1 SPECIFICATION Title of the Invention Glass-ceramics and method
for manufacturing the same Background of the Invention  This invention
relates to glass-ceramics and, more patrticularly, to glass-ceramics for a
substrate of an information storage medium. In particular, this invention
provides glass-ceramics which have properties sufficient for use as a
substrate of an information storage medium without using an arsenic
component or an antimony @@ﬁ/’ﬁ@%dversely affects human
Titheincharchthe giovironment.  This invention also offers a glass having
properties sufficient for use as a substrate of an information storage

medium without using an arsenic. compound or an antimony component
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specification of the present application, the term "information storage
Babledisih deeans apvbipigiation storage medium which can be used in
stationary type hard disks, removable type hard disks and card type hard
disks used as hard disks of a personal computer, hard disks for digital
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afrdigiial yiden sRmeres Andiigiialcameras, As a result, bit density and
track density of an information storage medium tend to increase and the
size of bit cell tends to decrease for increasing the surface recording
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utilizing this system. In the vertical magnetic recording system, since the
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desyslem can be realized. Accordingly, in the vertical magnetic recording
system, recording density of 100 Gb/im2 or over on a practicable level has
already been achieved on a large scale production level and studies are
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. film, a Co-y Fe2Q3 alloy film, Co allo é”m e alloy films such as FePt
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a dgording film at a high temperature for making crystal grains of the
magnetic substance fine and causing the magnetic substance to grow in
vertical direction. Besides, according to recent studies, it needs to be .
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ocdardmpndngithiadignetimptipdtiasin and, atdactoegpaevtivtaeseecording
requirements, there is a need for a substrate which is not likely to change
its material configuration after annealing and which has sufficient heat

resisting property. There is also a need for a substrate having very smooth
crirface flathece for enablina a low fivvina heiaht of the mannetic head




Aspect 6. Glass-ceramics as defined in aspect 1 comprising in mass % on
oxide basis Si0260 - 78% and Li205 - 12% and Al2034 - 10% and
P2051.5 - 3.0% and Zr021 - 10%. Aspect 7. Glass-ceramics as defined in
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comprising a total amount in mass % on oxide basis within a range from,
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layer. Aspect 16. A substrate of an information storage medium as defined
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into practice.

It is however necessary in such magnetic recording medium to form the
recording film at a high temperature for making crystal grains of the
magnetic substance fine and causing the magnetic substance to grow in
vertical direction. Besides, according to recent studies, it needs to be
subjected to annealing at a high temperature in the order of 500°C to 900°C

for improving its magnetic properties.

In order to cope with these requirements, there is a need for a substrate
which is not likely to change its material configuration after annealing and
which has sufficient heat resisting property. There is also a need for a
substrate having very smooth surface flatness for enabling a low flying

height of the magnetic head required by the tendency toward high recording



Mg02 W03 + Ta205 + Bi203 + Nb205 0 - 2.5% and further comprise, to a

total mass of the raw materials, 0- 2.5 mass % of sulfate calculated as

being converted to SO3, 0 - 2.5 mass % of chloride calculated as being
degonyerted to C12, and 0 - 2.5 mass % of fluoride calculated as being

converted to F2. Aspect 20. A method for manufacturing glass-ceramics

as defined in aspect 19 wherein the raw materials comprise one or more
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converted to F2, a total amount of SO3, C12 and F2 to a total mass of the
raw materials other than the sulfate, chloride and fluoride is within a range
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theprsenigicAIBPeURYand F. 8 Aspect 24. A glass as defined in aspect 23
comprising one or both of Sn and Ce wherein amounts of Sn and Ce are,
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23 which is substantially free of As203 and Sb203. Aspect 31. A substrate

of gpn information. storage medium using a gla efined in,aspect 23.
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comprising a compression stress layer provided on the surface of a

substrate as defined in aspect 31. Aspect 34. A substrate of an

information storage medium as defined in aspect 33 wherein the
compnpreccinn <trece laver ie formed by renlacina an alkali componeant



Aspect 36. A substrate of an information storage medium as defined in
aspect 31 wherein surface roughness Ra (arithmetic mean roughness is
1A or below. Aspect 37. An informatian storage medium using the
substrate of an information storage medium as defined in aspect 31. 10
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5i02 is an essential component for precipitation of the above described

crystal phase as a predominant crystal phase by heat treating mother

glass. If the amount of this componerst is less than 60%, the precipitating
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deteflorated and surface rouﬁhness after polls\ﬁlng Becomegefarge.
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more preferably be 62% and most preferably, be 64%. If the amount of
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be optionally added, for this component is effective for reducing viscosity

of the glass. If the amount of this component exceeds 3%, difficulty arises
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or Eel®w and most preferably be 12% or below. Bor f6ilitatifg reduction in
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the@oye described crystal phase and also contriputgs, tedidprovement of

stability and chemical durabilit the glass. If the amount of thj
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component exceeds 10%, melting property, formability and resistance to

devitrification are deteriorated and, as a result, homogeneity is reduced

and, therefore, the upper limit of this amount should preferably be 10%,
more nreferahlvy he O 504 and moet nreferahihvy he 004 P20 mav he
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20 Description will now be made about Young's modulus and specific
gravity. As described previously, there is the tendency toward high speed
rotation of an information storage disk for increasing recording density and
data transfer speed. For coping with this tendency, the material of the
substrate, must have.high rigidity and low specific gravity for_preventin :
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device, the substrate should preferably have sufficient mechanical
strength, high Young's modulys and large surface hardness for sufficiently
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of fsef@ralrly K@Y oung's modulus of 85 GPa or over, more preferably 88
GPa or over and most preferably 90 GPa or over. If the substrate has
high rigidity but its specific gravity i excessively large, deflection occugs .
A b PR DI T8 1B GO g L i QR cient
of l3ngibraBda NG NYisHHE hberpetaEgsHaTe frasi &R Epdeifl®Qlavisy within
a riis sgigitnissiobyovilaratign lkgwise©dgcurs. Moreover, if specific gravity is
too low, it becomes difficult to achieve desired mechanical strength.
Therefore, there must be balance between apparently conflicting
Aspesbetie COnBIgCFRIRIGH 2t HsRpdafc @%ﬁ%@.hﬁé@%@@%@s crystal
granoduius €k alf Specility gravith sdwidd poefararpble w2 or over, more
preferably be 33 or over and most preferably be 34 or over. As to specific
gravity, it needs tq be 2.7 or helow eyen if the substrate has high rigidity .
ASifis shcifi gRRRSRBRION 2.3t BELUTEE Sibs iRy iR using
glasbtatransigssiatehavihgdesivect rlgidity.  As to average coefficient of
linear expansion, for achieving good matching between the average
Asggggf'ﬂg% of linear eannsio? of thg. sub%trate with éhat of re&gf)ﬁ:cti e

ubstrate of an1 1 aspect
omponen? parFs ofTea p

; Al 'disk e 10w Er it of averdge doetricient of
12 [hfeanexpamin Wi iH astehipe fakl o froMeR5C to 100C should preferably
be 50[10-7C-1], more preferably be 52[10-7C -1] and most preferably be

0:7C-1]. Far a a e er limi r coefficient. of

A s R S DR I RS Ta e o
comppeesloe stTasi et BrerafashPrdhostaiace of a subgiratgas defined in
asjgtasd-2eramics of the present invention have the above described

average coefficient of linear expansion, the glass-ceramics can be used

advantageously for uses of various precision parts far which thermal,
ASBESEity A ST 0h 80 BID Tl SR e 2Ll CPEa papepect
14 omhheesurfdoe ofntergiassacetansicd ater gladswersinivs viphecpresent alkali
coriySREiRn eanseriievn the sifealefl IRREEVETD fRechabigabstefgth an alkali
cof MBS il e glass:ceramics befole ihe comprassion stsslayeris.,
) pPowge DAVES form g five compression stress ?ayer, &re R4 chemicar e
m Fbmﬁ}réfﬁgerﬁ%ﬂ%d according to which a compression stress layer is

formed by replacing an alkali component existing in a surface layer of the

er r [ r rme

A L IR A mepect
14 ayhahtgninttHe UMBESSRIgE: STiserel Ryas oLt thPrebfaidmg Heriglstrate
anddtediogdockbichth esnprassien stress layer is formed by heating the

glass-ceramics and then quenching the glass-ceramics. There is also an

ion filling method accogding to which a compression layer is formed b
ASHH gl WD G ) 0 OF 8 Qs CLR R e AR EHBRAGH aspect
12 rethrogingsteinsd rotealnesraRicd ard matisendam sokgioress d dal A or
bele@taining potassium or sodium, e.g., potassium nitrate (KNO3) or sodium

nitrate (NaNO3) or a complex salt thereof at a temperature within a range

from 300C. To 600C for 0.5 to 12 hours. By this process, a lithium
AspephpdfentiLi iRy Bastnmy iptaragnampg srasIssgpdhentsybgisate of an
infglapattenagties i& repldnech by asbdiin campaneliz.(Na* ion) or potassium

component (1" ion) which is an alkali component having a larger ionic

diameter than Li, or a sodium component (Na* ion) existing in a remaining

glass component of the glass-ceramics is replaced by a potassium
comnonent (1" 1i0n) which ic an alkali comnonent havina a laraer ionic
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Aspect 19. A method for manufacturing glass-ceramics comprising steps of
melting raw materials to molten glass, forming the molten glass to glass and
then heat treating the glass wherein the raw materials comprise in mass %

on oxide basis:

Si109 60 — 78% and
Li:0 5-12% and
Al,Os3 4 —10% and
P20O5 1.5—-3.0% and
ZrQOq 1-10% and
SnOq 0-2.5%
CeOq 0-2.5%

MgOgz+ WO3 + Ta205 + Bi2Os + Nb2Os 0 —2.5%
and further comprise, to a total mass of the raw materials, 0 — 2.5 mass % of
sulfate calculated as being converted to SOs, 0 — 2.5 mass % of chloride
calculated as being converted to Clz, and 0 — 2.5 mass % of fluoride calculated

as being converted to Fa.

Aspect 20. A method for manufacturing glass-ceramics as defined in aspect
19 wherein the raw materials comprise one or more oxides selected from the
group consisting of SnO2 and CeOz on oxide basis and a total amount of SnO2

and CeOz in mass % on oxide basis is within a range from 0.01% to 5.0%.

Aspect 21. A method for manufacturing glass-ceramics as defined in aspect
19 wherein the raw materials further comprise one or more materials
selected from the group consisting of sulfate, chloride and fluoride, and,
assuming that the sulfate is converted to SOs, the chloride is converted to Cla
and the fluoride is converted to Fo, a total amount of SOs, Clz and Fs to a
total mass of the raw materials other than the sulfate, chloride and fluoride

1s within a range from 0.01 mass % to 1.5 mass %.

Aspect 22. A method for manufacturing glass-ceramics as defined in aspect
19 wherein the raw materials comprise one or more oxides selected from the
group consisting of MnOgz, WOs3, Ta205, Bi2Os and Nb2Os on oxide basis and a
total amount of one or more oxides selected from the group consisting of
MnOgz, WOs3, Ta205, Bi20s and Nb2Os1s within a range from 0.01 mass % to
2.5 mass %.

Aspect 23. A glass comprising SiO2, Li2O and Al2Os and also comprising one
or more elements selected from the group consisting of Sn, Ce, Mn, W, Ta, Bi,
Nb, S, Cl and F.
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Aspect 24. A glass as defined in aspect 23 comprising one or both of Sn and
Ce wherein amounts of Sn and Ce are, in mass % on oxide basis:

SnO2 0-2.5%

CeO2 0-2.5%
and a total amount of SnO2 and CeQz2 is within a range from 0.01 mass % to

5.0 mass %.

Aspect 25. A glass as defined in aspect 23 comprising one or more elements
selected from the group consisting of S, Cl and F by using sulfate, chloride
and fluoride as raw materials wherein amounts of the sulfate, chloride and
fluoride in the raw materials to a total mass on oxide basis of glass materials
other than the sulfate, chloride and fluoride are 0 — 1.5 mass % of sulfate
calculated as being converted to SOs, 0 — 1.5 mass % of chloride calculated as
being converted to Clz and 0 — 1.5 mass % of fluoride calculated as being
converted to Fa where a total amount of SOs, Cls and F2 is within a range

from 0.01 mass % to 1.5 mass %.

Aspect 26, A glass as defined in aspect 23 comprising one or more elements
selected from the group consisting of Mn, W, Ta, Bi and Nb wherein a total
amount in mass % on oxide basis of one or more oxides selected from the
group consisting of MnO2z, WO3, Ta20s5, Bi2Os and Nb2Os5 is within a range

from 0.01 mass % to 2.5 mass %.

Aspect 27. A glass as defined in aspect 23 comprising in mass % on oxide

basis:
S102 60 — 78% and
Li20 5—-12% and
AlxOs3 4 —10% and
P20s 1.5 - 3.0% and
ZrO2 1-10%.

Aspect 28. A glass as defined in aspect 23 comprising in mass % on oxide

basis:
BaO 0 — 15% and/or
SrO 0 — 15% and/or
MgO 0 — 2% and/or
CaO 0 — 2% and/or
Zn0O 0 — 3% and/or
K20 0 — 3% and/or

Na20 0 — 3% and/or
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Cs20 0 — 3% and/or

one or more oxides selected from the group consisting of Gd203, La20s,
Y203 and Ga20s3 in a total amount of 0 — 15% and/or

Sb203 less than 0.1%.

Aspect 29. A glass as defined in aspect 23 wherein a total amount in mass %
on oxide basis of Li2O, Na20, K20 and Cs20 is within a range from 5% to
14%.

Aspect 30. A glass as defined in aspect 23 which is substantially free of As2O3
and Sh20s.

Aspect 31. A substrate of an information storage medium using a glass as
defined in aspect 23.

Aspect 32. A substrate of an information storage medium using a glass
obtained by heat treating a glass as defined in aspect 23 for phase

separation.

Aspect 33. A substrate of an information storage medium comprising a
compression stress layer provided on the surface of a substrate as defined in
aspect 31.

Aspect 34. A substrate of an information storage medium as defined in aspect
33 wherein the compression stress layer is formed by replacing an alkali
component existing in a surface layer of the substrate with an alkali
component having a larger ionic diameter than the alkali component existing

in the surface layer.

Aspect 35. A substrate of an information storage medium as defined in aspect
33 wherein the compression stress layer is formed by heating the substrate

and then quenching the substrate.
Aspect 36. A substrate of an information storage medium as defined in aspect
31 wherein surface roughness Ra (arithmetic mean roughness ) is 1A or

below.

Aspect 37. An information storage medium using the substrate of an

information storage medium as defined in aspect 31.

According to the invention, glass-ceramics can be provided which,
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noSRReasHPRSSI02 6%Rat the glass-ceramics are substantially free
of arsenic and antimony components which adversely affect human beings
and the environment or an amount of these components is less than 0.1%,
have properties necessary for a substrate of an information storage medium
and a sufficient refining effect which is equal to the prior art glass-ceramics

which comprise a large amount of arsenic or antimony component.

The glass-ceramics of the present invention and the glass of the present
invention which is an intermediate before treatment for crystallization can
be used for producing an information storage medium by applying
mechanical processing such as lapping and polishing or applying a process

for forming stress on the surface layer of a substrate.
The glass of the present invention has somewhat smaller mechanical
strength but has a flatter surface as to the surface roughness obtained after

lapping and polishing than the glass-ceramics of the present invention.

Description of Preferred Embodiments

Embodiments of the present invention will now be described.

Glass-ceramics of the present invention comprise, as its predominant
crystal phase, a lithium disilicate crystal phase. By comprising this crystal
phase, the glass-ceramics have excellent heat resistance, mechanical
strength and strength for coping with a high speed rotation and a falling
impact and can realize a thermal expansion property and chemical

durability matching these properties of drive units.

The glass-ceramics may also comprise at least one crystal phase
selected from the group consisting of lithium monosilicate, «-quartz, «
-quartz solid solution and S -quartz solid solution. These crystal phases
sometimes precipitate as by-products when the lithium disilicate crystal
phase precipitates but they do not adversely affect properties required for a
substrate of an information storage medium. Crystal phases other than
those crystal phases have possibility of adversely affecting the properties
required for a substrate of an information storage medium and, therefore, it

1s not desirable for the glass-ceramics to comprise such crystal phases.

The term “solid solution” herein means «-quartz crystal or J-quartz
crystal in which a part of the crystal is replaced by an element other than an

element which constitutes the crystal or in which an atom exists between
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crystals. Particularly, B -quartz solid solution is a comprehensive
name expressed by a chemical formula of LixAlSi1xO2 (0< X < 1) and may
include further other elements which replace the elements constituting the

substance or enter the substance.

Description will now be made about components which construct the
glass-ceramics of the present invention. Amounts of the respective
components are expressed in mass % on oxide basis. The term “oxide basis”
herein means a manner for expressing composition of respective compoents
contained in the glass-ceramics, assuming that oxides, nitrates etc. which
are used as raw materials of the glass —ceramics of the invention are all
decomposed and converted to oxides during melting, Assuming that a total
sum of mass of the oxides thus produced is 100 mass%, an amount of each

component contained in the glass-ceramics is expressed in mass %.

For manufacturing the glass-ceramics of the present invention, raw
materials of specific composition are melted in a platinum crucible or a
quartz crucible and then annealed to form mother glass. This mother glass
1s heat treated for crystallization to obtain glass-ceramics. If amounts of
the raw materials are expressed on oxide basis, these amounts in principle
are the same as the amounts of the components which constitute the
glass-ceramics. There is a case, however, where amounts of some raw
materials differ from amounts of the components of the glass-ceramics due,
for example, to evaporation during melting. In the following description,
such difference will be mentioned only where there is difference between an
amount of a raw material and an amount of a component of the

glass-ceramics.

In the glass-ceramic of the present invention, by comprising a specific
content range of one or more elements selected from the group consisting of
Sn, Ce, Mn, W, Ta, Bi, Nb, S, Cl and F, a high refining effect equal to that
obtained by As203 or Sb20s can be obtained while maintaining properties
required for a substrate of an information storage medium. In the present

invention, one or more of these elements function as a refining agent.

For obtaining a high refining effect while maintaining properties
required for a substrate of an information storage medium, one or both of Sn
and Ce should preferably be added. A refining effect can be obtained even
when Sn and/or Ce only is used but it may also be used together with other
refining agent or agents. For obtaining a high refining effect, the lower

limit of a total amount of SnO2 and/or CeO2 should preferably be 0,01% on
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oxide basis, more preferably be 0.05% and most preferably be 0.1%.
In a case where the glass-ceramics comprise a refining agent other than Sn
and Ce, the total amount of SnO2 and/or CeO2 may be 0%. For obtaining
the same effect, the lower limit of an amount of each of SnO2 and CeO2
should preferably be 0.05% and more preferably be 0.1%. In a case where a
refining agent other than Sn and Ce is added, the amount of each of SnO2
and CeO2 may be 0%.

For achieving a low specific gravity and causing a desired crystal phase
to precipitate and obtaining a high refining effect while maintaining
sufficient mechanical strength, the upper limit of a total amount of SnO2 and
CeO2 should preferably be 5.0%, more preferably be 4.0% and most
preferably be 3.0%. For obtaining the same effect, the upper limit of an
amount of each of SnO2 and CeOz should preferably be 2.5%, more preferably
be 2.0% and most preferably be 1.5%.

For obtaining a higher refining effect while maintaining the above
described properties, both SnOsz and CeO:z should preferably be added
together.

In the composition of the glass-ceramics of the present invention, in a
case where a substrate of an information storage medium is produced by
using the direct press method (i.e., method of pressing molten glass with
upper and lower molds directly), impact of pressing tends to cause reboiling,
1.e., the phenomenon of regeneration of bubbles after refined glass with the
resulting difficulty in achieving a high refining effect. Therefore, in a case
where the glass-ceramics of the present invention are used for direct

pressing, it is preferable to use either one of SnO2 and CeOz2 only.

One or more elements selected from the group consisting of S, Cl and F
also have a refining effect while maintaining properties required for a
substrate of an information storage medium. Therefore, the glass-ceramics
may comprise one or more such elements as a single refining agent or
together with other refining agent. These elements may be added by adding
sulfate, chloride and fluoride as raw materials. Since these raw materials
partially evaporate during the melting process, amounts of these raw
materials differ from amounts of the glass-ceramic components derived from
these raw materials. The fluoride may be added as, e.g., MgF2 and CaFs,
the sulfate may be added as, e.g., MgSO4 and BasSO4 and the chloride may
be added as, e.g., BaCl2 and SnCla.
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For achieving a refining effect by components, the lower limit of a
total mass ratio of one or more of the fluoride component, sulfate component
and chloride component converted respectively to Fa, SOs and Clz to a total
mass of other raw materials expressed on oxide basis should preferably be
0.01 mass%, more preferably 0.03 mass% and, most preferably 0.05 mass%.
In a case, however, where a refining agent other than sulfate, chloride and

fluoride is added, the total mass ratio of these materials may be 0%.

For obtaining the same effect, the lower limit of each of an amount of
the fluoride converted to Fa, an amount of the sulfate converted to SOs and
an amount of the chloride concerted to Clz to a total mass of other raw
materials expressed on oxide basis should preferably be 0.01 mass% and
more preferably be 0.02 mass%. In a case where the glass-ceramics
comprise other refining agent than S, Cl and F, the total mass ratio of these

elements may be 0 %.

For obtaining a refining effect while causing a desired crystal phase to
precipitate and maintaining properties required for a substrate of an
information storage medium, the upper limit of a total mass ratio of one or
more of the fluoride component, sulfate component and chloride component
converted respectively to Fg, SOs and Clz to a total mass of other raw
materials expressed on oxide basis should preferably be 1.5 mass%, more

preferably be 1.2 mass% and most preferably be 1.0 mass%.

For preventing reboiling while obtaining the same effect, the upper
limit of each of an amount of the fluoride converted to Fg, an amount of the
sulfate converted to SO3 and an amount of the chloride converted to Cl to a
total mass of other raw materials expressed on oxide basis should preferably
be 1.5 mass%, more preferably be 1.0 mass% and, for preventing reboiling
occurring during direct pressing, the glass-ceramics should most preferably
be substantially free of these components. The term “substantially free”
herein means that these components are not added intentionally, allowing

mixing of a trace of these materials as impurities.

The glass-ceramics may comprise one or more elements selected from
the group consisting of Mn, W, Ta, Bi and Nb can, by themselves or together
with other refining agent, perform a refining effect while maintaining
properties required for a substrate of an information storage medium. For
obtaining the refining effect, the lower limit of a total amount on oxide basis
of one or more components of MnOs, WOs3, Tas0s5, Bi2Os and Nb2Os should
preferably be 0.01 %, more preferably be 0.05% and most preferably be 0.1%.
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In Table g EXasples dAdfikdnls bédid CorpResitRASINAh 7o T2,5B0ahd Nb is
added, the total amount of these oxides may be 0%.

For obtaining a refining effect while causing a desired crystal phase to
precipitate and maintaining properties required for a substrate of an
information storage medium, the upper limit of a total amount of these
components should preferably be 2.5%, more preferably be 2% and, from the
standpoint of preventing reboiling during direct pressing, the glass-ceramics

should be substantially free of these components.

As203 and Sb20s function as a refining agent but they are components
which adversely affect the environment so that use of these components
should be held at the minimum. Since the glass-ceramics of the present
invention can achieve the refining effect without use of As20Os or Sb2Os, for
reducing adverse effect to the environment, an amount of As203 or Sb20s3
should preferably be less than 0.1% and, more preferably the glass-ceramics

should be substantially free of these components.

Si102 1s an essential component for precipitation of the above described
crystal phase as a predominant crystal phase by heat treating mother glass.
If the amount of this component is less than 60%, the precipitating crystal
phase of the glass-ceramics obtained is instable and its texture tends to
become gross with the result that the mechanical strength is deteriorated
and surface roughness after polishing becomes large. Therefore, the lower
limit of this component should preferably be 60%, more preferably be 62%
and most preferably, be 64%. If the amount of this component exceeds 78%,
difficulty arises in melting and forming of the glass and, as a result,
homogeneity of the glass is reduced. Therefore, the upper limit of this
component should preferably be 78%, more preferably be 77% and most
preferably be 76%.

Li20O is an important component which is essential for precipitation of
the above described crystal phase and which also contributes to low viscosity
of the glass. If the amount of this amount is less than 5%, these effects
cannot be sufficiently obtained and, therefore, the amount of this component
should preferably be 5%, more preferably be 5.5% and most preferably be 6%.
If the amount of this component exceeds 12%, chemical durability
deteriorates significantly and, therefore, the upper limit of this component
should preferably be 12%, more preferably be 11% and most preferably be
10.5%.
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K20 may be optionally added, for this component is effective for
making cystal grains fine and reducing viscosity of the glass. If the amount
of this component exceeds 3%, difficulty arises in vitrification of raw
materials with resulting difficulty in realizing a desired crystal phase. The
upper limit of this component therefore should preferably be 3%, more

preferably be 2.5% and most preferably, be 2%.

Na20 may be optionally added, for this component is effective for
reducing viscosity of the glass. If the amount of this component exceeds 3%,
difficulty arises in vitrification of raw materials with resulting difficulty in
realizing a desired crystal phase. The upper limit of this component
therefore should preferably be 3%, more preferably be 2.5% and most
preferably be 2%.

Cs20 may be optionally added, for this component is effective for
reducing viscosity of the glass. If the amount of this component exceeds 3%,
difficulty arises in vitrification of raw materials with resulting difficulty in
realizing a desired crystal phase. The upper limit of this component
therefore should preferably be 3%, more preferably be 2.5% and most
preferably be, 2%.

For a use as a substrate of an information storage medium, an amount
of solving out of an alkali component should preferably be reduced to the
maximum extent possible. For holding the amount of solving out of an
alkali component down to an amount at which the glass-ceramics can be
used as a substrate of an information storage medium for a next generation
which typically is a substrate of an information storage medium of the
vertical magnetic recording system, a total amount of LisO which is added as
an essential component and one or more components of Na20O, K2O and Cs20
which are added as optional components should preferably be 14% or below,
more preferably be 13% or below and most preferably be 12% or below. For
facilitating reduction in viscosity of the glass, a total amount of Li2O and one
ore more of Na20, K2O and Cs20 which are added as optional components
should preferably be 5% or over, more preferably be 6% or over and most

preferably be 7% or over.

Al20O3 1s an important component which precipitates, like SiO2, the
above described crystal phase and also contributes to improvement of
stability and chemical durability of the glass. If the amount of this
component is less than 4%, difficulty arises in vitrification of the glass and,

therefore, the lower limit of this component should preferably be 4%, more
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preferably be 4.5% and most preferably be 5%. If the amount of
this component exceeds 10%, melting property, formability and resistance to
devitrification are deteriorated and, as a result, homogeneity is reduced and,
therefore, the upper limit of this amount should preferably be 10%, more
preferably be 9.5% and most preferably be 9%.

P205 may be added as a nucleating agent. It also contributes to
reducing viscosity and, when it coexists with SiOg, it improves melting and
refining properties of the mother glass. For achieving these effects
accurately and sufficiently, the lower limit of the amount of this component
should preferably be 1.5%, more preferably be 1.6% and, most preferably be
1.7%. If the amount of this component exceeds 3%, difficulty arises in
vitrification and devitrification tends to occur. Therefore, the upper limit of
this component should preferably be 3%, more preferably be 2.9% and most
preferably be 2.8%.

ZrO2 may be added as a nucleating agent. This component also
contributes to improvement of chemical durability and physical properties
and is effective for obtaining fine crystals. For obtaining these effects easily,
it 1s preferable to add this component in an amount of 1% or over, more
preferably 1.2% or over and most preferably 1.4% or over. If, however, the
amount of this component exceeds 10%, a portion left unmelted and ZrSiO4
(zircon) are produced. The upper limit of this component, therefore, should

preferably be 10%, more preferably be 8% and most preferably be 6%.

BaO may be added optionally since this component can realize low
viscosity of the glass while maintaining a desired crystal phase. For
realizing low viscosity of molten glass and precipitation of a desired crystal,
and making precipitating crystals fine, this component should preferably be
added in an amount of 2.5% or over and most preferably in an amount of
3.5% or over. For adjusting the specific gravity to a proper value, the upper
limit of this component should preferably be 15% and more preferably be
14% and most preferably be 13%.

SrO may be added optionally since this component, like BaO, can
realize low viscosity of the glass while maintaining a desired crystal phase.
For realizing low viscosity of molten glass and precipitation of a desired
crystal, and making precipitating crystals fine, this component should
preferably be added in an amount of 2.5% or over and most preferably in an
amount of 3.5% or over. For adjusting the specific gravity to a proper value,
the upper limit of this component should preferably be 15% and more
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In a case where an amount of alkali component which deteriorates
chemical durability should be reduced, BaO and SrO may be added for
replacing the alkali component. These components are very effective for
realizing low viscosity of molten glass for satisfying the press forming
capacity required by the industry. For satisfying this effect sufficiently, a
total amount of one or both of SrO and BaO should preferably exceed 3.5%,
more preferably be 3.6% and most preferably be 3.7%.

Even if SrO and BaO are added in a large amount, enlargement of
crystal grain and generation of a solid solution of these components with a
crystal phase hardly take place but, on the other hand, it will increase
specific gravity. For maintaining specific gravity at a proper value and
obtaining the above described effect, a total amount of one or both of SrO and
BaO should preferably be 15% or below, more preferably be 14% or below and
most preferably be 13% or below.

MgO, CaO and ZnO may be optionally added, for these components are
effective for reducing viscosity and making the precipitating glass fine. If,
however, an amount of MgO exceeds 2%, an amount of CaO exceeds 2% and
an amount of ZnO exceeds 3%, the precipitating crystal tends to become
instable and its texture tends to become gross with resulting difficulty in
obtaining a desired crystal phase. Moreover, devitrification tendency
occurs in the mother glass. Therefore, the upper limit of the amount of each
of these components should preferably be 2% for MgO and CaO and 3% for
Zn0O, more preferably be 1.6% for MgO and CaO and 2.4% for ZnO, and most
preferably be 1.2% or MgO and CaO and 1.8% for ZnO.

Since Gd20s3, La20s, Y203 and Ga20s are effective for reducing viscosity,
improving mechanical property by improving Young’s modulus, and raising
temperature at which heat treatment for crystallization is performed, 1i.e.,
improving heat resisting property, these components may be optionally
added. It will suffice however to add a total amount up to 15% of one or
more of these components and, if the total amount of these components
exceeds 15%, difficulty arises in vitrification and crystallization. The upper
limit of the total amount of these components therefore should preferably be

15%, more preferably be 10% and most preferably be 8%.

Since B203 contributes to reducing viscosity of the glass and improving

melting and forming properties of the glass, this component may be



2.57 2.65 Y.m.(GPa) 100 100 100 100 96 Y.m./s.g. 40.7 40.7 38.9 38.9

36.2 a(25-100C) (10'7C1) 76 75 64 64 62 predominant crystal phase li.

di.,a-g.li.di.a-q.li.di.a-g. $-q.s.sldi.di.a-q. 1l -g.s.s. li.di.a-g. $
optidBed1iatRIBAIG) 140 Q108 7RBt6 P ainid@metgide)ttls  of  the
gass-ceramics. If the amount of this component exceeds 5%, phase
separation tends to take place with resulting difficulty in obtaining a desired
crystal phase. The upper limit of the amount of this component therefore

should preferably be 5%, more preferably be 4% and most preferably be 3%.

TiO2 may be optionally added as a nucleating agent. If the amount of
this component exceeds 5%, difficulty arises in obtaining a desired crystal
phase and a TiO2 phase sometimes precipitates as a crystal phase after the
crystallizing process. Therefore, the upper limit of the amount of this
component should preferably be 5%, more preferably be 4% and most
preferably be 3%.

Description will now be made about average crystal grain diameter of a
crystal phase of the glass-ceramics according to the present invention. The
average crystal grain diameter influences surface characters of a substrate
after processing the substrate and polishing the surface of the substrate.
As described previously, as the surface recording density of an information
storage medium increases, the flying height of a magnetic head is currently
15 nm or below and the progress is still being made for a flying height of 10
nm or below and further to the near contact recording system or even to the
contact recording system according to which the magnetic head contacts the
recording surface completely. For coping with such tendency, flatness of the

surface of a substrate must be superior to that of conventional substrates.

If one attempts to perform high density input and output of information
to and from a magnetic storage medium at the conventional flatness level,
such high density input and output cannot be made because distance
between the magnetic head and the medium has to be large. If an attempt
1s made to reduce this distance, the magnetic head collides with projections
of the medium (disk substrate) with the result that the magnetic head or
medium will be damaged. For avoiding such collision and damage of the
magnetic head or medium and also avoiding absorption between the
magnetic head and the medium even at such a low flying height or contact

state, the upper limit of surface roughness Ra (arithmetic mean roughness)

is 2A.

For obtaining such flat polished surface easily, the upper limit of an
average crystal grain diameter of crystal grains of the glass-ceramics should
preferably be 100 nm, more preferably be 70 nm and most preferably be 50

nm. For achieving excellent mechanical strength and heat resisting



30303030 27 Table 4 Examples 16 17 18 19 20 comPo- sition Si02
74.574.8 75.370.7 66.5 Al2037.07.07.06.56.5 P2052.02.02.02.0
2.5 Li209.9 19

property, the lower limit of the average crystal grain diameter of the

crystal grains of the glass-ceramics should preferably be 1 nm.

In a case where the glass before crystallization of the present invention
1s used for a substrate of an information storage medium, surface roughness
Ra after polishing of 1Aor below can be realized and, more preferably, Ra

after polishing of 0.5A or below can be realized.

In the glass-ceramics of the present invention, mechanical strength can
be improved by causing fine crystal grains to precipitate uniformly. Since
the precipitating crystal grains prevent growth of a fine crack, defect such as

chipping during lapping and polishing can be significantly reduced.

Mechanical strength, particularly ring flexural strength, of the
glass-ceramics can be remarkably improved by causing such fine crystal
grains to precipitate and forming a compression stress layer on the surface of
the substrate. From such standpoint, the average crystal grain diameter of

the crystal grains should preferably be within the above described range.

By these arrangements, in a case, for example, where the
glass-ceramics of the present invention are used for a substrate such as a
substrate of an information storage disk, the surface recording density can
be increased and, even if the substrate is rotated at a high speed for
improving the recording density, deflection and deformation of the substrate
can be prevented and vibration due to the high speed rotation can be reduced
whereby the number of errors (TMR) in data reading caused by vibration and
deflection can be reduced. Moreover, since this substrate has excellent
1mpact resistance, a head crash or a damage to the substrate will hardly take
place when the substrate is used as an information storage medium for a

mobile use and, as a result, it will exhibit an excellent stable operation.

The term “average crystal grain diameter” of the crystal grains means
median accumulated value of grain diameter (“median diameter” d50) on
area basis of a crystal image (n = 100) measured by a transmission electron
microscope (TEM). The grain diameter is a value at which, when a crystal
1mage obtained is held with two straight lines, distance between the two
straight lines becomes maximum. The term “ring flexural strength” means
flexural strength measured by the concentric bending method according to
which a thin disk sample having diameter of 65mm and thickness of
0.635mm is prepared and strength of the disk sample is measured by using a

circular support ring and a loading ring.



99998575 K202.02.02.01.51.5 MgO 0.80.80.80.80.8 CaO 0.0
0.00.00.00 BaO0 0.00.00.05.510.0 ZnO as 0.50.5as 0.5
20

Description will now be made about Young’s modulus and specific
gravity. As described previously, there is the tendency toward high speed
rotation of an information storage disk for increasing recording density and
data transfer speed. For coping with this tendency, the material of the
substrate must have high rigidity and low specific gravity for preventing
vibration of the disk due to deflection during the high speed rotation. In a
case where the substrate is used for a mobile type recording device such as a
head contacting type recording device and a removable recording device, the
substrate should preferably have sufficient mechanical strength, high
Young’s modulus and large surface hardness for sufficiently standing use in
such devices. More specifically, the substrate should preferably have
Young’s modulus of 85 GPa or over, more preferably 88 GPa or over and most

preferably 90 GPa or over.

If the substrate has high rigidity but its specific gravity is excessively
large, deflection occurs during high speed rotation due to its large weight
resulting in occurrence of vibration. On the other hand, if the substrate has
low specific gravity but its rigidity is low, vibration likewise occurs.
Moreover, if specific gravity is too low, it becomes difficult to achieve desired
mechanical strength. Therefore, there must be balance between apparently
conflicting properties of high rigidity and low specific gravity. The ratio of
Young’s modulus [GPal/specific gravity should preferably be 32 or over, more
preferably be 33 or over and most preferably be 34 or over. As to specific
gravity, it needs to be 2.7 or below even if the substrate has high rigidity but
if specific gravity is below 2.2, it becomes substantially difficult to obtain a

substrate having desired rigidity.

As to average coefficient of linear expansion, for achieving good
matching between the average coefficient of linear expansion of the
substrate with that of respective component parts of a hard disk, the lower
limit of average coefficient of linear expansion within a temperature from
25°C to 100°C should preferably be 50[10-7°C-1], more preferably be 52[107°C
‘1] and most preferably be 55[107°C1]. For the same reason, the upper limit
of average coefficient of linear expansion should preferably be 120[107°C1],
more preferably be 110[107°C1] and most preferably be 100107°C-1].

Since the glass-ceramics of the present invention have the above
described average coefficient of linear expansion, the glass-ceramics can be
used advantageously for uses of various precision parts for which thermal

stability in size is required.



Zr022.32.32.34.04.0 Ce020.00.00.10.10.1 Sn020.50.50.10.10.1
others Bi2030.5 Mn02 0.2 0.0 0.0 0.0 total 100.0 100.0 100.0 100.0 100.0
sulfate (converted to SOO 0.0 0.0 0.27 0.17

By providing a compression stress layer on the surface of the
glass-ceramics, the glass-ceramics of the present invention can achieve the
effect of improving mechanical strength compared with the glass-ceramics

before the compression stress layer is provided.

For forming the compression stress layer, there is a chemical
reinforcing method according to which a compression stress layer is formed
by replacing an alkali component existing in a surface layer of the
glass-ceramics before the compression stress layer is formed with an alkali
component having a larger ionic diameter than the alkali component existing
in the surface layer. There is also a thermal reinforcing method according
to which a compression stress layer is formed by heating the glass-ceramics
and then quenching the glass-ceramics. There is also an ion filling method
according to which a compression layer is formed by filling ion into a surface

layer of the glass-ceramics.

In the chemical reinforcing method, glass-ceramics are immersed in a
solution of a salt containing potassium or sodium, e.g., potassium nitrate
(KNO3) or sodium nitrate (NaNOs) or a complex salt thereof at a
temperature within a range from 300°C. To 600°C for 0.5 to 12 hours. By
this process, a lithium component (Li;* ion) existing in a remaining glass
component of the glass-ceramics is replaced by a sodium component (Na* ion)
or potassium component (K* ion) which is an alkali component having a
larger ionic diameter than Li, or a sodium component (Na* ion) existing in a
remaining glass component of the glass-ceramics is replaced by a potassium
component (K+ ion) which is an alkali component having a larger ionic
diameter than Na. Such replacement reaction increases volume of the
glass-ceramics and compression stress thereby is generated in the surface
layer of the glass-ceramics and, as a result, ring flexural strength which is an

index of impact resistance is increased.

There is no particular limitation in the thermal reinforcing method.
For example, by heating the glass-ceramics to a temperature within a range
from 300°C to 600°C and then applying quenching by water cooling and/or
air cooling, a compression stress layer can be formed by difference in
temperature between the surface and inside portion of the glass-ceramics.
A compression stress layer may also be effectively formed by combining the

chemical reinforcing method with the thermal reinforcing method.

The above described methods of forming a compression stress layer can



0.17 chimide(converte d to C12) 0.19 0.19 0.0 0.0 0.10 fluoride (
convertedto F2) 0.0 0.0 0.0 0.15 0.0 bubbles per 1cm3 8 785 3 0.. ce. s.
gravity 2.45 2.44 2.47 2.57 2.65 Y.m2(GPa) 102 102 99 100 96 Y.m./s.g.

be 4bPlied also to a case where glass before crystallization is used as a

substrate of an information storage medium.

For manufacturing the glass-ceramics of the present invention, glass
materials comprising raw materials of the above described components are
melted and annealed to produce mother glass. The mother glass is heat
treated at a temperature within a range from 500°C to 650°C for nucleation
and, after the nucleating process, is heat treated at a temperature within a
range from 600°C to 850°C for crystallization.

In a case where the glass before it is treated for producing
glass-ceramics is used as a substrate of an information storage medium, the
glass may be heat treated for phase separation for removing strain of the
material and improvement of mechanical strength. For producing phase
separation in the glass, the glass may preferably be heat treated at a
temperature within a range from 550°C to 600°C for 3 to 12 hours.

For manufacturing a substrate of an information storage medium,
molten glass produced in the above described manner is dripped on a lower
mold and is pressed by upper and lower molds of a press to form the glass to
a disk and the disk is processed if necessary and then lapped and polished in

a known manner.

Examples

Preferred examples of the present invention will now be described.

The present invention in no way will be limited to these examples.

Tables 1 to 7 show glass composition, number of remaining bubbles per
lem?2 of amorphous glass after melting, specific gravity, Young’s modulus,
Young’s modulus/specific gravity, average coefficient of linear expansion («)
at 25°C - 100, the highest temperature of heat treatment for crystallization,
average crystal grain diameter and predominant crystal phase of Examples 1
— 34. The composition of each example is expressed in mass %. In a case
where sulfate, chloride and/or fluoride are added to the glass raw materials,
an amount of the fluoride converted to Fg, an amount of the sulfate converted
to SOs, and an amount of the chloride converted to Cla respectively to a total
mass of the raw materials other than these components expressed on oxide

basis are expressed in mass %.

Average coefficient of linear expansion 1s a value measured in



41.8 40.1 38.9 36.2 a(25-100C) (10'7C1) 71 70 76 64 62 predominant

crystal phase li. di. a-q. li. dia -q. li. di. a -q. li. di. a -q. ft -g.s.s. li. di. a -q.

13 -g.s.s. hi. temp.(C) 720 720 730 &30 690 grain diameter(nm) 30 20 50
accRPdthaB Tahtad JoamplesJab2r 2®ptical Glass Industry Standard)

16-2003 (Measuring Method of Average Coefficient of Linear Expansion in
the Vicinity of Room Temperature of Optical Glass) and by changing the
temperature range from 25C to 100°C.

Specific gravity was measured by the Archimedes method and Young’s

modulus was measured by the supersonic wave method.

The crystal phase was identified from an X-ray diffraction image
obtained by X-ray diffraction device (made by Panalytical Co. Product name:
X’ pert—MPD).

In the tables, “bubbles per lecm?” designates number of remaining
bubbles per 1cm3, “gl.ce.”, glass-ceramics, “s.gravity” specific gravity, “Y.m.”
Young’ modulus, “hi.temp.” the highest temperature of treatment for
crystallization, “grain diameter” average crystal grain diameter, “li.di.”
lithium disilicate, “«-q.” «+-quartz, and “f-q.s.s.” B -quartz solid solution.



24 25 composition Si02 66.5 66.5 66.7 66.1 75.45 Al203 6.5 6.5 6.5 6.5
7.0 P2052525252520 Lb757575759.9 K201515151.5

2.0 MgO 0.0 24
Table 1
Examples
1 2 3 4 5
Si02 75.1 74.5 74.0 70.3 69.7
Al2Os 7.0 7.0 7.0 6.5 6.5
P05 2.0 2.0 2.0 2.0 2.0
Li2O 9.9 9.9 9.9 8.5 8.5
K20 2.0 2.0 2.0 1.5 1.5
MgO 0.8 0.8 0.0 0.8 0.8
compo- CaO 0.0 0.0 0.8 0.0 0.0
sition BaO 0.0 0.0 0.0 5.6 5.6
ZnO 0.5 0.5 0.5 0.5 0.5
ZrO2 2.3 2.3 2.3 4.0 4.0
CeO2 0.2 0.5 0.5 0.2 0.5
SnO2 0.2 0.5 1.0 0.2 0.5
total 100.0 100.0 100.0 100.0 100.0
bubbles per/lcm3 8 9 8 6 10
s.gravity 2.46 2.48 2.46 2.57 2.59
Y.m.(GPa) 100 100 98 96 96
gl.ce. Y.m./s.g. 40.7 40.3 39.8 37.4 37.1
o (25-100°C)
(107C1) 78 7 70 65 62
Li. di.
predominant 1i. di. li. di. e -q.
L.di.e¢-q. | li. di.e-q. a-q.
crystal phase a-q. B-q.s.s.
B-q.s.s.
hi. temp.(C) 720 720 700 700 700
grain diameter(nm) 50 50 30 30 30




0.50.80.50.8 Ca00.80.30.00.30.0 Sr00.05.010.05.00.0 Ba0 10.0
500.05.005 ZnOas0.50.5as0.0 Z2r024.04.04.04.0 2.3

25
Table 2
Examples
6 7 8 9 10
Si02 69.2 66.3 65.7 65.2 66.3
Al2Os 6.5 6.5 6.5 6.5 6.5
P05 2.0 2.6 2.6 2.6 2.6
Li2O 8.5 7.5 7.5 7.5 7.5
K20 1.5 1.5 1.5 1.5 1.5
MgO 0.8 0.8 0.8 0.8 0.8
compo- CaO 0.0 0.0 0.0 0.0 0.0
sition BaO 5.6 10.0 10.0 10.0 10.5
ZnO 0.5 0.5 0.5 0.5 0.0
ZrO2 4.0 4.0 4.0 4.0 4.0
CeO2 0.5 0.2 0.5 0.5 0.2
SnO2 1.0 0.2 0.5 1.0 0.2
total 100.0 100.0 100.0 100.0 100.0
bubbles per 1ecm3 15 1 5 16 7
s. gravity 2.60 2.65 2.66 2.67 2.65
Y.m.(GPa) 98 96 98 96 96
gl.ce. Y.m./s.g. 37.7 36.2 36.8 36.0 36.2
o (25-100°C)
(107C1) 64 62 62 61 64
predominant 1i. di.
li.di.e-q. |li.di.e-q. |Li. di.e-q. | li. di. ¢ -q.
crystal phase a-q.
B-q.s.s. B-q.s.s. B-q.s.s. B-q.s.s.
B-q.s.s.
hi. temp.(C) 695 690 685 690 690
grain diameter(nm) 30 30 30 30 30




Ce020.10.10.00.00.0 Sn020.10.10.00.1 0.0 others 0.00.00.0
Bi203 0.5 Sb203 0.05 total 100.0 100.0 100.0 100.0 100.0 sulfate(
converted to SOO 0.0 0.0 0.17 0.17 9617 chlmide(converted to C12) 0.0

Talkl@ §.37

Examples
11 12 13 14 15
Si02 75.5 75.5 70.7 70.7 66.5
Al20s 7.0 7.0 6.5 6.5 6.5
P20s 2.0 2.0 2.0 2.0 2.5
Li2O 9.9 9.9 8.5 8.5 7.5
K20 2.0 2.0 1.5 1.5 1.5
MgO 0.8 0.8 0.8 0.8 0.8
CaO 0.0 0.0 0.0 0.0 0
BaO 0.0 0.0 5.5 5.5 10.0
ZnO 0.5 0.5 0.5 0.5 0.5
ZrO2 2.3 2.3 4.0 4.0 4.0
compo-
.. CeO2 0.5 0.2 0.5 0.5 0.2
sition
SnO2 1.0 0.2 0.5 1.0 0.2
total 100.0 100.0 100.0 100.0 100.0
sulfate (converted
0.17 0.08 0.08 0.0 0.51
to SOs)
chloride
0.37 0.19 0.0 0.37 0.0
(converted to Cla)
fluoride
( converted to | 0.0 0.0 0.0 0.0 0.30
F9)
bubbles per 1cm3 6 9 11 2 5
s. gravity 2.46 2.46 2.57 2.57 2.65
Y.m.(GPa) 100 100 100 100 96
gl.ce. Y.m./s.g. 40.7 40.7 38.9 38.9 36.2
o (25-100°C)
76 75 64 64 62
(107°C)
1i. di.
predominant li.di.e-q. | i. di.a"q.
li.di.a-q. | Li. di. @ -q. a-q.
crystal phase B-q.s.s. B-q.s.s.
B-q.s.s.
hi. temp.(°C) 720 720 700 700 690
grain diameter(nm) 50 30 30 30 30




0.10 0.10 fluoride (converted to F2) 0.0 0.0 0.0 0.0 0.0 bubbles per 1cm3
6 8 37 2 ace. s.gravity 2.64 2.64 2.65 2.64 2.46 Y.m.(GPa) 96 97 96 93
98 Y.m./s.g. 36.4 36.7 36.2 35.2 398 a(25-100C) (10'7C1) 65

Table 4
Examples
16 17 18 19 20
SiO2 74.5 74.8 75.3 70.7 66.5
Al2Os 7.0 7.0 7.0 6.5 6.5
P05 2.0 2.0 2.0 2.0 2.5
Li2O 9.9 9.9 9.9 85 7.5
K20 2.0 2.0 2.0 1.5 1.5
MgO 0.8 0.8 0.8 0.8 0.8
CaO 0.0 0.0 0.0 0.0 0
BaO 0.0 0.0 0.0 5.5 10.0
ZnO 0.5 0.5 0.5 0.5 0.5
ZrO2 2.3 2.3 2.3 4.0 4.0
compo- CeO2 0.0 0.0 0.1 0.1 0.1
sition | §n0, 0.5 0.5 0.1 0.1 0.1
others Bi2030.5 | MnO20.2 | 0.0 0.0 0.0
total 100.0 100.0 100.0 100.0 100.0
sulfate (converted
t0 SO9) 0.0 0.0 0.17 0.17 0.17
chloride(converte
dto C1) 0.19 0.19 0.0 0.0 0.10
fluoride
( converted to | 0.0 0.0 0.0 0.15 0.0
F2)
bubbles per 1cm3 8 7 8 5 3
s. gravity 2.45 2.44 2.47 2.57 2.65
Y.m. (GPa) 102 102 99 100 96
gl. ce. Y.m./s.g. 41.6 41.8 40.1 38.9 36.2
o (25-100°C)
(107C1) 71 70 76 64 62
predominant li.di.e-q. |1i. di. e -q.
L.di.e-q. | i.di.e-q. | i. di.a-q.
crystal phase B-q.s.s. B-q.s.s.
hi. temp.(‘C) 720 720 730 690 690
grain diameter(nm) 30 20 50 30 30




62 62 65 77 predominant crystal phase li. di. a-q. Il -g.s.s. li. dia -g. 13
-g.s.s. li. di. a-q. ft -g.s.s. li. di. a -q. 1l -g.s.s. li. di. a -g. hi.temp(C) 690
690 690 680 690 grain diameter(nmp80 30 30 20 50 29 Table 6
Examples 26 27 28 29 30 comPo- sition Si02 66.65 66.3 75.1 66.5

Table 5

Examples
21 22 23 24 25
SiO2 66.5 66.5 66.7 66.1 75.45
Al203 6.5 6.5 6.5 6.5 7.0
P20s 2.5 2.5 2.5 2.5 2.0
Li2O 7.5 7.5 7.5 7.5 9.9
K20 1.5 1.5 1.5 1.5 2.0
MgO 0.0 0.5 0.8 0.5 0.8
CaO 0.8 0.3 0.0 0.3 0.0
SrO 0.0 5.0 10.0 5.0 0.0
BaO 10.0 5.0 0.0 5.0 0.5
ZnO 0.5 0.5 0.5 0.5 0.0
compo-
N ZrO2 4.0 4.0 4.0 4.0 2.3
sition
CeO2 0.1 0.1 0.0 0.0 0.0
SnO2 0.1 0.1 0.0 0.1 0.0
others 0.0 0.0 0.0 Biz03 0.5 | Sb203 0.05
total 100.0 100.0 100.0 100.0 100.0
sulfate ( converted
0.0 0.0 0.17 0.17 0.17
to SOs)
chloride(converted
0.0 0.0 0.37 0.10 0.10
to Cl2)
fluoride (converted
0.0 0.0 0.0 0.0 0.0
to Fa)
bubbles per 1ecm3 6 8 3 7 2
s.gravity 2.64 2.64 2.65 2.64 2.46
Y.m.(GPa) 96 97 96 93 98
gl.ce. Y.m./s.g. 36.4 36.7 36.2 35.2 39.8
o (25-100°C)
65 62 62 65 T
(107C)
predominant liidie-q. |[li.di.e-q. [li.di.e-q. [li.di.e-q.

li. di. ¢ -q.
crystal phase B-q.s.s. B-q.s.s. B-q.s.s. B-q.s.s.
hi.temp(°‘C) 690 690 690 680 690
grain diameter(nm) 30 30 30 20 50




66.5 AlI2036.56.57.06.56.5 P2052.5252.02525 Li207.57.59.9
7575 1(201.51.52.00.50.5 N0.200.00.00.01.01.0 MgO 0.8 0.5
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Table 6
Examples
26 27 28 29 30
Si02 66.65 66.3 75.1 66.5 66.5
Al20s 6.5 6.5 7.0 6.5 6.5
P20s 2.5 2.5 2.0 2.5 2.5
Li2O 7.5 7.5 9.9 7.5 7.5
K20 1.5 1.5 2.0 0.5 0.5
Naz20 0.0 0.0 0.0 1.0 1.0
MgO 0.8 0.5 0.8 0.8 0.8
CaO 0.0 0.3 0.0 0.0 0.0
SrO 0.0 5.0 0.0 0.0 0.0
BaO 10.0 5.0 0.0 10.0 10.0
ZnO 0.5 0.5 0.5 0.5 0.5
compo- ZrO2 4.0 4.0 2.3 4.0 4.0
sition | Ce0, 0.0 0.0 0.0 0.0 0.0
SnO2 0.0 0.2 0.2 0.0 0.0
others Sba0a Bi203 0.2 | WOs 0.2 Ta205 0.2 | Nb20s5 0.2
0.05
total 100.0 100.0 100.0 100.0 100.0
sulfate (converted
t0 SO9) 0.17 0.0 0.0 0.17 0.17
chloride(converte
dto Cla) 0.10 0.20 0.20 0.10 0.10
fluoride
( converted to | 0.0 0.0 0.0 0.0 0.0
F2)
bubbles per 1ecm3 2 4 15 8 12
S. gravity 2.65 2.64 2.45 2.65 2.65
Y.m.(GPa) 96 95 100 96 96
gl.ce. Y.m./s.g. 36.2 36.0 40.8 36.2 36.2
o (25-100°C)
(107C) 62 64 75 63 63
predominant li.di.e-q. | Li. di. ¢ -q. li.di.e-q. | Li. di. ¢ -q.
li. di. ¢ -q.
crystal phase B-q.s.s. B-q.s.s. B-q.s.s. B-q.s.s.
hi.temp(’C) 690 690 720 680 680
grain diameter(nm) 30 30 40 30 30




0.80.80.8 Ca00.00.30.00.00.0 Sr00.05.00.00.00.0 Ba0 10.05.0
0.010.010.0 ZnO00.50.50.50.50.5 7r024.04.02.34.0 4.0 Ce02

30
Table 7
Examples
31 32 33 34
Si02 75.0 66.2 66.2 70.2
Al2Os 7.0 6.5 6.5 6.5
B20s 0.0 0.0 0.0 0.0
P:0s 2.0 2.5 2.5 2.0
Li2O 9.9 7.5 7.5 85
Naz20 0.0 0.0 0.0 0.0
K20 2.0 1.5 1.5 1.5
MgO 0.8 0.8 0.8 0.8
c?rfapo- CaO 0.0 0.0 0.0 0.0
sition
SrO 0.0 0.0 0.0 0.0
BaO 0.0 10.0 10.0 5.5
ZnO 0.5 0.5 0.5 0.5
ZrOg 2.3 4.0 4.0 4.0
CeOs 0.5 0.5 0.5 0.5
SnOsz 0.0 0.0 0.0 0.0
total 100.0 100.0 100.0 100.0
bubbles per 1cm3 2 0 0 0
s. gravity 2.47 2.62 2.65 2.59
Y. m. (GPa) 103 91 94 98
gl. ce. Y.m./s.g. 41.7 34.9 35.5 37.9
a (25-100°C)
(107C) 85 62 65 60
predominant
Lidie-q. |li.di.e-q. |L die-q. |1 di.c-q.
crystal phase
hi. temp(°C) 730 675 700 700
grain diameter(nm) 90 20 30 30




0.00.00.00.00.0 Sn02 0.00.20.20.0 0.0 others S1:1203 0.05 B1203
0.2 WO3 0.2 M.205 0.2 Nb205 0.2 total 100.0 100.0 100.0 100.0 100.0
sulfate (converted to S03) 0.17 0.0 B0 0.17 0.17 chlmide(converte d to
C12) 0.100.20 0.20 0.10

For manufacturing the glass of the above Examples, raw materials
including oxides, carbonates and nitrates etc. were mixed and, in the case of
Example Nos. 11 — 20 and 23 — 30, sulfates, chlorides and fluorides were
added to the raw materials, and these raw materials were melted in a
commonly used melting apparatus at a temperature within a range from
about 1400°C to 1500°C and stirred and homogenized. Then, the molten
glass was formed to a shape of a disk and annealed to provide a glass form.
Then, the glass form was heat treated at a temperature within a range from
500C to 650°C for about 1 to 12 hours for nucleation and then the glass
form was heat treated at a temperature within a range from 600°C to 850°C
which was higher than the nucleating temperature for about 1 to 12 hours
for crystallization to provide desired glass-ceramics. Thereafter, the
glass-ceramics were lapped with a grain having an average particle diameter
of 5—30 u m for about 10 to 60 minutes and then, after processing inner and
outer diameters, were polished with cerium oxide having an average particle
diameter of 0.5 — 2 p m for about 30 to 60 minutes to provide a substrate of
an information storage medium. Surface roughness Ra (arithmetic mean
roughness) of the substrate at this time was 2A or below. The surface

roughness Ra was measured with an atomic force microscope (AFM).

As shown in Tables 1 — 7, the examples of the glass-ceramics of the
present invention all have fine crystal grains of an average crystal grain
diameter of 90 nm or below, mostly 50 nm or below. The examples have a
coefficient of linear expansion within a temperature range from 25C to
100°C which ranges from 60 to 85(107°C1), The number of remaining
bubbles per 1lecm3 of the glass is 1 — 16 exhibiting that the glass-ceramics
have a refining effect which is equal to glass-ceramics in which a large
amount of antimony or arsenic component is added. In Example Nos. 31 —
34, occurrence of reboiling during pressing is not observed when the direct

press method is employed.
Comparative Example

Glass-ceramics were produced with the same composition and under
the same conditions as in Example 1 excepting that the refining agent was
not used and that the amount of Si02 was 75.5% in mass % on oxide basis.
The number of remaining bubbles per 1ecm3 of the glass was observed. The

number of remaining bubbles was 70.

Example No. 35



0.10 fluoride ( convertedto PO 0.0 0.0 0.0 0.0 0.0 bubbles per 1cm3 2 4
158 12 ace. s. gravity 2.65 2.64 2.45 2.65 2.65 Y.m.(GPa) 96 95 100 96
96 Y.m./s.g. 36.2 36.0 40.8 36.2 3622 a(25-100C) (10'7C1)

A 2.5 inch HDD polished substrate (having a diameter of 65 mm and
thickness of 0.635 mm) made of the glass-ceramics of Example 1 was
immersed in a mixed salt of potassium nitrate and sodium nitrate (KNOs :
NaNO;3;=1:3) at 400C for 0.5 hour to form a compression stress layer on its
surface. It was confirmed that this substrate had ring flexural strength

which was triple as large as the substrate before forming of the compression
stress layer (300 MPa).

Example No. 36

A 2.5 inch HDD polished substrate (having a diameter of 65 mm and
thickness of 0.635 mm) made of the glass-ceramics of Example 10 was
immersed in a mixed salt of potassium nitrate and sodium nitrate (KNOs :
NaNO;3;=1:3) at 400C for 0.5 hour to form a compression stress layer on its
surface. It was confirmed that this substrate had ring flexural strength
which was five-fold as large as the substrate before forming of the

compression stress layer (500 MPa).
Example No. 37

A 2.5 inch HDD polished substrate (having a diameter of 65 mm and
thickness of 0.635 mm) made of the glass-ceramics of Example 1 was heated
to 300°C - 600°C and then was quenched by air cooling to form a
compression stress layer on its surface. It was confirmed that this

substrate had improved ring flexural strength.
Example No. 38

A 2.5 inch HDD polished substrate (having a diameter of 65 mm and
thickness of 0.635 mm) made of the glass-ceramics of Example 32 was
immersed in a mixed salt of potassium nitrate and sodium nitrate (KNOs :
NaNO;s = 3: 1) at 400C for 0.5 hour to form a compression stress layer on its
surface. It was confirmed that this substrate had ring flexural strength
which was eight-fold as large as the substrate before forming of the
compression stress layer (500 MPa). It was also confirmed that this
substrate after it was immersed in the mixed salt for 0.16 hour had ring
flexural strength which was triple as large as the substrate before forming of
the compression stress layer and that the substrate after it was immersed in
the mixed salt for 0.32 hour had ring flexural strength which was five-fold as

large as the substrate before forming of the compression stress layer.



62 64 75 63 63 predominant crystal phase li. di. a-q. Il -g.s.s. li. dia -g. 13
-g.s.s. h.di.a-g. li. di. a-q. Il -g.s.s. li. di a -q. 13 -g.s.s. hi.temp(C) 690
690 720 680 680 grain diameter(nmB30 30 40 30 30 30 Table 7
Examples 31 32 33 34 compo sition Si02 75.0 66.2 66.2

Example 39

A chromium alloy base layer and a cobalt alloy magnetic layer were
formed by DC spattering on the substrate obtained by the above described
examples and further a diamond-like-carbon layer was formed thereon. A
perfluoropolyether type lubricant was finally coated to provide an

information magnetic storage medium.
Example 40

The glass before crystallization of Example No. 32 was heat treated at
600°C for 6 hours and subjected to a processing to have a diameter of 65 mm
and thickness of 0.635 mm to provide a substrate in the form of a disk having
an inner central opening. By observation with a TEM, phase separation in
the substrate was confirmed. The surface of the substrate was lapped for
about 10 — 60 minutes with a grain having an average particle diameter of
0.5 um — 2pu m and, after processing inner and outer diameters, was
polished with cerium oxide having an average particle diameter of 0.5 -2 u
m for about 30 to 60 minutes. The surface roughness Ra after polishing was
an excellent one of 0.45A.

The substrate thus obtained was immersed in a mixed salt of
potassium nitrate and sodium nitrate (KNOs : NaNOs = 3 : 1) at 400°C for
0.5 hour to form a compression stress layer on its surface. It was confirmed
that this substrate had ring flexural strength of 2000 MPa which was
somewhat inferior to a case where a substrate was made of the
glass-ceramics of the same example but nevertheless had sufficient strength

as a substrate of an information storage medium.
Example 41

The glass before crystallization of Example No. 32 was heat treated at
490°C for 2 hours and subjected to a processing to have a diameter of 65 mm
and thickness of 0.635 mm to provide a substrate in the form of a disk having
an inner central opening. The surface of the substrate was lapped for about
10 — 60 minutes with a grain having an average particle diameter of 0.5 u m
— 2 m and, after processing inner and outer diameters, was polished with
cerium oxide having an average particle diameter of 0.5 — 2  m for about 30

to 60 minutes. The surface roughness Ra after polishing was an excellent
one of 0.48A.



70.2 Al2027.06.56.56.5 B2030.00.00.00.0 P2052.02.52.52.0 Lb
99757585 Na200.00.00.00.0 K202.01.51.51.5 MgO 0.8
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The substrate thus obtained was immersed in a mixed salt of
potassium nitrate and sodium nitrate (KNOs : NaNOs = 3 : 1) at 400°C for
0.5 hour to form a compression stress layer on its surface. It was confirmed
that this substrate had ring flexural strength of 1800 MPa which was
somewhat inferior to a case where a substrate was made of the
glass-ceramics of the same example but nevertheless had sufficient strength

as a substrate of an information storage medium.
Industrial Applicability

According to the invention, in glass-ceramics used for a substrate of a
magnetic recording medium for various information storage devices,
particularly glass-ceramics used for a vertical magnetic recording medium, a
a medium for patterned media devices and a medium for a discrete track,
an excellent refining effect which is equal to the prior art glass-ceramics can
be achieved without using a harmful arsenic or antimony component which
has been conventionally used as a refining agent or restricting use of the

antimony component to an amount of less than 0.1%.

According to the invention, glass-ceramics can also be provided which
have a low viscosity characteristic which can cope with press forming for a
large scale production, a very flat substrate surface which can cope with the
tendency to the low flying height of the magnetic head, a high Young’s
modulus and low specific gravity which can cope with high speed rotation,
and excellent mechanical strength. For these reasons, the glass-ceramics
are useful for a substrate of an information storage medium, particularly a

substrate of a vertical magnetic recording medium for a HDD.

Further, since the glass-ceramics of the present invention are
substantially free of arsenic and antimony components as a refining agent or
comprise an antimony component in a very small amount of less than 0.1%,
corrosion of a molybdenum electrode which is generally used for electric

melting by direct supply of electric current can be significantly reduced.
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What 1s claimed 1is:

1. Glass-ceramics comprising [SiOsz, Li2O and Al:Os on oxide basis,]
comprising in mass % on oxide basis, 60 — 78% Si102, 5 — 12% Li1,0, and 4
— 10% Al20s, comprising lithium disilicate as a crystal phase, and
comprising one or more elements selected from the group consisting of Sn,
Ce, Mn, W, Ta, Bi, Nb, S, Cl and F, where a total amount of SnO2 and
CeO2 is within a range from 0.01% to 4.0% and an amount of each of
Sb20O3 and As20s3 is less than 0.1%.

2. Glass-ceramics as defined in claim 1 further comprising at least one
crystal phase selected from the group consisting of lithium monosilicate, «

-quartz, o« -quartz solid solution and S -quartz solid solution.

3. Glass-ceramics as defined in claim 1 comprising at least one element of Sn
and Ce and comprising in mass % on oxide basis

SnO2 0—2.5% and

CeO2 0-2.5%
[where a total amount of SnOs and CeOs is within a range from 0.01% to
5.0%].

4. Glass-ceramics as defined in claim 1 comprising one or more elements
selected from the group consisting of S, Cl and F by using at least one of
sulfate, chloride and fluoride as a raw material wherein an amount of each of
the sulfate, chloride and fluoride to a total mass on oxide basis of glass
materials other than the sulfate, the chloride and the fluoride is:

sulfate calculated as an amount converted to SOs3 0—1.5mass %
chloride calculated as an amount converted to Clo 0—1.5mass %
fluoride calculated as an amount converted to Fe 0—1.5 mass %

where SO3 + Cls + Fo1s 0.01 — 1.5 mass %.

5. Glass-ceramics as defined in claim 1 comprising one or more elements
selected from the group consisting of Mn, W, Ta, Bi and Nb, a total amount in
mass % on oxide basis of one or more of MnOgz, WO3, Ta205, Bi2Os and Nb20s5
being within a range from 0.01% to 2.5%.



Sn02 0.0 0.0 0.0 0.0 total 100.0 100.0 100.0 100.0 bubbles per 1cm3 20
00O0.. ce. s. gravity 2.47 2.62 2.65 2.59 Y. m. (GPa) 103 91 94 98
Y.m./s.g. 41.7 34.9 35.5 37.9 a(25-100C) (10'7C1) 85 62 65
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6. Glass-ceramics as defined in claim 1 comprising in mass % on oxide basis

S102 60 — 78% and
Li20 5—-12% and
Al20Os3 4 —10% and
1210 1.5 - 3.0% and
ZrOg2 1-10%.

7. Glass-ceramics as defined in claim 1 comprising in mass % on oxide basis

BaO 0 — 15% and/or
SrO 0 — 15% and/or
MgO 0 — 2% and/or
CaO 0 — 2% and/or
Zn0O 0 — 3% and/or
K20 0 — 3% and/or
Na20 0 — 3% and/or
Na20 0 — 3% and/or
Cs20 0 — 3% and/or

one or more oxides selected from the group consisting of Gd20s, La20s,
Y203 and Ga203 in a total amount of 0 — 15% and/or
Sb20s3 less than 0.1%.

8. Glass-ceramics as defined in claim 1 comprising a total amount in mass %
on oxide basis within a range from 5% to 14% of one or more oxides selected
from the group of Li2O, Na20, K20 and Cs20.

9. Glass-ceramics as defined in claim 1 which are substantially free of As20s3
and Sb20s.

10. Glass-ceramics as defined in claim 1 wherein average coefficient of linear
expansion within a temperature range from 25°C to 100°C is within a range

from 50[107°C"] to 120[107°C].

11. Glass-ceramics as defined in claim 1 wherein average crystal grain

diameter of the crystal phase is 100nm or below.

12. A substrate of an information storage medium using glass-ceramics as



60 predominant crystal phase li di. a -q. li. di. a -g. li. di. a -q. li. di. a -g. hi.

temp(t) 730 675 700 700 grain diameter(nm) 90 20 30 30 31 For

manufacturing the glass of the above Examples, raw materials including

oxides, carbonates and nitrates etc. were mixed and, in the case of

Example Nos. 11 - 20 and 23 - 30, sulfates, chlorides and fluorides were

added to the raw materials, and theséraw materials were melted in a
defSANMANY-45E¢ melting apparatus ata temperatgre within a range from

about 1400C to 1500C and stirred and homogenized. Then, the molten

glass was formed to a shape of a disk and annealed to provide a glass
13 folnmubisérs theof)lass ifofonmeats dre ait neege dnae di temper atefimedtim alaim 12
ha{@Rg ey RARGIRRSREd8r@PaWlotR:42 hours for nucleation and then

the glass form was heat treated at a temperature within a range from

600C to 850C which was higher than the nucleating temperature for about
141Acubshoube edracrystEizaaioanc provitierdedineg grsesiagigsompression
strébelealienihei glasscehiestiney of appgskrith ey dierhmdria @him 12.

average particle diameter of 5 - 30 it m for about 10 to 60 minutes and

then, after processing inner and outer diameters, were polished with
15 cdvignPaidatnaling daniavaagenartriagaametrs: a8 defipsidpaglaim 14
wh30dm 6Ohainuepteprovidetacsisbdtrade akarfoinforddiionrsideagagnediuaikali
conpbiRcRQUdBARSS RA (ritimstic mean rarghnesshpliha sURIIRIG AL alkali

this time was.2A or below, The surface royghness Iﬁ%%gas measured with .
COTARORGHi f’o‘FHégrﬁiJ:?Sg%d%%&%?ne‘?%t%%v&eﬁ‘fr? feLMPYNFR existing
in Hxamptésceflthieeylass-ceramics of the present invention all have fine

crystal grains of an average crystal grain diameter of 90 nm or below,

mpstly, 50 nm orbelow. The examples have a cpefficient of linear. .
16 B S ai e GO OBy leim 14
whigsearsthie @aproersian, sthessdmiss st lemesding bepblas pbe st ttpand
thalagsdadhid® tdihilisgrthat the glass-ceramics have a refining effect

which is equal to glass-ceramics in which a large amount of antimony or

arsenic component is added. In Example Nos. 31 - 34, occurrence of .
17 dhcilhgtaarh @ brd s BB stV R HBRAHE A sféRe idtnda iy 12
whemplogedfCompaghtiesERantateth mEtas saearamiog werssprod dedowitie low.

the same composition and under the same conditions as in Example 1

excepting that the refinir%g agent was not usegj and that the mounéﬁof 5i02.
18,128 78188 MA HOR S O BRCoRGS BHRISIFRE AfnSEPSF R athiAY BBy ton
stopegd ens3lnfnhe yefsnedsinisderred2The number of remaining bubbles

was 70. 32 A 2.5 inch HDD polished substrate (having a diameter of
1922 RO %?@Sﬁ%%cgu@%”% M) made.of the Jlass coramies of of meltin

xampﬁe. was immersed in a e(plS sait o]fnpo?as& Ritate amd sodium’ e

rawijtad RNS INENeb e glaysatianoms the melien fatsateomipresish then
hestressdeygyr ohdtglagdasteliciasieonfiimad dbatitiis sopgirate hadhimg % on
OXif&%x#{i@g;trength which was triple as large as the substrate before forming

of the compression stress layer (300 MPa). Example No. 36 A 2.5inch

HD@%%Iished substrate (having a diameter 8P 65 i aRd thickness of

0.6BR@hm) made of the glass-ceramics of Exampl@%0awds immersed in a

mixed@galt of potassium nitrate and sodium nijrate (kNG NaNO3 =1 3)

at C for 0.5 hour to form a compression stress r on.its surface. It

Waip%(eaﬁfirmed that this substrate had ring fljxgrélsl’ﬁg’nﬁﬂfiwhich was

fivelféM as large as the substrate before forming bth@sdmpression

streggdayer (500 MPa). Example No. 37 A2 3imelh HDD polished

substrate (having a diameter of 65 mm and thjck f 0.635 mm) made

of the g?ass-ceramics of Example 1 was heated t0 dC - 600C and then

wa¥ BaEn ehEd B aneysting RifdraRicbrBrassviRireas ryae bippg 0.01 to

surface. It was confirmed that this substrate had improved ring flexural

strength. Example No. 38 A 2.5 inch HDD polished substrate (having a

diameter of 65 mm and thickness of 0.635 mm) made of the

glass-ceramics of Example 32 was immersed in a mixed salt of potassium

nitrate and sodium nitrate (KNO3 NaNO3 = 3 1) at 400C for 0.5 hour to

form a compression stress layer on its surface. It was confirmed that this
cribhetrate had rina fleaviiral ectrenath which wac aiadht-fold a<c larae ac the



34  The substrate thus obtained was immersed in a mixed salt of
potassium nitrate and sodium nitrate (KNO3 NaNO3 = 3 1) at 400C for 0.5
hour to form a compression stress layer on its surface. It was confirmed
that this substrate had ring flexural strength of 1800 MPa which was
somewhat inferior to a case where a substrate was made of the
glass-ceramics of the same exampledut nevertheless had sufficient
}rength as a substrate of an information storage medium. Industrial
p b||| ccordin é%]r%a%ln n, Iass -ceramics used for a
g’f‘?égﬁs % n&%‘%&rﬁ \ariot€ information storage
andéuinésﬁ;rparnuuwwbj gdnaas:@edam&s wsedh éoraamwvertitatimlzgNeti@ racordingo of
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rete track, an excellent refi ng e w is eqy rlorat
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agent or restricting use of the antimony component to an amount of less

20 &N Oéa %CgoACCI%VQ 4208, nE Eah 021583 ol &e?%%&'s%\?vaﬁlm 19

prow ave a W VISCO aracteristic w ICh can cope
whiredn fditiifgrdrateiigdssEaréio4aBtionisa 0BR Mareissinatesiacelected

frowhiidiecgroogpeonitis thegesfdentty te, thibl madity ingdh 8igbtidktherrdagisetiening
thteach aghe’ RUAS Saed !t 809, '%%ﬁﬁ‘éﬂ@i&@%@n‘@@ﬁ@&%‘ €PPEnd the

with high speed ratatian, and ex ellent me For these

al stren
flupride s oHevgHiSd darkmipsake L?sefaw&rf S e SRt i mass
of therage medieinslpativetaiian shbstrdfetef ahlentidal magfleticideosdinghin a
rafBedigmiore RRRs o foither siog the glass-ceramics of the present
invention are substantially free of arsenic and antimony components as a
refining agent or comprise an antimony component in a very small amount
21 ofAe s8eH000 095, ORESRSH GRS ShIsE iR ATelet s Ipfimedisige aladmy 19
whiegethfaheleetwe melting ky @ireptsienpheob lpwiiie ouitit caleded from the
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6h OXi 5|s1 comprising in mass % on oxi
tots se}én%@ntra%s}ezos 1o, e&éeansﬁlectf@ommé EomipHBIP RIS of
Mrdi%i)i 0810 2L afdystdl ihasa daNt fomprigiblyione tangeréreterfdhitsmass % to
9 Sglgeted from the group consisting of Sn, Ce, Mn, W, Ta, Bi, Nb, S, Cl and
F, where a total amount of 5n02 and Ce02 is within a range from 0.01% to
4.0% and an amount of each of 513203 and As203 is less than 0.1%. 2.
22 Qagkree camipsiabgeifiet.id.ci@irandfivas]lcomprsntpatieasidenieasis, 60 —
78%ﬁt§tgpba5@§>?lmgfﬂ Hﬁlfllt4he mzvg&wifﬂag?@ﬁ,&@wmag&im ‘ore
uartz, a,-quartz solid solution and uartz.solid so
e1e&?lengscseerlae(r%fil(c%:(s5 ?}s ﬁ edin cfaim S%:So%n ISIH%) At TeAs ohe‘%lenien% oIf\ﬂO S,
Cl andnf cdanel @o?ﬂbﬂsm@wmagé bk eade RIS NuRB D Bpagg from
0.0Ce0204 2 %a hlhereaanotal tasfi e oh aff B Rth € 8208 Wthissa hange. 1%.
from 0.01% to 5.0%l. 4. Glass-ceramics as defined in claim 1 comprising
one or more elements selected from the group consisting of S, Cl and F
23 pp\ElAGTat R AR BRI UAIED chib SABMRRE S 2 aheil hsharnd Ce
whehareimaouartooh Sof @adCef 4ne, sulfateschloridexadd Hasride to a total
magﬁgg oxide basis of glass materials other thandhg sulfate, the chloride
(2; [}5 fluoride sulfate calculated as an amm&;t_cggg{erted to SO30- 1.5
§'9% chloride calculated as an amount con 0 C120- 1.5 mass %
[aﬁmermadaammm s manshCedhyrteit b F20-an senfiegsn 9 Qharass % to
5.0993st @12 + F2is 0.01 - 1.5 mass %. 5. Glass-ceramics as defined in
claim 1 comprising one or more elements selected from the group
consisting of Mn, W, Ta, Bi and Nb, a total amount in mass % on oxide
24 pAraseoie GG BF Sop, 3058 MR EE B3R NS 20S BRI witkaated
a range from 0.01% to 2.5%. 36 6. Glass-ceramics as defined in claim 1
comprising in mass % on oxide basis Si02 Li20 Al203 P205 Zr02 60 - 78%
and 5 - 12% and 4- 10% and 1.5- 3.0% and 1 - 10%. 7. Glass-ceramics
as defined in claim 1 comprising in mass % on oxide basis BaOO - 15%
anchor Sr00 - 15% anchor MgOO - 2% and/or CaOO0 - 2% and/or ZnQO0 -
3% and/or K200 - 3% and/or Na200 - 3% anchor Na200 - 3% anchor

C<200 - 04 anchor none or more nvidec calected from the Aarorin

as



Sb203less than 0.1%. 8. Glass-ceramics as defined in claim 1 comprising
a total amount in mass % on oxide basis within a range from 5% to 14% of
one or more oxides selected from the group of Li20, Na20, K20 and Cs20.
9. Glass-ceramics as defined in claim 1 which are substantially free of
As203 and Sb203. 10. Glass-ceramics as defined in claim 1 wherein
average coefficient of linear expansiotf within a temperature range from

frofe ¢H@ 10GS iR Tange o SAEP KO8 19,4 A0H Quffte, Whloride and
Glass-ceramics as defined in claim 1 wherein avfer ge crystal g@]@ )
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fr Ovr%h&r&n Iggles cempression stress layer is formed by repla_cmg an alk_all
component existing in a surtace layer of the substrate with an alkali
component having a larger ionic diameter than the alkali component
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fro%%@?bﬁﬁﬂ%ﬁ%%%mmﬂ,w%”B?%ﬁam%ﬁié}%ﬁ@%éé}’ §hi®unt in
formed by heating the substrate and then que chmgéhe sybstrate. 17. A

Magshsfrat® of B fnfdATiSoh SBFagE MEtin? e & aqﬁe@a Fopo the group
conpirnaig sUMaTE %00dndseQa Brithnmiid Meddsroughtihessd) tg2gedrom 0.01
maRgloyws o BB Andeiormation storage medium using the substrate of an
information storage medium as defined in claim 12. 19. A method for
manufacturing glass-ceramics comprising steps of melting raw materials
26 td mitsragldesiTefimglHEMBIRIMPEEE BE daBRasAd teehdareae tasting
theSgtass wherein the raw materials comprisesi mass;%ah oxide basis:
SiOR66\- 78% and Li205- 12% and Al2034 - 10% 1.5-3.0% and
ngj%lfe-) 10% and Sn020- 2.5% Ce020- 2.5% w e%r%{)gtlgléamount of
Sn6228kd Ce02 is within a range from 0.01 to ‘3 31%%?%02 W03 +
TaZ@®4# Bi203 + Nb205 0 - 2.5% and further tampHAd®stamdtiotal mass of
thezgy, materials, 0 - 2.5 mass % of sulfate calculgigg} as being converted
to SO3, 0 - 2.5 mass % of chloride calculated as being converted to C12,
and 0 - 2.5 mass % of fluoride calculated as being converted to F2. 20. A
27 rheassior mehntabinrirlgigals-cerapmissrasidefived fh olaiox® Wwherein
thegaw materials further comprise one or mope_Mmafeyigsigsiected from
thegrqup consisting of sulfate, chloride and fIHo_ri %(yagd,(ﬁssuming that
the sulfate is converted to 503, the chloride is conver ed 10 ©12 and the
flueldlis converted to F2, a total amount of SO3; £42BAPE2 to a total
maga Of the raw materials other than the sulfai@ciorideland fluoride is
within& range from 0.01 mass % to 1.5 mass 6. 24, r@)%@od for
manufacturing glass-ceramics as defined in claim 19 wherein the raw
maketidls comprise one or more oxides selecth’f%&}HéU@Foup consisting
of M@, W03, Ta205, Bi203 and Nb205 on oXlde Basindfuat a total
amounyof one or more oxides selected from the gjoup,£ppsisting of
Mn02, W03, Ta205,,Bi203 and Nb205 is within a range from Q. ss %
to S8 RASEOEE S5URTAC LT e 0 AR A0S G rtisd 9505
on Bxideasubica60: 18w BB aBLOURYKOL 00, ApY 4ndY¥ AI203, and also
COrgpsigiNg one or more elements selected froaydhe gro0QA gONSisting of
Sn, Ce, Mn, W, Ta, Bi, Nb, S, Cl and F, where a total amount of 5n02 and
Ce02 is within a range from 0.01% to 4.0% and an amount of each of )
28 sy mhasarith Alsfom s sdalar. voheren A §p4at aeuRhdl Matsim o2 oxide
comprising one or both of Sn and Ce wherein amounts of Sn and Ce are,
in mass % on oxide basis: 5n020- 2.5% Ce020- 2.5% land a total amount
of 5n02 and Ce02 is within a range from 0.01 mass % to 5.0 mass %1.
24. A glass as defined in claim 22 comprising one or more elements
selected 39 from the group consisting of S, Cl and F by using sulfate,

chloride and fluoride as raw materials wherein amounts of the sulfate,
chloride and fliioride in the raw materiale to a2 total mace nn Nnvide hacice Nf



26. A glass as defined in claim 22 comprising in mass % on oxide basis:

Si02 Li20 Al203 P205 Zr02 60 - 78% and 5- 12% and 4 - 10% and 1.5-

3.0% and 1 - 10%. 27. A glass as defined in claim 22 comprising in mass

% on oxide basis BaOO - 15% anchor Sr00 - 15% anchor MgOO - 2%

and/or Ca00 - 2% and/or ZnOO0 - 3% and/or K200 - 3% and/or Na200 -

3% anchor Cs200 - 3% anchor one dtnore oxides selected from the
baBEOUPIONAINNALTOR AR B0 XA AR R eroiak amaus) of O

15% and/or 51)203less than 0.1%. 28. A glass as defined in claim 22

wherein a total amount in mass % on oxide 40 basis of Li20, Na20, K20
29 aAdgbs204s Withinesl ramgéaimn? 8% tocidis. sabstuglasindmefinbdinOs and
Sphatgim 22 which is substantially free of As203 and Sb203. 30. A substrate

of an information storage medium using a glass as defined in claim 22.

31. A substrate of an information storage medium using a glass obtained
30pék Rehstreating anyiaderamaiednsdorpeiaimezlyot pate sehasativndedmen in
claswbgirate of an information storage medium comprising a compression

stress layer provided on the surface of a substrate as defined in claim 30.

33. A substrate of an information storage medium as defined in claim 32
3lyhesidhs it e hpretioraate alRagasRat By repR g s anlfirined by
hegbmpatiery &xxkingadn dedfintatenlayermfihdaupktratesaptinraniatkali

component having a larger ionic diameter than the alkali component

existing in the urfaceféayer. 34. A substrate of an information storage .
32 b IR TR et IR AL 59 HSPER G OB SO SRS 1 9B RE ession
strimsregtdryreaiihedton shbstrataemditheibatiadhing thdisgdsinatéai 630,

substrate of an information storage medium as defined in claim 32

wherein surface roughngss Ra.(arithmetic mean. roughness.) is
33 A DR TS LSTAge e DR e L SR
whigetmaltish sespagespiemuptiestidfyed itsciimmol by replacing an alkali

component existing in a surface layer of the substrate with an alkali

f'io\%?](rzlaim 32

component having a larger ionic diameter than the alkali component existing
in the surface layer.

34. A substrate of an information storage medium as defined in claim 32
wherein the compression stress layer is formed by heating the substrate and
then quenching the substrate.

35. A substrate of an information storage medium as defined in claim 32
wherein surface roughness Ra (arithmetic mean roughness ) is 1A or below.

36. An information storage medium using the substrate of an information

storage medium as defined in claim 30.



