1 SPECI FI CATI ON MOLD FOR GLASS SUBSTRATE MCOLDI NG
METHOD FOR PRODUCI NG GLASS SUBSTRATE, METHOD FOR
PRODUCI NG GLASS SUBSTRATE FOR | NFORMATI ON RECORDI NG
MEDI UM AND METHOD FOR PRODUCI NG | NFORMATI ON
RECORDI NG MEDI UM TECHNI CAL FI ELD [ 0001] The present
invention relates to a nold far nolding a glass
substrate, a produci ng nethod of a glass substrate by
the use of the nold for nolding, a producing nethod
of a glass substrate for an information recording
medi um by the use of t hEPEAFIATION at e produced by
the producing nethod and a produci ng nmet hod of an
informati on recording nmedium BACKGROUND ART [ 0002]
Among i nformation recordi ng nedi uns having a

I e QUKD MPOR AYBAS §it SUBZTRATE MOLDDNG | t METHODRHOBt PRADUCING
light and nagneto-optics, there is a magnetic disk as

a GLARISC BUB STRATESO MESHOO HUR WROIV AN s SUBESTRATE FOR
magnetic di sk, an alum num substrate has been w dely
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in order to incrf§E§R§ﬁ%§§r;ghegRDgﬁashhﬁlukhe ratio

of enploying a g € as a

TECHNICAL FIELD

[0001] The present invention relates to a mold for
molding a glass substrate, a producing method of a glass
substrate by the use of the mold for molding, a producing
method of a glass substrate for an information recording
medium by the use of the glass substrate produced by the
producing method and a producing method of an information

recording medium.

BACKGROUND ART

[0002] Among information recording mediums having a
recording layer utilizing the property of magnetism, light
and magneto-optics, there is a magnetic disk as a typical
one. Conventionally, as a substrate for a maénetic disk, an
aluminum substrate has been widely used. However, recently,

in accordance with a request to reduce an amount of float-



substrate for a magnetic disk increases due to the
reason that since the glass substrate is excellent in
surface flatness in conparison with the al um num
substrate and has few surface defects, an anmount of
float-up of a magnetic head can be reduced by the use
of the glass substrate. [0003] Such a glass substrate
for an information recording nediumlike a magnetic
di sk is produced by a step of applying a polishing
process on a glass substrate called a blank materi al.
v of etTRERSFLPriaerei Hy rd¢ehsk® LNBEERSE ™ (ReHPRAKNY
material), a nmethod of producing a glass substrate by
demssiyng shapragia obl ¢emplgying andlasaesubdtrake as a
produci ng a gl ass substrate by cutting a glass plate
PestELte bfoa 4| wagneei bodiak einereakaswiue Arongheheseson
nmet hods, a nethod of producing a glass substrate by
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specifically a Tot of attention, because high
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to need a lot of tinme and | abor for a post ,
pP@e3ksi ng. Such a glass substrate for an information

recording medium like a magnetic disk is produced by a step
of applying a polishing process con a glass substrate called
a blank material. As a method of producing a glass
substrate (a blank material), a method of producing a glass
substrate by pressing shaping a molten glass and a method
of producing a glass substrate by cutting a glass plate
produced by a float method are well known. Among these
methods, a method of producing a glass substrate by
directly pressing shaping a molten glass has received
specifically a lot of attention, because high productivity
ig expected from this method.

[0004] However, in the method of producing a glass
substrate by pressing shaping a molten glass, since the
flatness of a produced glass substrate is bad, it is

necessary to conduct an annealing process in order to



[0005] In order to inprove the deterioration of a
flatness due to a warp of a glass substrate, a
pressing shaping nethod is proposed to enploy a nold
in which a receiving nold, or a opposing nold or at

| east a part of a shaping surface of a receiving nold
or a opposing nold is subjecBed to a heat insulation
processing (refer, for exanple, Patent docunent 1).
Further, as the heat insulation processing, Patent
docunent 1 proposes a nethod of neking a shapin
cortece theaftatpessur Theseipaeenth@sBuABNE Erogﬁem to need
of ficial report of Japanese Patent Unexam ned
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PROBLEM TO BE SOLVED BY THE | NVENTI ON [ 0006] However,
gooosTi Ng t Al rowiperidrenipiyvé hehe pdesentoratveon opf a
it turned out that even if enploying a nold in which
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surface of a | ower Fd are made to a rough surface
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subjected to a heat insulation processing (refer, for
example, Patent document 1). Further, as the heat
insulation processing, Patent document 1 proposes a method
of making a shaping surface tc a rough surface.

Patent document 1: an official report of Japanese

Patent Unexamined Publication No. 10-194763

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0006] However, according to an experiment by the
present inventor, it turned out that even if employing a
mold in which a pressing surface of an upper mold and a
pressing surface of a lower mold are made to a rough
surface according to the disclosure of Patent document 1,
an amount of a warp of a glass substrate is almost not

reduced and a flatness is not improved.



shapi ng process of a nolten glass is caused by
variations in the solidifying timng of the nolten
glass due to a difference in a cooling rate between a
central portion and a peripheral portion in the
nolten gl ass (glass substrate) in the pressing
shapi ng process. Nanely, a ceaAtral portion of a

nmol ten glass firstly conmes in contact with a | ower
nold so that the central portion is cooled and
solidified on ahead.. On the other hand, er| her a

HH?QT]on cong$ s ssaylent }thr?%ﬁfeacﬁt%% g by the

nold so that the peripheral portion is cooled and
potsent | baventery. it Ttrereédreut wheat t hlee pdetprépaption of
portion is solidified, heat shrinkage takes pl aces.
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substrate becones deteriorated. Even if enploying a
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of a molten glass firstly comes in contact with a lower
mold so that the central portion is cooled and solidified
on ahead. On the other hand, a peripheral portion comes
subsequently in contact with the lower mold so that the
peripheral portion is cooled and solidified lately.
Therefore, when the peripheral portion is solidified, heat
shrinkage takes places. As a result, the flatness of a
resultant glass substrate becomes deteriorated. Even if
employing a mold in which a pressing surface of an upper
mold and a pressing surface of a lower mold are made to a
rough surface in accordance with the description of Patent
document 1, since there is no effect to reduce a difference
in a cooling rate between a central portion and a

peripheral portion in a molten glass, a problem of a warp



the present invention is to provide a glass substrate
shapi ng nol d capabl e of producing a glass substrate
having a high flatness with a nethod of producing a
gl ass substrate by pressing shaping a nolten glass, a
gl ass substrate producing nethod enpl oyi ng the nol d,
a producing nethod of a glas® substrate for an
i nformati on recording nmedium by using a gl ass
substrate produced by the glass substrate producing

nmet hod, and a produci ng nmethod of an_ information
eEcardiags nedbarralEANBtEORPSERY NBLEEE PREBREM PSSDoFolved
In order to solve the above problens, the present
vyavention has the following features. [0010] 1. In a
nol d for shaping a glass substrate for producing a
gbass] subst retie e gpsets simee st rigas beeh teadgl dagsyiew of
the nold for shaping a gl ass substrate is

Eﬂéras&%L%@Hn@asneanpébﬁhmeaﬁprabhamr gBkd aho obhieelt of
the nolten glass is supplied and the | ower nold
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Supp ass; upper d provided with

a, second SE n rface .ess % $$ havin
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a high flatness with a method o produc1ng a glass
substrate by pressing shaping a molten glass, a glass
substrate producing method employing the mold, a producing
method of a glass substrate for an information recording
medium by using a glass substrate produced by the glass

substrate producing method, and a producing method of an

information recording medium.

MEANS FOR SOLVING THE PROEBLEM

[0009] In order to solve the above prcblems, the
present invention has the following features.

[0010] 1. In a mold for shaping a glass substrate
for producing a glass substrate by pressing shaping a
molten glass, the mold for shaping a glass substrate is

characterized by comprising:



roughness of a peripheral section adapted to cone in
contact with the nolten glass for the first tine after
pressing is made | arger than the surface roughness of
a central section adapted to cone in contact with the
supplied nolten gl ass before pressing. [0011] 2. The
nmol d for shaping a glass substrate described in the
above 1 and characterized in that the surface
roughness of the central section is 0.05 to 3.00 m

and the surface roughness of the peripheral section is

0.07 adoMenmaerd [pomMiich the ®RleER FLatmpthfwplied

gl ass substrate described in the above 1 or 2 and

aridreied eYdwed nold hetotvhded swithce fbughnebapsngt serface to
peri pheral section is 1.5 tines or nore and 20 tines

Pfes £sthOf slibie]l sad fracere0ughaess andthe central
section. 7 0013] 4. In a glass substrate producing

met hod, f gjpr%&r QRHICA S-S A3 Sy SIS T fd oY PRESEh@0surface

shapi ng [ten glass, the glass substrate producing

HEthqgsésthghﬁéfﬁéﬁréfggsb 1 ERTPRLSEDGL QhﬁPhhﬁn59E§§§e
% h%?ylng process for supplyrng a nolten glasS to a
first sha ing surface fornmed on a lower nold, and a

et Bcess for cooling the molten gl ass

wherein on the first shaping surface, the surface
roughness of a peripheral section adapted to come in
contact with the molten glass for the first time after
pressing is made larger than the surface roughness of a
central section adapted to come in contact with the
supplied molten glass before pressing.
[0011] 2. The mold for shaping a glass substrate
described in the above 1 and characterized in that the
surface roughness of the central section ig 0.05 to 3.00 pm
and the surface roughness of the peripheral section is 0.07
te 10.00 pm.
[0012] 3. The mold for shaping a glass substrate
described in the above 1 or 2 and characterized in that the
surface roughness of the peripheral section is 1.5 times or
more and 20 times or less of the surface roughness of the

central section.




supplied onto the first shaping surface while pressing

the nolten glass between the first shaping surface

and a second shaping surface formed on an upper nold

so as to obtain a glass substrate; wherein on the

first shaping surface, the surface roughness of a

peri pheral section adapted to7cone in contact wth

the nolten glass for the first tine after pressing is
made | arger than the surface roughness of a centra
section adapted to cone in contact\Mtr1the Iggméé%od for
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substrate produci ng method described in the above 4
pnddehingcaeglaed subshaatehby BuUePEEBIr hgRABSsaomolten
the central section is 0.05 to 3.00 m and the surface
goNghnesReOff1abe pabkphatal pseducang me@hd6d iso 10. 00

m 8 [0015] 6. The glass substrate producing nethod

ggscabbedi8at B¢ abmpeidiagd characterized in that the
surface roughness of the peripheral sectionis 1.5
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gg?gtrgh& is a glass substrate for

a pressing process for cooling the molten glass
supplied onto the first shaping surface while pressing the
molten glass between the first shaping surface and a second
shaping surface formed on an upper mold so as to obtain a
glass substrate;

wherein on the first shaping surface, the surface
roughness of a peripheral section adapted to come in
contact with the molten glass for the first time after
pressing is made larger than the surface roughness of a
central section adapted to come in contact with the
supplied molten glass before pressing.

[0014] 5. The glass substrate producing method

described in the above 4 and characterized in that the
surface roughness of the central section is 0.05 to 3.00 um

and the surface roughness of the peripheral section is 0.07

to 10.00 pm,



produci ng a gl ass substrate for an information
recording nedium [0017] 8. A producing nethod of
produci ng a glass substrate for an information
recordi ng nmedi um characterized by conprising: a
pol i shing process of polishing a glass substrate
produced by the gl ass substraBe produci ng net hod
described in the above 7. [0018] 9. A producing

met hod of producing an information recordi ng nmedi um
characterized by conprising: ormn rocess _of

af
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i nformati on recordi ng nmedi um produced by _the

deamucied) irettive afope otl b ocharretsrizedsipathat obhe

an information recording nmedi umdescribed in the
AhefEe 8. rOuginidECTo Ot HéEpe MVEMNTON §OOUDPn Acgot df ngimes or
to the present invention, a cooling rate at a

REEd phed a0 SethéONopf 18 i 65t thRbBapungaser facghnaas bE the
I ncreased, whereby a solidifying timng can be

5§h@§£f$ﬁec@#$npver the whole surface of a nolten

gl ass. erefore, in a method of producing a glass
THREALE! 0% 2 S M T Yot e
géggriﬁgénfgsény one of the above 4 to 6 and characterized
in that the glass substrate is a glass substrate for
producing a glass substrate for an information recording
medium.

[0017] 8. A producing method of producing a glass
substrate for an information recording medium characterized
by comprising:

a polishing process of polishing a glass substrate
produced by the glass substrate producing method described
in the above 7.

[o018] 9. A producing method of producing an
information recording medium characterized by comprising:

a forming process of forming a recording layer on a
glass substrate for an information recording medium
produced by the producing method of producing a glass

substrate for an information recording medium described in

the above 8.



BRI EF DESCRI PTI ON OF THE DRAW NG [0020] Fig. 1 is a

di agram expl ai ning an exanple of a nold for producing
a glass substrate. Fig. 2 is a schematic diagram of a
lower nmold 11. Fig. 3 is a graph show ng
schematically a tenperature change at a centra
portion and a peripheral portPon in a nolten glass
supplied in a nold. Fig. 4 is a schematic di agram
showing a lower nmold 11 and a nolten glass 23 in a

nolten gl ass supplying process. Fig. 5is a schematic
RFERf G r%ﬁﬁriﬁﬁﬁéﬁ¥i substrate shaping nold 10 and

a glass substrate 24 in a_pressing process. Fig. 6 is,
B0039] ust r afiCHPTSHAR 1P Fie BLERSTE Jmventgiofys @ cooling
substrate for an information recordi ng nmedi um 10

1eoel ucte da byet heheratuseayiomt dbda of insgl skapsngseruface can
for an information recordi ng nmedi um according to the

15 e5eftead &y £NThefe b @ LANATH Oy Ohg SYMBOhg [ 682 1be 18qualized
nol d for shaping a glass substrate 11 |ower nold 12

APPeSvdP! thd 3vhbist s 8hEREAJoB UL f BB dBagtess! alTherefore, in
section of the first shaping surface
a method of producing a glass substrate by pressing shaping

a molten glass, it becomes possible to produce a glass

substrate with a high flatness.

BRIEF DESCRIPTION OF THE DRAWING
[0020] Fig. 1 is a diagram explaining an example of a
mold for producing a glass substrate.
Fig. 2 is a schematic diagram of a lower mold 11.
Fig. 3 is a graph showing schematically a temperature
change at a central portion and a peripheral portion in a
molten glass supplied in a mold.
Fig. 4 is a schematic diagram showing a lower mold 11
and a molten glass 23 in a molten glass supplying process.
Fig. 5 is a schematic diagram showing a glass
substrate shaping mold 10 and a glass substrate 24 in a
pressing process.

Fig. 6 is an illustration showing one example of a

glass substrate for an information recording medium




13b peripheral section of the first shaping surface

14 second shaping surface 23 nolten gl ass 24 gl ass
substrate 30 gl ass substrate for an infornation
recordi ng medi um BEST MODE FOR CARRYI NG OUT THE

| NVENTI ON [ 0022] Hereafter, an enbodi nent of the

present invention will be expbtained in detail wth
reference to draw ngs. [0023] (Ml d for shaping a

gl ass substrate) Fig. 1 is a sectional view show ng an
exanple of a glass substrate shaping nold of the
predeced by bl cprodueing mgthad afipat ghresshuprhyate for
nold 10 conprises a lower nold 11 provided with a

& r 5hfshapt hgn stetarding medpumsacacrgupgl Fedthel peasent
gl ass and an upper nold 12 provided wwth a second
shedhhgosUrface 14 to press the nolten gl ass between
itself and the first shaping surface 13 of the | ower
nmold 11. [0024] Fig. 2 is a schematic diagram of the
lower nmold 11, and Fig. 2(a) is a plan view vi ened

EEMEAPERETof SPmdlY 00 ng Surtace 13 of the I ower
RS 2 L oS S bl PSS Jbbied
11 lower mecld

12 upper mold

13 first shaping surface

13a central section of the first shaping surface
13b peripheral section of the first shaping surface
14 second shaping surface

23 molten glass

24 glass substrate

30 glass substrate for an information recording medium

BEST MODE FOR CARRYING OUT THE INVENTION
[0022] Hereafter, an embodiment of the present
invention will be explained in detail with reference to
drawings.
{0023] {Mold for shaping a glass substrate)

Fig. 1 is a sectional view showing an example of a

glass substrate shaping mold of the present invention. The



before the nolten glass is pressed and a periphera
section 13b is adapted to cone in contact with the
nolten glass for the first time after the nolten
gl ass has been pressed, and the surface roughness Ra
of the peripheral section 13b is nade |larger than
that of the central section 1Ba. Therefore, since the
cooling rate of the nolten glass at the periphera
section 13b can be increased, the solidified timng
of the nolten glass is equalized over the whole
sla$aceubstTaee nohaphngl B3 hAcFeBpriseFadsloysst rate 11
having a high flatness can be produced. [0025] Here,
pheviéedonmivhyat herét ashep$ngf sarfhassl3stubsprase dan
be increased by a technique of making the 12 surface
sepghnessmReceh §hgspeahphgnalippeet nobdl3b protviided with a
first shaping surface 13 larger than the surface
s0MghResRa fﬁ%ogufbscéeﬂ&r@b Bakks1BAei BogkBhagneds bBtween
a nethod d? roduci ng a gl ass substrate by pressing
f@ggégga %np%éegirgLaﬁﬁaBEQS LgopgLat Yee el tReMbdekSmold
nai ntai ned at a ~prescribed-tenperature and a hot
nplten glass with a tenperature higher than that of

e nold is supplied to the nold. The hot nolten
glass def orns. whi |l e bei ng pressed _petween éhﬁ%upfer 1d
fB2tbwer noTHS: ahd-%idnite osF Y213 BT s atTO%Rt M°
then, the nolten glass is cooled and solidified, ,
wherahgt Bigl ag$adubst papdansviswnwdewad Py a upper side

and Fig. 2(b) is a perspective diagram. On the first
shaping surface 13 of the lower mold 11, a central section
13a is adapted to come in contact with a_molten glass
before the molten glass is pressed and a peripheral section
13b is adapted to come in contact with the molten glass for
the first time after the molten glass has been pressed, and
the surface roughness Ra of the peripheral section 13b is
made larger than that of the central section 13a.
Therefore, since the cooling rate of the molten glass at
the peripheral section 13b can be increased, the solidified
timing of the molten glass is equalized over the whole
surface of the molten glass, whereby a glass substrate
having a high flatness can be produced.

[0025] Here, the reason why the flatness of a glass

substrate can be increased by a technique of making the



time, the large portion of heat release is perforned

by the contact surface with the nold. [0026] Wen a
nolten glass is supplied to the first shaping surface

13 of the lower nold 11, the nolten glass is brought
firstly in contact with the central section 13a of

the first shaping surface 13,1and cooling starts.
Thereafter, a peripheral portion of the nolten glass
expanded by being pressed is brought in contact with

the peripheral section 13b of the first sha

aurfaee 1ougress h%af‘PFs't:h?lPr%thF%FaﬁaWﬁElgEeg?’b of the
pressed. Therefore, a difference of tenperature is
ﬁans@dsbepmngnsuhéacenlbalargérttbﬁnahbetﬁérﬁéﬁﬁpﬁéﬁahness
portion of the nolten glass. 13 [0027] Fig. 3is a

R4 aph tihé chestosals pahenbiacab| gxplafireper almra rodtingd of
of each of a central portion (a portion being brought

bPo&QPLR§t aWyi AsE heuBShi-a 8k §?Cﬁtéﬁsiﬁ§ ehapthg &i méllten
shapi ng surface 13) and a peripheral portion (a

9% éontiggb ?Béﬁ39?£e' Bz°h nhagh %tma&hea@ﬁéapaeral

I rst s apl ng surface 13) of

. t I
@?%ﬁﬁr%lﬂg?hégf“@%%gkg R F%ngﬁﬁg)skﬁg%“pa
I ld ipn which th f h f t
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and Fig. 3 (b) is a graph in the -case of usin t he
gbids SThsthel enehigi deqmmsmlélle being pressed

between the upper and lower molds and simultaneously
releases heat, and then, the molten glass is cooled and
solidified, whereby a glass substrate is formed. At this
time, the large portion of heat release is performed by the
contact surface with the mold.

[0026] When a molten glass is supplied to the first
shaping surface 13 of the lower meld 11, the molten glass
is brought firstly in contact with the central section 13a
of the first shaping surface 13, and cooling starts.
Thereafter, a peripheral portion of the molten glass
expanded by being pressed is brought in contact with the
peripheral section 13b of the first shaping surface 13 for
the first time after having been pressed. Therefore, a
difference of temperature is caused between the central

portion and the peripheral portion of the molten glass.



present invention. Anong the graphs, a dotted line

shows the tenperature change of the central portion

of a nolten glass, and a solid |line shows the
tenperature change of the peripheral portion of the

nol ten gl ass. [0028] The axis of abscissas of the

graphs represents tinme. The synbol ti represents a

time at the time that a nolten glass is supplied to

the first shaping surface 13 of the lower nold 11,

the synbol t2 represents a tinme at the tine point

{02271 he nolRigh @ &% 3 IRARUGMIGH TRHATCRFRICIEHELY 2
peri pheral section 13b of the shaping surface 13 by .
behpegrapressedhanged oheedynbof a3cenpraiepprtaoni ké pertion
the 14 tinme point that the tenperature of a centra

Poihy Obrohighbeinmobheacyl sishbenemesnt?all 8628foHenda of
the viscosity of glass originally increases

cRat Eppodskiawi b therheweibngapli hepBeiphdial portion (a
Therefore, the sdlidification tenperature T2 of gl ass

ERL0ELe BaThE HAUREE RCLORRRLE RS oL petasoetan
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sel dom causes _a probl em here, . an explanation_is de,
- 2RSaSYPRPLLE £ ﬁﬁaeWOFH-mhF%%-t%&g}mgﬁ?%sié graph in the

di sregarded. The tenperature T2 in this case can be_ .
coasi dérvding a tenpentionraliwakngwgl aswerr ARk ignwhich

the surface roughness of a first shaping surface is uniform
over the whole surface, and Fig. 3 (b) is a graph in the
case of using the glass substrate shaping mold 10 of the
present invention. Among the graphs, a dotted line shows
the temperature change of the central portion of a melten
glass, and a solid line shows the temperature change of the
peripheral portion cf the molten glass.

[0028] The axis of abscissas of the graphs represents
time. The symbol tl represents a time at the time that a
molten glass is supplied to the first shaping surface 13 of
the lower mold 11, the symbol t2 represents a time at the
time point that the molten glass is brought in contact with
the peripheral section 13b of the shaping surface 13 by

being pressed, and the symbol t3 represents a time at the



point (Tg). [0030] In the case that the conventiona
mold is used, as shown in Fig. 3(a), when a nolten
glass is supplied, <cooling is started by heat rel ease
fromthe first shaping surface 13 of the | ower nold
11. Therefore, cooling for a central portion (dotted
line) of a nolten glass is stted immediately from
the tinme point (ti) when the nolten glass is supplied
to the first shaping surface 13, the central portion

Is cooled at the tine point of t3 to the 't nEerature
q?m%IPthEht@PBSEhgoF?HP?F%EPrﬁnte@eﬁ?HEFP$ PhEion of the
tenperature of the central portion becones close to

nhetds giaspepacomesTIZ2ef the |ower nold 11. On the

ot her hand, <cooling for a peripheral portion (solid

[0029] of thaiemd t erhe gtssosistwtef tethsaterigbrmt he

central portion at the tine point t2 when the nolten

9h@s8akesbE8HEMhublstoNlvaeh WhihloWwbeingr biheeaperature.
section 13b of the first shaping surface 13, and

g¥59é58££y Lhe ES?E&E@EHB%iBB Eaﬁgeeakaaer@b Ber hilags

cones close to e tenperature T1 of the | ower nold

%%HBSLgg%%étgﬁéﬁ}yzgg£8gkfghhstg ghgf§%§HE§ 9ha éttﬁgould

VEEN é central ortion an

eri pheral pqrtjon t the ti, Lnt (t3) when_th
g%nﬁ%?ﬁ%ﬁ?égéftpﬁé EgﬁtFaﬁldﬁgﬁFggﬁ°8f%FWQeES%PEE T2

gl ass beconmes T2. During a period wuntil the,
berperat ar bevpesatHref rRRgecYAtRaR ST LN pHErY. However,

since the size of the width seldom causes a problem here,
an explanation is made with a simplified model in which the
width is disregarded. The temperature T2 in this case can
be considered as a temperature near a glass transition
point (Tg}.

[0030] In the case that the conventional mold is used,
as shown in Fig. 3(a), when a molten glass is supplied,
cooling is started by heat release from the first shaping
surface 13 of the lower mold 11. Therefore, cooling for a
central portion {dotted line) of a molten glass is started
immediately from the time point (tl) when the molten glass
is supplied to the first shaping surface 13, the central
portion is cooled at the time point of t3 to the
temperature T2 at which glass solidifies, and eventually

the temperature of the central portion becomes close to the



portions finally becones close to the tenperature T1

of the lower nold 11, an anount of thernal

contraction of the peripheral portion of a nolten

gl ass becones |l arger than the central portion by an
anount corresponding to the difference of tenperature
(AT) . If the nolten glass is18n the situation before
solidification, even if an anount of thernal

contraction is different between the central and

peri pheral portions due to a djifferences of

cemprratwre, T1 sphicehei 5over i Baldsltan@) dd'Plilier hand,
flow ng of glass, the difference of tenperature (AT)
vbdlimpt £ dreconpeni prebibnportibory 89l sdnsengl agf the molten
cannot flow after the tenperature of 16 the centra

Jreds ohs hasabesankadd, faodi ther eaneral poptnon af the time
thermal contraction cannot be cancel ed. Therefore, the

;%éfﬂ@e% Whed GhéSfostbat §8k8s0ekspwengit [A033ht&Bt with
he ot her hand, in the glass substrate shaping nold

%#E?é%}gé?géﬁfeg c&fgﬁniﬁﬁnggtggeSEE?@EeshéBEHBnS§§f83e 13,

eral “section 1 the first ~shaping
surface és ' ngﬁe Ear er_than Ee r% hRes$s 1
?%ao?v?ﬂ u%éiyr ®s E?§8ﬁaﬁ§5? % nggo §?§§PE?E2 Bt?néon
of comng_in contact wwth a nolten glgsg tﬂe mold 11
becenervelesnt Bt LBEr FAPRSEAEUT S [LhRT pEPPpABIET :
section 13b becones larger than the central section
18831hnd t hélerrata rRF@REEMQLS & A bFLeFHRNES| PentGrasEature
becones hi gher at
(AT) between the central portion and the peripheral portion
at the time point (t3) when the temperature of the central
portion of the molten glass becomes T2. During a pericd
until the temperature of each of the central and peripheral
portions finally becomes close to the temperature Tl of the
lower mold 11, an amount of thermal contraction of the

peripheral portion of a molten glass becomes larger than

the central portion by an amount corresponding to the
difference of temperature (AT). If the molten glass is in
the situation before solidification, even if an amount of
thermal contraction is different between the central and
peripheral portions due to a differences of temperature,
since distortion is canceled by the flowing of glass, the
difference of temperature (AT) will not become a problem.

However, since glass cannot flow after the temperature of



t he peripheral section 13b. Therefore, as shown in

Fig. 3(b), the cooling rate of a nolten glass on the
peri pheral section becones faster than the cooling

rate on the central section. As a result, at the tine
point (t3) when the tenperature of the centra

section of the nolten glass D&conmes T2, a difference

of tenperature (AT) between the central and

peri pheral sections can be nmade small correspondi ng

to the faster cooling rate. Wereby, a, difference of
erourenbral hperhlorohas aberene bEEwedndi REererRer aF ampgunt
peri pheral sections can be nmade snall, and then a

of aslsesuddt caheraaviog aahingh beatanssledn eherefore, the
obtained. 17 [0033] As nentioned above, with the
Blateéss eof hat glies subpbaceateoyghaessrBa.of the

peri pheral section 13b of the first shaping surface

{Soss) made |GH g8fe thraes Nenrsy f B echd oyHvessuec Pl te
the central section 13a, the effect to inprove the

%%%%gg??m§}?ﬁ1?L§§5Fﬁgb?£éééﬁﬁc§HvEﬁt§SHUiEﬁ@-surface

structure that the surface roughness

Ra of th ' I ' 13b of the, first L
A T S L T
Ra of the central sectiqgn 13a, the surface ro ghness
shapingheurtarer 4P i8cPRER 13%9FE HHAR hFHrg F&nge

of from0.05 to 3.00 mand the surface roughness Ra
vbugheeper Rphefatheseentoaligsctionnddan t Frprafphfgeat the
of fromO0.07 to 10.00

time of coming in contact with a molten glass, the

effective contact surface area of the peripheral section
13b becomes larger than the central section 13a, and the
heat releasing rate of the moclten glass becomes higher at
the peripheral section 13b. Therefore, as shown in Fig.
3(b), the cooling rate of a molten glass on the peripheral
section becomes faster than the cooling rate on the central
section. As a result, at the time point (t3) when the
temperature of the central section of the molten glass
becomes T2, a difference of temperature (AT) between the
central and peripheral sections can be made small
corresponding to the faster cooling rate. Whereby, a
difference of amount of thermal contraction between the
central and peripheral sections can be made small, and then

a glass substrate having a high flatness can be obtained.



m the flatness of a glass substrate can be i nproved
nore. More preferably, the surface roughness Ra of
the central section 13a is nade within a range of
from0.08 to 2.00 m and the surface roughness Ra of
t he peripheral section 13b is nmade within a range of
from0.1 to 800 m Still nor¥’ preferably, the
surface roughness Ra of the central section 13a is
made within a range of fromO.1 to 1. 50 m and t he

surface roughness Ra of the per| section 13b
T i € hi P Mg ' oG rhiid fat the
surface roughness Ra of the central section 13a is
smeface toaghndsORAnPEt e rparirherylwientionpleknot the
gl ass becones too 18 high. As a result, since the
Sepet ashagindi sutfabet Weehs whdsslangern bbhd tBe surface
Iomered, It is not desirable in the aspect of

k08 BR08:TLtRE nesser tbetobherzandhei éffebe to
sur ace roughness Ra of the central section 13a is

{ Q@&etgﬁ%egkggngéstgﬁ én&iHSECSuBEtQQBQaMQnCBEVQ&qﬁﬁred

sur econes strong. Therefore, when a hot

gﬁggggﬁglaigpetﬁ br9r€E£u£Q Eﬂgkaghemﬁhgf%g@ §Bﬁgﬁﬁ§ss Ra

€ concCavo- convex of the strface

occurs, and the hot | ass Yot

SErths oebNpbsTal retidts fafettashE %E%PtSHBP ' Birtace
gl ass cannot be separated clearly froma no
t@riac@adefé@rgersgbﬁna§h§cPHFEﬁcecHPﬁghBPﬁs gﬁdoérggﬁ

are apt to take place. Accordingly, it is

central section 13a, the surface roughness Ra of the

central section 13a is made within a range of from 0.05 to
3.00 um and the surface roughness Ra of the peripheral
section 13b is made within a range of from 0.07 to 10.00
um, the flatness of a glass substrate can be improved more.
More preferably, the surface roughness Ra of the central
section 13a is made within a range of from 0.08 to 2.00 pm
and the surface roughness Ra of the peripheral section 13b
is made within a range of from 0.1 to 8.00 pm. Still more
preferably, the surface roughness Ra of the central section
13a is made within a range of from 0.1 to 1.50 pum and the
surface roughness Ra of the peripheral section 13b is made
within a range of from 0.12 to 5.00 pm. If the surface
roughness Ra of the central section 13a ig smaller than

0.05 pm, the reactivity with a molten glass becomes too



not desirable. Furthernore, if the surface roughness

Ra of the peripheral section 13b is snmaller than 0.07
m since the effect to increase a heat releasing rate
by enlarging an effective surface area conmng in
contact with a nolten glass beconmes snall

Accordingly, it is not desirab8e. On the other hand,

if the surface roughness Ra of the peripheral section
13b is larger than 10 m the deterioration of a nold
due to oxidation and a reaction wth a nplten gLass
Biglbneds canspFelbusSingeoFRENGERRTRELING ARLLLILY between
desirabl e. Moreover, with the structure that the |
sla$acandoaghotdsiRaloverad, péki prenal deeirshlespnofrhe
the 19 first shaping surface 13 is made 1.5 or nore
dbpest obft HetasnihgcgoodufhacsesRa ofnttiee cetiten hand, if
section 13a, the flatness of a glass substrate can be

fHEt BerrhBRr o¥egnnEBs Rheoet Bre Bandralf stbeisnrfiaeeis
roughness Ra of "the peripheral section 13b of the

i rst_shapin rface L e 20cLhIBS of th
g?r?ﬁﬁ EﬁgPageayoﬁﬁhngég ng%ggﬂﬁgnggeﬁ%ﬁgﬁvsegtPon ° ©
13a, a cooling rate at a peri pheral sectiogh of - a ' 4 glass
gorfafegPasemBEcBRESIHo0 TRRICIANR t ¥RF (APt at HEYEY 9
of a glass substrate nmay get worse on the contrary.
Thebebugbt in opdtRctowdbhatheasyriasesubdt PRCERaFEAGCT bY
a high flatness, it is desirable to nmake the surface
thegbbasavBacohveke ofiethphenalfagecticomrs3b asd the hot
first
liquid glass is caught up by the concavo-convex of the
surface. As a result, since glass cannot be separated
clearly from a mold, surface defects, such as scratch, chip

off, and crack are apt to take place. Accordingly, it is
not desirable. Furthermore, if the surface roughness Ra of
the peripheral section 13b is smaller than 0.07 pm, since
the effect to increase a heat releasing rate by enlarging
an effective surface area coming in contact with a molten
glass becomes small. Accordingly, it is not desirable. On
the other hand, if the surface roughness Ra of the
peripheral section 13b is larger than 10 um, the
deterioration of a mold due to oxidation and a reacticn
with a molten glass becomes conspicuous. Accordingly, it is
not desirable. Moreover, with the structure that the

surface roughness Ra of the peripheral section 13b of the




shaping surface 13 1.5 or nore tinmes and 20 or |ess

times of the surface roughness Ra of the centra

section 13a. [0034] Here, the surface roughness Ra

means an arithmetic nmean hei ght Ra specified by JIS
BO601: 2001. The surface roughness Ra can be neasured

by the use of a comerciallyi®avail able sensing needl e
type surface roughness neasurenent device and the

i ke. [0035] There is no specific restriction on the
position of the boundary between the periphera

£oest ophapbnansut frace cbat i 8l madet +oh 23ameAt haMER, of the
shaping surface 13, and it nmay be pernmissible if a

segf are corughnéss cRat aft thet heat 28l mefténnglass the
before the starting of a pressing process is the

£t Rabs SEEt h0g1dSa 8ubsBratgl oancbyel Ggrthecottmprbved. On
with the nolten glass for the first tine after the

rLingrOfanihes Pr €S BHrBAEECSSUGBNEBE REr bBheha
g%%t%%ﬁgESE?nThel dianetef of theugoﬁndary may be set

BBELRRr o2 Crirt fon TFB 2 S Ropts o, BHARL Mg BOLFBGRTHS 1o

a glass substrate to_ be roduced. .Ln_o bt,ai

fadr 285r S bErarl FLPPAGOR CREGRUFFALRessugynesd R Be che
mai nt ai ni ng t he bal ance of _heat rel ease, it.i% 1 tion
gestrabl eeEbiRBkE3RneAdFEREEBE SATEhEA T HGURGE Y ETE- SSCH10
bet ween the peripheral section 13b and the centra

sEchi nnltéBaglasst baeomes GoP LRRts and ki@ ihe: dlagpess
a gl ass

of a glass subsgstrate may get worse on the contrary.
Therefore, in order to obtain a glass substrate having a
high flatness, it is desirable to make the surface
roughness Ra of the peripheral section 13b of the first
shaping surface 13 1.5 or more times and 20 or less times
of the surface roughness Ra of the central section 13a.
[0034] Here, the surface roughness Ra means an
arithmetic mean height Ra specified by JIS B0601: 2001. The
surface roughness Ra can be measured by the use of a
commercially available sensing needle type surface
roughness measurement device and the like.

[0035] There is no specific restriction on the position
of the boundary between the peripheral section 13b and the
central section 13a on the first shaping surface 13, and it

may be permissible if a region coming in contact with a



substrate to be produced. [0036] A material used for a

gl ass substrate shaping nold may be a material having

a heat releasing action, however, it is preferably a

mat eri al having a high heat resistance property, a

| ow corrosive property (reactivity wth glass), and a
good heat conductance. |f the®teat conductance of a

nold being in contact with a nolten glass is low, a
cooling action for the nolten gl ass becones

insufficient, and the solidification of the nolten ,
mehisen gbess neefpregieessEabbiRgyCt A3 BYEESLUNYE, PEOFERG 1S
shaping time is needed. Further, if a tinme period )
e | cgnirabl sle@liobel by andt acregioh gombhgeingrassagh with
a high tenperature condition becones |ong, the nold
tieachsl weh hgl hes mbbt ethegE #88t Asma afsakt thei atertting of
beconmes difficult to separate the glass fromthe

fRL dnr@s b RENESEE8ESi ¥OERE BbriPRethleseti8APABBL I OThe
after the pressing shaping process. The heat

%%Qﬂg8é9n§grg%%;%égﬁé?gxgaég bédgégf?Pﬁ?bﬁrlgtgﬂynﬁhe,

re” pre ore; and sti nore preferably
3E8r e bR kSRR A RuhalB g, Scfly S plietln of
conduct ance (VVnkg is .indicated_in a ngggg gskg.be
vastenephfefonnd §hpe) size of a glass s

produced. In order to obtain a glass substrate having a
high flatness by maintaining the balance of heat release,
it is desirable to make the diameter of the boundary
between the peripheral section 13b and the central section
13a 0.3 times to 0.7 times of the diameter of a glass
subgtrate to be produced.

[0036] A material used for a glass substrate shaping
mold may be a material having a heat releasing action,
however, it is preferably a material having a high heat
resistance property, a low corrosive property (reactivity
with glass), and a good heat conductance. If the heat
conductance of a mold being in contact with a molten glass
is low, a cooling action for the molten glass becomes
ingufficient, and the solidification of the molten glass

does not progress smoothly. As a result, a long shaping

time is needed. Further, if a time period during a mold




Carbon steel (50) Heat resistance stainless stee
Austenite type: SUS302B (16), SUS309B (15), SUS309S
(14), SUS310S (14), SUS316 (14), and SUS316L (16);
Ferrite type: SUS430 (26), SUS436L (25), and SUS444
(25); Martensite type: SUS403 (25), SUS431 (20),
SUS440A (24), SUS440B (24), &US440C (24); and O hers:
SUH660 (15) Heat resistance special steel (except a
stainless steel type) Inconel 600, 617 and
625, 686, 690, 718 (15), 751 14i 22 Hastelloy: HE,
Paing ogopta0F ChthoROPOLLRR BARESaPPOF: haghateﬂﬁerééure
U trahard material (30-75) containing tungsten carbide
¢coiinton pbecowepalongnpbhennol@ergairesnuishi he molten
Silicon carbide (75) Silicon nitride (25) Al um nium
glasbde Xd 7)) reAiln neifS8)iZibeoomes (@) LEMmltteo(2gparate
the glags from the mold, a flatness gets worse at the time
of separation after the pressing shaping process. The heat
conductance (W/mk) of a mold is preferably 10 or more, more
preferably 25 or more, and still more preferably 15 or
more.
[0037] Specific examples of materials of a mold include
the following materials. Here, heat conductance (W/mk) is
indicated in a parenthesis.
* Cast metal (60 - 100}
e Carbon steel (50)
e Heat resistance stainless steel
Bustenite type: SUS302B (16), SUS309B (15), SUS309S
(14), SUS310S (14), SUS31l6 (14), and SUS316L (16) ; Ferrite
type: SUS430 (26), SUS436L (25), and SUS444 (25);
Martensite type: SUS403 (25), SUS431 (20), SUS440A
(24), SUS440B (24), SUS440C (24); and
Others: SUH660 (15)
e Heat resistance special steel (except a stainless steel
type)

Inconel: 600, 617 and 625,686,690,718 (15}, 751 (14)



Cordierite (2) Petalite (2) Carbon type nmateri al

d assy carbon (6) Carbon ceramcs (67) As
specifically preferable materials, the foll ow ng

mat eri al s can be enployed. Martensite type heat’

resi stance stainless steel Heat resistance special
steel (lnconel, Anviloy) Supzz hard steel containing
tungsten carbide (WC) as a principal conponent 23
Carbon ceram c Carbon steel The above naterials may be
used solely, or may be mxed or |am nated as a
conpodiHaztemt@yi HB, Fifther, the |ower nold 11 and
the upper nold 12 may be constituted with the sane
mat er izabviboy mey3de constituted with respective
different materials. [0038] In order to nake the

sur f aceo IRegbes sNRabase theloper4 phey a2 ses6i on 13b of
the first shaping surface 13 Ilarger than the surface

L oygbpess-Rametet-ng1cenbrak) sesht@inihgatuhshey barbide
permssible to set up suitably the conditions of a
AL} sALng B%?ﬁg§§a9rc8mggheﬂkng process at
¢ Ceramic material

Silicon carbide (75)

Silicon nitride (25)

Aluminium nitride (170)

Alumina {38)

Zirconia (3)

Mullite (2)

Cordierite (2)

Petalite (2)
e Carbon type material

Glassy carbon (6)

Carbon ceramics (67)

aAs specifically preferable materials, the following

materials can be employed.

Martensite type heat ‘resistance stainless steel
Heat resistance special steel (Inconel, Anviloy)
» Super hard steel containing tungsten carbide (WC) as a

principal component



the tinme of producing a nold. Further, it may be

perm ssible that after the both surfaces have been
finished wth the sane surface roughness, the

peri pheral section 13b of the first shaping surface

13 is made rough with a blasting process or an

et chi ng process. The roughi ng23process may be

conducted by an oxidation treatnment with heating in

t he atnosphere. Further, in the case that a

protective layer is formed on the first shaping
suFpabeni1geragifoundati on surface is firstly nade to a
rough surface, and then a protective |ayer nay be
€arhed ehethe roughed foundation surface.

Alternately, a protective layer is 24 firstly forned,
and t hehet &Bopechateérvalbayay bs umdd tolelyy ooghmay be
surface. [0039] Here, the glass substrate shaping nold
ffixkReorPigsenhtenyant hoBoRYshe camaRletivhi.chFaspheys the
a single wupper nold 12 and a single lower nold 11 as

%gﬁgkiggﬁdallnghglEﬂeWﬁE%FgO%%lﬁr1§°hﬁ¥05et%%n%Qﬁthed with

and t he ower is splif into plura

lds. F , th i :
BB ABrane st aptng o8 SPHOPS CORBor e 17 hnd Sru o Ve
more lower nolds 11 as a set or a nold enploying two
gi LhsrengppeceroPdS 12 and two or nore |ower nolds 11

as a set. [0040] &Producin Met hod of a gl ass
d0B3fdate) In order to make the surface roughness Ra of the

peripheral section 13b of the first shaping surface 13
larger than the surface roughness Ra of the central section
13a, it may be permissible to set up suitakly the
conditions of a polishing process or a grinding process at
the time of producing a mold. Further, it may be
permissible that after the both surfaces have been finished
with the same surface roughness, the peripheral section 13b
of the first shaping surface 13 is made rough with a
blasting process or an etching process. The roughing
process may be conducted by an oxidation treatment with
heating in the atmosphere. Further, in the case that a
protective layer is formed on the first shaping surface 13,
a foundation surface is firstly made tc a rough surface,
and then a protective layer may be formed on the roughed

foundation surface. Alternately, a protective layer is



The gl ass substrate produci ng net hod of the present
invention is a nethod of producing a glass substrate

by pressing shaping a nolten gl ass, and conprises a
nolten gl ass supplying process of supplying a nolten
glass to a first shaping surface 13 forned on a | ower
nmold 11, and a pressing procgss of cooling the nolten

gl ass supplied to the first shaping surface 13 while
pressing the nolten glass between the first shaping
surface 13 and a second shaping surface_14 forned an
Shrapper Eavnedi2anghEhepythe praseciinset faysri 45 made to a
obtai ned. As a nold, enployed is a nold 10 conpri sing
acohghesumbhdell having a first shaping 25 surface in

whi ch the surface roughness Ra of a periphera

$ooBpdNn 13b Ker:Nothée ghasacsubsthaiae nshapingl msidfof the
the first tinme after the starting of the pressing
gEQEEﬁﬁ &ﬁveﬂeéenlaagebetBaaouaewhaeha@&pu@y@hae%angae

f a central part 13a coming in contact with the

g?%g§nmghﬁggig?hgkgl%Eﬁgl@taﬁhkggmgﬁdtaﬁ QEe%S%%&A or a

cess. en~gl ass suppl yi ng process)

nolten gl ass. suppl yin 0CeSS.I.S 0 f

E‘Bb | yF'nY éCH’DPFl nx’ﬁl g?% tc?%t %gef iu%?fg&s gé’l%lng'zs&r L&ee
formed on the | ower _nold. Fig. 4 i.s a_schenntic 1e  the
4PygramPlehadi A§ EPlekelS BLPFala Mg Pan HPEsEFITP &

and the like in the nolten gl ass supplying process. ,
Biiess, substiess ghaping mold is a mold employing a single

upper mold 12 and two or more lower molds 11 as a set or a
mold employing two or more upper molds 12 and twe or more
lower molds 11 as a set.

[0040] (Producing Method of a glass substrate)

The glass substrate producing method of the present
invention igs a method of producing a glass substrate by
pressing shaping a molten glass, and comprises a molten
glass supplying process of supplying a molten glass to a
first shaping surface 13 formed on a lower mold 11, and a
pressing process of cooling the molten glass supplied to
the first shaping surface 13 while pressing the molten
glass between the first shaping surface 13 and a second
shaping surface 14 formed on an upper mold 12, whereby a
glass substrate is obtained. As a mold, empleoyed is a mold

10 comprising a lower mold 11 having a first shaping



23 is made to flow out froman outfl ow nozzle 21, and

is supplied to the lower nold 11 (Fig. 4(a)). Then,

if an outflow anpbunt of the nolten gl ass reaches a
predeterm ned anount, a flow of the nolten glass 23

Is cut with a blade 22 and the nolten glass 23 is
separated fromthe outflow n®2zzle 21 (Fig. 4(b)). The
nolten glass 23 supplied in the nolten glass

suppl ying process is brought in contact with the

central section 13a of the first shaping surface 13,
%hafe6%|iﬂgwbéchthﬁysgrgﬁFsdrsygﬁgsgsrgﬁe8§iﬁgPFF&RPeral
there. [0042] The |lower nold 11 is heated beforehand
sechiopr é3dbt epmingdinenpdEactr withhar molseno9dpesi fog the
restriction 26 in a tenperature of the |lower nold 11,
fahdst heimenpétaruthe sftarhénbowér thel gréssing bgoccess is
determ ned suitably depending on the kind of glass,
hh8eSiZeget 8nghashesslsthateranghhbes Rokef bf ceheral part
tenperature of the lower nold 11 is too low, there

288 RLARL ﬂﬁﬁgeahnagg fhatness pbied 338 saUBSIFLAEE the

gets worse and winkles takes place on~a transfer

BURLRESy ofsheReRULEALY p Lol temperature 1o made

fror € an néee I's not desirabl e,

e the lding o the shaping surface, with gl ass
Egﬁgi or th@ﬁﬂg?%gi%i%f?oﬁupgfgfﬂg PoRer“Hol d becomes
noti ceable. Usually, it is . desirable to nmake the
t enper At BPELANt B ASELBUPPAY IRENBEPSEHFe LPafgRYBF S PPoRE

(Tg (glass transition point) of a ‘
supplying a molten glass to the first shaping surface

formed on the lower mold. Fig. 4 is a schematic diagram
showing a lower mold 11, a molten glass 23 and the like in
the molten glass supplying process. First, a molten glass
23 is made to flow out from an outflow nozzle 21, and is
supplied to the lower mold 11 (Fig. 4(a)). Then, if an
outflow amount of the molten glass reaches a predetermined
amount, a flow of the molten glass 23 is cut with a blade
22 and the molten glass 23 is separated from the outflow
nozzle 21 (Fig. 4(b)). The molten glass 23 supplied in the
molten glass supplying process is brought in contact with
the central section 13a of the first shaping surface 13,
and cooling is mainly started by heat releasing from there.
[0042] The lower mold 11 is heated beforehand to a

predetermined temperature. There is no specific restriction



shaped glass -200 C) to (Tg + 100 C). [0043] There is

al so no specific restriction in a heating section for

the lower nold 11, and it can be selected suitably
fromwel | -known heating devices. For exanple, a

cartridge heater which is used by being enbedded in

the inside of the lower nold 44, a sheet-shaped heater

whi ch is used by being brought in contact with the

outside of the lower nold 11, and the |ike can be

enpl oyed. Further, it can also be heated by the use

br antenpesnpbdrenedt Fhg devetemand alhi gAdf FBGuERRpeTature
i nduction heating device. 27 [0044] (Pressing

pf otkss)oWae poddsilhgmpyobesdetermipedcevstablyodeprygding
a nolten glass supplied to the first shaping surface

38 vhel ringressyngsthetnel kenegbfisa hetweesubberhitesand the
shapi ng surface 13 and the second shaping surface 14

i@%@?d £ dhe rat®tél d2, cnbershyram@ld@ssl is too low,
substrate 24 is obtained. [0045] Fig. 5is a schematic

ChEgLagLenaubBgcReOlase (AUPRLLENE S 8R! H0oTakY Meahdare

ass supstra pressi ng proc

nmol ten gl ass_suppl,yi ocess t he | owe I
ﬁﬁFEhWPgéenﬁpgeﬁgé%gigsggaﬁgssQ%BFFegn PSE§%$F%§%JSE%face'
horizontally to a position opposite to the upper

o) d
ep. thReRONERB NI L€n CHPaSETPETHI¥TSed=h e opnign more

than needed, it is not desirable, because the welding of
the shaping surface with glass occurs or the deterioration
of the lower mold becomes noticeable. Usually, it is
desirable to make the temperature within about a
temperature range of from (Tg (glass transition point) of a
shaped glass -200 °C) to (Tg + 100 °C).

[0043] There is also no specific restriction in a
heating section for the lower mold 11, and it can be
selected suitably from well-known heating devices. For
example, a cartridge heater which is used by being embedded
in the inside of the lower mold 11, a sheet-shaped heater
which is used by being brought in contact with the outside
of the lower mold 11, and the like can be employed.
Further, it can also be heated by the use of an infrared
heating device and a high frequency induction heating

device.



first shaping surface 13 of the lower nold 11 and the
second shapi ng surface 14 of the upper nold 12. The
nolten gl ass spreads by being pressed and is brought
also in contact with the peripheral section 13b of
the first shaping surface 13. The nolten gl ass

rel eases heat through the contact surface with the
first shaping surface 13 and the second shapi ng
surface 14, whereby the nolten glass is cooled and
solidified and is nade to a gl ass substrate 24.

[0046] As neRyeFRNAIRIRSeIHe produci ng net hod of the
present invention enploys a nold in which on the first
shapi rhs wieseind, proeessriace pooghneset Racelingeaz2golten
peri pheral section 13b adapted to cone in contact wth
§la8®! sepplliedstbotheheitEtsthapimgabtiefatkelst antiilrg
of a pressing process is made | arger than the surface

bPYEENRSSthBam8l tEhegtaBkr BEtweehi eRelBaradaphaging surface
come in"contact wth the nolten gl ass before the

fﬁaéﬁaﬂgths%gsPﬁfSﬁghgﬂg BLLE EE-ﬂzh§6§ﬁgﬁeontaﬁehﬁ§ber

rel easing ra rom peri pheral section of the

firgt.shapjn urface _becaones. _higher tha at
W@#éaggnggbﬁgger8ngiﬁgscgﬁEF5Fa£ge§#i%%.ggéggnggéult,

at the tine $pint (t3) when the, t$ngerature of_a lass
ERAEPAI portitdr of 3l TR RlS fhagral shgwvid 4 9

di fference of tenperature (AT) between the central
anbspeatphehabingcmpdds l8apnde anddassnalbstifiees 4n the
gl ass

pressing process. In the molten glass supplying process,

the lower mold 11 to which the molten glass 23 is supplied
is shifted horizontally to a position opposite to the upper
mold 12. Then, the molten glass is pressed between the
first shaping surface 13 of the lower mold 11 and the
gecond shaping surface 14 of the upper mold 12. The molten
glass spreads by being pressed and is brought also in
contact with the peripheral section 13b of the first
shaping surface 13. The molten glass releases heat through
the contact surface with the first shaping surface 13 and
the second shaping surface 14, whereby the molten glass is
cooled and solidified and is made to a glass substrate 24.
[0046] As mentioned above, the producing method of the
present invention employs a mold in which on the first

shaping surface 13, the surface roughness Ra of the



substrate having a high flatness can be obtai ned.

[0047] Here, the upper nold 12 is heated to a
predeterm ned tenperature in the sanme way as the | ower
nold 11. The heating tenperature and the heating
section are the sanme as those in the case of the
above-nentioned | ower nold 128 However, the heating
tenperature nmay be the same as or nay be different
fromthat of the lower nold 11. [0048] As a pressing
section to press a nolten gl ass by ing a |l oad

PRT tPRpEal ofeFtHBNdlR afaPtRe EBpEPm%D ﬁ %ﬁtagt with a
wel | - known pressing device is suitably selected and
msbdenF@laeaaﬁprethanfarﬁtcyﬂmﬁdéﬁteﬁntbﬁlSEFE§§GBe°§93
cylinder, an electric cylinder using a servonotor and
phessihfeprayebs taphagiedlap@o49ihéfr bHacknyimsehygughness
a gl ass substrate 30 for an information recording

rRdbEmnhd ghassasubsttabg fies adapetdr oot comer énordnnget
medi um can be produced by a technique to add at | east

#iPR! LA 'HQthﬁo §§§st9e§ogba§§eSHE§EE§h§ olel @Rk pressing
materiral) prod uc t he above-nenti oned producl ng

frbdeds  Cithefetdndl g%éugééetf@fe§ Do} N D £XANPhE

an 1n tron recording
medi um produced . b duci ng, net.haod of I
SRBSDRaPa LS8 orGiOtn O BRraLr S PSE&Pa.ﬁ&rf%&% petomes
accordlng to the present invention. %
higher than the heat releasing rate fr m the central

section. As a result, at the time point {(t3) when the
temperature of a central portion of a molten glass reaches
to T2, a difference of temperature (AT) between the central
and peripheral sections can be made small, whereby a glass
substrate having a high flatness can be obtained.

[0047] Here, the upper mold 12 is heated to a
predetermined temperature in the same way as the lower mold
11. The heating temperature and the heating section are the
same as those in the case of the above-mentioned lower mold
11. However, the heating temperature may be the same as Or
may be different from that of the lower mold 11.

[0048] As a pressing section to press a molten glass by
applying a load onto the lower mold 11 and the upper mold
12, a well-known pressing device is suitably selected and

used. For example, an air cylinder, an oil pressure



6(a) is a perspective view and Fig. 6(b) is a cross
sectional view The glass substrate 30 for an

information recording nmediumis a di sk-shaped gl ass
substrate in which a central hole 33 is fornmed, and

t he di sk-shaped gl ass substrate has a main surface

31, an outer peripheral edge 2surface 34, and an inner
peri pheral edge surface 35. Chanfered corners 36 and

37 are fornmed on the outer peripheral edge surface 34
and the inner peripheral edge surface 35,
cﬁépederveay.e!eO§D}CAﬁwéingﬁFn§SbP60és§eF§°QOEPSCé§§ the
of polishing a nain surface of a produced gl ass
tibstmayebébeapko@8d.material ), and is a process of
finishing finally the glass substrate so as to have a
soo@bhness rempbd@ding meghdédsof sabglass estiostaate 30 for an
i nformati on recording nedium As a polishing nethod,

@PfgkhakESﬂ“rEEBQEQnQSﬁ€d§§m§ producing nethod of a

gl ass substrate for an information recording nedium

can be UﬁfgsQSSLE?L?atEOE?fxagpgﬁfo tPBHSrak8rding medium

pastedAo acesS 0 wo rofatabl e machi ne pl atens sucCh
that  the two pads face to.each ot her n | as ‘a4
. f h
QBBSPPaP€°9§ce§rg¥nﬁe%eﬁ § thed %ba%agggsgn%t§glls ng
above arrangenent, the two p%ds are rotate
r

; )Whil% ced b
BEPR§SENtE0At deaSHi FHPERE2LEU\PAREY R ERd 3y adF O Y

substrate and sinmultaneously a polishing agent is fed
theoabbeesnehsdenedf prigdugiiags method. Fig. 6 1s an

illustration showing one example of a glass substrate 30
for an information recording medium produced by the
producing method of a glass substrate 30 for an information
recording medium according to the present invention. Fig.
6(a) is a perspective view and Fig. 6(b) is a cross
sectional view. The glass substrate 30 for an information
recording medium is a disk-shaped glass substrate in which
a central hole 33 is formed, and the disk-shaped glass
substrate has a main surface 31, an outer peripheral edge
surface 34, and an inner peripheral edge surface 35.
Chamfered corners 36 and 37 are formed on the outer
peripheral edge surface 34 and the inner peripheral edge
surface 35, respectively.

[0050] A polishing process is a process of polishing a

main surface of a produced glass substrate {(blank



substrate, whereby a polishing process is conducted.
Further, it is also desirable to separate the

polishing process into plural processes, such as a

rough polishing process and a precise polishing

process by changing the grain size of a polishing

agent and the kind of pads. [®051] As a polishing

agent, for exanple, cerium oxide, zirconium oxide,

al um ni um oxi de, manganese oxi de, coll oidal silica

di anond, and the |ike may be enpl oyed. Anpn

upboBiadent 3ndi tsnayPBeCpEEf efabiaiehinge féélﬂll}hﬁ the glass
oxi de, because since it has a high reactivity with
gllssrahe3&o srpbbhhpuki shenosthhass raqubsedhegi Aeglass
for a short time by the use of it. [0052] Although
bhipspedteafobeasepafaimdtibhoracbatidngpaddamet.a sféa

pad, a pad can be chosen suitably and can be used as
pedukhety MetBoRard Radl-fnbas Medackr e¥ed aRBlepralkducing
such as a hard velour, a urethane foamng, a pitch

ﬁQEBBBn ?g g?ggs ggsEgst% kS rTBY Q%f%%&%@ﬁ%% f@@%rdlng

roma materi al such

and_the |l ik b
EE&%H@rcapn thsﬁ oaﬁcﬁﬁgaﬁgtho %xgﬂg#agggWo[ggé af'e®
for an information recordin di um Ccordln hat
present ornfereroRt FW°|§°&@g 61 BACH1DE BIE %ﬁ§|ﬁﬂ§§ tha

and outer periphery treating process and_a | appi %
phecéywe pads face to each other, and a glass subs rate 1is

arranged between the two pads. In the above arrangement,
the two pads are rotated while being in contact with the
surfaces of the glass substrate and simultaneously a
polishing agent is fed onto the surfaces of the glass
substrate, whereby a polishing process is conducted.
Further, it is also desirable to separate the polishing
process into plural processes, such as a rough polishing
process and a precise polishing process by changing the
grain size of a polishing agent and the kind of pads.
[0051] As a polishing agent, for example, cerium oxide,
zirconium oxide, aluminium oxide, manganese oxide,
colloidal silica, diamond, and the like may be employed.
among the above agents, it may be preferable to use cerium

oxide, because since it has a high reactivity with glass, a



in addition to a polishing process to polish a main
surface of a glass substrate (blank material) The

i nner and outer periphery treating process is a

process of conducting a process of piercing a centra
hol e, a grinding process to secure the shape of an

outer peripheral edge surface3land an inner periphera
edge surface and a di nensional accuracy and a

pol i shing processing for an inside and outside

peripheral edge surfaces. The Iag INng process is a ,

sroeklspobisheddaerfageachBpBEng Eaéeeésfséf gr ghgrt time by
polishing process in order to satisfy the flatness of

ehelase ofi which a 32 recording layer is forned,

t hi ckness, parallel accuracy, and the I|ike.

Fo0 s BEr nor e, Al thdlgh case mid ergh dyé ngeparathedi tatéya hard

strengthened glass or a crystallized glass as a

pRbeLhal a05o8t0bags aupshrakhi. ba ehesksaklytably and can be

Strengthening process to conduct ion exchange by

' rsLn S t Ihsa ' I

P e B R AR R SR R T
rocess.to_copduct crystallizing by .ent

BABSthaly | RECRaRSpE PBAGLIEAGUSy F‘ab‘F%tP‘g‘ﬁtentéfégg‘?f%' 2

Each process of the inner and ougeggperlp er al 1 and
PiEahi RENPROBARY, SHRES apPAn§IEr &8s MY B RERLONELY
strengt heni ng process, and the crystallizing process
sanabeoftopddct adpby maget Es@MhavAGeEéas uSEFSFasiuFde .
as a producing nethod of a glass substrate for an
iraflournt kad the like may be employed.

[0053] Further, in the producing methed of a glass
substrate for an information recording medium according to
the present invention, it is desirable to conduct an inner
and outer periphery treating process and a lapping process
in addition to a polishing process to polish a main surface
of a glass substrate (blank material). The inner and outer
periphery treating process is a process of conducting a
process of piercing a central hole, a grinding process to
gecure the shape of an outer peripheral edge surface and an
inner peripheral edge surface and a dimensional accuracy
and a polishing processing for an inside and outside
peripheral edge surfaces. The lapping process is a process
of conducting a lapping process before a polishing process

in order to satisfy the flatness of a plane on which a



recordi ng medium [0054] Here, in the producing nethod
of a glass substrate for an infornmation recording

medi um according to the present invention, various
processes other than the above may be conducted. For
exanpl e, an annealing process to conduct a heat
treatnment to ease an internal3strain of a glass
substrate, a heat shock process to confirmthe
reliability of the strength of a glass substrate, a

cl eaning process to renove foreign matters, _such as a
perPsAing ha¥ar aadfareadni BRLFYNSEFengRReALRG accuracy,
treatment 33 liquid which remains on the surface of a
ghdssheubskeat efurttzeioese | nopeche orasddobvelpbey g a
processes, and the like my be conducted. [0055]
dherecadiposspengtheneasylinesi ob ancrietmdierid gleksaas a
gl ass substrate, and materials capabl e of being used

Ast@r-Mmiepkal ghads0LaBsceHbSEL I at enkaicanliynberenyicdening
recordi ng nmedi im can be chosen suitably and can be

é SQESsﬁggggohaﬁcggﬁﬁhiagagﬁggghg?;ﬁﬁbh¥s§hgfsgbﬁﬁﬁ%d

ass~a crys I'ze especi a
ar.e cel L ent

OB P, RSP LKoo B SR pegement
mat eri_al capabl e_of being chemcally t rengt hened,, . .
Loauddanpl 6YY§6aa LEZABIgPEOSSEENE0s EANGHCS; ,Stéi%éZlng by
and CaO as principal conponents; alumnosilicate glass .

a heat treatment and the like can be conducted sultably if
needed. Each process of the inner and outer peripheral
treating process, the lapping process, the chemically
strengthening process, and the crystallizing process can be
conducted by a method having been used usually as a
producing method of a glass substrate for an information
recording medium.

[0054] Here, in the producing method of a glass
substrate for an information recording medium according to
the present invention, various processes other than the
above may be conducted. For example, an annealing process
to conduct a heat treatment to ease an internal strain of a
glass substrate, a heat shock process to confirm the
reliability of the strength of a glass substrate, a

cleaning process to remove foreign matters, such as a

polishing agent and a chemically strengthening treatment



conposed of Si 2, A1203, R20 (R = K, Na, Li) as
princi pal conponents; borosilicate glass; Li20S Q2
system gl ass; Li20 Al 2B-Si 2 system gl ass; RO
Al2C3- Si 2 systemglass (R = M, Ca, Sr, Ba) and

the |i ke can be enployed. [0056] There is also no
specific restriction in the 33ze of a glass
substrate. For exanple, glass substrates wth outside
di aneters of various sizes, such as 2.5 inches 1 8
i nches, 1 inches, and 0.8 |nches may be enp
F%th@rWh%ﬁbréemélaﬁs@nnéhépﬁéFﬁﬁﬁer@§tﬁlE%Péﬁ ?HbSFF@te'
t hi ckness of a gl ass substrate. For exanple, glass 34
sabsonat esspethivar andsevhlukbdes, praocksgssl ARfd O0heqlike
mm and 0. 4mm nmay be enpl oyed. [0057] (Producing

hed eénadnctefornmati on recording nedium An
i nformati on recordi ng nedium can be produced by

tes8ENg at |I'Baste a & aeOrShe@i £ 2y efedtr Bcgl@$Sin the material
substrate for an information recording nedi um

$§°2rQhﬁgso?uFEQrggg§eﬁhd Q%@FFEQQ ?Sbﬁ%CBEdegng used

ayer n d’ speci |Ca hat vari ous
ORI RIS i brEerg,Be rgl%e%%a Bt pepamaciop,

used. Especially, it is suitable to Be used.
ray@rdagg PRE1HBCERRI RE FRPEFTS 8P1|5F éfcﬁﬁlga i

i nformation recording nedlun1gnagnet|c d%%ﬁgd lass and a
Among the materials, a chemically strengt g
crystallized glass are especially desirable, because they
are excellent in shock resistance and resistance to
vibration. As a glass material capable of being chemically
strengthened, for example, soda lime glass composed of Si0,,
Na,0, and Ca0 as principal components; aluminosilicate glass
composed of Si0;, Al:0;, R0 (R = K, Na, Li) as principal
components; borosilicate glass; Li0-5i0; system glass;
LigO'Ale3—Si02 system glass; R'O- Al;0;- 8i0, system glass
(R' = Mg, Ca, Sr, Ba) and the like can be employed.

[0056] There is also no specific restriction in the
size of a glass substrate. For example, glass substrates
with outside diameters of various sizes, such as 2.5
incheg, 1.8 inches, 1 inches, and 0.8 inches may be

employed. Further, there is also no specific restriction in

the thickness of a glass substrate. For example, glass



[0058] As magnetic materials used for a magnetic

| ayer, there is no specific restriction, and

wel | -known materials can be chosen suitably and can

be used. For exanple, nagnetic materials containing Co
as a principal conmponent, such as CoPt, CoCr, CoNi,

CoNi Cr, CoCrTa, CoPtCr, CoN Ps4 CoN CrPt, CoN CrTa,
CoCrPtTa, CoCrPtSiO and the |ike may be used. [0059]

As a magnetic |ayer, enployed is a granular with a
structure in which nmagnetic particles, such as Fe, Co,
evPetrargsCoitht vaan@um §béﬁ=§@@8i5nt §UshngfndgAEY| @ -64 mm,
| ayer 35 conposed of a ferrite systemmaterial, an

andnor ama mayt be sppllegednt erial, Si 02, BN or the i ke
in addition to the above-nentioned Co system

meterial . MagpebdGelnyensthayl 62 aanynboematian recording
i n-plane type and vertical type. [0060] As a nethod of

Rgaghﬁg a magnetic layer, a well- known nethod can be
enpl oyed. For exanple, a sputtering nethod, a

non- e £ REXHGPLA! EEQOFQB@% nefi8f BafOBL piBHNEda by

and the'like are |ste e nagnetlc I sk may
rovi undati.on

th
LEomibh ok DEast oorFeprding 1aveR, 4 o g)i%r ﬁ%‘ﬁbﬁ?rate for
as needed. For each of these |ayers, well - wy
ARt dREgrgagiens W&W%B@éﬁ%&%%@gu%d thgs present

materials of a foundation |ayer, for exanmple, Cr, M,
Tavention. The recording layer is not limited spec1f1cally

so that various recording layers utilizing characters, such
as magnetism, light, magneto optical, and the like can be
used. Especially, it ig suitable to use a magnetic layer as
the recording layer for producing an information recording
medium (magnetic disk}.

[0058] As magnetic materials used for a magnetic layer,
there is no specific restriction, and well-known materials
can be chosen suitably and can be used. For example,
magnetic materials containing Co as a principal component,
such as CoPt, CoCr, CoNi, CoNiCr, CoCrTa, CoPtCr, CoNiPt,
CoNiCrPt, CoNiCrTa, CoCrPtTa, CoCrPtSiO, and the like may
be used.

[0059] As a magnetic layer, employed is a granular with
a structure in which magnetic particles, such as Fe, Co,

CoFe, and CoNiPt, are dispersed into a nonmagnetic layer



Ti, WV, B, A, N and the |like can be used. As
materials of a protective |ayer, for exanple, C, a

Cr alloy, C, Zr02, Si02 and the like are listed.

Further, as a lubricating |ayer, enployed are, for
exanple, materials coated with a liquid |ubricant
conposed of perfluoropol yethas (PFPE) and subjected

to heat treatnent if needed. 36 [Exanple] [0062]
(Exanpl es 1-6) As a glass substrate shapi ng nold,

prepared were nolds in which the surface roughness Ra
spmposed: pfl a fermiise Gskem Metediadi nghsditicd g garth
lower nold was 0.1 m and the surface roughness Ra of
tletper mpterdblsestiogn BNaox0the rikien iExaddidcipn to the
0.15 m(in Example 2), 0.5 m in Exanple 3), 1 m(in
Exorpl-tehlicted Con shpsamm emakeriadnd BagnétidcElagpke may be
6) The adjustnent of the surface roughness Ra was
aeRdupked by ibeeRnMle ige adidislerdiealdagire of

abrasive grain of "a grinding stone of a grinding

S. Her n I Lt }805S aaleq og 11-
TO0EBIG ot an®i Revdoran Bl cPerand ppasReeic, Taues o8 we

d tral ti [
Rioght hehPoR, Saat o5 amhloy ke Rt oaang1 8y A7 aplEReting
section. As materials of an quer nolql%Pd a | ower
Rsitdod, §uﬂ9n1%%q9trolytlc plating method, a spln coat

method, and the like are listed.

[0061] The magnetic disk may be further provided with a
foundation layer, a protective layer, a lubricating layer,
and the like as needed. For each of these layers, well-
known materials are suitably chosen and can be used. AS
materials of a foundation layer, for example, Cr, Mo, Ta.
Ti, W, V, B, Al, Ni and the like can be used. As materials
of a protective layer, for example, Cr, a Cr alloy, C,
Zr02, Si02 and the like are listed. Further, as a
lubricating layer, employed are, for example, materials
coated with a liquid lubricant composed of
perfluocropolyether (PFPE) and subjected to heat treatment

if needed.



steel (M45: made by Toshi ba Tungal oy CO, LTD., Heat
conductivity: 42 WnK) was used. [0063] Both the | ower
nol d and the upper nold were heated to 400 C and a
nolten gl ass was supplied to the first shaping
surface of the |ower nold. Thereafter, a pressing
shapi ng process was conduct ed3bet ween the first
shapi ng surface of the |ower nold and the second
shaping 37 surfaces of an upper nold. As a gl ass
material, a borosilicate glass was used. After the
&Ekﬂﬂﬁlgﬂass was pressed for 5 seconds between the
upper and | ower nolds, one of the upper and | ower
nobd2lwas opéEsaimphad a-6} ass substrate was
col |l ected. The outside dianmeter of the gl ass

subst rageawgsagboslibéfragrasiaphagt hotkneprephrebde were
gl ass substrate was about 1 mm [0064] Then, the

fbateess ohilhe tabt alRed gl 3Shghnidlst Rat @ VS central
measured. The fl atness was neasured with an

| .
s@%%%%r 8?‘3%% i ag%%ﬁ) %%L%%‘?:‘%’a%%eal }]tho%gélﬁ’ ?:ldi% Was 0.1

aroun man | ace

The ment of flatness was made in_such g wa at ,
B, | apﬁegge shrfgcsmronahEsssEe PidGes &8™ adoo’*@“wn
(Judgnent: A), and a flatness of nore than 10 m and

#smoQn 2| @&S (Was Exjathiiged 135 '0gaed 'ium( Judgmxetmple) 2)0n 0.5 pm
the other hand, in the case that a fl atness was nore

%xampqg %I C% h take%xample 4), 2 um (in Example 5},

and 3 pym (in Example 6). The adjustment of the surface
roughness Ra was conducted by a technique to adjust the
degree of abrasive grain of a grinding stone of a grinding
process. Here, on the first shaping surfaces, a region
located at an inside of a circle with a diameter of 35 mm
was made as a central section and a region located at an
outside of a circle was made as a peripheral section. As
materials of an upper mold and a lower mold, a super hard
steel {M45: made by Toshiba Tungaloy CO., LTD., Heat
conductivity: 42 W/m-K) was used.

[0063] Both the lower mold and the upper mold were
heated to 400 °C and a molten glass was supplied to the
first shaping surface of the lower mold. Thereafter, a
pressing shaping process was conducted between the first

shaping surface of the lower mold and the second shaping



ot of tinme and | abor to conduct a post processing to
produce a gl ass substrate for an information recording
medium a flatness of nore than 20 m was judged as
"Wth a problem (Judgnent: C). Here, the judgnent
was conducted by an average val ue obtained fromthe
nmeasurenent values of the fl&aVness of ten gl ass
substrates. 38 [0065] The results are shown in Table
1. The flatness in any one of Exanples 1 to 6 was 20
mor |less, therefore, the test results were, good.
EypEarsrl 9f PR BRREE Beld-t A% aiﬁlaﬁ?clﬂat:ﬁglg rface
roughness Ra of the peripheral section of the first
bhapengisatbagdass vas uvsedor dftereshendolGesr Jlagss was
times of the surface roughness Ra of the centra
peekiked, foltesf batpass bk tarynondeoluppeemanss 1tem molds,
l ess and evaluated as "very good". [0066] Table 1

SHef agethur (@per houoheeesr MRldeugharRespeRRf awdfa glass
central Flatness of peripheral section 13a a gl ass

éﬁggEQQEg sact QR 1L3R 0f arhirshrsybst fahReObracki ERE glass
ping (m shaping

substrate was about 70 mm and the thickness of the glass
substrate was about 1 mm.

[0064] Then, the flatness of the obtained glass
substrate was measured. The flatness was measured with an
interferometer and was represented with a PV value of an
amount of deviation from an ideal flat surface. The
judgment of flatness was made in such a way that a flatness

of 10 um or less was judged as “very good” (Judgment: a),

and a flatness of more than 10 pm and 20 pm or less was
judged as “good” (Judgment: B). On the other hand, in the
case that a flatness was more than 20 um, since it takes a
lot of time and labor to conduct a post processing to
produce a glass substrate for an information recording
medium, a flatness of more than 20 um was judged as "“with a
problem” {(Judgment: C). Here, the judgment was conducted by
an average value obtained from the measurement values of

the flatness of ten glass substrates.



surface (m surface (n) Conparative 0.05 0.1 32 C

exanple 1 Conparative 0.1 0.1 23 C exanple 2

Inventive 0.12 0.1 14 B exanple 1 Inventive 0.15 0.1

8 A exanple 2 Inventive 0.5 0.1 7 A exanple 3

Inventive 1 0.1 5 A exanple 4 Inventive 2 0.1 6 A

exanple 5 Inventive 3 0.1 12 B8 exanple 6 39 [0067]
(Conparative exanples 1 and 2) The shapi ng and

eval uation of a glass substrate were conducted in the
same way as in Exanples 1 to 6 except _that _the

§0PFBLe rougfhRsEeTMle? aFR PRPYDBhEraTaRER(} on Tie thptness
first shaping surface of a |ower nold was made 0.05 m
ihnanfbaﬁératlmﬁaﬁpaﬁple tp andaB8. 20mufi prCaepar, atheeefore,
exanpl e

the test results were good. Especially, in Examples 2 to 5
in which the surface roughness Ra of the peripheral section
of the first shaping surface is 1.5 or more times and 20 or
less times of the surface roughness Ra of the central
section, the flatness of any one of them was 10 pum oOr less

and evaluated as “very good”.

[0066]
Table 1
Surface
Surface
roughness Ra roughness Ra
of a g Flatness of
peripheral of a central a glass
section 13b sectlon‘13a substrate Judgment
. of a first
of a first . {pm)
. shaping
shaping
surface (pm)
surface (um)
Comparative 0.05 0.1 32 c
example 1
Comparative 0.1 0.1 93 c
example 2
Inventive 0.12 0.1 14 B
example 1
Inventive 0.15 0.1 8 A
example 2
Inventive 0.5 0.1 9 A
example 3
Inventive 1 0.1 5 a
example 4
Inventive 5 0.1 5 A
example b5
Inventive 3 0.1 12 B
example 6




2). The results of Conparative exanples 1 and 2 are

shown in Table 1 together with the results of

Exanples 1 to 6. [0068] The flatness of each of
Conparative exanples 1 and 2 exceeded 20 m and a good

gl ass substrate was not obtained. [0069] (Exanples

7-10) As a gl ass substrate shaping nold, prepared were

nol ds in which the surface roughness Ra of a centra
section of a first shaping surface of a | ower nold was

1 m and the surface roughness Ra of the periphera
48B67dn  was{Qompar et HveExarpreley, 1128902} i n Exanpl e

8), 2 m(in Exanple 9), and 5 pm (in Exanple 10). As
mat er i 7he shapnnguppdr emsldasndnaoforeglagbdsulsgyrlsgnwere
ceram ¢ (BS11509: nmade by Kogi Corporation, Heat
eenduete@ninb6thd ekjnewaay asedn Exempliepi ng tand except that
eval uation of a glass substrate were conducted in

sHehsarvaket BalighhRset RAr oFoRMe! oS phre 1M t4dn @F the
the sane conditions as Exanpl es to 6. The results

%ggéﬁﬁggggﬁggrgﬁghﬁgééokg%7Q£ﬁg%b%%l% w%%r%%%% %H%%a%% (in
Comparative example 1) and 0.1 pum (in Comparative example
2). The results of Comparative 'examples 1 and 2 are shown
in Table 1 together with the results of Examples 1 to 6.
[0068] The flatness of each of Comparative examples 1
and 2 exceeded 20 um and a good glass substrate was not
obtained.

[0069] (Examples 7-10)

As a glass substrate shaping mold, prepared were
molds in which the surface roughness Ra of a central
gsection of a first shaping surface of a lower mold was 1
um, and the surface roughness Ra of the peripheral section
was 1.3 pm (in Example 7), 1.5 pum (in Example 8), 2 um (in
Example 9), and 5 pum (in Example 10). As materials of an
upper mold and a lower mold, a carbon ceramic (BS11509:
made by Kogi Corporation, Heat conduction: 67 W/m-K) was
used. The shaping and evaluation of a glass substrate were

conducted in such a way that the other conditions were made



of a of a central Flatness of peripheral section 13a
a gl ass Judgnent section 13b substrate of a first of
a first shaping (n) shaping surface (m surface (m
Conparative 0.5 1 30 C exanple 3 Conparative 1 1 22 C
exanple 4 Inventive 1.3 1 13 B exanple 7 Inventive
1.51 8 A exanple 8 Inventiva02 1 6 A exanple 9
Inventive 5 1 5 A exanple 10 [0071] The flatness in
any one of Exanples 7 to 10 was 20 mor |ess and were

eval uated as "good". Especially, the flatness of an
6Fe e BRERpIGEAYE HenED afa EXAFRLSS 1 &% ©- The results are

shown in Table 2.

[0070]
Table 2
Surface
Surface
roughness Ra
roughness Ra
of a Flatness of
peripheral of & central a glass
section 13b sectloq 13a substrate Judgment
. of a first
of a first . (um)
. shaping
shaping
surface (um)
surface (um)
Comparative 0.5 1 30 c
example 3
Comparative 1 1 22 c
example 4
Inventive 1.3 1 13 B
example 7
Inventive 1.5 1 8 A
example 8
Inventive 5 1 6 a
example 9
Inventive
1 5 A
example 10 5
[0071] The flatness in any one of Examples 7 to 10 was

20 pm or less and were evaluated as “good”. Especially, the

flatness of any one of Examples 8 to 10 was 10 um or less
and were evaluated as “very good”.
[0072] (Comparative examples 3 and 4)

The shaping and evaluation of a glass substrate were
conducted in the same way as in Examples 7 to 10 except

that the surface roughness Ra of the peripheral section of



and were eval uated as "very good". [0072] (Conparative
exanples 3 and 4) The shaping and eval uation of a

gl ass substrate were conducted in the sane way as in
Exanples 7 to 10 except that the surface roughness Ra

of the peripheral section of 41 the first shaping
surface of a lower nold was made 0.5 m (in

Conparative exanple 3) and 1 m (in Conparative exanple

4). The results of Conparative exanples 3 and 4 are

shown in Table 2 together with the results of

Exanfliest7 shapifg su@da’ke Tife af [latweesmcdfd e@sh mefde 0.5 um
Conparative exanples 3 and 4 exceeded 20 m and a good
qliﬁs% ﬁl#g..sn.':?rtqt\f% %m%qte 19bt. 3 9d ;1 A2 i iCeNMR rht ihR @xample
mol'd TOf s g

aping a glass substrate for producing a
| ass_substrate by_.pressing, shaping a-nolten_gl ass
fhe “HRF QT PORLLRapE nGoRPGF A5 L e BEAPRLES; 4 and #°8re shown
characterized by comprising: a |ower nold to which
iRe Tablleer GrFEINET Hifh ith@ rasdlitfe ke isf 7 to 10.
provided with a first shaping surface to press the

d0@fBled nol The §laspesandfapagppef REMBapRELVEc8*FPASS 3
a second shaping surface to press the nolten gl ass

Wniah 4t Recledess PAPILRY a$id BaGRod glass substrate was not

obtained.



t her ebet ween; wherein on the first shaping surface,

the surface roughness of a peripheral section adapted

to come in contact with the nolten glass for the

first time after pressing is nade |arger than the
surface roughness of a central section adapted to

cone in contact wwth the suppkied nolten glass before
pressing. 2. The nold for shaping a glass substrate
described in claim11l and characterized in that the
surface roughness of the central section is 0.05 to

3.00 mand the surface roubhhe¥8 of the periphera
sectionis 0.07 to 10.00 m 43 3. The nold for

shaping a gl ass substrate described in claim1 or 2

and characterized in that the surface roughness of

tthe perhphemalldséeti sphapsnd. & yilaes subsbrateafidr2@roducing
times or less of the surface roughness of the centra
8eghhaB. shbskRFaReIbdspredhsngachapioduel Mp1RIMed dser, the
producing a glass Substrate by pressing shaping a

gghhe%oglgﬁagiggea %h%%% StRgkhale RE0EHIAGHERLNRE Iy

aracterize conprising: a nolten glass supplying
Erocess.fon supplying a nolten glass to a first
REPrAg E8drface formed on a lower nold, and

a lower mold to which the molten glass is supplied
and the lower mold provided with a first shaping surface to
press the supplied molten glass; and

an upper mold provided with a second shaping surface
to press the mclten glass with the fist shaping surface
therebetween;

wherein on the first shaping surface, the surface
roughness of a peripheral section adapted to come in
contact with the molten glass for the first time after
pressing is made larger than the surface roughness of a
central section adapted to come in contact with the

supplied molten glass before pressing.

2. The mold for shaping a glass substrate described in

claim 1 and characterized in that the surface roughness of
the central section is 0.05 to 3.00 um and the surface

roughness of the peripheral section is 0.07 to 10.00 um.



a pressing process for cooling the nolten gl ass

supplied onto the first shaping surface while pressing
the nolten glass between the first shaping surface

and a second shaping surface formed on an upper nold

so as to obtain a glass substrate; wherein on the

first shaping surface, the sufBace roughness of a

peri pheral section adapted to come in contact with

the nolten glass for the first tine after pressing is
made | arger than the surface roughness of a 4éﬁ . .
gent r af P8 eEPLEnEaHaphERIRE Eoﬁ%agﬁ EyReLrats PRSERabed 1n
supplied nolten glass before pressing. 5. The gl ass
sybar At erpRodnd sharaChed idesc Anb&datn the FIWRtaand
characterized in that the surface roughness of the
cenghaksseofi adhel pediPhetrall3 s@@thoand st e 5s trifmese or more
roughness of the peripheral sectionis 0.07 to 10.00

Bhd 60 Theedl 23S 184S Ufathep sadifeicay riRighoek ste o itied
in claim4 and characterized in that the surface

LRUehAgss ek i ohe peripheral section is 1.5 tinmes or
nore and 20 tinmes or |ess of the surface roughness of

the central section. 7. The gl ass substrate producing
nmet hod described in any one of clains 4 to 6 and

et Tk R I NETL I S SRS
bg;%;wghgggr%%%0g$ g%éggﬁﬂgnshaping a molten glass, the
glass substrate producing method is characterized by
comprising:

a molten glass supplying process for supplying a
molten glass to a first shaping surface formed on a lower
mold, and

a pressing process for cooling the molten glass
supplied onto the first shaping surface while pressing the
molten glass between the first shaping surface and a seccnd
shaping surface formed on an upper mold so as to obtain a
glass substrate;

wherein on the first shaping surface, the surface
roughness of a peripheral section adapted to come in

contact with the molten glass for the first time after

pressing is made larger than the surface roughness of a




8. A producing nmethod of producing a glass substrate
for an information recordi ng nedium characterized by
conprising: 45 a polishing process of polishing a

gl ass substrate produced by the gl ass substrate
produci ng nmet hod described in claim7. 9. A producing
met hod of produci ng an information recording medi um
characterized by conprising: a form ng process of
formng a recording layer on a glass substrate for an
i nformati on recordi ng nedium produced by the
peotiveilngerttibod adapbeddte fME §RasONtaghs Midte sy

an information recordi ng nedi um described in claim8.
supplied molten glass before pressing.

5. The glass substrate producing method described in

c¢laim 4 and characterized in that the surface roughness of
the central section is 0.05 to 3.00 pm and the surface

roughness of the peripheral section is 0.07 to 10.00 pm.

6. The glass substrate producing method described in
claim 4 and characterized in that the surface roughness of
the peripheral section is 1.5 times or more and 20 times or

less of the surface roughness of the central section.

7. The glass substrate producing method described in any
one of claimg 4 to 6 and characterized in that the glass
substrate is a glass substrate for producing a glass

substrate for an information recording medium.

8. A producing method of producing a glass substrate for
an information recording medium characterized by

comprising:



45

a polishing process of polishing a glass substrate
produced by the glass substrate producing method described

in claim 7.

2. A producing method of producing an information
recording medium characterized by comprising:

a forming process of forming a recording layer on a
glass substrate for an information recording medium
produced by the producing method of producing a glass
substrate for an information recording medium described in

c¢laim 8,



