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SPECIFICATION

TITLE OF THE INVENTION:

GLASS FOR MAGNETIC RECORDING MEDIUM SUBSTRATE, MAGHATIC
RECORDING MEDIUM SUBSTRATE AND METHOD OF MANUFACTURIG THE SAME,
AND MAGNETIC RECORDING MEDIUM
TECHNICAL FIELD
[0001] The present invention relates to glass eygd as a substrate in magnetic recording
media such as hard disks, to a magnetic recordiedium substrate comprised of the above
glass, to a method of manufacturing the same, ardrhagnetic recording medium comprising
the above substrate.

BACKGROUND TECHNIQUE

[0002] With the development of information-relatedrastructure such as the Internet, the
need for information recording media such as magrdisks and optical disks has increased
sharply. The main structural components of the maig memory devices of computers and
the like are magnetic recording media and magnk&ads for magnetic recording and
reproduction. Known magnetic recording media ideldflexible disks and hard disks. Of
these, examples of the substrate materials emplaydtard disks (magnetic disks) include
aluminum substrates, glass substrates, ceramidratdss and carbon substrates. In practical
terms, depending on size and application, alumigubstrates and glass substrates are primarily
employed. In the hard disk drives of laptop corepaitin addition to impact resistance, higher
density recording, and the development of thinnagnetic recording media, the requirements of
increased surface smoothness of the disk substnait¢he development of thinner substrates are
intensifying. Thus, there are limits to how wellminum substrates, with afford poor surface
hardness and rigidity, can respond. Accordinghe tevelopment of glass substrates is
currently the mainstream (for example, see Docunie(fublished Japanese Translation of a
PCT international publication for patent applicatigTOKUHYO) No. Heisei 9-507206),
Document 2 (Japanese Unexamined Patent Publig@g¢©KAI) No. 2007-51064), Document 3
(Japanese Unexamined Patent Publication (KOKAI) 2601-294441), Document 4 (Japanese
Unexamined Patent Publication (KOKAI) No. 2001-1289 Document 5 (Japanese
Unexamined Patent Publication (KOKAI) No. 2001-348g Document 6 (Japanese
Unexamined Patent Publication (KOKAI) No. 2001-5884Document 7 (Japanese Unexamined
Patent Publication (KOKAI) No. 2006-327935), Docuthé (Japanese Unexamined Patent
Publication (KOKAI) No. 2005-272212), Document @gdnese Unexamined Patent Publication
(KOKAI) No. 2004-43295), Document 10 (Japanese W@nexed Patent Publication (KOKAI)
No. 2005-314159)).

[0003] In recent years, with the goal of achievangn higher density recording in magnetic
recording media, the use of magnetic materialsigh Imagneto-anisotropic energy (magnetic
materials of high Ku value), such as Fe-Pt and €CbaRed materials, is being examined (for
example, see Document 11 (Japanese Unexamined tPBRidolication (KOKAI) No.
2004-362746). It is necessary to reduce the partiameter of the magnetic particles to
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achieve higher density recording. However, whest phe particle diameter is reduced, the

deterioration of magnetic characteristics due terrttal fluctuation becomes a problem.
Magnetic materials of high Ku value tend not toaffected by thermal fluctuation, and are thus
expected to contribute to the achievement of great®ording density.

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] However, the above-described magnetic naseof high Ku value must be in a
specific state of crystal orientation to exhibihigh Ku value. Thus, a film must be formed at
high temperature or thermoprocessing must be cdeduat high temperature following film
formation. Accordingly, the formation of a magmretiecording layer comprised of such
magnetic materials of high Ku value requires thgtaess substrate have high heat resistance that
is capable of withstanding the above-describedgssiag at high temperatures, that is, have a
high glass transition temperature.

[0005] By the way, in disk-shaped magnetic reauydinedia, data are written and read in the
direction of rotation by radially displacing a magic head while rotating the medium at high
speed about a center axis. In recent years, taiawoal speed has been increased from 5,400
rpm to 7,200 rpm, and up to a high speed of 10rp@®to increase the writing rate and reading
rate. However, in disk-shaped magnetic recordireglim since the positions at which data are
recorded are assigned in advance based on thexaisteom the center axis, when the disk
deforms during rotation, the magnetic head devebp®sitional displacement, compromising
proper reading. Accordingly, to cope with highetational speeds described above, the glass
substrate is required to have high rigidity (Yosngiodulus and specific modulus of elasticity)
S0 as to prevent substantial deformation during-sigeed rotation.

[0006] Based on investigations by the presentrits, it was revealed that the use of a glass
substrate with a high coefficient of thermal expangermitted an increase in the reliability of
recording and reproduction with magnetic recordimggia for the following reasons.

HDDs (hard disk drives), in which magnetic recagimedia are loaded, are configured
such that the spindle of a spindle motor pressamsagthe center portion, causing the magnetic
recording medium itself to rotate. Thus, when ¢hera substantial difference in the coefficient
of thermal expansion of the substrate of the magmetording medium and spindle material
constituting the spindle portion, a discrepancy senp developing between the thermal
expansion and contraction of the spindle and tlodsthe substrate of the magnetic recording
medium in response to change in the surroundingp¢eature during use. As a result, the
phenomenon in which the magnetic recording medindseap changing shape occurs. When
such phenomenon occurs, information that has begtiem cannot be read by a head,
compromising recording and reproduction reliahilityAccordingly, enhancing the reliability of
magnetic recording media requires that glass satiestrhave high coefficient of thermal
expansion similar to that of the spindle matemsaich as stainless steel).

[0007] As set forth above, it is required for ag substrate to have the three characteristics of
high heat resistance, high rigidity, and a highfiicient of thermal expansion to provide a
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magnetic recording medium capable of handling higeeording densities. However, based on
investigation by the present inventors, conveniiogiass substrates, including the glass
substrates described in Documents 1 to 10 abovejotsimultaneously possess these three
characteristics. This is because there is a toffdeetween these three characteristics, making
it difficult to achieve a glass substrate satisfyall three.
[0008] Accordingly, it is an object of the pres@miention to provide a glass substrate having
all three characteristics of high thermal resisgamigh rigidity, and a high coefficient of thermal
expansion, and more particularly, a glass substawng a high glass transition temperature, a
high Young's modulus, and a high coefficient ofrthal expansion.
MEANS FOR SOLVING THE PROBLEMS
[0009] The present inventors repeatedly trial nfactured and evaluated a large number of
glass compositions in an attempt to achieve th@abbject by trial and error. As a result, they
found that a glass having the following compositimssessed all three characteristics that were
conventionally been difficult to achieve simultansly, namely, high heat resistance, high
rigidity, and a high coefficient of thermal expaorsi The present invention was devised on that
basis.
[0010] An aspect of the present invention rel&tes

glass for a magnetic recording medium substratéclwbomprises, denoted as molar
percentages,

50 to 75 percent of SiO

0 to 5 percent of AD;3,

0 to 3 percent of LO,

0 to 5 percent of ZnO,

a total of NaO and kO of 3 to 15 percent,

a total of MgO, CaO, SrO, and BaO of 14 to 35 eetc

a total of ZrQ, TiO,, LaOs, Y03, Yh,03, Ta,Os, Nb,Os, and HfQ of 2 to 9 percent,

with a molar ratio of {(MgO+CaO)/(MgO+CaO+SrO+BgQalling within a range of
0.85to 1, and a molar ratio of {ADs/(MgO+CaO)} falling within a range of 0 to 0.30.
[0011] The above glass may have an average cegffiof linear expansion of equal to or
greater than 70 x 10°C at 100 to 300°C, a glass transition temperaifiegjual to or higher than
630°C, and a Young's modulus of equal to or higiem 80 GPa.
[0012] The above glass may have a specific modofietasticity of equal to or greater than 30
MNm/kg.
[0013] The above glass may have a specific grafitgss than 3.0.
[0014] The above glass may have an acid resistantte form of an etching rate of equal to
or less than 0.0@m/minute when immersed in 1.7 mass percent hydvsiligic acid aqueous
solution maintained at 45°C.
[0015] The above glass may have a liquidus tentiperaf equal to or lower than 1,300°C.
[0016] The above glass may comprise, denoted & percentages,

50 to 75 percent of SKD



0 to 3 percent of £,

0 to 5 percent of AD;,

0 to 3 percent of LO,

0 to 5 percent of N®,

1 to 10 percent of 4O,

1 to 23 percent of MgO,

6 to 21 percent of CaO,

0 to 5 percent of BaO,

0 to 5 percent of ZnO,

0 to 5 percent of Tig)

2 to 9 percent of Zr©
[0017] The SiQ content of the above glass may fall within a raofyg7 to 68 molar percent.
[0018] The AYOs content of the above glass may fall within a raof@.1 to 4 molar percent.
[0019] The above glass may be glass containingtanbally no L;O.
[0020] The ZnO content of the above glass maywdhin a range of 0 to 2 molar percent.
[0021] A further aspect of the present inventia@tates to a magnetic recording medium
substrate comprised of the above glass.
[0022] The above magnetic recording medium sutestmraay comprise an ion-exchange layer
over a part or all of the surface thereof.
[0023] The ion-exchange layer may have been forbyein exchange with at least one alkali
metal ion selected from the group consisting oRK, and Cs.
[0024] The magnetic recording medium substrate beagisk-shaped and have a main surface
with surface properties (1) to (3) below:
(1) an arithmetic average surface roughness Rauresh®ver an area of dgm x 1 um by an
atomic force microscope of equal to or lower tha2b0hm;
(2) an arithmetic average surface roughness Raurezhsver an area of gm x 5um of equal
to or lower than 0.15 nm;
(3) an arithmetic average surface waviness Wavad\eelength of 10@m to 950um of equal to
or lower than 0.5 nm.
[0025] A still further aspect of the present intien relates to a method of manufacturing a
magnetic recording medium substrate by preparinglass melt by heating glass starting
materials; using a method of press molding, dovawdpr floating to mold the glass melt into a
plate shape; and employing a step of processingldte-shaped glass obtained to produce the
above magnetic recording medium.
[0026] A still further aspect of the present intten relates to a magnetic recording medium
comprising a magnetic recording layer on the atsastrate.
[0027] The magnetic recording layer may contatheziFe and Pt or Co and Pt.
[0028] The magnetic recording medium may be engidoin an energy-assisted recording
method.
EFFECT OF THE INVENTION
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[0029] The present invention can provide glassafaragnetic recording medium substrate that

can achieve a glass substrate for a magnetic riegordedium having high heat resistance
capable of withstanding high-temperature heat @siog in the course of forming a magnetic
recording layer comprised of a high Ku value magnetaterial, having a high coefficient of
thermal expansion matching that of the support nen{bpindle), and having high rigidity
capable of withstanding high-speed rotation; a mreigrrecording medium substrate comprised
of this glass; a method of manufacturing the saand;a magnetic recording medium comprising
this substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] [Fig. 1] Fig. 1 is a drawing descriptivetbe method of measuring deflecting strength.
MODES FOR CARRYING OUT THE INVENTION

[0031] [Glass for magnetic recording medium sudisfr

The glass for a magnetic recording medium sulestohtthe present invention (also
referred to as "glass of the present invention"reimafter) comprises, denoted as molar
percentages,

50 to 75 percent of SiO

0 to 5 percent of AD;3,

0 to 3 percent of LO,

0 to 5 percent of ZnO,

a total of NaO and kO of 3 to 15 percent,

a total of MgO, CaO, SrO, and BaO of 14 to 35 eetc

a total of ZrQ, TiO,, LaOs, Y03, Yh,03, Ta,Os, Nb,Os, and HfQ of 2 to 9 percent,

with a molar ratio of {(MgO+CaO)/(MgO+CaO+SrO+BgQalling within a range of
0.85to 1, and a molar ratio of {ADs/(MgO+CaO)} falling within a range of 0 to 0.30.

The glass for a magnetic recording medium sulestodt the present invention is
classified as oxide glass, and the compositionetifeis denoted based on oxides. The term
"glass composition based on oxides" is a glass ositipn that is obtained by conversion to the
oxides that are present in the glass when all giesding materials have been decomposed
during melting. The glass of the present inventiawving the above-stated composition can
provide a magnetic recording medium substrate Igattre three characteristics of high heat
resistance, high rigidity, and a high coefficiefttteermal expansion. The glass of the present
invention is noncrystalline (amorphous) glass. @dmngly, in contrast to crystallized glass,
since it is comprised of a homogenous phase, exteBubstrate surface flatness can be
achieved.

The glass of the present invention will be desadilin greater detail below. In the
following descriptions, unless specifically statetherwise, the contents, total contents, and
ratios of the various components are denoted onla basis.

[0032] SiQ, a glass network-forming component, has the effe€tenhancing glass stability,
chemical durability, and, in particular, acid résiece. It also functions to lower the thermal
diffusion of the substrate and increase heatingieffcy in the course of heating the substrate
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with radiation as part of the step of forming a metic recording layer or the like on the
substrate of a magnetic recording medium or whemntbprocessing the film that has been
formed in this step. When the SiGontent is less than 50 percent, the above fumesianot
adequately achieved, and at greater than 75 per&®@t does not fully melt, producing
unmelted material in the glass, causing excesgs@sity of the glass during clarification and
thus preventing the adequate elimination of bubblé¥hen a substrate is prepared from glass
containing unmelted material, protrusions due t® timmelted material are generated on the
surface of the substrate by polishing, precludisg as a magnetic recording medium substrate in
which extremely high surface smoothness is requirdd addition, when a substrate is prepared
from glass containing bubbles, portions of the beblappear on the surface of the substrate
following polishing. These portions become pitseguding a smooth main surface on the
substrate and thus preventing its use as a mageeticding medium substrate. On that basis,
the SiQ content falls within a range of 50 to 75 percenthe SiQ content desirably falls
within a range of 57 to 70 percent, preferably®@®8 percent, more preferably within a range of
60 to 68 percent, and still more preferably, withirange of 63 to 68 percent.
[0033] ALOsis a component that also contributes to the faonadf the glass network, and
functions to enhance chemical durability and rasis¢ to heat. However, when the content of
Al, O3 exceeds 5 percent, the coefficient of thermal egjmm of the glass becomes excessively
low, and the difference in the coefficient of thatnexpansion of the glass with that of the
spindle material constituting the spindle portidnam HDD, such as stainless steel, becomes
excessive. Discrepancy develops between the thexpansion and contraction of the spindle
and those of the substrate of the magnetic reagrdiedium with change in the surrounding
temperature, resulting in a tendency for the magmetording medium to deform. When this
tendency develops, the head becomes unable tanmfmation that has been written, thereby
compromising recording and reproduction reliahilityAccordingly, the AIOs; content is
specified as 0 to 5 percent. In small quantitdsQ3 functions to improve the stability of the
glass and lower the liquidus temperature. Howewsr,the content thereof increases, the
stability of the glass drops and the liquidus terapge tends to rise. Thus, to further improve
the stability of the glass while achieving gredtermal expansion, the upper limit of the,®d
content is desirably 4 percent, preferably 3 pedrcerore preferably 2.5 percent, still more
preferably 1 percent, and yet more preferably, fkas 1 percent. Additionally, the lower limit
of the ALO3; content is desirably 0.1 percent to enhance clardigrability, heat resistance, and
glass stability.
[0034] Li,O functions to increase the meltability and moltigbf the glass, as well as to
raise the coefficient of thermal expansion. Whecorporated in small quantities, the glass
transition temperature and heat resistance draplsha Thus, the LIO content is specified as 0
to 3 percent. To further raise the heat resistaiheeLbO content desirably falls within a range
of 0 to 2 percent, preferably within a range ob@tpercent, more preferably within a range of 0
to 0.8 percent, still more preferably within a rangf O to 0.5 percent, even more preferably
within a range of 0 to 0.1 percent, and yet evemenpreferably, within a range of 0 to 0.08
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percent. It is particularly desirable for subsht no Li,O to be contained. In this context,

"substantially not contained" means that no speafimponent is intentionally added to the
glass starting materials, and does not mean tisaéliminated when incorporated as an impurity.
[0035] ZnO functions to improve glass meltabilitypldability, and stability; increase rigidity;
and raise the coefficient of thermal expansion. weler, the incorporation of an excessive
guantity causes the glass transition temperaturdrop considerably, the heat resistance to
decrease markedly, and the chemical durability topd Accordingly, the ZnO content is
specified as 0 to 5 percent. To maintain good hesistance and chemical durability, the ZnO
content desirably falls within a range of O to 4qgeat, preferably within a range of O to 3
percent, more preferably within a range of 0 teefcpnt, still more preferably within a range of
0 to 1 percent, and yet more preferably, withiraage of O to 0.5 percent. It is possible for
substantially no ZnO to be contained.

[0036] Na&O and KO are components that function greatly to increglass meltability and
moldability, lower the viscosity of the glass dgiclarification, promote the elimination of
bubbles, and raise the coefficient of thermal esgan Among the alkali components, they
lower the glass transition temperature less tha@.Li In the glass of the present invention, in
terms of the homogeneity (state of no unmelted nater residual bubbles) that is demanded of
the substrate of a magnetic recording medium armd itparting of a thermal expansion
characteristic, the total content of /aand KO is specified as equal to or greater than 3 pércen
However, when the total content exceeds 15 pertlemtglass transition temperature drops and
thus heat resistance is lost, as well as chemieedhility, particularly acid resistance, drops.
There is increased elution of alkali from the stddst surface, the precipitated alkali damages
films formed on the substrate, and the like. Thilmg total content of N® and KO is
specified as 3 to 15 percent. The total conterit@®aD and KO desirably falls within a range
of 5 to 13 percent, preferably within a range @b83 percent, and still more preferably, within
a range of 8 to 11 percent.

[0037] The glass of the present invention can $&duas a substrate in a magnetic recording
medium without ion exchange, or employed as a safiesin a magnetic recording medium
following ion exchange. When ion exchange is cateld, NaO is a suitable component for
carrying out the ion exchange. When both,®laand KO are present together as glass
components, the combined alkali effect produceslkali elution-inhibiting effect. However,
when both components are incorporated in excesgigatities, the same problems tend to occur
as when the total content of the two componenex¢gessive. From this perspective, the total
content of NgO and KO is specified within the above range, with the®aontent desirably
falling within a range of 0 to 5 percent, prefesall.1l to 5 percent, more preferably 1 to 5
percent, and still more preferably, 2 to 5 percerithe KO content desirably falls within a
range of 1 to 10 percent, preferably 1 to 9 percerdre preferably 1 to 8 percent, still more
preferably 3 to 8 percent, and yet still more piaiéy, 5 to 8 percent.

[0038] Each of the alkaline earth metals MgO, C&8D, and BaO contributes to enhancing
glass meltability, moldability, and stability, arffdnctions to raise the coefficient of thermal
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expansion. However, when the total content of M@a0O, SrO, and BaO is less than 14

percent, the desired effects described above areactieved. Additionally, when the total
content of MgO, CaO, SrO, and BaO exceeds 35 pgrotemical durability diminishes.
Accordingly, in the glass of the present inventithe total content of MgO, CaO, SrO, and BaO
is specified as 14 to 35 percent. The total cantéiMgO, CaO, SrO, and BaO desirably falls
within a range of 14 to 32 percent, preferably with range of 14 to 26 percent, more preferably
within a range of 15 to 26 percent, and still moreferably, within a range of 17 to 25 percent.
[0039] In addition to being lightweight, the prase of high rigidity and hardness that make it
possible to withstand the impact when being carigetkquired in the substrate of a magnetic
recording medium employed in mobile applicationsccordingly, the glass that is used to
manufacture such a substrate desirably has a hegimgs modulus, high specific modulus of
elasticity, and low specific gravity. As set fortbove, the glass that is employed in the
substrate of a magnetic recording medium is reduioebe of high rigidity in order to withstand
high-speed rotation. Of the above alkaline eartitaincomponents, MgO and CaO function
both to increase rigidity and hardness, and toe@mee the specific gravity. Accordingly, they
are extremely useful components for obtaining ssglaith a high Young's modulus, high
specific modulus of elasticity, and low specifiagty. In particular, MgO effectively increases
the Young's modulus and lowers the specific gradthd CaO effectively increases the thermal
expansion. Thus, in the glass of the present timenrelative to the total content of MgO,
CaO, SrO, and BaO (MgO+CaO+SrO+Ba0), the molao ratithe total content of MgO and
CaO ((MgO+CaO)/ (MgO+CaO+SrO+Ba0)) is specifiedakng within a range of 0.85 to 1
from the perspectives of high Young's modulus, hsglecific modulus of elasticity, and low
specific gravity of the glass. When this molaiaas less than 0.85, there are problems in that
the Young's modulus and specific modulus of elagtirop, the specific gravity rises, and the
like. The upper limit of the above molar raticaisnaximum value of 1 when SrO and BaO are
not included. The molar ratio ((MgO+CaO)/ (MgO+CaSrO+Ba0)) desirably falls within a
range of 0.88 to 1, preferably within a range &30to 1, more preferably within a range of 0.9
to 1, still more preferably within a range of 0.@21, even more preferably within a range of
0.94 to 1, yet more preferably within a range @600 1, yet still more preferably within a range
of 0.98 to 1, and yet even more preferably withmamge of 0.99 to 1, with 1 being optimal.
[0040] From the perspectives of maintaining highuiyg's modulus, high specific modulus of
elasticity, low specific gravity, and good chemidairability, the content of MgO desirably falls
within a range of 1 to 23 percent. The lower limiitthe MgO content is desirably 2 percent,
preferably 5 percent. The upper limit of the Mg@htent is desirably 15 percent, preferably 8
percent.

From the perspectives of maintaining high Youmg&dulus, high specific modulus of
elasticity, low specific gravity, and good chemidairability, the content of CaO desirably falls
within a range of 6 to 21 percent, preferably ageaaof 10 to 20 percent, more preferably a range
of 10 to 18 percent, and still more preferablyhivita range of 10 to 15 percent.

From the above perspectives, the total conteMg® and CaO desirably falls within a
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range of 15 to 35 percent, preferably 15 to 32 gu@rcmore preferably 15 to 30 percent, still
more preferably 15 to 25 percent, and yet stillenqmeferably, 15 to 20 percent.
[0041] SrO has the above-stated effects, but wheorporated in excessive quantity, causes
the specific gravity to increase. The cost of skerting material is also greater than those of
MgO and CaO. Thus, the content of SrO desirabllg faithin a range of 0 to 5 percent,
preferably within a range of 0 to 2 percent, maefgrably within a range of 0 to 1 percent, and
still more preferably, within a range of O to O&rgent. In terms of achieving the object of the
present invention, it is possible not to incorper&tO as a glass component. That is, the glass
of the present invention can contain substantradhsrO.

BaO also has the above-stated effects, but wheorporated in excessive quantity,
presents problems in that it causes the Young'sutusedto drop, compromises chemical
durability, increases the specific gravity, andraegts the cost of starting materials. The glass
surface of a glass substrate that contains a Gugatity of BaO will, with extended use, tend to
be altered. This is thought to be because thenBhe glass reacts with the carbon dioxide in
the air, causing BaG{1o precipitate out onto the substrate surface aditere. To reduce or
prevent the generation of such adhering matetia, desirable not to incorporate an excessive
quantity of BaO. From these perspectives, the ezindf BaO in the glass of the present
invention is desirably 0 to 5 percent. The BaOteonnpreferably falls within a range of 0 to 3
percent, preferably within a range of O to 2 petcerore preferably within a range of 0 to 1
percent, and still more preferably, within a rag® to 0.5 percent. In terms of achieving the
object of the present invention, it is possible teancorporate BaO as a glass component. That
is, the glass of the present invention can corgabstantially no BaO.

From the above perspectives, the total conten®r@ and BaO is desirably 0 to 5
percent, preferably 0 to 3 percent, more prefer@btp 2 percent, still more preferably 0 to 1
percent, and yet still more preferably, O to 0.Ecpat.

[0042] As set forth above, MgO and CaO have tiieces of raising the Young's modulus and
coefficient of thermal expansion. By contrast,@J functions to raise the Young's modulus
slightly and reduce the coefficient of thermal exgian. Accordingly, to obtain a glass with
high Young's modulus and high thermal expansioa,niolar ratio of AIO; to the total content

of MgO and CaO (MgO + CaO), (ADs/(MgO + CaQ)), in the glass of the present inveni®
specified as falling within the range of 0 to 0.30Chere is a mutual trade-off between increased
heat resistance, higher Young's modulus, and isetedhermal expansion in the glass. The
preparation of a composition in which the respectontents of ADs;, MgO, and CaO are
individually established is inadequate to simultarsy achieve these three requirements, and it
is important to specify the above molar ratio witla prescribed range. The molar ratio of
(Al,0s/(MgO + CaQ)) desirably falls within a range ofdQ.1, preferably within a range of 0 to
0.05, and more preferably, within a range of 0.680

[0043] Among MgO and CaO, CaO is the component thactions to increase thermal
expansion the most. When incorporating CaO assaangial component, to further increase
thermal expansion, the molar ratio of the,@d content to the CaO content (8k/CaO)
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desirably falls within a range of 0 to 0.4, prefdyawithin a range of 0 to 0.2, and more

preferably, within a range of 0 to 0.1.

[0044] ZrG, TiO,, La0s, Y203, Yb,0s, TaOs, Nb,Os, and HfQ function to increase chemical
durability, particularly alkali resistance, enharftat resistance by raising the glass transition
temperature, and increase rigidity and damage teeggh  When the total content of Zr@iO,,
La;,03, Y203, Y03, TaOs, Nb,Os, and HfQ is less than 2 percent, the above effects are not
achieved, and when it exceeds 9 percent, therprabdems in that glass meltability deteriorates,
unmelted material remains in the glass, it becodiifisult to obtain a highly smooth substrate,
the specific gravity increases, and the like. Adoaly, the total content of ZrQTiO,, LaOs,
Y203, Yb,O3, TaOs, Nb,Os, and HfQ is specified as 2 to 9 percent. The total condézrO,,
TiO,, LapOs, Y203, Yb,Os, TaOs, N,Os, and HfQ desirably falls within a range of 2 to 8
percent, preferably within a range of 2 to 7 petcerore preferably within a range of 2 to 6
percent, still more preferably within a range db2 percent, and yet more preferably, within a
range of 3 to 5 percent.

[0045] ZrG functions greatly to enhance heat resistance Isingathe glass transition
temperature, and to improve chemical durabilitytipalarly alkali resistance. It also has the
effect of increasing the Young's modulus and rigidi Accordingly, the molar ratio of the ZsO
content to the total content of ZfONO,, LaOs, Y203, Yb,O3, Ta,0Os, Nb,Os, and HfQ (ZrO,+
TiO2+LayO3+Y 203+Y 03+ TapOs+Nb,Os+HFO,), (2rod (ZrO+
TiO2+Lay03+Y 203+ Y03+ TapOs+Nb,Os+HfO,)), is desirably 0.3 to 1, preferably 0.4 to 1,
more preferably 0.5 to 1, still more preferably @71, yet more preferably 0.8 to 1, even more
preferably 0.9 to 1, and yet still more preferalfly@5 to 1, with 1 being particularly desirable.
The content of Zr@desirably falls within a range of 2 to 9 percgmgferably within a range of

2 to 8 percent, more preferably within a range @b Z percent, still more preferably within a
range of 2 to 6 percent, yet more preferably withirange of 2 to 5 percent, and yet still more
preferably, within a range of 3 to 5 percent.

[0046] Among the above components, Fifdnctions well to inhibit an increase in specific
gravity as well as to raise the Young's modulus spetific modulus of elasticity. However, the
incorporation of an excessive quantity causes i@agroducts with water to adhere to the glass
surface when the glass is immersed in water, tiyamducing water resistance. Thus, the;TiO
content desirably falls within a range of O to Sgeat. In terms of maintaining good water
resistance, the content of Hi@esirably falls within a range of 0 to 4 percgmeferably within a
range of O to 3 percent, more preferably withiraage of O to 2 percent, still more preferably
within a range of 0 to 1 percent, and yet still empreferably, within a range of 0 to 0.5 percent.
In terms of further enhancing water resistances itlesirable for substantially no Ti@o be
incorporated.

[0047] Since LgOs, Y203 Yb0Os TaOs, Nb,Os, and HfQ have a considerable ability to
increase the specific gravity, from the perspeatif/mhibiting an increase in specific gravity, the
content of each of these components desirably Watlsin a range of O to 4 percent, preferably
within a range of 0 to 3 percent, preferably falithin a range of 0 to 2 percent, more preferably
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falls within a range of O to 1 percent, and stithna preferably falls within a range of 0 to 0.5

percent. It is also possible not to incorporateQsaY,0s, Yb,Os, TaOs, Nb,Os, and HfQ as
glass components.
[0048] Additionally, BOs, POs, and the like can be incorporated as glass conmene

B,Os; functions to decrease brittleness and increasetabigly. However, the
incorporation of an excessive quantity compromiskemical durability. Thus, the content
thereof desirably falls within a range of O to 3gamnt, preferably within a range of O to 1 percent,
and more preferably within a range of 0 to 0.5 petcwith no incorporation being optimal.

P,Os can be incorporated in small quantities withiraage that does not compromise
the object of the present invention. However, theorporation of an excessive quantity
reduces chemical durability. Thus, the contentebieis desirably O to 1 percent, preferably O
to 0.5 percent, and more preferably 0 to 0.3 peyedth no incorporation being optimal.

[0049] To obtain a glass that simultaneously &asisthe three characteristics of high heat
resistance, high Young's modulus, and high coefiiicof thermal expansion, the total contents of
Si0O,, Al;O3, N&O, K;O, MgO, CaO, Zr@ TiO,, La0s, Y203, Y03, TaOs, Nb,Os, and HIQ
desirably constitute equal to or more than 95 perqaeferably constitute equal to or more than
97 percent, more preferably constitute equal tonore than 98 percent, still more preferably
constitute equal to or more than 99 percent, angceuastitute 100 percent.

Further, in terms of inhibiting an increase inafie gravity, the total contents of S0
Al,Os, N&O, KO, MgO, CaO, Zr@ and TiQ desirably constitute equal to or more than 95
percent, preferably constitute equal to or mor@ & percent, more preferably constitute equal
to or more than 98 percent, still more preferalggstitute equal to or more than 99 percent, and
may constitute 100 percent.

[0050] Optional components in the form of Sn oxahel Ce oxide will be described next.

Sn oxide and Ce oxide are components that canifumas clarifying agents. Sn oxide
releases oxygen gas at high temperature duringngedf the glass, takes in minute bubbles
contained in the glass and converts them to lawggbles so that they tend to rise, thereby
functioning well to promote clarification. Additially, Ce oxide incorporates as a glass
component oxygen that is present as a gas in #ss @it low temperature, thereby functioning
well to eliminate bubbles. When the size of théblides (the size of the bubbles (voids)
remaining in the glass upon solidification) fallghin the range of equal to or lower than 0.3
mm, the action of Sn oxide in eliminating both tidaly large and extremely small bubbles is
strong. When Ce oxide is added with Sn oxide diresity of bubbles from about fén to 0.3
mm in size is greatly reduced to about one paseweral tens of parts. Causing both Sn oxide
and Ce oxide to be present together in this macaerincrease the clarifying effect on the glass
over a wide temperature range running from the kéghperature region to the low temperature
region. Thus, it is desirable to add Sn oxide @adxide.

When the total quantity of Sn oxide and Ce oxius ts added relative to the total of the
other components is equal to or greater than 0 &&srpercent, an adequate clarifying effect can
be anticipated. When a substrate is prepared ugiags containing even trace or small
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quantities of unmelted material, and the unmeltedenial appears on the surface of the substrate

due to polishing, protrusions are generated onstiiestrate surface and portions where the
unreacted material drops out become pits. The 8mess of the substrate surface is lost, and
the substrate cannot be used in a magnetic recprdiedium. By contrast, when the total
quantity of Sn oxide and Ce oxide added relativthéototal of the other components is equal to
or less than 3.5 mass percent, they can dissoleguadely into the glass and prevent the
incorporation of unmelted material.

When preparing crystallized glass, Sn and Ce fondb produce crystal nuclei. Since
the glass of the present invention is amorphoussgld is desirable not to cause crystals to
precipitate by heating. When the quantities ofaBd Ce are excessive, such precipitation of
crystals tends to occur. Thus, the addition ofxressive quantity of Sn oxide or Ce oxide is to
be avoided.

From the above perspectives, the total quantitgrobxide and Ce oxide added relative
to the total of the other components is desirab2 @o 3.5 mass percent. The total quantity of
Sn oxide and Ce oxide added relative to the tdtéie other components preferably falls within
a range of 0.1 to 2.5 mass percent, more prefemlbange of 0.1 to 1.5 mass percent, and still
more preferably, within a range of 0.5 to 1.5 n@egent.

The use of SnPas the Sn oxide is desirable to effectively redeasygen gas from the
glass melt at high temperature.

[0051] Sulfates can also be added as clarifyirenggin a range of 0 to 1 mass percent relative
to the total of the other components. Howevernehe a risk of melted material in the glass
melt being blown off.  Since foreign material ineses markedly in the glass, it is desirable not
to incorporate sulfates.

Pb, Cd, As, and the like are substances that iwvefjataffect the environment, their
incorporation is desirably avoided.

[0052] From the above perspectives, the glaseeptesent invention desirably comprises:

50 to 75 percent of SKDO0 to 3 percent of £, 0 to 5 percent of ADs;, 0 to 3 percent
of Li,O, 0 to 5 percent of N®, 1 to 10 percent of O, 1 to 23 percent of MgO, 6 to 21 percent
of CaO, 0 to 5 percent of BaO, 0 to 5 percent ddZ@ to 5 percent of Ti§) and 2 to 9 percent
of ZrO,, and preferably comprises:

50 to 75 percent of SKD0 to 1 percent of £, 0 to 5 percent of ADs;, 0 to 3 percent
of Li»O, 0 to 5 percent of N®, 1 to 9 percent of O, 2 to 23 percent of MgO, 6 to 21 percent
of CaO, 0 to 3 percent of BaO, 0 to 5 percent ddZ@ to 3 percent of Ti§) and 3 to 7 percent
of ZrO,.

[0053] The glass for a magnetic recording medsawhstrate of the present invention can be
prepared by weighing out and dispensing glassirsgarhaterials such as oxides, carbonates,
nitrates, sulfates, and hydroxides to achieve #wred glass composition; thoroughly stirring

the mixture; heating and melting the mixture withimange of 1,400 to 1,600°C, for example, in
a melting vessel; clarifying and stirring the nteltadequately remove bubbles; and molding the
homogenized glass melt. The above-described yilagifagents can be added to the glass
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starting materials as needed.

[0054] The glass of the present invention of theove-described composition can
simultaneously achieve high heat resistance, highlity, and high coefficient of thermal
expansion. Desirable physical properties of thasglof the present invention will be
sequentially described below.
[0055] 1. Coefficient of thermal expansion

As set forth above, when there is a large diffeeeim coefficient of thermal expansion
between the glass constituting the substrate ofagnetic recording medium and the spindle
material (such as stainless steel) of an HDD, chsung temperature during the operation of the
HDD cause the magnetic recording medium to defopnoblems occur in recording and
reproduction, and reliability ends up being comps®d. In particular, in magnetic recording
media having a magnetic recording layer comprise@ onagnetic material of high Ku, the
recording density is extremely high. Thus, eveghsldeformation of the magnetic recording
medium tends to cause these problems. Genetadlyspindle material of an HDD material has
an average linear coefficient of expansion (coeffit of thermal expansion) of equal to or
greater than 70 x 10°C over a temperature range of 100 to 300°C. drass for a magnetic
recording medium substrate of the present inventem be used to provide a substrate that is
suited to a magnetic recording medium having a mfgmecording layer comprised of a
magnetic material of high Ku with an average lineaefficient of expansion of equal to or
greater than 70 x 10°C over a temperature range of 100 to 300°C ausl énhance reliability.
The average linear coefficient of expansion degiréddls within a range of equal to or greater
than 72 x 10/°C, preferably within a range of equal to or geeahan 74 x 16/°C, more
preferably within a range of equal to or greatemt’5 x 10/°C, still more preferably within a
range of equal to or greater than 77 ¥/2G, even more preferably within a range of eqoart
greater than 78 x 10°C, and yet even more preferably, within a ranigegoial to or greater than
79 x 10’/°C.  Taking into account the thermal expansionattaristics of the spindle material,
the upper limit of the average linear coefficieherpansion is, for example, desirably about 120
x 107/°C, preferably 100 x 16°C, and more preferably, 88 x 4ec.
[0056] 2. Glass transition temperature

When attempting to increase the recording demdity magnetic recording medium by
incorporating a magnetic material of high Ku or tike as set forth above, the substrate of the
magnetic recording medium is exposed to high teatpegs during high temperature processing
of the magnetic material. In this process, to prévioss of the extremely high degree of
flatness of the substrate, good heat resistandensnded of the glass for a magnetic recording
medium substrate. The glass transition temperatare be employed as an index of heat
resistance. The glass for a magnetic recordingiunedubstrate of the present invention
permits a glass transition temperature of equalrtbigher than 630°C, making it possible to
maintain good flatness following high temperaturecessing. Accordingly, the glass of the
present invention can provide a substrate thatitedto the preparation of a magnetic recording
medium comprising a magnetic material of high Ku.
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The glass transition temperature desirably falthiw a range of equal to or higher than

640°C, preferably within a range of equal to orhleigthan 650°C, more preferably within a

range of equal to or higher than 655°C, still maneferably within a range of equal to or higher

than 660°C, yet still more preferably within a rar@f equal to or higher than 670°C, even still
more preferably within a range of equal to or highlgan 675°C, and even yet still more

preferably, within a range of equal to or higheartht680°C. Further desirable ranges of the
lower limit, in sequentially increasing order, @gual to or higher than 685°C, equal to or higher
than 690°C, equal to or higher than 695°C, equat tigher than 700°C, equal to or higher than
705°C, and equal to or higher than 710°C. The jppé of the glass transition temperature is,

for example, about 750°C, but is not specificaltyited.

[0057] 3. Young's modulus

Deformation of a magnetic recording medium inchudeformation due to high speed
rotation in addition to deformation due to changethe temperature of an HDD. To inhibit
deformation during high speed rotation, it is disle to increase the Young's modulus of the
glass for a magnetic recording medium substratde dlass for a magnetic recording medium
substrate of the present invention permits raiffiegYoung's modulus to equal to or higher than
80 GPa, thereby inhibiting deformation in the stdistduring high speed rotation and permitting
the accurate reading and writing of data even anagnetic recording medium of increased
recording density comprising a magnetic materidligh Ku.

The Young's modulus desirably falls with a randeegqual to or higher than 81 GPa,
preferably within a range of equal to or highemtt82 GPa. The upper limit of the Young's
modulus can be, for example, about 95 GPa, buitispecifically limited.

[0058] The above coefficient of thermal expansigiass transition temperature, and Young's
modulus of the glass for a magnetic recording mmuadsubstrate are all important characteristics
that are required of the glass substrate employed magnetic recording medium of increased
recording density comprising a magnetic materialhafh Ku. Accordingly, in terms of
providing a substrate suited to the above magmetiording medium, a glass for a magnetic
recording medium substrate integrally having alltioé characteristics of an average linear
coefficient of expansion at 100 to 300°C of equmlot greater than 70 x 1I0C, a glass
transition temperature of equal to or higher th8A°€, and a Young's modulus of equal to or
higher than 80 GPa is particularly desirable. Phesent invention can provide a glass for a
magnetic recording medium substrate that integtaly all of the above characteristics.

[0059] 4. Specific modulus of elasticity and sfieayravity

To provide a substrate that resists deformatioanahe magnetic recording medium is
rotating at high speed, the specific modulus oteddy of the glass for a magnetic recording
medium substrate is desirably equal to or highantBO MNm/kg. The upper limit is, for
example, about 35 MNm/kg, but is not specificaliyited. The specific modulus of elasticity
is obtained by dividing the Young's modulus of tilass by its density. In this context, the
density can be thought of as a quantity obtainedxpyressing the specific gravity of the glass in
units of g/cm. Achieving a glass of low specific gravity makiespossible to lighten the



15

substrate in addition to increasing the specificdutos of elasticity. Lightening the substrate
can reduce the weight of the magnetic recordinginmedthus reduce the electric power required
to rotate the magnetic recording medium, and inhgsiwer consumption by an HDD. The
specific gravity of the glass for a magnetic reaogdmedium substrate desirably falls within a
range of less than 3.0, preferably within a ran§eequal to or lower than 2.9, and more
preferably, with a range of equal to or lower tR2a8b5.
[0060] 5. Acid resistance

In the course of producing the substrate of a m@gmecording medium, the glass is
processed into a disk shape and the main surfgoecessed to be extremely flat and smooth.
Following these processing steps, normally, thesisate is cleaned with an acid to remove
grime in the form of organic material that has adbeto the surface. In that case, when the
glass constituting the substrate has poor acidteasie, the cleaning with an acid roughens the
surface, flatness and smoothness are lost, ansLittstrate cannot be readily used in a magnetic
recording medium. In a glass for a magnetic reogrdnedium substrate for high-density
recording having a magnetic recording layer conggrisf a magnetic material of high Ku in
which high flatness and smoothness of the substtatace are required, good acid resistance is
particularly desirable. The glass of the presamémntion can achieve an acid resistance in the
form of an etching rate of equal to or less tha®®@m/minute when immersed in 1.7 mass
percent hydrofluosilicic acid agueous solution neimed at 45°C. A substrate that is rendered
even cleaner by removing foreign matter such aasia that has adhered to the surface can be
obtained by cleaning with an alkali following cléaa with an acid. To prevent a decrease in
flatness and smoothness of the surface of theratdstue to roughening during cleaning with an
alkali, the glass constituting the substrate dbsirhas good alkali resistance. Alkali resistance
can be achieved in the form of an etching ratecqpfaéto or less than 0.09 nm/minute when
immersed in a 1 mass percent potassium hydroxidears solution maintained at 50°C. The
acid resistance and alkali resistance as evaluatdtie above etching rates will be described
below.
[0061] The test of immersing the glass in a 1.&snpercent hydrofluosilicic acid aqueous
solution maintained at 45°C corresponds to therenmient to which the glass is exposed during
acid cleaning, or an environment that is similagréto. When the etching rate under these
conditions exceeds 0.G8n/minute, the flat, smooth substrate surface empdsaing roughened
by the acid cleaning, creating the risk of losihg flathess and smoothness of the substrate
surface. Thus, imparting the above acid resistancéhe glass for a magnetic recording
medium substrate makes it possible to provide atsatie in which flatness and smoothness are
diminished extremely little by the acid cleaninglhe acid resistance of the glass for a magnetic
recording medium substrate preferably falls withirange of an etching rate of equal to or less
than 0.07um/minute, more preferably within a range of equabt less than 0.06m/minute,
and still more preferably, within a range of equaabr less than 0.0bm/minute.

The etching rate denotes the depth of the glasacguthat is removed per unit time. It
can be calculated as the amount of etching pertinmé by using the specific gravity to convert
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the rate of weight reduction of a sample when ins@érin the above hydrofluosilicic acid

agueous solution to a rate of volumetric reducéind dividing it by the surface area of the glass.
[0062] Further, the test of immersing the glassairl mass percent potassium hydroxide
agueous solution maintained at 50°C correspondhedoenvironment to which the glass is
exposed during alkali cleaning, or an environmdvat tis similar thereto. A glass with an
etching rate of equal to or less than 0.09 nm/meinurtder these conditions makes it possible to
provide a substrate in which flatness and smoothass diminished extremely little by the alkali
cleaning. The alkali resistance of the glass fomagnetic recording medium substrate
desirably falls within a range of an etching rateequal to or less than 0.08 nm/minute. The
same method that is used to measure the etchiagamatcid resistance set forth above can be
used to measure this etching rate.
[0063] 6. Liquidus temperature

In the course of melting glass and molding theglaelt obtained, the glass crystallizes
and a homogenous glass cannot be produced whemdliing temperature is lower than the
liquidus temperature. Thus, the glass molding &napire must be greater than or equal to the
liquidus temperature. However, when the moldinggerature exceeds 1,300°C, for example,
the pressing mold employed in the course of predsging a glass melt reacts with the hot glass
and tends to be damaged. Even when conductingimgdhy casting a glass melt into a casting
mold, the casting mold tends to be similarly dandageFurther, there is a risk that the clarifying
effects of Sn oxide and Ce oxide will decreasehasclarifying temperature increases with the
molding temperature. Taking these points into antothe liquidus temperature is desirably
equal to or lower than 1,300°C. The liquidus terapge preferably falls within a range of
equal to or lower than 1,250°C, more preferablgraye of equal to or lower than 1,200°C. The
glass of the present invention makes it possiblactueve a liquidus temperature falling within
the above desirable range. The lower limit is specifically limited, but a temperature of
equal to or higher than 800°C can be thought af gardstick.
[0064] 7. Spectral transmittance

A magnetic recording medium is produced by a mead forming a multilayered film
comprising a magnetic recording layer on a gladsstsate. In the course of forming a
multilayered film on a substrate by the single sw@te film forming method that is currently the
mainstream, for example, the substrate is firgspduced into the substrate heating region of a
film-forming device and heated to a temperatunetzith film formation by sputtering or the like
is possible. Once the temperature of the subdbaderisen adequately, the substrate is moved
to a first film-forming region where a film corrempding to the lowest layer of the multilayer
film is formed on the substrate. Next, the substia moved to a second film-forming region
where a film is formed over the lowermost layer.heTmultilayered film is thus formed by
sequentially moving the substrate to subsequentfirming regions and forming films. Since
the heating and film formation are conducted urméeluced pressure achieved by evacuation
with a vacuum pump, heating of the substrate mestdnducted by a non-contact method.
Thus, the substrate is suitably heated by radiatidrhis film formation must be conducted
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while the substrate is not at a temperature thddwer than the temperature suited to film

formation. When the time required for forming edayer of the film is excessively long, the
temperature of the substrate that has been heatgd,dand there is a problem in that it is
impossible to achieve an adequate substrate temperan subsequent film-forming regions.
To maintain the substrate at a temperature pengitim formation for an extended period,
heating the substrate to a higher temperaturenisateable. However, when the heating rate of
the substrate is low, the heating period must benebed, and the time during which the substrate
remains in the heating region must be increaseds,Tthe residence time of the substrate in each
film-forming region increases, and an adequate tsafles temperature ends up not being
maintained in subsequent film-forming regions. tker, it becomes difficult to increase
throughput. In particular, when producing a magnetcording medium comprising a
magnetic recording layer comprised of a magnetiterrad of high Ku, it is desirable to further
increase the efficiency of heating the substraté vediation so as to heat the substrate to a high
temperature within a prescribed period.

In glasses containing SiCand AbOs, absorption peaks are present in the region
containing the wavelengths of 2,750 to 3,700 nmhe Tabsorption of radiation at short
wavelengths can be increased by adding an infrabsd+bing agent, described further below, or
by incorporating it as a glass component, therefgyarting absorption in the wavelength range
of wavelengths of 700 to 3,700 nm. The use ofaigfd radiation having a spectral maximum
in the above wavelength range is desirable toieffity heat the glass substrate with radiation,
that is, by irradiation with infrared radiation.t i conceivable to increase the power of the
infrared radiation while matching the maximum spactvavelength of the infrared radiation
with the peak absorption wavelength of the substrat Taking the example of a
high-temperature carbon heater as an infrared spitrsuffices to increase the input to the
carbon heater to increase the power of the infrastiation. However, considering the
radiation from the carbon heater as black bodyataah, an increase in the input increases the
heater temperature. This shifts the maximum wangleof the infrared radiation spectrum to
the short wavelength side, ending up outside theoraion wavelength region of the glass.
Thus, the powder consumption of the heater musinbde excessively high to increase the
heating rate of the substrate, creating a problgrehiortening the service lifetime of the heater
or the like.

In light of such problems, increasing the absorptf the glass in the above wavelength
region (wavelengths 700 to 3,700 nm), irradiatinigared radiation with the maximum spectral
wavelength of the infrared radiation in a statgmfximity to the peak absorption wavelength of
the substrate, and not employing an excessive haatet are desirable. Accordingly, to
increase the infrared radiation heating efficier@iyher the presence of a region in which the
spectral transmittance as converted to a thickak&mm is equal to or less than 50 percent in
the 700 to 3,700 nm wavelength region in the glasg magnetic recording medium substrate,
or a glass with transmittance characteristics shahthe spectral transmission as converted to a
thickness of 2 mm is equal to or less than 70 pe¢roeer the above wavelength region is
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desirable. For example, the oxide of at least me¢al selected from the group consisting of

iron, copper, cobalt, ytterbium, manganese, neodymipraseodymium, niobium, cerium,

vanadium, chromium, nickel, molybdenum, holmium,daerbium can function as an

infrared-absorbing agent. Further, water or OHugsocontained in water absorb strongly in
the 3um band, so water can also function as an infrab=ding agent. Incorporating a
suitable quantity of a component that is capabléun€tioning as the above infrared-absorbing
agent into the glass of the present invention capart the above desirable absorption
characteristic to the glass of the present inventioThe quantity added of the oxide that is
capable of functioning as the infrared-absorbingrags desirably 500 ppm to 5 percent,
preferably 2,000 ppm to 5 percent, more preferé&fi)0 ppm to 2 percent, and still more
preferably, falls within a range of 4,000 ppm tpe&tcent based on the mass as the oxide. For
water, the incorporation of more than 200 ppm isirdéle, and the incorporation of equal to or
more than 220 ppm is preferred, based on weigbbagerted to KDO.

When employing YEO; and NBOs as glass components, and when adding Ce oxide as
a clarifying agent, infrared absorption by thesenponents can be used to enhance substrate
heating efficiency.

[0065] [Magnetic recording medium substrate andhoe of manufacturing the same]

The magnetic recording medium substrate of thegreinvention is comprised of the
glass for a magnetic recording medium substrat¢hefpresent invention. The glass for a
magnetic recording medium substrate of the presemintion makes it possible to achieve a
glass substrate that has all of the three charsiotsrof high heat resistance, high rigidity, and
high coefficient of thermal expansion.

[0066] The present invention further relates tomathod of manufacturing a magnetic

recording medium substrate by preparing a glassimgdheating glass starting materials; using a
method of press molding, down draw, or floatingrtold the glass melt into a plate shape; and
employing a step of processing the plate-shapedsgtibtained to produce the magnetic
recording medium substrate of the present invention

[0067] In the press molding method, an outflowgigss melt is cut to obtain a desired glass
melt gob. The glass gob is then press molded waitpressing mold to prepare a thin

disk-shaped substrate blank.

In the down draw method, a gutter-shaped moldemhimee is employed to guide the
glass melt, the glass melt is caused to overflowhéotwo sides of the molded member, two
streams of glass melt flowing downward along thdd®d member are caused to flow together
beneath the molded member and then drawn downwatdhlded into a sheet form. This
method is also referred to as the fusion methoche Surfaces of the glass that has contacted the
molded member are laminated together to obtain tshy@ss without contact traces.
Subsequently, thin disk-shaped substrate blanksutreut of the sheet material obtained.

In the floating method, a glass melt is causedfléav out onto a float bath of
accumulated molten tin or the like, and molded irgloeet glass while being drawn.
Subsequently, thin disk-shaped substrate blanksudreut of the sheet material obtained.
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A center hole is provided in the substrate blamkstobtained, the inner and outer
circumferences thereof are processed, and the &wo sarfaces thereof are lapped and polished.
Next, a cleaning step comprising acid cleaning ah@li cleaning is conducted to obtain a
disk-shaped substrate.

In the present invention, the term "main surfacetans the surface of a substrate on
which a magnetic recording layer is to be providedhas been provided. Since such surfaces
are those with the largest area among the surfatekse substrate of a magnetic recording
medium, they are called main surfaces. In the ad#sa disk-shaped magnetic recording
medium, they correspond to the surface of the karcshape of the disk (excluding the center
hole when present).

[0068] One embodiment of the substrate of a magmecording medium of the present
invention is a magnetic recording medium substhaténg an ion-exchange layer over a part or
all of the surface thereof. The ion-exchange layar be formed by bringing an alkali salt into
contact with the substrate surface at high temperadnd causing the alkali metal ions in the
alkali salt to exchange with the alkali metal iansthe substrate. Normal ion exchange is
conducted by heating an alkali nitrate to obtairterosalt and immersing the substrate in the
molten salt. For example, the magnetic recordirggliom substrate is immersed in a molten
salt in the form of potassium nitrate to causeNBheons in the substrate to exchange with the K
ions in the molten salt, forming an ion-exchanggefaon the surface of the substrate. lon
exchange can reduce the quantity of alkali elubng of the substrate surface. When alkali
metal ions with a large ion radius are introduaegblace of alkali metal ions with a small ion
radius in the substrate, a compressive stress iayermed in the surface of the substrate. This
layer can chemically strengthen the substrate.

[0069] To obtain a magnetic recording medium salbsthaving the above ion-exchange layer,
the alkali metal ions that exchange by ion exchamigie the alkali metal ions contained as glass
components in the glass of the present inventien dasirably K, Rb, or Cs ions alone; a
combination of K ions and Rb ions; a combinatiorkKoibbns and Cs ions; a combination of Rb
ions and Cs ions; or a combination of K ions, Risjoand Cs ions. In the case of chemical
strengthening, the ion exchange is desirably caeduwithin a temperature range above the
distortion point and below the glass transition penature of the glass constituting the substrate,
in which the molten alkali salt does not thermalgcompose. When subjecting a substrate
comprised of a glass containing a glass compometitel form of L}O to ion exchange, molten
salt in the form of sodium nitrate can be employed.

The presence of an ion-exchange layer on the raistan be confirmed by observing
the glass cross-section (a plane passing throwglothexchange layer) by Babinet's method, the
method of measuring the concentration distributbmlkali metal ions from the surface of the
glass in the direction of depth, and the like.

[0070] Deflecting strength is commonly employedaasindex of the impact resistance of the
substrate of a magnetic recording medium. As shiowfig. 1, the deflecting strength can be
determined by placing a steel ball in the centde laf a substrate positioned on a holder,
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applying a load with a load cell, and taking thedovalue when the substrate is broken down.

The measurement can be conducted with a deflestirpngth measuring and testing device
(Shimadzu Autograph DDS-2000), for example. Thasglof the present invention can provide
a glass substrate having a deflecting strengttioofexample, equal to or greater than 10 kg,
desirably equal to or greater than 15 kg, and paiefg, equal to or greater than 20 kg.

[0071] The substrate of the present inventiorias.example, equal to or less than 1.5 mm in
thickness, desirably equal to or less than 1.2 mrthickness, and preferably, equal to or less
than 1 mm in thickness. The lower limit is deslyal3 mm.

[0072] The magnetic recording medium substratett@ present invention is desirably
disk-shaped. The main surface thereof desiraldyshaace properties (1) to (3) below:

(1) an arithmetic average surface roughness Raume@ over an area ofpln x 1 um
by an atomic force microscope of equal to or lothan 0.25 nm;

(2) an arithmetic average surface roughness Raureghsver an area of im x 5um
of equal to or lower than 0.15 nm;

(3) an arithmetic average surface waviness Wava\elength of 10¢um to 950um of
equal to or lower than 0.5 nm.

The grain size of the magnetic recording layet tedormed on the substrate is, for
example, less than 10 nm in a vertical recordinghoe To increase the recording density,
even when a minute bit size is employed, no impmm@ in magnetic characteristics can be
anticipated when the surface roughness of the mubsis high. By contrast, a substrate in
which the arithmetic averages Ra of the two typgesudace roughens of (1) and (2) above fall
within the above-stated ranges permits improvenmemhagnetic characteristics even when a
minute bit size is employed to achieve a high réicgy density. Keeping the arithmetic
average of surface waviness Wa of (3) above wittenstated range permits enhancement of the
floating stability of the magnetic head in an HDDI'he above-described acid resistance and
alkali resistance of the glass of the present itiwanare effective for achieving a substrate
having surface properties (1) to (3) described abov
[0073] [Magnetic recording medium]

The magnetic recording medium of the present itwancomprises a magnetic
recording layer on the substrate of the presermrition.

The magnetic recording medium is called a magraésk, hard disk, or the like. It is
suited to use in an internal memory device (fixézk ar the like) such as a desktop computer,
server-use computer, laptop computer, or mobileprder; internal memory device such as a
portable recording and reproduction device thabmds and reproduces images and/or sound;
vehicle-mounted audio recording and reproductionads; and the like.

For example, the magnetic recording medium is eeftipily comprised of, moving
outward from the main surface, at least an adhdaiwer, an undercoat layer, a magnetic layer
(magnetic recording layer), a protective layer, antlbricating layer laminated on the main
surface of a substrate.

For example, the substrate is introduced intolra-forming device within which a
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vacuum has been drawn, and the adhesive layerghrthe magnetic layer are sequentially

formed on the main surface of the substrate in matdosphere by the DC magnetron sputtering
method. The adhesive layer may be in the fornioofexample, CrTi, and the undercoat layer
may be in the form of, for example, CrRu. Followitme forming of these films, the protective
layer may be formed using,B4 by the CVD method, for example. Within the sarharober,
nitriding can be conducted to incorporate nitrogen the surface to form a magnetic recording
medium. Subsequently, for example, PFPE (polyfipolyether) can be coated over the
protective layer by the dip coating method to faubricating layer.

[0074] As set forth above, to achieve higher dgnsecording on a magnetic recording
medium, the magnetic recording layer is desirablynied of a magnetic material of high Ku.
Examples of magnetic materials that are desirabden fthis perspective are Fe-Pt-based
magnetic materials and Co-Pt-based magnetic misteliathis context, the term "based" means
containing. That is, in the magnetic recording medof the present invention, a magnetic
recording layer in the form of a magnetic recordisnger containing Fe and Pt, or Co and Pt, is
desirable. For example, the film-forming temperatwf magnetic materials that have
conventionally been widely employed, such as Cd#&¥ed materials, is about 250 to 300°C.
By contrast, the film-forming temperature of Febased magnetic materials and Co-Pt-based
magnetic materials is normally a high temperatuxeeeding 500°C. Further, to impart a
crystalline orientation to these magnetic filmsldaling film formation, they are normally
subjected to a high-temperature heat treatmente@dimy) at a temperature exceeding the
film-forming temperature.  Accordingly, when usinge-Pt-based magnetic materials or
Co-Pt-based magnetic materials to form a magnetiording layer, the substrate is exposed to
this high temperature. In that case, when thesgtamstituting the substrate has poor heat
resistance, it deforms at the high temperatureflatukess is lost. By contrast, the substrate that
is contained in the magnetic recording medium efgresent invention is comprised of the glass
of the present invention and can exhibit good meaistance. Thus, even following the
formation of a magnetic recording layer using anPE®ased magnetic material or a
Co-Pt-based magnetic material, a high degree ahdts can be retained. The magnetic
recording layer can be formed, for example, by fogra film of Fe-Pt-based magnetic material
or Co-Pt-based magnetic material by DC magnetraritesfing in an Ar atmosphere and then
conducting thermoprocessing at higher temperatueeheating furnace.

[0075] The Ku (crystal magnetic anisotropy enecgystant) is proportional to the coercivity
Hc. "Coercivity Hc" denotes the strength of thegmetic field that reverses the magnetization.
As set forth above, magnetic materials of high lKiuéresistance to thermal fluctuation. Thus,
they are known to be materials in which magnetizegions tend not to deteriorate due to
thermal fluctuation, even when extremely minute n&ig particles are employed, and are thus
suited to high-density recording. However, sinaeadtd Hc are proportional, as stated above,
the higher the Ku, the higher the Hc. That is, tineersal of magnetization by the magnetic
head tends not to occur and the writing of infoipratbecomes difficult. Accordingly, the
recording method of assisting the reversal of maggon of a magnetic material of high Ku by
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instantaneously applying energy to the data writregion through the head to lower the

coercivity when writing information with a magnetiead has gathered attention in recent years.
Such recording methods are referred to as "enesgigtad recording methods.” Among them,
the recording method of assisting the reversal agmetization by irradiating a laser beam is
referred to as the "heat-assisted recording méethaaj the recording method that provides
assistance by means of microwaves is referred theadmicrowave-assisted recording method".
As set forth above, the present invention pernties formation of a magnetic recording layer
with a magnetic material of high Ku. Thus, by canitg a magnetic material of high Ku with
energy-assisted recording, for example, it is fasgb achieve high-density recording in which
the surface recording density exceeds one teragh®/ Heat-assisted recording methods are
described in detail, for example, in IEEE Transawti on Magnetics, Vol. 44, No. 1, January
2008 119, and microwave-assisted recording metloelsdescribed in detail in, for example,
IEEE Transactions on Magnetics, Vol. 44, No. 1,udam 2008 125. Energy-assisted recording
can also be conducted in the present inventioméyrtethods described in these documents.
[0076] The dimensions of the magnetic recordinglion® substrate (for example, a magnetic
disk substrate) and those of the magnetic recordindium (for example, a magnetic disk) of
the present invention are not specifically limiteddecause they are capable of high-density
recording, the medium and substrate can be mimair For example, they are suitable as
magnetic disk substrates and magnetic disks witnimal diameters of 2.5 inches and even
smaller (such as one inch).
EXAMPLES
[0077] The present invention is described in greadetail below through Examples.
However, the present invention is not limited te #mbodiments shown in Examples.
[0078] (1) Preparation of glass melts

Starting materials such as oxides, carbonatestest and hydroxides were weighed out
and mixed to obtain blended starting materials imanner calculated to yield glasses of the
compositions shown in Table 1. Each of the stgrtiraterials was charged to a melting vessel
and heated, melted, clarified, and stirred for lsixurs within a range of 1,400 to 1,600°C to
prepare a homogenous glass melt containing no bsbbl unmelted matter. No bubbles,
unmelted material, crystal precipitation, or contamnts in the form of flame-resistant material
or platinum constituting the melting vessel wernerfo in the glasses obtained.
[0079] (2) Preparation of substrate blanks

Next, disk-shaped substrate blanks were prepareddthods A and B below.
(Method A)

The above glass melt that had been clarified amdolgenized was caused to flow out of
a pipe at a constant flow rate and received in ltveer mold of a pressing mold. The
outflowing glass melt was cut with a cutting blaieobtain a glass melt gob of prescribed
weight on the lower mold. The lower mold carryithg glass melt gob was then immediately
removed from beneath the pipe. Using an upper fiaalithg the lower mold and a sleeve mold,
the glass melt was press molded into a thin diglpehmeasuring 66 mm in diameter and 2 mm
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in thickness. The press-molded article was coateéd temperature at which it would not
deform, removed from the mold, and annealed, yigldah substrate blank. In the molding,
multiple lower molds were used and the outflowingsg melt was continuously molded into
disk-shaped substrate blanks.
(Method B)

The glass melt that had been clarified and homiagdnwas continuously cast from
above into the through-holes of a heat-resistastiramold provided with round through-holes,
molded into round rods, and brought out from bdmélaé¢ through holes. The glass that was
brought out was annealed. The glass was thendskteconstant intervals in a direction
perpendicular to the axis of the round rods usinqudtiwire saw to prepare disk-shaped
substrate blanks.

Methods A and B were employed in the present Exesnp However, methods C and
D, described below, are also suitable as methadsdmufacturing disk-shaped substrate blanks.
(Method C)

The above glass melt was caused to flow out oritoad bath, molded into sheet glass
(molded by the floating method), and then annealddisk-shaped pieces of glass were then cut
from the sheet glass to obtain substrate blanks.

(Method D)

The above glass melt was molded into sheet gkasheboverflow down draw method
(fusion method) and annealed. Disk-shaped pietgtass were then cut from the sheet glass
to obtain substrate blanks.

[0080] (3) Preparation of substrates

Through-holes were formed in the center of substibdanks obtained by the various
above methods. The inner and outer circumferetimasof were ground and the main surfaces
of the disks were lapped and polished (polisheahitoor surfaces) to finish them into magnetic
disk-use substrates 65 mm in diameter and 0.7 mthickness. The substrates obtained were
cleaned with a 1.7 mass percent hydrofluosilicid &&l,SiF) aqueous solution and a 1 mass
percent potassium hydroxide aqueous solution. These then rinsed with pure water and
dried. The surfaces of the substrates prepared fihe glass of Examples were observed under
magnification, revealing no surface roughness. diréaces were smooth.

In (4) below, disk-shaped substrates preparedhéybove-described method were used
without any change to prepare magnetic disks. Bé&glg, disk-shaped substrates prepared by
the same method as above were immersed in moltemsie form of potassium nitrate to
obtain substrates having an ion-exchange layemngextiby ion exchange on the surfaces thereof.
Such ion-exchange processing is effective to irsgedhe deflecting strength. The
cross-sections (planes passing through the ionaagsh layer) of substrates sampled from
multiple substrate subjected to ion-exchange psiegsvere observed by the Babinet’'s method,
revealing the formation of ion-exchange layers. aBle#ement by the above-described method
of the deflecting strength of various substratd®Wing ion-exchange processing revealed a
value of equal to or greater than 20 kg. Disk-sldlapubstrates that have been ion-exchange
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processed in this manner can also be employecpape magnetic disks.

In the above example, the substrates were immensadmolten salt in the form of a
potassium compound to prepare substrates havingxonmange layers. Instead of a molten salt
in the form of a potassium compound, ion-excharayers can also be formed by conducing
ion-exchange processing by immersing the substratay one of:

(A) a mixed molten salt of a potassium compoundanabidium compound;

(B) a mixed molten salt of a potassium compoundandsium compound;

(C) a mixed molten salt of a rubidium compound ar@ksium compound;

(D) a mixed molten salt of a potassium compoundidium compound, and cesium compound,;
(E) the molten salt of a rubidium compound; or

(F) the molten salt of a cesium compound.

Nitrates can be employed, for example, as the maiédt. The ion-exchange layer can
be formed over the entire region of the substraigase, formed over just the outer
circumferential surface thereof, or formed ovett jie outer circumferential surface and inner
circumferential surface thereof.

[0081] (4) Formation of magnetic disks

The following method was used to sequentially femmadhesive layer, undercoat layer,
magnetic layer, protective layer, and lubricatiagelr on the main surface of each of the glass
substrates obtained from the glasses of Exampksiryg magnetic disks.

[0082] First, a film-forming device in which a waem had been drawn was employed to
sequentially form the adhesive layer, undercoatriggnd magnetic layer in an Ar atmosphere by
the DC magnetron sputtering method.

[0083] At the time, the adhesive layer was fornemdan amorphous CrTi layer 20 nm in
thickness using a CrTi target. Next, a single-gals, static opposed type film-forming device
was employed to form a layer 10 nm in thicknessmased of amorphous CrRu as an undercoat
layer by the DC magnetron sputtering method in aatfosphere. Further, the magnetic layer
was formed at a film forming temperature of 400%Ing an FePt or CoPt target to obtain an
amorphous FePt or CoPt layer 200 nm in thickness.

[0084] The magnetic disks on which magnetic layead been formed were moved from the
film-forming device into a heating furnace and aaled at a temperature of 650 to 700°C.

[0085] Next, a protective layer comprised of hygkpated carbon was formed by CVD
method using ethylene as the material gas. Subs@guPFPE (perfluoropolyether) was used
to form a lubricating layer by the dip coating neh The lubricating layer was 1 nm in
thickness.

The above manufacturing process yielded magnatiksd
[0086] 1. Evaluation of glass
(1) Glass transition temperature Tg, coefficientngirmal expansion

The glass transition temperature Tg and averagaidicoefficient of expansianat 100
to 300°C of each of the glasses were measuredaviitermomechanical analyzer (TMA).

(2) Young's modulus
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The Young's modulus of each of the glasses wasune@ by the ultrasonic method.

(3) Specific gravity

The specific gravity of each of the glasses waasueed by Archimedes' method.
(4) Specific modulus of elasticity

The specific modulus of elasticity was calculdtean the Young's modulus obtained in
(2) above and the specific gravity obtained ingl8yve.

(5) Acid resistance

Substrates were prepared by the same method®as fibm the glasses of Examples 1
to 11 and 13 to 20 and of Comparative Examples d 2&n Masks were applied to create
unetched portions on portions of the substrategguesl, and with the masks in place, the glass
substrates were immersed for a prescribed perioal in7 mass percent hydrofluosilicic acid
agueous solution maintained at 45°C. Subsequéhé#yglass substrates were withdrawn from
the aqueous solution and the difference (in etghaigthe masked portion and the unmasked
portion was determined. This value was dividedthy period of immersion to obtain the
etching rate per unit time.

(6) Liquidus temperature

A glass sample was charged to a platinum crucilaintained for two hours at a
prescribed temperature, removed from the furnand, @oled. The presence or absence of
crystal precipitation was then observed by micrps¢c@nd the temperature at which no crystals
were observed was adopted as the liquidus temper@tuT.).

The above results are given in Table 1.

[0087] 2. Evaluation of substrates (surface roegsnsurface waviness)

A 5 um x 5um square region of the main surface of each osthstrates of Examples
(surface on which the magnetic recording layer tiwedike were laminated) was observed by an
atomic force microscope (AFM). The arithmetic aga of the surface roughness Ra was
measured for an area ofuin x 1 um and the arithmetic average of the surface rougthRa was
measured for an area ofubn x 5um. The arithmetic average of the surface wavivgasat a
wavelength of 10@m to 950um was also measured.

The arithmetic averages of the surface roughnessm&asured for an area ofuh x 1
um ranged from 0.15 to 0.25 nm for all of the glasbstrates of Examples. The arithmetic
averages of the surface roughness Ra measured &mea of Sum x 5um ranged from 0.12 to
0.15 nm. And the arithmetic averages Wa of surfsaeiness at a wavelength of 10t to
950 um were 0.4 to 0.5 nm. These ranges presentedalmepns for substrates employed in
magnetic recording media.

[0088] [Table 1]
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Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5
Molar %iMass % [Molar %iMass % [Molar %iMass % |Molar %iMass %|Molar %Mass %
Si0, 66.2 62.4 62.0 59.8 65.4 61.2 60.2 59.4 64.8 60.8
A0y ) 0.5 0.8 0.4 0.7 04 0.6 0.4 0.7 04 0.7
B,0; 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Li,O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Na,0 33 3.2 3.2 3.2 33 3.2 3.2 33 1.1 1.1
K;0 8.2 9.2 44 6.6 6.2 9.1 3.3 5.1 7.8 1.4
Cs,0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Mg0 6.5 4.1 9.6 6.2 6.5 4.1 11.7 7.8 75 438
Ca0 125 11.0 15.6 140 125 10.9 175 16.2 13.6 1.9
Sr0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Zn0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ZrOy 4.8 9.3 4.8 9.5 5.7 109 37 7.5 48 93
TiO, 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
é La,03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
'g Y203 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
% Yb,0, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
© Tay05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nb,Oj5 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
HfO2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 1008 100.0 100.0 100.0 100.0 100.0 1000 100.0 100.0 100.0
Si0y+AL,04+B,0; 66.7 632 62.4 60.5 65.8 61.8 60.6 60.1 65.2 615
Li;O+Na,0+K;0+Cs;0 9.5 12.4 7.6 9.8 9.5 12.3 6.5 8.4 88 125
Na,0+K,0 9.5 124 7.6 9.8 9.5 12.3 6.5 8.4 8.9 125
(Nay0+K,0)/(Li,0+Na,0+K,0+Cs,0) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
MgO+Ca0+Sr0+Ba0 19.0 15.1 25.2 202 18.0 15.0 29.2 240 21.1 16.7
MgO+Cal 19.0 15.1 25.2 20.2 1.0 15.0 29.2 240 211 16.7
SrO+Ba0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(MgO+Ca0)/(MgO+Ca0+8r0+Ba0) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Al,05/(MgO+Ca0) 0.026 0.065 0.016 0.071 0.021 0.049 0.014 0.083 0.018 0.056
Al,0,/Ca0 0.040 0.073 0.026 0.050 0.032 0.055 0.023 0.043 0.029 0.059
ArO, 438 9.3 48 9.5 5.7 10.9 37 7.5 4.8 9.3
2r0,/A,0, 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Specific gravity 2.7 2.8 27 2.8 2.7
é Glass transition temperature Tg[C] 687 692 698 690 710
g Avliggf eox(;jg:\lcengt[ if1 07rC] 79 80 ” 80 L&
g Young's modulus [GPa] 82 88 ’ 85 90 84
§ Specific modulus of elasticity[MNm/kg] 30.4 31 31 32 31
g Liquidus temperature[°C] 1180 1220 1200 Less than 1300 1250
o Etching rate[ um/minute] 0.03 0.03 0.03 0.03 0.03

(Note) AmOn means a total content of ZrO,, TiOs, La:0s, Y203, Yb20s, Ta:0s, Nb2Os, and HfOz.
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Etching rate[ um/minute]

Ex. 6 Ex. 7 Ex. 8 Ex. 9 Ex. 10
Molar %{Mass % |Molar %{Mass %|Molar %;Mass %|Molar %;Mass %|Molar %:Mass %
Si0, 63.6 59.5 57.6 55.9 65.5 618 65.9 62.0 64.1 0.0
Al;0; 0.4 0.7 2.1 35 0.4 0.6 08 1.4 0.4 0.7
B,0; 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
Li;O 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
Na,0 43 4.1 32 32 4.4 43 33 32 33 32
K,0 1.1 16 238 43 6.1 9.0 6.1 9.0 6.2 9.0
Cs,0 1.1 47 00 0.0 0.0 0.0 00 0.0 0.0 0.0
MgO 5.2 3.3 11.8 7.7 6.4 4.1 6.5 41 6.5 4.1
Ca0 19.6 171 127 16.0 12.4 109 125 11.0 12.5 11.0
Sr0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 00
é BaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
§ Zn0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
% Zr0, 47 9.0 48 9.5 4.8 9.3 48 9.3 48 9.3
© TiO; 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 22 2.7
La,0; 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Y,05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Yb,0, 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
Ta,05 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
NbyOs5 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
HfO2 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 100.0 100.0 100.0 100.1 100.0 100.0 100.0 100.0 100.0 100.0
Si0y*+AL0;+B,0; 64.0 60.2 59.7 59.4 65.9 62.4 66.8 63.4 4.5 60.7
Li;0+Na,0+K,0+Cs,0 6.5 104 6.0 15 10.5 133 9.4 122 9.5 122
Na;0+K,0 54 5.7 6.0 75 10.5 133 9.4 12.2 9.5 12.2
(N2,0+K,0)/(Li;0+Na,0+K,0+Cs,0) 0.8 0.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
MgO+CaO+SrO+Ba0 24.8 204 295 23.7 18.8 15.0 190 15.1 19.0 151
MgO+Cal 24.8 204 295 23.7 18.8 15.0 19.0 15.1 19.0 15.1
Sr0+Ba0 00 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
(MgO+Ca0)/(MgO+Ca0+SrO+Ba0) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Al,0,/(MgO+Ca0) 0.016 0.123 | 0071 0.467 0.021 0.048 0.047 0.115 0.021 0.057
AL,0,/Ca0 0.020 0.041 0.119 0.219 0.032 0.059 0.072 0.127 0.032 0.064
A0, 47 9.0 48 95 48 9.3 48 9.3 7.0 120
Zr0y/Ar0n 1.0 1.0 1.0 1.0 1.0 1.0 1.0 10 0.7 0.8
° Specific gravity 2.8 28 27 27 2.7
'% Glass transition temperature Tg[°C] 701 701 670 688 686
g N inesr expansion (x 1071 75 7 8 78 748
© Young's modulus [GPa] 20 93 83 84 85
g Specific modulus of elasticity[MNm/kg] 32 33 31 31 31
§ Liquidus temperature[°C] Less than 1290 [Higher than 1300 1220 1220 1180
a 0.03 0.07 0.03 0.03 0.03

(Note)AnOn means a total content of ZrO,, TiO,, La:0s, Y205, Yb203, Ta:05, Nb20s, and HfO:.
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Ex. 11 Ex. 12 Ex. 13 Ex. 14 Ex. 15
Molar %:Mass %|Molar %:Mass %|Molar % Mass %|Molar %:Mass %|Molar %;Mass %
SiO, 67.7 59.4 67.7 58.8 59.7 58.7 64.8 60.6 §7.9 52.8
Al Oy 0.5 07 0.5 0.7 0.0 0.0 0.4 0.7 0.4 0.7
B,0; 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Li,O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Na,0 34 3.1 34 3.0 3.2 3.2 0.0 0.0 3.1 3.0
K0 6.3 8.7 6.3 85 33 5.1 8.9 130 33 47
Cs,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MgO 2.1 1.3 21 1.2 11.6 76 15 47 83 5.1
Cal 128 10.5 12.8 10.4 175 16.0 13.6 11.8 16.1 13.7
Sr0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 49
- Zn0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0, 49 89 49 838 47 94 48 92 67 | 126
(o]
g— TiO, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 2.5
8 La,05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Y204 23 7.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Yb,05 0.0 0.0 00 0.0 0.0 00 00 0.0 0.0 00
Ta,05 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nb,O5 0.0 0.0 23 8.6 0.0 0.0 0.0 0.0 0.0 0.0
HfO2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Si0+Al,04+B,05 68.2 60.1 68.2 59.5 59.7 58.7 65.2 61.3 58.3 53.5
Li;O+Nay0+K,0+Cs,0 9.7 11.8 8.7 11.5 6.5 83 8.9 13.0 6.4 711
Na,0+K,0 8.7 11.8 9.7 115 6.5 83 89 13.0 6.4 77
(NayO+K;0)/(Li;0+Na,0+K,0+Cs,0) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
MgO+Ca0+SrO+Ba0 14.9 11.8 148 11.6 29.1 23.6 211 16.5 26.5 237
MgO+Ca0 14.9 1.8 14.9 1.6 29.1 236 21.1 16.5 244 18.8
SrO+Ba0 0.0 0.0 00 0.0 0.0 00 00 0.0 2.1 49
(Mg0+Ca0)/(MgO+Ca0+SrO+Bal) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.92 0.79
Al,05/(MgO+Ca0) 0034 | 0059 | 0034 | 0061 0000 i 0.000 | 0019 i 0054 | 0016 ! 0081
Al,03/CaC 0.038 0.067 0.039 0.067 0.000 0.000 0.028 0.059 0.025 0.051
AnOn 7.2 16.3 72 17.4 47 9.4 48 9.2 838 15.1
Zr0,/ A0, - 0.7 05 0.7 0.5 1.0 1.0 1.0 1.0 0.8 0.8
Specific gravity 28 2.8 2.8 2.7 2.95
-§ Glass transition temperature Tg[°C] 716 710 696 727 708
§ [ e Tos 73
e Young's modulus [GPa] 86 85 88 80 94
§ Specific modulus of elasticity[MNm/kg] 31 30 316 30 32
.g Liquidus temperature[°C] Less than 1200 | Less than 1200 | Less than 1300 | Less than 1300 Higher than 1300
2
o Etching rate[ um/minute] 0.03 - 0.04 0.03 0.06

(Note)AmOn means a total content of ZrO,, TiOs, La:0s, Y203, Yb20s, Ta:0s, NbzOs, and HfO:.
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Ex. 16 Ex. 17 Ex. 18 Ex. 19 Ex. 20
Molar %: Mass %|Molar %: Mass %|Molar %:Mass %|Molar %:Mass % |Molar %:Mass %
SiO, 71.3 67.0 65.3 61.4 59.2 56.6 66.3 63.2 67.8 624
Al,Oy 0.4 0.7 0.4 0.7 04 0.7 0.4 0.7 27 42
B;0; 0.0 0.0 0.8 0.9 00 0.0 0.0 00 0.0 0.0
Li,O 00 0.0 0.0 0.0 00 0.0 0.6 03 00 0.0
Na,0 33 3.2 3.3 32 32 3.2 4.4 43 45 43
K,0 6.2 91 | 62 9.2 33 5.0 45 6.7 52 15
Cs,0 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
MgO 6.5 4.1 6.5 4.1 9.5 6.1 6.5 42 21 13
Ca0 15 6.6 12.6 1.1 154 137 12.5 11.1 128 11.0
Sr0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BaO 00 0.0 0.0 0.0 00 0.0 0.0 0.0 00 0.0
Zn0O 00 0.0 0.0 0.0 43 55 0.0 0.0 0.0 0.0
ZrO, 48 9.3 4.9 9.4 4.7 8.2 4.8 95 48 9.3
S TiO, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
@ La03 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
‘gl Y;0, 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
S Yb,05 00 0.0 00 0.0 00 00 00 00 00 00
T2,05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
Nb; O35 00 00 | 00 0.0 0.0 0.0 0.0 00 0.0 0.0
HfO2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 100.0 100.0 100.0 100.0 100.0 1000 | 1000 100.0 100.0 100.0
SiO;+Al,05+B,03 717 67.7 66.5 630 59.6 57.3 66.7 63.9 705 66.6
Li;0+Nay0+K,0+Cs,0 9.5 123 9.5 124 65 82 9.5 113 9.7 11.8
Na;0+K,0 0.5 123 9.5 124 6.5 8.2 8.9 11.0 9.7 11.8
(Na,0+K,0)/(Li,0+Na;0+K,0+Cs;0) 1.0 1.0 1.0 1.0 10 1.0 0.9 1.0 1.0 1.0
Mg0+Ca0+8r0+Ba0 14.0 10.7 19.1 15.2 249 19.8 18.0 153 148 123
MgO+Ca0 14.0 10.7 18.1 15.2 249 19.8 19.0 153 149 123
SrO+Ba0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(MgO+C20)/(MgO+Ca0+Sr0+Ba0) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Al,03/(Mg0+Ca0) 0.029 0.057 0.021 0.056 0.016 0.085 0.021 0.064 0.181 0.356
Al,04/Ca0 0053 i 0106 | 0032 : 0063 | 0026 0.051 0.032 0063 | 0211 0.382
A0, 48 9.3 49 9.4 47 9.2 48 9.5 49 9.3
Zr0y/ A0, 1.0 1.0 1.0 10 1.0 1.0 1.0 1.0 1.0 1.0
Specific gravity 28 27 29 2.7 27
% Glass transition temperature Tg[°C] 692 675 678 662 700
% A\ll:snggre eizzfr?;ig?[ if1 07/C] 733 e L 80 783
% Young's modulus [GPa] 80 83 91 86 83
g Specific modulus of elasticity[MNm/kg] 30 31 32 32 31
é Liquidus temperature[°C] Less than 1300 1180 Less than 1300 1130 Less than 1200
o Etching rate[ um/minute] 0.03 0.03 0.03 0.03 0.03

(Note)AnOn means a total content of ZrQ,, TiOs, La:0s, Y205, Yb203, Ta:0s, Nb20s, and HfO:s.
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Comp.Ex. 1|Comp.Ex. 2
Molar % Mass %|Molar %iMass %
Si0; 60.3 493 64.6 56.7
Al O3 5 6.9 8.4 12.5
B,0; 0.0 0.0 0.0 0.0
Li,O 0.0 0.0 0.0 0.0
Na,0 0.0 0.0 148 134
K0 8.0 103 2.7 3.7
Cs,0 0.0 0.0 0.0 0.0
MgO 1.0 0.6 20 1.2
Ca0 15.0 115 20 1.6
SrO 0.0 0.0 0.0 0.0
BaO 8.0 16.8 2.5 5.6
Zn0O 0.0 0.0 0.0 0.0
ZrO, 2.7 48 3.0 5.3
g TiO, 0.0 0.0 0.0 0.0
g La,0; 00 00 00 00
§- Y03 0.0 0.0 0.0 0.0
o Yb,O4 0.0 0.0 0.0 0.0
Ta,05 0.0 0.0 0.0 0.0
Nb, O3 0.0 0.0 0.0 0.0
HfO2 0.0 0.0 0.0 0.0
Total 100.0 100.0 1000 100.0
Si0,+Al,051B,0; 65.3 56.2 73.0 69.2
Li,0+Na,0+K,0+Cs,0 8.0 10.3 17.5 17.1
Na,0+K;0 8.0 10.3 175 17.1
{Na,0+K,0)/(Li,0+Na,0+K,0+Cs,0) 1.0 1.0 1.0 1.0
MgO+Ca0+Sr0+Ba0 240 28.9 6.5 8.4
MgO+Cal ) 16.0 121 4.0 2.8
SrO+Ba0 8.0 16.8 2.5 5.6
(Mg0O+Ca0)/(Mg0O+CaO+Sr0+Bal) 0.67 0.42 0.62 0.33
Al,05/(MgO+C20) 0.313 0.670 2.100 0.731
Al,0,/Cal 0.333 0.600 4.200 7.813
A0, 2.7 4.6 3.0 5.3
Zr0y/A,0, 1.0 1.0 1.0 1.0
Specific gravity 30 2.7
é Glass transition temperature Tg[°C] 728 607
% A\ﬁ:agre eii’,iﬂifiﬂt&f1o-7/oc1 3.2 D
% Young's modulus [GPa] 79 77
§ Specific modulus of elasticityMNm/kg] 27 29
-g Liquidus temperature[°C] 1250 1000
a Etching rate[ #m/minute] 1.17 0.25

(Note) AmOn means a total content of
Zr0,, TiO,, Laz0s, Y203, Yb203, Ta:0s, Nb20s, and HfO-.
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[0089] As shown in Table 1, the glasses of Exasipied the three characteristics required of
magnetic recording medium substrates, namely, Higat resistance (high glass transition
temperature), high rigidity (high Young's moduluahd high coefficient of thermal expansion.

From the results in Table 1, it was also determihedl the glasses of Examples had high specific
moduli of elasticity that were capable of withstangd high-speed rotation, had low specific

gravities permitting substrate weight reductiond drad the good acid resistance required of
magnetic recording media.

By contrast, the glasses of Comparative Exampl@sdl?2 had low Young's moduli and
specific moduli of elasticity, and thus lacked tiaracteristics demanded of magnetic recording
medium  substrates. This was primarily because thmolar ratio of
{(MgO+Ca0)/MgO+Ca0O+SrO+Ba0O)} was less than 0.85 arlde molar ratio of
{Al ,04/(MgO+CaO)} exceeded 0.30.

From these results, it was determined that thegorteinvention yielded a glass having
the characteristics demanded of the magnetic rewprdedium substrate.

[0090] 3. Evaluation of magnetic disks
(1) Flatness

Generally, a degree of flatness of equal to orelothan 5um permits highly reliable
recording and reproduction. The degree of flatr#ss distance (difference in height) in the
vertical direction (direction perpendicular to tearface) of the highest portion and lowest
portion of the disk surfaces) of the surfaces & #arious magnetic disks formed using the
substrates of Examples by the above-described metivas measured with a flathness measuring
device. All of the magnetic disks had degreeslatnéss of equal to or lower thanup.
From these results, it was determined that thesgtabstrates of Examples did not undergo
substantial deformation even when processed at teigtperature during the formation of an
FePt layer or CoPt layer.

(2) Load/unload test

The various magnetic disks formed using the satestrof Examples by the above
methods were loaded into a 2.5-inch hard disk dheg rotated at a high speed of 5,400 rpm and
subjected to a load/unload test ("LUL" hereinafterThe spindle of the spindle motor in the
above hard disk drive was made of stainless stéte durability of all of the magnetic disks
exceeded 600,000 cycles. Further, although cratirdés and thermal asperity failures will
occur during LUL testing with deformation due toddference in the coefficient of thermal
expansion with the spindle material and deflectioe to high-speed rotation, such failures did
not occur during testing of any of the magnetidslis

From these results, the present invention wasrméied to permit highly reliable
recording and reproduction.

[0091] Magnetic disks prepared using the substrateExamples by the above methods were
loaded into the hard disk drive of a recording radtin which the reversal of magnetization was
assisted by irradiation with a laser beam (heastesk recording method) to prepare the
information-recording device of a heat-assistecbmdiog method. Separately, the magnetic
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disks that had been prepared were loaded intodteedisk drive of a recording method in which

recording was assisted with microwaves (microwasgstéed recording method) to prepare the
information-recording device of a microwave-assistaecording method. These
information-recording devices, which combined madignematerials of high Ku with
energy-assisted recording, were capable of aclgevigh-density recording, as set forth above.
INDUSTRIAL APPLICABILITY

[0092] The present invention can provide an optimagnetic recording medium for higher
density recording.
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CLAIMS

[Claim 1] Glass for a magnetic recording mediunbsitate, which comprises, denoted as
molar percentages,

50 to 75 percent of SiO

0 to 5 percent of AD;3,

0 to 3 percent of LO,

0 to 5 percent of ZnO,

a total of NaO and KO of 3 to 15 percent,

a total of MgO, CaO, SrO, and BaO of 14 to 35 eetc

a total of ZrQ, TiO,, LaOs, Y03, Yh,03, Ta,Os, Nb,Os, and HfQ of 2 to 9 percent,

with a molar ratio of {(MgO+CaO)/(MgO+CaO+SrO+BgQalling within a range of
0.85to 1, and a molar ratio of {ADs/(MgO+CaO)} falling within a range of 0 to 0.30.
[Claim 2] The glass for a magnetic recording medisubstrate according to claim 1, which
has an average coefficient of linear expansiongoiéto or greater than 70 x 10C at 100 to
300°C, a glass transition temperature of equaf tugher than 630°C, and a Young's modulus of
equal to or higher than 80 GPa.
[Claim 3] The glass for a magnetic recording medisubstrate according to claim 1 or 2,
which has a specific modulus of elasticity of eqwabr greater than 30 MNm/kg.
[Claim 4] The glass for a magnetic recording madsubstrate according to any of claims 1 to
3, which has a specific gravity of less than 3.0.
[Claim 5] The glass for a magnetic recording madsubstrate according to any of claims 1 to
4, which has an acid resistance in the form of twhieg rate of equal to or less than 0.09
um/minute when immersed in 1.7 mass percent hydveilicic acid aqueous solution
maintained at 45°C.
[Claim 6] The glass for a magnetic recording madsubstrate according to any of claims 1 to
5, which has a liquidus temperature of equal tmwer than 1,300°C.
[Claim 7] The glass for a magnetic recording madsubstrate according to any of claims 1 to
6, which comprises, denoted as molar percentages,

50 to 75 percent of SKD

0 to 3 percent of D,

0 to 5 percent of AD;3,

0 to 3 percent of LO,

0 to 5 percent of N®,

1 to 10 percent of O,

1 to 23 percent of MgO,

6 to 21 percent of CaO,

0 to 5 percent of BaO,

0 to 5 percent of ZnO,

0 to 5 percent of Tig)

2 to 9 percent of Zr©
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[Claim 8] The glass for a magnetic recording madsubstrate according to any of claims 1 to
7, wherein a content of Sj@anges from 57 to 68 molar percent.
[Claim 9] The glass for a magnetic recording madsubstrate according to any of claims 1 to
8, wherein a content of AD; ranges from 0.1 to 4 molar percent.
[Claim 10] The glass for a magnetic recording medsubstrate according to any of claims 1
to 9, which contains substantially neQL
[Claim 11] The glass for a magnetic recording maedisubstrate according to any of claims 1
to 10, wherein a content of ZnO ranges from O todtar percent.
[Claim 12] A magnetic recording medium substrathich is comprised of the glass according
to any of claims 1 to 11.
[Claim 13] The magnetic recording medium substeateording to claim 12, which comprises
an ion-exchange layer over a part or all of théaserthereof.
[Claim 14] The magnetic recording medium substrateording to claim 13, wherein the
ion-exchange layer has been formed by ion exchariipeat least one alkali metal ion selected
from the group consisting of K, Rb, and Cs.
[Claim 15] The magnetic recording medium substi@teording to any of claims 12 to 14,
which is disk-shaped and has a main surface wiflasel properties (1) to (3) below:
(1) an arithmetic average surface roughness Rauresh®ver an area of gm x 1 um by an
atomic force microscope of equal to or lower tha2b0hm;
(2) an arithmetic average surface roughness Raurezhsver an area of im x 5um of equal
to or lower than 0.15 nm;
(3) an arithmetic average surface waviness Wavad\eelength of 10@m to 950um of equal to
or lower than 0.5 nm.
[Claim 16] A method of manufacturing a magneticaieling medium substrate by preparing a
glass melt by heating glass starting materialsygisi method of press molding, down draw, or
floating to mold the glass melt into a plate shaped employing a step of processing the
plate-shaped glass obtained to produce the magrestarding medium substrate according to
any of claims 12 to 15.
[Claim 17] A magnetic recording medium, which camps a magnetic recording layer on the
substrate according to any of claims 12 to 15.
[Claim 18] The magnetic recording medium accordingclaim 17, wherein the magnetic
recording layer comprises either Fe and Pt or CbRin
[Claim 19] The magnetic recording medium accordmglaim 17 or 18, which is employed in
an energy-assisted recording method.



