MANUFACTURI NG METHOD AND MANUFACTURI NG APPARATUS OF GLASS SUBSTRATE FOR
MAGNETI C DI SC AND MANUFACTURI NG METHOD OF MAGNETI C DI SC The present

di sclosure relates to subject matters contained in Japanese Patent
Application No. 2007-173580 filed on June 30, 2007, which are expressly
incorporated herein by reference in its entireties. BACKGROUND OF THE

I NVENTION 1. Field of the Invention [0001] The present invention relates to
a manufacturing nethod and a manufacturing apparatus of a glass substrate
for a magnetic disc and a manufacturing nethod of a magnetic disc wusing a

gl ass substrate nanufactu%ﬁﬁdgﬂ@@ﬁg&NGSBﬁﬁﬁ&ﬁpaﬁh the present invention
c

relates to a polishing technique on’inner circuntference edge surface of an

i nner hZPﬁNb@hE?gRﬁgstR?Pﬂhﬁ%ﬁs é#h?ﬁié%‘%ué%T 'ﬁdﬁ'Mﬂ&N% g%h%lgb'or Art

[ 0002] ong wi th advancenent of ornmati1on technol ogy, ormati on

recording technol agy, Mﬁﬁﬂ?ﬁb@bhm@aﬁ@?hbﬁ OFeMRERERG L 9‘%@@0' ogy has been

significantly inproving. substrate for a nmagnetic recordi ng nedi um
such as a hard disc drlve (F[[», which is one of the magnetic recording
media, 1 alum num substrate has been w dely used. However, along with

space saving, fThattigrddht ard SH1ayGRNSKEYaE880TEh NG fiddte matters
contained in Japanese Patent Application No. 2007-173580 filed
on June 30, 2007, which are expressly incorporated herein by

reference in its entireties.

BACRGROUND OF THE INVENTION

1. Field of the Invention
{0001]

The present invention relates to a manufacturing method
and a manufacturing apparatus of a glass substrate for a
magnetic disc and a manufacturing method of a magnetic disc
using a glass substrate manufactured thereby. Specifically,
the present invention relates to a polishing technique on inner
circumference edge surface of an inner hole formed in the glass

substrate.

2. Description of the Prior Art
[0002]

Along with advancement of iﬁformation technology,
information recording technology, especially magnetic
recording technology has been significantly improving. As a
substrate for a magnetic recording medium such as a hard disc

drive (HDD), which is one of the magnetic recording media,



magnetic disc, the alum num substrate is replaced by a glass substrate
havi ng superior flatness and substrate strength of the substrate surface to
an al um num substrate. [0003] Moreover, as density growth of magnetic
recording -technology is progressed, a magnetic head has changed from a

thin filmhead to a magneto-resi stive head (MR head) to a gi ant

magnet o-resi stive head (GWR head) and floating anount of a nagnetic head
froma substrate has been narrowed to 8nmor less. Due to this, there may
be a case where a head crash or thernal asperity occurs. Head crash occurs

when & magNel haneade CLAPSS,c AIRONGHLS Ol 55, UG L0 Vel S (3eg Of the

magneti c |sc and erna asperi i‘ch"cadses "a readi ng

error ﬁQché‘Ev?ﬁgge?i‘ g {?ﬁéaghébﬁygﬁ QBHBFL%?S'r%o? l'ﬂ‘bro?rt ¥ contact

bet ween the magneti hea Irsc suc condi'tion,
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recognl e n the af ent ace O an-outer

circunf esgpce-apd ﬁ&lﬁgnﬂp&ii&yﬁl%%' cﬁg%‘ %%Q%tlénfsltlrehe%hsensf ace is

mrror surfaced to prevent generation and adhesion of a particle on the

substrat engdggnstrhaeesuteadbt LAOLY §0LMi AEmt BEosRbQYE; menti oned probl em
[0004] As a technique to polish inner circunference edge surface of a gl ass

substrat epggzpol i shing method by use of a rotary brush 2 as described in
t he Pat ent Docunent 2 has been known. This

Morecover, as density growth of magnetic recording
technology is progressed, a magnetic head has changed from a
thin film head to a magneto-resistive head (MR head) to a giant
magneto-resistive head (GMR head) and floating amount of a
magnetic head from a substrate has been narrowed to 8nm or less.
Due to this, there may be a case where a head crash or thermal
asperity occurs. Headcrash occurs when amagneticheadcrashes
a magnetic disc due to uneven surface of the magnetic disc and
the thermal asperity is a trouble which causes a reading error
when heat is generated by adiabatic compression of air or by
contact between the magnetic head and the magnetic disc. In
such a condition, importance of flatness of substrate edgé
surface has been conventionally recognized. In the Patent
Document 1, each edge surface of an outer circumference and an
inner circumference is polished until the surface is mirror
surfaced to prevent generaticn and adhesion of a particle on
the substrate edge surface, resultingly solving the
above-mentioned problem.

[0004]
As a technigque to polish inner circumference edge surface

of a glass substrate, a polishing method by use of a rotary brush



pol i shing net hod enables to polish inner circunference edge surface by

| am nating di sc-shaped gl ass substrates having an inner hole which are
stored in a substrate case and a tightening cover (work holder), inserting
a rotary brush into a conmmunicating inner hole of the glass substrates
after the glass substrates are fixed on a rotation holder (table), and
rotating both the rotation holder and the rotary brush while dipping the
gl ass substrates into polishing |iquid. [Patent Docunent 1] Japanese
Publ i shed Unexam ned Patent Application No. H10-154321 [Patent Docunent 2]

Japanese, PUiLLshegLneaghged.patent AggLieay g1 No.. H g 221747, 1 g00S

Recent |y, rove recording densi a “perpen gnetic
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recordin uence of a glass su appeéars nore significantly
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roughness an preci se at ness a ape are requl red tor

substrat ey Es éﬁjﬁ%qcé"lahkhfﬂe the kAP O%esBNd + Of + & €adiangn g %p%gh@aénﬁﬂg HDD,

rotation spee a magnetic disc has been increasing. Because center of
the rotathparof (fbex Magneid €) di Sisdis MBI Y d Meihart . peahl efndhmegsi on

tol erance of an inner hole (inner circunference edge surface), higher
circul ar bMmuAngaBing inner hole of the glass substrates after the glass
substrates are fixed on a rotation holder (table), and rotating
both the rotation holder and the rotary brush while dipping the
glass substrates into polishing liquid.
[Patent Document 1]

Japanese Published Unexamined Patent Application No.
H10-154321
[Patent Document 2]

Japanese Published Unexamined Patent Application No.
H11-221742

[0005]

Recently, to further improve recording density, a
perpendicular magnetic recording method has been adopted. In
case of a perpendicular magnetic recording medium, influence
of a glass substrate appears more significantly than the case
of a longitudinal magnetic recording method. Therefore, lower
roughness and more precise flatness and shape are required for
a glass substrate. Especially, for the improvement of reading
speed by an HDD, rotation speed of a magnetic disc has been
increasing. Because center of the rotation of the magneticdisc
is very important, smaller dimension tolerance of an inner hole

~(inner circumference edge surface), higher circularity, and



smal ler fitting tolerance wwth a spindle are required. [0006] Meanwhil e,
because a small HDD has been recently required for a device such as a

cel lul ar phone, a digital canera, an a portable nusic player, it is
required for a magnetic disc to have a smaller shape and hi gher recording
density while |owering production cost thereof. [0007] Here, to | ower
production cost while polishing an inner circunference edge surface of a
gl ass substrate, increasing the nunber of glass substrate |am nated when
polishing is conceivable. For exanple, if 100 pieces of glass substrates

wer e | arat ¢d apg. poll sheder LfcLhe: pnbeLpl 5q) 0CL£ased to-300. it becomes

possi bl e 1o produce t sane anount gl ass “substra in aone-third
of takt gb ﬁproce55|ng time). However, there is a tendency that if the
nunber of lamination is increased, tol erance or circularity of the inner

hole is | owergd,  IMARY CF  TEE 'shl\éﬁmhﬁb'ha[s‘)g@éﬂu rgﬁ%'rﬁcfl(y BeqliNBcAr €SNt

i nvention ains at provi dl ng a manuf act ur i ng nmet hod and a manuf acturi ng

appar at Usoof o &} A8S suRYPSl Al Bl 0h1 8r BWHEE | Ga Ai%fE tWhi r@an pahi gh i nner
ci rcunference edge surface with high accuracy and can i nprove tolerance and
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substrate and providing a
haveasmmllershapeandhlgherrecordlngden51tywh;lelowerlng
production cost thereof.
{0007]

Here, to lower production cost while polishing an inner
circumference edge surface of a glass substrate, increasing the
number of glass substrate laminated when polishing 1is
conceivable. For example, if 100 pieces of glass substrates
were laminated and polished, if the number is increased to 300,
it becomes possible to produce the same amount of glass
substrates within a one-third of takt time (processing time).
However, there is a tendency that if the number of lamination

is increased, tolerance or circularity of the inner hole is

lowered.

SUMMARY OF THE INVENTION
[0008]

Therefore, the present invention aims at providing a
manufacturing method and a manufacturing apparatus cof a glass
substrate for a magnetic disc which can polish inner
circumference edge surface with high accuracy and can improve
tolerance and circularity of an inner hole while ensuring a

number of laminated glass substrate and providing a



manuf acturi ng nmet hod of a magnetic disc using a glass substrate

manuf actured thereby. [0009] As a result of keen investigation on the
above-nmentioned problens by the inventors of the present invention, the
inventors found out that if a plurality of |lam nated glass substrates are
inclined to a rotation axis when an inner circunference edge surface is
polished, tolerance or <circularity of an inner hole is |lowered. Then, as a
result of keen discussion to solve this problem the inventors found out
that if the nunber of the glass substrates lamnated is increased in a

Stage WAGLE.LDe LSS RURSY BECSLarRelant ALed o andh LALALNEd.bY 2 KOT k

hol der, sha ceén € and a rotation

axis is %RG? &QHPQ%IQ%%¥§€¥_and even if the glass substrates coul d be

retaine fie Vo wi th high accuracy, the glass substrates are
prone to @@@§¥ne when the glass substrates are set on a table. Moreover,
t he invenEors ound out that it is possible to inprove matching degree of

the shaft Centﬁ%aPEeEBQtHﬂ?%%ethﬁvégglégﬁlBHQQ{%%@ aBSiS-RYneebhtAg the
gl ass substrates on the work holder aftér setting the work hol der on the

table anﬁrébyém§0Q§Je€§Q tik&renMAseNd £ i RYRN hpBschPOLQvetalor,s, the sol ve
t he above-nenti oned problem a typical configuration of a nanufacturlng

nmet hod ofndegtass subslrate thet amMegnehiraditse SECPARiNgé® §hespresent

invention is a manufacturing nethod of a glass substrate for a nagnetic

di sc substrates are inclined to a rotation axis when an inner
circumference edge surface 1is polished, tolerance or
circularity of an inner hole is lowered. Then, as a result of
keen discussion to solve this problem, the inventors found out
that if the number of the glass substrates laminated is
increased in a stage where the glass substrates are laminated
and retained by a work holder, matching degree of a shaft center
of the inner hole and a rotation axis is prone to be lowered
and even if the glass substrates could be retained by the work
holder with high accuracy, the glass substrates are prone to
incline when the glass substrates are set on a table. Moreover,
the inventors found out that it is possible to improve matching
degree of the shaft center of the inner hole and the rotation
axis by setting the glass substrates on the work holder after
setting the work holder on the table and thus completed the
present invention.
[0010]

That is, to solve the above-mentioned problem, a typical

configuration of a manufacturing method of a glass substrate
for a magnetic disc according to the present invention is a

manufacturing method of a glass substrate for a magnetic disc



5 including an inner circunference edge surface polishing step for

| am nating a glass substrate having an inner hole and for inserting a
pol i shing body into a comuni cating inner hole for polishing further
including: a step of positioning a positioning nmenber on a position which
is a processing position of the inner circunference edge surface polishing
step and on an extension of center axis of the polishing body; a step of
positioning a plurality of glass substrates and | am nating them by
inserting the positioning nmenber into the inner hole of the glass

subst rat gﬁglad%gparqfiﬁﬂgﬂj Qgrbéctm}fe%”gr{lﬁeg %‘Eﬁg%' %%fa%%b%&if’i‘%ﬁ%ngﬁ%féﬁp of

renovi ng the posrtioni ng nenbe rom nmuni cat’i ng 1 nnéer e of the

posi ti onedyof A58 SHARY B8 s épgfi‘réiz@ph%iﬁ(gﬁtii%@hB‘i'ei shtngopody into

the conmuni cating 1 nher "hole o he position |'ass substrates. [0011]

Accor di ngn5ort N8y aP¥e 16ARHLONEAY | Hho 9l SHmaNPELE #hESi niEkd hBE ePESET 1 Oned
and fixed at a processing position of the inner circunference edge surface

pol i shingosi sRiakd thereéereinpPshihgni ng asespacyrof pbher conygi cating
inner hole to the polishing body can be significantly inproved. Therefore,

even i fpbbetnufbes reimdeanbnat pdsakass wiHish Rat £pricedsai9Ry pbneion
circunference edge surface of each glass substrate can be polished with

hi gh accgragye anthdrokerana€eantcel eaybasut Fa®d pdlngsHimerstkel eanangnmat chi ng

degree of cores can be inproved. [0012] Mreover, another typical

configurahi entefishon of center axis of the polishing body; a step of
positioning a plurality of glass substrates and laminating them
by inserting the positioning member intc the inner hole of the
glass substrates; a step of fixing the laminated glass
substrates, a step of removing the positioning member from the
communicating inner hole of the positioned glass substrates;
and a step of inserting a polishing body into the communicating
inner hole of the positioned glass substrates.
[0011]

According to the above configuration, glass substrates
can be positioned and fixed at a processing position of the inner
circumference edge surface polishing step and therefore
positioning accuracy of the communicating inner hole to the
polishing body can be significantly improved. Therefore, even
if the number of laminated glass substrates is large, inner
circumference edge surface of each glass substrate can be
polished with high accuracy and tolerance and circularity of
the inner hole and matching degree of cores can be improved.
[0012]

Moreover, another typical configuration of a

manufacturing method of a glass substrate for a magnetic disc



manuf acturi ng nethod of a glass substrate for a nmagnetic disc 6 according
to the present invention includes: a step of attaching a |ower retaining
portion of a work hol der which sandw ches gl ass substrates in a condition
where a plurality of the glass substrates are |am nated by an upper
retaining portion and the |ower retaining portion on a table of a polishing
apparatus for polishing an inner circunference edge surface of an inner
hole forned in the glass substrate; a step of providing a shaft having an
approximately sane dianmeter as the inner hole perpendicularly to the |ower

retaini ”QcBBEBi'LHﬁEtoatﬁé?) <Qknt! A O] 09 i 3RlUER ] ¥t8£scgﬂb§§§aéf{?§érat €s on

the lower retaining portion and positioning the gl ass strates so that

the shafg P@ﬂ@&reéééiﬁbﬁ%iﬁgfﬁ%ﬁgl§f & wLep H&l@éfsﬁﬁﬂgthEnSﬁﬁéﬁﬁs

substrates thus positioned on ower retaining portion wt e upper

retaining) pOLtd i FABARGV G cSndi ePoRlwrSDYI ﬂgufzg‘ﬁit?r@f thkr gmt e

communi cating i nner hole of the positioned glass substrate; a step of

i nsertinguBsPeht8hidvek Dady naft@ bhein copauntsahi AgngeFt N0l anef thhe
positioned gl ass substrates; and a step of polishing the inner

ci rcunf erenee RAge rsidd ﬁ@@tib_ﬁ dhe pabishimg Homtyshyng elpdlareehy £ekating or
noving the table and the polishing body. [0013] Here in the present

i nventi opoluppehgand inewer clechnterspeessidd lsyrfaar gfractind@rohoappl i cation
of gravity and the direction farther fromthe table nmay be "upper™
di recti ofiovdeten the gdiasecshiont nees eu §reapofherdwbd gyt haweny.
Mor eover ,
an approximately same diameter as the inner hole
perpendicularly to the lower retaining portion; a step of
laminating a plurality of glass substrates on the lower
retaining portion and positioning the glass substrates so that
the shaft penetrates the inner hole; a step of pressing the glass
substrates thus positioned on the lower retaining pertion with
the upper retaining portion from above; a step of removing the
shaft from the communicating inner hole of the positioned glass
substrate; a step of inserting a pclishing body into the
communicating inner hole of the positicned glass substrates;
and a step of polishing the inner circumference edge surface
by the polishing body by relatively rotating or moving the table
and the polishing body.
{0013}

Here in the present invention, upper and lower do not
necessarily mean direction of application of gravity and the
direction farther from the table may be “upper’” direction while
the direction nearer from the table may be “lower”. Moreover,

joint of the upper and lower retaining portions may be any

position as long as there is no influence to operation. When



joint of the upper and |lower retaining portions may be any position as |ong
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on the table, any nmenber may be intervened therebetween. D aneter
haft or perpendicular condition thereof nmay be accurate enough to

ositioning of the glass substrate by the shaft. Wen the

nner

rence edge surface is polished by the polishing body, the table and
shing body are relatively rotated or noved. Here, "relatively"

condi tion mhere either or both of the two are driven and t

he
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roug i'shing liquid Move" inclu

Rayhere the PRldshi Hige POGY: &£ Pr opakRstED %fd'ﬁk?é:tél"?é‘ft or

approximately orthogonal to the table (axis direction of the inner

[ 0014]

t he work
per pendi
substr at

hol der is attached on the table shaft is provided
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gl ass

am nated and positioned on the |ower retaining portion so

that thetabafinmpanetiatestebencenneligdhokarfhbe piasi pbonedHedl ass sHbstrates
sed from the above by the upper retaining portion to be fixed and

in that peatdhthgrhodihethbafdbles anenoepdlriahitnebodymad ealangviedper hol e
| ass substrates, and the polishing body is inserted into the inner

are pres

of the g
hol e for

rpbhtedlugrmﬁhﬁtefHEEﬁ,pbséﬂhmeegyandeans a condition where
either or both of the two are driven and the polishing body is
in sliding contact with the inner circumference edge surface
(through polishing liquid). “Move” includes, for example, a
condition where the polishing body reciprocates in a direction
approximately orthogonal to the table (axis directioﬁ of the
inner hole).

[0014]

According to the above configuration, the lower retaining
portion of the work holder is attached on the table, the shaft
is provided perpendicularly to the lower retaining portion, a
plurality of the glass substrates are laminated and positioned
on the lower retaining portion so that the shaft penetrates the
inner hole, the positioned glass substrates are pressed from
the above by the upper retaining portion to be fixed and in that
condition, the shaft is removed from the communicating inner
hole of the glass substrates, and the polishing body is inserted
into the inner hole for polishing. Therefore, positioning and
fixing of the glass substrate are carried ocut immediately before
polishing and therefore tolerance and circularity of the inner

hole can be improved. That is, the shaft is removed between



fixing of the glass substrate are carried out imediately before polishing
and therefore tolerance and circularity of the inner hole can be inproved.
That is, the shaft is renoved between 8 the positioning/fixing step of the
gl ass substrate and the polishing step. This renoving step does not

di sarrange positioned and fixed | am nated gl ass substrates (inner hol es)
in aradial direction to disarray the position of the glass substrate
toward the table. Moreover, when the work holder is fixed on the table
after the | am nated gl ass substrates are stored in the work hol der, there

may be atgésﬁo§@€38 ZHQVSE?}Q?a%E' f“tﬁé“bl é&%éﬁ%f%%b§£&5€ﬁgthe wor k

hol der ng accuracy of r tot table is

| overed 2p4d; 8hoRg vgttetbthl FhiROSELMOM AY G a&é’e%f rdie atgéeraﬁgestrate to

the table is | owered. "However, according to the ove-nment1 one

conf i gurgbk0Ri ohbg aw&lfﬂy@dﬁeamtﬁaeeeagbggstéhbéﬂy%ﬁéaﬂ %nh@raHM§8§? (before
retaining the glass substrate) and therefore even if there is any problem

in fixingnagcuhacy108irébeivArkohal derripwend phsitabheorStER gnagkror can
be corrected in the subsequent positioning step of the glass Substrate.

[0015] | Bubberabevierwerd icoretdab0af i glyadd Wiy, Whenstep wirk hamideat iBg a
plurality of glass substrate on the | ower retaining portion and positioning

t he gl assisebisbhateenaybilachoderatkbéepambhaseor ybgsa plbsabatysobrgl ass
substrates in a lamnated condition in a bottoned cylindrical work cover
which issopead in the wpperhaldect idremnddiadbean icaser whemehal grahnough
whteh particle or the like intrudes between the work hclder and the
table and fixing accuracy of the work holder to the table is
lowered and along with this, positioning accuracy of the glass
substrate to the table is lowered. However, according to the
above-menticned configuration; the work holder is attached to
the table in advance (before retaining the glass substrate) and
therefore even if there is any problem in fixing accuracy of
the work heolder toward the table, such an error can be corrected
in the subsequent positioning step of the glass substrate.
[0015]

In the above-mentioned configuration, the step of
laminating a plurality of glass substrate on the lower retaining
portion and positioning the glass substrate may include a step
of storing a plurality of glass substrates in a laminated
condition in a bottomed cylindrical work cover which is open
in the upper direction and has an insertion hole through which
the shaft can be inserted at the bottom of the work cover, and
a step of positioning the glass substrate on the lower retaining

portion in an integrated manner with the work cover by inserting

the shaft intc the inner hcle after causing the shaft to be



the shaft can be inserted at the bottomof the work cover, and a step of
positioning the glass substrate on the lower retaining portion in an
integrated manner with the work cover by inserting the shaft into the inner
hol e after causing the shaft to be 9 inserted through the insertion hole.
In the present invention, cylindrical shape of the work cover may not be
entirely constructed by the wall and may be constructed by franmes to form
a cylindrical shape as a whole. By use of such a work cover, the gl ass
substrate can be easily set to the work holder with its |ower retaining

portion fhxed¢kg Ml%‘{?g’b{é?e IRQLE]5 B%P'é9a'IrP$§%i;9}€§éﬂt0ﬂn%ai‘ion,

manuf act uri ng appar at a gl ass substrate a magneti c disc according

to the presenlrikRYENH Qe | BEI YERS R0 RT koheldefayhineh sandwhehes)
plurality” of glass substrates having an inner hole in a | am nated

condi ti oRch%t¥pRReEdaANA theWed1 Y 8hai i NBePOs LS OPSct 8d kAPELakOs tWhieghmt he | ower
retaining portion is attached, a shaft having approxinmately sane di aneter

as the inangylheligicantsiapeldshi ptioleQdypattias b Mg E @B rkoEogkkaching a
pol i shing body which polishes an inner circunference edge surface of the

i nner hokie §yasel aivbateratd aldrobeOkaBRYONESt ©F e Woald @cadert hetpol i shing
body; wherein the shaft can be | ocated perpendicularly to the table so that

t he shaftteamopenereabénthe panetohofexéa det ehal neblehe position of the
gl ass substrate when a plurality of glass substrates are |am nated on the
| ower ref@lhbhg portion attached to the table and also can be renmpved from
the tnner A typical configuration of a manufacturing apparatus of
a glass substrate for a magnetic disc according to the present
invention includes a work holder which sandwiches a plurality
of glass substrates having an inner hole in a laminated
condition by upper and lower retaining portions, a table to
which the lower retaining portion is attached, a shaft having
approximately same diameter as the inner hole, and a polishing
body attaching portion for attaching a polishing body which
polishes an inner circumference edge surface of the inner hole
by relative rotation or movement of the table and the polishing
body; wherein the shaft can be located perpendicularly to the
table so that the shaft can penetrate the inner hole to determine
the position of the glass substrate when a plurality of glass
substrates are laminated on the lower retaining portion
attached to the table and also can be removed from the inner
hole while the positioned glass substrates are pressed from
above by the upper retaining portion, and the polishing body
attached to the polishing body attaching portion is inserted

into the communicating inner hole of the positioned glass

substrate after the shaft is removed therefrom to polish the
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- - - - - "
hol e while the positioned glass substrates are pressed from above by the
upper retaining portion, and the polishing body attached to the polishing
body attaching portion is inserted into the comrunicating inner hole of the
positioned glass substrate after the shaft is renoved therefromto polish
the 10 inner circunference edge surface. [0017] According to the
above-nentioned configuration, the |ower retaining portion of the work
hol der is attached on the table, the shaft is provided perpendicularly to
the lower retaining portion, a plurality of glass substrates are [|am nated

on the | oMBE I et AL BGrBRELT QgSOshhakcthe glass substrates are positioned
to allow the shaft to penetraté the 1nner hole, the shaft is renoved from

the comuyppgaii ng inner hole of the glass substrate while the positioned
gl ass substrate is pressed from above by the upper retaining portion, and

the polishingnbeslydisgi keerdesd bBboethentnbBgaedhddh fifudich Nnghe
Therefore, positioning and fixing of the glass substrate can be carried out

i mredi at ebyebeforf £1 PDAG UM ANG Tt eher aper ladlde £i i WtaEHdheObnt BBei Nner
hol e can be inproved. [0018] This manufacturing apparatus may be configured
to includebla, wahk st hbyi pgoaibetit peegetyiliicndairdgl tshapes Wibhean open
upper part which stores a plurality of glass substrates in a |am nated
condi ti onetetihing imsericon kol plubediugh whi chylidees shabktrearesbearaserted is
formed at the bottom wherein the gl ass

laminated on the lower retaining portion so that the glass

substrates are positioned to allow the shaft to penetrate the

inner hole, the shaft is removed from the communicating inner

hole of the glass substrate while the positioned glass substrate

is pressed from above by the upper retaining portion, and the

polishing body is inserted into the inner hole for polishing.

Therefore, positioning and fixing of the glass substrate can

be carried out immediately before polishing and tolerance and

circularity of the inner hole can be improved.

[0018]

This manufacturing apparatus may be configured to include

a work cover having a bottomed cylindrical shape with an open

upper part which stores a plurality of glass substrates in a

laminated condition with an insertion hole through which the

shaft can be inserted is formed at the bottom wherein the glass

substrate stored in the work cover is positioned on the lower

retaining portion in an integrated manner with the work cover

by inserting the shaft into the inner hole after causing the

shaft to pass through the insertion hole. By use of such a work

cover, the glass substrate can be easily set to the work holder

with its lower retaining peortion fixed to the table.

11



substrate stored in the work cover is positioned on the | ower

retaining

portion in an integrated manner with the work cover by inserting the shaft
into the inner hole after causing the shaft to pass through the insertion
hol e. By use of such a work cover, the glass substrate can be easily set to
the work holder wth its |lower retaining portion fixed to the table. 11

[ 0019] Mbreover, a tapered portion may be forned in the | ower

ci rcunf erence

surface of the shaft and a concave portion having an inverted cone shape
corresponding to the tapered portion may be fornmed on the |ower retaining
portion sgptdat the tapered portion is engaged with the concave portion to

allow the shatt to be provided perpendicularly to the table.

Thus, it

becomes possilpeede @V ddgddepea-tdiotemaly bkl XoRBeaCeHr BEY¥ Dbywbhe work

hol der to the table to the positioning accuracy of the glass

substrate by

t he shaf ¢ir{QQROtefts thaifadder panekhati Hhdarddodatdieugh orhhghihhe shaft

can penetrate the |lower retaining portion may be forned on the

wor k hol der,

a recei vang rpentiecancboe dtenel vorgeapandtinpard ithe tfpdoa@poend opanayof the
shaft may be forned on the table, and |ower end part of the shaft may
penet r atlee t herpenetn athieorl owzar trieda ianicgnpy riné osuppothed biet bepereei vi ng
portion to allow the shaft to be provided perpendicularly to the table.

Al t er nat pyet yon a penghoat enthorie oondaveughrivhboht ¢ ld lshathe ghafpenetrate

the lower retaining portion nay be fornmed on the

to be provided perpendicularly to the table.. Thus, it becomes

possible to avoid influence given by fixing accuracy of the work

holder to the table to the .positioning accuracy cof the glass

substrate by the shaft.

[0020]

Further, the penetration portion through which the shaft

can penetrate the lower retaining portion may be formed on the

work holder, a receiving portion for receiving and supporting

a lower end part of the shaft may be formed on the table, and

lower end part of the shaft may penetrate the penetration

portion and may be supported by the receiving portion to allow

the shaft to be provided perpendicularly to the table.

Alternatively, a penetration portion through which the shaft

can penetrate the lower retaining portion may be formed on the

work helder and the shaft can freely pop in and out to the table

and penetrate the penetration portion by popping out from the

table so that the shaft can be provided perpendicularly to the

table while the shaft may be removed from the communicating

inner hole of the positioned glass substrates by popping into

the table. Thus, it becomes possible to avoid a case where

engagement accuracy of the shaft and the work holder, which is

12



wor k hol der and the shaft can freely pop in and out to the
penetrate the penetration portion by popping out fromthe

tabl e
tabl e

and
so that the

shaft can be provided perpendicularly to the table while the shaft may be
removed fromthe communicating inner hole of the positioned gl ass
substrates by popping into the table. Thus, it becones possible to avoid a
case where engagenent accuracy of the shaft and the work hol der, which is

12 concei vabl e when the shaft and the work hol der are engag
positioning accuracy of the glass substrates by the shaft.

enabl e adhbHsLiBab10f wRERPENE CHLBE aRQSEHECWBEK!AB1882T L L0

it possible to correct decrease in positioning accuracy of

table and fixing accuracy of the work hol der "to the table,

ed,
At t

i nfl uences
his tinme, to

ehﬁggggble makes
t Re”gl ass

substrat enribRBe s At MG I PGS aRY bF XD g2a5Yr 8eysPfatbe haht to the

by

adj ust nment

of perpegdhedl arapostk ug er ohef heosbrbbile[ 9824 tAchyPbeabeeprhhgEL@ki-on of a

manuf acturing nmethod of a nagnetic disc according to the present

i ncl udespasstiep opfrhad kaahitngo ahowelb lreehakBsNgt R4 W1 Ot cacwerkchol der,

whi ch

sandwi ches a plurality of glass substrates in a | am nated

bet ween dacuppee irepaisiitignpakt & otuaady tde thewsl as s ehdistinag Qowhii on,

tabl e of a polishing apparatus for

on a

polishing an inner circunference edge

i nvention

condi ti on

surface otlanivahgrodwhes horfirdngnatbergtpass substhafe,t@ tdleepabliepr ovi di ng
a shaft having an approximtely sane dianeter as the inner hole
per pendi enHarfiixitng thechoaey oét die ngopkr thodmera st ephef table, by

adjustment of perpendicular posture of the shaft.
[0021]

A typical configuration of a manufacturing method of a
magnetic disc according to the present invention includes a step
of attaching a lower retaining portion of a work holder, which
sandwiches a plurality of glass substrates in a laminated
condition between an upper retaining portion and the lower
retaining portion, on a table of a polishing apparatus for
polishing an inner circumference edge surface of an inner hole
formed on the glass substrate, a step of providing a shaft having
an approximately same diameter as the inner Thole
perpendicularly to the lower retaining portion, a step of
laminating a plurality of glass substrates on the lower
retaining portion and positioning the glass substrate so that
the shaft penetrates the inner hole, a step of pressing the glass
substrates thus positioned on the lower retaining portion with
the upper retaining portion from above, a step of removing the
shaft from the communicating inner hole of the positioned glass
substrate, a step of inserting a polishing body into the

communicating inner hole of the positioned glass substrates,

13



| am nating a plurality of glass substrates on the |lower retaining portion
and positioning the glass substrate so that the shaft penetrates the inner
hol e, a step of pressing the glass substrates thus positioned on the | ower
retaining portion with the upper retaining portion fromabove, a step of
removing the shaft fromthe conmunicating inner hole of the positioned
glass substrate, a step of inserting a polishing body into the

comuni cating inner hole of the positioned glass substrates, 13 a step of
polishing the inner circunference edge surface by relatively rotating or

moving thestapl grapdi 1 bR pQ! LA ﬂﬂn@?dé‘irc@ﬂgef‘eﬁE@peQ&er oh PtRgeapfRgneti c

| ayer on the surface of the glass substrate after the glass substrate is

pol i shedre | 9022k 1 HochrAi ity be hdiei @Peye €anfd gwuat hOmhotikg irmesgy et ai ni ng

portion of the work holder is attached on the table, the shaft 5 provided

perpendi ghas| ¥yt &9 dherd g rLhRighetd Palalyjednonathpl Wualkhbk oF the gl ass
substrates are |am nated and positioned on the |ower retaining portion so

that thegshaktsppsetaptesrtbe thanglabel subtheapesiti poedspeass substrates
are pressed from the above by the upper retaining portion to be fixed and
in that [oopdition, the shaft is renmoved fromthe comunicating inner hole
of the glass substrates, and the polishing body is inserted into the inner
hol e for pol i shcogrdiing tef die abpesiddrohi qugranicon f tkengwefr theaghasg
substrate is carried out inmediately before polishing and tol erance and
circul arpbytdbntdie theneprkoheldan idetitmohevedn the table, the shaft

is provided perpendicularly to the lower retaining portion, a

plurality of the glass substrates are laminated and pbsitioned

on the lower retaining portion so that the shaft penetrates the

inner hole, the positioned glass substrates are pressed from

the above by the upper retaining portion to be fixed and in that

condition, the shaft is removed from the communicating inner

hole of the glass substrates, and the polishing body is inserted

into the inner hole for polishing. Therefore, positicning and

fixing of the glass substrate is carried out immediately before

polishing and tolerance and circularity of the inner hole can

be improved.

[0023]

In the above-menticned configuration, the step of
laminating a plurality of glass substrate on the lower retaining
portion and pesitioning the glass substrate may include a step
of storing a plurality of glass substrates in a laminated
condition in a bottomed cylindrical work cover which is open
in the upper direction and has an insertion hole through which

the shaft can be inserted at the bottom of the work cover, and

a step of positioning the glass substrate on the lower retaining

14



[0023] In the above-nentioned configuration, the step of I|amnating a
plurality of glass substrate on the lower retaining portion and positioning
the gl ass substrate may include a step of storing a plurality of glass
substrates in a lam nated condition in a bottoned cylindrical work cover
which is open in the upper direction and has an insertion hol e through
which the shaft can be inserted at the bottomof the work cover, and a
step of positioning the glass substrate on the |ower retaining 14 portion
in an integrated manner with the work cover by inserting the shaft into the

i nner hopgref €1 nCaNSnRe irhe edAiAnd # vi@h { RS QR4 NEPUGhi L bert DSGrtion
hol e. By use of such a work cover, the glass substrate can be easily set to

the workehel giesrid Lo i tise | DNREr @b Bé Nh B POFA b OTnd | Xed sWathecdapbe. [0024]
According to the present invention, even if the nunber of |am nated gl ass

substr at esséstéArgecubhngie ehseuffiohende . edgarsdibEaqs o wdtek gbass,
substrates can be polished with high accuracy, and tol erance and

circul arthy @fagdheubmeratwkanapd eaaithi igr degrée abréohesdeanwbehi nproved.
BRI EF DESCRI PTI ON OF THE DRAW NGS The vari ous features of novelty which
characteitzeldher raveivtion soetponnfidedutowhd paisiecul arity in the clains
attached to and formng a part of this specification. For a better
under st andi®gd of the invention, its operating advantages, and specific
objects attained by its use, reference should be
According to the present invention, even if the number

of laminated glass substrates is large, inner circumference

edge surface of the glass substrates can be polished with high

accuracy, and tolerance and circularity of the inner hole and

matching degree of cores can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features of novelty which characterize the
invention are pointed out with particularity in the claims
attached to and forming a part of this specification. For a
better understanding of the invention, its operating advantages,
and specific objects attained by its use, reference should be
had to the accompanying drawing and descriptive matter in which
there is illustrated and described a preferred embodiment of
the invention.

FIG. 1 is a cross-sectional view showing a polishing
apparatus of a glass substrate for a magnetic disc.

FIG. 2 is a plan view showing a table.

FIG. 3 is a plan view showing a holder main body of a work
holder.

FIG. 4 is a cross-sectional view showing a work cover.

15



had to the acconpanyi ng drawi ng and descriptive matter in which there is
illustrated and described a preferred enbodi nent of the invention. FIG 1
is a cross-sectional view showing a polishing apparatus of a gl ass
substrate for a magnetic disc. FIG 2 is a plan view showing a table. FIG 3
is a plan view showi ng a hol der main body of a work holder. FIG 4 is a
cross-sectional view showng a work cover. 15 FIG 5 is a side elevational
view showing a shaft. FIG 6 shows installation procedures of the hol der
mai n body and the shaft on the table. (A) is a graphical illustration

showi ng inclinatsons ady ustaend Ofefdie: 5ok dey; Lpi ﬂgfwﬁa{g 4 Bnd s, a graphical

illustration show ng coaxi al adjustnment of the der”mai n body, (O is a

graphi cal illust¢atd QhcsROWhBEaNWr ibR SHEEKIREENTSEY S nRgurendheyl arity of
the shaft after installation of the shaft, and (D) is a graphical

illustr abb@? anthoNé B aZF tCondhbitib mher g al) nsd aldatdron0f i 1 hgshehdesnmai n body
and the shaft on the table is conplete. FIG shows procedures to cause the

wor k hol grewtfgriatdl imat BdA Rales teleasSo s ulsd hallger 1ALnshwws, hew aspol i shing
target stored in the work cover is stored in the holder main body where

the shafta psaphstalll eédlueByaitsoca ghapHinealcddAdiuslt radjoacmsdrom ef thecondi tion
where the holder cover is attached to the holder main body, and (C) is a
gr aphi cahcildeunshaat ierdyshdwi) ngsaa qoapeh tdaoin Mierse rtaltd cgshahbwiagrkowved from
an inner hole of the
to check accuracy of perpendicularity of the shaft after
installation of the shaft, and (D) is a graphical illustration
showing a condition where installation of the holder main body
and the shaft on the table is complete.

FIG. 7 shows procedures to cause the work holder to retain
laminated glass substrates. (A} shows how a pelishing target
stored in the work cover is stored in the holder main body where
the shaft is installed, (B} is a graphical illustration showing
a condition where the holder cover is attached to the holder
main body, and (C) is a graphical illustration showing a
condition where the shaft is removed from an inner hole of the
polishing target.

FIG. 8 is a flowchart showing a manufacturing method of
a magnetic disc.

FIG. 9 is a flowchart showing a polishing method by a
polishing apparatus.

FIG. 10 shows another example of a shaft installation.

(A) shows how a shaft stretching in axial direction is installed,
(B) is a graphical illustration showing how a pelishing target

stored in the work cover is stored in the holder main body where

the shaft is installed, (C) is a graphical illustration showing

16



polishing target. FIG 8 is a flowhart show ng a manufacturing nethod of a
“magnetic disc. FIG 9 is a flowhart showi ng a polishing nethod by a
pol i shing apparatus. FIG 10 shows anot her exanple of a shaft installation.
(A) shows how a shaft stretching in axial direction is installed, (B) is a
graphical illustration showi ng how a polishing target stored in the work
cover is stored in the holder main body where the shaft is installed, (O
is a graphical illustration showng 16 a condition where the hol der cover
is attached to the holder main body, and (D) is a graphical illustration

showi ng & c&@cﬁ‘ﬁtiér’?mw@% & Hd it doverenrved thrarnap,| BH@thS‘PJif?aOT the

polishing target. 1 shows anot her exanple of a shaft installation.

(A) is %Qiﬁ%b@g' 'alridlshf)fit an ash@fwlgl@agoaqws@@a\ﬁ/@%he drhsyidipl der main
body is installed on the table where a shaft which can freely pop in and

out is peevddedon (Beres thedsARRLCAE rdndwest FabinoAn Shavd NG @Weg PRl shing
target stored in the work cover is stored in the holder main body where the

shaft ispolinshahdetarg&).is a graphical illustration showing the condition
where the hol der cover is attached to the holder main body, and (D) is a
graphi cal il ustg atllossheManegthetordiainpde ofher ehbhe shafslpepsonn and is

renoved fromthe inner hole of the polishing target. DESCRI PTION OF THE
PREFERREDR EMBOREI WENPBical illustration showing a condition where the

holder main body is installed on the table where a shaft which
can freely pop in and out is provided, (B} is a graphical
illustration showing how a polishing target stored in the work
cover is stored in the holder main body where the shaft is
installed, (C) 1is a graphical illustration showing the
condition where the holder cover is attached to the holder main
beody, and (D) is a graphical illustration showing a condition
where the shaft pops in and is removed from the inner hole of

the polishing target.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0025]

Best modes for realizing the present invention will be
explained on the basis of figures.
[0026]

FIG. 1 is a cross-sectional view showing a polishing
apparatus (manufacturing apparatus) of a glass substrate for
a magnetic disc; FIG. 2 is a plan view showing a table; FIG.
3 is a plan view showing a holder main body of a work holder;
FIG. 4 is a cross-sectional view showing a work cover; FIG. 5

is a side elevational view showing a shaft; FIG. 6 is a view
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[ 0025] Best nodes for realizing the present invention will be explained on
the basis of figures. [0026] FIG 1 is a cross-sectional view show ng a

pol i shing apparatus (nmanufacturing apparatus) of a glass substrate for a
magnetic disc; FIG 2 is a plan view showing a table; FIG 3 is a plan view
showi ng a hol der main body of a work holder; FIG 4 is a cross-sectional
view showing a work cover; FIG 5 is a side elevational view show ng a
shaft; FIG 6 is a view 17 showing installation procedures of the hol der

mai n body and a shaft; FIG 7 is a graphical illustration show ng
procedur C e work hol der to I SSy substr at es;
FIG 8 i gﬁgwmgvﬁi‘h if %Wrﬁ rocn"aaaﬁlu easctol%?%ﬁa k?r% (tin E%"‘Qfﬂ]% mi’ ﬁ‘&t%ﬁé di sc;

FIG 9 'ghgfﬁlowgaw sgmﬁwggt%rpﬁl%%lf Hh0g.oekhad BY. 3o n%;ratngggrggparat us;

FIG 10 is a graphical i'on “Show ng "anot Rer"aX a Shaft

'nStallaE?OEauﬁ@dtﬁ%(%oﬂﬁ'qdfﬁé&f¥%ﬁ@ﬂh§@hah&h#%§ﬁabﬂggssgﬁﬂgegaeggther

exanple o aft installation. Here eci drnmensi on mat eri al ,

and ot heggnugeriiLal f%ma%dsﬁeﬁlh@kg &r&nmeacft%l% %&M%ﬁegts are

exanpl es for easy of understanding of "the present 1nvention and except for
a case \Mﬂsgﬁew@r@lg@ TR0 6 G& 4 LAMQWIIRSENEholA UGN Ip%rllls'iurﬁ%tmétﬁbaed

thereto 027) As shown in FIG 1, a polishing apparatus of a gl ass
substrat syfé)rpﬂlmr}ﬁ} appRire&uss FOL.PoYiSNiaNgraphiiRAr illustration
showing another example of a shaft installation; and FIG. 11
is a graphical illustration showing another example of a shaft
installation. Here, specific dimension, shape, material, and
other numerical values and the like in the following embodiments
are examples for easy of understanding of the present invention
and except for a case where there is a notice, the present
invention is not limited thereto.
[0027]

As shown in FIG. 1, a polishing apparatus 1 of a glass
substrate for a magnetic disc is for polishing an inner
circumference edge surface 3a of a cylindrical polishing target
3 formed by laminating glass substrates 2 and includes a base
4, a table 5, a work holder 6, a work cover 7, a tool axis 8,
a drive mector 9, a polishing brush 10, a nozzle 11, and a shaft
12 as an example of a positioning member (refer to FIG. 5).
(0028]

The polishing target 3 is configured by laminating a
plurality of'(e.g; 300) glass substrates 2 alternately with a
toric spacer 13 including nonwoven fabric or the like. The

glass substrate 2 has an inner hole at the center of a discotic

glass and outer circumference edge surface and an inner

18



circunference edge surface 3a of a cylindrical polishing target 3 fornmed by
| am nating gl ass substrates 2 and includes a base 4, a table 5 a work

hol der 6, a work cover 7, a tool axis 8, a drive notor 9, a polishing brush
10, a nozzle 11, and a shaft 12 as an exanple of a positioning nenber
(refer to FIG 5). [0028) The polishing target 3 is configured by
lamnating a plurality of (e.g. 300) glass substrates 2 alternately with a
toric spacer 13 including nonwoven fabric or the like. The glass substrate
2 has an inner hole at the center of a discotic glass and outer

ci reunt eg ence, edog, surdace and-an bangk (A8 Girsuptaence edgseaprface 2a of

t he i nner ﬁo e arée'c G "1, feference nunera 2C

. d. - H f 1 1
| ndi cat e égﬂaﬂéfe? POreLaficd nﬁ#&'&éi‘@eébCé%&”%?%ﬁ&%@ﬁgﬂgr&%%é?&& 22)

The spac is” provi 0 surely prevent resSidue o errng and
damage o [ | 4.shi r : i hol e of
t he goliQR%ESO#§%§g$9%Hngéggggﬂ@%%?gggigﬁgﬁ er ac%ig%%hfﬁgﬁ?%%ggg£the

communi cagi g LRRGH 4RA! € Ofs e Ol ASS ertUbsIL Al & %o ANGhiREeF IRST and
ci rcunference edge surface 3a of the polishing target 3 is configured by

conti nuaghAgefof hend NN&e wﬁiehcgﬁi%ﬁh‘_‘ﬁ €098 B d acBstdatd olhergbass

substrates 2°(with the spacer 13 in befween glass substrates). [0029] The

base 4 i sppepvidied INtRePbEN shHiQca rpd thes tall® 1BsisiesUpPORbied) by the
base 4 in a rotatable manner via a bearing 14. Planar view of the table 5
i's, as shewBohfifhGed2byateiel Gd¥n@funicating inner hole of the glass
substrate 2 and the inner circumference edge surface 3a of the
polishing target 3 is configured by continuation of the inner
circumference edge surfaces 2a of the glass substrates 2 (with
the spacer 13 in between glass substrates).
[0029]

The base 4 is provided on a plan surface and the table
5 is supported by the base 4 in a rotatable manner via a bearing
14. Planar view of the table 5 1s, as shown in FIG. 2, a circular
form and is driven by a drive unit (not shown) to be rotated
in both directions.

[0030]

On an upper surface 5a of the table 5, threaded holes 15
are provided at positions which trisects perimeter of a radius
rl with a rotation axis 01 as the center (at positicns for 120°
respectively). ©On an outer circumference surface 5b of the
table 5, a later-described jig 16 can be attached in a detachable
manner.

[0031]

The work holder 6 includes a holder main body 17 and a

holder cover 18. The holder main body 17 is configured by
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formand is driven by a drive unit (not shown) to be rotated
directions. [0030] On an upper surface 5a of the table 5, th
are provided at positions which trisects perineter of a radi

in both
readed hol es 15
us rl with a

rotation axis 01 as the center (at positions for 120 respectively) . On an

outer circunference surface 5b of the table 5 a later-desc
be attached in a detachable manner. [0031] The work hol der
hol der main body 17 and a hol der cover 18. The hol der nain
configured by 19 including a bottomwall part 19 which has

ribed jig 16 can
6 includes a
body 17 is

ci rcul ar shape

wh i | Lindri cal oundi | di ng f
out or pert oty M rs et Kant b FELT R GHT B0 BB RT bnPe SASLY CP ki ng
fromthevi&‘}f\&ﬁ Al a1 1L, he, %g[ri%&}dﬂ V‘@h'rrB%&iﬁg toves dogxter sgl

on of ra |aal r e gl‘.

directi i‘ch a ormed In an integra mann

The hol der

cover 18si 4R MeS By TGt be rRERESYNGr PORL It ok Had 18 p84k! eYNdifg wal |

part 23 stretching downward from outer periphery of the pressing portion 22

and, forsexanple HOF5 28 NB L-SCK YK OF Ak UPRET 10Ukl p&itf C
surface 20a of 'the surrounding wall part 20 and at the sane

femal e sgh M6 @id By | HIET fddC Ul @LeReed csuElace d3acetibhecs
part 23. The nmale screw and the female screw are caused to

'cbff_f efigdce
time forns a

ur £ @uadi ng wal |
be screwed

t oget heryangh the: rheldar i gamer nt@girs taldt aghedrandrid xed qar theegurg oundi ng

wal |

includes a discotic pressing portion 22 and a surrounding wall

part 23 stretching downward from ocuter periphery of the pressing

portion 22 and, for example, forms a male screw on an upper outer

circumference surface 20a of the surrounding wall part

20 and

at the same time forms a female screw on an inner circumference

surface 23a of the surrounding wall part 23. The male screw

and the female screw are caused to be screwed together and the

holder cover 18 is attached and fixed on the surrounding wall

part 20 as a lid of the holder main body 17.
[0032]
At the center of the bottom wall part 19 of the

main body 17, as shown in FIG. 3, a penetration portion 2

holder

4 which

penetrates the bottom wall part 1% above and below is provided.

The penetration portion 24 includes an inverted cone

shaped

concave portion 26 which corresponds to the shape of a tapered

portion 25 (refer to FIG. 5) of the shaft 12 and a round hole

27 communicating with the concave portion 26 which are provided

above and below as a skeleton framework. The flange part 21

includes insertion holes 28 having a slightly larger radius than

the threaded hole 15 provided at positicons which trisects

perimeter of a radius r2 (r2 = rl) with a shaft center 02 of
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part 20 as a lid of the holder main body 17. [0032] At the center of the
bottomwall part 19 of the holder min body 17, as shown in FIG 3, a
penetration portion 24 which penetrates the bottomwall part 19 above and
bel ow i s provided. The penetration portion 24 includes an inverted cone
shaped concave portion 26 which corresponds to the shape of a tapered
portion 25 (refer to FIG 5) of the shaft 12 and a round hole 27

comuni cating with the concave portion 26 which are provided above and
bel ow as a skel eton framework. The flange part 21 includes insertion holes-

28 havingna sbightiyd armgek Eﬁg'é‘én{é‘?”a J@&J&Ga@?ﬁ%@%ﬂe ;h%uer soyhded at

positions which trisects perineter us r'2 wth a shaft

center 02r@fprAf ddieat Apdshel 8n2dq@sd f $a el tﬁ@rl%\é%rmotmﬁs%gd hol es
29 are prOV|ded at a position equidistant fromthe insertion holes 28 on

the peripeten. i ddei i &F, Cigrcumkergnee éHEEﬁﬁ%e%éﬁceOEukhch|QPSE part
21, a later-described jig 30 can be attached in a detachabie manner. The

hol der NMBENtHWEY ahfel Sat tAChEA] 2t Or tdhes PSS SUIS 30D ef athechakl e as a
tip of a knurling bolt 31 which passes through the insertion hole 28 is

screwed whth débechispadeshhot e Ihe QAR HAenWBLKyCAVels7at8acAsdshown in
FIG 4, configured by including a netal cylinder 32 including netal such as

st ai nl esgo Wieebpatdsar dhsedd o frelse naklrgad3a ivigl vdi agniediimgsueht as
pol yacetal. The netal cylinder 32 includes a fol ded portion
31 which passes through the insertion hole 28 is screwed with
the threaded hole 15,
[0033]

The work cover 7 is, as shown in FIG. 4, configﬁred by
including a metal cylinder 32 including metal such as stainless
steel and a disdotic resin ring 33 including resin such as
polyacetal. The metal cylinder 32 includes a folded portion
34 folded inside at the lower end of the cylinder and as the
resin ring 33 is locked by the folded portion 34, an insertion
hole 35 (an inner hole of the resin ring 33) is formed at the
bottom of the work cover 7 as a whole to have a bottomed
cylindrical shape with an open upper part.

[0034]

The polishing target 3 is stored in the metal cylinder
32 of the work cover 7 and is set on the bottom wall part 19
of the holder main body 17 in an integrated manner with the work
cover 7. Then, a discotic spacer 36 including resin such as
polyacetal is placed on the polishing target 3 and is pressed
from above by a pressing portion 22 of the holder cover 18 so

that the polishing target 3 is retained by the work holder 6

in a condition where the polishing target 3 is sandwiched
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34 folded inside at the lower end of the cylinder and as the resin ring 33
is | ocked by the folded portion 34, an insertion hole 35 (an inner hol e of
the resinring 33) is formed at the bottomof the work cover 7 as a whol e
to have a bottoned cylindrical shape with an open upper part. [0034] The
polishing target 3 is stored in the netal cylinder 32 of the work cover 7
and is set on the bottomwall part 19 of the holder main body 17 in an
integrated manner with the work cover 7. Then, a discotic spacer 36

i ncluding resin such as polyacetal is placed on the polishing target 3 and

s pressﬁ@twééﬁ”&ﬁ@%@t@&m?ﬂf?ﬁﬂ@ 1@0%tnid°@Rézggréﬁéhﬁg?gg%ggﬁoﬁgyﬂ 18 so

that the polishing target al ned by t a condition

where theppgkishing target 3 is sandwi ched 21 between the bottomwall part
19 and the pressing portion 22. [0035] The tool axis 8 is provided on an

upper part of the HRhl 8xi8, 81i% gﬁ:bw@_@eeyoﬁ% dblbve PREProP chdndabser ot ated
in both directions concentrically with the rotation axis 01 of the table

5. The tegpl igxidyi&eantht Men&rdyevdohotod ar e adid ien hytakd el @VvBbeh ( not
shown) to nove up and down. [0036] The polishing brush 10 is attached to the

t ool axi 8iBetviofsdeinaehablieaTanynes th peretdswedeson AeismebrholetoblEhe
polishing target 3, and a | ower end thereof reaches the vicinity of the
concave portTioa 26c0f akhe Bokder tie mirdady nbtord dvesrendrsvetle by an
elevator (not shown) to move up and down.
{0036]

The polishing brush 10 is attached to the tool axis 8 in
a detachable manner, penetrates the inner hole of the polishing
target 3, and a lower end thereof reaches the vicinity of the
concave portion 26 of the holder main body 17. Lower end side
of the polishing brush 10 may penetrate the bottom wall part
19rof the work holder 6 and the table 5 and may be pivotally
supported by the base 4 or the like. Supporting the polishing
brush from the lower side in such a manner, it becomes possible
to prevent wobbling of the polishing brush when polishing is
carried out and to improve polishing accuracy.

[0037]

The nozzle 11 is provided to face the tool axis 8 and
supplies polishing liquid from the upper part of the polishing
brush 10. The supplied polishing liquid flows between the
polishing brush 10 and the inner circumference edge surface 3a
of the polishing target 3, passes through the penetratiocon
portion 24, and is collected at a waste ligquid vent (not shown).
[0038]

The shaft 12 has an approximately columnar shape as shown
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of the polishing brush 10 may penetrate the bottomwall part 19 of the work
hol der 6 and the table 5 and may be pivotally supported by the base 4 or
the like. Supporting the polishing brush fromthe |ower side in such a
manner, it becones possible to prevent wobbling of the polishing brush when
polishing is carried out and to inprove polishing accuracy. [0037] The
nozzle 11 is provided to face the tool axis 8 and supplies polishing liquid
fromthe upper part of the polishing brush 10. The supplied polishing
liquid fl ows between the polishing brush 10 and the inner circunference

edge, surigceida sof sLhe:poLLeN 09, kaidSlerd RARSES ¢ hrouabahocpengtrati on

portion 24, and iS collfected at a waste |1 quid vent (not s 0038] The

shaft 12 B@%sﬁﬂn@%’f@%@@ elanf ol Imnaly $RAPe a3 L3RRy 82 tReFhEass. IS
prOV|ded in the work holdet 6 instead of the polishing brush 10, and is

used forsppsttheai NgiRE1tBBd9L ASEhe SYESE R Bg 2t hRgEHdedakndbBerppElshi ng
target 3 as described |ater. The shaft 12 includes an engagi ng portion 37

where a ldetachaiie drooft tionwamd it swehk efgladengb pos tebgagedwhareok umar
| ar ge- di aneter shaft part 38 having approxi mately same di aneter as the
i nner hodetathtbeedl@sls taubstretie wdrdonblagousliy éwgaesd, far ool tieaengagi ng
portion 37, a tapered portion 25 continuously fornmed fromthe
| ar ge- di daegerdshmét e pantia f38pand 3Basz @iy apptrekimebiedl deoodibsmstralk| er
toward the |l ower side, and a columar snall-dianeter shaft part 39
cont i nuoasltyhd drmed hpdm ehehe glass substrate 2 continuously formed
from the engaging portion 37, a tapered portion 25 continuously
formed from the large-diameter shaft part 38 and has a diameter
which becomes smaller toward the lower side, and a columnar
small-diameter shaft part 39 continuously formed from- the
tapered portion 25 and has an approximately same diameter as
the round hole 27.
[0039]

To polish the polishing target 3 by use of the polishing
apparatus 1, the holder main body 17 of the work holder 6 is
attached on the upper surface 5a of the table 5 first.

[0040]

As shown in FIGs. 6 and 9, the knurling bolt 31 is inserted
into the insertion hole 28 of the flange part 21, in a condition
where the tip of the bolt is temporarily jointed (Step 401 {(in
the figure referred to as 5401 and same is applied below)), a
knurling bolt 40 is screwed to the threaded hole 29 of the flange
part 21, and protruding amount of the knurling bolt 40 from the
lower surface 21a of the flange part 21 is adjusted so that the
holder main body 17 is leveled off. Specifically, a gauge 41

for displacement measurement is attached to the tool axis 8,
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tapered portion 25 and has an approxi mately sane dianeter as the round hol e
27. [0039] To polish the polishing target 3 by use of the polishing
apparatus 1, the holder main body 17 of the work holder 6 is attached on

t he upper surface 5a of the table 5 first. [0040] As shown in FIGs. 6 and
9, the knurling bolt 31 is inserted into the insertion hole 28 of the
flange part 21, in a condition where the tip of the bolt is tenporarily
jointed (Step 401 (in the figure referred to as S401 and sane is applied
below)), a knurling bolt 40 is screwed to the threaded hole 29 of the

flange patdndhg and Py oI Eﬁbr@a@g@qqt lefcéJgee&%rbé ngh Beht-24Q@ ffom t he

| ower surface 21a of the flange part 21 is adjusted so that the holder main

body 17 tgeluelgdwell 5>a$ﬁe@9f i&ed kWred RMEE A bofl@k 40 SRl-268FBRE]
measurenent is attached to the tool axis 8, 23 a sensing pin 42 of the

gauge 4lphskCauserbrith beond €pbt aigtetiéd hdhes ot womwakbtRaihglOheand three
knurling bolts 40 are screwed back and forth al ong the threaded hol es 29

whil e rotablag dheowt ebded Boathd0wheppat;soltimti ddiegaugaaAlvandiécates a
fixed value. |If tips of the three knurling bolts 40 come into contact with

t he uppelfstipacet Sheotntrbe kabkeibhgibobtywell danlcaneed gennec: witlstrunent
readi ng of the gauge 41 becones constant despite rotation of the table 5
and i ncl thatumppreadjurstarenbaocd £ the habder 5 tmianwkaddybaZansedomphese, (St ep
402, FIG 6 (A)). [0041]

instrument reading of the gauge 41 becomes constant despite

rotation of the table 5 and inclination adjustment of the holder

main body 17 is complete (Step 402, FIG. 6 (A))}.

[0041]

Next, the jigs 16 are attached to two points on the outer

circumference surface 5b of the table 5 (preferably the jigs

are attached in positions where two lines between each position

and the rotation axis 01 becomes orthogonal when seen planarly),

and the jigs 30 are attached to twe points on the outer

circumference surface 2la of the outer circumference surface

21la of the flange part 21 {on positions opposite to the positions

for the jigs 16 with the rotation axis Ol as the center). As

an attachment method of the jigs 16 and 30, for example, the

jigs can be magnetically attached to the cuter circumference

surfaces 5b and 21la.

[0042]

The jig 16 protrudes upward more than the upper surface
5a of the table 5 and on the protruding portion, a threaded hole
43 is formed along horizontal direction. A knurling bolt 44

is screwed in the threaded hole 43. Meanwhile, the jig 30 has

an L-shape which stretches to horizontal direction from the
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Next, the jigs 16 are attached to two points on the outer circunference
surface 5b of the table 5 (preferably the jigs are attached in positions
where two |ines between each position and the rotation axis 01 becones

ort hogonal when seen planarly), and the jigs 30 are attached to two points
on the outer ~circunference surface 21la of the outer circunference surface
21a of the flange part 21 (on positions opposite to the positions for the
jigs 16 with the rotation axis 01 as the center) As an attachnent nethod of
the jigs 16 and 30, for exanple, the jigs can be nmagnetically attached to

the out eg;ebf CUHSHERGRnRIELRE8E TN A0S 2@ £ baFbe ] i@ qlBeREOL r udes
upward nore than the upper surface 5a of the table 5 and on the protruding

portion, ggwhihs eadeddehe pdstisn i dMNIRGdN0k 2O e diHAE BNisA
knurling bolt 44 is screwed in the threaded hole 43. Meanwhile, the jig 30

has an EoshapeaWbhghhstiebehes d0rborideniad &ikeeki ongfreomthe 124 outer
circunference surface 2l1a of the flange part 21 and bends downward. To the

portion beptwdownmatile ehididadesotel £545 is forned al ong horizont al
direction and a knurling bolt 46 is screwed in the threaded hol e 45. [0043]
Here, singéed48he holder main body 17 is tenporarily jointed to the table 5,
the insertion hole 28 is slightly larger than the threaded hole 15, and
there i s roomHaret kénheltder hphdarbadyn baédytld be tremped ami lhoi ¢ zonedl
direction for the all owance between

to the table 5, the insertion hole 28 is slightly larger than

the threaded.hole.15, and there is room for the holder main body

17 to bemoved in horizontal direction for the allowance between

the insertion hole 28 and the knurling bolt 31, if the knurling

bolts 44 and 46 are screwed back and forth along the threaded

holes 43 and 45, tips of the knurling bolts 44 and 46 come into

contact with the outer circumference surfaces 2la and 5b to

horizontally move the holdermain body 17. Usingthis, knurling

bolts 44 and 46 are screwed back and forth to adjust protruding

amount of the knurling bolts from the jig and to adjust position

of the holder main body 17 so that the shaft center 02 matches

the rotation axis 01. That is, the sensing pin 42 of the gauge

41 attached to the tool axis 8 is caused to be in contact with

the concave portion 26, and two knurling bolts 44 and 46 are

screwed back and forth while rotating the table 5 at low speed

so that the gauge 41 indicates a fixed value. If tips of the

knurling bolts 44 and 46 come into contact with the outer

circumference surfaces 21a and 5b in a well-balanced manner and

instrument reading of the gauge 41 becomes constant, coaxial

adjustment (centering) of the holder main body 17 is complete

(Step 403, FIG. 6 (B)).
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the insertion hole 28 and the knurling bolt 31, if the knurling bolts 44
and 46 are screwed back and forth along the threaded holes 43 and 45, tips
of the knurling bolts 44 and 46 cone into contact with the outer
circunference surfaces 2la and 5b to horizontally nove the hol der nain body
17. Using this, knurling bolts 44 and 46 are screwed back and forth to

adj ust protruding anount of the knurling bolts fromthe jig and to adj ust
position of the holder main body 17 so that the shaft center 02 matches
the rotation axis 01. That is, the sensing pin 42 of the gauge 41 attached
to the tool axis 8 is caused to be in contact wwth the concave portion 26,
and two kpoghing bolts 44 and 46 are screwed back and forth while rotating
the table 5 at | ow speed so that the gauge 41 indicates a fixed value. If

tips of the koubséfgeolys A4cand 46t v Nte €9nbagtt Mdehehhggeyt er
circunference surfaces 21a and 5b in a well-bal anced nanner and i nstrunent

readi ng bfy the @atge il deradmes 30onshantapepaXigdrt jash Bt ABnéngegateri ng) of
the holder main body 17 is conplete (Step 403, FIG 6 (B)). 25 [0044]
Subsequeny| ysha toakafrotpshoio) 2% chysedsé o dfe engagesbl bywrichetragagi ng
portion 37, the tapered portion 25 is engaged by the concave portion 26 by
use of thealdetiamdtéheshadtapbrtlidneseritshafetpartwi3dh thefridurtcobeliber with
the round hole 27 by insertion so that the shaft 12 is provided
per pendi ilkar iyserbithedbhabrhhwabhapari? 19 QStweipleAldy rpandicaseriiere it is
required to strongly fix the shaft 12 to the bottomwall part

to the bottom wall part 19 (Step 404). In a case where it is

required to strongly fix the shaft 12 to the bottom wall part

19, amale screw may be formed on the small-diameter shaft part

39 while a female screw may be formed on the round hole 27 to

screw the both.

[0045]

Regarding the shaft 12 provided upright, it is confirmed

that the shaft center thereof matches the rotation axis Ol.

Specifically, the sensing pin 42 of the gauge 41 attached to

the tool axis 8 is caused to be in contact with the circumference

surface of the large-diameter shaft part 38 and the table 5 is

rotated at low speed to confirm that the gauge 41 indicates a

fixed wvalue (Step 405, FIG. 6 (C}).

[0046]

Upon confirming the upright posture of the shaft 12, three

knurling bolts 31 which have been temporarily jointed are

equally clenched, the jigs 16 and 30 and the gauge 41 are removed,

and the holder main body 17 is completely fixed on the table

5 (Step 406, FIG. 6 (D)).

[0047]

After finishing installation of the holder main body 17
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19, a nmale screw may be fornmed on the small-dianeter shaft part 39 while a
femal e screw may be forned on the round hole 27 to screw the both. [0045]
Regardi ng the shaft 12 provided upright, it is confirned that the shaft
center thereof matches the rotation axis 0l. Specifically, the sensing pin
42 of the gauge 41 attached to the tool axis 8 is caused to be in contact
with the circunference surface of the |arge-dianeter shaft part 38 and the
table 5 is rotated at | ow speed to confirmthat the gauge 41 indicates a
fixed value (Step 405, FIG 6 (C)). [0046] Upon confirm ng the upright

posture of the tsliAfd 512¢nE &L sk gy Robt §5 3de i iy enhkeghrk

tenporarily jointed are equally clenched, the jigs 16 and 30 and the gauge
41 are rgppoyed, 6. and the hol der nain body 17 is conpletely fixed on the
table 5 (Step 406, FIG 6 (D)). [0047] After finishing installation of the
hol der mapp4Bpdy 17 26 to the table 5, the polishing target 3 is retained
by the work holder 6. [0048] As shown in FIGs. 7 and 9, the polishing
target 3 whi chasish@troried FiIGst.he sedko cavtes phliisraduareeges Stonedhin the
hol der main body 17 to which the shaft 12 is provided in an integrated
manner Wwishsttdreedvankticowerrk/coert’hiin ddnence hes wookedomerth2 holder

main body 17 to which the shaft 12 is provided in an integrated

manner with the work cover 7. At this time, the work cover 7

is put in the holder main body 17 so that the shaft 12 passes

through the insertion hole 35 and the inner hole of the polishing

target 3. However, since the large-diameter shaft part 38 of

the shaft 12 has approximately same diameter as that of the inner

hole o©of the polishing target 3, if the laminated glass

substrates 2 of the polishing target 3 are misaligned, the

misalignment is corrected and each of the glass substrates 2

is positioned. That 1s, for any of the glass substrates 2 of

the polishing target 3 which is not in a predetermined position,

part of the inner circumference edge surface 2a thereof is

pressed by the outer circumference surface of the

large-diameter shaft part 38. Thus, the glass substrate 2 is

positioned so that the shaft center of the inner hole therecof

matches the rotation axis 01 (Step 407, FIG. 7 (A)).

{0049]

Next, the holder cover 18 is installed via the spacer 36
on the polishing target 3 and the polishing target 3 is caused
to be sandwiched between the bottomwall part 19 and the pressing

portion 22 so that the positioning carried out in the previous

step is fixed (Step 408, FIG. 7 (B)).
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is put in the holder main body 17 so that the shaft 12 passes through the
insertion hole 35 and the inner hole of the polishing target 3. However,
since the | arge-di aneter shaft part 38 of the shaft 12 has approxi nmately
sanme dianeter as that of the inner hole of the polishing target 3, if the

| am nat ed gl ass substrates 2 of the polishing target 3 are m saligned, the
m salignnment is corrected and each of the glass substrates 2 is positioned.
That is, for any of the glass substrates 2 of the polishing target 3 which
is not in a predeterm ned position, part of the inner circunference edge
surface 2gpthereof is pressed by the outer circunference surface of the

| ar ge-di aneter shaft part 38. Thus, the glass substrate 2 is positioned so

that the ShaftSl%E(?Ierpil)F,hethQn%%ohOlf’st@ﬁ'{ﬁ@éd atehesd h@ng&gﬁﬁégon axis
01 (Step 407, FIG (A)). [0049] Next, the holder cover 18 15 installed via

the spacgpr8bon oty tt!@;eﬁﬁﬁlhiﬁlli'é Nhd @A g8t u3wahd 4Ae Rl Ak EARGet13 IS
caused to be sandw ched between the bottomwall part 19 and the pressing

portion 22omoHdatnridie npasl bEOBh@Q)§Bi§H1ﬁQ%Qi§rcje“t thespeevioys ratep is
fixed (Step 408, FIG 7 (B)). 27 [0050] Subsequently, the tool is engaged

w th the7engagl ngheppbliieRidd target! 3the [hafd ih2tupwardvandsr epeye the
shaft 12 fromthe inner hole of the polishing target 3 (Step 409, FIG 7
(©O). Thenpaleddfiurd arges prdweerfdecedhbn the guseiaistzdtepdiandnt herefore it
is prevented that the positioned condition is
misaligned by the removal of the shaft 12.
[0051]
When the shaft 12 is removed from the inner hole of the
polishing target 3, the peolishing brush 10 is attached to the
tool axis 8 and the polishing brush 10 is inserted into the inner
heole {(Step 410).
[0052]
Then, both of the table 5 and the tool axis 8 are rotated
at different angular rate or either one is rotated to cause the
both to be relatively rotated so that the polishing brush 10
is in sliding contact with the inner circumference edge surface
3a of the polishing target 3 via polishing liquid supplied from
the nozzle 11 and polishes the inner circumference edge surface
3a (Step 411). Here, the polishing brush 10 may be repeatedly
elevated up and down by the elevator when polishing.
[0053]
In the present embodiment, the wall bottom part 19 of fhe
holder main body 17 of the work holder 6 is attached on the table
5, the shaft 12 is provided in a upright posture to the bottom

wall part 19, aplurality of the glass substrates 2 are laminated

and positioned as the shaft 12 penetrates the inner hole, the
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m sal i gned by the renoval of the shaft 12. [0051] Wen the shaft 12 is
renmoved fromthe inner hole of the polishing target 3, the polishing brush
10 is attached to the tool axis 8 and the polishing brush 10 is inserted
into the inner hole (Step 410). [0052] Then, both of the table 5 and the
tool axis 8 are rotated at different angular rate or either one is rotated
to cause the both to be relatively rotated so that the polishing brush 10
is in sliding contact with the inner circunference edge surface 3a of the
polishing target 3 via polishing liquid supplied from the nozzle 11 and

pol i shesgf Rt | tMefs Gl LTERGE teddecaiihacat 138 (RheP Ad1). oHerge the
polishing brush 10 may be repeatedly elevated up and down by the el evator

when pol 385 8%kudH08Hed B theePigEERthETDOGK FBRE potiRe Rkl thegkemypart 19 of
the holder main body 17 of the work holder 6 is attached on the table 5,

the shafyhiPei ’éh@rF&Sbﬁ!@ﬁ!oh@dagﬂlﬁfs%gBhb@@&bﬂi"e@ 20 de poidompy vieéingart 19, a
plurality of the glass substrates 2 are | am nated and positioned as the

shaft 12ppesetd arem dihevd BRerhdpkesstihg pad® idrabp f2the Heamemedodepm t he
comuni cating inner hole of the glass substrates 2 (the inner hole of the

pol i shi ng8} argett hd) pobshéntyherpdsilld dsetn gbassd sitsi ratecesnBeareoféxed by
being pressed from above by the pressing portion 22 of the hol der cover
18, and fbe gudliisghimy brhsheibries poseriedingtod hexingerf hbkeeglass
substrate 2 is carried out immediately before polishing and
tolerance and circularity of the inner hole can be improved.
That 1is, although the shaft 12 1is removed Dbetween the
positioning/fixing step and the polishing step of the glass
substrate 2, the removal step does not misalign laminated glass
substrates (inner hole) which are positioned and fixed to radial
direction to misalign position of the glass substrate 2 toward
the table 5.
[0054]

Moreover, when the work holder is fixed on the table after
the laminated glass substrates are stored in the work holder,
there may be a case where a grain particle or the like intrudes
between the work holder and the table and fixing accuracy of
‘the work holder to the table is lowered and along with this,
positioning accuracy of the glass substrate to the table is
lowered. However, according to the above-mentioned
configuration, the holder main body 17 of the work holder 6 is
attached to the table 5 in advance (before retaining the glass
substrate 2) and therefore even if there is any problem in fixing

accuracy of the work holder 6 toward the table 5, such an error

can be corrected in the subsequent positioning step of the glass
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for polishing. Therefore, positioning and fixing of the glass substrate 2
is carried out inmmedi ately before polishing and tolerance and circularity
of the inner hole can be inproved. That is, although the shaft 12 is
removed between the positioning/fixing step and the polishing step of the
gl ass substrate 2, the renoval step does not misalign |am nated gl ass
substrates (inner hole) which are positioned and fixed to radial direction
to msalign position of the glass substrate 2 toward the table 5. [0054]
Mor eover, when the work holder is fixed on the table after the | am nated
gl ass subshsatescage stored in the work holder, there may be a case where a
grain particle or the like intrudes between the work hol der and the table
and fixipgogspuracy of the work holder to the table is |owered and al ong
with this, positioning accuracy of the glass substrate to the table is

| oner ed. Howewvesre,aeepedingliyatidie 1ahovatingtd pnedaleanfdpuhatgohsst he
hol der main body 17 of the work holder 6 is attached to the table 5 in

advance ¢{hieforeteetai ahagpbbétgbasag subsiylatse Zubatd dther f asre even i f
there is any problemin fixing accuracy of the work holder 6 toward the
tabl e 5, besuctmaraler part d&8n beecglaestadsirdires Subseqeentredosnttlomi ng step
of the glass 29, substrate 2. [0055] Here, especially when | am nating a
pl ural i tiyoofoméd qmildssiriswistwrakeso@eandhpusngi ome rigrstehet iginabelsubst rat es 2
on the through which the shaft 12 can pass is formed and an open upper

part in a condition where the plurality of the glass substrates

2 are laminated and the shaft 12 passes through the insertion

hole 35 and 1is inserted into the inner hole of the glass

substrates 2 stored in the work cover 7 so that the glass

substrates 2 are positioned on the bottom wall part 19 of the

holder main body 17 as a whole of the work cover 7. Therefore,

the glass substrate 2 can be easily set to the work holder 6

having the holder main body 17 which is fixed on the table 5.

[0056]

Moreover, while the tapered'portion 25 is formed on the

shaft 12, the concave portion 26 having an inverted conical

shape which corresponds to the shape of the tapered portion 25

is formed on the bottom wall part 19 and the tapered portion

25 and the concave portion 26 are engaged so that the shaft 12

is provided in an upright posture. Therefore, it becomes

possible to avoid influence of fixing accuracy of the holder

main body to the table 5 toward positioning accuracy of the glass

substrate 2 by the shaft 12.

[0057]

Meanwhile, the polishing apparatus 1 may forma round hole
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bottomwall part 19, the glass substrates 2 are stored in the bottoned
cylindrical work cover 7 having the insertion hole 35 through which the
shaft 12 can pass is formed and an open upper part in a condition where the
plurality of the glass substrates 2 are lamnated and the shaft 12 passes
through the insertion hole 35 and is inserted into the inner hole of the
glass substrates 2 stored in the work cover 7 so that the glass substrates
2 are positioned on the bottomwall part 19 of the holder main body 17 as a
whol e of the work cover 7. Therefore, the glass substrate 2 can be easily

set to the Wi'ﬁd"@h@%l\%ﬁ)xihﬁé/démy tsRgmehol deet 8Ridy badyl dfgabd cinésefi xed on
the table 5. [0056] reover, while the tapered portion 25 is fornmed on the

shaft 12shifhe S0nCcBLe apothkOBoZbohavd Y piird nwewhedeconireabhishapiee Whi ch
corresponds to the shape of the tapered portion 25 is fornmed on the bottom
wal | parghdft amd irhext apededepotthpm Rr«and Hoheoeaioayvesposinett 26 ar e
engaged so that the shaft 12 is provided in an upright posture. Therefore,
it becones tlpossiubldehbdeaddiahd hilsueheesarfie fahdpeg aacthe geynof r4 theomol der
main body to the table 5 toward positioning accuracy of the glass substrate
2 by thepshaion P2 af0lEy dedpapaht Iy tleef pohegd himgheppalpbe Us st nayt f orm a
round hole 30 47 having an approximately sane di aneter as the

| ar ge- di enet enafshbd tnparhe 3ecrivee dodtonphwttedary 1loe wheteisin@t chi ng

the shaft 12 in axial direction, a receiving portion 48 connected
portion 48.

{0058]

According to this configuration, since the shaft 12 is
not engaged with the work holder 6, it becomes possible to avoid
a situation where the engagement accuracy of the both influences
positioning accuracy of the glass substrate 2 by the shaft 12,
However, in this case, fixing accuracy of the shaft 12 and the
receiving portion 48 that whether the shaft 12 stands
perpendicularly to the table 5 as planned becomes a problem.
In the configuration of FIG. 10, the shaft 12 is inserted deep
into the table 5 to ensure the fixing accuracy.

[0059]

Alternately, as shown in FIG. 11, the round hole 47 may
be formed on the bottom wall part 19 and a shaft 49 which can
freely pop in and out to the table 5 may be provided instead
of the shaft 12, the shaft 49 may penetrate the round hole 47
when popping out from the upper surface 5a of the table 5 so
that the shaft 49 can be provided in an upright manner to the
table 5 and the shaft 49 may pop in the table 5 so that the shaft
49 can be removed from the commﬁnicating inner hole of the

positioned glass substrate 2.
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to the round hole 47 and has the sane shape as the penetration portion 24
at its deep part may be fornmed in the table 5 so that the shaft 12 may be
recei ved and supported by the receiving portion 48. [0058] According to
this configuration, since the shaft 12 is not engaged with the work hol der
6, it becones possible to avoid a situation where the engagenent accuracy
of the both influences positioning accuracy of the glass substrate 2 by the
shaft 12. However, in this case, fixing accuracy of the shaft 12 and the
receiving portion 48 that whether the shaft 12 stands perpendicularly to
the tabl gp0®c@s pl anned beconmes a problem In the configuration of FIG 10,
the shaft 12 is inserted deep into the table 5 to ensure the fixing
accuracy. [0059cAHdiergqateltyisascaidynrianibhG sithcet heer shadthébeidd7 nay be
formed on the bottomwall part 19 and a shaft 49 which can freely pop in
and out ntot thgagail eith ring ber prioidded6i nistt badomet pdwes Shiad tol2yoidhe shaft
49 may penetrate the round hole 47 when popping out fromthe upper surface
5a of t he stiables i®nsoiethihetangadratant4agcecanabpe ofr ove dedhi nbhuemeeght manner
to the table 5 and the shaft 49 may pop in the table 5 so that the shaft

49 can beosEhpvRING EHRNIRE Yo Ofmune «hitd Ify sivsér akel & kif thiseshpdsi4? oned gl ass

substrate 2. 31 [0060] According to this configuration, since the shaft 49
is Moreover, though not shown, the shaft 49 may be attached to a

drive mechanism (a mechanism which arbitrarily moves the shaft
49 horizontally within a predetermined area) and a tilt
mechanism including a ferrule or the like (a mechanism which
tilts the shaft 49 to an arbitrary angle and direction within
a predetermined area) to enable fine adjustment of the upright
posture of the shaft 49 to the table 5. Thus, even if the
positioning accuracy of the glass substrate 2 is lowered by the
fixing accuracy of the shaft 49 to the table 5 or by correlative
(complex) effect of the fixing accuracy of the work holder 6
to the table 5, upright posture of the shaft 49 can be
fine-adjusted and the positioning accuracy of the glass
substrate 2 can be corrected.

[0061]

Here, in the above-mentioned explanation, the shaft 12
is set after the holder main body 17 is set to the polishing
apparatus and the work holder 7 in which a laminated body
including the substrates laminated in advance is provided is
put therein. However, the present invention is not limited
thereto and, for example, without using the work holder 7, the
glass substrate 2 may be set on the holder main body 17.

[0062]
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not engaged with the work holder 6, it becomes possible to avoid a
situation where the engagenent accuracy of the both influences positioning
accuracy of the glass substrate 2 by the shaft 49. Mreover, though not
shown, the shaft 49 may be attached to a drive nechani sm (a mechani sm which
arbitrarily noves the shaft 49 horizontally within a predeterm ned area)
and a tilt nechanismincluding a ferrule or the lIike (a nmechani sm which
tilts the shaft 49 to an arbitrary angle and direction within a
predeterm ned area) to enable fine adjustnent of the upright posture of the

shaft 49 to thedabler 5. ofhes, t8wan tHe t&enf pPsidt D NGnaccirAcyciod t he

gl ass substrate 2 is lowered by the fixing accuracy of the shaft 49 to the
tabl e 5 looldyr cosveraldvés thespdab) yetioaeitcaf, tidhe fHolidey acewsmcys of t he
work holder 6 to the table 5, upright posture of the shaft 49 can be

fi ne- adj isself sardl Eheopddiichi sheng tlce lradloje ofcaveer §lBasad shbsttobder 2 can be
corrected. [0061] Here, in the above-nentioned explanation, the shaft 12 1is
set aftenaimedibt dér comenibodycdivtast sety thaviehecpeli shiragd Appar&tmus and t he
work holder 7 in which a |am nated body including the substrates |am nated
i n advantmals $rrsM debnisle parentiersel fhakonbeetamihatprebedy ¢hvemtion is
not limted thereto and, for exanple, w thout using the work holder 7, the
gl ass subbiatabztyaiaselsean &g fheeddenrmang H@@%Oﬂﬂer Fouez] 182

Mor eover Oé?fr than the configuration in which the

o0

Further, a configuration in which a part of the holder
main body 17 is removed {(the surrounding wall part 20 is removed
and only the bottom wall part 19 is left) and the holder cover
18 and the part of the holder main body 17 {(the surrounding wall
part 20) are integrated may be used. Specifically, the holder
cover may have a cylindrical shape and the holder cover and the
bottom wall part 19 may be fixed when the glass substrate 2 is
set. In this case, since there is not the surrounding wall part
20 when the glass substrate is set, the holder cover 18 can be
removed and the laminated body of the glass substrates can be
easily set.
[0064]
[Embodiment]

Hereinafter, an embodiment of a manufacturing method of
a glass substrate for a magnetic disc and a magnetic disc to
which the present invention is applied will be explained. This
embodiment can be applied to any of a 0.8-inch disc, a 1.0-inch
disc, a 1.8-inch disc, a 2.5-inch disc, or 3.5-inch disc.
[0065]

(1) Shape processing step and first wrapping step (Step 1:
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hol der cover 18 is threadably nmounted, the holder cover 18 itself and a
portion where the holder cover 18 and the holder min body 17 cone into
contact may have screw thread function (nale screw, fermale screw) so that
the | am nated body of the glass substrates 2 can be fixed by turning the
hol der cover 18. [0063] Further, a configuration in which a part of the
hol der main body 17 is renoved (the surrounding wall part 20 is renoved
and only the bottomwall part 19 is left) and the holder cover 18 and the
part of the holder main body 17 (the surrounding wall part 20) are

i ntegr at gdeORYL herpgedgy Specifical ly, the holder cover may have a
cylindrical shape and t%e hol der cover and the bottomwall part 19 nay be

fixed when thepglass Substiale i2dte g38ks 18 44U iGRILJ 8ENERabREKE 1S not
the surrounding wall part 20 when the glass substrate is set, the hol der

cover 1%9@&@%@@%@%@%@@@, | @Rt esh Bogyd fmb hes Gt @sspeaiPstsates can
be easily set. [0064] |[Enbodinent] Hereinafter, an enbodi nent of a

manuf act I & Hg- sRE bed aglo rphghasel s3bst rafeed { 9¢ - ehapeaefliaedisssangdt@ magnetic
disc to which the present invention is applied wll be explained. This
enbodi mefitr camadheappl idedct fagnye odbva Dhdd ivigh odingd, taah. Ohendhredt sc, a
1.8-inch disc, a 2.5-inch disc, or 3.5-inch disc. [0065] (1) Shape
processipgess ppuand nki tis¢ swhappiang ciepy(Stepnding3theel from a sheet

glass formed by down draw method or float method.

[0066]

Next, both main surfaces of the plate glass is

wrapping-processed to make a disc-shaped glass base material.

The wrapping process is carried out by an apparatus for both

surfaces wrapping using planetary gear mechanism and alumina

system loose grain is used. Specifically, wrapping platen is

pressed both from top and bottom of the plate glass, grinding

fluid containing loose grain is supplied on the main surface

of the plate glass, and they are relatively moved to carry out

the wrapping process. By this wrapping process, a glass base

material having smooth main surface is obtained.

[0067]

(2) Cutting step (Step 2)

The glass base material obtained in the previous step is

cut by a diamond cutter and a disc-shaped glass substrate is

cut. Next, using a cylindrical diamond drill, an inner hole

is formed (coring)} and the glass substrate comes to have a

discotic shape. Then, inner circumference edge surface and

outer circumference edge surface are ground by a diamond grinder

to carry out predetermined chamfering process (forming,
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Refer to FIG 8) First, alumnosilicate glass is cast into disc-shape by
direct press using upper, |lower, and body nolds to obtain a plate-shaped
anor phous gl ass. The di sc-shaped gl ass substrate for a nagnetic disc may be
obtai ned by, other than the direct press, cutting the substrate out by a
grindi ng wheel froma sheet glass forned by down draw nethod or fl oat

nmet hod. [0066] Next, both main surfaces of the plate glass is

wr appi ng- processed to nake a di sc-shaped gl ass base material. The w apping
process is carried out by an apparatus for both surfaces wapping using

pl anetary gear nmechanismand alum na system | oose grain is used.
Specificghbmfeg@ﬁgplng platen is pressed both fromtop and bottom of the
plate glass, grinding fluid containing | oose grain is supplied on the nain
surface [obeghe plate glass, and they are relatively noved to carry out the
wrappi ng process. By this wapping process, a glass base material having
snooth mMaBn suséesediwrobsahqeskep 0067dp {2) Cutting step (Step 2) The gl ass

base material obtained in the previous step is cut by a dianond cutter and
a di sc-shaped gtass subddgtat esusfacdb. d¥exthe ugitagsa ypdtetiecathdsanond
drill, an inner hole is fornmed (coring) and the glass substrate cones to
have a dbsadhed shaphe Thweswicumestepr cepbenence g usf@cesands out er
ci rcunference edge surface are ground by a dianond grinder to carry out
pr edet er ;thnededhant eém ags pnikas snatfnemmargthe first wrapping process.

By carrying out the second wrapping process, it is possible to

removen&nuteconvexcn:concaveshapeformedcn1themainsurface-

in the cutting step or edge surface polishing step, which are

previous steps, in advance and it becomes possible to finish

later-described main surface polishing step in a short period

of time.

[0069]

(4) Edge surface polishing step (Step 4)

Next, by brush polishingmethod, ocuter circumference edge
surface of the glass substrate ismirror-polished. At thistime,
slurry including cerium oxide abrasive grain (loose grain) is
used as polishing grain.

[0070]

For the inner circumference edge surface, mirror
polishing by the polishing apparatus 1 was carried out. This
polishing procedure has already been described and therefore,
explanation thereof is omitted (refer to FlGs. 6, 7, and 9)}.

[0071]
The glass substrate after the polishing of outer and inner

circumference edge surfaces was washed by water. By this

polishing, the edge surfaces of the glass substrate were
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34 chanfering). [0068] (3) Second wapping step (Step 3) Next, on both
surfaces of the glass substrate thus obtained in the previous step, second
Wrapping process is carried out in a simlar nmanner as the first wapping
process. By carrying out the second wapping process, it is possible to
remove mnute convex or concave shape fornmed on the main surface in the
cutting step or edge surface polishing step, which are previous steps, in
advance and it becones possible to finish |ater-described main surface
polishing step in a short period of time. [0069] (4) Edge surface

pol i shi ng,EERs£SHEP HhlvNEA kroBY s BF BB ROl SNIRG, PBEDRd: QubgracisguUNT erence
edge surface of the glass substrate is mrror-polished. At this tine,

slurry i pel 48 NGm CEF ;pw@s@ﬂﬁn.abmye\éqagw,ntﬁbogﬁﬁegr@m&u}nﬁeraﬁeé_ as
polishing grain. [0070] For the inner circunference edge surface, mrror

pol i shi ngdhy $herped ivshy PG 1appanat yshdvaves tadinee san. tEheganpel bshi ng
procedure has already been described and therefore, explanation thereof is
omtted (ietelatOt¥ldBLhe, itneamd1Y) evpAO/Hdn Eheeglmssdsedsiorageaaét er the

polishing of outer and inner circunference edge surfaces was washed by
wat er. Byubhtsates are laminated and polished.

(00721

(5) Main surface polishing step (Step 5)

As amain surface polishing step, the first polishing step
was performed. The first polishing step is mainly aimed at
removing crack or distortion remaining on the main surface after
the wrapping step. In the first polishing step, the main
surface was polished by an apparatus for both surfaces peclishing
using planetary gear mechanism, using hard resin polisher. As
peolishing liquid, cerium oxide abrasive grain was used.
[0073]

The glass substrate after the first polishing step was
sequentially dipped in cleansing tanks of neutral detergent,
pure water, and isopropyl alcohol (IPA) to be cleansed.
[0074]

Next, second polishing step aimed at finishing the main
surface to have a mirror surface was performed. In the second
polishing step, main surface was polished by an apparatus for
both surfaces polishing using planetary gear mechanism, using
flexible resin foam peclisher. As polishing liquid, cerium
oxilde abrasive grain having finer grain than the cerium oxide
abrasive grain used in the first polishing step was used.

[0075]
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polishing, the edge surfaces of the glass substrate were 35 processed to
have mrror surfaces that can prevent separation of sodium or potassium
Especially, the inner circunference edge surface was polished to have fine
di rension tolerance or <circularity of the inner hole even when a few
hundreds of glass substrates are |am nated and polished. [0072] (5) Miin
surface polishing step (Step 5 As a nmain surface polishing step, the first
polishing step was performed. The first polishing step is mainly ainmed at
removi ng crack or distortion remaining on the main surface after the

wrappi ng st ep.THd ghihe sf 5uB5t PakkShf fr StiRP s @ dBb i sBYhhaseeMaga POI i shed
by an apparatus for both surfaces polishing using planetary gear mechani sm

usi ng hagetni@st b PO} iEhRied An cRebhshinggthhRYi 8f €86 KN Oxdler @Y @si ve grain
was used. [0073] e glass substrate after the first polishing step was

sequent ighty wHipped drdl dlseaisipyd tarksocof (mepyrab Wetergeméed Wi Water,
and i sopropyl alcohol (IPA) to be cleansed. [0074] Next, second polishing
step ai neltmwdsdiid shivg dde appniedwd age timrieve a mirror surface was

performed. In the second polishing step, main surface was polished by an
apparat us0D@o8] both surfaces polishing using planetary gear nechani sm using
flexible resin foam polisher. As polishing liquid, cerium oxide abrasive
grai n haténg fGheeriagrlaist nemayt hend roprdtien oddtde 6)

Next, chemical strengthening was conducted to the glass
substrate obtained in the previous step. The chemical
strengthening was conducted by preparing chemical
strengthening solution in which potassium nitrate and sodium
nitrate are mixed. The chemical strengthening solution was
heated and the cleansed glass substrate was also heated. Then,
the glass substrate was dipped into the chemical strengthening
solution. To chemically strengthen the whole surfaces of the
glass substrate, the dipping was conducted while the glass
substrate was placed in a holder which retains a plurality of
glass substrates by their edge surface.

[0077]

By dipping the glass substrate intec the chemical
strengthening solution, lithium ion and sodium ion on the
surface layer of the glass substrate are replaced by sodium ion
and potassium ion in the chemical strengthening solution and
the glass substrate is strengthened.

[0078]
The glass substrate after the chemical strengthening step

was dipped into a water tank to be rapidly cooled down and was

dipped in heated concentrated sulfuric acid to be cleansed.
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abrasive grain used in the first polishing step was used. [0075] 3
gl ass substrate after the second polishing step was sequentially d
cl eansi ng tanks of neutral detergent, pure water, and isopropyl al
(IPA) to be cleansed while wultrasonic wave was applied to the tank
(6) Chemical strengthening step (Step 6) Next, chem cal strengthen

conducted to the glass substrate obtained in the previous step. Th

chem cal

strengt heni ng was conducted by preparing chem cal streng

6 The

i pped in
cohol

s. [0076]
ng was

e

t heni ng

solution in which potassiumnitrate and sodium nitrate are m xed. The
chem cal ystEgPgEhephRgg3akut iR Was t h ﬁ%ﬁé&%fﬂ 29555 ! a5
was al so heated.'Then,g t he Slags sugéﬁggf%s S dippedFinto t he CE%

strengt hegh R oSPLEE e TONANEIA €8l cIEHERELNGR Ide1wWhalse g a6es of the
gl ass substrate, the di pping was conducted while the glass substrate was

pl aced i

Rad bebdesawhhchnheetahpns. a plurality of glass substrates b

edge surface. [0077] By dipping the glass substrate into the chemc
strengt heppmg) sol ution, lithiumion and sodiumion on the surface
the gl ass substrate are replaced by sodiumion and potassiumion i

chem ca
[ 0078]

strenpihenmotisedaitsospanda £het gl assospsinat 8148l gt £ 4l
glass substrate for a magnetic disc was obtained.

[0080]

(7) Magnetic disc manufacturing step (Step 7)

On the both main surfaces of the glass substrate obtained
through the steps (1) to (6), an attachment layer including Cr
alloy, a soft magnetic layer including FeCoCrB alloy, a ground
layer including Ru, a vertical magnetic recording layer
including ColrPt-TiO, alloy, a protection layer including
carbon hydroxide, and a lubrication layer including
perfluoropolyether are sequentially formed to manufacture a
vertical magnetic recording disc. Here, a vertical magnetic
recording disc was manufactured in the present embodiment.
However, a magnetic layer or the like may be. formed as
longitudinal magnetic recording method.

[0081]

A preferable embodiment of the present invention has been
explained with reference to attached figures. However, it is
needless to say that the present invention is not limited to
the examples shown here. As will be understood by the skilled
persons, various medifications and variations of the present
invention are possible in the light of the scope of the subjoined

claims and therefore all the modifications and variations fall
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The gl ass substrate after the chem cal strengthening step was dipped into a
water tank to be rapidly cooled down and was dipped in heated concentrated
sul furic acid to be cleansed. 37 Mreover, the glass substrate was
sequentially dipped into tanks of pure water and | PA to be cleansed while
ultrasonic wave was applied to the tanks. [0079] Through these steps, a
flat, snmooth, and highly rigid glass substrate for a magnetic disc was
obtai ned. [0080] (7) Magnetic disc nmanufacturing step (Step 7) On the both
mai n surfaces of the glass substrate obtained through the steps (1) to (6),
an at tachmen in'@p{@rté B N0 & e%f%’he%ﬁé’één@%ﬁ‘@éﬁ&éﬁyer i ncl udi ng
FeCoCr B a a groun ayer % di ng a vertical magnetic recording

| ayer |p@@yg!ng CoCrPt-Ti02 alloy, a protection layer including carbon
hydr oxi de, and a lubrication layer including perfluoropolyether are

sequential ly fofded-dsenraaniaatbs dan S LitGali FROABY Bak @EQE Sh AN SC.
Here, a vertical magnetic recording disc was manufactured in the present

enbodi MeAty] a JIOUENEE rafe MRONGIMAG SRS d@Ect Nespd kea TRY fhe 611K A§

| ongi tudi nal nmagnetic recordi ng nethod. [0081] A preferable enbodi nent of
the presgntihmwentiptubhbsroeesn cexpl ehntslcai th reference to attached
figures. However, it is needless to say that the present invention is not
limted to
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t he exanpl es shown here. As will be understood by the skilled persons,
various nodifications and variations of the present invention are possible
in the light of the scope of the subjoined clains and therefore all the
nodi fications and variations fall 38 within the technical scope of the
present invention. [0082] The present invention can be utilized for
manufacturing a glass substrate for a nagnetic disc, especially for
polishing an inner circunference edge surface. 39 What Is Clainmed Is: 1. A
manuf acturi ng nmethod of a glass substrate for a magnetic disc conprising an
i nner cifrypf erencgigdgersurface polishing step for lamnating a gl ass
substrate having an inner hole and for inserting a polishing body into a
comuni cating inner hole for polishing, further conprising: a step of
positioning a positioning nmenber on a position which is a processing

posi tion1of thenbRARgEcEureHE e cedgglasy fat mAld shknonsgeerasd on an
extension of center axis of the polishing body; a step of positioning a

pluralityiet epmss: simgamnataseansh rdant epdndg ddhpmsby faasepdl Dghihe
positioning nmenber into the inner hole of the glass substrates; a step of
fixing theepaimated ngitdsy supbd ¢ aitsedis ta asteepaofinyemmvirmg: 1t helposndi oni ng
menber fromthe communicating inner hole of the positioned gl ass
substrat Esy inserting a polishing body into a communicating inner hole
for polishing, further comprising:
a step of positioning a positioning member on a position
which is a processing position of the inner circumference edge
surface polishing step and on an extension of center axis of
the polishing body;
a step of positioning a plurality of glass substrates and
laminating them by inserting the positioning member into the
inner hole of the glass substrates;
a step of fixing the laminated glass substrates;
a step of removing the positioning member from the
communicating inner hole of the positioned glass substrates;
and

a step of 1inserting a polishing body into the

communicating inner hole of the positioned glass substrates.

2. A manufacturingmethod of a glass substrate for a magnetic
disc comprising:

a step of attaching a lower retaining portion of a work
holder, which sandwiches a plurality of glass substrates in a
laminated condition between an upper retaining portion and the

lower retaining portion, on a table of a polishing apparatus
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and a step of inserting a polishing body into the comunicating inner hole
of the positioned glass substrates. 2. A manufacturing nethod of a gl ass
substrate for a nagnetic disc conprising: a step of attaching a | ower
retaining portion of a work holder, which sandwi ches a plurality of glass
substrates in a |amnated condition between an upper retaining portion and
the lower retaining portion, on a table of a polishing apparatus 40 for
polishing an inner circunference edge surface of an inner hole fornmed in

t he gl ass substrate; a step of providing a shaft having an approxi mately
same dianmeter as the inner hole perpendicularly to the | ower retaining

portion; £ar st&pi ffidpmmnahihag &9&%9&&%9%&5@%&@&% b3t 88 PAnethe |ower
retaining portion and positioning the glass substrates so that the shaft

penetr atgsl & hgothde@rihoties @1§§§ps@53@f§§§;ng the gl ass substrates thus
positioned on the |lower retaining portion wth the upper retaining portion

from above; a $ts@ppobfrer®yidihd kesshatthdv g theappiaunnaatipgsame@er hol e
of the positioned glass substrate; a step of inserting a polishing body into

the comilmneatt ngsi nties Honherofhéhe pesipkndietlglrass ’SmlbithreatBGMerand a
step of polishing the inner circunference edge surface
retaining portion;

a step of laminating a plurality of glass substrates on
the lower retaining portion and positioning the glass
substrates so that the shaft penetrates the inner hole;

a step of pressing the glass substrates thus positioned
on the lower retaining portion with the upper retaining portion
from above;

a step of removing the shaft from the communicating inner
hole of the positioned glass substrate;

a step of inserting a polishing body into the
communicating inner hole of the positioned glass substrates;
and

a step of polishing the inner circumference edge surface

by the polishing body by relatively rotating or moving the table

and the polishing body.

3. The manufacturing method of a glass substrate for a
magnetic disc according to Claim 2,

wherein the step of laminating a plurality of glass
substrate on the lower retaining portion and positioning the
glass substrate includes:

a step of storing a plurality of glass substrates in a

laminated condition in a bottomed cylindrical work cover which
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by the polishing body by relatively rotating or noving the table and the
pol i shing body. 3. The manufacturing nethod of a glass substrate for a
magneti c disc according to aim2, wherein the step of lamnating a
plurality of glass substrate on the |Iower retaining portion and positioning
the glass substrate includes: a step of storing a plurality of gl ass
substrates in a lamnated condition in a bottoned cylindrical work cover
which 41 is open in the upper direction and has an insertion hole through
whi ch the shaft can be inserted at the bottom of the work cover; and a step

of positjg9nihg ihe g @ﬁ?eﬁ@l&terc%ti%noﬂna%é_ QK8 sd Al @iMhBIePAK L @h i n an
i ntegrated manner with the work cover by inserting the shaft into the inner

hol e af tyafi @ausienghd he cashBbti dde ke d Rseriedohiaugh diewbpgesdion; hole. 4.
A manufacturing apparatus of a glass substrate for a nagnetic disc

conprisiay a work hol der which sandwi ches a plurality of glass substrates
having an inner hole in a lamnated condition by upper and | ower retaining
portions; a tablsdmothipolitheniowetheeyahpsngupottads o5 #lid achesk: a shaft
havi ng approxi mately sane dianeter as the inner hole; and a polishing body
at t achi nge tpoiriiron doart iatt dehangi@teqod i sdimehrizodwiwhi ¢hepobt8hesvean | nner
circunference edge

by inserting the shaft into the inner hole after causing the

shaft to be inserted through the insertion hole.

4. A manufacturing apparatus of a glass substrate for a
magnetic disc comprising:

a work holder which sandwiches a plurality of glass
substrates having an inner hole in a laminated condition by
upper and lower retaining portions;

a table to which the lower retaining portion is attached;

a shaft having approximately same diameter as the inner
hele; and

a polishing body attaching portion for attaching a
polishing body which polishes an inner circumference edge
surface of the inner hole by relative rotation or movement of
the table and the po¢lishing body, wherein;

the shaft can be located perpendicularly to the table so
that the shaft can penetrate the inner hole to determine the
position of the glass substrate when a plurality of glass
substrates are laminated on the lower retaining portion
attached to the table and also can be remcved from the inner
hole while the positioned glass substrates are pressed from

above by the upper retaining portion; and
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surface of the inner hole by relative rotation or novenent of the table and.
t he polishing body, wherein; the shaft can be | ocated perpendicularly to the
table so that the shaft can penetrate the inner hole to determ ne the
position of the glass substrate when a plurality of glass substrates are

| am nated on the | ower retaining portion attached to the table and al so can
be renoved fromthe inner hole while the positioned glass substrates are
pressed from above by the upper retaining portion; and 42 the polishing
body attached to the polishing body attaching portion is inserted into the

communi cati ng {NeLN9kBing! BAEy PARitHARed ghassSubstiahendf tssayhe shaft

renoves therefromto polish the inner circunference edge surface.” 5. The

manuf act ¥f  H8h ARP PR YSNOf s AnGlkads e asiibed kakecdifiuR caRINGting ed §&1 &ccor di ng
to Caim4, wherein; a work cover having a bottoned cylindrical shape with

an opencEppRE RRish tWonell J1ras supstratdt ¥robrokass SUbst radmsves n a
| am nated condition with an insertion hole through which the shaft can be

i nsert edthsréprodc @tpd hesipotiOmMniderel foihee s sipstsateasdored in the
wor k cover is positioned on the |lower retaining portion in an integrated
manner with the work cover by inserting the shaft into the inner hole after
causing the shaft to pass through the insertion hole. 6. The manufacturing
appar at us. of d'ly assvsidetturdirey fappaaatm@godt bcgllase acbstdang foreit her
Claim4 or 5, wherein; a tapered portion is forned in the | ower
ci rcunf enameetic disc according to Claim 4, wherein;
a work cover having a bottomed cylindrical shape with an
open upper part which stores a plﬁrality of glass substrates
in a laminated condition with an insertion hole through which
the shaft can be inserted is formed at the bottom; wherein
the glass substrate stored in the work cover is peositioned
on the lower'retaining'portion.in.an integrated manner with the

work cover by inserting the shaft into the inner hole after

causing the shaft to pass through the insertion hole.

6. The manufacturing apparatus of a glass substrate for a
magnetic disc according to either Claim 4 or 5, wherein;

a tapered portion is formed in the lower circumference
surface of the shaft and a concave portion having an inverted
cone shape corresponding to the shape of the tapered portion
is formed on the lower retaining portion so that the tapered
portion is engaged with the concave portion to allow the shaft

to be provided perpendicularly to the table.

7. The manufacturing apparatus of a glass substrate for a

magnetic disc according to either Claim 4 or 5, wherein;
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surface of the shaft and a concave portion having an inverted cone shape
corresponding to the shape of the tapered portion is fornmed on the | ower
retaining portion so that the tapered portion is engaged with the concave
portion to allow the shaft to be provided perpendicularly to the table. 7.
The manufacturing apparatus of a glass substrate for a magnetic disc
according to either Claim4 or 5 wherein; 43 a penetration portion through
whi ch the shaft can penetrate the |ower retaining portion is fornmed on the
work hol der and a receiving portion for receiving and supporting a |ower

end part of the §aatettrgaxoae B OF Bsh OR i@ ghablgi cMhanRl nsnhike | oyer end
part of the shaft penetrates the penetration portion and is supported by

the recepamdigrPos tid 1ovat | andheinghadtt 16n bes promidedbpermengdb el arly to
the table. 8. The manufacturing apparatus of a glass substrate for a

nmagnet i chéll 86r agaPEdirBget 0igbt Pert bR o e vivhReaatnsupppenehgad i on
portion through which the shaft can penetrate the |ower retaining portion

i s fornetbhwsr tehel park ohahdeshadodndh@eshakihedadn foheetybpep witeddh out to
the table and penetrate the penetration portion by popping out fromthe
tabl e sith¢ hatweéheesfiaptircanfbehpr ehaded Eergieradiczul @id ypéret et t@abl e whil e
the shaft is renoved fromthe conmunicating inner hole of the positioned

gl ass substtmesinig ipoppproried dyt hbet abteivifg pomeimuf dct atilng et hod of a
magneti c disc conprising: a step of attaching a | ower retaining portion of a
wor k shaft to be provided perpendicularly to the table.

8. The manufacturing apparatus of a glass substrate for a
magnetic disc according to either Claim 4 or 5, wherein;

a penetration portion through which the shaft can
penetrate the lower retaining portion is formed on the work
holder, and

the shaft can freely pop in and out to the table and
penetrate the penetration portion by popping out from the table
so that the shaft can be provided perpendicularly to the table
while the shaft is removed from the communicating inner hole

of the positioned glass substrates by popping into the table.

9. A manufacturing method of a magnetic disc comprising:

a step of attaching a lower retaining portion of a work
holder, which sandwiches a plurality of glass substrates in a
laminated condition between an upper retaining portion and the
lower retaining portion, on a table of a polishing apparatus
for polishing an inner circumference edge surface of an inner
hole formed on the glass substrate;

a step of providing a shaft having an approximately same
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hol der, which sandwi ches a plurality of glass substrates in a |am nated
condi ti on between an upper retaining portion and the |ower retaining
portion, on a table of a polishing apparatus for polishing an inner
circunference edge surface of an inner hole forned on the gl ass substrate;
a step of providing a shaft having an approxi mately sane 44 dianmeter as the
i nner hole perpendicularly to the lower retaining portion; a step of

|am nating a plurality of glass substrates on the |ower retaining portion
and positioning the glass substrate so that the shaft penetrates the inner

hole; a gi&Re0érPERSStIE i@ et asslsubaiiahes culds1Rostdi emed 18Rt he | over
retaining portion with the upper retaining portion “from above; a step of
renovi ngrébhei shad tpdfemah he conmmuni cating inner hole of the positioned

gl ass substrate; a step of inserting a polishing body into the

comruni cati ng 4 meyp bl eaminkbengosigloned ¢} ass gsubst sabesratasséep of
polishing the inner circunference edge surface by the polishing body by
rel ati vetlye newatr rgt o1 n by ipog tiilbe drdpesiandntihe pod igdlisrgsbiostyrateand a step
of form ng a magnetic |ayer on the surface of the glass substrate after the
gl ass substtiade tlse pohasShevendfratide nemuimcturihaobe met hod of a magnetic di sc
according to Caim9, wherein; the step of lamnating a plurality of glass
substrate on a step of pressing the glass substrates thus positicned
on the lower retaining portion with the upper retaining portion
from above;
a step of removing the shaft from the communicating inner
hole of the positioned glass substrate;
a step of inserting a polishing beody into the
communicating inner hole of the positioned glass substrates;
a step of polishing the inner circumference edge surface
by the polishing body by relatively rotating or moving the table
and the polishing body; and

a step of forming a magnetic layer on the surface of the

glass substrate after the glass substrate is polished.

10. The manufacturing method of a magnetic disc according to
Claim 9, wherein;

the step of laminating a plurality of glass substrate on
the lower retaining portion and positioning the glass substrate
includes;

a step of storing a plurality of glass substrates in a
laminated condition in a bottomed cylindrical work cover which
is open in the upper direction and has an insertion hcole through

which the shaft can be inserted at the bottom of the work cover;
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the lower retaining portion and positioning the glass substrate includes; a
step of storing a plurality of glass substrates in a lamnated condition in
a bottomed cylindrical work cover which is open in the upper direction and
has an insertion hole through which the shaft can be inserted at the bottom
of the work cover; 45 and a step of positioning the glass substrate on the

| ower retaining portion in an integrated nmanner with the work cover by
inserting the shaft into the inner hole after causing the shaft to be
inserted through the insertion hole. 46

and

a step of positioning the glass substrate on the lower
retaining portion in an integrated manner with the work cover
by inserting the shaft into the inner hole after causing the

shaft to be inserted through the insertion hole.
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