1 DESCRI PTI ON METHOD OF MANUFACTURI NG GLASS SUBSTRATE FOR MAGNETI C DI SK,
METHOD OF MANUFACTURI NG MAGNETI C DI SK, AND POLI SHI NG APPARATUS OF GLASS
SUBSTRATE FOR MAGNETI C DI SK Technical Field [0001] The present invention
relates to a method of manufacturing a glass substrate for a nmagnetic disk,
by which an inner circunferential end face of a glass substrate is

pol i shed, a nmethod of nmanufacturing a magnetic disk, and a polishing

apparatus of the glass substrate f i c disk. Background Art [0002]
Recently, with sophistication of @'?%ﬁ#ﬂ??m. on technol ogy, information

recordi ng technol ogy, particularly magnetic recording technology is
significantly inproved. As a substrate for a magnetic recordi ng nmedi um such

as HDD qujgg”ar?kovpfmm FAT T nﬁﬁ/ JERS s‘fRﬁ"rEnP@ﬁqu NETRE BIOR, an

al um num has been w wever uction in size or

t hi ckness of %ﬂW?A@ﬂQRYNGWAGWI?ﬁEeDISKrmgrrdomiqlml ty,

demand for a ass suEstrate I's now I ncreased, the glass substrate being

high in sur f ace PptureRFUS O GUARS SUBSTRATEIFORMAGNE TG Diske al umi num
substrate. [0003] Mdreover, with increase in recording density in magnetic

recording technol ogy, a magnetl ¢ head is now changed froma thin film head
to a magnetoresistive head (MR head) or a giant nmagnetoresistive head (GWR
head), antkdhnidangidig@i ght of a magnetic head on a substrate is accordingly
reduced to 2 about 8 nm A magnetic head nounted with such a
nmagnet or esj0§0i e effect elenment sonetines induces a thermal asperity
trouble as a unique trouble of the
The present invention relates to a method of manufacturing a glass
substrate for a magnetic disk, by which an inner circumferential end face of a
glass substrate is polished, a method of manufacturing a magnetic disk, and a

polishing apparatus of the glass substrate for a magnetic disk.

Background Art
[0002]

Recently, with sophistication of informatization technology, information
recording technology, particularly magnetic recording technology is significantly
improved. As a substrate for a magnetic recording medium such as HDD (Hard

Q | Disk Drive) as one of media for such magnetic recording, an aluminum substrate
has been widely used. However, with reduction in size or thickness of a
magnetic disk, and with increase in recording density, demand for a glass
substrate is now increased, the glass substrate being high in surface flatness
and high in strength compared with the aluminum substrate.

[0003]

Moreover, with increase in recording density in magnetic recording
technology, 2 magnetic head is now changed from a thin film head to a
magnetoresistive head (MR head) or a giant magnetoresistive head (GMR head),

and flying height of a magnetic head on a substrate is accordingly reduced to



head. [0004] The thermal asperity trouble is a trouble where when a nmagnetic
head in flying in the air passes above a small convex or concave portion on
a magnetic disk surface, the magnetoresistive effect elenent is heated due
to adiabatic conpression of air or conbact with the small portion, causing
a read error. Therefore, for the nmagnetic head nmounted with the

magnet oresi stive effect elenent, a nagnetic disk surface is required to
have extrenmely high snmoothness and flatness. Mreover, when a magnetic

| ayer is faboutdB om.a Amagnedoheadaneuntad withusiseh amagnetoesistivedsiechnce bei ng
adhered, a convex portion is inconveniently forned, therefore the gl ass
substrat e elemesysiomatines duseg sl thermalaspedty teubleran ausiquerteoniiie efthehe dust
or the foreign substance. [0005] Furthernore, substrate size recently tends
to be redubeddin order to nount a | ar ge- capacity nmagnetic recordi ng nmedi um
on a nobile deyice.. Therefore, a 1.8-inch substrate, a 1-inch substrate, or
a further HB9¥l-size substrate is required rather than a 3.5-inch substrate
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(writing oklement, a magnetic disk surface is required to have extremely high smoothness
and flatness. Moreover, when a magnetic layer is formed on a glass substrate
with dust or a foreign substance being adhered, a convex portion is
inconveniently formed, therefore the glass substrate is required to be highly
cleaned for completely removing the dust or the foreign substance.
[0005]
Furthermore, substrate size recently tends to be reduced in order to
mount a large-capacity magnetic recording medium on a mobile device.
Therefore, a 1.8-inch substrate, a 1-inch substrate, or a further small-size
substrate is required rather than a 3.5-inch substrate or a 2.5-inch substrate in
the past. When a substrate is reduced in size in this way, an allowable
dimension error is also reduced, consequently more precise inner-diameter
processing is required.
[0006]
In addition to smoothness and flatness of the magnetic disk surface,
strict accuracy control is required for a dimension error in inner diameter of a
circular hole provided in a center of a magnetic disk. This is because a

dimension error of an inner circumferential end face of a magnetic disk has a

direct influence on setting accuracy when the magnetic disk is fittingly set on a



servo information into a nmagnetic disk) perfornmed before the magnetic disk
Is assenbled in a magnetic di sk device such as HDD, or a possibility of

i nducing bad fitting of the disk with a spindle in disk stacking. The inner
circunferential end face of a nmagnetic gdisk is small in surface area
conpared with a main surface, and when a rotational center of the nagnetic
disk is displaced due to the dinension error in inner dianeter, it is
difficult to dispose a head of HDD in a correct position on the HDD,
consequent | Spindieanaios oh DD .y Mecesvesda targe cépeosigoairoriooumr diametarer, si nce
magnetic disk is subjected to read/wite of data while rotating at high
speed, it ileadsieanessibiliyof mauginga mrchaaipaberer in stlecldpgrserve MRtneokn
during such high-speed rotation. Therefore, accuracy control of a dinension
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(0007}

Moreover, since magnetic disk is subjected to read/write of data while
rotating at high speed, it is necessary that data on the magnetic disk do not
move even during such high-speed rotation. Therefore, accuracy control of a
dimension error in inner diameter is particularly important for a substrate for a
magnetic disk.

[0008]

Furthermore, when attention is paid on data access for HDD, a servo
pattern to be an index for positioning is previously written into a magnetic disk
assembled in the HDD to accurately store/reproduce data of the magnetic disk.
Such writing of the servo pattern is carried out while the magnetic disk is fittingly
set on a device called servo writer. The magnetic disk written with the servo
pattern is temporarily separated from the servo writer, and fittingly set on the
spindle motor of HDD being a product.

[0009]

In the case that the dimension error in inner diameter of a magnetic disk

is large, when the magnetic disk is assembled in HDD, alignment between a

servo pattern and a position of a recording/reproducing head of HDD being a



positional relationship is disclosed, the techni que does not give a drastic
solution for suppressing the dinension error in inner dianeter. [0010]
Under such a situation, to avoid the thermal asperity trouble, it is
necessary to snoothen a surface of a magpetic disk, in addition, to snoothen
(mrror-finish) an end face of the magnetic di sk. Mreover, to prevent
novenment of a rotation axis when the magnetic disk is fitted with the
spindle notor, an inner circunferential end face of the magnetic disk needs
to be pr oqureduct iatdisordarest theratore ravardingdepeoduning of datadd stib nobnereeallyi que
of polishing the inner circunferential end face of the magnetic disk into
an end f aceperfrimesy av\lbéetaatieﬁhmlgugmgdms@ng|adiglémelﬂ§/fqrsmﬁ@ iNg@UCBI® ng brush
havi ng brush hair curled in neandering pattern (for exanple, see Patent
Docunent 1 Pqsitens! M@hongsamwsclqs@dathp teeliriaue does mohgive: a drastic sobtions 5652
Di scl osure of the Invention Problens that the Invention is to Solve [0012]
Mor eover, fTaF ﬁﬁ@?rﬂsﬁ@m&ﬁé’ﬁ'ﬁnﬁﬁnr%&fr'ﬂ|'W§frdié%'§‘ﬁf%f is recently required,

and further rovenent in inner diameter tolerance of a nagnetic disk is
accordlnglﬂopnahlred However, in a conflguratlon that a polishing brush or
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brush 42 ne rfred nner anet er
{ movement of a rotation axis when the magnetic disk is fitted with the spindle

motor, an inner circumferential end face of the magnetic disk needs to be
processed at high accuracy. Thus, disclosure is made on a technique of
polishing the inner circumferential end face of the magnetic disk into an end face
having a certain roughness or lower by using a polishing brush having brush hair
curled in a meandering pattern (for example, see Patent Document 1
(JP-A-2004-155652)).
[0011]

Patent document 1: JP-A-2004-155652

Disclosure of the Invention
Problems that the Invention is to Solve
[0012]

Moreover, further improvement in recording density is recently required,
and further improvement in inner diameter tolerance of a magnetic disk is
accordingly required. However, in a configuration that a polishing brush or a
polishing pad is used as a polishing material, there has been a limit in improving
processing accuracy.

[0013]

Fig. 1 shows a diagram for illustrating a first related art, which is an



gl ass substrate 20 in order to insert the brush into the inner dianeter of
the glass substrate 20. To polish the inner circunferential end face, the
polishing brush 42 is revolved on inner circunference of the glass
substrate 20 while rotating in a direction opposite to a rotation direction
of the glass substrate 20 as shown by an arrow in the figure. Furthernore,
the polishing brush 42 itself is swng at |ow speed in a direction of a
rotation axis of the polishing material (stroke notion) to polish the inner
ci r cunf er estplahatenddiageamahowing alpolishihgl step béapunreer cidiuenfeteattiabénd he
polishing brush 42 is smaller than the inner dianeter of the glass

subst r at e fa8e vilten pglolishingdorosiudB ist0séd agengolishing natersalt eOuter dinmetemer
circunferential end face of the glass substrate 20 at a plane 44 due to a

brush contfithemaiishingdfrushd2pweadstohe formed smalles thaminner Biayneter of a
Consequently, the glass substrate 20 is applied with a pressing force

bi ased i n giass dubsiatexd? incwdetto lnae,rt;ﬂm—:ahwslmntﬂtheh@n@roqilamtergofﬁgag*asqsz
[0014] In such a configuration using the polijshing brush 42, an outer
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substrate 20, the polishing brush 42 is generally contacted to the inner
circumferential end face of the glass substrate 20 at a plane 44 due to a brush
configuration of the polishing brush, as shown in Fig. 1. Consequently, the
glass substrate 20 is applied with' a pressing force biased in one direction toward
the plane 44 of the polishing brush 42.

[0014]

In such a configuration using the polishing brush 42, an outer
circumferential shape of the polishing brush 42 is unfixed, and when the
polishing brush 42 is contacted to the inner circumferential end face of the glass
substrate 20, the polishing brush 42 has certain elastic force caused by each
strand of hair of the brush, therefore tolerance of inner diameter is increased,
and the inner diameter is accordingly harder to be controlled. Particuiarly, in
the case of the glass substrate 20 used for a magnetic disk, a strong demand
exists for large-volume and low-cost production, and therefore increase in yield
is necessary. However, polishing using the polishing brush 42 has a limit in

control or management of inner diameter accuracy, resulting in extremely large

number of bad products due to fluctuation in the inner diameter.



configured by a polishing cloth,- is used in place of the polishing brush
42, and pressed to the inner circunferential end face for polishing. [0016]
Fig. 2 shows a diagramfor illustrating a second related art, which is an
expl anatory di agram showi ng a polishinggstep of an inner circunferential end
face when a polishing pad 50 is used as a polishing material. Quter dianeter
of the polishing pad 50 al so needs to be fornmed snaller than inner dianeter
of a glass substrate 20 in order to insert the pad into the inner dianeter
of the gl ag¥153ubstrate. The polishing pad 50 is revol ved on inner
circunference of the glass substrate 20 while rotating in a direction
opposite to a rolaimproveisusbtpropessing Becurgbypdtcarube further @hsidered that by an
arrow in the figure. Furthermore, the polishing pad 50 itself is swing at

| ow speed lad-bkeipelishingpadsinavhich &t lepst ariouter citausiierenial suifacaispol i sh t he
inner circunferential end face as _a whole. Wiile the outer dianmeter of the
pol i shi ng perfigued dyshiaphstyng plafh. ih used i plage atihe polishing heus) 44sanrdibst rat e
20, and the polishing, pa a.fixed form the polishing pad 50 is
contact ed Pessgd tPrﬁ'h%#m‘tﬂ"PEGH‘F‘S@@HF?'&“%W%@EBC"&? hingd.| i ne 52 or a point,

and conseqﬂgﬁ Hy the gl ass substrate 20 is applied with a pressing force

bi ased Eldirection via only the line 52. [0017] Wen the polishing pad
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be i nproved.

substrate. The polishing pad 50 is revolved on inner circumference of the glass
substrate 20 while rotating in a direction opposite to a rotation direction of the
glass substrate 20 as shown by an arrow in the figure. Furthermore, the
polishing pad 50 itself is swung at low speed in a direction of a rotation axis
(strocke motion) to polish the inner circumferential end face as a whole. While
the outer diameter of the polishing pad 50 is smaller than the inner diameter of
the glass substrate 20, and the polishing pad 50 has a fixed form, the polishing
pad 50 is contacted to the inner circumferential end face at a line 52 or a point,
and consequently the glass substrate 20 is applied with a pressing force biased
in one direction via only the line 52.

[0017]

When the polishing pad 50 is used for polishing in this way, since a
contact surface with the glass substrate 20 is reduced, the polishing pad 50
polishes the inner circumferential end face while revolvably moving on the inner
circumferential end face, consequently polishing time cannot be reduced.

Therefore, the inner circumferential end face has not been able to be evenly

polished due to change in pressing force to the inner circumferential end face



[ 0018] Mbreover, a problemoccurs in the configuration of the first or
second related art, that is, since the polishing brush or the polishing pad
needs to be revolved for polishing, an axis of the polishing brush or the
polishing pad may nove during polishing the inner circunference, leading to
degradation of «circularity and concentricity of the inner circunferential
end face after polishing the inner circunference. Therefore, it has been
extrenely difficult to achieve a dinension (shape) of the inner dianmeter to
whi ch par t datingpblshiey becausegllireccentast, aavsing @piobjerad icré8$: By infibe

i nvention was made in the |ight of the above difficulties existing in

pol i shi ng dieamteraircuérity aylcansestnicy.r af wrthermbre, ginoeloaly pdlishing anicent i on i s
to provide a nmethod of manufacturing a glass substrate for a magnetic di sk,
a nethod speerhoan betperformed, prashuetivity bas keeamarditpbeiimprovedappar at us of a
gl ass substrate for a nmagnetic disk, those being novel and inproved, by

whi ch hi ghl003Bbcessi ng accuracy can be obtained on an inner circunferenti al
end face of the | ass substrate, and nore particularly, circularity and
concentricity of Vain@ ProtemcQeAUES Hhﬂieaﬁorﬁﬂélrat&f'eﬁfd%etflﬁ%t oflsesendubst rat e
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dimension (shape) of the inner diameter to which particularly severe
requirements are recently made.
[0019]

The invention was made in the light of the above difficulties existing in
polishing treatment of a glass substrate, and a problem of the invention is to
provide a method of manufacturing a glass substrate for a magnetic disk, a
method of manufacturing a magnetic disk, and a polishing apparatus of a glass
substrate for a magnetic disk, those being novel and improved, by which high
processing accuracy can be obtained on an inner circumferential end face of the
glass substrate, and more particularly, circularity and concentricity of the inner

circumferential end face of the glass substrate after polishing the inner

circumference can be significantly improved compared with those in the past.

Means for Solving the Problems
[0020]

To solve the problem, according to an aspect of the invention, a method
of manufacturing a glass substrate for a magnetic disk is provided, by which an

inner circumferential end face of a cylindrical polishing object is polished, the



i nner circunferential end face of the polishing object at even pressure,
then a polishing liquid is supplied between the inner circunferential end
face of the polishing object and the inner circunference polishing section,
and then the inner circunference polishing section and the polishing object
are relatively rotated/noved with the rotation axis as a center, or
relatively noved in a direction of the rotation axis, thereby the inner
circunferential end face of the polishing object is polished. [0021)

Accor di ng pelishiag okjeshHicluging ei pwalityef qjﬂf-iiwg}a@wt@rsg@teﬁaﬂa@&e paSsed in
face contact to the inner circunferential end face as a whole at even
pressing PBPker easheyibstrate havigananpet heledarmasd & B centeri wherein a

ci rcunference polishjng section need not pe revol ved or npved, stable

i nner - di amBtEality jof palighing gloths dispesed grrut 2 refatign axigol Jinngher di anet er
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pol i shing object. ment i nvol veS 'rot otation

axii s of th?or;;afémhovéa WEHTher8RE8nRAld 88BNntSCht RilativiRIoved!jRlAL i on of the

inner circunference 9 polishing section on its own axis, and novement of

the poli shidpgctiditsf B8 rofatidon s Ahéiedy the imfitdircuhdérential &%d Fadendfithe axi s
while rotating on its own axis in such a way. That is, the

rot ati on/ mpukshing object isdeslished. t ypes of operation of (1) rotation, and (2)
novenment in a rotation axis direction while rotating. In
[0021]

According to such a configuration, the polishing cloths can be pressed in
face contact to the inner circumferential end face as a whole at even pressing
force. Moreover, since the rotation axis of the inner circumference polishing
section need not be revolved or moved, stable inner-diameter circularity, stable
concentricity, and low inner diameter tolerance can be achieved. Furthermore,
since the inner circumferential end face can be polished in a manner of face
contact with the polishing cloths, high polishing speed, that is, high productivity
can be obtained compared with a case that the inner circumferential end face is
polished in a manner of point contact, line contact or the like in the past.

[0022]

Here, the rotation axis of the inner circumference polishing section is a
straight line that is spatially fixed to be a rotation center when the inner
circumference polishing section is rotationally moved, and the rotation axis is
adjusted to correspond to a central axis of inner circumference of the polishing

object. Rotation/movement involves rotation about the rotation axis of the inner

circumference polishing section, namely, rotation of the inner circumference



pol i shing according to the manufacturing nethod, the inner circunference
polishing section is rotated in a manner that a center of a circular inner
hole forned in a center of a disk-like glass substrate corresponds to the
rotation axis of the inner circunferenge polishing section. Thus, the inner
circunference polishing section can polish the inner circunference end face
w t hout any novenent of the axis. Therefore, high circularity can be
achieved. The plurality of polishing cloths may be arranged to be an even
nunber  of pplighirghsectian on its owkcas dnthmoyemesth o theopslishingiséction isiaxce t he
polishing cloths are reversely formed in pairs with a core of the inner

ci r cunf er edicection perpendiculas de thenratatione@xis whdmrotatisgsimits ewn @xistio surb a nner
circunferential_end face becones uniform and consequently smaller inner
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plurality of polishing cloths are preferahly, di sposed so as to be in
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movement of the axis. Therefore, high circularity can be achieved.
The plurality of polishing cloths may be arranged to be an even number
of polishing cloths. According to such a configuration, since the polishing cloths
are reversely formed in pairs with a core of the inner circumference polishing
section between them, pressing force to the inner circumferential end face
becomes uniform, and consequently smaller inner diameter circularity and
smaller concentricity can be obtained.
[0023}
The plurality of polishing cloths are preferably disposed so as to be in
positions reverse to one another.
[0024]
The plurality of polishing cloths are preferably disposed around the inner
circumference polishing section so as to be equidistant from one another.
[0025]
A plurality of polishing cloths are disposed so as to be in positions
reverse to one another, or disposed so as to be equidistant from one another,
thereby when the inner circumferential end face is polished, in the case that the

inner circumference polishing section is rotated, the section can be rotated

without any movement of the rotation axis. Thus, the circularity and



are noved in a direction perpendicular to an extending direction of the
rotation axis (rotation radius direction or rotation/novenent radius
direction), thereby the inner circunference polishing section is contacted
by pressure to the inner circunferentiff end face of the polishing object.
[ 0027] According to such a configuration, contact pressure between the inner
circunference polishing section and the inner circunferential end face of
the polishing object can be adjusted to be an appropriate val ue,

consequent tgnéenikcity of thedorer arqumiergntiay ead dacsooictbetglass sybstrtecandee nore
stable and smaller, and |ow inner dianeter tol erance can be achieved.
[0028] A chuthegimgroved. may be provided, in which a sliding surface sl oped
with respect to a rotation axis direction is formed on an inner

ci rcunf er ell028] edge of the inner circunference polishing section, and a
drill rod is proyided, which is sléﬁgbly contacted to thg s].idi ng surface,
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can be per@y d without stopping rotation of a polishing drive section,
the inner circanference polishing section can be adjusted even during

polishing the popcedidity RPE@H a chbRfigthtion, contact pressure between the inner
circumference polishing section and the inner circumferential end face of the
polishing object can be adjusted to be an appropriate value, consequently inner
diameter circularity and concentricity, which are more stable and smaller, and
low inner diameter tolerance can be achieved.

[0028]

A configuration may be provided, in which a sliding surface sloped with
respect to a rotation axis direction is formed on an inner circumferential edge of
the inner circumference polishing section, and a drill rod is provided, which is
slidably contacted to the sliding surface, and the polishing cloths are moved in a
direction perpendicular to an extending direction of the rotation axis by a wedge
effect of the drill rod.

[0029]

By providing such a slide mechanism using the sliding surface, only by
sliding the drili rod in the rotation axis direction, a distance and pressing force of
each polishing cloth in the direction perpendicuiar to the extending direction of
the rotation axis can be adjusted. That is, only by forcing the inner
circumference polishing section along the inner circumferential end face, the

polishing cloths can be pressed to the inner circumferential end face. Moreover,



A configuration may be provided, in which the polishing cloths and the

i nner circunferential end face of the polishing object are in face contact
of 50% or nore with each other. Contact area between the polishing cloths
and the inner circunferential end facegof the polishing object is made
large in this way, thereby polishing speed can be increased, and a gl ass
substrate of which the inner dianeter circularity and concentricity are
better (snaller) can be obtained. [0031] A configuration may be provided,

i n whi ch asinceislcelidé obthehdnibiodstamioe petfotrheth asthaut stpeingradatiar dbace with
the inner circunferential end face of the polishing object. According to
such a conpolighirag dive settionpthe Kimengircurofdrence polishingsedtiiomcambpe to t he
inner circunferential end face, and thus a contact surface of each

pol i shi ng adjuostedcavervdurywrpelishingibetpdisbingt@jeete i nner circunferential end
face, and consequently inner diameter circularity and concentricity, which
are nore siO880k and snaller, and | ow inner dianmeter tolerance can be

achi eved. [0032] To solve the problem according to still another viewpoint
of the invention CORNGWEHENA MAY beRIPVUGER N Nich &%@I%@lpm%aw%thea

T ool s R s B %
DAt Bl S ReE, BB poH S e B0 SR SR
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oL 1S o B RRESBraR L CobhOeh Bl RTGA N Bl
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12 and the I'ng clotns an g1 nner crrcunterenti nd face are

Irog: ?;L;’ﬁgyig JEBE!{E:‘P'TeStIePEE | éﬂ(ggaﬁwd'[%%rﬁicﬁ&%%%P (ShafdtfchAbe GHitainl8.
[0031]

A configuration may be provided, in which an outline of each polishing
cloth has a shape in accordance with the inner circumferential end face of the
polishing object. According to such a configuration, the polishing cloths are
adapted in shape to the inner circumferential end face, and thus a contact
surface of each polishing cloth can be securely contacted to the inner
circumferential end face, and consequently inner diameter circularity and
concentricity, which are more stable and smaller, and low inner diameter
tolerance can be achieved.

[0032]

To solve the problem, according to still another viewpoint of the invention,
a method of manufacturing a glass substrate for a magnetic disk is provided, by
which an inner circumferential end face of a cylindrical polishing object is
polished, the polishing object including a plurality of disk-like glass substrates
stacked on one another, each substrate having an inner hole formed in its center,
wherein polishing cloths are pressed in face contact to the inner circumferential

end face, then a polishing liquid is supplied between the inner circumferential

end face of the polishing object and an inner circumference polishing section,



According to such a configuration, the polishing cloths can be pressed in
face contact to the inner circunferential end face of the glass substrate at
even pressing force, consequently high processing accuracy can be obtai ned
on the inner circunferential end face,of the glass substrate. [0034] To
sol ve the problem according to another viewpoint of the invention, a
met hod of manufacturing a glass substrate for a nmagnetic disk is provided,
by which an inner circunferential end face of a disk-like glass substrate
i s pol i sheahd themehe wintishiageldths iangd the inneneirchoiferehtiahent fatei dre relatively,
wherein a plurality of polishing cloths disposed around a rotation axis of
an i nner cmoued;tbembyehepohérstiicunfessrtiabent fadengf thiegolishing abjechiss ar e
contacted by pressure to the inner circunferential end face of the
di sk-1i ke pplissedsubstrate at even pressure, then a polishing liquidis
suppl i ed between the inner circunferential end face and the inner
ci rcunferdfBd] end polishing section, and then the inner circunferential
end polishing section and the gl ass substrate are relatlvelz r ot at ed/ noved
8

with the rot atidecasing ta§U§h@e¢nrt£nguraim m%pousa'@g lothsicambeg paessest inon
perpendicul ar to a nmin surface of Ss sybstrate, thereby the inner
ci rcunf er eREREONAD ‘?H’!?e'”&?f C&rw%éem@ﬁ%&afaﬁ?@ﬁhq slaaasuéﬁtosate teyes] The

i nvention can be .a qu ied to not oqh\é t he inner ci rcum‘E i.al enq face of
the cyl i ndPiEESNIIBIGEs RPRBCBHY 9R PIQRESHE% FEURROF AR aiged e thRe gl ass
substr at es st acked ther h_subst e having an inner hole
formed in pggm&w%’rer%ﬁteng BePF'IH-' ﬁﬁﬁ? SHE?%%%‘ erential end face of a
di(sk- llken@gﬁﬁf substrate having an inner hole forned in its center, that
is, the i on can be 13 applied to a single glass substrate. Therefore,

b SESS o1, SIS bR e BSYRp dner EboSic ST SRhigh, £n1 face
method of manufacturing a glass substrate for a magnetic disk is provided, by
which an inner circumferential end face of a disk-like glass substrate is polished,
the substrate having an inner hole formed in its center, wherein a plurality of
polishing cloths disposed around a rotation axis of an inner circumference
polishing section having the rotation axis are contacted by pressure to the inner
circumferential end face of the disk-like glass substrate at even pressure, then a
polishing liquid is supplied hetween the inner circumferential end face and the
inner circumferential end polishing section, and then the inner circumferential
end polishing section and the glass substrate are relatively rotated/moved with
the rotation axis as a center, or relatively moved in a direction perpendicular to a
main surface of the glass substrate, thereby the inner circumferential end face of
the polishing object is polished.
[0035]

The invention can be applied to not only the inner circumferential end
face of the cylindrical polishing object including the plurality of disk-like glass
substrates stacked on one another, each substrate having an inner hole formed

in its center, but also the inner circumferential end face of a disk-like glass

substrate having an inner hole formed in its center, that is, the invention can be



To solve the problem according to another aspect of the invention, a

met hod of manufacturing a magnetic disk is provided, wherein at |east a
magnetic layer is formed on a surface of the glass substrate obtai ned
according to the relevant nethod of facturing a glass substrate for a
magnetic disk. Thus, since inner dianeter tolerance can be reduced conpared
wth in the past, even in the case of a magnetic di sk having increased
recording density, a read error of a signal can be prevented. [0037] To

sol ve t he ppplEdcin a agle giasg subskatel | Thentfoez, indhe casodf alsinglegdassi on, a
pol i shing apparatus of a glass substrate for a na?netic di sk i s provided,

whi ch  pol subsicatenthierineer aroaugferentiahendifaemaan healss palished atdhigbal pol i shi ng
object including a plurality of disk-like glass substrates stacked on one
anot her, eae¢uragyibstrate having an inner hole forned in its center, the
apparatus having an inner circunference polishing section that has a
rotati on abl036]and has a plurality of polishing cloths disposed around the
rotation axis, and presses t Iura%%ﬁy of olishing.,cloths to the inner

ci rcunferential E‘héoh’édbeﬁogg@?&ép? hip W‘BGE agpect of &he pvestignea a

Phe. pol | nmsded of RenReeing A manatic Sek i onRell whRtenat et ahe o
Fot at s/ woUESnElS e S FOTRTGCEd A e G ¢ SR uBkeleCoPtaingS dheopting hi ng
Cotati on olh ecrelelah bittao Bt el prdn GG, Bloragy siip b M L bR Te S0t " e
o L he. ot BRUEinte iRk Rliféter tB3Hee RSO Piifarga A MEHE. | 2
the pol i Sha0gh i eNSacAit DB 8RE B i horé4¥8kAiRkoding BBnkRNa read

circunferentia ace of the glass substrate at even ~pressing force,
consequent bito} BR&sigHah 6Bh Ble prevéptedr i ty and concentricity, which are small

and stable, and | ow inner dianeter tol erance can be achieved.
[0037]

To solve the problem, according to still another aspect of the invention, a
polishing apparatus of a glass substrate for a magnetic disk is provided, which
polishes an inner circumferential end face of a cylindrical polishing object
including a plurality of disk-like glass substrates stacked on one another, each
substrate having an inner hole formed in its center, the apparatus having an
inner circumference polishing section that has a rotation axis, and has a plurality
of polishing cloths disposed around the rotation axis, and presses the plurality of
polishing cloths to the inner circumferential end face of the polishing object at
even pressure, a polishing liquid supply section that supplies a polishing liquid
between the polishing cloths and the inner circumferential end face of the
polishing object, and a polishing drive section that relatively rotates/moves the
inner circumference polishing section and the polishing object with the rotation
axis as a center, or relatively moves them in a rotation axis direction so that the
inner circumferential end face of the polishing object is polished.

[0038]

According to such a configuration, as in the method of manufacturing a



[ 0039] A conponent corresponding to a dependant in the nethod of

manuf acturing a gl ass substrate for a magnetic di sk, or description of the
conponent can be applied to the rel evant polishing apparatus of a gl ass
substrate for a magnetic disk. [0040] Myjeover, a nethod of manufacturing a
gl ass substrate for a magnetic disk according to the invention includes an
I nner circunference polishing step of polishing an inner circunferenti al
end face of a cylindrical polishing object including a plurality of

di sk-1i ke glaasssubstrate fur @smagaeticedisknthepolishimghaothsezarhbe prdssieddn éadeavi ng an
inner hole formed in its center, the nethod being acceptably designed such
t hat a pol cehfachtontivebaner gidurhfeherstiah endtface ohthexglasasdbglodtesitiovgn parts
provi ded around the rotation axis, is inserted into an inner hole of the

pol i shi ng pgssing fareercanseqpentlsimnag digneter aireulasityartbcongendricity; whidhon
perpendi cular to the rotation axis of the polishing nenber, thereby the

pol i shi ng apasmnallang stpble: podllow inesstizmeteas telgsanaeean bemshiavedent i al end
face, and while the center of the inner hole of the glass substrate is

al 1 owed t ol@®¥espond to the axis of the rod-1ike polishing nenber, at

| east one of the polishing object and,the, poljshing nmenher is relatively
moved, so that tACAMRRIEN;SO @ﬁP@’F%HQit‘éla ‘Iﬁ’F&nldé‘E'Is'” mgﬁ“’& ss substrate is

| i shed. [004 My , th t hod of facturi I bstrate f
0o o, Lkl S Lo 1 MacRRALAS, Rt Ay Lol 1
that th I | it f | i shi t f. the palishi nb I ded
B I e

melnuf act ur I . for a magnetic disk according to the
i nvention ﬁggsﬁgﬁigéﬁ%@%@c IaI'hat each of the polishing
[0040]

Moreover, a method of manufacturing a glass substrate for a magnetic
disk according to the invention includes an inner circumference polishing step of
polishing an inner circumferential end face of a cylindrical polishing object
including a plurality of disk-like glass substrates stacked on one another, each
substrate having an inner hole formed in its center, the method being acceptably
designed such that a polishing member, which has a rotation axis and polishing
parts provided around the rotation axis, is inserted into an inner hole of the
polishing object, then the polishing parts are expanded in a direction
perpendicular to the rotation axis of the polishing member, thereby the polishing
parts are elastically pressed to the inner circumferential end face, and while the
center of the inner hole of the glass substrate is allowed to correspond to the
axis of the rod-like polishing member, at least one of the polishing object and the
polishing member is relatively moved, so that the inner circumferential end face
of the glass substrate is polished.

[0041]

Moreover, the method of manufacturing a glass substrate for a magnetic

disk according to the invention may be further designed such that the plurality of

polishing parts of the polishing member are provided in positions reverse to one



parts includes a polishing cloth or a grinding stone. [0043] Moreover, the
met hod of manufacturing a glass substrate for a nagnetic disk according to
the invention may be designed such that the polishing parts include
polishing cloths respectively, and a polJdshing Iiquid containing abrasive
grains is supplied between the polishing cloths and the inner

circunferential end face, then at |east one of the polishing object and the
polishing menber is relatively noved, thereby the inner circunferential end
face of thangthess substrate is polished. [0044] Moreover, the nethod of
manuf acturing a glass substrate for a magnetic disk according to the

i nventi on [@2be desi gned such that the polishing parts include grinding
stones respectively, and a liquid coolant is supplied between the grinding
stones and t he i Moseovsr thermethadiofanaeufactusing,a gi%ea saibstratesfor anmpagietiche
pol i shing object and the polishing nenber is relatively noved, thereby the

i nner  ci r diskfascertingito thedinvariioromaythe designed syeh thateach ofdhe pielishing 0045]
Mor eover, the method of nanufacturing a glass substrate for a nmagnetic disk
accor di ng Parts melydasen Prbshing glotla of agriing sleBB- t hat the method furt her

I ncludes a_chem cal strengthening treatnment step in which the glass
substrate {@43{ontacted to a chemical strengt hening treatnent 1|iquid,

ons. i 1 {ne chentiroveic Perpefiod &hoherudeRihe s wass dubsReRty Ameotris.
Subotrate ey Chell 8l 1 n USROG SRS WIS BR TR0, oo
e e e TR Ay EabRGr, artEp et APBpRtaniR Atpbo= '
OS2 BN S PRHS ool M B LG B W S erbhg onte
face, then at least one of the polishing object and the polishing member is
relatively moved, thereby the inner circumferential end face of the glass
substrate is polished.
[0044]

Moreover, the method of manufacturing a glass substrate for a magnetic
disk according to the invention may be designed such that the polishing parts
include grinding stones respectively, and a liquid coolant is supplied between the
grinding stones and the inner circumferential end face, then at least one of the
polishing object and the polishing member is relatively moved, thereby the inner
circumferential end face of the glass substrate is polished.
[0045]

Moreover, the method of manufacturing a glass substrate for a magnetic
disk according to the invention may be designed such that the method further
includes a chemical strengthening treatment step in which the glass substrate is
contacted to a chemical strengthening treatment liquid, thereby part of ions
contained in the glass substrate are substituted by ions in the chemical

strengthening treatment liquid, thereby the glass substrate is chemicaily

strengthened, and an inner circumference polishing step is performed after the



substrate by the chem cal strengthening treatnent step. [0046] Moreover, the
met hod of manufacturing a glass substrate for a nagnetic disk according to
the invention may be designed such that thickness of the conpressive stress
layer forned in the chem cal strengthenipg treatnent step is [|ess than 150
m [0047] Moreover, the method of manufacturing a gl ass substrate for a
magnetic disk according to the invention nay be designed such that renoval
depth is less than 5 min the inner circunference polishing step. [0048]

Mor eover, themiczl Btrdngthemingfreatmentstes ayidibe innestiramsfefentiahenddacs o€ di sk
according to the invention nmay be designed such that the inner

ci rcunf er ethe glasesdbttate ispobishéd frethel innehearéumierende polishingstep sachi shi ng
step such that circularity of an inner hole is within 5 m [0049] Moreover,
t he met hodtheft atdeast partiefisgomprgssive sitanst layerisfremaingdh dhe compressive accor di ng
to the invention may be designed such that the nethod further includes a
mai n surf a@@emiaygn%ﬁgwgsﬁ%megforpﬂﬂa ishengraumigrential enddace of theglgsaiss
substrate, and the main surface is polished in the nmain surface polishing
step suchsubsiratelns thechenigaleteangtirening dreatrpenhstsp. | ess when the surface
roughness is neasured by an atomc force m croscope. [0050] Moreover, the
nmet hod of Hﬁﬁﬁﬂacturing a glass substrate for a magnetic 17 di sk according

chanf er ed surf acMEPYEeia HEU A SapHECtrie SIR5 sybeels i anagasts

ond ace, AR AR D56 ) B8 B ATRG AoPHEARSE oE e g P
tolthe compressive stress layer formed in the chemical strengthening treatment step is

less than 150 um.

[0047]

Moreover, the method of manufacturing a glass substrate for a magnetic
disk according to the invention may be designed such that removal depth is less
than 5 um in the inner circumference polishing step.

[0048]

Moreover, the method of manufacturing a glass substrate for a magnetic
disk according to the invention may be designed such that the inner
circumferential end face is polished in the inner circumference polishing step
such that circularity of an inner hole is within 5 um.

[0049]

Moreover, the method of manufacturing a glass substrate for a magnetic
disk according to the invention may be designed such that the method further
includes a main surface polishing step of polishing a main surface of the glass
substrate, and the main surface is polished in the main surface polishing step
such that surface roughness (Ra) is 0.2 nm or less when the surface roughness
is measured by an atomic force microscope.

[0050]

Moreover, the method of manufacturing a glass substrate for a magnetic



chanfered portion over the whole circunference of the chanfered portion at a
time, and while the polishing cloths are pressed to the chanfered portion
over the whole circunference of the chanfered portion at a tine, the
polishing cloths and the glass substrate are relatively noved, thereby the
chanfered surface is polished. Advantage of the Invention [0051] As

descri bed herei nbefore, according to the inner circunference polishing
section of the invention, polishing cloths of the inner circunference

pol i shing sk acoordingrtadee invendior ncanbeadesignedrsuichrtbat therglasd sulesttdtal end
face as a whole of a polishing object, and pressing force in such face

cont act camhabe chendferedistidace betvegat threembingurfacecasisihegnaerccciramyfecentiabe
obtained, that is, inner diameter circularity and concentricity can be nade
smal | and endifaee, antithehmethddhfusthedirginsesra chamferedsurtacelpoligbing stepvin and
furthernore polishing speed can be increased. Brief Description of the
Drawi ngs Mdugppolshing clatheage used, dbe aslishing iclaths being ¢antactablesto the| at ed

art, which shows an explanatory diagram showi ng a polishing step of an

i nner ci r c GRRBYRIRD; RErtieR @ver &&wmw'@uwﬂw@ the gbamferegfeqrtion aha
polishing nmaterial. Fig. 2 shows a diagramfor illustrating a second rel ated
art, whi chti§ipw@d \awleaﬂm RAENNG CIRthSATRRIERRAM tagths %@mfgrﬁd?aogp@@v(@r an

inner circunferential epd 18 ce ,.when a, polishing.pad, s ysed a

pol i shi ng Mg Bho clrwraFergn%e ea?baé&%r%ﬁ%w gl ﬁrﬁr@tﬂéhsﬁﬁ'gaaﬁ@ﬁi shi ng
step of an__inper , circunferential _end face.p the case that an inner

ol r bunt er onbd B80S SHFSERERNS ol biBe. ety B Fhamred Burapels ne

i nent i on. F'i ecfl shows a sectional diagram showi ng an exanple of an inner
circunfer er‘i’gz%o ‘i shing section having an expandi ng/ contracti ng mechani smin

Advantage of the Invention
[0051]

As described hereinbefore, according to the inner circumference
polishing section of the invention, polishing cloths of the inner circumference
polishing section is made in face contact to an inner circumferential end face as
a whole of a polishing object, and pressing force in such face contact can be
made uniform, therefore high processing accuracy can be obtained, that is, inner
diameter circularity and concentricity can be made small and stable, and thus
inner diameter tolerance can be kept low, and furthermore polishing speed can

be increased.

Brief Description of the Drawings
[0052]

Fig. 1 shows a diagram for illustrating a first related art, which shows an
explanatory diagram showing a polishing step of an inner circumferential end
face when a polishing brush is used as a polishing material.

Fig. 2 shows a diagram for illustrating a second related art, which shows

an explanatory diagram showing a polishing step of an inner circumferential end



a direction perpendicular to an extending direction of a rotation axis, used
inthe invention. Fig. 5 shows a bl ock diagram showi ng a schematic
configuration of a chanfered-portion polishing apparatus used in the
invention. Description of the Reference;Nunerals [0053] 10 polishing
apparatus 12 polishing object 18 polisﬁlng drive section 20 glass
substrate 40 nozzle (polishing liquid supply section) 110 inner
circunference polishing section 112 polishing body 114 polishing cloth 150
sl i di ng sufécewhenmpaishing pad isBesad apagadlishinganatgria Qut the | nvention
[0054] Hereinafter, a preferred enbodiment of the invention will be
described in detFig.|3 shews asfexpianatonysliagrepipheyingg peliskingsten of ame
description and the 19 draw ngs, respective components having substantially
the sane fmercmuaﬁarermahen@ia@tmdhe&aée H%atk?éummpt pirguafesanee pelidiingice, and
r epeat ed descrlptlon of themare onltL [[0055] A glass substrate for a
magneti c diSSRUPIE IS Uyekbas 9|F@|'§€erﬁﬁte§'@ b‘stheWYeftt'on a vvafer is cut into a

di sk shape, and en opened w ner hole to be into a shape of
: bpnﬁdﬂwamwwgaaﬂ SXample o bR ant i 4l end

a gl ass substrat W RaAC
face and an.inner mrcum‘erent ﬁnd face of the g at
circumference polishing sec on aving an expanding/contracting mechanism in

a direction perpendicular to an extending direction of a rotation axis, used in the
invention.
Fig. 5 shows a block diagram showing a schematic configuration of a

chamfered-portion polishing apparatus used in the invention.

Description of the Reference Numerals
[00563]
10 polishing apparatus
12 polishing object
18 polishing drive section
20 glass substrate
40 nozzle (polishing liquid supply section)
110 inner circumference polishing section
112 polishing body
114 polishing cloth
150 sliding surface
154 drill rod

Best mode for Carrying Out the Invention
[0054]
Hereinafter, a preferred embodiment of the invention will be described in

detail with reference to accompanying drawings. In the description and the



substrate fornmed by cutting, and then both the end faces are polished. Next,
a main surface of the glass substrate is also polished, and finally the

gl ass substrate that has been polished is subjected to chem cal
strengthening treatnent. [0056] An enbedi nent of the invention relates to a
met hod of manufacturing a glass substrate for a magnetic disk, and
particularly relates to polishing of an inner circunferential end face of a
gl ass substrate. Hereinafter, description is made on a method of polishing
the inner ¢rawiigserespective epmppaeetsdiaving:sypstastialyibetsemefunstionend

enbodi nment . [005;% (Pol i shing apparatus and polishing nmethod) ,Fig. 3 shows
a vertical ceafiguigton;asgmareedwith thgsame refgrapceoand gepeated deseriptiomel i shing
apparatus 10 of a glass substrate for a nmagnetic disk. Such a polishing
appar at us 1lergrarg Ogl“&@@- substrate includes a polishing object 12, a support
section 14,qﬁﬂainner circunference polishing section 110, . and a polishing
drive sectil 8 to polish an inner circunferential end face of the

oy h2l "Sal shapé Gass sbsiralg T a et s Bimed Yt SetaielSikpee Bist i n

ol rount or o VAR i eiaftie Ak Wrfh: afd R SoE RN f e cia ReBe 3omdli .
a si dewal | ;nars Liothd I B! i’d%?)su.n%% rﬁ[ﬁq %’@%ﬁ%ﬁﬁﬁ&irﬁ%ﬂmh&@ dnGarPbifey) 24 are
formed on t1he 3 nere & A IEES ERIAE ST P SREMILNNg SnedE g o ar ged

di agramin cﬁlég@ﬁéenﬁaﬁemzfga%iésﬁﬁ Irrgieeg%iraewﬁér%nﬁéféyﬂ@ﬁcerbfm@a|a§%gt her via

spacers 26. ch spacer . for secure preventin
chanfered poabtirafesforhedbyldftingRed tAEH boih Be £nd eatdsedrepdiishe@ndNErcas of

the glass substrate 20 from being insufficiently polished by a polishing
brush, and main surface of the glass substrate is also polished, and finally the glass

substrate that has been polished is subjected to chemical strengthening

treatment.

[0056]

An embodiment of the invention relates to a method of manufacturing a
glass substrate for a magnetic disk, and particularly relates to polishing of an
inner circumferential end face of a glass substrate. Hereinafter, description is
made on a method of polishing the inner circumferential end face of the glass
substrate in the embodiment.

[0057]
(Polishing apparatus and polishing method)

Fig. 3 shows a vertical section diagram for illustrating a configuration of
a polishing apparatus 10 of a glass substrate for a magnetic disk. Such a
polishing apparatus 10 of a glass substrate includes a polishing object 12, a
support section 14, an inner circumference polishing section 110, and a polishing
drive section 18 to polish an inner circumferential end face of the polishing object
12.

[0058]

The polishing object 12 is formed in a cylindrical shape by stacking a



securely preventing breakage of the glass substrate or the |ike during
polishing. [0059) The support section 14 mainly includes a substrate case
30, a fastening cover 32, and a rotational holding stage 34. The substrate
case 30 serves to acconmodate the polishing object 12. Particularly, the
substrate case 30 and the fastening cover 32 to be fitted with the
substrate case 30 fasten the polishing object 12 via a color 36. By
fastening the polishing object 12 by the substrate case 30 and the

fast eni ng phwrelity# glassssudistrateswnf0. alrl egaduglass substpateta0y@angbites substrat es
20 as the polishing object 12 can be held w thout being influenced by

rot ati on ofcircbhmfareptiairendtaceiand am irmed cigumégrantialrendt fage arembamferedunf er ence
polishing section 110 described later. [0060] The rotational hol ding stage

34 fixedl y aformingstep sangstor exampie & gdewathportian(Trjane)s22rend atghamietsd r at e
case 30 in both forward and reverse directions. _Rotation speed of such a
rot ati onal PeEiAN (g plangye43ue farmed ondpe éined cirawafergplialand tace aoshawmn speed
can be sel ected dependi ng on a_purpose of polishing. [0061] The inner

ci rcunfer emenm!arsﬁﬂﬁgawem'in%g-l 0 hBe glasssubstrigirs2Q arq atacked on one
erpendi cul ar ,to the glass._s trates 20_as the polishing,6 object, 12 and

Do P espond@noliel WasRaeaTs 28 s ERCTSRECERAR IS PVEICSH for RBCHN Blevegtigs e 12,
and 21 acts_as a rotational .center of the inner circunference ishin
Section 116hemiered mufanteRef HH Iner Adisiley SRS BRA FafR G be ™" "
olishin ' . I.: . Qf it 1SN 0 . Such
bl ur el 1t S ST R Mo EPrf8 indALERMTbodied iFa BOLTOY ByC e YEE g

&d . . , el
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forma parfggdgja cylindrical shape with the rotation axis as a center. The
polishing cloths 114 may be arranged such that respective centers of them

are situated at ghersupparisictiosdUahainaireiudes 8\bstrate case 30, a fastening
cover 32, and a rotational holding stage 34. The substrate case 30 serves to
accommodate the polishing object 12. Particularly, the substrate case 30 and
the fastening cover 32 to be fitted with the substrate case 30 fasten the polishing
object 12 via a color 36. By fastening the polishing object 12 by the substrate
case 30 and the fastening cover 32 in such a way, a layout of respective glass
substrates 20 as the polishing object 12 can be held without being influenced by
rotation of the support section 14 and by rotation of an inner circumference
polishing section 110 described later.

[0060]

The rotational holding stage 34 fixedly holds the substrate case 30, and
can rotate/move the substrate case 30 in both forward and reverse directions.
Rotation speed of such a rotational holding stage 34 can be adjusted, and
appropriate rotation speed can be selected depending on a purpose of polishing.
[0061]

The inner circumference polishing section 110 has a rotation axis that is
perpendicular to the glass substrates 20 as the polishing object 12, and

corresponds to a central axis of the inner hole of the polishing object 12, and



anot her on an optional circunferential line. That is, the inner
circunference polishing section 110 nay be configured such that the
plurality of polishing cloths 114 are disposed with an approxi mately equal

i nterval about the central axis. [0062piQuter dianmeter of the inner
circunference polishing section 110 is forned to have a curved surface

al ong an i nner dianetrical shape of the glass substrate 20, which fits with
a circunferential surface 116 of inner dianeter of the glass substrate 20.
The i nner dotsasfagictationapeentenphthesaser ercumigrence palishing section HH),iamder
circunferential end face of the polishing object 12 at even pressure, then
a pol i shi ndn¢ludes @ n@lsawschw 1b7§samd@qplur@itv ahpelishing cieths &1 pravidechant ace
of the pollshlng object 12 and the inner circunference polishing section
110, and t &S ewgll.qﬂm pelishingrbedeite paveR Bimldradiycef Rafishing ¢iethsct’4t ed/ noved
with the rotation axis,_as g C % i.,n_a direction of an rrom1s§$mqﬁ% ove
the inner "BRY OgiMadenta spBInliaheiusiag sPede P yeloNr qrgnaybegpady,
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pol i shi ng sepﬁﬂﬁerc&ﬁlah%pﬂaﬁanda.%@nﬁe}éhtfavnné Ot'ﬁidt%/tﬁB\i’rﬁi@’&rcgfnfé%cbnner
circunference polishing section 110. However, it is not intended to avoid

pol i shi ng \Mﬁllbﬁln@@e’dlbﬁmDfma)gb@&&nﬁgm’étirsﬁbﬁtﬁ&thé plurality'of poliohingRRAAE t € t O
the rotational direction of the inner circunference polishing section 110.

Speci fi cal I'M4 drerdispeeed with ah dpprexicateinleheal intdrvalrebout ties centralcaxig.er ence
polishing section 110 is fixed, and only the glass substrate 20 is
[0062]

Quter diameter of the inner circumference polishing section 110 is
formed to have a curved surface along an inner diametrical shape of the glass
substrate 20, which fits with a circumferential surface 116 of inner diameter of
the glass substrate 20. The inner circumference polishing section 110 is
contacted to an inner circumferential end face of the polishing object 12 at even
pressure, then a polishing liquid is supplied between the inner circumferential
end face of the polishing object 12 and the inner circumference polishing section
110, and then the inner circumference polishing section 110 is rotated/moved
with the rotation axis as a center in a direction of an arrow shown above the
inner circumference polishing section 110 in Fig. 3, so that the polishing object
12 is polished. While rotation about the rotation axis of the inner circumference
polishing section is referred to as rotation/movement here, the
rotation/movement is not limited to such a motion, and includes a motion of
moving in a rotation axis direction while rotating in such a way.

[0063]

In this case, the glass substrate 20 may not be fixed and rotated on the



rotated, or conversely, the glass substrate 20 is fixed, and only the inner
circunference polishing section 110 is rotated, or both are rotated
relatively to each other. [0064] Mboreover, the inner circunference
polishing section 110 may be swung at 40w speed in a rotation axis
direction in the inner hole with respect to the glass substrate 20 (stroke
notion) so as to polish the inner circunferential end face as a whole of

t he polishing object 12. [0065] Since the poljishing cloths 114 of the inner
ci r cunf er eBdRPYbBEtiAMIA. s&'ﬁi'%hequﬁeaﬁi'@c%ﬁ%ﬁ/ﬂﬂ‘@d cre¥MéerpoReichihs/gkesst he

I nner di aneter of the gl_@% substrate 20, that is, since the cloths are
formed on 8ubsirate 20dits withahg pptercitaymterance oTihe RN CIRCHEIfCEINCEN | nner

[ nf tial d f .of the gl bst .20, th l'i shi
cloths 114Peising Seelin T, Ll ARlEhifarPessrign Reopined stV Esh be made i n
face contact, to the inner circunferentjal end ce of ..th | ags substrate
20, and calPtBROMAYERPN & it Srcuntetense Peliing Seaipt 148 HPMRVERen and
oo’ ot b 5Pl At i rh@isG o8 At Rl " "

oty pol ! | | oo artiy a
ol or ance. SE¥ccGLaRTHE e elio B Rehlh Bt Rl hne Kre ARk E BElidting
| i shi ' 1024 Sni [ AP ; trate 20, it
bressi ng 1 SeaiE bt capetifealy, Br bERRERER @ abcomab bRl FREmeE Thos
pol i shing BR@imfRBnEEpSisHIG §6&IN HTlis f5RDS8AY DR thedngsSdabétite!2d ishe i nner

circunferential end face of " the glass substrate 20 can be prevented. [0066]

Heére, the pabicahoRgoRlarsbry, thbdglaselstigrats Deris fixe Uaf@bANtthalinead face of

t he gl ass substrate 20 aré desirably in face contact of 50%or nore to each

]gt her, andircamferdess pekshing8&etion 1) I8 rotatedcdr itheaire ré&ntes teddlivelntong such
ace

each other.
[0064]

Moreover, the inner circumference polishing section 110 may be swung
at low speed in a rotation axis direction in the inner hole with respect to the glass
substrate 20 (stroke motion) so as to polish the inner circumferential end face as
a whole of the polishing object 12.

[0065]

Since the polishing cloths 114 of the inner circumference polishing
section 110 are provided correspondingly to the inner diameter of the glass
substrate 20, that is, since the cloths are formed on a curved surface having the
same radius as that of an inner circumferential curved surface of the glass
substrate 20, the polishing cloths 114 of the inner circumference polishing
section 110 can be made in face contact to the inner circumferential end face of
the glass substrate 20, and can be pressed to the inner circumferential end face
with even and certain pressing force. In this way, the inner circumferential end
face can be smoothly polished, and consequently inner diameter circularity and
concentricity, those being small and stable, and low inner diameter tolerance can

be achieved. Moreover, since the inner circumference polishing section 110 is



contact of 50% or 60% or nore, when the inner circunference polishing
section 110 is rotated/ noved, the polishing section can be stably operated,
in addition, polishing speed can be increased by increasing percent of face
contact. By increasing contact area betyveen the polishing cloths 114 and
the inner circunferential end face of the polishing object in this way, a
gl ass substrate having better inner dianmeter circularity and better
concentricity can be obtained. [0067% However, when the nunber of the

pol i shi ng iBlfacehsontast tsx therglassmadistrate 2Oubnié peessinglarce ppplied dxeaem 110 is an
odd nunber, pressing force to the inner circunferential end face is

sonet i nes Plighing. ClQ‘&‘eTE\‘ igriew, and thuselishing eat:gam be Feppressed. #1d such
polishing cloths 114 is an _even nunber, and_ polishin cloths 114 in pair
are di sposinseauepihodearadslion inthe ippet ﬁ@clﬂafqrewa{@r@?fapﬁgfmglassn Fig. 3,
si x polishin cloéas_l 4 are aé%aned, and respective two pairs of

pol i shi ng YIOGLRLE 44 £aR/Re PEYEREL y formed with a core of the inner
circunferﬁﬂﬁg polishing section 110 between them Thus, pressing force to

t he i nner Skunferential end face is uni form and consequently the inner

was descr i bed ¢ tarrer 1né BRI B £14 dpd ?‘ﬂ%?ﬁﬁﬁ%ﬁ%f%éﬁﬁgwﬁ%%%m hing
cubst rat o U5 Gaes ASSTRE A0 AL e R i AR AN Si0op br hifey B2 Shher,
ci rcunt er %(}fﬁrﬁ:gé gFEiré‘&g%%% of Fho"r%go Cagh oimdr C‘Brgir é‘s’i&ﬂl%irﬁ#s% fddaner

di anmet er ass substrate the outer anet er e I nner

citr cuntf er enRaAfisDivh B8 60986F irRe, MReM BRAMNEP chCuMflirdféS Bolishifg sBERN
circunference polishing section 110 in the enbodi nent nay be contacted by

pressure tpdisgotatedimoved; thepelishivg séctiondcdrobe stibly bpegitéd Snsidaitionat e 20 by
nmoving the plurality of polishing cloths 114 in a direction perpendicul ar

to an ext guulishingdspesct cambefndreased by #ridreasing ipercartaff face cdmtact. By
expandi ng/ contracting the inner circunference polishing
increasing contact area between the polishing cloths 114 and the inner
circumferential end face of the polishing object in this way, a glass substrate
having better inner diameter circularity and better concentricity can be obtained.
[0067]

However, when the number of the polishing cloths 114 of the inner
circumference polishing section 110 is an odd number, pressing force to the
inner circumferential end face is sometimes biased. Therefore, it is desirable
that the number of such polishing cloths 114 is an even number, and polishing
cloths 114 in pair are disposed in opposed positions of the polishing cloths 114.
in Fig. 3, six polishing cloths 114 are arranged, and respective two pairs of
polishing cloths 114 are reversely formed with a core of the inner circumference
polishing section 110 between them. Thus, pressing force to the inner
circumferential end face is uniform, and consequently the inner diameter
circularity and concentricity can be more reduced.

[0068]

While it was described that the outer diameter of the inner circumference

polishing section 110 was corresponding to the inner diameter of the glass



section 110. [0069] Wen the inner circunference polishing section 110 is
inserted into or extracted fromthe glass substrate 20, the outer dianeter
of the inner circunference polishing section 110 is tenporarily contracted
in order to prevent the inner circunfefgnce of the glass substrate 20 from
bei ng damaged. Hereinafter, a configuration of expanding/contracting the

I nner circunference polishing section 110 in this way is described in
detail. [0070] Fig. 4 shows a sectional diagram showi ng an exanpl e of the

i nner  ci r substeate 20an fbe estiatimest mhan themuierdiameter eitheronery/ cont r act i ng
mechanismin a direction perpendicular to the extending direction of the
rotation eisswnferencs pelishing section 110 deessnehcerrespongrtodhe inneraliameter
pol i shing section 110 is configured by an interlocking part 152, and a
drill rod QHhergiass subsiratadl) the euwpr dismeier of thetiaper dcusferneg relishiige 150
formed obliquely with respect to the_rotation axis direction on an inner

ci r cunf er efRGtON tdyreeds take adiusted c ki heyinpaF £ircumgterengr PEUSHNGEAEHOT f ect on

the slidin urface 150, the interlocking part 152 s operated with being
interl ockeg1 Weﬁf@%eg*mqn oY 8&9%969(:8%&%%8@%#&{%'”5% drill rod 154
in the rotation. axis direction,is converted i di spl acenent .of the
nter | ocki AL AiErAE i Tohe ShrcaBRSACR FRe A By Mg e ltaeati ng
di rection . A% | On. axg r l.e, 1 t | nner
circunfere %[ésﬁr@ﬁ %@ﬁ?%g‘}?&’e%pfrgﬁﬁﬁeg@?nﬁf&gﬁgﬁs %éﬁépﬁgﬁgﬁfe]cﬁ&? SEﬁ'ﬁm S
slid down g he ' ' ' i | B i
interloc krﬁ%&b%¢?£'?5§{a??tw;%§?’épﬁ‘§é’% o’fﬁﬁ%\%mr‘]'i‘%"l’ﬁg%"gil’@ﬁ:@f‘S%r&g’g?*BB%di cul ar
to the extghdighdq.rection of the rotation axis, so that the inner
ci rcunf erence po1 I shing section 110 is expanded. When the drill rod 154 is
slid upwargoeo)the rotation axis direction in the figure, the interlocking
part 152 1s transferred inward in the direction perpendicular to the
ext endi ng di r ect Wenothe ihher cintumfersncapalishing sdutiont 1O ik imssrted intuof er ence
polishing section 110 is

extracted from the glass substrate 20, the outer diameter of the inner

circumference polishing section 110 is temporarily contracted in order to prevent

the inner circumference of the glass substrate 20 from being damaged.

Hereinafter, a configuration of expanding/contracting the inner circumference

polishing section 110 in this way is described in detail.

[0070]

Fig. 4 shows a sectional diagram showing an example of the inner

circumference polishing section 110 having an expanding/contracting

mechanism in a direction perpendicular to the extending direction of the rotation

axis. A polishing body 112 of such an inner circumference polishing section 110

is configured by an interlocking part 152, and a drill rod 154 that is slidably

contacted to a tapered sliding surface 150 formed obliquely with respect to the

rotation axis direction on an inner circumferential edge of the interlocking part

152. Due to a wedge effect on the sliding surface 150, the interlocking part 152

is operated with being interlocked with the drill rod 154, and displacement of the

drill rod 154 in the rotation axis direction is converted into displacement of the

interlocking part 152 in the direction perpendicular to the extending direction of



contracted. [0071] By providing such a slide nechani smusing the sliding
surface 150, only by sliding the drill rod 154 in the rotation axis
direction, pressing force to the inner circunferential end face of the

gl ass substrate 20 by the inner circunfsgrence polishing section 110 can be
adjusted to have an even and appropriate value, that is, the inner
circunference polishing section can be elastically pressed to the gl ass
substrate 20, consequently inner diameter <circularity and concentricity,
whi ch ar e therretatioa®ds.antiosexamele, indhe gase of the innediciiceréerengegiolisbiagcan be
achi eved. Mreover, since such a slide nmechanism can be operated w,thout
st oppi ng reRaicnoH 0ef kiged pwher thendrirod, 454 icsliddowaward indae rotatiopadier ence

e 85 b R S PR AR i
L R B R R
i ount r dHEH %?%%gfﬂée cef Al Feo i, ot Lafed o'the
"h the abobe ganyatah iR el cRlistioRl e fyle, e e hait s

Ty . . \ . . |
expandi ng quds?%%é@%m*]ﬁ%éH]é{ééﬁpq}g%ee@%ﬁpn‘%g‘[é?rtb%?é?@@ﬁf@(@ge@fﬁ g esstre

and a nmechanism converting aro
di spl ace | LT ' ' | I rection of
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seéction 18:drftrac@agected to the rotation axis of the inner circunference
polishing section 110, and can rotate the inner

[0071]

By providing such a slide mechanism using the sliding surface 150, only
by sliding the drill rod 154 in the rotation axis direction, pressing force to the
inner circumferential end face of the glass substrate 20 by the inner
circumference polishing section 110 can be adjusted to have an even and
appropriate value, that is, the inner circumference polishing section can be
elastically pressed to the glass substrate 20, consequently inner diameter
circularity and concentricity, which are more stable and smaller, and low inner
diameter tolerance can be achieved. Moreover, since such a slide mechanism
can be operated without stopping rotation of the polishing drive section, the inner
circumference polishing section 110 can be adjusted even during polishing the
polishing object.

[0072]

In such a polishing method, since the rotation axis of the inner
circumference polishing section need not be revolved or moved, polishing speed
can be remarkably increased, and consequently productivity can be improved.
[0073]

The expanding/contracting mechanism of the inner circumference

polishing section 110 in the direction perpendicular to the extending direction of



circunference polishing section 110 in both forward and reverse directions,
and can be freely noved in the direction perpendicular to the extending
direction of the rotation axis. At a side opposite to the polishing drive
section 18, even a bearing 38 for fixipg the rotation axis is provided via
the inner circunference polishing section 110. As the bearing 38, various
beari ngs can be used, including a bearing, ball bearing, roller bearing,
and sliding bearing. Furthernore, the polishing drive section 18 is forned
freely rmvg‘nﬁ otaliernaxis i3 het limdedto the mrcbadismeiptthemboye cakat and vaeeus
vertically reciprocate the inner c¢ircunference polishing section 110 in the
rotation aRiechanisses rambensedonsiuding anexpasdingiontiacting mrehanism §isig v

necessary that the inner ci rcu{;}erence le i shi Eg . secg ion 110 and the
pol i shi ng 8BesRhalicPrespuis Yl Preseuiee @NEa MSGRANISM Of CONVEEINGt abl e t hat t he

polishing driye sectiqgn 18 is connected to the. I shin obj ect,, and the
ol 1 shi g SisplAGERENt o) tuolalic, Srib T diehiasarig kiR dhe ARFTon PetrERdis A a1 end
face of th ol i shi obj ect i ol i,.shed., [Q075 en a.rotation direction
of “the pol T fiagRaPRe Sechieet 18 totdtr s 1 A roldied pRHiRhEc: Ton of t he
support se (ggg 14 is correspondingly determned so as to be an opposite
direction @é |'ative direction) to the rotation direction of the inner
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polishing drive's C ort

section 14irrichtatithenBe PhisAnGSEEHbS 456] S cHNRRtatdPeSAiés ONs are rotat ed

. : n .
I n opposite directions to each “other in this way, relative angular velocity

oft pol i shi Eﬁc@r%féréﬁéégéﬁsﬁiﬁg seBticH 11 HObORATfoMPAradHd RYeple iRddtidnieasgct i ons.
A lower view of Fig. shows a condition where the polishing body 112 and

t he poli shicag bel feédlg nidvkdainehe ldirgbtidry peqiendinllanto théextéhdihg disédtiom efonpar ed
with an upper view of Fig. 3. [0076] A nozzle 40 as a polishing liquid
suppl y sectherotaompariei déd adide epposite todbetpadishingtdrversection i@, iesénag obj ect
12 and the inner circunference polishing

bearing 38 for fixing the rotation axis is provided via the inner circumference

polishing section 110, As the bearing 38, various bearings can be used,

including a bearing, ball bearing, roller bearing, and sliding bearing.

Furthermore, the polishing drive section 18 is formed freely movably even in the

rotation axis direction, so that it can vertically reciprocate the inner

circumference polishing section 110 in the rotation axis direction, Moreover, in

the embodiment, since it is only necessary that the inner circumference polishing

section 110 and the polishing object are relatively rotated or moved, it is

acceptable that the polishing drive section 18 is connected to the polishing

object, and the polishing object is rotated or moved, thereby the inner

circumferential end face of the polishing cobject is polished.

[0075]

When a rotation direction of the polishing drive section 18 is fixed, a
rotation direction of the support section 14 is correspondingly determined so as
to be an opposite direction (relative direction) to the rotation direction of the inner

circumference polishing section 110. Therefore, in Fig. 3, when the polishing

drive section 18 is rotated in a CW direction, the support section 14 is rotated in



section 110, so that a polishing liquid is supplied. Wen the polishing is
performed, the polishing is preferably performed while supplying a polishing
| i quid containing abrasive grains fromthe nozzle 40. As the abrasive
grains, typical abrasive grains such gg grains of alumna, cerium oxide,
and colloidal silica can be used depending on a shape of an objective end
face. As a dispersion nediumfor dispersing the abrasive grains, which is
not particularly limted, water is preferable in the |light of cost, but any
di sper si ora GEW uiirection.beWhesetbe sections are tojatiedadn loppasiéel directigns fostaahg.
Moreover, for the nozzle 40, various aspects can be used, for exanple, each
of aspect othaningbisusay relative @aaguigr yplasity of pplishing conaspends tesimdd, and
coating using water flow, shower, water drops and the |ike. [007]}

Regar di ng anamar vsfoaitigmet bath thesegtinanss hiAnlgwer yiavaof Figr 3ehams @ copdilion hi ng
may be perfornmed while the polishin Iuguid IS continuouij supplied, or may
be perf orweerethe pelishieg hodysHizand ﬁ%m ishing; gletbs i aretslighly ppftasdn [ 0078)
In a gl ass szﬂ&t,ate subj ected t inner-chcuqfere tial end face polishing
(i nner ci riBg ré’iﬁ?@oﬁcﬂoﬂ'ﬁ?ﬁrﬁ‘g)“"&@bPBPng‘?Wq fdd-ihvention, the inner

di anet er @h ularity and the inner dianeter tolerance can be significantly
| mpr oved [ ﬁ%ﬁred with in the past. 28 [0079] Specifically, the inner
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performed, the polishing is preferably performed while supplying a polishing

liguid containing abrasive grains from the nozzle 40. As the abrasive grains,

typical abrasive grains such as grains of alumina, cerium oxide, and colloidal

silica can be used depending on a shape of an objective end face. Asa

dispersion medium for dispersing the abrasive grains, which is not particularly

limited, water is preferable in the light of cost, but any dispersion medium can be

used, if it is typically used for polishing. Moreover, for the nozzle 40, various

aspects can be used, for example, each of aspects can be used, including spray,

blowing, water discharge, and coating using water flow, shower, water drops and

the like.

{0077}

Regarding a way of supplying the polishing liquid, for example, polishing

may be performed while the polishing liquid is continuously supplied, or may be

performed while the polishing liquid is intermittently supplied.

[0078]

In a glass substrate subjected to inner-circumferential end face polishing
(inner circumference polishing) according to the invention, the inner diameter

circularity and the inner diameter tolerance can be significantly improved

compared with in the past.



transferring processing can be used instead of shape copying processing such
as polishing brush processing. Thus, the inner dianeter tol erance can be
further reduced. Myreover, in the inner-circunferential end face polishing,
since polishing can be perforned while @grotation axis of the inner
circunference polishing section 110 is allowed to correspond to a central
axis of a stacked body of glass substrates (polishing object 12), the inner
dianeter circularity can be further inproved. [0081) Moreover, the

i nvention {¥lY%e applied to not only the inner circunferential end face of
the cylindrical polishing object 12 in which the plurality of glass
substrates 20 ar SpeclisaibtltheninnesHiggneter Diﬁﬁdﬂfltyiqf(ﬁﬂiﬁéﬁiéHbe&atee?lgadece of a
di sk-1i ke gl ass_ substrate 20 .in which an inner hole is forned in the

center, thBY pesformig thevener disugarancealishingfandee madg teibeyd amypeless,
substrate 20. erefore, even in a single g]ass substrate, an inner

ci r cunf er eRtgfgrabiyng Hrﬁ@é]eséaﬁngén?fﬁl R'€ ab’Hi%gH#Wral@E%r aﬁ@f@ﬁ?"qrd@ﬁﬂm%i | e

descri ption, was e on _an exanpl.e .of ishing the inn circunferenti al
ond T ace oPIATEler JHISrARee A BTROR RO E] bt ORBHPIaS BRI Ham oG58t | 1y o
gl ass subst hat es_ 20 ?re @tfcked in the above description, for exanple, the
i nner circ# éP%’r?tF?"Eef@H ﬁ@eorolfas%ne gl ass substrate nmay be polished as a

29 poli Shi(ﬂ%éﬁbj ect by using the above nethod. According to the above
met hod, stnce’circularity can be inproved conpared with in the past, a

gl ass substrate rthﬁ/@"@%hhﬁﬁi 'nzigltﬁﬁ@ffﬁ [%é’hg@g@lorfé}{a{ﬁphg?g 4C disk can

be obtai ned. [0083] reover, e suppor tron I'xed, and the

i nner  ci r GURERIERG Brat@ssirg dih SE€GLe@Thstdsy bﬁsmﬁiﬁ@&iﬁgbr&@s%ma K n the

enbodi ment, such a case IS not restrictive, a I’s ‘possi bl e“that the

ilzn;%; (r:lo[ ;t‘a\gfgalig?mgobtrﬁﬂtu Ezﬁde@gin@ecmmﬁ, thEOnher diekfrder Rstahbe caHROr t section
further reduced. Moreover, in the inner-circumferential end face polishing,
since polishing can be performed while a rotation axis of the inner circumference
polishing section 110 is allowed to correspond to a central axis of a stacked body
of glass substrates (polishing object 12), the inner diameter circularity can be
further improved.
[0081]

Moreover, the invention can be applied to not only the inner
circumferential end face of the cylindrical poiishing object 12 in which the
plurality of glass substrates 20 are stacked, but also an inner circumferential end
face of a disk-like glass substrate 20 in which an inner hole is formed in the
center, that is, the invention can be also applied to a single glass substrate 20.
Therefore, even in a single glass substrate, an inner circumferential end face
can be polished highly accurately.

[0082]

While description was made on an exampie of polishing the inner

circumferential end face of the cylindrical polishing object 12 in which the

plurality of glass substrates 20 are stacked in the above description, for example,

the inner circumferential end face of one glass substrate may be polished as a



sections are rotated in opposite (relative) directions to each other. [0084]
Moreover, a glass substrate 20 is provided, of which the inner
circunferential end face has a shape being fornmed flat by the above
polishing nethod. The sidewall portion;@2 of a glass substrate 20, which is
polished by the brush polishing or the pad polishing in the past, is forned
to have a rounded convex shape. However, in a polishing nmethod according to
t he enbodi nent, since the sidewall portlon 22 is polished in face contact
with the ppbliginggbigabbysising thevahovermethode, Adcardiag o the abeves methed, |

portion 22 can be secured, and even if it is used for a magnetic disk for
HDD, fi t neSHCRiciguiarity:cam b@nmm\m goraparedaith indheinast, & /alass §Haswaiasfoaust i's
reduced, so that inprovenent in reliability can be achieved, [0085]

Mor eover, & Magnele disk pigferakly yped fora ma&wtig isk 6alt be pbtaiBedagnet i ¢ di sk
accordi ng i& e invention, which includes an inner circunference polishing
step of po Q83 ng an inner circunferential end face as an inner-hole surface
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pollshlng st one o S substrate I shi ng

menber is gebdsSleVrolEdth o Qoélfea{aeﬁah@e)' mr&hoﬁsrtskéaf:ﬁro@ﬁw al end face of
the gl ass substrate is poli s 086] Moreover, a nethod of nmanufacturing

a glass subgag4te for a magnetic disk, which |ncludes an inner
circunference polishing step of polishing an i nner
Moreover, a glass substrate 20 is provided, of which the inner
circumferential end face has a shape being formed flat by the above polishing
method. The sidewall portion 22 of a glass substrate 20, which is polished by
the brush polishing or the pad polishing in the past, is formed to have a rounded
convex shape. However, in a polishing method according to the embodiment,
since the sidewall portion 22 is polished in face contact with the polishing cloths
at even pressure, flathess of the sidewall portion 22 can be secured, and even if
it is used for a magnetic disk for HDD, fithess with a rotation spindle axis can be
improved, and thus dust is reduced, so that improvement in reliability can be
achieved.
[0085]
Moreover, a method of manufacturing a glass substrate for a magnetic
disk according to the invention, which includes an inner circumference polishing
step of polishing an inner circumferential end face as an inner-hole surface of a
disk-like glass substrate having an inner hole formed in its center, may be
designed such that a polishing member is inserted into the inner hole of the

glass substrate, then polishing parts of the polishing member are expanded in a

direction perpendicular to an axial direction of the polishing member, thereby the



circunferential end face of a cylindrical polishing object in which a
plurality of disk-like glass substrates, each having an inner hole forned
inits center, are stacked on one another may be desi gned such that a
rod-1like polishing menber is inserted gmto an inner hole of a polishing
object, then polishing parts of the polishing nenber are expanded in a
direction perpendicular to an axial direction of the polishing nenber,
thereby the polishing parts are elastically pressed to the inner

ci r cunf er eolishing parts gce elastigalinpressed do thaninder sircumiéerentialrensbiagseonand he

gl ass substrate is allowed to c%rres ond to an axis of the rod-1ike

pol i shi ng Wh'siiee cepter|of the Innge hee eibe glassssunslate i allowrd theomesnaNg ng
menber is .relative noved, so that the inner circunferential end face of
the gl ass %‘E:B@tar’%t‘éH tﬁe@é@ﬁﬁmﬁahmpmwﬁen@fbiqaéﬁ)inﬁ@%'ﬂes gthstrafor ti on
(chanfered surface.palishing step)). It is also posgible that after.the

S deoval | - panthtd PoiSting FasBBess Blatvaly mpyd 2 PRE Tie bheh ERarRisBNidlce of
the glass suhstrate, 20 .is polished hy.the above polishing nethod, the

chanf er ed 5883?%?10 Wa?#@? gﬁbétfé}%%ggé“%@dsurface) 24 is polished. Such a
chanf er ed Wéﬁ;on 24 may be polished by brush polishing using the polishing
brush 42, y be polished using the follow ng polishing nethod. [0088]

3L, Ln the enbodymabyepalhafatsohah oo ates Mbsludie sAARIED e 1 ©

t he chanfered por at one si or ne € center

of the gl %I%‘R,Wﬁ%iﬁéﬂﬂeg%rﬁhﬁlér&i%%%rﬁ:ébél%‘hmgaél%ﬂ% Iisﬁi'ﬂ? mpker ed

portion 24 at a tine, and while the polishing cl/oths are preSsed to the

chanfered pRttmestenfialtdirl fac8tta dfwhesicélwi@mhgaigjm i Whlidts a pshalifyeofgl ass
substrate are relatively noved so that the chanfered portion 24°is

pol i shed. igkelike'glasasiulystratoy ceat favimy andfimer hdle farmmed indts ¢dvater,ame of the
polishing cloths and the glass substrate 20 is driven, or a notion that
bot h are dstacked chhengahother mpynies Hesignéd sheh thetref rdelike polishing member

is inserted into an inner hole of a polishing object, then polishing parts of the

polishing member are expanded in a direction perpendicular to an axial direction

of the polishing member, thereby the polishing parts are elastically pressed to

the inner circumferential end face, and while the center of the inner hole of the

glass substrate is allowed to correspond to an axis of the rod-like polishing

member, at least one of the glass substrate and the polishing member is

relatively moved, so that the inner circumferential end face of the glass substrate

is polished.

{0087]

{Polishing of chamfered portion (chamfered surface polishing step))

It is also possible that after the sidewall portion (T surface) 22 of the

inner circumferential end face of the glass substrate 20 is polished by the above

polishing method, the chamfered portion (chamfered surface) (C surface) 24 is

polished. Such a chamfered portion 24 may be polished by brush polishing

using the polishing brush 42, or may be polished using the following polishing

method.

[0088]



portion is perfornmed by sheet-feed polishing in which glass substrates are
pol i shed one by one, rather than batch polishing (batch processing) in which
the stacked glass substrates 20 are polished. Hereinafter, the polishing
method is described in detail using a ghanfered-portion polishing
apparatus. [0089] Fig. 5 shows a bl ock diagram showi ng a schematic
configuration of a chanfered-portion polishing apparatus. Such a

chanf ered-portion polishing apparatus is configured by a substrate support

section 200 and H thelemsbodipant qealishingpgleths aredisednwhiah arereordactablerted
portions 24 of the glass substrate 20 as an object of polishing are

provi ded athegehamiened pertions aherg sigiaf the inper holastorsed;in dee aanles of the

exanpl e, 45I) with respect to a main surf?ce of the gl a?é substrate 20.
[0090] Thedl3abstipatrates¢(ypyet theawhols sirsgmiencare o the.chanirred pantion,24 @6 di ng
t he | ass substrate 20, an arm 224 being fixedly copnected to,.the_hol der
950 i 1 o SR ARV e OIS RO IO b e PLetseertpdhe SBaieEd RAPR ! Dbt een
t he hol der, 22 t he.arm 224 i f I t at abl i th

or edot er m 188" N he Peisding sfdheand i st sBhTaG B PRttEl Bhved o

r ot at abl orts_a,spheri cal ol L shi he, 2 havi n spheri cal
portion ¥3€1ua£ § F@a@ﬁ%’ggﬁér@)%ﬁgﬁ Pgrfsméﬁ%%\e%hée%@%ﬁ%‘éﬁ%%%ﬁ h% '!r? Elcl ot h
232, f ' 3 T ' l'i shi
cioth 232 (o8 FRRBTHETpfS oM boRHIA BoliaRPing 66s YBRraBTA liHvell”); 7)) "
ower of a icdroth ehdsvenal | ,@3@, ' olishin
(F:)I oth 232 Bfgtsng(g“s a gﬁggﬁeéed p\)g'?]fi Jﬁ@ﬁdl%{h neeﬁfo&%@@be%‘?ﬁf}eﬁerphoi e :)fg

the gl ass mﬁb‘ﬁ‘t@hrigtp%rt%ﬂnée bySsHe@tAsed PSS WRich BashuBstFA6s aportion 24

over the ol e circunference of the chanfered portion 24 at a time. Wen
pol i shing palighed eie'By onectzahéMBanQsitéh polisHing (Hcls Et@és@h@) irusihichothet he

glass substrate 20 and a rotational axis of the spherical polishing cloth
232 may bestacked glass substrates 20 are polished. Hereinafter, the polishing method is
described in detail using a chamfered-portion polishing apparatus.

[0089]

Fig. 5 shows a block diagram showing a schematic configuration of a
chamfered-portion polishing apparatus. Such a chamfered-portion polishing
apparatus is configured by a substrate support section 200 and a polishing cloth
support section 210. The chamfered portions 24 of the glass substrate 20 as
an object of polishing are provided at both ends of the inner hole at a
predetermined angle (for example, 45°) with respect to a main surface of the
glass substrate 20.

[0090]

The substrate support section 200 includes a holder 220 for hoiding the
glass substrate 20, an arm 224 being fixedly connected to the holder 220 in a
swingable manner, and a torque converter 222 that connects between the holder
220 and the arm 224 in a freely rotatable manner with a predetermined load.
[0081]

The polishing cloth support section 210 rotatably supports a spherical

polishing cloth 232 having a spherical portion 230 at its end. As a material of



changed by swinging the arm 224. [0092] The chanfered-portion polishing
apparatus is used to polish only the chanfered portion 24, thereby the
chanfered portion 24 can be sufficiently mrror-polished with a small
removal depth. Therefore, when a nagnetig disk is produced using the gl ass
substrate 20, occurrence of corrosion (precipitation of cobalt or sodium
into a surface of the magnetic disk) fromthe chanfered portion 24 can be
prevented. Moreover, since renoval depth is small, processing tine

reduced, cHrserhasival polishsaa slothy 287, f@amqsbreiswsmgs ppww@aﬁarc‘@n ke nce t he
spherlcal portion 230 does not polish the side face 22, inner-dianmeter

ci rcul arit Yse@dndlhe §EB§§¢$@°&§'&'OB§M“&3%'ﬁéogtfeéamhﬁﬁvwb&ﬁéwﬂaﬁh%t ed by
t he descri nmet ho C|rcu renti end face,

C(r)]nseﬂureﬁnt Bsﬁﬂféﬂém'ﬁt PAWRS ﬁ’@ﬁ?}%[ea | nn §’°Gl9§ ?th Pshi ng of
descr i pti oRBNRR PERERIGH q”@“@&%?fﬁ%%”é&ﬂ%ﬁﬁ%@&?%ﬁ%?&%“ eeSidBa M ng

E!b?tcﬂfrf or oles? Botd Sk Tebtrodili A g0 e I n HifackiaL P tRered) ¢ co |
the gl ass EE’@fsﬂzfé@e*’%%%ms%ﬁF?ﬁﬁ?%e“?%&Z%% sﬁéfﬁ‘ﬁé*%@eprﬂ% 2L A e bove.
abrasive of IRCPalbingis PRERAH SpblhoRRans Bf I RARLFR SR e 8RS, ey
ci reunt er CRGRPALIZNfY atBRibAB éaai@of&réis;smfcau BBRShils EMQQ% gk end face

I s. polished l e coolant I's supplied to the inner r cunt erentlal end

f dce. Mor egM&iged by iswirfing BiéBia 228at while coolant is supplied to an inner
circunferenti ? end face, the inner circunferential end face is polished

wth a cir{00928rence polishing section 110 including the fixed grinding
stones (fixed abrasive grains), then while free abrasive grains are
The chamfered-portion polishing apparatus is used to polish only the
chamfered portion 24, thereby the chamfered portion 24 can be sufficiently
mirror-polished with a small removal depth. Therefore, when a magnetic disk is
produced using the glass substrate 20, occurrence of corrosion (precipitation of
cobalt or sodium into a surface of the magnetic disk) from the chamfered portion
24 can be prevented. Moreover, since removal depth is small, processing time
is reduced, consequently productivity can be improved. Furthermore, since the
spherical portion 230 does not polish the side face 22, inner-diameter circularity
and processing accuracy of the side face 22 are not affected by the described
processing method of the inner circumferential end face, consequently reduction
in the circularity and accuracy due to polishing of the chamfered portion 24 may
not occur.
[0093]
(Other modes)
In the description, description is made on a configuration where the
polishing cloths 114, that is, the polishing pads are used for the inner

circumference polishing section 110, and the abrasive grains being free abrasive

grains are used to polish the inner circumferential end face of the glass substrate.



supplied to the inner circunferential end face, the inner circunferential
end face is polished with a circunference polishing section 110 incl udi ng
the polishing cloths 114. In this way, the inner circunferential end face
is polished using the fixed abrasive ggains, then it is polished using the
free abrasive grains, which nakes it possible to reduce a |oad applied to
the polishing cloths. [0094] (End face polishing after strengthening) Next,
description is nade on a step that a 3I ass substrate is subjected to
cheni cal stawepeicihierigventian isenat limitedriothe abaverand fof @xpemdetit il end face is
pol i shed. [0095] A conpressive stress layer is formed on a surface of the
gl ass substcaepiabienthal griishiag stanascteeing fixed gbrrsivergraineateasrd ingtgadof
t hi ckness of the ,corTE)ressi ve stress layer to be forped is, different
dependi ng & palidhingsioths 114 ef the inger ciriiuniesgence pefishingsaation 119, eRd thase of
the glass substrate .in a size _of . 2.5-jn¢ch disk or 1.8-inch disk, which is
| argel y uséH‘eJé:‘r&UQTfﬁ%"é‘t'@EB@gf%ﬁee‘sfﬁpi'shegH’é'aﬁé:ﬂo rﬁi'%ﬁ‘;’pé]ﬁdctf?rigﬁémaﬁr t he
gl ass substrate,is Q.5 to.1.0 and pr.ef er ahl epth.(thickness) of the
Qonpr ess vergumEsErialand fare; n MoreBUer RIS a86ertabiaghah i fBOBERE bsi ve
stress | ay ' t . : ' u f.: rate,
ut - ai so_onVRRTeh RLAT ki lintr@iud SRRt FRer SibiBrd oA et B335
surface). [ ; | Sti [1RG Lqal
st rengt heni['ér)lgg@}eg\??r%tﬁ[ﬁ @h@g%@g@&gﬁi érg}graHgljﬂgﬁré?ggﬁ@ftﬁF ﬁ@egubst rate is
changed. 2 i) div@mhRis) di Hiele k3 ding on a
conposi ti (I\)/%r@?@ﬂgﬂ%%ﬁéﬁwﬁ?engﬁeﬁ{s%’ghtgﬁg\gis%gﬁé?lsqu!‘%@gn on a chem cal
st engt henisigpliéd etHERhef 8Rclirhfe?dntidl @A 4hce, the inner circumferential end face

is polished with a circumference polishing section 110 including the polishing

cloths 114. In this way, the inner circumferential end face is polished using the

fixed abrasive grains, then it is polished using the free abrasive grains, which

makes it possible to reduce a load applied to the polishing cloths.

[0094]

(End face polishing after strengthening)

Next, description is made on a step that a glass substrate is subjected to

chemical strengthening treatment, then the inner circumferential end face is

polished.

[0095]

A compressive stress layer is formed on a surface of the glass substrate

through the chemical strengthening treatment. While thickness of the

compressive stress layer to be formed is different depending on thickness of the

glass substrate, for example, in the case of the glass substrate in a size of

2.5-inch disk or 1.8-inch disk, which is largely used as a glass substrate for a

magnetic disk, thickness of the glass substrate is 0.5 to 1.0 mm, and preferable

depth (thickness) of the compressive stress layer in this case is 100 to 200 um.

The compressive stress layer is formed not only on a main surface of the glass

substrate, but also on an inner circumferential end face (including a chamfered



In this way, the inner dianeter dinmension of the glass substrate is changed
t hrough the chem cal strengthening treatnent. However, the glass substrate
is required to have strict dinension accuracy (inner diameter circularity
and inner dianeter tolerance) as descrilygd before. Thus, the

I nner-circunferential end face polishing is performed after the chem cal
strengthening treatnent step, and thereby a gl ass substrate having excell ent
di mensi on accuracy can be manufactured with strength being increased through
t he chemi c@urcebngt hening treatnent. [0098] Therefore, when the

i nner-circunferential end face polishing is perforned after the chem cal

st rengt henilB89€k eat nent step has been perforned, the renoval anount of the

[ I b f b
Feduced 1ot he oBED 116 alpss SHDsORIH SsbiRaeg  eadiaal sheoepMBled. To
tisfy thi ditiqn, ifically, th I 1 ' h
e - Ui rcATRAIERt &AMANE eLELnBR femetg pLRE SUPSIraln 5 Coanged] cWereays mor o
preferably 6 mor l.ess I[q({)099 . Afte thedi nner s.ci rcunf erent i.al e%nd face
pol i shi ng, PRiGILRMETerqimen WF&@?P% JepEadingRnLe cPBIPRSHIon Pl e

more, ror o ERHER 5ot At hehCiud ARet A eiEE A tifeihdont, "Ts0 m

or nore. Al gensi ad a shape to be required are as described before.

[ 0100] (I\/atfgn su?‘?ggg&ggpi shing) By perform ng inner circunference polishing
of the i”VE[OO%?’I{‘, inner diameter circularity and inner dianeter tolerance
of a glass substrate can be inproved. Thus, a glass substrate for a

magneti ¢ di sk t hgh tRiRALAE ShdiriHee diarhRe Withagsign % they gl sbbsPatevisded. To
achi eve hi gher recording density,
changed through the chemical strengthening treatment. However, the glass
substrate is required to have strict dimension accuracy (inner diameter circularity
and inner diameter tolerance) as described before. Thus, the
inner-circumferential end face polishing is performed after the chemical
strengthening treatment step, and thereby a glass substrate having excellent
dimension accuracy can be manufactured with strength being increased through
the chemical strengthening treatment.
[0098]

Therefore, when the inner-circumferential end face polishing is
performed after the chemical strengthening treatment step has been performed,
the removal amount of the compressive stress layer formed on the substrate end
face needs to be reduced to the utmost, and dimension accuracy needs to be
improved. To satisfy this condition, specifically, the removal amount in the
inner-circumferential end face polishing is preferably 5 um or less, and more
preferably 3 uym or less.

[0099]
After the inner-circumferential end face polishing, thickness of the

compressive stress layer formed on the inner-circumferential end face of the

glass substrate is preferably 50 ym or more, more preferably 100 um or more,



roughness of the main surface needs to be decreased in addition to inproving
a paraneter on the inner dianeter of the glass substrate. Specifically, for
exanpl e, when surface roughness (Ra) of a glass substrate for a magnetic
disk 1is neasured by an atomic force m ggoscope, the surface roughness (Ra)
is preferably 0.2 nmor less, and nore preferably 0.1 nmor |less. [0101]
Hereinafter, an exanple using the described polishing nethod or polishing
apparatus is described. [0102] [Exanple 1] In the exanple, a glass
substrat e fand farthegmere prefeedbhaibli0amagmarec Adlisensiencanthashapedo de t hr ough
the follow ng steps. Particularly, in an end face polishing step, the
pol i shi ng mequitey acas deaerihasl befereanbodi nent is used. [0103] (1) Shaping
step and first lapping step First, nelted al mnosilicate glass was nol ded
into a di sIEO%Q{Hpe by direct press using an upper mold, a lower nold, and a
sl eeve nol d,. so that am;)rph pl ate-1i ke gl ass was obtained. As the
al mi nosi | i é4ein @ll"g%%e P@'I'Sd'% for chenical strengthening was used. In
addition to direcgt t he disk-|ike ubstrate f netic disk
Ty be_obt ai ned" £ RETQTiEd ek gt eninpensniad 48 the Wﬁeﬁownae'gom dr aw
met hod or fl oat, net ho ndln . osilicate glass,
chen cal sclangeRaiPnG i Sad irfies Mo 1B BincRR A oo sHbARRE GHERF of 55 1o
75 wt % 5 t 3 to 13 W%
(0104] " Next NS el a&@é@ SRUte 01 f febelth et oA Blafrcrea 1 0
| apping to iRPP | appi ng was
perfor med lﬂ%?onrém um n asedb“%’v ee ab?g)s?%/@é\zer Qi@ﬁgr F&H@gudbqngqg'i de | appi ng
roughness of the main surface needs to be decreased in addition to improving a
parameter on the inner diameter of the glass substrate. Specifically, for
example, when surface roughness (Ra) of a glass substrate for a magnetic disk
is measured by an atomic force microscope, the surface roughness {(Ra) is
preferably 0.2 nm or less, and more preferably 0.1 nm or less.
[0101]
Hereinafter, an example using the described polishing method or
polishing apparatus is described.
[0102]
[Example 1]
In the example, a glass substrate for a magnetic disk and a magnetic
disk were manufactured through the following steps. Particularly, in an end
face polishing step, the polishing method according to the embodiment is used.
[0103]
(1) Shaping step and first lapping step
First, melted alminosilicate glass was molded into a disk shape by direct
press using an upper mold, a lower mold, and a sleeve mold, so that amorphous
plate-like glass was obtained. As the alminosilicate glass, glass for chemical

strengthening was used. In addition to direct press, the disk-like glass

substrate for a magnetic disk may be obtained by cutting sheet glass, which is



apparatus using a planetary gear mechanism Specifically, |apping boards
were pressed to both sides of the plate-like glass fromabove and bel ow, and
whil e an abrasive liquid containing free abrasive grains was supplied onto
the main surfaces of the plate-Ilike ggﬁ§ t he | appi ng boards and the
plate-like glass were relatively noved to each other to performlapping. A
gl ass base material of which the main surfaces were flat was obtained

t hrough the I apping. [0105] (2) Cutting step (coring and form ng) Next, the
gl ass basefomeditiyad dows draw rethog aor fitiahmetbiod,ury 2 grinding stondi sRsdhaped gl ass
substrate was cut fromthe glass base material. [0106] Next, a circular hole
was f or nedalminesilicate iglassp cheminal strengthepingsglass wiastusede wiidhhpaénly yl i ndri cal
dianond drill, so that a donut-shaped glass substrate was formed (coring).

Then, an i ¢ondainsiSiGaref éﬁéﬁﬁﬁa‘ﬂ’@n@z@a@ 540 d 3% dur@of SitockhwiSoednd al end
face were ﬁround by di anpnd grinding stones so as to be subjected to

predet er m a0 &h rfperQWb/Oprocesm ng (formng). [0107] (3) Second |apping
step Next, mai n surfaces of the obtained gl ass substrate were subjected
to second Ii°él§6 ng as in the first |lapping step. By perform ng the second

surface in the Ned PRITRelb g I8 et aie e STuptRe 8’ r ecedent
o RV R A T g
%ﬁ??of?lpijispsheﬁ@aﬁlgggum&%eﬁ%%giﬁ agﬁapsl(i)\{é %hl ng %g%?"tg!%éﬁa\q%ﬁ oPi shi ng
met hod accohshrafls’ Gsihd'@ planetary gear mechanism.  Specifically, lapping boards
were pressed to both sides of the plate-like glass from above and below, and
while an abrasive liquid containing free abrasive grains was supplied onto the
main surfaces of the plate-like glass, the lapping boards and the plate-like glass
were relatively moved to each other to perform lapping. A glass base material
of which the main surfaces were flat was obtained through the lapping.
[0105]
(2) Cutting step (coring and forming)
Next, the glass base material was cut using a diamond cutter, and a
disk-shaped glass substrate was cut from the glass base material.
[0106]
Next, a circular hole was formed in a central portion of the glass
substrate using a cylindrical diamond drill, so that a donut-shaped glass
substrate was formed (coring). Then, an inner circumferential end face and an
outer circumferential end face were ground by diamond grinding stones so¢ as to
be subjected to predetermined chamfering processing (forming).
[0107]
(3) Second lapping step
Next, both main surfaces of the obtained glass substrate were subjected

to second lapping as in the first lapping step. By performing the second lapping



enbodinent. In this case, a slurry (free abrasive grains) containing
cerium oxi de abrasive grains was used for abrasive grains. Then, the gl ass
substrate that has been subjected to the end face polishing step was rinsed.
Through the end face polishing step, eagh of the end faces of the gl ass
substrate was processed into a mrror surface by which generation of dust
such as particles was able to be prevented. [0109] In the end face
polishing step, while glass substrates are superposed on one another, end

f aces t her sidp, & iheisrégitiardshagedwhichawas formed omieack mainsasfase inthee gl ass
substrate from being scratched at that time, the end face polishing step
may be per fcoitingosteefositiee gndifaca pelishing siep @@prmﬂt stap, Icandie regrovedy be
performed before and after a second polishing step. [0110] In such an end
face pol i shefrrebaag, canseqpentlsa ﬁﬁgsw&mgooashlna@t%mréw Apin sedesemCalt e nade
in face contact to the inner circunferential end face of the polishing

obj ect, and® eﬁﬁﬁ@%@ﬂﬁp¥kﬁ§@°| HM&ich face contact is made uniform thereby

hi gh proceighﬂg accuracy can be obtai ned. Evaluation results on processing
accuracy i enbodi nent conpared with that in a prior-art polishing

met hod are g)eécrlfbed blel QW. 1[901111 38 [Evaluation] The polishing nethod
accordi ng t( Hg %%%Is@%ﬁ 8 pol i shi ng nmethod in the past were used to

cy e B S i %**éﬁ‘é%‘af?é;%f P LY S SR S o BB by 8 ¢ ot
TS e S s SRS sty contect
prifmin. On etrﬁtﬁ)d?hléﬁ[. hmrtﬁl.s del aIGy FRacsbMRReQrdins) containing
cerium-oxide abrasive grains was used for abrasive grains. Then, the glass
substrate that has been subjected to the end face polishing step was rinsed.
Through the end face polishing step, each of the end faces of the glass substrate
was processed into a mirror surface by which generation of dust such as
particles was able to be prevented.
[0109]

In the end face polishing step, while glass substrates are superposed on
one another, end faces thereof are polished, and to avoid the main surfaces of
the glass substrate from being scratched at that time, the end face polishing step
may be performed before a first polishing step described later, or may be
performed before and after a second polishing step.
[0110]

In such an end face polishing step, the polishing cloths of the polishing
section are made in face contact to the inner circumferential end face of the
polishing object, and pressing force in such face contact is made uniform,
thereby high processing accuracy can be obtained. Evaluation results on
processing accuracy in the embodiment compared with that in a prior-art

polishing method are described below.

[0111]



pmmn in a prior-art exanple (conparative exanple) in which an inner
circunferential end face was polished as in the exanple using a brush. From
this result, it is known that when the polishing according to the exanple is
performed, polishing speed is high conpgged with a prior art, in other
words, renoval depth per unit tine is large. [0113] Next, inner dianeter
circularity was conpared between the exanple and the conparative exanple.
In the case of the exanple, deviation froma target value was about 0.35 to
0.65 gm Mirvadwation]i nner dianeter circularity was 2 pmin the exanple. On
the other hand, in the case of polishing using the brush, deviation froma
target val ue hadThe IPatiging angtbod asearding to the examplmand & pahshlagmeib@d of 1 47
pm In the conparative exanple, inner diameter circularity was R

the case tRatheasbuare used o eypluate palishirg ?P@JFBPY 8hd Holisking gpesd ot the

(conparatiyve exanp use %ﬁghe I n rcunferential end face was
pol i shed W“Péctrﬁ@“?%ﬁm??*@dp%@ﬁ% gias8 5\H§§ rat& ol ved, as a result,

devi ati on C{Zﬂgfa target value had a range of about 1.1 to 4.0 pmwith an
aver age of [ pm In this case, inner dianeter circularity was 9 pm

range. of vari att BhTErednal & ﬁﬁ%%h?ﬂ@%@ﬁé'feg{oe%‘%%ﬁhsdﬁﬁis%@a@@%‘@232d’ ]
ot PO S PR écz ROy RRLE o e
7T SBSRRLSHL1048 Py T B e M gl g 070l
range  Tar gemiRlIng pRiek-8HABGAE (E8mparbave e38aDIS in mueh an inner

circumferential end face was polished as in the example using a brush. From

this result, it is known that when the polishing according to the example is

performed, polishing speed is high compared with a prior art, in other words,

removal depth per unit time is large.

{0113]

Next, inner diameter circularity was compared between the example and

the comparative example. In the case of the example, deviation from a target

value was about 0.35 to 0.65 um. Moreover, inner diameter circularity was 2

um in the example. On the other hand, in the case of polishing using the brush,

deviation from a target value had a large range, about 0.7 to 6.7 um with an

average of 1.47 um. In the comparative example, inner diameter circularity was

10 um. in the case that a rod-like polishing pad as the prior-art example

(comparative example) was used, and the inner circumferential end face was

polished while the rod-like polishing pad was revolved, as a resuit, deviation

from a target value had a range of about 1.1 to 4.0 um with an average of 2.14

pum. In this case, inner diameter circularity was ¢ pm. Moreover, in the case of

the example, even if removal depth was changed, a range of variation from a

target value was kept within the above range.

[0114]



Exanpl e 100% 100% Conpar ative exanple 97.9% 95. 6% [0116] That is, by using
t he manufacturing nethod according to the invention, inner dianeter

tol erance can be securely controlled to be 25 mor less, and furthernore,
10 mor less. [0117] Fromthe results, 44 can be understood that when
polishing according to the exanple is perfornmed, polishing can be perforned
W thout variation in inner dianmeter circularity unlike the prior art.

[0118] Mbreover, polishing according to the exanple was perforned, and
change i n renovaNegkinrterdiametezdplerancedn machefdhegxample and theasured, as a
result, the renoval depth was linearly increased with respect to processing
time. Thecempamtiverexampieis shownirf Gade dRempualaiagith yn iheoiveesed i n an
optional renoval depth only by adjusting the processing tinme, and
consequent Eijcunfegenempelishing stehevase by pr 6sst h Tihe raasbenofgiass edbstrateeover ,
since reproducibility of the renoval depth with respect to processing tine
i s high, &aPple§wan1BO0Ferforned stably and accurately. [0119] 40 In this
way, accor&{qu{ato t he polishing apparatus and the polishing nmethod accordi ng
to the enbbdi*dent, high processing accuracy can be achieved, that is, inner
di anet er c.[ragrel ﬁr)ity or concentricity can be nmade small and stable, and

I nner dia . lerance can be kept low [012Q] (5) Miin surface polishing
step s @ mhin surface pol i shinf <teo B falk i PRDBRSbE PGS, "
scratches Target value Tolerance of £25 um | Tolerance of £10 pm
{ Example 100% 100%
Comparative example 97.9% 95.6%
[0116]

That is, by using the manufacturing method according to the invention,
inner diameter tolerance can be securely controiled to be 25 um or less, and
furthermore, 10 um or less.

[0117]

From the results, it can be understood that when polishing according to
the example is performed, polishing can be performed without variation in inner
diameter circularity unlike the prior art.

[0118]

Moreover, polishing according to the example was performed, and
change in removal depth with respect to processing time was measured, as a
result, the removal depth was linearly increased with respect to processing time.
Therefore, the inner circumference can be easily processed in an optional
removal depth only by adjusting the processing time, and consequently a
dimension of the removal depth is easily managed. Moreover, since
reproducibility of the removal depth with respect to processing time is high,
sizing can be performed stably and accurately.

[0119]



or strain remained on a main surface in the lapping step. In the first
polishing step, a double-side polishing apparatus having a planetary gear
mechani smwas used to polish the main surface by using a hard resin

pol i sher. Cerium oxide abrasive grains,yere used for a polishing liquid.
[0121] More specifically, a prelimnary polishing step was perfornmed using a
pol i shing apparatus that was able to polish both nmain surfaces of each of
100 to 200 gl ass substrates at a tinme. A polishing pad was used, in which
grains of zircoin this edydaceordingaithenpolishing \epparatos aaidrtbd padiEbinghand.

[0122] A polishing liquid in the first polishing step was prepared by m xing
ceri um oxi aecthbd @ccording to the ¢rabodignen, bigbmageesssirg acelirangrcanbef 1.1 pminto
wat er. Abrasive grains having a grain dianmeter of nore than 4 mwere

r enoved beff:v@:h'@wagoh‘.hax\ss,ann:etflr ametsEr ovsuksity agcenrentdsitystambe Imagde smatlihe
abrasive grains contained in the polishing liquid had a maxi num di anet er

val ue of @nd sigblgnang émejdiametestelprangecandpe kept Igw. and D50 val ue of 1.1
pm [0123][ Besi des, a |oad applied to the glass substrate was 80 to 100

g/ cn2, and[0t&Hoval thickness of a surface portion of the glass substrate

the first 49 Main fgTaetpolhinaSafient i |y di pped 1 n respective ol caning
B et et Re s BY S Fle, AL EB s AT )2,
Furtace oPRRlBR TR ARG eP M bbby P BGIE el g
step, the {&;'sggﬁfge[]ng@ﬁgg offes Falt? stitelinl tReqapbing Yep! 1hARETrdtPci@hig> O !
step, a double-side polishing apparatus having a planetary gear mechanism was
used to polish the main surface by using a hard resin polisher. Cerium oxide
abrasive grains were used for a polishing liquid.
[0121]
More specifically, a preliminary polishing step was performed using a
polishing apparatus that was able to polish both main surfaces of each of 100 to
200 glass substrates at a time. A polishing pad was used, in which grains of
zirconium oxide and cerium oxide were contained beforehand.
[0122]
A polishing liquid in the first polishing step was prepared by mixing
cerium oxide abrasive grains having an average grain diameter of 1.1 um into
water. Abrasive grains having a grain diameter of more than 4 um were
removed beforehand. As a result of measuring the polishing liquid, the
abrasive grains contained in the polishing liquid had a maximum diameter value
of 3.5 um, an average diameter value of 1.1 um, and D50 value of 1.1 um.
[0123]
Besides, a load applied to the glass substrate was 80 to 100 g/cm?, and

removal thickness of a surface portion of the glass substrate was 20 to 40 um.

[0124]



doubl e- si de polishing apparatus having a planetary gear nechani sm Col | oi dal
silica grains were used as abrasive grains contained in a polishing |iquid.
[0126] More particularly, a mrror polishing step was performed using a
polishing apparatus in a planetary gear,{ype, which was able to polish both
main surfaces of each of 100 to 200 gl ass substrates at atinme. As a
polishing pad, a soft polisher was used. [0127] A polishing liquid in the
second polishing step was prepared by adding sulfuric acid and tartaric
acid into ul trapilihe glasesubsirate thatthaer beaits uigjected| toitba firstpidlishingetep ns
having a dianeter of 40 nminto the ultrapure water. In this preparation,
concent r at was seiquehéakytippeddn aespctive cleaning tatksrod neutral detsegertt, pbre wt %
and a pH value of the polishing liquid was 2.0 or |ess. Concentration of

t he tart ar watercaddyBA (Boprapylalcahdl)t éred thiustwashexd. t he col | oi dal silica
grains was 10 w% [0128] In the second polishing step, the pH value of the
pol i shing [01@%]d was not varied, and able to be kept to be approxinately
constant. In the exanple, the polishing liquid supplied on the surface of
the gl ass substrw,mgemdwsgmwepw@%aeﬁordm%d as theygrpie sudaed by

T g O e, O Rl e B RS THE R o ©
Do N e O e, W ind e Shpd bl P i goeous
POl Lo 19 BRRE e B lete P gdlat 8400 o S BI85 08,
sufface i nyg, 81ePligd SORERHE HhpRHAtLS hatitly £ pRandtarl Fur MRskHAAdN N BYiioikhl™:
silica grains were used as abrasive grains contained in a polishing liquid.
[0126]
More particularly, a mirror polishing step was performed using a
polishing apparatus in a planetary gear type, which was able to polish both main
surfaces of each of 100 to 200 glass substrates at a time. As a polishing pad, a
soft polisher was used.
[0127]
A polishing liquid in the second polishing step was prepared by adding
sulfuric acid and tartaric acid into ultrapure water, and further adding colloidal
silica grains having a diameter of 40 nm into the ultrapure water. In this
preparation, concentration of the sulfuric acid in the polishing liquid was 0.15
wt%, and a pH value of the polishing liquid was 2.0 or less. Concentration of
the tartaric acid was 0.8 wt%, and the content of the colloidal silica grains was 10
wt%.
[0128]
In the second polishing step, the pH value of the polishing liguid was not
varied, and able to be kept to be approximately constant. In the example, the

polishing liquid supplied on the surface of the glass substrate was collected by

using a drain, then cleaned by removing foreign substances by a mesh filter, and



[0130] The gl ass substrate that had been subjected to the second polishing
step was sequentially dipped in respective cleaning tanks of neutral
detergent, pure water, and |PA (isopropyl alcohol), and thus washed. Each
cleaning tank was applied with an ultrgsonic wave. [0131] A surface of the
gl ass substrate after cleaning was observed byAFM (Nanoscope manufact ured
by Digital Instrunents Inc.) (measurenent in a rectangular area of 5 mx 5
m, as a result, maxi mum peak hei ght (Rmaxé was 1.5 nm and arithnetic nean
roughness {eh)resappliedisntorthe gltrsssuhistiate thee rewsedi dal sil i ca abrasive
grains was not confirned. Mreover, any foreign substance such as stainless
steel or iYR%as not found. Increase in roughness of the substrate surface
was not found between before and after the cleaning. 0132}mi( 6%! Chemi cal

st rengt heni ng st Bplishing speed injthessecominalishing: Hap Wasd0 B844I} Befed to the

| appi ng step, and the poli shi step was subjected, to chem cal )
st rengt henWﬁ!ﬁh 'W@Sé?ﬁ'@mbtg'ﬁt a@?@f@iﬁg PehPalp speed Wﬁtﬁﬁﬁ@ e g@g’ﬁ’h@"ﬁﬂocess

and sodi UnAHPBraRe OSHCBe! TealBIng S e e ST GA LY SAABSaA AT « ne
hem cal st i ng.sol uti 4 i ously heated.to 400C dth
clemmeal or A6BUBL HSBHERQ TR Al R SEL L RS e 0B S o
‘N the chem Y . _ A o

manner ¢ halor S OS A ey aER P £ Btehehined gt BHatk BERe AT oF ger
such that gl ass substrates were held at their end faces respectively in

order to chemically strengthen the whole surface of each glass substrate.
[ 0133] The[(gl3@§s substrate is subjected to dipping treatnment in the chem cal

The glass substrate that had been subjected to the second polishing
step was sequentially dipped in respective cleaning tanks of neutral detergent,
pure water, and IPA (isopropyl alcohol), and thus washed. Each cleaning tank
was applied with an ultrasonic wave.

[0131]

A surface of the glass substrate after cleaning was observed by AFM
(Nanoscope manufactured by Digital Instruments Inc.) (measurement in a
rectangular area of 5 pm x § um), as a result, maximum peak height (Rmax) was
1.5 nm, and arithmetic mean roughness (Ra) was 0.15 nm. Adhesion of the
colioidal silica abrasive grains was not confirmed. Moreover, any foreign
substance such as stainless steel or iron was not found. Increase in roughness
of the substrate surface was not found between before and after the cleaning.
[0132]

(6) Chemical strengthening step

Next, the glass substrate that had been subjected to the lapping step
and the polishing step was subjected to chemical strengthening. The chemical
strengthening was performed through a process that a chemical strengthening
solution including potassium nitrate (60%) and sodium nitrate (40%) being mixed

to each other was prepared, and the chemical strengthening solution was



strengthening solution in this way, thereby lithiumions and sodiumions in
a surface of the glass substrate are substituted by sodiumions and
potassiumions in the chem cal strengthening solution respectively, so that
the gl ass substrate strengthened. Thickfpess of a conpressive stress |ayer
formed in the surface of the glass substrate was about 100 mto 200 p. m
[0134] The gl ass substrate that had been subjected to chem cal strengthening
was dipped in a water tank at 20C and thus rapidly cool ed, and kept for
about 10 previously beatedithetQf Gs and dbe cleanedigiass sidhstiate wasupebeated too r api d
cooling was dipped in caoncentrated sulfuric acid heated to about 40C so as
to be cl e3RBC, and dippedderabeuisd hoursdn dhe shemical stiangtheningesgiutiemj ected to
sul furic acid cleaning was sequentially dipped in respective cl eaning tanks
of pure wat'BF diRRing Wag RertIpIEshin a mansebthat apldrality.ef glass sybsteales wereani ng

tank was applied wth an u|frasopic ve. [0135] As descyipe bove, the
(st | appAREoDMasateain® AGler SHoh et e Slass SihatRIER, Werope A dBRE et pi g
step, first and secand,polighi steps, fine .cleaning, and chep cal

str engt henfargedeapequEl Berist fegnerthai strefoteadte witie Siteée PEREG mgnet i ¢
di sk being fl at o th, and highly stiff was obtained. [0136] 44 (7) Fine
cl eani ng sgbﬁsl\‘e!'é@?,ra%'ne cleaning of the glass substrate for a magnetic disk

was perforid% The fine cleaning is performed to renove the residue of a
polishing “agent or a foreign iron-based contam nation or the like to be a

cause of “head ciahy ot 8 dRAIH s @I0GEH!YS I rBaffleh1Aling clbaRsy SubSt T at e

having a smooth ean sur e I's obtair e fine cleaning step, a
welt er i nsgyrehgMahitg scitifeh ﬁhﬂﬁ%ﬂg*ﬂﬁefét@%ﬁiﬂ& RPhSRINYIRIIRATORS (g af ter

al kal i ne solution cleaning. |
surface of the glass substrate are substituted by sodium ions and potassium ions
in the chemical strengthening solution respectively, so that the glass substrate
strengthened. Thickness of a compressive stress layer formed in the surface of
the glass substrate was about 100 um to 200 um.
[0134]

The glass substrate that had been subjected to chemical strengthening
was dipped in a water tank at 20°C and thus rapidly cooled, and kept for about
10 min therein. The glass substrate that had been subjected to rapid cooling
was dipped in concentrated sulfuric acid heated to about 40°C so as to be
cleaned. Furthermore, the glass substrate that had been subjected to sulfuric
acid cleaning was sequentially dipped in respective cleaning tanks of pure water
and IPA (isopropyl alcohol), and thus washed. Each cleaning tank was applied
with an ultrasonic wave.

[0135]

As described above, the first lapping step, cutting step, end face
polishing step, second lapping step, first and second polishing steps, fine
cleaning, and chemical strengthening step were performed, so that a glass

substrate for a magnetic disk being flat, smooth, and highly stiff was obtained.

[0136]



(8) Magnetic di sk manufacturing step Next, for both sides of the gl ass
substrate obtai ned through the above steps, an adhesion layer including a
Cr alloy, a soft magnetic layer including a CoTaZr-based alloy, a base

| ayer including Ru, a perpendicular nagpgtic recording layer including a
CoCr Pt - based all oy, a protective layer including carbon hydride, and a

| ubricating | ayer including perfluoropol yether were sequentially deposited
on each surface of the glass substrate, so that a perpendicular magnetic
recordi ng difrskinsecleapingfdepured. Wiile this configurati on shows an exanpl e
of a configuration of the perpendicul ar magnetic recording disk, the
magnetic | ayer ardexthing cleaningyofiibe glassi s;uhsa@teaﬁnrammiagnptnag% wagnetic di sk.
[0138] The obtai ned magnetic di sk was confirmed to have no defect found in
each fil m qefermeda Mhgfine deanipars gaEoraed tg mrapym thaumsiduacef a peligiier, the
magneti c di sk was subjected to g glide test, as a result, hit (a phenonenon
that a hef9es¢PaAJAIIR TpPdasedOntamingtian grthe tkeytoske arausedf header ush (a

ohenoTenon 15k o Al e S RS ST o
o, TNt SRR e B PSSR B FRIFE R B
SUDSLY S Rt SIPA o0t AR BREHAGHETHehBira BB Bl (1.

face polis bﬁ]g?ul?ns ep in the descried manufacturing nmethod. Renoval depth of
the inner circ erential end face in the end face polishing step was 4 m

?g’gei nnle_r S:Bﬂﬁfésg‘[ﬂetiﬁidisqyﬂn%hhféétlmngt Qgpgl ass substrate was 3 m after the end
pol i shi hg ep. A magnetic di'sk was manufactured in the
Next, for both sides of the glass substrate obtained through the above
steps, an adhesion layer including a Cr alloy, a soft magnetic layer including a
CoTaZr-based alloy, a base layer including Ru, a perpendicular magnetic
recording layer including a CoCrPt-based alloy, a protective layer incfuding
carbon hydride, and a lubricating layer including perfluoropolyether were
sequentially deposited on each surface of the glass substrate, so that a
perpendicular magnetic recording disk was manufactured. While this
configuration shows an example of a configuration of the perpendicular magnetic
recording disk, the magnetic layer and the like may be configured as an in-plane
magnetic disk.
[0138]
The obtained magnetic disk was confirmed to have no defect found in
each film such as a magnetic layer due to a foreign substance. Moreover, the
magnetic disk was subjected to a glide test, as a result, hit (a phenomenon that a
head scratches a projection on a magnetic disk surface) or crush (a
phenomenon that a head collides with the projection on the magnetic disk
surface) was not found. Furthermore, a reproducing test was performed using

a magnetoresistive head, as a result, false operation caused by thermal asperity

was not found in reproducing.



sanme way as in the exanple by using the glass substrate for a magnetic disk.
The magnetic di sk was subjected to a glide test, as a result, hit or crush
was not found. Furthernore, a reproducing test was perfornmed using a

magnet oresi stive head, as a result, fal operation caused by thernma
asperity was not found in reproducing. [0140] Wile the preferred

enbodi nent of the invention was described with reference to acconpanyi ng
drawi ngs hereinbefore, it will be appreciated that the invention was not
limted to[BU8%] enbodinment. It is obvious that those skilled in the art may
think of various alterations or nodifications within a category according to
cl ai ms, andEkampln2be understood that they naturally belong to the

techni cal scope of the invention. [0141] For exanple, while only the inner

ci rcunference polA glaspgubsisatedar agnagnedie diglk wasimamufagtused imthe samae
circunferential end face in the enbodinent, it can  be used in conbination
wi t h anot havayas instierxarapler except ér pettorming aghemicalmtreggthaniagstepn t hi s

Cr T aunt er oriafale ahand Taes BAIPNNEHEBIB I e eerSL ARl ACHING medachnor

i A ol 0 i
bot i shing. cnpbeasi iy, Bhait Waeli il Bt R 9 B b S ag Wi i 1Y o
Dot her ot 1€ BAR Fdek Mol stek®) AthaSRet BRk WimanbRERREAIR IR (o
desi gned SUehnd (2l ashR'the B BY [Singthe RiAESStbdfaid % FRBHBAL dlsk. { NS

i nner circ erential end hen~a pdlishing liquid s supplied between

the inner cméimpﬁéﬁ@aisﬁlw@guéje@@dqé a dlite t%@i, a8 RGURDhiESF cARM Was haner
po e

circunference I shing section, and then t

found. Furthermore, a reproducing test was performed using a
magnetoresistive head, as a result, false operation caused by thermal asperity
was not found in reproducing.

[0140]

While the preferred embodiment of the invention was described with
reference to accompanying drawings hereinbefore, it will be appreciated that the
invention was not limited to such embodiment. It is obvious that those skilled in
the art may think of various alterations or modifications within a category
according to claims, and it can be understood that they naturally belong to the
technical scope of the invention.

[0141]

For example, while only the inner circumference polishing section is
used for polishing of the inner circumferential end face in the embodiment, it can
be used in combination with another polishing material, for example, a polishing
brush. In this case, first, the polishing brush is used to roughly polish the inner
circumferential end face and chamfered portions, and then the inner
circumference polishing section is used for final finishing.

[0142]



i nner circunference polishing section is turned on its own axis so as to
polish the relevant inner circunferential end face. Industrial
Applicability [0143] The invention can be applied to a nethod of

manuf acturing a glass substrate for a Engneti c disk, a nethod of

manuf acturing a magnetic disk, and a polishing apparatus of the gl ass
substrate for a magnetic disk. 47 CLAIMS 1. A nethod of manufacturing a

gl ass substrate for a magnetic disk, by which an inner circunferential end
face of a cyli ndA methqubof mhnufgactlijngca glass spbiktrateckdr atmagpetic diskng obj ect
including a plurality of disk-like glass substrates stacked on one anot her,
each subst raeterding tththesembadisreioineviioh @madnner citcunaferendial endfacepha a
plurality of polishing cloths disposed around a rotation axis of an inner

ci r cunf er esyngsigal 9nla§gng ebjecbis plishad, thedalishing ehieehineluding aphwralty el by
pressure to the inner circunferential end face of the polishing object at
even presPlate-likedenaecepiably diskglike) glass subsyalan staekestonwss arwghernﬂe@h
circunferential end .face _ of th ol iqmj ng object and the. inner

ci r cunf er ef&bsisate W'%aﬁé'&’ﬂqrd?ﬂegqﬂi’ Br ‘F?é'h?"mﬁﬁy ke designed swek that i shing
section and t.he polishin object _are rel atiively rotated/ noved w t he
Fotati on apolsHeBFIetER AR presseRdn e atjadiip Bainne stahiricental oM e,
rotation ax

obj oct i's” ge aipbiRt el kRUPBICA PRI EH B bfer§Rd ISR ane R 8 of 5
Rgnel o ustpaGifc By s rclesh e AR el bl B R 19,
of - manuf actikd NGrcAnfetice PURShiING S clidh iStuPRESh its oWrSKxis so as to polish the

relevant inner circumferential end face.

Industrial Applicability

[0143]

The invention can be applied to a method of manufacturing a glass
substrate for a magnetic disk, a method of manufacturing a magnetic disk, and a

polishing apparatus of the glass substrate for a magnetic disk.



according to claim1, wherein: the plurality of polishing cloths are noved
in a direction perpendicular to an extending direction of the rotation
axis, thereby the inner circunference polishing section is contacted by
pressure to the inner circunferential epgd face of the polishing object. 4.
The nethod of manufacturing a glass substrate for a magnetic disk according
to claiml1, wherein: 48 a sliding surface sloped with respect to a rotation
axis direction is forned on an inner circunferential edge of the inner
circunferefdAIMS i shing section, and a drill rod is provided, which is
slidably contacted to the sliding surface, and the polishing cloths are

nmoved in a directli ot Hethchef r@angiacttﬂir@ra glass svdsHatesfor adnpghetis diskeby

tati is b d ffect, of the drjl| d. 5. Th t hod, of
manaf act ur MCTRIBITRY SRauEpiUl 890 frcsaeha eylincticalboleing OPRG! Bo cl ai m 1,
wh in: tact . bet t l,i shi | ot. dt
Gi r cunt er oRETSG S PaUSTGe SHIRET pocip RPIUBHTBEET SRIRF s SbBYele0v6 of
th [ ' nf ' tihe .pol i shi kect. . 6. Th t hod
of manur acEHTRY o Gragatteh SaeLbe e M BR ab TNl it s Ul i
1, wherein; tline of each of the polishing cloths has a shape in

u
accordancewvm %ﬁ’\. the inner circunferential end face of the polishing object.

7. A method of ”%%Lfﬁigléf isﬁi@rﬂéﬁwgide{?%c?ée%‘&rohﬂﬂ c?f'rl i) péii& of aRinndl

whi ch an inner circu entila a cylin ol'Tshing object is

Dibst 1 e SRR ERICRUSRGRE O UGG, Bl Rl cchateli O] 072
formed in ipressiR8 & the infee tRtimferential end face of the polishing object at even
pressure,
then a polishing liquid is supplied between the inner circumferential end
face of the polishing object and the inner circumference polishing section,
and then the inner circumference polishing section and the polishing
object are relatively rotated/moved with the rotation axis as a center, or relatively
moved in a direction of the rotation axis, thereby the inner circumferential end
face of the polishing object is polished.
2. The method of manufacturing a glass substrate for a magnetic disk
according to claim 1, wherein:
the plurality of polishing cloths are arranged to be an even number of
polishing cloths.
3. The method of manufacturing a glass substrate for a magnetic disk
according to claim 1, wherein:
the piurality of polishing cloths are moved in a direction perpendicular to
an extending direction of the rotation axis, thereby the inner circumference
polishing section is contacted by pressure to the inner circumferential end face
of the polishing object.

4. The method of manufacturing a glass substrate for a magnetic disk

according to claim 1, wherein:



polishing cloths are pressed in face contact to the inner circunferenti al
end face, then a polishing liquid is supplied between the inner
circunferential end face of the polishing object and the inner
circunference polishing section, and thgg the polishing cloths and the inner
circunferential end face are relatively noved, thereby the inner
circunferential end face of the polishing object is polished. 49 8. A

nmet hod of nanufacturlng gl ass substrate for a magnetic disk, by which an

i nner ci r cunf er eatslidingssidfacecsdopsd wﬂaureweqtR%agpf@élgnmdmt@n i§ f%me@ hed,

t he disk-1ike glass substrate having an inner hole formed in its center,
wherein:  8NEANINAET ejcyniesentialipdag ‘%Itﬁ? pedicypuierence pedshingestirdn axi s of
an inner circunference polishing section having the rotation axis are

cont act ed 89d pressure to the inner C|rcunferent|al end face of the

di sk-1ike gl ass su trate at ressu idis
suppl i ed bet ween?®t ﬁ‘ ﬁd%P'%‘f"?%%M%E’éﬂﬁ%‘ﬁfa%% ?E%Q%f hgigga%‘@rjaé:@bstrate
and the inner, circunferential end polishing section, and then the inner
circunfer eﬁf'pal end polishing section and the gl ass substrate are relatively

ot ated/ moved wi b, LRl BRhADaRXESYAE ifa SFRHGn pBperdRil ey moved 1 2

direction perpendic a nmain sur t her eby

the inner %&{eﬂdygﬂﬁ@éﬂ@ ofhd Bt%fﬁen%fxlstwa gédg #%t?&ﬁ?émgrlﬁ%l?”ate i s

pol i shed. manu actur| ng a nma erein: at least a

magnetic layer is f%@&ﬂe%daoﬁﬁéﬁmemhgtd@asé 3EBsHARTLF AlrRagdiicdiard
according to the method of manufacturing a gl ass substrate for a nagnetic

di'sk accor geording ®olaimma, wheediai N5 1 to 8. 10 A pol i shing apparatus of a
gl ass substrate for a magnetlc di sk, which polishes an inner

circunferential ersbrtactsudbca be&uheecdthe:pd:hs;huig glbthsgamditecinner ncl udi ng a
plurality of disk-like glass substrates stacked on one anot her, each
circumferential end face of the polishing object occupies at least 50% of the
inner circumferential end face of the polishing object.

6. The method of manufacturing a glass substrate for a magnetic disk
according to claim 1, wherein:

an outline of each of the polishing cloths has a shape in accordance with
the inner circumferential end face of the polishing object.

7. A method of manufacturing a glass substrate for a magnetic disk, by
which an inner circumferential end face of a cylindrical polishing object is
polished, the polishing object including a plurality of disk-like glass substrates
stacked on one another, each substrate having an inner hole formed in its center,
wherein:

polishing cloths are pressed in face contact to the inner circumferential
end face,

then a polishing liquid is supplied between the inner circumferential end
face of the polishing object and the inner circumference polishing section,

and then the polishing cloths and the inner circumferential end face are

relatively moved, thereby the inner circumferential end face of the polishing

object is polished.



substrate having an inner hole forned in its center, the apparatus having:
an i nner circunference polishing section that has a rotation axis, and has
a plurality of polishing cloths disposed around the rotation axis, and
presses the plurality of polishing cl8Phs to the inner circunferential end
face of the polishing object at even pressure, a polishing Iiquid supply
section that supplies a polishing Iiquid between the polishing cloths and

the inner circurg ergpidtabd 6f‘ﬁ1afnﬂfé?:t|9*n%9 Y14 d Bt R lagnéflc dRRIb7

polishing drive section that relativel ot at es/ nmoves the rnner

ci rcunf er agieh R@lihAdH Gitcursferemtial aRd fadteoPd biskhikedlass Qﬁﬁstméhs pbRsHeet at i on
axis as a center, or relatively noves the section and the object in a

rotation akedisk- mecgliaes substratedtavigean inresr hole farmiedriantsi adntemdhessig: of t he
pol i shing object is polished, wherein the plurality of polishing cloths are
fornmed on a cur\eeplusality a polidhing olpthsheispaser amdindsa estatidraaxisfoftamennaner
circunferential end face of the polishing object. 11. A nethod of
manuf act urer@gWﬁe@f@§$dlab@Qrm0ﬂdSIEVmgrihgrieta‘tlon(axﬁare ¢cordactedriry an i nner
circunference polishing step of pol.ishi an inner circunferential end face
of a cyli iieseHE tpdhe mﬂ%g?'f%i“é%ﬂentlﬂ'c& aﬁg of the diskHikeyglass subsirateiake gl ass
substrates stacked on one another, each substrate having an inner hole
formed i n §¥E8 RIERRWE, mherein a polishing menber, which has a rotation axis
and polishing p ound atign axis,.is inserted into an
Mner “hote of t AeR afRhng T Bibaig seriden Bk BhehsralintaeaiaSad,andeq
in adire t menber,
therepy ¢ e | %ﬁ%géﬁﬂ%@tgra&o‘e% iphet ﬁféy%sf%@%gﬁwégﬁﬁ@%ﬁ%w
C|rcunferent|al f t he
gl ass substrate a?‘sz‘d‘é‘%ﬁ%dw d@%bﬁ%@@gﬁp t 05? hsqelmglggc o e r O@Ia?@
pol i shi ng dipEhate ard rdlfRely ARe8mb] with the rotation axis as a center, or
relatively moved in a direction perpendicular to a main surface of the glass
substrate, thereby the inner circumferential end face of the disk-like glass
substrate is polished.
9. A method of manufacturing a magnetic disk, wherein:
at least a magnetic layer is formed on a surface of the glass substrate
obtained according to the method of manufacturing a glass substrate for a
magnetic disk according to any one of claims 1 to 8.
10. A polishing apparatus of a glass substrate for a magnetic disk,
which polishes an inner circumferential end face of a cylindrical polishing object
including a plurality of disk-like glass substrates stacked on one another, each
substrate having an inner hole formed in its center, the apparatus having:
an inner circumference polishing section that has a rotation axis, and
has a plurality of polishing cloths disposed around the rotation axis, and presses
the plurality of polishing cloths to the inner circumferential end face of the
polishing object at even pressure,
a polishing liquid supply section that supplies a polishing liquid between

the polishing cloths and the inner circumferential end face of the polishing object,



pol i shing object and the polishing menber is relatively noved, so that the

i nner circunferential end face of the glass substrate is polished. 12. The
nmet hod of manufacturing a glass substrate for a magnetic disk according to
claim1l, wherein: the plurality of §8Iishing parts of the polishing nenber
are provided in positions reverse to-one another. 13. The nethod of

manuf acturing a gl ass substrate for a magnetic disk according to claiml1l

or 12, wherein: each of the polishing parts includes a polishing cloth or a
grindi@edstone. 14. The nethod of manufacturing a glass substrate for a

magneti ¢ di 5], . . i |_al , er,ein. the.polishin arts

i ngl ude pol $gﬁﬁ%ﬂ”@ﬁg’%gegg@m}aﬁ|r€18ﬂ1¥/é195%t§?e§’/%8|(}?§hﬁ'%g%%rl qui dgcgnt ai ni ng
abr asi yircugiifarditce olsHny sexsliobeinte®e gonehingl dyédtvaticiet fesatisratifas | nner
circunferential end face, then at | east one of the polishing object and the

pol i sh? AgNteEndelatively mpyes the sestioneand theohiest ip igerotatiasy 2xis diestien enti al end

o acs S bEE 5k By PRI Bhfial et Bk pdird BolfRl bihelc, rn: Yt he
pol i shi ng pahémin thd pldeality bhgolihitg olas aresbaaed oBl & cuaed surfdcgui d cool ant

I's supplied between the grinding stones and the inner circunferential end
face, hadng the samstradiys as thahef {he inaen ¢iguspeantiahaad face gblheshi ng nenber is

rel ati : thereby the inner circunferential end face of the gl ass
substr%‘?leswry)%%g?tsmd. 16. The method of manufacturing a glass substrate for

a magnetic t1.sh mathodrsfimgnifactuninganglast sabstrate for hondgmatit diklai s 11 to 15,
wherein: the nmethod further includes a chem cal strengthening treatnment step
in including an inner circumference polishing step of polishing an inner

circumferential end face of a cylindrical polishing object including a plurality of

disk-like glass substrates stacked on one another, each substrate having an

inner hole formed in its center, wherein:

a polishing member, which has a rotation axis and polishing parts
provided around the rotation axis, is inserted into an inner hole of the polishing
object,

then the polishing parts are expanded in a direction perpendicular to the
rotation axis of the polishing member, thereby the polishing parts are elastically
pressed to the inner circumferential end face, and

while the center of the inner hole of the glass substrate is allowed to
correspond to the axis of the rod-like polishing member, at least one of the
polishing object and the polishing member is relatively moved, so that the inner
circumferential end face of the glass substrate is polished.

12. The method of manufacturing a glass substrate for a magnetic disk
according to claim 11, wherein:

the plurality of polishing parts of the polishing member are provided in
positions reverse to one another.

13. The method of manufacturing a glass substrate for a magnetic disk
according to claim 11 or 12, wherein:

each of the polishing parts includes a polishing cloth or a grinding stone.

14. The method of manufacturing a glass substrate for a magnetic disk



whi ch the gl ass substrate is contacted to a chem cal strengthening treatnent
liquid, thereby part of ions contained in the glass substrate are
substituted by ions in the chem cal strengthening treatnent |iquid, so that
the gl ass substrate is chemcally strepgthened, and an inner circunference
polishing step is performed after the chem cal strengthening treatnent
step, and the inner circunferential end face of the glass substrate is
polished in the inner circunference polishing step such that at |east part
of a conpr @pkding tn eleis 18aybereis: r enmi ned, the conpressive stress |ayer
being fornmed on the inner circunferential end face of the glass substrate
by the chemical $7¢ palighies pags include palishing clothsrespectively, ard as@lishing

manuf acturing a glass sybstrate for a netic dis according to c¢laim 16,
wher ei n: tmﬂgwm@wafngtﬁaaéwwe%ﬂ%ugﬁ %etwgy@rthﬁm?@'arngﬁquh%ae R cal
strengthening treatnent step,i.s 50 mor nore. 18. The net hod of

manuf act ur " rac'ré’f"gggreé\yﬂ ?'?%{%C%or a magnetic disk according to claim 16

17, wh i n: d h ts | han, . ' he & nr ' nf
O Ll 0 oSSR leclE B ok 3 BB Lol w51,
[ di . ' | . ' 11 18,
RGNl & )l 5RO e AR o B A B R 1L
[ nf & S t h that ci larit f [ hol e i
c1 T eunt o1 BBk B! CP Such thal el ty of an fnner ol s

di sk according 4& any,eqetHd @ﬂrﬁéﬁﬁfaétdrmg%pgqags%hasﬁate%hgn%@Tetmgﬁi n:

the method further includes a nmain surfac I shing step o I shing a
mai n sur f agrRcofdihd o Blfh s 3sWhekéiat e, and the main surface is polished in the

mai n surface polishing step such that

the polishing parts include grinding stones respectively, and

a liquid coolant is supplied between the grinding stones and the inner
circumferential end face,

then at least one of the polishing object and the polishing member is
relatively moved, thereby the inner circumferential end face of the glass
substrate is polished.

16. The method of manufacturing a glass substrate for a magnetic disk
according to any one of claims 1 to 8 and claims 11 to 15, wherein:

the method further includes a chemical strengthening treatment step in
which the glass substrate is contacted to a chemical strengthening treatment
liquid, thereby part of ions contained in the glass substrate are substituted by
jons in the chemical strengthening treatment liquid, so that the glass substrate is
chemically strengthened, and

an inner circumference polishing step is performed after the chemical
strengthening treatment step, and

the inner circumferential end face of the glass substrate is polished in
the inner circumference polishing step such that at least part of a compressive

stress layer is remained, the compressive stress layer being formed on the inner

circumferential end face of the glass substrate by the chemical strengthening



{ surface roughness (Ra) is 0.2 nmor |ess when the surface roughness is
nmeasured by an atom c force mcroscope. 21. The nethod of manufacturing a
gl ass substrate for a magnetic disk according to any one of clains 1 to 8
and clains 11 to 20, wherein: the glassgsubstrate has a chanfered surface
between the main surface and the inner circunferential end face, and the
nmet hod further includes a chanfered surface polishing step, in which
polishing cloths are used, the polishing cloths being contactable to the
chanfered peatment $i¢pr the whol e circunference of the chanfered portion at
atinme, and 53 while the golishing cloths are pressed to the chanfered

portion over the W¥hoiT@ednethesieimaarifasturinga giasasubsiiatedpr aonagnetie diske, t he
polishing cloths and  the glass substrate are relatively noved, thereby the
chanf ered 9GePrling tosclapp1Bswhgren2. The nethod of manufacturing a gl ass
substrate for a netic djsk according to claim2l1, wherein the plurality
of polishing cl ogﬁgk'ﬁ% Qfdbmme%“’%é pes laygr f%fg@%ﬁ\}ﬁﬁd:m‘:@ane radi us
as that of heaﬁer {I:_i r cunt erenti@ end face of the polishing object. 23.
The met hod SEENGIGMNA reimtstel 50 kI MA® for a magnetic disk according
to claim8, wherein L ur al it f | i shin Lot h re for an,.
curved surface hj?'r nﬁﬁe@gﬁéfgﬁ%ﬁﬂg%@gm@%@%g Sﬁhﬁﬁ?t%r@ a??%'gﬁ#:eq@ﬁt I al
end face %Ec{)%%iosglélrhh% Iﬁsivhs‘#gﬁtrate. 24. The polishing apparatus of a
e r ic’'dls :

gl ass substra a magneti according to claim 10, wherein: a

sl iding surface ?%@B@QI Jhgth i %%Eetﬁ%n:s&lrﬁ_iﬁ m@fnin_encﬁg@;%iﬁggégg | iuirwﬁnfo”md

on an inner circunferentiral e ge o e ltnner Clrcu S g

sdcti on, ateh.

19. The method of manufacturing a glass substrate for a magnetic disk
according to any one of claims 1 to 8 and claims 11 to 18, wherein:

the inner circumferential end face is polished in the inner circumference
polishing step such that circularity of an inner hole is within & pm.

20. The method of manufacturing a glass substrate for a magnetic disk
according to any one of claims 1 to 8 and claims 11 to 19, wherein:

the method further includes a main surface polishing step of polishing a
main surface of the glass substrate, and

the main surface is polished in the main surface polishing step such that
surface roughness (Ra} is 0.2 ﬁm or less when the surface roughness is
measured by an atomic force microscope.

21. The method of manufacturing a glass substrate for a magnetic disk
according to any one of claims 1 to 8 and claims 11 to 20, wherein:

the glass substrate has a chamfered surface between the main surface
and the inner circumferential end face, and

the method further inciudes a chamfered surface polishing step,

in which polishing cloths are used, the polishing cloths being contactable
to the chamfered portion over the whole circumference of the chamfered portion

at a time, and



adrill rod is provided, which is slidably contacted to the sliding surface,
and the polishing cloths are noved in a direction perpendicular to an

extending direction of the rotation axis by a wedge effect of the drill rod.
53

while the polishing cloths are pressed to the chamfered portion over the
whole circumference of the chamfered portion at a time, the polishing cloths and
the glass substrate are relatively moved, thereby the chamfered surface is

polished.

22. The method of manufacturing a glass substrate for a magnetic disk
according to claim 1, wherein the plurality of polishing cloths are formed on a
curved surface having the same radius as that of the inner circumferential end

face of the polishing object.

23. The method of manufacturing a glass substrate for a magnetic disk
according to claim 8, wherein the plurality of polishing cloths are formed on a
curved surface having the same radius as that of the inner circumferential end

face of the disk-like glass substrate.

24, The polishing apparatus of a glass substrate for a magnetic disk
according to claim 10, wherein:

a sliding surface sloped with respect to a rotation axis direction is formed
on an inner circumferential edge of the inner circumference polishing section,
and

a drill rod is provided, which is slidably contacted to the sliding surface,
and

the polishing cloths are moved in a direction perpendicular to an

extending direction of the rotation axis by a wedge effect of the drill rod.



