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Substrate for information recording medium and magnetic

recording medium composed of crystallized glass

BACKGROUND OF THE INVENTION
1. Field of the Invention '

This invention relates to crystallized glasses
suitable for substrates which are used for information
recording media, such as magnetic disks, optical disks and
optical magnetic disks, subétrates for information
recording media composed of this crystallized glass, and
information recording media using said substrate for
information recording medium.

2. Description of the Related Art

Major components of magnetic storage devices of
electronic computers and the 1ike are a magnetic recording
medium and a magnetic head for reconstruction of
magnetically recorded information. Flexible disks and
hard disks have been known as magnetic recording media.
As substrates for hard disks, aluminumalloy has been mainly
used. Recently, flyingheightofmagneticheadsismarkedly
reduced as harddiskdrivers fornotebook personal computers
are made smaller and their magnetic recording density made
higher. Accordingly, extremely high precision has been
demanded for the surface smoothnmess of magnetic disk-
substrates. However, it is difficult to produce smooth
surface more than a certain level of precision with an
aluminum alloy. That is, even though it is polished using
highly precise abrasives and processing apparatuses, the
polished surface may suffer from plastic deformation
because of the low hardness of the alloy. Even if the
aluminum alloy is plated with nickel-phosphorous, the
surface roughness Ra cannot be made equal to or less than
5 A(angstrom). 1In addition, as hard disk drivers are made
smaller and thinner, a further smaller thickness of

substrates for magnetic disks is also strongly desired.
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However, it is difficult to produce such a thin disk with
an aluminum alloy having a certain strength defimed by
specification of hard disk drivers because of low strength
and stiffness of aluminum alloy.

Therefore, glass substrates for magnetic disks of
whichhighstréngth,highstiffness,highimpactresistance
and highsurface smoothness arerequired have been developed.
Among these, chemically reinforced glass substrates whose
surfaces are strengthened by the ion exchange technique,
crystallizedglass substrates subjected tocrystallization
treatment and the like have been known well,

As a chemically reinforced glass substrate by
ion-exchange, for example, a glass disclosed in Japanese
Patent Unexamined Publication No.Hei. 1-239%036
(FP-A-239036/89) has been known. This chemically
reinforced glass substrate is such a glass substrate for
magnetic disks as the glass containing, indicated in terms
of % by weight, 50-65 % of 8i0,, 0.5-14 % of A1,0;, 10-32 %
of R,0 where R is an alkali metal ion, 1-15 % of ZnO and
1.1-14 % of B,0; is reinforced by forming a crushing stress
layer on the glass substrate with an ion exchange method
by an alkali ion.

In addition, as a crystallized glass, for example,
a glass disclosed in Japanese Patent Examined Publication
No.2516553 isexemplified. Thiscrystallizedglass issuch
a crystallized glass for magnetic disks which contains,
indicated in terms of % by weight, 65-83 % of Si0,, 8-13 %
by Li,0, 0-7 % of K;0, 0.5-5.5 % of MgO, 0-5 % of Zno, 0-5 %
of PbO (provided that MgO + Zn0O + PbO is 0.5-5 %), 1-4 %
of P05, 0-7 %$ of A1,0and 0-2 % of As;0; + Sb;0;, and contains
micro crystallineparticlesof Li,0 *2Si0,asmaincrystals.

Moreover, a crystallized glass is also disclosed in
Japanese Patent Unexamined Publication No.Hei.7-291660
(FJP-A-291660/95). This crystallized glass is obtained by

heat treatment after fusion and forming a glass which

-2-



10

15

20

25

30

35

consists of, indicated in terms of % by weight, 38-50 %
of Si0,, 18-30 % of Al1,05, 10-20 % of MgO, provided that
having a composition containing, indicated in terms of
weight ratio, 1.2-2.3 - 0of A1,03;/Mg0, 0%-5% of B,0;, 0%-5%
of Ca0, 0%-5% of BaO, 0%-5%0f Sr0, 0.5%-7.5% of Zno, 4%-15%
of P10,, 0%-5% of Zr0, and 0%-2% of As,0; and/or Sb;0;. This
glass is a cordierite based crystallized glass
characterized by containing cordierite based crystals as
crystals. Moreover, a substrate for magnetic disks
composed of this crystallized glass is also disclosed.

In addition, a crystallized glass is also disclosed
in Japanese Patent Unexamined Publication No.Hei.9-77531
{(JP-A-77531/97) (U.8.Patent No.5,476,821). This
crystallized glass is a ceramic product having the Young's
modulus in the range of from about 14X10°- about 24 X10°
psi (96 - 165 GPa) and the fracture toughness-of more than
10 MPa.n'/?. 1In addition, this crystallized glass consists
of crystalline phase laminated body which mainly consists

of crystals having a spinel structure and a uniform size

and dispersing uniformly in a siliceous-rich residual

matrix. This is a glass ceramic which substantially
consists of, indicated in terms of % by weight using oxides
as a standard, 35-60% of S8i0,, 20-35 % of A1,0;, 0-25% of
MgO, 0-25% of ZnO, 0-20% of TiO,, 0-10% of Zr0,, 0-2% of
Li,0 and 0-8% of NiO. This has at least about 10% of a total
amount of MgO+Zn0 and may contain equal to or less than
5% of an optional component selected fromthe group composed
of BaO, Ca0O, PbO, Sr0, P,0s5, B,0; and Ga,03;, in the range
of from 0 to 5 % of R;0 selected from the group consisting
of Na,0, K;0, Rb,;0 and Cs;0, and in the range of from 0 to
8 % of transition metals. In the case of containing less
than about 25 % of Al,0;, this is a glass ceramic having
a composition in which the total amount of TiO0,+Zro0,+NioO
is equal to or more than 5 %. In above publication, the
substrate for magnetic disks consisting of this glass
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ceramic is disclosed.

In addition, a crystallized glass is also disclosed
in U.S8.Patent No.5,491,116. This crystallized glass ig a
glass ceramic product having the fracture coefficient of
at least about 15,000 psi, the Knoop hardness exceeding
about 760 KHN, the Young’s modulus of more than about 20
X 10°psiand the fracture toughness of more thani1.0 MPa.m’2,
The main crystals of the crystallized glass are enstatite
orits solid solutionandspinel {spinel structurecrystal},
and the crystallized glass contains at least 92% of the
composition substantially composed of, indicated in terms
of % by weight, 35-60% of Si0;, 10-30% of 21,05, 12-30% of
Mgo, 0-10% of Zn0, 5-20% of Ti0, and 0-8% of NiO. Moreover,
the substrate for magnetic disks composed of this
crystallized glass is also disclosed. It is to be noted
that the same glass as the crystallized glass disclosed
in aforementiohed patent is also disclosed in Journal of
Non-Crystalline Solids 219(1997) 219-227.

However, along with making hard disks smaller and
thinner and making recording density higher, it is rapidly
developed to make flight height of magnetic heads smaller
and revolution speed of disks higher. Thereby, substrate
materials are more strictly reguired the strength, the
Young’s modulus, the smoothness of the surface and the like.
In particular, by making the information recording density
of 3.5-inch hard disks for personal computers and severs
higher, the surface smoothness and the surface flatness
of the substrate materials are strictly required. In
addition, corresponding to the higher data processing speed
it is required to set the winding number of the disks equal
to or higher than 10,000 rpm. Thus, the requirement for
stiffness of substrate materials becomes increasingly
severer, and the limitation of conventional aluminum
substrates already becomes obvious. 1In future, as long as
it is necessarily demanded to make the capacity of hard
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disks higher and to make the revolution speed of hard disks
higher, itisclearthatthesubstratematerials formagnetic
recording medium is strongly required to exhibit higher
Young’s modulus, higher strength, more excellent surface
flatness, higher impact resistance and the like.
However, such a chemically reinforced glass as
disclosed in Japanese Patent Unexamined Publication
No.Hei.1-239036 (JP-A-239036/89) mentioned above has the
Young’s modulus of about 80 GPa, therefore, it cannot meet
the strict demand for hard disks in future. As for
conventional chemically reinforced substrate glasses,
alkali ions are introduced in a large amount in the glass
for ion exchange, so that the reinforced glasses mostly
have the low Young’s modulus (90 GPa). Moreover, due to
also having low stiffness, it cannot meet 3.5-inch high-end
disk substrates and thinner disk substrates. In addition,
the glass chemically reinforced by ion exchange contains
large amount of alkali components. Thus, if it is used for
long hours under the circumstance of high temperature and
high humidity{ alkali ions deposit from parts including

thin magnetic films or exposing glasses, such as a pinhole

-part of a magnetic film or a circumference of a magnetic

film. It has a disadvantage that this triggers a corrosion
or decomposition of the magnetic films. 1In the producing
process of the magnetic recording medium, after providing
a magnetic layer on the glass substrate, certain heat
treatment may be carried out in order to improve
characteristicssuchascoerciveforceofthemagneticlayer.
However, the conventional ion-exchanged reinforced glass
mentioned above has at most 500 C of the glass transition
temperature, so that it has poor heat resistance. Thereby,
it has a problem that higher coercive force cannot be
obtained.

In addition, the conventional crystallized glass as

disclosed in Japanese Patent Publication No.2516553
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mentioned above is superior a 1ittle in the Young’s modulus
and heat <resistance than aforementioned <chemically
reinforced glass substrate. However, the surface
roughness is egqual to or higher thanm 10 A, thereby the
surface smoothness is poor, so that it is limited to make
theflyingheiéhtsmaller. PTherefore, it has aproblemthat
itcapnotmeethighermagneticrecordingdensity. Moreover
the Young’s modulus is about from 90 to 100 GPa at most,
sothatitalsocannotmeet3.5-inchhigh-enddisksubstrates
and thinner disk substrates.

In addition, the crystallized glass disclosed in
Japanese Patent Unexamined Publication No.Hei.7-291660
(FP-2-291660/95) mentioned above has the Young’s modulus
of about from 100 to 130 GPa, therefore, it cannot be said
that it is sufficient. Moreover, it has only such aéurface
smoothness as having the Young’s modulus of about 8 A”
resulting in poor smoothness. Additionally, the
temperature of glass liquid phase is high which is 1400 C,
so that it has a disadvantage of difficulty in producing.

Moreover, the crystallized glass disclosed in
Japanese Patent Unexamined Publication No.Hei1.9-77531
(JP-A-77531/97)mentionedabovehasadisadvantageoflarge
difficulty in polishing because the main crystals are
spinel.

Moreover, a large amount of enstatite is contéined
together with spinel in the crystallized glass disclosed
inU.S. Patent No.5,491,116 and Journal of Non-Crystalline
Solids 219(1997) 219-227. Accordingly, it can be
considered that easiness in polishing is more improved than
the c¢crystallized glass disélosed in Japanese Patent
Unexamined Publication No.Hei.9-77531 (JP-A-77531/97).
However, because spinel is still contained therein, it is
difficult to say that it has sufficient polishing
characteristics. That is, it still takes a long time for
polishing required for obtaining desirable surface
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roughness, sothatithasaproblemof inferiorproductivity.

Moreover, becauseaglass disclosed in Japanese Patent
Publication No.2648673 is a fire-resistant glass ceramic
for the purpose of using temperature equal to or higher
than 1200 C, it is difficult to be used as a substrate for
information récording medium. That is, it is difficult to
be produced due to high melting temperature, moreover, the
surface smoothness required for information recording

medium cannot be obtained due to large crystal size.

SUMMARY OF THE INVENTION

Therefore, it is an object of the present'invention
to provide a substrate for information recording medium,
such as magnetic disks and the 1like, consisting of
crystallizedglasswhichhashigherYoung’smodulus,higher
strength and higher fire-resistance, superior in the
surface smoothness, surface homogeneity and surface
processability with considering demands that a substrate
for magnetic recording medium will be made thinner and will
have high strength, high heat resistance, high impact
resistance and the like in near future, as well as it can
be cheaply produced due to comparatively low temperature
of the glass liquid phase.

Moreover, it is alsoan object of thepresent invention
to provide information recording media using the substrate
composed of aforementioned crystallized glass, such as
magnetic disks.

In addition, the present invention provides a
production method of the substrate for information
recording medium composed of aforementioned crystallized
glass.

To solve objects mentioned above, the inventors
carried out various examinations, as results, it is found
that crystallized glass suitable for substrate for

information recording mediumwhichhas high Young’s modulus
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equal to or higher than 140 GPa, good surface smoothness,
and comparatively low ligquid temperature. Then, they

accomplished the present invention.

The present invention relates to a substrate for
information fécording medium {(hereinafter referred to

substrate 1) composed of crystallized glass comprising

8i0,:35—65 mols%
Al1,03: 5—25 mol%
MgO : 10—40 mol% and
7i0;: 5—15 mol%,
wherein the sum of the above components is equal to or more
than 92mol%, andmaincrystals containedinthecrystallized
glass are enstatite and/or its solid solution.

With the substrate above, a molar ratio of A1,0; to
Mg0 (21,0;/Mg0) may be from equal to or more than 0.2 to
less than 0.5.

With the substrate above, the crystallized glass
preferably comprises
8i0, :40—60 mol$%
A1,0;: 7-22 mol$%
Mgo : 12—35 mol% and

Ti0,: 5.5—14 mols%.
With the above substrate 1, the crystallized glass

may comprise Y,0; in an amount equal to or less than 10 mol$.
With the above substrate 1, the crystallized glass

may comprise Zr0O, in an amount equal to or less than 10 mol%.
The present invention further relates to a substrate

for information recording medium {(hereinafter referred to

substrate 2) composed of crystallized glass consisting

essentially of

510, : 35— 65 mols

Al,0;: 5—25 mol%

Mg0o: 10—40 mol%

PiO,: 5—15 mols%
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Y05 0—10 mol%

Zr0O; . 0—10 mol%

R,0: 0—5 mol% (wherein R is at least one selected from
the group of Li, Na and X)

RO: 0—5 mol% {wherein R is at least one selected from the
group of Ca, Sr and Ba)

Asy03+8b,0;: 0—2 mols

8i0, + Al,0; + MgO + TiO,: 92mol% or more;

and main crystals contained in the crystallized glass are
enstatite and/or its solid solution.

The present invention further relates to a substrate
for information recording medium {(hereinafter referred to
substrate 3) composed of crystallized glass consisting
essentially of
810, :35—65 mol%

21,053 : 5—25 mol$%

MgO: 10—40 mol%

TiO, : 5—15 mol%

¥,03: 0—10 mol%

"ZrQ0, . 0—10 mol%

Ro0: 0—5 mol% (wherein R is at least one selected from
the group of Li, Na and K)

RO: 0=5mol% {wherein R is at least one selected from the
group of Ca, Sr and Ba) |

As5,03+48b,03: 0—2 mol%

8io, + Al,05; + MgO + TiO,: 92mol% or more;

and the crystallization degree of the crystallized glass
is in a range of 20 to 70 vols%.

With the abovesubstratés 1-3, the crystallized glass
may comprise Y,0; in an amount of 0.3 to 8 mol%.

With the above substrates 1-3, the crystallized glass
may comprise Zr0O, in an amount of 1 to 10 mol%.

With the above substrates 1-3, the crystallized glass
may comprise Zr0, in an amount of 1 to 5 mols%.

With the above substrate 1, the crystallized glass
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may comprise R,0 in an amount of 1 to 5 mol%, wherein R
is at least one selected from the group of Li, Na and K.
The R,0 is preferably K,0.
With the above substrates 1-3, the crystallized glass
may comprise TiO; in an amount of 8 to 14 mols.
With the above substrates 1-3, the substrate may
exhibit a Young modulus eqgual to or more than 140 Gpa.
With the above substrate 1, the crystallized glass
may comprise
8i0, :35—43 mols%,
Al;03: 9-20 moly,
MgO: 30—39 mols,
Y;03: 1-3 mol%,
Ti0, : 8.5—15 mol%, and

Zr0O,: 1—5 mol%.
With this substrate, a molar ratio of Al,0; to MgO

({A1,0;/Mg0)}) may be equal to or more than 1.35, and the
substrate may exhibit a Young modulus equal to or more than
160 GPa.

With the above substrates 1-3, the mean particle size
of thecrystal particles containedinthecrystallizedglass
may be equal to or less than 100nm.

With the above substrates 1-3, the mean particle size
ofthecrystalparticlescontainedinthecrystallizedglass
is equal to or less than 70nm.

With the above substrates 1-3, the substrate may have
g polished surface with a surface roughness Ra (JIS B0601)
equal to or less than l1lnm.

The present invention further relates to a substrate
for information recording medium (hereinafter referred to
substrate 4) composed of crystallized glass comprising
enstatite and/or its solid solution as main crystals and
the substratehasapolishedsurfacewithasurfaceroughness
Ra (JIS B0601) egqual to or less than 1lom.

Withthis substrated4, thesubstratemayhaveapolished
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surface with a surface roughness Ra (JIS B0601) equal to
or less than 0.5nm.

With the above substrates 1-4, light transparency at
600nm through the substratewith 1l mm thickness may be equal
to or more than 10%.

With the above substrates 1-4, thermal extension
coefficient of the crystallized glass may in the range of
from 65 x 10°7 to 85 x 10°7/C.

The present invention further relates to a substrate
for information recording medium (hereinafter referred to
substrate 5) composed of crystallized glass comprising
enstatite and/or its so0lid solution as main c¢rystals and

the mean particle size of the erystal particles contained

in the crystallized glass as main crystals is equal to or

legss thamn 100nm.

With this substrate 5, the mean particle size of the
crystal particles contaiﬁed in the crystallized glass as
main crystals ay be equal to or less than 70am

The present invention further relates to a substrate
for information recording medium (hereinafter referred to
substrate 6) composed of crystallized glass comprising
enstatite and/or its solid solution as main crystals and
light transparency at 600nm through the substrate with 1
mm thickness is equal to or more than 10%.

With the above substrates 1-6, the crystallization
degree of the crystallized glass is equal to or more than
50 vol%.

With the above substrates 1-6, the total content of
enstatite and/or its solid solution may range from 70 to
90 vol%, the content of titanate may range from 10 to 30
vol%, and the sum of enstatite and/or its solid solution
and titanate may be equal to or more than 90 vol%.

The present invention relates to a substrate for
information recording medium (hereinafter referred to

substrate 7) composed of crystallized glass comprising
-11-
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enstatite and/or its solid solution as main crystals and
thermal extension coefficient of the crystallized glass
is in the range of from 65 x 107 to 85 x 10°7/7TC.

With this substrate 7, the thermal =extension
coefficient of the crystallized glass is in the range of
from 73 x 1077 to 83 x 10°7/C.

With the above substrates 1-7, the crystallized glass
substantially does not comprise gquarts solid solution as
the main crystals.

With the above substrates 1-7, the crystallized glass
substantially does not comprise spinel as a crystalline
phase.

With the above substrates 1-7, the crystallized glass
substantially may not comprise ZnoO.

With the above substrates 1-7, the information
recording medium may be a magnetic disk.

The present invention relates to an information
recording medium comprising a recording layer on the
above-mentioned substrate of the present invention.

With the above information recording medium, the
recording layer may be a magnetic recording layer.

The present invention relates to a process for
preparation of a substrate for an information recording
mediumcomposedof crystallizedglass (hereinafterreferred
to process 1) comprising '
8i0; : 35—65 mol%

Al,03: 5—25 mol%

Mg0O: 10—40 mol% and

TPi0; : 5—15 mols%, _

wherein the sum of the above components is egqual to or more
than 92mol%, andmaincrystalscontainedinthecrystallized
glass are enstatite and/or its solid solution;

wherein the above process comprises steps of:

melting glass starting materials at 1400 to 1650C to

prepare a glass,
-12-
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molding the resulting glass into a plate-shaped glass, and
subjecting the plate-shaped glass to crystallization.

With the above processl , the glass starting materials
may comprise K;0 and the melting temperature is from 1450
to 1600C, preferably from 1450 to 1550TC.

Withthe%bovéprocess 1, theglass starting materials
may comprise Y;0; and the molding of the glass into a plate
shape is conducted with a mold at a temperature of from
600 to 680C.

. The present invention relates to a process for
preparation of a substrate for an information recording
mediumcomposedofcrystallizedglass {hereinafterreferred
to process 2) comprising '
$10, 1 35—65 mol%

Al,03: 5—25 mols%

MgO: 10—40 mol% and

Ti0, I 5—15 mol%,

Y,03: 0—10 mol}%

ZrO0,: 0—10 mol$

R;0: 0—5 mol% (wherein R is at least one selected from

the group of Li, Na and K}

RO: 0—5 mol% (wherein R is at least one selected from the

group of Ca, Sr and Ba)

As,03+8b,03: 0—2 mol%

Si0, + A1,0; + Mg0 + TiO;: $2mol% or more;

and main crystals contained in the crystallized glass are

enstatite and/or its solid solution;

wherein the above process comprises steps of:

melting glass starting materials at 1400 to 1650°C to

prepare a glass,

mdlding the resulting glass into a plate-shaped glass, and

subjecting the plate-shaped glass to crystallization.
With the above processes 1-2, the crystallization may

be carried out by heating the molded glass to a temperature

of from 850 to 1150 TC.
-13-
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Withtheaboveprocesses1-2, theheatingmaybecarried
out by heating the molded glass to a temperature of from
500 to 850C at a heating rate of 5 to 50 C/min and then
heating the molded glass at a heating rate of 0.1 to 10 T
/min.

The presént invention further relates to a substrate
for an information recording medium composed of
crystallized glass (hereinafter referred to substrate 8)
comprising
8i0, : 35—65 mols%

A1,03: 5—25 mols%

MgO: 10—40 mol% and

Ti0, : 5—15 mols,

wherein the sum of the above components is equal to or more
than 92mol%, main crystals contained in the ¢rystallized
glass are enstatite and/or its solid solution, and the
crystal glass does not comprise Zno;

wherein theabovecrystallizedglassispreparedbyaprocess
comprising a step of heat-treatment of a glass comprising
$i0,, Al1;0;, MgO and TiO, at a temperature of from 850 to
1150°C to obtain a crystallized glass.

The present invention further relates to a substrate
for an information recording medium (hereinafter referred
to substrate 9) composed of crystallized glass
substantially consisting of
8i0, : 35—65 mols%

Al;0;3: 5—25 mols

Mgo : 10—40 mol% and

Ti0,: 5—15 mol%,

Y;0,: 0—10 mol%

Zx0, . 0—10 mols%

R0: 0—5 mol% (wherein R is at least one selected from
the group of Bi, Na and K).

RO: 0—5 mol% {whexein R is at least one selected from the

group of Ca, Sr and Ba)
~14-
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As,0348b30: 2 0—2 mols
$io, + Al,0; + MgO + TiO,: 92mol% or more;
whereinthe abovecrystallizedglass ispreparedbyaprocess
comprising a step of heat-treatment of a glass comprising
8i0,, A1,0;, MgO and TiO, at a temperature of from 850 to
1150C to obt;in a crystallized glass.

With the above substrates 8-9, the heat treatment may
be carried out for 1 to 4 hours.

With the above substrates 8-9, the heat-treatment may

be carried out at a temperature of from 875 to 1000 T.

Brief description of the drawing
Figure 1 shows a schematic sectional viewof a magnetic
disk 1 of the present invention which comprises
crystallizedglass substrate 2, onwhichunevenness control
layer 3, underlying layer 4, magnetic layer 5, protective

layer 6 and lubricating layer 7 are provided in this order.

Mode for carrying out of the invention
[Crystallized glass]

The substrate for information recording medium of the
present invention consists of such a crystallized glass
as containing 35-65 mol% of Si0O;, 5-25 mol% of A1,0;, 10-40
mol% of Mg0 and 5-15 mol% of Tio,, wherein the sum of
aforementioned composition is at least egqual to or higher
than 92 mol%, as well as the main crystals are enstatite
and/or its solid solution.

Each of the components in the crystallized glass
constituting the substrate of the present invention will
be explained in the followings. Provided that “%” means
“mo1%” , as long as it is not especially mentioned.

8i0, is a component of the network structure of glass,
in addition, it is also a component of enstatite having
a composition of Mg0O » Si0, and enstatite solid solution
having a composition of (Mg - Al)SiO; which are the main
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deposited crystals. Because the melted glass 1is very
unstable in the case of having the contént of Si0, of less
than 35 %, it is afraid that it cannot be molded at high
temperature, in addition, crystals as mentioned above
become difficult to deposit. If the content of Si0, is less
than 35 %, the chemical durability and heat resistance of
residual glass matrix phase tend to deteriorate. On the
other hand, if the content of 8i0,; exceeds 65 %, enstatite
becomes difficult todepositasmaincrystalsandthe Young’s
modulus of glass tends to be lowered rapidly. Therefore,
the content of 8Si0;, ranges from 35 io 65 % in view of kinds
of the deposited crystals, the deposited amount thereof,
chemical durability, heat resistance, molding
characteristics and productivity. Fromthe viewpoint that
such a crystallized glass can be obtained as having more
preferable physical characteristics, the content of SiO,
preferably ranges from 40 to 60 %.

It is tobe noted that, as described bellow, the surface
smoothness may become inferior a little, however, it may
be preferable that the contenf of 8io, ranges from 35 to
43 % because a crystallized glass having the high Young’s
modulus equal to or higher than 160 GPa can be obtained
by combination with other components.

Al1,03 is a medium oxide of glass and contributes to
improvement of glass surface hardness. However, if the
glass content is less than 5 %, chemical durability of glass
matrix phase is lowered and the strength required to
substrate materials tends to be difficult to be obtained.
On the other hand, if the content of Al,0; exceeds 25 %,
enstatite as a main component becomes difficult to deposit
as well as the glass become difficult to melt due to the
high melting temperature. In addition, the glass has a
tendency to be easily devitrified and to increase molding
difficulty. Accordingly, it is appropriate that the
content of Al,0; ranges from 5 to 25%, preferably from 7
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to 22% in view of melting characteristics, molding
characteristics at a high temperature, kinds of deposited
crystals of glass and the like.

It is to benoted that, as described below, the surface
smoothness may become inferior a little, however, it may
be preferable“that the content of Al,0; ranges from 9 to
20 % because a crystallized glass having the high Young’s
modulus equal to or higher than 160 GPa can be obtained
by combination with other components.

Mg0 is a glass modifying component, in addition, a
main component of crystals of enstatite havinga composition
of Mgo * Si0, and its solid solution. If the content of MgoO
is less than 10 %, crystals as mentioned above are difficult
to deposit, having a high devitrifying tendency and a high
melting temperature of the glass, as well as the working
temperature width of glass molding tends to be narrower.
On the other hand, if the content of Mg0 exceeds 40 %,
viscosityof glass at a high temperature is rapidly lowered,
thefeby. it becomes thermally unstable, productivity
deteriorates and the Young’s modulus and durability tend
to be lowered. Then, it is appropriate that the content
of Mg0O ranges from 10 to 40%, preferably from 12 to 35%
in view of productivity, <chemical durability, high
temperature viscosity and strength of glass.

It is tobenoted that, as described below, the surface
smoothness may become inferior a little, however, it may
be preferable that the content of MgO ranjes from 30 to 39%
becauseacrystallizedglass having thehigh Young’s modulus
equal toor higher than 160 GPa canbeobtained by combination
with other components.

Provided that the contents of MgOoand A1,0; are adjusted
so that the molar ratio of A1,0; to MgO{Al,0,/Mg0) is less
than 0.5. Because the Young’s modulus of the crystallized
glass rapidly lowers if the molar ratio of Al,0; to MgoO

(A1,03/Mg0) becomes egual to or higher than 0.5. By
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adjusting the A1,0;/Mg0 less than 0.5, such a crystallized
glass can be also obtained as having high Young’s modulus
equal to or higher than 150 GPa. Al1l;0;/Mg0O is preferably
less than 0.45. However, if the molar ratio of Al,0;/MgoO
is adjusted to excessively low, it is afraid that viscosity
of glass at a High temﬁerature tends to be lowered and the
crystalline particle becomes large. Therefore, it is
appropriate that A1,0;/Mg0 ratio is equal to or higher than
0.2, preferably equal to or higher than 0.25.

Ti0; 1is a nucleation agent for deposition of
crystalline phase of enstatite having a composition of MgoO *
Si0, and enstatite solid solution having a composition of
(Mg - Al)Sioj;. Moreover,.if the content of 8Sio, is
relatively small, TiO, also has an effect of suppressing
glass devitrification. However, if the content of TiO, is
less than 5 %, the effect as the nucleation agent for the
main crystals cannot be obtained sufficiently, thereby,
crystallization causes at the surface of the glass and it
tends to be difficult to produce homogenous crystallized
glass. On the other hand, if the content of TiO, exceeds
15 %, phase separating and devitrification of the glass
occur due to eXCessiﬁely low glass viscosity at a high
temperature, so that glass productivity tends to extremely
deteriorate. Therefore, itis appropriatethatthe content
of Ti0; ranges from 5 to 15 %, preferably from 5.5 to 14 %.
More preferably, it ranges from 8 to 14 %.

It is to be noted that, as described below, it may
be preferable that the content of Ti0O, ranges from 8.5 to
15 % because a crystallized glass having the high Young’s
modulus egual to or higher than 160 GPa can be obtained
by combination with other components if the Young’s modulus
is emphasized further than the surface roughness.

The crystallized glass of the present invention may
contain Y,0;. However, as seen in the following examples,
the Young’s modulus of the c¢rystallized glass can be
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increased to about '10 GPa as well as the temperature of

liquid phase can be decreased to about from 50 to 100 T
by introducing, for example, 2 % of Y;0;. That 1is,
characteristics and productivity of glass can be improved
remarkably by introducing a 1little amount of ¥,0;. If the
content of f;og is equal to or higher than 0.3 %,
aforementioned effect of Y;0; can be obtained. The content
of Y,0;ispreferablyequal toor higherthan0.5%. However,
Y,03; has an effect of suppressing the groﬁth of the main
crystal contained in the aforementioned glass. Therefore,
if the content of Y,0; is excessively high, the surface is
easily crystallized in the heat-treatment carried out for
the purpose of the glass crystallization, so that it tends
not to produce a desired crystallized glass. From such
viewpoints, it is appropriate that the content of Y,0, is
equal to or less than 10 %. In particular, the content of
Y,0; is preferably equal to or less than 8 %, more preferably
equal to or less than 3 %.

Moreover, the crystallized glass of the present
invention can contain equal to or less than 10 % of Zro,.
Zr0, can play an important role to improvement of glass
stability, especially in a glass containing a large amount
of MgO. 1In addition, it also works as a nucleation agent
and it contributes, as a helper of Ti0O,, to make the
crystalline particles finewith promoting phase separation
of glass during pretreatment. However, if the content of
Zr0; exceeds 10 %, it isafraid that melting characteristics
at a high temperature and homogeneity of glass deteriorate,
so that the amount to be introduced appropriately ranges
from 1 to 10 %. Moreover, the content of Zr0, preferably
ranges from 0 to 6 %, more preferably from 1 to 5 % in view
of melting characteristics of glass at a high temperature
and homogeneity of the crystalline particles.

In the crystallized glass of the present invention,

the sum of Si0,, Al,0;, Mg0O and TiO, is equal to or higher
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than 92 % from the viewpoint of characteristics such as
the high Young’s modulus and keeping homogenous crystalline
characteristics. The sum of Si0,, Al,03;, MgO and TiO, is
preferably equal to or higher than 93 %, more preferably
equal to or higher than 95 §%.

If within above range, as components other than said
components, it may contain such components as alkali metal
oxides R;0 {for example, Li;0, Na,0, K.0 or the 1ike) and/for
alkali-earth metal oxides RO (for example, Ca0, SrO0, BaoO
or the like) in the range of not deteriorating desirable
characteristics of the crystallized glass. Alkali metal
oxides and/or alkali-earth metal oxides can be produced
from nitrates as glass raw materials. If Sb,0; is used as
a degassing agent in glass producing, Pt is easily included
into gléss from a crucible made of Pt for glass melting.
By using nitrates as glass raw materials, inclusion of Pt
into glass can be suppressed. It is preferable that the
content of alkalimetal oxidesandalkali-earthmetal oxides
is respectively equal to or higher than 6.1 % from the
viewpoint of obtainingsaideffect. However,ifcontaining
alkali metal oxides, its content is appropriately equal
to or less than 5 % because alkali metal oxides tend to
lower the Young’s modulus. On the other hand, alkali metal
oxides have such effects as. lowering a melting temperature
of glass and melting the Pt contamination from a melting
crucible made of Pt by ionizing it. 1In this case, it is
also preferably to add them equal to or higher than 0.1 %
in order to enjoy these effects. Especially, K,0 is
preferablebecauseithasaneffect tosuppress thereduction
of the Young’s modulus, as well as effects of lowering. a
melting temperature of glass and melting the Pt
contamination fromamelting cruciblemade of Pt by ionizing
it. In the case of containing X;0, its content 1is
appropriately equal to or less than 5 %, preferably from
0.1 to 2 %, more preferably from 0.1 to 1 %.
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In addition, in the case of containing alkali-earth
metal oxides, the content of the alkali-earth metal oxides
is appropriately equal to or less than 5 % because of their
tendency to increase crystalline particles. 1In the case
of containing alkali metal oxides, especially, the content
of K;0 preferébly ranges from 0.1 to 5 %, preferably from
0.1 to 2 %, more preferably from 0.1 to 1 %. 1In the case
of containing alkali-earth metal oxides, especially, the
content of Sr0 ranges from 0.1 to 5 &%, preferably from 0.1
to 2 %. Especially, from the viewpoint of glass
stabilization, Sr0 is preferable and its content ranges
from 0.1 to 5 %, preferably from 0.1 to 2 %.

In addition, As;0; and/or Sb,0; can be contained as
a degassing agent for attempting glass homogenization.
According to viscosity at a high temperature changing by
the composition of glass, more homogenous glass cam be
obtained by adding an adequate amount of As,03, Sb,;05 or
As;03;+8b,;0; to glass. However, if excessively large amount
of the degassing agent is added, the Young’s modulus tends
to be lowered by increasing the specific gravity of glass.
Moreover, it may react with aplatinumcrucible for melting,
and thereby damaging the crucible. Therefore, it is
appropriate that the amount of the degassing agent added
is equal to or less than 2 %, preferably equal to or less

than 1.5 %.
Impurities in raw materials, such as C1, F,S0; and the

like which become a glass cleaning agent, can be contained

other than aforementioned basic components if the content

is respectively equal toor less thanl %$ where deterioration
of the characteristics of the crystallized glass of the
present invention is avoidable.

In addition, it is preferable that the crystallized
glass of the present invention substantially does not
contain Zn0 and Ni0O. Because ZnO facilitates production
of spinel, hard crystals. 1In addition, not containing Nio
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is desirable from the viewpoint that NiOo facilitates
production of spinel, as well as from the viewpoint that
NiO is such a component as affecting the environment.
One of the preferred embodiments of the substrate for
information recordlng medium of the present invention is
a substrate composed of crystall1zed glass in which the
main crystals are enstatite and/or its solid solution, and

comprising 35-65 mol% of 8i0,, 5-25 mol% of Al,0;, 10-40

.mol% of Mg0O, 5-15 mol% of TiO;, 0-10 mol% of Y,0;, 0-6 mols$

bf Zr0O;, 0-5 mol% of R;0 where R represents at least one
selected from the group consisting of Li, Na and XK, 0-5
mol% of RO where R represents at least one selected from
the group consisting of Ca, Sr and Ba, 0-2mol% of As,0;+S8b,0,
and equal to or higher than 92 mol % of Si0,+A1,0;+MgO+Ti0,.

In the present invention, the main crystals are
essential crystals for obtaining effects of the present
invention and the crystals contained in the largest amount
among crystalsinglass. Preferably, themaincrystalsmean
the crystals contained equal to oxr higher than 50 % by volume
amdng crystals in glass. It is to be noted that many
crystalliiedglassesofthepresentinventioncontainequal
to or higher than 70 % by volume of enstatite and/or its
solid solution, in some cases, equal to or higher than 80 %
by volume, in few cases, equal to or higher than 90 % by
volume. The main crystals in the crystallized glass of the
present invention are, for example, enstatite {including
enstatite solid solution) having a composition of MgoO -
Si0, and (Mg - A1)S8i0;. In addition, if the crystallized
glass of the present invention contains both of enstatite
and its s0lid solution, a group of enstatite and its solid
solution is referred to as main crystals. It is to be noted
that enstatite includes clino-enstatite, proto-enstatite
and enstatite. Moreover, titanates can be included other
than aforementioned crystals. Examples of crystalline

phase include a phase in which the sum of enstatite and/or
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its solid solution ranges from 50 to 100 % by volume of
and titanates ranges from 50 to 0 % by volume. 1In addition, .
a phase can be exemplified in which the sum of enstatite
and/or its solid solution ranges from 70 to 90 % by volume
of and titanates ranges from 30 to 10 % by volume. 1In this
case,thetotafamountofenstatiteand/oritssolidsolution
and titanates is preferably equal to or higher than 90 %
by volume, more preferably equal to or higher than 95 %
by volume, the most preferably equal to or higher than 99 %
by volume in crystals in glass.

As crystals other than enstatite and/or its solid
solution as well as titanates, mullite, forsterite,
cordierite, quartz, solid solution of quartz and_the like
can be exemplified. However,.spinel is not included.
Enstatite has such characteristics as the crystallized
glass containing enstatite as main crystals can be polished
very easily due to low hardness {(where the Mohs’ scale of
hardness is 5.5), and it can obtain desirable surface
roughness in relatively short time. Moreover, it can be
considered that enstatite can provide a glass with high
Young’s modulus even if the particle size is small because
glass components easily penetrate into its voids due to
the crystal structure of chain or layer. On the other hand,
it is considered that because spinel is harder (where the
Mohs’ scale of hardness is 8) than enstatite, it makes glass
hardtobepolishéd. Itispreferable that thecrystallized
glass of the present invention does not contain quartz solid
solution.

In addition, the ratio of crystals in glass {degree
of crystallinity) ranges from about 20 to 70 % by volume.
The degree of crystallinity is preferably equal to or higher
than 50 % by volume in order to obtain such a substrate
as having high Young’s modulus. However, in order to make
processes after crystallization easy, the degree of

crystallinity may range from 20 to 50 $ by volume, moreover,
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from 20 to 30 % by volume. Alternatively, when it is
desirable to obtain high Young’s modulus rather than
facilitationof processesaftercrystallization, thedegree
of crystallinity may range from 50 to 70 % by volume.

Moreover, the aﬁerage value of size of crystals
containedintﬂecrystallizedglassofthepresentinvention
(particle diameter) is preferably equal to or less than
100 nm, more preferably equal to or less than 50 nm, further
preferably equal toor less than30nm. If theaveragevalue
of crystalline size exceeds 100nm, not only lowering the
mechanical strength of glass but also the loss of crystals
during polishing process causes, thereby it is afraid that
the surfaceroughnessofglass deteriorates. Suchacontrol
of crystalline size can be done mainly by changing kinds
of contained «crystalline phase and heat treatment
conditions mentioned below. 1In the present invention, it
is possible to obtain such micro crystalline size under .
the heat treatment conditions under which the main c¢rystals
of enstatite and/or its so0lid solution which are essential
components in the present invention can be obtained.

In addition, the crystallized glass constituting the
substrate of the present invention may have the thermal
expansion coefficient ranging from 65X10°7 to 85X10°7/C,
further from 73 X107 to 83X10°7/C.. Phe thermal expansion
coefficient can be set within the above range in vie& of
characteristics required as a substrate for information
recording medium.

[Production method for crystallized glass and substrate]

The substrate composed of the crystallized glass of
the present invention can be produced by'publicly known
production methods of glass substrate. For example, glass
materials of a given composition can be melted by the high
temperature melting method, i.e., melted in air or inmert
gas atmosphere, homogenized by bubbling, addition of

degassing agent, stirring or the 1ike and molded intoplate
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glass by well-known press method, down draw method or the
like. Then, glass molding products of a desired size and
shape can be obtained from the plate glass by processing
such as cutting and polishing. The crystallized glass of
the present invention can be melted, for example, at a
temperatureo{from1400t01550‘C,andincludessuchglasses
as possible to be melted at a temperature of from 1500 teo
1650 C, further from 1550 to 1600 C. As mentioned above,
for example, K,0 is preferably introduced as a component
for lowering a melting temperature.

The glass molding product thus obtained is subjected
to heat treatment method for crystallization. The heat
treatment method is not especially limited and it can be
selected properly according to the content of
crystallization promoting agents, glass transition
temperature, crystallization peak temperature or the like.
However, many crystalline nuclei are generated by heat
treatment at relatively low temperature {(for example,
{glass transition temperature (Tg)-30 C) to (Tg + 60 C),
especially, Tg to (Pg + 60 C) in the initial stage. The
temperature specifically ranges from 700 to 850 C. &after
that, it is preferable that the crystals are grown by
elevating the temperature to from 850 to 1150 C from the
viewpoint of obtainingmicro crystals. At this time, after
the glass temperature becomes ranging from 500 to 850 C,
the elevating rate of temperature more preferably ranges
from 0.1 to 10 C/min from the viewpoints of deposition of
micro crystal particles and preventing deformation of
external form of plate glass. However, the elevating rate
of temperature is not especially limited until the glass
temperature become ranging from 500 to 850 C, and it can
be ranged from 5 to 50 C/min. In addition, in the present
invention, the admissible temperature range of heat
treatment for producing crystalline nuclei and heat
treatment forgrowthof crystalsinwhichsuchacrystallized
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glass as having the same Young’s modulus and the same
crystalline size or the same crystallization homogeneity
can be produces is a temperature width equal to or higher

than 30 C, so that production process for crystallization
can be controlled easily.

Moreover, in the present inventiom, such a heat
treatment conditions are adjusted to conditions under which
enstatite having a composition of Mg0 * 810, and enstatite
solid solution having a composition of (Mg *Al)Si0; are
deposited as main crystals. It is to be noted that other
crystals such as forsterite, cordierite, titanates and
mullite may be deposited other than these main crystals,
but the conditions under which enstatite and its solid
solution are deposited is adopted. As for such conditions,
heat treatment for crystallization is preferably carried
out at atemperatureranging from850to115¢0 C. The heating -
is preferably carried out at a temperature ranging from
875 to 1050 C. 1If the heating temperature is lower than
85013,enstatiteanditssolidsolutionarehardlydeposited.
In addition, if exceeding 1150 C, crystals other than
enstatite and its solid solution become easy to deposit.
In addition, by setting the temperature from 875 to 1000 C,
the particle size of enstatite and/or its solid solution

can be made relatively small, for example, equal to or less

-than 100 nm, preferably equal to or less than 50 nm. The

heat treatment time for crystallization is selected
properly according to desirable. degree of crystallinity
and particle diameter of crystals because it affects the
degree of crystallinity and the particle diameter of
crystals depending on the heat treatment temperature. In
the heat treatment at a temperature ranging from 850 to
1150 T, it preferably ranges from 1 to 4 hours.

In addition, the temperature of nuclei producing
process before heat treatment for crystallization
appropriately ranges from 30 T lower to 60 C higher than
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glass transition temperature (Tg), preferably from 0 C to
60 C higher than Tg, more preferably from 10 to 50 C higher
than Tg from the viewpoint of deposition of crystals having
small crystalline particle diameter.

The molding product of the crystallized glass after
subjected to heat treatment may be polished, if necessary,
andpolishingmethodisnot especiallylimited. Forexample
it canbepolished by publicly knownmethods using synthetic
sharpening particle, such as synthetic diamond, silicon
carbide, aluminum oxide and borom carbide, and natural
sharpening particle, such as natural diamond and cerium
oxide. The molded product which has been polished but not
be subjected to crystallization can also be subjected to
the above-mentioned crystallization.

The substrate for information recording medium
composed of the crystallized glass of the present invention
preferably has the surface smoothness as having the average
roughness Ra (FIS BO601) equél toor less than 1l nm measured
with AFM (Atomic ForceMicroscopy). Especially, inthecase
of using the crystallized glass of the present invention
as a magnetic disk substrate, the average roughness Ra (JIS
B0601) of the surface significantly influences recording
density of the magnetic disk. If the surface roughness
exceeds 1 nm, high recording density is hardly obtained.
The surface roughness of the substrate composed of the
crystallized glass of the present invention 1is more
preferably equal to or less than 0.7 nm, further preferably
equal to or less than 0.5 nm in view of obtaining high
recording density.

The substrate composed of the crystallized glass of
the present invention in which enstatite and its solid
solution are contained as main crystals is useful as a
magnetic disk substrate because it has high strength, high
hardness and high Young’s modulus as well as being excellent
in chemical durability and heat resistance. Moreover, the
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crystallized glass of the present invention is alkali free
or low-alkali, so that if used as a magnetic disk substrate,
corrosion of a magnetic film with the substrate is greatly
decreased, thereby the magnetic film can be kept in the
best condition.
$i0,-31,0;-Mg0 based glass in which the main crystals are
enstatite and/or its solid solution, as mentioned above.
Other than this, the presemt invention includes the
crystallized glass substrates for information recording
medium which are glasses other than 8i0,-21,0;-Mg0 based
glass and in which the main crystals are enstatite and/or
its s0lid solution and in which s a polished plane having
the surface roughness Ra (JIS B0601) equal to or less than
1 nmis provided. It is to be noted that the main crystals
herein are such crystals as contained in an amount equal
toor higher than 50 % by volume among crystals in the glass.
In many crystallized glasses, enstatite and/or its solid
solution are contained, in an amount equal to or higher
than 70 % by volume, in some cases, equal to or higher than
80 % by volume, in few cases, equal to or higher than 90 %
by volume of whole the crystals. In addition, in this
crystallized glass {crystallinity), the ratio of crystals
in glass ranges about from 20 to 70 %,
Inthecrystallizedglass substratein this embodiment
the average value of the size (barticle diameter) of the
crystals contained in the crystallized glass is preferably
equal to or less than 0.5 im, more preferably equal to or
less than 0.3 um, further preferably equal to or less than
0.1 im. The average value of the size of the crystals
contained the crystallized glass is the most preferably
equal to or less than 50 nm. If the'average value of the
crystalline size exceeds 0.5 tm, it is afraid that not only
lowering the mechanical strength of the glass but also the
loss of crystals during polishing process causes, thereby
-28-
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the glass surface roughness deteriorates. Such a control

of the size of crystal particles is carried out mainly by

"selecting kinds of the contained crystallinephase and heat

treatment condition mentioned below. However, in the
present invention, it is possible to obtain the micro
particle size as mentioned above in the heat treatment
conditions under whichthemaincrystalsof enstatiteand/or
its solid solution which are essential in the present
invention are obtained.

Small crystal size results in an increase of light
transparency at 600 nm through the snbstrate with 1 mm
thickness. PThe substrateof thepresentinventionexhibits
the transparency equal to or more tham 10 %, or equal to
or more than 50 %, in.some cases, from 60 % to 90 %.

The crystallized glass substrate in this embodiment
preferably has a Young’s modulus equal to or higher than
140 GPa as the substrate use for rotation at a high speed.
In addition, it is preferable that the crystallized glass
substrate of the present invention substantially does not
contain quartz solid solution as main crystals. Moreover,
it is preferable that the crystallized glass substrate of
the present invention substantially doesnot containspinel
as a crystalline phase. Because spinel is hard crystals
compared with enstatite {having the Mohs’ scale of hardness
of 8), it is difficult to be polished and the polished plane
having a surface roughness Ra (JIS B0601) equal to or less
than 1 nm is hardly obtained.

Demands for high Young’/s modulus canbe explained
on the basis of the following fact. That is, with recent
smaller sizé, higher capacity and higher speed of HDDs,
it isexpectedthat thethicknessof3.5-inchdiskscurrently
used of 0.8 mm will be made smaller to 0.635 mr, and 0.635
mm of current 2.5-inch disks to 0.43 mm, or even to 0.38
mm. Revolution speed of substrates is also expected to be
made faster from the current maximum speed of 7,200 rpn
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to 10,000 rpm, or even to 14,000 rpm. As substrates for
such magnetic recording media become thinner, they become
more likely to suffer deflexion, undulation and warp, and
it.isexpectedthat,asthexevolutionspeedbecomeshigher,
stress loaded on the substrates (force exerted by wind
pressure caused by rotation of disks) will become larger.
Based on the theory of dynamics, the deflexion W of a disk
receiving load of P per unit area is represented by the

following formula:

Pa*

Weo
RE

wherein a represents an outer diameter of disk, h
represents athickness of substrateandErepresents Young's
modulus of disk material.

In static state, force loaded on the disk is the
gravitation alone is, and the deflexion W is represented

by the following formula:

hda* da* ot
W = =
BE ME KG

wherein d represents a specific gravity of disk
material and 6 is aspecificelasticmodulusof diskmaterial
(= Young's modulus/specific gravity).

On the other hand, supposing that the gravitational
force is balanced by centrifugal force and can be ignored
in rotating state of disk, force loaded on the disk may
be considered only wind pressure caused by the rotation
of thedisk. Thewindpressure is represented as a function
of disk revolution speed and said to be proportional to
the second power of the speed. Accordingly, the deflexion
W when the disk is rotating is represented by the following

formula: _30-
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From these results, in order to suppress the deflexion
W of substratTé to be rotated at a high speed, a material
of high Young's modulus E is required. According to the
present inventors’ calculation, when the thickness of
2.5-inch substrate is made smaller from 0.635 mm to 0.43
mm, and the thickness of 3.5-inch substrate from 0.8 mm
to0.635mm, it is required that the specificelasticmodulus
of substrate materials is at least equal to or higher than
37 MNm/kg. In addition, when the current revolution speed
of 3.5-inch high-end substrates of 7200 rpm is made faster
to prospective 100006 rpm, an aluminum substrate having
Young's modulus of around 70 GPa cannot meet such a high
speed, and new substrate materials having the Young’s
modulus at least equal to or higher than GPa are required.
As the specific elastic modulus or Young's modulus of
substrate material becomes higher, not only stiffness of
substrates becomes higher, but also impact resistance and
strength of substr&tes become higher. Therefore, a glass
material having high specific elastic modulus and high
Young's modulus is strongly desired in the field of HDD
production.

In the present invention, such a substrate has high
Young’s modulus egqual to or higher thanm 160 GPa,.as
comprising 35 to 43 mol% of 8i0,, 9 to 20 mol% of Al,0,,
30 to 39 mol% of MgO0, 1 to 3 mol% of Y,0,, 8.5 to 15 mol$%
of 710, and 1 to 5 mol% of Zr0,. In this case, the molar
ratio of Si0,/Mg0 is apprbpriately egual to or less than
1.35,

The magnetic disk substrate composed ©of the
crystallized glass of the present invention can satisfy

all characteristics required as a magnetic disk substrate,
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such as surface smoothness, flatness, strength, hardness,
chemical durability and heat resistance. 1Im addition, the
Young’s modulus is about twice larger than the conventional
crystallized glass (Li;0-8i0; based crystallized glass),
so that it is possible to suppress the deflexion caused
by high revolution speed of the disk low, thereby it is
suitable as a substrate material to achieve high TPI hard
disks.

Because the <crystallized glass of the présent
invention 1is excellent in heat resistance, surface
smoothness, chemical durability, optical characteristics
and mechanical strength, it can be used suitable as
substrates for information recording medium such as
magnetic disks, glass substrates for optical magnetic disks
and electronoptical glass substrates suchasoptical disks.
[Explanation of magnetic disk]

The information recording medium of the present
invention is characterized by having the substrate of the
present invention and a recording layer formed on said
substrate. A magnetic disk {hard disk) comprising a
substrate composed of the crystallized glass of the present
invention described above and at least a magnetic layer

formed on a main surface of the substrate will be explained

'hereinafter. As layers other than the magnetic lavyer,

underlying layer, protective layer, lubricating layer,

unevenness control layer and the 1ike are optionally formed

" depending on functions of the disk. These layers can be

formed by various thin film-forming techniques.
Material for the magnetic layer is not particularly
limited. For example, in addition to Co magnetic layers,
ferrite magnetic layers, iron-rare earth metal magnetic
layers and the l1ike can be mentioned. The magnetic layer
may be either for horizontal magnetic recording or vertical
magnetic recording. Specific examples of the magnetic
layer include, for example, those containing Co as a main
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component suchas CoPt, CoCr, CoNi, CoNiCrxr, CoCrTaand CoPtCr,
and CoNiCrPt, CoNiCrTa, CoCrPtTa, CoCrPtSi0 and the like.
The magnetic layer may be consisted of multiple layers
comprising a non-magnetic layer for noise reduction
separating magnetic layers. The underlying layer of the
magnetic layer may be selected depending on the nature of
the magnetic layer. For example, the underlying layer may
be those comprising one or more of non-magnetic metals such
as €Cr, Mo, Ta, Ti, W, V, Band A1, oroxides, nitride, carbides
and the like of those metals. For .a magnetic layer
comprising Co as the main component, an underlying layer
of pure Cxr or Cxr alloy is preferred for improving magnetic
characteristics. The underlying layer is net limited to
a monolayer, and may be composed of multiple layers
consisting of multiple identical or different lavyers. For
example, the underlying layer may be a multi-layer
underlying layer such as Al/Cr/CrMo and Al/Cr/Cr.

The unevenness 'control layer for preventing
absorption of magnetic disk tomagnetic head may be provided
between the substrate and the magnetic layer or on the
magnetic layer. Because surface roughness of the disk is
properly controlled by the unevenness control layer, the
magnetic disk is prevented from being absorbed to the
magnetic disk and hence a highly reliable magnetic disk
can be provided. Various materials and production methods
for the unevenness control layer have been known and they
are not particularly limited. For example, the material
of the unevenness control layer may be one or more metals
selected from Al, Ag, Ti, Nb, Ta, Bi, Si, Zr, Cr, Cu, Au,
Sn, Pd, Sb, Ge, Mg and the like, alloys thereof, oxides,
nitrides, carbides thereof and the like. For the ease of
production, those produced from metals containing Al as
a main component such as pure Al, Al alloys, Al oxides and
Al nitrides are preferred.

Inaddition, for good head stiction, surface roughness
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of the unevenness forming layer is preferably Rp.x 0f 50-300
Aq more preferably Rp,, Of 100-200A. When the Rpax is less
than SOAW the disk surface is nearly flat, and hence the
magnetic head and the disk are absorbed to each other. This
may disadvantageously cause damage of the magnetic head
and the magnetic disk, and head crash. On the other hand,
when the Rp,x exceeds 300A, glide height becomes larger
and recording density is disadvantageously lowered.

It is to be noted that unevenness may be provided on
the surface of the glass substrate by a texturing treatment
such as etching treatment and irradiation of laser lights
instead of providing the unevenness control layer.

The protective layer may be, for example, Cr layer,
Cr alloy layer, carbon layer, zirconia layer, silica layer

or the 1like. These protective layers can be successively

formed by an inline sputtering apparatus together with the

underlying layer, the magnetic layer and the like. These
protective layers may have either monolayer structure or
multilayer structure comprising identical or different
layers.

Another protective layer may be provided on or instead
of the protective layer explained above. For example, a
silicon oxide {(Si0,;) layer may be formed on the protective
layermentioned abovebyapplying tetraalkoxysilanediluted
inanalcoholicsolvent, inwhichcolloidalsilicais further
dispersed, and sintering the applied layer. This layer
functionsasaiprotectivelayerandasanunevennesscontrol
layer.

While various kinds of layexrs have been proposed as
the lubricating layer, it is generally formed by applying
a liquid lubricating agent, perfluoropolyether, diluted
in a solvént such as freons by dipping, spin coating,
spraying or the like and subjecting the coated layer to
a heat-treatment as réquired.
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Examples

The detailéof the present invention will be explained
in the following examples, however, the present invention
is not limited to these examples.

In Tables 1 to 12, the glass compositions of Examples
1 to 42 are-TTgfed with respect to mol% {or % by weight).
The compositions shown in Tables 1 to 12 are-those of the
starting materials. However, as the results of analysis
on the crystallized glass of Examples 1 to 15, the
compositional difference between the starting material and
the crystallized glass is within * 0.1 %. Thus, the
compositions of the starting materials shown in Tables 1
to 12 are substantially identical with these of the
crystallized glasses. As the starting materials of these
glasses, Si0;, A1,0;, Al(OH);, MgO, Y,05;, TiO;, ZrO;, KNO,,
Sr{NO3),, Sb;0; and the like were weighed into 250-300 g
portionsaccordingtothegivencompositionsshowninTables
ltol2andmixed sufficiently toprovide formulatedbatches.
Provided that, not shown in the tables, all of the glasses
contain 0.03 mol% of Sb,0;. Each of them was charged in
a platinum crucible and melted in air for 4 to 5 hours at
1550C with stirring. After melting, the glass melting
liquid was cast into a carbon mold having a size of 180
X15X25mm,1efttocooltotheglasstransitiontemperature,
immediatelytransferrediﬂtoanannealingfurnace,annealed
in the glass transition temperature range for about 1 hour
and left to cobl to room temperature in the furnace. The
resultingglassesdidnotconﬁaindepositedcrystals which
can.bebbserved,bya microscope. After glass pieces having
a size of 180 x 15 x 25 mm were polished into pieces having
a size of 100X10X10 mm or 10X10 X20 nmm, they were put
in a heat treatment furnace, elevating a temperature at
an elevating speed of temperature of from 1 to 5 Tj/min.
up to the temperature of heat treatment for crystal nucleus

production described in Tables 1 to 12, and immediately
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after finishing the heat treatment for crystal nucleus
production, elevating a temperature at an elevating speed
of temperature of from 2 to 10 C/min. from the temperature
of heat treatment for crystal nucleus production to the
temperatureof heat treatment forcrystallizationdescribed
in Tables 1 ?:

5 hours, the crystallized glass was produced by cooling

12. After keeping the temperature for 1 to

to the room temperature in the furnace. The crystallized
glass thus obtained was further polished as to have the
length of 95 mm, and then used as a sample for measuring
the Young’s modulus and the specific gravity. The data
obtained by the measurements are listed together with the
glass compositions in Tables 1 to 12.

For comparison, the ion-exchanged glass substrate
disclosed in Japanese Patent Unexamined Publication
No.Hei.1-239036 (JP-A-239036/89) and the glass substrate
disclosed in U.S. Patent No0.2,516,553 were utilized as
Comparative examples 1 and 2 and their compositions and

characteristics are shown in Table 13,
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Table 1
Composition(mols) 1 2 3
8io0, 48.00 47.00 47.090
Al1,0, 11.00 10.50 10.50
Mg0 30.00 30.00 28.50
Y,05 1.00 0.50
Zr0, 2.00 2.00
Tio, 10.00 10.00 10.00
A1,0,/Mg0 .37 0.35 0.37
810,/Mgo 1.60 1.56 1.65
S+A+M+T 9% 97.5 .96
Transition . 732 735 729
temperature Tg (°C)
Heat tr?atment temperature :f Tg+28 Pg+35 Tg+31
producing crystal nucleus (°C)
Heat treatment time of 4 4 4
producing crystal nucleus{h)
Elevaing speef . 100 300 300
of temperature{°C/h)
Heat treatment.tem?eri}ure 1000 1000 1000
of crystallization{°C) :
Heat treatment time 4 ‘ ‘
of crystallization{h)
Elevating speed s 240 240 240
of temperature(°C/h) _
Kind of fracture surface Glass Glass Glass
Transparency at a 75% 73% 78%
wavelength of 600nm
Specific gravity(g/cm’) 3.086 3.14 3.11
Young's modulus{GPa} 148.5 150.5 147
Poisson ratio 0.231 0.23 0.229 -
Xind of main crystals Enstatite |Enstatite|Enstatite
XKind of other crystals Titanate Titanate Titanate
Specific modulus
48.1 47.9 47.3
of elasticity(MNm/kg) .
Thermal expansion
o e 72 72 75
coefficient{10 ' /°C)
Ave{age particle 30~40 30~40 10~50
diameter (nm}
Ra{nm} 0.3 0.3 0.3

Enstatite:Enstatite and its solid solution
S+A+M+T=810,+4A1,0,+Mg0+Tio0,
*Elevating speed of temperature in the process of elevating temperature
up to heat treatment temperature of producing crystal nucleus
**Elevating speed of temperature in the process of elevating temperature
from heat treatment temperature of producing crystal nucleus to
crystallization heat treatment temperature
—-37—
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Table 2
composition(mols) 4 5 6
8i0, 46.00 47.00 41.00
Al,0,4 10.590 12.50 12.50
Mgo 31.00 28.50 34.50
Y,0, 0.50 2.00 2.00
210, 2.00 :
Ti0, 10.00 10.00 10.00
A1,0,/Mg0 0.34 0.44 0.36
8i0,/Mg0 1.48 1,65 1.18
S+A+M+ T 97.5 98 98
Pransition 732 729 738
temperature Tg (°C) :
Heat treatment temperature of
Tg+38 Tg+31 Tg+22
producing crystal nucleus(°C) I g g
Heat treatment time of 4 ¢ 4
producing crystal nucleus {h)
Elevating speed
300 300 300
of temperature(°C/m)”* _
Heat treatment temperature
19000 1000 1000
of crystallization(°C)
Heat treatment time R 4 R
of crystallization(h) )
Elevating speed 240 240
240
of temperature(°C/n)**
Kind of fracture surface Glass Glass Glass
Transparency at a '
wavelength of 600nm 734 , 76% 75%
‘ Specific gravity(g/em’) 3.158 3.038 3.309
Young's modulus {GPa) 153.2 146.7 179.1
Poisson ratio 0.23 0.225 0.245
Kind of main crystals Bnstatite |[EnstatitejBnstatite
Kind of other crystals . Titanate |Titanate| Titanate
Specific modulus . A
of elasticity(MNm/kg) 48.5 48.3 4.1
Thermal expansion
- 74 70 83
coefficient (10°'/°C)
Average particle
29e P 20~30 | 50~70 | 100~150
diameter (nm) _
Ra {nm) . 0.25 0.4 0.5

Bnstatite:Enstatite and its solid solution
S+A+M+T=510,+A1,0,+Mg0+Ti0,
*Elevating speed of temperature in the process of elevating temperature
up to heat treatment temperature of producing crystal nucleus
**Elevating speed of temperature in the process of elevating temperature
from heat treatment temperature of producing crystal nucleus to

crystallization heat treatment temperature
-38-



Table 3
composition(mols) 7 8 3 10
§sio, 43.00 45.00 47.00 493.00
Al,0, 12.50 _12.50 12.50 10.50
Mg0 32.50 30.50 28.50 29.50
Y,0, 2.00 2.00 2.00 1.00
Zr0,
rio, 10.00 10.00 10.00 10.00
21,0,/Mg0 0.38 0.41 0.44 0.35
§i0,/Mg0 1.32 1.47 1.65 1.66
S+A+M4T 98 98 98 99
Transition 740 739 740 732
temperature Tg (°C)
Heat tr?atment temperature :f Tg+30 Tg+31 Tg+20 Pg+28
producing crystal ancleus(°C)
Beat treatment time of 4 4 4 4
producing crystal nucleus(h)
Elevating speed 3160 300 300 300
of temperature{°’C/h)
Heat treatment.temPerifure 1000 1000 1000 1000
of crystallization(°C)
Heat treatment time ‘ 4 ‘ A
of crystallization{h)
Elevating s{eed . 240 240 240 240
.of temperature(°C/h)
Kind of Glass Glass Glass Glass
fracture surface
Trangparency at a
13% 78% 79% 76%
wavelength of 600nm
Specific gravit
P i Y 3.254 3.207 3.168 3.068
{g/cm’) . .
¥
Young’'s modulus 170 163.4 157.3 149.1
{GPa)
Poisson ratio 0.245 0.241 0.237 0.228
Kind of main crystals Enstatite Enstatite |Enstatite|[Enstatite
Kind of other crystals Titanate Titanate Titanate | Titanate
Specific modulus
52.2 51.0 49.7 48.6
of elasticity(MNm/kg)
Thermal expansion
o o 81 16 72 71
coefficient{10 ' /C)
Average particle 80~120 50~70 50~70 | 40~50
diameter{nm)

Enstatite:Enstatite and its solid solution

S+A+M+T=810,+A1,0,+Mg0+Ti0,

*Elevating speed of temperature in the process of elevating temperature
up to heat treatment temperature of producing crystal nucleus

**Elevating speed of temperature in the process of elevating temperature
from heat treatment temperature of producing crystal nucleus to
crystallization heat treatment temperature
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Table 4
Composition(mols) 11 12 13
510, 46.00 46.00 46.00
Al1,0, 10.50 10.50 10.5¢0
Mg0 30.590 30.00 30.00
X,0 0.50
5r0 .00 1.50
Y,0, 0.50 0.50
210, 2.00 2,00 2.00
Tio0, 10.00 10.00 9.00
Al,0,/Mgo 0.34 0.35 0.35
5i0,/Mg0o 1.51 1.53 1.53
S+A+M+T 97 96.5 95.5
Transition
temperature Tg{(°C) 726 728 726
Heat treatment temperature of Pg+30 Tg+30 Tg+30

producing crystal aucleus (°C)
Heat treatment time of ’ ‘ ‘
producing crystal nucleus{h}
Elevating speed
of temperature{°C/n)”
Heat treatment temperature
of crystallization{°C)
Heat treatment time 4 4 4
of crystallization(h)
Elevating speed

300 300 300

1000 1000 1600

240 240 240
of temperature(°C/h)*”* .
Kind of Glass Glass Glass
fracture surface
Transparency at a
82% 70% 7
wvavelength of 600nn §7%
Specific gravity(g/cm’) 3.127 3.172 3.175
Young's modulus{GPa) 149.2 151.8 152.1
Poisson ratio 0.232 0.234 0.234
Kind of main crystals Enstatite | Enstatite |Enstatite
Kind of other crystals Titanate | Titanate Titanate
Specific modulus
47.17 47.9 47.9
of elasticity{MNm/kg)
Thermal expansion
o 10 77.9 75.1 74.7
coefficient (10 /C)
Average particle 20~30 30~50 30~50
diameter (nm)
Ra{nm) 0.20 0.30 0.30

Enstatite:Enstatite and its solid solution
S+A+M+T=S10,+21,0,+Mg0+Ti0,
*Elevating speed of temperature in the process of elevating temperature
up to heat treatment temperature of producing crystal nucleus
**Elevating speed of temperature in the process of elevating temperature
from heat treatment temperature of producing crystal nucleus to
crystallization heat treatment temperature
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Table §
Composition{mol%) 14 15 16
sio, 46.00 46.00 46.00
Al,04 10.50 10.5¢0 10.50
Mgo 31.00 36.00 31.0
K0 ’ 0.50 0.50
Sro 1.00 0.50
Y504 0.50 0.50 0.50
210, 2.00 2.00 2.00
Tio, 9.00 10.00 9.50
A1,0,/Mg0 0.34 0.34 0.34
8i0,/Mgo 1.48 1.53 1.48
S+A+M+T 96.5 96.5 97
Transition 725 727 734
" temperature Tg{°C)
Heat treatment temperature :f Tg+30 Pg+30 Tg+26
producing erystal nucleus(’C)
Heat treatment time of 4 ‘ 4
producing crystal nucleus{h)
Elevating speed . 100 300 300
of temperature(°C/h)
Eeat treatment temperature 1000 1600 1000

of crystallization(°C)

Heat treatment time 4 . s 4

of crystallization{h)
Elevating speed

240 240 240
of temperature(°C/n)**
Kind of ' Glass Glass Glass
fracture surface
Pransparency at a
. 80% 80% 78
wavelength of 600nm ¥
Specific gravity(g/cm’) 3.124 3.15 3.139
Young's modulus (GPa) 147.1 148.2 149.5
Poisson ratio 0.231 0.232 0.229
Kind of maim crystals Bnstatite|Enstatite| Enstatite
Kind of other crystals Titanate | Titanate Titanate
Specific modulus
47.1 47.0 47.6
of elasticity(MNm/kg) .
Thermal expansion
o 70 79.2 78.1 75
coefficient{10 '/ C})
erage particle
Average partl 20~30 20~30 20~30
diameter {nm)
Ra {nm} 0.30 0.25 0.20

Enstatite:Enstatite and its solid solution

S+A+tM+T=810,+A1,0,+Mg0+T1i0,

*Elevating speed of temperature in the process of elevating temperature

up to heat treatment temperature of producing crystal nucleus

**Elevating speed of temperature in the process of elevating temperature

from heat treatment temperature of producing crystal nucleus to
crystallization heat treatment temperature
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Table 6
Composition{mol%) 17 18 19 20
mol% wt$ mol% wt% mol% wts mol% wt%
sio, 39.00 |35.57139.00 {35.13(39.00 |36.07)39.60 }34.7¢
Al,0, 12.50 }119.35 1§.50 19,11111.00 {17.27}14.00419.42
MgO 33.50 1 20.49]32.50 [19.63]35.00 ]21.72132.00 }21.17
¥,0, 2.00 6.86 2.00 6.77 2.00 6.95 2.00 6.88
Tio, 10.00 12,13 }10.00 [11.98]10.00 |12.30] 10.00 12.16
Zr0, 3.00 5.61 4.00 7.3% 3.00 5.69 3.00 5.63
Tg 743 744 741 746
21,05/Mg0 0.373 0.385 0.314 0.438
810,/Mg0 1.16 1.2 1.114 1.22
S+A+M+ T 95 94 35 95
Transparency 40 i0 48 30
at 600nm(%)
“erag? p;““‘"”e 120-200 120-200 100-150 200-250
nm .
Ra{nm) 0.50 0.50 0.40 0.70
) Expansion(10°'/°C) 78 77 75 74
Young's modulus{GPa) 175.00 168.90 177.00 172.90
Poisson ratio ? 0.250 {.251 0.250 0.251
Specific avit .
pect %f vity 3.401 3.389% 3.425 3.349
{g/cm’)
Specific modulus i
of elasticity 51.5 49.8 51.7 51.6
{MNm/kg)
Tn 790°C/4h 790°C/4h 780°C/4h 790°C/4n
Elevating speed
g speed 5°C/min 5°C/min 5°C/min 5°C/min
of temperature
Te 1000 C/4h 1080°C/4h 1000°C/4h 1000°C/4h
Elevating speed :
g 8P o 5°C/min 5°C/min 5°C/min 5°C/min
of temperature
state'of . Good Good Good Good
crystallization
Eind of Enstatite Enstatite Enstatite Enstatite
main crystals
Kind of Titanate Titanate Titanate Titanate
other crystals

Enstatite:Enstatite and its solid solution
S+A+M+T=510,+A1,0,+Mg0+Pi0,
*Elevating speed of temperature in the process of elevating temperature
up to heat treatment temperature of producing crystal nucleus
**Elevating speed of temperature in the process of elevating temperature
from heat treatment temperature of producing crystal nucleus ta
crystallization heat treatment temperature
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Table 7
Composition{mol}) 21 22 23 24
mol% wts mol% wtl mol% wkd molk wt$
5io0, 39.00135.89]39.00 [36.60] 38.00]34.761}38.001]34.76
Al,05 12.50 119.52112.50119.91)12.50119.41)12.50 |19.41
MgO 35.00 121.611{34.50121.72134.50 (22.171}34.50({21.17
Y0, 2.00 [ 6.92 |} 1.00 {3.53 ] 2.00 { 6.88 | 2.00 | 6.88
Tio, 8.50 {10.40110.00 }12.48}10.00 }12.16] 10.00 [12.16
2r0, 3.00 5.66 3.00 5.17 3.00 5.63 3.00 5.63
Tqg 750 741 742
A1,0,/Mg0 0.357 0.362 0.362 0.362
sio,/Mg0 1.114 1.13 1.13 1.101
S+A+M+T 94.5 96 95 95
Pransparency 35 40 40 25
at 600nm (%)
Averagi p?rtlcle 150-220 120-200 120-200 150-200
nm
Ra{nm) 0.70 0.40 0.490 0.65
Expansion {10~ /°C) 73 75 74 78
Young's modulus {GPa) 175.170 182.50 175.40 188.50
Poisson ratio ? 0.256 0.246 0.255 0.245
8 ifi it
pecitic gravity 3.404 3.381 3.416 3.435
{g/cm’)
Specific modulus
of elasticity 51.6 54.0 51.3 54.9
{MNm/kg)
Tn 790°C/4h 790°C/4h 7380°C/4h 790°C/4n
Elevating speed : .
g s . 5°C/min 5°C/min 5°C/min 5°C/min
of temperature
Pe 1000°C/4h 1000C/4nh 1000v0/4h 1000 C/4h
Elevating speed '
g sp o 5°C/min 5°C/min 5°C/min 5°C/min
of temperature -
State_OE . Good Good Good Good
crystallization
Kind of Enstatite Enstatite Enstatite Enstatite
main crystals
Kind of PTitanate Titanate Titanate Titanate

other crystals

Enstatite:Enstatite and its solid solution

S+A+M+T=810,+A1,0,+Mg0+Ti0,
*Elevating speed of temperature in the process of elevating temperature
up to heat treatment temperature of producing crystal nucleus
**Elevating speed of temperature in the process of elevating temperature
from heat treatment temperature of producing crystal nucleus to
crystallization heat treatment temperature
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Table 8
Composition{mols) 25 26 27 28
sio, 58.00 55.00 47.00 48.00
k1,0, 11.00 10.50 20.00 15.00
Mgo0 20.00 24.00 22.50 25.50
K,0
Sr0
Y,0; 0.50 0.50 0.50
Zr0, 1.00 1.00
Tio, 10.00 10.00 10.00 10.00
AlgO;/Mgo
8i0,/Mg0 2.9 2.29 '2.09 1.88
S+A+M+T 99 99.5 39.5 98.5
Pg{°C) - 740 735 745 740
Heat tfeatment temperature° Pg+30 Pg+25 Tg+25 Pg+30
of producing crystal nucleus(C) .
Heat treatment 2 2 2 2
of producing crystal nucleus (h)
Elevating speed 300 300 300 300
of temperature(°C/h) .
Heat treatment‘tem?erﬁfure 1000 1000 1008 10086
of crystallization{°C)
Heat treatment time 4 4 4 4
of crystallization(h)
Elevating speed 300 300 300 300
of temperature(°C/h)
Practure surface Glass Glass Glass Glass
‘Pransparency at a
- 72% 16% 35 5
wavelength of 600nm ¥ 3%
Specific gravityl(g/cc) 3.12 3.14 3.05 ~3.08
Young's modulus{GPa) 145 149 139 142
Poisson ratio 0.221 0.22 0.231 0.232
8pecific medulus .
. . 46.5 47.5 45.6 46.1
of elasticity({¥MN¥m/kg)
Kind of main crystals Enstatite |Enstatite|Enstatite|Enstatite
Kind of other crystals Titante Titante Titante Titante
Thermal expansion
o 7 o 68 72 62 65
coefficient (10 '/ °C})
Average particle 20-30 20-30 | 50-70 | 30-50
diameter{nm)
Ra{nm} 0.3 0.3 0.5 0.4

Enstatite:Enstatite and its solid solution

S+A+M+T=S10,+A1,0;+Mg0+Ti0,

*Elevating speed of temperature in the process of elevating temperature
up to heat treatment temperature of producing crystal nucleus

**Elevating speed of temperature in the process of elevating temperature
from heat treatment temperature of producing crystal nucleus to
crystallization heat treatment temperature
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Table 9
Composition{mol$%) 29 36 31 32
sio, 38.00 46.00 46.00 39.00
31,0, 8.00 10.50 10.58 11.00
MgoO 36.50 28.00 27.00 35.00
X,0 4.00 1.00
Sr0 3.50
Y,0, 5.00 0.50 0.50 1.00
2r0, 3.00 2,00 2.00 1.00
Pi0, 9.50 3.00 9.50 13.00
A1203/Mg0
8i10,/Mg0 1.04 1.64 1.70 1.11
S+A+M+T 92 93 93 98
7gq{°C) 730 715 735 741
Heat tfeatment temperatureo Pg+50 Pg+35 Tg+25 Pg+29
of producing crystal nucleus{ C)
Heat treatment 2 2 2 g
of producing crystal nucleus(h)
Elevating speed 300 300 300 300
of temperature(°C/h)
Heat treatment‘tem?erifure 1000 1000 1000 1000
of crystallization(°C) -
Heat treatment time 4 4 4 ‘
of crystallization{h}
Elevating spoeed . 300 300 300 300
of temperature(°C/h)
Fracture surface Glass Glass Glass Glass
Transparency at a
30% 75% 72% 62%
wavelength of 600nm
Specific gravity{g/cec) 3.41 3.012 3.124 3.39
Young's modulus (GPa) 191 138 146 182
Poisson ratio 0.241 0.223 0.221 0.242
Specific modulus
56.0 45.8 46.7 53.7
of elasticity(MNm/Xkg)}
Kind of main crystals Enstatite [Enstatite]{Enstatite{Enstatite
Kind of other crystals Pitante Titante Titante Titante
Thermal expansion
o 70 82 72 74 81
coefficient {18 '/°C) .
Average particle 50-80 15-30 15-30 30-60
diameter (nm)
Ra{nm) 0.4 0.2 0.2 0.4

Enstatite:Enstatite and its solid solution
S+A+M+T=810,+A1,0,+Mg0+Ti0,

*Elevating speed of temperature in the process of elevating temperature
up to heat treatment temperature of producing crystal nucleus

**Elevating speed of temperature in the process of elevating temperature
from heat treatment temperature of producing crystal nucleus to
crystallization heat treatment temperature
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Table 10
Composition{mol$%) 33 34 35
$i0, 46.00 46 .00 46.00
Al,0, 10.50 10.50 10.50
Mg0 30.590 30.50 30.5¢0
K;0 0.5¢0 0.50 8.50
Y,0; 0.50 0.50 0.50
Zr0, 2.00 2.00 2.00
Ti0, 10.00 10.60 10.00
Al1,03/Mg0 0.34 0.34 0.34
$i0,/Mg0 1.51 1.51 1.51
S+A+M+T 97 87 97
Pransition temperature Tg(°C) 728 728 728
Heat tr?atment temperature :f 770 750 780
producing crystal nucleus(°C)
Heat treatment time of 1 1 1
producing crystal nucleus(h)
Elevating speed 1200 1200 1200
of temperature(°C/h)
~ Heat treatment tem?eri}ure 980 380 580
of crystallization(°C)
Heat treatment time ’ : ‘
of crystallization (h)
glevatzng s%?ed s 300 100 300
of temperature(°C/h)
Eind of . Glass Glass Glass
fracture surface
Pransparency at a
72% 72% 72%
wavelength of 600nm
Specific gravity(g/cm’) 3.115 3.113 3.113
Young's modulus {(GPa) 146.2 ‘146.0 146.1
Poisson ratio 0.232 0.231 0.232
Kind of main crystals Enstatite |[Enstatite| Enstatite
Kind of other crystals Titanate [Titanate| Titanate
Specific modulus
46.9 46.9 46.9
of elasticity(MNm/kg)
Thermal expansion
L 7.0 73 73 73
coefficient{10 '/ C)
Ave{age particle 20-30 20-30 20-30
diameter (nm)
Ra{nm} 0.20 0.20 0.20

Enstatite:Enstatite and its solid solution

S+A+M+T=810,+A21,0,+Mg0+Tio0,

*Elevating speed of temperature in the process of elevating temperature

up to heat treatment temperature of producing crystal nucleus

**Elevating speed of temperature in the process of elevating temperature
from heat treatment temperatunre of producing crystal nucleus to

crystallization heat treatment temperature
46—
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Composition{mol%} 36 37 38
5i0, 46.00 46.00 46.00
Al,04 10.50 10.50 10.59
MgO 30.50 30.50 30.50
X,0 0.50 0.50 0.50
Y,0; 0.50 0.50 80.50
Zr0, 2.00 2.00 2.00
Ti0, 10.00 10.00 10.00
- Al,0,/Mg0 0.34 0.34 0.34
5i0,/Mgo 1.51 1.51 1.51
S+A+M+T 97 97 97
Transition temperature Tg{'C) 728 728 728
Heat tr?atment temperature :f 800 770 770
producing crystal nucleus(°C)
Heat treatment time of 1 6.5 0.5
producing crystal nucleus{h) : :
Elevating speed 1200 1200 1200
of temperature{°C/h)
Heat treatment'tem?erature 980 980 980
of crystallization(°C)
Heat treatment time 4 3 3
of crystallization(h)
of raising 300 300 300
of temperature{(°C/h)
Kind of Glass Glass Glass
fracture surface
Transparency at a
72 76
wavelength of 600nm 3 3 72%
Specific gravity{g/cm’) - 3.111 3.104 3.110
Young's modulus (GPa}) 146.0 145.5 145.4
Poisson ratio 0.231 0.232 6,232
Kind of main crystals Enstatite | Enstatite |[Enstatite
Kind of other crystals Titanate | Titanate | Titanate
Specific modulus
46.9 46.9 46.8
of elasticity(MNm/kg)
Thermal expansion
o o 73 73 73
coefficient{10  /°C)
Ave{age particle 20-30 20-30 20-30
diameter (om)
Ra (nm) 4.20 0.20 0.20

Enstatite:Enstatite and its solid solution

S+A+M+T=Si0,+21,0,+Mg0+Tio0,
*Elevating speed of temperature in the process of elevating temperature

up to heat treatment temperature of producing crystal nucleus
**Elevating speed of temperature in the process of elevating temperature

from heat treatment temperature of producing crystal nucleus to
¢rystallization heat treatment temperature
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Table 12
Composition{mold) 39 40 11 42
5io0, 46.00 46.00 46.00 46.00
Al;0; 10.5¢0 10.5¢0 10.50 18.50
MgO 30.50 30.50 30.50 30.50
K,0 0.50 0.50 0.50 0.50
¥,0, 8.50 0.50 0.50 0.50
2r0, 2.00 2.00 2.00 2.00
Tio, 10.00 10.00 10.00 10.00
Al1,0,/Mg0 0.34 0.34 0.34 0.34
8i0,/Mg0 1.51 1.51 1.51 1.51
S+A+M+T 97 97 97 97
Transition temperature Tg|('C) 728 728 728 728
Heat trFatment temperature :f 770 770 700 700
producing crystal nucleus(°C)
Heat treatment time of 0.5 0.5 2 2
producing crystal nucleus{h)
Elevating speed 1200 1200 1200 1200
of temperature(°C/h)’-
Heat treatment'temPeri}ure 375 970 970 1025
of crystallization(’C)
Heat treatment time 2 2 2 2
of crystallizationih)
Elevating speed 300 300 300 300
of temperature(°C/h)
Kind of Glass Glass Glass Glass
fracture surface
TPransparency at a 154 753 75% 75%
wavelength of 600nm
Specific gravity(g/cm’) 3.057 3.101 3.111 3.111
Young's modulus {GPa) 137.8 144.1 144.79 144.70
Poisson ratio 8.233 0.233 0.221 0.221
Kind of main crystals Enstatite [Enstatite|Bnstatite|Enstatite
Xind of other crystals Titapnate | Pitanate | Titanate | Titanate
Specific modulus
. 45.1 46.5 46.5 46.5
of elasticity(MNm/kg}
Thermal expansion
. - 71 73 73 73
coefficient{10/°C)
Average particle 15-20 20-30 20-390 20-30
diameter {nm)
Ra {(nm) 0.20 0.30 0.30 0.30

Enstatite:Enstatite and its solid solution

S+A+M+T=8i0,+A1,0,+Mg0+Tio0,

*Elevating speed of temperature in the process of elevating temperature

up to heat treatment temperature of producing crystal nucleus

**Elevating speed of temperature in the process of elevating temperature

from heat treatment temperature of producing crystal nucleus to
crystallization heat treatment temperature
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Table 13

Comparative Example

1

2

Chemically tempered glass

Commercially
available 78-10

Ra(nm)

_ crystallized glass
Oxide Japanese Patent Unexamined U.S8.Patent No.
PublicationNo.Hei.1-239036(JP-A-239036/89) 2516553
§io, 73,0
Al ,04 0.6
Cao 7.0
Na,0 9.0
K,0 9.0
Zno 2.0
As,0, 0.2
Young’s 79 90-100
modulus (GPa)
Surface roughness 12 10-35
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(1) Determination of kinds of crystals

The X-ray diffraction was measured using K,-ray of
Cu with respeect to a powder forming from glass after
crystallization {(apparatus: X-ray diffraction apparatus
MXPISAmanufacturedbyMacSCienceCo.Ltd.,tubevoltage:so
XV, tube current: 300 mA, scanning angle: 10 to 90 ° ). The
deposited crystals were determined from peaks observed in

the resulting X-ray diffraction.

(2) Measurement method of physical characteristics
Measurement of specific gravity {(density)
The crystallized glass sample itself .was used as a

sample for the specific gravity measurement. An electron
specific gravity meter (MD-200S manufactured by Mirage
trade Co.Ltd.) utilizing the Archimedes method was used.
The specific gravity was determined at room temperature

with accuracy of +0.001g/cm?.
Measurement of Young’s modulus

Before measuring the Young’s modulus, with a sample
with parallel surfaces having the end area of from 10 mm
squares to 20 mm squares and the length of from 50 to 100
mm, the specific gravity {(density) was measured and the
sample length was measured with a slide caliper, then these
were used as measurement conditions. UVM-2 manufactured
by Ultrasonic wave Industry Co.Ltd. was used. When the
longitudinal wave (T11, T12) and the transverse wave {(TS1,
TS2) were measured, water in the case of longitudinal
waveand “Sonicoat SHN20 or SHN-B25 inthecaseof transverse
wave were coated between the deep probe and sample end side.
The same sample was subjected to the repeatedly measurement
in twice or more times for the longitudinal wave and fifth
or more times for the transverse wave, then calculating
the average values. It is tobenoted that the Poissonratio
was obtainedat the same timeby thisoperation. Theelastic
modulus and Poisson’s ratio were examined with accuracies
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of 1 GPa and *0.001.
Thermal Mechanical Analysis
Test pieces were cut off from the crystallized glass

after crystallization, subjected to polishing process as
to form a column shape of ¢5 mmX20 mm, then they were used
as samples for TMA measurement. TAS100 manufactured by
Rigaku Co.Ltd. was used as a measurement apparatus. The
measurement conditions were set as the elevating speed of
temperature was 4 K/min. and the maximum temperature was

350 TC.

Atomic Force Microscopy
The crystallized glass samples were processed as to

form pieces having a size of 30X2X1 mm, and subjected to
optical precise polishing togive twoplane surfaces having
a size of 30X15 mm, then they were used as samples for AFM
measurement. Nano Scope III manufactured by Digital
Instrument Co.Ltd. was used. As for the measurement
conditions, the measurement area was set as 2X2 4m or 5
X5 pm, the number of samples was set as 256 X256 and scan
rate was set as 1 Hz with_Tapping mode AFM as well as the
data processing conditions were set as Planefit Auto order
3(X,Y)andFlattenAutoorder 3. Integralgrain, Proportion
gain and Set point were adjusted at each measurement. It
is to be noted that, as pretreatment of the measurement,
the polished samples were washed with pure water, IPA or
the like in a large washing machine in a clean room.

Transparency measurement

The piece having a thickness of 1 mm subjected to
optical precise polishing at two planes was used as a sample
for transparency measurement. Speétroscope U-3410
manufactured by HITACHICo.Ltd. was used and themeasurement
wavelength was set at 600 nm.

Degree of crystallinity
All scatteringintensity of X-ray was measurement with

respect to crystallized glass samples. From the results,
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the degree of crystallinity can be calculated by the
following equation. X-ray diffraction apparatus MXP18a
manufactured by Mac Science Co.Ltd. was used as a X-ray

diffraction apparatus.

x={1-({21a/X1a100)) X100

x=(2Z1c/21c100) X100
la: Scattering intensity of an amorphous part of an unknown

material
lc: Scattering intensity of a crystalline part of an unknown

material
1al00: Scattering intensity of a material containing 100 %

of amorphous.
1¢100: Scattering intensity of a material containing 100 %

of crystal

Measurement of thermal expansion coefficient

Glass samples were cut off, and subjected to polishing
process as to form a column shape of_¢5 nm X20 mm, then
they were used as samples for TMA measurement. TAS100
manufactured by Rigaku Co.ltd. was used as a measurement
apparatus. As for the measurement conditions, the
elevating speed of temperature was set as 4K/min., the
maximum temperature was set as 350 T, and then the thermal

expansion coefficients at from 100 to 300 C were measured.

As seen from the results shown in Tables 1 to 12, the
crystallized glasses of the present invention in Examples
1 to 42 had characteristics of strength, such as the Young’s
modulus ({(equal to or higher than 140 GPa), the specific
modulus of elasticity (in the range of from 40 to 60 MNm)
and the like in a large value. Therefore, in the case of
usingtheseglassesassubstratesforinformationrecording
medium such as a magnetic recording medium, even if these
glass substrates are rotated at a high speed, they are not
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likely toexhibit warporwalking, and hence it is understood
that they can meet the demand of further thinner substrates.
Inaddition, when the 1iquidphase temperature was measured
with respect to glasses before heat treatment in Example
1, Example 4 and Example 10, the temperature was 1300 C,
1290 C and 1270 C, respectively, which satisfy the liquid
phase temperature (for example, equal toorless than1350 C)
required from the viewpoint of glass melting and molding.
In addition, when the average particle diameter of the
crystal particle was measured with a Transmission Electron
Microscopy (TEM) with respect to the crystallized glass
in Examples 1 to 42, the particles having the average
particlediameteroffrom20-30nmtolOO-lSOnmwereobserved.
In addition, the polished planes subjected to optical glass
polishing for surface roughness measurement were subjected
tosurfaceobservationwithanAtomicForceMicroscopy(AFM)
with respect to the crystallized glass in all Examples.
From the results, the surface roughness (Ra (JIS B0601))
of the crystallized glasses other than in Examples 20, 21
and 24 was eqgual to or less than 0.5 nm. The surface
roughness (Ra (JIS B0601)) of these crystallized glasses
can be polished to egqual to or less than 0.5 nm with, for
example, the polishing method for conventional optical
glass using abrasives such as synthesis diamond, silicon
carbide, calcium oxide, iron oxide, cerium oxide.
Therefore, substrates excellent in flatness canbe obtained
and it is useful as glass substrates for magnetic recording
media for the purpose of smaller flying height. The
crystallized glaés of the present invention had the light
transparency equal to or higher than 50 % at a wavelength
of 600nm in the case of the thickness of 1 mm and had
transparency to some extent. Such transparency can be an
index showing whether desirable kinds of crystals and

particle diameter of crystals are obtained. 1In the case

of the crystallized glass of the present invention, said
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transparency can range, for example, from 60 to 90 %. For
example, astheparticlediameterof thecrystalwas smaller,
gso said transparency becomes larger.

Onthecontrary,whilethechemicallyreinforcedglass
stbstrate in Comparative Example 1 shown in Table 13 was
excellent in the surface smoothness and flatness, it was
much inferior in characteristics of strength such as heat
resistance and the Young’s modulus than the crystallized
glassof thepresent invention. Accordingly, whenmagnetic
recording media were produced, heat treatment to a magnetic
layer for obtaining high coercive force couldnot be carriéd
out sufficiehtly, thereby the magnetic recording media
having high coercive force could not be obtained. In
addition, theglass in Comparative Example 1 containedlarge
amount of alkali, sthhat the collosion of the magnetic
film with the substrate easily occurred, thereby it was
afraid that the magnetic film was damaged.

In addition, the crystallized glass substrate in
Comparative Example 2 was inferior in the Young’s modulus
and smoothness than the glass of the present invention,
In particular, because the smoothness of the substrate was
deteriorated by the existence of large crystal particles,

it was difficult to attempt high-density recording.

Production method of magnetic disk

As exhibited in Figure 1, the magnetic disk 1 of the
present invention comprises a crystallized glass substrate
2 in said Example 1, on which unevenness control layer 3,
underlying layer 4, magnetic layer 5, protective layer 6
and lubricating layer 7 are provided in this order.

Each layer will be explained in detail. The substrate
2 was a disk having an outer circular periphery radius of
32.5 mm, inner circular periphery radius of 10.0 mm and
thickness of 0.43 mm, whose main surfaces were subjected

to precision polishing so that they should have surface
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roughness Ra of 4A and R,,, of 40A.

The unevenness control layer is a thin ALN layer of
5-35% nitrogen content having average roughness of 50A and
surface roughness Ry, of 150A .

The underlying layer is a th1n layer of CrV composed
of Cr: 83 at% and V: 17 at% having a thzckness of about
600 A .

The magnetic layer is a thin layer of CoPtCr composed
of Co: 76 at%, Pt: 6.6 at%, Cr: 17.4 ats$ haviqg a thickness

of about 300A.
The protective layer is a carbon thin layer having

a thickness of about 100A .

The lubricating layer is a layer having a thickness
of SAW which was formed by applying perfluoropolyether on
the carbon protective layer by spin coating.

_ The method for producing magnetic disks will be
explained hereinafter.

The crystallized glass of Example 1 was cut into a
disk having an outer circular periphery radius of 32.5 mm,
inner circular periphery'radius of 10.0 mm and thickness
of 0.5-mm and the both main surfaces were subjected to
precision polishing so that they should have surface
roughness Ra of 4 A and Ruax Of 40A to afford a crystallized
glass substrate for magnetic recording medium.

Subsequently, the abové crystallized glass substrate
was placed on a substrate holder and transferred into a
charging chamberof inline sputtering apparatus. Then, the
holder on which the crystallized glass substrate was placed
was transferred to a first chamber where an A1 target was
etched and sputtering was performed at a pressure of 4 mtorr
and substrate temperature of 350C in an atmosphere of Ar
*+ N; gas (N; = 4%). As a result, an ALlN thin layer having
surface roughness Rp,x of 150 A and thickness of 50 A
{unevenness forming layer) was provided on the crystallized

glass substrate.
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The holder on which the crystallized glass substrate
having the formed AIN layer was placed was then transferred
into a second chamber provided with a CrV target {Cr: 83
at%, V: 17 at%) and second chamber provided with a CoPtCr
target (Co: 76 at%, Pt: 6.6 at%, Cr: 17.4 at%) successively,
and thin layers were formed on the substrate. Sputtering
was performed at a pressure of 2 mtorr and substrate
temperature of 350°C in an Ar atmosphere, thereby a CrV
underlying layer having a thickness of about 600 A ana
CoPtCrmagneticlayerhavingathicknessofabout300A.were

formed.
The substrate having the formed unevenness control

layer, underlying 1layer and magnetic layer was then
transferred to a fourth chamber provided with a heater for
heat-treatment. Thefourthchamberhadaninneratmosphere
of Ar gas (pressure: 2 mtorr) and the heat treatment was
performed with changing the heat treatment temperature.
The substrate was then transferred intoa fifth chamber
provided witha carbon target, and a carbon protective layer
having a thickness of about 1QOA.was formed under the same
condition as used for forming of the CrV underlying layer
and the CoPtCr magnetic layer except that the layer was
formed in an atmosphere of Ar + H; gas {(H; = 6%).
Finally, the substrate after forming the carbon
protective layer was taken out from the above inline
sputtering apparatus, and a lﬁbricating layer having a
thickness of 8A was formed by applying perfluoropolyether

on the carbon protective layer by dipping.

The substrate for information recording medium of the
present invention can be easily molded, and has the large
Young’s modulus equal to or higher than 140 G?a, high heat
resistance, excellent surface productivity and surface
smoothness (less than 10 A of surface roughness Ra (JIS

B0601)), as well as it can be used as a substrate material
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having large hardness and strength.

In addition, because the substrate composed of the
crystallized glass of the present invention is excellent
in heat resistance, heat treatment required for improving
characteristics of magnetic films can be used without
deformation of substrates. Because it is excellent in
flatness, smaller flying height, that is, high-density
recording, canbeaccomplished. BecauseithashighYoung’s
modulus, specific modulus of elasticity and stremngth, it
has advantages that thinner magnetic disks can be obtained
and the magnetic disks can rotate at a high speed while
avoiding the fracture of the magnetic disks.

In addition, the crystallized glass of the present
invention can be produced with relative stability, and
production in the industrial scale can be done easily, so
that it can be greatly expected as substrate glasses for

cheap magnetic recording media in the next generation.
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Claims
1. A substrate for information recording medium composed
of crystallized glass comprising
810, : 35—65 mol%
Al,053: 5—25 mol%
MgO: 10—40 mol% and
Ti0,: 5—15 mols%,
wherein the sum of the above components is egqual to or more
than 92mol%, andmaincrystalscontained inthe crystallized
glass are enstatite andfor its solid solution.
2. The substrate according to claim 1, wherein a molar
ratio of Al,0; to MgO (Al1,0;/Mg0) is from equal to or more.
than 0.2 to l1ess than 0.5.
3. The substrate according to claim 1 or 2, wherein the
crystallized glass comprises
Si0;,: 40—60 mol%
Al,03: 7-22 mol%
Mg0: 12—35 mol% and

Ti0,: 5.5—14 mol%.
4, The substrate according to any one of claims 1-3,

wherein the crystallized glass comprises Y;0; in an amount
equal to or less than 10 mol%.

5. The substrate according to any one of claims 1-4,
wherein the crystallized glass comprises 2r0, in an amount
equal to or less than 10 mol%.

6. A substrate for information recording medium composed
of crystallized glass consisting essentially of

8i0, : 35—65 mol%l

Al;03: 5—25 mol%

MgO : 10—40 mol%

Ti0, : 5—15 mol%

Y,03: 0—10 mols$

Zr0, 2 0—10 mol$%

Rs0: 0—5 mol% (wherein R is at least one selected from

the group'of Li, Na and X}
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RO: 0—5 mol% {(wherein R is at least one selected from the
group of Ca, Sr and Ba)

A5,03+8b,03: 0—2 mols$

Si0, + Al,0; + Mg0O + TiO,: 92mol% or more;

and main crystals contained in the crystallized glass are
enstatite and/or its solid solution.

7. A substrate for information recording medium composed
of crystallized glass consisting essentially of
$i0;:35—65 mols%

Al,03: 5—25 mol%

MgO: 10—40 mol%

TiO,: 5—15 mol%

¥,03: 0—10 mol%

Zr0, : 0—10 mol%

R;0: 0—5 mol% (whereim R is at least one selected from
the group of Li, Na and K)

RO: 0—5 mol% {wherein R is at least one selected from the
group of Ca, S8Sr and Ba)

A5,0,+8Sb,y035: 0—2 mols%

8i0, + Al,0; + MgO + TiO,: 92mol% or more;

and the crystallization degree of the crystallized glass
is in a range of 20 to 70 vol%.

8. The substrate according to any one of claims 1-7,
wherein the crystallized glass comprises Y;0; in an amount
of 0.3 to 8 mol%.

9. The substrate according to any one of claims 1-8,
wherein the crystallized glass comprises 2r0, in an amount
of 1 to 10 mol%.

10. The substrate according to c¢laim 9, wberein the
crystallized glass comprises Z2r0, in an amount of 1 to §
mol%.

11. The substrate according to any one of claims 1-5 and
8-10, wherein the crystallized glass comprises R,0 in an
amount of 1 to 5 mol%, wherein R is at least one selected

from the group of Li, Na and K.
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12, The substrate according to claim 11, wherein the R,0
is X,0.
13. The substrate according to any one of claims 1-12,

wherein the crystallized glass comprises Ti0, in an amount
of 8 to 14 mols.

14. The substrate'according to any one.bf claims 1-13,
wherein the substrate exhibits a Young modulus equal to
or more than 140 Gpa.

15. The substrate according to claim 1 or 2, wherein the
crystallized glass comprises

$i0, 1 35—43 mols, |

21,03 : 9-20 mols,

Mg0: 30—39 mol%,

Y203 1-3 mols,

Ti0; : 8:5—15 mol%, and

Zr0, : 1—5 mol%.

1s. The substrate according to claim 15, wherein a molar

ratio of Al1,0; to Mgo (Al1,0;/Mg0) is equal to or more than
1.35. .

17.* The substrate according to claim 15 or 16, wherein
the substrate exhibits a Young modulus equal to or more
than 160 Gpa.

18. The substrate according to any one of claims 1-17,
wherein the mean particle size of the crystal particles
contained in the crystallized glass is equal to or less
than 100nm.

19. The substrate according to any one of claims 1-18,
wherein the mean particle size of the crystal particles
contained in the crystallized glass is egual to or less
than 70nm.

20. The substrate according to any one of claims 1-19,
wherein the substrate has a polished surface with a surface
roughness Ra (JIS B0601) equal to or less than 1nm.

21, A substrate for information recording medium composed

of crystallizedglass comprising enstatite and/or its solid
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solution as main crystals and the substrate has a polished
surface with a surface roughness Ra {(JIS B0601) equal to
or less than Inm.

22. The substrate according to claim 21, wherein the
substrate has a polished surface with a surface roughness
Ra (JIS B0601) equal to or less than 0.5nm.

23. The substrate according to any one of claims 1-22,
wherein 1ight transparency at 600nm through the substrate
with 1 mm thickness is equal to or more than 10%.

24 . The substrate according to any one of claims 1-23,
wherein thermal extension coefficient of the crystallized
glass is in the range of from 65 x 107 to 85 x 10°7/C.
25. A substrate for information recording medium composed
of crystallized glass comprising enstatiteand/or itssolid
solution as main crystals and the mean particle size of
the crystal particles contained in the crystallized glass
as main crystals is equal to or less than 100nm.

26. The substrate according to claim 25, wherein the mean
particle size of the crystal particles contained in the
crystallized glass as main crystals is equal to or 1less
than 70nm

27. A substrate for information recording medium composed
of crystallizedglass comprising enstatiteand/orits solid
solution as main crystals and light transparency at 600nm

through the substrate with 1 mm thickness is equal to or

‘more thanm 10%.

28. The substrate according to any one of claims 1-27,
wherein the crystallization degree of the crystallized
glass is equal to or more thanm 50 vols%.

29, The substrate according to any one of claims 1-28,
wherein the total content of enstatite and/for its solid
solution ranges from 70 to 90 vol%, the content of.titanate
ranges from 10 to 30 vol%, and the sum of enstatite and/or
its solid solution and titanate is equal to or more than

30 vols%.
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30. A substrate for information recording medium composed
of crystallized glass comprisingenstatiteand/or its solid
solutionasmaincrystals and thermal extensioncoefficient
of the crystallized glass is in the range of from 65 x 10"’
to 85 x 10°7/TC.
31. The substrate according to c¢laim 306, wherein the
thermal extension coefficient of the crystallized glass
is in the range of from 73 x 107 to 83 x 10°7'/TC.
32. The substrate according to any one of claims 1-31,
wherein the c¢crystallized glass substantially d&oes not
comprise guarts solid solution as the main crystals.
33. The substrate according to any one of claims 1-32,
wherein the crystallized glass substantially does not
comprise spinel as a crystal phase.
34, The substrate according to any one of claims 1-33,
wherein the crystallized glass substantially does not
comprise ZnD.
35. The substrate according to any one of claims 1-33,
whereinthe informationrecordingmediumis amagneticdisk.
36. An information recording medium comprising a
recording layer on the substrate according to any one of
claims 1-34. )
37. The information recording medium according to claim
36, wherein the recording layer is a magnetic recording
layer.
38. A process for preparation of a substrate for an
informationrecordingmediumcomposedof crystallizedglass
comprising
810, 2 35—465 mols
Al;03: 5—25 mol%
MgOo : 10—40 mol% and
Tio,: 5—15 mol%,
wherein the sum of the above components is equal to or more
thah92mol%,andmaincrystalscontainedinthecrystallized
glass are enstatite and/or its solid solution;
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wherein the above process comprises steps of:

melting glass starting materials at 1400 to 1650°C to
prepare a glass,

molding the resulting glass into a plate-shaped glass, and
subjecting the plate-shaped glass to crystallization.
39. The process according to claim 38, wherein the glass
startingmaterialscomprisesK;0andthemelting temperature
is from 1450 to 1600T.

40, The process according to ¢laim 38 or 39, wherein the
glass starting materials comprises Y,0; and the molding of
the glass into a plate shape is conducted with a mold at
a temperature of from 600 to 680%TC.

41, A process for preparation of a substrate for an
information recording medium consisting of crystallized
glass comprising

810, : 35—65 mol%

Al,;03: 5—25 mol%

MgOo : 10—40 mol% and

Ti0z ! 5—15 mols,

Y,03: 0—10 mol%

Zr0, . 0—6 mols%

R20: 0—5 mol% {wherein R is at least one selected from
the group of Li, Na and K)

RO: 0—5mol% (wherein R is at least one selected from the
group of Ca, Sr and Ba) |

As;03+8b,03 I 0—2 mol$

8Si0, + A1,0; + MgO + TiO,: 92mol% or more;

and main crystals contained in the crystallized glass are
enstatite and/or its solid solution;

wherein the above process comprises steps of:

melting glass starting materials at 1400 to 1650C to
prepare a glass,

molding the resulting glass into a plate-shaped glass, and
subjecting the plate-shaped glass to crystallization.

42, The process according to claim 41, wherein the
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crystallization is carried out by heating the molded glass
to a temperature of from 850 to 1150 T.
43, The process according toclaim42, wherein the heating
is carried out by heating the molded glass to a temperature
of from 500 to 850C at a heating rate of 5 to 50 C/min
and then heating the molded glass at a heating rate of 0.1
to 10 C/min.
44. A substrate foraninformationrecordingmediumcomposed
of crystallized glass comprising
Si0; : 35— 65 mol%
Al,0;: 5—25 mols
MgO0: 10—40 mol% and
Ti0,: 5—15 mols%,
wherein the sum of the above components is equal to or more
than 92mol%, main crystals contained in the crystallized
glass are enstatite and/or its solid solution, and.the
crystal glass does not comprise ZnoO;
whereintheabovecrystallizedglass ispreparedbyaprocess
comprising a step of heat-treatment of a glass comprising
$i0,, Al,0;, MgO and TiO, at a temperature of from 850 to
1150 to obtain a crystallized glass.
45, A substrate for an information recording medium
composed of crystallized glass substantially consisting
of '
810, :35—65 mol%
Al,03: 5—25 mol%
MgO: 10—40 mol$ and-
Ti0o;: 5—15 mols%,
Y,0; 0 0—10 mol%
2r0, . 0—6 mol%
Rz0: 0—5 mol% (whereinm R is at least one selected from
the group of Li, Na and KX)
RO: 0—5 mol% (wherein R is at least one selected from the
group of Ca, Sr and Ba)
As,03+8b,0;: 0—2 mols
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$i0, + Al,0; + MgO + TiO,: 92mol% or more;
whereintheabovecrystallizedglassispreparedhyaprocess
comprising a step of heat-treatment of a glass comprising
$i0,, Al,0;, Mg0O and TiO, at a temperature of from 850 to
1150TC to obtain a crystallized glass.

46 . The substrate of claim 44 or 45 wherein the heat
treatment is carried out for 1 to 4 hours.

47. The substrate of any one of claim 44 to 46 wherein
the heat treatment is carried out at a temperature of fron

875 to 1000 C.
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