i 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 fagce of a glass substrate is

pol i shed, a nmethod of nmanufacturing a magnetic disk, and a polishing
apparatus of the glass substrate for a magnetic disk. Background Art [0002]
Recently, with sophistication of informatization technol ogy, information
recordi ng technol ogy, particul arly DEQGRIRTIOcordi ng technol ogy is
significantly inproved. Asa substrate for a magnetic recordi ng nmedi um such
as HDD (Hard Disk Drive) as one of nedia for such nmagnetic recordi ng, an

al um num substrate has been wi dely used. However, with reduction in size or

t hi ckness oMETHORGDEIMANIIFAC TURING GhASSCPUBST RAT b 60 MAGNEJISi RISK,
demand for a glass substrate is now increased, the gla t e being
hi gh in surfacMETHOROF MANURGAURING WET&@§%65?‘&? ?’Eﬂjggﬁﬂéum num
substrate. [0003] Mxeover, with incr i rdi i i, magnetic
recordi ng technoIAdDgDﬁRéTH%QEt(?@ﬁéaﬁjésTwEgﬁéﬁgwq?ﬂgﬁgmﬁh film head
to a magnetoresistive head (MR head) or a giant nmagnetoresistive head (GWR
head), and flying height of a magnetic head on a substrate is accordingly
reduced to ﬁ_?Fabo 8, hm A magnetic head mounted with such a

t_.
magnet or esi SEPVUCRFIEI el enent sonetimes i nduces a thermal asperity
troubl e as ?Udﬂ]li]que 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
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, a 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 nagnetic
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 adi abatic conpression of air or contact wwth the small portion, causing
a read error. Therefore, for the nmagnetic head nmounted with the

magnet oresi stive effect element, a magrktic disk surface is required to
have extrenely high snoot hness and fl atness. Mreover, when a magnetic

| ayer is formed on a glass substrate w th dust or a foreign substance being
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on a nobi | 3 %?Vi ce. Therefore, a 1.8-inch substrate, a 1-inch substrate, or
a further Sff&lt-size substrate is required rather than a 3.5-inch substrate

or a 2.5-i26@b ubstrate in the past. Wen a substrate is reduced in size in
this way, an al'l owable dinension error is also reduced, consequently nore

preci se inner - di gitBEmMEN AR bR i§ AQHJE wHERO YHer & jchic MRakn

snoot hness and flatness of the nagnetic disk surface, stri accuracy

control is fyR@ihitRE airPasiedidiRNeiLEMEN tBRvéof BOfEavdl ForEbATond nibgnetiecul ar
hol e providéd™ n a center of a magnetic disk. This is because a “di nension

error of agjidké\afacy, tise Rjretdreslstive effbacsienient igTheae duedioddibipatia  di rect
I nfl uence on setting accuracy when the nagnetic disk is fittingly set on a 3

spi ndl e notcemmessibR.of Mir@@oetactavitrethgesmaliporionn causing d readreresr, di anet er
| eads to a possibility of inducing a nechanical error 1 n stacking servo
(writing ofTherefore, for the magnetic head mounted with the magnetoresistive effect
element, 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 magnetic 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 magnetic disk is small in surface area
conpared with a main surface, and when a rotational center of the nagnetic
di sk is displaced due to the dinension ®&rror in inner dianeter, it is
difficult to dispose a head of HDD in a <correct position on the HDD,
consequently data are hardly recorded or reproduced. [0007] Moreover, since
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HDD, a servo p positioning I's préviously witten

into a mg%b&ﬂé&h%ﬁ%ﬁ@%ﬁ%ﬂ ae@ibssHanagqme,car alsKinhitp ofidrRiRpuce

data of the nagnetic witing of the servo pattern i1s carried out

whil e the mRgtihg of tifedisk With & bEdee insdibk SthckirdeV i THfe Rkl Rlcspfarentsl ter.
The magnetic disk"witten with the servo pattern is tenporarily separated

fromthe seindgrfageidfermagnetid tiskii®emallsesufacé Afea eompaled With& mafn HDD bei ng
a product. [0009] In the case that the dinension error in inner dianeter of

a magneti c giirféice, BAd Whegea rothtionalluentermiehé enaljrdticidisiassdisplbeed dae HED,
al i gnnent between a servo pattern and a position of a recording/reproduci ng
head of HDBhéeimgnsiod ermronl inrieridiardetasy itl e difficutthe difpmse a head of HDD in a
recordi ng/ reproducing of data is still not normally performed. Wile a
t echni que dforeedit pesiting anl thgri@By consequantly data gres bardnrecorded or

reproduced.

[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 magnetic disk, in addition, to snoothen
(mrror-finish) an end face of the magnetic di sk. Mreover, to prevent
novenent of a rotation axis when the naghetic disk is fitted with the
spindle notor, an inner circunferential end face of the magnetic di sk needs
to be processed at high accuracy. Thus, disclosure is made on a techni que
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Mor eover , | mprove In recording density I's FTecently required,

and furthery} %@ﬁ§§ﬁﬁgmé Rirh8RSbn et finer Qighefese of a magnetic disk is

accordingly r wever, 1n a configuration that a polishing brush or
a polishi I]goﬂﬂd Is used as a polishing material, there has been alimt in
| nprovi ng processing accuracy. [0013] Fig. 1 shows a diagram for

illustrating a fiUrderrstichtzesitudition, ¥aedidithe dierinal @5peaAtyatQible dit #gr am showi ng
a polishing step of an inner circunferential end face when a polishing

brush 42 i ne¢eesagoanmsdthehiangurfatieasfiamaghatic diski, anaddition oo srheothehi shi ng

brush 42 needs to be formed smaller than inner dianeter of a
(mirror-finish) an end face of the magnetic disk. Moreover, to prevent
movement of a rotation axis when the magnetic disk is fitted with the spindie
motor, an inner circumferential end face of the magnetic disk needs to be
processed at high accuracy. Thus, disclosure is made on a technigue 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 & |ow speed in a direction of a
rotation axis of the polishing material (stroke notion) to polish the inner
circunferential end face as a whole. Wile the outer dianeter of the
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gl ass substr pol 1 shing brush 42 has certalin elastic™force caused

by each supggde@ivédioh ifher diRupifdfdhcel dfahgighisy §ilstiate' 20 vilild rgtingdinanet er
is increased, and the inner dianmeter is accordingly harder to be

control | ed.a difdtiopldppdsite to @ rotatncdisstioh df ise glaassubsrate 20 ashowseldy for a
magneti c di sk, a strong demand exists for |arge-volune and | ow cost

product i on,anadrow live thed figerel ndHuetheembre, the pdlishing hegsts§2itgelf Hoswurg at
pol i shing using the polishing brush 42 has a limt in control or nanagenent
of inner dilewrspeedar audisesyipnrod auotatiog axis ektheepashingamgderial dstbeke of bad
products due to fluctuation in the inner dianeter. 6 [0015] To inprove such
processi ng maetiamde polish thainnee croumferential anidface@stawhole. \bile theoptslri shi ng
pad, in which at |east an outer circunferential surface is

diameter of the polishing brush 42 is smaller than the inner diameter of the glass

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. Particularly, 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 polishing step 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 ke forned smaller than inner dianeter
of a glass substrate 20 in order to insert the pad into the inner dianeter
of the glass substrate. The polishing pad 50 is revol ved on inner
circunfereqﬁguﬁf the glass substrate 20 while rotating in a direction
opposite té otation direction of the glass substrate 20 as shown by an
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contacted to e I nrer "circunferenti al ace at 'a or a poi nt,

and Cons_eqwé%éegitbhﬁegﬁﬁérsth%féﬁ@l 8Rd rdceefilofshingt h a pressing force
biased in'one direction via only the line 52. [0017] Wen the polishing pad

50 is used[d)@)fs]pol ishing in this way, since a contact surface with the
gl ass substrate 20 is reduced, the polishing pad 50 polishes the inner

circunferential gl Z slkewyaidiggrany fdrildtiating\d secondl tdhstet e which is an
circunferential end face, consequently polishing tinme cannot be reduced.

Ther ef or e, eixplanatorgrdisgracushewingta polishing stepeofrarsinnet cheemferbhtialtendoe evenly
pol i shed due to change in pressing force to the inner circunferential end
face 7 dufaceywhehisspolishingpad 68 inbseéd as aqmiishing, metariil.ngOaterdidretear of
I ncrease in inner dianmeter circularity or concentricity. Furthernore, since
only pol i sihegohbshingRadHialgo aeedsdo perfoanas amalies than innet diametepeba hard to
be 1 mpr Ovecgl;'lass substrate 20 in order to insert the pad into the inner diameter of the glass

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

(stroke 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 circunferenti al
end face after polishing the inner circunference. Therefore, it has been
extrenely difficult to achieve a dinension (shape) of the inner dianmeter to
which particularly severe requirenents are recently nade. [0019] The

ool 1 shi ng_ b 68 brafe confed ity G B Eledsd Mimh on 1
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whi ch hi gh “F"procéssing accuracy ca on an In Circunferenti al
end face of[oblpg]f gl ass substrate, and nore particularly, circularity and
concentricity of the inner circunferential end face of the glass substrate

after polishing igrddVBela prableHBcBlARRNE RBnAGurEtiBhIdrtRé Ridborisaepry o
conpared with those in the past. Means for Solfving the Problens [0020] To

sol ve the pephb@Ert, Bt ® dinkk tHe FolishiRESiushforthe pblidtiRg ipdd.netddBbhed  of
manuf acturing a gl ass substrate for a magnetic disk is provided, by which an

i nner ci r cygleReatbepolfiithd, ateaXi$ ofthiypoihing Blushrith8ipadisBih§rid may
polished, the 8 polishing object including a plurality of disk-like glass

substr at es mbee adngpolisikingahe inrer cireanifeienbe! lkatimghtewdewyadatiomokr hol e
formed in its center, wherein a plurality of polishing cloths disposed
around a r ctiewiarity andscooteatnicityoéthe innec oinfumfarertig andsface gftee polishingavi ng
the rotation axis are contacted to the
the inner circumference. Therefore, it has been extremely difficult to achieve a
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 otation axis, thereby the inner
circunferential end face of the polishing object is polished. [0021]
According to such a configuration, the polishing cloths can be pressed in
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rotation axis e 1 nner circunference polishing section s a straight

line that igplishAbiiRuldisidupplied Bebfeén e MnePBiré@RidEntbIhd fageioi ity _
ci rcunference polishing section is rotationally noved, and the rotation axis

is adjust qtﬁbligﬁingwt&@ammdthtemﬁemrﬁunﬁbrmespmi‘shin‘gr@cti@hr aHdfesetiee of the
polishing object. Rotation/novenent involves rotation about the rotation

axi s of thdnnemdrcuntferenoef polishing sedtiosimbthequilishing otjeet are refdtigeiyon of t he
inner circunference 9 polishing section on its own axis, and novenent of
t he pol i shirntated/otdved with the ditatewt axis ase pemter, culrelativelytrhevedireai on axi s
while rotating on its own axis in such a way. That is, the
rot at i on/ nslietion of the wielion agst theeebwihedpaeteiraumierential enddage obthe and (2)
novenent in a rotation axis direction while rotating. In

polishing object is polished.

[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 circunference polishing section. Thus, the inner
circunference polishing section can polish the inner circunference end face
w t hout any novenent of the axis. Ther&ore, high circularity can be

achi eved. The plurality of polishing cloths may be arranged to be an even
nunber of polishing cloths. According to such a configuration since the
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cloths are |.s°mﬁ§%gcém.@gdfhebmah fRO ﬁn'é%oc{ﬁi‘{@'irﬁ%ﬁeregﬂﬁ e@Agkher, or

di sposed s as t st ant romo e anot when t he inner
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concentricity of the inner circunferential end face of the glass substrate

can be f ukf e innepcpvwafereAOR Bblighing setiipn. atTus, iy ifrer girowind@encén whi ch
the plurality of polishing cloths

polishing section can polish the inner circumference end face without any

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 <circunferential end face of the polishing object.
[ 0027] According to such a configuration, contact pressure between the inner
circunference polishing section and thelbnner circunferential end face of
the polishing object can be adjusted to be an appropriate val ue,
consequently inner dianmeter circularity and concentricity, which are nore
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with respﬁ@tt%%r lgﬁ) é\(?% tion axis direction is formed on an inner

circunfere the inner circunference polishing section, and a
drill rod | %g]ow ded, which is slidably contacted to the sliding surface,
and the poI I'ng cIoths are noved in a direction perpendicular to an

ext endi ng direct ix Od:brgl T Aol Bl t e rreéﬁg ﬁid’ﬁﬂ@%lurﬁfl ﬁdﬂéhﬁig%kﬂﬁ

rod. [0029] By provi uch ni sm usi ng surtace,

only by sl diRg,ddin éjﬂiréétldrgg?ﬂpﬁnﬂﬂﬁldr‘?é ahl e itihg EﬁGﬁ bPthe Rtstici ance

and pressing force of each 'shing cloth in the“direction perpendi cul ar

to the ext%&ﬁaﬁgtaébheraaiu@ru.@fcuoﬁmrét@haﬁﬁn%vmm r@amstmre%%nfttﬁérebwaé i s,
only by forcing the inner circunference polishing section along thé inner

ci rcunf er entnet ciehferafe pdighingddctibhng cohtakctal %brdﬁ%uﬁé estirdnher t he inner
circunferential end face. Myreover, 11 since such slide of the drill rod

can be per foircapdensintinbend fdoepgfithg ptodj‘slaihgm’mjeﬂt, a polishing drive section,
t he inner circunference polishing section can be adjusted even during
pol i shing f0@27ol i shi ng object. [0030]

According to such a configuration, 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 drill rod in the rotation axis direction, a distance and pressing force of
each polishing cloth in the direction perpendicular 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 face of the polishing object is nade
large in this way, thereby polishing speed can be increased, and a gl ass
substrate of which the inner dianeter tilrcularity and concentricity are
better (snmaller) can be obtained. [0031] A configuration may be provided,
in which an outline of each polishing cloth has a shape in accordance with

Such . conttse Sarde dang B S8 Ga nelditoied WhdR SRbFROREER LD, °
ool i shi ng SRUHTO R sEeloh i nAR sl A RARNING BN e e 1 o1 ena

e ore stANEod RIeL Yt P PoIEhRBTAE Pl AR Biscty o™, ol orance can be

achi eved. g ] ‘To solve the problem according to still -another viewpoint
of the invention, a nethod of manufacturing a glass substrate for a

magnetic disk is MeefigifsiorPiay il Blovided, INGhiCH he!WHIShAR islhsaiify thece of @

cylindrical polishing~bject p the poli'shing~object 1 ncluding a

plurality oinéHgeulmfkreriiahead Sadtssf thegsolisBingCdREctAte O PacNEBMBEL of PR

substrate having an inner hole forned in its cénter, wherein polishing

cloths ar e gpmesreagith BathetheronCadtadt @réd Betwerst thel palighirgy €lbthisadnd thied f ace,
then a polishing liquid is supplied between the inner circunferential end

face of thénmeldigunmfgrettiabend fack afntherpulishinigrahjedtds emade oge ahihigwagct i on,
12 and then the polishing cloths and the inner circunferential end face are
rel ativel y thembggolishingedpeednmn neincreases,) ahdraeglaisalsubsttateanfevioith tihe
polishing object is polished. [0033]

inner diameter circularity and concentricity are better (smaller) can be obtained.

[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 substrai2 for a magnetic disk is provided,
by which an inner circunferential end face of a disk-like glass substrate
is polished, the substrate having an inner hole formed in its center,

an i nnor - cAPHdRTaIe ot bBHT i PRsr HIGME R Arb Ml diuy ©
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supplied bﬁ#}?@’f&the i nner circunferential end face and the inner
circunfere end polishing section, and then the inner circunferenti al

end pol i shw@ajection and the glass substrate are relatively rotated/ noved
with the ation axis as a center, or relatively noved in a direction

0
erpendicular to } r I r dnes hnner
(F:)i r(I[:)umc erenti al A% o%%t@?‘uéh’ﬂ‘ﬁ%oﬁﬁ l?rlsaﬁf)ﬁgm%?ogigﬁ ﬁ]:gsa%g'lsl shedés%égggg]m The

i nvention ea &fhté@lptb'tﬁé .ﬁ:%rrwcuﬂﬁéserﬂuhﬁeh@ ffde 61" the sy §ur5stadte efdvehace of
the cylindrical polishing object including the plurality of disk-Iike glass

substr at es pésiiiPfbred, cotequehthe highgfroBesdihg atatxachadniis: abtainbtesn e e
formed inits center, but also the inner circunferential end face of a

di sk-1ike @imsslrcauﬁertenaabemwoggofaheIgmsdbﬁt@té.or med in its center, that
Is, the invention can be 13 applied to a single glass substrate. Therefore,
in the cas¢0@d4]a single glass substrate, the inner circunferential end face
can be al so polished at high accuracy. [0036]
To solve the problem, according to 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 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 between 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 manufacturing a glass substrate for a
magnetic disk. Thus, since inner dianeter tolerance can be reduced conpared
with in the past, even in the case of a3magnetic di sk having increased
recording density, a read error of a signal can be prevented. [0037] To

sol ve the problem according to still another aspect of the invention, a

pol i shing apparatus of a gl ass substrate for a. netic disk js provided,
which  pol Anpbied 40 & Sgle dassshisiale iatﬁ‘ef@ﬁf&fef r e pasg d\A Singls g/3ss pol i shi ng
obj ect includjn luralit f di.sk-1jke glass substrate acked on one
anot her, e S{re%oilﬂé)éﬁ"@rﬁé{ﬁlwger&ﬂ{’?'rﬁ@ %(ar?ﬁﬂ@nfﬁ?ﬁ ﬂé& RCH'S}‘?é aibfﬂ(i'br . the
apparatus having an inner circunference polishing section that has a
rotation af%YdHy has a plurality of polishing cloths disposed around the

rotation ary{bﬁ ]and presses the plurality of polishing cloths to the inner
circunfere %ﬁ; end face of the polishing object at even pressure, a

pol i shing i quid @w"fé/ gﬁfﬁﬁ&bﬁé}ntQ@éorﬁ?ﬁ@ﬁb??@ﬁ%r%p@%ﬁ&?@:e' ihg?ﬁlﬁb]nélﬁet ween

the polishing cloths an e rnner circ e ace

pol i shing QRERBY ofdRShHaPRIihgR AgPElY Qiskas Droidédalhé@inbi

@ g %%BKa —
rotates/moves the 'Inner circunference polishing section and the polishing
obj ect wi t %é&ﬁeﬁ@lta?éi RForAdd DnaPsBris@Nbfthe ftasd SUtsEtat8 lobtaTREG BckHiind N 2

rotation axis direction so that the 1nner circunferential end face of the

pol i shi ng aBjtRe relefaMohbfiRicef rh@RFRLLNPGY giaks suBsTHRFoR aGRAGHENE dickon, as
in the nethod of manufacturing a 14 glass substrate for a nmagnetic disk,

the pol i shiThus;sridesnaendibmetecioiednce canbe redaoedicomparédaithringtie past,
circunferential end face of the glass substrate at even pressing force,
consequent lgveinnindhe daaeef amagnetid disk havingdncreased recarding devsityha read smal |
and stable, and | ow inner dianeter tol erance can be achieved.

error of a signal can be prevented.

[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 nmagnetic disk. [0040] Moreover, a nethod of manufacturing a
gl ass substrate for a magnetic disk according to the invention includes an
I nner circunference polishing step of pdlishing an inner circunferenti al
end face of a cylindrical polishing object including a plurality of

di sk-1i ke glass substrates stacked on one another, each substrate having an

(Rt por SRS & Fens A T IO FRACERR B o
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face, and V&?é'sﬁqéu;%d SeBIE ard Ioh 1fnerB8meiel BithntoBafliRescriened.r ate 1 s

al l owed to correspond axis of t e po I ng nmenber, at
| east one q203 e polishing object and the polishing nmenber is relatively
noved, so that the inner circunferential end face of the glass substrate is

pol i shed. [0041] AVbsRB¥RERt ddifedPoniit ©f a BBPLRASIIUR kNG nfbtBb@es substrate for
a magnetic disk according to the invention may be further designed such

that the pliaslfaturidl a griss shibBBatedfor a8 maghét: diek ehdextriptioRef ties € provi ded
I n positions reverse to one 15 another. ?0042] Mor eover, the nethod of

manuf act ur igagnporgimsandespplivdeofthe relevannsilisbinglasfaratesooits gasso t he
i nvention may be desi gned such that each of the polishing

substrate for a magnetic disk.

[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 polishing |iquid containing abrasive
grains is supplied between the polishing cloths and the inner

circunferential end face, then at |east5one of the polishing object and the
polishing nmenber is relatively noved, thereby the inner circunferential end
face of the glass substrate is polished. [0044] Moreover, the nethod of
manuf acturi ng,é,a gl ass substrate for a magnetic disk according to the

I nvention ﬁ&g“ﬁg'designed such that the polishing parts include grinding

st ones res%@ﬁghvely, and a liquid coolant is supplied between the grinding
stones and i nner circunferential end face, then at |east one of the

Pner oi'rcunt or SREQPSEHEF s Bt (FREEctlnd Fichss: L%@%ﬁ%%hﬂ%ﬂgﬁ%ozgf k
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I ncl udes ap%h@%&ﬁ&e§53fdt'ﬁgﬁ§§%6ﬂ6rr:f§ﬁﬁ'aﬂﬁ§’f KP in which the glass

substrate i's contacte em cal “strehfgthening treatnment |iquid,
t her eby pag@o‘ﬁjl ions contained in the glass substrate are substituted by
ions in the chemcal strengthening treatment |iquid, thereby the glass

substrate is chemigrablyr, tisd rRABSGA BNABNUEILARY BIYISSs Slbsttalé fore Afagpetie shi ng
step is perforned after the 16 chem cal strengthening treatnent step, and

the inner dciigicacderdingtioahe dndntionenay betdesigriedssuchuthat trat polishingopartdied in
the inner circunference polishing step such that at |east part of a

conpr essi véncdude pslisking clatkss respectieely, arkaoiphiagdiqua contardrsg bbrasivebei ng
formed on the inner circunferential end face of the gl ass
grains is supplied between the polishing cioths 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.
[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 chemically

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
| ayer fornmed in the chemi cal strengthening treatnment step is |ess than 150
m [0047] Moreover, the method of manufacturing a glass substrate for a
magnetic disk according to the inventidé nmay be designed such that renoval
depth is less than 5 min the inner circunference polishing step. [0048]

Mor eover, the nmethod of manufacturing a glass substrate for a nmagnetic disk
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et hod of entyEEH e RerTPaluldineAhaTreBeRPERAC. 12O sk according
to the invgﬂj‘%’fﬂn may be designed such that the glass substrate has a
chanfered surface between the main surface and the inner circunferenti al

end face, and t hg drebiad e reedd bNMlandfictdinga Blaseslissat@f PRlaghBtieg step
in which polishing cloths are used, the polishing cloths being contactable

to the disk according to the invention may be designed such that thickness of the

compressive stress layer formed in the chemical strengthening treatment step is
less than 150 pum.
[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 thé&7i nner circunference polishing
section of the invention, polishing cloths of the inner circunference
polishing section is made in face contact to an inner circunferential end
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art, which an explanatory diagra owm ng a polishing step o
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polishing material. Fig shows an explanatory di agram showi ng a poli shing

step of an thé whle @irmuféreheélbf tHe cidinfedsd pbriidn et £8me, tHeapolRhingdieths

circunference polishing section is used as a polishing material in the

i nvent i on. driddhediaswssbsirate arée oslativaly agveah, tHereby thechamfarpt sudfacalis i nner

circunference polishing section having an expandi ng/ contracting mechani smin
polished.

b

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

i nvention. Description of the Reference Nunerals [0053] 10 polishing
apparatus 12 polishing object 18 polishing drive section 20 glass
substrate 40 nozzle (polishing liquid sipply section) 110 inner

ci rcunference polishing section 112 polishing body 114 polishing cloth 150
sliding surface 154 drill rod Best node for Carrying Qut the Invention

e i SRR i AT 0L L
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2 ol ass SuSSETen i EoEe b thind ARG AL hledtorkC, P oi  cunt or ent 14 end
face and an innerrigi4 gHEE aedECtiBhafdidgiaRt 8hBlvirg'4n 8kample of an inner
circumference polishing section having 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
[0053]
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 treatnment. [0056] An enbodi ment of the invention relates to a
met hod of manufacturing a glass substrate for a magnetic disk, and
particularly relates to polishing of anl% nner circunferential end face of a
gl ass substrate. Hereinafter, description is made on a nethod of polishing
the inner circunferential end face of the glass substrate in the

vert | cal aleSnrenmeging CoRPoRBRRLFMIEy RRBBBn arkale o, Shng
Appar at s FOnpuREREES rRdfREH M i Nanfs FREATICKT ol ipeglitonBionsl 10

section 14, rcunference polishing section 110, and a polishing
drive sect |t%é?1'ﬂfge ?"H%Pl sh an inner circunferential end face of the
pol i shi ng (f %g 12. [0058] The polishing object 12 is fornmed in a
cylindrical shdpe by stacking a 20 plurality of glass substrates 20. In

each gl ass subst W%I‘érsggubé‘t'ﬂat@’fb?é mé&g déﬂé'ﬁn@l( RiYohAkd sl sEa&al ecgsfc,anﬂreper

circunferential en ace are chanfer®e formng step, an or exanpl e,

a sideval | PpRatdr@ctinf 28Rk shd ndn@tﬁéﬁﬂﬁ&i&ﬂwatﬁ@nﬁhﬁ& héteRd %é%rrﬁéd are

formed on the inner circunferen end face as shown in an enlarged

di agram i n jftod sRapd bPa @la@s“ssSLﬂjsh@té at'ﬁ‘q‘er?(&hahﬁeﬁﬁ?l@(@ﬁd@rbrpm ougdtot her via
spacers 26. Each spacer 26 is provided for securely preventing the

chanf ered micuirdeenidl ofd faoe anthan imvel dretimferentialiehdfavet dfahe giwbsf aces of
the glass substrate 20 frombeing insufficiently polished by a polishing
brush, and substrate formed by cutting, and then both the end faces are polished. Next, a

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 acconmobdate 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 20bject 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
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a plurality o Ing cloths 114 my be nade a so pol1 sher using

suede or vgia&%rsub@fraf@zo ReniBERg s Eitiantl pOHeansy a bBfsHIAE Beudraihd et our as
material, forned resin, and pitch-inpregnated suede, and arranged so as to

form a par ge6iirety preventing bedaleienst the ighasshribseats bothe I durty PolisBiiger . The
polishing cloths 114 may be arranged such that respective centers of them
are situat ¢@058] approxi mately equal spaces to one
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
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 giass 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. [0062] Quter diameter of the inner
circunference polishing section 110 is forned to have a curved surface

al ong an inner dianetrical shape of the2dlass substrate 20, which fits with
a circunferential surface 116 of inner dianmeter of the glass substrate 20.
The inner circunference polishing section 110 is contacted to an inner

ircunferential end f f the_polishi bject 12 at . . th
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be fixed an ofated on“the 2 support secti ecause since
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circunference of the 1 nner circunference polishing section 110, sufficient
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circunference polishing section 110. However, it is not intended to avoid
pol i shi ng vémdtRer ot ahiopgiohbEcigiumsferentizs tinat eTR& isnthe indéer eicdumferemgosite to

the rotational direction of the inner circunference polishing section 110.
Speci fi cal Ipolishing seciiopl1d0 rmay be canfigptediduehtthat thelpduiiatityeof patishingndlethence
polishing section 110 is fixed, and only the glass substrate 20 is

114 are disposed with an approximately equal interval about the central axis.

[0062]

Outer 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] Moreover, the inner circunference
polishing section 110 may be swng at |low 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 circupperential end face as a whole of

t he polishing object 12. [0065] Since the polishing cloths 114 of the inner
circunference polishing section 110 are provided correspondingly to the

I nner dianeter of the glass .substrate 20, that is, since the cloths are
forned on &uUepPHSgcHER géceThbﬁ/'ﬁrR?CPHée sHRhe dnnelCircdmigErNGs: ofdheigiars
circunferentjal curved surface of the glass bstrate 20, the polishing
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circumference polishing section 110 is rotated, or both are rotated relatively to
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 between the polishing cloths 114 and
the inner circunferential end face of the polishing object in this way, a
gl ass substrate having better inner diageter circularity and better
concentricity can be obtained. [0067] However, when the nunber of the
polishing cloths 114 of the inner circunference polishing section 110 is an
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the i mner - 00t AT P PRI T ", S Ui form and comsequently the inner
di anet er ' larity and concentricity can be nore reduced. [0068] Wile it
was descri be hat the outer dianmeter of the inner circunference polishing

section 110 vas £@r ARROHEAM! ot 1 MR liiAHES GFoihreriitidl eRTadd of

sybstrate 20int_e_e _ en the outer dianeter o the!nner
circunt er ew?llagls isBBsSteSAT hictdesirdbyipaace @bnfeRt bESOW S hord RfeadHSther,

di aneter of The glass substrate 20,” the outer dianeter of the iInner

ci rcunf er eapg rRdld ddYirably 68% drafofelfd setlsthiep bBy edidbtitRihg stk fabaer
circunference polishing section 110 in the enbodi nent nmay be contacted by

pressure t gohtaet oNHBY% orcd0% wimo)Whan thednhercsrodimfefendg peighingosddtiohe 20 by
nmoving the plurality of polishing cloths 114 in a direction perpendicul ar

to an ext end0igratateddrnbeed dhetpolishingtsaiction caribe, stabtoperatedaly in addition,
expandi ng/ contracting the inner circunference polishing
polishing speed can be increased by increasing percent of face contact. By
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 circunference of the glass substrate 20 from
bei ng damaged. Hereinafter, a configuration of expandi ng/contracting the

I nner circunference polishing section 230 in this way is described in
detail. [0070] Fig. 4 shows a sectional diagram showi ng an exanpl e of the

i nner circunference polishing section 110 havi ng an expandi ng/ contracti ng

mechanismin a directi er pendi cul to the extending direction of the
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circunference polishing section 11071 s expande en the dr |

slid upwar Gelfiohh R¢protation axis direction in the figure, the i nterl ocki ng
part 152 is transferred inward in the direction perpendicular to the
extendi ng qpoggti on of the rotation axis, so that the inner circunference
polishing section 110 is

When the inner circumference polishing section 110 is inserted into or
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 sectiona! 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 obliguely with respect to the
rotation axis direction on an inner circumferential edge of the interfocking 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 circunference polishing section 110 can be
adjusted to have an even and appropriate value, that is, the inner

ci rcunference polishing section can be 2Bl astically pressed to the gl ass
substrate 20, consequently inner dianeter circularity and concentricity,
which are nore stable and smaller, and |low inner dianeter tolerance can be

achi eved. regver, sjince such a slide nechapjsm can be operated, w, thout
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polishing section 110, and can rotate the inner
contracted.
[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 fixing the rotation axis is provided via
the inner circunference polishing section 110. As the bearing 38, various
beari ngs can be used, including a bearihg, ball bearing, roller bearing,
and sliding bearing. Furthernore, the polishing drive section 18 is forned
freely novably even in the rotation axis direction, so that it can

vertically recipr.ocate the. i.nner | rcunference polishing section 110 in the
ot ation i ToRHER A ot g to the, Mgdhaniss ficeoVelsore: and Varions
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ci rcunf erer[gg-,vﬂol i shing section 110. Therefore, in Fig. 3, when the
polishing "drive section 18 is rotated in a CWdirection, the support
section 14 is rotp{eepolishirg drive SEMN 187 esHhectPtd theroffidinl /S ofif ot at ed
I n opposite directions to each other in this way, relative angular velocity
of pol i shi ngnectirasifersice polishingéectivngicaant eaacotdteshefnnept h t he secti ons.
A lower view of Fig. 3 shows a condition where the polishing body 112 and
t he pol i shiciguaifetdnzelflishing sdctight11) in dbth Exiward and eev@ise idirections) arampar ed
with an upper view of Fig. 3. [0076] A nozzle 40 as a polishing liquid
suppl y sectdannbé freplyonoded ircthesdiraobion perpendicylabta theesxtending alirestiomgf obj ect
12 and the inner circunference polishing

the rotation axis. At a side opposite to the polishing drive section 18, even a

bearing 38 for fixing the rotation axis is provided via the inner circurnference
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 object 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
|l i quid containing abrasive grains fromthe nozzle 40. As the abrasive
grains, typical abrasive grains such as grains of alum na, cerium oxide,
and colloidal silica can be used depending on a shape of an objective end
face. As a dispersion nmediumfor dispepsing the abrasive grains, which is
not particularly limted, water is preferable in the |light of cost, but any
di spersion nediumcan be wused, if it is typically used for polishing.

Mor eover, fo e.nozzle 40, various aspects can be used, for exanple, each
of aspects %éﬁbgé?"ﬁ%?ﬂ- i‘ﬁ’%leﬂdﬁﬁ@e%?%? e ItIRAAR oPRasie gﬂ?@ '@@rg)%d

ti [ ter flow, sh ter.d .and the like. [0077
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pol i shing, for exanple, ape
section 110, so that a polishing liquid is supplied. When the polishing is

performed, the polishing is preferably performed while supplying a polishing
liquid 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. As a
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 exampie, polishing
may be performed while the polishing liquid is continuously supplied, or may be
performed while the polishing liquid is intermittently suppiied.

[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. Mreover, in the inner-circunferential end face polishing,
since polishing can be perfornmed while a rotation axis of the inner
circunference polishing section 110 is allowed to correspond to a central
axis of a stacked body of glass substrages (polishing object 12), the inner
dianeter circularity can be further inproved. [0081] Moreover, the

i nvention can be applied to not only the inner circunferential end face of
t he cyllndré@ﬂg polishing object 12 in which the plurality of glass
substrates [ re stacked, but also an inner circunferential end face of a
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gl ass substog?g for a magnetlc di sk preferably used for a magnetic di sk can
be obt ai nec! 083] Moreover, while the support section 14 is fixed, and the

i nner  circunf er%ﬁmeﬂﬁhéﬁ&i’aﬁnfiﬁéﬁtﬁé}%n@]@céﬁofﬁ:ﬁc@%r%ﬁém@@ Ishapeg in the
enbodi nent, such a case is not restrictive IT is possible that the

|12n|e; ?g: ;Fg@mﬁgoﬂrﬁ@%s% 68n seisedrindtkadicf shhpetopding processingentch section
as polishing brush processing. Thus, the inner diameter tolerance can be
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 polishing 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 example 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 22 of a glass substrate 20, which is
pol i shed 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 portion 22 is polished in face contact
with the polishing cloths at even pressure, flatness of the sidewall
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pol i shing menber, at |east one of the glass substrate and the polishing

nmenber is rpfanghmgejexctzanw&d is figed haid thessuppoetseetibs Uaf g retitéd or bt thece of
the gl ass substrate is polished. [0086] Mreover, a nethod of manufact uri ng

a gl ass subsettiaheaforotatensgapbosite Qhe@wey\/dlred:tlonsctbm @éther.nner
circunference polishing step of polishing an inner
[0084]

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, flatness 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 into an inner hole of a polishing
object, then polishing parts of the polishing nenber are expanded in a
direction perpendicular to an axial dir&6tion of the polishing nenber,
thereby the polishing parts are elastically pressed to the inner
circunferential end face, and while the center of the inner hole of the

O s ol S0 SR kDb BT S g

et LS e Y i o b oS S ISR P o ERYRRE
(chantor e U 3hecPic LS S48 by a0 s b
(he ol s b RkRefflorhonl Wby B EOK tghe SO B O,

chanf er ed {4 ' ush polishing wusing the polishing
brush 42, %?{dnfgggggﬁpo [ gﬁggﬂﬁisrlé%gg%ﬁgﬁ’l?%q.l ow ng polishing nethod. [0088]

31 In thejg di ment, polishing cloths are used, which are contactable to
the chanfered portion 24 at one side of the inner hole formed in the center

of the glass subgéreaier, ddmeuRyd éfMpamtmaRIrig & YlEsersemefaf for Renagaster ed
portion 24 at a tine, and while the polishing cloths are pressed to the

chanfered gk, iviHiclinddies amireier krt@mférbrce pblisting atep of plishirey aRehr@rass
substrate are relatively noved so that the chanfered portion 24 is

pol i shed. Hircamférential ek favevefreoylindniag! palishing titjeat inovhioh at glatalionef of t he
polishing cloths and the glass substrate 20 is driven, or a notion that
bot h are drdiskelike Jlass sobstratesgeach havingfan inoechakfforroed in its center, are
stacked on one another may be designed such that a rod-like 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 foliowing 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 chanfered-portion polishing
apparatus. [0089] Fig. 5 shows a bl ock diagram showi ng a schematic
configuration of a chanfered-portion pdlishing apparatus. Such a

chanf ered-portion polishing apparatus is configured by a substrate support
section 200 and a polishing cloth support section 210. The chanfered

brovi ded at bot hifCHRaBPoREH, ARty B "Rk on Bre sOMRGRR oy
0000 - he e Sarhier E3BGRlort 24 %Lﬁﬁé(%nd%z@’dﬁ%ﬁ%'?‘{!ﬂee TorRRER, PEZEHIS B i ng
the g assg%%.b,ss&@ggste% ofer e AR, TEelark e ne SHRRTLEA Aciubhodal der

220 in a and a torque conv con s bet ween
LS (0L 06! a R0 ARFWREYR! IR Bofd SR 4l @ 68 iRy ol 1‘0903”16
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232, foaneehdtemd em#&&&%&%maqg fp@nﬁqe“can Mére, Wé@éiwe'rrhévéﬂ%ﬁf’"rﬁé* ré¥ati shing
cloth 232 is rotational driven a support shaft 236 transmtted with

pover of atiatrAGtichthat b‘h@ cﬁﬂlﬁ@bbﬁ@ﬂm@@@h@ﬁn@fﬂ@e gfassRbstrBRe20 ¢lrive 1 shi ng

cloth 232 presses a chanfered portion 24 at one side of the inner hol e of
t he gl ass subhshotidrettii both ase tivdie COg polishing mdthed ohtind ehiadferpdrti on 24

over the whole circunference of the chanfered portion 24 at a tinme. Wen
pol i shi ng ipsrtjwer isqeridmeddyasheat-feed ipblighisg af whith glasasubstasteardre of t he
glass substrate 20 and a rotational axis of the spherical polishing cloth
232 may be polished 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 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 holding 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.

[0091]
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 swi nging 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 nmagnetic disk is produced using the glass
substrate 20, occurrence of corrosion (precipitation of cobalt or sodium
into a surface of the magnetic disk) fr8éhthe chanfered portion 24 can be
prevented. Moreover, since renoval depth is small, processing tine is
reduced, consequently productivity can be inproved. Furthernore, since the

oPreul ari 1 76 Sl BoliSfiRg i B2, JPhshof ﬁ%@%&r&ﬁé&&%&fﬂeﬁﬁi‘%‘g@age? ected by
Consequant F@Q%SL@E%@@ e eiolF3d Biairally BLEERRY Pousidt Ry of
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descrlptlon escrlp ron on a configura |sh|ng

cloths 114, h@ﬁé?l'pﬁ{sﬁfﬁ% d h'?ﬁ @%89351% dﬁ{ﬁfég%djgfaﬂfontﬂ?ai Sﬁ@%Ide of the _

ci rcunf er enbe poli'shi ng~secti on si've ‘gral ns being

aprasive RIS PGSt 8uBokhEIRG b5 oL Tose é‘dr(t&ét@ﬁ%%bﬁémﬁé?@dface of

the gl ass substrate However e Invention i1s not limted to the above,

and for exgmpich 24bvéﬁth@wﬁset@muﬁlfbmemlthéfuhawéiéarwuaﬁlzagatfa e,
abrasive grains are used instead of the polishing cloths 114 of the inner

circunfer eﬂNﬁelﬁ)Pbllﬁhh @ peFbimed, ridfativepbsitihs dfihe FotaitibBalndxes enfhieadlasnd face
I s polished whi coolant is suppl led to the inner circunferential end

face. Moregubstraiet 20 andecetdtainat akisasf théisphedcalpolishing cicthiB32 edytbe an i nner
circunferential end face, the inner circunferential end face is polished
with a circhahgedbyeswindingithegrnee2zd4.on 110 i ncluding the fixed grinding
stones (fixed abrasive grains), then while free abrasive grains are

[0092)

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 1is 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 grains, then it is polished using the
free abrasive grains, which nakes it possible to reduce a |oad applied to
the polishing cloths. [0094] (End face3polishing after strengthening) Next,
description is made on a step that a glass substrate is subjected to

chem cal strengthening treatnment, then the inner circunferential end face is

01 ass substeever, WEURTa, S riEE GG apohenshder i hignr o '

dependi ng eceAab B ERShAE ieRte bXRea By 8RS ALY uEed RIERY otce of
ar gely s o Reifi sl 114 Bf B nfeP ot A5ferbice foighifl Seabrl | Al ankither ' ©
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but also on an 1 nner circunferenti al I'ncluding a ¢ ered 34

surface). [HPBhdd Y8R ihmer aic@ﬁﬁeﬁémm éﬁa ‘Pades the' HrRf cRduinferehfal &/ face
strengthening treatnment, a dinension of inner dianmeter of the substrate is

changed. Mg pelghed withe d:lfUl@ﬁfeﬁbr&@p@rshmg@étﬂioﬂm figsingluel edifegndi ng on a
conposition of a chemcal strengthening treatnent liquid, and on a chem cal
st rengt henigimding stohes ifixebabidsivegrain¥) ffken while free abrasive grains are

supplied to the inner circumferential end face, 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 i nner dianeter tol erance) as described before. Thus, the

I nner-circunferential end face polishing is performed after the chem cal
strengthening treatnent step, and therel®4 a gl ass substrate havi ng excell ent
di mensi on accuracy can be manufactured with strength being increased through
the chem cal strengthening treatnent. [0098] Therefore, when the

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

st rengt heniS¥'@Peat nent step has been perforned, the rempval amount of the
conpressiv? ﬁ%éﬁss |l ayer fornmed on the substrate end face needs to be
reduced to P t nrost, and di nensi on accuracy needs to be inproved. To

?ﬁ%ieffé?2@2?2%33?@%@% 3le§el %ﬁ%@%@%ﬁ?é%@#%hﬁ%ﬁms and rmor e
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i nner-circy t ly 50 m or
nore, nore pre era ?he%'gd ﬁq\%@?;o‘r?jotrs?ﬁ%gggbg%geﬁli#!?h%rfé%o d%'itﬁi;n ably 150 sm
or nore. A r ﬁd@,ﬁ{ bef ore.

[ 0100] (m@#@ﬁ‘%@%@@?i i ng E@t @?o@%gg%ﬁ%ﬁrﬁlcgf?cu re]érﬂgﬁ e polishing

of the invampddifidnt cBAGtiondi aneter circularity and inner dianeter tolerance
of a glass substrate can be inproved. Thus, a glass substrate for a
magnetic dijgggrpat enabl es higher recording density can be provided. To
achi eve hi gher recording density,

In this way, the inner diameter dimension of the glass substrate is
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 um 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 um 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 measured by an atom c force mcroscope, the surface roughness (Ra)
is preferably 0.2 nmor less, and nore preferably 0.1 nmor |less. [0101)
Hereinafter, an exanple using the descridded polishing nethod or polishing
apparatus is described. [0102] [Exanple 1] In the exanple, a gl ass
substrate for a nmagnetic disk and a nagnetic disk were nmanufactured through

the foll ow teps. Partigcularl,y,. i d f | i shi tep, ,th
oot £ o ARG SRR 5ol MR AEERRA SRS 1,
step and first. | B i n dstel{:be' Ejs{ nmelted al mnosilicate glass was nol ded
into a di slfegWé%cg E%/agl eaky 343 0L s ng an upper nold, a |lower nold, and a

sl eeve rmli @6] t hat anorphous plate-like glass was obtained. As the
al m nosi li Qi gl ass, glass for chem cal strengthening was used. In

addition t ? dhe disk-like glass substrate for a magnetic disk
may be obt gw%érﬁigg@fagéu ?Fsﬁrah@neet gl ass, which is 36 forned by a down draw

et hod or f1 0at 115} Belfornfike infl ithie R hoiAinkt thelileeh! gt e 9! ass,

chem cal strengtheni ng gl ass was use contalns of 58 to
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[0104] Next, both main rfaces of the plate- Ss were subjected to

l'appi ng 1t 0 iRPréWIdTETHUY @ dlasd SkbaRRETer 8 hadghefig UskNatEhables Highdrappi ng was
performed using al um na-based free abrasive grains by a doubl e-Side |apping
recording density can be provided. To achieve higher recording density,
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 moid, 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-like glass, the | apping boards and the
plate-like glass were relatively noved to each other to performlapping. A
gl ass base material of which the nmain 3Grfaces were flat was obtained

t hrough the I apping. [0105] (2) Cutting step (coring and form ng) Next, the
gl ass base material was cut using a dianond cutter, and a disk-shaped gl ass
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step Next, Obhofrﬂi{d“ﬁ%* aces of the obtained glass substrate were subjected
to second [&pping as in {qhe first lapping step. By performng the second

| appi ng 37[0 AP, 2 fine irregular shape, which was fornmed on each nmain
surface in‘the” cutting step or the end face polishing step as a precedent
step, can be re"?:&# bdtk hediR RaRdce 9?&@%{&!% sS4 hRREED tehi ng st ep
for the main sur aces can 'be conpleted 1n alsh rat time. [!39108 (4) End
face poli Shalmﬂ'ndﬂc?ﬁe Reruted Mo tilsH-8R&ped glaBS bakavraterBEt rEelappig was

m rror-polished by using the described polishing apparatus and polishing
met hod accepetfonget asintealumina-based free abrasive grains by a double-side lapping
apparatus using a 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-iike 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, each 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 preveldtied. [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

may be-per (Peh BErTra 7k Hnic TeltbMhed BRGER RS nBRa N HhR% ) D
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hi gh processd obt ai ned. Evaluation results on processing
accuracy i ﬁﬁ@“@%ﬁ%ﬁ%ﬁﬁa@éﬁﬁ% ed with that in a prior-art polishing

met hod are [gqggri bed bel ow. [0111] 38 [Evaluation] The polishing nethod
according to the exanple and a polishing nethod in the past were used to

eval uat e poy) Eindtacepelstiay sespd pol i shing speed of the inner
circunferential end tface of the glass substrate. [0112] In the case that an

i nner circunf er eriéxt| apetdiface ofiee glaks sbbstrateiwas mirrompsiishedfgcasingnt act
with polishing cloths including foanmed pol yurethane, polishing speed was 74
m m n. On tthe deshdbedhpolishipglappaiatgs apdgaliskiagOnéthod according to the

embodiment. In this case, a slurry (free abrasive grains) 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]



mmnin 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 conpared with a prior art, in other
words, renoval depth per unit tine is large. [0113] Next, inner dianeter
circularity was conpared between the exdfple and the conparative exanple.
In the case of the exanple, deviation froma target value was about 0.35 to
0.65 m Moreover, inner dianeter circularity was 2 min the exanple. On the
ot her hand, Lﬂ éﬂﬁﬂcase of polishing using the brush, deviation froma

t ar get valéé Y | arge range, about 0.7 to 6.7 mwith an average of 1.47

get v | ( . | _ 4
Case that a rod e Sihdd aor BBt shafblé hd pdRingieod I\ "
| i . . | arat |
Wi TE Che U BRst VR 48t e\l NS B Loy pBRFING Spedtfbl oY,
a target vahug dfinfelchigPel FROM e dadsibdlraie W th an average of 2 14 m

; r .
In this case, inner dianeter circularity was 9 m Moreover, in the case of
t he exanpl ep1EMen I f renmoval depth was changed, a range of variation froma
target val ue s kept within the above range. [0114] 39 Next, inner

di anet er tol er angg thecase thadfantiRRecpiPhferaitial ERa faceRABHJIi¥Be@WHIRliE i S
shown in Table 1. Renoval depth in the inner circunference polishing step

was 5 m or wasip. faddeontath aithqdolighimgsclsthbdndlating foamedqsolywethidhe)00. [0115]

[ Table 1] Ratio of values wthin target value range Target val ue Tol erance

of 25 m Tolpalishiog spleetiOmas 74 um/min.  On the other hand, polishing speed was 0.7
um/min in a prior-art example (comparative example) in which 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 result, deviation
from a target value had a range of about 1.1 to 4.0 um with an average of 2.14
um. In this case, inner diameter circularity was 9 um. 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% Conparative exanple 97.9% 95. 6% [0116] That is, by using
t he manufacturing nmethod 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, it can be understood that when
polishing according to the exanple is perforned, polishing can be perforned
W thout variation in inner dianmeter ciBgularity unlike the prior art.

[0118] Mbreover, polishing according to the exanple was perforned, and
change in renoval depth with respect to processing tinme was neasured, as a

s lTLQiJ 3?2!@%3%rﬂ%ifﬁw%téréﬁfﬁ?ébé%i,rﬂﬁésiﬂaﬁﬂwe“e“ %é}%ﬁ’r@ﬁt&sézd:{ nan
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to tho. enb AT el .S o R6 acour acy can be achi eved. that 1o, |aner
di anet er c'dﬂ@]arity or concentricity can be made small and stable, and
I nner di aneter "tol erance can be kept low [0120] (5) Main surface polishing

step As a T‘pémequrface polishing step, a first polishing step was first
aoie - . . :

perfor med. Fhe—ftrst—potishiag—stept+s—perforredratntyfor—rerbving
scratches Ratio of values within target value range
Target value Tolerance of 25 ym | Tolerance of 10 um
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 controlled 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 nmain 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
polisher. Cerium oxide abrasive grains were used for a polishing |Iiquid.
[0121] More specifically, a prelimnary polishing step was perfornmed using a
pol i shing apparatus that was able to pohpsh both nmain surfaces of each of
100 to 200 gl ass substrates at a tinme. A polishing pad was used, in which
grains of zirconium oxide and cerium oxi de were contai ned bef orehand.

[0122] A polishing liquid in the first polishing step was prepared by m xing
cerium oxi de abr #&1Hje WaYaRROTHRG tﬁgt{‘ﬁrﬂ’o SIPg APPFFALA Qﬂidal'fi‘@t@'sbmgl. 1 minto

wat er. Abrasive . grains having a grain diapeter of nore than 4 mwere
emoved befoHBALAECORNG 19 Mg eribBimEnt oM RICESRSIRG AFSHIAGY 9ANCRE d. ¢ he
abrasive grains coptained in,the polishing |iquid had a npxi num di aneter

val e of *gthieetofhal i iinar tipmpuddircy i onphcentidt ot BEohads SR 1 1 m
[0123] Besi des | oad. appl j.e 0.the glass substrate was 80 to 100 g/cn®,
and rermv?ln%tsﬁ?@ﬁn@@ "eroréj'irﬂ#eéé@eb%%telw%???HL%&(‘ass substrate was 20 to
40 m [Oli(ﬂe%[ﬂl The gl ass substrate that had been subjected to the first
pol i shi ng was sequentially dipped in respective cl eaning tanks of

neutral de : nd | PA (isopropyl alcohol), and thus
washed. [Oigg?l%ﬂl{e%'?é%eeg%lﬁﬁn@%tgﬁ shing step was perforned as the nain

surface polishinpg éH’aﬁ? sﬁﬁﬁcéﬁﬁﬁ’é}ﬁng%éﬁghﬁr]?t Eél%‘?uirﬁst{éﬁ%&éﬁ?ﬁ for

finishing the main surfaces rnto m aces. e second polishing

fsg ep. dt ?gsi%;irﬂggl%.}égmgﬁ% Jir%\eﬁcﬂisﬁmgi BB Gs pEHOrmRd hXinl§bf ASRSVIHG sBrhtehsof t
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 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 pm into
water. Abrasive grains having a grain diameter of more than 4 pm 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 ym, 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 perfornmed using a
polishing apparatus in a planetary gear type, 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 usedl [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

havi di t f .40 i,nto. .t t ter.. In this. ti ,
oot oot TrBldgs SRt BOPRLBRLRATE kDb lsni 985 o7
and a pH val ue of fent ration of

T B Pt At setluenfiSing Siprgfyf Tesnsting c\ﬁeﬁasniligl?afﬁs% 4\‘@%@%5 WAL
i 1 % . i 1 , H v
OO0 b mes eller AhdipATsBBloRT aldol T RE SRR > oDy L o e retaly

const ant. I@Léi]e exanple, the polishing liquid supplied on the surface of
t he gl ass éu Strate was collected by using a drain, then cleaned by

renmovi ng foreign o f f lied onto
t he gl ags subs'?r Mﬁgﬁéﬁ@eﬁ?ﬂ'ﬁf‘%b@]@ E%F?Qﬂ?%égégéwpﬁﬁf@gesecond
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renoval depth) of thickness of a glass substrate necessary for finishing a
surface i niyera poliskied aitomiadr BLIFacEs Ssihacsofbivantstliresit ppdherbyw ti ne.

double-side polishing apparatus having a planetary gear mechanism. Colioidal
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 atime. 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 colioidal silica grains was 10
wt%.
[0128]

In the second polishing step, the pH value of the polishing liquid 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 ultrasonic wave. [0131] A surface of the
gl ass substrate after cleaning was observed byAFM (Nanoscope manufact ured
by Digital Instrunents Inc.) (neasureneAf in a rectangular area of 5 mx 5
gn, as a result, maxi mum peak height (Rrax) was 1.5 nm and arithnetic
mean roughness (Ra) was 0.15 nm Adhesion of the colloidal silica abrasive

grai ns was  not confi. r r f.onei gn ubst ance such as stainl ess
steel or irt%‘?'r' pﬁhéﬁg%ﬂ@e @ﬁgégﬁﬁ%ﬁtgéﬁg’%ﬁ'&?@ of the substrate surface
was not fo%@etween before and after the cleaning. [0132] (6) Chem cal

strengt henitng'step Next, the glass substrate that had been subjected to the

st rengt her Next, the _ s
St T engthani ng. - TROTERER e IBIhE EPNT BORHING SkArva? OB TFRIN 19 oy cess
strengtheni ng. - | nenfhg” e “tRroug 2" proce
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cl eaned gl ass substrate was preheated 300C, and di pped for™ about 3 hours
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manner that a plurality of glass substrates were accomobdated in a hol der

order o, chem Cal TS ot ahrhon e whor 6 sunf ace o eadh taraeg Lunebrate. |
[ 0133] The tiph@ass substrate is subjected to dipping treatnent in the chem cal
[0130]
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 um x 5 pm), as a result, maximum peak height (Rmax) was
1.5 nm, and arithmetic mean roughness (Ra) was 0.15 nm. Adhesion of the
colloidal 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. Thickness of a conpressive stress |ayer
formed in the surface of the glass substrate was about 100 mto 200 m
[0134] The gl ass substrate that had beed3subjected to chem cal strengthening
was dipped in a water tank at 20C and thus rapidly cool ed, and kept for
about 10 mn therein. The glass substrate that had been subjected to rapid
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was p_erforggggS JE@rJté.ne c! eani ng i s perfornmed to renove t he re_si due of a
pol i shi ng gen? or a foreign iron-based contam nation or the like to be a

cause of hepgzzcrush or a thermal asperity trouble so that a glass substrate
havi ng a snmooth™ and clean surface is obtained. In the fine cleaning step, a

AT "5 G ol 080l bt po st i el
strengthening solution in this way, thereby lithium ions and sodium ions in a
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 (isopropyi 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 magnetic recording |ayer including a
CoCr Pt - based all oy, a protective layer including carbon hydride, and a

| ubricating | ayer including perfluoropoldget her were sequentially deposited
on each surface of the glass substrate, so that a perpendicular magnetic
recordi ng di sk was manufactured. Wiile this configuration shows an exanpl e
of a configﬁi?tioa of.thq gerpendicular magnetic recording disk, the
magnetic | ay NeLFCENDg SR may be configured as an in-plane magnetic disk.
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surface) was’not Poanad ESr Trer nore, a reprocium ng_tesf3 was performed using
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substrate fgf4 edR%PakcE iéoBlaiNEs NRAHE ARk Wethih s{ég?_a%@a@r riNgY cRéaniny t he

exanple 1 except for performng a chem cal strengthening step before an end

face poli shitag avidedh IPA ElBANMGSHED MbreperbankY Hfted all@life GolutiBaratingept h of
the inner circunferential end face in the end face polishing step was 4 m

and i nner c[oa,a‘e} er circularity of the glass substrate was 3 m after the end
face polishing step. A magnetic di sk was nmanufactured in the
(8) Magnetic disk manufacturing step

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 including
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.



same 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, false operation caused by therna
asperity was not found in reproducing. [0140] Wiile the preferred

enbodi nent of the invention was described with reference to acconpanying
drawi ngs hereinbefore, it will be appreciated that the invention was not
limted to such enbodinent. It is obvious that those skilled in the art may
t hi nk of v ri alterations or nodifications within a category according to
cl ai ns, 018&ﬁan be understood that they naturally belong to the

technical ﬁg@g ?f he invention. [0141] For exanple, while only the inner
circunfere 561 ing section is wused for polishing of the inner
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cl rount er eneacRoLL S0 BEHARD SRt ipile RECAA Rlarliaibg epnb@142), 46 A
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anot her, each substrate having an inner d inits center, nmay be

desi gned su@ﬁbrtthefendﬁabé 9B|;§rqnglstédﬂs RifaghERS Rk was hitRif4@0feCih the the
i nner circunferential end face, then a poI ishing liquid is supplied between

the inner cédrag R &in the e pledy Wing tH&E?gIQQé sabstrgtedbi & eiaghedicalisk.nner
circunference polishing section, and then the
The magnetic disk was subjected to a glide test, as a result, hit or crush 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.
[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 magnetic di sk, a nmethod of

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

gl ass substrate for a magnetic disk, by which an inner circunferential end
face of a cylindrical polishing object is pol i shed, the polishing object
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object is polishéd. 2. The nethod of manufacturing a glass substrate for a

e R
of manuf acttheipdlisiing lobfect Sndsdn imher tipcurafareneepolishing Kection, and then the

inner circumference polishing section is turned on its own axis sd 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
Iin 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 end face of the polishing object. 4.
The nethod of manufacturing a glass substrate for a magnetic disk according
to claiml1, wherein: 48 a sliding surfdde sloped with respect to a rotation
axis direction is forned on an inner circunferential edge of the inner

ci rcunference polishing section, and a drill rod is provided, which is
slidably cqgﬁ&g@gd to the sliding surface, and the polishing cloths are
noved in a di I on perpendicular to an extending direction of the
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7. A net hodypdreipnuf acturing a glass substrate for a magnetic disk, by

whi ch an inner cf_rcu_rrf erential end face of a cylindrical polishing object is
polished, the polj gty @Pbeshing elotk apaséd HFclrid ¥ retatigh alkis! ofkeh Bhass

substrates stacked on one another, each substrate having an inner hole
fornmed in idirubteteice pollBRIrY sction having the rotation axis are contacted by

pressure to the inner circumferential 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 plurality 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 then the polishing cloths and the inner
circunferential end face are relatively noved, thereby the inner
circunferential end face of the polishid§ object is polished. 49 8. A

met hod of manufacturing a glass substrate for a nmagnetic disk, by which an

i nner circunferential end face of a disk-like glass substrate is polished,
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substrate %ﬂd even pressure, then a polishing liquid is supplied between the
I nner circ erential end face of the glass substrate and the inner
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withthercgrﬂ)tion axis as a center, or relatively noved in a direction

perpendicular to a main surface of the glass substrate, thereby the inner

circunferential qng JoERinGlciiig ahe Ve L dikeion’ ferpBRliicaliffo ad. A met hod

feid
of manufacturing a nagnet gc C}I sk, wherein: east magnetic layer is

formed on agandingdirettibhof tHemtatidPakis By webgaiefed: acmerdilintadt o t he met hod
of manufacturing a glass substrate for a” magnétic di sk according to any one

of claims 1 to 8.5 10Thé\niedhod bf nanafmidigia glisscsulsiese forlasinaghetit diska
magnetic di sk, which polishes an inner circunferential end face of a

cyl i ndri calaquordinbitoglaipj £ovhereincl uding a plurality of disk-Iike glass
substrates stacked on one another, each

a contact surface between the polishing cloths and the inner
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 cloths to the inner circunferential end
face of the polishing object at even pressure, a polishing Iiquid supply
section that supplies a polishing IiquidSetween the polishing cloths and
the inner circunferential end face of the polishing object, 50 and a
polishing drive section that relatively rotates/noves the inner
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perpendi cul'ar to the rotation axis of the polishing nenber, thereby the
pol i shing pajenspraksu astically pressed to the inner circunferential end
face, and while the center of the inner hole of the glass substrate is

al l owed to corrasgaropdliighineliquid & Sipplied beddekbh tite iMdr DircomferRmbgr endit

| east one of the polishing object and the polishing nenber is relatively
moved, so tfasé of the glassisubsiratelarictheninnal ciecuinfesestialfendholighimgssextibaf rate i s

polished. 12. The method of manufacturing a glass substrate for a nmagnetic
di sk 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.

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,



according to claim1l, wherein: the plurality of polishing parts of the
pol i shing nenber are provided in positions reverse to one another. 13. The
nmet hod of manufacturing a glass substrate for a magnetic disk according to
claim 1l or 12, wherein: each of the polishing parts includes a polishing
cloth or a grinding stone. 14. The nethod of manufacturing a gl ass
substrate for a magnetic disk 51 accordiong to claim 13, wherein: the
polishing parts include polishing cloths respectively, and a polishing

|l iquid containing abrasive grains is supplied between the polishing cloths
and the inner circunferential end face, then at | east one of the polishing
obj ect and & polishing nenber is relatively noved, thereby the inner
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and claims 11 to (5, AvBRHfddlof ﬁﬁﬁﬁ%é%&z}%&udﬁ%&'ﬁgﬁeﬁ}a@%ﬂ& Bk

strengthening treatnment step in I ch _ cont ac_f ed to a
chem cal Stiﬁéﬂﬂinlgeéh et EREGMRSIENCE bBIkng Sk GWO!%HQ ah inflys contained in

the gl ass substrate are substituted by i0ns in the chem cal strengthening
treat ment |diguhflereifial BAd fddecold agiindiicabpoidhng dbject 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



chem cally strengthened, 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

ci rcunference polishing step such that at | east part of a conpressive
stress layer is remained, the conpressive stress |ayer being formed on the
inner circunferential end face of the dllass substrate by the chem cal
strengthening 52 treatnent step. 17. The nmethod of manufacturing a gl ass
substrate for a nmagnetic disk according to claim 16, wherein: thickness of
t he conpressive,stress.l| r formed in the chem cal strengthening treatnment
step igp50 arﬁc(?Fd'ngt%.CFé'l@.ayﬁ%h%{nruod of manufacturing a gl gss subgtrate for
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a glass substrat qubRiat fedBAR!dfand pRlishid HBfet Bfd!tRe BoYsRG riémpbAis™ 1 to 8

and clains 11 to wherei n: the urther inclu mal n surface

poli shing skRigively Peled thetey theBhRepsFdupsRréitidi BRIFhas of Hegihsat e, and the
main surface 1s polished in tthe main surface polishing step Such that

surface rougiyad@te (SHedlished0- 2 nmor | ess when the surface roughness is
nmeasured by an atom c force mcroscope. 21. The nethod of manufacturing a

gl ass substrate f18 darkegrthod oflidnufacturing a glass substrate for a magnetic disk

according to claim 13, wherein:

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 methed 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, 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



according to any one of clainms 1 to 8 and clains 11 to 20, wherein: the

gl ass substrate has a chanfered surface between the nain surface and the

i nner circunferential end face, and the nethod further includes a chanfered
surface polishing step, in which polishing cloths are used, the polishing
cloths being contactable to the chanfered portion over the whol e
circunference of the chanfered portion 5& a tinme, and 53 while the
polishing cloths are pressed to the chanfered portion over the whole
circunference of the chanfered portion at a tinme, the polishing cloths and

t he gl ass s{ub traie are rel atively noved, thereby the chanfered surface is
pol i shed. treaimen step

17. The method of manufacturing a glass substrate for a magnetic disk
according to claim 16, wherein:

thickness of the compressive stress layer formed in the chemical
strengthening treatment step is 50 pm or more.

18. The method of manufacturing a glass substrate for a magnetic disk
according to claim 16 or 17, wherein:

removal depth is less than 5 um in the inner circumference polishing
step.

18. 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 circuiarity of an inner hole is within 5 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 nm or iess 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 includes 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
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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.



