Description

TitleofiInvention:METHODOFMANUFACTURINGGLASSB

RECORDING MEDIUM GLASS SUBSTRATE.

Technical Field

LANKFORMAGNETIC

[0001] The present invention relates to a method o f

manufacturing a glass blank for amagnetic recordin
substrate, a method of manufacturing a magnetic rec
glasssubstrate,andamethodofmanufacturingama

medium.

Background Art

[0002] Asamethodofmanufacturingamagneticreco
substratelmagnetiadisksubstrate) therearetypi

(1) amethod of manufacturing a substrate through a
step of subjecting amolten glass gob to press mold
ofpressmolds(hereinafter sometimesreferredto

See, for example, Patent Literature 1 and 2) and (2
manufacturing a substrate through a processing step
into adisk shape, a sheet-shaped glass formed by a

a down-draw method, or the like (hereinafter, somet
toas'sheet-shapedglass-cuttingmethod.” Seefo

Literature 3).

[0003] In conventional sheet-shaped glass-cutting m
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exemplifiedinPatentLiterature3andthelike a

medium substrate was obtained by carrying out a dis
step of processing asheet-shapedglassintoadisk
carrying out, as polish steps, a lapping step (roug
treatment) and a polishing step (precision-polishin

However, itis disclosed that, in the sheet-shaped

magneticrecording
k processing
shape andthen
h-polishing

g treatment).

glass-cutting

method disclosed in Patent Literature 3, the lappin g step
(rough-polishing treatment) is eliminated and only the polishing
step (precision-polishing treatment) is carried out as a polish
step.

[0004] On the other hand, in conventional press met hods
exemplified in Patent Literature 1, Patent Literatu re 2, and the
like, a magnetic recording medium substrate is usua lly obtained

by carryingoutapressmolding stepwithamethod

a molten glass gob, in which the molten glass gob i
lowermoldandapressingforceisthenappliedto
gobfromtheverticaldirectionbyusinganupperm
mold(hereinafter,sometimesreferredtoas'vertic

and then carrying out a lapping step, a polishing s
like.

[0005] Here, it is also proposed that, in the press
disclosed in Patent Literature 1, the lapping step
by, for example, using a highly rigid material as a
theuppemold thelowemold,andaparallelspac

the upper mold and the lower mold.

ofpressmolding
splacedina
themoltenglass
oldandthelower
aldirectpress"),

tep, and the

method
is eliminated
material for

erarrangedbetween



[0006] In addition, itis proposed that, in the pre
disclosedinPatentLiterature2,thepressmolding
outwith amethod inwhich a pressing force is appl
glass gob from the horizontal direction by using a
moldsarrangedsoastofaceeachotherinthehori
(hereinafter,sometimesreferredtoas"horizontal
Further, PatentLiterature2disclosesthefollowin

as advantages and disadvantages for the case of emp
horizontal direct press: (1) there is a difficult a

pair of press molds must be moved at a high speed,;
glassgob can be subjected to press moldingundera
its temperature is high; (3) a thinner glass substr

(glassblank)canbeobtained;and(4)apolishste

or eliminated.

Citation List
Patent Literature
[0007]

[Patent Literature 1] JP 2003-54965 A (claims, par
[0040] and [0043], FIG. 4 to FIG. 8, and the like)

[Patent Literature 2] JP 4380379 B (paragraph 0031
to FIG. 9, and the like )

[PatentLiterature 3]JP2003-36528A(FIG.3toF
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Summary of Invention

Technical Problem

[0008] Ontheotherhand, fromtheviewpointofen
productivity of a magnetic recording medium substra
effective to eliminate a lapping step or to carry o
stepin ashortertime, the lapping step being carr
forthepurposesofsecuringtheflatnessandunifo
ofthemagneticrecordingmediumsubstrate adjusti
andthelike. Thisisbecause alappingapparatus
carryingoutthelappingstep,andhenceman-hours

a magnetic recording medium substrate become larger
processingtime thereofincreases. Further,thela
causetheoccurrenceofcracksinthesurfacesofg
presensituationghaexaminationsheingnade
thelappingstep. Here,whenthesheet-shapedglas

andthepressmethodarecomparedfromtheviewpoin
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the lapping step, more advantageous is the sheet-sh aped

glass-cutting method, in which processing is carrie

a sheet-shaped glass having a higher flathess manuf
floatmethod, adown-drawmethod, orthelike. How
methodhastheadvantagethatglassisusedmoreef

with the sheet-shaped glass-cutting method.

[0009] In order to eliminate a lapping step or to ¢
a lapping step in a shorter time at the time of man

magnetic recording medium by applying post-processi
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blankmanufacturedbyusingverticaldirectpress,

to make the thickness deviation of the glass blank
improvetheflatnessthereof. Here,whenaglassb

by vertical direct press, the temperature of a lowe

to a temperature sufficiently lower than the temper
high-temperature molten glass gob in order to preve
glassgobfrommeltingandbondingtothelowermol
theperiodfromplacingthemoltenglassgobinthe
starting press molding, the molten glass gob loses
thesurfaceincontactwiththelowermold,andhen

of the lower surface of the molten glass gob placed
moldlocallyincreases. Asaresult,the pressmol

out to the molten glass gob having a wide viscosity
(temperature distribution), producing portions that
stretchingoypress. Besidesacoolingspeedafte

is different for each site in a glass molded body p
stretching glass by press molding so as to have a p
Consequently,aglassblankthatismanufacturedby
direct press is liable to have an increased thickne
orto have a deteriorated flatness. Further,inco

the above-mentioned mechanism, even in the case of
verticaldirectpressusingaparallelspacerasdi
Literature 1, itisdifficulttodrastically suppre

of the thickness deviation of the glass blank and t

of the flatness thereof.
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[0010] Further, it is described that a polish step can be

diminished or eliminated by adopting the horizontal direct press
disclosedin PatentLiterature 2. Moreover, whent histechnology
is adopted, two projected streaks are concentricall y provided in
the press-molding surface of each press mold, and h encethere are
formed, in the surface of a glass blank manufacture d, two
concentrically-shapedandV-shapedgrooveswhichha veadepthequal
toonefourthtoonethirdthethicknessofthegla ssblank. Besides,
the provision of the V-shaped grooves gives the adv antage that a
preciseprocessingstepappliedtotheinnerdiamet ersideandouter
diameter side of the glass blank and a polishing pr ocessing step
applied to its end surfaces are eliminated. Howeve r, when the
inventorsofthepresentinventionhaveintensively studiesonthis
technology,theinventorshavefoundthatthethick nessoftheglass
blank manufactured tends to be thinner in the inner diameter side
ratherthantheouterdiameterside andhencethe thicknessdeviation
cannot be significantly improved compared with the case of using
verticaldirectpress. Inaddition,theinventors havealsofound
thatthe glass blank manufacturedisliable to have cracksandthe
yieldisliable tolower. Note thatthe cracksin the glass blank
haveoccurredinV-shapedgrooveportions,andhenc ethecrackdefect
isestimatedtobeattributedtostressconcentrati onintheV-shaped

groove portions.
[0011] By the way, examination has been made inrec entyears

onusingmagneticmaterialshavinghigh magneticanisotropyenergy



(high Ku magnetic materials), such as an Fe-Pt-base d material and

aCo-Pt-basedmaterial,forthepurposeofattainin ghigherdensity
recordinginamagneticrecordingmedia. Amagneti cparticlehaving
asmallerdiameterisnecessaryforattaininghigh recordingdensity.
Meanwhile,themagneticparticlehavingasmallerd lameterinvolves

a problem with the deterioration of magnetic charac teristics
attributedahermalfluctuation. Ashehighku magnetianaterials
resist the influence of thermal fluctuation, the hi gh Kumagnetic
materials are expected to contribute to attaining h igh density
recording.

[0012] However theabove-mentionedhighkKumagneti cmaterials
need to have a particular crystal orientation state in order to
realize highKu. Forthatpurpose,the highKumag netic materials
need to be formed into a film at high temperature o r need to be
subjectedtoheattreatmentathightemperature aft erbeingformed
intoafilm. Thus,inordertoformamagneticrec ordinglayermade

of each of these high Ku magnetic materials, amagn eticrecording
medium substrate made of glass is required to have high
heat-resistance necessary for being able to endure the
above-mentioned high-temperature treatment, thatis ,ahighglass

transition temperature.

[0013] On the other hand, when a glass blank for a magnetic
recordingmediumsubstrateismanufacturedoyverti caldirectpress,
which has been conventionally used as a method of m anufacturing
amagnetic recording medium substrate by a press me thod, thereis



aprobleminthat,asaglassmaterialtobeusedf
theglassblankhasahigherglasstransitiontempe
accuracy of the glass blank is more liable to lower
for this is that in usual vertical direct press, mo
placedinalowermoldarrangedonarotatingtable
glass in the lower mold is then subjected to press
anupper moldandthe lower mold. Thatis, during
thetimeatwhichthemoltenglassisplacedinthe
thetimeofthestartofthepressmolding,thelow
bythe moltenglasshavingahightemperature. Mor
to adjust the viscosity of a glass material having
transitiontemperaturetoaviscosity range suitabl
molding, itis necessary to set the temperature of
gobplacedinthelowermoldtoahighertemperatur

if the temperature of the molten glass gob is sett
athetimeothepressmolding heatbecomesdliab
totherotatingtableviathelowemmold,andasa
tablesupportingthelowermoldiseventuallydefor
Thustheshapeaccuracyotheglassblanksuchas
andflatnessconsequentlylowers. Theabove-mentio
is the reason for the problem.

[0014] As the viscosity distribution
distribution) of the molten glass gob becomes wider

press molding in the vertical direct press, as desc
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thickness deviation of the glass blank and the redu ction of the

flatness thereof. Further, even if the horizontal direct press
disclosednPatent_iterature2wasadopted thet hicknessdeviation
ofthe glass blankwas notbe able to be improvedd rastically, and
moreover, a crack defect was easily caused. In add ition, when a
glassblankismanufacturedbyusingaglassmateri alhavingahigher
glass transition temperature for the purpose of imp roving heat
resistance,theshapeaccuracyoftheglassblanki nevitablylowers.
[0015] The present invention has been made in view of the
above-mentioned circumstances, and an object of the present
invention is to provide a method of manufacturing a glass blank
for a magnetic recording medium glass substrate, th e glass blank
being able to be formed into a magnetic recording m edium glass
substrate having excellent heat resistance by carry ing out
post-processing beingexcelleninthicknessdevia tionandflatness,
and having little crack defect, and a method of man ufacturing a
magnetic recording medium glass substrate and a met hod of
manufacturing a magnetic recording medium each usin g the method
ofmanufacturingaglassblankforamagneticrecor dingmediumglass
substrate.

Solution to Problems
[0016] The above-mentioned objectisachieved byt he present
invention described below.

Thatis,amethodofmanufacturingaglassblankf oramagnetic



recordingmediumglasssubstrateaccordingtothep
includes:manufacturingaglassblankforamagneti

glass substrate by at least press molding a falling
gob with a first press mold and a second press mold
faceeachotherinadirectionperpendiculartoad
themoltenglassgobfalls,inwhich:themoltengl|
ofaglass materialhavingaglasstransitiontempe
ormore;andwhenthepressmoldingiscarriedout
glassgobiscompletelyextendedbypressureandmo
glass between a press-molding surface of the first
apress-moldingsurfaceofthesecondpressmold,a
incontactwiththeflatglassineachofthepress
ofthefirstpressmoldandthepress-moldingsurfa
press mold forms a substantially flat surface.

[0017] Inamethodofmanufacturingaglassblankf
recording medium glass substrate according to one e
the present invention, it is preferred that the gla
amagneticrecordingmediumglasssubstrate havean
expansion coefficient at 100 to 300°C of 70x10
Young's modulus of 70 GPa or more.

[0018] Inamethodofmanufacturingaglassblankf
recording medium glass substrate according to anoth
of the presentinvention, itis preferred that the
include, as a glass composition expressed in mol%,

SiO», 0 to 5% of Al 20;, 0 to 3% of Li
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in total of at least one kind of component selected
K20, 14 to 35% in total of at least one kind of compo
from MgO, CaO, SrO, and BaO, and 2 to 9% in total o

kindofcomponentselectedfromZrO 2, TIO

fromNa ,0O and
nent selected

f at least one

2,La 2G5Y 205,Yb 2G5, Ta 26,

Nb,Gs,andHfO ,,andthe molarratio{(MgO+CaO)/(MgO+CaO+SrO+Ba0)}

be in the range of 0.8 to 1 and the molar ratio {Al

be in the range of 0 to 0.30.

[0019] Inamethodofmanufacturingaglassblankf
recording medium glass substrate according to anoth
ofthe presentinvention,itispreferredthatthe
manufacturingmoltenglassbyheatingandmeltinga
preparedsoastohaveapredeterminedglasscompos

the molten glass gob by causing the molten glass to
glass outlet and cutting a forward end portion of a
flow continuously flowing outdownward inthe verti
inwhichtheviscosityofthemoltenglassflowis

value in a range of 500 to 1,050 dPa -S.
[0020] Inamethodofmanufacturingaglassblankf
recording medium glass substrate according to anoth
ofthepresentinvention,themethodincluding:sep
glassgobfromamoltenglassflowflowingoutfrom
andpressmoldingthemoltenglassgobintoathin
glass) with a press mold, thereby manufacturingag

a magnetic recording medium glass substrate to be p

amagnetic recording medium glass substrate, itis
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a flat glass be produced by preparing a glass mater
glass including, as a glass composition expressed i
75% of SiIO  ,, 0 to 5% of Al 20;, 0 to 3% of Li

to 15% in total of at least one kind of component s

Na,O andK >0, 14 to 35% in total of at least one kind of compo

selected from MgO, CaO, SrO, and BaO, and 2t0 9%

least one kind of component selected from ZrO

ial so that a

n mol%, 50 to

,0, 0to 5% of ZnO, 3

elected from
nent

in total of at

2, TIO 2, La 205, Y 20,

Yb,G;, Ta &, Nb .G, and HfO 5, in which the molar ratio
{(MgO+CaO)/(MgO+CaO+SrO+Ba0O)}isinthe range of 0. 8tolandthe
molarratiofAl 203/(MgO+CaO)lisintherangeof0to0.30isobtaine d,

heatingandmeltingtheglassrawmaterialtoprodu
causingthemoltenglasstoflowoutwithaconstan
theviscosityrangeof500to1,050dPa-s,separati
gob by cutting a molten glass flow in a state in wh
glassflowisdroppingfromaglassoutlettocause

gob to fall, and press molding the falling molten g
[0021] Amethod of manufacturingamagneticrecordi
glass substrate according to the present invention
manufacturing a glass blank foramagnetic recordin
substratebyatleastpressmoldingafallingmolte

afirstpress mold and a second press mold both so
otherinadirectionperpendiculartoadirectioni
glassgobfalls;andmanufacturingamagneticrecor

substrate by at least polishing main surfaces of th

inwhich:themoltenglassgobisformedofaglass
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aglasstransitiontemperatureof600°Cormore;an
molding is carried out so that the molten glass gob
extended by pressure and molded into a flat glass b
press-molding surface of the firstpress mold and a
surfaceofthesecondpressmold, atleastaregion

the flat glass in each of the press-molding surface
press mold and the press-molding surface of the sec
forms a substantially flat surface.

[0022] Amethod of manufacturingamagneticrecordi
accordingtothepresentinventionincludes:manufa
blank by at least press molding a falling molten gl
afirstpress mold and a second press mold both so
otherinadirectionperpendiculartoadirectioni

glass gob falls; manufacturing a magnetic recording
substrate by at least polishing main surfaces of th

and manufacturing a magnetic recording medium by at
amagnetic recording layer on the magnetic recordin
substrate inwhichthemoltenglassgohisformed

having a glass transition temperature of 600°C or m
the press molding is carried out so that the molten
completelyextendedbypressureandmoldedintoaf
apress-moldingsurfaceofthefirstpressmoldand
surfaceofthesecondpressmold, atleastaregion

the flat glass in each of the press-molding surface

press mold and the press-molding surface of the sec
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forms a substantially flat surface.

Advantageous Effects of Invention

[0023] Accordingahepreseninventiontherec
the method of manufacturingaglassblankforamag
medium glass substrate, the glass blank being able
into amagnetic recording medium glass substrate ha
heat resistance by carrying out post-processing, be
inthicknessdeviationandflatness,andhavinglit

and the method of manufacturing a magnetic recordin
substrateandthemethodofmanufacturingamagneti
eachusingthemethodofmanufacturingaglassblan

recording medium glass substrate.

Brief Description of Drawings

[0024]

[FIG. 1] FIG. 1 is a schematic cross-sectional view

a part of all steps in one example of a method of m

a glass blank for a magnetic recording medium glass
according to an embodiment of the present invention
[FIG. 2] FIG. 2 is a schematic cross-sectional view

a state after having gone through the processillus

1 in one example of a method of manufacturing a gla

a magnetic recording medium glass substrate accordi

embodiment of the present invention.
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[FIG. 3] FIG. 3 is a schematic cross-sectional view

one example of a falling molten glass gob in a stat

gone through the process illustrated in FIG. 2.

[FIG. 4] FIG. 4 is a schematic cross-sectional view

a state after having gone through the processiillus

3 in one example of a method of manufacturing a gla

a magnetic recording medium glass substrate accordi
embodiment of the present invention.

[FIG. 5] FIG. 5is a schematic cross-sectional view

a state after having gone through the processillus

4 in one example of a method of manufacturing a gla

a magnetic recording medium glass substrate accordi
embodiment of the present invention.

[FIG. 6] FIG. 6 is a schematic cross-sectional view

a state after having gone through the processiillus

5 in one example of a method of manufacturing a gla

a magnetic recording medium glass substrate accordi
embodiment of the present invention.

[FIG. 7] FIG. 7 is a schematic cross-sectional view

a state after having gone through the processiillus

6 in one example of a method of manufacturing a gla

a magnetic recording medium glass substrate accordi
embodiment of the present invention.

[FIG. 8] FIG. 8 is a schematic cross-sectional view

a state after having gone through the processillus
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7 in one example of a method of manufacturing a gla

a magnetic recording medium glass substrate accordi
embodiment of the present invention.

[FIG. 9] FIG. 9 is a schematic cross-sectional view

a state after having gone through the processiillus

8 in one example of a method of manufacturing a gla

a magnetic recording medium glass substrate accordi

embodiment of the present invention.

Reference Signs List

[0025]

10 glass effluent pipe

12 glass outlet

20 molten glass flow

22 forward end portion

24 molten glass gob

26 thin flat glass

30 lower side blade (shear blade)

32 body portion

32B lower surface (of body portion)

34 blade portion

34A tip (of blade portion)

34U upper surface (of the blade portion)
34B lower surface (of the blade portion)

36 pressing member
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36A tip (of pressing member)

38 fitting portion

40 upper side blade (shear blade)
42 body portion

42B lower surface (of body portion)
44 blade portion

44U upper surface (of blade portion)
44B lower surface (of blade portion)
50 first press mold

52 press mold body

52A press molding surface

54 guide member

54A guide surface

60 second press mold

62 press mold body

62A press molding surface

64 guide member

64A guide surface

Description of Embodiment

[0026]

[Method of manufacturing glass blank]
Amethodoimanufacturingaglassblankforamagn

medium glass substrate (which may be hereinafter ab

"glassblank")accordingtoanembodimentofthe pr
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includes manufacturing a glass blank by at least go
press-moldingstepofpressmoldingafallingmolte
afirstpress mold and a second press mold both so
otherinthedirectionperpendiculartothedirecti

molten glass gob falls, and is characterized in tha
glass gob is formed of a glass material having a gl
temperature of 600°C or more, and when the molten g
completely extended by pressure betweenthe press-m
ofthefirstpressmoldandthepress-moldingsurfa

press mold by carrying out the press-molding step,
formedntoeflatglassaleastaregionneach

surface of the first press mold and the press-moldi
the second press mold, the region being in contact

glass, has a nearly flat surface.

[0027] In the method of manufacturing a glass blank

magneticrecordingmediumglasssubstrateaccording
of the presentinvention, the glass transition temp
glass materialtobe usedformanufacturingaglass

or more. Here, itis known that the heat resistanc
astrongcorrelationwithitsglasstransitiontemp

the glass transition temperature of a magnetic reco
substratemadeofglassmanufacturedbyanyofaco
methodandaconventionalsheet-shapedglass-cuttin
below 600°C, thatis, about 450 to about 500°C. Th

recordingmediumglasssubstratemanufacturedbyus
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manufacturedbythemethodofmanufacturingaglass
toanembodimentofthepresentinventionhashighe
than conventional magnetic recording medium
Consequently,evenifthemagneticrecordingmedium
obtained according to an embodiment of the present
subjectedtoheattreatmentathightemperature,th

flatness that the magnetic recording medium glass s
isnoimpaired. Thereforewheramagnetiaecord

on the magnetic recording medium glass substrate by
Ku magnetic material, for example, the high Ku magn
canbeeasilyformedintoafilmathightemperatur
subjectedtoheattreatmentathightemperature aft

into a magnetic recording layer. As aresult,itb

attain high density recording in a magnetic recordi
Moreover,inadditiontotheforegoing,whenthema
medium glass substrate obtained fromthe glass blan
bythemethodoimanufacturingaglassblankaccord
ofthepresentinventionisusedtomanufactuream

medium, ahigher-temperature film-forming processc

as compared with the case where conventional magnet
mediumsubstratesareused. Thus,thedegreeofde
designing a magnetic recording medium becomes highe
theglasstransitiontemperatureoftheglassmater

610°Cormore,morepreferably620°Cormore,still

630°C or more, still more preferably 640°C or more,

19

blankaccording
rheatresistance
substra tes.
glasssubstrate
invention is
eextremelyhigh
ubstrate has
indayeligormed
using a high
etic material
eorcanbeeasily
erbeingformed
ecomes easy to
ng medium.
gneticrecording
kmanufactured
ingocanembodiment
agneticrecording
anbeadopted,
ic recording
signfreedomin
r. Note that
ialispreferably
morepreferably

still more



preferably650°Cormore,stillmorepreferably655
more preferably 660°C or more, particularly prefera
more, mostpreferably 675°C ormore. Onthe other
limitotheglasstransitiontemperatureisnotpa

but may be set to, for example, about 750°C.
[0028] Further, the method of manufacturing a glass
accordingtoanembodimentofthepresentnvention
direct press in which a falling molten glass gob is
with a first press mold and a second press mold bot
each other in the direction (horizontal direction)

to the direction in which the molten glass gob fall
horizontaldirectpress,themoltenglassgobisne
broughtinto contact with nor temporarily held by a
atemperature lower thanthe molten glass gob has,
mold,duringtheperioduntilthemoltenglassgob
Thus, at the time just prior to the start of the pr

the viscosity distribution ofthe moltenglassgob

inthe horizontal direct press, though the viscosit
ofthemoltenglassgobbecomesverylargeinverti
Hence, it is extremely easy to stretch the molten g
uniformlyandmorethinlybypressmoldingintheh
pressascomparedwiththeverticaldirectpress.
inthecasewhereaglassblankismanufacturedoy

direct press, it is extremely easy to drastically s

increaseotthethicknessdeviationancthereducti
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as compared with the case where a glass blank is ma
using the vertical direct press.

[0029] Note that a molten glass gob can be, in prin
stretchedmoreuniformlyandmorethinlyatthetim
byusingthehorizontaldirectpressratherthanth

press, as described above, and hence the thickness
flatnesscanbesignificantlyimproved. However,i

that even in the case of carrying out the vertical
inwhichamoltenglass gob hasawide viscosity di
priortothestartofpressmolding,ifthetempera
moltenglassgobisfurtherincreasedatthetimeo
andtheviscosityofthewholemoltenglassgobis

the thickness deviation and the flatness can be sig
improved. However, although the method as describe
appliedtathecaseofusingaglassmateriahavin

temperature of less than 600°C (low Tg glass), it b
difficulttoapplythe methodtothe caseofusing

having a glass transition temperature of 600°C or m
glass), in proportion to the increase of the glass
temperature.
[0030] The reason for thatis as described below.
theverticaldirectpress,alowermoldisheatedb
gobandiscontinuouslyexposedtothermalstressd

fromthetime of supplyingthemoltenglassgobint

untilthe start of press molding. Thus, inthe cas
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TG glass in place of low Tg glass, the temperature
glass gob needs to be increased in order to secure

of the molten glass gob suitable for press molding.
thetemperatureofthemoltenglassgobisincrease

to the lower mold becomes larger. As aresult, the
surface ofthe lower mold and molten glass are melt
otherand/orthepress-moldingsurfaceofthelower
deterioratesordeforms. Thus,whenhighTgglass
mass production of aglass blank by the vertical di
accumulation of thermal stress to a lower mold incr
passes,leadingtotheoccurrenceoftheabove-ment
Consequently, evenifthe vertical direct pressis

using the high Tg glass, itis difficult to make ma

of a glass blank whose thickness deviation and flat
significantly improved.

[0031] However,evenifthehorizontaldirectpress
outbyusinghighTgglasshavingsuchaglasstran

thatthe mass production ofaglass blankbecomesd
case of using the vertical direct press, it is extr

make mass production of a glass blank whose thickne
andflatnessaresignificantlyimproved. Thereis
thereasonforthis,thefactthat,whenthehorizo
iscarriedout, the periodduringwhichthe press-m
ofpressmoldsandshigh-temperaturemoltenglass

toeach otheris substantially only the time of pre
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hence the time duringwhich thermal stressis appli edtothepress

molds is shorter as compared with the vertical dire ctpress. In
addition,thereisgiven,asthesecondreason,the factthat,when
pressmoldingscarriedoutsathatamoltenglass gohcanbestretched
uniformlyandthinlywhileusinghighTgglasshavi ngthesameglass
transitiontemperature, the temperature of the whol emoltenglass
gob can be set lower in the horizontal direct press rather than
the vertical direct press. This is because the vis cosity
distributionofamoltenglassgobjustpriortoth estartofpress
molding is uniform in the horizontal direct press, and hence the
moltenglassgobiseasily stretched thinlyand uni formly, butthe
viscositydistributionofamoltenglassgobjustp riortothestart

of press molding is very wide in the vertical direc t press, and
hence the molten glass gob is not easily stretched thinly and
uniformly.

[0032] Further, inthe method of manufacturing a gl assblank
accordingtoanembodimentofthe presentinvention ,whenamolten
glass gob is completely extended by pressure betwee n the
press-moldingsurfaceofthefirstpressmoldandt hepress-molding
surface ofthe second pressmold by carryingoutth epress-molding
step, thereby being formed into a flat glass, at le ast a region
in each of the press-molding surface of the first p ress mold and
thepress-moldingsurfaceofthesecondpressmold, theregionbeing

in contact with the flat glass (hereinafter, someti mes referred
toas"moltenglassstretchingregion™),hasanear lyflatsurface.
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Thatis, no V-shaped groove is formed in the surfac
blank manufactured by the method of manufacturing a
according to an embodiment of the present invention
V-shapedgrooveexistsintheglassblankmanufactu

of manufacturing a glass blank according to an embo
presentinvention, thoughverylarge V-shaped groov
adepthonefourthto one third the thickness ofa

on the surface of the glass blank manufactured by t
method described in Patent Literature 2, the produc
includingadoptingthesamehorizontaldirectpress

of manufacturing a glass blank according to an embo
present invention. Thus, in the glass blank manufa
method of manufacturing a glass blank according to
ofthepresentinvention,nocrackdefectestimated

to stress concentration in V-shaped groove portions
[0033] Further,theglassblankmanufacturedbythe
manufacturingaglassblankaccordingtoanembodim
invention is excellent in thickness deviation, as c

the glass blank manufactured by the production meth
in Patent Literature 2 including adopting the horiz
press. As described above, the horizontal direct p
significantlyimprovethethicknessdeviationasco
vertical direct press. Thus, it is expected that,

of manufacturing a glass blank according to an embo

present invention and the production method describ
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Literature 2 both including adopting the horizontal

are carried out, each resultant glass blank has sim
deviation. However, the method of manufacturing a
accordingtoanembodimentofthepresentinvention
make the thickness deviation smaller than the produ
described in Patent Literature 2 can. Specific rea
occurrenceofsuchdifferenceareunknown, butiti

the difference may be influenced by, atthe time of
forexample,(1)adifferenceinflowresistancewh

gob spreads in the direction parallel to press-mold
between a pair of the press-molding surfaces facing
(2) alocal difference in the cooling speed of amo
inthemoltenglassstretchingregion,thedifferen

by thermal exchange between each press-molding surf
stretching molten glass gob, and the like.

[0034] That is, the production method described in
Literature 2 involves providing concentrically-shap
streaks for forming V-shaped grooves in press-moldi
Thus, inthe case where the production method descr
Literature 2 is used, flow resistance becomes large
withthecasewherethemethodoimanufacturingag
toanembodimentofthe presentinventionisused.

in flow resistance is estimated to make eventually

in the time from the start of the stretch of a molt

until the completion of its spread, if each molten
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the same viscosity. Moreover, when press moldingi
carriedoutintheproductionmethoddescribedinP

2, as the projected streak portions provided in pre
surfaces project relative to flat portions around t
streaks, the projected streak portions are liable t

the intermission of press molding (period during wh
glasggolsnoincontactvithpress-moldingsurf

the heightofeach projected streakis approximatel

one fourth to one third the thickness of a glass bl

the heat capacity of the projected streak portions
Thus,itisconceivablethatthecoolingspeedoft

come into contact with the projected streak portion
theinnerperipheralsideofthemoltenglassgobt
atthetimeofpressmoldingthanthecoolingspeed

if the accumulative time of the contact between the
gob and each of the projected streak portions is al
consideration. It is therefore estimated, based on
described above, that the method of manufacturing a
according to an embodiment of the present invention
thicknessdeviationsmallerthanthemethodofmanu
blank described in Patent Literature 2 can, even th
the methods adopts the same horizontal direct press
[0035] Notethat,inthemethodofmanufacturinga
accordingtoanembodimentofthe presentinvention

moltenglassstretchingregioninthepress-molding
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tohaveanearlyflatsurface, oreachwhole press-
mayhaveanearlyflatsurface. Here theterm'ne

also means, in addition to a usual flat surface who
issubstantiallyzero,asurfacehavingsuchavery

that a slightly convex surface or a slightly concav
formed. Further, it is naturally allowed for the "
surface"tohave minuteirregularitieswhicharefo
flattening processing, usual mirror polishing proce
like is applied at the time of manufacturing press

is also acceptable for the "nearly flat surface" to
portions and/or concave portions larger than
irregularities, if necessary.

[0036] Here, itisallowedforthe convexportionl
the minute irregularity to include a substantially

convexportionand/orasubstantiallylinear-shaped

molding surface
arlyflatsurface"
se curvature
smallcurvature
e surface is
nearly flat
rmedwhenusual
ssing, or the
molds, and it
have convex

the mi nute

argerthan
point-shaped

convexportion

eachhavingsuchaheightof20 umorlessthatthose portionshave

aslightchanceofringingaboutthedeterioration

andpromotingthepartialcoolingofamoltenglass

offlowresistance

gob. Notethat

the height is preferably 10 um or less, more preferably 5 um or

less. Further, when the convex portion larger than
irregularityisatrapezoid-shapedconvexportionh
width in top surface of several millimeters orano

it, or adome-shaped convex portion having nearly t

and size as the trapezoid-shaped convex portion ins

the minute
avingaminimum
rder exceeding
he same height

tead of the

substantially point-shaped convex portion and subst antially
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linear-shapedconvexportion theabove-mentionedc hanceotoringing

aboutthedeteriorationofflowresistanceandprom otingthepatrtial
coolingofamoltenglassgobbecomessmaller,and hencetheconvex
portion is allowed to have a height of 50 um or less. Note that

the height is preferably 30 um or less, more preferably 10 um or
less. Further, from the viewpoint of suppressing t he occurrence
ofcracksduetostressconcentrationathenters ectionparbetween
thebottomsurfaceandasidesurfaceofthetrapez oid-shapedconvex
portion jispreferrecthathesidesurfaceot hetrapezoid-shaped
convex portion be aflat surface having an angle of slope of 0.5°
or less with respect to the top surface, or be a cu rved surface
created by modifying the flat surface to a concave surface. Note

that the angle is more preferably 0.1° or less.

[0037] Further, itis allowed for the concave porti onlarger
thantheminuteirregularitytoincludeasubstanti allypoint-shaped
concaveportionand/orasubstantiallylinear-shape dconcaveportion
each having a depth of 20 um or less, in order that, for example,

the deterioration of the flowability of molten glas sflowinginto

the concave portion at the time of press molding is not brought
about. Note that the height is preferably 10 um or less, more
preferably 5 umorless. Further,whentheconcave portionlarge r
thantheminuteirregularityisaninvertedtrapezo id-shapedconcave
portionhavingaminimumwidthintopsurfaceofse veralmillimeters
oranorderexceedingit,oraninverteddome-shape dconcaveportion
having nearly the same height and size as the inver ted
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trapezoid-shaped concave portion instead of the sub
point-shaped concave portion and substantially line
concave portion, the above-mentioned chance of brin
deterioration of the flowability becomes smaller, a

concave portionisallowedto haveaheightof50

stantially
ar-shaped
gingaboutthe
nd hence the

umorless. Note

that the height is preferably 30 um or less, more preferably 10

uhoiess. Furtherfrontheviewpoinbkuppress

ofcracksduetostressconcentrationathenters

thebottomsurfaceandasidesurfaceofthetrapez

portion jispreferrecthathesidesurfaceot

convex portion be a flat surface having an angle of

orlesswithrespecttothe bottom surface, orbe a

created by modifying the flat surface to a concave

that the angle is more preferably 0.1° or less.

[0038] Hereinafter,themethodofmanufacturingag

according to an embodiment of the present invention

in more detail with reference to the drawings.

[0039] —Manufacturing example of glass blank—
FIG. 1to FIG. 9 each are a schematic cross-sectio

illustrating one example of the method of manufactu

blank according to an embodiment of the presentinv

thesefiguresillustrate,innumericalorder,aser

atthetime of manufacturingaglassblankinchron

[0040] AsillustratedinFIG.1,amoltenglassflo

causedtoflowoutcontinuouslydownwardinthe ver
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fromaglassoutlet12providedatthelowerendpo
effluent pipe 10 whose upper end portion is connect
glasssupplysourcenotshown. Ontheotherhand,

than the glass outlet 12, a first shear blade (lowe

30 and a second shear blade (upper side blade) 40 a
bothsidesofthemoltenglassflow20 respectivel
substantiallyperpendiculartoacentralaxisD,wh
direction ofthe moltenglassflow20. Then,thel

30 and the upper side blade 40 move toward an arrow
and an arrow direction X2, respectively, thereby ap
aforwardendportion22 side ofthe moltenglassf
sides ofthe molten glassflow 20. Notethatthev
molten glass flow 20 is not particularly limited as
viscosity is suitable for separating the forward en
and press molding, and itis usually preferred that
becontrolledtoaconstantvalueintherangeof5
dPa-s. Theviscosityofthemoltenglassflow20canb
by adjusting the temperatures of the glass effluent
themoltenglasssupplysourcelocatedintheupstr
effluent pipe 10.

[0041] Further thelowersideblade30andtheupp
40 have substantially plate-shaped body portions 32
respectively, and blade portions 34 and 44, respect
arerespectivelyprovidedatanendportionsideof

32 and 42, and cut the forward end portion 22 of th

30

rtionofaglass
ed to a molten

ataportionlower
r side blade)

re arranged at

y,inthedirection

ichisthefalling
owersideblade
direction X1
proaching to
low20fromboth
iscosity ofthe
long as the
d portion 22
the viscosity
00dPa -sto1,050
econtrolled
pipe 10 and

eamoftheglass

ersideblade
and 42,
ively, which
thebodyportions

e molten glass



flow20continuouslyflowingoutdownwardintheve

in the direction substantially perpendicular to the
whichthemoltenglassflowfallsdown. Notethat

34U of the blade portion 34 and a lower surface 44B
portion 44 each have a surface substantially corres
horizontal plane, a lower surface 34B of the blade

an upper surface 44U of the blade portion 44 each h
thatis slanted so asto crossthe horizontal plane

the lower side blade 30 and the upper side blade 40
sothatthe upper surface 34U ofthe blade portion
surface44Bofthebladeportion44arepositioned

the same height in the vertical direction.

[0042] Next, as illustrated in FIG. 2, the lower si
30 and the upper side blade 40 are each moved in th
direction so that the upper surface 34U of the blad
and the lower surface 44B of the blade portion 44 a
overlappedsubstantiallywithoutanygapbyfurther
sideblade30andtheuppersideblade40towardth

X1 and the arrow direction X2, respectively. That
sideblade30andtheuppersideblade4Oarecause
crossthecentralaxisD. Asaresult,thelowers

the upper side blade 40 penetrate into the molten g
untilreaching the vicinity ofthe centralaxis D t

forward end portion 22 is separated (cut) as a molt

24 having a substantially spherical shape. Note th
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illustrates an aspect of the moment when the forwar
22 is separated from the body portion of the molten
as the molten glass gob 24.

[0043] Next, as illustrated in FIG. 3, the molten g
24 separated from the molten glass flow 20 further
verticaldirectioninthedownwardY1side. Then,
gob24entersthespacebetweenthefirstpressmol
pressmoldbothscastofaceeachotherinthedir

to the falling direction Y1 of the molten glass gob
illustrated in FIG. 4, a first press mold 50 and a
mold60beforecarryingoutpressmoldingarearran
betweenthemsoastohavelinesymmetrywithrespe
direction Y1. Then, in synchronization with the ti
molten glass gob 24 reaches the vicinity of the cen
intheverticaldirectionofthefirstpressmold5
pressmold60,thefirstpressmold50movesinthe

and the second press mold 60 moves in the arrow X2
order to press-mold the molten glass gob 24 by pres
both sides.
[0044]

52 and 62 each having a disk-like shape, respective
members 54 and 64 arranged so as to surround the ou
endsofeachofthepressmoldbodies52and62,re

that, because FIG. 4 is a cross-sectional view, the

54 and 64 are drawn so as to be positioned on both
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press mold bodies 52 and 62, respectively, in FIG.
surface ofeachofthepressmoldbodies52and62
molding surfaces 52A and 62A, respectively. Furthe
the first press mold 50 and the second press mold 6
sothatthetwopressmoldingsurfaces52Aand62A
Further, the guide member 54 is provided withagui
which is positioned so as to project slightly based
molding surface 52A in the X1 direction, and the gu
Is provided with a guide surface 64A, which is posi
to project slightly based on the press molding surf

X2 direction. Then, the guide surface 54A and the
64Acomeintocontactwitheachotheratthetimeo

and hence a gap is formed between the press molding
andthe pressmolding surface 62A. Thus, thethick
corresponds to the thickness of the molten glass go
as to have a plate shape by being press-molded betw
press mold 50 and the second press mold 60, thatis
ofaglassblank. Further,the press molding surfa

are formed so that, when the press molding step is
that the molten glass gob 24 is completely extended
in the vertical direction and is molded into a flat

the press molding surface 52A of the first press mo
pressmoldingsurfaceofthesecondpressmold60,
(molten glass stretching regions) S1 and S2 in cont

above-mentioned flat glass in each of the press mol
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52A and 62A form a substantially flat surface. Not
exampleillustratedin FIG. 4, thewhole partofth

surface 52A including the molten glass stretching r
thewholepartofthepress-moldingsurface62Ainc

glass stretching region S2 each are a usual flat su
curvatureissubstantiallyzero. Further theflat

minute irregularities which are formed when usual f
processing,usuaimirromolishingprocessingort

atthe time of manufacturing pressmolds, butdoes
portions and/or concave portions larger than the
irregularities.
[0045] Itispreferredtouseametaloranalloya
forformingeachothepressmoldss0andeGinvi

workability, and durability. In this case, the hea
temperature of the metal or alloy for forming each
molds50and60ispreferablyl,000°Comore more
ormore. Specificexamplesofthematerialforfor

press molds 50 and 60 preferably include ferrum cas
(FCD), alloy tool steel (such as SKD61), high-speed
cemented carbide, Colmonoy, and Stellite. Note tha
possible to control the press molding by cooling th

50 and 60 by using a medium for cooling such as wat
that the temperatures of the press molds 50 and 60
[0046]

The glass blank is manufactured by press mol

moltenglassgob 24 by pressure betweenthe pressm
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52A and 62A. Thus, the surface roughness of the pr
surfaces52A and 62A and the surface roughnessoft
of the glass blank become substantially the same.
roughness of the main surface of the glass blank is
controlledtotherangeof0.01to10

processingandperforminggrindingprocessingusing

and these processings are carried out as the below-

post-step. Hence the surface roughness Ra of the pr
surfaces s also preferably controlled to the range

um.

[0047] The molten glass gob 24 illustrated in FIG.

furtherdownwardandentersthespacebetweenthet
surfaces52Aand 62A. Then, asillustratedin FIG.
when the molten glass gob 24 reaches the vicinity o
central portion in the vertical direction of the pr
surfaces 52A and 62A parallel to the falling direct
side surfaces of the molten glass gob 24 come into
the press molding surfaces 52A and 62A.

[0048] Here, inadditional consideration ofthe vie
preventing the situation that press molding becomes
carry out because of the increase of the viscosity
molten glass gob 24 or the situation that the posit
fluctuatesbecauseofanexcessivelyhighfallings
distanceispreferablyselectedfromtherangeofl

more preferably selected from the range of 500 mm o
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more preferably selected from the range of 300 mm o
preferably selected from the range of 200 mm or les
thelowerlimitofthefallingdistanceisnotpart

butis preferably 100 mm or more for practical use.

term "falling distance" means a distance fromthe p
moment when the forward end portion 22 is separated
glass gob 24 as illustrated in FIG. 2, that is, the
whichthelowersideblade30andtheuppersidebl

in the vertical direction, until the position at th

start of the press molding (the moment of the start
molding) as illustrated in FIG. 5, that is, the vic
almostcentralportioninthediameterdirectionof

surfaces 52A and 62A parallel to the falling direct
[0049] Note that the temperatures of the first pres
andsecondpressmold60atthetimeofthestarto
areeachpreferablysetoatemperaturdesshan
temperature of a glass material forming the molten
With this, itis possible to prevent more reliably
that,whenthemoltenglassgob24ispress-molded,
between the thinly stretched molten glass gob 24 an
press molding surfaces 52A and 62A occurs.

[0050] Afterthesurfaceofthemoltenglassgob24
contact with each of the press molding surfaces 52A
moltenglassgob24issolidifiedsoastoattacht

surfaces52Aand62A. Next,asillustratedinFIG.
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glass gob 24 is continuously pressed from its both
firstpress mold 50 and the second press mold 60, t
gob 24 is extended by pressure so as to have a unif
around the position at which the molten glass gob 2
the press molding surfaces 52A and 62A first come i
Then asillustratedinF1G.7 themoltenglassgo

pressed with the first press mold 50 and the second
until the guide surface 54A and the guide surface 6
contact, therebybeingformedintoadisk-shapedor
flat glass 26 between the press molding surfaces 52
[0051] Here,thethinflatglass 26 illustratedin
substantially the same shape and thickness as the g
befinallyobtained. Further,thesizeandshape
ofthethinflatglass 26 are substantiallythe sam
ofthemoltenglassstretchingregionsS1landS2(n

7). Further,thetimetakenfromthestateatthe

of the press moldingillustrated in FIG. 5 untila

the guide surface 54A and the guide surface 64A com
with each other as illustrated in FIG. 7 (hereinaft
toas"pressmoldingtime"insome cases)is prefer
orlessfromthe viewpoint of forming the moltengl

a thin flat glass. Moreover, because a state in wh
surface 54A and the guide surface 64A come into con
other is established at the time of the press moldi

easytomaintaintheparallelstatebetweenthepre
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52A and the press molding surface 62A. Note thatt
of the press molding time is not particularly limit

it is preferably 0.05 seconds or more for practical
[0052] Note that after the state illustrated in FIG
established, it is possible to continue applying a
sufficiently smaller than a press pressure applied
pressmold50andthesecondpressmold60, sothat

the guide surface 54A and the guide surface 64A are
maintained, thereby maintaining a state in which bo

the thin flat glass 26 and each of the press moldin

and 62A are closely attached. Then, while the stat
forseveralseconds,thethinflatglass26iscool

the thin flat glass 26 in a state in which the thin
issandwiched betweenthefirstpressmold 50 andt
mold60ispreferablycarriedoutuntilthetempera

flat glass 26 reaches a temperature equal to or les
deformation point of a glass material forming the t

26. Note that if the press pressure is increased i
above-mentionedstate,thethinflatglass26break

[0053] Next, as illustrated in FIG. 8, the first pr
50 is moved in the X2 direction and the second pres
moved in the X1 direction so that the first press m
secondpressmold60areseparatedfromeachother,

the thin flat glass 26 from the press molding surfa

Subsequently, as illustrated in FIG. 9, the thinfl
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demoldedfromthepressmoldingsurface52A,andth
26iscausedtofallinthedownwardY1sideinthe

So as to be taken out. Note that when the thin fla
demolded from the press molding surface 52A, the th
26 can be demolded by applying a force from an oute
directionofthethinflatglass26 soastopeeli

the thin flat glass 26 can be taken out without app
force tothe thinflatglass 26. Note that, it may

control the press molding by cooling the first pres
thesecondpressmold60byusingamediumforcool

or air so that the temperatures of the press moldin

and 62A do not excessively rise.

[0054] Finally,thethinflatglass 26takenoutis
to annealing to reduce or remove strain, thereby yi
material to be processed into a magnetic recording
substrate, that is, a glass blank. As a result of
thefallingmoltenglassgob24inaccordancewith
proceduresexemplifiednF1G 1toFIG 9 thevis

of the molten glass gob 24 just prior to the start
bemadeuniform,andthemoltenglassgob24canbe

so as to have a uniform thickness.

[0055] Thus,aglassblankhavingasmallthickness

andasmallflatnesscanbeeasilyobtained. Note
deviation of the glass blank that is manufactured i

10 um orless, and the flatness of the glass blank is p
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10 umorless, more preferably 8 umorless, stillmore preferably

6 um or less, particularly preferably 4 um or less.

[0056] Themethodofmanufacturingaglassblankac

an embodiment of the present invention is suitable

cordingto

for producing

a glass blank having a ratio of diameter to thickne Ss

(diameter/thickness) of 50 to 150. Here, the diame
anarithmeticaverage ofthemajoraxisandminora
blank. Thepressmolds50and60donotregulatet

end surface ofthe glassblank, and hence the outer
surfaceisafreesurface. Here,thecircularityo

that is produced is not particularly limited, but i
controlled to within £0.5 mm.

[0057] The diameter of the glass blank is not parti
limited. The diameter is preferably set, as atarg

value obtained by adding, to the diameter of the su
amount of glass that is removed at the time of scri
andouterperipheralprocessingwhicharecarriedo
blankisprocessedintoamagneticrecordingmedium

as described below.

[0058] Thethicknessoftheglassblankfallsprefe
the range of 0.75 to 1.1 mm, more preferably within
0.75to0 1.0 mm, still more preferably within the ra

0.92 mm. It is recommended to measure the thicknes
deviation, flatness, diameter, and circularity of t

by using a three-dimensional measuring machine and
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[0059] —Physical properties and glass composition o
material, physical properties of glass blank, and t

There is used, as described above, a glass materia
aglasstransitiontemperatureof600°Cormoreas
whichisusedinthemethodofmanufacturingaglas
toanembodimentofthepresentinvention. Therefo
manufacturedbythemethodofmanufacturingaglass
toanembodimentofthepresentinventionhashigh
[0060] On the other hand, a disk-shaped magnetic re
mediumisamediumforwritingandreadingoutdata
directionwhilethemagneticrecordingmediumisbe
the centralaxisatahighspeedandamagnetichea
in the radius direction. Inrecentyears, the rota
the magnetic recording medium has been increasing,
from 5,400 rpm to 7,200 rpm, and further to 10,000
toincreasethewritingspeedandthereading-outs
in the disk-shaped magnetic recording medium, the p
recording data are predetermined depending on the d
the central axis. Hence, as its rotating speed inc
disk-shaped magnetic recording mediumdeformsdurin
and the magnetic head is then displaced, resulting
inreadingdatacorrectly. Thus,inordertodeal
rotation,amagneticrecordingmediumglasssubstra
isrequiredtohave highrigidity (high'Young'smod

forpreventingsignificantdeformationduringhigh-
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[0061] Further, a hard disk drive (HDD) in which a
recording mediumisincorporated adopts such a stru
magneticrecordingmediumitselfisrotatedwhilet

of the magnetic recording medium is being held with
aspindle motor. Thus,ifthereisalargediffere
thermalexpansioncoefficientofamagneticrecordi
substrateandthethermalexpansioncoefficientof

forming a spindle portion, there occurs a differenc
thermal expansion and thermal contraction of the sp
thermalexpansionandthermalcontractionofthema
medium glass substrate in response to the change of
in a surrounding environment at the time of using t
drive resultinginthedeformationotthemagnetic
Whensuchdeformationoccurs,itbecomesimpossible
headtoreadoutinformationwritteninthemagneti
leadingtoacauseforimpairingthereliabilityon
ofrecordedinformation. Thus,inordertoimprove

on amagnetic recording medium, amagnetic recordin
substratemadeofglassisrequiredtichaveashigh
coefficient as a spindle material (such as stainles
[0062] Asdescribedabove themagneticrecordingm
substrate more preferably has, in addition to heat
necessaryforenduringahigh-temperaturefilm-form

theviewpointofattaininghighdensityrecordingo

rigidityandahighthermalexpansioncoefficientf
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ofimprovingthereliability onamagneticrecordin gmediumorthe

like. Thusgglasshlankmanufacturedoythemeth odoimanufacturing
aglass blank according to an embodiment of the pre sentinvention
preferably has an average linear expansion coeffici entat 100 to

300°Cof70x10 " /°CormoreandaYoung'smodulusof 70 GPaormore

Notethatthe average linear expansion coefficient at100to300°C
ismorepreferably75x10 " I°Cormore. Ontheotherhand,theupper
limiotheaveragelinearexpansioncoefficient snotparticularly
limited, butis preferably 120x10 " /°C or less for practical use.

Further, the Young's modulus is more preferably 75 GPa or more,
stillmore preferably80GPaormore. Ontheother hand,theupper
limit of the Young's modulus is not particularly li mited, but is

preferably 100 GPa or less for practical use.

[0063] However, the three characteristics of high h eat
resistance highrigidity,andahighthermalexpan sioncoefficient,
areinatrade-offrelationshipinaglassmaterial . Further,when
attemptsmadeonactuallynanufacturingamagneti crecordingmedium
glass substrate made of glass which satisfies all t he three
characteristics, the resultant glass tends to have less thermal
stability than conventional glass foramagneticre cording medium
glasssubstrate. Aglassmaterialforamagneticr ecordingmedium
glass substrate is generally excellent in thermal s tability, but
when such glass having less thermal stability as de scribed above
iIsmeltand molded, the outflow temperature ofamo ltenglassflow

20 must be increased to prevent the devitrification ofglass. As
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aresult,theoutflowviscosityofthemoltenglass

and hence it becomes difficult to separate a molten
by cutting a forward end portion 22 of the molten g
cause the molten glass gob 24 to fall, and press-mo
glass gob 24.
[0064] Here, a glass composition capable of providi
magnetic recording medium glass substrate having th
characteristicsofhighheatresistance, highrigid

thermal expansion coefficient, is not particularly
However, from the viewpoint of easily striking a ba

the three characteristics, particularly preferred a
materials formed of the two kinds of glass composit

below. The two kinds of glass materials are herein

to as "Glass A" and "Glass B."

[0065] Glass A and Glass B which are sequentially d
in detail hereinafter are classified into oxide gla

glass compositions are expressed in terms of oxides
compositionintermsofoxidesreferstoaglassco
byconversiontooxidesbasedonthesuppositionth
iscompletelydecomposedatthetimeofmeltingand

in glass. Note that Glass A and Glass B are noncry
(amorphous)glass,andhenceeachareformedofah

unlike crystallized glass. Thus, in a magnetic rec

glass substrate manufactured by using any of Glass

excellentsmoothnesscanberealizedonthesurface
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Hereinafter, in the order of Glass A and Glass B, t he details of

their glass materials are described.

[0066] First,GlassAisdescribed. Theglasscomp ositionof
Glass Aiincludes, as a glass composition expressed in mol%, 50 to
75% of SiIO  ,, 0 to 5% of Al 20;, 0 to 3% of Li 20, 0to 5% of ZnO, 3

to 15% in total of at least one kind of component s elected from
Na,O andK ,0, 14 to 35% in total of at least one kind of compo nent
selected from MgO, CaO, SrO, and BaO, and 2t0 9% i n total of at
least one kind of component selected from ZrO 2, TIO o, La 205, Y 20;,

Yb,0;, Ta 23, Nb -G, and HfO 5, and the molar ratio

{(MgO+Ca0)/(MgO+CaO+SrO+BaO)}isinthe range of 0. 8tolandthe
molar ratio {Al 203/(MgO+Ca0)} is in the range of 0 to 0.30.

[0067] Thecontent,totalcontent,andratioofeac hcomponent
arehereinafterexpressedonamolarbasisunlesso therwisespecified.
Next, the detailsofeachcomponentforming Glass A aredescribed.
[0068] SiO  ,,whichisacomponentforformingaglassnetwork,
hasaneffectofimprovingglassstabilityandchem icaldurability,
andin particular, acidresistance. SiO cisalsoacomponentthat
contributesto reducing thermal diffusioninamagn eticrecording
medium glass substrate so as to enhance heating eff iciency, when
the step of forming a film such as a magnetic recor ding layer on
the magnetic recording medium glass substrate is ca rried out, or
when the magnetic recording medium glass substrate is heated by
radiation in order to apply heat treatment to the f ilm formed in
the step. The content of SiO 2inGlass Aisintherange of 50 to

45



75%. When the content of SiO
above-mentionedfunctionscanbesufficientlyexert
whenthecontentofSiO
tosurelysuppressaphenomenonthatSiO
in glass, producing undissolved substances and a ph
bubbleremovalbecomesinsufficientbecausethevis
atthetimeoffiningbecomestoohigh. Thisisbe

recording medium glass substrate is manufactured fr
containing undissolved substances, protrusions deri
undissolvedsubstancesare producedonthesurface
recording medium glass substrate by polishing, and
resultant glass substrate sometimes cannot be used
recordingmediumglasssubstratewhichisrequired

high surface smoothness. Further,ifamagneticre
glasssubstrateismanufacturedfromglasscontaini
ofthebubblesappearonthesurfaceofthemagneti
glasssubstratebypolishing. Inthiscase,portio

of the bubbles appear become as dents, impairing th
ofthemainsurfaceofthemagneticrecordingmediu

and hence the resultant glass substrate sometimes c
asamagnetiaecordingnediunglasssubstrate. No

of SIO ,in Glass A is preferably in the range of 57 to 70%
preferablyinthe range of 57 to 68%, stillmore pr

range of 60 to 68%, still more preferably in the ra

68%.
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[0069] Al
Is a component that contributes to improving chemic
andheatresistance. ThecontentofAl
of 0to 5%. Whenthe contentof Al
itis possible to preventa phenomenon that the the
coefficientofamagneticrecordingmediumglasssu

too small, thereby making a big difference in therm
coefficient with respect to a spindle material form
portionofHDD,suchasstainlesssteel. Asaresu
tosurelypreventaphenomenonthatthereoccursa

the thermal expansion and thermal contraction of th

the thermal expansion and thermal contraction of th
recording medium glass substrate in response to the
temperature in a surrounding environment, resulting
deformation of a magnetic recording medium. Notet
deformation occurs, it becomes impossible for a mag

read out information written in the magnetic record
leadingtoacauseforimpairingthereliabilityon

of recorded information. If Al
Al ,O; contributes to improving glass stability and lower
liquidustemperatureofglass,butasthecontento

increased, glass stability tends to lower and the |
temperature tends to rise. Thus, from the standpoi
improving the glass stability in addition to provid

thermal expansion coefficient, the upper limit of t

a7

2Oz whichalsocontributestoformingaglassnetwork

al durability

2GsinGlassAisintherange
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Al ,0; in Glass A is preferably 4% or less, more preferab ly 3% or

less, still more preferably 2.5% or less, still mor e preferably
1%orless,stillmore preferablylessthan1%. On theotherhand,
from the standpoint of improving the chemical durab ility, heat
resistance, and glass stability, the lower limit of the content

of Al ,G; is preferably 0.1% or more.

[0070] Li 2O contributes to improving the meltability and
formabilityofglassandalsocontributestoincrea singthethermal
expansioncoefficientofglass. Ontheotherhand, ifLi  ,Oisadded
in a small amount, the glass transition temperature of glass
significantly lowers and the heat resistance of gla ss remarkably
lowers. Thus,inconsiderationofthesepoints,th econtentofLi 20
inGlassAisintherangeof0to3%. Notethat, fromthestandpoint

of further improving the heat resistance, the conte nt of Li 20 1is
preferably in the range of 0 to 2%, more preferably in the range

of 0to 1%, stillmore preferably in the range of 0 t0 0.8%, still

more preferably in the range of 0 to 0.5%, still mo re preferably

in the range of 0 to 0.1%, still more preferably in the range of

0 to 0.08%, and being substantially free of Li 20 is particularly
preferred. Here, the phrase "substantially free" m eans that
particularcomponentsarenotintentionallyaddedt oaglassmaterial,

and does not exclude even the fact that some compon ents are mixed

as impurities.

[0071] ZnO contributes to improving the meltability and
formabilityofglassandglassstability,toenhanc ingtherigidity,
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andtoincreasing the thermal expansion coefficient . However, if

ZnOisexcessivelyadded,theglasstransitiontemp eratureofglass
significantly lowers, the heat resistance remarkabl y lowers, and
the chemicaldurabilitylowers. Thus,the content ofZnOinGlass
A is controlled in the range of 0 to 5%. From the standpoint of
maintainingtheheatresistanceandthechemicaldu rabilityingood
conditions, the content of ZnO is preferably in the range of 0 to
4%, more preferablyinthe range of 0 to 3%, still more preferably
in the range of 0 to 2%, still more preferably in t he range of O
to 1%, still more preferably inthe range of 0to O .5%. Further,

Glass A may be substantially free of ZnO.

[0072] Na 0 and K ;O mainly contribute to improving the
meltability and formability of glass, to promoting bubble removal
by reducing the viscosity of glass at the time of f ining, and to
increasing the thermal expansion coefficient, but, among alkali
metal oxide components, Na 20 and K ,0 have a smaller function that

is to decrease the glass transition temperature as compared with
Li ,O. Here, from the standpoint of imparting homogene ity (state
inwhichneitherundissolvedsubstancesnomremaini ngbubblesexist)
and thermal expansion characteristics, which are re quired for a
magnetic recording medium glass substrate, the lowe rlimit of the
totalcontentofNa 2,0andK ,0inGlassAiscontrolledto3%ormore.
Moreover,theupperlimitiscontrolledto15%orl ess. Asaresult,

itis possible to suppress the occurrence of proble ms, such as a
problem that the glass transition temperature lower s, thereby
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impairingtheheatresistance gproblemthathec hemicaldurability,

and in particular, the acid resistance lowers, and aproblem that
the elution of an alkali increases from the surface of amagnetic
recording medium glass substrate and a precipitated alkali gives
damage to, for example, a film formed on the magnet ic recording
medium glass substrate. The total content of Na 20 and K ,0 is
preferably in the range of 5 to 13%, more preferabl yinthe range

of 8 to 13%, still more preferably in the range of 8 to 11%.
[0073] GlassAmaybeusedasamagneticrecording mediumglass
substrate without being subjected to ion exchange, or Glass Amay
be usedasamagneticrecordingmediumglasssubstr ate afterbeing
subjected to ion exchange. When ion exchange is co nducted, Na >0
isasuitablecomponentasacomponentinvolvedin theionexchange.
Further,the coexistenceofNa 2,0andK ,0Oasglasscomponentscauses
amixedalkalieffect,thereby providingthe effect ofsuppressing
alkalielutionaswell. However ifbothcomponent sareexcessively
introduced, there is liable to occur the same probl em as in the
casewherethetotalcontentofbothcomponentsis excessive. From
thatstandpoint,afterthetotalcontentofNa »0andK ,QOiscontrolled
inthe above-mentioned ranges, the range ofthe con tentofNa ,0is
controlledto preferably 0to 5%, more preferably O .1t0 5%, still

more preferably 1 to 5%, stillmore preferably to 2 to 5%, and the
range of the content of K 2O is controlled to preferably 1 to 10%,

more preferably 1to 9%, stillmore preferably 1to 8%, stillmore

preferably 3 to 8%, still more preferably 5 to 8%.
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[0074] MgO, CaO0, SrO,andBaO,whicharealkaline-e
components, each contribute to improving the meltab
formabilityofglassandglassstabilityandtainc
expansioncoefficient. Thus,inordertoobtainth

total content of MgO, CaO, SrO, and BaO in Glass A

to 14% or more. Onthe other hand, the total conte
SrO,andBaOiscontrolledto35%orless. Asare

of the chemical durability can be surely suppressed
content of MgO, CaO, SrO, and BaO is preferably in

14 to 32%, more preferably in the range of 14 to 26
preferablyinthe range of 15t0 26%, stillmore pr

range of 17 to 25%.

[0075] Bytheway jisrequiredfora
glasssubstrateforamagneticrecordingmediumto
application to have high rigidity and high hardness
enduringimpactswhilemobiledevicesarebeingcar
a light weight. Thus, glass for manufacturing such
recordingmediumglasssubstratedesirablyhasahi
ahighspecificelastianodulus anddowspecific
asdescribedpreviously,glassforamagneticrecor
substrate is required to have high rigidity in orde
high-speed rotation. Here, among the
alkaline-earthmetalcomponents MgOandCaOcontri

the rigidity and hardness and to suppressing the in

specificgravity. MgOandCaOthereforeareveryu
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inordertoobtainglasshavingahighY oung'smodu

elastic modulus, and a low specific gravity. In pa

is effective for attaining the high Young's modulus

the low specific gravity, and CaO is an effective ¢
attaining the high thermal expansion. Thus, fromt

of attaining the high Young's modulus, the high spe
modulus,andthelowspecificgravityofamagnetic

glass substrate, the molar ratio of the total conte
CaOtothetotalcontentofMgO,Ca0O,SrO,andBaO

(that is, (MgO+Ca0)/(MgO+CaO+SrO+BaQ)) in Glass A i
intherangeof0.8tol. Themolarratioof0.80

the occurrence of problems, such as the reduction o
modulusandspecificelasticmodulusandtheincrea

gravity.
[0076] Notethatthe upperlimitofthe molarratio
thatSrOandBaOareexcluded,islasthemaximum

ratio (MgO+CaO)/(MgO+Ca0O+SrO+BaQ))ispreferablyi
0.851t0 1, more preferably in the range of 0.88 to
preferablyintherange of0.89to 1, stillmore pr

range of 0.9 to 1, still more preferably in the ran

1, still more preferably in the range of 0.94 to 1,
preferablyintherange of0.96to 1, stillmore pr

range of 0.98 to 1, particularly preferably in the
tol,mostpreferablyl. Fromtheviewpointsofat

Young's modulus of glass, the high specific elastic
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thelowspecificgravity andofmaintainingthech

the content of MgO is preferably in the range of 1

the lower limit of the content of MgO is preferably
more preferably 5% or more, and the upper limit of
MgO is preferably 15% or less, more preferably 8% o
[0077] FromtheviewpointsofattaininghehighYo
ofglassthehighspecificelastiomodulus thelo

and the high thermal expansion, and of maintaining
durability, the content of CaO is preferably in the
21%,morepreferablyintherangeof10to20%,sti

in the range of 10 to 18%, still more preferably in
10to15%. Notethatfromtheabove-mentionedvie
contentof MgO and CaO is controlled to preferably
preferably 15 to 32%, still more preferably 15to 3
preferably 15 to 25%, still more preferably 15 to 2
[0078] SrO has the above-mentioned effects, but if
contained excessively, the specific gravity of glas
In addition, the material cost of SrO is higher as
MgO and CaO. Thus,the contentof SrOiscontrolle
therangeof0to 5%, more preferablyintherange

more preferably in the range of 0 to 1%, still more
therangeoft00.5%. SrOmaynotbeintroduced

that is, Glass A may be glass substantially free of

[0079] BaO also has the above-mentioned effects, bu

is contained excessively, there occur problems, suc
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that the specific gravity of glass increases, a pro blem that the

Young'smoduluslowers aproblemthathechemical durabilitjowers,

a problem that the specific gravity increases, and aproblem that
thematerialcostincreases. Thus,thecontentof BaOiscontrolled
to preferably O to 5%. The content of BaO is more preferably in
the range of 0 to 3%, still more preferably in the range of O to
2% stilimorepreferablyintherangeofOtol %, stilmorepreferably

in the range of 0 to 0.5%. BaO may not be introduc ed as a glass
component,thatis, GlassAmaybeglasssubstantia llyfreeofBaO.
[0080] Fromtheabove-mentionedviewpoints,thetot alcontent
of SrOandBaOiscontrolledtopreferably0to 5%, more preferably
0 to 3%, still more preferably 0 to 2%, still more preferably O

to 1%, still more preferably 0 to 0.5%.

[0081] As described above, MgO and CaO have the eff ects of
increasing the Young's modulus of glass and the the rmal expansion
coefficient. On the other hand, Al 20 weakly contributes to
increasing the Young's modulus and contributesto d ecreasing the
thermal expansion coefficient. Then, from the stan dpoint of
obtaining glass having a high Young's modulus and e xhibiting high
thermal expansion, in the glass which is used in th e method of
manufacturingaglassblankaccordingtoanembodim entofthepresent
invention themolarratioofthecontentofAl 2Ostothetotalcontent

of MgO and CaO (MgO+CaO) (that s, Al 203/(MgO+Ca0)) is controlled

in the range of 0to 0.30. Attaining the high heat resistance of
glass, attaining the high Young's modulus of glass, and attaining
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thehighthermalexpansionofglassareinatrade- offrelationship

toeachother. Thus,inordertosatisfythesethr eerequirements
at the same time, it is insufficient to adjust a co mposition by
settingsolelyeachcontentofAl 203, MgO,andCa0O,anditisimportant

to control the above-mentioned molar ratio in a req uired range.
The molar ratio (Al 20/(MgO+Ca0)) is preferably in the range of O
to0.1morepreferablyintherangeofc0.05, stillmorepreferably

in the range of 0 to 0.03.

[0082] CaOis,outofMgOandCaO,acomponentthat contributes
more to attaining the high thermal expansion of gla ss, and when
CaOiscontainedas anessentialcomponent,inorde rtoattainthe
higher thermal expansion of glass, the molar ratio of the content
of Al ,0; to the content of CaO (that is, Al 2s/Ca0) is controlled
preferably in the range of 0 to 0.4, more preferabl yinthe range
of 0 to 0.2, still more preferably in the range of 0to0.1.
[0083] ZrO 5, TIO ,, La 205, Y 205 Yb 205, Ta 2G5, Nb 2G5, and HfO
contribute to improving the chemical durability of glass, and in
particular, the alkali resistance, and also to amel iorating the
heatresistancebyincreasingtheglasstransition temperatureand
enhancingtherigidityandfracturetoughness. Thu s,whenthetotal

content of ZrO >, TIO 5, La 205, Y 205 Yb 5G;, Ta 2G5, Nb 2G5, and HFO  »in

Glass A is controlled to 2% or more, the above-ment ioned effects
areliabletobeprovidedreliably. Further,when thetotalcontent
iscontrolledto9%orless,itispossibletosupp ressmoresurely
problems, suchasaproblemthatamagneticrecordi ngmediumglass
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substrate excellent in smoothness is not obtained b ecause the

meltability of glass lowers and undissolved substan cesremainin
the glass, and a problem that the specific gravity increases.
Therefore,thetotalcontentofZrO 2, TIO 2,La 205,Y 205, Yb 205, Ta G,
Nb,G;,andHfO  sinGlassAiscontrolledto2to9%. Thetotalco ntent

ofZrO ,,TIO ,,La ,0;Y 20;5,Yb 205, Ta 2G5,Nb 205,andHfO  sispreferably

in the range of 2 to 8%, more preferably in the ran ge of 2to 7%,
stillmorepreferablyintherangeof2t06%, stil Imorepreferably

in the range of 2 to 5%, still more preferably in t he range of 3

to 5%.

[0084] ZrO  ,significantlycontributestoamelioratingtheheat
resistanceofglassbyincreasingtheglasstransit iontemperature
and to ameliorating the chemical durability, and in particular,
thealkaliresistance. Inaddition,ZrO shastheeffectofattaining
thehighrigiditybyincreasingtheYoung'smodulus . Thusthemolar

ratio of the content of ZrO » to the total content of ZrO 2, TIO >,
La,Gs, Y 20, Yb 20, Ta 20, Nb G, and HfO
(ZrO 2+TiO 2+La03+Y2,03+Yb, O3+ Ta, O +Nb, O +HFO ) (that is,

(ZrO 2/(ZrO ,+TiO 2+LaG3+Y203+Yh, O3+ Ta,Os+Nb, O +HfO3)) in Glass A is

controlledto preferably 0.3to 1, more preferably 0.4to1,still
more preferably 0.5 to 1, still more preferably 0.7 to 1, still
more preferably 0.8 to 1, still more preferably 0.9 to 1, still
more preferably 0.95 to 1, particular preferably 1. The content
of ZrO ;s preferably in the range of 2 to 9%, more prefer ablyin
the range of 2 to 8%, still more preferably in the range of 2 to
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7% stilimorepreferablyintherangeof206%, stilmorepreferably

in the range of 2 to 5%, still more preferably in t he range of 3
to 5%.

[0085] TiO , is, out of the above-mentioned components,
excellentinthefunctionofsuppressingtheincrea seofthespecific
gravity of glass and has the function of increasing the Young's
modulus and the specific elastic modulus. Note tha t, if TIO 2 1S
introduced excessively, when glass is immersed in w ater, water
reactionproductsareliabletoattachtothesurfa ceoftheglass,
leadingtothereductionofthewaterresistanceof glass,andhence
the content of TIO 2 is controlled preferably in the range of 0 to

5%. Fronthestandpoiniokeepinghewateresis tancesatisfactory,
the content of TiO 2 is preferably in the range of 0 to 4%, more

preferably in the range of 0 to 3%, still more pref erably in the
range of 0 to 2%, still more preferably in the rang e of 0 to 1%,
still more preferably in the range of 0t0 0.5%. N ote that Glass
Ais preferably substantially free of TiIO 2 from the standpoint of

further ameliorating the water resistance.

[0086] La 205Y 203, Yb 205, Ta 2O,Nb ,05,andHfO  ,eachhaveagood
abilitytoincreasethe specificgravity ofglass, andhence, from
thestandpointofsuppressingtheincreaseofthes pecificgravity,
thecontentofeachcomponentiscontrolledprefera blyintherange
of 0 to 4%, more preferably in the range of 0 to 3% , still more
preferably in the range of 0 to 2%, still more pref erably in the
range of 0 to 1%, still more preferably in the rang e of 0t0 0.5%.
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La,0s, Y 205, Yb 205, Ta 2G5, Nb 205, and HfO  , may not be introduced as

glass components.

[0087] Examplesobtherglasscomponentghaimay beintroduced
includeB ;0;andP 0. B ,0; contributes to reducing the fragility

of glass and to improving the meltability. However , excessively
introducing B 2O; reduces the chemical durability, and hence the

contentofB 2QsispreferablyintherangeofOto3%,moreprefer ably
in the range of 0 to 1%, still more preferably in t he range of 0

to 0.5%, and introducing no B 2Qs is much more preferred.

[0088] P ,Gscanbeintroducedinasmallamount. Excessively

introducingP 2Osreducesthechemicaldurabilityofglass,andhenc e
thecontentofP 2QGdscontrolledtopreferablydol% morepreferab ly
0t00.5%, stillmore preferably 0t00.3%, andint roducingnoP .G
ismuchmorepreferred. Fromthestandpointofobt ainingglassthat
satisfiesthethreecharacteristicsofhighheatre sistance,ahigh
Young's modulus, and a high thermal expansion coeff icient at the
same time, the total content of SiO 2, Al 205, Na 20, K ,0, MgO, CaO,
Zr0,, TiIO ,,La 205, Y 205 Yb 2G5, Ta 2G5, Nb 2G5, and HFO  ; is controlled
topreferably 95% or more, more preferably 97% orm ore, stillmore
preferably 98% or more, stillmore preferably 99% o rmore,and may

be controlled to 100%.

[0089] Further fromthestandpointofsuppressing theincrease
ofthe specific gravity of glass, the total content of SIO ,,Al ,0;,
Na,O,K ,0,Mg0O,Ca0,ZrO ,,andTiO iscontrolledto preferably 95%

or more, more preferably 97% or more, still more pr eferably 98%
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or more, still more preferably 99% or more, and may be controlled

to 100%.
[0090] Further,fromthestandpointofameliorating thewater
resistance of glass, the total content of SiO 2, Al 205, Na 0, K 70,

MgO, CaO, and ZrO , is controlled to preferably 95% or more, more

preferably 97% or more, still more preferably 98% o r more, still

more preferably 99% or more, and may be controlled to 100%.

[0091] Fromthoseviewpoints,GlassAincludespref erably(1)
50to0 75% of SiO 2,0t03%o0fB 205,0t05% of Al 205,0t0 3% of L 20,

Oto5%ofNa ,0,1t010% ofK 20, 1t023% of MgO, 6 to 21% of CaO,

0to 5% ofBa0O, 0to 5% o0fZnO, 0t0 5% of TIO 2,and2t09%ofZrO 2,
more preferably (2) 50 to 75% of SiO 2,0t0 1% of B 205, 0to 5% of

Al ,G;, 0 to 3% of Li 20, 0 to 5% of Na 20, 1t09% of K 20, 210 23%
of MgO, 6 to 21% of CaO, 0 to 3% of BaO, 0 to 5% of Zn0O, 0to 3%

of TiIO », and 3 to 7% of ZrO 2.

[0092] Next,GlassBisdescribed. GlassBinclude s,asaglass
composition, 56 to 75% of SiO 2,1t011% of Al 20;, more than 0% and
4% or less of Li 20, 1% or more and less than 15% of Na 20, and 0%
or more and less than 3% of K 20, and is substantially free of BaO,

the total content of alkali metal oxides selected f rom the group
consisting of Li 20,Na ,0,andK ;0isinthe range of 6 to 15%, the
molarratioofthecontentofLi 2OtothecontentofNa 20(Li 20/Na,0)
is less than 0.50, the molar ratio of the content o f K 20 to the
above-mentioned total content of the alkali metal o xides

{K0/(Li ,0+NaO+KO)} is 0.13 or less, the total content of
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alkaline-earth metal oxides selected fromthe group consisting of

MgO, CaO, and SrO isin the range of 10 to 30%, the total content

of MgO and CaO is in the range of 10 to 30%, the mo lar ratio of
thetotalcontentofMgOandCaOtotheabove-menti onedtotalcontent

of the alkaline-earth metal oxides {(MgO+CaO)/(MgO+ CaO+SrO)} is
0.86ormore,thetotalcontentoftheabove-mentio nedalkalimetal
oxides and the above-mentioned alkaline-earth metal oxidesisin
the range of 20 to 40%, the molar ratio of the tota | content of

MgO,CaO,andLi  ,Otothetotalcontentoftheabove-mentionedalkal i
metal oxides and the above-mentioned alkaline-earth metal oxides
{(MgO+CaO+Li ,0)/(Li ,0+NaO+K0O+MgO+CaO+Sr0O) is 0.50 or more, the
totalcontentofoxidesselectedfromthegroupcon sistingofZrO 2,
TiO2,Y 205, La 205, Gd 205,Nb 2G&,andTa >G5 is more than 0% and 10% or

less, and the molar ratio of the above-mentioned to tal content of

the oxides to the content of Al 205

{(ZrO 2+TiO 2+Y,O3+La,03+Gh O3 +Nb, G5+ TaG;)/Al 2,05} is 0.40 or more.

[0093] Next,thedetailsofeachcomponentforming GlassBare
described.

[0094] SiO  ,,whichisacomponentforformingaglassnetwork,
hastheeffectofimprovingglassstabilityandche micaldurability,
andin particular, acidresistance. SiO sisalsoacomponentthat
contributes to reducing thermal diffusion in a subs trate soasto
enhance heating efficiency, when the step of formin g afilm such
asamagneticrecordinglayeronthemagneticrecor dingmediumglass
substrateiscarriedout,orwhenthesubstrateis heatedbyradiation
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in order to apply heat treatment to the film formed

in the step.

Whenthe content of SiO »islessthan 56%, the chemical durability

ofglasslowers,andwhenthe contentof SiO
rigiditylowers. Inaddition,whenthecontentof

75%,Si0 doesnotperfectlydissolveinglass,producingun
substances and bubble removal becomes insufficient
viscosity of glass at the time of fining becomes to

is because, if a substrate is manufactured from gla
undissolved substances, protrusions derived from th
substancesareproducedonthesurfaceofthesubst
andhencetheresultantglasssubstratecannotbeu
recordingmediumglasssubstratewhichisrequired

high surface smoothness. Further,ifamagneticre
glasssubstrateismanufacturedfromglasscontaini
ofthebubblesappearonthe surfaceofthesubstra

Inthis case, the portions become dents, impairing
ofthemainsurfaceofthemagneticrecordingmediu
andhencetheresultantglasssubstratecannotbeu

recording medium glass substrate. In view of the f

2ismorethan 75%, the
SiO zismorethan
dissolved
because the
o high. This
Ss containing
e undissolved
ratebypolishing,
sedasamagnetic
tohaveextremely
cording medium
ngbubbles,some
tebypolishing.
the smoothness
mglasssubstrate,
sedasamagnetic

oregoing, the

content of SiO > is controlled to 56 to 75%. The content of SiO

is preferably in the range of 58 to 70%, more prefe

range of 60 to 70%.

rably in the

[0095] Al ;O3 whichalsocontributestoformingaglassnetwork

iIsacomponentthatcontributestoimprovingtheri

resistance. Note that, if the content of Al
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the devitrification resistance (stability) of glass lowers, and
hencetheintroductionamountofAl 2Gsiscontrolledtol1%orless.
OntheothethandjthecontenifAl 20Ojdesshanl%hestability,
chemicaldurability,andheatresistanceofglassl ower,andhence
theintroductionamountofAl 2Gsiscontrolledtol1%ormore. Thus,
thecontentofAl 2QGsisintherangeofl1to11%. Fromtheviewpoints
ofthestability,chemicaldurability,andheatres istanceofglass,
the content of Al 2Qs is preferably in the range of 1 to 10%, more

preferably in the range of 2 to 9%, still more pref erably in the

range of 3 to 8%.

[0096] Li  ,Oisacomponentforenhancingtherigidityofglas S.
In addition, as the ease of movability in glass is in the order
ofLi>Na>Kamongalkalimetals,introducingLiisa dvantageousfrom
theviewpointofthe chemicalstrengtheningability aswell. Note

that, if Li 20 isintroduced in an excessive amount, the reducti on
oftheheatresistanceiscaused,andhencetheint roductionamount
ofLi ,Oiscontrolledto 4% orless. Thatis, the conten tofLi 20
is more than 0% and 4% or less. From the viewpoint s of the high
rigidity,highheatresistance,andchemicalstreng theningability,

the contentofLi 2Oispreferablyintherange of0.1t03.5%, more
preferablyintherange of 0.5to 3%, stillmore pr eferablyinthe
range of more than 1% and 3% or less, stillmore pr eferablyinthe

range of more than 1% and 2.5% or less.
[0097] Further, as described above, introducing Li 20 in an

excessive amount causes the reduction ofthe heatr esistance, and
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ifLi  ,Oisintroducedinan excessive amountwith respect toNa >0,

the reduction of the heat resistance is also caused . Thus, the
introduction amount of Li 20 is adjusted with respect to the
introduction amount of Na 20 sothatthe molarratio of the content

ofLi ,OtothecontentofNa 2O(thatis, Li 20O/Na,O)fallsintherange
oflessthan0.50. Fromtheviewpointofsuppressi ngthereduction

of the heat resistance while providing the effects due to the
introduction of Li 20, the above-mentioned molar ratio (Li 20O/Na,0)
iscontrolledpreferablyintherangeof0.01ormo reandlessthan
0.50, more preferably in the range of 0.02 to 0.40, still more
preferably inthe range of 0.03 to 0.40, stillmore preferably in

the range of 0.04 to 0.30, still more preferably in the range of
0.05 to 0.30.

[0098] In addition, if the introduction amount of L i 20 is
excessive with respect to the total content of the alkali metal

oxides(Li  ,O+NaO+KO), thereductionoftheheatresistanceofglass
iIsalsocaused,andiftheintroductionamountofL i oOistoosmall,
thereductionothechemicaktrengtheningability iscaused. Thus,
theintroductionamountofLi 2Oispreferablyadjustedwithrespect

to the total amount of the alkali metal oxides so t hat the molar
ratioofthecontentofLi »Otothetotalcontentofthealkalimetal

oxides{Li  ,O/(Li ,O0+NaO+KO)}fallsintherange oflessthan 1/3.

Fromtheviewpointfsuppressinghereductionof theheatesistance
while providing the effects due to the introduction ofLi 70, the
upperlimitofthe molarratio{Li 20/(Li ,0+NaO+KO)}ispreferably
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0.28,morepreferably0.23. Fromtheviewpointof suppressingthe

reduction of the chemical strengthening ability, th e lower limit
ofthe molar ratio {Li 20/(Li 2,0+NgaO+KO)}is preferably 0.01, more
preferably0.02,stillmorepreferably0.03, still more preferably

0.04, still more preferably 0.05.

[0099] AsNa ,Oisacomponentthatiseffectiveforameliorating
thethermalexpansioncharacteristicsofglass, Na 20isintroduced
atl%ormore. Inaddition,asNa 2Oisacomponentthatcontributes
toalscamelioratinghechemicaktrengtheningabi lity introducing
Na,Oatl%ormoreisadvantageousfromtheviewpoint ofthechemical
strengthening ability. Note that, if the introduct ion amount of
Na,Ois15%ormore,thereductionoftheheatresista nceiscaused.
Thus, the contentofNa 20iscontrolledto 1% ormore andlessthan

15%. Fromtheviewpointsofthethermalexpansion characteristics,
the heat resistance, and the chemical strengthening ability, the
contentofNa  ,QOispreferablyintherangeofdtol3%,morepref erably

in the range of 5 to 11%.

[0100] K ,0isacomponentthatis effective for ameliorating

the thermal expansion characteristics of glass. In troducing K ;0
inanexcessive amountcausesthereductionofthe heatresistance

and the reduction of the thermal conductivity, and deteriorates
thechemicalstrengtheningability. Thus,theintr oductionamount

of K ,0 s controlled to less than 3%. Thatis, the cont entofK ,0
iIs0%ormoreandlessthan3%. Fromtheviewpoint ofameliorating

the thermal expansion characteristics while maintai ning the heat
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resistance, the content of K 20 is preferably in the range of 0 to

2%, more preferably inthe range of 0to 1%, still more preferably
in the range of 0 to 0.5%, still more preferably in the range of
0t00.1%. Fromtheviewpointoftheheatresistan ceandthechemical
strengthening ability, K 20 is preferably not introduced
substantially. Notethatthephrases'substantial lyfree"and'not
introduced substantially” mean that particular comp onents are
intentionally not added to a glass material, and do es notexclude
even the fact that some components are mixed as imp urities. The
sameholdstrueforthedescription"0%"asforag lasscomposition.
[0101] Further,whenthetotalcontentofalkalime taloxides
selected from the group consisting of Li 20, Na ,0,andK ,0isless
than 6%, the meltability and thermal expansion char acteristics of
glasslower,and whenthe total contentis more tha n15%, the heat
resistance lowers. Thus, fromthe viewpoints of th e meltability,
thermal expansion characteristics, and heat resista nce of glass,
thetotalcontentofthealkalimetaloxidesselect edfromthegroup
consisting of Li 20, Na >0, and K ,0 s controlled in the range of 6

to 15%, preferably 7 to 15%, more preferably 8to 1 3%, still more

preferably 8 to 12%.

[0102] Here,GlassBissubstantiallyfreeofBaO. Thereason
for excluding the introduction of BaO is as mention ed below.
[0103] Inordertoenhancetherecordingdensityof amagnetic
recordingmedium thedistancebetweenamagnetich eadandthesurface

of the magnetic recording medium needs to be made ¢ loser, thereby
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improving the writing and reading resolution. For
progresshasbeenmadeinrecentyearsonattaining

of a head (reduction of the space between a magneti
surfaceofamagneticrecordingmedium),andhence

of only protrusions with a little height has not be

the surface of a magnetic recording medium. This i

a recording and reproducing system in which the low
headhasheenattained everminuteprotrusionshit

in a cause for damage of a head device or the like.
hand,BaOreactswithcarbondioxideintheairand
whichservesasanexcrescenceonthesurfaceofa

medium glass substrate. Thus, from the viewpoint o
excrescences, BaO is not contained. Further, BaO i
that causesthe quality change ofaglass surface (
weathering) and may form minute protrusions on the
substrate,andhence BaOisexcludedforthe purpos
weathering on the surface of a magnetic recording m
Note that attaining Ba-free is preferred from the s
reducing environmental load as well.

[0104] In addition, the fact that a glass substrate
substantially free of BaO is desirable for the glas
beusedasamagneticrecordingmediumthatisused

recording method. The reasons are described below.
[0105]

Asarecordingdensityisenhanced, abitsi

smaller. The target value of a bit size necessary
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high density recording at a density of, for example
terabyte/inch
recordingis made with such minute bitsize, aheat

to be made as small as the bit size in heat-assiste
Further, in order to make high-speed recording with

size, the time that can be spent for recording in o
extremelyshorttime. Thus,heat-assistedheating

be completed instantly. Thatis, itis required th

and cooling of a magnetic recording medium for heat
recording be locally performed as quickly as possib
[0106] Then,itisproposedthataheatsinklayer(

a Cu film) made of a material having a high thermal

is formed between a magnetic recording medium subst
heat-assistedrecordingandamagneticrecordingla
seeJP2008-52869A). Aheatsinklayerisalayer

of transferring heat given to a recording layer to

direction (thickness direction) not to an in-plane

inhibiting heat from spreading in the in-plane dire
accelerating the flow of heat in the vertical direc

direction). Astheheatsinklayeristhicker,heat

can be performed in a shorter time and more locally

to make the heatsink layer thicker, a film formatio

longer, resulting in decreased productivity. Moreo
thickness of the heatsink layer becomes larger, mor

accumulated atthe time of layerfilm formation. A
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crystallinityandcrystalorientationpropertyofa magneticlayer

formed on the layer become irregular, and the ameli oration of
recordingdensitysometimesbecomesdifficult. In addition,asthe
heatsink layer is thicker, corrosion occurs inthe heatsink layer
andthe whole film swells. Asaresult,aconvexd efectisliable

to occur, to thereby hinder the attaining of a low spacing. In
particular, when iron materials are used in the hea tsink layer,
the above-mentioned phenomenon is highly liable to occur.
[0107] Asdescribed above, forming a heatsink layer having a
largethicknessisadvantageousforperformingheat ingandcooling
ineshortimeandocally butiisnotdesirabl efromtheviewpoints

of ameliorating productivity and recording density and attaining
alowspacing. Tocopewiththeproblems,itisco nsideredtoenhance
the thermal conductivity of a glass substrate for t he purpose of

compensating the roll that the heatsink layer plays

[0108] Here, glassincludes SiO 2,Al ,0;, alkalimetal oxides,
alkaline-earth metal oxides, and the like as its co nstituent
components. Othose thealkalmetabxidesand thealkaline-earth
metaloxideshave,asmodifyingcomponents,functio nstoameliorate
the meltability of glass and increase the thermal e Xpansion
coefficientofglass. Thus,agivenamountofthe components must
beintroducedintoglass. Ofthose,Ba,whichhas thelargestatomic
number, mainly contributes to reducing the thermal conductivity
ofglass. AsBaOisnotcontainedhere,thereduct ionofthethermal
conductivitycausedoyBaOdoesnotoccur. Thus,e venitheheatsink
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layer is made thinner, heating and cooling can be p
short time and locally.

[0109] Note that BaO most contributes to keeping th
transitiontemperaturehighamongthealkaline-eart
Inordertopreventthereductionoftheglasstran

caused by manufacturing glass free of BaO, the mola

total contentof MgO and CaO to the total contento

SrO, which are alkaline-earth metal
{(MgO+Ca0)/(MgO+CaO+SrO)}is controlledto 0.86 or
because, if the total content of the alkaline-earth
issettoagivencontent,thetotalcontentisint
toeachcontentofonekindortwokindsofthealk

oxides rather than allocated to each content of var

the alkaline-earth metal oxides, thereby being able
glasstransition temperature high. Thatis, there

glass transition temperature caused by manufacturin
ofBaOissuppressedbycontrollingtheabove-menti

to 0.86 or more. Further, one of the characteristi
required for a magnetic recording medium glass subs
rigidity(ahighYoung'smodulus)asdescribedabov
characteristicsthatarerequiredforthemagnetic
glasssubstrateinclude asdescribedater,asmal

Forthe purpose of attaining the high Young's modul

attainingthelowspecificgravity,itisadvantage

preferentially MgO and CaO amongthe alkaline-earth
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and hence controlling the above-mentioned molar rat
moreisalsoeffectivetorealizetheattainingof
modulus of aglass substrate and the attaining oft
gravityofaglasssubstrate. Fromtheviewpoints

the molar ratio is preferably 0.88 or more, more pr
ormore, stillmore preferably 0.93 ormore, still
0.95%more stilmorepreferably0.970more s
0.98ormore,particularlypreferably0.99ormore,

1.

[0110] If the total content of alkaline-earth metal
selectedfromthegroupconsistingofMgO,CaO,and
therigidityandthermalexpansioncharacteristics
andthetotalcontentisexcessive thechemical

In order to realize the high rigidity, high thermal
characteristics, and good chemical durability of gl
above-mentioned total content of the alkaline-earth
iscontrolledintherange of10t0 30%, preferably
preferably 11 to 22%, still more preferably 12 to 2

preferably 13 to 21%, still more preferably 15 to 2

io to 0.86 or
thehighYoung's
he low specific
describedabove,
eferably 0.90
more preferably
tilmorepreferably

mostpreferably

oxides
SrOistoosmall,
ofglasslower,
durabilitjowers.
expansion
ass, the
metal oxides
10t025%, more
2%, stillmore

0%.

[0111] Further, MgO and CaO are components that are

preferentially introduced as described above, and a
soastobeacontentof10to 30%intotal. This

the total content of MgO and CaO is less than 10%,
andthethermalexpansioncharacteristicslower,an

contentismorethan30%,thechemicaldurabilityl
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viewpoint of favorably exhibiting the effects by pr eferentially
introducingMgOandCaO thetotalcontentofMgOa ndCaQOispreferably
in the range of 10 to 25%, more preferably in the r ange of 10 to
22%, still more preferably in the range of 11 to 20 %, still more
preferably in the range of 12 to 20%.

[0112] Further, K 20 has the largest atomic number among the

alkali metal oxides, mainly contributes to reducing the thermal

conductivityoglass andsdisadvantageousinte
strengtheningability,andhencethecontentofLi

respecttothetotalcontentofthealkalimetalox

rmsofthechemical
>,Oislimitedwith

ides. Themolar

ratioofthecontentofK >,Otothetotalcontentofthealkalimetal

oxides(thatis {K 20/(Li ,0+N&O+K0O)})iscontrolledto0.13oress.

From the viewpoints of the chemical strengthening a

thermalconductivity theabove-mentionedmolarrat

to preferably 0.10 or less, more preferably 0.08 or

more preferably 0.06 or less, still more preferably
stillmore preferably 0.03 or less, still more pref

less,particularlypreferably0.0lorless,andgla

bility and the
ioiscontrolled
less, still
0.05orless,
erably 0.02 or

sssubstantially

freeof K ,0ismostpreferred, thatis, introducing no K 2O lismost
preferred.
[0113] Thetotal contentofthe above-mentioned alk alimetal

oxidesandalkaline-earthmetaloxides(Li
is20t040%. Thisisbecause,whenthetotal cont
20%, the meltability, thermal expansion coefficient

of glass lower, and when the total content is more
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chemical durability and the heat resistance lower.
viewpoint of maintaining the above-mentioned charac
favorably, the total content of the above-mentioned

oxides and alkaline-earth metal oxides is preferabl

of20t0 35%, more preferablyintherange of21to

preferably in the range of 23 to 33%.

[0114] As described above, MgO, CaO, and Li
effective to realize enhancing the rigidity (attain
Young's modulus) of glass. When the total content
components becomes too small with respectto the to
the above-mentioned alkali metal oxides and alkalin
oxides,itbecomesdifficulttoenhancetheYoung's
thetotalintroductionamountofMgO,CaO,andLi

on the total content of the above-mentioned alkali
and alkaline-earth metal oxides, so that the molar

total content of MgO, CaO, and Li

above-mentionedalkalimetaloxidesandalkaline-ea

From the
teristics
alkali metal
yintherange

33%, stillmore

2O are components
ing the high
of these three
tal content of
e-earth metal

modulus. Then,

»Oisadjustedbased

metal oxides

ratio of the

»,O to the total content of the

rthmetaloxides

{(MgO+CaO+Li ,0)/(Li ,0+NaO+K0+MgO+CaO+SrO) becomes 0.50 or more.

InordettdfurtherenhancetheY oung'smodulusof

the above-mentioned molar ratio is controlled to pr
ormore,morepreferably0.52ormore. Moreover,f

of the stability of glass, the above-mentioned mola
controlledtopreferably0.80orless,moreprefera

still more preferably 0.70 or less.

[0115] Further theintroductionamountofeachalk
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metal oxide is as described above, and BaO is not i
Glass B substantially.

[0116]
ofglass,attainingthelowspecificgravity ,andf
thespecificelasticonodulusthereby thecontenio
intherangeoftol4% morepreferablydtol0%,

0 to 8%, still more preferably 0 to 6%, still more
to6%. Notethatthe specificelasticmodulusisd
[0117] Fromtheviewpointsofimprovingthethermal
characteristicsand Young'smodulusofglassandat
specific gravity, the introduction amount of CaO is
therangeof3to20%,morepreferably4to20%,st

10 to 20%.
[0118] SrOisacomponentthatimprovesthethermal
characteristics of glass, butis a component that m

the specific gravity as compared with MgO and CaO.
introductionamountof SrOiscontrolledto prefera

more preferably 3% or less, still more preferably 2
stillmorepreferably2%orless, stillmore prefer

and SrO may not be introduced substantially.

[0119] ThecontentandratioofSiO 2Al
and alkaline-earth metal oxides are as described ab
glass exemplified herein includes the oxide compone
below. Their details are hereinafter described.

[0120] Oxidesselectedfromthegroupconsistingof
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Y.05,La 205, Gd ,05,Nb 2G5,and Ta .G are components that enhance the

rigidity and heatresistance ofglass, and hence at leastonekind
thereby is introduced. However, if those oxides ar e introduced
excessively,themeltabilityandthermalexpansion characteristics
ofglasdower. Thustheotakcontenotheabo ve-mentionedoxides
iscontrolledintherangeofmorethan0%and10% orless,preferably

1to 10%, more preferably 2 to 10%, stillmore pref erably 2to0 9%,

still more preferably 2 to 7%, still more preferabl y 2 to 6%.
[0121] Further, Al 2O Is also a component that enhances the

rigidity and heat resistance of glass as described above, butthe
above-mentioned oxides contribute more highly to en hancing the
Young's modulus than Al 20s. When the above-mentioned oxides are
introduced at a molar ratio of 0.4 or more with res pectto Al 203,
that is, when the molar ratio of the total content of the
above-mentioned oxides to the content of Al 203

{(ZrO ,+TiO ,+Y,0s+La,O3+Gd Os+Nb,O5+TaG5)/Al - ,Osliscontrolledto0.40

or more, the improvement of the rigidity and heat r esistance can
berealized. Fromtheviewpointoffurtherimprovi ngtherigidity
andheatresistance,theabove-mentionedmolarrati oiscontrolled

to preferably 0.50 or more, more preferably 0.60 or more, still
more preferably 0.70ormore. Moreover, fromthev iewpointofthe
stability of glass, the above-mentioned molar ratio iscontrolled

to preferably 4.00 or less, more preferably 3.00 or less, still
more preferably 2.00 or less, still more preferably 1.00orless,
stillmore preferably 0.90 or less, stillmore pref erably 0.85or
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less.

[0122] Further, B 2O; Is a component that ameliorates the

fragility of the glass substrate and improves the m eltability of
glass. However, if B 2O; Is introduced excessively, the heat

resistance lowers. Thus, the introduction amount o f B 20 IS
controlled to preferably 0 to 3%, more preferably O to 2%, still
more preferably 0% or more and lessthan 1%, still more preferably

0to 0.5%, and B 203 may not be introduced substantially.

[0123] Cs ,0isacomponentthatcan be introducedinasmall

amount as long as the desired characteristics and p roperties of
glass are not impaired. However, Cs 20 is a component that more
increasesthespecificgravityascomparedwithoth eralkalimetal
oxides, and hence Cs 20 may not be introduced substantially.

[0124] ZnO is a component that ameliorates the melt ability,
formability, and stability of glass, enhances the r igidity, and
improves the thermal expansion characteristics. Ho wever, if ZnO

is introduced excessively, the heat resistance and chemical
durabilitylower. Thustheintroductioramounif ZnQOiscontrolled
topreferablyOto3%,morepreferably0to2%o,sti lImorepreferably

0 to 1%, and ZnO may not be introduced substantiall y.

[0125] ZrO jisacomponentthatenhancestherigidityandheat

resistance of glass as described above, and is also a component
that enhances the chemical durability. However, if ZrO , is
introducedexcessively,themeltabilityofglasslo wers. Thus,the
introduction amount of ZrO 2 is controlled to preferably 1 to 8%,
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more preferably 1 to 6%, still more preferably 2 to
[0126] TiO
the increase of the specific gravity of glass and i
rigidity, thereby increasing the specific elastic m
that,ifTiO Jsintroducedexcessively,whenaglasssubstrate
intocontactwithwater waterreactionproductsoc

othesubstrate Jeadingocecausefoitheoccurr

insomecases. Thus,theintroductionamountofTi
topreferably0to6%, morepreferablyOto5%,sti

0 to 3%, still more preferably 0 to 2%, still more
omoreandessthanl%,andTiO
[0127] Y 205,Yb ,05La 205Gd 205,Nb 2Gs5,andTa
thatareadvantageousintermsofimprovingtheche

and heat resistance of glass and improving the rigi

fracture toughness. However, if these components a
excessively, the melt deteriorates and the specific
increases. Moreover,asexpensivematerialsareus

of these components is preferably smaller. Thus, t
introductionamountoftheabove-mentionedcomponen
topreferablyOto3%,morepreferably0to2%,sti

0 to 1%, still more preferably 0 to 0.5%, still mor

0 to 0.1%, and those components are preferably not
substantiallywhenimportanceisgiventoimproving
attainingthelowspecificgravity,andreducingth

[0128] HfO
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ofimproving the chemical durability and heat resis tance of glass

and improving the rigidity and the fracture toughne ss. However,
ifHfO ,isintroducedexcessively,themeltabilitydeterio ratesand
thespecificgravityincreases. Moreover,asanex pensivematerial

Is used, the content of HfO 2 Is preferably smaller, and HfO 2 IS
preferably notintroduced substantially. Pb, As, C d, Te,Cr,TI,

U, and Th are preferably not introduced substantial ly in

consideration of their influence on the environment

[0129] Further, the molarratio ofthe total conten tofSIO  »,
Al 205, Zr0O 5, TIO ,,Y 205 La 205, Gd 205, Nb 2G5, and Ta > to the total
content of the alkali metal oxides (Li 20, Na 0, and K ,0)

{(SIO 2+Al ,O3+Zr0O,+TiO 2,+Y,03+La, O +Gh O3 +Nb, G+ TaG)/(Li 20+NaO+K0)

}is,fromtheviewpointsofenhancingtheheatres istanceofglass
and enhancing the meltability, preferablyinthera ngeof3to15,
more preferably 3to 12, stillmore preferably 4 to 12, stillmore
preferably 5 to 12, still more preferably 5 to 11, still more

preferably 5 to 10.

[0130] Next,describedbeloware othercomponentst hatcanbe
added in common to Glass A and Glass B. First, des cribed are Sn
oxidesandCeoxides,whicharearbitrarycomponent s. TheSnoxides
andtheCeoxidesarecomponentsthatcanfunction asafiningagent.
TheSnoxidesareexcellentinpromotingfining,be causetheoxides
release oxygen gases at high temperature at the tim e of melting
glass, and capture minute bubbles contained in the glass, forming
big bubbles so that the big bubbles easily emerge o n the surface
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of the glass. On the other hand, the Ce oxides are
contributingtoremovingbubblesbycapturing,asa
oxygenexistingasagasinglassatlowtemperatur
significantly contribute to removing both relativel
and very small bubbles, with the size of bubbles (s
(voids) remaining in solidified glass) in the range
less. Whenthe Ceoxidesareaddedwiththe Snoxi
of big bubbles each having a diameter of about 50
mm radically decreases to about one several tenths.
above,thecoexistenceoftheSnoxidesandtheCe
theeffectoffiningglassinabroadtemperaturer
temperatureregiontcdowtemperatureregion. Th

that both the Sn oxides and Ce oxides be added.

[0131] Whenthetotaladditionamountofthe Snoxi

Ce oxides in terms of outer percentage is 0.02 mass

sufficientfiningeffectcanbeexpected. Whenam

medium glass substrate is manufactured by using gla

undissolved substances, even if their sizes are min

amountis small, some of the undissolved substances

surfaceotthemagneticrecordingmediumglasssubs
Asxesultprotrusionsoccumnthesurfaceoth

mediumglasssubstrate,orportionsatwhichsomeo

substanceswere removed become dents, impairing the

the surface of the magnetic recording medium glass

hence the resultant glass substrate cannot be used
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recordingmediumglasssubstrate. Ontheotherhan
additionamountoftheSnoxidesandtheCeoxides
percentage is 3.5 mass% or less, the Sn oxides and

can dissolve sufficiently in glass, and hence the ¢

of undissolved substances can be prevented.

[0132] Further, when crystallized glass is manufact
and Ce contribute to forming crystal nuclei. Glass

are amorphous glass, and hence itis desirable that

not cause the precipitation of crystals. When the

and Ceisexcessive, such precipitation of crystals

easily. Thus, an excessive addition of the Sn oxid
oxidesisrequiredtobeavoided. Inviewofthef

preferred that the total addition amount of the Sn

Ce oxides in terms of outer percentage be controlle

3.5 mass%. The total addition amount of the Sn oxi
oxides in terms of outer percentage is preferably i
0.1to2.5mass%, more preferablyintherange of0
stilmorepreferablyinherangeo.50l.5ma

touse SnO ; as an Sn oxide from the standpoint that SnO
oxygengaseseffectivelyathightemperaturewhile

[0133] Note that sulfates may be added as a fining
acontentintherangeofOto1mass%intermsof

but a molten substance may boil over while glass is
theamountofforeign matteringlasssharplyincre

it is preferred not to introduce the sulfates. Mor
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Cd, As, and the like are substances that adversely
environment, their introduction is also preferably
[0134] Glass A and Glass B can be manufactured by t
followingsteps. Thaisglassmaterialssuchas

nitrates, sulfates,andhydroxidesareweighed,ble
enough,sothatapredeterminedglasscompositioni
resultantmixtureisheated,melted,fined,andsti
vesselatatemperatureintherangeof forexampl

thereby yieldinghomogenized molten glassinwhich

has been sufficiently performed, and the molten gla
intoglass. Notethatthefiningagentdescribeda

to the glass materials, if necessary.

[0135] GlassAandGlass B are capable ofrealizing
resistance,highrigidity,andahighthermalexpan
atthesametime. Hereinafter,favorablephysical

Glass A and Glass B have are sequentially described
[0136] 1. Thermal expansion coefficient
Asdescribedabove,whenthereisabigdifference
expansion coefficient between glass forming a magne
medium glass substrate and a spindle material (such
steel) of HDD, the change of temperature while HDD
causes the deformation of a magnetic recording medi
example, recording and reproducing problems occur,

thereductionofreliability. Inparticular,amag

mediumhavingamagneticrecordinglayermadeofa
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material has an extremely high recording density, a

nd hence even

slight deformation of the magnetic recording medium is liable to
cause the problems. In general, a spindle material of HDD has an
average linear expansion coefficient (thermal expan sion
coefficient) of 70x10 " [°C ormore inthe temperature range of 100

to300°C. However,whenaglassblankismanufactu redbythemethod

of manufacturing a glass blank according to an embo
presentinvention by using Glass Aor Glass B, and
recordingmediumglasssubstrateismanufacturedby
blank, it is possible to control their average line
coefficientsinthetemperaturerange of 100to 300

or more. Thus, the above-mentioned reliability can
and it is possible to provide a magnetic recording
substratesuitableforamagneticrecordingmedium
recordinglayermadeofahighKumagneticmaterial
averagelinearexpansioncoefficientofglassispr
rangeof72x10 ' /°Cormore morepreferablyintherangeof74x10
or more, stillmore preferably in the range of 75x1
stillmorepreferablyintherangeof77x10
preferablyintherangeof78x10
intherange of 79%10
linear expansion coefficient of glassis, in consid
thermalexpansioncharacteristicsofaspindlemate
preferablyaboutl00x10 "7 [°C morepreferablyabout90x 10

more preferably about 88x10 TI°C.
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[0137] 2. Glass transition temperature

When attemptsare madetoattainahighrecording
a magnetic recording medium by, for example, introd
Kumagneticmaterialasdescribedpreviously,amag
mediumglasssubstrateisexposedichightemperatu
high-temperature treatment of amagnetic material.

a glass material used for the magnetic recording me
substrate is required to have excellent heat resist
theextremelyhighflatnessofthe magneticrecordi
substrateisnotimpaired. Here,whenaglassblan
bythemethodoimanufacturingaglassblankaccord

of the present invention by using Glass A or Glass
magneticrecordingmediumglasssubstrateismanufa
the glass blank, it is possible to control the glas
temperatureto600°Cormore. Thus,evenafterthe
magnetic recording medium glass substrate is subjec
treatment at high temperature, its excellent flatne
maintained. Therefore,therecanbeprovidedamag
medium glass substrate suitable for manufacturing a
recording medium including a high Ku magnetic mater
[0138] Note thatthe glass transition temperature o
Glass A and Glass B is preferably in the range of 6
morepreferablyintherangeof620°Cormore,stil

in the range of 630°C or more, still more preferabl

of 640°C or more, still more preferably in the rang
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more, still more preferably in the range of 655°C o r more, still

morepreferablyintherangeof660°Cormore,stil Imorepreferably
intherangeof670°Cormore, particularly prefera blyintherange

of 675°C or more, most preferably in the range of 6 80°C or more.
Theupperlimitoftheglasstransitiontemperature is,forexample,

about 750°C, but is not particularly limited.

[0139] 3. Young's modulus

Deformation of a magnetic recording medium include s, in
additiontodeformationcausedbythechangeoftem peratureinHDD,
deformationcausedbyhigh-speedrotation. Fromth estandpointof
suppressing the deformation at the time of high-spe ed rotation,
it is desired that the Young's modulus of glass for a magnetic
recording medium glass substrate be increased. Whe n Glass A and
Glass B are used as that glass, the Young's modulus of that glass
can be controlled to 80 GPa or more, deformation of a substrate
atthetime ofhigh-speedrotation can be suppresse d,anddatacan
bereadandwrittencorrectlyinamagneticrecordi ng mediumwhich
includes a high Kumagnetic materialandinwhicha highrecording
density has been attained. The Young's modulus is preferably in
the range of 81 GPa or more, more preferably in the range of 82
GPaormore. TheupperlimitoftheYoung'smodulu sis,forexample,

about 95 GPa, but is not particularly limited.

[0140] The above-mentioned thermal expansion coeffi cient,
glass transition temperature, and Young's modulus o fglass fora
magnetic recording medium glass substrate are all i mportant
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characteristicthatarerequiredforaglasssubst rateforamagnetic

recording medium which includes a high Ku magnetic material and
inwhich highrecording density has beenattained. Thus,inorder

to provide a substrate suitable for the above-menti oned magnetic
recordingmedium,jtisparticularlypreferredthat glassintegrally
have all the characteristics of an average linear e Xpansion
coefficientsof70x10 " [°Cormoreat100to300°C aglasstransition

temperature of 600°C or more, and a Young's modulus of 80 GPa or
more. WhenGlassAandGlassBareused,therecan beprovidedglass
foramagneticrecordingmediumglasssubstrate th eglassintegrally

having all the above-mentioned characteristics.

[0141] 4. Specific elastic modulus and specific gra vity
Inordertoprovideasubstratewhichresistsdefo rmationwhen
amagneticecordingmediumisrotatedatahighsp eed jispreferred
thatthespecificelasticmodulusofglassforama gneticrecording
mediumglasssubstratebecontrolledto30MNm/kgo rmore. Theupper
limit of the specific elastic modulus is, for examp le, about 35
MNmM/kg, but is not particularly limited. The speci fic elastic
modulusisavalueobtainedbydividingtheYoung's modulusofglass
by the density of the glass. Here, the density may be considered
tobeavalueexpressedbythespecificgravity of glasswithunits
ofy/cm 3. Byattaininghdowspecifiggravityoflass, thespecific
elastic modulus can be increased, and moreover, the weight of a
magnetic recording medium glass substrate can be re duced. The
reduction of the weight of the magnetic recording m edium glass
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substrateleadstathereductionoftheweightofa
medium. Asxresulttheamounbtelectricitynec
themagneticrecordingmediumdecreases,andthepo
ofHDDcanbesuppressed. Thespecifiogravityof
recordingmediumglasssubstrateispreferablyint
than 3.0, more preferably intherange of 2.9 or le
preferably in the range of 2.85 or less.
[0142] 5. Liquidus temperature
Whenglassismeltedandtheresultantmoltenglas
if the molding temperature of glass is lower than t
temperature, glass is crystallized and homogeneous
be manufactured. Thus, the molding temperature of
be controlled to atemperature equal to or more tha
temperature. However, if the molding temperature i
1,300°C, for example, the press molds 50 and 60 tha
the time of press molding the molten glass gob 24 r
high-temperature molten glass gob 24, and hence the
50 and 60 become liable to be damaged. Further, a
promoted by Sn oxides and Ce oxides is sometimes de
elevationofafiningtemperaturecausedbytheele
temperature. In consideration of the foregoing, th
temperature is preferably controlled to 1,300°C or
liquidus temperature is more preferably in the rang
or less, still more preferably in the range of 1,20

When Glass A and Glass B are used, the liquidus tem
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the above-mentioned preferred ranges can be realize
limitoftheliquidustemperatureisnotparticular

a standard lower limit may be considered to be 800°
[0143] 6. Spectral transmittance
Amagneticrecordingmediumismanufacturedbygoi
thestepofformingamulti-layerfilmincludinga

layer on a magnetic recording medium glass substrat
multi-layer filmis formed on the magnetic recordin
substrate by using a single wafer film-forming syst
amainstreamnow,forexample,themagneticrecord
substrate is first introduced into a substrate-heat
film-formingapparatus, andisheateduptoatempe

film formation can be performed by sputtering or th

the temperature of the magnetic recording medium gl

is elevated sufficiently, the magnetic recording me
substrate is transferred to afirst film-forming ar
corresponding to the lowermost layer of the multi-|
formedonthemagneticrecordingmediumglasssubst
magneticrecordingmediumglasssubstrateistransf
film-forming area, another filmis formed onthelo
Inthesamemannerasdescribedabove,themagnetic
glasssubstrate issequentially transferredtofilm

in the latter stage, and films are formed sequentia
formingthemulti-layerfilm. Theabove-mentioned

formationarecarriedoutunderareducedpressure
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by exhausting air with a vacuum pump or the like, a

is no other way but to adopt a noncontact method in
the magnetic recording medium glass substrate. Thu
radiation is suitable for heating the magnetic reco
glass substrate. The film formation must be perfor
temperature of the magnetic recording mediumglass
not drop below the temperature suitable for the fil

If the time required for forming each layer is too
temperatureoftheheatedmagneticrecordingmedium
lowers,andasaresult,thereoccurstheproblemt
highsubstratetemperaturecannotbemaintainedin
areas in the latter stage. In order to maintain th

of the magnetic recording medium glass substrate fo
at atemperature at which film formation can be per
beagoodideatoheatthemagneticrecordingmediu
toahighertemperature. However ifthespeedat
recording medium glass substrate is heated is small
timemustbelonger,andthetimeduringwhichthe

in the heating area also must be longer. Thus, the
othemagneticrecordingmediumglasssubstratein

area also becomes longer, and sufficiently high sub
temperature cannot be maintained in the film-formin
latterstage. Moreover jtboecomesdifficultaim
Inparticular,whenamagneticrecordingmediuminc

recordingayerformedofahighKumagnetiomateri
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the magnetic recording medium glass substrate is he
temperatureinapredeterminedtime,andhenceeffi
by irradiation of the magnetic recording medium gla

should be further enhanced.

ated to high
ciencyofheating

Ss substrate

[0144] Glassincluding SiO 2andAl  ,0shasitsabsorption peak

intheregionincludingthe wavelengths offrom2,7
Further, when the infrared ray absorber described b
orisintroducedasaglass component, the absorpti
having shorter wavelengths can be further enhanced,
glass can absorb light in the wavelength region of
3,700nm. Inordertoheatefficientlythemagneti
glasssubstratebyradiation,thatis,byinfrared
itisdesiredto useinfrared rays having the maxim
spectrum in the above-mentioned wavelength region.
increase the heating speed, it is conceivable that
wavelength of an infrared ray spectrum and the abso
wavelengthofasubstrateare matchedandthe power
rays is increased. Taking a carbon heater in a hig
state for example as aninfrared ray source, itis
increase the input of the carbon heater in order to
powerofinfraredrays. However,iftheradiation

heater is black-body radiation, the increase of the
theelevationofthetemperatureoftheheater,and
wavelengthofaninfraredrayspectrumshiftstoth

side, and eventually exists out of the above-mentio
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wavelengthregionoftheglass. Thus,inorderto increasethespeed

atwhich the magnetic recording medium glass substr ateis heated,
the power consumption ofthe heater mustbe raised toanexcessive
level, and as a result, there occurs a problem such as a shorter

lifetime of the heater.

[0145] Inconsiderationoftheforegoing,itisdes irablethat
theabsorption,byglass,oflightintheabove-men tionedwavelength
region(wavelengthsoffrom700to3,700nm)beimp roved,tothereby
create a state in which the maximum wavelength of a ninfrared ray
spectrumandtheabsorptionpeakwavelengthofasu bstratearecloser,
andinfraredraysbeappliedunderthestatewhile excessiveheater
inputisavoided. Then,jnordertoenhancetheef ficiencyofheating
byinfraredrayradiation preferredasglassfora magnetiaecording
medium glass substrate is glass which has such tran smittance
characteristic that a region in which the spectral transmittance
of glass in terms of a thickness of 2 mm is 50% or less exists in
the wavelength region of from 700 to 3,700 nm, org lass which has
the transmittance characteristic that the spectral transmittance
intermsofathicknessofZmmis70%oressthro ughoutthewavelength
region. Forexample,anoxideofatleastonekind ofmetalselected
from iron, copper, cobalt, ytterbium, manganese, ne odymium,
praseodymium, niobium, cerium, vanadium, chromium, nickel,
molybdenum,holmium,anderbiumcanactasaninfra redrayabsorber.
Inaddition,wateroranOHgroupincludedinwater exhibitsstrong
absorptionina3 umband,andhencewatercanalsoactasaninfrared
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ray absorber. The above-mentioned preferred absorp tion

characteristicscanbeimpartedtoGlassAandGlas sBbyintroducing
a proper amount of the above-mentioned component th at can act as
aninfraredrayabsorbertoGlassAandGlassB. T headditionamount
of the above-mentioned oxide that can act as one of infrared ray
absorbers s, based on mass of oxides, preferably i nthe range of
500ppmto5%,morepreferably2,000ppmto5%,sti lImorepreferably
2,000 ppm to 2%, still more preferably 4,000 ppm to 2%. Further,
thecontentofwateris,intermsofH 2Obasedonweight, preferably

more than 200 ppm, more preferably 220 ppm or more.

[0146] Notethat,whenYb 2OzandNb ,O;areintroducedasglass
componentsorwhenCeoxidesareaddedasafining agent,absorption
ofinfraredrayscarriedoutoythesecomponentsca rbetakeradvantage

of for improving the efficiency of heating a substr ate.

[0147] [Method of manufacturing magnetic recording medium

glass substrate]

Themethodofmanufacturingamagneticrecordingm ediumglass
substrate according to an embodiment of the present invention is
characterizedinthatamagnetic recordingmediumg lass substrate
ismanufacturedoyateasigoinghroughepolishi ngstepofolishing
the main surface of a glass blank manufactured by t he method of
manufacturing a glass blank foramagnetic recordin g medium glass

substrate according to the present invention.
[0148] Notethatthe phrase "magneticrecordingmed iumglass

substrate” herein preferably means a substrate made of
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noncrystallineglass,thatis,asubstratemadeof
Glass-basedsubstratesareroughlyclassifiedinto

glass substrate and a crystallized glass substrate

by crystallizing noncrystalline glass with heat tre
treatment for crystallization is, in general, carri
temperaturehigherthantheglasstransitiontemper
evenfaglassblankhavingagoodflatnessotav

deviation is used, glass is deformed by heat treatm
crystallization and the significance of using a gla
diminishes or is lost. If a noncrystalline glass s
manufactured, a glass blank is not required to be t
temperature. Therefore,itcanbeconcludedthati

to use the glass blank having a good flatness or ha
thicknessdeviationathetimeofimanufacturinga

medium glass substrate.

[0149]
produced, first, scribing is performed on a glass b
bycarryingoutthepressmolding. Thescribingre
cutting lines (line-like flaws) like two concentric
innerconcentriccircleandanouterconcentriccir
madeofcementedcarbideorformedofdiamondparti
ofamoldedglassblank,inordertoprocessthemo
into a ring shape having a predetermined size. Not
mark remaining in the glass blank is localized insi

concentriccircle. Theglassblankhavingscribed
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concentric circles is partially heated, and the out side portion

ofthe outer concentric circle andtheinside porti onoftheinner
concentriccircleareremovedbyvirtueofthediff erenceinthermal
expansion of glass, thereby yielding a disk-shaped glass having

a perfect circle shape.

[0150] Whenscribeprocessingiscarriedout,ifth eroughness
of the main surface of the glass blank is 1 um or less, cutting

lines can be suitably provided by using a scriber. Note that, in
thecasewheretheroughnessofthe mainsurface of theglassblank
exceeds1l um,ascriberdoes notfollow the irregularities of the
surfaceandtmaybecomedifficultoprovidecutt indinesuniformly.

In this case, after the main surface of the glass b lank is made

smooth, scribing is performed.

[0151] Nextthescribedglassundergoesshapeproc essing. The
shape processing includes chamfering (chamfering of an outer
peripheral end portion and an inner peripheral end portion). In
thechamfering theoutermperipheralendportionan dinnerperipheral
end portion of the ring-shaped glass are chamfered with a diamond

grinding stone.

[0152] Next, the disk-shaped glass undergoes end su rface
polishing. Intheendsurfacepolishing,theinner peripheralside
endsurfaceandoutermperipheralsideendsurfaceo ftheglassundergo
mirror finish by brush polishing. In this case, th ereisuseda
slurryincludingfine particlesofceriumoxideor thelikeasfree
abrasivegrains. The endsurface polishingremoves contamination
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caused by attachmentof dust orthe like and impair

or flaws on or in the end surfaces of the glass. A
precipitation of ions of sodium, potassium, and the
corrosion can be prevented from occurring.

[0153] Nextfirstpolishingiscarriedoutonthe

of the disk-shaped glass. The purpose of the first

to remove flaws and strain remaining in the main su
machiningallowanceremovedbythefirstpolishing
several umto about 10
amount of a machining allowance is not required to
flaws, strain,andthelike,whicharecausedbyth

are not generated in the glass. Thus, the first po
involves a small amount of a machining allowance.
[0154] In the first polishing step and the second p
step described below, a double-side polishing appar
The double-side polishing apparatus is an apparatus
outpolishingwithpolishingpadsbyrelativelymov
glassandthepolishingpads. Thedouble-sidepoli
includes a polishing carrier fitting portion having

gear and a sun gear which are each rotationally dri
predeterminedrotationrateandalsoincludesanup
andalowersurfaceplatewhicharerotationallydr
directionstoeachotherwiththepolishingcarrier

being sandwiched by both the plates. On each surfa

disk-shapedglassoftheuppersurfaceplateandio
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suchasdamage
S a result,

like causing

mainsurfaces
polishing is
rfaces. A

is,forexample,

um. As a grinding step involving a large

be performed,
egrindingstep,

lishing step

olishing
atus is used.
for carrying
ingadisk-shaped
shingapparatus
an internal
ven at a
persurfaceplate
iveninopposite
fittingportion
ce facing a

wersurfaceplate,



the polishing pads described below are attached. E
carrier fitted so as to be engaged with each of the
andthesungearperformsaplanetarygearmotion,

around the sun gear while spinning.

[0155] The each polishing carrier holds a plurality

disk-shaped glasses. The upper surface plate is mo
vertical direction and presses each polishing pad o

and back main surfaces of each disk-shaped glass.
slurry (polishing liquid) containing polishing abra
(polishing material) is being supplied, the disk-sh
thepolishingpadmoverelativelyowningtothepla

ofthe polishing carrierandthe phenomenonthatth

plate and the lower surface plate rotate in opposit

to each other. As aresult, the front and back mai
eachdisk-shapedglassspolished. Notethatjn

step, ahardresinpolisher, forexample,isuseda

pad and ceriumoxide abrasive grains, forexample,
polishing material.

[0156] Next, the disk-shaped glass after thefirst

is subjected to chemical strengthening. It is poss
molten salt of potassium nitrate or the like as a ¢
strengthening solution. In the chemical strengthen
chemical strengthening solution is heated to, for e
to400°C,andacleanedglassis pre-heatedto, for

to 300°C and thenimmersed in the chemical strength
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ach polishing
internal gear

thatis,revolves

of
vable in the
nto the front
Then, while a
sive grains
apedglassand
netarygearmotion
euppersurface
e directions
n surfaces of
thefirsipolishing
sthe polishing

areusedasthe

polishing
ible touse a
hemical
ing, the
xample, 300°C
example, 200°C

ening solution



for,forexample, 3hoursto4 hours. Theimmersio
performedunderastateinwhichapluralityofgla

in a holder so as to be held by their end surfaces

main surfaces of each of the glasses entirely under
strengthening.

[0157] Each glass isimmersed in the chemical stren
solution, as described above, and as a result, sodi
surfacelayersofthe glassare substituted by pota
havingarelativelylargeionradiusinthechemica

solution, respectively, forming a compressive stres

nis preferably
ssesarecontained
so that both

go chemical

gthening
umionsinthe
ssiumionseach
Istrengthening

s layer with

athicknessofabout50t0200 um. Thus,theglassisstrengthened

and is provided with good impact resistance. Note
havingundergonechemicalstrengtheningtreatmenti
example, the glass s cleaned with sulfuric acid an

with pure water, isopropyl alcohol (IPA), or the li

thatthe glass
scleaned. For
dthencleaned

ke.

[0158] Next, the glass which has undergone chemical

strengthening and has been cleaned sufficiently is
second polishing. A machining allowance removed by
polishing is, for example, about 1 um.
[0159] The purpose of the second polishing is to fi
mainsurfaceslikemirrorsurfaces. Inthesecond
thedisk-shapedglassispolishedbyusingadouble
apparatus as in the first polishing step, but the ¢
polishingabrasivegrainscontainedinapolishing

to be used and the composition of a polishing pad a
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subjected to

the second

nish the
polishingstep,
-sidepolishing
omposition of
liquid(slurry)

re different



from those in the first one. In the second polishi

are used polishing abrasive grains each havingasm
andasofterpolishingpadcomparedwiththoseint

step. Forexample,inthesecondpolishingstep,a
polisher,forexample,isusedasthepolishingpad

oxide abrasive grains than the cerium oxide abrasiv
inthefirstpolishingstepare,forexample,used
material.

[0160] Thedisk-shapedglasspolishedinthesecond
stepisagaincleaned. Inthecleaning,aneutral
water,orlPAisused. Thesecondpolishingyields

for a magnetic disk having a flatness in main surfa
lessandaroughnessinmainsurfaceof0.2nmorl
various layers such as a magnetic layer are formed
substrateforamagneticdisk,andamagneticdisk
[0161] Note that the chemical strengthening step is
outbetweenthefirstpolishingstepandthesecond
andthe orderofthese stepsisnotlimitedtothis
asthesecondpolishingstepiscarriedoutaftert
step,thechemicalstrengtheningstepcanbearbitr

For example, the order of the first polishing step,
polishing step, andthe chemical strengthening step
referredtoas"routingl"maybeadopted. Noteth

1 is adopted, surface irregularities that may be pr

chemicalstrengtheningsteparenotremoved andhe
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ng step, there
aller diameter
hefirstpolishing
softtoamedresin
,andfinercerium
e grains used

asthepolishing

polishing
detergent, pure

aglasssubstrate

ceof4 umor

ess. Afterthat,
on the glass
ismanufactured.
carried
polishingstep,
order. Aslong
hefirstpolishing
arilyarranged.
the second
(hereinatfter,
atiftherouting
oduced by the

ncemorepreferred



istheroutingotthefirstpolishingstep theche

step, and the second polishing step.

[0162] [Method of manufacturing magnetic recording
Amethodoimanufacturinggamagnetiaecordingmed

toanembodimentofthe presentinventionischarac

amagnetic recording mediumis produced by at least

a magnetic recording layer-forming step of forming

recording layer on a magnetic recording medium glas

manufactured by the method of manufacturing a magne

medium glass substrate according to the present inv

[0163] Amagneticrecordingmediumisalsocalled,

amagneticdiskoraharddisk,andissuitablefor

(such as fixed disks) for desk top computers, serve

notebook computers, mobile computers, and the like,

storages for portable recording and reproducing dev

micalktrengthening

medium]
iumaccording
terizedinthat
going through
a magnetic
S substrate
tic recording
ention.
forexample,
internalstorages
r computers,
internal

ices used for

recording and reproducing images and/or sounds, rec ording and
reproducing devices for in-car audio systems, and t he like.
[0164] The magnetic recording medium has, for examp le, a

configuration in which at least an adherent layer,
layer, a magnetic layer (magnetic recording layer),
layer, and a lubricant layer are laminated onthe m
a substrate sequentially, starting from the layer c
surface. Forexample,amagneticrecordingmedium
Is introduced into a film-forming apparatus in whic

reduced, and each layer from the adherent layer to
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glasssubstrate
h pressure is

the magnetic



layer is sequentially formed on the main surface of
recording medium glass substrate in an Ar atmospher
DC magnetron sputtering method. There can be used,
CrTiastheadherentlayer,and,forexample, CrRu

layer. After the above-mentioned film formation, t
layeris formed with C
then, nitriding treatmentincludingintroducing nit

surface is carried out in the same chamber, thereby

form the magnetic recording medium. After that, fo
polyfluoropolyether (PFPE) is applied on the protec
adipcoatingmethod ,therebybeingabletoformth

[0165] As described previously, it is preferred to
magnetic recording layer from a high Ku magnetic ma
purposeofattaininghigherdensityrecordingina

media. Exemplifiedasapreferredmagneticmateria
foregoing are an Fe-Pt-based magnetic material and
magnetic material. Note that the term "-based" her
"including.” That is, the magnetic recording mediu

the method of manufacturinga magnetic recordingme
toanembodimentofthepresentinventionpreferabl
recording layer including Fe and Pt, or Co and Pt,
recording layer. Although the film-forming tempera
magnetic material which has beenwidely used conven

as a Co-Cr-based magnetic material, is about 250 to

film-forming temperature of each of the Fe-Pt-based
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magnetic



materialandtheCo-Pt-basedmagneticmaterialisg
atemperatureasmorethan500°C. Furtherthosem

are generally subjected to high-temperature heat tr
(annealing) atatemperature exceeding each ofthei
temperatures after film formation so that the magne
havecrystalorientationproperty. Thus,whenama

layer is formed by using the Fe-Pt-based magneticm
Co-Pt-based magnetic material, a magnetic recording
substrate is exposed to the above-mentioned highte

this case, if glass forming the magnetic recording
substrate has poor heat resistance, the glass subst
anditsflatnessisimpaired. Incontrast,themag

medium glass substrate forming the magnetic recordi
obtainedbythemethodofmanufacturingamagnetic
according to an embodiment of the presentinvention

heat resistance. Thus, the magnetic recording medi
substrate can maintain its high flatness even after
recordinglayerisformedbyusingtheFe-Pt-based
ortheCo-Pt-basedmagneticmaterial. Theabove-me
recordingayercanbeformedoy forexample form
magneticmaterialorthe Co-Pt-based magneticmater
inan Aratmosphere by usingaDC magnetron sputter
thenperformingheattreatmentatahighertemperat
furnace.

[0166]

99
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constant (Ku) is in proportion to a magnetic coerci
ThemagneticcoerciveforceHcrepresentsthestren

field causing magnetization reversal. As described
because a high Ku magnetic material has resistance
fluctuation thedegradationofamagnetizedregion
fluctuation is unlikely to occur even if its magnet

are microparticulated, and hence the high Ku magnet
knownasamaterialsuitableforattaininghighden
However, Ku and Hc have a proportional relationship
asdescribedabove,andhence,asKuincreases, Hc
thatis,magnetizationreversalcausedbyamagneti
tooccurandwritinginformation becomes difficult.
attention has been paid in recent years to a record
which, when information is written by a recording m

the magnetic head instantly applies energy to a dat

to decrease a magnetic coercive force, thereby assi
magnetization reversal of a high Ku magnetic materi
recording method is called an energy-assisted recor
Inparticular, arecording method in which magnetiz
isassistedbyirradiationoflaserlightiscalled

recording method, and a recording method in which m
reversal is assisted by irradiation of a microwave
microwave-assistedrecordingmethod. Asdescribed
becomespossibletoformamagneticrecordinglayer

Ku magnetic material according to the method of man
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magneticrecordingmediumaccordingtoanembodimen tofthepresent

invention. Thus, by combining the high Ku magnetic material and
theenergy-assistedrecording itispossibletore alizehighdensity
recordingat,forexample,asurfacerecordingdens ityofmorethan
oneterabyte/squareinches. Notethattheheat-ass istedrecording
method is described in detail in, for example, IEEE TRANSACTIONS
ON MAGNETICS, VOL. 44, No. 1, JANUARY 2008 119, and the
microwave-assistedrecordingmethodisdescribedin detailin,for

example, [IEEE TRANSACTIONS ON MAGNETICS, VOL. 44, N 0.1, JANUARY

2008 125, respectively. The energy-assisted record ing can be
performed according to any of those methods describ ed in the
literature in the method of producing a magnetic re cording medium
according to an embodiment of the present invention as well.
[0167] The dimensions ofthe magnetic recording med iumglass
substrate (such as magnetic disk substrate) and the dimensions of
the magnetic recording medium (such as magnetic dis k) are not
particularlylimited. However,becausehighrecord ingdensitycan
be attained, the medium and the substrate can be do wnsized. For
example, the substrate and the medium are suitable as a magnetic
disk substrate and a magnetic disk, respectively, e ach having a
nominaldiameterof2.5inchesand moreover, are su itableasthose

each having a smaller diameter (such as 1 inch).

Examples

[0168] Hereinafter,thepresentinventionisdescri bedinmore
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detailbased onexamples, butthe presentinvention isnotlimited

to the following examples.

[0169] <Glass composition and physical properties>

Materialssuchasoxides carbonates nitrates,an dhydroxides
were weighed and mixed enough, yielding each blende d material, so
thatglassesNo.1to13listedinTables1to5ar eobtained. Each
blended material was fed into a melting tank in a g lass melting
furnace, washeated,andwasmelt. Theresultantm oltenglasswas
transferred from the melting tank to a fining tank, and bubbles
were removed in the fining tank. Further, the molt en glass was
transferred to an operation tank, was stirred and h omogenized in
theoperationtank,andwascausedtoflowoutfrom aglasseffluent
pipe provided in the bottom portion of the operatio n tank. The
melting tank, the fining tank, the operation tank, and the glass
effluentpipewereeachundertemperaturecontrol, andineachstep,
the temperature and viscosity of the glass were eac h kept in an
optimalstate. Themoltenglassflowingoutfromt heglasseffluent
pipewascastintoamoldandmoldedintoglass. T heresultantglass
wasusedasasampletomeasureitscharacteristics describedbelow.
A method of measuring the respective characteristic S mentioned
below.
[0170]
(1) Glass transition temperature Tg, thermal expans ion
coefficient

The glass transition temperature Tg and the averag e linear
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expansioncoefficient oat100to300°Cofeachglassweremeasured

by using a thermomechanical analyzer (TMA).

(2)  Young's modulus
TheYoung'smodulusofeachglasswasmeasuredby

method.

(3) Specific gravity

anultrasonic

The specific gravity of each glass was measured by

Archimedean method.
(4) Specific elastic modulus
Thespecificelasticmodulusofeachglasswascal
on the above-mentioned Young's modulus obtained in
andtheabove-mentionedspecificgravity obtainedi
(5) Liquidus temperature
A glass sample was putin a platinum crucible and
predeterminedtemperaturefor2hours. Afterbeing
thefurnace,theglasssamplewascooledandthepr
ofcrystalprecipitationwasobservedwithamicros
temperature at which crystals were not observed was
liquidus temperature (L. T.).
Tableslto7showthecompositionandcharacteris

glass.
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[0171] [Table 1]
No. 1 No. 2 No. 3
mol% mass% mol% mass% mol% mass%
SiO, 66.2 62.4 $2.0 59.8 65.4 61.2
Al ,0; 0.5 0.8 0.4 0.7 0.4 0.6
B,O; 0.0 0.0 0.0 0.0 0.0 0.0
Li ,O 0.0 0.0 0.0 0i0 0.0 0.0
Na,O 3.3 3.2 3.2 3i2 3.3 3.2
K,O 6.2 9.2 4.4 66 6.2 9.1
Cs,0 0.0 0.0 0.0 0i0 0.0 0.0
MgO 6.5 4.1 9.6 6.2 6.9 4.1
CaO 12.5 11.0 15.6 14.0 12.9 10.9
SrO 0.0 0.0 .0 0.0 0.0 0.0
BaO 0.0 0.0 0.0 0i0 0.0 0.0
ZnO 0.0 0.0 D.0 0.0 0.0 0.0
ZrO, 4.8 9.3 4.8 9.5 5.7 10.9
TiO, 0.0 0.0 0.0 0.0 0.0 0.0
La,0; 0.0 0.0 0.0 0.0 0.0 0.0
Y,0; 0.0 0.0 0.0 0.0 0.0 0.0
- Yb,0s 0.0 0.0 0.0 0.0 0.0 0.0
Composition Ta,0, 0.0 0.0 0.0 0.0 04 0.0
Nb,Q 0.0 0.0 0.0 0.0 0.0 0.0
HfO, 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
SiO,+Al ,03+B,0; 66.7 63.2 62.4 60.5 65.9 61.8
Li ,0+NgO+KO+Cs,0 9.5 12.4 7.6 9.8 9.5 12.3
Na,0+KO 9.5 12.4 7.6 9.8 9.5 12.3
(Nazoifgfé'sﬁ)o*'\'aio 1.0 1.0 1.0 10 14 1.0
MgO+CaO+SrO+BaO 19.0 15.1 25.2 20.2 19)0 15.0
MgO+CaO 19.0 15.1 25.2 20.2 19.p 15.0
SrO+BaO 0.0 0.0 0.0 0i0 0.0 0.0
(MgO+Céar181/él\gg())+CaO+ 1.0 1.0 1.0 10 14 1.0
Al ,0;/(MgO+CaO) 0.026 Q.065 0.016 0.071 0.021| 0.049
Al ,0,/Ca0 0.040 0.073 0.026 0.080 0.032| 0.055
A0, 4.8 9.3 4.8 9.5 5.7 10.9
ZrO,/A .0, 1.0 1.0 1.0 1.0 1.0 1.0
(Note)A O meansthetotalcontentofZrO 2, TIO s,La 203,Y 205,Yb 20;,

TaxGs, Nb 2O, and HfO 2.
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[0172] [Table 2]
No. 4 No. 5 No. 6
mol% mass% mol% mass% mol% mass%
SiO, 60.2 59.4 64.8 60.8 63.6 59.5
Al ,O 0.4 0.7 0.4 0.7 0.4 0.7
B,O; 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
Na,O 3.2 3.3 1.1 11 4.3 4.1
K,O 3.3 51 7.8 11.4 1.1 1.6
Cs,0 0.0 0.0 0.0 0:0 1.1 4.7
MgO 11.7 7.8 7.5 4.8 5.2 3.3
CaO 17.5 16.2 13.6 11.9 19.6 17.1
SrO 0.0 0.0 D.0 0.0 0.0 0.0
BaO 0.0 0.0 0.0 0i0 0.0 0.0
ZnO 0.0 0.0 0.0 0i0 0.0 0.0
ZrO, 3.7 7.5 4.8 9.3 4.7 9.0
TiO» 0.0 0.0 0.0 0.0 0.0 0.0
La,0; 0.0 0.0 0.0 0.0 0.0 0.0
Y03 0.0 0.0 0.0 0.0 0.0 0.0
" Yh,0O; 0.0 0.0 0.0 0.0 0.0 0.0
Composition
Ta, 0.0 0.0 0.0 0.0 0.0 0.0
Nb,O 0.0 0.0 0.0 0.0 0.0 0.0
HfO, 0.0 0.0 0.0 0.0 0.0 0.0
Total 100.0 100.0 100{0 100.00 100.0 | 100.0
SiO ,+Al ,05+B,0; 60.6 60.1 65.2 61.5 64.0 60.2
Li ,0+NgO+K0+Cs,0 6.5 8.4 8.9 12.5 6.5 10.4
Na,O+K0 6.5 8.4 8.9 12.5 54 57
(Nazoﬁgfé'&g)o”\@o 1.0 1.0 1.0 10 o4 0.5
MgO+CaO+SrO+Ba0O 29.2 24.0 21.1 16.7 248 20.4
MgO+CaO 29.2 24.0 21.1 15.7 24.B 20.4
SrO+BaO 0.0 0.0 0.0 0.0 0.0 0.0
(Mgo+g?gz/ég/|g)o+0ao+ 10 |10 |10 1o 14 1.0
Al ,G;/(MgO+CaO) 0.014 (4.083 0.019 0.056 0.016 0.123
Al ,0,/Ca0 0.023 ).043 0.029 0.059 0.020 0.041
A 3.7 7.5 4.8 9.3 4.7 9.0
ZrO,/A /O, 1.0 1.0 1.0 1.0 1.0 1.0
(Note)A O,meansthetotalcontentofZrO 2, TIO ,La 205Y 20Gs,Yb 20;,

TaxGs, Nb 2O, and HfO 2.
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TaxGs, Nb 2O, and HfO

2.
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[0173] [Table 3]
No. 7 No. 8 No. 9
mol% mass% mol% mass% mol% mass%
SiO, 57.6 55.9 65.5 61.8 65.4 62.0
Al ,0; 2.1 35 0.4 0.6 0.9 1.4
B,O; 0.0 0.0 0.0 0.0 0.0 0.0
Li ,O 0.0 0.0 0.0 0i0 0.0 0.0
Na,O 3.2 3.2 4.4 43 3.3 3.2
K,O 2.8 4.3 6.1 9i0 6.1 9.0
Cs,0 0.0 0.0 0.0 0i0 0.0 0.0
MgO 11.8 7.7 6.4 4.1 6.5 4.1
CaO 17.7 16.0 12.4 1G.9 12.5 11.0
Sro 0.0 0.0 .0 0.0 0.0 0.0
BaO 0.0 0.0 0.0 0i0 0.0 0.0
ZnO 0.0 0.0 0.0 00 0.0 0.0
ZrO, 4.8 9.5 4.8 9.3 4.9 9.3
TiO, 0.0 0.0 0.0 0.0 0.0 0.0
La,0; 0.0 0.0 0.0 0.0 0.0 0.0
Y,0; 0.0 0.0 0.0 0.0 0.0 0.0
N Yb,0; 0.0 0.0 0.0 0.0 0.0 0.0
Composition Ta,0, 0.0 0.0 0.0 0.0 0.d 0.0
Nb,O; 0.0 0.0 0.0 0.0 0.0 0.0
HfO, 0.0 0.0 0.0 0.0 0.0 0.0
Total 100.0 100.1 100[0 100.00 100.0 | 100.0
SiO ,+Al ,03+B,0y 59.7 59.4 65.9 62.4 66.9 63.4
Li ,O0+NaO+K0O+Cs,0 6.0 7.5 10.5 13.3 9.4 12.2
Na,O+K0 6.0 7.5 10.5 13.3 9.4 12.2
(Nazoifgfé'szg)o”\@o 1.0 1.0 1.0 10 1.0 1.0
MgO+CaO+SrO+Ba0O 29.5 23.7 18.8 15.0 1900 15.1
MgO+CaO 29.5 23.7 18.8 15.0 19.p 15.1
SrO+BaO 0.0 0.0 0.0 0{0 0.0 0.0
(Mgo+g?gz/ég/|g)o+0ao+ 1.0 1.0 1.0 140 14 1.0
Al ,03/(MgO+CaO) 0.071 G.467 0.021 0.048 0.047| 0.115
Al ,0;/Ca0 0.119 ©.219 0.p32 0.089 0.072| 0.127
AO, 4.8 9.5 4.8 9.3 4.9 9.3
ZrO,/A O, 1.0 1.0 1.0 1.0 1.4 1.0
(Note)A O,meansthetotalcontentofZrO 2, TIO s,La 205Y 20Gs,Yb 20;,




[0174] [Table 4]

No. 10 No. 11
mol% | mass% | mol% imass%
SiO, 64.0 57.7 §3.0 54.8
Al ,O; 4.0 6.1 1.0 5.9
B,O; 0.0 0.0 D.0 0.0
Li ,O 1.0 0.4 D.0 0.9
Na,O 6.5 6.0 4.0 3.6
KO 1.5 2.1 5.0 6.8
Cs,0 0.0 0.0 D.0 0.0
MgO 0.0 0.0 0.0 0.0
CaO 16.0 134 13.0 105
SrO 0.0 0.0 a.0 0.¢
BaO 3.0 6.9 3.0 6.6
Zn0O 0.0 0.0 0.0 0.0
Zr0, 4.0 7.4 4.0 7.2
TiO, 0.0 0.0 1.0 4.6
La,O; 0.0 0.0 D.0 0.0
Y,05 0.0 0.0 D.0 0.0
N Yb,0; 00 {00 DO 00
Composition Ta,0, 00 100 po 00
Nb, G5 0.0 0.0 D.0 0.0
HfO, 0.0 0.0 D.0 0.0
Total 100.0 100.0 1000 100.0
SiO,+Al ,G;+B,0; 68.0 63.8 q7.0 60:7
Li ,O0+NaO+K0O+Cs0 9.0 8.5 9.0 104
Na,O+K0 8.0 8.1 9.0 104
(Na20+*§0¥((':"SZC§)O+N@O+*@O 09 {10 LO 10
MgO+CaO+SrO+BaO 19.0 20.3 16.0 171
MgO+CaO 16.0 134 13.0 10.5
SrO+BaO 3.0 6.9 3.0 6.6
(MgO+Ca0)/(MgO+CaO+SrO 10 10 10 10
+BaO)
Al ,05/(MgO+CaO) 0.250 0.753 0.3p8 0.567
Al ,G;/Cal 0.250 G.455 0.308 0.562
A, 4.0 7.4 8.0 11:8
ZrO,/A O 1.0 1.0 D.5 0.6
(Note)A O meansthetotalcontentofZrO 2, TIO s,La 203,Y 205,Yb 20;,

TaG;, Nb >G5, and HfO 2.
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[0175] [Table 5]
No. 12 No. 13
mol% | mass% | mol% mass%
SiO, 66.6 64.0 0.6 60:5
Al ,O; 6.3 10.3 0.3 15.7
B,Gs 0.0 0.0 1.0 1.2
Li ,O 0.0 0.0 D.5 4.7
Na,O 14.4 14.3 1.7 1Y
K,O 0.0 0.0 1.1 1.7
Cs,0O 0.0 0.0 D.0 0.0
MgO 4.5 2.9 13.0 817
CaO 7.2 6.5 D.0 0.0
SrO 0.0 0.0 0.0 0.0
BaO 0.0 0.0 D.0 0.0
ZnO 0.0 0.0 D.0 0.0
Zr0O, 1.0 2.0 0.0 0.0
TiO, 0.0 0.0 3.5 416
La,O; 0.0 0.0 0.0 0.0
Y0, 0.0 0.0 0.0 0.0
N Yb, O 00 {00 PO 0
Composition Ta:0; 00 |00 po 0D
Nb,Os 0.0 0.0 0.3 1.2
HfO, 0.0 0.0 0.0 0i0
Total 100.0 100.0 100/0 100.0
SiO ,+Al ,0;+B,0; 72.9 74.3 10.9 774
Li ,0+NgO+K0+Cs,0 144 1143 123 8.1
Na,O+K0 14.4 14.3 2.8 3.4
(Nazo%o)i((':‘;zg)@"\‘@o%o 10 {10 p2 ol
MgO+CaO+SrO+BaO 11.7 9.4 13.0 8.7
MgO+CaO 11.7 9.4 13.0 8.7
SrO+BaO 0.0 0.0 D.O 0.0
(MgO+Ca0)/(MgO+Ca0+SrO 10 10 10 1l0
+BaO)
Al ,0;/(MgO+Ca0) 0.538 1.096 0.715 1.80%
Al ,G;/Ca0 0.875 1.585 - -
A 1.0 2.0 3.8 5i8
ZrO,/A O 1.0 1.0 0{0 0.0
(Note)A O,meansthetotalcontentofZrO 2, TIO ,La 205Y 20Gs,Yb 20;,

TaxGs, Nb 2O, and HfO 2.
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[0176]

[Table 6]

Glass Composition No.

No. ]

No. 2

No. 3

No. 4

No. 5

No. 6

No. 7

No. 8

No. 9

No. 10

No. 11

Characteristics

Specific gravity

2.7

2.8

2.7

2.8

2.7

2.79

2.79

Glass transition
temperature Tg [°C]

687

692

698

690 710 70 701

670

689

650

679

Average linear
expansion coefficient
[x10 7 /°C]

79

80

79

80

83

78

80.9

83.3

Young's modulus
[GPa]

82

88

85

90

83

84

86

Specific elastic
modulus [MNm/kg]

30.4

31

31

B2 3L 32 33

31

31

30.8

Liquidus temperature
LT [°C]

1,180

1,220

1,200

1,300

1,250

1,290

more
than
1,300

1,220

1,220

1,0500
r less

[0177]

[Table 7]

Glass Composition No.

No. 12

No. 13

Characteristics

Specific gravity

2.53

Glass transition
temperature Tg [°C]

592

589

Average linear
expansion coefficient
[x10 7 /°C]

Young's modulus
[GPa]

77

Specific elastic
modulus [MNm/kg]

35

Liquidus temperature
LT [°C]
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[0178] <ExamplesAltoAllandComparativeExamples
Each type of glass listed in Table 1 to Table 5wa

manufactureaglassblankbythehorizontaldirect

in FIG. 1 to FIG. 9 or conventional vertical direct

[0179] —NManufactureofglassblankbyhorizontaldi
Here, when a glass blank was manufactured by the h

directpressillustratedin FIG. 1to FIG. 9,thev

molten glass flow 20 was adjusted by controlling it

soasbeconstantintherange of500to 1,050dPa

press mold bodies 52 and 62 and the guide members 5

made of castiron (FCD). Notethatthe press-moldi

and62Aaresmoothsurfacestowhichmirrorfinish

and also flat surfaces each having a curvature of s

zero. Further,thedifferencesinheightbetweent

surfacesb2Aand62Aandtheguidesurfacess4Aand

wereeachsetto0.5mm. Further,thearrangement

press molds 50 and 60 with respect to the vertical

adjusted sothatthe falling distance was keptata

AltoA13>
susedto
pressillustrated
press.
rectpress—
orizontal
iscosity ofthe
s temperature
-S. Further,the
4 and 64 were
ngsurfaces52A
hasbeenapplied
ubstantially

hepress-molding

64A respectively,

positionsofthe
direction were

constantvalue

intherangeofLOOMmto200mm. Inaddition the time(press-molding

time) takenfromthe start of press asillustrated
thestateofthecompletionofthecontactbetween

54A and the guide surface 64A as illustrated in FIG

a constant value in the range of 0.05 second to 0.1
press pressure was set to about 6.7 MPa. Next, whi

illustratedinFIG.7wasmaintained,thepresspre
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inFIG. 5until
theguidesurface
. 7 was setto
second, and
le the state

ssurewasreduced,



and while a state in which the press-molding surfac

wereinclosecontactwiththethinflatglass26w

severalseconds,thethinflatglass26wascooled.

pressure was released and the first press mold 50 a

press mold 60 were detached fromeach otherasillu

8 and FIG. 9, to thereby demold and take out the th

26, that is, a glass blank.

[0180] —Manufacture of glass blank by vertical dire
On the other hand, when a glass blank was manufact

vertical direct press, there was used a press appar

arotating table along the outer peripheral edge of

lower molds were arranged at regular intervals and

table rotating in one direction while alternatively

stopping for each 22.5° at the time of press. Furt

numbers,P1toP16,weregiventosixteenlowermol

corresponding to the sixteen lower molds arranged o

peripheraledge oftherotatingtablealongtherot

ottherotatingtable thefollowingrespectivemem

above the press surface of a lower mold or at a sid

mold at each of the following lower mold stop posit

- Lower mold stop position P1: molten glass supply a

- Lower mold stop position P2: Upper mold

- Lower mold stop position P4: Upper mold for warpag

press

- LowermoldstoppositionP12:taking-outmeans(va
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es52A and 62A
askeptforabout
Next,thepress
nd the second
stratedinFIG.

in flat glass

ctpress—
ured by
atusincluding
which sixteen
which rotated
moving and
her, when the
dstoppositions
n the outer
atingdirection
berswerearranged
e of a lower
ions.

pparatus

e-adjusting

cuumadsorption



apparatus)
[0181] Inthepressapparatus,apredeterminedamou
glassissuppliedontoalowermoldatthelowermo

P1, the molten glass is press-molded into a thin fl

the upper mold and the lower mold at the lower mold
P2,pressisperformedagaintoadjustthewarpage

glass and further improve the flatness of the thin

the lower mold stop position P4, and the resultant

Is taken out at the lower mold stop position P12.
heat-equalizingandcoolingstepiscarriedoutwhe

moves to the stop positions P2to P12, and prewarmi
mold is carried out by using a heater when the lowe

to the stop positions P12 to P16.

[0182] Here,thepressingtime (timeduringwhichp
appliedto glass) and press pressure of the pressm
outatthe lower mold stop position P2 were setto
levelsasthoseinthecaseofcarryingouthorizon

Besides, the material of the upper mold and lower m
smoothness and flatness of the press-molding surfac
setto the same levels as those of the press molds
inthehorizontaldirectpress. Notethatthevisc

glass just before being supplied onto a lower mold

the lower mold stop position P1 was adjusted by con
temperaturesoastobeconstantintherangeof50

[0183] —Evaluation—
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ntofmolten
|dstop position
at glass with
stop position
ofthethinflat
flat glass at
thinflatglass
Further, a
nthelowermold
ng ofthe lower

r mold moves

ressureis
olding carried
nearly the same
taldirectpress.
old, and the
es were also
50 and 60 used
osityofmolten
positioned at
trolling its

Oto1,050dPa
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After 1,000 sheets of glass blanks were continuous

manufactured by press molding, 991stto 1,000th gla
sampled, and were each measured for its diameter, c
average thickness, thickness deviation, and flatnes
three-dimensional shape measuring machine and a mic
perform evaluation. Note that all samples were fou
diameter of 75 mm, a circularity of within£0.5 mm,
thicknesso0.90mm. Frontheresultsthediamet
wasfoundtobe 83.3. Further, Table8showstheh
thickness deviation, and flatness of glass, togethe

No. used, various physical properties of glass, the
andthetemperature of molten glass usedfor press.
ExamplesAltoAll, glassesselected from Glass No.

11 were used in the order of increasing Glass No.,

In addition, glass of No. 12 was used in Comparativ
glassofNo.13wasusednComparativeExampleA2,
Examples A3to A13, glasses selected from Glass No.

11 were used in the order of increasing Glass No.,
Further, in each of Comparative Examples A3 to A13,
betweenthe press-molding surface ofalowermolda
occurred while the 1,000 sheets of glass blanks wer
continuously manufactured by press molding, and hen
blanks obtained before the occurrence of the melt-b

sampled.
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[0184] [Table 8]
Comparative Comparative
Exampliif 1to Examplgs Al and Examp?es A3 to
A2 Al13
Glass No. used 1to11 12fand 13 1tofll
Horizontal Vertical direct Vertical direct
Press method di
irect press press press
Temperature of molten glass [°C] 1,250 1,250 1,250
Evaluati Heat resistance A E A
Vrzsujt?n Flgtness _ A C C
Thickness deviation A B B
Melt-bonding
occurred while
Reference - - continuouspress
was being
performed.

Note) The "temperature of molten glass" means the t

emperature of

amoltenglassflowinthecaseofhorizontaldirec tpressandmeans
the temperature of molten glass just before being s upplied to a
lower mold in the case of vertical direct press.

[0185] Notethatthe evaluationcriteriafor heatr esistance

and the evaluation method and evaluation criteria f

or thickness

deviation and flatness shown in Table 8 are as desc ribed below.
[0186] —Heat resistance—

Theevaluationcriteriaforheatresistanceareas described
below.
A: The glass transition temperature is 650°C or mor e.

B: The glasstransitiontemperatureis 630°C or mor
650°C.
C:Theglasstransitiontemperatureis 600°C ormor
630°C.

D: The glass transition temperature is less than 60
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[0187] —Thickness deviation—
Thicknessesofeachglassblankwasmeasuredwith

at four points of 0°, 90°, 180°, and 270° in the ci

direction on two circles with a radius of 15 mm and

30 mm from the center of the glass blank, thereby d

standard deviation of thicknesses at a total of eig

points. Then,basedontheaveragevalueofthest

values of 10 samples, evaluation was performed acco

following evaluation criteria.

A:Theaveragevalueofstandarddeviationvaluesi

B: The average value of standard deviation valuesii

um.

[0188] —Flatness—
Athree-dimensionalshapemeasuringmachine(manuf

COMS Co., Ltd., high-precision three-dimensional sh

system, MAP-3D)wasusedtodeterminethe flatness

Then, the average value of the flatness values of t

evaluated on the basis of the following evaluation

A: The average value of flatness values is 4

B: The average value of flatness values is more tha

amicrometer
rcumferential
a radius of
etermining the
ht measuring
andarddeviation

rding to the

s10 umorless.

smorethan 10

acturedby
ape measuring
ofeachsample.
ensampleswas
criteria.
um or less.

n4 umand 10

um or less.
C: The average value of flatness values is more tha n10 um.
[0189] <Example B1>

Glassblanksweremanufacturedbychangingthepre ss-molding
timetothethree levels of 0.2 second , 0.5second,and1.0second

115



in Example Al.

[0190] <Comparative Example B1>

Glassblankswere manufacturedinthe samemanner asthatin
Example Al, exceptthat the press-molding time was changedtothe
three levels of 0.2 second , 0.5second, and 1.0 second and press
molds inwhichtwo projected streaks were concentri cally provided
in the press-molding surfaces 52A and 62A were used as the press
molds50and60. Notethattheprojectedstreaksa rearing-shaped,
convex portion with a diameter of 20 mm and aring- shaped, convex
portion with a diameter of 65 mm, each having a hei ghtof 0.3 mm.
Besides, the cross section of each of the projected streaks has
areverse V-shape, and hence V-shapedgroovescanb eformedinthe

surface of the glass blank.
[0191] —Evaluation—

After 1,000 sheets of glass blanks were continuous

manufactured by press molding, 3 sheets were arbitr arily sampled
among900thtol,000thglassblanks. Thesamplesw ereeachmeasured
for its thickness with a micrometer at the position s of 0°, 90°,
180°,and270°inthecircumferentialdirectionon twocircleswith
aradiusof25mmandaradiusof60mm. Then,the reweredetermined,
foreach sample, the average value ofthe thickness valuesandthe
thickness deviation at the positions on the circle with a radius
of 25 mm, and the average value of the thickness va lues and the
thickness deviation at the positions on the circle with a radius
of60mm. Further,therewascountedthenumberof theglassblanks
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inwvhichcracksoccurredwhenthecontinuouspress
out,andtherateofoccurrenceofthecrackswase

results are shown in Table 9.

[0192] As shown in Table 9, it was found that the t
atthe inner circle was thinner than that at the ou

the thickness deviation became larger in Comparativ
comparedwithExampleB1. Itwasalsofoundthata
timeincreased, more crackswereliabletooccur.
problems and problem of cracks do not occur when pr
whichpress-moldingsurfaces52Aand62Aareeachf

surface are used.
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[0193] [Table 9]
Position at which thickness was measured
Glass . . Both (radius of 25 mm
GlassNo. transition Molding nI:cr)(Ia(;ig Sample Radius of 60 mm Radius of 25 mm and r(adius of 60 mm) Crack
used temperature surface i No Average | Standard |Average | Standard | Average Standard
Tg (°C) time (s) value | deviation value | deviation value deviation
(mm) (mm) (mm) (mm) (mm) (mm)

1 ).913 0.p0381 0.898 0.00148 0.906 0.00792

0.2 2 ).913 0.p0415 0.898 0.00403 0.905 0.00854 A
Without 3 D.913 0.00453 0.900 0.00148 0.906 | 0.00743
projected 1 D.899  0.00071 0.881 0.00218 0.890 | 0.00939

Example B1 streak 0.5 2 D.920 0.00295 0.907 0.00224 0.914 | 0.00712 A
(flat 3 D.902  0.00286 0.880 0.00083 0.891 | 0.01120
surface) 1 ).907 0.p0412 0.893 0.00166 0.900 0.00790

1 2 ).907 0.p0259 0.892 0.00083 0.899 0.00774 A
No. 1 687 3 D.908 0.00083 0.890 0.00071 0.899 | 0.00916
1 D.909  0.0044 0.893 0.001y1 0.901 | 0.00897

0.2 2 D.909  0.0048 0.893 0.00465 0.901 | 0.00961 A
3 D.909 0.00523 0.895 0.00171  0.902 | 0.00843
. With 1 ).895 0.p0082 0.876 0.002%2 0.885 0.01057

%‘;{22}%@“&’? pr ojected 0.5 2 0916 00034 0902 0.00258 0.909 | 0.00811 B

streaks 3 D.898  0.0033 0.875 0.00096 0.887 | 0.0125

1 D.903 0.00476 0.888 0.00191 0.895 | 0.00894

1 2 ).903 0.p0299 0.887 0.00096 0.895 0.0088 C
3 ).904 0.p0096 0.885 0.00082 0.895 0.01032
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[0194] Notethattheevaluationcriteriafor”crack
Table 9 are as described below.
A: The rate of occurrence of cracks is 0%.
B: Therate of occurrence of cracksis more than 0%
C: The rate of occurrence of cracks is more than 3%
[0195] <Example C1>

The glass blank manufactured in Example A1 was ann
reduceorremovestrain. Next,therewasapplieds
onaportionthatwastoserveastheouterperiphe
recording medium glass substrate and a portion that
astheinnerperipherythereof. Asaresultofthe
grooves looking like concentric circles are formed
outside. Next bypartiallyheatingtheportionso
processingwasapplied,cracksarecausedtooccur
produced by the scribe processing, by virtue of the
thermal expansion of glass, and the outside portion
concentric circle and the inside portion of the out
circleareremoved. Asaresultadisk-shapedgla
circle shape is yielded.
[0196] Next, shape processingwas appliedtothedi
glass by using chamfering or the like and its end s
polished. Then,afterafirstpolishingiscarried
surfacesofthedisk-shapedglass,theglassisimm
strengthening solution to perform chemical strength

thechemicalstrengthening,theglasswassufficien
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then subjected to a second polishing. Afterthe se
step,thedisk-shapedglasswascleanedagainanda
foramagnetic disk was manufactured. The substrat
diameter of 65 mm, a central hole diameter of 20 mm
of0.8mm,amainsurfaceflatnessof4
roughnessof0.2nmorless. Thus,amagneticreco
substrate having a desired shape was able to be obt
carrying out the lapping step.

[0197] <Example D1>

The magnetic recording medium glass substrate manu

inExampleClwasusedtoformanadherentlayer,a
amagneticlayer, aprotective layer,andalubrica
stated order on the main surface of the magnetic re
glass substrate, yielding a magnetic recording medi
film-forming apparatus in which vacuuming had been
usedtoformsequentiallytheadherentlayer,theu
andthe magnetic layerinan Aratmosphere by using
sputteringmethod. Atthattime,theadherentlaye
usingaCrTitargetsothatanamorphousCrTilayer
oROnmwasformed. Subsequently asinglewafer/
film-formingapparatuswasusedtoformalayerhav

of 10 nm made of amorphous CrRu as the undercoat la
atmospherebyusingaDCmagnetronsputteringmetho
magnetic layer was formed at a film-forming tempera

by using an FePttargetora CoPttargetsothatan

120

cond polishing
glasssubstrate
e had an outer

, a thickness

umorless,andamainsurface

rdingmediumglass

ained without

factured
nundercoatlayer,
ntlayerinthe
cording medium
um. First, a
performed was
ndercoatlayer,
aDCmagnetron
rwasformedby
havingathickness
stationaryopposed
ingathickness
yer in an Ar
d. Further,the
ture of 400°C

amorphous FePt



layer or an amorphous CoPt layer each having a thic kness of 200

nm was formed. After the film formation up to the magnetic layer
finished, the magnetic recording medium was transfe rred from the
film-forming apparatus to a heating furnace and ann ealed at a

temperature of 650 to 700°C.

[0198] Next, a protective layer made of hydrogenate d carbon
wasformedbyaCVD methodusingethyleneasamate rialgas. After

that, a lubricant layer made using perfluoropolyeth er (PFPE) was
formedbyadipcoatingmethod. Thethicknessoft helubricantlayer
waslnm. Themanufacturingstepsdescribedabove providedamagnetic

recording medium.
[0199] [Evaluation of magnetic recording medium gla SS

substrate (surface roughness and surface waviness)]

An atomic force microscope (AFM) was used to obser ve an
rectangular region of 5 umx5 um of the main surface (surface on
whichamagneticrecordinglayerandthelikearel aminatedlater)
ofeachsubstrate,andthereweredeterminedthear ithmeticaverage
of surface roughness Ra measured in the range of 1 pmx1 um, the
arithmetic average of surface roughness Ra measured in the range
of 5 umx5 um, and the arithmetic average of surface waviness W a
in the wavelengths of 100 umto 950 um.

[0200] The results of each of the magnetic recordin g medium
glass substrates showed that the arithmetic average of surface
roughness Ra measured in the range of 1 umx1 um ranged from 0.15
to0.25nm,thearithmeticaverageofsurfacerough nessRameasured
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intherangeo®
average of surface waviness Wainthe wavelengths o
pmwas 0.4 to 0.5 nm, and hence those values were in
perfectly acceptable values necessary for the magne
mediumglasssubstratetobeadoptedasasubstrate
recording medium.
[0201]
(1) Flatness

Ingeneral,ifamagneticrecording mediumhasaf
4 umoiessthemagnetiaecordingmediumcanperfor
recordingandreproducing. Aflathessmeasuringap
to measure the flatness (distance (difference in he
verticaldirection(directionperpendiculartothe
the highest portion and lowest portion of the surfa
of the surface of each magnetic recording medium fo
above-mentioned method. As a result, all the magne
mediums were found to have a flatness of 4
result, it can be confirmed that even high-temperat
at the time of forming the FePt layer or the CoPt |
causeanysignificantdeformation. Notethathef
apparatus used is the same apparatus as that used f
theflatnessinExampleAlandthelikeandthemea
are also the same.

[0202] (2) Load/unload test

Eachmagneticrecordingmediumformedbytheabove
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method was mounted on a 2.5-inch hard disk drive wh
a high speed of a rotation number of 5,400 rpm, and
(hereinafteryeferredaas’'LUL"Yestwascarrie
ofaspindle motorinthe above-mentioned hard disk
ofstainlesssteel. Althemagnetiaecordingned

of more than 600,000 load/unload cycles. Further,
thereoccursdeformationduetothedifferenceint
coefficientfromaspindlematerialordeflectiond
rotationinanLULtest,acrashfailureoratherm

is caused in the test. However, those failures did
any of the magnetic recording media in the test.
[0203]
recording media manufactured by the method of manuf
magnetic recording medium according to the present
capable of performing highly reliable recording and

The magnetic disks thus manufactured are suitable f
driveadoptingarecordingmethod(heat-assistedre
inwhichmagnetizationreversalisassistedbyirra

light, and a hard disk drive adopting a recording m
(microwave-assisted recording method) in which magn
reversal is assisted by irradiation of a microwave.

[0204] [Other glass compositions]

Note that, when the horizontal direct press illust
FIG. 1 to FIG. 9is carried out in the same manner

in Examples Al to A1l by using a glass (Glass No. 1
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formed of any of the glass compositions exemplified in Table 10

to Table 23 described below, itisalso possibleto obtainaglass
blank having nearly the same levels of heat resista nce, flatness,
andthickness deviationasthe glass blanksin Exam plesAltoAll.
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[0205] [Table 10]
No. 14 No. 15 No. 16
mol% mass% mol% mass% mol% mass%
SiO, 66.2 62.4 62.0 5¢.8 65.4 61.2
Al ,0; 0.5 0.8 0.4 0.7 0.4 0.6
B,O; 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
Na,O 3.3 3.2 3.2 3i2 3.3 3.2
KO 6.2 9.2 4.4 6:6 6.2 9.1
Cs,0 0.0 0.0 0.0 0i0 0.0 0.0
MgO 6.5 4.1 9.6 6.2 6.5 4.1
CaO 12.5 11.0 15.6 14.0 12.5 10.9
SrO 0.0 0.0 D.0 0.9 0.0 0.0
BaO 0.0 0.0 0.0 0:0 0.0 0.0
ZnO 0.0 0.0 0.0 0.0 0.0 0.0
Zr0O, 4.8 9.3 4.8 9.5 5.7 10.9
TiO», 0.0 0.0 0.0 0.0 0.0 0.0
La,0; 0.0 0.0 0.0 0.0 0.0 0.0
Y03 0.0 0.0 0.0 0.0 0.0 0.0
- Yh,0; 0.0 0.0 0.0 0.0 0.0 0.0
Composition Ta,O, 0.0 0.0 0.0 0.0 0.0 0.0
Nb,Gs 0.0 0.0 0.0 0.0 0.0 0.0
HfO, 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
SiO,+Al ,0:+B,0; 66.7 63.2 62.4 6C.5 65.9 61.8
Li ,0+NgO+K0+Cs0 9.5 124 7.6 9.8 9.5 12.3
Na,O+K0 9.5 12.4 7.6 9.8 9.5 12.3
(Nazoiﬁgfé'szg)o”\@o 10 10 Lo 10 14 10
MgO+CaO+SrO+BaO 19.0 15.1 25.2 20.2 19)0 15.0
MgO+CaO 19.0 15.1 25.2 20.2 19.p 15.0
SrO+BaO 0.0 0.0 0.0 0:0 0.0 0.0
(Mgo+Ca0)/(Mgo+Ca0+§ 145 19 |10 10 1d 10
rO+BaO)
Al ,G3/(MgO+CaO) 0.026  3.065 0.016 0.072 0.021 0.049
Al ,0;/Ca0 0.040 ©.073 0.p26 0.050 0.032[ 0.055
AQ, 4.8 9.3 4.8 9.5 5.7 10.9
ZrO,/A /O, 1.0 1.0 1.0 1.0 1.0 1.0
Specific gravity 2.7 2.8 2.7
e g
Avgrage quegr
Chara i%tserist expan3|[c>><nlcoo§7ﬁllé:cl:ei‘nt 79 80 79
Young'smodulus[GPa] 82 88 85
Specific elastic 30 31 31
modulus [MNm/kg]
Liquidus temperature 1,180 1,220 1,200
LT [°C]
(Note)A O,meansthetotalcontentofZrO 2, TI0 z,La 205,Y 20G5,Yb 20;,

TaxGs, Nb 2O, and HfO

2.
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[0206] [Table 11]
No. 17 No. 18 No. 19
mol% mass% mol% mass% mol% mass%
SiO, 60.2 59.4 64.8 6C.9 63.4 59.5
Al ,0; 0.4 0.7 0.4 0.6 0.4 0.6
B,O; 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
Na,O 3.2 3.3 1.1 11 4.3 4.1
K,O 3.3 51 7.8 11.5 1.1 1.6
Cs,0 0.0 0.0 0.0 0i0 1.1 4.8
MgO 11.7 7.8 7.5 4.7 5.2 3.3
CaO 17.5 16.2 13.6 119 19.4 17.1
SrO 0.0 0.0 D.0 0.0 0.0 0.0
BaO 0.0 0.0 0.0 0:0 0.0 0.0
ZnO 0.0 0.0 0.0 0.0 0.0 0.0
Zr0O, 3.7 7.5 4.8 9.3 4.7 9.0
TiO», 0.0 0.0 0.0 0.0 0.0 0.0
La,0; 0.0 0.0 0.0 0.0 0.0 0.0
Y03 0.0 0.0 0.0 0.0 0.0 0.0
- Yh,0; 0.0 0.0 0.0 0.0 0.0 0.0
Composition Ta,O, 0.0 0.0 0.0 0.0 0.0 0.0
Nb,Gs 0.0 0.0 0.0 0.0 0.0 0.0
HfO, 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
SiO ,+Al ,03+B,0s 60.6 60.1 65.2 61.5 64.0 60.1
Li ,0+NgO+KO+Cs,0 6.5 8.4 8.9 12.6 6.5 10.5
Na,O+K0 6.5 8.4 8.9 12.6 54 5.7
(Nazoifgi%'szg)omazo 10 10 [t0 10 od 05
MgO+CaO+SrO+BaO 29.2 24.0 21.1 16.6 2418 20.4
MgO+CaO 29.2 24.0 21.1 16.6 24.8 20.4
SrO+BaO 0.0 0.0 0.0 0:0 0.0 0.0
(Mgo+Ca0)(MgO+Ca0+§ 145 {3109 |10 10 1.0 1.0
rO+BaO)
Al ,G3/(MgO+CaO) 0.014 (3.083 0.019 0.048 0.016 0.105
Al ,0;/Ca0 0.023 ).043 0.p29 0.050 0.020{ 0.035
AQ, 3.7 7.5 4.8 9.3 4.7 9.0
ZrO,/A O, 1.0 1.0 1.0 1.0 1.0 1.0
Specific gravity 2.8 2.7 2.8
e
Average linear
Characterist expansioncogﬁicient 80 75 75
ics [x10 7 /°C]
Young's modulus [GPa] 90 84 90
ﬁ%%cu'ffsﬁﬁﬁ'rﬁ/kg] 32 31 32
Liquidus It_ci_rrEg)g]rature 1,300 1,250 1,290
(Note)A O,meansthetotalcontentofZrO 2, TI0 z,La 205,Y 20G5,Yb 20;,

TaxGs, Nb 2O, and HfO 2.
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[0207] [Table 12]
No. 20 No. 21 No. 22
mol% mass% mol% mass% mol% mass%
SiO, 57.6 55.8 65.9 62.0 64.1 60.0
Al ,0; 2.1 35 0.9 14 0.4 0.7
B,O; 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
Na,O 3.2 3.2 3.3 3i2 3.3 3.2
K,O 2.8 4.3 6.1 9.0 6.2 9.0
Cs,0 0.0 0.0 0.0 0:0 0.0 0.0
MgO 11.8 7.7 6.5 4.1 6.5 4.1
CaO 177 1160 125 110 125 11.0
SrO 0.0 0.0 D.0 0.0 0.0 0.0
BaO 0.0 0.0 0.0 0i0 0.0 0.0
ZnO 0.0 0.0 0.0 0.0 0.0 0.0
ZrO, 4.8 9.5 4.8 9.3 4.8 9.3
TiO» 0.0 0.0 0.0 0.0 2.2 2.7
La,0; 0.0 0.0 0.0 0.0 0.0 0.0
Y.0; 0.0 0.0 0.0 0.0 0.0 0.0
N Yb,0; 0.0 0.0 0.0 0.0 0.0 0.0
Composition Ta,Q 0.0 0.0 0.0 0.0 0.0 0.0
Nb,O 0.0 0.0 0.0 0.0 0.0 0.0
HfO, 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
SiO ,+Al ,03+B,0; 59.7 59.3 66.8 62.4 64.5 60.7
Li ,0+NgO+KO+Cs,0 6.0 7.5 9.4 12.2 9.5 12.2
Na,O+K0 6.0 7.5 9.4 12.2 9.5 12.2
(Nazo“”Egi%'szg)o’LN@O* 10 10 Lo 10 14 10
MgO+CaO+SrO+BaO 29.5 23.7 19.0 151 190 15.1
MgO+CaO 295 1237 [190 151 19p 151
SrO+BaO 0.0 0.0 0.0 0:i0 0.0 0.0
(MgO+Ca0)/(MgO+Ca0+Sn 5 | 19 10 10 10 1.0
0+Ba0)
Al ,G;/(MgO+CaO) 0.071 Q.467 0.047 0.115 0.021 0.057
Al ,G;/Ca0 0.119 ©0.219 0.p72 0.127 0.032 0.064
A, 4.8 9.5 4.8 93 7.0 12.0
ZrO,/A O 1.0 1.0 1.0 1.0 0.7 0.8
Specific gravity 2.8 2.7 27
e
Average linear
Characteris expansion co_e7fficient 79 78 74.6
tics [x10 ~ /°C]
Young's modulus [GPa] 93 87 85
E%Zirhcsiﬁf\lnrﬁ/kg] 33 31 31
Liquidus It_‘?r"Efg]rat“re less than 1,300 1,220 1,180
(Note)A O meansthetotalcontentofZrO 2, TIO s,La 203,Y 205,Yb 20,

TaxGs, Nb 2O, and HfO

2.
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[0208] [Table 13]
No. 23 No. 24 No. 25

mol% mass% mol% mass% mol% mass%
SiO, 67.7 59.4 67.7 58.8 59.7 58.7
Al ,0; 0.5 0.7 a.5 0.7 0.0 0.0
B,Os 0.0 0.0 g.0 0.0 0.0 0.0
Li ,0 0.0 0.0 0[0 0.0 0.0 0.0
Na,O 3.4 3.1 3|4 3.0 3.2 3.2
K,O 6.3 8.7 6|3 8.5 3.3 5.1
Cs,0 0.0 0.0 0l0 0.0 0.0 0.0
MgO 2.1 1.3 .1 1.2 11.6 7.6
CaO 12.8 10.5 12.8 104 17.5 16.0
SrO 0.0 0.0 0p 0.0 0.0 0.0
BaO 0.0 0.0 0|0 0.0 0.0 0.0
ZnoO 0.0 0.0 0[0 0.0 0.0 0.0
ZrO, 4.9 8.9 49 8.8 4.7 9.4
TiO, 0.0 0.0 g.0 0.0 0.0 0.0
La,0; 0.0 0.0 g.0 0.0 0.0 0.0
Y,0; 2.3 7.4 g.0 0.0 0.0 0.0
Yb,0, 0.0 0.0 g.0 0.0 0.0 0.0
Composition Ta0; 00 100 Q0 00 00 | 00
Nb,Gs 0.0 0.0 23 8.6 0.0 0.0
HfO, 0.0 0.0 g.0 0.0 0.0 0.0

Total 100.0 100.0 100.0 100.0 100.0 100.0
SiO ,+Al ,0;+B,03 68.2 60.1 68.2 59.5 59.7 58.7
Li ,0+NgO+K0O+Cs,0 9.7 11.8 9|7 11.5 6.5 8.3
Na,O+KO 9.7 11.8 9|7 11.5 6.5 8.3
(Na,O+K0)/(Li ,0+NgO 1.0 1.0 1.0 1.0 1.0 1.0

+K,0+Cs0)

MgO+CaO+SrO+BaO 14.9 11.8 14.9 116 29.1 23.6
MgO+CaO 14.9 11.8 14.9 11.6 29.1 23.6
SrO+BaO 0.0 0.0 0]{0] 0.0 0.0 0.0

(MgO+Ca0)/(MgO+CaO+y 1.0 1.0 1.0 1.0 1.0 1.0
rO+BaO)
Al ,0;3/(MgO+Ca0) 0.034 0.059 0.034 0.061 0.000 0.000
Al ,0;/Ca0 0.039 0.067 0.039 0.067 0.000 0.000
A 7.2 16.3 7.2 17.4 4.7 9.4
ZrOL/A /O, 0.7 0.5 a.7 0.5 1.0 1.0
Specific gravity 2.8 2.8 .8
Glass transition 716 710 696
temperature Tg [°C]
Average linear 77.1 75.7 76.6
Charai%tserist expanS|[c:<nlcoog7f;|g:C|:(i:‘nt
Young's modulus [GPa] 86 85 88
Specific elastic 31 30 31.6
modulus [MNm/kg]
Liquidus temperature - - -
LT [°C]
(Note)A O,meansthetotalcontentofZrO 2, TI0 z,La 205,Y 20G5,Yb 20;,

TaxGs, Nb 2O, and HfO 2.
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TaxGs, Nb 2O, and HfO
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[0209] [Table 14]
No. 26 No. 27 No. 28
mol% mass% mol% mass% mol% mass%
SiO, 64.8 60.6 7.9 52.8 71.3 67.0
Al ,0; 0.4 0.7 0.4 0.7 0.4 0.7
B,O; 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
Na,O 0.0 0.0 3.1 3i0 3.3 3.2
K,O 8.9 13.0 3.3 4:7 6.2 9.1
Cs,0 0.0 0.0 0.0 0i0 0.0 0.0
MgO 7.5 4.7 8.3 51 6.5 4.1
CaO 13.6 11.8 16.1 13.7 7.5 6.6
SrO 0.0 0.0 D.0 0.0 0.0 0.0
BaO 0.0 0.0 2.1 4:9 0.0 0.0
ZnO 0.0 0.0 0.0 0.0 0.0 0.0
Zr0O, 4.8 9.2 6.7 12.6 4.8 9.3
TiO», 0.0 0.0 2.1 2.5 0.0 0.0
La,0; 0.0 0.0 0.0 0.0 0.0 0.0
Y03 0.0 0.0 0.0 0.0 0.0 0.0
Composition Yh,0; 0.0 0.0 0.0 0.0 0.0 0.0
Ta,& 0.0 0.0 0.0 0.0 0.0 0.0
Nb,Gs 0.0 0.0 0.0 0.0 0.0 0.0
HfO, 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
SiO ,+Al ,03+B,0s 65.2 61.3 58.3 532.5 71.7 67.7
Li ,0+NgO+KO+Cs,0 8.9 13.0 6.4 77 9.5 12.3
Na,O+K0 8.9 13.0 6.4 77 9.5 12.3
(Nazoifgi%'szg)omazo 10 10 |10 1o 1d 10
MgO+CaO+SrO+BaO 21.1 16.5 26.5 23.7 14,0 10.7
MgO+CaO 21.1 16.5 24.4 18.8 14.0 10.7
SrO+BaO 0.0 0.0 2.1 4:9 0.0 0.0
(Mgo+Ca0)(MgO+Ca0+§ 145 {3109  po2 o079 10 10
rO+BaO)
Al ,G3/(MgO+CaO) 0.019 (3.054 0.016 0.091 0.029 0.057
Al ,0;/Ca0 0.029 ).059 0.p25 0.051 0.053| 0.106
AQ, 4.8 9.2 8.8 51 4.8 9.3
ZrO L/A O, 1.0 1.0 0.8 0.8 1.0 1.0
Specific gravity 2.7 .95 2/6
e
Average linear
Characteris expansioncogﬁicient 77.2 75.5 73.3
tics [x10 7 /°C]
Young's modulus [GPa] 80 94 80
ﬁ%%cu'ffsﬁﬁﬁ'rﬁ/kg] 30 32 30
Liquidus It_ci_rrEg)g]rature 1,300 ) _
(Note)A O,meansthetotalcontentofZrO 2, TI0 z,La 205,Y 20G5,Yb 20;,




[0210] [Table 15]
No. 29 No. 30 No. 31
mol% mass% mol% mass% mol% mass%
SiO, 51.7 48.4 65.3 61.4 59.2 56.6
Al ,O 3.9 6.2 0.4 0.7 0.4 0.7
B,O; 0.0 0.0 0.8 0.9 0.0 0.0
Li ,O 0.0 0.0 0.0 0:0 0.0 0.0
Na,O 1.6 1.6 3.3 3i2 3.2 3.2
K,O 9.3 13.6 6.2 9.2 3.3 5.0
Cs.0 0.0 0.0 0.0 0i0 0.0 0.0
MgO 14.4 9.0 6.5 4.1 9.5 6.1
CaO 14.7 12.8 12.6 111 154 13.7
SrO 0.0 0.0 D.0 0.9 0.0 0.0
BaO 0.0 0.0 0.0 0:0 0.0 0.0
ZnO 0.0 0.0 0.0 0.0 4.3 5.5
Zr0, 4.4 8.4 4.9 9.4 4.7 9.2
TiO» 0.0 0.0 0.0 0.0 0.0 0.0
La,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
- Yh,O; 0.0 0.0 0.0 0.0 0.0 0.0
Composition Ta,0, 0.0 0.0 0.0 0.0 0.0 0.0
Nb,Gs 0.0 0.0 0.0 0.0 0.0 0.0
HfO, 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
SiO ,2+Al ,03+B,0; 55.6 54.6 66.5 63.0 59.4 57.3
Li ,O0+NgO+K0O+Cs0 10.9 15.2 0.5 124 6.5 8.2
Na,O+K0 10.9 15.2 0.5 12.4 6.5 8.2
(Na20+fgfé'sz(§)o+'\'azo+ 10 10 Lo 10 1d 10
MgO+CaO+SrO+BaO 29.1 21.8 19.1 15.2 249 19.8
MgO+CaO 29.1 21.8 19.1 15.2 24.D 19.8
SrO+BaO 0.0 0.0 0.0 0:0 0.0 0.0
(MgO+Ca0)/(Mgo+Ca0+S 145 19 |10 10 10 1.0
rO+BaO)
Al ,G;/(MgO+CaO) 0.134 (.408 0.021 0.0556 0.016 0.085
Al ,G;/Ca0 0.265 ©.484 0.032 0.063 0.026] 0.051
A, 4.4 8.4 4.9 9.4 4.7 9.2
ZrO,/A /O, 1.0 1.0 1.0 1.0 1.0 1.0
Specific gravity 2.8 2.7 29
e g
Average linear
Characterist expansion co&_—:‘fficient 89.5 77.8 74.7
ico [x10 7 /°C]
Young's modulus [GPa] 86 83 91
;%?jﬂlf:fse[ll\?lﬁﬁlkg] 31 31 32
Liquidus It_grnEcE)g]rature ) 1,180 _
(Note)A O,meansthetotalcontentofZrO 2, TI0 z,La 205,Y 20G5,Yb 20;,

TaxGs, Nb 2O, and HfO 2.
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[0211] [Table 16]
No.32 No.33 Nd. 34 N¢. 35
mol% mol% mol% mol%
SiO, 64.00 |63.00 64.00 54.00
B,O; 0.00 0.00 D.00 0.00
Al ,0; 5.00 6.00 5.00 5.00
Li ,O 1.50 1.50 1.50 1.50
Na,O 8.50 8.50 8.50 8.50
K,O 0.00 0.00 0.00 0.00
MgO 4.00 4.00 10.00 13.00
CaO 13.00 13.00 1.00 4.00
SrO 0.00 0.00 0.00 D.00
BaO 0.00 0.00 0.00 0.00
ZnO 0.00 0.00 Q.00 0.00
ZrO, 4.00 4.00 4.00 4.00
Composition TiO, 0.00 |0.00 .00 0.00
Y,0; 0.00 0.00 D.00 0.00
Yb,0;3 0.00 0.00 D.00 0.00
La,0;, 0.00 0.00 D.00 0.00
Ga4,0; 0.00 0.00 D.00 0.00
Nb,O& 0.00 0.00 D.00 0.00
Ta,O 0.00 0.00 D.00 0.00
Total 100.00 100.00 100.00 100(00
Li ,0+NgO+KO 10.00 [10.00  10.00 10.00
Li ,O0/Na,O 0.18 0.18 Q.18 0.18
Li ,O/(Li ,0+NaO+KO) 0.150 0.150 0.150 0[150
K,O/(Li ,0+Na0O+K0) 0.000 0.000 0.000 0000
MgO+CaO+SrO 17.00 17.00 17.00 17.00
MgO+CaO 17.00 17.00 17.00 17.00
Li ,0+NgO+K0+MgO+CaO+SrO 27.00 | 27.00 27.00 27.00
(MgO+CaO+Li,O)/(Li ,0+NgO+K0+MgO+C3 0685 l0685 0l685 ) 685
O+Sr0)
ZrO,+TiO ,+Y,05+La ,03+GhO3+Nb,O+Ta,O; | 4.00 4.00 4.00 4.00
+ + + + + + + ]
(5102 Zr?gza?/(zu\(z%j\laégig%@ Nb:O*| 730|730  7.30 7.30
(210 o+Ti0 2+¥;?£)';""A|2Q2836d20-"+'\'b2@+ 0.800 |0.667  0/800 ).800
(MgO+Ca0)/(MgO+CaO+SrO) 1.000 1.000 1.000 1]000
Glasstransitiontemperature Tg(°C) 633 2630 639 650
Average linear expansion coefficient
_ (x10 7 /°C) 77 >75 72 70
Charz?\cterls (100 to 300°C)
tics Young's modulus (GPa) 815 878  87.9 88.3
Specific elastic modulus (MNm/kg) 32.8 329 33.3 33 5
Specific gravity 2.67 2.67 2.64 2.63
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[0212] [Table 17]
No.36 INo.37 Ng.38 No.39
mol% mol% mol% mol%
SiO, 60.00 |64.00 65.00 6500
B.O; 0.00 0.00 D.00 0.00
Al ,0; 9.00 6.00 6.00 6.00
Li ,O 1.50 1.50 1.50 1.%0
Na,O 8.50 8.00 8.00 8.00
K,O 0.00 0.00 (.00 0.00
MgO 2.00 3.00 .00 1.p0
CaO 15.00 |13.50 1850 14.p0
SrO 0.00 0.00 0.00 0.dJo
BaO 0.00 0.00 0.00 0.00
Zn0O 0.00 0.00 0.00 0.00
ZrO, 4.00 4.00 4.00 4.00
Composition TiO, 0.00 0.00 D.00 0.00
Y,0; 0.00 0.00 D.00 0.00
Yb,0; 0.00 0.00 D.00 0.00
La,0; 0.00 0.00 D.00 0.00
GG 0.00 0.00 D.00 0.00
Nb, & 0.00 0.00 D.00 0.00
Ta,O 0.00 0.00 D.00 0.00
Total 100.00 10p.00 100.p0 100.00
Li ,0+NgO+K0O 10.00 9.50 9.50 9.50
Li ,O/Na,O 0.18 0.19 0.19 0.19
Li ,O/(Li ,0+NgO+KO) 0.150 D.158  0.158  0.158
K,O/(Li ,0+NgO+KO) 0.000 D.00O0  0.p00  0.0Q40
MgO+CaO+SrO 17.00 |[16.50 1550 15|50
MgO+CaO 17.00 |16.50 1550 15,50
Li ,0+NgO+K0O+MgO+CaO+SrO 27.00 26.00 5.00 25.00
(MgO+CaO+Li,O)/(Li ,0+NgO0+KO+MgO+Ca 0685 l0692 ol6so 0680
O+SrO)
ZrO,+TiO ,+Y,O3+La , O3 +G AL, O3 +Nb, O+ Ta, O 4.00 4.00 4.00 4.00
SiO ,+Zr0O,+TiO ,+Y,Gs+La G +G +Nb,Os+ ]
(SIO 2 ngQ,)/(zLi 2?5+Na§83%82)03 205t 730 7.79 7.89 7.89
ZrO ,+TiO ,+Y,05+LaG+G +Nb, G5+
(2102 2 ngoas) /AIZQZQ Qs +Nb-C; 0.444 |0.667 0[667 0.667
(MgO+Ca0)/(MgO+CaO+SrO) 1.000 1.000 1.000 1.000
Glasstransitiontemperature Tg(°C) 658 646 646 651
Average linear expansion coefficient
Characteris (x10 7 /°C) 74 75 74 74
fics (100 to 300°C)
Young's modulus (GPa) 8§.8 87.6 86.7 86.8
Specific elastic modulus (MNm/kg) 33.0 32.8 32.6 32 .6
Specific gravity 2.69 2.67 2.66 2.66
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[0213] [Table 18]
No. 40 No. 41 No. 42 No. 43
mol% mol% mol% mol%
SiO, 65.00 65.00 65.00 64.00
B,O; 0.00 0.00 0.00 0/00
Al ,0; 6.00 6.00 6.00 5/00
Li ,0 1.50 1.50 1.50 150
Na,O 8.00 8.00 8.00 8,50
K,O 0.00 0.00 0.00 0,00
MgO 0.00 1.00 0.00 2|00
CaO 15.50 13.50 13.50 13(00
SrO 0.00 1.00 2.00 2.00
BaO 0.00 0.00 0.00 0,00
ZnO 0.00 0.00 D.00 0.po
ZrO, 4.00 4.00 4.00 4|00
Composition TiO, 0.00 0.00 0.00 0/00
Y505 0.00 0.00 0.00 0/00
Yh,0; 0.00 0.00 0.00 0/00
La,0; 0.00 0.00 0.00 0/00
Ga,0; 0.00 0.00 0.00 0/00
Nb,Gs 0.00 0.00 0.00 0/00
Ta,& 0.00 0.00 0.00 0/00
Total 100.00 100.00 10000  100.0D
Li ,0+NgO+KO 9.50 9.50 0.50 10,00
Li ,O0/Na,O 0.19 0.19 0.19 018
Li ,O/(Li ,0+NgO+KO) 0.158 0.158 0/158 0.150
K,O/(Li ,0+NgO+K0) 0.000 0.000 0J000 0.0p0
MgO+CaO+SrO 15.50 15.50 15.50 17.00
MgO+CaO 15.50 14.50 13.50 1%.00
Li ,0+NgO+K0+MgO+CaO+SrO 25.00 25.00 25.00 27.00
(MgO+CaO+Li,O)/(Li ,0+NaO+K0O+MgO+Ca 0.680 0.640 0.600 0.611
0+Sr0)
ZrO,+TiO 2+Y,0+La O3 +Gd, O +Nb, O+ Ta, O 4.00 4.00 4.00 400
+ + + + + + +
(SiO - Zr% ngf’/(zLiYZ?O +','\laaz%+£(‘)’2)q NbG*| 7 g9 7.89 7.89 7130
(210 o+TiO 2*}(;?3(;5')5%@2536‘1203*’\”’2@* 0.667 | 0.667  0.667 0400
(MgO+Ca0)/(MgO+Ca0+SrO) 1.000 0.935 071 0.882
Glasstransitiontemperature Tg(°C) 656 645 2620 620
Average linear expansion coefficient
. (x10 7 /°C) 75 74 >70 79
Chare_lcterls (100 to 300°C)
tics Young's modulus (GPa) 86.4 87.0 86.7 87.5
Specific elastic modulus (MNm/kg) 32.4 32.4 32.1 32 3
Specific gravity 2.66 2.68 2.70 2.71
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[0214] [Table 19]
No.44 [No.45 N@.46 No.A7
mol% mol% mol% mol%
SiO, 64.00 64.00 63.00 65,00
B,O; 0.00 0.00 0.00 0|00
Al ,O 5.00 5.00 6.00 6{00
Li ,O 1.50 1.50 1.00 200
Na,O 8.50 8.50 8.00 6.50
K,0O 0.00 0.00 1.00 100
MgO 4.00 4.00 4.00 1|50
CaO 13.00 13.00 13.00 14{00
SrO 0.00 0.00 .00 0.00
BaO 0.00 0.00 0.00 0,/00
ZnO 0.00 2.00 D.00 0.00
ZrO, 2.00 2.00 4.00 4|00
Composition TiO, 2.00 0.00 0.00 0|00
Y503 0.00 0.00 0.00 0|00
Yh,O; 0.00 0.00 0.00 0|00
La,0; 0.00 0.00 0.00 0|00
G, 0, 0.00 0.00 0.00 0|00
Nb,Gs 0.00 0.00 0.00 0|00
Ta,§ 0.00 0.00 0.00 0|00
Total 100.00 100.00 100j00  100.0D
Li ,0+NgO+KO 10.00 10.00 10.00 9.50
Li ,O/Na,O 0.18 0.18 0.13 031
Li ,O/(Li ,0+NgO+KO0) 0.150 0.150 0J100 0.211
K,O/(Li ,0+NgO+K0) 0.000 0.000 0J100 0.1p5
MgO+CaO+SrO 17.00 17.00 17.00 1%.50
MgO+CaO 17.00 17.00 17.00 1%.50
Li ,0+NgO+K0+MgO+CaO+SrO 27.00 27.00 27.00 25.00
(MgO+CaO+Li,O)/(Li ,0+NaO+K0O+MgO+Ca 0.685 0.685 0.667 0.700
0+SrO)
ZrO,+TiO 2+Y,0+La O3 +Gd, O +Nb, O+ Ta O 4.00 2.00 4.00 4|00
+ + + + + + +
(SiO - Zr?; zgﬁ?/fu\(zz% +If\1aa§83+}2c(;2)Q NbO*| 7 59 7.10 7.30 7189
(210 o+TiO 2*}(;2@&)5%%536%Q+Nb205+ 0.800 |0.400  0.667  0.667
(MgO+Ca0)/(MgO+CaO+SrO) 1.000 1.000 1.000 1.000
Glasstransitiontemperature Tg(°C) 620 605 650 640
Average linear expansion coefficient
. (x10 7 /°C) 80 75 81 77
Chara_lctens (100 to 300°C)
tics Young's modulus (GPa) 86.3 85.6 87.5 87.5
Specific elastic modulus (MNm/kg) 32.8 32.3 32.8 33 .0
Specific gravity 2.68 2.65 2.66 2.65
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[0215] [Table 20]
No.48 Ndg.49 No.%0 No.51
mol% mol% mol% mol%
SiO, 67.00 65.00 65.00 64.00
B.Os 0.00 0.00 0,00 0.0(P
Al .05 2.00 3.00 2/00 5.00
Li ,O 0.50 1.00 1]j00 3.00
Na,O 9.50 9.00 9/00 7.00
K>,O 0.00 1.00 1]/00 0.0q
MgO 4.00 1.00 1.00 0.00
CaO 13.00 15.00 15.00 17.00
SrO 0.00 0.00 0.po 0.00
BaO 0.00 0.00 0[00 0.0
ZnO 0.00 0.00 000 0.0d
ZrO, 4.00 5.00 600 4.0({)
Composition TiO, 0.00 0.00 0,00 0.0q)
Y,0; 0.00 0.00 0,00 0.0(P
Yb,O; 0.00 0.00 0,00 0.0(P
La,O; 0.00 0.00 0,00 0.0(})
Ga,0; 0.00 0.00 0,00 0.0(P
Nb, O 0.00 0.00 0,00 0.0(})
Ta,0 0.00 0.00 0,00 0.0
Total 100.00 100.00 100.00 100.00
Li ,0+NaO+K0O 10.00 11.00 12100 10.0(¢
Li ,O/Na,O 0.05 0.11 011 0.43
Li ,O/(Li ,0+NaO+KO0) 0.050 D.091 0.091 0.300
K,O/(Li ,0+NgO+K0) 0.000 D.091 0.001 0.000
MgO+CaO+SrO 17.00 16.00 16.00 17.90
MgO+CaO 17.00 16.00 16.00 17.00
Li ,0+NgO+K0+MgO+CaO+SrO 27.00 27.00 2/7.00 27.00
(MgO+CaO+Li,0)/(Li ,0+NaO+K0+MgO+Ca 0.648 0.630 0.530 0.741
O+SrO)
ZrO,+TiO ,+Y,03+La 03 +G b O;+Nb, O+ Ta, Oy 4.00 5.00 600 4.0(])
(SIO ,+ZrO,+TiO ,+Y,03+La,0;+G L0 +Nb, Oy + 7.30 6.64 664 7.30
TazQ) /(Ll 20+N@O+|§O)
(ZrO ,+TiO ,+Y,03+La 03 +Gd, O3 +Nb, Os+ 2.000 1.667 3.000 0.80D
Ta,0;) /Al ,0;

(MgO+Ca0)/(MgO+CaO+SrO) 1.000 1.000 1.0po 1.000
Glasstransitiontemperature Tg(°C) 630 636 640 6§22
Average linear expansion coefficient 79 83 83 80

. (x10 7 /°C)
Chara_lctens (100 to 300°C)
tics Young's modulus (GPa) 86.0 86.4 87.8 89.0
Specific elastic modulus (MNm/kg) 32.0 32.1 32.2 33.2
Specific gravity 2.66 2.70 2.73 2.68

135




[0216] [Table 21]
No. 52 No. 53 No. 54 No. b5
mol% mol% mol% mol%
SiO, 64.00 63.00 64.00 64.00
B,O; 0.00 0.00 0.00 0|00
Al ,O 5.00 4.00 5.00 5|00
Li ,O 1.50 1.00 1.50 150
Na,O 8.50 8.00 8.50 8.50
K,0O 0.00 0.00 0.00 0.00
MgO 0.00 2.00 4.00 4100
CaO 17.00 18.00 13.00 13{00
SrO 0.00 0.00 .00 0.00
BaO 0.00 0.00 0.00 0,/00
ZnO 0.00 0.00 D.00 0.00
ZrO, 4.00 4.00 2.00 2|00
Composition TiO, 0.00 0.00 0.00 0|00
Y503 0.00 0.00 0.00 2|00
Yh,O; 0.00 0.00 0.00 0|00
La,0; 0.00 0.00 0.00 0|00
G, 0, 0.00 0.00 0.00 0|00
Nb,Gs 0.00 0.00 2.00 0|00
Ta,§ 0.00 0.00 0.00 0|00
Total 100.00 100.00 100j00  100.0D
Li ,0+NgO+KO 10.00 9.00 10.00 10{00
Li ,O/Na,O 0.18 0.13 D.18 018
Li ,O/(Li ,0+NgO+KO0) 0.150 0.111 0J150 0.150
K,O/(Li ,0+NgO+K0) 0.000 0.000 0J000 0.0p0
MgO+CaO+SrO 17.00 20.00 17.00 17.00
MgO+CaO 17.00 20.00 17.00 17.00
Li ,0+NgO+K0+MgO+CaO+SrO 27.00 29.00 27.00 2¥.00
(MgO+CaO+Li,O)/(Li ,0+NaO+K0O+MgO+Ca 0.685 0.724 0.685 0.685
0+SrO)
ZrO,+TiO 2+Y,0+La O3 +Gd, O +Nb, O+ Ta O 4.00 4.00 4.00 4|00
+ + + + + + +
(SiO - Zr?; zgﬁ?/fu\(zz% +If\1aa§83+}2c(;2)Q NbO*| 7 59 7.89 7.30 7130
(210 o+TiO 2*}(;2@&)5%%536%Q+Nb205+ 0.800 |1.000  0.800  0.800
(MgO+Ca0)/(MgO+CaO+SrO) 1.000 1.000 1.000 1.000
Glasstransitiontemperature Tg(°C) 645 646 632 639
Average linear expansion coefficient
. (x10 7 /°C) 85 77 78 76
Chara_lctens (100 to 300°C)
tics Young's modulus (GPa) 87.3 88.6 87.4 88.9
Specific elastic modulus (MNm/kg) 325 32.7 32.2 32 .6
Specific gravity 2.68 2.71 2.71 2.73

136




[0217] [Table 22]
No. 56 No. 57 No. 58 No. B9
mol% mol% mol% mol%
SiO, 64.00 64.00 64.00 64.00
B,O; 0.00 0.00 0.00 0|00
Al ,O 5.00 5.00 5.00 5|00
Li ,O 1.50 1.50 1.50 150
Na,O 8.50 8.50 8.50 8.50
K,0O 0.00 0.00 0.00 0.00
MgO 4.00 4.00 4.00 4100
CaO 13.00 13.00 13.00 13{00
SrO 0.00 0.00 .00 0.00
BaO 0.00 0.00 0.00 0,/00
ZnO 0.00 0.00 D.00 0.00
ZrO, 2.00 2.00 2.00 2|00
Composition TiO, 0.00 0.00 0.00 0|00
Y503 0.00 0.00 0.00 0|00
Yh,O; 0.00 0.00 2.00 0|00
La,0; 2.00 0.00 0.00 0|00
G, 0, 0.00 2.00 0.00 0|00
Nb,Gs 0.00 0.00 0.00 0|00
Ta,§ 0.00 0.00 0.00 2|00
Total 100.00 100.00 100j00  100.0D
Li ,0+NgO+KO 10.00 10.00 10.00 10{00
Li ,O/Na,O 0.18 0.18 D.18 018
Li ,O/(Li ,0+NgO+KO0) 0.150 0.150 0J150 0.150
K,O/(Li ,0+NgO+K0) 0.000 0.000 0J000 0.0p0
MgO+CaO+SrO 17.00 17.00 17.00 17.00
MgO+CaO 17.00 17.00 17.00 17.00
Li ,0+NgO+K0+MgO+CaO+SrO 27.00 27.00 27.00 2¥.00
(MgO+CaO+Li,O)/(Li ,0+NaO+K0O+MgO+Ca 0.685 0.685 0.685 0.685
0+SrO)
ZrO,+TiO 2+Y,0+La O3 +Gd, O +Nb, O+ Ta O 4.00 4.00 4.00 4|00
+ + + + + + +
(SiO - Zr?; zgﬁ?/fu\(zz% +If\1aa§83+}2c(;2)Q NbO*| 7 59 7.30 7.30 7130
ZrO ,+TiO ,+Y,05+La ,03+ G, O3 +Nb, O+
(210 2+TiO Té?os) / A|202303 cOs+ND- 0y 0.800 |0.800  0.800  0.00
(MgO+Ca0)/(MgO+CaO+SrO) 1.000 1.000 1.000 1.000
Glasstransitiontemperature Tg(°C) 623 625 641 642
Average linear expansi on coefficient
. (x10 7 /°C) 80 81 77 74
Chara_lctens (100 to 300°C)
tics Young's modulus (GPa) 8y.7 881 89.0 89.2
Specific elastic modulus (MNm/kg) 31.3 31.1 31.0 31 2
Specific gravity 2.80 2.84 2.87 2.86
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[0218] [Table 23]
No. 60 No. 61 No. 62 No. B3
mol% mol% mol% mol%
SiO, 62.00 64.00 64.00 64.00
B,O; 0.00 0.00 0.00 0|00
Al ,O 5.00 5.00 5.00 5|00
Li ,O 0.50 0.50 .50 1,00
Na,O 12.50 11.00 B.00 12|50
K,0O 2.00 1.50 0.00 0.00
MgO 0.00 1.50 2.00 1|50
CaO 14.00 12.00 14.50 12{00
SrO 0.00 0.00 .00 0.00
BaO 0.00 0.00 0.00 0,/00
ZnO 0.00 0.00 D.00 0.00
ZrO, 4.00 4.50 4.00 4|00
Composition TiO, 0.00 0.00 0.00 0|00
Y503 0.00 0.00 0.00 0|00
Yh,O; 0.00 0.00 0.00 0|00
La,0; 0.00 0.00 0.00 0|00
G, 0, 0.00 0.00 0.00 0|00
Nb,Gs 0.00 0.00 0.00 0|00
Ta,§ 0.00 0.00 0.00 0|00
Total 100.00 100.00 100j00  100.0D
Li ,0+NgO+KO 15.00 13.00 10.50 13{50
Li ,O/Na,O 0.04 0.05 0.31 0.08
Li ,O/(Li ,0+NgO+KO0) 0.033 0.038 0J238 0.074
K,O/(Li ,0+NgO+K0) 0.133 0.115 0J000 0.0p0
MgO+CaO+SrO 14.00 13.50 16.50 13.50
MgO+CaO 14.00 13.50 16.50 13.50
Li ,0+NgO+K0+MgO+CaO+SrO 29.00 26.50 27.00 2¥.00
(MgO+CaO+Li,O)/(Li ,0+NaO+K0O+MgO+Ca 0.500 0528 0.704 0.837
0+SrO)
ZrO,+TiO 2+Y,0+La O3 +Gd, O +Nb, O+ Ta O 4.00 4.50 4.00 4|00
+ + + + + + +
(S0 202 zgﬁ?/fu\(zz% +If\1aa§83+}2c(;2)Q Nb.Qst| -y 73 5.65 6.95 5|41
ZrO ,+TiO ,+Y,05+La ,03+ G, O3 +Nb, O+
(210 2+TiO Té?os) / A|202303 cOs+ND- 0y 0.800 |0.900  0.800  0.800
(MgO+Ca0)/(MgO+CaO+SrO) 1.000 1.000 1.000 1.000
Glasstransitiontemperature Tg(°C) 616 623 617 >600
Average linear expansion coefficient
. (x10 7 /°C) 98 89 79 >75
Chara_lctens (100 to 300°C)
tics Young's modulus (GPa) 8B8.1 84.p 88.4 84.4
Specific elastic modulus (MNm/kg) 31.1 315 33.1 31 .8
Specific gravity 2.6} 2.66 2.67 2.65
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Claims

[Claim 1] A method of manufacturing a glass blank
recording medium glass substrate, comprising:
manufacturing a glass blank foramagnetic recordi
glass substrate by at least press molding a falling
gob with a first press mold and a second press mold
astoface each otherin adirection perpendicular
in which the molten glass gob falls,
wherein:
the molten glass gob is formed of a glass material
glass transition temperature of 600°C or more; and
whenthepressmoldingiscarriedoutsothatthe
gobiscompletelyextendedbypressureandmoldedi
between a press-molding surface of the first press
press-molding surface of the second press mold,

atleastaregion in contact with the flat glassii

the press-molding surface of the first press mold a

press-moldingsurfaceofthesecondpressmoldform

flat surface.

[Claim 2] A method of manufacturing a glass blank f
recordingmediumglasssubstrateaccordingtoclaim
glass blank for a magnetic recording medium glass s
anaveragelinearexpansioncoefficientat100to3

or more and a Young's modulus of 70 GPa or more.
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[Claim 3] A method of manufacturing a glass blank f or a magnetic

recordingmediumglasssubstrateaccordingtoclaim lor2,wherein:
theglassmaterialcomprises,asaglasscompositi onexpressed
in mol%, 50 to 75% of SiO 2, 010 5% of Al 203, 0t0 3% of Li 20,0to
5%0fZn0,3to15%intotalofatleastonekindo fcomponentselected
fromNa ,0andK ,0,14to35%intotalofatleastonekindofcompo nent
selected from MgO, CaO, SrO, and BaO, and 2t0 9% i n total of at
least one kind of component selected from ZrO 2, TIO 2, La 205, Y 20;,

Yb,0;, Ta 2G5, Nb >G5, and HFO  5; and

amolarratio{(MgO+CaO)/(MgO+CaO+SrO+BaO)}isin arangeof
0.8to 1 and amolar ratio {Al 2Gs/(MgO+CaO)}isinarange of 0 to
0.30.
[Claim 4] A method of manufacturing a glass blank f or a magnetic
recordingmediumglasssubstrateaccordingtoclaim lor2,wherein:
theglassmaterialcomprises,asaglasscompositi onexpressed
in mol%, 56 to 75% of SiO 2, 1t0 11% of Al 203, more than 0% and 4%
or less of Li 20, 1% or more and less than 15% of Na »0, and 0% or
more and less than 3% of K 20, and is substantially free of BaO;
atotalcontentofalkalimetaloxidesselectedfr omthegroup
consisting of Li 20, Na ,0, and K ;0 s in arange of 6 to 15%;
amolarraticofacontentofLi 2OtoacontentofNa 2O(Li »0/Na,0)

is less than 0.50;
amolarratioofacontentofK 2Otothetotal contentofthe
alkali metal oxides {K 20/(Li ,0+NgaO+K0O)}is 0.13 or less;
atotalcontentof alkaline-earthmetaloxidesselectedfrom

the group consisting of MgO, CaO, and SrOisinar ange of 10 to
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30%;

a total content of MgO and CaO is in a range of 10 to 30%;
amolarratioofthetotalcontentofMgOandCaO tothetotal
content of the alkaline-earth metal oxides

{(MgO+Ca0)/(MgO+CaO+SrO)} is 0.86 or more;

a total content of the alkali metal oxides and the

alkaline-earth metal oxides is in a range of 20 to 40%;
amolarratio ofatotal contentof MgO, CaO, and Li ,Otothe
total content of the alkali metal oxides and the al kaline-earth

metaloxides{(MgO+CaO+Li 20)/(Li  20+NgaO+K0O+MgO+CaO+SrO)is0.500r
more;

atotalcontentofoxidesselectedfromthegroup consisting
of Zr0 ,, TIO 5, Y 20 La 205, Gd 205, Nb 2G5, and Ta 2G5 is more than 0%
and 10% or less; and

amolarratioofthetotalcontentofthe oxidest oacontent

of Al 205 {(ZrO  2+TiO p+Y,05+La 05+ GhOs+Nb,Os+Ta,0s5)/Al 05} is 0.40 or

more.
[Claim 5] A method of manufacturing a glass blank f or a magnetic
recording medium glass substrate according to any o ne of claims

1 to 4, the method further comprising:

manufacturing molten glass by heating and melting a glass
materialpreparedsoastohaveapredeterminedgla sscomposition;
and

forming the molten glass gob by causing the molten glassto
fall from a glass outlet and cutting a forward end portion of a
molten glass flow continuously flowing out downward inavertical
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direction,
whereiraviscosityothemolterglasslowiske

value in a range of 500 to 1,050 dPa -S.

[Claim 6] A method of manufacturing a magnetic reco
glass substrate, comprising:
manufacturing a glass blank for amagnetic recordi
glass substrate by at least press molding a falling
gob with afirst press mold and a second press mold
faceeachotherinadirectionperpendiculartoad
the molten glass gob falls; and
manufacturingamagneticrecordingmediumglasssu
atleast polishing main surfaces ofthe glass blank
recording medium glass substrate,
wherein:
the molten glass gob is formed of a glass material
glass transition temperature of 600°C or more; and
whenthepressmoldingiscarriedoutsothatthe
gobiscompletelyextendedbypressureandmoldedi
between a press-molding surface of the first press
press-molding surface of the second press mold,
atleastaregion in contact with the flat glassii
the press-molding surface of the first press mold a
press-moldingsurfaceofthesecondpressmoldform

flat surface.

[Claim 7] A method of manufacturing a magnetic reco
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comprising:

manufacturing a glass blank foramagnetic recordi
glass substrate by at least press molding a falling
gob with afirst press mold and a second press mold
faceeachotherinadirectionperpendiculartoad

the molten glass gob falls;

manufacturingamagneticrecordingmediumglasssu

atleastpolishing main surfaces ofthe glass blank
recording medium glass substrate; and

manufacturingamagneticrecordingmediumbyatle
amagnetic recording layer on the magnetic recordin
substrate,

wherein:

the molten glass gob is formed of a glass material
glass transition temperature of 600°C or more; and

whenthepressmoldingiscarriedoutsothatthe
gobiscompletelyextendedbypressureandmoldedi
between a press-molding surface of the first press
press-molding surface of the second press mold,

atleastaregion in contact with the flat glassii

the press-molding surface of the first press mold a

press-moldingsurfaceofthesecondpressmoldform

flat surface.
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