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DESCRIPTION

GLASS FOR DATA STORAGE MEDIUM SUBSTRATE, GLASS SUBSTRATE

FOR DATA STORAGE MEDIUM AND MAGNETIC DISK

TECHNICAL FIELD

The present invention relates to a glass substrate
to be used for a data storage medium such as a magnetic
disk or an optical disk, glass therefor and a magnetic

disk.

BACKGROUND ART

As glass for a data storage medium substrate such as
a magnetic disk or an optical disk, for example, lithium~
containing aluminosilicate glass having a high Young's
modulus or one having chemical reinforcing treatment
applied thereto (e.g. Patent Document 1), or crystallized
glass having a crystal layer precipitated by heat-
treating glass having a specific composition (e.g. Patent
Document 2}, is used.

In recent years, along with an increase of the
storage capacity of a hard disk drive, development for
high recording density has been in progress at a high
pace. However, along with the development for high
recording density, microsizing of magnetic particles
tends to impair the thermal stability, and crosstalk or a

decrease in the SN ratio of playback signals is
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problematic. Here, a heat-assisted magnetic recording
technology has attracted attention as a united technique
of light and magnetism. This is a technique wherein a
magnetic recording layer is irradiated with a laser beam
or near-field light to have the coercive force locally
reduced at the heated portion, and in such a state, an
external magnetic field is applied for recording, and the
recorded magnetization is read out by e.g. a GMR element.
Thus, recording can be made on a high-coercive force
medium, whereby it becomes possible to microsize the
magnetic particles while maintaining the thermal
stability. However, in order to form such a high-
coercive force medium in the form of a multilayer film,
the substrate is required to be gufficiently heated, and
a highly heat resistant substrate is required.

Patent Document 1: JP-A-2001-180969

Patent Document 2: JP-A-2000-119042

DISCI.OSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

Subgtrate glasé for chemical reinforcing treatment
has heat resistance adjusted to be low so that chemical
reinforeing treatment can efficiently be applied, and is
likely to be buckled by heating at the time of forming
the above-mentioned high-coercive force medium in the
form of a multilayer film, Further, when a chemically

reinforced glass substrate is subjected to the above-
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mentioned heating, the ion exchange-treated layer is
likely to be diffused by such heating, whexeby the
strength is likely to be deteriorated.

Further, if it is attempted to employ a crystallized
glass substrate, the substrate surface is likely to be
distorted by the above-mentioned heating due to a
difference in the thermal expansion coefficient between
the crystalline layer and the bulk body.

It is an object of the present invention to provide
glass for a data storage medium substrate, whereby high
heat resistance can be cbtained even if no chemical
reinforcing treatment or crystallizing treatment is
applied, a glass substrate for a data storage wmedium, and

a magnetic disk.

MEANS TO SOLVE THE FROBLEMS

The present invention provides glass for a data
stérage medium substrate (hereinafter referred to as the
glass of the present invention), which comprises, as
represented by mol percentage based on the following
oxides, from 55 to 70% of 8i0;, from 2.5 to 9% of AlL;0;,
from 0 to 10% of Mg0, from 0 to 7% of Ca0, from 0.5 to
10% of 8x0, from 0 to 12.5% of BaQ, from 0 to 2.5% of
Ti0;, from 0.5 to 3.7% of Zr0;, from 0 teo 2.5% of Li,0,
from 0 to 8% of Naz;0, from 2 to 8% of K.,0 and from 0.5 to
5% of La,0:, provided that the total content of Al,0; and

Zr0,; {Al,04+Zxr0.) is at most 12%, and the total content of
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Liz0, Na;0 and K0 (R;0) is at most 12%.

Further, the present invention provides glass for a
data storage medium substrate (hereinafter referred to as
the first glass or the glass 1), which comprises, as
represented by mol percentage based on the following
oxides, from 55 to 70% of Si0,, from 2.5 to 9% of Al,0,,
from 0 to 10% of MgO, from 0 to 7% of Ca0, from 1 to 10%
of 8r0, from 0.5 to 12.5% of BaO, from 0 to 2.5% of TiQ,,
from 0.5 to 3.7% of Zr0;, from 0 to 2.5% of Li,0, from 0
to 5% of Nay0, from 2 to 8% of K0 and fxrom 0.5 to 5% of
La,0a, provided that Al;0:;+2r0, is at most 12%, the
difference obtained by subtracting the Li;O content from
the total content of Sr0O and BaO is at least 2%, and R.0
is at most 10%.

Further, the present invention provides glass for a
data storage medium substrate (hereinafter referred to as
the second glass or the glass 2), which comprises, as
represented by mol percentage based on the following
oxides, from 60 to 70% of 8i0;, from 2.5 to 9% of Al,Os,
from 2 to 10% of MgO, from 0 to 7%.of Ca0, from 0.5 to
10% of SrO, from 0 to 5% of Ba®, from 0 to 1% of TiOQ,,
from 1 to 3.7% of 2Zr0;, from 0 to 2.5% of Li.0, from 2 to
8% of Na,0, from 2 to 8% of K0 and from 0.5 to 3% of
Lay0;, provided that Al,;0:+Zx0; is at most 12%, the total
content of MgQ, Ca0O, Sr0 and BaO (RO) is at least 10 mol%,
and RO is at most 12%.

Further, the present invention provides a glass
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substrate for a data storage medium, which is made of the
above glass for a data storage medium substrate.

Further, the present invention provides a magnetic
disk having a magnetic recording layer formed on the

above glass substrate for a data storage medium.

EFFECTS OF THE INVENTION

According to the present invention, it becomes
possible to obtain a highly heat resistant glass
substrate for a data storage medium suitable for a heat-
assisted magnetic recording even without applying
chemical reinforcing treatment or crystallization
treatment.

According to a preferred embodiment of the present
invention, ‘it is possible to obtain glass having a small
content of an alkali metal oxide, whereby an improvement
of the weather resistance of a glass substrate can be
expected.

Further, it becomes possible to obtain a glass
substrate having a thermal expansion coefficient
comparable with a conventional glass substrate.

Further, it becomes possible to use a float process,
which is useful for mass production of a glass substrate.

Further, it becowmes posgsible to obtain glass having
a Young’'s modules (E) of at least 75 GPa, wherseby the
glass substrate tends to be scarcely deflected, and it

becomes possible to increase the storage capacity. Even
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when the storage medium is subjected to a shock, it tendg
to be hardly breakable.

Further, when E is adjusted to be at most 90 GPa,
the polishing processing of the glass substrate tends to
be easy.

Further, it becomes possible to minimize the surface

roughness of glass after the final polishing.

BRIEF DESCRIPTICN OF DRAWINGS

Fig. 1 is a graph showing the relation between a
value cobtained by dividing a product of the Al,0; content
multiplied by the total content of Zr0,, K:0 and La,0;, by
the total content of MgO, Ca0, SrO and BaO (Al (ZrKLa)}/RO),
and the difference AT obtained by subtracting the ligquid
phase temperature from the temperature where the
viscosity becomes 10% dra's.

Fig. 2 is a graph showing the relation between a
value obtained by dividing a product of the sum of the
Mg0O and Ca0 contents multiplied by the sum of the Las0,
and Ti0; contents, by the Zr0, content
({{ (MgO+Ca0) x (La=03+T1i0,) ) ~2x0;), unit: mol%), and the
scattered peak intensity (optional unit) obtained by
carrying out the measurement of small-angle X-ray
scattexring of the glass.

Fig. 3 is a graph showing the relation between the
scattered peak intensity (optional unit) obtained by

carrying out the measurement of small-angle X-ray
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scattering of the glass, and the surface roughness Ra
{(unit: nm) of the polished glass, as measured by an

atomic force microscope.

BEST MODE FOR CARRYING OUT THE INVENTION

The glass substrate for a data storage medium in the
present invention is typically a circular glass plate
having a thickness of from 0.5 to 1.5 mm and a diameter
of from 48 to 93 mm, and in the case of a magnetic disk
glass substrate or the like, a hole having a diameter of
from 15 to 25 mm is usually formed at its center.

In a magnetic disk of the present invention, at
least a magnetic layer being a magnetic recording layer
is formed on the main surface of the glass substrate for
a data storage medium of the present invention, and in
addition, an underlayer, a protective layer, a
lubricating layer or a roughness-controlling layer may,
for example, be formed as the case requires.

A process for producing the glass substrate for a
data storage medium of the present invention is not
particularly limited. For example, materials for the
respective components commonly used may be blended to
have a desired composition, such a mixture is heated and
melted in a glass melting furnace, the molten glass is
homogenized by e.g. bubbling, stirring or addition of a
clarifier, followed by forming into a plate glass having

a predetermined thickness made of the glass for a data
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storage medium substrate of the present invention, by a
well known method such as a float process, a press method
or a Down-draw method. Then, after ammealing, processing
such as grinding or polishing may be carrxied out to

obtain a glass substrate having prescribed size and shape.

-As the forming methed, a float process suitable for mass

production is preferred.

The glass transition temperature {Tg} of the glass
of the present invention is preferably at least 660°C.

If it is lower than 660°C, it tends to be difficult to
apply the above-mentioned heat-assisted magnetic
recording technique to be carried ocut at a high heat
treating temperature to form a magnetic layer. It is
more preferably at least 680°C, particularly preferably
at least 690°C, and especially when it is desired to
increase the heat resistance, it is preferably at least
700°C. Tg is typically at most 740°C.

The glass of the present invention preferably has an
average linear expansion coefficient (o) of at least
75x10°7/°C within a range of from S50 to 350°C. If ¢ is
less than 75x10°7/°C, it is smaller than o of conventional
glaass, and on the other hand, o of the metal of the hub
to be attached to the substrate is typically at least
100x1077/°C, whereby the difference in o between the hub
and the glass substrate becomes large, and the glass

substrate is likely to be easily broken. «o is more

preferably at least 76x1077/°C, particularly preferably at
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least 77x1077/°C, most preferably at least 78x10°7/°C, and
typically at most 90x1077/°C.

With the glass of the present invention, the
difference between the temperature (T,} at which the
viscosity becomes 10, dPa*s and the liguid phase
temperature (Ty) i.e. AT(=T,-T;) is preferably at
least -70°C. If the difference is less than -70°C,
forming into a glass plate tends to be difficult.

AT is more preferably at least 0°C., If AT isg less
than 0°C, forming by a float process tends to be
difficult. AT is particularly preferably at least 10°C,
most preferably at least 20°C.

The density (d) of the glass of the present
invention is preferably at most 3.3 g/cm®. If d exceeds
3.3 g/cm®, weight reduction of the data storage medium
tends to be difficult, the power consumption required for
driving the recording medium tends to increase, the disk
tends to be vibrated by an influence of a windage loss
during its rotation thus leading to an error in reading
out, or when a recording medium receives a shock, the
substrate tends to be easily deflected and is likely to
be broken by formation of a stress. Thus, d is more
preferably at most 3.0 g/cm’, most preferably at most 2.8
g/em®. Of the glass 2, d is typically at most 2.75 g/cm’.

The Young‘s modulus (E} of the glass of the present
invention is preferably from 75 to 90 GPa. If E is less

than 75 GPa, the disk tends to be vibrated by an
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influence of a windage loss during its rotation thus
leading to an error in reading out, or when a recording
medium receives a shock, the substrate tends tc be easily
deflected and is likely to be broken by formation of a
gstress. B is more preferably at least 78 GPa, most
preferably at least 80 GPa. If E exceeds 90 GPa, the
polishing rate tends to be low, or a local stress is
likely to be formed whereby breakage is likely to result,
and it is typically at most 87 GPa.

E/d is typically from 25 to 35 MN/kg, and in the
case of the glass 2, it is typically from 28 to 33 MN/kg.
The above-mentioned first glass is glass of the

present invention and is one wherein SrO is at least 1
mol%, BaO is at least 0.5 mol%, Na0 ig from O to 5 molg,
the difference obtained by subtracting the Li,0 content
from the total content of SrO and BaO is at least 2 mol%,
and R0 is at most 10 mol%.

This first glass is suitable in a case where e.g. T,
is desired to be lowered, AT is desired to be increased,
or Tg is desired to be made high.

The above-mentioned second glass is glass of the
present invention and is one wherein 8i0, is at least 60
mol%, MgO is at least 2 mol%, BaO is from 0 to 5 mol%,
Ti0; is from 0 to 1 mol%, Zr0, is from 1 to 2.7 mol%, Nay0
is at least 2 mol%, La,0; is at most 3%, and RO is at
least 10 mol%.

This second glass is suitable in a case where e.g. d
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or B/d is desired to be made small, or phase separation
ig desired to be made to hardly occur.

Now, the composition of the glass of the present
invention will be described. Here, the contents of the
respective components are represented by mol percentage
unless otherwise specified.

810, is an essential component to form the skeleton
of the glass. If Si0; is less than 55%, the glass tends
to be unstable, or the weather registance or acid
resistance tends to deteriorate. 8Si0, is preferably at
least 57%, typically at least 60%. If Si0, exceeds 70%,
o tends to be too small, or the melting temperature to
prepare the glass tends to be too high. 85i0, is
preferably at most 68%, typically at most 67%.

in the glass 2, Si0; is at least 60%. If 8i0, is
less than 60%, the glass tends to be unstable, the glass
tends to undergo phase separation, or Tg, weather
resistance or acid resistance tends to deteriorate. 8i0,
ls preferably at least 61%, typically at least 63%.

In the glass 2, the content of Si0, as represented by
mass percentage is typically less than 60.2%.

Al;0; has an effect to increase Tg, weather
resistance or E and is an essential component. If Al,0;
ig less than 2.5%, the above effect tends to be small,
and it is preferably at least 4%. If Al,0; exceeds 9%,
Zr0, type or K-Al-Si type crystals are likely to

precipitate, and T, is likely to be hicgh, and it is
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preferably at most 8%. Further, in the glass 1, the Al,0,
content represented by mass percentage is typically less
than 11%, more typilcally at most 10.5%.

MgC is not an essential component, but has an effect
to lower the wviscosity of the molten glass thereby to
facilitate melting of the glass, to reduce d or to
increase E, and thus it may be contained in an amount of
up to 10%. If MgO exceeds 10%, the chemical durability
tends to deterioraﬁe, the glass tends to be unstable, or
T, tends to be too high, and further, the glass is likely
to undergo phase separation. And accordingly, it is
preferably at most 9%. In a case where MgO is contained,
it is preferably contained in. an amount of at least 1%.
In the glass 2, MgO is parﬁicularly preferably at mogt 9%.

In the glass 2, Mg0 is an essential component. If
Mgo is less than 2%, the viscosity of the molten glass
tends to be so high that the glass tends to be hardly
melted, d tends to be large, or E tends to be low. MgO
is preferably at least 4%.

Ca0 is not an essential component, but has an effect
to lower the viscosity of the molten glass to facilitate
melting of the glass, or to increase E, and it may be
contained up to 7%. If Ca0 exceeds 7%, it tends to form
crystals with 8i or La, T is likely to be high, the
glass tends to be unstable, or the chemical durability
tends to detericorate, and further, the glass is likely to

undergo phase separation. Cal is preferably at most 6%,
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and in the glass 2, it is typically at most 4%. In a
case where CaO is contained, the content is typically at
least 1%.

Sr0 has an effect to increase @, to lower the
viscosity of the molten glass thereby to facilitate
melting of the glass, or to lower T, and is essential.

If Sr0 is less than 0.5%, the above effect tends to be
small, and it is preferably at least 1%, more preferably
at least 2%. If SrO exceeds 10%, the chemical durability
tends to be low, the glass tends to be unstable, or 4
tends to be too large, and it is preferably at most 8%.

In the glass 1, if Sx0 is less than 1%, the above
effect tends to be low, and SrO is at least 1%,
preferably at least 2%,

BaC is not an essential component, but has an effect
to increase «, to lower the viscosity of the molten glass
thereby to facilitate wmelting of the glass, or to lower
Ty, and it may be contained in an amount of up to 12.5%.
If BaO exceeds 12.5%, Ba-Al-8i type crystals are likely
to be formed, whereby T, is rather likely to be high, the
weather resistance tends to deteriorate, d tends to be
too large, or E tends to deteriorate, and it is
preferably at most 10%. In a case where BaQ is contained,
the content is typically at least 0.1%.

In the glass 1, Ba0 is essential. If BaD is less
than 0.5%, the viscosity of the molten glass tends to be

high, whereby the glass tends to be hardly melted, or T,
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tends to be high, and it is preferably at least 1%.

In the glass 2, if BaQ is contained, the content is
at most 5%. If BaO exceeds 5%, d is likely to be too
large, or E tends to deteriorate, and it is preferably at
most 3%.

The total content RO of MgQ, Ca0, SrO and BaQ is
preferably at least 10%. If RO is less than 10%, o is
likely to be too small, and it is typically at least 12%.

On the other hand, RO is preferably at most 30%. If
RO exceeds 30%, Tg is likely to be low, or 4 is likely to
be large, and it is preferably at most 25%, typically at
most 22%.

In the glass 2, RO ig required to be at least 10%.

If RO is less than 10%, o is likely to be toc small, and
it is typically at least 12%.

Ti0, is not an essential component, but has an effect
to increase Tg, weather resistance or E, and thus, it may
be contained in an amount of up to 2.5%. If Ti0; exceeds
2.5%, the glass is likely to be unstable, and it is
preferably at most 2%. In a case where Ti0; is contained,
the content is typically at least 0.5%.

In the glass 1, the total content of Mg0, Ca0 and
TiO, is preferably at most 16%. If the total content
exceeds 16%, phase separation is likely to take place in
a case where the annealing temperature is high at the
time of annealing the glass or in a case where the cooing

rate is slow.
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In the glass 2, in a case where TiQ; is contained,
the content is at most 1%. If Ti0; exceeds 1%, the glass
is likely to underge phase separation, and it is
preferably at most 0.9%, more preferably at most 0.5%.
In order to suppress phase separation, it is preferred
not to contain TiQ,.

ZrO, has an effect to increase Tg, the weather
resistance or E and thus is essential. If it is less
than 0.5%, the above effect tends to be small, and it is
preferably at least 1%. If 2r0, exceeds 3.7%, ZrO,
crystals are likely to precipitate, T is likely to be
high, or 4 is likely to be too large, and it is
preferably at most 3.6%.

If the total content of Al,0; and Z2rxr0; (AL, 0;+Zr0,)
exceeds 12%, Ty is likely to be too high, and the total
content is typically at most 11%.

In the glass 2, Zx0; is at least 1%. If Zr0; is less
than 1%, the weather resistance is likely to deteriorate,
E tends to be small, or phase separation is likely to
take place.

In the glass 2, the ratio of the content of 8i0,
represented by mass percentage to the sum of the Ti0, and
Zr0, contents represented by mass percentage
{810,/ (Ti0.42¥0,;) ) is preferably more than 10. If the
ratio is 10 or less, Ty is likely to be high, and the
ratio is preferably at least 12.

Li,0 is not an essential component, but has an effect
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to increase o, to lower the wviscosity of the molten glass
thereby to facilitate melting of the glass, or to
increase E, and may be contained in an amount of up to
2.5%, If Li,O exceeds 2.5%, Tg is likely to
substantially decrease, or the weather resistance is
likely to deteriorate, and in the glass 2, phase
separation is likely to take place in addition, and it is
preferably at most 1%, and typically preferably no Li,0
is contained.

In the glass 1, the difference obtained by deducting
the Li,O content from the total content of Sr0 and BaQ
[{Sx0+Bal0} -Li0] is at least 2%. If this difference is
less than 2%, Tg is likely to be too low, and the
difference is preferably at least 3.5%.

Na,0 is not an essential component, but has an effect
to increase o, or to lower the viscosity of the molten
glass thereby to facilitate melting of the glass, and
thus may be contained in an amount of up to 8%. If Na,0
exceeds 8%, Tg of the weather resistance is likely to
deteriorate, and it is preferably at most 6%.

In the glass 1, when Na,0 is contained, the content
is at most 5%. If Na,0 exceeds 5%, Tg or the weather
resistance is likely to deteriorate, and it is preferably
at most 4%. In the glass 2, Na,0 is an essential
component. If Na,0 is less than 2%, « tends to be small,
or the viscosity of the molten glass is likely to be

large whereby the glass tends to be hardly melted, and it
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is preferably at least 3%.

Kz0 has an effect to increase o or to lower the
viscosity of the molten glass thereby to facilitate
melting of the glass and is essential. If K;0 is less
than 2%, such an effect tends to be small, and it is
preferably at least 3%. If X0 exceeds 8%, K-Si-Al type
crystals are likely to be formed, whereby Ty is likely to
be high, or the weather xesistance or E is likely to be
low, and it is preferably at most 7%,

If the total content of Li,0, Naz0 and K:0 i.e. R0
exceeds 12%, Tg or the weather resistance is likely to
deteriorate, and it is preferably at most 10%.

R0 is preferably at least 5%. If it is less than 5%,
o tends to be too small, or the viscosity of the glass is
likely to be high.

In the glass 1, R;0 is at most 10%. If R0 exceeds
10%, Tg or the weather resistance is likely to
deteriorate, and it is preferably at most 9%.

The molar ratio of the total content of Li.O and Na,0
to the K;O content i.e. (Li;0+Na,0)/K;0 is preferably at
most 3. If the molar ratio exceeds 3.0, Tg is likely to
be too low, or the effect to lower Tg tends to be not
negligible rather than the effect to increase o, and it
is preferably at most 1.4, typically at most 1.1. In the
glass 1, such a molar ratio is preferably at most 1.4.

La,0; has an effect to increase Tg, to increase o ox

to increase E and thus is esgsential. If La,0; is less
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than 0.5%, such an effect tends to be small, and it is
preferably at least 1%. If La;0; exceeds 5%, Si-La type
crystals or Si-Ca-La type crystals are likely to be
formed, whereby Ty is likely to be high, or d is likely
to be too large, and it is preferably at most 3%.

In the glass 2, La:0; is at most 3%. If La;0; exceeds
3%, Si-La type crystals or Si-Ca-La type crystal are
likely to be formed, whexeby T is rather likely to be
high, d is likely to be large, or phase separation is
likely to take place, and it is preferably at most 2%.

In connection with the glass 1, Fig. 1 is a graph
wherein a value obtained by dividing a product of the
Al:0; content multiplied by the total content of Zr0;, K0
and Laz0;, by the total content of MgO, CaO, 5r0 and BaO
i.e. Al(ZrKLa) /RO (abscissa, unit: mol%), and AT=T,-Ty
{(ordinate, unit: °C) were plotted with respect to 67
types of glass with compositions comprising, as
represented by mol percentage, fxom 52 to 67.5% of $i0.,
from 4 to 15% of Al,0;, from 0 to 8.5% of MgO, from 0 to
8% of Ca0, from 0.5 to 9% of 8rQ, from 0 to 10% of Bao,
from 0 to 4% of Ti0,, from 0 to 4% of Zr0,, from 0 to
2.5% of Lis0, from 0 to 6% of Naz0, from 3 to 7% of K0
and from 0 to 5% of Lay03;. Here, with respect to T, of
some of glass, values calculated from their compositions
were employed, -

From Fig. 1, it is evident that Al (ZrKha)/RO should

preferably be made to be at most 4.0% when it is desired
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to adjust AT to be at least 0°C. If Al(ZrKLa)/RO exceeds
4.0%, AT is likely to be less than 0°C, whereby forming
by a float process is likely to be difficult. It is more
preferably at most 3.5%, particularly preferably at most
3.0%.

In the glass 1, in a case where the total content of
Al.0; and Zx0; is at most 9%, the total content of A1203,
2x0;, K20 and Lay0; is preferably at most RO. Otherwise,
8i-Al-La type crystals, 2x0, type crystals or Si-K-La
type crystals are likely to precipitate, whereby AT is
likely to be small.

In the glass 1, in a case where the total content of
Al,05 and Zr0, exceeds 9%, the total content of Zr0. and
K,0 is preferably less than 9%. Otherwise, Zr0, type
crystals or S8i-K-La type crystals are likely to
precipitate, whereby AT is likely to be small.

In connection with the glass 2, Fig. 2 is a graph
wherein a value obtained by dividing a product of the sum
of the Mg0 and CaO contents multiplied by the sum of the
La»0; and TiO; contents, by the Zr0; content i.e.

(Mg+Ca) (La+Ti) /2r (abscissa, unit: mol%), and the
scattered peak intensity obtained by carrying out the
measurement of small-angle X-ray scattering of the glass
i.e. SAXS intensity (ordinate, optional unit) were
plotted with respect to 20 types of glass with
compositions comprising, as represented by mol percentage,

from 64.3 to 67.3% of Si0;, from 7.2 to 8.0% of Al,0;,



10

15

20

25

20

from 4.5 to 8.5% of MgQ, from 0 to 8% of Ca0O, from 0.5 to
6.0% of Sr0, from 0 to 2.0% of Ba0O, from 0 to 2.0% of
TiQ,, from 1.0 to 3.0% of Z2r0;, from 3.0 to 6.5% of Naz0,
from 2.5 to 6.3% of K0, and from $#.5 to 1.3% of Lai0a,.

Here, the measurement of small-angle X-ray
scattering of the glass was carried out as follows for
the purpose of evaluating fine phase separation in the
glass. Namely, using NANO-Viewer manufactured by Rigaku
K.K. as a small-angle X-ray scattering apparatus, and a
imaging plate as a detector, X-ray was passed through a
glasg sample having a thickness of about 0.1 mm and a
zize of about 1 cm x 1 cm, and the obtained two-
dimensional data was estimated by the average
characteristics of radiation emitted by a circular ring
and then data-conversion to obtain one-dimensional data,
which was then subjected to transmittance correction, in-
air scattering correction and sample-thickness correctlon
to obtain a scattered peak intensity. This scattered
peak intensity has a correlation with the surface
roughness AFM-Ra of the glass at the tims of the final
polishing as described hereinafter, as shown in Fig. 3.

In a case where a surface recording density of at
least 1 Th/inch® is desired to be realized, such AFM-Ra
is required to be adjusted to a level of at most 0.15 nm,
more preferably at most 0.12 nm. For such a purpose, for
example from Fig. 3, it is evident that when AFM-Ra is

desired to be adjusted to a level of at most 0.15 nm, the
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above scattered peak intensity is preferably adjusted to
a level of at most 220 (optional unit) or when AFM-Ra is
desired to be adjusted to a level of at most 0.12 nm, the
above scattered peak intensity is preferably adjusted to
a level of at most 50 (optional unit). Accorqingly, in
such a case, it is evident from Fig. 2 that

{Mg+Ca) (La+Ti) /2r is preferably adjusted to be level of
at most 12.0%. If (Mg+Ca) (La+Ti)/%Zr exceeds 12.0%, the
compositional fluctuation due to phase separation tends
to be large, and the surface roughness at the time of the
final polishing is likely to detericrate, and it is more
preferably at most 10.0%, particularly preferably at most
8.0%.

The glass of the present invention consists
essentially of the above-mentioned components, but may
contain other components within a range not to impair the
purpcose of the present invention. In a case where such
other components are contained, the total content of such
other components is preferably at most 5%, more
preferably at most 2%. Now, such other components will
be exemplified.

A clarifier such as 80;, Cl, As,0; or Sb,0; may be
contained in a total amount of up to 1%.

Further, in a case where heating by irradiation with
infrared ray is carried out for heating a substrate, in
order to increase the emissivity in the irradiation

wavelength zone, a colorant such as Fe,0;, NiO, CoQ, Cr,0,,
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CuO, MnO,, Cel,, Er,03 or Yh.03; may be contained im a total
amount of up to 0.5%.

Zn0 may have an effect to lower the viscosity of the
molten glass thereby to facilitate melting of the glass,
or to lower T, and in such a case, it may be contained
in an amount of up te 5%. If Zn0 exceeds 5%, Tg is
likely to be low, or d is likely to be large, and it is
preferably at most 3%.

B,0; may sometimes be contained in an amount of up to
5% in order to e.g. lower T, but it may decrease the
uniformity or phase separation characteristics of the

glass, and in such a case, it is preferably not contained.

EXAMPLES

In each of Examples 1 to 21, 28 to 50 and 52 to &5
in Tables 1 to 3, materials were prepared and mixed to
obtain a composition shown by mol percentage in sections
for from Si0O; to Laz0; and by means of a platinum crucible,
melted at a temperature of from 1,550 to 1,650°C for from
3 to 5 hours. Typically, the mixture was melted at a
temperature of from 1,550 to 1,650°C for from 1 to 2
hours, then stirred for 1 hour and further clarified for
1 hour. Then, the molten glass was cast to form a plate,
followed by annealing.

With respect to a glass plate thus obtained, Tg
{unit: °C), « (unit: 1077/°C), the density d (unit: g/cm?),

the Young’s modulus E (unit: GPa), the specific modulus
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E/d (unit: MNm/kg), the temperature T4 at which the
viscosity becomes 10*P=10* dra-s {(unit: °C), the liquid
phase temperature T; {(unit: °C), the phase separation
property, and the above-mentioned scattered peak
intensity ({(optional unit) were measured or evaluated by
the following methods. The results are shown in Tables.
In the Tables, “-” means that no measurement was carried
out, and “*” means that the value was one obtained by
calculation from the composition.

Tg: By means of a differential thermal dilatometer
and using quartz glass as a reference sample, the rate of
elongation of glass when it was heated from room
temperature at a rate of 5°C/min to a temperature at
which the glass softened and elongation no longer
observed i.e. a yield point, whereby a temperature
corresponding to the critical point in the thermal
expansion curve was taken as the glass transition
temperature.

«: From the thermal expansion curve obtained in the
same manner as the above measurement of Tg, an average
linear expansion coefficient within a range of from 50 to
350°C was calculated.

d: Measured by an Archimedes method.

E: With respect to a glass plate having a thickness
of from 4 to 10 mm and a size of about 4 cm x 4 cm, the
measurement was made by an ultrasonic pulse method.

T4: Measured by means of a rotation viscometer.
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Ti: A glass specimen of about 1 cm x 1 cm x 0.8 cm
was placed on a platinum plate and heat-treated for 3

hours in an electric furnace set at every 10°C within a
temperature range of from 1,100 to 1,300°. The glass
was left to cool in atmospheric air and then observed by
a microscope, whereby the temperature range where
crystals were precipitated was taken as a liquid phase
temperature.

Phase separation property: A glass specimen of about
lcecmx 1 em x 0.8 ¢l was placed on a platinum plate and
put in an electric furnace set at 850°C and 750°C and
maintained for about 20 minutes, whereupon it was
annealed at a cooling rate of -1°C/min or -10°C/min to
room temperature, followed by irradiation with a high
luminance power source, whereby whether or not turbidity
was observed, was visually confirmed. As a result, one
where no turbidity was observed in all tests was
identified by ©, one where no turbidity was observed
under the conditions of 750°C and -1°C/min was identified
by O, one where no turbidity was observed under the
conditions of 750°C and -10°C/min was identified by A,
and one where turbidity was observed in all tests was
identified by X. The results are shown in the section
for “Phase separation property 17 in the Tables.

Scattered peak intensity: As mentioned above, the
measurement of small-angle X-ray scattering of glass was

carried out, and data treatments were carried out to
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obtain the scattered peak intensity. The results are

"~ shown in the section for “Phase separation property 2” in

the Tables. 2As mentioned above, in a cagse where the
after-mentioned AFM-Ra is desired to be adjusted to be at
most 0.15 nm, this scattered peak intensity is preferably
at most 220.

In Examples 22 to 27 and 51, no glass was prepared,
and Tg, etc. were obtained by calculation from the
compositions.

Examples 1 to 52 represent Examples of the present
invention, and among them, Examples 1 to 27 and 31 to 36
are examples for the glass 1, and Examples 9, 11, 16 and
28 to 48 are examples for the glass 2. Example 53 is a
Reference Example, and Examples 54 to 65 are Comparative
Examples.

Tables 2 to 16 show the compositions of the glasses
in Examples 1 to 65 as represented by mass percentage.

The following test was carried out to measure the
surface roughness after the polishing of each glass in
Examples 6, 16, 28 to 31, 34, 37 to 39, 41, 43, 44, 52
and 63 to &5.

As a test specimen, one obtained by finishing a
glass plate having a thickness of about 1.5 mm and a size
of about 4 c¢m x 4 cm by means of a cerium oxide slurry so
that the surface roughness would be from 0.3 to 0.4 nm as
measured by an atomic force microscope, was prepared.

Firstly, a suede abrasive cloth was mounted on a
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polishing plate of a small single-side polishing machine
manufactured by Hamai Co., Ltd. and subjected to truing
by means of a diamond dresser. This abrasive cloth was
washed with pure water and by means of a brush, and then
polishing operation was carried out by supplying a
colloidal silica slurry with an average particle size of
30 nm having the pH adjusted to 2. The polishing
pressure was 10 kPa, the sun gear rotaticnal speed was 490
rpm, and the polishing time was 20 minutes.

After the polishing, each glass was washed with pure
water and an alkaline c¢leanser and then dried by blowing
dry air thereto.

The surface roughness Ra of each glass thus obtained
was measured by means of an atomic force microscope
SPA400, manufactured by SII NanoTechnology Inc. The
results are shown in the section for “Surface roughness”
(unit: nm) in the Tables. The surface roughness Ra thus
obtained is referred to as AFM-Ra in this specification.

Fig. 3 is one wherein the above scattered peak
intensity (phase separation property 2) and this AFM-Ra
were plotted. From this Fig., it is evident that a

positive correlation exists between the two.
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TABLE 1
Examples 1 2 3 4 5 6 7 8
8io0, 57.5 | 60.0 [ 60.0 | 62.5 {63.0)63.5}65.0( 65.0
Alo0; 7.5 7.5 6.5 7.5 5.5 5.5 5.0 5.0
MgQ 2.0 2.0 6.0 2.0 6.5 3.6 2.0 2.0
Cal 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
SrO 7.0 7.0 7.0 7.0 3.2 6.8 7.0 7.0
BaQ 10.0 7.5 5.5 5.0 5.5 5.0 5.0 5.0
Zno 0 0 0 0 0 0 0 0
Ti0; 1.5 1.5 2.0 1.5 1.5 1.5 1.5 1.5
Z1x0q 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Li,0 0 0 0 0 0 Q 0 0
Na,0 4.0 4.0 1.0 4.0 1.3 1.1 1.5 4.0
K;0 4.0 4.0 5.0 4.0 7.0 6.5 6.5 4.0
Laz0s 1.5 1.5 2.0 1.5 1.5 1.5 1.5 1.5
RO 21.0 18.5 20.5 16.0 [17.2]17.4 | 16.0 16.0
R>0 8.0 8.0 6.0 8.0 8.3 7.6 8.0 8.0
LiNa/K 1.00 1.00 0.20 1.00 |0.29] 0.27 | 0.23 1.00
Al (ZxKla) /RO | 3.04 3.45 3.17 3.98 13.68 | 3.48 | 3.44 2.66
LaTi*CaMg/%x 4 4 10.67 4 8.5 5.6 4 4
Tg 682 691 736 697 711 716 707 681
o 84 82 75 79 80 78 79 80
d 3.22 3.12 3.10 3.01 [2,85| 3.00 ] 3.00 3.00
E 83.4*182.8% |85.9% ;82 ,1%|81.8| 81.6 | 83.1 | 81.2*
E/4 25.9*% [ 26.6% | 27.7*% | 27.3*% | 27,7 27.2 | 27.7] 27.0%
Ty 1117 1132 1150 1164 | 1173 | 1174 | 11686 1142
Ty 1110 1130 1150 1160 | 1170 ) 1170 | 1120 | <1100
Phase
separation — — — —_— — © - -
roperty 1
Phage
separation — - - — — 43 — —
property 2
Surface _ — — — _ 0.13 — —

roughness
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TABLE 2

Examples 9 10 11 12 13 14 15 16
810, 66.5 67.5 {64.0 | 63.5 62.5 [ 63.05 1] 63.3 63.5
Al,Q; 4.0 5.0 7.0 6.5 7.0 7.0 6.8 7.0
MgO 5.0 2.0 7.0 7.5 8.5 8.1 8.3 8.0
CaC 0 2.0 6.0 4.0 4.0 4.7 5.5 5.0
Sro 7.0 7.0 4.0 5.5 5.0 3.7 2.7 3.3
BaoQ 4.0 2.5 1.0 1.0 1.0 1.0 1.0 1.0
Zno 0 6] 0 0 0 0 ] 0
TiO, 1.0 1.5 1.0 1.5 1.5 1.5 1.5 1.0
Z2r0, 2.5 3.0 1.25 1.5 1.5 1.5 1.5 1.65
LiL.0 0 0 0 a 0 0 0 0
Na,O 3.0 4.0 2.0 3.0 2.5 2.6 2.7 2.6
K0 5.0 4.0 5.75 5.0 5.5 5.6 5.5 5.7
Las0; 2.0 1.5 1.0 1.0 1.0 1.25 1.2 1.258
RO 16.0 13.5 | 18.0 18.0 18.5 17.5 17.5 17.3
R0 g.0 8.0 7.75 8.0 8.0 8.2 8.2 8.3
LiNa/K 0.60 1.00 | 0.35 0.60 0.45 0.46 0.49 0.46
Al (ZrKLa) /RO | 2.38 3.15 (3,11 ] 2.71 3.03 3.34 3.198 3.48
LaTi-CaMg/Zxr & 4 20.8 (19.17 | 20.83 | 23.47(24.84| 17.73
Tg €87 690 708 695 709 710 710 711
o 76 77 78 79 75 78 79 78
d 2.98 2.90 | 2.74 | 2.78 2.78 2.77 2.75 2.76
R 83.4% | 80.6* j81.2 | 82.0 82.1 81.6 81.8 81.5
E/d 25,9*% | 27,.8*% ! 29.6 ) 29.4 29.5 29.5 29.8 29.6
T, 1148 1176 1184 | 1154* | 1167* 1170 1147 1177
Ty, 1130 1140 | 1160 | 1120 1170 1140 1145 1160
Phase

separation — - — — - O AN O
property 1

Phase

separation — — — — — — - B43
property 2

Surface - _ - — _ - _ 0.17

roughness
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TABLE 3

Examples 17 18 19 20 21 22 23 24
810, 63.7 | 62,5 | 65.0 | 63.0 | 63.0 64.0 64.5 | 63.5
Al,0; 6.5 6.5 7.5 6.5 6.5 7.0 5.5 5.5
MgQ 4.0 7.0 2.0 3.5 6.0 7.0 0 3.0
Ca0 2.0 1.0 2.0 2.0 0 5.0 3.0 2.0
Sx0 7.0 2.0 7.0 5.0 6.5 5.0 7.8 7.6
RaO 3.0 7.0 2.5 4.5 3.5 i.5 5.0 5.9
Zno 0 0 0 0 0 0 0 0
Ti0, 1.5 1.0 1.5 2.0 2.0 0 1.5 1.5
Zr0; 2.6 2.5 3.0 3.5 2.5 1.0 2.5 3.0
Li,0 0 0 0 0 0 0 0 0
Na,0 1.5 2.0 4.0 2.0 1.5 1.8 2.2 0
K20 6.7 6.5 4.0 6.0 6.5 5.7 6.5 6.5
La,0s 1.5 2.0 1.5 2.0 2.0 1.0 1.5 1.5
RO 16.0 { 17.0 | 13.5 | 15,0 16.0 19.5 15.8 | 18.5
R;0 8.2 8.5 B.0O 8.0 8.0 7.5 8.7 6.5
LiNa/K 0.22 § 0.32 | 1.00 ! 0.33 0.23 D.32 0.34 0
Al{ZrKLa) /RO| 4.39 | 4.21 | 4.72 | 4.98 | 4.47 2.76 3.66 | 3.27
LaTi*CaMg/2r | 6.92 | 9.6 4 6.29 | 9.6 12 3.6 5
Tg 702 711 TF01* 727 725 705* 694 * 730%
o T79.5% | 81,0 |74.3% | 77.9 | 78.1 | 77.7* | B2.4% | 75.7%*
d 2.92% 12,99* | 2.90*% [3,00*]|2,96% | 2.78* [3.00%|3.05%
B BO.4* | 8D.7* | 81.5*% 182.2*% | 81.,8% | 80,3* | 78.1*% | B1.3+*
E/d4d 27.5% 1 26.5% | 28,1* | 27.4* | 27.6% | 28.8* | 26.0*% | 26.6%
T, 1172 1178 | 1182* | 1171 | 1156 | 1168* [ 1156* | 1174%
Ty, 1210 | 1220 1230 | 1200 | 1220

Phase

separation — — — - —

propexty 1

Phase

separation — — — — —

property 2

Surface

roughness
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TABLE 4

Examples 25 26 27 28 29 30 31 .32

810, 64,55 67.0 69.0 | 66.51 67.0 | 65.0 65.0 65.4
2150, 6.0 5.0 4.0 7.5 7.5 7.5 7.2 7.4
MgO 3.2 2.5 4.5 6.0 6.0 6.0 8.0 7.8
cao 2.0 2.0 2.0 6.0 6.0 6.0 4.0 4.7
Sro 4.5 6.1 2.5 2.5 2.5 2.5 2.5 1.8
BaQ 5.0 3.0 1.0 0 0 0 2.0 0.8
zno 0 0] 0 0] 0 0 0 0

TiO, 1.5 1.5 2.0 0.5 0 0 0 o

Zr0; 3.0 3.0 3.0 i.0 1.0 3.0 1.7 1.8
Li0 2.5 0 0 0 0 0 0 0

Na,Q 1.0 4.9 4.5 4.0 4.0 4.0 3.0 4.2
K0 5.0 3.5 5.5 5.0 5.0 5.0 5.6 5.0
Las0s 1.75 1.5 2.0 1.0 1.0 1.0 1.0 1.1
RO 4.7 13.6 10,0 |]14.5; 14.5 14.5 16.5 15.1
RO 8.5 8.4 10.0 9.0 9.0 g.0 8.6 9.2
LiNa/X 0.70 1.40 0.82 [0.80( 0.80 0.80 0.54 0.84
Al (FxrKLa) /RO | 3,98 2.94 4.2 3.62| 3.62 4.66 3.62 3.87
LaTi*CaMg/Zr | 5.63 4.5 8.7 18 12 4 7.06 | 7.84
Tg 680%* 683+ 688 703 703 722 696 694
o TS5.1% | 75.3*% | 77.7%* 77 77 76 76 76
d 2.97% | 2.80*% | 2,79% | 2.65| 2.64 2.70 2.74 2.69
E 83.4% [ BO.9* | 79.0% | 80.4 | 79.8 83.1 81.2 81.9
E/d 28.1% | 27.9% | 28.4*% 130.4 | 30.3 30.8 29.7 30.4
Ty 1144* | 1156+ | 1171* - - - 1185 —

Ty 1160 1160 | »1200 | <1100 | 1160
Phase

separation _— — - -— —_—

property 1

Phase

separation 245 210 Bé 65 —
property 2

Surface 0.16|0.14 | 0.14 | 0.13 | —

roughness
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TABLE 5

Examples 33 34 35 36 37 38 39 40
Si0, 64.3 1 66.0 | 66.5 | 66.5 {66.5| 66.5| 65.8 | 65.9
Al,0, 7.4 7.4 7.4 7.4 7.7 7.4 8.0 7.5
MgO 8.0 5.0 6.5 6.5 7.0 7.0 5.5 6.5
Ca0 5.8 5.0 2.5 0 1.0 1.0 0 0

Sx0 1.7 3.0 3.5 6.0 4.0 4.0 6.0 5.9
BaO 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
ZnoO g 0 0 0 0 0 0 0

TiO, 0 0 0 0 0 0 0 0

ZrQ, 1.8 2.5 2.0 2.0 2.0 2.0 2.5 2.5
Li.,0 0 0 0 0 0 0 0 0

Na.0 4.2 4.5 4.5 4.5 4.3 4.3 4.3 4.0
K20 5.45 5.5 5.5 5.5 5.9 5.9 6.3 6.3
Laz0; 0.75 0.5 1.0 1.0 1.0 1.3 1.0 0.8
RO 16.1 13.6 13.1 13,1 (12.6 | 12.6 | 12.1 [ 13.0
R0 2.65 10.0 10.0 10.0 |10.2 ]| 10.2 | 10.6 | 10.3
LiNa/K 0.77 0.82 0.82 0.82 |0.73 | 0.73 | 0.68|0.63
Al (ZrKLa) /RO | 3.68 | 4.63 4.80 4.80 [5.44 | 5.40 | 6.48 | 5.54
LaTi-CaMg/%x | 5.75 2 4.5 3.25 4 5.2 2.2 2.08
Tg 689 684 685 688 691 693 696 694
o 80 78 78 78 79 79 80 77
4 2.66 | 2.87 2.70 2.73 (2.68]12.71 |1 2.74 12.72
E 8lL.2 | B0.6 | 80.4 | 79,8 |79.5(79.9 | 78.9|79.5
E/d 30.5 | 30.2 | 29.8 | 29.2 [29.6 | 29.5 | 28.8 [ 29.2
T4 e —_ - _ _ — - -

Ty, 1170 1140 1120 | <1100 | 1120) 1160 § 1180 { 1140
Phase

separation - — — — — - — —

property 1

Phase

separation — 21 114 29 72 — 33 17

property 2

Surface

roigﬁness — |o.10}| — — lo.12l0.12{0.20| —




TABLE 6

Examples 41 42 43 44 45 46 47 48

Si0s 66.3 | 66.1 | 66.0 | 65.8 | 66.0 | 67.0 { 67.3 | 65.4
Al.O4 7.7 7.6 7.2 7.5 7.5 7.5 7.4 7.5
MgQ 4.5 4.7 | 8.0 | 8.0 { 8.5 | 5.0 | 5.5 | 5.6
Cao 4.5 4.7 6.0 6.0 6.0 3.5 5.5 5.6
Sro 3.2 3.2 1.0 1.0 0.5 4.2 2.0 2.3
Bal o 0.2 0 #] 0 0 0 0

Zno 0 0 0 o 4] Q 0 0

Ti0, 0 0 0 0 0 0 0 0

4x0; 2.5 2.5 1.8 1.7 1.5 2.5 2.0 2.2
Li,0 0 0 0 0 0 0 0 0

Na,0 4.6 4.7 6.5 6.5 6.5 6.0 5.8 5.7
K0 6.0 5.6 2.5 2.5 2.5 3.5 3.7 3.8
Lax0s 0.7 0.7 1.0 1.0 1.0 0.8 0.8 0.9
RO 12.2 i2.8 15.0 15.0 | 15.0 12.7 13.0 13.5
R,0 10.¢6 10.3 g.0 8.0 8.0 8.5 8.5 9.5
LiNa/K 0.77 | 0.82 2.6 2.6 2.6 | 1,71 { 1.57 | 1.50
Al (ZxKLa)} /RO | 5.8B1 5.23 2.54 | 2.60 2.50 4.02 3.70 3.83
LaTi'CaMg/Zr 2.52 2.63 7.78 8.24 9.67 2,72 4.4 4.58
Tg 690 6395 689 694 654 6394 694 6s0
e B8O 81 75 75 75 76 77 78

d 2.66 2.687 2.65 | 2.65 | 2.63 2.68 | 2.63 2.66
E 80.2 80.4 B3.4 B3.0 83.2 80.5 80.8 82.1
E/d 30.2 30.2 31.5 | 31.4 | 31.6 | 30.0 | 30.7 | 30.9
T, 1236 — - 1165 — — — -

T, 1150 1150 1170 | 1170 | 1190 1160 1150 | 1140
Phase

separation - — - - — -— - —

property 1

Phase

separation 31 — 92 - - 30 57 —

property 2

Surface 0.10 ] — |o0.13|o0.12]| — — - —

roughness
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TABLE 7

Examples 49 50 51 52 53 54 55 56
510, 63.0 63.0 67.5 | 65.0) 62,5 60.0 | 57.5 62.5
Al.0, 7.5 7.5 5.0 7.5 10.0 106.0 | 10.0 6.0
MgO 6.0 7.5 2.0 6.0 2.0 2.0 2.0 4.0
CaC 5.0 5.0 2.0 6.0 2.0 2.0 2.0 1.5
Sr0 1.75 1.75 7.0 2.5 7.0 7.0 7.0 5.5
BaQ 1.5 1.5 2.5 0 2.5 5.0 7.5 5.0
ZnQ 0 0 0 0 0 0 0 0
TiO, 1.5 1.5 1.5 2.0 1.5 1.5 1.5 2.0
Zx0s 3.0 1.5 3.0 1.0 3.0 3.0 3.0 4.0
L1i,0 1.5 1.5 0 0 0 0 0 0
Na,0 2.0 2.0 4.8 4.0 4.0 4.0 4.0 2.0
K0 6.25 6.25 3.2 5.0 4.0 4.0 4.0 5.5
Lay0q 1.0 1.0 1.5 1.0 1.5 1.5 1.5 2.0
RO 14.25115.75{ 13.5 | 14.5| 13.5 16.0 18.5 16.0
R,0 9.75 9.25 8.0 9.0 8.0 8.0 8.0 7.5
LiNa/K 0.56 0.56 1.50 | 0.80| 1.00 1.00 1.00 0.36
Al {ZxKLa) /RO | 5.92 4.17 | 2,85 [3.62]| 6,30 | 5,31 | 4,89 | 4.31
LaTi-CaMg/Zx 9.17 | 20.83 4 36 4 4 4 5.5
Tg 566 663 679* 702 T15* 714+ TFL3* T24%
o 75.2 81.5 | 77.0%* 83 T4.0% | 77.4% | 80.7* | 76.8%
d 2.67 2,73 [2.90* | 2.87 | 2.91% [3,02% [ 3,12 3, 05+%
E 81.9 B2.1 [81.2%|81.0]82.4%|83,.0%|83,.7* | 83._8*
B/d 30.7 30.1 |28.0* [ 30.4|28.3*%|27.5*| 26.8* | 27.5%
Ty 1210* [ 1166* | 1158%* —_ 1197+ | 1170* | 1150% | 1159%*
TL »>1300 | 1190 1160 | 1240 1280 1230 1270
Phase

separation - - - — - — —
property 1

Phage

separation — — 671 - — — -
property 2

Surface _ — 0.20 — - _ -

roughness
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TABLE 8
Examples 57 58 59 60 61 62 63 64 65
810, 61.25) 55.0 | 5.0 | 58.5 | 56.5 | 57.5 | 66.5 | 60.0 | 65.0
Al,0; 7.5 14.0 | 10.0 | 12.0 | 12.0 | 11.0 4.7 8.5 7.5
MgO 7.0 2.0 3.0 3.0 2.0 2.0 3.4 7.0 6.0
Ca0 8.0 2.0 5.0 3.0 2.0 2.0 6.2 4.5 8.0
Sro 2.25 | a4.75 8.0 7.0 6.5 5.0 4,7 7.0 2.5
Ba0 0 8.0 0 4.0 8.0 8.0 3.6 0 0
Zno 0 0 0 0 0 2.0 0 0 0
Ti0, 1.5 2.0 3.5 0 2.0 1.0 0 3.5 ]
Z10, 3.0 2.5 2.0 3.0 2.5 2.0 1.7 i.0 1.0
Li.0 0.8 0 0 0 0 0 ] 0 0
Naz0 1.2 3.0 3.5 1.0 2.75 3.0 4.8 4.0 4.0
Ko0 6.5 5.0 5.0 6.0 4.0 4.0 4.4 4.5 5.0
Tsa203 1.0 1.75 5.0 2.5 1.75 2.5 0 0 1.0
RO 17.25}16.75| 16.0 | 17.0 |{ 18.5 | 17.0 | 17.9 | 18.5 | 16.5
R,0 8.5 8.0 8.5 7.0 6.75 7.0 9.2 8.5 9.0
LiNa/K 0.31{ 0.8 0.7 | 0.17 | 0.69 [ G.75 } 1.09 | 0.89 [ 0.80
Al (ZrKla) /RO 4.57 | 7.73 7.5 8.12 | 5.35 5.5 1.8 2.53 | 3,18
LaTi'CaMg/Zr 12.5 6 34 5 6 7 0 40.25 14
Tg 709 743, 739 768 733 717 691 691 698
o 76.9 | 79.0 | 8a.8 | 75.4 | 78.7 | 78.6 81 8l 80
d 2.74 | 3.08 | 2.96 | 3.05 | 3.13 | 3.18 | 2.77 | 2.71 | 2.867
B 85.4 | 83.7 | 86.4 | 82.9 (86,3%| 82.8 | 76.5 | 82.4 | 81.3
B/d 31.2 | 27.1 | 29.2 { 27.2 |27.2%] 26.1 | 27.6 | 30.4 | 30.5
T, 1178+ | 1203* | 1019*% [ 1169* | 1173 | 1175+% | 1145 | 1147 —
Ty, >1300 [ 1300 | >1300 | 1300 | >1300 | 1290 | 1080 [ 1140 | 1160
Phase
separation X - - — — — - — —
property 1
Phase
separation - — —_ —_— — — 12 954 354
propexrty 2
Surface - — — - — — ] o0.120 } 0.127 | 0.18

roughness
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TABLE 9

Examples 1 2 3 4 5 6 7 8
8i0, 41.75 44.83 | 45.61 [ 48.10 | 49.72 | 49.14 { 50.17 { 50.70
Al.0; 9.24 | 9.51 | 8.38 | 9.79 | 7.37 | 7.22 | 6.55 | 6.62
MgO 0.97 | 1.00 | 3.06 | 1.03 | 3.44 | 1.87 | 1.04 | 1.05
Ca0 1.36 | 1.39 | 1.42 [ 1.44 | 1.47 | 1.44 | 1.44 | 1.46
Sro 8B.77 | 9.02 | 9.18 | 9.29 | 4.36 | 9.08 | 9.32 | 9.42
Bao 18.53 | 14,30 | 10.67 | 9.82 | 11.08 | 9.88 | 9.85 | 9.95
Zno 0 o i} 0 0 0 0 0
Tio, 1.45 | 1.49 | 2,02 | 1.54 | 1.57 | 1.54 | 1.54 | 1.58
Zx0, 4.47 | 4.60 | 4.68 | 4.73 | 4.86 | 4.76 | 4.75 | 4.80
Li,0 0 0 0 ) 0 a 0 0
Na,0 3.00 | 3.08 | 0.78 | 3.18 | 1.06 | 0.88 | 1.19 | 3.22
K,0 4.55 | 4.69 | 5.96 | 4.83 | 8.66 | 7.89 { 7.87 | 4.89
La,0s 5.91 | 6.08 | 8.24 | 6.26 | 6.42 | 6.30 | 6.28 | 6.34
TABLE 10

Exampleg S 10 11, 12 13 14 15 16
810, 52.30 | 54.29 | 55.16 | 54.38 | 53.56 [ 53.89 | 54.69 | 54.38
Al.0; 5.34 | 6.83 |10.24| 9.45 | 10.18 | 10.15| 9.97 | 10.17
MgO 2.64 | 1.08 | 4.05 | 4.31 [ 4.89 | 4.64 | 4.81 | 4.60
Ca0 0 1.50 | 4.83 | 3.20 | 3.20 | 3.75 | 4.44 | 4.00
Sr0 9.49 | 9.71 | 5.95 | 8.12 | 7.39 | 5.45 | 4,02 | 4.87
BaO 8.03 | 5,13 | 2,20 | 2,19 | 2.19 | 2.18 | 2.21 | 2.19
Zno 0 0 0 0 0 0 0 0
Ti0, 1,08 | 1.60 | 1.15 | 1,71 { 1.71 | 1.71 | 1.72 | 1.14
ZrOs 4.03 [ 4.95 | 2.21 | 2.63 | 2.64 | 2.63 | 2.66 | 2.90
Lis0 0 0 0 a 0 0 0 0
Na,0 2,43 | 3.32 | 1.78 | 2.65 | 2.21 | 2,29 | 2.41 | 2.30
K0 6.17 | 5.04 | 7.77 | 6.7t | 7.39 | 7.50 | 7.45 | 7.65
L.a,0s 8.53 | 6.54 | 4.67 | 4.64 | 4.65 | 5,79 | 5.62 | 5.81
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TABLE 11

Examples 17 18 1o 20 21 22 23 24
510, 45.45 ) 42.30 | 50.53 {47.89 | 44.72 | 46.73 { 44.04 | 43.78
Al,04 16.10 ] 18.27 | 8.75 8.45 | 13.20 | 14.42 1 13.00 | 15.50
MgO 1.59 1.03 2.13 3.60 1.57 1.71 1.54 1.53
Cao 2.21 1.44 l.48 0.72 3.63 3.97 3.57 3.55
Sr0 10.21 1 6.30 9.58 2.64 |10.73111.72110.57|10.50
BaQ 0 15.70 | 6.07 [ 13.695 0 0 0 0
Zn0C o 0 0 0 0 0 0 0
Ti0, 1.58 2.05 1.58 1.02 3.62 3.96 1.53 1.52
Zr0s 6.48 3.94 4.23 3.93 3.18 3.49 3.14 3.12
Li,0 e 0 0 o] 1] 0 0 0
Na.0 2.85 2,38 1.23 1.58 2.81 3.07 2.77 2.75
K0 6.20 6.03 8.33 7.81 6.10 6.66 6.00 5.97
Laz0, 10.72 ) 7.30 6.45 8.31 {10.54}123.04| 18.69( 10.32
TABLE 12

Examples 25 26 27 28 29 30 31 a2
810, 45.27 | 46.36 | 47.73 | 58.71 | 59.24 | 56.42 | 55,78 | §7.09
Al,04 13.36 116.42 [ 16,981 |111.24|11.25]11.05| 10.49 | 10.96
MgO 1.58 2.70 2.78 3.55 3.56 3.49 4.61 4.57
Ca0 3.67 0.75 0 4.94 4.95 4.86 3.20 3.83
Sr0 10.86 ] 11.12 [ 11.45| 3.81 3.81 3.74 3.70 2.71
BaO 0 ¢ 0 0 o 0 4,38 1.78
Zano 0 0 0 o 0 o] 0 0
Ti0, 1.57 1.61 1.66 0.59 0 0 0 0
Z2r0, 6.46 6.61 6.81 1.81 1.81 5.34 2.98 3.22
Li,0 0 0 0 0 0 0 0 i}
Na.0 2.84 2,91 3.00 3.64 3.65 3.58 2.66 3.78
K0 6.17 6.32 6.51 6.92 €.93 6.80 7.54 6.84
Laz04 10.67 | 10.83 | 15.76 | 4.78 4.79 4.71 4.65 5.21
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TABLE 13

Examples 33 34 35 36 37 38 39 40
810, 57.03 | 57.70 | 57.27|56.31 | 56.92|56.38|54.92| 55,77
Al;0; 11.14110.98 110.82 | 10.63|11.18 | 10.65 | 11.33 | 10.77
MgO 4,76 2.93 3.76 3.69 | 4.02 3.98 | 3.08 3.69
Cad 4.80 4,08 2.01 0 0.80 0.79 0 0
SrQ 2.60 4. 52 5.20 8.76 5.90 5.85 8.64 8.61
BaO 1.36 1,34 1.32 1.30 1.31 1.30 1.28 1.30
Zno 0 0 0 0 0 0 0 0
Ti0, 0 0 0 0 0 0 0 0
210, 3.27 4.48 3.53 3.47 3.51 3.48 4.28 4,34
Li 0 0 0 0 0 0 0 D 0
Nap0 3.84 4.06 4.00 3.93 3.80 3.76 3.70 3.49
K20 7.58 7.54 7.43 7.30 7.92 7.84 8,24 8.36
Laz(h 3.61 2.37 4.67 4.59 4.64 5.98 4.53 3.67
TABLE 14

Bxamples 41 42 43 44 45 46 47 48
5i0; 57.56 | 57.42 | 59.65 | 59.41 [ 59.99 | 58.40] 59.90 | 58,50
Al ,0; 11.35]111.20]11.04|11.49 ) 11.57|11.09]11.18 | 11.23
MgQ 2,62 2.4 4.85 4.85 5.18 2.92 3.28 3.32
CaO 3.65 3.81 5.06 5.06 5.09 2.85 4.57 4.61
S0 4.79 4,78 1.56 1l.56 0.78 6.31 [ 3.07 3.50
BaO 0 0.44 0 0 0 v 0 0
Zno 0 0 0 0 0 0 0 0
TiOy 0 0 0 0 0 0 0 0
Z2xr0; 4.45 4.45 3.34 3.15 2.80 4,47 3.65 3.98
Li,0 0 0 0 0 0 0 0 0
Na,0 4.12 4.21 6.06 6.05 6.10 5.39 5.33 5.19
K20 8.17 7.63 3.54 3.54 3.56 4,78 5.16 5.26
Lay0, 3.30 3.30 4.90 4.90 4.93 3.78 3.86 4.31
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TABLE 15

Examples 49 50 51 52 53 54 55 56

Si0, 45,81 [50.70|46.64 |57.14 |46.55(45.18 | 43.89|43.76
Al204 17.34117.65]15.15(11.19(15.93 |15.46|15.02|15.50
MgO 1.71 1.74 1.09 3.54 1.57 1.53 1.48 1.53
Cal 2.38 [ 2.43 | 1.51 | 4,92 | 2.19 | 2.13 | 2.07 | 2.13
Sro 10.28 | 10.46 | 9.80 3.79 8.10 5.24 5.08 5.25
BaO 4.35 | 8.85 116.56 0 0 0 3,77 | 3.88
Zno 0 0 0 0 0 8] 0 0

Ti0; 0 0 1.07 2.34 1.56 1.51 1.47 1.52
Zr0, 5.24 5.33 3,33 1.80 6.42 6.23 6.05 6.24
Liz0 0 0 0 0 0 0 0 0

Na,0 2.64 | 0.89 | 2.5 | 3.63 | 2.82 | 2.74 | 2.66 | 4.32

K20 8.01 | 8.15 | 5.09 | 6.89 | 6.13 | 8.33 | 5.78 | 5.97
Las03 11.54111.75| 8.75 | 4.77 |10.61(10.29]|10.00|20.32
TABLE 16

Examples 57 58 59 60 61 62 63 64 65
810, 49.82|41.85|41.14 ;1 43.21 42,06 | 42.07}57.74 | 52.97}57.54
Al,0; 16,17 1 13.58 | 13.36 [ 14.03 | 13.66]13.66 | 6.93 | 12.73 ]11.27
MagO 1.16 0.58 0.96 1.01 0.98 0.98B 1.98 4.14 3.56
CaQ 1.62 1.36 1.34 1.40 1.37 1.37 5.02 3.71 6.61
SrC 16.46 | 8.79 6.17 9.07 8.83 8.83 7.04 | 10.66 ( 3.82
BaO 17.68}14.86 | 14,61 | 211.51 | 11.20 | 11.20 | 7.98 0 Y
Zno 0 0 1.94 2.04 1.98 1.88 o 0 o
TiO, 1.15 0.97 0.95 1.00 0.97 0.s%7 o 4,11 0
Zr0O; 3.55 2.88 2.93 3.08 1.50 0 3.03 1.81 1.82
Li,0 a 0 0 0 0 0] 0 v 0
Nza20 2.68 2.25 2.21 2,33 2.26 2.26 4,30 3.64 3.65
X0 5.43 4.56 4,48 4.71 4.59 4,59 5.99 6.23 6.94
Laz03 11.75[ 5.94 | 9.70 {10.19{ 9.92 | 9.92 0 0 4.80
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INDUSTRIAL APPLICABILITY

The present invention is useful for a data recording

medium, its substrate and their production.

The entire disclosure of Japanese Patent Application
No. 2008-16550 filed on January 28, 2008 including
specification, drawings and summary is incorporated

herein by reference in its entirety.

"
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1. Glass for a data storage medium substrate, which com-
prises, as represented by mo! percentage based on the follow-
ing oxides, from 55 to 70% of $i0,, from 2.5 to 9% of AL,O,
from 0to 10% of MgO, from 0to 7% of CaO, from 0.5 to 10%
of SrO, from 0to 12.5% of BaO, from 0 to 2.5% of TiO,, from
0.5 10 3.7% of ZrO,, from 0 to 2.5% of Li,O, from 0 to 8% of
Na,0, from 2.5 to 8% of K, O and from 0.5 to 5% of La,O,,
provided that Al,O; and ZrO, (Al,0,+7Zr0,): is at most 12%,
and L1,0, Na,O and K,0 (R,0): is at most 12%, and which
glass has a glass transition temperature of at least 660° C.

2. The glass for a data storage medium substrate according
to claim 1, wherein SiO, is at least 60 mol %, MgO is at least
2 mol %, BaO is from 0 to 5 mol %, T10, is from 0 to 1 mol
%, ZrO, is from 1 to 3.7 mol %, Na,O is at least 2 mol %,
La,0; is at most 3 mol %, and MgO, Ca0O, SrO and BaOQ
(MgO+CaO+SrO+Ba0) is at least 10 mol %.

3. The glass for a data storage medium substrate according
to claim 2, wherein the mol ratio of Li,O and Na,O to the K,O
content ((Li,O+Na,0)/K,0): is at most 3.0.

4. The glass for a data storage medium substrate according
to claim 2, wherein a value obtained by dividing a product of

‘the sum of MgO and CaO contents multiplied by the sum of
La,0O; and TiO, contents, by ZrO, content (MgO+CaO)x
(La,0,+Ti0,)+Zr0,): is at most 12.0 mol %.

5. The glass for a data storage medium substrate according
to claim 2, wherein theratio of $iO, content as represented by
mass percentage to the sum of TiO, and ZrO, contents (Si0,/
(Ti0,+Zr0,)), is more than 10.0.

6. The glass for a data storage medium substrate according
to claim 2, which contains no TiO,.

7. The glass for a data storage medium substrate according
to claim 1, wherein R,0 is at least 5 mol %.

8. The glass for a data storage medium substrate according
to claim 1, which contains no B,0;.
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9. The glass for a data storage medium substrate according
to claim 1, which has a glass transition temperature of at least
680° C.

10. The glass for a data storage medium substrate accord-
ing to claim 1, which has an average linear expansion coeffi-
cient of atleast 75x1077/° C. within a range of from 50 to0 350°
C.

11. The glass for a data storage medium substrate accord-
ing to claim 1, of which temperature at which the viscosity
becomes 10 dPa-s is at least a liquidus temperature.

12. The glass for a data storage medium substrate accord-
ing to claim 1, comprising from 61 to 70% of SiO.,.

13. The glass for a data storage medium substrate accord-
ing to claim 1, which has a density of at most 2.8 g/cm?®.



