
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 mainstream (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 (KOKAI) No. 2006-327935,
Japanese Unexamined Patent Publication (KOKAI) No. 2005-272212,
Japanese Unexamined Patent Publication (KOKAI) 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
(KOICAI) 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



[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 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 less than 3 percent of K20, and substantially no BaO,
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
{K201(Li20 + Na20 + K20)} of a content of IC20 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
+ Ste)} 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
+ 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 600C, an average coefficient
of linear expansion of equal to or higher than 70 x 1017/C at 100 to
300C, and a Young's modulus of equal to or higher than 80 GPa.
The above glass substrate for a magnetic recording medium can be
prepared by subjecting the above glass substrate blank to processing



[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
lubricating layer.       For example, the glass substrate can be
placed in a film-forming device in which a vacuum has been drawn, and
the adhesive layer through the magnetic layer sequentially formed on
the main surface of the glass substrate in an Ar atmosphere by the DC
magnetron sputtering method. By way of example, CrTi can be employed
as the adhesive layer and CrRu employed as the undercoat layer.
Following this film formation, for example, CVD method can be used to
form a protective film using C2114, and a magnetic recording medium
can be formed by a nitrogenation treatment incorporating nitrogen
into the surface within the same chamber. Subsequently, for example,
PFPE (polyfluoropolyether) can be coated on the protective layer by
the dip coating method to form a lubricating layer. 7        Further,
a soft magnetic layer, seed layer, intermediate layer, or the like
can be formed between the undercoat layer and the magnetic layer by a
known film-forming method such as sputtering method (DC magnetron
sputtering method, R_F magnetron sputtering method, or the like) or
vacuum vapor deposition.       Reference can be made, for example, to
paragraphs [0027] to [0032] of Japanese Unexamined Patent Publication
(KOKAI) No. 2009-110626,. A heat sink layer comprised of a material
of high thermoconductivity can be formed between the glass substrate
and the soft magnetic layer, the details of which are given further
below. [0031] As set forth above, to achieve higher density recording
on a magnetic recording medium, the magnetic recording layer is
desirably formed of a magnetic material of high Ku. Examples of
magnetic materials that are desirable from this perspective are
Fe-Pt-based magnetic materials and Co-Pt-based magnetic materials. In
this context, the term "based" means containing. That is, in the
magnetic recording medium of the present invention, a magnetic
recording layer in the form of a magnetic recording layer containing
Fe and Pt, or Co and Pt, is desirable. For example, the film-forming
temperature of magnetic materials that have conventionally been
widely employed, such as Co-Cr-based materials, is about 250 to 300C.
By contrast, the film-forming temperature of Fe-Pt-based magnetic
materials and Co-Pt-based magnetic materials is normally a high
temperature exceeding 500C. Further, to impart a crystalline
orientation to these magnetic films following film formation, they
are normally subjected to a high-temperature heat treatment
(annealing) at a temperature exceeding the film-forming temperature.
Accordingly, when using Fe-Pt-based magnetic materials or Co-Pt-based
magnetic materials to form a magnetic recording layer, the substrate
is exposed to this high temperature. In that case, when the glass
constituting the substrate has poor heat resistance, it deforms at
the high temperature and flatness is lost. By contrast, the substrate
that is contained in the magnetic recording medium of the present
invention exhibits good heat resistance (with a glass transition



transition temperature. In the glass substrate of the present
invention, the molar ratio {(Mg0 + Ca0)/(Mg0 + CaO + Sr0)} of the
total content of MgO and CaO to the total content of MgO, CaO, and
Sr0 is set to equal to or more than 0.86 so as to prevent a decrease
in the glass transition temperature due to not employing BaO. This is
because for a given total quantity of alkaline earth metal oxides, it
is possible to maintain a higher glass transition temperature by
using a blend that concentrates the total quantity in one or two
alkaline earth metal oxides than by means of a blend employing
multiple alkaline earth metal oxides. That is, in the glass substrate
of the present invention, it is possible to suppress the drop in the
glass transition temperature due to not employing BaO by setting the
above molar ratio to equal to or more than 0.86. As set forth above,
one of the characteristics required of a glass substrate is high
rigidity (high Young's modulus). A low specific gravity is another
characteristic that is desirable in a glass substrate, as set forth
further below. To achieve a high Young's modulus and a low specific
gravity, alkaline earth metal oxides in the form of MgO and CaO are
advantageously 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, 1. [0045] When the total content of alkaline
earth metal oxides selected from the group consisting of MgO, CaO,
and Sr0 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 1(20 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 1(20 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



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 flat 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,



Next, disk-shaped substrate blanks were prepared by methods A and B
below. (Method A)       The above glass melt that had been clarified
and homogenized was caused to flow out of a pipe at a constant flow
rate and received in the lower mold of a pressing mold. The
outflovving glass melt was cut with a cutting blade to obtain a glass
melt gob of prescribed weight on the lower mold. The lower mold
carrying the glass melt gob was then immediately removed from beneath
the pipe. Using an upper mold facing the lower mold and a sleeve
mold, the glass melt was press molded into a thin disk shape
measuring 66 mm in diameter and 2 mm in thickness. The press-molded
article was cooled to a temperature at which it would not deform,
removed from the mold, and annealed, yielding a substrate blank. In
the molding, multiple lower molds were used and the outflovving glass
melt was continuously molded into 25  disk-shaped substrate blanks.
(Method B)       The glass melt that had been clarified and
homogenized was continuously cast from above into the through-holes
of a heat-resistant casting mold provided with round through-holes,
molded into round rods, and brought out from beneath the through
holes. The glass that was brought out was annealed. The glass was
then sliced at constant intervals in a direction perpendicular to the
axis of the round rods using a multiwire saw to prepare disk-shaped
substrate blanks.       Methods A and B were employed in the present
Examples. However, methods C and D, described below, are also
suitable as methods for manufacturing disk-shaped substrate blanks.
(Method C)       The above glass melt is caused to flow out onto a
float bath, molded into sheet glass (molded by the floating method),
and then annealed. Disk-shaped pieces of glass can be then cut from
the sheet glass to obtain substrate blanks. (Method D)       The
above glass melt is molded into sheet glass by the overflow down draw
method (fusion method) and annealed. Disk-shaped pieces of glass can
be then cut from the sheet glass to obtain substrate blanks. [0080]
(3) Preparation of glass substrates       Through-holes were formed
in the center of substrate blanks obtained by the various above
methods. The inner and outer circumferences thereof were ground and
the main surfaces of the disks were lapped and polished (polished to
mirror surfaces) to finish them into magnetic disk-use glass
substrates 65 mm in diameter and 0.7 mm in thickness. The glass
substrates obtained were cleaned with a 1.7 mass percent
hydrofluosilicic acid (H2SiF) aqueous solution and a 1 mass percent
potassium hydroxide aqueous solution. They were then rinsed with pure
water and dried. The surfaces of the substrates prepared from the
glass of Examples were observed under magnification, revealing no
surface roughness. The surfaces were smooth.       In (4) below,
disk-shaped glass substrates prepared by the above-described method
were used without any change to prepare magnetic disks. Separately,
disk-shaped glass substrates prepared by the same method as above
were immersed in a mixed molten salt of sodium nitrate and potassium
nitrate to obtain glass substrates having an ion-exchange layer
produced by ion exchange on the surfaces thereof. Such ion-exchange
processing is effective to increase the deflecting strength. The
cross-sections (planes passing through the ion-exchange layer) of
glass substrates sampled from multiple glass substrate subjected to
ion-exchange processing were observed by the Babinet's method,
revealing the formation of ion-exchange layers. Measurement by the
above-described method of the deflecting strength of various glass



84.00 64.00 6000 134.00 65.00 65.00 13202 0.00 0.00 0.00 0.00 0.00
0.00 GOO 0.00 Al202 5.00 6.00 5.00 5.00 9.00 600 6.00 6.00
.-----______.------.  ._  -----_-  -__  ------  1.50 1.50     1.50
L120   1.50 1.50 1.50 1.50  1.50 Na20 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 MgO 4.00 4.00 10,00 13.00
2.00 3.00 2.00 1.00 CaO 13.00 13.00 7.00_ 4.00 15.00 13.50 13.50
14.50 _____.-.--------         Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 13a0 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 --____.---..-----_         Zr02 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 0.00 0.00 0.00 0.00 Y202
0.00 000 0.00 0.00 0.00 0,00 0.00 0.00 Y6203 0.00 0.00 0,00 0.00 0.00
0.00 0.00 0.00 Le203 0.00 0,00 0,00 0.00 0.00 



0.00 0.00 0.00 Gd202 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Nb202
0.00 0.00 0.01) 0.00 0.00 0.00 0.00 Om MA 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 10000
100.00 LI20+1'1320+K20 10.00 10.00 10.00 10.00 10.00 9.50 9.50 9.50
1.120/Na20 0.18 0.18 0.18 0.18 0.18 0.19 0.19 0.19 _________ -_- ----
----- 



--- _-- ----  ----- L120/(Li20+14a20+K20) 0.15 0.150 0.150 0.150
0.150 0.158 0.158 0.158 K20/(.120+Na2011(20) 0.000 okoo 0.000 (woo
a000 0.000 0.000 0.000 Mg0+Ca0+Sr0 17.00 17.00 17.00 17.00 17.00
16.50 15.60 15.50 Mg0+Ca0 17.00 17.00 17.00 17.00 17.00 16.50 15.50
15.50 _.---------..- 27.00 27.00 27.00 27.00  26.00 25.00 25.00
1.120+Ne20+K20+Mg0+0a0ffir0     27.00
(Mg0+0a0+Li20)/(_120+Na20+K20+Mg0+Ca0+Sr0) 0.685 



0.685 0.605 0.685 0.685 0.692 0.600 0.680
Zr02+1102+Y202+La203+0d203016202+Ta206 4.00 4.00 4.00 4.00 4.00 4.00
4.00 4.00 3102+Al202+Zr02+1102+Y203+La203+0403+NblO5tTa205) 7.30 7.30
7.30 7.30 7.30 7.79 7.89 7.89 /(L120+Na20+1(20)
(Zr0t1102+Y202+La203+Gd203+Nb202+Ta21);)/Al202 0.800 0.667 0.000
0.800 0.444 0.667 0.667 0.667 (Mg0+Ca0)/(Mg0+CaOffir0) 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 Glass transition temperature ICC)
633 630 639 650 858 646 640 651 



Average coefficient of linear expansion Oc 10-7/t) 77 75 72 70 74 75
74 74 (100-300t)         Young's modulus(GP4 87.5 87.8 87.9 88.3 88.8
87.6 86.7 88.8 Spool% modulus of elasticity(MNm/kg) 32.8 32.9 33.3
33,5 33.0 32.8 32.6 32,6 ' Specific gravity 2.67 2.67 2.64 2.63 2.69
2.67 2.66 2.66   Glass composition (Content:molar1f, ratio:molar
ratio) 9 10 11 12 13 14 15 16 3102 65.00 65.00 65.00 



64.00 64.00 64.00 63.00 65.00 BA 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 ----_ __          6.00    5.00  8.00  Al202  6.00 6.00 5.00
5.00  6.00 -----------___-----------   -------- ---          1.50
1.00  1420 1.50 



1.50 1,50 1.50  1.50  2.00 ------------__.___--- --- ---- --.- -__ _
___-- ---- ----- Na50 13,00 13.00 13.00 880 8.50 8.60 B.00 6.50
---  . K20 0,00 0.00 800 0.00 0.00 0.00 1.00 1.00 -_.---- --- -- -_
________-----   -- MgO 0,00 1.00 0.00 2.00 4.00 4.00 4.00 1.50 



-----_-_....---------_- ---- -- __.   -------.__  _ Ca0 15.50 13.50
13.50 13.00 13,00 13.00 13.00 14.00 _..-------------
------___-_-_--------_-    - 3rL1 0.00 1.00 2.00 2.00 0.00 000 0.00
0.00 Be 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 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.bo .o.00
0.00 0.00 0.00 0.00          ------------- Yb203       0,00   0.00
0.00 0.00 0.00 0.00 0.00  0.00 -    



La203 SOD 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  -- ------ --- ____     ______----------
N6206 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 Ta206 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
100.00 100.00 100.00 L1201-Na20+K20 



9.50 9.50 9.50 10.00 10.00 10.00 10.00 9.50 LI20/Na20 0.19 0.19 0.19
0.18 0.18 0.18 0.13 0.31 --___________------  ----------    ---_  ___
0.150   0.100  Li20/(L120+Na20+K20) 0.158 0.158 0.158  0.150 0.150
0,211 --------------------  --- -- ---  --- -- ----
K20/(.120+Na201K20) 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+Ca0 15.50 14.50 13.50
16.00 17.00 17.00 17.00 15,50 -------------- -----  __- --- __  _._--
-__ L1201-Na20tK20+Mg0+030+Sr0 25.00 25.00 25.00 27.00 27.00 27.00
27.00 25.00 (Mg0Ca0+1_120)/(L120+Na20+K20+Mg0+000+Sr0) 0.680 0.640
0.600 0.611 0.685 0.685 0.667 0.700
Zr0211102+Y202+La202+Go1203+NI3206+Ta206 4.00 4.00 4.00 4.00 4.00 



2.00 4.00 4.00 (6102+Al203+2r02+TiOitY202+La203+Gd203+Nb206+Te206)
7.89 7.89 7.89 7.30 7.30 7.10 7.30 189 /(1.120+Na20+K20)
(Zr02+Ti02+1(206+La203+Gd203+N13206+Ta206)/Al203 0.667 0.667 0.667
0.800 0.800 0.400 0.667 0.667 (Ii4g0+030)/(Mg0+0a0+Sr0) 1.000 0.935
0.871 0.882 1.000 1.000 1.000 1.000 Glass transition temperature
Tg(t) 656 845 620 620 620 605 850 640 Average coefficient of linear
expansion (x 10-7/10) 76 74 >70 79 80 76 81 77 (100~3000)    



Young's modulus(GPa) 86.4 87.0 86.7 87.5 86.3 85.6 87.5 87.5 Specific
modulus of elasticity(NINm/kg) 32.4 32.4 32.1 32.3 32.8 32.3 32.8
33.0 Specific gravity 2.86 2.68 2.70 2.71 2.63 2.65 2.66 2.65   Glass
composition (0ontent:molar %. ratio:molar ratio) 17 18 19 20 21 22 23
3102 67.00 65.00 85.00 84.00 64.00 63.00 64.00 BA 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 1_120 0.50 1.00 1.00 3.00 1.50 1.00
1.50 Na20 9.50 9.00 9.00 7.00 8.50 8.00 8.50 -_---_____---  ---. ----
....---.  -_ . __- K20 0.00 1.00 1.00 0.00 0.00 0.00 0.00
--------.-_._.___-__   -__-_-   -----------------.  MgO 4.00 1,00
1.00 0.00 0.00 2.00 4.00 CaO 13.00 15.00 16.00 17.00 17.00 18.00 



13.00 Sr0 0.00 0.00 0.00 0.00 0.00 0.00 0.00        __ 5E10 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  Zr02 4.00 6.00 6,00 4,00 4.00 4.00
2.00 -1102 0.00 0.00 0.00 



0.00 0.00 0.00 0.00 Y203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Y6203
0.00 0.00 0.00 0,00 0.00 0.00 0.00 ___------------________-----__-___
_ La203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -----__------------____
____ - ____ .---._  0d203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N6206
0,00 0.00 0.00 0.00 0.00 0.00 2.00
-.....------,.---.___.---------_.___. 



---- ----- Ta206 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Total 100.00
100.00 100.00 100.00 100.00 100.00 100.00 L120+Na20+620 10.00 11.00
11.00 10.00 10.00 9.00 10.00 .-. ----- --- -__.  -.__ -- --
Li20/11a20 0.05 0.11 0.11 0.43 0.18 0.13 0.18   -_-_-------_
L120/0420+Na20+1420) 0.050 0.091 0.091 0.300 0.150 



0.111 0.150 ---_-_----------. --.__.  __-_ ___-----  --- -_-
K20/(L120+Na20+520) 0.000 0.091 0.091 0.000 0.000 0.000 0.000
--------__        Mg0+Ga0+Sr0 17.00 16.00 18.00 17.00 17.00 20.09
17.00 __-----        Mg0+0a0 17.00 16.00 16.00 17.00 17.00 20.00
17.00 -------___.-------_--_    --_____-    ____
L120+Na20+620+Mg0+Ga0+Sr0 27.00 27.00 



27.00 27.00 27.00 29.00 27.00        .
(540.1-0a0+L120)/(Li20+Na204K2O+Mg0+Ga0+Sr0) 0.648 0.630 0.830 0.741
0.685 0.724 0.685 Zr02+1102+Y203+La203+0d203+Nla206+Ta206 4.00 5.00
5.00 4.00 4.00 4.00 4.00
(Si021Al203+Zr02+Ti02+Y203+Le203+Gd202+Nb206i-To206) 7.30 8.64 8.64
7.30 7.30 7.89 7.30 ALi2O+Na20+1420)
(2r0247102+Y203+La203+0d203+Nb206+Ta206)/Al203 2.000 1.667 3.000
0.800 0.800 1.000 0.800 (Mg0+Ca0)/(Mg0+060+Sr0) 1.000 1.000 1.000
1.000 1,000 1.000 1.000 



Glass transition temperature Tg(G) 630 636 640 622 645 646 632
Average coefficient of linear expansion (x 10-7/t) Cloo-soot) 79 83
83 80 85 77 78 Young's modulus(GPs) 85.0 86.6 87.8 89.0 87.3 88.5
87.4 Specific modulus of elasticity(MNning) 32.0 32.1 32.2 33.2 32.5
32.7 32.2 Specific gravity 2.66 2.70 2.73 2.68 2.68 2.71 2.71   Glass
composition (Content: molar lb, ratio molar ratio) 24 25 26 27 28 29
30 31 32 5102 64.00 64.00 64.00 64.00 64.00 62.00 



64.00 64.00 64.00 1320, 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00
Al202 5.00 5.00 5.00 6.00 5.00 5.00 5.00 5.00 5.00 L120 1.50 1.50
1.60 1.50 1.50 0.50 0,50 2.50 1.00 Ne20 8.50 8.50 8.50 8.50 8.50
12.50 11.00 8.00 12.50 K20 0.00 0.00 0.00 0.00 0.00 2.00 1.50 0.00
0.00 Mg0 4.00 4.00 4.00 4.00 4.00 0.00 1.50 



2.00 1,50 CaO 13.00 13.00 13.00 13.00 13.00 14.00 12.00 14.50 12.00
5r0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Be0 0.00 0.00 0.00
000 0.00 0.00 0.00 0.00 0.00 ZnO 000 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 Zr02 2.00 2.00 2,00 2.00 2.00 4.00 4.50 4.00 4.00 TiO2 0.00
0.00 000 0.00 0,00 0.00 0.00 0,00 



0.00 Y202 2.00 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 Yb202 0.00
0.00 000 2.00 0.00 0.00 0.00 000 0,00 Laps 0.00 2,00 0.00 0.00 0.00
000 0,00 0,00 0.00 0402 0.00 0.00 2.00 0,00 0.00 0.00 0.00 0.00 0.00
Nb206 0.00 000 0.00 0,00 0,00 0.00 0.00 0.00 000 Ta206 0.00 0.00 000
0.00 2.00 0.00 0.00 0,00 0.00 



Total 100.00 100.00 100.00 100.00 100.00 10000 100.00 100,00 100.00
LI2OrNe20+K20 10.00 10.00 10.00 10.00 10.00 15.00 13.00 10.50 13.60
Li20/Na20 0.18 0.18 018 0.18 0.18 0.04 0.05 0.31 0.08,
L120/(.120+Ne20+K20) 0.150 0.150 0.150 0.150 0150 0.033 0.038 0.238
0.074 1(20/(_120+NalOrK20) 0.000 0.000 0.000 0.000 0.000 0.133 0.115
0.000 0.000 Mg0+080+Sr0 17.00 17.00 17.00 17.00 17,00 14.00 13.50
16.60 13.50 Mg0+0a0 



17.00 17.00 17,00 17.00 17.00 1460 13.50 16.60 13.50
L120+14a20+K20+MgOiCa0+5r0 27.00 27.00 27.00 27.00 27.00 29.00 26.50
27.00 27.00 (4601.Ce01.120)/(Li20+Na20+i40+Mg0+CoOtSr0) 0.665 0.685
0.685 0.685 0.6135 0.500 0.528 0.704 0.537
Zr02+Ti0ar-Y202+La203+0402+Nb20.+Ta205 4.00 4.00 4.00 4.00 4.00 4.00
4.50 4.00 4.00 (Si02+Alpar-Zr02+1102+Y203+Lapead20eNb200+Ta206)
/0.120+Na20+1(20) 7.30 7.30 720 7.30 7.30 4.73 5.65 6.95 6.41
ar02+1102+Y202+La202+0d204+Nb205+Ta205VAI203 0.900 0,800 0:800 0.800
0.900 0.600 0.900 0.800 0.1300 (1460+0a0)/(Mg0+CaOrSr0) 1.000 



1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 Glass transition
temperature TeC) 639 623 625 641 642 616 623 617 >600 Average
coefficient of linear expansion (x 10-7P0) (100,-,300t) 76 80 81 77
74 98 89 79 >75 Younds modulus(0Ka) 89.9 87.7 88.4 69.0 89.2 83.1
84.0 88.4 84.4 Specific modulus of elastIcity0MmAg) 32-6 31.3 31.1
31.0 31.2 31.1 31.5 33.1 31.8 Specific gravity 2.73 280 2.84 2.87
2.86I. 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 p.m 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 pia 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 DFH 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 method. Separately, the magnetic
disks that had been prepared were loaded into the hard disk drive
with a magnetic head of a recording method in which recording was
assisted with microwaves 33  (microwave-assisted recording method) to



[Claim 11] The magnetic recording medium according to claim 9 or 10,
which is a magnetic recording medium for energy-assisted recording.
[Claim 12] The magnetic recording medium according to claim 11, which
is a magnetic recording medium for heat-assisted recording. [Claim
13] The magnetic recording medium according to any of claims 9 to 12,
wherein the glass substrate comprises an ion-exchange layer over a
part or all of the surface thereof. [Claim 14] The magnetic recording
medium according to claim 13, 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. [Claim 15] A glass
substrate blank 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 Na2O, 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, 36           with a molar ratio {(MgO +
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 Mg0, 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, 0d203, 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 + 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 600C, an
average coefficient of linear expansion of equal to or higher than 70
x 104/C at 100 to 300C, and a Young's modulus of equal to or higher
than 80 GPa. 


