Specification
Glass for use in substrate for information recording medium, substrate for
information recording medium and information recording medium, and
their manufacturing method

Cross-reference to related applications

[0001] This application claims the benefit of priority to Japanese Patent
Application No. 2006-159223, filed on June 8, 2006, which is expressly
incorporated herein by reference in iis entirety.

Technical field

[0002] The present invenmtion relates to glass for use in substrate for
information recording medium such as a magnetic disk, a subsirate for
information recording medium comprised of the aforementioned glass and
an information recording medium provided with the aforementioned
substrate, as well as their manufacturing methods.

Background technique

[0008] With the development of electronic technology, particularly
information-related technology typified by computers, the demand for
information recording media such as magnetic disks, optical disks, and
magneto-optical disks has increased greatly. The principal structural
components of the magnetic recording devices of computers and the like are
magnetic recording media and magnetic heads for magnetic recording and
reproduction. Magnetic recording media in the forms of flexible disks and
hard disks are known. Hard disk (magnetic disk) substrates may be made
of a variety of materials; there are aluminum, glass, ceramiec, and carbon
substrates. In practical terms, aluminum substrates and glass substrates
are primarily employed depending on size and the application involved.
However, as the hard disk drives of notebook computers have decreased in
size and the density of magnetic recording has increased, the requirements
of surface smoothness and thickness reduction in disk substrates have
become ever more stringent. Therefore, the himitations of gluminum
substrates, with their poor processability, strength, and rigidity, have been
revealed. Accordingly, glass substrates for magnetic disks having good
strength, nigidity, impact resistance, and surface smoothness have appeared




in recent yearvs (for example, see Japanese Examined Patent Publication
(KOROKU) Showa No. 47-164%9 and Japanese Unexamined Patent
Publication {ROKAI) Heisei Nos. 5-324381 and 10-1329, which are expressly
incorporated herein by reference in their entirety).
f0004] Disclosure of the invention

Perpendicular magnetic recording methods have been adopted in
recent years to achieve even greater recording density in information
recording media (such as high recording densities of equal to or greater
than 100 Gbitsfinch?)., The adoplion of perpendicular magnetic recording
methods can substantially increase recording density. Additionally,
achieving higher recording densities reguires greatly reducing the distance
{or flying height in the case of a magnetic recording medium) between the
data reading and writing head (a magnetic head, for example) and the
medium surface to equal fo or less than 8 nm. However, a low degree of
smoothness on the substrate surface causes irregularities on the subsirate
surface to be reflected onto the medium surface, precluding a reduction in
the distance between the head and the medium surface and preventing
improvement in linear recording density. Thus, achieving high recording
densities through the adoption of perpendicnlar magnetic recording
methods requires a glass subsirate for information recording media
affording substantially greater smoothness than in the past. As a specific
example, there is an extremely stringent requirement that the roughness of
the main surface of the substrate be equal to or less than 0.25 nm.
[0005) Since the adhesion of foreign matter to glass substrates for
information recording media is not permitted, adequate cleaning is
conducted. A cleaning agent such as an acid or alkali is emploved in
cleaning. However, when the chemical durability (resistance to acidity,
alkalinity, or water) of the glass composing the substrate is inadequate, the
substrate surface ends up being roughened during the manufacturing
process even when it has been finished to an adequate degree of smoothness.
Even slight surface roughness makes it difficult to achieve the level of
smoothness required by a substrate for a medinm in perpendicular
recording methods. Thus, enhancing the linear recording density of an
information recording medium reguires that the substrate material have
good chemical durability.
[0006] In order o achieve high-density recording, it is desirable to enhance




the track density in addition to increasing the linear recording density. In
disk-shaped information recording media, data are read and recorded in the
direction of rotation while slightly varying the distance from the center axis,
with the area around the center axis of the medium is being rotated at high
speed. The above linear recording density is ax indicator of how many bits
of data can be recorded per unit length in the direction of rotation. By
contrast, the track density corresponds to a recording demsity in the
direction of moving radius of the medium. In disk-shaped information
recording media, positions on which dats are recorded are allocated inm
advance depending on the distance from the center axis. However, in
media with high track densities, even a slight displacement of the distance
will cause errors. Thus, the center hole in which the rotation axis is
installed to rotate the mediam must be precisely formed in the center of the
substrate, and the dimensional tolerance of the inner diameter of the hole
must be quite low. In addition to the above, the reason why extremely
striet precision maragement of the dimensional error of the inner diameter
is required in a magnetic disk is that the dimensional error of the inner
perimeter edge surface of the magnetic disk directly affects the precisivn
setting when placing the magnetic disk on an HDD spindle motor. When
there is a large inner diameter dimensional error, there is a possibility of
inducing mechanical error in the stacking servo (writing of servo
information onto the maguetic disk) implemented before placing the
magnetic disk onto a magnetic disk device such as an HDD, and thus the
possibility of inducing alignment problems with the spindle during disk
stacking. When such problems occur, it becomes impossible to record or
reproduce data. In particular, as information has been recorded at ever
greater densities in recent years, the distance between the tracks on
magnetic disks has deereased. Specifically, as the distance between tracks
(write tracks) has narrowed to egual to or less than 0.2 micrometer, only a
slight displacement of the substrate causes a shift in the information
recording tracks, precluding the correct reading of information.

The current inner diameter tolerance specification is 20.025 mm *
0.025 mm ina ¢ 65 mm (65 nm diameter) substrate and 12.025 mm =+ 0.025
mm ina ¢48 mm substrate. However, as the recording density increases
in the future, even more stringent specifications are anticipated.
[0007] In glass substrates for information recording media, chemical




strengthening is sometimes conducted to prevent damage during the
process of manufacturing the information recording medium and assembly
of the medium into an information recording device. In chemical
strengthening, in general, glass that contains an alkali component is
immersed in molten salt containing an alkali with a greater ion radius than
the above alkali component, and the alkali ions on the surface of the
substrate are exchanged for the alkali ions in the molten salt to form a
compression stress layer on the substrate surface. In the course of
chemical strengthening, a large number of suhstrates are immersed in the
molien salt one after another to conduct the ion exchange. As the number
of substrates to be processed increases, the concentration of the alkali ions
released into the molten salt by the glass increases. Thus, there is a slight
difference in stress distribution created by chemical strengthening between
substrates that are initially chemically sirengthened and substraies that
are chemieally stremgthened using molten salt that has been employed for
the ireatment of a large number of other substrates, even when the
treatment conditions themselves are kept constant. The glass substrate
varies slightly in size before and after strengthening due to internal stress
generated by the chemical strengthening. Thus, in substrates that have
slightly varying stress distributions, there is also variation in the change in
size. When this variation in change in size occurs, the position of the
center hole may shift in individual substrates, albeif slightly, and the
tolerance in the size of the inner diameter of the center hole may increase.
in information recording media for high density recording, even such slight
shiffs can sometimes cause problems, such as precluding the recording of
data. When the dimensional tolerance in the inner diameter of the center
hole of an information recording medium is large, the medium is moved by
impact, causing the center to shift during operation after baving been
secured with a clamping mechanism on the center hole. Bven when this
center shift is minute, it causes major problems in high recording density
information substrates such as perpendicwlar recording-mode magnetic
recording media.

{0008] Further, alkali metals are incorporated into the glass to impart ion
exchangeability to glass substrates and to enhance the melting properties of
the glass. However, depending on the content of these alkali metals, alkali
metal jons sometimes leach out of the glass substrate. When alkali metal




ions leach out and migrate to the surface of the glass substrate, they cause
problems by moving to the surface and leaching out during the heating step
when forming a magnetic film, corroding the magnetic film, or
compromising the strength of adhesion of the magnetic flm.

[0008] Under such circumstances, the first object of the present invention
is to provide glass for use in substrate for information recording medivm
having good resistance to acidity and alkalinity, and to provide a glass
substrate for information recording medium comprised of this glass.

[0010] The second object of the present invention is to provide glass for use
in substrate for information recording medinm from which few alkali metal
companents leach out and to which good impact resistance can be imparted
by chemical strengthening, and a glass substrate for information recording
medium comprised of this glass.

[0011] The third object of the present invention is to provide glass
permitting to produce a substrate for information recording medium that is
exiremely smooth and of which surface is extremely clean, and a glass
substrate for information recording medium comprised of this glass.

{0012] The fourth object of the present invention is to provide glass
permitting the manufacturing of a substrate for information recording
medium having high chemical durability and good surface smoothness after
cleaning. .

A further object of the present invention is to provide a glass
substrate material of high shape stability following chemical sirengthening
treatment.

A still further object of the present invention is to provide a method
of manufacturing the various above-described glass substrates for
information recording medivm, and an ioformation recording medium
provided with these glass substrates and a method of manufacturing the
same.

[0013] The present invention relates to glass (referred to as “Glass 17,
hereinafter) for use in substrate for information recording medinm, which
comprises, denoted as molar percentages,

a total of 70 to 85 percent of Si0z and AlsOs, where SiO2 content is
equal to or greater than 50 percent and AlsO3 content is equal to or greater
than 8 percents

a total of equal to or greater than 10 percent of Liz0, NazO and Ko0;



a total of 1 to 6 percent of Ca0D and MgO, where CaD content is
greater than MgO content;

a total of greater than 0 percent but equal te or lower than 4 percent
of ZxQgz, HfO2, Nb2Os, Ta20s5, Las0s Y203 and TiO2:

with the molar ratio of the total content of Liz0O, Naz0 and K30 to
the total content of 8102, Al2Q3, ZrQs, HiO2, NbyOp, Taz0s, Las0s, Y203 and
O, (Li20O + NagO + K0)/(Si0g + AlOs + ZrOz + HIOz + NbeOs + TazOs +
Lag0s + Y203 + Ti02)) being equal to or less than 0.28.
[0014] According to one embodiment, in the aforementioned glass, SiO:
content is equal to or greater thaun 60 molar percent, and the total content of
8i0g and Al203 is equal to or greater than 75 molar percent.
[0015] According to one embodiment, in the aforementioned glass, denoted
as molar percentages, the total content of CaO and MgO is greater than the
total content of 8rO and BaQ, and the molar ratio of the total content of
Zx0s, HiOs, NboOs, TagOs, Laz0s, Y203 and TiOz fo the total content of
Liz0, NagQ, K20, Mg0, Ca0, SrO and BaO ((ZrOz + HfOz + NboOj + Tas0s +
Lay0; + Yg,Og + Ti02)/(Liz0 + NAO + K0 + MgO + CaO + SrO + Ba0)) is equal to
or greater than 0.035.
{0016] According to one embodiment, the aforementioned glass comprises,
denoted as molar percentages, 50 to 75 percent of SiOs, 3 to 15 percent of
AlpQ3, B to 15 percent of 1i20, 5 to 15 percent of Naz0, 0 to 8 percent of K20,
greater than 0.5 percent but equal to or less than 5 percent of Ca0, equal to
or greater than O percent but less than 3 percent of MgO, and 0.3 i¢ 4
pexcent of ZrOq.
[0017] Another aspect of the present invention relates to glass (referred to
as “Glass II", hereinafter) for use in substrate for information recording
medium, which eomprises, denoted as molar percentages,

50 to 75 percent of 5103

3 to 15 percent of AlxOs;

5 to 15 percent of 1420;

8 to 15 percent of Naz0;

0 to 3 percent of X20;

greater than 0.5 percent but equal to or less than 5 percent of Ca0;

equal to or greater than 0 percent but less than 3 percent of MgO,
with CaO content being greater than MgO content; and

0.8 to 4 percent of ZrOq2;




with the molar ratio of the total content of Liz0, Nas0 and Kz0 to
the total content of SiQg, AloO3 and ZrOs ((Liz0 + Nag0 + ReO0)(Si0z + Al20s
+ Zr02) being equal to or less than 0.28.
[0018] A further aspect of the present invention relates to glass (referred to
as “Glass [I1”, hereinafter) for use in substrate for information recording
medium, which comprises 8i0Og AlyOs; one or more alkali metal oxides
selected from the group comsisting of Liz0, NagO and Ka20; one or more
alkaline earth metal oxides selected from the group consisting of MgQO, Ca0,
Sr0 and Ba0; and one or more oxides selected from the group consisting of
ZxQs, HfO2, Nb20s, T220s5, Laz0s, Y203 and TiO2

wherein SiQz content is equal to or greater than 50 molar percent,
and the total content of SiOz and Al;Oz is equal to or greater than 70 molar
percent;

the total content of the above alkali metal oxides and the above
alkaline earth meal oxides is equal to or greater than 8 molar percent; and

the molar ratio of the total content of the above oxides o the total
content of the above alkali metal oxides and the above alkaline earth metal
oxides (ZrO: -+ HfO2 + Nb2Qs + Taz0s + Las0s + TI0/(Liz0 + Nag0 + K0 +
MgO + Ca0 + 85r0 + Ba0)) is equal to or greater than 0.035.
(0019} According to one embodiment, in the aforementiomed glass, SiOz
" content is equal to or greater than 60 molar pexrcent, and the total content of
5105 and Alz03 is equal {o or greater than 75 molar percent.
[0020] According to one embodiment, the aforementioned glass comprises
at least one of LizO and Na(Q, and the total content of LisO and Nag0 is less
than 24 molar percent.
[0021] According to one embodiment, in the aforementioned glass, the total
cantent of LisO and NasO is equal to or less than 22 molar percent.
{0022] According to one embodiment, the aforementioned glass comprises,
denoted as molar percentages, 60 to 75 percent of SiOg, 3 to 15 percent of
AlyQ3, and 0.3 to 4 percent of ZrOs.
[0028] A further aspect of the present invention relates to aluminosilicate
glass (referred to as “Glass IV”, hereinafter) for chemical strengthening for
use in substrate for information recording medium, which comprises:

one or more alkali metal oxides selected from the group consisting of
Liz0, NasO and Kz0, one or more alkaline earth metal oxides selected from
the group consisting of Mg0O, Ca0, 8r0 and Ba0, and one or more oxides




selected from the group consisting of ZxQsz, HfO2, NbeOg, Ta205, Las03s, Y203
and TiOg;

wherein the total content of Li0 and NapO is 10 to 22 molar
percent;

the total content of ZrOz, HfOs, NboOs, Tas0s, Laz0z, Y203 and TiO;
is greater than 0 molar percent but equal to or less than 4 molar percent;
and

the molar ratio of the total content of the above oxides to the total
content of the shove alkaline carth metal oxides ((ZxQq + HQ: + Nb2Q5 +
Taz0s + Laz0z + Y303 + TiOM{MgO + Ca0 + SrO + BaO)) is equal to or
greater than 0.15.
00241 According to one embodiment, in the aforementioned glass, SiO;
content is equal to or greater than 50 molar percent, and the total content of
8i0z and Al203 is equal to or greater than 70 molar percent.
[0025] According to one embodiment, in the aforementioned glass, the total
content of 810z and Al203 is equal to or greater than 75 molar percent.
[0026] According to one embodiment, in the' aforementioned glass, the
molar ratio of the total content of ZrOsz, HfO2, NboOs, Taz0s, Lag0s, Y203
and Ti0O; to the total content of Lis0, Na20, K30, MgO, Ca0, S0 and Bal

((ZrOz+HEO2+Nb20s+Taz05+Laz03+ Y203+ TiO2) / (LizO+Nax0+K20

4+Meg0O+Ca04-8r0+Ba0)) is equal to or greater than 0.035.
[0027] According to one embodiment, the aforementioned glass comprises,
denoted as molar percentages, equal to or greater than 3 percent of
AlpQOs, a total of equal to or greater than 8 percent of Li20, Naz0, K30, MgO,
Ca0, Sr0 and Ba0, and a total of greater than 0 percent but equal to
or less than 5 percent of Mg0O, Ca0, SO and BaO.
[0028] A further aspect of the present invention relates to glass (referred to
as “Glass V7, hereinafter) for use in substrate for information recording
medium, which comprises SiOz; AlsO3; one or more alkali metal oxides
selected from the group econmsisting of LisO, Na0O and XKo0; one or more
alkaline earth metal oxides selected from the group consisting of MgQ, Ca0,
Sr0 and BaO; and one or more oxides selected from the group comsisting of
ZrQg, HfOq, Nbz0s, Taz0s, Las03, Y203 and TiOg

which has an acidity resistance resulting in an etching rate of equal
to or less than 3.0 nm/minute when immersed in 0.5 volume percent
hydrogenfluosilicic acid (H2SiF) aqueous solution maintained at 50°C; and




which has an alkalinity resistance resulting in an etching rate of
_equal to or less than 0.1 nm/minute when immersed in 1 mass percent
potassium hydroxide aqueous solution maintained at 50°C.
[0020] According to one embodiment, in the aforementioned glass, SiO;
content is equal to or greater than 50 molar percent, and the total content of
Si02 and Al20s is equal to or greater than 70 molar percent.
[0030] According to one embodiment, in the aforementioned glass, the total
content of Si0z and AlsO3 is equal to or greater than 75 molar percent.
{0031} According to onme embodiment, the aforementioned glass has a
composition that the total content of the abave alkali metal oxides and the
above alkaline earth metal oxides is equal to or greater than 8 molar
percent, and the molar ratio of the total content of the above oxides to the
total content of the above alkali metal oxides and the above alkalive earth
metal oxides ((ZrQs+HE02+NboOs+Ta205+Laz0s+Y203+Ti02) / (Lix0
+NaO+X0+Mg0O+ CaO+8r0+Ba0)) is equal to or greater than 0.035.
[0082] According to one embodiment, the aforementioned glass coxnprises
at least one of Liz0 and Nag0, and the total content of LizO and NagO is
equal to or less than 24 molar percent.
[0083] According to one embodiment, in the aforementioned glass, the total
content of Li20O and Na2Q is equal to or less than 22 molar percent.
00341 According to one embodiment, the aforementioned glass comprises,
denoted as molar percentages, 60 to 75 percent of Si0z, 3 to 15 percent of
Al303, and a total of 0.3 to 4 percent of ZyO3, HiO2, Nb20s, Taz0s5, Laz0s,
Y203 and TiOs.
[0035] A further aspect of the present invention relates to glass (referred to
as “Glass VI”, hereinafter) for use in substrate for information recording
medium, which comprises, denoted as mass percentages,

57 to 75 percent of Si0Og

5 to 20 percent of Al;Os, with the total content of Si0z and AlO3
being equal to or greater than 74 percent;

a total of greater than-0 percent but equal to or less than 6 percent of
Zr0q, HfOg, Nb2Os, Taz0s5, Lag0z, Y205 and Ti0s

greater than 1 percent but equal to or less than 9 percent of Liz0;

5 to 18 percent of Na20, with the mass ratio, Liz0/Naz0 being equal
to or less than 0.5;

0 to 6 percent of K203



0 to 4 percent of MgO;

greater than 0 percent but equal to or less than 5 percent of CaQ,
with the total content of MgO and CaO being equal to or less than 5 percent
and CaO content being greater than MgO content; and

a total of 0 to 3 percent of SrO and BaQ; as well as

glass (referred to as “Glass VII”, hereinafter) for use in substrate for
information recording medium, which comprises, denoted as mass
percentages,

57 to 75 percent of Si0g

5 to 20 percent of AlsOg, with the total content of Si0Oz and AlOs
being equal to or greater than 74 percent;

greater than 0 percent but equal to or less than 5.5 percent of ZrOg;

greater than 1 percent but equal to or less than 9 percent of Li20;

5 to 18 percent of Na20, with the mass ratio, Li2O/Na2C being equal
to or less than 0.5;

0 to 6 percent of X»0;

0 to 4 percent of MgQ; .

greater than 0 percent but equal to or less than 5 percent of CaQ,
with the total content of MgO and CaO being equal to or less than 5 percent
and CaO content being greater than MgO content;

a total of 0 to 3 percent of S0 and Ba0; and

0 to 1 percent of TiO2.
[0086] According to one embodiment, in the aforementioned glass, the total
content of 8102 and Al2Os is greater than 78 percent.
[0037] According to one embodiment, the aforementioned glass comprises
equal to or greater than 11 percent of Al,O3.
[0038] According to one embodiment, the aforementioned glass comprises
0.1to 4 percent of MgO.
[0039] According to one embodiment, in the aforementioned glass, the total
content of 8i0g, Al2Os, Zr0s, Li20, Naz0, K20, Mg0 and Ca0 is equal to or
greater than 89 percent.
[0040] According to one erabodiment, each of the aforementioned glasses
can further comprise Fe.
[0041] A further aspect of the present invention relates to chemically
strengthened glass for use in substrate for information recording medium,
obtained by subjecting the aforementicned glass to chemical strengthening
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treatment.

[0042] A further aspect of the present invention relates to a glass substrate
for information recording medium being comprised of the aforementioned
glass.

[0043] According to one embodiment, the aforementioned glass substrate
has a main surface with a roughness Ra of less than 0.25 xm.

[0044] According to one embodiment, the aforementioned glass substrate
has been subjected o chemical strengthening treatment.

{00451 According to one embodiment, the aforementioned glass substrate
has a deflecting strength of equal to or greater than 10 kg.
[0046] According fo one embodiment, the aforementioned glass substrate
has a thickness of equal to or less than 1 mm.

[0047] Accoxding to one embodiment, the aforementioned glass substrate
has a thickness of equal to ox greater than 0.3 mm.

[0048] According to one embodiment, the aforementioned glass substrate is
disk-shaped, and has a hole in the center.

{00491 A further aspect of the present invention relates to a method of
manufacturing a glass substrate for information recording medium, which
comprises the steps of mirror finishing the aforementioned glass, and
following mirror polishing, conducting acid cleaning and alkali cleaning.
[0050] According to ome embodiment, the aforementioned manufacturing
method further comprises chemical strengthening treatment between the
above mirror finishing step and cleaning step.

[0051] According to one embodiment, the acid cleaning and the alkali
cleaning are sequentially conducted.

[0052] According to one embodiment, the alkali cleaning is conducted
following the acid cleaning.

[00538] A further aspect of the present invention relates to an information
recording medium comprising an information recording layer on the
aforementioned glass substrate for information recording medinm.

[0054] According to one embodiment, the aforementioned information
recording medium is a perpendicular magnetic recording-mode magnetic
recording medium.

[0055] According to one embodiment, the aforementioned information
recording medium which has a soft magnetic underlayer, an amorphous
underlayer, a crystalline underlayer, a perpendicular magnetic recording
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layer, a protective layer and a lubricating layer in this oxder on the above
substrate.

[0056] According to one embodiment, the aforementioned information
recording medium has a recording density of equal to or greater than 130
Gbitfinch?,

[0057] A further aspect of the present invention relates to a method of
manufacturing an information recording medium, wherein a glass substrate
for information vecording medium is manufactured by the aforementioned
method, and an information recording layer is formed on the glass
substrate.

[0058] The present invention can provide glass for use in substrate for
information recording medium affording good resistance to acidity and
allzalinity; a glass substrate for information recording medium comprised of
this glass; a method of manufacturing the same; an information recording
medium provided with this substrate; and a method of manufacturing the
same.

The present invention further can provide glass for use in' substrate
for information recording medium, from which few alkali metal components
leach out and to which good impact resistance can be imparted by chemical
strengthening; a glass subsirate for information recording medium
comprised of this glass; a method of marufacturing the same; an
information recording medium provided with this substrate; and a method
of manufacturing the same.

The present invention can further provide glass permitting to
produce a substrate for information recording medium that is extremely
smooth. and of which surface is extremely clean, and a glass substrate for
information recording medium comprised of this glass; a method of
manufacturing the same; an information recording medium provided with
this substrate; and a method of manufacturing the same.

Furthermore, the present invention can provide a substrate for
information recording medium made of glass having excellent surface
smoothness that is suited to high recording densities with a distance
between tracks of equal to or less than 0.2 micrometer, desirably equal to or
less than 0.15 micrometer, and preferably equal to or less thanm 0.12
micrometer, for example; a method of mapufacturing the same; an
information recording medium provided with this substrate; and a method
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of manufacturing the same.
{0059] Best mode for carrying out the invention

The present invention will be described in greater detail below.
[0060] The present invention relates to glasses for use in substrate for
information recording medium. The glasses for use in substrate for
information recording medium of the present invention (also referred to as
elasses for information recording medium substrate”, hereinafter) can be
broadly divided into the seven glasses of above-mentioned glasses I to VIIL
These glasses will be
[0061) [Glass Il

Glass I is glass for use in substrate for information recording
medium, which comprises, denoted as molar percentages,

a total of 70 to 85 percent of 8102 and AlQs, where SiOz content is
equal to or greater than 50 percent and Al;Og content is equal to or greater
than 3 percent;

a total of equal to or greater than 10 percent of LizO, Nag0O and K20;

a total of 1 to 6 percent of CaO and MgO, where CaQ content is
greater than MgQ content;

a total of greater than O percent but equal to or lower than 4 percent
of ZrOs, HfOg, NbzOs, Ta2035, La20s Y203 and TiOs;

with the molar ratio of the total content of LizQ, NaO and K30 to
the total content of 8i0», AloQ3, ZrOz, HiO2, Nb2Os, Taz20s, Lae0s5, Y203 and
Ti0s (Liz0 + Nag0 + KeOM(S8i0z + AlO3 + ZrQsz + HIOs + NboOs + TagQs +
La203 + Y203 + TiO2) being equal to or less than 0.28.

Glass I can provide a substrate for information recording medium
having good resistance to both acidity and alkalinity.

Unless specifically noted otherwise, the individual component

contents and total contents given below in the description of Glass I are
denoted as molar percentages, and ratios between contents are given as
molar ratios. Glass I is an oxide glass and the contents of the individual
components are denoted as their values when converted to oxides.
[0062] SiOg, a glass network-forming component, is an essential component
functioning to increase the stability, chemical durability, and in particular,
resistance to acidity of the glassi to lower the thermal diffusion of the
substrate; and to raise the heating efficiency of the substrate by radiation.

AlzO3z also contributes to the formation of a glass network, and

equentially described in detail below.

]
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functions to increase glass stability and chemical durability.

In Glass I, a total content of SiO2 and Al:Os is equal to or greater
than 70 percent, preferably equal to or greater than 74 percent, and more
preferably, equal to or greater tham 75 percent to increase chemical
durability, and in particular, resistance to acidity. In consideration of the
melting properties of the glass, a total content of 8i0Oz and AlzOs is equal to
or less than 85 percent, preferably equal to or less than 80 percent.

[0063] To achieve good glass stability, SiO2 content is equal to or greater
than 50 percent, preferably squal fo or greater than 55 percent, more
preferably equal to or greater thax 60 pereent, further preferably equal {o or
greater than 63 percent, and still more preferably, equal to or greater than
65 percent. However, the incorporation of an excessive guantity of SiOg
produces unmelted material in the glass. Thus, the guantity of SiOq is
preferably kept to equal to or less than 75 percent, more preferably equal to
or less than 72, and further preferably, equal to or less than 70 percent.
When glass in which unmelted matexial is present is processed into a
substrate, portions of the unmelted material are sometimes exposed on the
surface of the substrate, forming protrusions. Substrates having such
protrusions cannot be employed as substrates for information recording
media in which a high degree of smoothness is required. Accordingly, the
melting property of a glass employed in a substrate for information
recording media is an tmportant characteristic.

[0064] Al203 content is equal to or greater than 3 percent, desirably equal
to or greater than 5 percent, and preferably, equal to or greater than 7
percent. However, the introduction of an excess of AlzO; compromises the
melting property of the glass. Thus, the Al;O3 content is desirably equal to
or less than 15 percent, preferably equal to or less than 12 percent.

[0065] Li20, Na20, and K20 are components that are useful for enhancing
melting properties and formability, as well as increasing the coefficient of
thermal expansion to impart suitable thermal expansion characteristics to
substrates for information recording media, particularly substrates for
magnetic recording media. When Lis0 and NaxO are employed in
chemieally strengthened glasses, they function as ion exchange components
during chemical strengthening. To achieve such effects, the total content
of Liz0, Na20 and KO is set to equal to or greater than 10 percent.
However, when the quantity of alkali metal oxides is excessive, chemical
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durability, and, particularly, resistance to acidity, tend to decrease.
Accordingly, in Glass I, from the perspeciive of enhancing chemical
durability, the upper limit to the total content of Liz0, Naz0O and K20 is
determined in relation to the total content of 8iOz, AleQs, ZxOs, HiO2, NboO:s,
Taz0s, Lagz0s, Y203 and TiOz This relation will be described in detail
further below. Tb further enhance chemical durability, the total content of
Li20, Na20 and K30 is desirably kept to equal to ox less than 22 percent,
preferably equal to or less than 21.5 percent, more preferably equal to or
less than 21 percent, and still more preferably, equal to or less than 20
percent.

To reduce and prevent the leaching out of alkali metal components

through an effect achieved by mixing alkalis, LizO and NasQO are desirably
incorporated as glass components.
[0066] To enhance the various above-described characteristies, the lower
limit of the LisO content is desirably b percent, preferably 6 percent, and
more preferably, 7 percent; and the upper limit is desirably 15 percent,
preferably 13 pexcent, and more preferably, 10 percent.  The lower limit of .
the NaxO content is desirably 5 percent, preferably 7 percent, and more
preferably, 10 percent; and the upper limit is desirably 15 percent,
preferably 13 percent.

When employing glass containing LizO and Na20Q as chemically
strengthened glass, Li:O and Na20 are glass components that directly
contribute to ion exchange during the chemical strengthening treatment.
In molten salt, the alkali jons contributing to ion exchange are Na ions
and/or K ions. As the number of substrates that have been subjected to
chemical strengthening treatment increases, the concentration of Li ions in
the molten salt increases. However, during the freatment of a large '
quantity of a2 glass in which the molar ratio of the quantity of Li2O to that of
Na20 (Lis0/Naz0) exceeds 1.04, the increase in the concentration of Li jons
in the molten salt becomes pronounced, and the halance between the alkali
ions contributing to ion exchange and the alkali ions not contributing to ion
exchange changes greatly relative to what it is at the start of processing.
As a result, as the number of substrates that have been ireated increases,
treatment conditions that were optimal at the start of treatment move
outside the optimal range. As set forth above, there are sometimes
problems in the form of variation in the shape of the substrates, increased
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dimensional tolerance in the inner diameter of the substrate cenmter hole,
inadequate formation of the compression stress layer, the development of
waviness in the substrate, or the like. To solve such problems, the molar
ratio of the guantity of LizO to that of Naz0 (Li20/NasO) is desirably kept to
equal to or less than 1.04, preferably equal to or less than 0.936, more
preferably equal to or less than 0.832, and still more preferably, equal to oz
less than 0.7904.,

{0067} K20 is an optional component functioning to enhance melting
propexties and raise the coefficient of thermal expansion. The desirable
range of K20 content is O fo 3 percent, preferably O to 2 percent, and more
preferably, O to 1 percent. When K20 is incorporated in a small quantity, it
has the effect of reducing variation in the compression stress layer between
substrates during the chemical strengthening of large numbers of
substrates. Thus, within the above-stated range, it is desirably introduced
in a quantity of equal to or greater than 0.1 percent, preferably equal to or
greater than 0.2 pexcent.

[0068] Ca0 and MgO improve melting properties, formability, and glass
stability; eshance rigidity and hardness; and raise the coefficient of thermal
expansion. However, chemical durability decrcases when an excessive
quantity is introduced. Thus, the total content of CaD and MgO is kept to
1 to 6 percent. The lower Lmit of the total content of CaO and MgO is
desirably 1.5 percent, preferably 2 percent; the upper limit is desirably 5.5
percent, preferably 5 percent, and more preferably, 4 percent. CaQO and
MgO function to reduce the rate of ion exchange during chemical
strengthening.  Accordingly, an increase in the inner and outer
dimensional tolerances of the substrate caused hy excessive chemical
strengthening can be prevented during the mass production of chemically
strengthened glass subsfrates by chemically strengthening substrates
comprised of glass in which suitable guantities of these components have
been incorporated. However, when excessive quantities of these
components are incorporated, the ion exchange rate decreases greatly,
making it difficult to achieve a chemical strengthening effect.
Incorporating CaQ axnd MgO within the above-stated total content range
prevents an increase in the inner and onter diameter dimension tolerances
of the substrate while achieving a chemical strengthening effect.

{0069] In Glass I, Ca0 content is set to greater than MgO content to further
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increase resistance to devitrification and increase chemical durability. To
further increase resistance to devitrification and increase chemieal
durability, the molar ratio of MgO content to CaO content (MgO/Ca0)
desirably falls within a range of 0.14 to 0.97, preferably a range of 0.4 to
0.97.

[0070] The CaO content is desirably greater than 0.5 percent but equal to
or less than 5 percent. The Jower limit of the CaO content is desirably 0.8
percent, preferably 1 percent; the upper limit is desirably 4 percent,
preferably 3 percent.

f0071] The MgO content is desirably equal to or greater than O percent, but
less than 3 percent. The lower Limit of the MgQ content i1s 0.1 percent,
preferably 0.3 percent, and more preferably, 0.5 percent. The upper limit
is desirably 2.5 percent, preferably 2 percent. The MgO content may be
determined based on the CaQ content that has been first determined and
the molar ratio (MgQ/CaQ) that has been then set within the above-stated
preferable range.

[0072] SxO and BaO, which are both alkaline earth metal oxides just like
Ca0 and MgO, function fo enkance melting properties and raise the
coefficient of thermal expansion. However, the addition of SrO and BaO
decreases chemical durability, increases the specific gravity of the glass,
and tends to increase the cost of the starting materials. Thus, the total
content of CaO and MgO is desirably greater than the total content of SrO
and BaO.

The total content of SrO and BaO is desirably 0 to 5 percent,
preferably 0 to 2 percent, and more preferably, 0 to 1 percent. The SrO
content desirably falls within a range of 0 to 2 percent, preferably 0 to 1
percent, with no incorporation of SrQ being of even greater preference.
The BaO content desirably falls within a range of 0 to 2 percent, preferably
0 to 1 pexcent, with no incorporation of BaO being of even greater
preference.

[0078] ZxOs, HfOz, Nb2Os, TazOs, Laz03, Y203 and TiO2 function to increase
chemaical durability, particularly resistance to alkalinity, However, the
incorporation of an excessive gquantity compromises melting properties.
Accordingly, the total contents of ZrQs, HfO2, Nb2Qs, Ta20s, LasOs, Y205 and
TiOz are kept to greater than 0 but equal to or less than 4 percent to
increase chemical durability, particularly resistance to alkalinity while
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maintaining melting properties. The lower limit of this fotal content is
desirably 0.3 percent, preferably 0.5 percent, and more preferably, 0.7
percent; the uppexr limit is desirably 3 percent, preferably 2 percent, and
more preferably, 1.5 percent.
[0074] To further jncrease chemical durability, particularly resistance to
alkalinity, the relation between the total content of alkaline earth metal
oxides and alkali metal oxides, which enhance melting properties but tend
to lower chemical durability, and the total content of , ZxOp, HfOs, Nb2Os,
Tag0s, LasOs, YoOs, and Ti0e, desirably fallg within the following range.
That is, the molar ratio of the total content of, ZxrO2, HfO2, Nb2Os,
Tag0s, Laz0s, Y203 and TiO2 to the total content of Liz0, Naz0, K20, Mg0,
Ca0, Sr0 and BaO ((Zxr0: + HiOz + NbyOs + Taz0s + Laz03 + Y203 +
Ti02)/(Li20 + Nap0 + Kz0 + MgO + Ca0 + Sr0 + Ba0)) is desirably equal to
or greater than 0.035, preferably equal to or greater than 0.040. However,
when this molar ratio becomes excessively large, the melting properties
tend to deteriorate and/or the glass tends to destabilize. Thus, this molar
ratio is desirably equal to or less than 0.18, preferably equal to or less than
0.15, more preferably egual to ox less than 0.18, and still more preferably,
equal to or less than 0.12.
{0075] Among Zx0s, H{O2, NbyOs, Taz0s, Laz0s, Y203 and Ti02, when glass
containing TiOg is dipped in water, a reaction product of the glass and water
sometimes adheres o the glass surface. Thus, the other components are
advantageous with regaxd fo resistance to water. Accordingly, o maintain
water resistance, the content of TiOz is desirably O to 2 percent, preferably 0
to 1 percent, more preferably 0 to 0.5 percent, with no incorporation of TiO2
being of even greater preference.
[0076] HO2, Nb2Os, Tag0Os and LasOs increase the specific gravity of the
glass and increase the weight of the substrate. Thus, to lighten the
substrate, the total content of HfQs, Nb2Os, Tas0s and Lag03 desirably falls
within a range of 0 to 2 percent, preferably 0 to 1 perecent, with no
incorporation of HfOs, NbeOs, TasOs or LazO: being of even greater
preference. The respective contents of HfOg, NbeOs, Ta205 and LazOs are
preferably D fo 2 percent, more preferably 0 to 1 percent, with no
incorporation of HfQz, NbzOs, Tax0s or LazOs; being of even greater
preference.

[0077] In order to produce the above-described desirable effects while
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maintaining glass stability, Y20s content desirably falls within a range of O
to 2 percent, preferably O to 1 percent, with no incorporation of Y203 being
of even greater preference.

[0078] ZrO» functions to strouogly increase chermical durability, particularly
resistance to alkalinity, while maintaining glass stability; enhances rigidity
and toughness; and functions to increase the efficiency of chemical
strengthening. Since it is an inexpensive starting material yelative to
Y203, the molar ratio of the content of ZrO; to the total content of ZxOx,
B0, NboOs, Taz0s, Laz0s, Ye0: and TiOs (Zx0a/{(220s + HiO: + NboCs +
TasOs + Laz0s + Y203 + TiO2)) desirably falls within a range of 0.5 to 1,
preferably 0.8 to 1, more preferably 0.9 to 1, still more preferably 0.95 to 1,
and is most preferably 1.

[0079] ZxOz content is desirably equal to or greater than 0.3 percent,
preferably equal to or greater than 0.5 percent, and more preferably, equal
to or greater than 0.7 percent. To maintain good melting properties and
glass stability, the content of ZrO: is desirably equal to or less than 4
percent, preferably equal to or less than 3 percent, more preferably equal to
or less than 2 percent, and still more preferably, equal to or less than 1.5
percent.

[0080] Among the above-described glass components, Si0Oz, Al2Os, ZrOg,
HfOs, Nb20s, Tax0s, Laz0s, Y203 and TiO2 funetion to enhance chemieal
durability, and Li20, NazO and X0 tend to lower chemical durability.
Accordingly, in Glass I, the upper lmit of the molar ratio of the total content
of LizO, Nag0O, and K20 to the total content of SiQg, AlsQ;, ZrQg HIO,
NbzOs, Tas0s, L2203, Y203 and TiO2 (120 + NasO + Ko0)/(Si02 + AleO3 +
ZrO2 + HIO2 + Nb20s5 + Ta205 + Lag0s + Y203 + Ti0») is limited to equal to
or less than 0.28, This molar ratio is desirably equal to or less than 0.27,
preferably equal to or less than 0.26.

[0081] As needed, clarifying agents such as Sb20s, SnO; and CeO2 may be
added to Glass I. When the glass is being formed by the floating method,
the addition of Sbz03 is undesirable, the addition of Sn0O; and CeQ; is
desirable, and the addition of SnO; is preferred.

[0082] A preferred embodiment of the above-described Glass I is glass
comprising, denoted as molar percentages, 50 to 75 percent of SiOg, 8 to 15
percent of Al203, 5 to 15 percent Liz0, 5 to 15 percent of Naz0, 0 to 3 percent
of K0, greater than 0.5 percent but equal to or less than 5 percent of Ca0,
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equal to or greater than 0 percent but less than 3 percent of MgQ, and 0.3 to
4 percent of ZrQOa.
[0083] [Glass I1]

Glass II is glass for use in substrate for information vecording
medium, which comprises, denoted as molar percentages,

50 to 75 percent of SiOz

3 to 15 percent of Al203

5 to 15 percent of Li20;

5 to 15 percent of NaOs

0 to 8 percent of K20;

greater than 0.5 percent buf equal to or less than b percent of Ca0;

equal to or greater than 0 percent buft less than 3 percent of MgO,
with CaO content being greater than MgO content; and

0.3 to 4 percent of ZrOy;

with the molar ratio of the total content of Li20O, Na20 and XKa0 to
the total content of SiQg, AleOa and ZrOs {(Liz0 + NazO + KeO)/(Si0z + Al,O4
+ Zr02)) being equal to or less than 0.28.

Glass 11 can provide a substrate for information recording mediuvm
with good resistance to both acidity and alkalinity.

Unless specifically noted otherwise, the individual component
contents and total contents given below in the description of Glass II are
denoted as molar percentages, and ratios between contents are given as
molayr ratios. Glass II is an oxide glass and the contents of the individual
components are denofed as their values when converted to oxides.
f0084] SiOg, a glass network-forming component, is an essential component
functioning to increase the stability, chemical durability, and in particular,
resistance to acidity of the glass; to lower the thermal diffusion of the
substrate; and fo raise the heating efficiency of the substrate by radiation.
To achieve good glass stability, SiO» content is equal to or greater than 50
percent, desirably equat to or greater than 55 percent, preferably equal to or
greater than 80 percent, more preferably equal to or greater than 83 percent,
and still more preferably, equal to or greater than 65 percent. However,
the incorporation of an excessive quantity of SiOz produces unmelted
material in the glass. Thus, the content of Si0z is kept to equal to or less
than 75 percent, preferably equal to or less than 72 percent, and more
preferably, equal to or less than 70 percent. When glass in which unmelted
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material is present is processed into a substrate, portions of the unmelted
material are sometimes exposed on the surface of the substrate, forming
protrusions. Substrates having such protrusions cannot be employed as
substrates for information recording media in which a high degree of
smoothness is required. Accordingly, the melting property of a glass
employed in a substrate for information recording media is an important
characteristic.
[0085] Al203 also contributes to the formation of the glass network, and
functions to increase glass stability and chemical durahbility. To achieve
such effects, Al2O3 content is equal to or greater than 3 percent, preferably
equal to or greater than 5 percent, and more preferably, equal to or greater
than 7 percent. However, the incorporation of an excessive gnantity of
Aly;O3 compromises the melting properties of the glass. Thus, the content
of Al20Og is set to equal to or less than 15 pexcent, desirably equal to or less
than 12 percent.
[0086] In Glass II, the total content of Si0z and Al.Oj3 is desirably equal to
or greater than 70 percent, preferably equal to or greater than 74 percent,
and more preferably, equal to or greater than 75 percent to increase
chemical durability, and i particular, resistance to acidity. In
consideration of the melting properties of the glass, the total content of Si02
and Alx03 is preferably equal to or less than 85 percent, moere preferably
equal to or less than 80 percent.
{0087] Li20, Na20 and K:z0 are components that are useful for enhancing
melting properties and formability, as well as increasing the coefficient of
thermal expansion to Impart suitable thermal expansion characteristics to
substrates for information recording media, particularly substrates for
magnetic recording media. When Li2O and Na20 are employed in
chemically strengthened glasses, they function as ion exchange componenis
during chemical strengthening. To achieve such effects, LizO content is b
to 15 percent, NagO content is 5 to 15 percent, and X0 content is O to 3
percent. The lower limit of the LisQ content is desirably 6 percent,
preferably 7 percents the upper limit is desirably 13 percent, preferably 10
percent. The lower limit of the NosO content is desirably 7 percent,
preferably 10 percent; the upper limit is desirably 13 percent.

By incorporating Li20 and NazO as glass components, the leaching
out of alkali metal components can be reduced or prevented through an
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effect achieved by mixing alkalis.

[0088] When employing glass containing Li;0 and Naz0 as chemically
strengthened glass, LixO and NasC are glass components that directly
contribute to ion exchange during chemical strengthening. In molten salt,
the alkali tons coniributing to ion exchange are Na ions and/or K ions. As
the number of substrates that have been subjected to chemical
strepngthening treatment increases, the concentration of Li ions in the
molten salt increases. However, as a large quantity of a glass in which the
molar ratio of the quantity of Tix0 to that of Nag0Q (LipO/Na20) exceeds 1.04
is treated, the increase in the concentration of Li ions in the molten salt
becomes pronounced, and the balance between the alkali ions confributing
to ion exchange and the alkali ions not contributing to ion exchange changes
greatly relative to what it is at the start of processing. As a result, as the
number of substrates that have been ireated increases, treatment
conditions that were opfimal at the start of treatment move outside the
optimal range. As set forth above, there are sometimes problems in the
form of variation in the shape of the substrates, increased dimensional
tolerance in the iuner diameter of the substrate center hole, inadequate
formation of the compression stress layer, the development of waviness in
the substrate, or the like. To solve such problems, the molar ratio of the
guantity of LizO to that of Nap0 (Li20/Nax0) is desirably kept to equal to or
less than 1.04, preferably equal to or less than 0.936, more preferably equal
t0 or less than 0.832, and still more preferably, equal to or less than 0.7904.
[0089] K20 is an optional component functioning to enhance melting
properiies and raise the coefficient of thermal expansion. The range of the
K20 content is 0 to 3 percent, preferably 0 to 2 percent, and more preferably,
0 to 1 percent. When K20 is incorporated in a small quantify, it has the
effect of reducing variation in the compression stress layer between
substrates during the chemical strengthening of large numbers of
substrates. Thus, within the above-stated range, it is desirably introduced
in a quantity of egual to or greater than 0.1 percent, preferably equal to or
greater than 0.2 percent.

[0090) When an excessive quantity of alkali metal oxides is present, there
is a tendency for chemical durability, and particularly, resistance to acidity
to decrease. Accordingly, in CGlass I, from the perspective of enhancing
chemical durability, the upper limit of the total content of Liz0, Naz0 and
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K20 is determined in relation to the total content of SiOs, AlsOg and ZrOs.
The details are given further below. To further enbance chemical
durability, the total content of Li20, Nag0 and KO is desirably equal to or
less than 22 percent, preferably equal to or less than 21. 5 percent, more
preferably equal to or less than 21 percent, and still more preferably, equal
to or less than 20 pexrcent.

[0091] Ca0 and MgO improve melting properties, formability, and glass
stability; enhance rigidity and hardness; and raise the coefficient of thermal
expansion. In particular, CaO functions well to improve meliing properties,
formability, and glass stability. Howevez, the incorporation of an excessive
quantity of either of these components reduces chemical durability. Thus,
the content of CaO is set to greater than 0.5 percent but equal to or less
than & percent. The lower limit of the CaO content is desirably 0.8 percent,
preferably 1 percent, and the upper limit is desirably 4 percent, preferably 3
percent.

MgO content is equal to or greater than 0 percent but less than 3

percent. The lower limit of the MgO content is desirably 0.1 percent,
preferably 0.3 percent, and more preferably, 0.5 percent; the upper limit is
desirably 2.5 percent, preferably 2 percent. '
[0092] In Glass I, the content of CaO is set to greater than the content of
MgO to further enhance resistance to devitrification and increase chemical
durability. Tb further enhance resistance to devitrification and increase
chemical durability, the molar ratio of the content of MgO to that of CaO
(Mg0ICa0) desirably falls within a range of 0.14 to 0.97, preferably a range
of 0.4 to 0.97.

The MgO content may be determined based on the CaO content that
has been first determined and the molar ratio (MgO/CaO) that has been
then set within the above-stated preferable range.

[0093] The total content of CaO and MgQ is desirably from 1 to 6 percent to
enhance chemical durability while further improving melting properties,
formability, and glass stability. The lower limit of the total content of CaQ
and MgO is desirably 1.5 percent, preferably 2 percent; the upper limit is
desirably 5.5 percent, preferably 5 percent, and more preferably, 4 percent.
Ca0 and MgO function to reduce the rate of jon exchange during chemical
strepgthening.  Accordingly, an increase im the inner and outer
dimensional tolerances of the substrate caused by excessive chemical
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strengthening can be prevented during the mass production of chemically
strengthened glass substrates by chemically strengthening substrates
comprised of glass in which suitable quantities of these components have
been incorporated. However, when excessive quantities of these
components are incorporated, the ion exchange rate decreases greatly,
making it difficult to achieve 2 chemical strengthening effect.
Incorporating CaO and MgO within the above-stated total content range
can prevent an increase in the inmer and outer diameter dimension
tolerances of the substrate while achieving a cheinical sirengthening effect.
[0094] SrO and BaO, which are both alkaline earth metal oxides just like
Ca0 and MgO, function to enhance melting properties and raise the
coefficient of thermal espansion. However, the addition of SrO and BaO
decreases chemical durability, increases the specific gravity of the glass,
and tends to increase the cost of the starting materials. Thus, the total
content of CaO and MgO is desirably greater than the total content of SxO
and BaO.

The total content of SrO and BaO is desirably 0 to 5 percent,
preferably 0 to 2 percent, and more preferably, O to 1 percent. The SrO
content desirably falls within a range of 0 to 2 perxcent, preferably 0 to 1
percent, with no incorporation of SrO being of even greater preference.
The content of BaO desirably falls within a range of 0 to 2 percent,
preferably 0 to 1 percent, with no incorporation of BaO being of even greater
preference.

[0095] ZxO2 functions to enhance chemical durability, particularly
resistance to alkalinity, increase rigidity and toughness, and increase the
effectiveness of chemical strengthening while maintaining glass stability.
However, the incorporation of an excessive quantity compromises melting
properties. Accordingly, the content of ZrO2 is set to 0.3 to 4 percent to
enhance chemical durability, particularly resistance to alkalinity, while
maintaining melting properties. The lower limit of the ZrO» content is
desirably 0.5 percent, preferably C.7 percent, and the wupper limit is
desirably 8 percent, preferably 2 percent, and more preferably, 1.5 percent.

[0096] Among the above-described components, SiOz, AlyOs; and ZrO,
function to enhance chemical durability, and Liz0O, NazO and K30 fend to
lower chemical durability. Accordingly, in Glass II, the upper limit of the
molar ratio of the total content of Li20, Naz0 and Kz0 to the total content of
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5103, Alz03 and Zr0s (Li20 + Nag0 + K0)/(Si0z + Alo03 + Zr02) is limited
to equal to or less than 0.28 to maintain glags durabilify. This molar ratio
is desirably equal to or less than 0.27, preferably equal to or less than 0.26.
The lower limit of this molar ratio is desirably 0.1, preferably 0.15, and
more preferably, 0.2.

[0097] As needed, clarifying agents such as Sb203;, SnOz and CeO:z may be
added to Glass II. When the glass is being formed by the floating method,
the addition of Sby0; is undesirable, the addition of SnQOz and CeQg is
desirable, and the addition of SnOz is preferred.

[0098] [(lass ITT}

Glass III is glass for use in substrate for information recording
medium, which comprises SiO2 AlOs one or more alkall metal oxides
selected from the group consisting of Li20, Naz0 and K20; one or more
alkaline earth metal oxides selected from the group consisting of Mg0, Ca0,
Sr0 and BaO; and one or more oxides selected from the group consisting of
Zx02, HiO2, NbeOs, Taz0s, L8203, Y203 and TiOg

wherein S8iO2 content is equal to or greater than 50 molar percent,
and the total content of Si0z and AlxOs is equal to or greater than 70 molar
percent;

the total content of said alkali metal oxides and said alkaline earth
meal oxides is equal to or greater than 8 molar percent; and

the molar ratic of the total content of said oxides to the total content
of said alkali metal oxides and said alkaline earth metal oxides ((ZrOz +
HfOz + Nb2Os + Tag0s + Lag0s + TiO/( Li20 + Naz0 + K20 + MgO + Ca0 +
Sr0 + BaQ)) is equal to or greater than 0.035.

Glass III can provide a substrate for information recording medivm
affording good resistance to both acidity and alkalinity.

Unless specifically noted otherwise, the individual component

contents and total contents given below in the description of glass IIT are
denoted as molar percentages, and ratios between contents are given as
molar ratios. Glass Il is an oxide glass and the contents of the individual
coxzponents are denoted as their values when converted to oxides.
[0099] SiO2, a glass network-forming component, is an essential component
funetioning to increase the stability, chemieal durability, and in particular,
resistance to acidity of the glass; to lower the thermal diffusion of the
substrate; and to raise the heating efficiency of the substrate by radiation.
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Aly0; also contributes to the formation of the glass neiwork, and
functions to increase glass stability and chemical durability.

In Glass IIT, the total content of Si0O2 and Al»O3 is equal to or greater
than 70 percent, preferably equal to or greater than 75 percent, and more
preferably, equal to or greater than 76 percent to increase chemical
durability, particularly resistance to acidity. In consideration of the
melting properties of the glass, the total content of Si02 and ALQO3 is
desirably equal to or less than 85 pexcent, preferably equal to or less than
80 percent.

[0100] To achieve good glass stability, SiOz content is equal to or greater
than 50 percent, desirably equal to or greater than 60 percent, preferably
equal to or greater than 63 percent, and still more preferably, equal to or
greater than 65 percent. However, the incorporation of an excessive
quantity of SiOz produces unmelted material in the glass. Thus, the
content of Si0z is desirably kept to equal to or less than 75 percent,
preferably equal to or less than 72 percent, and more preferably, equal to or
less than 70 percent. When glass in which unmelted material is present is
processed into a substrate, portions of the unmelted material are sometimes
exposed on the surface of the substrate, forming protrusions. Substrates
having such protrusions cannot be employed as substrates for information
recording media in which a high degree of smoothness is required.
Accordingly, the melting property of a glass employed in a substrate for
information recording media is an important characteristic.

[0101] Al;0s conient is desirably equal to or greater than 3 percent,
preferably equal to or greater than 5 percent, and more preferably, equal to
or greater than 7 percent. However, the incorporation of an excessive
guantity of AleOs compromises the melting properties of the glass, so the
content of AloOg is desirably equal to or less than 15 percent, preferably
equal to or less than 12 percent.

[0102] As set forth above, Glass III comprises a relatively large total
content of Si02 and Alz0s. To enhance the melting properties of Glass I1J,
a total of 8 percent or more of one or more alkali metal oxides selected from
the group consisting of Li;0, Nag0 and K20 and one or more alkaline earth
metal oxides selected from the group consisting of MgO, Ca0, SrO and BaO
is incorporated. These alkali metal oxides and alkaline earth metal oxides
both enhance the melting properties of the glass and bring the thermal
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expansion characteristics to within a range suited to the substrate of
information recording medinm. However, when the total content of alkali
metal oxides and alkaline earth metal oxides becowes excessively high,
there is a tendency for chemical durability to decrease. Thus, to maintain
chemical durability, it is desirable for the total content of Liz0, Nag0, K20,
Mg0O, Ca0, SrO and BaO to be equal to or less than 24 percent. To both
improve melting properties and increase the coefficient of thermal
expansion, this total content is desirably equal to or greater than 10 pereent,
preferably equal to or greater than 15 percent, and more preferably, equal to
or greater than 20 percent.
[0108] ZrOq, HfOz, Nb2Os, Taz0s, Laz03, Y203 and TiOz function to enhance
chemical durability, particularly resistance to alkalinity. However, the
incorporation of excessive quantities compromises the relting properties.
Accordingly, in Glass III, to achieve both chemical durability and melting
properties, the total content of these oxides is established 1n relation to the
combined quantity of alkaline metal oxides and alkaline earth metal oxides,
which improve melting properties but tend t0 compromise chemiecal
durability.
That is, the molar ratio of the total content of ZrOs, HfO2, NbaOs,
Ta;0s, Lay03, Y203 and TiO, to the total content of Li,O, Na,O, K50, MgO, Ca0,
Sr0 and BaO ((ZrO; + HfO2 + NbaOs + TazOs + LazOz + Y203 + TiO2/( Liz0
-+ Naz0 + K0 + MgO + CaO + SrC + Ba0)) is equal to or greater than 0.035.
This makes it possible to enhance resistance to alkalinity while maintaining
melting properties. The molar ratio is desirably equal to or greater than
0.040. When the molar ratio becomes excessively high, the melting
properties detexiorate and glass stability tends to decrease. Thus, the
molar ratio is desirably equal to or less than 0.18, preferably equal to or less
than 0.15, more preferably equal to or less than 0.18, and still more
preferably, equal to or less than 0.12.
{0104] To further enhance chemical durability, particularly resistance to
alkalinity, the total content of ZrQg, HiOg, NbaOs, Ta20s, Laz0s, Y203 and
TiOz is desirably equal to or greater than 0.3 percent, preferably equal to or
greater than 0.5 percent, and more preferably, equal to or greater than 0.7.
To maintain good melting properties and glass stability, the above-deseribed
total content 1s desirably equal to or less than 4 percent, preferably equal to
‘or less than 3 percent, more preferably equal to or less than 2 pexcent, and
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still more preferably, equal to or less than 1.5 percent.

10105] The details of the contents of ZrQOz, HfOg, Nb2Os, Taz0s, Lag0s, Y203
and TiOz, and the molar ratio of the ZrOz content to the total content of
2xrQs, HfOs, Nbz0s, TaxOs, Lax0s, Y203 and TiOz (Zr0#/(ZrO2 + HfO; +
Nb20js + TasOs + Las03 + Y203 + Ti02) in Glass IIT are as described above
for glass I.

[0108] A preferred embodiment of Glass III is glass containing at least one
od Liz0 and Nag0, with the total content of Li»O and Naz0 being equal to or
logss than 24 percent.  Lio( and NazQ are components that increase melting
propexties. Li20 and NazO are important components when chemically
strengthening Glass III. They also function to strongly impart suitable
thermal expansion characteristics to substrates employed in information
recording media, particularly magnetic recording media, by raising the
coefficient of thermal expansion.

{0107] To veduce and prevent the leaching out of alkali mstal components
through an effect achieved by mixing alkalis, LizO and Nag0 are desirably
incorporated as glass components. However, when excessively large
quantities of Li20 and Na20 are incorporated, chemical durability tends to
decrease. Thus, the total content of LisO and Nag0 is desirably limited to
equal to or less than 24 percent. To further enhance chemical durability
and reduce or prevent leaching out of alkali metal jons from the glass
substrate, the total content of LizQ and NayO is desirably limited to equal to
or less than 22 percent.

[0108] The details of the content of LizQ and Naz0 in Glass 1T, the molar
ratio of the quantity of Li20 to the quantity of Naz0 (Li20/MNa»0), and the
content of K20 are as described above for Glass 1.

[01091 MgO functions to increase rigidity and hardness and raise the
coefficient of thermal expansion. When present together with CaQ, it has
the effect of increasing the stability of the glass. Since it also functions to
reduce the ion exchange rate during chemical strengthening, the
incorporation of a suitable quantity can be used to effectively control the ion
exchange rate so that flatness does not decrease. However, incorporation
in excessively large quantify compromises chemical durability. Thus, the
content of MgO is desirably equal to or greater than 0 percent but less than
5 percent, The lower limit of the MgO content is desirably 0.1 percent,
preferably 0.8 percent, and more preferably, 0.5 percent. The MgO content
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is desirably less than 3 percent, preferably equal to or less than 2 percent.
(0110] Ca0 functions to increase rigidity and bardness, raise the coefficient
of thermal expansion, and enhance resistance to devitrification when
incorporated in suitable quantity. In the same manner as MgO, CaO
functions to control the ion exchange rate during chemical strengthening.
However, introduction in excessively large guantity compromises chemical
durability. Thus, the content of CzO is desirably 0 to 5 percent. The
lower limit of the CaQ content is desirably 0.1 percent, preferably 0.5
percent; the upper Hmit 1s desirably 4 percent, preferably 3 percent,

[0111] As in Glass I, the content of CaO is desirably greater than the
content of MgO in Glass IIT to further increase resistance to devitrification
and enhance chemical durability. Tb increase resistance to devitrification
and enhance chemical durability, the molar ratio of the MgO content to the
Ca0 content (Mg0/Ca0) in GlassITL as in Glass 1, desirably falls within a
range of 0.14 to 0.97, preferably 0.4 to 0.87,

From the above perspectives, the total content of MgO and CaO is

desirably 1 to 6 percent. The lower limit of the total quantity of MgQ and
Ca0 1is desirably 1.5 percent, preferably 2 percent, and the upper bmit is
desirably 5.5 percent, preferably 5 percent, and more preferably, 4 percent.
[0112] Both SrQ and BaO function to enhance melting properties and raise
the coefficient of thermal expansion. However, the addition of SrO and
BaO tends to compromise chemical durability, increase the specific gravity
of the glass, and increase the cost of the starting materials. Thus, the total
content of SrO and BaO is desirably 0 to 5 percent, preferably 0 to 2 percent,
and more preferably, O to 1 percent. The SrO content desirably falls within
a range of 0 to 2 percent, preferably 0 t¢ 1 percent, with no incorporation of
Sr0 being of even greater preference. The BaO content desirably falls
within a range of 0 to 2 percent, preferably 0 to 1 percent, with no
incorporation of BaO being of even greater preference.
[0118] To summarize the above perspectives, a preferred embodiment of
Glass I11 is glass comprising, denoted ir moles, 60 te 75 percent of SiOq, 3 to
15 percent of AlsOj3, 0.3 to 4 percent of ZrOz 1 more preferred embodiment
is glass having the aforementioned composition as well as further
comprising 0.3 to 4 percent of ZrOs, HfOs, Nb20s, Ta20s, Las0Os and TiO».

An embodiment of still greater preference is glass in which the
quantitics of the various alkali metal oxides and alkaline earth metal oxides
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are allocated as set forth above.

As needed, clarifying agents such as Sbz0s, SnOz and CeQz may be
added to Glass III. When the glass is being formed by the floating method,
the addition of She0s is undesirable, the addition of SnO; and Ce(: is
desirable, and the addition of SnOs is preferred.

[0114] [Glass IV]

Glass IV is aluminosilicate glass for chemical strengthening for use
in substrate for information recording medium, which comprises:

one or maore alkali metal oxides selecied from the group consisting of
Liz0, Naz0 and Kg0, one or more alkaline earth metal oxides selected from
the group consisting of MgO, CaO, SrO and BaO, and one or more oxides
selected from the group consisting of ZrOs, HIOz, NbyQs, Taz0s, Las0s, Y20s
and TiOz:

wherein the total content of LizO and NagQ is 10 to 22 molar
percent;

the total content of ZrOs, HfOs, Nb2Os, Tas0s, LaxOs, Y203 and Ti0O:
is greater than 0 molar percent but equal to or less than 4 molar percent;
and

the molar ratio of the total content of said oxides to the total content
of said alkaline earth metal oxides ((ZrOz + HfOz + Nb2QO5 + Tas0s + LagOg +
Y203 + Ti0/A MgO + CaO + SrO + Ba0)) is equal to or greater than 0.15.

(Glass IV is glass for chemical strengthening, that is, that is
subjected to chemieal strengthening. It comprises at least one of Liz0 and
Naj0, preferably both LizO and NazO, which are unecessary for chemical
strengthening, and is aluminosilicate glass permitting the reduction or
prevention of the leaching out of alkali metal ions. Since the total content
of 1320 and Na20 is imited to veduce or prevent the leaching out of alkalis,
une or more alkaline earth metal oxides selected from the group consisting
of MgO, Ca0, Sr0O and BaO are incorporated to prevent a deterioration in
melting properties. However, these alkaline earth metal axides function to
prevent 1om exchange during chemical strengthening. Further, from the
perspective of enhancement of deflecting strength by chemical
strengthening, the limitation of the total content of LizO and Nag0, which
undergo lon exchange, functions as a negative. Accordingly, in Glass IV, at
least one oxide selected from the group consisting of ZrQOz, HfOz NbzOs,
Taz05, Laz03 and TiO2, which function to promote ion exchange and
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enhance chemical durability, particularly resistance to alkalinity, is
incorporated. This provides glass that will undergo good chemical
strengthening,

Unless specifically noted otherwise, the individual component
contents and total contents given below in the description of Glass IV are
denoted as molar percentages, and ratios between contents are given as
molar ratios. Glass IV is an oxide glass and the contents of the individual
components are denoled as their values when converted to oxides.
i0115] 1Li»0 and NaxC are necessary componenis for ion exchange during
chemical strengthening and are effective components for improving glass
melting properties and for achieving a coefficient of thermal expansion
falling withiu 4 range suited to substrates for use in information recording
media, parficularly substrates for use in magnetic recording media.

To achieve such effects, the total content of Li2O and NasQ is set to
equal to or greater than 10 percent, and from the perspective of reducing ox
preventing leaching out of alkali metal ions, the above {otal content is kept

“to equal to or less than 22 percent. The lower limit of the total content of
Liz0 and Nag0 is desirably 15 percent, preferably 21 percent. Tb reduce or
prevent the leaching out of alkali metal components through an effect
achieved by mixing alkalis, both Li20 and Naz0 are desirably incorporated.
[0116] The details of the content of LizO and Naz0 in Glass IV, the molax
ratio of the quantity of 1420 to the quantity of Na20 (Liz0/Naz0), and the
content of BoO are as described above for Glass I.

10127} ZrOp, HfO2, Nb2Os, Taz0s5 Laz0s, Y203 and TiOs promote ion
exchange and enhance chemical durability, particularly resistance to
alkalinity. However, when incorporated in excessive quantity, they
compromise melting properties and run the risk of generating unmelted
material. As set forth above, when glass containing unmelted material is
employed in substrates for information recording media, particularly
substrates for magnetic recording media, portions of the unmelted material,
even through extremely small, are sometimes exposed on the surface of the
substrate, forming protrusions which may impair the smoothness of the
substrate surface. Accordingly, in Glass IV, the total content of ZrQOsz, HfOs,
Nb20s, Tae0s, Lax0s, Y203 and TiO; is set to greater than 0 percent but
equal to or less than 4 percent. The upper limit of the above total content
is desirably 3 percent, preferably 2 percent, and more preferably 1.5
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percent; the lower Hmit is desirably 0.3 percent, preferably 0.5 percent, and
still more preferably, 0.7 percent.
[0118] The details of the content of ZrQz, HfQs, NboOs, TasOs, Laz0sa, Y203
and TiOsz, and the molar ratio of the content of ZrO2 to the total content of
- ZxQq, HiOs, Nby0s, Taz0s, Laz0s Y903 and TiO2 (ZrO(ZrO. + HfO2 +

Nb20s + TagzOs + LagOs + Y203 + TiO2) in Glass IV are as described for
Glass [ above.
[0118} Glass IV comprises one or more alkaline earth metal oxides selected
from the group consisting of MgQ, Ca0, S5rO and BaO. ‘These components
function to maintain melting properties and adjust the coefficient of
thermal expansion. Conversely; they also function to impede ion exchange
during chemical strengthening. Accovdingly, in Glass TV, g balance is
struck between the total content of ZrOs, HFOs, NbgOs, Tas0s, LagOs, Y03
and Ti02, which promote ion exchange during chemical strengthening, and
the total content of MgQO, Ca0, SrO, and BaO, thereby permitting good
chemical strengthening. Specifically, the molar ratio of the total content of
ZxQ;, HiO;, Nb,Os, TayOs, La;03, Y205 and TiO; to the total content of MgO, CaO .
Sx0 and BaQ ((ZrO2 + HfO2 + Nb20Os5 + Ta20s + La0s + Y203 + Ti02/(MgO +
Ca0 + 8x0 + BaQ)) is equal to or greater than 0.015.
[0120] The total content of MgQ, CaO, SrO and BaO desirably falls within a
range of greater than 0 percent but equal to or less than 5 percent. When
the above content is equal to or less than 5§ percent, good chemical
strengthening can be conducted and the deflecting strength of the substrate
can be adequately increased. The lower limit of the total content of MgO,
CaQ, Sr0O and BaO is desirably 0.1 percent, preferably 0.5 percent, more
preferably 1 percent, and still more preferably, 1.5 percent; the upper limit
is desirably 4.5 percent, preferably 4 percent.
[01211 Si0; is a metwork-forming component of Glass IV, aluminosilicate
glass, and is an essential component functioning to enhance glass stability
and chemical durability, particularly resistance to acidity; lower the
thermal diffusion of the substrate; and raise the heating efficiency of the
substrate by radiation.

Alx0O3 also contributes to glass network formation and functions io
enhance glass stability and chemical durability.

In Glass 1V, the total content of SiO2 and Alz0; is desirably equal to
or greater than 70 percent to enhance chemical durability, particularly
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resistance to acidity, while achieving good glass stability. This total
content is desirably equal to or greater than 75 percent, prefexably equal to
or greater than 76 percent, to further enhance resistance to acidity. Taking
into account the melting properties of the glass, the total content of SiO»
and AlxOyq is desirably equal to or less than 85 percent, preferably equal to
or less than 80 percent.

[0122] The content of SiO2 is desirably equal to or greater than 50 percent,
preferably equal to or greater than 60 percent, more preferably equal to or
greater than 62 pexcent, and still more preferably, equal to or greater than
65 percent to achieve good glass stability. —However, when SiQs is
incorporated in an excessively large quantity, unmelted material is
generated in the glass. Thus, the quantity of SiOz is desirably kept to
equal to or less than 75 percent, preferably equal to or less than 72 percent,
and more preferably, equal to or less than 70 percent. When glass in which
unmelted material is present is processed into a substrate, portions of the
unmelted material are sometimes exposed on the surface of the substrate,
forming protrusions. Subsirates having such protrusions cannot be
employed as substrates for information recording media in which a high
degree of smoothness is required. Accordingly, the melting property of a
glass employed in substrates for information recoxrding media is an
important characteristic.

[0123] The content of AlyOs is desirably greater than O percent, preferably
equal to or greater than 3 percent, more preferably equal to or greater than
5 percent, and more preferably, equal to or greafer than 7 percent.
However, when Al2Og3 is incorporated in an excessively large quantity, the
melting properties of the glass are compromised. Thus, the content of
Al20s3 is desirably kept to equal to or less than 15 percent, preferably equal
to or less than 12 percent.

{01241 To both achieve chemical durability, particularly resistance to
alkalinity, and maintain melting properties, the molar ratio of the total
content of ZrOg, HfO2, NbeOs, Taz0s, La20s, Y203 and TiOz to the total
content of Liz0, Naz0, K20, MgO, Ca0, SrO and BaO ((Zx0; + HfO + Nb2Os
+ Ta205 + Las0s + Y203 + TiO/(Liz0 + Na20 + K20 + MgO + Ca0 + Sr0 +
Ba0)) is desirably equal to or greater than 0.035. The above molar ratio is
preferably equal to or greater than 0.040. When this molar ratio is
excessively high, melting properties deteriorate and the stability of the
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glass tends {o decrease. Thus, this molar ratio is desirably equal to or less
than 0.18 , preferably equal to or less than 0.15, more preferably equal to or
less than 0.13, and still more preferably, equal to or less than 0.12.

(01251 MgO functions to enhance melting properties, rigidity, and harduess,
and to raise the coefficient of thermal expansion. When present together
with Ca0Q, it has the effect of increasing the stability of the glass. However,
when incorporated in an excessively large quantity, it compromises
chemical durability. Thus, the content of MgO is desirably equal to or
greater than O percent but less than 5 percent. The MgO content is
preferably less than 3 percent, more preferably equal to or less than 2
percent. The lower limit of the MgO content is desirably 0.1 percent,
preferably 0.3 percent, and more preferably, 0.5 percent.

[0126] CaO functions to enhance melting properties, rigidity, and hardness,
and to raise the coefficient of thermal expansion. When incorporated in
suitable quantity, it improves resistance to devitrification. However, when
incorporated in excessively large quantity, it compromises chemical
duxability. “Thus, the content of Ca0 is desirably O to 5 percent. The
lower limit of the Ca0 content is preferably 0.1 percent, more preferably 0.5
percent, and the upper limit is preferably 4 percent, more preferably 3
pexcent.

{01271 8r0O and BaO both function to enhance melting properties and raise
the coefficient of thermal expansion. However, the addition of SrQ and
BaQ compromises chemical durability, increases the specifie gravity of the
glass, and tends 1o increase the cost of starting materials. Thus, the total
conteat of SxO and BaQ is desirably 0 to b percent, preferably 0 to 2 percent,
and more preferably, 0 to 1 percent. The content of SrO desirably falls
within a range of 0 to 2 percent, preferably 0 to 1 percent, with no
incorporation of SrQ being of even greater preference. The content of BaO
desirably falls within a range of O to 2 pexcent, preferably 0 to 1 percent,
with no incorporation of BaQO being of even greater preference.

[0128] To summarize the above perspectives, a preferred embodiment of
Glass IV is glass comprising, when denoted in moles, equal to or greater
than 3 percent of Al2Qs, equal to or greater than 8 percent of a total of Liz0,
Nag0, K20, Mg0, Ca0, Sr0 and BaO, and moxe than 0 percent but equal to
or less than 5 percent of a total of MgQ, Ca0, SrO and BaO. Further, glass
in which the quantities of various components in the form of alkali metal
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oxides and alkaline earth metal oxides are allocated as set forth above is of
even greater preference.

As needed, clarifying agents such as Sbe0s, SnOz and CeOz may be
added to Glass IV. When the glass is being formed by the floating method,
the addition of Sb203 is undesirable, the addition of SnQ: and CeO: is
desirable, and the addition of Sn0j is preferred.

[0129] [Glass V1
Glass V is glass for use in substrate for information recording

mmAtnries  welitalh  asves—waes A Venls

mediwm, which comprises SiOz AlzOy one or move alkali metal oxides
selected from the group consisting of Liz0, Naz0O and X30; one or more
alkaline earth metal oxides selected from the group consisting of MgO, Ca0Q,
SrO and Ba0; and one or more oxides selected from the group consisting of
Zx09, HiOg, NbaOs, Taz0s, Lias0s, Y203 and TiOg;

which has an acidity resistance resulting in an etching rate of equal
to or less than 3.0 nm/minute when immersed in 0.5 percent (Voi%)
hydrogenfluosilicie acid (H2SiF) aqueons solution maintained at 50°C; and

which has an alkalinily resistance resulting in an etching rate of
equal to or less than 0.1 nnvminute when imigersed in 1 mass percent
potassium hydroxide aqueous solution maintained at 50°C.

Glass V has both good resistance to acidity and good resisiance to
alkalinity. Thus, a substrate in an extremely clean state can be obtained
while maintaining good smcothness by constituting a substrate from Glass
V, removing contaminants in the form of organic matter on the surface of
the glass by an acid treatment, and then using an alkali treatment to
prevent adhesion of foreign matter.

Further, the above Glass V has an acidity resistance resulting in an
etching rate when immersed in 0.5 percent (Vol%) hydrogenfluosilicic acid
(F:8iF) agueous solution maintained at 50°C of equal to or less than 3.0
nm/minute, preferably equal to or less than 2.5 nm/minute, more preferably
equal to or less than 2.0 nm/minute, and still more preferably, equal fo or
less than 1.8 nm/minute. The abcve Glass V also has an alkalinity
resistance resulting in an etching rate of equal to or less than 0.1
nm/minute, preferably equal to or less than 0.09 nm/minute, and more
preferably, equal to or less tha 0.08 nm/minute when immexrsed in 1 mass
percent potassium hydroxide aqueous solution maintained at 50°C,

In the present invention, the etching rate is defined as the depth to
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which the glass surface is removed per unit of time. For example, in the
cage of a glass substrate, this is the depth of the glass substrate that is
removed per unit time. The method of measuring this etching rate is not
specifically limited. The following are examples of such methods. First, the
above Glass V is processed into the shape of a (platelike) subsirate, a mask
treatment is applied to a portion of the glass substrate to create a portion
that will nof be etched, and the glass substrate is then immersed in the
above hydrogenfluosilicic acid aqueous solution or potassium hydroxide
aqueous solution while in that state. After having been immersed for a
unit time, the glass substrate is removed from the agueous solution and the
difference {etching difference} between the masked portion and the
unmasked portion is calculated. On that basis, the amount of etching
(etching rate) per unit time is calculated.

Unless specifically nofed otherwise, the individual component
contents and total contents given below in the description of Glass V are
denoted as molar percentages, and ratios between contents are given as
molar ratios. Glass V is an oxide glass and the contents of the individual
components are denoted as their values when converted to oxides.

{01301 A preferred embodiment of Glass V is aluminosilicate glass, that is
glass in which 810z content is equal to or greater than 50 percent and the
total content of SiO2 and AlsOs is equal to or greater than 70 percent.

Si0q, a network-forming component of the above aluminosilicate
glass, is an essential component functioning to enbance glass stability and
chemical durability, particularly resistance to acidity, as well as reduce the
thermal diffusion of the substrate and raise the heating efficiency of the
substrate by radiation.

A0 also contributes to glass network formation, and functions to
enhance glags stability and chemical durability.

In this glass, the total content of 8i0z and AlzO3 is desirably equal to
or greater than 70 percent o enhance chemical durability, particularly
resistance to acidity, while achieving good glass stahility. To fuxther
enhance resistance to acidity, the total content is desirably equal to or
greater than 75 pexcent, preferably equal to or greater than 76 percent.
Taking melting properties of the glass into consideration, the total content
of Si02 and Al203 is desirably equal to or less than 85 percent, preferably
equal to or less than 80 percent.
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[0331] To both achieve good glass stability and further enhance resistance
to acidity, the SiQ2 content is desirably equal to or greater than 50 percent,
preferably equal to or greater than 55 percent, raore preferably equal 1o or
greater than 60 percent, still more preferably equal to or greater than 63
percent, snd even more preferably, equal fo or greater than 65 percent.
However, the introduction of an excessive quantity of Si0O2 produces
unmelted material in the glass. Thus, the quantity of Si0Os is desirably
equal to or less than 75 percent, preferably equal to or less than 72 percent,
and more preferably, equal to or less than 70 percent. When glass in which
unmelted material is present is processed into a substrate, portions of the
unmelted material are sometimes exposed on the surface of the substrate,
forming protrusions. Substrates having such protrusions cannot be
employed as substrates for information recording media in which a high
degree of smoothness is required. Accordingly, the melting property of
glass employed in substrates for information recording media is an
important characteristic.

[0132] (lass V comprises components in the form of one or more alkali
metal oxides selected from the group consisting of Li20, Na20 and K20; one
or more alkaline earth metal oxides selected from the group consisting of
MgO, CaQ, SrO and Ba0; and one or more oxides selected from the group
consisting of ZrOs, HfO, Nb2aOp, Taz0s, Laz0s, Y20z and TiOa. Desirably,
the composition is such that the total content of the alkali metal oxides and
alkaline earth metal oxides is equal to or greater than 8 molar percent, and
the molax ratio of the total content of the above oxides (ZrOg, HfQs, NbyOs3,
Ta20s, Las0s, Y203 and TiO2) fo the total content of the alkali metal oxides
and the alkaline earth metal oxides {(ZrOz + HfOs + Nb20s + Taz0p + Laz03
+ Y203 + TIODH Lis0 + Na20 + K20 + MgO + Ca0 + 8r0 + Ba0)) is equal to
or greater than 0.035.

{0133] In the above aluminosilicate, the total quantity of SiOz2 and Al2Qs is
relatively high. Thus, one or more alkali metal oxides selected from the
group consisting of 1iz0, Na0 and K20 and one or more alkaline earth
metal oxides selected from the group consisting of MgO, Ca0, SrO and BaO
are incorporated to maintain melting properties. Both alkali metal oxides
and alkaline earth metal oxides are components that are useful for raising
the coefficient of thermal expansion to keep it within a range suited to
substrates for miormation recording media, particularly substrates for
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magnetic recording media. However, these components bave the effect of
decreasing chemical durability. Thus, one or more oxides selected from the
group consisting of ZrOz, HiOg, Nb20s, Taz0s, Laz0s, Y20s, and TiOz, which
function to sirongly enhance chemical durability, particularly resistance to
alkalinity, are incorporated. However, when ZrOs, HiOz, NbaOs, TagOs,
Las03, Y203, and TiO2 are incorporated in excessively large quantity, the
melting properties are compromised and glass stability decreases. Thus,
the quantity incorporated is desirably established by achieving a balance
with the alkali metal oxides and alkaline earth metal oxides. Specifically,
the molar ratio of the total content of ZrQz, HfOsz, Nb2Os, Ta20s, LagQs, Y203,
and TiO; to the total content of LizQ, Nas0, K20, MgO, Ca0, 5r0, and BaO
((ZxOz + HfO2 + Nb2Os + Ta0s + Las0s + Y205 + TiO/A Liz0 + Nax0 + K20
+ MgO + CaO + SrO + BaO)) is desirably equal to or greater than 0.035.
The above molar ratio is preferably equal to or greater than 0.040. When
the molar ratio becomes excessively high, the melting propexties deteriorate
and glass stability decreases. Thus, the molar ratio is desirably equal to or
less than 0.18, preferably equal to or less than 0.15, more preferably equal
to or less than 0.18, and still more preferably, equal to or less than 0.12.
[0184] To further enhance chemical durability, particularly resistance to
alkalinity, the total content of ZrOsz, HfOQ2, Nb20s, TagOs, Lag0s, Y03, and
TiOg is desirably equal to ox greater than 0.3 percent, preferably equal to or
greater than 0.5 pexcent, and more preferably, equal to or greater than 0.7
percent. To maintain good melting properties and glass stability, the total
content is desirably equal to or less than 4 percent, preferably equal to or
less than 3 percent, more preferably equal to or less than 2 percent, and still
more preferably, equal to ox less than 1.5 percent.

[0185] Details of the content of ZrOg, HiOs, Nb2Os, Ta0s, Laz0s, Y203, and
Ti02 in Glass V, and the molar ratio of the quantity of ZrQO: to the total
quantity of ZrOs, HfO2, Nb2Os, Taz0s, LazOs, Y203, and TiO2 (Zx04/(Zr0s +
HfO, + Nb2Os5 + Taz0s + Laz0s + Y203 + TiO2) are as described for Glass I.
[0186] Apreferred embodiment of Glass V is glass containing at least one of
Li20 and NagQ, with the total quantity of Liz0 and NaoO being limited to
equal to or less than 24 percent, preferably equal to or legs than 22 percent.
Li20 and Nax0O are components that enhance melting properties, and ave
necessary in the chemical strengthening of Glass V. Further, they also
strongly function to raise the coefficient of thermal expansion and impart
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suitable thermal expansion characteristics to substrates for information
recording media, particular substrates for magnetie recording media.

To reduce or prevent the leaching out of alkali metal components
through an effect achieved by mixing alkalis, LizO and NagO are desirably
incorporated as glass components. However, when excessively large
quantities of Lis0Q and NazO are incorporated, chemical durability tends to
decrease. Thus, the total content of LizO and NazO is desirably limited to
equal to or less than 24 percent, preferably equal {o or less than 22 percent.

To further enhance chemical durability and reduce or prevent
leaching out of alkali metal ions from the glass substrate, the total content
of LigO and Nag0 is desirably limited to egual to or less than 22 percent.
[0187] Details of the content of 1i0 and Na20, the molar ratio of the
quantity of LizO to the guantity of Naz0 (Li20/Na20), and the content of
K20 in Glass V are as described above for Glass 1.

[0188] MgO functions to enhance melting properties, rigidity, and hardness,
and to raise the coefficient of thermal expansion. When present together
with CaO, it also has the effect of increasing the stability of the glass.
Since it also functions to reduce the rate of ion exchange during chemical
strengthening, it can be used to control the rate of ion exchange so that
smoothness is not lost when incorporated in suitable quantity. However, it
compromises chemical durability when incorporated in excessively large
quantity. Thus, the content of MgQ is desirably equal to or greater than 0
percent but less than 5 percent. The MgO content is preferably less than 3
percent, with the upper limit preferably being 2 percent. The lower limit is
desirably 0.1 percent, preferably 0.3 percent, and more preferably, 0.5
percent.

f0139] CaO functions to enhance melting properties, rigidity, and hardness,
and to raise the coefficient of thermal expansion. When incorporated in
suitable quantity, it improves resistance to devitrification. Further, in the
same manner as MgO, it functions to control the ion exchange rate during
chemical strengthening. However, when incorporated in excessively large
guantity, it compromises chemical durability. Thus, the content of Ca0 is
desirably O to 5 percent. The lower limit of the Ca0 content is desivably
0.1 percent, preferably 0.5 percent, and the upper limit is desirably 4
percent, preferably 3 percent.

101401 SrO and BaQ both function to enhance melting properties and raise
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the coefficient of thermal expansion. However, the addition of SrO and
BaO compromises chemical durability, increases the specific gravity of the
glass, and tends to increase the cost of the starting materials. Thus, the
total content of SrO and BaO is desirably 0 to 5 percent, preferably 0 {o 2
percent, and more preferably, 0 to 1 percent. The content of SxO desirably
falls within a range of 0 to 2 percent, preferably 0 to 1 percent, with no
incorporation of SrO being of even greater preference. The content of BaO
desirably falls within a range of 0 to 2 percent, preferably 0 to 1 percent,
with 1o incorporation of Ba( being of even greater preference.

{01411 To summarize the above perspectives, a preferred embodiment of
Glass Vis glass comprising, denoted in moles,

80 to 75 percent of 8iOs;

3 to 15 percent of AloOs; and

a total of 0.3 to 4 percent of ZrO2, HfO2, Nb20s, Ta20s, Laz03, Y203,
and TiOz, and further preferred is glass in which the quantities of the
various components in the form of alkali metal oxides and alkaline earth
metal oxides are allocated as set forth above.

As needed, clarifying agents such as Sb20s, Sn0gz, and CeOz may be
added to Glass V. When the glass is being formed by the floating method,
the addition of SbzOjs is undesirable, the addition of SnQz and CeO: is
desirable, and the addition of SnO2 is preferred.

{0142] [Glasses VI, VII}

Glass VI is glass for use in substrate for information recording
medium, which comprises, denoted as mass percentages,

57 to 75 percent of SiOz

5 to 20 percent of AlxOs, with the total content of Si0Oz and AlsOa
being equal to or greater than 74 percent;

a total of greater than 0 percent but equal to or less than 6 percent of
ZrQOg, HEQ2, NbaOs, Tas0s, Las0s, Y203 and TiOs2;

greater than 1 percent but equal fo or less than 9 percent of Liz0;

5 to 18 percent of Naz0, with the mass ratio, LizO/Naz0 being equal
to or less than 0.5;

0 to 6 percent of K20;

0 to 4 percent of MgO;

greater than 0 percent but equal fo or less than § percent of CaO,
with the total content of MgO and Ca0 being equal to or less than 5 percent
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and CaO content being greater than MgO content; and

a total of O to 3 percent of SrO and BaO.

Glass VII is glass for use in substrate for information recording
medium, which comprises, denoted as mass percentages,

57 to 75 percent of Si0q;

5 to 20 percent of Al2Os, with the total content of SiOz and Al2Os
being equal to or greater than 74 pexcent;

greater than 0 percent but equal to or less than 5.5 percent of ZrOg;

greater than 1 percent but equal to or less than 9 percent of Liz0O;

5 to 18 percent of Naz0, with the mass ratio, Li20/Naz0 being equal
to or less than 0.5;

0 to 6 percent of K20;

0 to 4 pexcent of MgO;

greater than 0 percent but equal to or less than 5 percent of CaO,
with the total content of MgO and CaO being equal to or less than 5 percent
and CaO content being greater than MgO content;

a total of 0 to 3 pexcent of Sr( and BaO; and

0 to 1 percent of TiOz.

Glasses VI and VII can be used to manufacture substrates for
information recording media having high chemical durability aund good
surface smoothness following cleaning.

Glass VI defines ZrOg, H{O2, Nb2Os, Ta20s, LazOs, Y203 and TiQ2 as
the total content, and Glass VII defines the content of ZrOgz and TiOs
respectively; they are otherwise identical. Therefore, the compositions of
Glasses VI and VII will be jointly described in detail below. Both Glasses
VI and VII are oxide glasses, and the contents of the various components
are given as their values when converted to oxides. Unless specifically
noted otherwise, the individual component contents and total contents
given below in the description of Glasses VI and VII are denoted as mass
percentages, and ratios between contents are given as mass ratios.

[0143] 8i02, a network-forming component, is an essential component that
functions to enhance glass stability and chemical durability, particularly
resistance to acidity; reduces the thermal diffusion of the substrate; and
increases the heating efficiency of the substrate by radiation. These effects
are difficult to achieve, and the above objects are difficult to realize, when
the content of Si0g is less than 57 percent. When 75 percent is exceeded,
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meliing properties deteriorate and unmelted material is produced in the
glass. Accordingly, the content of Si0 is set to 57 to 75 percent, desirably
63 to 70 percent, and preferably, 63 to 68 percent.

[0144] Al;03 also contributes to glass network formation, functioning to
enhance glass stability and chemical durability. The above effects are
difficult to achieve when the content of Al2Qs is less than § percent; when 20
percent is exceeded, melting properties deteriorate and unmelted material
is produced in the glass. Accordingly, the content of AlsOs is 5 to 20
percent, desirably 7 to 20 percent, preferably 11 to 20 percent, more
preferably 12 to 20 percent, still more preferably 13 to 20 percent, even
movre preferably 18 to 18 percent, and yet even more preferably, 13 to 16
percent.

01451 Si02 and AlxOg are interchangeable, However, to maintain good
glass stability and chemical durability, the total content of 8i0Oz and AlOs is
set to equal to or greater than 74 percent. This total content is desirably
equal to or greater than 76 percent, preferably equal to or greater than 78
percent, more preferably, equal to or greatex than 79 percent, and still more
preferably, equal o or greater than 80 percent.

[0146] In Glass VI, ZrOg, HfO2, NbaQs, TazOp, Laz0s, Y203, and TiOz are
compounents that enhance chemical durability, particularly resistance to
alkalinity, and increase rigidity and toughness. Thus, the total content of
2103z, HiOg, Nb20s, Ta205, Las0s, Y203, and TiO: is set to greater than 0
pexcent. However, when this total guantity exceeds 6 percent, glass
stability drops, melting properties deteriorate, and specific gravity
increases. Thus, the total content of ZrOz, HfOs, Nb2Os, Taz0s, Lax0s,
Y203, and TiO; is set to greater than 0 percent but equal to or less than 6
pexcent. The tofal quantity is desirably equal to or less than 5.5 percent,
preferably equal to or less than 4 percent, and more preferably, equal to or
less than 3 percent. The lower limit of the above content is desirably 0.1
pexcent, preferably 0.2 percent, more preferably 0.5 percent, still more
preferably 1 percent, and even more preferably, 1.4 percent.

[61471 Among ZrOs, HfO2, Nb20s, Tas0s, LasOs, Y203, and TiOz, when glass
copntaining Ti0s2 is dipped in watex, a reaction product of the glass and watexr
adberes to the glass surface.  Thus, the other components are
advantageous with regard to resistance to water. Accordingly, to maintain
water resistance, the content of TiQO2 is desirably O to 1 percent, preferably 0
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to 0.5 percent, with no incorporation of TiO: being of even greater
preference.

[0148] HfOs, Nb2Os, Taz0s, and LazOs increase the specific gravity of the
glass and the weight of the substrate. Thus, to reduce the weight of the
substrate, the total content of HfOz, Nb2Os, Ta20s5, and LazOs desirably falls
within a range of 0 to 3 percent, preferably 0 to 2 percent, and more
preferably, 0 to 1 percent, with no inchrporation being of even greater
preference. Each of HfQs, NbeOs, Ta20s5 and Lax03; is desirably
individually incorporated in a content of 0 to 3 percent, preferably 0 to 2
percent, and more preferably, 0 to 1 percent, with no incorporation being of
even greater preference.

[0149] In order to achieve the above desired effects while maintaining glass
stability, the content of Y203 desirably falls within a range of 0 to 2 percent,
preferably 0 to 1 percent, with no incorporation of Y203 being of even
greater preference.

[0150] ZrO: functions to strongly enhance chemical durability, particularly
resistance to alkalinity; increase rigidity and toughness; and enhance the
efficiency of chemical strengthening. Purther, it is less expensive as a
starting material than Yp0s. Thus, the mass ratio of the content of ZrO; to
the total content of ZxQs, H.fOz, Nb2Osy, Tag0s, LagsOs Y203, and TO:2
desirably falls within a range of 0.8 to 1, preferably 0.9 to 1, more preferably
0.95 to 1, and still more preferably, is 1.

[0151] In Glass VII, ZxO; is an essential component that functions to
enhance chemical durability, particularly resistance to alkalinity; increase
rigidity and toughness; and increase the efficiency of chemical
strengthening, even when incorporated in a small quantity. However,
when an excessively large quantily of ZrOg is Incorporated into a thin
substrate, the efficiency of chemical strengthening becomes excessively high,
forming an excessive compression stress layer and tending to cause
waviness in the substrate. Accordingly, the content of ZxrQ2 is set to
greater than 0 percent but equal to or less than 5.5 percent. The conient of
ZrQg desirably falls within a range of 0.1 to 5.5 percent. The lower limit of
the ZrOz content is desirably 0.2 percent, preferably 0.5 percent, more
preferably 1 percent; and still more preferably, 1.4 percent; the upper limit
is desirably 6 percent, preferably 4 percent, and still more preferably, 8
percent.
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[0152] Alkali metal oxides such as Liz0, Na20, and K0 function to
enhance glass melting properties and raise the coefficient of thermal
expansion, thereby imaparting thermal expansion characteristics suited to
substrates for use in information recording media, particularly substrates
for use in magnetic recording media. In Glasses VI and VI, among the
ahove alkali metal oxides, Li20O and NazO are essential components and
K20 is an optional component.

[0158]) In addition to the above functioms, Liz0 is a component that
contributes o ion exchange during chemical strengthening, and is
incorporated in a quantity of greater thanm 1 percemf. However, it
compromises chemical durability when incorporated in an excessively large
quantity. Thus, the content of Liz0 is set to greater than 1 percent but
equal to or less than 9 percent. The lower linoit of Li2O content is desirably
1.5 percent, preferably 2 percent; the upper limit is desirably 7 percent,
preferably b percent, more preferably 4.5 percent, and still more preferably,
4.0 percent.

[0154] In addition to the above functions, NagO'is a component that
contributes to ion exchange during chemical strengthening, and is
incorporated in a quantity of equal to or greater than 5 percent. However,
it compromises chemical durability when incorporated in a quantity of
greater than 18 percent. Thus, the content is set to b to 18 percent, The
lower limit of the Naz0 content is desirably 6 pexcent, preferably 7 percent,
more preferably 8 percent, and still more preferably, 9 percent. The upper
Hmit is desirably 17 percent, preferably 16 pexcent, and more preferably, 15
pexrcent.

{01551 However, the ratio of the quantity of Li2O to the quantity of NasQO
(Li20/Naz0) is equal to or less than 0.5, preferably equal to or less than 0.45,
more preferably equal to or less than 0.4, and still more preferably, equal to
or less than 0.38. LizO and NagO are glass components that contribute
directly to ion exchange during chemical sirengthening. In molten salt,
the alkali ions that contribute to ion exchange are Na ions and/or X ions.
As the number of substrates that have been subjected to chemical
strengthening increases, the concentration of Ii ions in the molien salt
increases. When large quantities of glass in which (Li20/Naz0) exceeds 0.5
are treated, the concentration of Li ions in the molten salt increases
markedly. The balance between the alkali ions contributing to ion
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exchange and the alkali tons that do not contribute to ion exchange greatly
changes relative to the start of freatment. As a result, the optimal
processing conditions existing at the start of treatment move out of the
optimal range as the number of substrates treated increases. As stated
above, variation in the shape of the substrate develops, causing an
increased dimensional tolerance in the inner diameter of the center hole.
There are also problems in that the compression stress layer forms
inadequately and waviness develops in the substrate. To resolve such
problems, Lis0/Na20 is set to within the above range. To reduce or prevent
the leaching out of alkali metal components through an effect achieved by
mixing alkalis, glass comprising both Liz0 and NaxO is desirable.

[0156] K30 also functions as the above alkali metal oxide. However,
chemiecal durability is compromised when KpO is incorporated in a quantity
of greater than 6 percent. Thus, the content of K30 is set to 0 to 6 percent,
desirably O to 3 percent, preferably 0 to 2 percent, more preferably 0 to 1
percent, and still more preferably, 0.1 to 0.9 percent. The incorporation of
a small quantity of K2O bas the effect of reducing the variation in
compression stress layers betwsen substrates when chemically
strengthening a large number of substrates.

{0157] The total content of Liz0, Na,O, and K20 is desirably kept to equal
to or less than 24 molar percent, preferably egual to or less than 22 molar
percent, to further enhance chemical durability and reduce the leaching out
of alkali metal components from the substrate.

[0158] MgO functions to increase rigidity and hardness and increase the
coefficient of thermal expansion. When present together with Ca0O, it has
the effect of increasing the stability of the glass. Since it also functions to
reduce the ion exchange rate during chemical strengthening, the
incorporation of a suitable quantity can be used to effectively control the ion
exchange rate so that the degree of smoothness does not decrease.
However, incorporation in a quantity of greater than 4 percent compromises
chemical durability. Thus, the content of MgO is set to 0 to 4 percent.
The lower limit of the MgO content is desirably 0.1 percent, preferably 0.2
percent; the upper limit is desixably 3.5 percent,

[0159] CaO functions to enhance melting properties, rigidity, and hardness,
raise the coefficient of thermal expansion, and enhance resistance to
devitrification when incorporated in suitable quantity. In the same
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manner as Mg0, CaO functions to conirol the ion exchange rate during
chemical strengthening. However, introduction in excess of 5 percent
compromises chemical durability. Thus, the CaO content is set to greater
than 0 percent but equal to or less than 5 percent. The lower limit of the
CaO content is desirably 0.1 percent, preferably 0.3 percent, and more
preferably, 0.5 percent; the npper limit is desirably 4 percent, preferably 3.5
percent.

[0160] Chemical durability deteriorates when the total quantity of MgO
and Ca0 exceeds 5 percent. Thus, the total quantity of MgO and CaO is
equal to or less than 5 percent, desirably equal to or less than 4.5 percent,
and more preferably, equal to or less than 4 percent. The CaO content is
set to greater than the MgO content to achieve good resistance to
devitrification. Both MgO and CaO are desirably present as glass
components fo improve chemical durability. By setting the ratio of the
quantity of MgO to the quantity of Ca0 (Mg0/Ca0) to 0.1 to 0.9, more
preferably 0.3 to 0.7, it is possible to achieve even higher chemical
durability and increase glass stability. )

[0161] SrO and Ba0Q function to enhance melting properties and raise the
coefficient of thermal expansion. However, they decrease chemical
durability, increase the specific gravity of the glass, and increase the cost of
starting materials, Thus, the total content of SrO and BaO is 0 to 3
percent, desirably 0 to 2 percent, and preferably 0 to 1 percent, with no
incorporation.of SrO being of even greater preference. No incorporation of
BaO is also preferred.

(0162] In Glass VII, TiOz functions to increase rigidity,. However, when
introduced in excessively large quantity, water resistance decreases. Thus,
the content is O to 1 percent, desirably 0 to 0.5 percent, with no
incorporation being preferred. The content of TiQ2 in Glass VI is as set
forth above.

[0168] ZnO has the same function as the alkaline earth metal oxides, such
as enhancing melting properties, but lowers resistance to devitrification
when incorporated in excessively large quantity. It is also volatile, and
sometimes corrodes refractory materials in melting of the glass. Thus, the
content is, for example, less than 1 percent, desirably 0 to 0.9 percent,
preferably O to 0.5 percent, with no incorporation being of even greater
preference.
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{01641 By03 functions to enhance melting properties. However, it is
volatile, and sometimes corrodes refractory materials in melting of the glass.
Thus, the content is, for example, less than 2 percent, desirably 0 to 1.5
percent, preferably 0 to 1 percent, and more preferably 0 to 0.4 percent,
with no incorporation being of even greater preference.

[o1651 Gd, Yb, Er, Nd, Dy, Ho, Tx, Th, Pm, and Pr can be incorporated in
(Glass VI to increase rigidity and enhance chemical durability. However,
the introduction of an excessively large quantity diminishes resistance o
devifrification and increases the specific gravity and cost of starting
materials. Thus, the total quantity thereof is, for example, less than 2
percent, desirably 0 to 1.8 perceunt, preferably 0 to 1.5 percent, more
preferably 0 to 1 percent, and still more preferably, 0 to 0.8 percent, with no
introduction being of even greater preference.

{0166] Lins0O3 denotes lanthanoid metal oxides, and the content thereof in
Glass VII denotes the total content of lanthanoid metal oxides contained in
the glass. Ln20s functions to increase rigidity and enhance chemical
durability; they may thus be incorporated for the purpose of increasing
rigidity and enhancing chemieal durability. Ln denotes, by way of example,
La, Gd, Y, Yb, Er, Nd, Dy, Ho, Tm, Th, Pm, and Pr. However, the
incorporation of an excessively large quantity decreases resistamce to
devitrification and increases the specific gravity and cost of starfing
materials. Thus, the content is, for example, less than 2 percent, desirably
0 to 1.8 percent, preferably 0 to 1.5 percent, more preferably 0 to 1 percent,
and still more preferably, O to 0.8 percent, with no incorporation being of
even greater preference.

(01671 As needed, clarifying agents such as Sb20s, As203, 810z, and CeO2
may be incorporated. However, As;Oz has a negative envircnmental
impact and is thus desirably not employed, particularly when
manufacturing substrates through the floating method.

[0168] Like As203, the use of Sb20s should be avoided when manufacturing
substrates through the floating method. However, it may be employed as
an effective clarifying agent when manufacturing molded glass articles
serving as base maferials for substrates by press molding or cast molding.
The quantity added is, for example, O to 1 percent, preferably 0 to 0.7
percent.

[0169] In contrast to SbaOs and As2Qs, both SnO2 and CeQ2 may be used in
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the manufacturing of substrates through the floating method. They are
added in a quantity of, for example, 0 to 1.0 percent, preferably 0 to 0.7
percesnt.
[0170] The quantities of Al;0s and ZrO; added in Glass VII are desirably
determined in consideration of the following. The components in Glass VII
can be roughly divided up into Si0s AlzQ3 ZrOy; the alkali metal oxides; the
alkaline earth metal oxides; and other componenis. SiOz must be
incorporated in a quantity adequate to enhance chemical durability and
increase the heating efficiency of the substrate. The aikali metal oxides
must be incorporated in quantities adequate to adjust the coefficient of
expansion and enhance melting properties, and for chemical strengthening.
The alkaline earth metal oxides must be incorporated in quantities
adequate to adjust the coeffictent of expansion, enhance melting properties,
and control the rate at which chemical strengthening progresses. With
respect to the remaining compounds, Alz03 and ZrOs, the ratic of the AlsO3
content to the ZrO;z content (Alo04/ZxOp) is desirably equal to or less than
160, preferably equal to or less than 100, more preferably equal to or less
than b0, and still more preferably, equal to or less than 20 to enhance
resistance to alkalinity and resistance to devitrification.
[0171s]}In the embodiments of Glasses I to VII containing SiOs, the content
of Si0:2 can be kept to equal to or greater than a certain level to decrease the
thermal diffusion of the glass. In information recording media such as
magnetic recording media, a film including an information recording layer
is formed by sputtering on a substrate in a vacuum chamber. In this
regard, the heating of the substrate is desirably conducted by radiation.
When a substrate is comprised of a glass of lower thermal diffusion, the
heating efficiency can be increased because heat tends not diffuse from a
substrate that has absorbed infrared radiation and generated heat.
Further, in batch-type film forming devices, multiple substrates are
synchronously subjected to a series of steps to form films. Since the
heating efficiency is low at the heating position, this step ends up limiting
the throughput of the entire process. Thus, increasing the efficiency with
which the substrate is heated is desirable in the manufacturing of
information recording media to enhance productivity.
[0172] In Glasses I to VII, not only is it efficient to lower the thermal
diffusion of the substrate, but it is also efficient to incorporate additives
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that absorb infrared radiation into the glass to increase infrared radiation
absorption by the glass. Examples of such IR absorbing additives axe: Fe,
Cuy, Co, Yb, Mn, Nd, Pr, V, Cx, Ni, Mo, Ho, Er, and water. Fe, Cu, Co, Yh,
Mun, Nd, Pr, V, Cr, Ni, Mo, Ho, and Er are present in the glass as ions.
When these ions are reduced, they precipitate out into the glass or onto the
surface, potentially compromising the smoothness of the substrate surface.
Thus, their content should be kept to 0 to 1 pexcent, desirably 0 to 0.5
percent, preferably 0 to 0.2 percent. The quantity of Fe incorporated, as
converted to Feqs0s3, is desirably equal to or less than 1 percent, preferably
equal to or less than 0.5 percent, more preferably equal to or less than 0.2
percent, still more preferably equal to or less than 0.1 percent, and even
more preferably, equal to or less than 0.05 percent. The lower limit is
desirably 0.01 percent, preferably 0.08 percent. A particularly desirable
range is 0.03 to 0.02 pexcent. When employing the above addifives, it is
desirable to incorporate Fe, which affords high IR absorption. In any case,
these additives ave effective when introduced in exiremely small quantities.
Thus, glass starting materials containing such additives as impurities, such
as silica starting materials, may also be employed. However, the quantity
of impurities should also be kept to a certain level, so it is necessary to keep
these points in mind when selecting starting materials. Fe forms alloys
with the platinum or platinum alloys constituting portions of the glass melt
vessel, the stirrers, and the tubes through which the glass flows, damaging
the vessel, stirrers, and tubes. Thus, when employing such equipment, it
is desirable to reduce the quantity of Fe added. In such cases, it is
preferable not to incorporate Fe20s.

[0173) PbO is highly damaging to the environment and increases the
specific gravity of the glass, and is thus desirably not incorporated.

f0174] Above-described Glasses VI and VII can be basically comprised of
glass components in the form of 810, Al20z, Zr02, Li20, Naz0, K20, MgO,
and Ca0, and, as needed, clarifying agents. The addition of other
components increases the specific gravily, adds to the cost of the starting
materials, or the like, tending to deviate from the optimal glass. Thus, the
total content of SiQ; AlOs, ZrQs, 140, Nag(, K20, Mg0O, and Cal
desirably constitutes egqual to or greater than 99 percent of the total, it
being prefexred for the glass to be essentially entirely comprised of these
components.
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[0175] The method of manufacturing Glasses I to VII will be described.
First, glass starting materials in the form of oxides, carbonates, nitrates,
sulfates, bydroxides, and the like are weighed out so as to yield the desired
composition and mixed to obtain a formulated starting material. This
starting material is heated in a re&actorf furnace; melted at a temperature
of 1,400 to 1,8600°C, for example; clarified; and homogenized. In this
manger, a homogenous glass melt free of bubbles and unmelted material is
obtained. This mel$ is caused to flow out and formed into a prescribed
shape, yielding the above-described glass.

[0176] The present invention further relates to chemically strengthened
glass for use in substrate for information recording medium, obtained by
subjecting the glass for information recording medium substrate of the
present invention to chemical strengthening treatment,

This chemically strengthened glass has the characteristics of the
glass for information recording medium substrate of the present invention
as set forth above. Further, as described above, the glass for information
recording medium substrate of the present invention can avoid the problem .
of variation in the shape of the substraie due to the chemical strengthening
treatment, increased dimensional tolerance of the inner diameter of the
center hole of the substrate. Thus, the chemically strengthened glass
obtained by chemically sixengthening the glass for information recording
medium substrate of the present invention has small dimensional
tolerances of the inner diameter of the center hole and is suitable as a
substrate for information recording media employed at high recording
densities. Further, by providing a chemically strengthened layer that has
been subjected to a chemical strengthening treatment, not only is damage to
the substrate effectively prevented during the steps of manufacturing and
shipping of the information recording medium, but reliability following
assembly into the device can be also enhanced.

[6177] The chemical strengthening of Glasses I to VII is conducted by
immersing glass that has been processed into a disk shape, for example, in
molten alkali salt. Examples of molten salts that are suitable for use are
sodium nitrate molten salt, potassium nitrate molten salt, and mixtures of
these two molten salts. In the chemical strengthening treatment, a glass
snbstrate is contacted with a chemical strengthening treatment lLiguid
(molten salt) to replace some of the ions contained in the glass substrate
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with larger ions contained in the chemical strengthening treatment liquid,
thereby chemically strengthening the glass substrate. Once the glass has
been immersed in the molten salt, Li ions in the vicinity of the glass surface
exchange with Na ions and K ions in the molien salt, and Na ions in the
vicinity of the glass surface exchange with K ions in the molten salt,
forming a compression stress layer on the substrate surface. The
temperature of the molten salt during chemical strengthening is a
temperature that is preferably higher than the strain point of the glass but
lower than the glass transition temperature within a femperature range at
which the molten sslt does not undergo thermal decomposition. Since the
molten salt is repeatedly employed, the concentration of various alkali ions
in the molten salt changes and trace quantities of glass components other
than Li and Na gradually leach out. As a result, the processing conditions
drift out of the optimal range, as set forth above. This variation in
chemical strengthening due to such changes over time in the molten salt
can be diminished by adjusting the composition of the glass constituting the
substrate as set forth above. Furthermore, this variation can also be
reduced by setting a high concentration of K ioxs in the molten salt. The
fact that a chemical strengthening treatment has been conducted can be
confirmed by observing the glass cross-section (cut surface of the treated
layer) by the Babinet method, by measuring the distribution of alkali ions
(for example, Li*, Na*, K*} in the direction of depth from the surface, and
the like.

[0178] The present invention further relates to a glass substrate for
information recording medium being comprised of any one of Glasses I to
VII above.

Since the glass substrate for in information recording medivwm of the
present invention is comprised of one of Glasses I to VII, which have good
chemical durability as set forth above, high surface smoothness can be
maintained following cleaning to remove foreign matter. Further, since the
glass substrate for information recording medium of the present invention
exhibits little variation in the shape of the substirate even after chemical
strengthening treatment, the dimensional tolerance of the inner diameter of
the center hole can be lowered, rendering the glass substrate suitable for
use in high recording density information recording media. The present
invention can yield information recording media satisfying the current
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inner diameter dimensional tolerance specification (¢ 0,025 mm), as well as
information recording media capable of meeting the more sfringent
specification for the dimensional tolerance of the inner diameter of = 0.010
mm.

Further, for example, glass exhibiting little leaching out of alkali
metal components, such as Glass V, can yield a substrate with little leaching
out of alkali due to chemical strengthening and good impaet resistance.
[0179] A deflecting strength is generally employed as an indicator of the
impact resistance of substrates for information recording media. Based on
the glass for information recording medium substrate of the present
invention, it is possible to obtain a glass substrate for information recording
media having a deflecting strength of, for example, equal to or greater than
10 kg, desirably equal to or greater t than 15 kg, and preferably, equal to or
greater than 20 kg. As shown in Fig, 2, the deflecting strenmgth is
determined by placing a steel ball on the center hole of a substrate that has
been positioned on a holder, applying a weight by means of a load cell, and
noting the load at which the subsfrate is damaged. The measurement can
be conducted with a deflecting strength measuring and testing device
(Shimadzu Autograph DDS-2000), for example.

[0180] Information recording media are in the forms of magnetic recording
media, magneto-optical recording media, optical recording media, and the
like, based on the method of recording and reproduction. Among these, the
substrate of the present invention is particularly suitable as a substrate for
magnetic recording media, which require high degrees of flainess and
smoothuess. Magnetic recording media are referred to as magnetic disks,
hard disks, and the like, and are suitable for uce in the internal memory
devices (fixed disks, and the like) of desk top PCs, server-use computers,
notebook PCs, and mobile PCsi the internal memory devices of portable
recording and reproducing devices that record and reproduce images and/or
sound; the xecording and reproduction devices of vehicle audio systems; and
the like.

[0181] The substrate of the present invention may have a thickness, for
example, of equal to or less than 1.5 mm, desirably equal to or less than 1.2
mm, and preferably equal to or less than 1 mm. The lower limit is
desirably 0.3 mm, Such a thin substrate tends to develop waviness when
subjected to chemical strengthening. However, in the glass of the present
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invention, particularly Glasses VI and VII, the various components are
balanced to achieve a range in which chemical strengthening terds not to
cause waviness. Thus, a thin substrate of good smoothness is obtained
following chemical strengthening treatment. Furthey, the substrate of the
present invention can be in the form of a disk with a hole in the center
(center hole). Since the variation in the shape of the substrate following
chemical strengthening treatment can be reduced, the glass of the present
invention can be used to mass produce disk substrates with center holes of
low inner diameter dimensional tolerance.

[0182] The present invention further relates to a method of manufacturing
a glass substrate for information recording medium, which comprises the
steps of mirror finishing the glass for information recording medivwm
substrate of the present invention, and following mirror polishing,
conducting acid cleaning and alkali cleaning. This manufacturing method
is suitable as a method for manufacturing the substrate of the present
invention. A specific embodiment thereof will be described below.

First, 2 glass melt is cast into a heat-resistant metal mold. The
glass is molded into cylinders and annealed. The lateral surfaces of the
glass are then ground by centerless processing or the like. The glass is
fhexn sliced to a prescribed thickness to prepare thin disk-shaped substrate
blanks.

Alternatively, an outflowing glass melt can be cut to obtain a desired
glass melt gob. The gob is then press molded in a pressing mold to produce
a thin disk-shaped substrate blank.

Still further, a glass melt can be caused to flow into a floating bath,
formed into sheet form, annealed and then hollowed into a round subsirate
blank to prepare a substrate blank.

The substrate blank thus prepared can be subjected to center hole
forming, inner and outer circumference processing, lapping, and polishing
to finish it into a disk-shaped substrate. Subsequently, the substrate is
washed with cleaning agents such as acids and alkalis, rinsed, dried, and,
as needed, subjected to the above-described chemical strengthening. The
chemical strengthening treatment can also be conducted after the mirror
polishing step and before the cleaning step.

In this manner, the substrate is exposed to an acid, an alkali, and
water in a series of steps. However, the glass for information recording
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medium substrate of the present invention has good acid resistance, alkali
resistance, and water resistance. Thus, the substrate surface does not
become rough, and a substrate having a flat, smooth surface is obtained.
Details about how the smoothness can be improved as well as a substrate
with little adhering material can be ohtained will be described below.

[0183] As set forth above, the glass substrate for information recording
media (glass substrate for magnetic disks) is subjected to lapping and
polishing to fashion a substrate surface (main surface) shape to serve as the
surface on which imformation will be recorded. However, for example,
during polishing, abrasive polishing grit and adhering material are present
on the main surface immediately after finish polishing (mirrér polishing).
To remove them, it is necessary to wash the main surface after mirror
polishing. For example, when conducting chemical strengthening after
mirror polishing, the chemical strengthening treatment ends up changing
the shape of the main surface. FPurther, sinece the strengthening salt
adheres to the main surface, cleaning is necessary. This cleaning may be
conducted in the form of acid cleaning and/or alkali cleaning, for example.
It is common to employ both, When such is done, when the glass substrate
for information recording medinm bhas poor resistance to acid and to alkali,
the cleaning will roughen the substrate surface. Additionally, when the
cleaning agent is weakened to prevent roughening of the substrate surface
by cleaning, the abrasive polisking grit, adhering material, and
strengthening salt adhering to the substrate surface are not adequately
removed. Accordingly, in order to reduce the adhering material including
abrasive polishing grit as well as to eahance the smoothness of the
substrate surface, it is required to impart adequate acid resistance and
alkali resistance to the glass substrate for information recording medium.
{01841 Recording density has risen progressively in recent years. For
example, high recording density information recording media with
recording densities of equal to or greater than 130 Ghitfinch?, preferably
egual o or greater than 200 Gbitfinch?, are now in demand. Reducing the
floating level of the recording and reproducing head relative to the
information recording medium is an effective way of achieving high density
recording. To this end, it is desirable to employ a substrate with a highly
flat surface as the substrate in information recording media, For example,
a glass substrate for information recording media having a main surface
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with a surface roughness (Ra) of equnal to or less than 0.25 nm, preferably
equal to or less than 0.2 nm, more preferably equal to ox less than 0.15 nm,
is desirable to manufacture information recording media with a recording
density of equal to or greater than 130 Gbit/inch?z  Achieving this surface
roughness makes it possible to reduce the floating level of the recording and
reproducing head on the information recording medium, achieving a high
recording density. In the present invention, the phrase "main surface"
means the surface on which the information recording layer is to be
provided or has been provided. Such a surface is the widest surface among
the surfaces of the information recording medium, and is thus called the
"main surface." In the case of a disk-shaped information recording
medium, it corresponds to the round surface of the disk (without the center
hole when one is present).

[0185] Any abrasive grit that is capable of achieving a surface roughness of
egual to or less than 0.25 nm, for example, on the main surface of the glass
substrate for information recording media may be employed as the abrasive
polishing grit used in the above mirror polishing without specific limitation;
however, silicon dioxide is desirable. A colloidal silica, in which the silicon
dioxide is in colloidal form, is preferably employed in acidic polishing or
alkali polishing to prepare the surface form of the glass subsirate.

In the above-described cleaning, an acid cleaning is suitable for
removing organic material that has adhered fo the main substrate surface.
In contrast, an alkali cleaning is suitable for removing inerganic material
(such as iron) that has adhered to the substrate surface. That is, since the
material that is removed differs with acid cleaning and alkali cleaning, it is
desirable to employ a combination of both when manufacturing a glass
substrate for information recording media, and it is preferable to conduct
the acid cleaning step and alkali cleaning step sequentially. From the
perspective of controlling fhe charge of the glass substrate following
cleaning, it is desirable to conduct the alksli cleaning after the acid
cleaning.

{0186] The resistance to acidity and alkalinity required of the above glass
substrate for information recording media will be desecribed below. A
resistance to acidity snch that the etching rate of the above glass substrate
when immersed in a 0.5 percent (Vol%) hydrogenfluosilicic acid (HzSiF)
aqueous solution maintained at 50°C is equal to or less than 3.0 nm/minute,
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desirably equal to or less than 2.5 nm/minute, preferably equal to or less
than 2.0 nm, and more preferably, equal to or less than 1.8 nm/minute, is
desirable, and a resistance to alkalinity such that the etching rate when
immersed in a 1 mass percent potassium hydroxide aqueous solution
maintained at 50°C is equal to or less than 0.1 nm/minute, preferably equal
to or less than 0.09 nm/minute, and more preferably, equal to or less than
0.08 nm/minute, is desirable.

Since the above glass substrate has high resistance to acidity and
alkalinity, it is possible to manufacture a glass substrate with a smooth
gurface, with less material adhering to the substrate surface. For example,
Glass V can be employed as the glass constituting the glass substrate.
[0187] The present invention further relates to an information recording
medium comprising an information recording layer on the above glass
substrate for information recording medium,

The present invention also relates to 2 method of manufacturing an
information recording medium, wherein a glass substrate for information
recording medium is manufactured by the method of manufacturing a glass
substrate for information recording medium, and an information recording
layer is formed on the glass substrate.

The above-described glasses of the present invention permit the

manufacturing of substrates of high surface smoothness that afford good
shape stability following chemical strengtheming treatment. The
information recording medium comprising the above-described substrate is
suited to high density recording. Simce substraies of the high heating
efficiency can be obtained set forth above, it is also possible to manufacture
information recording media with high productivity.
[0188] By suitably selecting the information recording layer, the above
information recording medivm can be employed in a variety of information
recording media. Examples of these media are’ magnetic recording
media, magneto-optical recording media, and optical recording media.

As set forth above, the information recording medinm of the present
invention can accommodate increasingly high recording densities. In
particulaxy, it can be suitably employed as a perpendicular magnetic
recording —mode magnetic recording meditm in. Based on information
recording media employed in perpendicular magnetic recording systems, it
is possible to provide information recording media that can accommodate
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even higher recording densities. That is, a magnetic recording medium in
a perpendicular magnetic recoxrding system affords a bigher recording
density (for example, 1 Thit/(2.5 cm)?) than the surface recording density
(equal to or greater than 100 Ghit/(2.5 cm)?) of a magnetic recording
medium in a conventional longitudinal magnetic recording system. Thus,
even higher density recording can be contemplated.

10189] The information recording medium, and method of manufacturing
the same, of the present invention will be described in detail below.

The information recording medium of the present inveniion
comprises an information recording layer on the above-described substrate
for information recording medium. For example, an information recording
medium such as a magnetic disk can be manufactured by sequentially
providing an underlayer, magnetic layey, protective layer, and lubricating
layer on the above-described glass substrate.

[0190] The information recording layer can be suitably selected based on
the type of medium, and is not specifically limited. Examples are Co-Cr
based (here, the word "based" is used to mean a material containing the
stated substance), Co-Cr-Pt based, Co-Ni-Cr based, Co-Ni-Pi based,
Co-Ni-Cx-Pt based, and Co-Cr-Ta based magnetic layers. An Ni layer, Ni-P
layer, Cr layez, or the like may be employed as the underlayer. CoCrPt
based alloy materials and, especially, CoCxPiR based alloy materials, are
specific examples of materials for nse in magnetic layers (information
recording layers) suited to high demsity recording. TFePt based alloy
materials are also suitable. These magnetic layers are highly useful for
use as magnetic materials in perpendicular magnetic recording systems.
CoCrPt based alloy materials and FePt based alloy materials can be
subjected to film formation or heat treatment following film formation at a
high temperature, at 300 to 500°C for CoCrPt based alloy materials, and at
500 to 600°C for FePt alloy materials, to adjust the crystal orientation or
crystalline structure and achieve configurations suited to high-density
recording.

[0191] A nobmagnetic underlayer and/or soft magnetic underlayer can be
employed as the underlayer. Nonmagnetic underlayers are mainly
provided to reduce the size of the crystal particles (crystal grains) in the
magnetic layer or control the crystal orientation of the magnetic layer
Underlayers with bee system crystallinity, such as Cr based underlayers,
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have in-plane orientation promoting effects, and are thus desirable in
magnetic disks in in-plane (longitudinal) recording systems. Underlayers
with hep system crystallinity, such as Ti and Ru based underlayers, have
perpendicular orientation promoting effects, and thus can be employed as
magnetic disks in perpendicular magnetic recoxrding systems. Amorphous
underlayers have the effect of reducing the size of the crystal grains in the
magnetic layer.

f0192] Soft magnetic underlayers are employed mainly in perpendicular
magnetic recording disks, and have the effect of promoting magnetization
pattern recording by magnetic heads in perpendicular magnetic recording
layers (magnetic layers). A layer of high saturation magnetic flux density
and high magnetic permeability is desirable for making full use of the
effects of a soft magrpetic underlayer. Thus, high-femperature flm
formation or a heat treatment following film formation is desirable.
Examples of such soft magnetic layer materials are Fe based soft magnetic
materials such as FeTa based soft magnetic materials and FeTaC based soft
magnetic materials. CoZr based soft magnetic materials and CoTaZr
based soft magnetie materials are also desirable.

01938] A carbon film or the like may he employed as the protective layer.
A Tubricating agent such as perfluoropolyether may be employed to form a
lubricating layer.

[0194] An example of a preferred embodiment of a perpendicular magnetic
recording disk is a magnetic disk obtained by forming on the substrate of
the present invention a soft magnetic underlayer, an amorphous
nonmagnetic underlayer, a crystalline nonmagunetic underlayer, a
perpendicular magnetic recording layer (magnetic layer), a protective layer,
and a lubricating layer in this order.

[0195] In the case of a perpendicular magnetic recording-mode magnetic
recording medium, examples of suitable configurations of the films formed
on the substrate include: a single layer filx in the form of a perpendicular
magnetic recording layer formed on a nonmagnetic material in the form of a
glass substrate; a double layer film in the form of a sequentially applied soft
magpetic layer and magnetic recording layex; and a triple layer film in the
form of a sequentially applied hard magnefic layer, a soft magnetic layer,
and a magnetic recording layer. Of these, the double layer and triple layer
films axe preferred over the single layer film because they are better suited
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to high recording densities and maintaining stable magnetic moments.
{0196] Based on the glass substrate for information recording media of the
present invention, it is possible to suitably manufacture magnetic disks for
recording and reproduction at surface information recording densities of
equal to or greater than 200 Gbits/inch?,

Magnetic disks accommodating the perpendicular magnetic
recording method are examples of magnetic disks accommodating surface
information recording densities of 200 Gbits/inch? and above.

When recording and reproducing information at surface information
recording densifies of 200 Gbits/inch? and above with a hard disk drive, the
floating level above the magnetic disk of the magnetic head that is recording
and reproducing signals by floating over the main surface of the magnetic
disk is equal to or less than 8 nm. b achieve this, the main surface of the
magnetic disk is normally a mirror surface. Further, the main surface of
the magnetic disk must normally have a surface raughness Ra of equal to or
less than 0.25 nm. The glass substrate for information recording medium
of the present invention permits the snitable manufacturing of a2 magnetie
disk accommodating a magnetic head with a floating level of equal to or less
than 8 nm.

When recording and reproducing information at a surface
information recording density of equal to or greater than 200 Ghitsfinch?,
the recording and reproducing element that is mounted on the magnetic
head is sometimes in the form of a floating level active control element
called a dynamic flying height head ("DFH head" hereinafter).

In a DFH head, heating of the area around the element causes the
element portion of the magnetic head to thermally expand, further
narrowing the gap between the magnetic head and the magretic disk.
Thus, the main surface of the magnetic disk must have a mirror surface
with a surface roughness Ra of equal o or less than 0.25 nm. The glass
substrate for information recording medium of the present invention
permits the suitable manufacturing of magnetic disks accommodating the
DFH head.

{0197] The glass subsirate for information recording medium of the present
invention can be amorphous glass. Amorphous glass can produce mirror
surfaces of suitable surface roughness.

[0198] An implementation embodiment of a maguetic disk that is an
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information recording medium employing the glass substrate for
information recording medium of the present invention will be deseribed
below with reference to the drawings.

Fig. 1 is an example of the configuration of a magnetic disk 10
according to an implementation embodiment of the present invention. In
the present implementation embodiment, magnetic disk 10 is sequentially
comprised of glass substrate 12, adhesive layer 14, soft magnetic layer 18,
underlayer 18, grain size reduction promoting layer 20, magnetic recording
layer 22, protective layer 24, and lubricating layer 26.

[0198] Magnetic recording layer 22 functions as an information recording
layer for the recording and reproducing of information.

Magnetic disk 10 may be further provided with an amorphous seed
layer between soft magnetic layer 16 and underlayer 18. The seed layer is
a layer for enhancing the crystal orientation of underlayer 18. For
example, when underlayer 18 is Ru, the seed layer can be a layer for
enhancing the C-axis orientation of an hep crystal structure.

[0200] Glass substrate 12 is a glass substrate for the formation of the
various layers of maguetic disk 10. The above-described glass substrate
for information recording medium of the present invention is employed as
this glass substrate.

[0201] The main surface of the glass substrate is desirably a mirror surface
with a surface roughness Ra of equal to or less than 0.25 nm. A mirror
surface with a surface roughness Rmax of equal to or less than 3 nm is
desirable.

Employing such a smooth mirror surface makes it possible to
achieve a certain spacing between magnetic recording layer 22, which is a
perpendicular magnetic recording layer, and soft magnetic layer 16. Thus,
suitable magnetic paths can be formed between the head, magmnetic
recording layer 22, and soft magnetic layer 16.

[0202] Adhesive layer 14 is a layer for increasing the adhesion between
glass substrate 12 and soft magnetic layer 16, that is formed between glass
substrate 12 and soft magnetic layer 16. Using adhesive layer 14 can
prevent the separation of soft magnetic layer 16. A Ti-containing material,
for example, can be employed as the material of adhesive layer 14. From
the practical perspectives, the film thickness of adhesive layer 14 is
desirably from 1 nm to 50 nm. The material of adhesive layer 14 is
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desirably an amorphous material.

{0208] Soft magnetic layer 16 is a layer for adjusting the magnetic circuit of
magnetic recording layer 22. Soft magnetic layer 16 is not specifically
limited other than that it be formed of a magnetic material exhibiting soft
magnetic characteristics. For example, it desirably exhibits magnetic
characteristics such as a coercivity (Hc) of 0.01 to 80 Oe, preferably 0.01 to
50 Oe, and a saturation magnetic flux density (Bs) of 500 exnu/ce to 1920
emu/ce. Examples of the material of soft magnetic layer 16 are Fe based
and Co based materials. Specific examples are' Fe based soft magnetic
materials such as FeTaC based alloys, FeTaN based alloys, FeNi based
alloys, FeCoB based alloys, and FeCo based alloys: Co based soft magnetic
materials such as CoTaZx based alloys and CoNbZr bhased alloys; and FeCo
based alloy soft magpetic materials. The material of soft magnetic layer 16
is desirably an amorphous material.

[0204] The thickness of soft magnetic layer 16 is, for example, 30 nm to
1,000 nm, preferably 50 nm to 200 nm. At less than 30 nm, it sometimes
becomes difficult to form a suitable magnetic circuit between the head,
magnetic recording layer 22, and soft magnetic layer 16. At greater than
1,000 om, surface roughness sometimes increases. Further, at greater
than 1,000 nm, flm formation by sputfering is sometimes rendered
difficult.

[0205] Underlayer 18 is a layer for controlling the erystal orientation of
grain size reduction promoting layer 20 and magnetic recording layer 22,
and may contain ruthemium {Rw, for example. In the present
implementation embodiment, underlayer 18 is comprised of multiple layers.
In underlayer 18, the layer including the surface interfacing with grain size
reduction promoting layer 20 is formed of Ru crystal grains.

[0206] Grain size reduction promoting layer 20 is a nonmagnetic layer of
granular structure. In the present implementation emnbodiment, grain size
reduction promoting layer 20 is comprised of a nonmagnetic CoCrSiO
material of granular structure. Grain size reduction promoting layer 20
has a granular structure comprised of SiO-containing oxide grain boundary
portions and CoCr-containing metal grain portions divided into sections by
the grain boundary portions.

[0207] Magnetic recording layer 22, ferromagnetic layer 32, magnetie
coupling control layer 34, and exchange energy control layer 36 are present
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on grain size reduction promoting layer 20 in the order given.
Ferromagnetie layer 82 is a CoCrPtSio layer with a granular structure, and
CoCrPt crystal grains are present as magnpetic crystal grains.

Ferromagnetic layer 32 has a granular structure comprised of
SiO-containing oxide grain boundary portions and CoCrPt-containing metal
grain portions divided into sections by the grain boundary portions.

[0208] Magnetic coupling control layer 34 is a coupling control layer for
controlling magnetic coupling of ferromagnetic layer 32 and exchange
energy control layer 86, Magnetic coupling control layer 34 is comprised of
a palladium (Pd) layer or a platinum (Pt) layer, for example. Magnetic
coupling control layer 34 is equal to or less than 2 nm, preferably 0.5 to 1.5
nm, in thickness, for example.

[0209] Exchange energy control layer 36 is a magnetic layer {continuous
layer) the easily magnetized axis of which is roughly aligned in the same
direction as ferromagnetic layer 32. Through exchange coupling with
ferromagnetic layer 32, exchange encrgy control layer 36 enhances the
magnetic recording properties of magnetic disk 10. Exchange energy
control layer 36 is comprised, for example, of multiple films in the form of
alternating stacked layers of cobalt {(Co), or an alloy thereof, and palladinm
(Pd) ([CoX/Pdln), or alternating stacked layers of cobalt {Co), or an alloy
thereof, and platinum (Pt) [CoX/Ptln), and is desirably 1 to 8 nm, preferably
3 to 6 nm, in thickness.

[0210] Protective film 24 is a protective film for protecting magnetic
recording layer 22 from impact by the magnetic head. Lubricating layer 26
is a layer for increasing lubrication between maguetic disk 10 and the
magnetic head.

[0211] With the exception of lubricating layer 26 and protective layer 24,
all of the layers of magnetic disk 10 are desirably formed by sputtering.
The use of DC magnetron sputtering yields uniform films and is thus
particularly desirable.

By way of example, protective film 24 can be formed by CVD method
using a hydrocarbon as the material gas, and lubricating layer 26 can be
formed by dipping method.

[0212] In the present implementation embodiment, an amorphous layer
{for example, adhesive layer 14) is desirably formed by contact with an
amorphous glass substrate having a mirror surface. In addition, soft
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magnetic layer 16 is suitably made of amorphous materials. According to
the present invention, the surface roughness of a glass substrate with a
mirror surface having an Ra of equal to or less than 0.25 nm, for example, is
reflected on achieving a magnetic disk surface having a mirror surface with
an Ra of equal to or less than 0.25 nm, for example.
[0213] The size of the substrate (for example, magnetic disk substrate) for
information recording medium and the information recording medium (such
as magnetic disks) of the present invention is not specifically limited.
Since high density recording is possible, the size of both the medium and the
substrate can be reduced. For example, they are suited as magnetic disk
substrates and magnetic disks with a nominal diameter of 2.5 inches, or
even smaller (for example, 1 inch).
[0214] EXAMPLES

The present invention will be described in greater detail below
through Examples. However, the present invention is not limited to the
embodiments described in Examples.
[0215] (1) Preparation of glass melt

Starting materials in the form of oxides, carbonates, nitrates,
hydroxides, and the like were weighed out to yield glasses of the
compositions of Examples 1, 1', 2, 2!, 8, 3", and 4 to 15 shown in Table 1 and
mixed to prepare formulated starting materials, These starting materials
were charged to melf vessels, heated for 6 hours at 1,400 to 1,600°C, heated,
melted, clarified, and stirred to prepare homogenasus glass melts containing
no bubbles or unmelted material. Examples 1 to 4, 1'to 8, and 7 to 15
correspond to glasses I to IV, VI, and VII, Example 5 corresponds to glasses
101, IV, VI, and VII; and Example 6 corresponds to glasses I to IV.
[0216] (2) Glass molding

The glass melt was then caused to flow out of a pipe at a certain flow
rate while being received by the lower mold for press molding, and a cutting
blade was used to cut the glass melt to obtain a glass melt gob of prescribed
weight on the lower mold. The Iower mold upon which the glass melt gob
had been positioned was immediately conveyed away from beneath the pipe.
Employing an upper mold opposing the lower mold and a sleeve, the glass
melt gob was press molded into a thin disk shape measuring 66 mm in
diameter and 1.2 mm in thickness. The press-molded article was cooled to
a temperature at which it would not deform, removed from the mold, and
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annealed, yielding a substrate blank. The above molding was conducted
with multiple lower molds to continuously mold the outflowing glass melt.
[0217] (3) Preparation of substrate blanks

Disk-shaped substrate blanks were prepared by methods A or B
below.
(Method A)

The above glass melt was continuously cast from above into the
through-holes of a heat-resistant casting mold equipped with cylindrical
through-holes, formed inio cylinders, and removed fxora the bottoms of the
through holes. The glass that was removed was annealed and then sliced
at a prescribed spacing in a direction perpendicular to the axis of the
cylinders with a multiwire saw to prepare disk-shaped substrate blanks.
(Method B)

The above glass melt was caused to flow out onto a float bath to form
a sheet-shaped glass. The sheet glass was then annealed and disk-shaped
pieces of glass were cut out of the sheet glass to obtain substrate blanks.
[0218] (4) Preparation of substrates

Through-holes were formed in the center of the substrate blanks
obiained by the above methods, the inner and outer perimeters of the
substrate blanks were ground, and the main surfaces of the disks were
lapped and polished (mirror polished) to finish magnetic disk substrates
measuring 65 mm in diameter and 0.7 mm in thickness.

[0219] (5) Cleaning

Next, the substrates were washed with cleaning agents such as
acids and alkalis, rinsed with pure water, and dried. The surfaces of these
substrates were observed under magrification, revealing no surface
roughmness; they exhibited smooth surfaces.

[0220] (5) Chemical strengthening treatment

The dried substrates were chemically strengthened by being
immersed for 240 minutes in a mixed molten salt of sodinm nitrate and
potassium nitrate heated to 880°C, washed, and dried. The chemically
strengthened substrates exhibited no waviness caused by the chemical
strengthening and a high degree of flatness. The inner diameter
dimension of the center hole of the disk-shaped glass substrates was kept
within the range of 20.025 mm % 0.010 mm, a tolerance that was tighter
than the current inner diameter dimension tolerance specification
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(tolerance % 0.025 mm).
02211 (6) Preparation of magnetic disks

An underlayer, soft magnetic layer, magnetic layer, lubricating layer
and the Lke were formed on the chemically strengthened substraies to
prepare magnetic disks for a perpendicular magnetic recording system.
[0222] Evaluation method
1. Liquidus temperature

A glass sample was charged to a platinum crucible, maintained fox
three hours at a prescribed temperature, removed from the furnace, and
cooled. The presence, or absence, of crystal precipitation was then
observed by microscopy, and the lowest temperature at which no crystals
were observed was adopted as the liquidus temperature (L.T). The results
are given in Table 1.

The liquidus temperature is an indicator of glass stability and
resistance to devitrification. A desirable liquidus temperature for glass
employed in the substrates of information recording media is equal fo or
lower than 1,000°C, preferably equal to or lower than 970°C, more
preferably equal to or lower than 950°C, and still more preferably, equal to
or lower than 930°C. The lower limit is not specifically limited, but 800°C
or above may be employed as a yardstick.

[0223] 2. Acid etching rate and alkali etching rate

Substrates were prepared from the glasses of Examples 1 to 4 by the
same methods as in (1) to (4) above. One portion of each substrate
prepared was subjected to a masking treatment to prevent etching. The
glass substrate in this state was then immersed for a prescribed period in a
0.5 volume percent hydrogenfluosilicic acid aqueous solution maintained at
50°C or a 1 mass percent potassium hydroxide agueons solution maintained
at 50°C. Subsequently, the glass substrate was withdrawn from the above
agueous solution. The difference {etching difference) between the masked
and unmasked portions was determined and divided by the immersion time
to calenlate the amount of eiching {etching rate) per unit time. The resulis
are given in Table 2.

[0224] [Table 1]
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Denofed as molar percentages

Component Example 1 | Example ¥ | EXample 2 | Example 2°
8i0, 68.23 56.29 67.34 67.39
Aly0q 9.25 9,25 g.22 8.21
L0 8.13 8.12 752 7.52
Na,0 11.22 11.21 10.74 10.74
K,0 0.26 0.26 0.26 0.26
MgO 1.54 1.54 1.54 1.54
Ca0 2.32 2.32 2.33 233
Sr0 0.00 0.00 0.00 0.00
BaO 0.00 0.00 0.60 0.00
ZrQ, 101 1.01 1.01 1.01
HfQ, 0.00 0.00 0.00 0.00
Nb,O5 0.00 0.00 0.00 0.00
Ta,05 0.00 0.00 0.00 0.00
La,0, 0.00 0.00 0.00 0.00
¥,0, 0.00 0.00 0.00 0.00
Ti0, 0.00 0.00 0.00 000 |
Fe,0y 0.04 0.00 0.04 8.00
Zn0 0.00 0.00 0.00 0.00
Sb,0;4 0.00 0.00 0.00 0.00
SO, 0.00 0.00 0.00 0.00
Total 100.00 100.00 100.00 100.00
8i0,+Al1,0, 75.48 75.54 76.56 76.6
“Zozfg:g; K0 19.61 18,59 1852 18.52
Li,0+Na,0 19.35 19.33 18.26 18.26
Li;0/Na,0 0.725 0.724 0.700 0.700
Mg0+02:0$§)r0+830 3.86 385 387 3.87
Ca0+MgO 3.86 3.86 3.87 3.87
MgO/Ca0 0.664 0.664 0.661 0.561
R,0+RO 2347 23.45 22.39 2239
ZrO +HFQ #Nb,Og+
Ta,05+L3,04+Y,04+ 1.010 1,010 1010 1.010
TiO(=M)
R,0/(810,+A1,0,+M) 0,256 0.256 0.239 0.239
Zr0,/M 1.000 1.000 1,000 1.000
M/(R,0+R0) 0.043 0.043 0,045 0.045
M/RO 0.262 0.262 0.261 0.261
Liguidus temp. CC) 230 930 350 850
Corresponding giass | I ~IVVIVIL [ T~IVVILVIT| I ~NVIVI [ T ~IV VIV
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Denoled as molar percentages

Component Example 3 | Example 3" | Example 4 | Example 5
8i0, £7.26 §7.23 67.3 72.2
Al O4 5.21 9.2 9.2 6.0
Li,0 8.14 8.13 6.3 8.2
Na,O 11.23 11,23 1241 104
K,0 0.26 0.26 0.3 0.1
“Mg0 1.08 1.08 16 03
Cal 1.77 1.77 2.2 0.8
Sr0 0.00 8.00 0.0 0.0
Ra0 0.00 2.00 0.0 0.0
ZrD, 1.01 1.00 1.0 1.5
HfO, 0.00 0.00 0.0 0.0
Nb,0; 0.00 0.00 0.0 0.0
Ta205 0.00 0,00 0.0 0.0
La,0, 0.00 0.00 0.0 0.0
Y,0; 0.00 0.00 0.9 0.0
Ti0, 0.00 0.00 0.0 00
Fe,04 0.04 0.00 0.0 0.0
Zn0 0.00 0.00 0.0 0.0
Sb,0; 0.00 0.00 0.0 0.0
S0, 0.00 0.00 0.0 0.0
Total 100.00 100.00 100.0 100.0
Si0,+Al,04 76.47 76.53 76.5 78.2
“30?':";;8; K0 19.63 19.62 18.7 18,7
Li,0+Na,0 18.37 19.36 18.4 18.6
11,0/Na,0 0.725 0.724 0.521 0.788
Mg0 e o0 285 2.85 38 16
CaO+MgO 2.85 2.85 38 1.6
Mg0/Ca0 0610 0.610 0.727 1.000
R,0+RO 22.48 2247 22.5 20,3
ZrQ,+HFO ,#Nb, O+
Ta3,05+L2,05+Y,04+ 1.010 1.000 1.600 1.500
TiO,(=M)
R,0/(Si0,+ALO+M) 0.253 0.253 0.241 0.235
Zr0,/M 1,000 1.000 1.000 1.000
M/(R,0+R0) 0.045 0.045 0.044 0.074
M/RO 0.354 0.351 0.263 0.938
Tiquidus emp.(°c) 920 930 930 950
Correspondingglass | I ~WWVIVE| I~HV.VI| I~ VVI] HNVVIVI
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Denoted as molar percentages

Component Example 6 | Example 7 | Exampie 8
Sio, 61.1 63.1 72.0
AlLO, 15.0 13.2 6.0
Li,0 7.1 8.5 8.2
Na,0 1.4 9.2 104
K0 1.0 0.3 0.0
MgO 14 0.5 0.0
Ca0 20 2.2 2.5
S0 0.0 00 0.0
BaQ 00 00 0.0
Zr0, 1.0 1.5 0.9
HfO, 0.0 0.0 0.0
Nb,O; 0.0 0.9 0.0
Ta,05 0.0 0.0 0.0
La,04 0.0 0.0 8.0
Y204 0.0 0.0 0.0
TiO, 0.0 0.0 0.0
Fezog 00 0.0 0.0
Zn0 0.0 0.0 0.0
Sb,04 0.0 0.0 0.0
S0, 0.0 0.0 0.0
Total 100.0 100.0 160.0
Si04+A1L,0, 76.1 76.3 78
HO Ry 185 177 186
Li,0+Na,0 19.5 18.6 18.6
Li,0/Na,0 0,623 0.924 0.788
MgO-*—Cz?g g)ro *Ba0 3.4 27 25
CaO+Mg0 34 21 25
Mg0Q/Cal 0.700 0.227 0.000
R,0+R0O 218 204 21.1
ZrO, +HHFO;+Nb, O+
T320 5’1‘[_320 3+Y203+ 1.000 2400 0.800
TiOa(=M)
R,0/(Si0,+AL,04+M) 0.240 0.225 0.236
Zr0,/M 1,600 0.625 1.000
M/(R,O+R0) 0,045 0.118 0.043
M/RO 0.294 0.889 0.360
Liquidus temp.(°C) 930 950 870
Corresponding glass 1~ I ~NVIVE] T~V VIV
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Dencted as mass percentages

Caomponent Example 1 Sxample 17 Example 2 Example 2”
Si0, 84.1 64.2 65.0 65.1
Al,Q; 15.2 15.2 15.1 15.1
Li,0 3.9 3.9 386 36
Na,0 112 11.2 10.7 10.7
K0 04 0.4 0.4 04
MgO 1.0 1.0 1.0 10
Ca0 2.1 2.1 2.1 2.1
S0 0.0 0.0 0.0 0.0
BaQ 0.0 Q.0 0.0 0.0
Zr0, 20 20 20 20
HfO, 0.0 0.0 0.0 0.0
Nb, O35 0.0 0.0 0.0 0.0
Ta; 05 0.0 0.0 0.0 0.0
13,0, 0.0 0.0 0.0 0.0
Y,04 0.0 0.0 (1AH] co
TiC, 0.0 0.0 0.0 0.0
Fe,04 0.1 0.0 01 0.0
ZnC G.0 0.0 0.0 0.0
Sh,y0, 0.0 0.0 0.0 0.0
80, 0.0 0.0 0.0 6.0
Total 1000 100.0 1000 100.0
Si0,+ALO, 79.3 79.4 80.1 80.2
Li,0/Na,0 0.348 0.348 0.336 0.336
Li,0+Na,0 15.1 15.1 14.3 14.3
Li,O+Na,0+K,0 155 158 14,7 14.7
Meg(0+Ca0 3.1 3.1 3.1 3.1
Meg0/Ca0 0.476 0.476 0.476 0476
Sr0+Ba0 0.0 0.0 0.0 0.0
Liquidus temp. (°C) 930 830 850 850
Corresponding glass I~IVVIVIE] T~IVVIVE] I ~IVVIVII] T ~NVIVI
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Denoted as mass percentages

Component Exarnple 3 Example 37 Example 4 Example 5
Si0, 65.0 65.1 64.6 710
ALO; 15.1 5.1 15.0 100
Li,0 38 a3 3.0 40
Na,0 11.2 11.2 12.0 10.6
K,0 6,4 04 0.5 02
MgQ 0.7 0.7 1.0 0.5
Cal 1.6 1.6 2.0 0.7
Sr0 0.0 0.0 0.0 0.0
Bal 0.0 5.0 0.0 0.0
0, 20 2.0 2.0 30
HfO, 0.0 0.0 0.0 00
Nb,O5 0.0 0.0 0.0 0.0
Ta,0g 0.0 0.0 0.0 00
La,0, 0.0 00 0.0 0.0
Y0, 0.0 0.0 0.0 g0
TiC, 0.0 0.0 0.0 0.0
F6203 D1 0.0 0.0 00
nQ 0.0 0.0 0.0 0.0
Sb,0; 00 0.0 0.0 00
SO, 0.0 0.0 0.0 0.0
Total 100.0 100.0 100.0 100.0
Si0,+Al,04 0.3 80.2 79.6 81.0
Li;0/Na,0 0.348 0.348 0.250 0.377
Li,0+Na,0 15.1 1581 15.0 14.8
Li,O+Na,0+K,0 15.8 155 15.4 14.8
MgO+Cal 23 23 3.0 1.2
Mg0/Ca0 0.438 0438 0522 0.714
Sr0+Bal 0.0 0.0 0.0 0.0
Liquidus temp.{°C) 920 820 930 850
Conesponding glass T~NVVIVI| T~NVVIVIL T~NMVIVD] [V VLVI
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Denoted as mass percentages

Component Example 8 Example 7 Example 8
Si0, 56.3 573 1.2
Al O, 235 204 10.1
Li,O 33 3.8 40
Na,0 109 8.6 10,6
K0 1.5 1.3 0.0
MgO 098 0.3 0.0
GCal 1.7 1.9 23
SrQ 0.0 0.0 0.0
BaO 0.0 0.0 0.0
Zr0, 18 28 i8
Hf0, 0.0 0.0 0.0
Nb,Os 0.0 3.6 0.0
Ta0s 0.0 0.0 0.0
La,03 0.0 0.0 0.0
Y0, 0.0 0.0 0.0
TiO, 00 0.0 0.0
Fe,0q4 0.0 0.0 0.0
Zn0 0.0 0.0 0.0
8b,0,4 0.0 0.0 0.0
S0, 0.0 0.0 0.0
Total 100.0 100.0 100.0
SiOs+AL O, 78.8 71.7 81.3
Li,0/Na,0 0.303 0.442 0,377
Li,0+Na,0 14.2 12.4 14.6
Li,OtNa,0+K,0 15.7 137 14.6
Mg0+Cal 26 2.2 2.3
MgQ/Cal 0,529 0.158 0.000
Sr0+Bal 0.0 0.0 0.0
Liquidus temp. (°C) 930 850 970
Carresponding glass I~N I ~NVVIVIL] 1T ~IVVIVI




Denoled as molar pareentages

Component Example 8 Exampie 10 Example 11
SiO, 66.9 68.1 64.3
AlLO; i0.5 100 120
Li,0 8.3 10.0 53
Naz,0 120 100 14.2
K0 0.0 0.0 01
MgO 8.0 0.0 0.3
Cal 1.3 1.0 23
50 0.0 0.0 0.0
BaC 0.0 G0 8.0
Zr0, 1.0 0.9 1.0
HfO, 8.0 0.0 8.0
Nb,O5 0.0 0.0 8.0
Ta,0x 0.0 0.0 8.0
La,04 0.0 0.0 0.0
Y04 0.0 0.0 8.0
TiO, 0.0 0.0 0.0
Fe, 0, . 0.0 0.0 00
n0 0.0 0.0 0.0
SbyO, 0.0 0.0 0,0
S0, 0.0 0.0 0.0
Total 100.0 100.0 100.0
Si0z+ALOy 774 78.1 76.8
“zo'*f;:g; K0 203 200 195
Li;0+Na,0 203 20 19,8
Li,0/Na,0 0.692 1.000 0.373
Mg0+0?gé-g)r0+8a0 13 1 926
CaQ+MgO 1.3 1 2.8
MgO/Cal 0.000 0.000 0.130
R,0+RO 21.8 210 22
Zr0,+HfO,#Nb,Ogt
Ta,05+La,04+Y,05+ 1.000 0.900 1.000
TiO,(=M)
R,0/(Si0s+Al,04+M) 0.259 0.253 0.251
ZrQ,/M 1.000 1.000 1.000
M/(R,0+R0) 0.0486 0.043 D.045
M/RO 0.769 0.800 0.385
Liquidus temp.{°C) 350 950 950
Corresporxiing glass I~IWVIVII| I~NVVIVE] 1~ ViV
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Denoled as mofar percentages

Component Example 12 Example 13 Example 14
Si0, §5.3 65.1 68.0
2,0 112 12.3 103
13,0 43 83 80
NegO 145 95 95
K,0 0.1 0.3 0.2
MgD 13 10 10
Ga0 30 17 16
S0 00 02 0.0
BaQ 0.0 0.2 8.0
70, 15 13 14
HfO, 0.0 0.0 0.0
Nb,O; 0.0 0.0 0.
T3205 0.0 0.1 0.0
12,05 00 00 00
Y,0, 0.0 0.0 Q.0
TiO, 04 0.0 0.0
Fey0s 00 00 0.0
Zn0 00 .0 0.0
S6,0, 0.0 0.0 00
50, 0.0 0.0 0.0
Total 100.0 100.0 108.0
Si0,+ALO, 76.5 714 78.3
“ZOJE:N;;S;’ 0 188 §78 175
Li,0+Nag0 18.9 184 177
Li,0/Na,0 0.287 0.874 0.842
M@*G?Sgg; 0+Ba0 3.1 31 26
GaO*MgO 3 57 PY;
MgQ/Cal 0.550 D.588 0.625
R,0*RO 21.9 209 261
70, +HIO 7 Nb O+
TaO 5""[.3203'}'\{203“‘ 1.500 1400 1400
TiO,_(=M)
RO/SI0 A0 M) 0.241 0.226 0.220
Z:0,/M 1.000 0.029 1000
M/(R,0+RO) 0,068 0,067 0,070
M/RO 0.484 0.452 (.538
Liquidus temp.(°C ) 930 940 960
Corresponding glass IT~WVIVIEH] T ~DVIVE| T ~NVIVI
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Denoled as molar percentages

Component Example 16 Comp.Ex.1 { Comp.Ex2 jComp.Ex3
Si0, 69.0 66.8 67.8 66.3
A0, 7.0 105 81 10.2
1,0 8.0 85 73 10.2
Na,0 115 93 8.0 8.3
K,0 0.1 03 0.0 0.0
) 70 08 38 45
Cal 2.0 25 232 00
50 0.4 0.6 0.0 0.0
Ba0 0.0 0.2 G0 a0
Zr0, 0.9 0.0 0.8 0.5
HfO, 0.1 0.0 0.0 0.0
Nb,0O; 00 0.0 0.0 0.0
Ta,05 0.0 0.0 0.0 0.0
La,04 00 0.0 0.0 0.0
Y,04 0.0 0.0 6.0 00
Tio, 0.0 0.1 0.0 0.0
Fe;0; 0.0 0.1 0.0 0.0
Zn0 . 0.0 0.0 0.0 0.0
SboOy 0.0 0.0 0.0 0.0
SO, 0.0 a1 0.0 0.0
Total 100.0 1000 | 1000 | 100.0
Si0+AL0, 76 77.3 76.9 76.5
L‘zozf;:g; K0 19.5 178 | 163 | 185
Li,0+Na,0 19.6 18.2 16.3 18.5
13,0/Na,0 0.696 0925 | 0811 | 1.229
Mgo*c?ng)’o*Bao 24 42 6 45
Cab+MgO 3 34 6 45
MgO/Cal 0,500 0360 | 1727 -
R,0+RO 229 221 22.3 23
2¢O, +HfO,#Nb,0g+
Ta,05+La,04+Y,0.+ 1.000 0100 | 0800 | 0.500
TiO(=M)
R,0/(Si0;+Al,0.+M) 0.253 0.231 0.210 | 0.240
Zr0,/M 0.900 0000 | too0 | 1.000
M/(R,0+R0O) 0,044 ©0.005 0.036 0.022
M/RO 0.204 0024 | 0133 | 0411
Liguidus temp. (°G) 940
Corresponding glass 1 ~IWVIVI - - -
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Denoted as mass percentages

Componeant Example 9 Example 10 Example 11
SiO, £63.9 66.0 60.5
Al,O4 174 16.5 18.0
Li,O 3.8 48 2.9
Na,O 11.9 10.0 13.7
K,0 0.0 0.0 0.2
MgO 0.0 0,0 0.2
Ca0 1.2 0.8 2.9
SrO 0.0 0.0 0.0
BaO 0.0 0.0 0.0
ZI’OZ 20 1.8 1.8
HfO, 0.0 0.0 0.0
Nb,O; 0.0 0.0 0.0
Ta,05 0.0 0.0 0.0
La,04 0.0 .0 0.0
Y,0, 0.0 0.0 0.0
TiO, 0.0 .0 0.0
Fe,03 0.0 0.0 0.0
ZnQ 0.0 0.0 0.0
Sb,0, 0.0 0.0 0.0
S04 0.0 0.0 0.0
Total 100.0 180.0 100.0
SiO+ALL Oy 81.0 825 185
Li,0/Na,O 0.328 0.480 0.182
LisO+Na,C 15.8 14.8 18.2
Li;0+Na,0+K,0 15.8 14.8 164
MgQ+Cal 1.2 0.9 2.2
MgQO/Ca0 0.00C 0.000 0,100
SrO+Ba0 0.c 0.0 0.0
Liquidus temp. {°C ) 950 950 950
Corresponding glass I~IVVIVI] I ~IVVIVI] I ~NVIVI
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Denoted as mass percentages

Componient Example 12 Example 13 Example 14
Si0, 60.8 60,9 65.1
Al,O4 17.7 19.5 16.7
Li,O 20 3.9 3.8
Na,O 14.0 9.2 9.4
K,O 0.2 04 0.3
MgO 0.7 0.6 0.6
Cal 1.7 1.5 1.4
Sro 0.0 0.3 0.0
BaO 0.0 0.5 0.0
Zr0, 29 25 2.7
HfO, 0.0 0.0 0.0
Nb,Og 0.0 0.0 0.0
Ta,05 00 0.7 00
Lay04 00 0.0 0.0
Y,0, 0.0 0.0 0.0
TiO, 0.0 0.0 0.0
Fe,03 0.0 0.0 0.0
Zn0 0.0 0.0 0.0
Sb,04 00 0.0 0.0
S04 0.0 0.0 00
Total 100.0 100.0 100.0
Si0,+AlL,04 78.5 80.4 81.8
Li,0/Na,0 0.143 0.424 0.404
Li,0+Na;O 16.0 13.1 13.2
Li,0+Na,0+K,0 16.2 13.5 13.5
MgO+Ga0 24 2.1 2.0
MgQ/Ca0 0412 0.400 0.429
SrO+Ba0 0.0 0.8 0.0
Liquidus temp. {°C) 930 940 960
Camresponding glass I~NMVIVIH| I ~IVVIVI| I ~IVVIVI
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Dencled as mass pacentages

Component Example 15 Comp.Ex.1 | Comp.Ex2 | Comp.Ex3
Si0, 67.4 64.2 66.0 65.5
ALO, 116 17.2 15.0 17.0
Li,O 39 4.1 35 50
Na,O 11.6 82 9.0 8.5
KO 0.2 04 0.0 00
MgO 0.7 08 25 30
a0 1.8 22 2.0 0.0
SrO 0.7 1.0 0.0 0.0
BaO 0.0 0.4 0.0 0.0
ZrQ, 18 0.0 15 1.0
HfO, 0.3 0.0 0.0 0.0
Nb,Og 0.0 G.0 0.0 0.0
Ta,05 0.0 0.0 0.0 0.0
5,04 0.0 0.0 0.0 0.0
Y,0, g0 6.0 8.0 00
TiO, 0.6 0.12 8.0 0.0
Fe 0, 0.0 0.38 GO 0.0
Zn0 0.0 0.0 0.0 0.0
Sby04 0.0 00 0.5 0.0
S04 00 0.21 0.0 0.0
Tolal 100.0 100.01 100.0 100.0
Si0,+Al,0, 79.0 81.4 81.0 82.5
Li,0/Na,0 0.336 0.446 0.389 0.588
Li,O+Na,0 155 13.3 125 135
Li,0+NayO+K,0 18.7 13.7 125 135
MgO+Cal 2.5 28 45 3.0
Mg0/Ca0 0.388 0.273 1.250 -
Sr0+Bal 07 3 0.0 00
Liquidus temp. (°C) 340
Comesponding glass I ~IVVIVII - -~ -

[0225] In Table 1, the contents of the vaxious components and their total

contents are denoted as molar percentages and mass percentages. Rz0
denotes the total content of 1i;0, Naz0, and K:0; RO denotes the total
content of MgQO, Ca0, Sr0, and Ba0; and M denotes the total content of

ZrQgz, HfOs, Nb2Os, Taz0s, Lag0Os Y203, and TiOa.
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The ratic of the Li0O




content to the NasO content, Li2O/Naz(0, is given as a molar ratic and as a
mass ratio. The ratio of the MgO content to the CaO content, MgO/CaO, is
also given as a molar ratio and as a2 mass ratio.

[0228] [Table 2]

Example 1 Example 2 | Example 3 | Example 4
Acid etching 1.70 1.66 1.75 1.88
rate
[nm/min]
Alkal 0.072 0.071 3.070 0.074
etching rate
[nm/min]

[0227] [Preparation of glass substrate for magnetic disk and magnetic disk
2]

An example of manufacturing 2 glass substrate for magnetic disk
and a magnetic disk using the glass described in Example 3 above will be
described below. ’ ‘

(1) Form processing step

Glass of the composition described in Example 3 was molded by
direct pressing to obtain an amorphous disk-shaped glass substrate.
Subsequently, a grindstone was employed to make a hole in the center of the
glass substrate obtained, yielding a disk-shaped glass substrate having a
round hole in its center. The outer perimeter edge surface and inner
perimeter edge surface were then chamfered.

(2) Edge surface polishing step

Next, while rotating the glass substrate, the surface roughness of
the edge surfaces (inner perimeter, outer perimeter) of the glass substrate
was polished to a maximum height (Rmax) of abont 1.0 micrometer and an
arithmetic average roughness (Ra) of about 0.3 micrometer with a brush
polisher.

(8) Grinding step

A grindstone with a grain size of about #1000 was then used to grind
the surface of the glass substrate to a main surface flainess of about 3
micrometers, an Rmax of about 2 micrometers, and an Ra of about 0.2
micrometer. Here, the term "flatness” means the distance (difference in
height) between the highest portion of the substrate surface and the lowest
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portion in a perpendicular direction (direction perpendicular to the surface).
Flatness was measures with a flatness measuring device. Rmax and Ra
were measured for a square area 5 micrometers on a rectangular area with
an atomic force microscope (AFM) (a Nanoscope made by Digital
Instrauments).

(4) Prepolishing step

Next, a prepolishing step was conducted with a polishing device
capable of polishing the two main surfaces of 100 to 200 glass substrates at
once. A hard polisher was employed as the polishing pad. A polishing pad
that had been impregnated in advance with zirconium oxide and cerium
oxide was employed.

The polishing solution employed in the prepolishing step was
prepared by admixing cerium oxide polishing grit 1.1 micrometers in mean
grain diameter with water. Polishing grains exceeding 4 micrometers in
grain size were eliminated in advance. When the polishing solution was
measured, the maximum value of the polishing grains contained in the
polishing solution was 3.5 micrometers, the average value was 1.1
micrometers, and the D50 value was 1.1 micrometers.

Additionally, the load applied to the glass substrate was 80 to 100
glem?, and the reduction in thickness on the suxface of the glass substrate
was 20 to 40 micrometers.

(8) Mirror polishing step

The mirror polishing step was conducted with a planetary gear-type
polishing device capable of simultaneously pelishing both the main surfaces
of 100 to 200 glass substrates. A soft polisher was employed as the
polishing pad.

The polishing solution employed in the mirror polishing step was
prepared by adding sulfuric acid and tartaric acid to extremely pure water,
followed by the addition of colloidal silica grains having a grain diameter of
40 nm. In this process, the concentration of the sulfuric acid in the
polishing solution was adjusted to 0.15 mass percent and the polishing
solution was adjusted to pH 2.0 or lower. The concentration of tartaric acid
was set to 0.8 mass percent and the content of colloidal silica grains was set
to 10 mass percent.

In the course of the mirror polishing treatment, the pH of the
polishing solution was kept approximately constant, without variation. In
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the present Example, the polishing solution supplied to the surface of ihe
glass subsirate was recovered through a drain, cleaned by removal of
foreign matter in a meshlike filter, and then reused by supplying it again to
the glass substrate.

The polishing rate during the mirror polishing step was 0.25
micrometer/minute. It was found that an advantageous polishing rate was
achieved under these conditions. The polishing rate was determined by
dividing the amount of reduction by polishing (processing allowance) in the
thickness of the glass substrate necessary for finishing to a prescribed
mirror surface by the time required for polishing.

(6) Cleaning step following mirror polishing

Next, alkali cleaning was conducted by immersing the glass
substrate in an aguecus solution with a 3 to 5 mass percent NaOH
concentration. Cleaning was conducted with the application of ultrasound.
Cleaning was then conducted by sequential immersion in successive
cleaning vats containing a neutral cleaning agent, pure water, pure water,
isopropyl aleohol, and isopropyl alcohol (steam drying). Following cleaning,
when the surface of the glass substrate was observed by AFTM (a Nanoscope
made by Digital Instruments) (measurement of a square area 5
micrometers on a rectangular area), no adhesion of colloidal silica polishing
grit was detected. Nor was stainless steel, {ron, or any other foreign
matter detected, or any increase in the roughness of the substrate surface
observed before and after cleaning.

(7) Chemical strengthening treatment step

Next, the cleaned glass subsirate was preheated to 300°C and
immersed for about 3 hours in an chemical strengthening salt, which had
been obiained by mixing potassium nitrate (60 mass percent) and sodium
nitrate (40 mass percent) and heating the mixture to 375°C, to conduct a
chemical strengthening treatment, This treatment replaced the hithium
and sodium ions on the surface of the glass substrate with the sodium ions
and potassium ioms, respectively, in the chemical strengthening salt to
chemically strengthen the glass subsirate. The compression stress layer
formed on the surface of the glass substrale was about 100 to 200
micrometers in thickness. After conducting chemical sirengthening, the
glass substrate was quickly cooled by immersion in a 20°C vat of water,
where it was kept for about 10 minutes.
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(8) Cleaning step after chemical strengthening

Upon completion of the above rapid cooling, the glass substrate was
immersed in sulfuric acid that had been heated to about 40°C and washed
while being exposed to ultrasound. Subsequently, the glass substrate was
washed with a 0.5 percent (Vol%) hydrogenfluosilicic acid (H2SiF) aqueous
solution followed by a 1 mass percent potassinm hydroxide aqueous solution.
Glass substrate 12 for magnetic disk was manufactured by the above steps.
(9) Step of inspection of the glass substrate for magnetic disk

The glass substrate for magnetic disk was then inspected. The
surface roughuess of the glass subsirate for magnetic disk was measured by
AFM (atomic force microscopy) (a square area 5 micrometers on a
rectangular area was measured), revealing a peak height (Rmax) of 1.5 nm
and an arithmetic average roughness (Ra) of 0.15 nm. The surface was in
a clean mirror surface state, without the presence of foreign matexial
impeding flotation of the magnetic head and foreign material causing
thermal asperities. No increase in the surface roughness of the substrate
was observed following cleaning. The deflecting strength was measured
next. The deflecting strength was determined using a deflecting strength
measuring and testing device (Shimadzu Autograph DDS-2000) as the load
value at which the substrate sustained damage when a load was applied to
the glass substrate, as shown in Fig. 2. The deflecting strength detected
was 24.16 kg, which was a satisfactory value.

In the above description, acid and alkali cleanings were conducted
after chemical strengthening. However, acid and alkali cleanings may be
conducted during the cleaning following the mixrxor polishing step.

Next, magnetic disk 10 was manufactured from substrate 12
comprised of the glass of Example 8 and tested in a hard disk drive. Fig. 1
shows a schematic of the film structure (cross-section) on substrate 12.

First, using a film forming device in which a vacuum had heen
generated, DC magnetron sputtering was used to sequentially form
adhesive layer 14 and soft magnetic layer 16 in an argon atmosphere.
[0228] Adhesive layer 14 was formed using a CrTi target to obtain
amorphous CrTi layer 20 nm thick. Soft magnetic layer 16 was formed
using a CoTaZr target to obtain amorphous CoTaZr (Co® 88 atomic percent,
Ta: 7 atomic pexcent, Zr: 5 atomic percent) layer 200 nm thick.

[0229] Magnetic disk 10 on which the films had been formed up through
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soft magnetic layer 16 was removed from the film forming device, and the
surface roughness was measured in the same manner as above. A smooth
mirror surface with an Rmax of 2.1 nm and an Ra of 0.20 nm was detected.
A vibrating sample magnetization (VSM) measuring device was used to
measure the magnetic characteristics, revealing a coercivity (EHe) of 2 Oe
and a saturation magnetic flux density of 810 emw/kce. Suitable soft
magnetic characteristics were thus exhibited.

[0230] A batch siatic opposition-type film forming device was then
employed {0 sequentially form underlayer 18, granular structure grain size
reduction promoting layer 20, granular structure ferromagnetic Iayer 32,
magnetic coupling control layer 34, exchange energy control layer 36, and
protective film 24 in an argon atmosphere. In the present Example,
underlayer 18 had a double-layer structure comprised for a fixst layer and a
second layer,

[0231] In this step, a 10 nm layer of amorphous NiTa (Ni: 40 atomic percent,
Ta: 10 atomic percent) was initially formed as the first layer of underlayer
18 on the disk substrate, followed by a 10 to 15 nm Ru layer as the second
layer.

[0232] Next, a target comprised of nonmagnetic CoCr-8i02 was used to
form grain size reduction promoting layer 20 comprised of a 2 to 20 nm hep
crystal structure. Then, a target in the form of a hard magnetic material
comprised of CoCrPt-8i02 was used to form ferromagnetic layer 32
comprised of a 15 nm hep crystal structure. The composition of the target
used to form ferromagnetic layer 32 was: Co' 62 atomic percent, Cr: 10
atomic percent, Pt 16 atomic percent, and SiO2 12 atomic percent.
Magnetic coupling control layer 34 comprised of a Pd layer was formed, and
exchange energy control layer 36 comprised of a [CoB/Pdln layer was
formed.

[0238] Next, CVD in which ethylene was employed as the material gas was
used to form protective film 24 comprised of hydrogenated carbon. Since
providing hydrogenated carbon increased the hardness of the film, magnetic
recording layer 22 was protected from impact by the magnetic recording
head.

[0234] Subsequently, Ilubricating layer 26 comprised of PFPE
{(perfluoropolyether) was formed by dip coating. Lubricating layer 26 was 1
nm thick. The above manufacturing steps were used to obtain a
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perpendicular magnetic recording medium in the form of perpendicular
magnetic recording-mode magnetic disk 10. The surface roughness
achieved was measured in the manner set forth above, revealing a smooth
mirror surface with an Rmax of 2.2 nm and an Ra 0£0.21 nm.

[0285] Magnetic disk 10 obtained was placed in a 2.5 inch load-unload type
hard disk drive. The magnetic head mounted in the hard disk drive was a
dynamic flying height (abbreviation: DFH) magnpetic head. The floating
height of the magnetic head relative to the magnetic disk was 8 nm.

A recording and reproduction test that was ¢onducted at 2 rocording
density of 200 Gbitsfinch? in a recording and reproduction area on the main
surface of the magnetic disk using the hard disk drive revealed good
recording and reproduction characteristies. Neither crash failure nor
thermal asperity failure occured during the test.

A load-unload (LUL hereinafter) test was then conducted with the
haxd disk drive.

The LUL test was conducted with a 2.5-inch hard disk drive rotating
at 5,400 rpm with the magpetic head floating at 8 nm. - The
above-described magnetic head was employed. The shield element was
comprised of NiFe alloy. The magnetic disk was loaded into the magnetic
disk device and LUL operations were continuously conducted with the
above-described magnetic head to measure the LUL durability frequency.

Following the LUL durability test, the magnetic disk surface and
magnetic head surface were visually inspected and viewed under an optiecal
microscope for scraiches, grime, and other foreign matter. The LUL
durabilify test required a durability of no failure during 400,000 cycles of
LUL, with durabilify of 600,000 cycles being desirable. In the environment
in which hard disk drives (HDD) are normally employed, exceeding 600,000
LUL cycles is said to require about 10 years of use.

In the LUL test, magnetic disk 10 achieved a passing score for a
durability of 600,000 cycles or more. Inspection of magnetic disk 10
following the LUL test revealed no seratches, grime, or other foreign matter.
No precipitation of allkkali metal components was found.

[0236] (Comparative Examples)

The three glasses shown in Table 1 were prepared as Comparative
Examples 1 to 3. Comparative Example 1 was the glass of Example 5
described in Japanese Unexamined Patent Publication (KOKAI} No.
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2001-236634. Comparative Example 2 was the glass of Comparative
Example 1 described in Japanese Unexamined Patent Publication (KOKATD
Heisei No. 11-232627. And Comparative Example 3 was the glass of
Comparative Example 2 described in Japanese Unexamined Patent
Publication (KOKAI) Heisei No. 11-314931.

Since the glass of Comparative Exarople 1 did not contain ZrOg,
HfQ2, NbzOs, Taz0s5, Lag0s, Y2035, or TiOg, it lacked adequate chemical
durability, particularly resistance to alkalinity. Since the guantity of CaO
was smaller than the quaniity of MgO in the glasses of Comparative
Examples 2 and 8, and since the molar ratic of the total content of ZxrOg,
HiO2, NbyOs, Ta20s, Laz0s, Y90s, and TiO: relative to the total content of
Liz0, Naz0, K0, Mg0, Ca0, Sr0, and BaO was low, chemical durability
was inadequate.
{0237} The present invention can provide a magnetic recording medium
that is suited to high-density recording such as that for perpendicular
magnetic recording systems.
Brief Description of the Drawings
[0238] [Fig. 1] Fig. 1 is a drawing showing an example of the structure of
the magnetic disk according fo an implementation embodiment of the
present inveuntion.
[Fig. 2] Fig. 2 is a descriptive drawing of a method for measuring deflecting
strength.
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CLAIMS

1. Glass for use in substrate for information recording medium, which comprises SiO»;
Al Oj3; one or more alkali metal oxides selected from the group consisting of Li;O, Na,O and
K,0; and one or more oxides selected from the group consisting of ZrO,, HfO,, Nb,Os, Ta;0s,
LayOs, Y203 and TiOs;

wherein SiO, content is equal to or greater than 50 molar percent, and the total content
of Si0; and Al;Os is equal to or greater than 70 molar percent;

the total content of alkali metal oxides selected from the group consisting of Li;O,
NayO and K0 and alkaline earth meal oxides selected from the group consisting of MgO, CaO,
SrO and BaO is equal to or greater than 8 molar percent;

the molar ratio of the total content of said oxides selected from the group consisting of
710, HfO», NbyOs, Ta;0s, Lay05, Y2035 and TiO; to the total content of said alkali metal oxides
and said alkaline earth metal oxides ((ZrO, + HfO, + NbyOs + Ta;Os + La,O3 + TiOz)/(LiO +
NayO + K0 +MgO + CaO + SrO + BaQ)) is equal to or greater than 0.035;

MgO content is less than 3 molar percent; and

the molar ratio of the content of ZrO, to the total content of ZrO,, HfO,, Nb,Os, Ta;Os,
LayOs, Y203 and TiO; (ZrO»/(ZrO; + HfO; + NbyOs + TayOs + LayO; + Y03 + Ti0,)) ranges
from 0.5to 1.

2. The glass according to any of claim 1, which comprises one or more alkaline earth

metal oxides selected from the group consisting of MgO, CaO, SrO and BaO.

3. The glass according to any of claim 1 or 2, which comprises no BaO.
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4., The glass according to any of claim 1 or 2, which comprises Li,O in a quantity of

equal to or greater than 6.3 molar percent.

5. The glass according to any of claim 1 or 2, wherein SiO, content is equal to or greater
than 60 molar percent, and the total content of SiO, and ALO; is equal to or greater than 75

molar percent.

6. The glass according to any of claim 1 or 2, which comprises at least one of Li,O and

Na,O with the total content of Li,O and Na,O being equal to or less than 24 molar percent.

7. The glass according to any of claim I or 2, which comprises, denoted as molar
percentages,

60 to 75 percent of Si0y;

3 to 15 percent of Al,Os; and

0.3 to 4 percent of ZrO.
8. A glass substrate for information recording medium being comprised of the glass

according to claim 1 or 2.

9. An information recording medium comprising an information recording layer on the

glass substrate for information recording medium according to claim 8.
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