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 nethod for manufacturing the sanme. In magnetic disks, the
conflicting technol ogi cal problens of high capacity and | ow cost have been
addressed recently- To provide desired fl atness and snoot hness, a
conventional disk, which uses alumnumas a 10 base material, requires nany
conpl i cated manufacturing processes by machining based on the nethods of
grinding and polishing. On the other hand, glass substrates with excellent
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this nmethod can shorten eating ti,ne .remar acks in
precise tr ansH,IPFe&F’in@n 'ﬁ‘r‘?ofssggaﬁrpoaﬁ‘f Rt R ASTE R, S%weéﬁg uérﬁedsggéttfg &Vgg t he need

for anneal i nghe Fste Basdrnvironmeniadly| Is-"e’éﬁgabl@{ I 8 g Q?F Yhskratg for a
tenperature ofabRRidHide s iaBskpbAtB@ 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



eccentricity of thickness cause |arge contraction of the nolded gl ass, so
that 16 Septenber 2003 2 |large thermal distortion is nmaintained. Therefore,
it is advisable to use the conbined techniques of the T18rSapiesnkas 2888 di ng
and machining nmethods to utilize their nerits. However, when a gl ass
substrate i s manufactured by conventional 5 machining based on the net hods
of grinding and polishing as a nolded glass substrate for a magnetic di sk,
gl ass powder as well as industrial wasté&, such as abrasive and sol vent,
are generated during processing, as described above. The gl ass substrate
as a nol ded substrate for a magnetic disk requires many steps and is
expensi ve. Since the glass substrate is a brittle 10 material, fine glass
i s scatt ered lirgerththealplisoesses paimtaiond. resulting in low reliability of
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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



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 September 2003 3 for Eneentenbea0B
protection by reducing industrial waste as much as possible with a

conbi nati on of a nol ding process and an exi sting machi ning process. Al so,
the present invention allows the outer circunference to be forned as a
nol di ng-free face, so that the surface ﬁroperty equivalent to 5 that of a
pol i shed surface can be provided. This nmakes it possible to suppress the
generation of dust fromthe glass itself and elimnate the need for
chanfering. Mdreover, using a grinding wheel and processing nethod of the
present |nveﬁbrémwmdndmnuﬂmgo&anonéﬂueéu@hg1mbnmaa1Uﬁﬂ@w@pguG¥@%ult|ng in
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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



Enbodi nent 7 of the present invention. FIG 9 is a cross-sectional view
showi ng the device in the preheating, 35 transform ng, and cooling steps
of a press-nolding nmethod in Enbodi ment 3 of the preséﬁtsepmﬁize that is
pl aced 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
circunference is forned as a nolding-free face. The judgnent about whether
the surface is a nolding-free face can be made by observing it with a
scanni ng el ectron mcroscope (SEM or the like. In the case of a polished
surface, fine marks made by polishing are left. On the other hand, the 5
mol di ng-free face has a smooth surface. It is_preferaple that thtg princi pal
surface has & ancenderensuistfavmed ppagrridwe free fBeenol B Bdesenf ARAY ).5 nm a
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use. In a manufacturing .tetho t he present..inv. A, il erabl e
20 that tife r?iaé‘s}ggﬁ%ﬂt(ﬁ% eRp: 8G aéssascrr?gﬁ‘eer‘?egllf ijﬂﬁl’ctﬁgg}é%% (Iiﬁlgkfr %’ﬁtéoyvm&ng:
suppl ying algkhspestaterial to the inside space of the nolding die;
preheating and heaf isigefehslekResthonhed airfhy ihgauindguidyelieshed.re nol di ng
die; press-mol dingy e, oLass, T Sl lulabeidnalatsnsubsibnl thd frihe
t enperature range M&Fp al fows e 991 ass mter| to be nol.ded boy ressure;
and retri evi dgireipeligh‘aseapsthe applicaiien ‘?fr‘B‘ﬁhg?‘Pf@Y&’iﬂgB? o e “A¥T B 08'%0| i ng.
Two syst g Gam femuseniied efigakithoutardnasol i ng the entire nolding die: a
batch systemand a e Qi RUUS (RS BIad\RpRALEL Y Ok AR 0B e

process with one heatin in evi ce. e continuous syst.em di vides the
process into }-Aanmyapka g’fa“}ﬁt%‘éfg%qﬁ&mtt? BREMBMY ng'® BB &0 vg and 30
control s the fcquperanyietaadisfir 2 sagnetic diskdolpractéglwseh a heating body and
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



a pressurizing nmechanismthat are controlled at |east one steady
tenperature. It is preferable that a holder for hol di n ﬁc$]e out er_'surface
of the glass substrate and not in contact with the pri gMReA088es i s
used in 35 form ng the predeterm ned through-hole in the central portion of
the glass substrate. It is preferable that the hol der holds the outer
surface of the glass 16 Septenber 2003 5 substrate, and that boring,
chanfering, and nmirror- finishing of the end face of a bore are perforned -
successively w thout changing the position at which the glass substrate is
held. It is preferable that a tool used for the boring, chanfering, and 5
mrror- finishing of the end face of a bore is a dianond nounted wheel
including a %Qb@ndﬁei hhd pldtticoihgasithafeeighed nfoftifonsiihabf dreersldper at ed

from each ot h b%n(g a{,a]xgeqﬁ)q 3 s%@cesﬁbggr@lth&%mgﬁgﬁ#% thb pbétiBﬁ%ﬂct%lﬁgﬂ e that
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m rror-finishing oftistpheferibde flete bl %eﬂdoet}wla)lmhhmfefrmudby appl! yi ng

a cool ant gf or ﬁ?&lﬁmghﬁgog%w@ﬁmc%@%o?@ﬂ t&lﬁm&h@%ﬁmﬁﬂ@&%@éﬁ It is
preferablethat mrror-~finishin t he end

orli eri.ng
face of a borgcl &b@%?"%%ﬁ’é’d"%@oﬁ “c@"ﬁ%h?oft??@l hgsargseps a2l 1duf
wor kpi ece- r oteath nthesrafdtforraedyas adimgewl eeinpepémdl e, and a sliding portion:

t he wor kpi ece- r Ot ag{ 1@q)r§ﬂa?efbtle Eidtahe didhbhemhahtinghédigaeutardity oanf er ence
of the gl ass trat splndle is located in parallel

with the wo %lép?rgltogf qugﬁ%ﬂm%a\ggﬁet%e sliding ({)Ol’tl on aI | ows_ one of
the wor kfglece -r ot &tismgefsraivle thaidhe herigei ehampigringeanrd sprrayfiBisieng®le in t he
axial 20 di rtﬁéteharfawmbbré bee giohgiri@mepdynanliiaylaabolaat tdreoabih@b

di rection. II t?rlé ™ fh%%f‘%ﬂcﬁﬁegg%sso{]u%@ﬁ%é ng, heating, and cooling are

performed

an inert fgas to reven@H teri rat|on
of the gl ass matellﬁ wipreferalle thatdpe baping, ¢hagpie u i Sﬁ’b‘h%
renmoved by pahkshidifgee & lidre agt padorsushy atleviaé tlmt ipriegss avl di ng wi t h ceric
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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



the principal surface in the present invention. 30 (1) Average surface
roughness Ra: the principal surface is neasured at four |ocations within
10 n2 using an atomic force microscope (AFM. Then, tHABSeptamhes2893the
surface roughness thus neasured is calculated (2) Small waviness Wa: the
principal surface is neasured at four |ocations within 1 nm® using an
interferonmeter. Then, the average of the 35 small waviness thus neasured
is calculated (3) Maxi mum hei ght Ry: t hé princi pal surface is nmeasured at
four locations within 10 n2 using an atom c force mcroscope (AFM. Then,
the 1 6 Septenber 2003 6 average of the maxi mum hei ght thus nmeasured is
calculated. (4) Flatness: the entire surface is evaluated using an

i nterferonet everagemifolcd meaRimdm Heldgitrihfit ercasaredol deldulgtess substrate for a
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produci ng t hé& | ass substrate will be described with reference to
FIGS- 2, 3, 4, andHBﬁmhdterSﬁZmdﬁ@. glhsshdwtrage frsladodgegtasdiskgbstrate 11 for
ileagngtl § digskpodiRiehn¢lopgie e@édtrlﬁb&?ellorﬁﬂﬂf BE@SscliBed arlfﬂ)!le(ﬂér}@gwc tee fa(t:)et o
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si des of theri:gﬁb&t AT BTy ™ Cg‘?é‘ |a§1él (éessgmﬁoql%t’%ﬁés FRE uc? e I%‘rggg face 13
is the outer glamsfsabetrpis wélcbetd)‘-‘sctlh F)’Pﬁhn@ifq?ancestarﬁlé‘@eg 3a‘h(§m1%lh%‘5*f—°nner
surface 14 igd.ormed by precise machining. . 15 The precisely processed

surfaces of a ol ?TEF@ Pll?c*wasraem}oﬁ ralsg?%s sﬁlq)stxja@é ilhfolt” l[?{?g%t% &1QE princi pal

surfaces 12. The rocessed
sur f aces 16f an@ydmgmrﬁgnmﬁhsarﬁqges Y agtéﬁ’élﬁ%a re‘e F?ée ]1 nfed aahﬂnﬁflﬁ"é ace
ci rcunf er encest: élie prifEighlehirfaced X agd ﬁas&leélmhéiotlaszdeaobthe@ubsml'dteabw

chant er ed, a}%&&eapeﬁg%xm aw @1@1 142 a&e'm@% &Reﬁ§u1tf9ce2]g1rférd0c¥5' de a

desired surfdace ro ness, a ra e t NI ck es he ot her hand, the
nol ded gl ass t§91§’§’c‘1}° S‘irfa‘feé’ra fgur ?ﬁe li’j‘fﬂ’éeﬁfs 1 of the
present i nvenhadrinigppr esses t he di scharge of |ndustr| al waste, such as

abrasi ve j@nd gri ndippg L4 ess@& sﬂ}ﬁbesaeﬁ'a rﬁ@lﬁﬁléﬂh@ ar@\k:ﬁanscﬂlbecBUppr esses
the generatig gﬂfﬁ St ¥ tﬁel,g P Ca se 4 he,am xgdtng free
face 13 is i ﬁn’ctﬁ ?Drt8|t ‘?Pﬂf‘%‘ﬁ%ﬂsqsr? h ]iﬁ%ﬁl ifner suftace is
machi ned i n aootmlledby thabrocessad surfaprs af deesofuring linglda% 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




a processing nethod, which will be described |ater, can prevent danmage to
the principal surfaces 12, reduce the nunber of steps, d achieve -
processi ng that suppresses industrial waste as nuch as1§ %W%?Zggﬁpared
30 with a conventional processing nethod. Hereinafter, the nolded gl ass
substrate for a magnetic disk of Enbodinent 1 of the present invention and
ot her Enbodi nents 2 to 10 for producing the substrate will be descri bed.
Enbodi nent 2 35 The schematic configuraflions of a nolding die and a nol di ng
apparatus will be described with reference to FIGS- 2, 3, and 4. In FIG 2,
a nol ding block 21 includes an upper die 22, a |lower die 16 Septenber 2003
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contact, and ddagsdutedonsast fdttetinf barhd digRdsmditvertrasforgoitoymeldhas a
mol ding-free élggsematenal 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



25 FIG 4 shows a disk-shaped nol ded gl ass substrate 41 produced by the
preci se press-nol di ng nethod descri bed above. The nol ded glass substrate
41 has principal surfaces 12 on which a nmagnetic nedi udfiSertentieng93 and a
nmol di ng-free face 13, which is the outer surface. The mrror surface
property of the nolding die used is transcribed faithfully onto the 30
princi pal surfaces, and the outer surface is a nolding-free face in the
mrror-finished state. In addition, the8uter dianeter satisfies a desired
di rensi onal tolerance by selecting a predeterm ned vol une of the gl ass
material. The thickness of the nol ded gl ass substrate 41 also satisfies a
desired di nension and tol erance by adjusting the barrel die size precisely.
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Then, the powsrapglied f’ﬁ’ethlﬁ‘-éa’tpéF P%tl?%P]‘i’é‘él BfP th%l gegi %frfgfa Pér%f%ﬁﬁ‘g bl ock
i s cool eckovhi 8 eo 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




mai ntai ning the pressure. After being cooled sufficiently, the nolding

bl ock is disassenbled to provide the nol ded gl ass substrate 41 shown in
FIG 4. 25 The measurenment with a micrometer confirned ©riPtemeer#8P8ed

gl ass substrate had a desired outer dianmeter of 27.4 nmm and a desired
substrate thickness of 0.38 mm Also, the evaluation of flatness on both
transcribed surfaces wth a Fizeau interferoneter confirnmed that one
surface was a concave surface of 2 mcroneters and the other was a convex
surface of 1 30 mcroneter. The Ra and Ry were eval uated using an atonmc
force mcroscope (AFM. As a result, the Ra was the sane as an average
surface roughness of the nolding die surface, but the Ry indicated
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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



in a chanber filled with an inert gas, e.g., N2 gas. The pressurizing
mechani smincludes a device achi eved by general techniques, such_as an air
cylinder or hydraulic cylinder. The above two nethods AP &eptsstierreds o
produce the nol ded gl ass 25 substrate 41 shown in FIG 4. Enbodi nent 2 can
be applied to nolding for relatively small anount of production, and
Enbodi nent 3 can be applied to nolding for |arge anobunt of production. The
detail ed description is given by referrigg to FIGS. 5A to 5C. FIGS. 5A to
5C show the steps of preheating, transform-ng, and cooling 30 successively.
The nolding block 21 in FIG 5A is the sane as that in FIG 2. 1In the
preheating step, the entire nolding block 21 is heated between the upper
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preheating st 'Eb? lath i theshapbes is the preheating step, the center is 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



transform ng step, and the right is the cooling step. The N2 gas is
supplied 20 to the chanber 91 through an inlet 92 and rel eased from an
outlet 93 to the outside- This configuration can prevdftSegianReri28e3 and
deterioration of the glass material and achieve a stable nol ding.

Enbodi ment 4 Using the nol ded gl ass substrate 41 produced according to 25
Enbodi nents 2 and 3, a process of formng a central hole by holding the
outer surface of the nol ded gl ass substrnate will be described nore
specifically with reference to FIG 6. FIG 6 shows a three-part split
collet type, where a workpiece holder 62 is attached to a
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a coolant dutt g R oS cal grinder, 458 adlie R HRiTa e 2% bAlnEpH8sdpe above
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
' wdrkpiece'rofating 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



requirenents, e.g., the internal grinding function of a comrercially
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i nner di anet egrrirgfin%/bw'mbl 1L B mih6r- Beshigtthedi@UBte 6fthe hawdrer i ng was
achi eved as well.

reover,, t end.facg of .the | Gl rence of the
mol-ded gl ass CSTBEYPLGRES W@@s@éﬁreggﬁmgb _%‘?#}Sgﬁt}%gfgs%gglei%ér@;oﬁe f ol | owi ng
manner.' t he onorRpiliuandehamisyinghad longsg it havthersams hgctieas t_iddi e are
separ at ed fr o @adi0t Wakel spiiia 6buhtilo@ted\iepdralldl ehttvhei n FIG 7 is
i npr egnat %d Wi t aecte_%t@l%itgl s%la&ti on of ceric oxide, which then is attached
.to the gr]1 ndivﬁ%r eel " spi Fdi'é"65 and rotated. at 80 [pm T&qﬁs, t he. nol ded
gl ass substrate 11Emgrodzmenighefthe Ri?ﬁ@tiﬁved’ég’@r‘iaﬁé{frfoﬁm% °f of the
present i nvenbir®drillang, bRawbiraig)edd riirrgriinishing subesbivelyihydicddihgrthe '

mrror- i SNy AN S LAGE O oD BnldIBuIGL S HIHEEARGSTRY rigdif fer ent

fromthe grindlng spl n core-drilling and chanfering, as
long as it haf st9Rs- sane function as that of the gri ndi ng wheel spindle 65
and | ocataed immlﬂdml(; with the

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,




15 wor kpi ece-rotating shaft. Enbodinent 6 of the present invention can
performall the steps of core-drilling, chanfering, a i rror-finishing
successively by holding the nolded glass substrate 41n|%r#negpt‘?mlﬁ%',2opésul ting
in a reduction in the nunber of steps. 20 Enbodi nent 6 The nounted wheel
68 in Enbodinent 5 includes the core drill 66 and the chanfer 67 that are
formed as an integral conponent. This nmakes it possible to provide a
grindi ng wheel that can performtwo diffigrent processing functions with
one devi ce, thereby reducing the nunber of steps- 25 Enbodinment 7 An
alternate enbodi ment to the nmounted wheel 68 in Enbodinent 5 wll be
described with reference to FIG 8. FIG 8 shows a nounted wheel 8lused in
Enbodi ment 8 of the,.present ipvention. Th unt ed eel 81 .includes a
core dritl gz s FRRThah RO e R AT e et B RE® 5
rear end, thesweeEivdly landahds eireniehagiodthe pelded dosrnabstratafl int egr al
Cﬁrrponenta Eagdinsibtddhe Thokarfded tdughnekstdiehe badrfee ofialse idhersame si zeI as

t hose used in j ive araj I f .particle size
of 3240 (ng FEAOALIRE s o ARRRS ARAAR sl Ab Bla ARG find

el ect r o- dépostpdgdupentnpindsras gf mirrogsuripsepigher tabrdev ey ns having 35
di fferent parpioctsisd dae refurdd fofd00miandi#B06d anefaed ent bosltepo=idt ed on
the chanferspd3 fifhedt® first, the second, and the third chanfer fromthe
front end, respecdg;/iely i ke the 'HEt hod described j.n Enbodi msnﬁi 6, 16
Sept enber 2003 13 Car®etPPimeny ProddesmRTrIRE 85 IEhRAticRE LS K9 1 d
chanfers are percésrirednnsuicesdencaty of apendralpolshadigtass sgbeffratefer Aol ded

tglhaS_s subgg raﬁa%gﬁ[fétié &isk?ﬁ{ﬁﬂcﬁ@i&dto Eﬂéemglﬁéﬁ%%_s @ﬁngm@sa Iﬁfod{l&?l i%{ld Iace of
e | nnher Cl LC er enc ocessed..l S | | eril,or . a
described in g’%ﬁﬂ&ﬂ?%@%ar@?npﬁ&r cHpuRg Pf%?l%géﬁ%erg B o}f)?e?lqu?e_ Swever ,
the processi thys emedmespdi r Adbot this embedinanticon provifs hadoegpingcleviean be

shor L ened. . EmpeHé Mefﬁglggﬂ subRtes forenhapiald diss tl@atﬂfa@@ﬁé@d’d}ga?@w CS t Ihat
can e use 1 o S LL.nhe Jd.nner | 3 n e gl ass
Cohstrat ot or the ABSEERBAC RO Brothl SELALE 168AInLEABRL R n A, o

.substrat el®1 Brdwdisent$h Enbodi ments 2 and 3. The description of Embodi nent
5 can be applied tdn thi¥ emesdindhtiehé moMabglathivbserdodil peantucedin pr ovi de a

processing deﬁhﬁa%diments 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



for the nolded gl ass substrate for a magnetic disk that takes advantage of
the characteristics of the present invention, includinﬂ Eggodinents 4 to 7.
15 Enbodiment 9 In this enbodi ment, the nol ded gl ass sUBSEPEEZ0B3 oduced
in Enbodinments 2 and 3 is fire-polished at tenperatures of about 800 C or
nore by appl yi ng oxygen/ hydrogen flanme to the internal processing surface
for a few seconds, instead of the mrror- finishing with a buffing wheel in
20 Enbodinment 6. As a result, the inproygnent 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 property. Here, a

hol der of netal .is used for. hol di t ded gl ass bstrate

Enbodi ment | 160AKRSEEE Pisad fgﬁﬁmgft?‘gﬂ?qgeﬁ{aéﬁﬁ‘é thaeﬁtﬁg’,y B&e “‘87%5 he
principal syrbdeed infnlweinehdedan] dsrrosessiter the substrafestohiys dal

pr oj eot : ons Qfﬁﬁ?ﬁgutbéglap@j ﬁm@%@@m! Sfbs0atd feeiohlly By adie!-Browac e The
possibility aq e above ..pr.o s N proc | and in

nat eri al canﬁ@ﬂ“ﬂgu?éﬁ%#?&gnﬁgtgﬁpﬁﬂf¥€;8%%§§%ggf%%??§ﬁkﬁ%u%?%}or surface
property bs inrpreolrens thepeopi ew 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
removed wit hout decreasing accuracy of the nolded glass substrate 41. This
process is called nechanical 35 polishing. Enbodi nent 10 of the present

i nvention can provide a nethod for manufacturing a nol ded gl ass substrate
for a magnetic disk that includes 16 Septenber 2003 14 the foll owi ng steps:
form ng the nol ded gl ass substrate 41 by pressure, as produced in

Enbodi ments 3 and 4; processing the substrate to have a doughnut shape;
reinforcing the substrate chemcally by a well-known technique; and
polishing the principal surfaces to renove the unusual 5 projections

t hereon 16 Septenber 2003 15 CLAIMS : 1. A nolded glass substrate for a
magneti c di sk conprising: upper and | ower principal surfaces, having a
smal |l wavi ness WA of no greater



t han about 0. 5nm fornmed by nol di ng between precision planar processing
menbers; an outer surface joining the upper and IomerlgrE ci§al(§ﬁrfaces,
wherein the outer surface is a nolding-free face; and § PRRer % face
joining the upper and | ower principal surfaces, the inner surface defining
a through-hole in a central portion ofl3%t he substrate; wherein the mirror
surface property of the nolding die surfaces is transcribed onto the upper
and |l ower principal surfaces; wherein the outer dianmeter and tol erance of

t he outer face are determned by a predeterm ned volune of glass used,
and mherepigﬁwgzthickness of the nol ded substrate and its associ ated

tol erances are determned by a barrel die size. 2. The nol ded gl ass
substrate according to claim1l, wherein each of the principal surfaces has
an aver agé surAavddedgigfrrabsraRaforf magngiiediskcompasing. 5 run. 3. The nol ded

gl ass substrate according to claim1 or 2 wherein each . of the rincipal
surfaces has auwglFﬂ{lfﬁvﬁ%ip&t‘?{;m?{&@%%E’QYIB%?eSFn@h‘ﬁ?\w%ﬁ’% ‘ﬁ?n(’%li‘.o gf%éerrrpl ded
gl ass subgihh absut ASHR FHred b nRMin® B&weEn ?ﬁ:@isﬂfnﬁﬁﬂﬂﬁ BEbcessitigMembiyaer ei n each
of the principal surfaces has accuracy of no greater than 3 min Tl atness.
5. The rol ded ¥} a8isr subaceriaining theounticn gnd doweryprinsipab fsutfiesprbewsii g cl ai s,
wher ei n t&?tex' Ee ﬁ%{rﬁ&ﬁ%@'—ﬁeeqfa&%ﬂﬁ%and polished. 6. The nol ded gl ass

substrate according to any one 0 e preceding clains, wherein the inner

surface is firer paler shefdce jdiningphendpper 2003odbr Prindibel smtades] Wk aaser
substrate agcording to any one_of the preceding clains, having a thickness
of 0.3 mmiwrtce definihg aHuouehihelpin @ pensmal portion pffhesubgiratsm 8. A met hod for

manuf act uring gngk@she RS S@bfe! 6pe@ty%&ﬂ€&ﬁcﬁdiﬁ%%‘fe SOERES @' tMhscribed .
press-nol ding a heated glass naterial “in an inside space of a nnfé%ng die
conpr i si nonta theanppendnddioess préssodfal kafacesy a predet er mi ned pl anar processi ng

pl ane, and a bgrrel di e fg.r s| i dabl %lili difng t he cllliates Wnidﬁe form.ng an
outer ci rcunf eMBER the otitgdiagieies andiglerince ofjths pugr Usfage pl dsfarmiEiegdy
surfaces gpfHesRRIAEN D8lutR drivkisdlhfa; ax1 @ mol ding free face; cooling the
press-nol ded gl ass substrate; and fornmng a predeterm ned through-hole in a
central porti owherintthe thitkness okt sngldedsubaiate and its resosiatadotolesancenars
property of the | di n ie.surfaces is transcribed onto the upper and

| ower pri%%?B%nggr?é%gégkﬁ%?%h have a smal| waviness Wa of no greater

t han about 0.5 nm .

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.



9. The nethod according to claim8, wherein the press nolding of a glass
material conprises : supplying a glass material to th%i nsi de s e of the
nmol di ng die; preheating and heating the glass materi al t?ﬁp'ﬁ;'at t he
entire nolding die; press-nolding the glass material into a gl ass
substrate in a tenperature range that 1811 ows t he gl ass material to be

nol ded by pressure; and retrieving the glass substrate fromthe nolding die
af ter cooVi ng. Th®molded ghast bhuidtraeaocading td angbis ofithe pmwbatigg tlaindat ch system
is enployed.to rform heating, and cogling of the entire nolding die with
one. heat 1 FgiRbB KRRtk Cbmm 11 Fgn gt b o s gnndo 8 &4mmo o 10,
wherein a continuous systemis enployed to divide heating and cool ing of
the entire nolding die into steps of preheating, transform ng, and cooling
and to cobt r ol Atreethed formanufactirmgessasssubstrateafoha stagpetia dikk ecorh@métingrg body
and a pressurizin hanismthat are.controlled at |east, .one. steady

t emper at ure. 1I§r.esgﬂ18nla %h%at%ft@ﬁsdpﬁarleﬁdn %VISHﬁéI’B“fe HEdneldrg 4ie 11, wherein
pr eheat i ngomprbsimeRpANbLdics @ch Habil}eapicAGternBned SlaRA I R6eALiRg PRAL QAR i N a
chanmber filled wth an inert gas. 13. The method according to any one of

cl ai ms 8 basrel die fphelidably gnidipp deer dieowhilhBiratingpnaguten sirsuméareticged thf t he gl ass
bst r at . i.n._cont i £:h i ncipal .. ' d i
DSttt coBOK Bl uER A6t UsBH DFBh ISR L 1 e

subst r at efred fhce;The nmet hod according to claim 13, wherein the hol der hol ds
the outer surfac of the glass substrate, and boring, chanfering, and

mirror-fini shi fRPISE tagresngoldsd glass substrggrandar e per f or med successi vel y

wi t hout changi pg.a, ey : LGh - : i.S. held. 15. The
met hod accordi ng tﬁ%@%@@g&%@ﬂﬁ%ﬁ%@%@fﬁg@ Bf%‘g gLag%i ng,
chanf er i ngibstaamte; mi rror-fini shing of the end face of a bore is a dianond
nount ed wheel onprising a core-drill rtiqn, and a chanfer portion that
are separated Wﬁ%fgfﬂethsﬁl Bt HE C%H’Ef’pf”’a!ﬂg eé’é‘ﬁa’ﬁ‘giﬁf‘ﬁ%‘}%&?“é&r Ft. 16. The
met hod - aceb W \ppeParkd B} pRncipdl Shdhdds LIBcH hAONGnIPHAiRE WS 8 ndias a
plurality of chanfer portions that differ in particle size. 17. The nethod
accor di nggregterthan gbaut 0.58mor 16, wherein the boring, chanfering, and
mrror-finishing of the end face of a bore are each performed by applying a
coolant for cooling a grinding wheel and the gl ass substrate. 18. The
met hod ac®2or di e mt%wﬂarztmrtmg 16 clairg 8owhargin thi grass moldieg bha glass matesialf er i ng,
and m rrgd'n-léé)sg'ishi ng of the end face of a bore are perforned by a device
i ncludi ng a rkpi ece-

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

C

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,



rotating shaft that rotates while holding the outer circunference of the

gl ass substrate, a grinding wheel spindle that is |oc d.in lel with
t he workpi ece-rotating shaft, and a sliding portion tﬁéﬁe tf?lgg%ai(@ e of the

wor kpi ece-rotating shaft and the grinding wheel spindle to nove in an
axial direction and in a direction perdfendicular to the axial direction.
19. The nmethod according to any one of clains 8 to 18, wherein unusual

proj ect i olshtiag eantd e5olgard peffoineiih aghimberdlilfaisviguisineateas.af t er
press-nolding with ceric oxide dispersing liquid. ABSTRACT MOLDED GLASS
SUBSTRATE FOR MAGNETI C DI SK AND METHOD FOR MANUFACTURI NG THE SAME A

ol ded gl pBs SHOSHERLE Al ig E@&gﬁcﬁ]ﬂe%f%;lja% RS0 TANMESGh W Hofkier Rort NE
fol | ow ng manner: press-no an eate gFass material 1 n the inside space
of a nol dhoidindiae outer burthice @f theprass sobstaicemd red hedngack mithahpraediatr m ned

rocessin | ane, d.a harrel die for i dapl uiding the dies ile
Porer e tHeRean S s ok S St ehidi s (il Grrtionorbe

princi pal gigsrdiBapse corresponding to the dies as a nolding-free face (13);
cool i ng t%e press-nol ded gl ass substrate (11); and form ng a predeterm ned
t hrough-hole (14) in the central portion of the glass substrate (11). This

met hod engpl es nuf act ur i hat . vents. gener.at i,o | ndustrial waste,
such as grdss %%Fé]ogg?%%‘?@%fm glﬁ‘(lj&)i%w %?Iy%éegll%ﬁ%ﬁlogdﬁq%%g@fﬁbﬁué.acT Sel ect ed
figure] FéfGhe glass substrate, and boring, chamfering, and mirror-finishing of the end face of a

bore are performed successively without changing a position at which the glass

substrate is held.

15. The method according to claim 14, wherein a tool used for the boring,
chamfering, and mirror-finishing of the end face of a bore is a diamond mounted wheel
comprising a core-drill portion and a chamfer portion that are separated from each

other and formed as an integral component.

16.  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.





