, CaO, and Li20 to a total content of the above alkali metal
oxides and alkaline earth metal oxides being equal to or more than
0.50, with a total content of oxides selected from the group
consisting of Zr02, Ti02, Y203, La203, Gd203, Nb205, and Ta205 being
more than 0 percent but equal to or less than 10 percent, and with a
molar ratio {(Zr02+Ti02+Y203+La203+Gd203+Nb205+Ta205)/Al203} of a
total content of the above oxides to a content of Al203 content being
equal to or more than 0.40, as well as the glass having a glass
transition temperature of equal to or higher than 600 C., an average
coefficient of linear expansion of equal to or higher than 70x10-7/
C. at 100 to 300 C., and a Young's modulus of equal to or higher than
80 GPa.   2. The glass substrate for a magnetic recording medium
according to claim 1, which is employed, in a magnetic recording
medium having a magnetic recording layer comprising either Fe and Pt
or Co and Pt on a substrate, as the substrate.  3. The glass
substrate for a magnetic recording medium according to claim 1, which
is employed as a substrate of a magnetic recording medium for
energy-assisted recording.  4. The glass substrate for a magnetic
recording medium according to claim 3, which is employed as a
substrate of a magnetic recording medium for heat-assisted recording.
5. The glass substrate for a magnetic recording medium according to
claim 1, which comprises an ion-exchange layer over a part or all of
the surface thereof.  6. The glass substrate for a magnetic recording
medium according to claim 5, wherein the ion-exchange layer has been
formed by ion exchanging with at least one alkali metal ion selected
from the group consisting of Na, K, Rb, and Cs.  7. The glass
substrate for a magnetic recording medium according to claim 1, which
has a specific modulus of elasticity of equal to or greater than 30.0
MNm/kg.  8. The glass substrate for a magnetic recording medium
according to claim 1, which has a specific gravity of equal to or
less than 2.90.  9. A magnetic recording medium, which comprises a


