16 Septenmber 2003 | MOLDED GLASS SUBSTRATE FOR MAGNETI C DI SK AND METHOD
FOR MANUFACTURI NG THE SAME The present invention relates to a nol ded gl ass
substrate for a 5 magnetic disk used in conputer nenorySdqRapteraRerg008he | ke
and a method for manufacturing the sane. In magnetic disks, the
conflicting technol ogi cal problens of high capacity and | ow cost have been
addressed recently- To provide desired ;flatness and snoot hness, a
conventional disk, which uses alumnumas a 10 base material, requires many
conpl i cated nanufacturing processes by nachining based on the nethods of
grinding and polishing. On the other hand, glass substrates with excellent
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the waste is not environmentally preferable. When a glass substrate for a
magnetic disk is incorporated in actual equipment, dust is generated from
90 the glass itself and alkaline component in the glass material is eluted. To
suppress those phenomena, the entire surface of the glass substrate 1s
mirror-finished.
For glass lenses in the field of optics, JP 62(1998)-292629 A discloses
a molding apparatus for precisely transcribing the surface accuracy of a
95 molding die onto a glass material while heating, pressing, and cooling the
glass material. Also, a direct molding method has been proposed. Both
have their advantages and disadvantages. Specifically, the former can
achieve transcription with high accuracy because the temperature of a glass
material approximates significantly to that of a die. However, it requires a
30  lot of time for heating and cooling, and the molding process is divided so as
to solve that problem. The latter is proposed as a manufacturing method
for molding molten glass, having a low surface temperature and high
internal temperature, directly with a die. Though this method can shorten
preheating time remarkably, it has drawbacks in precise transcription and
35 problems in energy measures, such as the need for annealing. The reason
for this is as follows: high internal temperature of the glass and large
eccentricity of thickness cause large contraction of the molded glass, so that



35 problenms in energy nmeasures, such as the need for annealing The reason
for this is as foll ows= high |nternal tenperature of the ss and Iarge
eccentricity of thickness cause |large contraction of tHE %wmr@pags

that 16 Septenber 2003 2 large thermal distortion is maintained. Therefore
it is advisable to use the conbi ned techni ques of the precision nolding
and machi ning nethods to utilize their rits. However, when a gl ass
substrate i s manufactured by conventional 5 machining based on the nethods
of grinding and polishing as a nol ded gl ass substrate for a magnetic di sk,
gl ass powder as well as industrial waste, such as abrasive and sol vent,
are generated during processing, as described above. The glass substrate
as a nol ded dulbpstthatrealfdstoatisragnetintaidiecdk requires many steps and is
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glass substrate for a magnetic disk and solve the environmental problems
by reducing machining processes as much as possible to decrease the
20  discharge of industrial waste.

A molded glass substrate for a magnetic disk in accordance with
embodiments of the present invention includes: upper and lower principal
surfaces formed by molding between precision planar processing members;
an outer surface joining the upper and lower principal surfaces, where the

25  outer surface is a molding-free face; and an inner surface joining the upper
and lower principal surfaces, the inner surface defining a through-hole na
central portion of the substrate.

A method for manufacturing a glass substrate for a magnetic disk in
accordance with embodiments of the present invention includes:

30 press-molding a heated glass material in the inside space of a molding die
including a pair of dies, each having a predetermined processing plane, and
a barrel die for slidably guiding the dies while forming the outer
circumference of the glass material joined to both principal surfaces
corresponding to the dies as a molding-free face: cooling the press-molded

35 glass substrate; and forming a predetermined through-hole in the central
portion of the glass substrate.

The present invention can provide embodiments that are desirable



irncluding a pair of dies, each having a predeterm ned processing plane, and
a barrel die for slidably guiding the dies while formng the outer ‘
circunference of the glass nmaterial joined to both pri n%%%ﬂfe@b‘?rf?&@és
corresponding to the dies as a nolding-free face; cooling the press-nol ded
35 glass substrate; and formng a predeterm ned through-hole in the central
portion of the glass substrate. The present invention can provide

enbodi ments that are desirable 16 Septer’?’ber 2003 3 for environnental
protection by reducing industrial waste as much as possible with a

conbi nati on of a nol ding process and an exi sting machining process. Al so,
the present invention allows the outer circunference to be forned as a
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present invention.
FIG. 3 is a main part cross-sectional view illustrating a
press-molding method of Embodiment 2 of the present invention.
20 FIG. 4 is a perspective view illustrating a molded glass substrate
obtained by Embodiments 2 and 3 of the present invention.
FIG. 5A is a main part cross-sectional view illustrating a preheating
“step of a press-molding method of Embodiment 3 of the present invention;
FIG. 5B is a main part cross-sectional view illustrating a transforming step
25  of the same, and FIG. 5C is a main part cross-sectional view illustrating a
cooling step of the same.
FIG. 6 is a main part cross-sectional view illustrating
manufacturing metheds of Embodiments 4, 5, 6, 8, and 9 of the present
invention.
30 FIG. 7 is a main part cross-sectional view of a mounted buffing
wheel for explaining Embodiment 6 of the present invention.
FIG. 8 is a cross-sectional view of a mounted wheel for explaining
Ermbodiment 7 of the present invention.
FIG. 9 is a cross-sectional view showing the device in the preheating,
35 transforming, and cooling steps of a press-molding method in Embodiment 3
of the present invention that is placed in a chamber filled with an inert gas.
For a glass substrate of the present invention, the outer surface of



FIG 6 is a main part cross-sectional viewillustrating manufacturing

nmet hods of Enbodinents 4, 5, 6, 8, and 9 of the present invention. 30 FIG
7 is a main part cross-sectional view of a nmounted buf flPR§PiamRes 2093,

expl ai ni ng Enbodi ment 6 of the present invention. FIG 8 is a
cross-sectional view of a nounted wheel for explaining Enbodinent 7 of the
present invention. FIG 9 is a cross-seﬁti onal view showi ng the device in
the preheating, 35 transform ng, and cooling steps of a press-nolding

met hod in Enbodi ment 3 of the present invention that is placed in a
chanber filled with an inert gas For a glass substrate of the present
invention, the outer surface of 16 Septenber 2003 4 its ci rcugf erence is
formed as a nisldicnpitrenee fsfoemedpeamalgmerfreatisat T Bt AR yrface is a
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corners. It ilsghspésmtable that the glass substrate has a thickness of 0.3

mnto 1.0 nm ang;a HbRMENEHLhAf thlSnderaurfee 88gDumhanthmlisbedose of this
requirement is to tri Sf1:%1' AuIPNE El%rﬁ:er%iuﬁlﬁcé {5 ﬂe?@qﬂsﬁ@&. USEre, Lk Rrm
manuf acturi ng meth 6P TTRE p¥ese_n invention, it 1s preferable 20 that
the press- mol direipobsh'smepussthiemppdeation ohrvaerby troger femfn fd™s BRSEIYing a
gl ass nmatey i alant Brhherdundiediedgpaithoof carhersmol di ng di e; preheating and
‘heating the glass RpI&LLALBY HSAHWad\EiLEREES BadRbKlREedioeD. Bmesso Mol di ng
1.0 mm and a diameter of 25.4 mm to 88.9 mm. The purpose of this
requirement is to satisfy a magnetic disk in practical use.
In a manufacturing method of the present invention, it is preferable
20  that the press-molding of a glass material includes the following: supplying
a glass material to the inside space of the molding die; preheating and
heating the glass material by heating the entire molding die; press-molding
the glass material into a glass substrate in the temperature range that
allows the glass material to be molded by pressure; and retrieving the glass
95 substrate from the molding die after cooling.
Two systems can be used for heating and cooling the entire molding
die® a batch system and a continuous system. The batch system performs
the process with one heatingfcooling device. The continuous system divides
the process into the steps of preheating, transforming, and cooling and
30  controls the temperature and pressure in each step with a heating body and
a pressurizing mechanism that are controlled at least one steady
temperature.
It is preferable that a holder for holding the outer surface of the
glass substrate and not in contact with the principal surfaces is used 1n
35 forming the predetermined through-hole in the central portion of the glass
substrate.
It is preferable that the holder holds the outer surface of the glass



the glass material into a glass substrate in the tenperature range that
allows the glass material to be nolded by pressure; and retrieving the

gl ass 25 substrate fromthe nmolding die after cooling. Fg?/E]P%" Oan be
used for heating and cooling the entire nolding die: a batch systemand a
continuous system The batch system perforns the process with one

heat i ng/ cool i ng device. The continuous systemdivides the process into the
steps of preheating, transfornming, and @ooling and 30 controls the
tenperature and pressure in each step with a heating body and a
pressurizing mechanismthat are controlled at | east one steady
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of the glass substrate; the grinding wheel spindle is located in parallel with
the workpiece-rotating shaft; and the sliding portion allows one of the
workpiece-rotating shaft and the grinding wheel spindle to move in the axial
20  direction and in the direction perpendicular to the axial direction.

' It is preferable that preheating, heating, and cooling are performed
in a chamber filled with an inert gas to prevent deterioration of the glass
material.

It is preferable that unusual projections are removed by polishing

25  the glass substrate after press-molding with ceric oxide dispersing liquid or
the like.

The following is a method for measuring an average surface
roughness Ra, a maximum height Ry, a small waviness Wa, and flatness of
the principal surface in the present invention.

30 (1) Average surface roughness Ra: the principal surface is measured
at four locations within 10 pm? using an atomic force microscope (AFM).
Then, the average of the surface roughness thus measured is calculated.

(2) Small waviness Wa: the principal surface is measured at four

locations within 1 mm? using an interferometer. Then, the average of the
35 small waviness thus measured is calculated.

(3) Maximum height Ry: the principal surface is measured at four

locations within 10 pm? using an atomic force microscope (AFM). Then, the



wor kpi ece -rotating shaft and the grinding wheel spindle to nove in the
axial 20 direction and in the direction perpendicular to the axial
direction. It is preferable that preheating, heating, afdeetanhengoas e
performed in a chanber filled with an inert gas to prevent deterioration
of the glass material. It is preferable that unusual projections are
renmoved by polishing 25 the glass substrate after press-nolding with ceric
oxi de dispersing liquid or the like. THe fol | owi ng is a method for
measuring an average surface roughness Ra, a nmaxi mum height Ry, a snall
wavi ness WA, and flatness of the principal surface in the present

i nvention. 30 (1) Average surface roughness Ra: the principal surface is
measured at alerigelofeiat inarsn witheighttBusthaasurg ianalatlanéd f orce m croscope
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| ocati ons wi lysing an interferoneter. Then, t he average of the
35 smal | wavi ness Hhmsnaftasamneddidsgload sulistitagel ford) mpaxétidiskef ght Ry: the
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surface i s egdasanbetrets wil kenddsaribed witbmefesence g -Femtd Boddtethafter, a
nol ded gl ass sgubstrate for a magnetic disk of 5 Enbodi nent 1 of the present
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and processi ng net hods for pro&um She_m) de ql ass.substrate_w || be
descri bedOwi tihclndingrrirapal surpass. 12 2 moldine e fasp 1goand en Ippes S hions a
nol ded gl ass 1sublsd pAbdpdllsuficed 1 gt ined dndloth dides nitthediubgtrptd ci pal
surfaces 12, .a.0pl Qiieg%iorhﬁﬁgf gﬁ?&ﬁi%gﬁﬂge ¢ 11818 EhS it AGErfadHoirtddeo _
pri-nci pal surfaces 12 _are rmed on, both sides of. the substrate by precise
press- nol di nghe PEERCHE giigcesy f}é?c@niﬁs‘i“%a‘ief% i5 feranedsRy PEERS oi ned to the
princi pal surtiaddasingand the i nner surface 14 is forned by precise
machi ni ngy . The precisely processed surfaces of a molding die are transcribed
faithfully onto the principal surfaces 12. The molding-free face 13 is not
controlled by the processed surfaces of dies during molding. In general, the
inner and outer circumferences of a magnetic disk glass substrate are
ground and chamfered, and the principal surfaces are polished so as to
20 provide a desired surface roughness and substrate thickness.
On the other hand, the molded glass substrate 11 for a magnetic
disk of Embodiment 1 of the present invention suppresses the discharge of
industrial waste, such as abrasive and grinding lubricant, as much as
possible. Also, it suppresses the generation of dust from the glass itself
95  because the molding-free face 13 is in the mirror-finished state. Though
the inner surface is machined in a conventional manner, the use of a jig and
a processing method, which will be described later, can prevent damage to
the principal surfaces 12, reduce the number of steps, and achieve
processing that suppresses industrial waste as much as possible, compared
30  with a conventional processing method.
Hereinafter, the molded glass substrate for a magnetic disk of
Embodiment 1 of the present invention and other Embodiments 2 to 10 for
producing the substrate will be described.
Embodiment 2
35 The schematic configurations of a molding die and a molding
apparatus will be described with reference to FIGS. 2, 3, and 4.
In FIG. 2, a molding block 21 includes an upper die 22, a lower die




15 The precisely processed surfaces of a nolding die are transcribed
faithfully onto the principal surfaces 12. The nol ding-free face 13 is not
controlled by the processed surfaces of dies during nDI"giqﬁE’.te"I‘tl‘?r&Qﬂ%ral,
the inner and outer circunferences of a magnetic disk glass substrate are
ground and chanfered, and the principal surfaces are polished so as to 20
provi de a desired surface roughness and substrate thickness. On the other
hand, the nol ded gl ass substrate 11 for7a nmagnetic di sk of Enbodi nent 1 of
the present invention suppresses the discharge of industrial waste, such
as abrasive and grinding |ubricant, as nmuch as possible. Also, it
suppresses the generation of dust fromthe glass itself 25 because the
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arr anged Oviﬁ ang'e un(iiaeji‘l H%1 ! iR InOLpES: Ada IO%F RehGAL bidePBAL €
.contal ni a PESTEY ﬁ 5 _ang a_nechani ?n for a%) 3/| ng pressure VA t he
upper heati nngpqrattbe pmEssurizing mechanism applies pressure so that the upper die
comes into contact with the barrel die 24, and thus transformation of the
glass material is completed. Thereafter, the power of the heaters in the
upper and lower heating plates 33 is turned off, and the entire molding

90  block is cooled while maintaining the pressure, and thus the press-molding
is completed. The glass material 25 is subjected to axisymmetric
transformation and does not touch the inner wall of the barrel die 24 when
the upper die and the barrel die are in contact, and the outer surface of the
glass material is formed as a molding-free face.

25 FIG. 4 shows a disk-shaped molded glass substrate 41 produced by
the precise press-molding method described above. The molded glass
substrate 41 has principal surfaces 12 on which a magnetic medium is
formed, and a molding-free face 13, which is the outer surface. The mirror
surface property of the molding die used is transcribed faithfully onto the

30 principal surfaces, and the outer surface is a molding-free face in the
mirror-finished state. In addition, the outer diameter satisfies a desired
dimensional tolerance by selecting a predetermined volume of the glass
material. The thickness of the molded glass substrate 41 also satisfies a
desired dimension and tolerance by adjusting the barrel die size precisely.

35 Next, a method for producing the molded glass substrate 41 in FIG.
4 will be described more specifically, the method being carried out to obtain
the molded glass substrate 11 for a magnetic disk of Embodiment 1 of the



which is not shown and indicated by the arrow P in FIG 3. Except for the
pressuri zi ng nechani sm the upper and | ower heating plates 33 and the

nol di ng bl ock 21 are placed in a chamber filled with al6iSselemkesag003 n t he
enbodi nent shown in FIG 3, the glass material 25 is preheated by heating
15 the entire nolding block 21 with the upper and | ower heating plates 33.
Then, the pressurizing nmechani sm applies pressure so that the upper die 22
conmes into contact with the barrel die 34, and thus transformation of the
glass material is conpleted. Thereafter, the power of the heaters in the
upper and |l ower heating plates 33 is turned off, and the entire nolding 20
bl ock is cooled while maintaining the pressure, and thus the press-nol ding
is conpl eted., Ihe ghassionBhEwhah 188, is subjected to axisymetric
transformati on and_does, not touch _the ipn || _of t ree je 24 when
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provi ded wi t hbheatinemnlatesiddeedah having precheater 32 embeddndeds Brntet at ASCY ass
material 25 agghpesatiirs bothellidatahd@do0Poe The teagr réabes hasedetenmiresige
surface r Oth&%'lspseraB?urg ]:)f 88 € §2Lut %r}ﬂ{hu(%e;,’ aRdlthén a pressure P of 15000 N

is applied via the upper heating plate 33 in the direction of the arrow in FIG.

90 3 so that the upper die 22 comes into contact with the barrel die 24. The

time required for transformation is about 80 seconds. Then, the power of

the heater is turned off, and the entire molding block is coocled while

maintaining the pressure. After being cooled sufficiently, the molding block

is disassembled to provide the molded glass substrate 41 shown in FIG. 4.

25  The measurement with a micrometer confirmed that the molded glass

substrate had a desired outer diameter of 27.4 mm and a desired substrate

thickness of 0.38 mm. Also, the evaluation of flatness on both transcribed

surfaces with a Fizeau interferometer confirmed that one surface was a

concave surface of 2 micrometers and the other was a convex surface of 1
30 micrometer. The Ra and Ry were evaluated using an atomic force
microscope (AFM). As a result, the Ra was the same as an average surface
roughness of the molding die surface, but the Ry indicated partially unusual
projections of several tens of nanometers. Concerning the small waviness
Wa, the transcription property equal to that of the molding die surface was
35  able to be confirmed. It was turned out that the above unusual projections
were caused by minute pinholes on the molding die surface.
Embodiment 3




maxi mum hei ght Ry of no greater than 5 rim a small waviness Wa of no
greater than 0.5 nm and accuracy of 3 mcroneters in f| tness The barrel
die 24 also uses super-hard alloy having an inner di ané'@% and 10
the dinension of joints of the barrel die to the upper and Iovver d| es is
within 6 to 10 mcronmeters. For the glass material 25, alumnumsilicate
glass wth thermal characteristics, i.e., a softening point of 665 C and a
glass transition point of 503 C, is neldaed into droplets having a wei ght
of 580 ng. Using the glass material thus prepared, the nolding block 21 is
provided 15 As shown in FIG 3, the nolding block in contact with the upper
and | ower heating plates 33, each having the heater 32 enbedded, is heated

at a set tenperat W& qf ohhe @ﬁ@&%[deﬁfgl%%u@snIi%%b%%&ém&ﬁ%ﬁ&@éf a
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Then, the owerdo the heater is turned off, and the entire nolding bl ock
i s cool ed i P84 nt ai ni ng the pressure. After being cool ed sufficiently,
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partial ly unususpletedrvdjercan opserafie 28vemab iritenentalt withonbamekdie Cdriver ni ng

the small vavipessie Wnnlgs éHo%JhSlffJFII@} '30nI)9'FQGeSC)/a @aﬂ;ﬂg d6p that of the
mol di ng dtf sur f.ace con urned out that the
a

‘above unuXlal PEHUES mﬁhz € ﬁﬁ?léca%’ﬂﬂé)garwu’fﬁ Wﬁ{%aﬁeﬂﬁbﬁ‘ gﬁe P EHE ol di ng
di e surface. Bweodiatng pBitd65Sephichbes coppodled atighe cptimuabstgpdy t he nol ded

gl ass substr aegnfRhtide mgaaehhg tIeH éﬂ%u@fmolﬁiﬁw&bémﬂl lafér édagplpties ent

invention s h°¥¥{% coghrlfé,%he Iﬂolé.lng b ockcl(sﬂalsassen?bled to provide a molded glass
substrate 41 similar to that shown in FIG. 4. The heating portion

20 constituting any of the preheating, transforming, and cooling steps is placed

" in a chamber filled with an inert gas, e.g., N2 gas. The pressurizing
mechanism includes a device achieved by general techniques, such as an air
cylinder or hydraulic cylinder.
The above two methods are possible to produce the molded glass

25  substrate 41 shown in FIG. 4. Embodiment 2 can be applied to molding for
relatively small amount of production, and Embodiment 3 can be applied to
molding for large amount of production.

The detailed description is given by referring to FIGS. 5A to 5C.

FIGS. 5A to 5C show the steps of preheating, transforming, and cooling

30 successively. The molding block 21 in FIG. 5A is the same as that in FIG. 2.
In the preheating step, the entire molding block 21 is heated between the
upper and lower heating plates 53, each of which is controlled at a steady
temperature of 450 °C. The molding apparatus includes a plurality of
stages of preheating (not shown) similar to that in FIG. 54, and only the

35 molding block is heated successively with the upper and lower heating
plates that are controlled at steady temperatures of 550 °C and 650 °C.
Thus, the preheating step is completed. Next, the molding block 1s



press-nol ding nethod different fromthe above nmethod will be described

with reference to FIG 5 so that the nolded gl ass substrate 41 can be 5
produced. FIG 5A shows a preheating step: a nolding bil & September g083r o
that in FIG 2 is preheated throughout with upper and | ower heating pl ates
53, each of which is heated at a steady tenperature and controlled by a
heater 52, while the nolding block 21 is kept waiting for a certain tine.
Then, the 10 nolding block 21 is conveygg to a transfornming step shown in
FIG 5B. In the transform ng step, a pressurizing nechani sm (not shown)
applies pressure P so as to transforma glass material 25, and the
transformation is conpleted when an upper die 22 cones into contact with a

barrel die 24 in ame nmanner as sh FI.G 5C_ a cooling
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Enbodi ment 2 @atinpeteppplomdletal. nihdhe @irftotage & tht icvding sap)l doo]an@wnt of

producti oy g eEabac i AcERMLD2pARA bRsh sulbludiveg o1 d arge anount of
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30 -successi vedigassthbletodmt] tiy bbldek ghbs snbRrg@e AAhownt ind'I$ardsas that in

FIG 2. In tmne{;@e@ﬂe%gm%t@muétﬁ% Bthiat 6 Eaibduﬁﬁerhl DGk &Jndlﬁ:tézp@ﬁ ed
and, | ovveg s controll ed

bet ween t he per ati.n | a

2t h steady (RHROMAR sSSP BGt @ ShEnRHE RS et Eaber e PreBe
pluralityl®f wasgegfrmefd. preheating (not shown) similar to that in FIG 5A
and only the 35 nolrtGng shb@@hniesaﬂgaéﬁdhsu@eﬁésﬂFﬁns A th5C hRatieper and

;g‘é"eg 586?5 ! ”g%la%ﬁrhi cﬁg]rg‘%)]erafileﬁﬁé)dﬂ'%vftﬂl e e&n{'fbt ﬁé@aogﬁzl\ia@p% a’#{l%‘i‘ﬁ%?sgr n358| gc .
is The left in the chamber is the preheatlng step, the center 1s the
transforming step, and the right is the cooling step. The Ny gas is supplied
20  to the chamber 91 through an inlet 92 and released from an outlet 93 to the
"~ outside. This configuration can prevent oxidation and deterioration of the
glass material and achieve a stable molding.
Embodiment 4
Using the molded glass substrate 41 produced according to
25 Embodiments 2 and 3, a process of forming a central hole by holding the
outer surface of the molded glass substrate will be described more
specifically with reference to FIG. 6.
FIG. 6 shows a three-part split collet type, where a workpiece holder
62 is attached to a workpiece-rotating shaft 61, the holder 62 has a V-groove
30 63 in its inner circumference to hold the outer surface of the molded glass
substrate 41, and the molded glass substrate 41 can be installed/removed on
the holder 62 by loosening a fastener 70. To increase apparent strength
during processing, a ring-shaped receiving portion 64 and the molded glass
substrate are in contact at the center of the holder 62. The inside of the
35  receiving portion 64 is used as a relief portion for a grinding wheel, which
will be described later. Thus, the molded glass substrate is held with its
principal surfaces, on which a magnetic medium is formed, not in contact



16 Septenber 2003 10 conveyed to the transfornming step in FIG 5B, where
the steady tenperature is controlled to 675 C, which is a transformation
tenperature. Then, the application of pressure P (23006 Sqptestare803n the
direction of the arrowin FIG 5B so that the upper die comes into contact
with the barrel die in about 5 50 seconds, and thus transformation is

conpl eted. Thereafter, the nolding block 21 is conveyed to the cooling
step, where it is cooled under the pregsure applied via the upper and

| ower heating plates that are controlled at the steady tenperatures of 620
C, 530 C, 480 C and 300 C. Thus, the cooling step is conpleted. In the
first stage of the cooling step, cooling is 10 perforned while reducing the

l'i ed
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nmore specifi E‘é

split collet t¥ped-whiyElG Gokyshecaeshamdep is W?lllkéloﬁrf‘ttélwﬁ%?f Sttkdﬁ’g‘f ot
wor kpi ece-r ot gtd 59 asfaad‘rbss@gamdé Besthal et — B2tabissyatatagr Bovebo®0 63 in its
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_hol der 621y b@@s@ﬁl%‘&dﬁd glé’égté‘lrﬁ&tsaf@ 411 E%&ﬁ%&@ﬁgﬁﬁgﬁ?gﬁﬁ gggggﬂgf% t gﬁr i ng
processi ng, adutingpstepsdzr €tkd usaef quoipment S4isgride theabmeded gl ass
requirements, e.g., the internal grinding function of a commercially
available cylindrical grinder, can achieve Embodiment 5 of the present
invention. Specifically, the molded glass substrate 41 is installed in the
20  holder 62 made of, e.g., Bakelite, which then is attached to the
" workpiece-rotating shaft 61 and rotated at 200 rpm in the direction of the
arrows in FIG. 6. On the other hand, the mounted wheel 68 attached to
the grinding wheel spindle 65 includes the core drill 66 and the chamfer 67:
the core drill has an outer diameter of 6 mm at the front end and an inner
95  diameter of 4 mm; the chamfer 67 is at the rear end of the core drill and has
a trapezoidal shape, a flute width of 0.2 mm, and an open angle of 90
degrees. Diamond abrasive grains of #240 ("#" represents the number of
meshes per 1 inch) are electro-deposited on the entire core drill and chamfer.
Thus, rotation is made at 26000 rpm in the direction of the arrows in FIG. 6.
30 First, cutting is performed while moving the workpiece-rotating
shaft 61 in the direction of the grinding wheel spindle 65 {the +X direction
in the drawing), and thus core-drilling (i.e., boring) is completed. Then, the
workpiece-rotating shaft is moved further in the same direction until the
thickness direction of the molded glass substrate 41 and the chamfer 67 of
35  the mounted wheel are located at a predetermined position. In this
condition, cutting is performed while moving the workpiece-rotating shaft
61 in the —Y direction of FIG. 6 by 0.9 mm, and thus chamfering is



substrate are in contact at the center of the holder 62. The inside of the

35 receiving portion 64 is used as a relief portion for rindi eel ,
which will be described later. Thus, the nol ded gl ass 16t 2003 he| g

with its principal surfaces, on which a nmagnetic nediumis formed, not in
contact 16 Septenber 2003 Il with the holder 62, thus preventing scratches
and dents. It is preferable that the holder is nmade of resin. However, a
hol der of netal may be used to increas® accuracy of the holder itself.
Enbodiment 5 5 Referring to FIGS. 6 and 7, a grinding wheel spindle 65
provided in parallel with the workpi ece-rotating shaft 61 has a nounted
wheel 68 including a core drill 66 and a chanfer 67 that are fornmed as a
llnlt egral ﬁom ek, E@Rx%s Bnfithéed ﬂgatwﬁgfawmmlémubsh@whhdss \% ov: ded t3|
allow either the warkpiece-rotati shaft. 61 or i neli eel spindle
65 to 10 rmvé’l?cﬁs?%@mdf? g%?tllrecgﬁ nﬁérr (ri]p%rr\’rl |tclu(ffa7?mtr% aﬁltgpﬁagé%eg%%%da s,
represent ed laynoryt ofphpmigring yagzchgeved gy Wﬂl-tﬂ\éoﬁPY%cﬁeo‘ﬂ‘dpféF“an € to those
axes, represefh@diyimektnaddf th¥ molded Qasd sultitedte promedminiasrhel s wel | known

to those gkilled i u%isltums' atrtert;gl?m?in |rn8 e'eg%h@%&%gﬁ%wati%g'sthttﬁm e system

The above configuration urht‘ n (g nozz 6% thamgl I es wor ki ng
fluid to 15 theerndme whedsaiyilaare sppated frome Bhan BEBwheel 68 as
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requirenents,, & _w’hiﬁt}hﬁmh% QFaahe Ol iR A APEhEQARpR{d18 66 ANTTROEIta | Y

avai l abl e cylindrfical grinder, chieve diment 5 of the present

i nvention. SEeSUIPEY] | ,“Stﬂ?? ‘Hﬂ\cdga@%&lsé’s‘gs%ﬁngﬁggf&Dﬁalgqeg‘ci_dﬁsls]’t alled in the
20 hol derl062 deadébetin BmbedinBak dldf the prekerthinvienon cambe eltaeed: o & he

wor kpi ece-r Ogiﬂoﬁﬁ bl spddia sk Mot BaisBing20R dndMatdbftthe ihierect i on of the
arrows in FIG 6. f%)n t he ot he({. hand th@;gm‘ij%&%dw"%gﬂ igg'lte%%tf%ﬁmd to the
grindi ng whe&ireUpHRRERE: BRYibstt Hes figg R iand 2Na the chanfer 67:
the core dri ldordidsilling and drangfesingt 25 losg ag ihhauthe wane fugstionad thatdfan i nner
25 di ameter Qqhe4iAding H8eEhpHAE 66 Aniddodied fteparadie]l eitd the the core drill
and has trapezoi da pg.«a flute wwdth of 0.2 nm and an open angl e of
.90 degrelg’s. %ﬁt‘)eﬁ r%@?% isg/l’gft'rai ns of #240 ("#" represents the nunber of
meshes per 1 inch) Fapkodimenrt 6 g ﬂ@dt?ﬁ%nédn‘fﬁﬁlt%qﬁ‘é’aé‘rﬂqr&’émc%{]@eﬁtﬁﬁo nd
chanfer. Thusre-dfillaig, @haingerivgy @ ndtm2HR0Mhiskpmgisacdekavelyrhadtdldmgdhet he

arrows in Fi %olfél'ed glass substrate 41 only once, resulting in a reduction in the number

of steps.

20 Embodiment 6

' 7 The mounted wheel 68 in Embodiment 5 includes the core drill 66

and the chamfer 67 that are formed as an integral component. This makes
it possible to provide a grinding wheel that can perform two different
processing functions with one device, thereby reducing the number of steps.

25 Embodiment 7

An alternate embodiment to the mounted wheel 68 in Embodiment 5

will be described with reference to FIG. 8. FIG. 8 shows a mounted wheel
81used in Embodiment 8 of the present invention. The mounted wheel 81
includes a core drill 82 at the front end and a plurality of chamfers 83 at the

30 rear end, the core drill and the chamfers being formed as an integral
component. FEach of the core drill and the chamfer has the same size as
those used in Embodiment 6. Diamond abrasive grains having a particle
size of #240 ("#" represents the number of meshes per 1 inch) are
electro-deposited on the core drill 82. Diamond abrasive grains having

35  different particle sizes of #240, #400, and #800 are electro-deposited on the
chamfers 83 for the first, the second, and the third chamfer from the front
end, respectively. Like the method described in Embodiment 6,




J— I

30 First, cutting is perfornmed while noving the workpi ece-rotating shaft
61 in the direction of the grinding wheel spindle 65 (t% +X d|r %l on
the drawing), and thus core-drilling (i.e., boring) is the
wor kpi ece-rotating shaft is noved further in the sane dlrectlon unt|I the
t hi ckness direction of the nolded glass substrate 41 and the chanfer 67 of
35 the nmounted wheel are |ocated at a predeterm ned position. In this
condition, cutting is performed while magi ng the workpi ece-rotating shaft
61 in the -Y direction of FIG 6 by 0.9 mm and thus chanfering is 16

Sept enber 2003 12 conpleted. It was confirned that the nol ded gl ass
substrate thus processed had a desired inner di ameter of 7 mm and that
the desired a nt..of chanferi ng wa \Mor e ver t he end
face of the ?Or‘l(ﬁg s gt %U%F*ét‘&ﬁtéb'%&tﬁ ﬁh% thg‘éwa aasmseésu%eper e pPocessed
can be 5 mirr#&cceisiiedhagdithus preamigring\gif flee Wﬁlﬂ?érgl&sst%’@swﬁ%bl ¥ce-rotating
shaft and thengsiefdi nThakashcspugthessaifehs epdrat of the meeach ot her, and a

buffing wheel. 7 sol ution of
ceric oxide, élmﬁtém%p%rﬁhgssg ??SSZ%IISSSI %qug‘?e%&qa%;pm%dﬁp&gﬁndl e 65 and
rotated at sBmYgHimemhxin tepasgbrdegr grase %rﬁb%ltt)’ ‘atidoveveroiea magnetic di sk
10 descri bed pft)cEsrmogiumrrteqﬂlred td foempt esent-finivhed siofceem beslohtaieded. A
grindi ng wheef,38k4 mrror-finishing the end face of the inner

ci rcunference may glﬁg%fb nt from.the grl ndi ng \Ahegmgl ndl e gz for
core-drilling and 1= P‘ﬁt‘ﬁ“e“é?r‘l“’dﬂﬁs & BTICES s “FHE PRREEPDAC as t hat

of the gri ndirgesshibelinsgi ot fésnendf 4 pomrebpilishpdigldsseubstirate fohe 15

Wﬁr k'PIh ece¥6 ot ﬁ«ta R6tiS bRkt in ﬁmestt PEite rﬁoletdtgth%s eﬁeeeme 41rk]}/1%ﬂﬁééar"incan perform
a e steps core-dri er.in ini s

successi vel y E BRdIRTHS %t énﬁ?@e%@glﬁé%n gﬁ%g’t%f)gt[%e%%r%aﬁ]l B¢ %PrPéée% ®esul ting
ina reducti othlﬁ nﬂtbhélmﬁmbeﬂlsoothlsté dinpent Eah e HEn B PESO@ﬁ@mﬁtS’t@ﬁtCéd wheel
68 in Embodi ”ﬁ)lﬂtthénidwédlgi@% dRtaes ﬁ;r@rmblgn&ﬁ: dislbehdtakehaddaitagsof hat are

fo.r msd as an *nt ef‘gtrgctemgtn}?s ﬁ%ﬂe QéQﬁ 1 ”?eﬁé%tmhuﬁ Rtb%dﬁx?erﬁg glvtjodie a

gri ndi ng whee can_ per processing tunctions with
.one devi ct tBathedimentfiici ng the nunber of steps- 25 Enbodi ment 7
In this embodiment, the molded glass substrate 41 produced in

Embodiments 2 and 3 is fire-polished at temperatures of about 800 °C or
more by applying oxygen/hydrogen flame to the internal processing surface
for a few seconds, instead of the mirror-finishing with a buffing wheel in
20 Embodiment 6. As a result, the improvement in mirror surface property
~ can be confirmed, though the shape after chamfering is deformed slightly
due to bubbles generated on the surface. Optimization of heating
temperature, time, or the like can improve the surface property. Here, a
holder of metal is used for holding the molded glass substrate.
25  Embodiment 10
As described specifically in Embodiment 2, each of the principal

surfaces of the molded glass substrate 41 has unusual projections caused by
minute pinholes on the molding die surface. The possibility of the above
problems in processing a molding die and in material cannot be ignored, no
30 matter how optimally the mirror surface property is improved. In view of
this, the principal surfaces are polished with polyurethane foam containing
a turbid solution of 2 wt% ceric oxide after processing in Embodiment 6.
Thus, the unusual projections can be removed without decreasing accuracy
of the molded glass substrate 41. This process is called mechanical
35 polishing.
Embodiment 10 of the present invention can provide a method for
manufacturing a molded glass substrate for a magnetic disk that includes



An alternate enbodinent to the nounted wheel 68 in Enbodinent 5 wll be
described with reference to FIG 8. FIG 8 shows a nnug% wheel 8lused in

Enbodi ment 8 of the present invention. The nounted whe tm“m%lggés a
core drill 82 at the front end and a plurality of chanfers 83 at the 30
rear end, the core drill and the chanfers being forned as an integral
conponent. Each of the core drill and the chanfer has the sanme size as

t hose used in Enbodi rent 6. Di anond abrggive grains having a particle size
of #240 ("#" represents the nunber of neshes per 1 inch) are

el ectro-deposited on the core drill 82_ D anond abrasive grains having 35
different particle sizes of #240, #400 and #800 are el ectro-deposited on

the chanfers_ 8 or. the fj e th i.rd chanfer. fromthe
et e e lfipe prrt bRnima 1B rig foh Otaed Brhahiie 4 thipslAL ot LT O
Sept enber 20@8od&edon &nglyaditpmty Sear émﬁ@ﬁmﬂgthbﬁub%aﬁ todyaved t hird
chanfers are d%%%ﬁﬁﬁt[@ﬁpe%é@;% gg/ﬂ{eysub@ﬂdté s chidybe aivag!-khiowhe nol ded

o]

0255 USSR o GaA G QUpA R pni endface o

PSSt rlm'tothat
descrlbed5|n;BQENWNmf#BﬁﬁmS in ternms of nlrror surface property. However,
the processing tinme required to forma mrror-finished surface can be
shortened. Enbodi ment 8 This enbodi nent provides a processing device that
can be used to process the inner circunference of a general polished gl ass
substrate for a 10 magnetic disk, in addition to the nol ded gl ass
substrate 41 produced in Enbodinents 2 and 3. The description of Enbodi nent
5 can be applied to this enbodinent. Also, this enbodi nent can provide a
processi ng device for the nolded glass substrate for a magnetic disk that
t akes advantage of the characteristics of the present invention, including
Enbodi nents 4 to 7. 15 Enbodinent 9 In this enbodi nent, the nolded gl ass
substrate 41 produced in Enbodinents 2 and 3 is fire-polished at
tenperatures of about 800 C or nore by applying oxygen/ hydrogen flanme to
the internal processing surface for a few seconds, instead of the mrror-
finishing wwth a buffing wheel in 20 Enbodinent 6. As a result, the

i nprovenent in mrror surface property can be confirned, though the shape
after chanfering is deforned slightly :



due to bubbl es generated on the surface- Optim zation of heating

tenperature, tinme, or the like can inprove the surface
hol der of metal is used for holding the nol ded gl ass sdl@&ﬁ %X ngﬁ

Enbodi ment 10 As descri bed specifically in Enbodi mnent 2, each of the
principal surfaces of the nol ded glaég substrate 41 has unusual
projections caused by mnute pinholes on the nolding die surface. The
possibility of t he above problens in processing a nolding die and in

mat eri al &g be ignored, no 30 matter how optimally the mrror surface
property i'#fproved. In view of this, the principal surfaces are polished
w th pol yuret hane foamcontaining a turbid solution of 2 wt% eerie oxide
after processing in Enbodi nent 6. Thus, the unusual projections can be
renoved milhouAJd@dubdsﬁngbﬁumuﬁmeyn%mmﬁ¢&Bkmmhﬂédnglass substrate 41. This

process is called nechani cal %lsh Enbodi ment 1Q..of .t he resent
i nvention can %ng{,ia.ati é”WﬁB‘(H’a]ng b?&%&%ﬁﬁf‘? Wﬁ‘”ﬂ?ﬁs ?joélngg Abstrat e
for a magimahkbodioSant foddned thwl’(ﬁﬁg bérweeR bRIRR RS pldtedsiyy hohbesl Ng st eps:

form ng the nolded gl ass substrate 41 by pressure, as roduced in
Enbodi ments 3 ehaumr swifasecioming) theheppeuead fewer principa) surfacegondeein thshape:

rei nforci &?C H?J?fa%’gsatrﬁﬁlﬁﬁ{% ﬁge%r?agealahg by a well-known technique; and
r

pol i shi ng Re prrncip aceS”’to renove the unusual 5 projections

thereon 16 Sepireimer sdffdd jdiniak AhdMipped and\ 16wk @eingibals surfdebst thatianéror a
magnetic di gk corrprl Si ng: gqer and | ower principal surfaces, having a
smal | waviusiees dening a fuoughs léinaﬁ?{ﬁﬁlﬁ%ﬂﬂoﬁt@ﬁﬁbﬁt@ﬁ%d by mol di ng between

preci sion pl a“@;ﬁer@{n%@ ik30 sﬁ‘ﬁfg&g{ gpl;eﬁt ; tﬁ%ﬁﬁdlﬁg rdfié"%ﬁfdcgé 2 t‘P&s& quPper

and | ower principa rtaces outercsurface 18 & mol I'ng-free
face; andoxa;nthentq@er&mlbweemlmmulﬂgfad&e; upper and | ower principal surfaces,

the inner surf flnin athro hol e a centra tion qf the
substrate; \Ahe}”g?fﬁ“& EEOWFF& C?GF”F erﬁ‘i“‘(%’eflrﬂ{f%/o‘g?r St“ﬁr[@ ?Tﬁqu:{ gbé’ur faces
I s transcyg pRacterrMREP VSR WPRAEs aRkd; piver pri nci pal surfaces

wherein the thickness of the molded substrate and its associated tolerances are

determined by a barrel die size.

2. The molded glass substrate according to claim 1, wherein each of the principal

surfaces has an average surface roughness Ra of no greater than 0.5 nm.

3. The molded glass substrate according to claim 1 or 2, wherein each of the

principal surfaces has a maximum height Ry of no greater than 5.0 nm.

4. The molded glass substrate according to any one of the preceding claims,

wherein each of the principal surfaces has accuracy of no greater than 3 um in flatness.

5. 'The molded glass substrate according to any one of the preceding claims,

wherein the inner surface is ground and polished.

6. The molded glass substrate according to any one of the preceding claims,

wherein the inner surface is fire-polished.



wherein the outer dianmeter and tol erance of the outer surface are

determ ned by a predeterm ned volune of glass used; erein e
t hi ckness of the ol ded substrate and its associ ated tggégrcgtﬁ@ij r%‘(idé

determ ned by a barrel die size. 2. The nol ded gl ass substrate according to
claim1l1, wherein each of the princi paI16 surfaces has an average surface
roughness Ra of no greater than 0.5 run. 3. The nol ded gl ass substrate
accor di ng7t o cThé moldedrglids sutisaneiaoc@dinl tobny b offthé prc@dihg slaihgces has a
maxi num hei ght of no reater, than 5.0 nm 4. The nol ded gl ass substrate
accor di ng PO ResRE @nb?oekémrﬂ@ﬂ%ﬁélaﬁewr%éﬂmte&éﬁm t he
principal surfaces has accuracy of no greater than 3 min flatness. 5. The
nol ded gl ass substrate according to any one of the preceding clains,

wherei n t8e i nAanctbod fcammniuﬁachrmgmoglwsdulpmjatesﬂoed magnetichdiskrodrofgribing: as s

substrate accordin an n recedl a in the inner
surface is firl® Esoﬁogcﬁ% Kﬁlag @%‘Eﬁs é’ﬁ)é%mf fpaeﬂfgsarfﬁ?lghg’@ fass

subst r at ecaasisE HPait 6f ALY, eRFIEhRfind Eét@ﬁl@iﬁé& afdr3rdEe MhE%na at hi ckness
of 0.3 mMm tolﬁ(pd_n%E mgnland C?I amet el}é ?re ?lo &?r Ssmgﬁ A met ﬁod for

manuf act ubarrel dig fgr alisabls gidin tee dioy Whllen*épg:mrtg an @;@l@r@mﬁmﬁ?er@ thel e
|
Compr1 o1 rigea ineahi L8 pBRORH et BReribing S BE BredaRikecd no”

pl ane, anfleafackarrel die for slidably guiding the dies while formng an
outer circunference of the | ass material joined to both principal
surfaces corre&pbRgithypress-mpktled glass abstiateAngi ng free face; cooling the

| ded h- hol
Central por i o ol Ha ol e, e B e el U Prce — "

property sibstréte; nol di ng di e surfaces IS transcrl bed onto the upper and
| ower princi pal surfﬁces have a f{% VI ness_ WA of no . greater

t han about 0. 5VAfK e%om ‘EI%?(PE’G?H gé‘l‘erﬁ“éfa"?ﬁféfrépsr‘?r@’% press

Mol di NG 0§t 11 @por AR BYeRbrin G AATREISRS, wméyﬁmeyd Ha PwiASS WRbERS @1 tO the
i nsi de space of the nolding die; preheating and heating the glass materi al

by heat i ngreethethenabew Onphmli ng die; press-nolding the glass material into a
gl ass substrate in a tenperature range

9. The method according to claim 8, wherein the press molding of a glass material
comprises :

supplying a glass material to the inside space of the molding die;

preheating and heating the glass material by heating the entire molding die;

press-molding the glass material into a glass substrate in a temperature range
that allows the glass material to be molded by pressure; and

retrieving the glass substrate from the molding die after cooling.

10.  The method according to claim 9, wherein a batch system is employed to

perform heating and cooling of the entire molding die with one heating/cooling device.

11.  The method according to claim 9 to 10, wherein a continuous system is
employed to divide heating and cooling of the entire molding die into steps of
preheating, transforming, and cooling and to control temperature and pressure in each
step with a heating body and a pressurizing mechanism that are controlled at Ieast one

steady temperature.

12 The method according to any one of claims 9 to 11, wherein preheating,



that allows the glass material to be nol ded by pressure; and retrieving the
gl ass substrate fromthe nolding die after cooling. 10 t

according to claim9, wherein a batch systemis enpl oy%é-gf’%teglggr%?m
heating and cooling of the entire nol d| ng die with one heating/cooling
device. 11. The nmethod according to clldim9 to 10, wherein a continuous
systemis enployed to divide heating and cooling of the entire nolding die
i nt o st epkeatihg, aadebelaigd 4t peifoansiiio archagbedfilibdosith adipeapds.t 0 contr ol
tenperature and pressure in each step with a heating body and a

pressuri zing mechanismthat are controlled at | east one steady

tenperatu 1 il I 0 11, wherein
pr eheat i n{;je 6?[&%?@%%2 3%83?&%[}%1%%%%&%&90%oﬂeﬁglhgrﬂe&%zrﬁi ormed in a
chanber fhdltiad aniotifer aurfaceef thegdass stiktrafehandmet hmbm«:mﬁlﬂmgpmm:umhy one of
claims 8 to_.12,. wherein a hal der for . di n er surface of . the glass
SUbst 1 at SRECHSHS B G RE fhearpdet e e 4nte Sihe Seole! ptica Bt

form ng thgsfeédeker m ned through-hole in the central portion of the glass
substrate. 14. The nethod according to claim 13, wherein the hol der holds
the outer surface of the glass substrate, and boring, chanfering, and
mrror-fipjshi e end fac bor.e erf d sucee sively

W thout chingi b SeBlAertafing & Ga 15 G R s FolGRaRETRCREFRERR '35 The
met hod acefhelglags Substeatal amd bringbbRifeing, hPmirksiSfhiélong bf"ﬁhe lAd KR8 of a
chanfering, and mrror- f|n|sh|n of the end face of a bore is a dianond
nmount ed wpfEepre mﬁ%smewv(@brwwharwgamlwtazvlaﬁawﬁéiasmrt| on t hat
are separghed 50491 gach other and forned as an integral component. 16. The
met hod accor |ng 0 claim 15, wherein the di anond nounted wheel has a
plurality of chanfer portlons that differ. in particle size. 17. The net hod
accordi ng i 4, r reln the borin ering, and
mrror-fi smjﬁlge '}‘Pﬂé ‘g‘ngé%%la’é? %W@nértgoléﬁﬁ‘ﬂfoﬁéagg‘;% by applying a
cool ant  Hoin &) Wh@nfrsi ﬁﬂﬂmﬂg ofE%ha 34 dribol RENIRHOR MBhied YcciThE

met hod according to claim1 17, wherein the boring, chanfering,
and mi r rempfrismgshéorg-dodl ﬁohtearmndl a‘tdxamfcn‘pcmtlmﬂlet ze eepeattdfromctably a devi ce

i ncl udi ng wor.kpi ece- ratati shaft that rotates while holding the outer
ci rcunf er%tﬁ ]F’Pleéieag? a§§§te§‘i?gg?lp%?n§m a grinding wheel spindle that is

| ocated in parallel wth the workpiece-rotating shaft, and a sliding

portion that allows one of the vvorkgl)l ece-rotating shaft and the grinding
wheel spi Hdl e The method according to claim 15, wherein the diamond mounted wheel has a

plurality of chamfer portions that differ in particle size.

17. The method according to claim 14, 15 or 16, wherein the boring, chamfering,
and mirror-finishing of the end face of a bore are each performed by applying a coolant

for cooling a grinding whee! and the glass substrate.

18. The method according to claim 14, 15, 16 or 17, wherein the boring, chamfering, and
mirror-finishing of the end face of a bore are performed by a device including a workpiece-
rotating shaft that rotates while holding the outer circumference of the glass substrate, a
grinding wheel spindle that is located in parallel with the workpiece-rotating shaft, and a
sliding portion that allows one of the workpiece-rotating shaft and the grinding wheel spindle

to move in an axial direction and in a direction perpendicular to the axial direction.

19.  The method according to any one of claims 8 to 18, wherein unusual
projections are removed by polishing the glass substrate after press-molding with ceric

oxide dispersing liquid.



to nove in an axial direction and in a direction perpendicular to the axial

direction. 19. The nethod according to any one of clai 0,18 erein
unusual projections are renoved by polishing the glasggéﬁﬁg?ﬁﬁ?goﬁgter

press-nolding with ceric oxide dispersing |iquid. ABSTRACT MOLDED GLASS
SUBSTRATE FOR MAGNETI C DI SK AND METHOD FOR MANUFACTURI NG THE SAME A

nol ded gl ass substrate for a magnetic disk is manufactured in the

foll owi ng manner: press-nolding a heatedgglass material in the inside space
of a nolding die including a pair of dies, each having a predeterm ned
processing plane, and a barrel die for slidably guiding the dies while
formng the outer circunference of the glass material joined to both

princi pal surfaces correspondi ng to‘A§$Tﬁ% as a nolding-free face (13);
cooling the press-nol ded gl ass substrate %?3; and form ng a predeterm ned

t hrough-hole (14) in the central portion of the glass substrate (11). This
met hod enabl es manMODIDED iCHAIH SUBYERATE FORe NeAGQNEFRCALSK4DE ri al wast e,

such as glass pover, alfaeigd FaRdMINVYPRCTUARING CHESARASESI bl e. [ Sel ect ed
figure] FIG 1
5

A molded glass substrate for a magnetic disk is manufactured in the
following manner: press-molding a heated glass material in the inside space
of a molding die including a pair of dies, each having a predetermined

10  processing plane, and a barrel die for slidably guiding the dies while
forming the outer circumference of the glass material joined to both
principal surfaces corresponding to the dies as a molding-free face (13}
cooling the press-molded glass substrate (11); and forming a predetermined
through-hole (14) in the central portion of the glass substrate (11). This

15 method enables manufacturing that prevents generation of industrial waste,
such as glass power, abrasive, and solvent, as much as possible.

[Selected figure] FIG. 1



