-~ 1 METHOD AND APPARATUS FOR MANUFACTURI NG GLASS SUBSTRATE FOR STORAGE
MEDI UM  GLASS SUBSTRATE FOR STORAGE MEDI UM AND STORAGE MEDIUM t 5
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON ) The present invention
relates to a method and apparatus for manufacturing glass substrate
suitable for storage nmedium such as_nmpgnetic di sk, storage nedi um and

gl ass substrate therefor nmanufactured using the nethod or apparatus. 15
DESCRI PTI ON OF THRMEEHADEBNARREPYARATYSs HOR rMABUFACTURENGet i ¢ di sk has
hitherto been mnmanufactured with a | appi ng/ polishing nethod where a
substrate of a pre&difdyFi SBBSTRATE F'ORpEEORMGE MEPEUMJ so as to obtain
A0 a snooth surface. However, in recent years, it has been desired to

i ncrease the snoo BSERA ORAGE MEDEHdy aANBgeousl y, the

1 appi ng/ pol i shing met hod requi res a lar %e nunber of steps and increases

the price of a glass substrate S t he ot her hand, a nolding

. met-hod, where glass material is heated, nolded, and cooled to precisely
. transfer die nolding surfaces to the material, does not require any
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many 2 efforts have already been made to inprove nol di ng net hods and

FIELD OF THE INVENTION

(’ 3 The present invention relates to a method and apparatus
for manufacturing glass substrate suitable for storage medium
such as magnetic disk, storagemediumand glass substrate therefor

- manufactured using the method or apparatus.
-15 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

/,0 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 prec:Lsely transfer die moldlng
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



tto 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 nvolding chanber
accommodating the die and the glass material. Subsequently, a heater (an

i nduct@bfiords Have abnpadyFabeen amagleator ingeovenmoldbngt nethiddsy arsd used
to heat the dies and the glass nmaterial. Once the tenperature reaches a

pr edet P nPHEd them ko pKa 1 angel-oner dies are used to press the gl ass
material. Fjnal I‘;/, the dies are, cooled, and a groduct is then renoved. For
such pressi n%cgln SR L PEESFER0 PTRCEEENFRA dorBapyfaptuyre epitdg@abn of
the di es_caused.by col |l ected air t ho s been proposed which presses
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may need to have a flatness of 4 pmor |ess. Such a requirenent is
(’J 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}).
£0 However, the manufacture of glass substrate for magneti.c
disks using a molding method involves problems different from
those of the pressing of an optical elefnent.
Specifically, while a substrate for a hard disk medium have
an area larger than those of optical elements, the waviness of
2% the surface of the substrate has to be minimized (the surface
be as flat as possible) notably in a circumferential direction,
jand 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 um 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 conventional nethod of
bl owi ng a gas against dies for cooling, it is difficult to cool the dies
at a uniformtenperature which, in turn, may lead to deformation of the
substrate, making it difficult to proyide a suitably flat substrate. On
the ot her hand, a nethod has been proposed where gl ass substrates for
magnet i gasdasks @fee nBBAW AGHUES6 W Ehehﬁﬂﬂn@gcaﬁﬁiﬁit?gcof Andgeeeid Ng steps
performed in chanbers separate from one another (refer to, ?or exanpl e,
JapanesedlabentiAppkigatirdnglayiing epesd Notrat2000- 351635). However, when a
substrate is conveyed between the nunber of chanbers during a single
mol di ng procéss: thechrmsientapkametbed| ef toloning ke geabstaiatse, dagw falrso, t he
substrate may be distorted. In view of the above praoblens of the prior
arts, icto‘ilénén PP et HofC U het Praesénths iient fbrf tB1pPHYI dETREERH For

sui tabl y . producing a high-quali substrate for a. storage diumwth a
'nDIdindxuﬁﬁfhﬁaﬁu§%NﬁﬁﬁVqﬁﬁ8f%Ec%%ﬁ@ﬁﬁﬁﬁjﬁ P%'%E%&P&ﬁ%%@i 'F%359QF¥EF aspect
of the prresentc iAVERLI QR & gggqé%lgsfgggngugggrgkéTethod of manufacturing a

gl ass substrate for a storage nmedi um by arrangi ng and pressing a gl ass

materi al betyeeameadrhdppahdfi £ rdRdod hOWBEAi B JR LI MRaOhasss substrate,
the nethod characterized by conprising: a heating step of heating the

gl ass mabetrates dnmimgngtacrdinged arbatawegnctiedippeh haiand phessiawer die;
4 and cooling steps performed in chambers separate from cone 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 be left on
the substrate, and also, the substrate may be distorted.
In vieﬁ' 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.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention,
there is provided a method of manufacturing a glass substrate for a
storage medium by arranging and pressing a glass material between an
upper die and a lower die to form a glass substrate, the method
characterized by comprising:

a heating step of heating the glass material remaining arranged

between the upper die and the lower die;



a pressing step of pressing the heated glass material via the upper and

| ower dies to precisely transfer nolding surfaces of the upper and | ower
dies to the glass material to forma desired substrate; and a cooling step
of having, after the pressing step, a cooling nenber contact the upper and
| ower dies, respectively, to cool the dies with the nolded glass materi al
remai ni ng arranged between the upper die and the | ower di e, and wherein

during the heatjng.Shgpsadd {He, RILSSI nghétﬁgatefa Vgai%%”}na@éﬁ%%p%%e th
mai ntained in a space containing the dies and the glass naterial, an

wher ei nughen ide DPHesSidigsstep fiasiconpl etatdreanmoN@idy 9aSacssf bkl edei n
the space to set a pressure in the space equal to an anbient pressure,

bef ore theexoehfinglsteep dseexéoute Fhescoolicngist epomafoimchudiesrstiep of
pressurizing the glass mnenber via the upper die and the | ower die until

t he t enpePet @&/ of*dthe gl ass material reaches its glass transition poi nt .
In accordance with a second aspect of the present invention, there is

provi ded an dbpEtHtds PEFPnAAU aﬁ’r%ﬁ‘ﬂ ff 8 TgITREs PERBE MR B For 2 £V bPEge

nmedi um hy .arran %ggta@g preSS|n Iass terial betmeﬁn an _ upper gle and

alower dietoforma grass: subs ra B K SppdraPustt ' Shdt adPersed ©

conpri shids heat i fik RNkl cgrlal_a,gatmhegrme AAS5$: ARt §LLAlgde B REDg %ganged
bet ween the upper die and the | ower die; pressing neansg%or pressing the

heat ed gb@ss dimt &id alhevViewdhaicyppper and | ower dies to precisely transfer
nol di ng surfaces of the wupper and |ower dies to the glass material to form
a desired sulistreateduiSing the heating step and the pressing step, a 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 ccooling step is executed.

The ceooling 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 peint.

In accordance with a second aspect of the present invention,
there is provided an apparatus for manufacturing a glass substrate for
a storage medium by arranging and pressing a glass material between an
upper die and a lower die to form a glass substrate, the apparatus
characterized by comprising:

heating means for heating the glass materizl remaining arranged
between the upper die and the lower die;

pressing means for pressing the heated glass material wvia 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:;



}

cooling neans for having a cooling nenber contact the upper and |ower dies
so as to performcooling of the nolded glass material remaining arranged
bet ween the upper and | ower dies; accommodati ng nmeans for acconmobdating the
upper and |lower dies, the heating nmenber, and the cooling nenber; and
exhausting and gas filling neans for_eﬁhgusting and filling a gas from and
into a space forned by the acconmodati ng neans, wherein the exhaust and gas

filling means@xhayshsadN@cgaga iy la bbeiRy e%hag FBANS .t $hUSELLd:0 arm a
cl osed space for nolding between "the upper die and the |ower die, and
after theweir esisdsngsdreans thagpeh€enn wsedidd $Or mhé haotlesedlspacRafarial
nol di ng between the upper die and the lower die, an inert gas is filled in
t he sparsmatipizgtarrappedshatereenntiicherppacenceduatrtdiesn anbi ent pressure, and
wherein the cooling neans cools the glass material after the inert gas is
filled in thé&SpERFA gPet e fpF RGHECHAL e thfadePeTedhidl 1Tt RéSanbi ent
pressure. The, cooling nmeans conprise an upper and | ower water cooling

j acket sﬁi%;;feaEhn sméef“g%ﬂ \fé’ldygg%n“"toé’ nﬁ/i]f‘?{f?beérﬁdgg‘épar ate from surfaces of
the upper andhouer; di es,; respegtively ' I S € ihite, to

nmol di ng surfaé@s. Iﬂﬂiﬁﬁg égrangen%ﬁ ,m%oo ?§§§E%%?ﬁgﬁg%£g¥?§9ﬁ§&5§g

havi ng dfie repResnandth oneipwat 85 rmEeRobl, Nthd ackehoLANhgched e surfaces of
t he upper and | ower dies, respectively, which surfaces are opposite to the

nmol di ng surf abeseirFuhkherimprse, ahtegdredtiingngreanssnayhd itlsudee agasadinai i ng
heater arranged around the upper and |ower dies. A glass substrate for a
st or agethrediraRs iy fs@nehas aetssy itzedoim a t ¢latseidt spacerdiwyf aetdirgl betgeen

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

wherein the cooling means cools the glass material after the
inert gas is £filled in the space to set the pressure in the space
équal to the ambient pressure.

The cooling means may comprise an.upper and lower water cooling
jackets that can selectively contact with, and separate from, surfaces
of the upper and lower dies, respectively, which surfaces are opposite
to molding surfaces. In this arrangement, cocling 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 surfaces.

Furthermore, the heating means may include a radiating heater
arranged around the upper and lower dies.

A glass substrate for a storage medium may_be characterized in

that it is manufactured



by the above manufacturing apparatus or nethod. A storage nedium may be
characterized in that it conprises the above glass substrate. The above
and ot her objects, effects, features and advantages of the exanple
enbodi nents will become nore apparent fromthe follow ng description of
enbodi nents thereof taken in conjunctian with the acconpanying draw ngs.
BRI EF DESCRI PTION OF DRAWNGS Fig. 1 is a front view show ng a

manuf agt the nghaepasai i tuatePrahipagates air agbiogi.nent of the present
invention; Fig. 2 is a tine chart of a nolding process according to the
enbodi ment éf stdi@ger vednim mayer idrrafierizdd $nattegndeptemmirideaviliey showi ng
the behavior of a gas generated froma glass material during a heating
step; ¥Pye aljss éuéﬁﬁﬁeﬁtual drawi ng showi ng the behaV|or of the gas
generated f pressing ste 5is

gl a terial durin
enl ar ged Vlé Ogee§@£ﬁ¥gpf ?Eﬂ%?tSf ??é%%ﬁ?asgeaﬁﬁi &rf a%F%Pe%4°fshomnng
that Qubbles RESeNGLat ed dyuring. nDld%n araﬁi?go QR{0¥&ﬂPn%éPy the
18] %s a

present 1 nvention IS not |ntroduce Pprocess, and

concepfual; g aw og mlmgnwedetr@g@ @Jkehhgn%&a%ncmﬁauﬁh %' ng a
cool ing step. DETAILED DESCRI PTI ON REFERRED "EMBODI MENTS Preferred

enbodizrebisafigherpfesent invention mnll be described below wth
reference to the drawings. 7 Fig. 1 shows a glass substrate nanufacturing
apparatus according to an enbodi nent of the present invention. This

BRIEF DESCRIPTION OF DRAWINGS

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 melding process according to_the
embodiment of the present invention;

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
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 1s a conceptual drawing showing the state of the glass

material during a cooling step.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be described

below with reference to the drawings.




manuf act uri ng apparatus has die fulcruns 7a and 7b that support an upper
die la and a lower die | b, respectively, and a press 5 nachine 5 that

el evates and |l owers the die fulcrum 7b. The apparatus has a franme incl udi ng
an upper plate 21, a fixed stage 22, and struts 13 and 23. A novable stage
24 is provided so as to cover an opening in the fixed stage 22. The upper
die fulcrum7a is fixed to the upper plate 21. The lower die fulcrum 7b
is fixed to Fhg.nmvallawstagglass Fubsbeategmanufectuxetdg simserafuand
the periphery of the novable stage 24 are joined together and seal ed by
bel | owBCEQT b9 aBRe estbdiment sofi tdwe tprasenti prnocatt bont odThisf the
press machine 5. The press machine 5 is a screw jack driven 15 by a servo
not or PRBWERSTURERdAPPaERLtUSTRasyAde Fulgryms) 74 engeiibr thaf suppessd of
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heaters 2a and 2b are installed 8 _
<;p 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 1lb are 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 1lb are coating layexrs (not
»zb shown) composed of materials having high melting point, e.g.

tantalum, iridium or platinum, or alloys thereof. The coating
-layers are employed to facilitate release fromdies and tomaintain

a precise surface shape of the formed glass substrate. A
controllingmember4isplacedonthelowerdielb. The interfaces
26  of the dies la and 1b and controlliing 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



on the back surfaces of the upper and lower dies la and I b, respectively,
to heat the dies and adjust tenperature balance. A reflector 15 is
install ed around the tube heater 16 to facilitate efficient thernal

radi ation. 5 The tube heater 16 is a radiating heater of an electric

resi stance heating type suitable for_hgating in a vacuum The tube heater
16 is preferably a ceram c heater mainly conposed of alumna, zirconia,

al um ngm iilter ikkck osubfacemiaf | the apppmpandelbeetrerdi®s daNan@ heater.
The tube heater 16 preferably (DO has a capability of heating the dies |la
and | brespeatdirl ¥t uke heaghehet ddasaand adig s teipmpe natuter balidc gl ass
transition _tenperature to the tenperature close to the softening point of
a gl as® TREREEPY L hisriaraballed asaundidee Cuhehentemhé thieefagiliditage

t enper a%%r,e f romgﬁvi ew.of reliability of the heater. 15 The flat heaters
2a and®3bigiendr theemad: madiakieRance heating type suitable for heating

' E f the fl ‘heat d 2b_h ity |1
thdn thot ubETRchpBe hEater 16 SR A AiAing heatan of | 6 Sbomtnis

te 21 d,.the fixed ,st 22t ther. A chanb
T8 act ekl abbd B Pnd EvB8 BRI ralic 'SFE RefBRng! spedoyactint. | Ahg
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described later. A vacuum punp 11 I's connecte t e chanber _
vacuungraphiite/héaner,, lofs wxbeyHe 06 9asThi! ik ndRa s }Wpfé?éfﬁb‘l%g to
ner

vacuum and helps to rapidly fill the chanber with an i
(_ ,‘;;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 ‘éa and 2b has a .capacity smaller than the tube heater
16.
_____ ‘A cylindrical shell 17 is installed so as to connect the
40 upper plai:e 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 1lb, 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 L1l as exhaust and gas filling means for exhausting
to vacuum and helps lto rapidly fill the chamber with an inert

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



gas. The vacuum punp 11 is activated to forma vacuum of about 9 1 Pa in
t he chanber 18. A vacuum gauge 12a, a valve 12b, and the like are also

. connected to the vacuum suction line L1. An inert gas supply device 25 is
al so connected to the chanber 18 via an inert gas supply line L2. A valve
26 is provided in 5 the supply line_L3 to supply the interior of the
chanber 18 with an inert gas such as an N2 gas when it opens. The water

cool i n§ Packiet stifa ehdmbemsi 800/A ntacwtiegaugRoNsSLa f Usi ¢a 16011, NBAAS
are mai nly conposed of blocks consisting of a netal material such as-
copper thiei dhilieel areondsst scgrnacted Cuantiet svaceunm atdetonndiide gach

bl ock. Water_ punps 28 are used to supply cooling water to the channel in
each of the ARG EHAS pUPPATIiIR®ice Znis3b s¢ somectedtts Boe kdiampeipes,
therebi the water, cooling jackets 3a and 3b are nmaintained at a uniform

t enper &BuVd 8 S iR he¥dF SURPdYaddms L2As Bhivakyend6hisi provided ein

op atiﬁgl% cogpe t.ed he stryt 3c to elevate and |ower the water

cool i ngPFatREPs Y32 1%y L4y to gUPR 1t thee latianigyr ik e shamirersls iwicklude,
for exanpl.e, servo tor. As result, the water cooling jackets 3a and
3b caﬁns%ﬁ?é% Ve 58%&5 vﬁl?hl?zaﬂessgﬁlﬁ%t%tf PBSNShe flat heaters 20 2a
and 2b, res i . i lesthe. er. cogling Jjacgkets 3a and 3b contact
with the fla %eéé?let)résr \zl’“gééﬁ%iﬁgb?\g@é‘septe%t%e#‘i ?ﬁ% a%i‘e‘gc’&&%d“%b%ﬁ& t he
gl ass ABheti i 196 € lseg; t a ”#ﬁﬁ i 1t f hr respective
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dies la and
(/ _ 0 heat. Channels are provided inside each block. Water pumps 28

are used to supply cooling water to the channel in each of the
water cooling jackets 3a and 3b via the struts 3¢ 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 includé, 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

/0 2aand 2b, respectively. While the water cooling jackets 3a and
3b contact with the flat heaters 2a and 2b, respectively, the
‘dies la and 1b and the glass material 8 are coocled 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 séction of the
manufacturing apparatus. The controller 30 is a well-known

microcomputer system. Input ports of the controller 30 connect



A controller 30 is provided to control each section of the manufacturing
apparatus. The controller 30 is a well-know mcroconputer system | nput
- ports of the controller 30 connect 10 to the tenperature sensor 31 for
detecting the tenperatures of the dies la and | b, a pressure sensor 32
provided in the chanmber 18, and var+aws -ot her sensors including those for

det ecting erating positions, pressures, and tenperatures of the
parts 59 oFi‘Fh HE’&.\‘? e RAPERET For £0H @ahrChingsthe tRmpesatwiesrof30

connect,to varlgus aéﬁfgtors such as the vacuum punp 11 and valve 12b for

cont r o PengLE8naBsBR r ot RFESEHERLEFNEPT e PLpdidedein dhe ghamierng

| over | 1818 E\Aﬁ?ﬁ 85 ot soidts a1 8id B hose sne @&%ﬁ@éﬁi‘g 29
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controller 30 outputs control signals f various ac
descripailoe Ww2d ﬂu&%hdﬁﬂrehl&dﬁﬂékﬁﬁhﬁtﬁﬁﬁs%ﬂﬁﬁrﬁhet@ﬁaﬁﬁﬁﬁfi%tUQHE)

apparatus. 20 (1) Heating step A conveying arm (not sho IS useéd to set
‘a gl assakwee? 6 af or Scont spldrimgthmsipp IPioR an in@&ﬂ:dg% Slﬂhteaai‘l%flrid‘e
lower die lb (a period Ain Fig. 2). Then, the lower die |b is noved
an|rnmﬁahapmmnEmfwmeﬂevatinganﬁ1mwérimgtﬁeW@tdmbeollngJackets

Cf@ 3a and 3b, a power supply device 29 for feeding electricity 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.
zb (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). Theh, 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
heaterlﬁandflatheaters2aand2basheatingmembersconstituting

heating means are activated to heat the glass material 8 and



25 heater 16. The vacuum punp 11 is then activated to eject the air or gas
fromthe interior to exterior of the chanber 18. Once a target vacuum of 1
Pa or less is reached, the tube heater 16 and flat heaters 2a and 2b as

‘_heating menbers constituting heating nmeans are activated to heat the gl ass

material 8 and - 11 the dies la and b nearly to the softening point Tg of
the glass _material 8 while controlling the tenperatures of the dies la

and | pEhetdiasslaiand thdepsdy hatthesoftepdng podat I9 of the gdass The
o °t hanaik SE4 P yih £l o 8OR trdling  thio bl EAREE S8 O%: dite ALeshdaror e,
Gas SRR alBoct BF ERAEUeT <tBENELASH R tRTLAs 36, PR ihe Aoad Te or
gener StbatPVEH nath E16s Bire mabntafied bR SBaE e bt esent " enbodi ment
chanber 160 AP HARGREE kB En hLAg durfiol Pt (e B0¥ rutenedy
dust. JFahs8e) AREFRCICOR AT ﬁm@mﬁdﬁ&étO%EQ%h%mé5a@éﬁé@ngr

are instantaneously and rapi to the "exterior of the

18 by & MRC MR thb t@ﬂ:pt«)%ﬂéiﬂéi)i% of the 989adati RigR! 4 RorPbdivg

surfaces of the dies |a and 2) PresSing step A The heated nateria
8 is hydsl $achaag assteredet oxyigwt 141 genatdiicad thEOMPERSS Wiraskdi 8¢t he
rod 6 by the pressing nmachine
the glass or its vicinity. Arrows in Figs. 3 to 5 indicate the
Cf@ 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.'2), thus reducing defects attributed to
‘dust. Furthermore, corrosive gases generated from the glass
15 material 8 are instantaneously and rapidly discharged to the

exterior of the chamber 18 by the vacuum pump i11. This hinders

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

(2) Pressing step
“z ~ 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



5, constituting pressing neans. The glass material 8 thus has its

t hi ckness regul ated by the controlling nmenber 4 so as to be nolded into a
gl ass substrate. 25 During the press or formng step, after the tenperature
of the dies has reached a set tenperature close to the softening point, a
| oad is inposed on the upper and | owenzdies la and I|b to crush the glass
material 8. Once the glass material 8 is pressurized and crushed, the
upper @PBRtrglidsing mambextd providied @mn tdie Loyeredier 1b.pr Byi addusititrhg
lower die |b. By adjusting the thickness of the controlling menber 4 to
the t hgéﬁnE‘s"%Cé%/ne# pPEdtRe, crntirelbkngpmemberydodiee £ hp a%hlghggt:smtcﬁé
having_ thickngsses fixed within a small anmount_ of variations. Shown
in Figa Rpro 1k&¢hé§tBH%&%&%&ﬁY%nB&QﬂQﬁ% glasgefybsdrategabayiaty as

Ie id [ W d.. W t hi [
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the gas 15 fromthe chanber 18 is continue pper ower dies

l'a anthe bngbde fagmead) & susBIer 80! bF gBFDLA 1 4mi Brbindittdkd Nor PEESSI Y (2
period Cin Fig. 2). This maintains a vacuum atnosphere in a space
cont aiswrgalheddnteroburblld b iandehbeatied as SALRA 2h Big. FlUandwsala
enerated fromthe glass material 8 during

0 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 thg

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, agasgeneratedfromtheglassmaterial 8 during
20 the pressing step is instantaneously or rapidly diffused, and
'dischargedtotheexteriarofthechamberla. This reduces bubble
defects and suppresses the degradatioh.of the molding surfaces

of the dies la and 1b.

20 (3) Cooling step and removal of the substrate
Afterbeingdeformmdtoadesiredboardthicknessbypressing,
the material is cooled to the temperature Tg or less (a périod
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,



} 20 the pressing step is instantaneously or rapidly diffused, and

di scharged to the exterior of the chanber 18. This reduces bubble defects
and suppresses the degradation of the nolding surfaces of the dies la and
| b. 25 (3) Cooling step and renoval of the substrate After being deforned
to a desired board thickness by pressiing, the material is cooled to the
tenperature Tg or less (a period Din Fig. 2). For cooling, the water
cool i gesperéiyedy andBhwadex goedsiawy dgakedts Bhcamd Sb awef aontrofl lidhd
dies la and | b, 13 _respectively. The water cooling jackets 3a and 3b are
cont r Y dere igenEEoL AL 30 8p 39 £o ke sapaeatedafreondtheofilakchtpiers
heaters 2a agg) 2b, res‘Eectiver, during_heating and pressing, and to be

pr esseff a@Bn <P + FEHRRK L L¥RLaoe ¥ 1nge heahiing ARdsPresHings apd to

. : ‘ | ng. . g 1 I q .
o onorite it dssetaddiBat, B etk Pﬁx%%ﬁ?ééfﬁﬂén%éﬁﬁeﬁa%aﬁ%?qi‘é%éZand
I ' | b .whi ch | ded gl bstrat is h .
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from Fé@vfﬁ?”@%ﬂup%%&&”df‘gthé h@oﬁ%‘i!dlr%ir?q‘éﬁ?m‘g@é% Lhd hﬂa@rﬁgﬁgk and

enbodi ment, " to reée the tine require or cooling, an i gas such

as a nNidgweseaiaas 16! Aind 935 BBFe eRAOWNIRAL It Hé thoiA8alyan <Y éﬁ'ﬁé&rﬁ%ﬂ ng
agent) is rapidly filled into the chanber to set the pressure 1n the
chanbels egpakede Accordingly, no floating dust enters the cavity.
(‘J Moreover, only a small amount of gas is generated from the glass
after the deformation has ended. The gas is thus negligible,
.s0 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
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 chamber to set the pressure in the chamber equal to
the ambient pressure after the pressing step has been finished
to form a closed _spéce in the cavity composed of the upper and
40 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 1b and the molded glass material. |
The transfer of heat from the dies la and 1b to the water
cooling jackets 3a and 3b would 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 anmbi ent pressure after the pressing step has been finished to forma
cl osed space in the cavity conposed of the upper and 20 | ower dies |l a and

| b and controlling nmenber 4. This inproves the heat transfer between both
flat heaters 2a and 2b and both dies Ia and 1b and the nol ded gl ass
material. The transfer of heat fromtha dies la and Ib to the water

cooling |jackets 3a and 3b would not efficiently cool the substrate 25. in
a vac UH#QF resse e tyrenuRethhdiegclannatnbbphedetBer vespes tdfvewater
significantly larﬂe contact éhernal resi stance. For this reason, after the

pr essi A§CstBY $AcKe g4 3bpe Lhds thuspogsibledinmpke the ia-planrd,

v Egrﬁg?é?qﬁé%&%s%# 104555 LAROAL IS, SIRBet 8. (Thes educes. e
ke creafke ;V)f‘télﬁ&?t‘-eim%pg?ﬁ%‘fﬁé@fzgﬁﬁb’gé’t%lz?’rqrg%? "t he dios 18 and Ib uniform
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material, are pressed agalnst the |es l'a an eater

and  24nd o3 Capaabansh %ﬁ@?ﬁiﬁ%@nﬁ:h@'ﬁi@|c‘?ﬁr°cﬁ10@?0§eﬂﬂfagﬁél Rrd

cool ing operation can be quickly performed so as to achi eve uni form
t enperpressedTaigaiensd| ehet 8 e QdiGing e1pBoE  8hky mapfh@aeérQUth angnd

| nexpensi ve substrates that are unlikely to-be warped. The nol ded

subst rziv efandcobd imgpeandntheosabsdieeena abd rélddsar e Cnmeguentihe
nperature Tg or |lower. Then, the upper
: “i;‘J a cooling operation can be quickly performed so as to achieve
-auniform 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 frorﬁ 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
40 -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 tempeq:atures 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



and lower dies la and I b are opened, and the nol ded substrate is renoved

-fromthem A transfer machine (not shown) is then wused to renove the

nol ded gl ass substrate fromthe chanber 18. Subsequently, a conveying

machine is used to deliver the substrate ZO to the subsequent step in

whi ch, for exanple, the inner and outas -peripheries of the substrate are
shaped (a period E in Fig. % As descri bed above, in the present
enbodi RERV 1 AINY B kaB Ly nflphcrubstratand Fnnkhennapesdthe baidiammt ed

and | oypere by .the drivin ¢chanism 27, so that the water cooling jackets
0 s LRuPianE f et ere oar S LORIASEas fhe Reedbovais Fobra 1ang mime

heat 2b,. tively. This i L he B I t f th
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the water cooling jackets 3a an contact w s l'a an VT a

the flahdheel efsspactan@ P, NRSISEAINGNY:, 'ﬁ‘ﬁ%oiﬁitlﬁ@i)br b@th@%ﬁéﬁl@% the

chanmber 18 can be rapidly cooled by cooling the flat heaters 2a a

heat sbarcan blevespidly coddd Be cudEethghehel PlhBeh8heeeRt 280 andvey i on,
t he apparatus may be designed so that the water cooling jackets 3a and 3b
cont ace héatcsoyrwet.h Howelieas, lisk albubd be aspeedi vehYy. ikuth8eprasent n
the present invention, use of the radiating

61 0 - invention, the apparatus may be designed 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 1lb, respectively, even in a
vacuum atmosphere that generally hinders heat from being
-sufficiently transferred between materials. This enables a
2”’0 -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 béfore a rise in temperature is stopped.
This serves to reduce the amount of dust £loating in the atmosphere
"25 around thedies laand1b. This in turnreduces 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



tube heater 16, which is arranged opposite the outer peripheral 15 sides
of the dies la and I b, enables to heat the glass material 8nore efficiently
than the flat heaters 2a and 2b heating the glass material 8 via dies la
and | b, respectively, even in a vacuum atnosphere that generally hinders
heat from being sufficiently transfermsed between materials. This enables a
20 reduction in the tinme required to heat the glass material 8. Moreover,
i n t helPre¥asuwnasmosnhere whiake heahdsphepasternad ata davemspeed.
heat i after the glass material 8 has been  placedon the die | b and before
a risgﬂ?ﬁeﬂﬁﬁﬁde€}gei§ JaSIpuY . mayy)condgriete o tee diredseanbuther dust

fl lpg.in.th h 2 d the di |, d]lb. This i
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nol ded gl ass), a cooling operation is perforne In an

at nosprgl alsad Fardi esiedt d£880dI TRl prdwdBd tAE AnRmipiBteSPelBalsd Ne
nol ded gl ass can be nore appropriately released fromthe dies. This
prevenvf the moddwd eflasel @adereduddie ItoedesliascaanGEHUS8Scracks

I nconveni ences such as cracks in the glass. 0 Mdreover, in the present
enbodi imenthea gllaszs®ed space is formed in the cavity in which the nol ded

bstrate is housed. It is
EM 10 Moreover, inthe present embodiment, aclosed space is formed

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
15 -~ 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
materiail B or conveying it during the process. It is thuspossible
to prévent defects or distortions caused by a chuck, to enable
30 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 1b were cooled
was 10 °C/min in a vacuum atmosphere and 24 °C/min in a nitrogen
45 gas. Itwas 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.



t hus possible to avoid the entry of dust fromthe atnosphere even w thout
vacuum punpi ng during cooling. Furthernore, in the present enbodi nent, the
process is 15 executed on the sane dies fromthe start of a rise in
tenperature until the substrate is cooled to the tenperature Tg or | ower.
This elimnates the needs for a step aff contacting wwth the glass materi al
8 or conveying it during the process. It is thus possible to prevent
defects or dite gpregaBtcdmeenbion blasclbearn deeadriébed micthseefbrance
conplicated substrate shape, and to reduce defects. According to

exper i HRntBei §ReCiLilRy ameoddmentsol iHapeyetkels 35 ohwiBdusofet kboseth
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thosepskbyled in the art that the present invention is not limted to the
di scl osed enbodi nents but covers various other 5 nodifications, variations,

substitutions, and broad equivalents wthout departing the spirits and
scope of the clains set forth below C - 18 -
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CLAIMS: 1. A method 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 substrate, said nethod characterized by
conprising: a heating step of heating said glass nmaterial renaining
arranged between said upper die and sai,¢ Lower die; a pressing step of
pressing said heated glass material via C.: 10 said upper and | ower dies
to precisehyMsyansfer nolding surfaces of said upper and lower dies to the
glass material to forma desired substrate; and a cooling step of having,
after said pressing step, a cooling nenber contact said upper and | ower
dies, respectively, 15 to cool said dies with said nolded glass materi al
remai ni ng arrlanged® beewbed saf dmappéacdieimnd asagthsowenbdieatandorhesei n
during said heating step and said pressing step, a vacuum atnosphere is
mai nt ai ngEeiFgs mesHeE boneairanggngarad desssiaw sadlhay asserarér batyeand
wherei n when said pressing step has  |-' 20 conpleted, an inert gas is
filled i #saPReEpdde kel doprEsslire t¢ nfosmi @ sphaes eguastratan aabient
pressure, hefore said coolin step i s executed. 2. A nethod of

manuf actBF Ty & r§§§e§&5§9r§¥e0? LIFInE storage nediumas clainmed in

claim1l1, characterized in that sajd  cooling step includes, a step of
pressuri zi ng §hi%e@€%g% ﬁﬁ?@rﬁﬁf h@?%ﬁ@%iaagﬁp A% BAFEEHY Fﬁ&%%nﬂ?%

unti | thfkﬁﬁgﬁﬁ{%%%ggeﬁfsaiﬁingééﬁiuﬂ%&%rE%Eddﬁgaértgié?aCh its glass

transition p
' a pressing step of pressing said heated glass material via

(i} 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
cooling member contact said upper and lower dies, respectively,
15 to cool said dies with said molded glass material remaining

arranged between sald upper die and said lower die, and
wherein during said heating step and sald pressing step, a
vacuum atmosphere is maintained in a space containing said dies
Cf\ and said 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
=coolipg step includes a step of pressurizing said glass material

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

said glass material drops to reach its glass transition point.



3. A glass substrate for a storage nedi um manufactured by the method as
claimed in claiml or 2. 4. A storage nedium characterized by conprising a
glass 5 substrate as clainmed in claim3. 5. An apparatus for nanufacturing
a glass substrate for a storage nmedi um by arrangi ng and pressing a gl ass
material between an upper die and a lower. die to forma glass substrate,
said 10 apparatus characterized by conprising: heating neans for heating
said glass materi ah geassnsugsteatranyed detvwenys aiallppelandira candegabg
| ower die; pressing neans for pressing said heated glass nmaterial via said
upper anth¢ owethet ess td aomecl del ylaimnsfer 2wl di ng surfaces 15 of said
upper and lower dies to the glass material to forma desired substrate;
cool ing neans for having a cooling nenber contact said upper and | ower
dies so as to performcooling of said nolded glass material renaining
arranged between sdi Fippge DRI Bwerha By tdirdg:edaded npereRit i Hig dreans Lhes
acco dathg?sald upper, and.l ower, dies, said heating nenber, and said
iiﬂ%%ﬁ &t FRgC A ghs f||||ng means for exhaustlng and

coollng
filling a gas fromand into a space forned by said accommodati ng neans, 25
wherein said exhaust and gas filling neans exhausts the gas until said

i f | f b d
Do e oo Sy AP AR QN B Cr 8 2RAEE 0 olTRES, R Eheet feed
to form éé@facdeo% 3RAES fgggggmg ngnd hetyeen sal dqupper dig; and, sal.d. ) over

die, an inert  gas Is fil
an upper die and a lower die to form a glass substrate, said

(:}-H} 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 to 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
(ﬁ} 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 cooling 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 closed space for
melding between said 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



in said space to set a pressure i'n said space equal to an anbi ent

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 anbient pressure. 6. An apparatus for manufacturing a gl ass
substrate for a storage nediumas claigyged in claim5, characterized in
that said cooling nmeans conprises an upper and | ower water cooling jackets
10 t hat tansaef exndacelty ceit acprapshreaind separsard reamalsuof acesmbfient he
upper and lower dies, respectively, which surfaces are opposite to said
nol di ng BE#FSEEY, 3 characterized in that said cooling is perforned by
havi ng said upper .and |.ower ter cooling jackets contact the surfaces 15
of said upper AN &£CLFBGpEERFel ,Ol\ﬁhisé‘ﬁdsQEP&EeglaﬁF’éla%pﬁSE?’Ee to
sai d nol di ng, sur.faces.. 7.. ppar at us for nuf actyri ng_a gl ass.substrate
for a s o?ab%er%ecﬂaﬁmlgsféfg?ﬁeg“i%ajc a?%?%eooéectc%&gagtr&'sg?‘éa A fRsd 20
sai d cheat J n&ﬁg i.nc e . iatl eater arranged around said upper
and Isomgérﬂ)%?ees. i&gg:tggsggﬁés??a@[eégf%ﬁd st orage nedi um manuf actured by
the apparatus as clained in claim5, 6 or 7. 25 9. A storage nedi um
characterized by conprising a glass substrate as clained in claimS8.

6. An apparatus for manufacturing a glass substrate for a
storage medium as claimed in claim 5, characterized in that said
cooling means comprises an upper and lower water cooling jackets

(jEIO 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
said 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

. said upper and lower dies.

8. A glass substrate for a storage medium manufactured by
the apparatus as claimed in c¢laim 5, 6 or 7.

25

9. A storage medium characterized by comprising a glass

substrate as claimed in claim 8.



