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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 <c¢rystallized 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 ¢rystallized 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
maghetically 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, flyingheightofmagneticheads ismarkedly

reducedasharddiskdriversfornotebdokpersonalcomputers

are made smaller and their magnétic'recording density made

higher. Accordingly, extremely high precision has been
demanded for the surface smoothness of magnetic disk
substrates. However, it is difficult to produce smooth
surface more than a certain level of precision with an
alﬁminum alloy. That is, even though it is polished using
highly precise abrasives and processing apparatuses, the
bolished surface may suffer from plastic deformation
because of the low hardness of the alloy. Even if'the
aluminum alloy is plated with nickéléphOSPhorous, the
surface roughness Ra cannot be made equal to or less than
S.A(angstrom). In adﬁition,as harddisk 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
whichhighstrength,highstiffness,highimpadtresistance
and highsurface smoothness arerequired have been developed.
Among these, chemically reinforced glass substrates whose
surfaces are strengthened by the ion exchange technigue,
crystallizedglasssubstratesSubjectedtocrystallization
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 Uﬁexamined Publication No.Hei. 1-239036
(JP-4-239036/89) 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 $10,, 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 B0, 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 exampie,
a glass disclosed in Japanese Patent Examined Publication
No.2516553 is exemplified. Thiscrystallizedglass issuch
a crystallized glass for magnetic disks which contains,
indicated in terms of % by weight, 65-83 % of §i0,, 8-13 %
by Li0, 0-7 % of K,0, 0.5-5.5 % of MgO, 0-5 % of Zn0, 0-5 %
of PbO (provided that Mg0O + Zn0O + PhOo is 0.5-5 %), 1-4 %
of P05, 0-7 % of Al,03 and 0-2 % of As,0, + $b,0;, and contains
microcrystallineparticlesofLizo'Zsiogasmaihcrystals.

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

heat treatment after fusion and forming a glass'which
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consists of, indicated in terms of $ by weight, 38-50 %
of §i0,, 18-30 % of A1,0;, 10-20 % of MgO, provided that
having a composition containing, indicated in terms of
weight ratio, 1.2-2.3 of AL1,0;/Mg0O, 0%-5% of B,0,, 0%-5%
of Ca0O, 0%-5% of Ba0O, 0%-5% of Sx0, 0.5%-7.5% of Z2n0, 4%-15%

of TiO,;, 0%-5% of Zr0, and 0%-2% of As,0, and/or $b,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-77531/897) (U.8S.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 24X10°
psi (96 - 165 GPa) and the fracture toughness‘of more than
10 MPa.mlNLl In addition, this crystallized glass consists
of crystalline phase laminated bddy which mainly consists

of crystals having a spinel structure and a uniform size

and dispersing uniformly inm a siliceous-rich residual

matrix. This is a glass c¢eramic which substantially.

consists of, indicated in terms of % by weight using oxides
as a standard, 35-60% of $i0,, 20-35 % of Al,0,, 0-25% of
Mgo, 0-25% of ZnO, 0-20% of Ti0o,, 0-10% of 2r0,, 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 from the group composed
of BaO, Ca0O, PbO, Sr0, P,0s, B,0; and Ga,0,, iﬁ the range
of from 0 to 5 % of R;0 selected from the group consisting
of Na,0, XK;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 A1,0;, this is a glass ceramic having
a composition im which the total amount of TiO,+Zr0,+Nio0
is equal to or more tham 5 %. 1In above publication, the
substrate for magnetic disks consisting of this glass
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ceramic is disclosed.

In addition, a crystallized glass is alsgso disclosed
in U.S.Patent No.5,491,116. This crystallized glass is 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 than 1.0 MPa.m/?.
The main crystals of the crystallized glass are enstatite
oritssolidsolutionandspinel {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 8i0,, 10-30% of A1,0,, 12-30% of

‘Mg0O, 0-10% of Zn0O, 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 alsgso disclosed in Journal of
Non-Crystalline So0lids 219(198%) 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 required 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
cf the substrate materials are strictly requiied. In
addition,corresponding1x)thehigherdataprocessingspeed
it is required to set the winding number of thé disks equal
to or higher than 10,000 rpm. Thus, the requirement for
stiffness of substrate materials: becomes increasingiy
severer, and the limitation of conventional aluminum
substrates already becomes obvious. In 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, itisclear that thesubstratematerials 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 lowstiffness, 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 subst:ate, certain heat

treatment may be carried out in order to improve

characteristics suchas coercive forceof themagnetic layer.

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 1in Japanese Patent Publication No.2516553
5
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mentioned above is superior a little in the Young’s modulus
and heat resistance than aforementioned chemically
reinforced glass substrate. However, the surface
roughness is equal to or higher than 10 A, thereby the
surface smoothness is poor, so that it is limited to make
the flying height emaller. Therefore, ithas aproblemthat
itcapnotmeethighermagneticrecordingdensity. Moreover
the Young’s modulus is about from 90 to 100 G€Pa 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
{JP-A-291660/95) mentioned above has the Young’s modulus
of about from 100 to 1306 GPa, therefore, it cannot be said
that it is sufficient. Moreover, it has only such a surface
smoothness as having the Young’s modulus of about 8 Aq
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.Hei.9-77531
(JP-A-#7531/97)mentionedabovehasadisadvantageoflarge
difficulty in polishing because the main ecrystals are
spinel. |

Moreover, a large amount of enstatite is contained
together with spinel in the crystallized glass disclosed
in U.S. Patent No.5,491,116 and Journal of Non-Crystalline
Bolids 219(1997) 219-227. Accordingly, it can be
considered that easiness in polishing is more improved than

the c¢rystallized glass distlosed in Japanese Pateﬁt

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 egual to or higher
than 1200 C, it is difficult to be used as a substrate for
information recording 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,
subh as - magunetic disks' and the 1ike, consisting of

crystallizedglass which has higher Young’s modulus, higher

~strength and higher fife-:esistance, 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 stréngth, high heat resistance, high impact
resistance and the like iﬁ near future, as well.as it can
be cheaply produced due to comparatively low temperature
of the glass liquid phase.

Moreoverx, it is also anobject of the present 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

informationrecordingmediumwhichhashighYoung’smodulus
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equal to or higher than 140 GPa, good surface smoothness,

and comparatively low 1liquid temperature. Then, they

-accomplished the present invention.

The present invention relates to a substrate for
information recording medium (hereinafter referred to
substrate 1) composed of crystallized glass comprising
540, 35—65 mols%

Al,C03: 5—25 mol%

MgOo: 10—40 mol% and

TiO; : 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 Al,0; to
MgO (A1203/Mg0) may be from equal to or more than 0.2 to
less thanm 0.5.

With the substrate ab¢ve, the crystallized glass
preferably comprises
Si0,:40—60 mols%
A1203; 7-22 molk _
MgO : 12—35 mol% and
TiO, : 5.5—14 mol%.

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 Zr0, 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

§i0; : 35— 65 mol%

Al,0:: 5—25 mol%

MgO: 10—40 mol$%

Ti0, : 5—15 mol%
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¥,0:: 0—10 mol%

ZrQ,: 0—10 mol%

R0 : 0~—5 mol% (wherein R ig at least one selected from
the group of Li, Na and K)

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

25,03+8b,05: 0—2 mols

§8i0, + Al,03 + 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 '
$i0, : 3565 mol$%

A1,0;: 5—25 mols
MgO0: 10—40 mols
Ti0, : 5—15 mols
Y203 : 010 mols

"Zr0,: 0—10 mol%

R,0: 0—5 mol% (wherein R is at least one selected from
the group of Li, Na and K) | |
RO : b-;5 mo1% (wherein R is at least one selected from the
groub of Ca, Sr and Ba) '
As,03+8b,05: 0—2 molj%
Si0, + Al,;03 + MgO + TiO, : S2mol% or more;
and the crystallization degree of the crystallized glass
is in a range of 20 to 70 vol%. '
With the above substratés 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 comprisge Zr0, 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 mol%.
With the above substrate 1, the crystallized glass
-9-
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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 mol%.

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
5i0,; : 35—43 mols%,

Bl,0;: 9-20 mols,

MgOo : 30—33% mols%,

¥;0;: 1-3 mol%,

TiD, : 8.5—15 mol%, and
Zr0,: 1—5 mol%.

With this substrate, a molar ratio of Al,0; to MgoO
(A1,03;/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 containedinthe crystallizedglass
may be egual to or less thén 100nm.

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

With the above substrates 1-3, the substrate may have
a polished surface with a surface roughness Ra {(JIS BO0601)
egqual tc or less than 1lnm.

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 substratehasapolished surfacewithasurfaceroughness
Ra (JIS BO0601) eqgual to or less than 1nm.

Withthis substrate4, the substratemayhaveapolished
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surface with a surface roughness Ra {(JIS B0601) egual to
or less thanmn Q.Snm.

With the above substrates 1-4, light transparency at
600nm through the substrate with 1 mm thickness may be egqual
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 1077 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 solid solutioﬁ 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.

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 70nm

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 so0lid solution as main crystals and
light transparency at 600nm through the substrate with 1
mm thickness is equal to or more thanm 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 egual to or more than 90 vol%.

The preseant invention relates to a substrate for
information recording medium (hereimafter referred to

substrate 7) composed of crystallized glass comprising
-11~
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enstatite and/or its s0lid 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/C.

With this substrate 7, the thermal extension
coefficient of the crystallized glass is in the range of
from 73 x 107 to 83 x 10°7/TC.

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

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

With the above substrates 1-7, thecrystailizedglass
substantially may not comprise Zno.

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

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

With the above information recording medium, the
recording layver may be a magnétic.;ecording layer.

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

Al,03: 5—25 mol%

Mg0 : 10—40 mol% and

Ti0, : 5—15 mol%, .

wherein the sum of the above components is équal to or more

than 92mol%, andmaincrystals contained inthecrystallized

.giass are enstatite and/or its solid solutioﬁ;

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 1550C.

With the above process 1, the glass starting materials
may comprise ¥,0; and the molding of the glass into a plate
shape is conducted with a mold at a temperature of from
600 to 680°C.

. The present invention relates to a process for
preparation of a substrate for an information recording
mediumcomposedofcrystallizedglass (hereinafterreferred
to process 2) comprising '
8i0, I 35—65 mols%

A1,;0:: 5—25 mol%

Mg0o ! 10—40 mol% and

Ti0, I 5=—15 mol%,

Y303: 0—10 mol%

Zr0, . 0—10 mol%

R0: 0—5 mol% (wherein R is at least one selected fromn
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)

A5,03+8b,03: 0—2 mol$%

8i0, + A1l,0; + MgO + Ti0,: 92mol% or more;

‘and main crystals contained in the crystallized glass are

enstatite and/or its solid solution; 7

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

The present invention further relates to a substrate
for an information recording medium composed of
crystallized glass (hereinafter referred to substrate 8)
comprising
810, :35—65 mols
21,03 5—25 mols%

MgO:I 10—40 mol% and

Ti0, : 5—15 mol%,

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 so0lid solution, and the
crystal glass does not comprise 2Zno0o;
whereintheabovecrystallizedglassispreparedbyaprocess
comprising a Step of heat-treatment of a glass comprising
$i0;, Al,0;, MgO and TiO, at a temperature of from 850 to
1150C to obtainm a crystallized glass.

The preseﬂt invention further relates to a substrate
for an information recording medium (héreinafter referred
to substrate 9) composged of crystallized glass
substantially consisting of
8i0, I 35—65 mols
Al,0;: 5—25 mols%

MgO : 10—48 mél% and

TiO, ! 5—15 mols%,

Y,03: 0—10 mol%

ZrQ0; ¢ 0—10 mol#%

R0 : 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, 8r and Ba)
-14-
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A8,03+8b,05: 0—2 molyg
$i0, + Al,05; + MgO + TiO,: 92mol% or more:
whereinthe abovecrystallizedglass ispreparedbyaprocess
comprising a step of heat-treatment of a glass comprising
$i0,, Al,03;, MgO and Ti0O, at a temperature of from 850 to
1150C to obtain 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 C.

Brief description of the drawing
Figure 1l shows a schematic sectional viewof a magnetic
disk 1 of the pregsent invention which comprises
crystallizedglass substrate 2, onwhichunevenness control

layer 3, underlying layer 4, magnetic layer 5, protective

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

Mode for carrying out of the invention
[Crystallized glass]’

The substrate for information recording mediumof the
present invention consists of such a crystallized glass
as containing 35-65 mol% of Si0,, 5-25 mol% of A1,0,, 10-40
mol% of MgO and 5-15 mol% of TiO,, wherein the sum of
aforementioned composition is at least equal to or higher

than 92 mol%, as well as the main crystals are enstatite

‘and/or its soclid solution.

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

$i0, is a component of the network structure of glass,
in addition, it is also a component of enstatite having
a composition of Mgo 'éioz and enstatite solid solution
having a composition of (Mg * Al1})Si0; which are the main

-15-
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deposited crystals. Because the melted glass 1is very
unstable in the case of having the contént of 8i0, of less
than 35 %, it is afraid that it cannot be molded at high
temperature, in addition, c¢rystals as mentioned above
become difficult to deposit. If the content of $i0, is less
than 35 %, the chemical durability and heat resistance of
residual glass matrix phase tend to deteriocorate. On the
other hand, if the content of 510, exceeds 65 %, enstatite
becomesdifficult todepositasmaincrystalsandthe Young’s
modulus of glass tends to be lowered rapidly. Thereforé,
the content of Si0, ranges from 35 to 65 % in view of kinds
of the deposited crystals, the deposited amount thereof,
chemical durability, heat resistance, molding
characteristics and productivity. From the viewpoint that
such a crystallized glass can be obtained as haﬁing more
preferable physical characteristics, the content of Si0,
preferably ranges from 40 to 60 %. _

| It is tobenoted that, as describedbelow,'thesurface
smoothness may become inferior a little, however, it may

be preferable that the content of Si0, ranges from 35 to

43 % because a c¢crystallized glass having the high Young’s

modulus egqgual to or higher than 160 GEa can be obtained
by combination with other components. | -

Al,0; is a medium oxide of glass and contributes to
improvement of glass surface hardness. However, 1f the
glass content is less than 5 %, chemical durability of glass
matrix phase is lowered and the strength regqguired to
substrate materials tends to be difficult to be obtained.
On the other hand, if the content of Al1,0, 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 thét the
content of Al,0; ranges from 5 to 25%, preferably from 7

~-16-
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to 22% in view of melting characteristics, molding
characteristics at a high temperature, kinds of deposited
érystals of glass and the like.

It is tobenoted that, as described below, the surface
smoothness may become inferior a little, however, it may
be preferable that the content of A1,0; 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 having acomposition
of Mg0O * 810, and its solid solution. If the content of Mgo0
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 thé working
temperature width of glass molding tends to be narrower.
On the other hand, if the content of MgO exceeds 40 %,
viscosityof glass at a high temperature is rapidly lowered,
thefeby,r 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 Mg0 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 to benoted that, as described below, the surface
smoothness may become inferior a little, however, it may
be preferable that the content of Mg0O ranges from 30 to 39%
because acrystallizedglass having thehighYoung’s modulus
equal toor higher than 160 GPa can be obtainedby combination
with other components.

Provided that the contents of MgOoand A1,0;are adjusted
so that the molar ratio of A1,0; to MgO(A1,0;/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 MgO

(A1,0;/Mg0) becomes equal to or higher than 0.5. - By
' -17-
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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. Al,0;/Mg0 is preferably
less than 0.45. However, if the molar ratio of A1,0,/Mg0O
is adjusted to excessively low, it is afraid that viscosity
of glass at a high temperature tends to be lowered arnd the
crystalline particle becomes large. Therefore, it 1is
appropriate that A1;03;/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 Mgo -
Si0; and enstatite so0lid solution having a composition of
(Mg = A1)5i0;. Moreover, if the <content of 8io0, is
relativély small, Ti0O; also has an effect of suppressing
glass devitrification. However, if the content of Tiozis
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 tendé ﬁo extremely
deteriorate. Therefore, itis appropriate that the content
of TiO, 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 Ti0, ranges from 8.5 to

15 % because a crystallized glass having the high Young'’s
modulus equal to . or higher than 160 GPa can be obtained
bycombinationwithothercomponentsiftheYoung’stdulus
is emphasized further than the surface roujhness.

The crystallized glass of the present invention may
contaln Y,0;. However, as seen in the folloWing examples,
the Young’s modulus of the crystallized glass can be
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increased to about '10 GPa as well as the temperature of
liguid phase can be decreased to about from 50 to 100 C
by introducing, for example, 2 % of Y,0;. That is,
characteristics and productivity of glass can be improved
remarkably by introducing a little amount of ¥Y,0,. If the
content of Y,0; is equal to or higher tham 0.3 %,
aforementioned effect of Y505 can be obtained. The content
of Y03ispreferably equal toor higher than0.5%. However,
¥,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; 1s 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 Zr0,.

i

(o]

Zr0; can play an important role to improvement of glass

stability, especially in a glass containing a large amount
of Mgo. In additiocn, it also works as;a nucleation agent
and it contributes, as a helper of 7Ti0,, to make the
crystalline particles fine with promoting phase separation
of glass during pretreatment. However, if the content of
Zr0; exceeds 10 %, it is afraid 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 température
and homogeneity of the crystalline particles,

In the crystallized glass of the present invention,

the sum of 8i0,, 21,03, Mg0 and TiO, is equal to or higher
-19-
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than 92 % from the viewpoint of characteristics such as
thehighYoung’smodulusandkeepinghomogenouscrystalline
characteristics. The sum of Si0,, Al,0:, Mg0 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, K30 or the like) and/or
alkali-earth metal oxides RO {(for example, CaO, Sr0, BaO

"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 oxides andalkali-earthmetal oxides
is respectively equal to or higher than 0.1 % from the
viewpoint of obtainingsaideffect. However,ifcontaining
alkali metal oxides, its content is appropriately equal
to or less than 5 % because alkall 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 1is
preferable because it hasaneffecttosuppress thereduction
cof the Young’s modulus, as well as effects of lowering. a
melting temperature of glasgs and melting the Pt
contaminationfromzimeltingcruciblemadéof Pt byionizing

it. In the case of containing K;0, its content 1is

appropriately equal to or less than 5 %, preferably from

0.1 to .2 %, more preferably from 0.1 to 1 %,
-20-
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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. In the case
of containing alkali metal oxides, especially, the content
of K;0 preferably ranges from 0.1 to 5 %, preferably from
0.1 to 2 %, more preferably from 0.1 to 1 %. In the case
of containing alkali-earth metal oxides, especially, the
content 6f 8r0 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 $b,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 can be

obtained by adding an adequate amount of As,0;, Sb,0; or
A8,03+8b,y05 to glaés. However, if excessively large amount
0of 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 formelting,
and thereby damaging the crucible. Therefore, it 1is
appropriate that the amount of the degassing agent added
is equal to or less than 2 %, preferably egual to or less
than 1.5 %. '

Impurities in raw materials, such as Cl, F,80; and the

like which become a glass cleaning agent, can be contained

other than aforementioned basic components if the content

isrespectively 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 substantiallykdoes not
contain Zn0 and NiO. Because zn0 facilitates production

of spinel, hard crystals. In addition, not containing NiO
-21~
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is desirable from the viewpoint that NiO facilitates
production of spinel, as well as from the viewpoint that
NiO is such a component as affecting the enviroanment.,
One of the preferred embodiments of the substrate for
information recording medium of the present invention is
a substrate composed of crystallized glass in which the
main crystals are enstatite and/or its solid solution, and

comprising 35-65 mol% of Si0,, 5-25 mol% of A1,0;, 10-40

-mol% of MgoO, 5-15 mol% of Pi0,, 0-10 mol% of Y;0,, 0-6 mol%

of Zr0,;, 0-5 mol% of R,0 where R represents at least one

selected from the group consisting of Li, Na and K, 0-5
mol% of RO where R represents at least one selected from
the group consisting of Ca, 8Sr and Ba, 0-2 mol% 0f A8,0:+8b,0,
and equal to or higher than 92 mol % of Si0,+A1,0;+Mg0+T7i0,.

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
thecrystals contained equal to or higher than 50 % by volume
amdng crystals in glass. It is to be noted that many
crystallizedglassesofthépresentinventioncohtainequai
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 s0lid@ solution) having a composition.of Mgo
$i0, and (Mg - A21)S8iQ,. In addition, if the crystallized
glass of the present invention contains both of enstatite
and its solid 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
' _22-
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its solid solution ranges from 50 to 100 % by volume of
and titanates ranges from 50 to 0 $ by volume. Inaddition, .
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. In this
case,thetotalamountofenstatiteand/oritssoiidsolution
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 gquartz and the like
can be exemplified. However, spinel 1is not included.
Enstatite has such characteristics as the crystallized
glass containing enstatite as main crystals can be polished
very easgily due to low hardﬁess {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 ifs voids due.to
the crystal structure of chainor layer. On the other hand,
it is considered that because spinel is harder (where the
Mohs’ scale of hardness is 8)thanenstatité, it makes glass
hard tobepolished, Itispreferabiethatthecrystallized
glassofthepresentinventiondoesnotcontaiﬁquartzsolid
solution.

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

¢rystallinity 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
facilitationofprocessesaftercrystallization,the&egree
of crystallinity may range from 50 to 70 % by volume.

Moreover, the average value of size of crystals
containedinthecrystallizedglass of thepresent invention
(particle diameter) is preferably equal to or less than
100 nm, more preferably equal to or less than 50 am, further
preferably equal toor less than 30 nm. If the average value
of crystalline size exceeds 100nm, not 6nly iowering the
mechanical strength of glass but also the loss of crystals
during polishing process causes, thereby it is afraid that
thesurfaceroughnessofglass deteriorates. Suchacontrol
of crystalline size can be done mainly by changing kinds
of contained crystalline phase and heat treatment
conditions mentioned below. In the present invention, it
is possible to obtain such micro crystalline size under
the heat treatment conditions under which the main crystals
of enstatite and/or its s0lid solution which are essential
components inm 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,
fufther from 73 X107 to 83X10°7/C. The thermal expansion
coefficient can be set within the above range in vieﬁ of
characteristics regquired 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 inert
gas atmosphere, homogenized by bubbling, addition of

degassing agent, stirring or the 1ike and molded into plate
~24-
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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
temperatureoffrom1400tolGSOCC,andincludessuchglasses
as possible to be melted at a temperature of from 1500 to
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, glaés transition
temperature, crystallization peak temperature or the like.
However, many crystalline nuclei are gemnerated by heat
treatment at relatively low temperature (for example,
{glass transition temperature (Tg)-30 C) to {Tg + 60 C),
especially, Tg to {Tg + 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
ele#ating the temperature to from 850 to 1150 C from the
viewpoint of obtaining micro crystals. At this time, after
the glass temperature becomes ranging from 500 to gs50 T,
the elevating rate of temperature more preferébly 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 1s not especially limited until the glass
temperature become ranging from 500 to 850 T, 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 egqual to or higher
than 30 C, so that production process for crystallization
can be controlled easily.

Moreover, in the present invention, such a heat
treatment conditions are adjusted toconditions under which
engtatite having a2 composition of Mgo0 * Si0, and enstafite
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

solutionarédepositedisadopted. As for suchconditions,

“heat treatment for crystallization is preferably carried

=

out at atemperatureranging from850to1150°C. Theheating

is preferably carried out at.a temperature ranging from

875 to 1050 . 1If the heating temperature is lower than

850%3,enstatiteanditssolidsolutionarehardlydeposited;

In addition, if exceeding 1150 C, ce¢rystals other than
enstatite and its solid solution become easy'to'deposit.
In addition, by setting the temperature from 875 to 1000 C,
the_pérticle'size of enstatite and/or its solid solution
can be made relatively small, for example, equal to or less
than 100 nm, preferably egual to or less than 50 nm. The
heat treatment time for c¢rystallization 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 C, it preferably'ranges ftrom 1 to 4 hours,

In addition, the temperature of nuclei producing
process before heat treatment for crystallization
appropriately ranges from 30 C lower to 60 C higher than

—26-
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glass transition temperature {(Tg), preferably from 0 T 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 necessgary,
andpolishingmethodisnotespeciallylimited. Forexample
it canbepolished by publicly kxnown methods using synthetic
sharpening particle, such as synthetic diamond, silicon
carbide, aluminum oxide and boron carbide, and natural
sharpening particle, such as natural diamond and cerium
oxide. The molded product which has been polished but not
he sﬁbjected to crystallization can also be subjected to
the_ahove-mentioned crystallization. _

The substrate for information recording medium
composed of thecrystalliiedglassof thepresentinvention
preferably has the surface smoothness as having the average
roughness Ra (JIS-B0601) equél to or less than 1 nm measured
with AFM (Atomic ForceMicroscopy) . Especially,ihthecase
0f using the crystallized glass of the preseﬁt invention
as a magnetic disk substrate, the average roughness Ra (JIS
B0601) of the surface significantly influenéeé récording
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 is 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 GUrability and heat regsistance. 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 subsﬁrateis greatly
decreased, thereby the magnetic film can be kept in the
best condition.
 The crystallized glass of the present invention is
$i0;-A1,03;-Mg0 based glass in which the main crystals are
enstatite and/or its solid solution, as mentioned above.
Other thanm this, the present 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 solid solution and in which s a polished plane having
the surface roughness Ra (JIS B0601) equal to or less than
1 nm is provided. It is to be noted that the main crystals
herein are such crystals as contained in an amount équal
to or higher than 50 % by volume among crystals in the glaSs.'
In many crystallized glésses, enstatite and/or its solid
solution are contained, in an amount equal to or higher
than 70 % by volume, in some cases, egual to or higher than
QD % by volume, in few caseé, equal to or higher than 90 %
by volume of whole the crystals. In addition, in this
crystallized glass (crYstallihity), the3ratio of crystals
in glass ranges about from 20 to 70 %.
Inthecrystallizedglass substrateinthis embodiment
the average value of the size (ﬁarticle diameter) of the
crystals contained in the crystallized glass ispreferably
equal to or less than 0.5 i m, more preferably egual to or
less than 0.3 um, further preferably equal to or less than
0.1 fm. The average value of the size of the crystals
contained the crystallized Qlass is the most preferably

egual to or less tham 50 nm. If the average value of the

crystalline size exceeds 0.5 ##4m, 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

'selectingkindsofthecontainedcrystallinephaseandheat

treatment condition mentioned below. However, 1in 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 1light
transparency at 600 nm through the substrate with 1 nm

thickness. Thesubstrateof thepresent inventionexhibits

the transparency equal to or more than 10 %, or equal to.

or more than 50 %, in some cases, from 60 % to 90 %.
The crystallized glass substréte in this embodiment
preferably has a Young’s modulus egual 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 ¢rystals. Moreover,
it is preferable that the crystallized glass substrate of

thepresent invention substantially does not contain spinel

- a8 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.
DemandsforhighYoung’smoduluscanbeexplaihéd
on the basis of the following fact. That is, with recent
smaller sizé, higher capacity and higher speed of HDDs,
itisexpectedthatthethicknessof3.5-inchdiskscurrentiy
used of 0.8 mm will be made smaller to 0.635 mm, 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 rpmn
=29~
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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
itisexpectedthat,astherevolutionspeedbecomeshigher,
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*

Woo
hE

wherein a represents an outer diameter of disk, h
representsa thickness of substrateandE represents 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* o
W ocC = =
BE RKE »G

wherein & represents a specifie gravity of disk
material and Gis aspecificelasticmodulus of 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 the disk. The wind pressure is represented as a function
of disk revolution speed and said to be proportional to
the second power of the speed. Accordingly, the deflexion
Wwhen 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 substrate 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
to 0.635mm, it isrequired 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 10000 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 egqual to or higher than GPa are required.
As the specific elastic modulus or Young's modulus of
subgstrate material becomes higher, not only stiffness of
substrates becomes higher, but also impact resistance and
strength ofsubstrateé 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 than 160 GPa, as
comprising 35 to 43 mol% of SiO,, % to 20 mol% of Al,0,,
30 to 39 mol% of MgO, 1 to 3 mol% of Y,0,, 8.5 to 15 mol%

of Ti0O, and 1 to 5 mol% of Zro0,. In this case, the molar

~ratio of 8i0,/Mg0 is appropriately equal to or less than

1.35.
The magnetic disk substrate composed of the
crystallized glass of the present ihvention can satisfy

all characterigstics required as a magnetic disk substrate,
-31-
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such as surface smoothness, flatness, strength, hardness,
chemical durability and heat resistance. 1In addition, the
Young’s modulus is about twice larger than the conventional
crystallized glass {(Li,0-5i0, 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 crystaliized glass of the présent
invention 1s 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 foroptical 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
preéent invention and a recording layer formed on said
substrate. A magnetic disk (hard disk) comprising a
sutubstrate composed of the crystallized glass of the present
invention described above and at 1eaét a magnetic layer

formed on a main surface of the substrate will be explained

hereinafter. As layers other than the magnetic laver,

underlying layer, protective layer, lubricating laver,
unevenness control layer and the like are optionally formed
depending on functions of the disk. These lavers can be
formed by variouws thin film-forming technigques.
Material for the magnetic layer is not particularly’
limited. For example, in addition to Co magnetic layvers,
ferrite magnetic layers, iron-rare earth metal magnetic
layers and the like can be mentioned. The magneﬁic 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, CoNiCr, CoCrTaand CocPtCr,

and CoNiCrPt, CoNiCrTa, CoCrPtTa, CoCrPtS8i0 and the like.

"The magnetic layer may be consisted of multiple lavers

comprising a non-magnetic layver for noise reduction
separating magnetic layers. The underlying layer of the
magnetic layer may be selected depending on the nature of
the magnetic laver. For example, the ﬁnderlying layer may
be those comprising one or more of non-magnetic metals such
as Cr, Mo, Ta, Ti, W, VvV, Band Al, oroxides, nitride, carbides
and the 1like of those metals. For a magnetic laver
comprising Co as the main component, an'underlying‘layer
of pure Cr or Cr alloy is preferred for improving magnetic
characteristics. The underlying layer is not limited to
a monolayer, and may Dbe composed of multiple layers
consisting of multiple identical or different layers. For
example, the wunderlying layer may be a multi-layer
underlying layer such as Al/Cr/CrMo and Al/Cr/Cr.

The unevenness control layef for preventing

absorptionofmagneticdisktomagneticheadmaybeprovided

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 laver, 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, $i, 2r, 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 Rpax 0of 50-300
_A, more preferably Ry.x of 100-200A . When the Rpax 185 less
than 50A, 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,, 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 layver.

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

or the like. These protective layers can be succe551ve1y

formed by an inline sputtering apparatus together with the

underlying layer, the magnetic layer and the 1ike. These
protective layers may have either monolayver structure or
multilayer structure comprising identical or different
layers. |

. Another protective layver may be provided on or instead
of the protective laver explained above. Fdr example, é
silicon oxide (810,) layer may be fofmed on the protective
layermentioned above by applyving tetraalkoxysilanediluted
inanalcoholicsolvent, inwhichcolloidalsilicais further

dispersed, and sintering the applied layer. This layer

functions as a protective layer and as an unevenness control

layer.

While various kinds of layers have been proposed as
the lubricating layer, it is generaily formed by applying
a ligquid lubricating agent, perfludropolyether, diluted
in a solvént such as freons by dipping, spin coating,
spraying or the like and subjecting the coated-layef to

a heat-treatment as required.
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Examples

The detailé of 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 listed 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 c¢rystallized glass is within + 0.1 %. Thus, the:
compositions of the starting materials shown in Tables 1
to 12 are substamntially identical with these of the

crystallized glasses. As the starting materials of these

‘glasses, SiOZ, Al,05, Al(OH)3, Mg0Q, Y,0,, TiOZ, Zr0,, XKNOj,

Sr{NO3);, Sb;05 and the like vere weighed into 250-300 g
portions according tothegivencompositions shown in Tables
ltol2andmixed sufficiently toprovide formulatedbatches.
Provided that, not shown in the tables, all of the glasses
contain 0.b3 mol% of Sb,0;5. 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
liguid was cast into a carbon mold having a size of 180
X15X25mm, left tocool totheglass transitiontemperature,
immediately transferredintoanannealing furnace, annealed
in the glass transition temperature range for about 1 hour
and left to cobl to room temperature in the furnace. The
resultingglassesdidnot containdepositedcrystals which
can be observed by a 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 mm, they were put

in a heat treatment furnace, elevating a temperature at
an elevating speed of temperature of from 1 to 5 T/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 te the
temperatureof heat treatment forcrystallizationdescribed
in Tables 1 to 12. After keeping the temperature for 1 to
5 hours, the crystallized glass was produced by'cooling
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 compositiong in Tables 1 to 12.

'For comparison, the iom-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 No.2,516,553 were utilized as
Comparative examples 1 and 2 and fheir compositions and

characteristics are shown in Table 13.
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Table 1
Composition(mol%) 1 2 3
510, 48.00 47.00 47.00
Al,0, 11.00 10.50 10.50
Mg0O 30.00 30.00 28.50
Y,0, 1.00 0.50
2xr0, 2.00 2.00
Ti0, 10.00 10.00 10.00
A1,0,/Mgo0 0.37 0.35 0.37
SiOZ/Mgo 1.60 1.56 1.65
S+A+M+T 99 97.5 .96
Tran51t19n . 732 735 729
_ temperature Tg (°C)
Heat tr?atment temperature ff Tg+28 Tg+35 Tg+31
producing crystal nucleus(°C)
Heat treatment time of 1 4 4
producing erystal nucleus(h)
Elevaing ?Peef . 300 300 300
of temperature{°C/h)
Heat treatment‘temPeriFure 1000 1000 1000
of crystallization(°C)
Heat treatment time 4 t 4
of crystallization (h)
Bl ti
evating Speoed e 240 240 240
of temperature{°C/h) . _
Kind of fracture surface Glass Glass Glass
Transparency at a 15% 133 78%
wavelength of 600nm :
Specific gravity(g/cma) 3.0ee 3.14 3.11
Young's modulus {GPa) 148.5 150.5 147
Poisson ratio 0.231 0.23 0.229
Kind of main crystals Enstatite |Enstatite|Enstatite .
Kind of other crystals Titanate Titanate Titanate
Spe01f%c.modu1us 45.1 47.9 47 .3
of elasticity(MNm/kg) .
Thermal expansion .
o . 72 72 75
coefficient (10 / C) '
Av ticle
erage par®i 30~40 30~40 40~50
diameter (nm)
Ra (nm}) 0.3 0.3 0.3

Enstatite: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
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Table 2
Composition(mol%) 4 5 6
8io, 46.00 47.00 41.00
Al,0, 10.50 12.50 12.50
Mg0 31.900 28.50 34.50
¥,0, 0.50 2.00 2.00
Zr0, 2.00
Tio, 16.00 10.00 10.00
A1,0,/Mgo 0.34 0.44 0.36
8i0,/Mg0 1.48 1.65 1.18
S+A+M+T 97.5 98 98
Transition 732 729 738
temperature Tg (°C) :
Heat tr?atment temperature ff Pg+38 Tg+31 Pge22
producing crystal nucleus (°C)
Heat treatment time of 4 4 4
producing crystal nucleus{h)
Elevating speed 300 300 300
of temperature(®C/n)”* :
Heat treatment'tem?erifure 1000 1000 1000
of crystallization("C)
Heat treatment time 4 " 4
of crystallization(h}
Elevating spged Y 240 240 240
of temperature(°C/h)
Kind of fracture surface Glass "Glass Glass
Transparency at a )
wavelength of 600nm 79% 76% 75%
Specific gravity(g/cm’) 3.158 3.038 3.309
Young's modulus {GPa) 153,22 146.7 179.1
Poisson ratio 0.23 0.225 0.245
Kind of main crystals. Enstatite |[Enstatite|Enstatite
Kind of other crystals Titanate [Titanate| Titanate
Specific modulus . )
of elasticity(MNm/kg) 48.5 48.3 4.1
Thermal expansion 74 70 83
coefficient (10°'/°C)
Average particle
, 20~390 506~70 160~150
diameter {nm}
Ra{nm) 0.25 0.4 0.5

™
I~

Enstatite:Enstatite and its solid solution
S+A+M+T=S10,+A1,0,+Mg0+T7i0,
*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 3
Composition(mol}) 7 [ 9 19
5i0, 43.00 45.00 47.00 49.00
21,0, 12.50 12.50 12.50 10.50
MqO 32.50 30.50 28.50 29.50
¥,0, 2.00 2.00 2.00 1,00
ZrQ,
Ti0, 10.00 10.00 10.00 10.00
a1,0,/Mg0 0.38 0.41 0.44 0.35
8i0,/Mgo0 1.32 1.47 1.65 1.66
S+A+M+T 98 98 98 99
Trapsition 740 739 740 732
temperature Tg (°C)
Heat tr?atment temperature :f Pg+30 Pg+31 Tg+20 mg+28
producing crystal aucleus(°C)
Heat treatment time of 4 4 4 2
preducing crystal nucleus(h)
Elevati d
ating spee . 300 300 300 300
of temperature(°C/h)
H
eat treatment'temPer{Fure 1000 1000 1000 1000
of crystallization(°C) .
Heat treatment time 4 N a A
0f crystallization({h} -
Bl ti
evating speed 240 240 240 240
of temperature(°C/h)
Kind Of— Glass Glass Glass Glass
fracture surface
Transparency at a 733 78% 19% 76%
wavelength of 600nm
Specific gravity
5 3.254 3.207 3.168 3.068
(g/cm’) ‘
’
Young's modulus 170 163.4 157.3 149.1
{GPa)
Polsson ratio 0.245 0.241 0.237 0.228
Kind of main crystals Bnstatite 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 70 81 76 72 71
coefficient{10 ' /°C})
Avera article
2de P 80~120 50~70 50~70 40~50
diameter (nm) )

Enstatite:Enstatite and its so0lid solutien

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 produwcing crystal nucleus
**Elevating speed of temperature in the process of elevating temperature
from heat treatment itemperature of producing crystal nucleus to
crystallization heat treatment temperature
-39-
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PTable 4
Composition(mol%) 11 12 13
5i0, 46.00 46.00 46 .00
A1,0, 16.50 10.50 10.50
Mg O 30.50 30.00 30.00
X,0 0.50
Sro 1.00 1.50
Y,0, 0.50 p.50
Zr0, 2.400 2.00 2.00
7i0, 10.00 10.00 5.00
Al,05/Mg0o ) 0.34 0.35 0.35
5i0,/Mg0 1.51 1.53 1.53
S+A+M+T 97 96.5 95.5
Transition . 796 798 726
temperature Tg(C)
£
Heat tr?atment temperature f rg+30 Tg+30 Tg+30
producing crystal nucleus(°C)
Heat treatment time of 4 4 4
producing crystal nucleus(h}
El i d . )
evating speed 300 300 300
of temperature{(°C/h)
“tre t
Heat treatment.temPeri)ure 1000 1000 1000
of crystallization{°C)
Heat treatment time . :4 "
of crystallizationt{h)
ti d
Elevating speec . 240 240 240
of temperature(°C/h) .
Kind of Glass Glass Glass
fracture surface
Transparency at a 82% 703 - 674
wavelength of 600nm - :
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
SpeCLETc.modulus 47.7 479 £7 9
of elasticity{MNm/kg)
Thermal expansion
. e 77.9 75.1 74.7
coefficient {10 /°C)
er ticl
Average particle 20~30 30~50 30~50
diameter {nm)
Ra {nm) 0.20 0.30 6.30

Enstatite:Enstatite and its solid solution
S+A+M+T=5Si0,+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 5
Composition{mol%) 14 15 16
§io, 46 .00 46.00 46.00
Al1,04 10.50 10.50 10.50
Mgo 1 31.00 30.00 1.0
K,0 ‘ 0.50 0.540
Sro 1.00 0.50
Y,0, ‘ 0.50 0.50 0.50 °
Z10, 2.00 2.00 2.00
Tio, 95.00 10.0¢0 .50
A1,0;/Mg0 0.34 0.34 0.34
5i0,/Mg0 1.48 '1.53 1.48
S+A+M+T 96.5 6.5 97
' Transition . 725 797 734
temperature Tg{°C)
Heat tr?atment temperature :f Tg+30 Tg+30 Tg+26
producing c¢rystal nucleus(°C)
Heat treatment time of ’ 4 4
producing crystal nucleus(h) _
Elevati d
tng speed 300 300 300
of temperature(°C/h) .
Eeat treatment'temPerifure 1000 1000 1000
of crystallization(°C)
Heat treatment time 1 . 4 4
of crystallization(h)
El ti ed '
evating spe - 240 240 240
of temperature(°C/h)
. Kind of ' Glass Glass Glass
fracture surface - _
Transparency_at a 80% 805 785
wavelength of 600nm :
Specific gravity(g/em’) 3.124 3.15 3.139
Young's modulus{GPa) 147.1% 148.2 149.5
Poigson ratio 0.231 0.232 0.229
Kind o6f main crystals Enstatite]Enstatite{ Enstatite
¥ind of other crystals Titanate | Pitanate | Titanate
Spec1f%c.modulus . 47 .1 47 0 47 .6
of elasticity(MNm/kgq)
Thermal expansion
. 1o 79.2 78.1 75
coefficient (10 '/C)
Avera article
age P 20~30 20~30 20~30
diameter (nm)
Ra (nm} 0.30 0.25 0.20

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 6
Composition({mol%} 17 18 19 20
mol% wtg mol% wt% mol% wik mol% wt%
sio, 39.00 |35.57 | 35.00 §35.13]395.00 |36.07393.00|34.7¢6
Al1,0; 12.50 |19.35)12.50 [19.11{12.00 [17.27)14.00 {19.41
MgO 33.50 ;20.49|32.50(19.63}35.00 121.721]132.00 21,17
Y,0;5 2.00 6.86 2.00 6.77 2.00 6.95 2.00 6.88
Ti0, 10.00712.13110.00 |12.98;:10.00 {12.301) 10.00 )J12.16
Zr0, 3.00 5.61 4.00 7.39 3.00 5.69 3. 00 5.63
Tg 743 744 741 746
A1,0,/Mg0 0.373 0.385 0.314 0.438
5i0,/Mg0 1.16 1.2 1.114 1.22
S+A+M+T 95 94 95 95
Transparency 40 40 48 30
at 600nm(%)
Average particle 120-200 120-200 100-150 200-250
{nm} .
Ra{nm) 0.50 0.50 0.490 D.70
Expansion (10 /°C) 78 77 75 74
Young's modulus{GPa) 175.00 168.90 177.00 172.850
Poisson ratio ? 0.250 0.251 0.250 0.251
Specifie gravit -
P i ¥ 3.401 3.389 3.425 3.349
{g/cm’)
Specific modulus )
of elasticity 51.5 49.8 51.7 51.6
(MNm/kg) : S
Tn 7906°C/4h 7906°C/4h 790 C/4h 7906°C/4h
Elevating speed '
g sp . 5°C/min 5°C/min 5°C/min 5°C/min
of temperature :
Te 1000°C/4h 1000 C/4h 1000 C/4h 1000°C/4h
Elevating speed . Lo
e 5°C/min 5°C/min 5°C/min 5°C/min
of temperature
statelof . Good Good Good Good
crystallization
Kind of Enstatite Enstatite Enstatite Enstatite
malin crystals :
Rind of Titanate Titanate Titanate Titanate
other crystals

Enstatite:Enstatite and its solid solution
S+A+M+T=S10,+A1,0,+Mg0+TioO,
*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 7
N 2 2
Composition{mol%) 21 2 3 24
mol% wt% mol% wt$ mol% wt mol% wt%
§io, 35.00 | 35.89}39.00 136.60)| 38.00 |34.76) 38.00 134.76
21,0, 12.50 )19.52312.50 ]19.92|12.50 {19.41]|12.50 |19.41
Mgo 35.00 {21.61 ) 34.50 |22.72|34.50 )21.37]34.501}21.17
Y,0;5 2.00 6.92 1.0¢ 3.53 2.00 6.88 2.00 6.88
Tio, 8.50 10.40)10.00 |12.48) 10.00 |12.16] 10.00 {12.16
Zr0, 3.00 5.66 3.00 5.77 3.00 5.63 3.00 5.63
Tg 750 741 742
2A1,0,/Mg0 0.357 0.362 0.362 0.362
Si0;/Mgo 1.114 1.13 1.13 1.101
S+A+M+T 94.5 96 95 95
Transparency a5 40 40 25
at 600nm{%)
Average particle 150-220 120-200 120-200 150-200
(nm}
Ra(nm) 0.70 0.40 0.40 0.65
Expansion {10 /°C) 73 75 74 78
Young's modulus(GPa) 175,70 182,50 175.49 188.50
Poisson ratio ? 0.256 0.24¢6 0.255 0.245
Specific¢ gravit :
P g3 Y 3.40¢ 3.381 3.416. 3.435
{g/cm’)
Specific modulus
of elasticity 51.6 54.0 51.3 54.9
(MNm/kg) .
TR 790 C/4h 790°C/4h 790°C/4h 790°C/4h
Elevating speed ' o o
g 8 R 5°C/min 5°C/min 5C/min 5C/min
of temperature ]
e 1000°C/4h 1000°C/4h 1000°C/4nh 1000°C/4h
Elevating speed o B
§ speed 5°C/min 5°C/min 5°C/min 5°C/min
of temperature L
State-of . Good Good Good Good
crystallization
Kind of Enstatite | Enstatite Enstatite Enstatite
main crystals . .
Kind of Titanate Titanate Titanate Titanate
other crystals

Enstatite:Enstatite and its solid sclution

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

-43-



. c Lad
=85 NEC
Table 8
Composition{mol%) 25 26 27 28
8i0, 58.040 55.00 47.00 48.00
Al,0, 11.00 10.50 20.00 15.60
Mg0 20.00 24.00 22.50 25.50
K0
Sro
Y50, 0.50 0.50 0.50
ZrQ, 1.00 1.00
Tio, 10.00 1¢.00 10.00 10.00
A1203/Mg0
8i0,/Mg0 2.9 2.29 2.09 1.88
S+A+M+T 99 35.5 99.5 98.5
Tg (°C) 740 735 745 740
Heat t%eatment temperatureD Tg+30 Tg+25 Pge25 Tg+30
of producing crystal nucleus(C)
Heat treatment 2 2 2 2
of producing c¢rystal nucleuns{h)
El ting d ‘
evating speed 300 300 300 300
of temperature(°C/h) :
Heat treatment-tem?eri}ure 1000 1000 1000 1000
of crystallization(°C)
Heat treat?ent.t;me ’ 4 2 4
of crystallization(h)
El ti
evating speed 300 300 300 300
of temperature{°C/h)
Fracture surface Glasgs Glass Glass Glass
‘Pransparency at a -
- 72% 76% 35% 55
wavelength of 600am : ] 3
Specific gravity(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
Specific modulus 6.5 47.5 45.6 46.1
of elasticity(MNm/kg)
Kind of main crystals Enstatite |Enstatite|EnstatitelBnstatite
Kind of other c¢rystals - Titante Titante Titante Pitante
Thermal expansion
o 7o 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=Si02+A7120'3+M90+Ti02

*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 produecing crystal nucleus to
crystallization heat treatment temperature
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Table 9
Composition{mols) 29 30 - 31 32
sio, 38.00 46.00 46.00 39.00
Al,0; 8.00 10.50 10.50 11.00
Mg0O 36.50 28.600 27.00 35.00
K,0 4.00 1.00
Sro 3.5¢0
Y,0, 5.00 0.50 0.50 | 1.00
Zr0, 3.00 2.00 2.00 1.00
710, ) 9.50 9.400 9.50 13.00
Al,05/Mg0
8i0,/Mq0 1.04 1.64 1.70 1.11
S+A+M+T 92 ‘ 93 93 98
Tg(°C) 730 715 735 741
Heat tfeatment temperature° TG+ 50 Tg+35 Pq+25 Tg+29
of producing crystal nucleus{ C} )
geat treatment P 2 7 5
of producing crystal nucleus{h)
El ti d )
evating speec 300 300 300 300
of temperature{°C/h)
Heat treatment'temPgrifure 1000 1000 1000 1000
of crystallization(°C)
Heat treatﬁent Flme 4 A N A
of crystallization{h)

Elevating safed .. 300 300 308 300

of temperature(°C/h)

Fracture surface Glass Glass Glass Glass
Transparency at a . 30% 75% 72% 625%
wavelength of 600nm

S8pecific gravityl(g/cc) 3.41 3.012 3.124 3.39
Young's modulus (GPa) ] 191 138 146 182
Poisson ratio 0.241 0.2213 0.221 | 0.242
Specific modulus 56.0 45.8 46.7 53.7
of elasticity(MNm/%kg)
Kind of main crystals Enstatite |Enstatitelfnstatite|Enstatite
XKind of other crystals Titante | Titante Titante Pitante
Thermal expansgion
. 70 82 72 74 81
coefficient{10 '/ 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=8i0,+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$%) . 13 34 35
5i0, 46.00 46.00 16.00
21,0, | 10.50 10.50 10.50
Mgo 30.50 30.50 3e.50
K,0 0.50 0.50 0.50
¥,0,4 0.50 0.50 0.50
Zr0, 2.00 2.00 2.00
Tio, 10.00 16.00 10.00
Al1,0:/MgoO 0.34 0.34 0.34
510,/Mgo0 1.51 1.51 1.51
S+A+MHT 97 97 97
| Tramsition temperature Tg(%C) 728 ) 728 L7928
reatment temperature of
H::zﬁjcing crystalpnucleus(%n 770 T?ﬁ" . 780
Heat treatment time of 1 - 1
producing crystal nucleus{h) R
Elevating speed . 1200 1200 1200
of temperature(°’C/h) b o
Heat treatment temperature 980 980 980

of crystallization(’C) )
Heat treatment time ‘ A 4
of crystallizationt(h)
Elevating speed
of témperatnre(%3/h)**
Kind of
fracture surface
Transparency at a
wavelength of 600nm

Specific gravity(g/cmﬁ
Young's modulus (GPa}
Poisson ratio
Kind of main crystals
KEind of other crystals
Specific modulus
of elasticity(¥MNm/kg)
Thermal expansion

. 7.0 73 73 73
coefficient(10 /¢y | | |
Ave{age particle 20-30 20-30 20-30
diameter{om} 4§ o}
Ra {nm) 0.20 0.20 0.20

Enstatite:Enstatite and its solid solution
S+A+M+T=8i0,+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 c¢rystal nucleus to
crystallization heat treatment temperature
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Table 11
Composition{mol%} 36 37 38
510, 46.00 46 .00 46.00
Al,0,4 16.50 10.50 10.50
MgO 30.5¢0 30.50 30.50
K,0 0.50 0.50 8.50
Y,05 0.50 0.50 0.50
Zr0, 2.00 2.00 2.00
TiQ, 10.00 10.00 10.00
- Al1,0;/MgoO 0.34 0.34 0.34
510,/Mg0 1.51 1.51 1.51
S+A+M+T 97 97 87
.Jransition temperature Tq(C) { 728 i 728 | 728
Heat tr?atment temperature ff 800 770 770
producing crystal nucleus(°C) . N
Hea? treatment time of 1 0.5 0.5
producing crystal nuweleuws(h) 4 (- | 7
El ti d
evating speed - 1200 1200 1200
of temperature(®C/n)" |
Heat treatment'tem?erifure 980 980 980
of crystallization(°C) I
Heat treatment time p i 3
of crystallization{h) I
oF ra
raieing . 300 300 300
of temperature(®C/h)" " o ool
Kind of Glass Glass Glass
fracture gurface .
Transparency at a
72% 76% 72%
wavelength of 600nm [ |
Specifie 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 | 0.232
Kind of main crystals Enstatite Egitatite Enstatite
Kind of other crystals Titanate Titanate Pitanate |
Spec1f%c‘modulus 46.9 46.9 46.8
of elasticity{MNm/kg) | —~—~ """ 4 "7 )
Thermal expansion
L 7 73 73 73
coefficient (10 /[ C)
S P R B A
Avefage particle 20-30 20-30 20-30
diameter{nm) i N
Ra{nm) 0.20 0.20 0.20

Enstatite:Enstatite and its solid solution

S"’A"‘M"}T:Si02+A1203+M90+T102

*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

trystallization heat treatment temperature
—47-
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Table 12
Composition{mols) 39 40 41 42
sio, 46.00 46.00 46.00 46.00
21,0, 10.50 10.50 10.50 10.50
Mgo 30.50 30.50 30.50 30.50
K,0 0.50 0.50 0.50 0.50
Y,0, 0.50 0.50 0.50 0.50
Zr0, 2.00 2.00 2.00 2.00
Tio, 10.00 10.00 16.00 10.00
Al,0,/Mg0 0.34 0.34 D.34 0.34
810,/Mg0 1.51 1.51 1.51 1.51
S+HA+FM+T 97 97 97 97
Transition temperature Tg{C) 728 728 728 728

Heat treatment temperature of

. o T70 770 700 700
producing crystal nucleuws(*¢) f | " | ]
Heaq treatment time of 0.5 0.5 2 7
producing crystal nucleus{h) | ~~~~ 4 " | " .
Elevati spead
tR9 speed 1200 1200 1200 1200
of temperature(*C/w)" |} 1 ]
t
Hea treatment‘temPeri}ure 875 970 970 1025
of crystallization(*¢) |  ~ " 4 - | .o
Heat btreatment time 9 9 2 2

of crystallization{h}

Elevating speed
of temperature(°C/n)*"

Kind of
fracture surface

Transparency at a
wavelength of 600nm

Specific gravity(g/cm”

Young's modulus (GPa)

Poisson ratio

Kind of main crystals

Kind of other crystals

Specific modulus
of elasticity(MNm/kg)

Thermal expansion
coefficient(lOJ/%S)

Average particle
diametertom) | - - & ol T

Ra {(nm} 3.20 ¢.30 0.30 0.3¢0

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
48—



Table 13

Comparative Example

1

2

~Chemically tempered glass

Commercially
available T§-10

crystallized glass

Ra{nm)

Oxide Japanese Patent Unexamined U.S5.Patent No,
PublicationNo.Hei.1-239036(JP-A-239036/89) 2516553
810, ' 73,0
31,0, 0.6
Ca0 7.0
N"aao 90
K,0 9.0
Zno 2.0
As;03 0.2
~ Young'’s 79 90-100
modulus (GPa) '
Surface roughness 12

10-35

€602 730 6 -
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{1) Determination of kinds of crystals

The X-ray diffraction was measured using K,-ray of
Cu with respect to a powder forming from glass after
crystallization (apparatus: X-ray diffraction apparatus
MXPl18A manufactured by Mac Science Co.Ltd., tube voltage:50
kV, 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 temperatﬁre
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 nn
squares to 20 mm squares and the length of from 50 to 100
mm, the specific gravity (density) was measured and the
sampie 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 (T1l1, T12) and the transverse wvave {781,
TS2) were measured, water in the case of longitudinal
waveand“SonicoatSHNZOorSHN-BZS”inthecaseoftransverse
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
theaveragevalues. Itis tobenotedthatthéPoissonratio
was obtainedat the same timeby this operation. 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. TASiOO 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 C.

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 to give two plane 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 uged. As for the‘measurement
conditions, the measurement area was set as 2X2 4m or 5
X5 Um, 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)andFlatten Autoorder 3. Integral grain, Proportion

gain and Set point were adjusted at each measurement. It
is to be noted that, as pretreatmeht of the measurement,
the polished samples were washed with pure water, IPA or
the 1ike 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
manufacturedbyHITACHICo.Ltd.wasusedandthemeasurement
wavelength was set at 600 nm.

Degree of crystallinity

All scattering intensityof X-raywas measurement with
respect to crystallized glass samples. From the'results,
~51-
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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-(2Zla/21al100)) X100

x=(2Z1lc/X1lcl00) X100

la: Scattering intensity of an amorphous part of an unknown
material '

lc: Scattering intenslityof acrystalline part of an unknown
material

1lal10¢0: Scattering intensity of a material containing 100 %
of amorphous.

1lc100: Scattering intensity of a material containing 100 %

of crystal

Measurement of thermal expansion coefficient

Glass samples were cut off, and subjected to polishing
pfoceés as to form a column shape of_¢5 mm X20 mm, then
they were used as samples for TMA méasurement. TAS100
manufacturéd by Rigaku Co.1ltd. was used as a measurement
apparatus. Aé for the measﬁrement' conditions, the
elevating speed of température was set as 4K/min., the
maximum temperature was set as 350 C, and then the thermal

expansion coefficients at from 100 to 300 C were measured.

Ag 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 (egqual to or higher than 140 GPa}, the specific
modulus of elasticity {in the range of from 40 to 60 MNm)
and the 1like in a large value. Therefore, in the case of
usingtheseglassesassubstratesforinformétionredording
medium such as a magnetic recording medium, even if these
giass substrates are rotated at a high speed, they are not
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1ike1ytoexhibitwarporwalking,andhenceitisunderstood
that they can meet the demand of further thinner substrates.,
Inaddition,whentheliquidphasetemperaturewasmeasured
with respect to glasses before heat treatment in Example
1, Example 4 and Example 10, the temperature was 1300 T,
1290 C and 1270 C, respectively, which satisfy the liquid
phase temperature (forexample, equal toor less than 1350 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
particlediameteroffrom20-30nmto100-150nmwereobserved.
Inaddition,thepolishedplanessubjectedtOOpti031glass
polishingforsurfaceroughne53measurementwéresubjected
tosurface observationwithanAtomicForce Microscopy (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 egual to or less than 0.5 nm. The surface

.roughness (Ra (JIS B0601)) of these crystallized glasses

can be polished to equal to or less than'O.S 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,substratesekcellentinflatnesscanbeobtained
andit 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 1light
transparency egual 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. In 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,astheparticlediameterofthecrystalwassméller,
so sald transparency becomes larger.
Onthecontrary,whilethechemicallyreinforcedglass
substrate 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 heét

resistance and the Young’s modulus than the crystallized

~glassof thepresent invention. Accordingly, whenmagnetic

recording media were produced, heat treatment to a magnetic
layerforobtaininghighcoerciveforcecouhinotbecarriéd
cut sufficieﬁtly, thereby the magnetic recording media
having high c¢oercive force could not be obtained. In
addition, theglass in Comparative Example 1l containedlarge
amount of alkali, so that the c¢ollosion of the magnetic
film with the substrate easily occurred, thereby it was
afraid that the magnetic film was damaged. '

In addition, the c¢rystallized 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'parﬁicles,

it was difficult to attempt high-densitylrecording.

Production method of magnetic disk

As exhibited in Figure 1, the magnetic disk 1 of the
presentinventioncomprisesacrystallizedgiasssubstrate
2 in said Example 1, on which unevenness control layer 3,
underlying layver 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 ocuter circular periphéry radius of
32.5 mm, ianer circuwlar 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 Rpax of 40 A .

" The unevenness control layer is a thin A1N layer of

5-35% nitrogen content having average roughness of 50A and

surface roughness Rpy,x of 150A. 7

The underlying layer is a thin layer of CrV composed
of Cr: 83 at% and V: 17 at$% having a thickness cf about
600A . '

The magnetic layer is é thin layer of CoPtCr composed
of Co: 76 at%, Pt: 6.6 at%, Cr: 17.4 at% having 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 8A, 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 4A.and1hmxof 40A toafford a crystaliized
glass substrate for magnetic recording medium.

Subsequently, the abové crystallized glass substrate
was placed on a substrate holder and transferred into a
chargingchamherofinlinesputteringapparatué. 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 4d 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 Rpax Of 150 A and thickness of 50 A
{unevenness forming layer) was providedon thecrystallized

glass substrate.
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The holder on which the crystallized glass substrate

having the formed ALY 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 350C in an Ar atmosphere, thereby a Crv
underlying layer having a thickness of about 600A and
CoPtCrmagneticlayerhavingathicknessofabout300A.were
formed. ' |

~ The substrate having the formed umnevenness control
layer, underlying 1layer and magnetic layer was then

transferred to a fourth chamber provided with a heater for

heat-treatment. Thefourthchamherha&aninneratmOSphere'

of Ar gas (pressure: 2 mtorr) and the heat treatment was

performed with changing the heat treatment temperature.

ThesubstrateWasthentransferredintoafifthchamber
providedwithacarbontarget,andacarbonprotective1ayer

having a thickness ofabout“looA,was-formedunder thésame

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 lubricating layver having a
thibkness of 8A was formed by applying perflﬁdropolyether

on the carbomn protective layer by dipping.

The substrate for information recording mediumof the
present invention can be easily_molded, and has the large

Young’s modulus equal to or higher than 140 GPa, High heét

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

-56-
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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. Because it hashigh Young’s
modulus, specific modulus of elasticity and strength, 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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_ wherein the

Claims

1. A
of crystallized glass
$i0, : 35 — 65 mols
Al,0, 5 — 25 mol%
MgO : 10 — 40 wol% and
Ti0, : 5 — 15 mol %,

substrate for information

comprising

-5 DEC 003

recording medium composed

wherein the sum of the above components is equal to or more
than 93mol%, and main crystals contained in the crystallized
glass are enstatite and/or its solid solution.
2. The substrate according to claim I, wherein a molar .
ratio of Al,0, to MgO  (Al1,0,/Mg0) is from equal to or more
than 0.2 to less than 0.5.
3. The substrate according to claim 1 or 2, wherein the

crystallized glass comprises
8i0; : 40 — 60 mol%

Al,03 = 7 - 22 mol%

MgO : 12 — 35 mol% and

TiO; : 5.5 — 14 mol%.

t
4. The
wherein the

substrate according to any

crystallized glass comprises

equal to or less than 10 mol%.

5. The
crystallized
equal to or less than & molg.

substrate according to any

glass comprises

6. The substrate according to any
wherein the crystallized glass comprises
of 0.3 to 8 mol%.

7. The substrate according to any
wherein the crystallized glass comprises
0f5.5 to 14 mol%.

8. The substrate according to any
wherein the substrate exhibits a Young
oY more than 140 Gpa.

9. The substrate according to
the substrate exhibits a Young modulus

than 160 Gpa.

-58.

one of c¢laims 1-3,

Y0, in  an amount

one of claims 1-4,

Zr0O, in an amount

one of claims 1-5,

Y20 in  an  amount

one of claims 1-6,

Ti0, in an amount

one of claims 1-7,
modulus equal to
claim 14, wherein

equal Lo or more
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10. The substrate according to any one of claims 1-9,
wherein the mean particle size  of the crystal particles
contained in the crystallized glass is equal to or less
than 100nm,

11. The substrate according to any one of claims 1-10,
wherein the mean particle size of the crystal particles
contained in the crystallized glass is equal to or less
than S50nm.

1z. The substrate according to any one of claims 1-11,
wherein the substrate has a polished surface with a surface
roughness Ra (JIS B0601) egual to or less than lnm.

13. A substrate for information recording medium composed
of crystallized glass comprising enstatite and/or its solid
solution as main c¢rystals and the substrate has a polished
surface with a surface roughness Ra (FIS BO601) equal to
or less than 1nm.

1a. The substrate according to claim 13, wherein the
substrate has a polished surface with a surface roughness
Ra (JIS B0601) equal to or less than 0.5nm.

e

15. A substrate for information recording medium composed
of crystallized glass comprising enstatite and/or its solid
solution as main crystals and the mean particle size of
the crystal particles contained in the crystallized glass
a@s main crystals is equal to or less than 100nam.

16. The substrate according to claim 15, wherein the
particle size of the crystal particles contained in

crystallized glass as main . crystals is equal to ar
than 50nm..

17. The substrate according to any one of claims
wherein the crystallization degree of the crystal
glass is equal to or more than 50 vols.

1g. The substrate according to any one of c¢laims
wherein the crystallized glass substantially does
comprise quarts solid solution as the main crystals.

13. The substrate according to any one of ¢laims

wherein the crystallized glass substantially does
comprise spinel as a crystal phase.

-59 .
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20. The substrate according to any one of claims 1-19,;
wherein the crystallized glass substantially does not
comprise Zno.

21, The substrate according to any one of claims 1-19,
wherein the information recording medium is a magnetic disk.

22. An information recording medium comprising a
recording laver on the substrate according Lo any one of
claims 1-20.

23. The information recording medium according te  claim
2z, wherein the recording layer is a magnetic recording
layer. -

44 . A substrate for an information recording wedium composed

of crystallized glass comprising:

Si0, : 35 — 65 mols

Al;04 : 5 — 25 mol%

MO : 10 — 40 mol% and

TiO, : 5 — 15 mol%,

wherein the sum of the above components is equal te or more
than , 23mols, main crystals contained in the crystallized
glass are enstatite and/or its solid solution, and the
crystal glass does not comprise Zno;

wherein the above crystallized glass is preparsd by a process
comprising a step of heat-treatment of a glass comprising
5i0;, AX;0,, Mg0 and Tio:‘ at a temperature of from 850 to
1150°C to obtain a crystallized glass.
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SUBSTRATE FOR INFORMATION RECORDING MEDIUM AND MAGNETIC REOORDING MEDTUM
CCMPOSED OF CRYSTALLIZED GLASS

ABSTRACT

Provided is a substrate for -information recording
medium composed of such a crystallized glass as having high
Young’s modulus, strength and heat resistance, being
excellent in surface smoothness, surface homogeneity and
surface processability, as well as having a relatively low
temperature of glass liguid phase and being capable of
produecing cheaply, and an informationm recording medium
using this substrate.

The crystallized glass substrate for information
recording medium comprising 35-65 mol% of $i0,, 5-25 mols
of A1,0;, 10-40 mol% of Mgo and 5-15 mol% of TiOz,rin which
the total amount of aforementioned composition ig at least
equal to or higher than 92 mol% and the main crystals are
enstatite and/or its selid solution. The information
recording mediumhaving this substrate and a recording layer

formed on said substrate.

{Fig. 1)
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