: | - METHOD AND APPARATUS FOR MANUFACTURI NG GLASS SUBSTRATE FOR STORAGE
MEDI UM  GLASS SUBSTRATE FOR STORAGE MEDI UM AND STORAGE MEDI UM 5
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON 10 The present
invention relates to a nethod and apparatus for manufacturing gl ass
substrate suitable for storage nedi um such as magnetic disk, storage
medi um and gl ass substrate therefor mnufactured using the nethod or
appar atus. 15 DESHRMPODIONNGS APPARBTAELF GRTMANYIFACSISRIDNGr ate for a
magneti c di sk has hitherto been nmanufactured wth a Tapping/polishing
met hod where a subsEkatbé SUBSIRAEEcFORMSTORAIER cMEPIUMgped and polished so
as to obtain 20 a snpboth surface. However, in recent years, it has been
desired to incrdasRSEnhEUBRIRATTESEOR! STORAGH MERTEM, TRHD

di sadvant ageously, the | apping _/polishing nethod requires a | arge nunber
"of steps and increases the pri§E§E¥Eﬁi@ﬂ%§§ggubstrate product. 25 On the
ot her hand, a nolding nethod, where glass material 1is heated, nolded, and
cooled to precisely transfer die nolding surfaces to the naterial, does

not require any post-- | u ! uire high costs and is
hi ghly producti ve. ThQ@éﬁ%ﬁ%FﬁﬂﬂDtﬁﬁ &nggiaﬁaﬁgiﬁﬁacture of optical

el enents, many - 2 efforts have already been nmade to i nprove nol ding

met hods and

FIELD OF THE INVENTION

10 The present invention relates to a method and apparatus
for manufacturing glass substrate suitable for storage medium
such asmagnetic disk, storagemediumand glass substrate therefor

manufactured using the method or apparatus.

16 DESCRIPTION OF THE RELATED ART

A glass substrate for a magnetic disk has hitherto been
manufactured with a lapping/polishing method where a substrate
of a predetermined size is lapped and polished so as to obtain

20 a smooth surface. However, in recent years, it has been desired
to increase the smoothness of the substrate. Thus,
disadvantageously, the lapping/polishingmethod requires a large
number of steps and increases the price of a glass substrate
product.

25 On the other hand, a molding method, where glass material
is heated, molded, and cooled to precisely transfer die molding
surfaces to the material, does not require any post-working and
thus does not require high costs and is highly productive.

Therefore, in the field of manufacture of optical elements, many



to put themto practical use. A conventional pressing process used to

manuf acture optical elenents is generally executed as follows. A glass
material is 5 set between an upper and lower dies. In order to prevent the
di es from bei ng oxidi zed, the atnosphere of a nolding chanber is replaced
with an inert gas such as a nitrogen gas, with the nolding chanmber
accommodating the die and the glass material. Subsequently, a heater (an

i nducteforohbat baveaalaeadipdteen mafe dar timipdgevéaad2ding metvhddskednds
used to heat the dies and the glass material. Once the tenperature reaches
a pred& Wt nEhem o pragbigpgerushd | ower dies are used to press the
glass material. Finally, the dies are cooled, and a product is then
renoved. Fo* CPRKeptdoidlyPressingpregess vred to mamaetergenisieal 15 or

oxi datjion of , the dies cay ed l}o{y collected air, a nethod has been proposed
i S TARPERILY SPORIRA A5 EORHS at TbSPRTS Tk RhRLHLB
ﬁ;?ge:'&eégggg‘gggiﬁq%h the dies (refer afr for 1ex:t ‘%ig %apanese Pat ent o
Appl i ¢a T anl ng<Cper B%" a&é_ 298?51 dc(11169098)) _nﬁ fetr E’rﬁY@%P Scture
: | | sk ' [ I Aval.ve
or ob| ey eiohEpd, SALEILE ChRcSsRldlharErb8 AonBTalRY, (dhdhes
Speci fisL Ahdpy1 aBH! §idnS BRS & (s a58@h dadl éknﬂggbyh&erﬁ%ﬁ,a@gi@ eﬁéar ger

t han those of optical elenments, the wavi ness of

- subst mkIheg tRahBel RidBdmRAclhRenytRcINe @saf LAk §3aReSHidtem)iapt ably
in a circunferential direction, and the dinensional acCcuracy of the inner

and oifseljaentdys athddisesubahr ahduetidicriesaedr,Far 1axpmeatar 5-anch

disks may need to have a flatness of 4 pmor less. Such a requirenent is
cartridge heater, or the like) is used to heat the dies and the
glass material. Once the temperature reaches a predetermined
value, the upper and lower dies are used to press the glass material.
Finally, the dies are cooled, and a product is then removed.

For such pressing of an optical element, to prevent defects

15 or oxidation of the dies caused by collected air, a method has

been proposed which presses a material in a reduced pressure

atmosphere and which blows an inert gas against the dies (refer

to, for example, Japanese Patent Application Laying-open No.
10-330121 (1998)).

20 However, the manufacture of glass substrate for magnetic
disks using a molding method involves problems different from
those of the pressing of an optical element.

Specifically, while a substrate for a hard disk medium have

an area larger than those of optical elements, the waviness of

25 the surface of the substrate has to be minimized (the surface
be as flat as possible) notably in a circumferential direction,
and the dimensional accuracy of the inner and outer diameters

of the substrate be increased. For example, 2.5-inch disks may

need to have a flatness of 4 pym or less. Such a requirement is



- 3 based on the need of inproving the flying capability of a magnetic
head particularly during a high speed rotation. Wth the conventi onal

nmet hod of blowi ng a gas against dies for cooling, it is difficult to cool
the dies at a uniform5 tenperature which, in turn, may |lead to deformation
of the substrate, nmaking it difficulg to provide a suitably fl at
substrate. On the other hand, a nethod has been proposed where gl ass

subst hased ogy thagreed ot ispsoaringthel ftydngdcapabifiddty af,a mb@rmtessi ng,
and cooling steps performed in chanbers separate fromone another (refer
to, f&leakapRrEicydpunkscdpring: aaddigh 3Pead rgtiatgiemen No. 2000- 351635) .

However, wh bstrate i s conveyed between the nunber of chanbers
during a si W]d'ltgl %&%PH&V&IM?J-&TX%%‘BQ Hal eMing 1% gis pgaingt hees

b : .al so,. .th bstr. be di ted. | i f. th b
bt A, 8RR F SUPERLRL o B S o ! 22 ey above
Ot b age A A h e, MR Vi R 3 e 8 AkReasoHEE | REchA dodo
accomphirsdy FHeeab ik 19 CEL - aliBe RAASEN o | PYBRLIAN o REQYEOBSyA gTalihod Of
manuf acturing a glass substrate for a storage medi um by arr angi ng and

pressigitbhstrphass material between an upper die and a lower die to forma
gl ass substrate, the nethod conprising: a heating step of heating the

gl ass mat er Dal themeithiel hand, a method has been proposed where glass

substrates for magnetic disks are manufactured with heating,
10 pressing, and cooling steps performed in chambers separate from
one another (refer to, for example, Japanese Patent Application
Laying-open No. 2000-351635).
However, when a substrate is conveyed between the number
of chambers during a single molding.process, a chuck mark may
13  beleft onthe substrate, and also, the substrate maybe distorted.
In view of the above problems of the prior arts, it is an
object of the present invention to provide means for suitably
producing a high-quality substrate for a storage medium with
a molding method.

20

SUMMARY OF THE INVENTION

To accomplish the above object, the present invention
provides amethod of manufacturing a glass substrate for a storage
25 medium by arranging and pressing a glass material between an
upper die and a lower die to form a glass substrate, the method
comprising: -
a heating step of heating the glass material remaining

arranged between the upper die and the lower die;



arranged between the upper die and the lower die; - 4 a pressing step of
pressing the heated glass material via the upper and | ower dies to
precisely transfer nolding surfaces of the upper and |lower dies to the
glass material to forma desired substrate; and 5 a cooling step of
having, after the pressing step, a coqling nenber contact the upper and

| oner dies, respectively, to cool the dies with the nolded glass nmateri al
remai ni ng ard PREHRF bey veeep oficovppeing thentedlied glerssline temntadheiai n
during the heating_step and the pressing step, a 10 vacuum atnosphere is
mai nt atRRUPRCE 2@ ckovenrtdias ko threql eelyahuansd eyl nod dimte swifacas
wherein en the pressing step has conpleted, an inert gas is filled in
the sp&t %UE@P@%&&@%@E dies tretlpFlasgmataniah o&¥r aslestued,
bef ore &Qg gggltn tep is executed. 15 The cooling step may include a
step of P E Fitzi the glass nenber via the upper die and the |lower die

p o | _ per di e a er
pornt . Fur t ey por ant §t8p dRh Y id . Bt fnd fE8RRIng Sehbroaicoshing "

| Gk ' t.e f t
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means for heating the glass naterial remaining 25 a etween
upper the apgetrhdileoveiddtBe Do NMiseagadf or pressing the heated gl ass

material via
wherein during the heating step and the pressing step, a

10 vacuum atmosphere is maintained in a space containing the dies
and the glass material, and wherein when the pressing step has
completed, an inert gas is filled in the space to set a pressure
in the space equal to an ambient pressure, before the cooling
step is executed.

15 The cooling step may include a step of pressurizing the
glass member via the upper die and the lower die until the
temperature of the glass material reaches its glass transition
point.

Furthermore, according to the present invention, there is

20 provided an apparatus for manufacturing a glass substrate for
astoragemediumby arranging and pressingaglassmaterial between
anupperdie andalowerdie toformaglass substrate, the apparatus
comprising:

heating means for heating the glass material remaining
25 arranged between the upper die and the lower die:
pressing means for pressing the heated glass material via
the upper and lower dies to precisely transfer molding surfaces
of the upper and lower dies to the glass material to form a desired

substrate;



t he upper and |l ower dies to precisely transfer nolding surfaces of the
upper and lower dies to the glass material to forma desired substrate; --
5 <cooling nmeans for having a cooling nenber contact the upper and |ower
dies so as to performcooling of the nolded glass material remaining
arranged between the upper and | ower. gi es; accommodati ng neans for
accommodating the upper and lower 5 dies, the heating nenber, and the

cool i ng menis®oling mepamdor hgvimg gasodlihgnuembanscdot acthbhs tipgeand
filling a_.gas fromand into a space formed by the accomobdati ng neans,

wher eidd hevendies sshasdarerformeaedinosh thanoldedppbasamatierhal
pressing npaps is used to forma closed space for nolding 10 between the
upper IRYngharAnged Retypgrarthe WpReEr 884G nPweBafdeRas been used to

formthe cl gsed space, for noldi ng between %gg upper. die and the | ower die,
an inert ga?clcsonfrﬁp‘?‘ﬁﬁﬁlflﬁ PHRENSHACAEHOREC Jﬁ"ggsm% YRpPe R kv agual

t ' . inth | Ils th I
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upper and | ower water ool ng ] ac can selec

and sepaja Eraf éﬂi&nln’éél,rﬁ%?éc%f £otPRI 1 46O Sh%%ir{g%&?&ﬁ%‘!e' Y,

whi ch surfaces .are opposite to nolding surfaces. In thi's arranhgenen
cool i ng coukmhdae frerfh mmsﬂ%hd\@d@@iqﬂﬁﬁi?%ﬂ@whéﬂ@éﬁg tRA%GA489

j ackets contact the surfaces of the upper and Tower dies, respectively,
whi ch wuri hdbse presspipagsmeantsoi s issaltd Hgrm a closed space for molding
10 between the upper die and the lower die, and after the pressing
means has been used to form the closed space for molding between
the upper die and the lower die, an inert gas is filled in the
space to set a pressure in the space equal to an ambient pressure,
and
15 wherein the cooling means cools the glass material after
the inert gas is filled in the space to set the pressure in the
space equal to the ambient pressure.
The cooling means may comprise an upper and lower water
coolihg jackets that can selectively contact with, and separate
20 from, surfaces of the upper and lower dies, respectively, which
surfaces are opposite to molding surfaces. In this arrangement,
cooling could be performed by having the upper and lower water
cooling jackets contact the surfaces of the upper and lower dies,
respectively, which surfaces are opposite to the molding
2b  surfaces.
Furthermore, the heating means may include a radiating
heater arranged around the upper and lower dies.
A glass substrate for a storage medium according to the

present invention is characterized in that it is manufactured



25 surfaces. Furthernore, the heating neans may include a radiating heater
arranged around the upper and |l ower dies. A glass substrate for a storage
medi um according to the present invention is characterized in that it is
manuf actured - 6 by the above nmanufacturing apparatus or nethod. A storage
medi um according to the present inventgan is characterized in that it
conpri ses the above gl ass substrate. The above and ot her objects, effects,
f eat urs &he gbayeaMagefasturtiagrapparaitmsents anethod . becone nore
apparent fromthe follow ng description of enbodi nents thereof taken in
conj unct i on AnitHPEREC A BESHIEMAPEOEAARIGd° Bre EPTEESORI HIGn DEODRAW NGS

10 Fig,, 1 is ,a front view showi ng a manufacturing apparatus according to
an en%gbfi”ﬁ%ﬁFeEfL W e‘g{é‘ﬁ: ?-Flvgﬁf“PEH*,Sqff dhe abkoye: ghasshgubsgirateanl di ng

di th di t. of th (O tion; 15 Fig. 3 i
B Concept ualti IAECSRBM A HE BEHSUS RERSChHs CORMHITH AR o gl ass
' ] | ; .G, N tual d ' how th
ehavi ot oyt pRgsg e R bre B hhenty S v LT SPRLP AR, ERY FheaRdiRy |
tep; hifl - [ | | f I 2
ot o1 2o oG BT AR qE o o BRAbHInghRs tBle i MdREm: £ng 1 1

the iqnﬁgy@ﬂ@ﬁﬁohynﬁhglptﬁéeabddmﬁgﬁﬁgﬁgigfyyin'ggroduced into the

process; and Fig. 6 is a conceptual drawing showhg the state of the

BRIEF DESCRIPTION OF DRAWINGS

10
Fig. 1 is a front view showing a manufacturing apparatus
according to an embodiment of the present invention;:
Fig. 2 is a time chart of a molding process according to
the embodiment of the present invention;
15 Fig. 3 is a conceptual drawing showing the behavior of a

gas generated from a glass material during a heating step;
Fig. 4 is a conceptual drawing showing the behavior of the
gas generated from the glass material during a pressing step;
Fig. 5 is an enlarged view of a essential part of the glass
20 material of Fig. 4, showing that bubbles may be generated during
molding if the improvement by the present invention is not
introduced into the process; and
Fig. 6 is a conceptual drawing showing the state of the
glass material during a cooling step.

25

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be

described below with reference to the drawings.



glass material during a cooling step. 25 DETAILED DESCRI PTI ON OF PREFERRED
EMBODI MENTS Pref erred enbodi nents of the present invention wll be

descri bed below with reference to the drawings. 7 Fig. 1 shows a gl ass
substrate manufacturing apparatus according to an enbodi nment of the
present invention. This manufacturing apparatus has die fulcrums 7a and 7b
t hat support _an upper die la and a | ower die 1lb, respectively, and a press
5 machi ne 5t bl 8hawss aarglassessbshsadice ManefactMrinthapparadiss has
a frame including an upper plate 21, a fixed stage 22, and struts 13 and
23. ASRABHENG: a8y ¢mbgddfeadd osothe presendr imventapng i Ahtise fi xed

i | 7ais fixed to th |ate 21. The
over TP AELEER SEpar t Fh AT GG HTERS L1k 20 CHAS GREOBE n

he fi .22 t I ph t he. novabl e stage 24 are joi ned
toget H w85 18 Sid T koA BE “Hie Ay aprP R ahEvS s iy e
W] NeTor=g f ' 5 he,.pr ess, nachi IS a screw
jrgglkp(rjri ve%ﬂgléogy%aps%]r’%ggﬁgggr %[()irrgj?/clm i ﬁglgdgh% stzlﬂc.’r’f‘ﬁ'e% I'es la and | b

are general |']3he§%ﬁi%ﬁ§5tﬁ§ ﬁa%ehamméaﬂgﬂrf‘éi 16 nLa gg@ggt tt{i?azﬁérbfargi de

as a main conponent. Further, forned on no sur ( surfaces
cont adiXegd sHarfes2 MRiAld truek 1hand £5. | 2 ABFabl AL £a G834 NG gﬂ?{&eémt

20 shown) conposed of materials having high nelting pornt, e tantal um
iridi o as flatdower an apényagt bar ené. fThedcertigey 27 Ay e aighermipyed to

facilitate release fromdies and to maintain
fulcrum 7a is fixed to the upper plate 21. The lower die fulcrum
10 7b is fixed to the movable stage 24. The opening in the fixed
stage 22 and the periphery of the movable stage 24 are joined
together and sealed by bellows 10.

The movable stage 24 is fixed to a reciprocating rod 6 of

the press machine 5. The press machine 5 is a screw jack driven
15 by a servo motor provided inside itself.

The dies la and 1b ére generally composed of a ceramic
material containing tungsten carbide as a main component.
Further, formed on molding surfaces (i.e. surfaces contacting
glass material) of the dies la and 1b are coating layers (not

20 shown) composed of materials having high melting point, e.g.
tantalum, iridium or platinum, or alloys thereof. The coating
layersare employed tofacilitate release fromdies and tomaintain
a precise surface shape of the formed glass substrate. A
controllingmember 4 isplaced onthe lowerdie i1b. The interfaces

25 of the dies la and 1b and controlling member 4 are finished to
be smooth, so that during pressing, a sealed cavity is formed
between the dies la and 1b and the controlling member 4.

A tube heater 16 is installed in opposition to the side

surfacesof thedies laand1lb. Flatheaters2aand2bareinstalled



a precise surface shape of the forned glass substrate. A controlling nenber
4 is placed on the lower die 1b. The interfaces 25 of the dies la and |Ib
and controlling nenber 4 are finished to be snooth, so that during
pressing, a sealed cavity is formed between the dies la and |Ib and the
controlling nenber 4. A tube heater _1¢ Ls installed in opposition to the
side surfaces of the dies la and Ib . Flat heaters 2a and 2b are installed
- 8 o thkebharks guriasesf ofhdhgppppandandndrowiresdiasand land 1b,
respectively, to _heat the dies and adjust tenperature balance. A reflector
15 is #?&Pﬁéﬁwe&ﬁwm et fhe Rdaenmnd adijvatitemperatyffd badmncaer mal

radi at, 5 The gb_e heater. 16 _1is a radiating heater of an electric

resi st ﬁg'glﬁéﬁq]ﬁ thhdnstialdpd areuntbhheqdgibe heatamlmtoafacidiskateat er
2 um b hoEeRGs Al FadfBt s o aohl te heater - o a N -G heater.
and 1b o atts b BLARRR e 313 LaGFREYNd Medlen at oo FRTHELG ass
g 2t PLoLhACRCRENEIRS TR SEREBTLLEE-ChER Y il o VP P ©
t enperaibe cnéa8Ya1Gi 9 YPrddiabiYi 4YcllahiG MM i r&éiﬁﬁg ?0?@}5% ers

2a and 2b are of an elecfric resistance heating type suita eating

in a wetuabumiaah) efiddenihat albedeint Retendelb JPRDHEERPAG I &TRI 4 er
than the tube heater 16. A cylindrical shell 17 is installed so as to

conne@rapiei tehamiper, pimadiZiCrahdattiea f | MRk $tbechdatE0UB peef A sthpgber
1%0 has a capability of heating the dies la and 1b to a temperature
higher than a molding temperature (from the glass transition
temperature to the temperature close to the softening point of
a glass material), preferably at least 200 °C higher than the
molding temperature from a view of reliability of the heater.
15 The flat heaters 2a and 2b are of an electric resistance
heating type suitable for heating in a vacuum. Each of the flat
heaters 2a and 2b has a capacity smaller than the tube heater
16.
A cylindrical shell 17 is installed so as to connect the
20 upper plate 21 and the fixed stage 22 together. A chamber 18
as accommodating means is defined by the upper plate 21, the
fixed stage, the movable stage 24, the shell 17, and the bellows
10. The chamber 18 accommodates constituent members such as the
dies la and 1b, the flat heaters 2a and 2b, and water cooling
25 jackets 3a and 3b which will be described later.
A vacuum pump 11 is connected to the chamber 18 via a vacuum
suction line L1 as exhaust and gas filling means for exhausting

to vacuum and helps to rapidly £ill the chamber with an inert

gas. The vacuum pump 11 is activated to form a vacuum of about



as accommodating neans is defined by the upper plate 21, the fixed stage,

t he novabl e stage 24, the shell 17, and the bellows 10. The chanber 18
acconmodat es constituent nenbers such as the dies la and Ib, the flat
heaters 2a and 2b, and water cooling 25 jackets 3a and 3b which will be
described later. A vacuum punp 11 is goonected to the chanber 18 via a
vacuum suction line L1 as exhaust and gas filling nmeans for exhausting to
vacuurd &l el phet ehvambelt y18i| | Atvecubarigauge th2an anerflveyd<eb Thendacuum
punmp 11 is_activated to forma vacuum of about - 9 1 Pa in the chanber 18.
A vacui® ghiibe axre alsql ¢ennpgtethdtot hbel viaswme sticbioonddatediio t he
vacuum suction line L1. An _inert gas supply device 25 is al so connected to

the chanber AMBLDPEtHRF SEPPgadeyiss 35 Hisl 80 conngevedd® themhambers in
i5ntePte ag‘PJ]s%c%\ﬁgéené%t}\l%a%’ggwﬁi’g%gﬂé?r ];Vtalife"@(r:g%crzgieﬁr rlé??‘%-\ﬁi.sqt’{&lsgga and
ol Scka i IR IFTLEAD 1 M7 i ESP Sl R S82 3 e Wb el TR eRbbc 1
10 hegp ﬁéﬂ@?%aﬁr&&‘ioﬁédﬁg %iﬁ?e@ﬁgnbliﬁcg%p% e_er punps 28 are used

to supply cooli water to t I'n eacC wat er cool i ng

jackets 3a amb 3paved BBRISHY!FadkelS NG RIMES3D aee(:%@ifﬁoo plriPol i ng

jackets 3a and 3b are naintained at a uniformtenperature I ng wat er

t enpercadng ). tutind i HUiNGCheRINE R P maﬁnqpercﬁixﬁﬂ@ddceﬁnmt&ﬁcéo the
strut 3c to elevate and | ower the water cooling jackets 3a and 3b. Each

of t hecahs ishingechanmetsa Rilateyriai sudd, abotopyerpieich weEL Worl@i@ts As a
result, the water cooling jackets 3a and 3b
heat. Channels are provided inside each block. Water pumps 238
are used to supply cooling water to the channel in each of the
water cooling jackets 3a and 3b via the struts 3c being pipes,
thereby the water cooling jackets 3a and 3b are maintained at
a uniform temperature (cooling water temperature).
15 Drivingmechanisms 27 are operatively connected to the strut
3c to elevate and lower the water cooling jackets 3a and 3b.
Each of the driving mechanisms 27 may include, for example, a
servo motor. As a result, the water cooling jackets 3a and 3b
can selectively contact with, and separate from, the flat heaters
20 2a and 2b, respectively. While the water cooling jackets 3a and
3b contact with the flat heaters 2a and 2b, respectively, the
dies la and 1lb and the glass material 8 are cooled to enhance
the uniformity of their respective in-plane temperatures more
uniform.
25 The flat heaters 2a and 2b are provided with a temperature
sensor 31 to monitor the temperatures of the dies la and 1b.
A controller 30 is provided to control each section of the

manufacturing apparatus. The controller 30 is a well-known

microcomputer system. Input ports of the controller 30 connect



ean selectively contact with, and separate from the flat heaters 20 2a and
2b, respectively. Wiile the water cooling jackets 3a and 3b contact with
the flat heaters 2a and 2b, respectively, the dies la and Ib and the glass
material 8 are cooled to enhance the uniformty of their respective

I n-pl ane tenperatures nore uniform 26 -The flat heaters 2a and 2b are
provided with a tenperature sensor 31 to nonitor the tenperatures of the
di es ItP dhe fipmperagareoseasap 3k fnndeeectdngotheot coperataresnosf t he

' . Th | 30 i I'l-k I Cr oconput er
yst eniid S I Patbiltng Ss%%%rn%eﬁ%{ﬁ%ﬁye%r“{me?%“tﬁ commbarure
' t les la an , a pres
sensorS2 URbyRAPIR T ré%%?r%i%ﬁ%?ﬁw RS S i %ﬁg:}gﬁmg
| . n sitio ressures, a
of T noerEELE6 pBRIIAS R LL IR Al S e BhE RS U R St m@arts
Copt T & Aine HpFLPAERL .t OPHRhAUMALL UAIESNEUERIAS LIS AR BUID A1 and

val ve 12b for “controlling exhaustion from anber 1 D6 for

cont r g idshi &6t SHEPY ¥ rebud Adiidt 828 shbs grs.i %h@gv?ﬁig@fﬂé%ﬁg 21T 9ha

el evating and | owering the water cooling jackets 10 a power

suppl walewe CE2BI£ber chaadicdlgl Bh§Cékhalisdt ich £P6mtthe BRah®erltig ! henhdr ess
machi ne 5, and the water punp 28. The controller 30 perforns cal culation

processdve 26 Hohesint mil kingpeiatauppliyneitan firmstt ul , devd @asi «1ey
shown), signal inputs fromthe various sensors, and prograns stored In 15
a st oMgghartsinch! for ehevbading ahdt hewerdnigt thefwa ber calaling ijarkets
prlgces:_;saesdné hB%,COE?tprc())t!:égrsggp(J).grt glé'gvsiccg)ngg Oflozflfgggliingogl;g?:ricity to
the tube heater 16, the press machine 5, and the water pump 28.
The controller 30 performs calculation processes on the
basis of an operator's inputs from input devices (not shown),
signal inputs from the various sensors, and programs stored in
15 astorage section. On the basis of the results of the calculation
processes, the controller 30 outputs control signals for the
various actuators.
Now, description will be given of a molding process using
the manufacturing apparatus.
20 (1) Heating step
A conveying arm (not shown) is used to set a glass material
8 in sphere or marble form on a molding surface of the lower
die 1b (a period A in Fig. 2). Then, the lower die 1b is moved
to an initial position where it locates in front of the tube
25 heater 16. The vacuum pump 11 is then activated to eject the
air or gas from the interior to exterior of the chamber 18.
Once a target vacuum of 1 Pa or less is reached, the tube

heaterl6 andflatheaters2aand2basheatingmembers constituting

heating means are activated to heat the glass material 8 and



vari ous actuators. Now, description will be given of a nolding process
using the manufacturing apparatus. 20 (1) Heating step A conveying arm
(not shown) is used to set a glass material 8 in sphere or nmarble formon
a nolding surface of the lower die |b (a period Ain Fig. 2). Then, the
lower die Ib is noved to an initial position where it |locates in front of
the tube 25 heater 16. The vacuum punp 11 is then activated to eject the
ai r orthpd¥epra g diepearky texithe sofdfening pehbt TR E thegkasar get
vacuum of 1_Pi %r |l ess is reached, the tube heater 16 and flat heaters 2a
I g

and 25'3kLRLaLi fg Wk rCoRBROLIINY ghe hbampegatames € &bei desl 1@ heat
bor ne SRE P81 nAf) 813" e A0S SHPFS RBRERIAY b AL RERER et L he
lower Sridfets e Bidd (e hfadalrod uE soptemEuneres to the. O
Cobstrate. By e dhdbes Lo ERY mé I RigdstEeetle (F e afit urtf Bavhe

gl ass daude Ghde P {RHHEEre8A3 t3HJ sAP M@ e OF ﬁi%’ﬂg@rlinﬁr%e,ngé ?he&vdttn rom
1gs. 3°to 5 I ndi

the surface of the glass or its vicinity. Arrows 1In cate

the 1t PakavBrwhknatBast aaperatesd b?%hé?_gﬂé%sis Y AP Bdrrlds S, in

t he present enbodi nent where heating is perfornmed In & vacuum state, no
dust igasoswebt ad wattdle chaokegenly d ageweirateB ifrdn Jthd) sultded asEici ng

defects attributed to dust. Furthernore, corrosive gases generated from

t he gltdss glass or its vicinity. Arrows in Figs. 3 to 5 indicate the
10 behavior of a gas generated from the glass.

In contrast to this, in the present embodiment where heating
is performed in a vacuum state, no dust is convected in the chamber
18 (a period B in Fig.'z), thus reducing defects attributed to
dust. Furthermore, corrosive gases generated from the glass
13 material 8 are instantaneously and rapidly discharged to the

exterior of the chamber 18 by the vacuum pump 11. This hinders

the degradation of the molding surfaces of the dies la and 1b.

(2) Pressing step

20 The heated glass material 8 is held for a predetermined
time and is then pressurized via the rod 6 by the pressing machine
5, constituting pressing means. The glass material 8 thus has
its thickness regulated by the controlling member 4 so as to
be molded into a glass substrate.

25 During the press or forming step, after the temperature
of the dies has reached a set temperature close to the softening
point, a load is imposed on the upper and lower dies la and 1b
to crush the glass material 8. Once the glass material 8 is

pressurized and crushed, the upper die la abuts against the



15 material 8 are instantaneously and rapidly discharged to the exterior
of the chanber 18 by the vacuum punp 11. This hinders the degradation of
the nol ding surfaces of the dies la and 1b. (2) Pressing step 20 The heated
glass material 8 is held for a predetermined time and is then pressurized
via the rod 6 by the pressing machineiz 5, constituting pressing neans. The
glass material 8 thus has its thickness regulated by the cpntr.ol I ng
nenberc@PE04d ing mpabey) dcproviided gna‘ébeslmerai:ee 125 Dﬂa@mit:atmgss or
form step, after the tenperature_ of the dies has reached a se
terrpe;%%rgqﬁpgggstso afh g ieentrgllisichinenbesadl te thpotbd.ckinese obper

' h I terial 8. On the gl ass
mat er 1 PEORES T 43 As Thosdif %f&éeﬁygﬁﬁééugﬁa%%h?@mﬁtag%%f fpxiRg the
- ' . I ded he | e 1b, By adjusting the
thi okrasiokReprst RS, i EhRH s orie ) meth {a%g%rmft’ianf-odu?]t, it is

i bl | . Subst [ i ckness | X wthipn a
el | amount ot ey RIS, AT DAY Rl bl SR B s e dte

Sof temmsaten, | & odel GEH 0 SRPGIHCN VAR ) U5, o B PRORdle LAY OALC

acid gas is newy generated. thi's gas 1's 1 ncorpora

bei ng iteherImtgenchitd®. SHain TeMey ghsnigrﬂr@éfgéﬁggﬁl %toath Qa4 ed

m crobubbl e, is generated as shown in Fig. 5, an result™ 1n a

def ectbéing h@efesmeid ,ng: Ribbe Forbiesavieal hichafie B ogOMIsle, the
coating layer on the form ng surfaces, thereby degrade the die-release
abi | i 130 we@il 1ad micrabubbdeur dsygenéralted asnshows Wi #des. 5, and would
10 result in a defect in the resulting medium. Furthermore, the
gas would corrode the coating layer on the forming surfaces,
thereby degrade the die-release ability and the surface accuracy
of the forming surfaces.
In the present embodiment, however, exhaustion of the gas
15 from the chamber 18 is continued until the upper and lower dies
la and 1b abut against the controlling member 4 to finish the_
pressing {a period C in Fig. 2). This maintains a vacuum
atmosphere in a space containing the dies la and 1b and the glass
material 8. Thus, agasgeneratedfromthe glassmaterial 8 during
20 the pressing step is instantaneously or rapidly diffused, and
discharged to the exterior of the chamber 18. This reduces bubble
defects and suppresses the degradation of the molding surfaces

of the dies la and 1b.

25 (3) Cooling step and removal of the substrate
Afterbeingdeformed toadesiredboardthicknessby pressing,
the material is cooled to the temperature Tg or less (a period
D in Fig. 2). For cooling, the water cooling jackets 3a and 3b

are pressed against the back surfaces of the dies la and 1b,



In the present enbodi nent, however, exhaustion of the gas 15 fromthe
chanber 18 is continued until the upper and |lower dies 1la and 1b abut

agai nst the controlling nmenber 4 to finish the pressing (a period Cin
Fig. 2). This maintains a vacuum atnosphere in a space containing the dies
la and | b and the glass material 8..33Thus, a gas generated fromthe gl ass
material 8 durin 20 the pressing step is instantaneously or rapidly

di ff us@ﬁp%ﬁlﬁﬁgahar dbe vateneceaidnggiacket s habab ahS: cohityrokhedes
bubbl defects and suppresses the degradati on of the nolding surfaces of
the ditssthe geafaplber 3 saS &9 beeperadatam Enomithad lah dealteraf t er
bei ng . def or g to_a desired board thickness by pressing, the material is
cool edd d"lrf%‘eE Penp&sRaGtelvglyr CAeEing heatdng pndh BFESSing.Femaddobi ng,

t he ter _cool | | acket s, _3a and. 3b re pres agai nst the back surfaces
of t\rll\g’ed' é:sfaslsaetgg%é$ nS% Eée g@?ﬁeﬁ?i“%@l S ﬂé% %ﬁ-%éﬁ%}'%c"k@t%ﬂ@a and
3bs ar 0 . he oller,.30 so as to be separated fromthe fl at
hegt e?stp' %égégsggy%pé;s’pe%ﬁ?gééyfm ulrfl‘ohr% heati ng and pressing, and to be

pressed agabﬁgirig}‘ettp@%?éﬂﬁhﬁc%stl%,t ecib%fadh%%eféé f% @P‘gsgg'ltggi&eai S

respectively, during cooling. ~Dur e cool1ng~step, 0S

preserfavitP coMBbEBACHMAIRI é&ntf&i%fglr ﬂiénhﬁg% gg”%ﬁgséh%”%ptﬁ& uppgr and

|ower dies la and | b between which the nol ded trate” 1S housed.

Accor dionglzy , dies f 1aadhag 16U ble s & Swh 8hC @¥id Yho ik Mg EQ¥ET su®ddrfrsmal |
anount of gas is generated fromthe glass after the deformati on has ended.

The gds ious$ed.neltegriliaglyo hdafloatigas dest eatdis exhaushod thf.om the
C? nbgt[rt)rleigogglp, nc?nly a small amount of gas is generated from the glass
after the deformation has ended. The gas is thus negligible,
so that the gas need not be exhausted from the chamber 18 during
the cooling step.
Thus, in the present embodiment, to reduce the time required
13 for cooling, an inert gas such as a nitrogen gas (this gas does
not react with the dies or their coating agent) is rapidly filled
into the chamber to set the pressure in the chamber equal to
the ambient pressure after the pressing step has been finished
to form a closed space in the cavity composed of the upper and
20 lower dies la and 1b and controlling member 4. This improves
the heat transfer between both flat heaters 2a and 2b and both
dies la and 1lb and the molded glass material.
The transfer of heat from the dies la and 1b to the water
cooling jackets 3a and 3bwould not efficiently cool the substrate
25 in a vacuum atmosphere, because the vacuum atmosphere serves
to offer a significantly large contact thermal resistance. For
this reason, after the pressing step has completed, the exhaust

from the chamber 18 is stopped, and an inert gas is rapidly filled

into the chamber 18. This reduces the thermal resistance of the



the cooling step. Thus, in the present enbodinment, to reduce the tine
required 15 for cooling, an inert gas such as a nitrogen gas (this gas
does not react with the dies or their coating agent) is rapidly filled
into the chanber to set the pressure in the chanber equal to the anbient
pressure after the pressing step has pgen finished to forma closed space

in the cavity conBosed of the upper and 20 |ower dies la and Ib and
cont r A EEL AERBe P weRs §’q1’r¥pr£\ﬁs% 1a pndhddr amdatiee relsgaotciv e ofdit éat

heaters .and 2k and both_ _dies la and |b and the nolded glass material.
The tr %Pg&fa%FsﬁPo%ﬁl@ R -di & 18 thvwe pesed biliect omadie thedinlaneket s

3 d_not..efficientl | .the substrate 25 i

oot B el o bR iR hacara Lpr uni dimyrmnd chat

| t ' = F t hi, , aft th [ t

s c o e e PRnd B SRR RE e cahbBE 16 1 o stopped, and an inert
i i i 14 8depi h 18, Thi .the thernal

Pe%i stance of e TE 150 KRS SPECRRE oy B B8 FB1RAT WiHiFure

especiindspnbot BNd Nheatkelt FadNUAR atde dUEIRES TG LL FaKe

the in-plane tenperature distribution o a an unitTormand to

reducandisd, mades aedabpircin®l 4P tiBeFhHY cbAdLl e mfrelBaetatQ have

an anbi ent pressure atnosphere using the inert gas, the water cooling
j acketpreSssedndgainstadthofdbesappr apd ate dheri@l FTaBdHebitea-dTBi£T498, are
pressed against the dies la and |b or the flat heaters 2a and 2b for
cool i B t¢R0iibge stttk esulpbeguen tCaise quehédye . 10Congeudit 1y,
O?Erag‘gbéfqhgeoggggngAKgggrggdqigéii;(Léggigégd so as to achieve
a uniform temperature. This enables the productive manufacture
of high-quality and inexpensive substrates that are unlikely
to be warped.
The molded substrate and the upper and lower dies la and
15 1b are cooled to the temperature Tg or lower. Then, the upper
and lower dies la and 1b are opened, and the molded substrate
is removed from them. A transfer machine (not shown)} is then
used to remove the molded glass substrate from the chamber 18.
Subsequently, aconveyingmachine isused todeliver the substrate
20  to the subsequent step in which, for example, the inner and outer
peripheries of the substrate are shaped (a period E in Fig. 2).
As described above, in the present embodiment, the water
cooling jackets 3a and 3b are adapted to be elevated and lowered
by the driving mechanism 27, so that the water cooling jackets
25 3a and 3b can selectively contact with, and separate from, the
flat heaters 2a and 2b, respectively. This improves the
uniformity of the in-plane temperatures of the dies la and 1b

and glass material 8. It is thus possible to suppress the

deformation of the substrate caused by non-uniform cooling, thus



a uniformtenperature. This enables the productive manufacture of

hi gh-qual ity and i nexpensive substrates that are unlikely to be warped.
The nol ded substrate and the upper and lower dies la and 15 | b are cool ed
to the tenperature Tg or | ower. Then, the upper and lower dies la and Ib
are opened, and the nol ded substrate 1§s renoved fromthem A transfer
machine (not shown) is then used to renpve the nolded glass substrate from
t he ci¥eiding asgBiéghdit Fylaty sedhrkna by . mitwhbeirmorsed the delifermt he
substrate 20 to the subsequent step in which, for exanple, the inner and
out er 1‘b@?’rﬁﬂ@r?%@P8FattWéf%@Hé'{mdt%t%?et%aﬁ]ﬂ(t@ w@rutoéoF_ anlqmgkt?yes As
described above, in the present enbodi nent, the water cooling jackets 3a
and 36“%6 r%dﬁ%?eﬁnfBEBE%eﬁgmﬁﬁﬁﬁﬁﬂﬁpI%ﬁwﬁ%ﬁpl%§zﬁﬁe R ReTEdHaHRg M 27,

so thaf %&u%&% cc%cjl_oléﬂg h@gﬁﬂfﬁ %&g{ga and 3b can selectively contact
an e

W th, separa ronm t ers 2a and 2b, respectively. This
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and gl ass mate us possSIbl e tTo suppress

the sulisd rah ecsavaed Y tRORHEId4N CRUAA L PYS tnelﬁg%gh[%\étdéf‘& 3

suitably flat substrate. Furthernore, the uniform In-p enperature

el i ni rai@2y heamastt oveayt, faccad@nyly Mhda¥eribe ot amber
tenperature is stabilized, thus permtting a reduction of the cooling

tine. 1B |car ke pragsbdly ecbolledebyy, cbba ivaf het FalahthdAekes 2 8aand@nth 3b
contact with the dies la and Ib via the flat heaters 2a and 2b,
respe@ gty sowooe di ngdyevehe int shoaldbet heteldhndert it8 then pregaptdl y
0?8 | eqi.nbx;/exsgiol)hr,]gtég %;Ilaalgagggtrrg; bgad:sn:i(_jgrzlgii so that the water cooling
jackets 3a and 3b contact directly with the dies la and 1b,
respectively.
Furthermore, in the present invention, use of the radiating
tube heater 16, which is arranged opposite the outer peripheral
15 sides of the dies la and 1b, enables to heat the glass material
8 more efficiently than the flat heaters 2a and 2b heating the
glass material 8 via dies la and 1b, respectively, even in a
vacuum atmosphere that generally hinders heat from being
sufficiently transferred between materials. This enables a
20 reduction in the time required to heat the glass material 8.
Moreover, in the present embodiment, a vacuum atmosphere
is maintained during heating after the glass material 8 has been
placed on the die 1b and before a rise in temperature is stopped.
This serves to reduce the amount of dust floating in the atmosphere
25 around the dies laand 1b. This inturn reduces defects attributed
to dust.
Furthermore, in the present embodiment, a cooling operation

is performed in an inert gas atmosphere instead of a vacuum.

Therefore, cooling efficiency can be improved compared to cooling



a heat source. However, it should be noted that in the present 10

i nvention, the apparatus may be designed so that the water cooling jackets
3a and 3b contact directly with the dies la and | b, respectively.
Furthernore, in the present invention, use of the radiating tube heater

16, which is arranged opposite the ouieger- peripheral 15 sides of the dies
la and 1b, enables to heat the glass material 8 nore efficiently than the
flat ReaBeYBCRUMATNOBPheZE waerkdegt dss transrfienrred viaadieget spmewd 1b,
respe%givel , _even in a vacuum at nosphere that gﬁneyally hi nders heat from
bei ng %ﬁ?%@?enf"’w]{er dhsYRFEEM PaYneion baibpts o Hnereass ef £he
reduction jn th inme required to heat the glass nmaterial 8. Moreover, in
t he prfle‘”s’e‘r“.JP%HBgd'[’Fr‘r‘Eﬁ‘t‘% e&‘%’&%ﬂd’ﬁ?ﬁ&?&hé’@&ge%akﬁi hiBi ﬁB&Sdeﬁg- helei ng
after g S teri has been _placed on the die | b,and before a rise
T Ce s TaBac IR Fafled 0338350 A ROFE Rl pot T oa Rl Ro ke d
fleatiyng 4. 4 t P oynd :the di e R, This in turn
(1930100 oo e B2 PRGREREBOURN il il sted® Sflolinelll S L d ¥l
enbodigiel vad kPl B8 PREEEh8 N0l 3Rk ACEPAAhEbRE" hoBRBet ARl ©

I nstead of a vacuum Therefore, cooling erfrciency can |nﬁ}ove

conparmesh ¢ 8s6Q0ErBM thif dids a VESLY %ﬁé@ﬁ&@e%d\*ﬂ&oxﬂ?%ﬂé Ad1dssEr r ed
at a | ower speed. Mreover, while a vacuum may contribute to increase of

the foff dthembliedcgleser taad het@eeasMnheomicniéiicbBi suedsas didcKses
and the nol ded glass), a cooling operation is perforned 5 in an inert gas
at nos@girerihéngdlhespr esent enbodi nent - instead of a vacuum - so that the
n?hdedgﬂas§5¥225§}?ggiﬁgggggg§¥g;%odiment,aclosedspaceisformed
in the cavity in which the molded substrate is housed. It is
thus possible to avoid the entry of dust from the atmosphere
even without vacuum pumping during cooling.
Furthermore, in the present embodiment, the process is
13 executed on the same dies from the start of a rise in temperature
until the substrate is cooled to the temperature Tg or lower.
This eliminates the needs for a step of contacting with the glass
material 8 or conveying it during the process. Itisthuspossible
to prévent defects or distortions caused by a chuck, to enable
20 the use of a complicated substrate shape, and to reduce defects.
According to experimentations using the water cooling
jackets 3a and 3b together with the apparatus configured as shown
in Fig. 1, the speed at which the dies la and lb were cooled
was 10 °C/min in a vacuum atmosphere and 24 °C/min in a nitrogen
2b gas. Tt was thus confirmed that the cooling speed can be improved
by filling the gas in the chamber during cooling.
As described above, the method and apparatus according to

the present embodiment enable the manufacture of a glass substrate

and a magnetic disk which are dense, reliable, and inexpensive.



released fromthe dies. This prevents the inconplete release of the nol ded
gl ass and reduces inconveni ences such as cracks 1in the glass. 10 Moreover,
in the present enbodinment, a closed space is formed in the cavity in which
t he nol ded substrate is housed. It is thus possible to avoid the entry of
dust fromthe atnosphere even w thouf; vacuum punpi ng during cool i ng.
Furthernore, in the present enbodi nent, the process is 15 executed on the
sane dies fAoe (presentt infeatdiare hasteeper deweribedi Wwithe reflestante i S
cooled to the tenperature Tg or lower. This elimnates the needs for a
step &0 ddme agPead it ﬁzr&b@?ynaets -maHewealers crt chavebiagus turihgsehe
proces§$%it iis.thus possible to prevent defects or distortions caused by a
chuck 8 fdpil e Rruskhat ihcomAeserbiinyentiar isapet ddamibededuce

and S0 GRS hF ST S BAPATRARE . AHFS GaPBE= £ CaHoves| ACBRE. 1 (he
d. at | di . dlb c00] ed dmn i
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presempe1stpodi ment enabl e the manufacture of a glass substrate and a
magneti c di sk which are dense, reliable, and i nexpensive. - 17 The present
i nvention has been described with reference to the specific enbodi nents.
However, it is obvious to those skilled in the art that the present
invention is not limted to the disclosed enbodi nents but covers various
ot her



5 nodifications, variations, substitutions, and broad equivalents w thout
departing the spirits and scope of the clains set forth below - 18
CLAIMS: 1. A nmethod of manufacturing a glass substrate for a storage
medi um by arranging and pressing a glass material between 5 an upper die
and a lower die to forma glass substrgte, said nethod characterized by
conprising: a heating step of heating said glass material remaining

arr angedibgtaseen said upper die and said |ower die; a pressing step of
pressing said heated glass material via 10 said upper and |ower dies to
precisely transfer nolding surfaces of said upper and |ower dies to the
glass material to forma desired substrate; and a cooling step of having,
after said préssing stefioda ofoalamdamkribéngcont ateéssaistbeppeteantbd oner
dies, respectively, 15 to cool said dies with said nolded glass nateri al
renaln|ﬁ&oréﬂﬁaﬁgﬁau%eﬁwwﬁﬁf%ﬁﬁ%Eguﬁﬁérpé?ésah@ sagthspMRAtadila]l Bedwaherei n
duripg said heating step and said pressing step, a  vacuum at nosphere is
nain?alﬁ&jWHP%¥sﬁ%ﬁeaESn@aﬂﬂWﬁfs%}% dre OQ%KPsgﬁﬂsﬁléggsﬁﬁﬁE?analQnd
wher ei n_when I essi tep has, 20 conpleted, an inert gas is filled in
sai d sp£@§%98 é?r ?%E?%*%y Cﬁmgéﬁa 8Pace equal to an ambient pressure,

before said cqol te S d 2._A od of manufacturing.a glass
substrate forQ1 }Jleg% s%o %gé nggl um aslngl aslalo{m?n C almrarFTrl% arrgg]taégilggd in

that said,Gagkhnge SHEM NAHIR32 BLEPRE PLESSINIAI g Sai d gl ass material

a pressing step of pressing said heated glass material via
10  said upper and lower dies to precisely transfer molding surfaces
of said upper and lower dies to the glass material to form a
desired substrate; and
a cooling step of having, after said pressing step, a
cocling member contact said upper and lower dies, respectively,
15 to cool said dies with said molded glass material remaining
arranged between said upper die and said lower die, and
wherein during said heating step and said pressing step, a
vacuum atmosphere 1s maintained in a space containing said dies
and sald glass material, and wherein when said pressing step has
20 completed, an inert gas is filled in said space to set a pressure
in said space equal to an ambient pressure, before said cooling

step is executed.

2. A method of manufacturing a glass substrate for a

25 storage medium as claimed in claim 1, characterized in that said
cocling step includes a step of pressurizing said glass material

via sald upper die and said lower die until the temperature of

sald glass material drops to reach its glass transition point.



via said upper die and said |lower die until the tenperature of said glass
material drops to reach its glass transition point. - 19 3. A glass
substrate for a storage medi um manufactured by the nmethod as clainmed in
claiml1 or 2. 4. A storage nedium characterized by conprising a glass 5
substrate as clainmed in claim3. 5. Anj@pparatus for manufacturing a gl ass
substrate for a storage nedium by arranging and pressing a glass materi al
bet ween an upper Adigd aasd sabkowete dferto §Sbonage ghasisuns ustufatodured gy 10
apparatus characterized by conprising: heating neans for heating said gl ass
mat er i altheemaithpgas artainget betodeén $apd Zpper die and said | ower die;
pressing nmeans for pressing said heated glass material via said upper and
| ower dies to precisely transfer nolding surfaces 15 of said upper and

| ower dies to the glass material to forma desired substrate; cooling
means for havi*ng & c8bPFREE nBRBEF™ c6REAREIQET 2P UBPeFORRBLIF ENRr 2di% 8580 as
to perfor ooling of. said nolded, glass material remaining arranged

bet ween > g% rabﬁegsaﬁﬁa}?ﬁﬁnln a%es: accommpdating neans for
accomodati ng said upper and | ower dies, said heating nenber, and said
cool i ng nenber; and exhausting and gas filling neans for exhausting and

filling a gag fr %@gagﬁ Bsafégfﬁ n&fﬁé@ﬁ&ﬂ%@-%ﬁgﬂgggpgﬂﬁgﬁﬁ%kggfﬁ?aﬁs’

25 wherein said exhau gas I Nng means ex the gas unt said
Pressi ng ca2ags h8d 48Rt § Oa 1Y i |a9§ie§r§9_§gﬁgf ar g1 804 dhdge belvern 3ahd
S

upper die an aid lower die, and after sai
an upper die and a lower die to form a glass substrate, said
10  apparatus characterized by comprising:
heating means for heating said glass material remaining
arranged between said upper die and said lower die;
pressing means for pressing said heated glass material via
said upper and lower dies 1o precisely transfer molding surfaces

15 of said upper and lower dies to the glass material to form a

desired substrate;
cooling means for having a cooling member contact said
upper and lower dies so as to perform cooling of said molded
glass material remaining arranged between said upper and lower

20 dies;

accommodating means for accommodating said upper and lower
dies, said heating member, and said cocling member; and

exhausting and gas filling means for exhausting and filling
a gas from and into a space formed by said accommodating means,

25 wherein said exhaust and gas filling means exhausts the gas
until said pressing means is used to form a c¢losed space for
molding between sald upper die and said lower die, and after said
pressing means has been used to form the closed space for molding

between said upper die and said lower die, an inert gas is filled



pressi ng neans has been used to formthe closed space for nolding between
said upper die and said lower die, an inert gas is filled - 20 in said
space to set a pressure in said space equal to an anbient pressure, and
wherein said cooling nmeans cools said glass material after the inert gas
is filled in said space to set the pressure in said 5 space equal to the
anbi ent pressure. 6. An apparatus for manufacturing a glass substrate for a
st or age imediaim apackatoeset m d@saEe dhasactespaed ¢gudhato sai dmbdeoki ng
means conprises an upper and | ower water cooling jackets 10 that can

sel ect i VHSPS¢ERr aBPdwi th, and separate from surfaces of the upper and

| ower di es, re: pecti vel

h surfaces are posrte to said
surfaces, and™ 5?&8t§?¥9e80? PRI WG ﬁé} B@Dﬁ 5?

sai d upRsY. and_| ower wat ool.in ckets contac t e sur aces 15 of sard
upper ang1 OWST “dP eg, l?egp%%?fve 31 Sgﬁcsu??ac%é e POpro ™ §244i d

nol dien rf.a o S epufacturing a glass substrate for a
s gsﬁﬂé %%ﬁal Al APRAT 1 %tnLll_ r%f_cgéor g;

st orage di-um’as arned I'n characterized in that 20 said
heati ng nmeans |ncludes a radiating heater arranged around said upper and
| ower dies. 8. A glass substrate for a storage nedi um manufactured by the

apparatus as @l.ai nRd appagh@iif Bor bm@hufacBdrihg A FIURISURAHRE for a
characterized by conprising a glass substrate as clainmed in claim 8.

storage medium as claimed in claim 5, characterized in that said

cooling means comprises an upper and lower water cooling jackets

10 that can selectively contact with, and separate from, surfaces of

the wupper and lower dies, respectively, which surfaces are

opposite to said molding surfaces, and
characterized in that said cooling is performed by having
sald upper and lower water cooling jackets contact the surfaces

15 of said upper and lower dies, respectively, which surfaces are

opposite to said molding surfaces.

7. An apparatus for manufacturing a glass substrate for a
storage medium as claimed in claim 5 or 6, characterized in that
20  said heating means includes a radiating heater arranged around

salid upper and lower dies.

8. A glass substrate for a storage medium manufactured by
the apparatus as claimed in claim 5, 6 or 7.
25
9. A storage medium characterized by comprising a glass

substrate as claimed in claim 8.



