MANUFACTURI NG METHOD OF GLASS SUBSTRATE FOR MAGNETI C RECORDI NG MEDI UM AND
MAGNETI C RECORDI NG MEDI UM The present disclosure relates to subject nmatters
cont ai ned in Japanese Patent Application No. 2007-252668 filed on Septenber
27, 2007, which are expressly incorporated herein by reference in its
entireties. BACKGROUND OF THE INVENTION 1. Field of the Invention [0001]
The present invention relates to a manufacturing nethod of a glass
substrate for a nagnetic recording nmediumused as a recording nmediumfor a
conputer or the like and to a magnetic recording nmedium 2. Description of
the Prior Art [ 0002JANTGIAENTH IOtalMBLHMES G SUstS B STRATa magneti ¢ di sc
which 1is one of magnetic recording nedia used for a hard disc drive (HDD)
or the like, an alum num substrate hag'dfeen w dely used. However, al ong
wi th space saving, flattening, and high density recording of the magnetic
di sc, the al YAFRURISUBSEPADENG SMEPEPY asldd WHGIAE G QsRECORSTI NGt IME RBWY ng
superior flatness of the substrate surface and substrate strength to the
al um num substrate. 1 [0003] One of the biggest issues of a magnetic disc
usi ng a gl ass
The present disclosure relates to subject matters
contained in Japanese Patent Application No. 2007-252668 filed
on September 27, 2007, which are expressly inceorporated herein

by reference in its entireties.

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001]
The present invention relates to a manufacturing method
of a glass substrate for a magnetic recording medium used as
a recording medium for a computer or the like and to a magnetic

recording medium.

2. Description of the Pricr Art
(0002]

Conventionally, as a substrate for a magnetic disc which
is one of magnetic recording media used for a hard disc drive
(HDD} or the like, an aluminum substrate has been widely used.
However, along with space saving, flattening, and high density
recording of the magnetic disc, the aluminum substrate 1is
replaced by a glass substrate having superior flatness of the
substrate surface and substrate strength to the aluminum

substrate.



substrate is high-precision cleaning of a glass substrate surface. If a
foreign matter adheres on the glass substrate surface, a thin filmforned
on the glass substrate surface may be damaged. Moreover, if a magnetic disc
using a glass substrate with a foreign matter adhered on the surface
thereof is caused to reproduce data in a condition where flying height of
a magnetoresistive head is lowered to inprove recording density of the
magnetic disc, there may be a case where an error occurs while reproducing
or reproduction cannot be carried out. [0004] This is because a convex
portion is[d@ried on the magnetic disc surface due to a foreign matter (a
glass particle or the 1like) on the glass substrate and the convex portion
causes thernal Caspefitthe bi6065} THweramb fas paminky licsdast naiblgea Wiiacds causes
a reading error when a magnetoresistance el enent is heated by adi abatic
conpr essi ofulpft @ re ok sbpigbnpaetibyoa megreting hefidawgéasthesubneigredts ¢ head
isin float flight and passes above m nute convex or concave portion on a
magnet i ¢ discista f adé. aTherefignepatestradet yehi gh-tlevellafs sswbetthegss and
flatness are required on the surface of a nmagnetic disc for a
magnet or es$wtface h@adhin My dovermead on egedtass Bapstrasef panbacavniaye dust
or a foreign matter adheres on the glass substrate surface, a convex
portion i%ef@pmedcdTheMdsraethi ghi| evalagheah ngdite prevent adestiassnd 2 to
renove a foreign matter so that a convex or a concave portion

substrate with a foreign matter adhered on the surface thereof

is caused to reproduce data in a condition where flying height
of a magnetcresistive head is lowered to improve recording
density of the magnetic disc, there may be a case where an error
occurs while reproducing or reproduction cannot be carried out.
[0004]

This is because a convex portion is formed on the magnetic
disc surface due to a foreign matter (a glass particle or the
like) on the glass substrate and the convex portion causes
thermal asperity.

[0005]

Thermal asperity is a trouble which causes a reading error
when a magnetcoresistance element 1is heated by adiabatic
compression of air or by contact by a magnetic head when the
magnetic head is in float flight and passes above minute convex
or concave portion on a magnetic disc surface. Therefore,
extremely high-level of smoothness and flatness are required
on the surface of a magnetic disc for a magnetoresistive head.
Moreover, if a magnetic layer is formed while dust or a foreign
matter adheres on the glass substrate surface, a convex portion

is formed. Therefore, high-level cleaning to prevent dust and



is prevented is required for the glass substrate. [0006] A cause of the
above- nenti oned adherence of a foreign natter on the surface of a glass
substrate for a nagnetic disc is nmainly damage (a crack or a chip) on a
gl ass edge surface. The danage (a crack or a chip) on the glass edge
surface occurs when the glass substrate is processed for shaping by a
cutter or adrill. If the damage (a crack or a chip) remains on the edge
surface of the glass substrate, the danage catches a particle and the
particle thus caught adhere on the surface of the glass substrate in
the foll omfﬁgfeﬁpa%eéﬁ%ﬁi@ﬁwa%%&%rt?aitfa CREFEX ST dafiBgEBR RN e
surface of,the glass substrate, strength of. the glass substrate is

decr eased. *® TREE ?%Fe?flinﬁﬁﬁu%%%€k§?% ?HQ¥ﬂF5(éhP%ﬁEﬁ£?substrate havi ng
damage (a gg@@% or a chip) on an edge surface, there is a possibility that
t he gl ass late is broken fromthe damaged portion due to the shock.

[ 0008] For the rpose of . reduci.ng such .a da e..on the edge urface, a

t echni que to re%vcga%s%a%g%‘? r%ﬁ%@%ﬁe@%ﬁ% IO Yt abs Substtate by
pol i shing the_ edge rface.with rotar rush_ usi abr asi ve. conpound

i ncl udi ng %? %%ggnbiﬁfnsgf§%?e % §b9nas¥h%g%?%§%t%dggi9a?%gﬂ%§l%e'H“%roposed

(e.g., Patept %%ﬁygfa%agje)'(a[ BaLent pocuey,) 1, Jagansse.ayld.shed.e |

Unexam ned Pa

The damage (a crack or a chip) on the glass edge surface cccurs
when the glass substrate is processed for shaping by a cutter
or a drill. TIf the damage (a crack cor a chip) remains on the
edge surface of the glass substrate, the damage catches a
particle and the particle thus caught may adhere on the surface
of the glass substrate in the following process.

[0007]

Moreover, if there is damage on the edge surface of the
glass substrate, strength of the glass substrate is decreased.
That is, if small shock is applied to a glass substrate having
damage {a crack or a chip}) on an edge surface, there is a
possibility that the glass substrate is broken from the damaged
portion due to the shock.

(00081

For the purpose of reducing such a damage on the edge
surface, a technique to remove a damage from the edge surface
of a glass substrate by polishing the edge surface with a rotary
brush using abrasive compound including a loose grain after
shaping the glass substrate has been proposed (e.g., Patent
Document 1).

[Patent Document 1] Japanese Published Unexamined Patent
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Application No. H11-221742 [0009] However, according to the above-nentioned
conventional nethod, the glass substrate is shape-processed by coring or
scribe using a dianond el ectrodeposition grindstone or the like and in that
case, cracks occur in various directions fromthe glass edge surface to
inside of the glass. In the followng formng of a chanfering surface,
because chanfering is carried out by use of a dianond grain, cracks also
occur in various directions fromthe chanfering surface at that tine.

[0010] It is difficult to conpletely renpve cracks thus occurred in various
di rect i onshBPml ¥ w50l iYhi bl orolless by a rotary brush. Especially, it is

i npossible to sufficiently polish a chanfering surface by a rotary brush
[0011] EacH’@@%®b in the conventional nethod will be explained below First,
shape processing of a glass by coring or scribe w]|l| be explained. Fig. 6
is a view for ex{s"§ifilng 3FCEEEISTINGC tbe cileove et Eenetheweirrdri Pyerlt i on of
a di sc-shaped glass substrate 71 using a core drill. A hole is cut in the
gl ass subdRRTtd MDY RS IFHRit e dor Shama P eERAh P Ya Gtilidstone 72
at the tip to which dianpnd grain is el ectrodeposited. FIG 6 (a) is a

pl ane vi eW S PPORPabEEMORAIT e FEIP Bt i griedsserssdt Fbradli kA ew on a
surface through the center of the glass substrate 71 and perpendicular to a
mai n surf a8 of! ThHEt GRESs STASET A€W InCYPrAGYP st B2 hiANE e CordSdri || 73

and
glass edge surface to inside of the glass. In the following

forming of a chamfering surface, because chamfering is carried
out by use of a diamond grain, cracks also occur in various
directions from the chamfering surface at that time.

[0010]

It is difficult to completely remove cracks thus occurred
in various directions in the polishing process by a rotary brush.
Especially, it 1is impossible to sufficiently polish a
chamfering surface by a rotary brush.

[0011]

Each step in the conventional method will be explained
below. First, shape processing of a glass by coring or scribe
will be explained. Fig. 6 is a view for explaining processing
to cut a hole at the center portion of a disc-shaped glass
substrate 71 using a core drill. A hole is cut in the glass
substrate 71 by a ¢ylindrical core drill 73 having a grindstone
72 at the tip to which diamond grain is electrodeposited. FIG.
6 (a) is a plane view seen from above, while FIG. 6 (b) is a
cross—sectional view on a surface through the center of the
glass substrate 71 and perpendicular te a main surface of the

glass substrate 71. Coring is to spin the core drill 73 and



4 cut glass by the grindstone 72 to forma hole in the glass substrate 71.
An enl arged view of the grindstone 72 when glass is cut is shown in FIG 6
(c) . Wien a glass is cut by a core drill, cracks 74 occur in various
directions inside the glass. Here, when outer circunference of the gl ass
substrate 71 is cut, the glass is cut by a glass cutter or the |like having
a grindstone at the tip in a simlar manner and therefore cracks occur in
various directions inside the glass during processing. [0012] Next, shape
processing of a glass by a scribe will be explained. FIG 7 is a view for
expl ai ni ng ocessing to cut .a hole at the center portion of dj sc-shaped
gl ass subs?gétg?a?i gy §h§c9F6§d5§ CRG gngthgFHhé*RFﬁh%h%DgW%%sgL%%§trate
71, cracks gre an% alogg th sha e .of t e hole.b gr ,ﬂg one

whi ch di anBHaSHFaFR i's CEY oUERoSiiEd. CFITES 9I%Q¥SFQ WaRE %ﬁ?seen
from above mhl (; a cro s ctional, view on a, surface through
the cent er -gf Y l%lﬁ%””%dﬂéghgt 674¢ %?6%ﬁﬂf?ﬁ1&ﬁ FYtalHa? n°ti f ace of

t he gl ass After cracks .are nade | rate 71

b 71, b

blong he ShaDe ks TopeShr Jtrhéfagrlpﬁas%ﬁ%c%on@|1£st§et tf*” SHESE on

wh th ho | f th
ere eH§§£ wheﬂngggﬁr'cf}%gay %ﬁ%e %‘éﬁresfiﬁias %6@5 yﬁQMIO e

gri ndst one Wwhen cr ac are ma e S Sshown i n %?acks are

made, .cracggo @aa%%%% d S i%’. 5 Os%&%{gthgQ%dkdeehsi??ng'aagémé% 131 As

descri bed I'n the pr

at the tip in a similar manner and therefore cracks occur in
various directions inside the glass during processing.
[(0012]

Next, shape processing of a glass by a scribe will be
explained. FIG. 7 is a view for explaining processing to cut
a hole at the center portion of a disc-shaped glass substrate
71 by a scribe using a grindstone. 1In the glass substrate 71,
cracks are made along the shape of the hole by a grindstone 75
to which diamond grain is electrodeposited. FIG. 7 (a) is a
plane view seen from above, while FIG. 7 (b) is a cross-sectional
view on a surface through the center of the glass substrate 71
and perpendicular to a main surface of the glass substrate 71.
After cracks are made in the glass substrate 71 along the shape
of the hole by the grindstone 75, glass at the portion where
the heole is made is removed by hot press. &An enlarged view of
the grindstone 75 when cracks are made is shown in FIG. 7 (c).
When cracks are made, cracks 74 occur in various directions
inside the glass.

[0013]
As described above, in the processing of a glass by normal

coring or scribe using a grindstone, cracks occur in various

)



coring or scribe using a grindstone, cracks occur in various 5 directions
i nside of the glass. [0014] Next, chanfering processing using dianond grain
will be explained using FIGs. 8 and 9. A formng step to carry out
chanfering on the edge surface of a glass substrate is carried out to a
ri ng-shaped gl ass substrate 80 on which a hole 81 is fornmed at the center
of a disc-shaped gl ass substrate. A cross-sectional view on a surface
t hrough the center of the ring-shape and perpendicular to a main surface is
shown in FIG 8 (a). [0015] As shown in FIG 8 (b), an inner side
gri ndst onedf9fedtsionsseid 2k i of accHdheyhode. 81 as a polishing nmeans and an
outer side grindstone 91 as a polishing neans is also provided on the outer
side of theo@gléapss substrate 80. The inner side grindstone 90 and the outer
side grindstone 91 press the glass substrate 80 in a manner (not shown)
that the grindsthongs sarddiechnghprgtassingubsimq@icd 8@ richgradnakidi rieet i on.
The inner side grindstone 90 and the outer side grindstone 91 are pulley
type rotargxplpimestonesg antss nct uales A. | &t eromeiser | Pexb pod ishimg «ur f ace
on the outer circunference surface. The gl ass substrate 80, the inner side
gri ndst oneclO@pfanthg wen bbteedsd deigraardstfonay19ls s aubstobaryidréamnidsy a
drive neans (not shown) and the rotation direction of each of themis set
to be opposed &t aconngctshpoient glask saehtoite HEmorHehe chaashpperdl nigs
mechani sm and a rotary

formed at the center of a disc-shaped glass substrate. A

cross-sectional view on a surface through the center of the

ring-shape and perpendicular to a main surface is shown in FIG.

8 {(a).

(001517

As shown in FIG. 8 (b), an inner side grindstone 90 is

inserted into the hole 81 as a polishing means and an outer side

grindstone 91 as a polishing means is alsc provided on the cuter

side of the glass substrate 80. The inner side grindstone 90

and the cuter side grindstcne 91 press the glass substrate 80

in a manner (not shown) that the grindstones sandwich the glass

substrate 80 in radial direction. The inner side grindstocne

90 and the outer side grindstone 91 are pulley type rotary

grindstones and includes a later-described polishing surface

on the ocuter circumference surface. The glass substrate 80,

the inner side grindstone 90, and the outer side grindstone 91

are rotary driven by a drive means (not shown) and the rotation

direction of each of them is set to be opposed at contact points

of each of them. Here, a supporting mechanism and a rotary

driving mechanism of the glass substrate 80 are not shown in

the figures.



driving nechani smof the glass substrate 80 are not shown in the figures. 6
[0016] Then, an inner edge surface 82 and an outer circunference edge
surface 83 of the glass substrate 80 are cut to form chanfering portions
82a and 83a, as shown in FIG 8 (c). [0017] FIG 9 is a partially enlarged
view of a polishing position. Because explanation on the inner side
grindstone 90 and the outer side grindstone 91 overlap, only the outer side
grindstone 91 will be explained here. on an outer circunference surface of
a base materjal. 91a of the outer side grindstone 91, a center plane portion
92a for foﬁﬂ?h%ja pl ane portion in a center portion in thickness direction
of the outer cirf$nference edge surfa%e ﬁgﬁangﬁf sl opi ng, portion 92b for
forming a chanferimy portion: 898 Areif6F med2Ref R A8 *8ar FREL M EETCD the

center plan porti.on 9 and the s]opin o%tion b, diamond grain 93 as
an exanpl eeg‘ﬁeasalrgiaﬁei éﬁbl?%etd“? n? & cg‘élgsjéﬁ?t%ygghér&r &t tég,g%{ﬂ‘face of
the glass substrate 80 is.polished. In . the chanferin cessjng, cracks 95
occur in v%??%%%rﬁ??e%?fih nso?% " n%é%l’e Roii %h%wrbljafgsﬂoff(?bnqst L(g) 51 opi ng
portion 92 @i he outer side grindstone 91 in the chanfering portions 82a
and 83a. ?8 %i Next, polishing by a rotary brush will be explained. FIG

101352 Yhow SXPLA 1, 30.5402,57 0 0911 30010 SRBIANLS oo RSN 12
Because explanaticn on the inner side grindstone 90 and the
outer side grindstone 91 overlap, only the outer side grindstone
91 will be explained here. On an outer circumference surface
of a base material 91a of the outer side grindstone 91, a center
plane portion 92a for forming a plane portion in a center portion
in thickness directicn of the outer circumference edge surface
83 and a sleoping portion 92b for forming a chamfering portion
83a are formed. On the surface layers of the center plane
portion 92a and the sloping portion 92b, diamond grain 93 as
an example of a grain is buried in a nickel 24. By the grain
93, surface of the glass substrate 80 is polished. In the
chamfering processing, cracks 95 occur in various directions
of the inside of the glass from the sloping portion 92a of the
outer side grindstone 91 in the chamfering portions §2a and 83a.
[0018]

Next, polishing by a rotary brush will be explained. FIG.
10 is a view explaining an edge surface polishing apparatus of
a substrate. A glass substrate 101 is chamfered in the previous
forming step and a side wall portion 111 and a chamfering portion

112 are already formed on an edge surface 110,

[0019]



formng step and a side wall portion 111 and a chanfering portion 112 are
al ready forned on an edge surface 110. [0019] 7 As shown in FIG 10, a
plurality of glass substrates 101 are lamnated to be retained in a

col umar manner. A polishing brush 102 includes a nylon fiber and an
external formthereof s approxinmately colummar shape, while an outer
circunference surface thereof is a polishing surface. Rotation axes of the
gl ass substrate 101 and the polishing brush 102 are approxinmately parallel
and are caused to be rotated in the sanme direction (CCWin the figure:

t | ockwi ich. h bstrate 101 dth i shi
orueh 102 to Ve ihoghseekiE ni bt Bnatal RS L aesct SHOFLFoRcsolt hat o
edge surface]pf:§h§xglgs sub tnagg 101 is Bolished b thgiéoyisﬁin% brush
102. Mor eover, WA HE C SRt At her{ tont o thétgirasd e tratRP 101" HNd t he
l i shi s le 103 is..cl I i ti d b i

P omponnd i RS 107 4 o028 & AVachec it i A Bor el o TheEEd a1y
I d vi i shi i.tion, As in FIG 11, t b

onl arged vien ol AR D919 LiBbe SR 1 FLE L et ey, be

poli shi ng -t ushe 10¢. does 1ot, Leach, dagp. ipko.a droove 1129, Lor med by an

adj acent c errng po s“consi déred I S i's because a

[t Per o0 8lble BOLLEPLRO DINEN 404 ceReMAEElYsnISEoNAigeR 182 thee oroove.
g Is insuffrcient,

approximately parallel and are caused to be rotated in the same
direction (CCW in the figure: counterclockwise), which causes
the glass substrate 101 and the polishing brush 102 to move in
cpposed directions at the contact portion so that an edge
surface of the glass substrate 101 is polished by the polishing
brush 102, Moreover, at the contact portion of the glass
substrate 101 and the polishing brush 102, a nozzle 103 is
closely positioned and an abrasive compeound including a locse
grain is provided.

[0020]

FIG. 11 is a partially enlarged view of a polishing
positicn. As shown in FIG. 11, there may be a case where mirror
polishing is not sufficiently carried out because the polishing
brush 102 does not reach deep into a groove 112a formed by an
adjacent chamfering portion 112. It is considered that this
1s because a fiber 120 of the pclishing brush 102 can hardly
reach deep into the groove. Ifmirror polishingis insufficient,
an effect to prevent generation of dust or suction of a particle
is decreased and that may be a cause of generation of thermal

asperity if the glass substrate is used as a magnetic disc.

[0021]



an effect to prevent generation of dust or suction of a particle 1is
decreased and that nay be a cause of generation of thernmal asperity if the
gl ass substrate is used as a magnetic disc. [0021] 8 As described above, it
is inmpossible to sufficiently renove a danage (a crack or a chip) on the
edge surface by a conventionally used nethod of shape-processing a gl ass
substrate by coring or scribe using a grindstone, chanfering by dianond
grain, and polishing the edge surface of the glass substrate by a rotary
brush using an abrasive conmpound including a |oose grain. [0022] Moreover,
along with the Myghdescoridedgadens) t ytand Iidipessditfliecatd onuficisentafy a
magnetic disc in recent years, a snaller nmagnetic disc has been used. For
exanpl e, i nemosesd |damggssissubstakatoer wsetiifor oa th8- edgh smghete doyisc, a
hole in the center portion thereof also becomes snaller and therefore, it
is difficutentenappraptyatwad minetdrodpobiftshshapenpercesisingnf 2r enlces edge
surface thereof by a rotary brush. Mreover, because a small-size magnetic
di sc beconesbshianerhy iqchiigigmere scdilbei gaingf argtrhed$ibee, 120anfetiteg
polishing brush 102 in FIG 11 to reach deep into the groove and it becones
nmore diffikuldianendarayinouendppe opsiang me rasigepeiirdhiceg o[ 0023114 t her,
along wth the diversification of use of a magnetic disc, higher quality in
a | evel disfeseRite bgm tREALY brush using an abrasive compound including

a loose grain.

[0022]

Moreover, along with the high recording density and
diversification of use of a magnetic disc in recent years, a
smaller magnetic disc has been used. For example, in a small
glass substrate used for a 1.8-inch magnetic disc, a hole in
the center portion thereof also becomes smaller and therefore,
it is difficult to appropriately mirror-polish an inner
circumference edge surface thereof by a rotary brush. Moreover,
because a small-size magnetic disc becomes thinner, it is more
difficult for the fiber 120 of the polishing brush 102 in FIG.

11 to reach deep into the groove and it becomes more difficult
to carry out appropriate mirror polishing.
[0023]

Further, alcng with the diversification of use ocf a
magnetic disc, higher guality in a level different from that
of the conventional one is required of a glass substrate for
amagnetic disc. For example, in a magnetic disc of a high speed
rotation type with a rotation number of 5400 rpm or more or a

magnetic disc used for a mobile phone or the like which may be

damaged when used, even a smaller damage becomes a problem



of the conventional one is required of a glass substrate for a magnetic

di sc. For exanple, in a magnetic disc of a high speed rotation type with a
rotation nunber of 5400 rpmor nore or a nmagnetic disc used for a nobile
phone or the |Iike which may be damaged when used, even a snall er danmage
beconmes a problem 9 because the damage nmay becone | arger when used. In
addition, the glass substrate becones thinner in a small-size magnetic
disc. If the glass substrate beconmes thinner, a snaller danage may cause

br eakage. Therefore r exanpl a da rack or a_chi whi ch was
not be con@@ﬁ?PBﬁaTl? E%ﬁﬁ?ﬂgﬁyaEQHQF@gng%ér aré@dagé 1519 obl em

Mvent Pon EHeobe5r S HES RGRAIC RGN 'ﬁg%/%%ﬂ sg,%%ﬁrﬁ%%@f;g[ & for
garrm;ggeE;Cgﬁgggrﬁpqgecﬂ%g E‘} hngﬁﬁeb%‘g?l?g%?ﬁ&%gegz ey 5rre$ucm tter on
Subot rat Zu{ﬁ%aﬁe R e RRECFERHOP T mothea ™ ro JRS & PEfrk
asperity. [0023] ; thouhﬂfvgﬁ Qﬁ;@QQYEHﬂﬁig'éﬂgTipreg §§§d HSPtQES %f the

present i nven 1 on I nste essSli ng orin

scribe using g Owr&g&r&&& ysed dandihe, %%V%ggghgeahua Ogsbr egmg@dcracks

are caused ccur vari ous ect1 ons om a surfac gl ass
when shape-processing is carried

SUMMARY OF THE INVENTION
(0024]

The present invention aims at providing a manufacturing
method of a glass substrate for a magnetic recording medium
having a high glass strength by reducing a damage {a crack or
a chip) on an edge surface to reduce a foreign matter cn a main
surface and a magnetic recording medium, which uses a glass
substrate manufactured by the manufacturing method, to reduce
thermal asperity.

[0025]

To achieve the above-mentioned purposes, inventors of the
present invention thought that instead of shape-processing by
coring or scribe using a grindstone used in the conventional
method by which cracks are caused to occur in various directicns
from an edge surface of a glass when shape-processing is carried
oult, a crack must be caused to occur only in a direction to be
cut when cutting a glass. As a result, the inventors decided
to use laser to cause a crack to occur in a direction orthogonal
to a main surface of a glass substrate and tec cut the glass

substrate. Thus, it became possible to prevent cracks from
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out, a crack nust be caused to occur only in a direction to be cut when
cutting a glass. As a result, the inventors decided to use |laser to cause a
crack to occur in a direction orthogonal to a nmain surface of a gl ass
substrate and to cut the glass substrate. Thus, it becane possible to
prevent cracks from 10 occurring in various directions froman edge surface
of the glass to inside of the gl ass when shape-processing is carried out.
Mor eover , chanfering is carried out w thout polishing by use of dianond

gr ai n. Instead herical center ?ollshln is carried out to forma

chanferlngo§ﬁPF£& 9 FRi ¥2gh8PPed? ECtb?%éeﬁFO%r%Ek§d9ﬁ vaF{ote af reldei ons

i nsi de of t | ass, whe C processing i s carried out 0026] That

is, a nanu?ié?grF%g“ﬁ%?ﬂ%éﬁhggg #%§§ t%h%é%?ﬂﬁbc%fsﬂﬁﬁhéﬁlﬁa BB di ng
|nvent|on is characterized hy

d to th
gfotggéﬁﬁgoég'n %8%? %%p{§%W§Fﬁﬁpﬁé §ﬁﬁﬁ@fﬁ*05%r b%%0%56§§ﬁ§@én§h%yat t he

sane tine tQ fo%Q%_ K surfag g the | ass s#bsthte ﬁ L Accordi ng
to this met'i6d’ i é%%éb sa6035| i'a ?% it ST ackE Fr Bmtoclarfi hg from

t he edge sur cg he glass to _var ous directions inside | a s and to
reduce a dgna%e a u%r%ékj%r "5 chlhTmé%‘¥H% S%ﬁ a%%rfé@% Tﬁﬁg%%% §

hecones b?hg éf%éﬁgﬁﬁ?v%%E%J ”dg?%E%EénQ”lﬁgldéfﬁﬁ‘f%%rfﬁgéscﬁHéﬁd by a
particle c h e danmmge on the'e geé surface e Sanme iinme to
obtain a gkﬁﬁﬁféEEEBVBkscégélﬁgnﬁgnéékfled out.
[0026]
That is, a manufacturing method of a glass substrate for
a magnetic recording medium according to the present invention
is characterized by laser processing a glass plate to form the
shape of a glass substrate and at the same time to form an edge
surface of the glass substrate.
[0027]
According to this method, it becomes possible to prevent
cracks from occurring from the edge surface of the glass to
various directions inside the glass and to reduce a damage {a
crack or a chip) on the edge surface. Therefore, it becomes
possible to reduce foreign matters on the main surface caused
by a particle caught by the damage on the edge surface and at
the same time to obtain a glass substrate for a magnetic
recording medium having high glass strength.
[0028]
In the above-mentioned manufacturing methcd of a glass
substrate for a magnetic recording medium, a chamfering surface
may be formed on an edge surface of the glass substrate by

spherical center polishing. According to this method, cracks
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recordi ng nmedi um havi ng high glass strength. [0028] In the above-nentioned
manuf acturing nmethod of a glass substrate fora nagnetic recording nedium a
chanfering surface may be forned on an edge surface of the glass substrate
by spherical center polishing. According to this nmethod, cracks 11 in
various directions inside the glass can be prevented when chanfering and
therefore this nmethod is nore preferable. [0029] The magnetic recording
medi um of the present invention includes a glass substrate for a nagnetic
recordi ng nedi um, many factured b th§ ove-rnenti oned manufacturing nethod
of a glass”stBétrafe ?B?Cg?ﬂﬁﬁn%??% ¢ ot d1 g meditu aﬁﬁeﬁeﬁﬁﬁﬂeV 8“ | ayer
formed directly or _via a Eher ¥ 190 th glass substra% %9

Accor di ng £FOWES "RdgRBE EMFEE6PE é ﬁﬁd?ﬁﬁ? flt 1 sMOpGsBF Hf 6X ¢ ﬁse a gl ass
substrate fﬁo magneti c recordi ng nedium having no danage on an edge
surface thé eg

Therefore, it beconmes possible to reduce thernal asperity
caused by a for n 1 sur ace rovi de.a_na net
recordi ng medi um %v$%nﬁ% ?%%% %ﬁﬁﬂﬂ O%n%pﬁe nﬁpac%ﬂy?% ﬂ%thod of

a gl ass Su?%%&%h%sf%r as@a(ﬁ%ééiaégx¥§¥r§’ é&gnlgcggcgrg Omé@%uﬁresent

i nventi on, crack i caused to occur y use aser In I'EC
manufactured by the above-mentioned manufacturing method of a

glass substrate for a magnetic recording medium and a magnetic
layer formed directly or via anocther layer on the glass
substrate.

[003C]

According to this magnetic recording medium, it is
possible to use a glass substrate for a magnetic recording
medium having no damage on an edge surface thereof. Therefore,
it becomes possible to reduce thermal asperity caused by a
foreign matter on a main surface and to provide a magnetic
recording medium having high strength.

[0031]

In the manufacturing method of a glass substrate for a
magnetic recording medium according to the present invention,
a crack is caused to occur by use of laser in a direction
orthogonal to a main surface of the glass substrate. Moreover,
regarding chamfering processing, a chamfering surface is formed
by spherical center polishing.

[0032]

As a result, cracks are prevented from occurring from the

edge surface of the glass to various directions inside the glass

when shape processing or chamfering of the glass substrate is
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orthogonal to a main surface of the glass substrate. Mreover, regarding
chanfering processing, a chanfering surface is forned by spherical center
polishing. [0032] As a result, cracks are prevented fromoccurring fromthe
edge surface of the glass to various directions inside the glass when shape
processing or chanfering of the glass substrate is 12 carried out and it
becones possible to reduce damage (a crack or a chip) on the edge surface.
Therefore, it becomes possible to reduce foreign matters on the nain
surface caused by a particle caught by the damage on the edge surface and
at the samertripg ¢wot gbtdiin begbass sobstibatetd arednarmghebioe (ecoraring
medi um havi ng hi gh glass strength. Moreover, because foreign matters on the
mai n surf ace acéipeduceads adgheuEgst.i cTheeedpdiengl mbeicomesspags tihke gl ass
substrate, it becomes possible to reduce thermal asperity. BRIEF

DESCRI PTI ONoQOE cTHEeDRAVENGS T bears ous flat nres slurdevel topuskicctpy a
characterize the invention are pointed out with particularity in the clains
attached t paahdcierainghh parthofdarkiae spedinf edeosurfereaanpest ethe

under standi ng of the invention, its operating advantages, and specific

obj ect s at samAedlmg tict sbugeén 2 eflarseneebshoakd ber shadanetiher aceonpadyi ng
drawi ng and descriptive matter in which there is illustrated and descri bed
a pref err ettcdibBdiaehng ofloh Béapavent¢onth [ FMGrerves vbewaflée Epowm oig an

external view of a magnetic
matters on the main surface are reduced in the magnetic

recording medium using the glass substrate, it becomes possible

to reduce thermal asperity.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features of ncvelty 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 jillustrated and described a preferred embodiment of
the invention.
[FIG. 1] A view for showing an external view of a magnetic
disc in an embodiment of the present invention.
[FIG. 2] A view for explaining a laser scribe in the
embodiment of the present invention.
[FIG. 3] A view for explaining a spherical center polishing
apparatus in the embodiment of the present invention.
[FIG. 4} A view for explaining a glass plate of the present

invention.
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disc in an enbodi ment of the present invention. [FIG 2] A view for
explaining a |l aser scribe in the enbodinent of the present invention. [FIG
3] Aview for explaining a spherical center polishing apparatus in the
enbodi nent of the present invention. [FIG 4] A view for explaining a glass
plate of the present invention. 13 [FIG 5] A view showi ng an external view
of a transverse rupture strength test apparatus in the enbodi nent of the
present invention. [FIG 6] A view for explaining shape processing of a

gl ass substrate using a conventional core drill. [FIG 7] A view for

expl ai ni nd Edkapé lprockssiag ofoaigyas’ exubsiehtelesi nf a toavemersnal
scribe. [FIG 8] A view for explaining conventional chanfering processing
of a gl as§uplibseratesndif) Gesylapkaradw st b taepialhod e ot drtd pAabeshanf ering
processing of a glass substrate. [FIG 10] A view for explaining a
convent i op&Veddgeénsurface polishing apparatus for a glass substrate. [FIG
11] A view for explaining a conventional edge surface polishing_apparatus
for a gl assi&ub$tlr at e W BEdt eKPdeiPoRICARAYR F RS IHE dlanddakfAvent i on

[0033] Hereinafter, an enbodi ment of the present _invention will be
expl ai ned SURSIEEEF] URILTPH PefEFREREELPB2At FaERedTildures. Here,
[FIG. 7] A view for explaining shape processing of a glass

substrate using a conventional scribe.

[FIG. 8] A view for explaining conventional chamfering
preccessing of a glass substrate.

[FIG. 2] A view for explaining conventicnal chamfering
processing cf a glass substrate.

[FIG. 10] A view for explaining a conventional edge surface
polishing apparatus for a glass substrate.

[FIG. 11] A view for explaining a conventional edge surface

polishing apparatus for a glass substrate.

The Best Mode for Carrying Out the Claimed Invention
(0033]

Hereinafter, an embodiment of the present invention will
be explained indetail with reference to attached figures. Here,
in the following explanation, a case where a glass substrate
manufactured by a manufacturing method of a glass substrate for
a magnetic recording medium according to the embodiment of the
present invention (hereinafter simply referred to as a “glass
substrate”) is applied to a substrate for a magnetic disc which
is one of magnetic recording media used for a hard disc drive

(HDD) or the 1ike will be shown. However, the present invention
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in the follow ng explanation, a case where a gl ass substrate manufactured
by a manufacturing nethod of a glass substrate for a magnetic recording
medi um according to the enbodi ment of the present invention (hereinafter
sinply referred to as a "glass substrate") is applied to a substrate for a
magnetic disc which is one of magnetic recording nmedia used for a hard disc
drive (HDD) or the like will be shown. However, the present invention 14
is not limted thereto. [0034] FIG 1 is a view explaining structure of a
gl ass substrate manufactured by the manufacturing method of a gl ass

subst r at e 1sadedr dilmg tteg! ttihe resodi nent of the present invention. In FIG 1,
a glass substrate which is a base of a magnetic disc used for a nmagnetic
recor di ng éH%4m such as a hard disc drive (HDD) is shown. As shown in FIG
1, a glass substrate 11 is a ring-shaped glass on which a round-shaped hol e
(her einafter sifdpl-y! leferied @épg%l%lﬂ%@ﬁé'u)ltmel &f Roy hesls glabshaagent er of
a di sc-shaped gl ass substrate. On an outer circunference portion 13 of the
gl ass subdtaatfe cftires pianle RATHc: Iur it med hoRaff et i N U FReE TBS 2ar e
formed. Simlarly, on an inner circunference portion 16, a plane surface 17
and a charﬁcé?q]??bmgsﬁpf%% ePosligendr Rbd:hg GOSSEBet AV EBL 6PNt hel MERGF-act ur i ng
nmet hod of a glass substrate for a magnetic recordi ng nedi um according to

t he enbodllrreﬁt Jofsst REPHEE8ERt "IAGBNEF of RETT Ve WESHIEF IHEET UsESwever ,

to tell
for a magnetic recording medium such as g hard disc drive (HDD)

is shown. As shown in FIG. 1, a glass substrate 11 is a
ring-shaped glass on which a round-shaped hole (hereinafter
simply referred to as a “hole”) 12 is formed at the center of
a disc-shaped glass substrate. On an outer circumference
portion 13 of the glass substrate 11, a plane surface 14 and
a chamfering surface 15 are formed. Similarly, on an inner
circumference portion 16, a plane surface 17 and a chamfering
surface 18 are formed.

[CC35]

Details of the manufacturing method of a glass substrate
for a magnetic recording medium according to the embodiment of
the present inventionwill be described later. However, totell
the outline of the method, the method includes: (1) a wrapping
step (a step to make up thickness of glass plates. Depending
on the necessity, this step includes a first and a second
wrapping steps); {(2) an edge surface forming step (a step for
forming a final edge surface of the glass substrate for a
magnetic recording medium by shape-processing and
chamfering-processing the glass plate to produce a ring-shaped

glass substrate); (3) a surface polishing step (first and second
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the outline of the nethod, the nethod includes: (1) a wapping step (a step
to make up thickness of glass plates. Depending on the necessity, this step
includes a first and a second wapping steps); (2) an edge surface form ng
step (a step for formng a final edge surface of the glass substrate for a
magneti c recordi ng nmedi um by shape-processing and chanfering-processing the
glass plate to produce a ring-shaped glass substrate) ; (3) a surface
polishing step (first and second 15 polishing steps) ; and (4) a chem cal
strengthening step (depending on the necessity). [0036] In the

manuf act urihg STEtHodSbRPE) gl a8 subdt rat €heBdE6rdi Agrend e Eroditiednt of
the present invention, shape processing is carried out by use of a | aser
scribe in &qﬁ?%ﬁﬂi?g'§H¥ﬁ§5%r¥%ﬁ%ﬁ%ﬁfy§tep to formfinal edge surfaces of
plain surfaces 14 and 17 to obtain final edge surfaces of chanfering
surfaces 1 18. Hereinafter, the edge surface formng step wll be
expl ai ned. [003 Principle of a |aser scribe used in the shape processing
of a glass platékinEbﬁeIﬁﬁ%ﬁf%%$%ﬁ}%% ﬁﬁ?ﬁﬁﬁjop%a gl FLFUbSHPRE 2 Hor a

magneti c recordj.n di.um accordi ng .to the enbodi nent, of the present
i nvention W99" 3%1a%ﬁé§ﬁhﬁéiT%§9fﬂiF§? HG6S$8] FREES 19 ws "aPschemat i ¢
di agram of _an apparatus for. 8utti@gﬁthe g%asa_b the l.aser Sﬁ{ibe. The

a e 1n t

rogeseing 15 carried o
apparatusz?néiu A9 ut usé aser scri e edge

surface forming step to form final edge surfaces of plain
surfaces 14 and 17 to obtain final edge surfaces of chamfering
surfaces 15 and 18. Hereinafter, the edge surface forming step
will be explained.

[0037]

Principle of a laser scribe used in the shape processing
of aglass plate in the manufacturingmethod of a glass substrate
for a magnetic recording medium according to the embodiment of
the present invention will be explained using a figure.
[0038]

FIG. 2 shows a schematic diagram of an apparatus for
cutting the glass by the laser scribe. The apparatus includes
a laser 23 for irradiating laser beam to a glass plate 21 to
be cut, a refrigerant jet 25 for cooling a surface of the glass
plate 21, and a moving means for retaining the glass plate 21
and moving the glass plate 21 to a predetermined direction on
one plane surface {(not shown). The refrigerant Jjet 25 1is
provided to cool a portion of the surface of the glass plate
21 where laser beam is irradiated when the glass plate 21 moves.
(0032]

To cut the glass plate 21 by use of this apparatus, a
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a laser 23 for irradiating |aser beamto a glass plate 21 to be cut, a
refrigerant jet 25 for cooling a surface of the glass plate 21, and a

novi ng neans for retaining the glass plate 21 and noving the glass plate 21
to a predeterm ned direction on one plane surface (not shown) . The
refrigerant jet 25 is provided to cool a portion of the surface of the
glass plate 21 where |aser beamis irradi ated when the glass plate 21
noves. [0039] To cut the glass plate 21 by use of this apparatus, a 16
trigger crack 22 which triggers scribe is fornmed by a cutter wheel or the
li ke at a'peidgrroRTRRE é?a@glﬁhatéquem&fér&ﬁtlimgfoﬁﬂﬁcbtbafr fedUangrl aser 23
is irradiated to that point. If the glass plate 21 is noved to the

di rect i on "&FSAnCEITHWIAKER | FaPolebridi fhendlast adatespotwimrsribéling an area
where | aser beam is irradiated fromthe |aser 23 noves on the glass plate
21. The afe& RAiTER RAS he&EEJ2BylEhbr FRfhRFad i oh Wiatt RO iser I%eahrﬁ i's
cooled by the refrigerant jet 25 to generate change in internal

di storti of2Sst Pé8&S| Al the "gIvess tpl bR PUrefid Thé&tnar 28rev ot tiro”hé&cur s.

[ 0040] Due to this thermal distortion, a crack (perpendicular crack) is
gener at ed WP Fri GgéRSBFagROD22E Wi hel dt § &t 1997°E YdiSFéndite@rareed t he
surface of, the %I ass pl %te 21h T{]e Fﬁégendi cul ar crack grows al on% t he

traj ect or y Sof- FEREPESEr TSpBt thoalaRe Jraess fitate 2 £1@%n g lditen 2dhe move

f the gl I n ri line .26 (l.ine of th r pendi cul ar
gr af:k)e ?S%%Se grggewhlzc awads eg eldbgy éheeirgs:agjilateio% o% t6h(£) apseerdlb%léllma

is coocled by the refrigerant jet 25 to generate change in
internal distortional stress in the glass plate 21 and thermal
distortion occurs.

[0040]

Due tc this thermal distortion, a crack (perpendicular
crack)} 1is generated by the trigger crack 22 in the direction
perpendicular to the surface of the glass plate 21. The
perpendicular crack grows along the trajectory of the laser spot
24 on the glass plate 21 along with the move of the glass plate
21 and a scribe line 26 {(line of the perpendicular crack) is
generated.

[0041]

If the glass substrate 1is cut after forming a
perpendicular crack by this method, there cccurs no crack
(damage) on the edge surface of the glass substrate. Therefore,
polishing on the edge surface is not necessary and the edge
surface can be used as a final edge surface of a glass substrate
for a magnetic recording medium.

[0042]

To process the substrate to be disc-shaped, trajectory
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generated. [0041] If the glass substrate is cut after formng a

per pendi cul ar crack by this nethod, there occurs no crack (damage) on the
edge surface of the glass substrate. Therefore, polishing on the edge
surface i s not necessary and the edge surface can be used as a final edge
surface of a glass substrate for a magnetic recording nmedium [0042] To
process the substrate to be disc-shaped, trajectory 17 of the | aser spot
may be noved roundly with a predeterm ned dianeter on the glass plate 21.
An exanpl e where the laser 23 is fixed and the glass plate 21 is noved was
shown, howdvérhe laferylsaes Flapt €2 mavef Feunidded vand: theresdede ragd negy be
noved. As the laser 23 a C02 |aser or the like is used. [0043] Next, a
spheri cal Hemedrepen she il appardates2ior AoeriaipleavbRanf ehe N sar 2dce wil |
be explained. FIG 3 is a view for explaining a spherical center polishing
appar at us s dd st anfothenglasehahieri A surfard ofas gloags debstieave in the
manuf acturi ng nmet hod_of a gl ass substrate for a magnetic recording medi um
accor di ng i gHésenboal freat WY Prefprederitd thidatseens 3[Bandle Mevicke
spherical center polishing adoarat us showmn in FIG 3 (a) , a holder spindle
52 retai ndtf By ]’r?o?edierz%@aﬁf :532fRFoAGhThe like is used.

[0043]

Next, a spherical center peclishing apparatus for forming
a chamfering surface will be explained. FIG. 3 is a view for
explaining a spherical center polishing apparatus used for
forming a chamfering surface of a glass substrate in the
manufacturing method of a glass substrate for a magnetic
recording medium according to the embodiment of the present
invention.
[0044]

In the spherical center polishing apparatus shown in FIG.
3 (a), a holder spindle 52 retained by a holder shaft 51 through
an outer ring collar 5la, an inner ring collar 52a, a bearing
51b, and the like is fixed to a helder 53. On the lower end
portion of the holder 53, a ring-shaped elasticmaterial 54 such
as an O-ring or a V-ring is provided and the elastic material
54 is in contact with a substrate holder 56 retaining a glass
substrate 55 thrcocugh a sheet 57.
[0045]

A polishing plate 61 including a diamond pellet or a
polyurethane sheet is connected with a tool adapter 62 and a
shaft adapter 63 and is fixed to a tocl spinning spindle (not

shown) . The polishing plate 61 is rotary driven 1in the
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an outer ring collar 51a, an inner ring collar 52a, a bearing 51b, and the
like is fixed to a holder 53. On the lower end portion of the holder 53, a
ri ng-shaped el astic material 54 such as an O-ring or a V-ring is provided
and the elastic material 54 is in contact with a substrate hol der 56
retaining a glass substrate 55 through a sheet 57. [0045] A polishing plate
61 including a dianond pellet or a polyurethane sheet is connected with a
tool adapter 62 and a shaft adapter 63 and is fixed to a tool spinning
spindle (not shown). The polishing plate 61 is rotary driven in the 18

di rect i on howt inn ahoanrlowagdabyovhed toothsgiaml sgispiingl epamdl e iasid
reciprocal|ly noved in the direction shown by an arrow 65 with the spherical
center of th&efépredasphiardtad lsurliads rastéent rownbyretiqgrevab > novénent .
[0046] If the polishing plate 61 of the spherical center polishing

appar at us tTHuSPESALCGdr edn F Y rdcFprotarlrtgd ey liGel sHELdirree? icemtsown by
the arrow 65 while rotating in the direction shown by the arrow 64, the

pol i shi ng $f at&edeCalotmoE@HE i nt o contact with a main surface and outer
circunference edge surface of the glass substrate 55 and only an angl e nade
bet ween t heP G surface and outer circunference edge surface of the glass
substrate 55 is polished to forma chanfering_ surface because the gl ass

substrate 55 to bPrecESdedF e Bhatet $la PF odéssi AGNSPRER L ce™ N dTF ace R

of the polishi | ate 61.
P poligﬁﬁ g apparatus thus configured is reciprocally moved in

the direction shown by the arrow 65 while rotating in the
direction shown by the arrow 64, the polishing plate does not
come into contact with a main surface and outer circumference
edge surface of the glass substrate 55 and only an angle made
between the main surface and cuter circumference edge surface
of the glass substrate 55 is polished to form a chamfering
surface because the glass substrate 55 to be processed is plane
to a processing spherical surface R of the polishing plate 61.
If polishing on one side is finished, the glass substrate may
be turned back so that chamfering surface may be formed on the
other side.

[CC47)]

To form a chamfering surface on the inner circumference
edge surface, a polishing plate 67 shown in FIG. 3 (b) including
a diamcnd pallet or a polyurethane sheet on external side of
spherical surface may be prepared as the pclishing plate €1 so
that polishing is carried out on the external side of the
spherical surface.

[0048]

If the chamfering surface is formed by the spherical
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| f polishing on one side is finished, the glass substrate may be turned
back so that chanfering surface may be fornmed on the other side. [0047] To
forma chanfering surface on the inner circunference edge surface, a
polishing plate 67 shown in FIG 3 (b) including a dianond pallet or a

pol yur et hane sheet on external side of spherical surface may be prepared as
the polishing plate 61 so that polishing is carried out on the external
side of the spherical surface. [0048] If the chanfering surface is forned
by the spherical 19 center polishing in such a manner, cracks do not occur

i nsi de tlengleasyeilpshanpous dclect mensewhenrghiafde imy mprootessinagdes
carried out. [0049] Here, it is preferable that the chanfering surface is
fornmed by tisegdpheritaladeantedipslitdébnagvhdh eshahbpel py eoressiasg ndhysa | aser
scri be. However, the chanfering surface may not be fornmed. Because the edge
surface f&@dEd Sy oitte | aser scribe has no damages, polishing thereof is not
required. In that case, the chanfering surface formng step can be omtted
and the r@¥&r! of steps can be reduced. [0050] Next, a magnetic recording

nediun1accordin% to the present invention will be explained. The magnetic
recor di ng ere, it is preferable that the chamfering surface is

formed by the spherical center polishing after shape processing
by a laser scribe. However, the chamfering surface may not be
formed. Because the edge surface formed by the laser scribe
has no damages, pclishing thereof is not required. In that case,
the chamfering surface forming step can be omitted and the
numper of steps can be reduced.

[0050]

Next, a magnetic recording medium according to the
present invention will be explained. The magnetic reccrding
medium of the present invention includes at least a magnetic
layer formed on the glass substrate manufactured by the
above-menticned manufacturing method of a glass substrate.
[0051]

In the magnetic recording medium of the present invention,
since there is no damage (a crack or a chip) on the edge surface
of the glass substrate, it becomes possible to reduce thermal
asperity as well as to manufacture a magnetic recording medium
having high glass strength.

[0052]

The magnetic recording medium is normally manufactured

by sequentially laminating a foundation layer, a magnetic layer,

a protection layer, and a lubrication layer on a glass substrate.
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medi um of the present invention includes at |east a magnetic |ayer forned
on the gl ass substrate manufactured by the above-nentioned manufacturing
met hod of a gl ass substrate. [0051] In the nagnetic recordi ng nmedi um of the
present invention, since there is no danmage (a crack or a chip) on the edge
surface of the glass substrate, it beconmes possible to reduce thernal
asperity as well as to manufacture a magnetic recordi ng nedi um having high
gl ass strength. [0052] The nagnetic recording mediumis normally

manuf actured by sequentially |amnating a foundation |ayer, a magnetic
layer, ap"G¥&%-on Hayer "AERGTACI uBECRAGLGT | SRR alfl asSrEGEdYT at e.

20 Moreover, the magnetic recordjn diumis normall manuf act ured by
sequent i a|“}agm%ﬁtﬁ%t%%éya8%%%%? I ,at&n%ﬁgﬁ%‘tl%(@a‘!:é9%rl,aye?rm 6t ecti on

| ayer, and a Iubriigtion | ayer on | ass sub te which h det er mi ned

{1 4t nese. SIS L8Y PO RICSS Hrid h 228 em T4 Fy SEF SRBERER et Gonait ng on
of tho. pr CoBRESF B TERLT & Pae OpF IR EIS) o Surset Sa-UBRERGTY o e
t Teast "gHE IS TontsbnbPi ¢ HRERARS Yol Gl PTG OTO KA eONOERS N: Tar
G’ as' ml HOSEMPONONt, T prafer bBPETHAL L Haver O fhe ! BAGnddl® e ng
recording medium of the present invention is appropriately
selected depending on the magnetic layer.
[0053]
As the foundation layer, a foundation layer including at
least one of nonmagnetic metals selected from, for example, Cr,
Mo, Ta, Ti, W, V, B, and Al, can be used. 1In case of the magnetic
layer including Co as main compeonent, it is preferable that the
magnetic layer includes only Cr or Cr alloy from viewpoint of
improving magnetic characteristics. Moreover, the foundation
layer is not limited to a single layer and may be multi-layered
structure including laminated same or different layers. For
example, multi-layered foundation layer such as Cr/Cr, Cr/CrMo,
Cr/CrVv, Crv/CrV, &al/Cr/CrMo, Al/Cr/Cr, Al/Cr/Crv, and
Al/CrV/CrV can be the foundation layer.
[0034]
Material of the magnetic layer of the magnetic recording
medium of the present invention is not especially limited. As
the magnetic layer, for example, CoPt, Colr, CoNi, CoNiCr,
CoCrTa, CoPtCr, and CoNiPt including Co as main ccomponent, or

magnetic thin film such as CoNiCrPt, CoNiCrTa, CoCrTaPt, and

CoCrPtSi0O can be used. The magnetic layer may have a
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magnetic |ayer includes only C or C alloy fromviewoint of inproving
magneti c characteristics. Mdireover, the foundation layer is not limted to
a single layer and may be nmulti-layered structure including |am nated sane
or different |layers. For exanple, nulti-layered foundation |ayer such as
G/, G/ M, CO/CV, GVICV, AI/C/CM, AI/C/IC, A/C/Crv, and

Al /CrVICrV can be the foundation |ayer. [0054] Material of the magnetic

| ayer of the nagnetic recording nediumof the present invention is not
especially limted. As the magnetic Iayer for exanple, CoPt, CoCr, CoN,
CoNi Cr, @éJért'Fa,la@@Ffteér, aﬁ&rG(SNlUFSP i ncl{@didng Co &S EraitH Ce¥RgEREREL : or
rragnetlc th|n fil such as Ni CoNi.CrTa, CoCrTaPt, and CoCrPtSi O can
be used. THEIT&EGE! rgol/z%?&ﬂﬁ@; hé\}‘e the 31kl eiriagerdd repigEtareofe. g.
CoPtCr/CrI\/b/CoPB CrTaPt / Cr Mo/ CoCr TaPt, or the |ike) almng at

reducti on 5% Vs‘%l‘ﬁ% H9imAGE tragheth O Al P BY2 3 Abhregnét i€ Birkm (e. g. |

Cr, M, OV, [ 0Q5 A magnetic |ayer corresponding to a

magnetoresﬁrs't |QF§'{Oheg'(f\) IQI-*Z) ﬁ@ﬁ’da i‘]e 'a gi ant magnet or esi stive head (GWR head)
i ncl udes Ogﬁ |ty el errent selected fromY, Si, rare earth elenent, Hf, GCg,
Sn, and zd dxi de of these inmpurity elenents to be incI uded in Co system

al l oy. Moreover, other than the above e netic de a
granul ar film hAHEE ¢ iaggar%orqq?ﬁo@d’%ga PaFETe? %SJS%E%’%E 5 Co,
FeCo, and &Hﬁ%g%d?ror a giant magnetoresistive head (GMR head) includes
impurity element selected from Y, Si, rare earth element, Hf,
Ge, Sn, and Zn or oxide cf these impurity elements to be included
in Co system alloy. Moreover, other than the above, the
magnetic layer may include a granular film having a structure
that magnetic particles such as Fe, Co, FeCc, and CoNiPt are
dispersed in a nonmagnetic film including ferrite system,
metal-rare earth system, Si0;, or BN. Further, the magnetic
layer may be one used for longitudinal recording or for
perpendicular recording.
[0056]

The protection layer in the magnetic recording medium of
the present invention 1s not especially limited. The
protection layer includes, for example, a Cr film, a Cr alloy
film, a carpon film, a zirceonia film, a silica film and the like.
These protection films can be sequentially formed by an in-line
type sputtering device together with the foundation layer, the
magnetic layer, and the like. Moreover, the protection layers
may be single-layered or multi-layered having same or different
films.

[0057]
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di spersed in a nonmagnetic filmincluding ferrite system netal-rare earth

system Si

02, or BN. Further, the magnetic |ayer nmay be one used for

| ongi tudi nal recording or for perpendicular recording. [0056] The
protection layer in the magnetic recording nmediumof the present invention
is not especially limted. The protection |ayer includes, for exanpl

film a C alloy

the |ike.

or multi-I
i nvention,

e, aC

film a carbon film a zirconia film a silica film and

These protection filnms can be sequentially formed by an in-line
type sputtering _device together with the foundation |ayer, the magnetic
|l ayer, and the IPk&ENENBFEDTRE, 1T HR™ bt OF ect T oM ARt eGrayPhd iGTgFeY] ayer ed

ayered having same or different filns._[0057] 22 In the pr
b%%&rﬂ@g B%?%&PP&ﬁafia@ rt%w%%%agaﬁro]r H i E3ETRAE

tection | F le, . . d of th tection |ayer, a si
xi o (51 0235 (Ao iy b8 PLE S OBy Ly Sper &1 o' Kort ottt 1164 it
tetraal koxyl an which is diluted by al cohol. seri | vent , | yi

G Tiim K 00 nFRGTER. F00RS PR B Ch 1 6 | 6% n"Phe G Het

recordi ng

di f th . foi ti i t ially limted.
Iubricati&ﬁf%%%rkéay%%fner%%g?lﬁB?ng%%%PB?S8?gﬁszgggggﬁéyﬁgbg%gﬁyether

( PFPE) whi

éﬁbfﬁ%ﬁ&‘%@‘%d %bEkC%QHHeg%%%.%ﬁrning it.
[0058]

The lubrication layer in the magnetic recording medium
of the present invention is not especially limited. The
lubrication layer 1is formed by, for example, diluting
perfluoropolyether (PFPE) which is liguid lubricant agent by
freon system solvent, applying the diluted lubricant agent on
the surface of a medium by dipping method, spin ccat method,
or spray method, and depending on the necessity, carrying out
heat processing.

[0059]

As described above, in the magnetic reccrding medium
according to the present invention, a glass substrate
manufactured by the above-menticned manufacturing methed cof a
glass substrate for a magnetic recording medium according to
the present invention is used. Therefore, it is possible to
reduce generation of thermal asperity and to manufacture a
magnetic recording medium having high glass strength.

[0060]
[Embodiment]
Hereinafter, an embodiment carried out to clarify the

effect of the present invention will be explained. In the
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freon system sol vent, applying the diluted |ubricant agent on the surface
of a nmedi um by di ppi ng nethod, spin coat nethod, or spray nethod, and
dependi ng on the necessity, carrying out heat processing. [0059] As

descri bed above, in the magnetic recording nmedium according to the present
invention, a glass substrate manufactured by the above-nenti oned

manuf acturing nmethod of a glass substrate for a magnetic recordi ng nedi um
according to the present invention is used. Therefore, it is possible to
reduce generation of thermal asperity and to manufacture a nmagnetic

r ecor di ng ArREdanh RARPAgTARGh Ylbaessstulengrate (0060 mafErbodingerrding

Herei nafter, an enbodinent carried out to clarify the effect of the present
i nvent i on WEdiurhangxp| ea et 19 flisie vers pregbactenpddiyeiite folgbassy
substrate for a magnetic recording nediumand a magnetic disc were

manuf act ure@asy t hel f sheovii Hg Ovsitépsexplhat el Bl | oW i EXplandbebn, aan
exanple where a 2.5-inch glass substrate for a magnetic recordi ng nmedi um
and a nagnetiid i §dasPe SHRAGFAEEUF @R M IHR: Bk Pl E HeHL nHEWRe\iem andhe

present invention is not especially limted thereto and may be applied to a
1. 8-inch & "3I5ELRENAYFASHL S ISR Udvd H1l helgpetirlafingd . [ HOoEFere1) First

W appi ng Step , , , , ,
the present inventicn is not especially limited thereto and may

be applied to a 1.8-inch or 3.5-inch glass substrate and a
magnetic disc.

[CCB1]

(1) First Wrapping Step

First, a multicomponent glass plate including amcrphous
glass was prepared. Typeof theglassisaluminosilicateglass.
The glass plate was fcrmed by float method and has a sheet shape
with the size of 150 x 150 x C.8 mm.

[0062]

Next, both main surfaces of the sheet-shaped glass is
wrapping-processed to make a disc-shaped base glass 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 bottcm of the sheet-shaped glass,
grinding fluid containing locse grain is supplied on the main
surface of the sheet-shaped 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.
[0063]

{(2) Edge surface forming step
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First, a nulticonponent gI ass pI ate i ncI ud| ng anor phous gl ass was prepared.
Type of the glass is alumnosilicate glass. The glass plate was forned by
fl oat nethod and has a sheet shape wth the size of 150 x 150 x 0.8 mm
[0062] Next, both main surfaces of the sheet-shaped glass is

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

pl anetary gear mechani sm and alum na system|oose grain is used.
Specifically, wapping platen is pressed both fromtop and bottom of the
sheet - shaped gl &%s,s s§epnds nipf |diap e orcaienisng ol boseghras rpiatsupplbiced on
the main surface of the sheet-shaped glass, and they are relatively noved
to carry cutrihe Sl ril ProcesstByte h@@dvﬁ@ppfﬁgmw@cés§lnaé gldass base
mat eri al havi ng smooth main surface is obtained. [0063] (2) Edge surface
form ng st o ThiSgepsEsS Tt BHapE OprdFasgsehg Ct RCF @bkd plestiant.o be a
ri ng- shaped gl ass substrate and for formng a final edge surface of the

gl ass substfidr SHHY 1AChEGRE PE PEEBFORAGSAREP URR TG SR PY fellades an
external shape form ng step by a laser scribe (2-1) and a chanfering
surface forGHIRf $€ap) W%ﬁrfé}%%ﬁrrl%ﬁpé.faﬁa FeH R 622P) LY Fod64T cal2- 1)

Ext ernal shape form n%sl tep by Iaser scribe A plane view of a glass plate

after fir<teWirdpRHd

[0064]
(2-1) External shape forming step by laser scribe

A plane view of a glass plate after first wrapping is
carried out is shown in FIG. 4. In the figure, an area 32, which
is to be amain surface of a glass substrate for a magnetic disc,
on the main surface of a glass plate 31 is surrounded by dotted
lines and shaded. Principle of the laser scribe is described
above referring to FIG.Z.

[0065]

First, tcdraw a scribe line (line of perpendicular crack)
along the outer circumference of the area tobe a glass substrate,
a trigger crack was made in a predetermined spot 33 on the outer
circumference by a cutter wheel. Then, rotatingtheglassplate
31 with a center point 34 of the cuter circumference as center
of rotation, laser is irradiated from the point 33 where the
trigger crack was made, the area heated by irradiation cf laser
is cooled by refrigerant jet to form a scribe line, and the
process is finished when the line has drawn a circle. CO; laser
was used as the laser, laser output was 70W, and moving speed
of the substrate at the outer circumference was 100mm/sec.

[0066]
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carried out is showmn in FIG 4. In the figure, an area 32, which is to be a
mai n surface of a glass substrate for a magnetic disc, on the nmain surface
of a glass plate 31 is surrounded by dotted |ines and shaded. Principle of
the | aser scribe is described above referring to FIG 2. [0065] First, to
draw a scribe line (line of perpendicular crack) along the outer
circunference of the area to be a glass substrate, a trigger crack was nade
in a predeterm ned spot 33 on the outer circunference by a cutter wheel.
Then, rotating the glass plate 31 with a center point 34 of the outer
circunference aSheent éhe ogfiapstalidn, 31 asertéwn iakan dtred sardinst Réngoi nt 33
where the trigger crack was nade, the area heated by irradiation of |aser

i s cool ed Wy s mkfersdmg jtét Qud farimaa saciebéd bge 2 ad@ssheubpltoesss i s
finished when the Iine has drawmn a circle. C02 |aser was used as the |aser,
| aser out pt0&#Es 70W and noving speed of the substrate at the outer
circunference was 100mi sec. [0066] 25 Then, the glass plate 31 is torn

al ong the scri b@%¥tne tob{OKBt 2phessi pf tior clkavuts HWPtard® t ¢ & lgJdgirass
substrate. [0067] Next, to forma hole of the glass substrate, a trigger
crack was TRAFE i Hed FHaslfet eRniheBrepdteBBinadt KPGthnds o r et éré@sde of the
area to be a glass substrate. Thereafter, simlarly to the above, a scribe
line was didwHisrganelititferreditbRferdAces aHFs el addied@hditedre was

cut by hot pressing,
y sfﬂllarlggto the above, a scribe line was drawn along the inner

circumference and the glass substrate was cut by hot pressing.
[0068]

In a case where external shape of the glass substrate is
formed by the above-mentioned method, both edge surfaces of the
outer and inner circumferences do not have a crack after shape
processing and therefore pelishing of the edge surfaces is not
required and the edge surfaces can be used as final edge surfaces
of a magnetic disc.

[0069]

Here in the present embodiment, laser was fixed and the
glass plate was rotated. However, contrary te that, the glass
plate may be fixed and the laser may be rotated.

100701
(2-2) Chamfering surface forming step by spherical center
pelishing

Forming of a chamfering surface was carried out by use
of the spherical center polishing apparatus shown in FIG. 3 (a).
first, to form a chamfering surface of the outer circumference
edge surface, the glass substrate which was shape processed in

the previous step was set on the substrate holder 56 of the

26



[0068] In a case where external shape of the glass substrate is forned by

t he above-nenti oned net hod, both edge surfaces of the outer and inner
circunferences do not have a crack after shape processing and therefore
polishing of the edge surfaces is not required and the edge surfaces can be
used as final edge surfaces of a magnetic disc. [0069] Here in the present
enbodi nent, |aser was fixed and the glass plate was rotated. However,
contrary to that, the glass plate may be fixed and the | aser may be
rotated. [0070] (2-2) Chanfering surface form ng step by spherical center

polishing Form ng of a chanfering surface was carried out by use of the
spherical @ ?]élrg%]gl(fesrhq% p&’gplflhgtn@s 2GR ST ?%&w%lpa?m' £ f%)[ 21% form a
chanfering_surface of the oquter .circunference .ed S ace, the glass
substrate %éﬁ%ﬁﬁc 5 SHApE procedsdty V7S Fﬁérﬁﬁgnggs gé%ﬁ?ﬁwﬁ?ihﬁ t he
substrate hol der 56 .0of the _ 26 spherical _center poljshing apparatus shown in
FIG 3 (a)orzlinO © ssp ref%ccealwac?er?tvgr%’pghesﬁi ﬁas\/\%%bﬁgF#%dw%%tp?g??(grbapccﬁi shi ng

on one surface.uas Queh. the.glass ubsisatecwas turned back  gnd set on the

substrate er 56 agai’n for carrying ou chanateri ng su hg for

t Eg ibﬁﬁ‘ér SWAREEr i AP0 £ BX 50 LR AT F ¥ Qe GIA €1 NG SUr face form ng on
[C071]

Next, to carry out chamfering surface forming on the inner
circumference edge surface, the polishing plate 61 of the
spherical center polishing apparatus shown in FIG. 3 (a) is
replaced by the pelishing plate 67 shown in FIG. 3 {(b) and
polishing was carried cut by external side of the sphere. After
polishing on one surface was over, the glass substrate was
turned back and set on the substrate holder 56 again for carrying
cut chamfering surface forming on the back surface.

[0072]

As described above, if a chamfering surface is formed by
a spherical center polishing apparatus, only the corner between
the main surface 0f the glass substrate and the edge surface
can be polished and therefore it is possible to use a plane
surface of the edge surface formed by the laser scribe in the
previous step can be used as the final edge surface of the
magnetic disc without processing. Moreover, because polishing
is not carried cut in the forming of the chamfering surface,
a crack does not occur from the chamfering surface to the inside
of the glass when processing.

[0073]

Thus, by the (2) edge surface forming step, the glassplate
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ci rcunference edge surface, the polishing plate 61 of the spherical center
pol i shing apparatus shown in FIG 3 (a) is replaced by the polishing plate
67 showmn in FIG 3 (b) and polishing was carried out by external side of

t he sphere. After polishing on one surface was over, the glass substrate
was turned back and set on the substrate holder 56 again for carrying out
chanfering surface formng on the back surface. [0072] As descri bed above,
if a chanfering surface is formed by a spherical center polishing
apparatus, only the corner between the main surface of the glass substrate
and the ed§s® SUFPECETOEERSEE WOl Shitd atP e héreer 8 PEEratposHata s use a
plane surface of the edge surface formed by the |aser scrlbe in the

previ ous s?%ﬁ??ﬁﬁ# QEﬁﬂPz¥?%J%§qqlﬁ§IO@BQEYSEP?a%%S%¥ $Fel ?ﬁ&ﬂQHQQ?(M sc
wi t hout prac in ver, ause polishin not carrled out in the
f or m ng ofohqﬁf%ﬁéhﬁ W C§DWP§C oLm P&cﬁp@%gﬁcﬁﬁtc%ﬁﬁﬁﬁ 1% Q%ﬂgf

chanferlng surface.to the _inside h a oce S|n 0073] Thus,
by the (2)% edg” u??%%en?BrHFﬁ5r398pt ?hg s?uﬁl rln

h d t I b t t |, sh
wae carri et ST DY RES TS %e;%pe% B and W © ettt o) ﬁ“srimfﬁ%ﬁiﬁiﬁof%g

by spherlcal cent er, po shi rac does cour p ane surface
and chanferlng §§r acghere%%e édge sur?%o 5E%C?he?ﬁ$% rﬁ éﬁﬁﬁl shi ng

I's not neceﬂ?dbe TLpseéc?faosr) e’ché IAkelnaldlg d’le sahcrefa{coer %Efd ttnle magnesctiecp disc.

[0074]
(3) Second wrapping step

Next, on both surfaces of the glass substrate thus
obtained, second wrapping process is carried out in a similar
manner as the first wrapping process. By carrying out the
second wrapping preocess, it is possible to remove minute convex
or concave shape formed on the main surface in the edge surface
forming step, which are precedent steps, in advance and it
becomes possible to finish following pelishing step of the main
surface in a short period of time.
[0075]
(4) Main surface polishing step

As amain surface polishing step, the first polishing step
was carried out. The first polishing step was carried out to
the glass substrate after the above-mentioned edge surface
forming and is mainly aimed at removing crack or distortion
remaining on the main surface after the wrapping step. A
preliminary polishing step was carried out by an apparatus which
can polish both surfaces. A hard urethane pad including

zirconium oxide and cerium oxide in advance was used as a
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can be used as the final edge surface of the magnetic disc. [0074] (3)
Second wrapping step Next, on both surfaces of the glass substrate thus
obt ai ned, second w apping process is carried out in a simlar nanner as the
first wapping process. By carrying out the second wapping process, it is
possi ble to renove m nute convex or concave shape fornmed on the main
surface in the edge surface formng step, which are precedent steps, in
advance and it beconmes possible to finish foll ow ng polishing step of the
main surface in a short period of tinme. [0075] (4) Main surface polishing
step As a pml hslsund geed pol i shing step, the first polishing step was carried
out. The first polishing step was carried out to the glass substrate after
t he above- héhi®bned edge surface forming and is mainly ained at renoving
crack or distortion remaining on the main surface after the wapping step.
A prelimnary potlisthing dtigpidasasamspedcacubyhyl aim@appdeat asdwachuim can
polish both surfaces. A hard urethane pad including zirconium oxide and
ceri um oxi delde sdheanice wasioskesavasgan 28 epalgeshingipad. si{H@I6] . Polui shi ng
|l iquid was prepared by m xing water and cerium oxide abrasive grain having
an aver agefparftdrsl.el silzepugfarable that Hédrepartitée prigkeribhe abhvats e
particle size of the abrasive

grain is in a range between 1.0 and 1.4 pm. Any abrasive grain

having a particle size of 4 um or more was removed in advance.

When the polishing liquid was measured, the maximum value of
an abrasive grain included in the polishing liquid was 3.5 u
m, an average particle size cf the abrasive grain was 1.2 u
m, and D50 value was 1.1 pm. Load applied to the glass plate
was set to between 80g/cm® and lOOg/an and removal thickness
of the surface portion of the glass plate was set between 20
and 40 unmnm.

[0077]

The glass substrate after the first pclishing step was
sequentially dipped in cleansing tanks of neutral detergent,
pure water (1), pure water (2}, isopropyl alcohol (IPA), and
TPA (steam drying) to be cleansed.

[0078]

Next, second polishing step (mirror polishing step} was
carried cut as the main surface polishing step. The second
polishing step is aimed at polishing the glass plate more so
that the surface c¢f the glass plate has a mirror surface. 1In
the second polishing step, main surface was mirror-polished by
the apparatus for both surfaces polishing including planetary

gear mechanism, using a polishing pad including polyurethane
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grain is in a range between 1.0 and 1.4 pm Any abrasive grain having a
particle size of 4 umor nore was renoved in advance. Wen the polishing

| i qui d was neasured, the maxi mum val ue of an abrasive grain included in the
polishing liquid was 3.5 /1 m an average particle size of the abrasive
grain was 1.2 g m and D50 value was 1.1 pm Load applied to the gl ass
plate was set to between 80g/cn2 and 100g/cn2 and renoval thickness of the
surface portion of the glass plate was set between 20 and 40 gm [0077] The
gl ass substrate after the first polishing step was sequentially dipped in
cl eansi ng #ahks Fefl isd6tTal B@ﬂéﬁgéﬁg, Lighyied weiger griopaymd ebvatrerx iy |

i sopropyl al cohol (IPA), and |PA (steamdrying) to be cleansed. [0078]

Next, secoRttpd3PiEhi HET&LeRr(thi FPbPipali shilAgastEmimakavendr Ped?GUtN as t he
mai n surface Qolishing step. The second polishing step is ained at
pol i shi ng PRE-§FE&sPhi 4™ nore so that the surface of the glass plate has a
mrror sur{gﬁg In the second polishing step, main surface was

m rror-pol %]by t he apparatus for both surfaces polishing including

pl anetary gear chani sm usi ng polishin ad i ncluydi ng pol yurethane 29
soft polisher. S s%ffﬁ% Pqdrd steﬁretp*a%egegvn% RPAgShiPer &HGPe Wit er and

coloidal silica i Vi n rain article of 40nm_ [0079
sequeng{gify %ppe Eﬂ%leansiggtanks(f%neutral eftergent (1),

neutral detergent (2), pure water (1), pure water (2}, isopropyl
alcohol (IPA), and IPA (steam drying) to be cleansed. Here,
ultrasonic wave was applied to the tanks.
[0080]
(5) Chemical strengthening step

Next, chemical strengthening was conducted to the glass
substrate after the above-mentioned wrapping and polishing
steps. The chemical strengthening was ccnducted by preparing
chemical strengthening solution in which potassium nitrate
(60%) and sodium nitrate (40%) were mixed. The chemical
solution was heated to 380°C. Then, the cleansed glass
substrate was dipped into the chemical strengthening solution
for about 4 hours. To chemically strengthen the whole surfaces
of the glass substrate, the dipping was conducted while the
glass substrate was placed in a holder so that a plurality of
glass substrates are retained by their edge surface.
[0081]

By dipping the glass substrate into the chemical
strengthening solution, lithium ion and sodium iocn on the
surface layer of the glass substrate are replaced by sodium ion

and potassium ion in the chemical strengthening solution and
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The glass plate after the second polishing step was sequentially dipped in
cl eansing tanks of neutral detergent (1), neutral detergent (2), pure water
(1), pure water (2), isopropyl alcohol (I1PA), and I PA (steamdrying) to be
cl eansed. Here, ultrasonic wave was applied to the tanks. [0080] (5)

Chem cal strengthening step Next, chem cal strengthening was conducted to
the glass substrate after the above-nenti oned w appi ng and polishing

steps. The chenical strengthening was conducted by preparing chem cal
strengthening solution in which potassiumnitrate (60% and sodiumnitrate
(40% were, m xed._ The chem cal ol ution S ated to 380 C . Then, the

cl eansed gFa%éﬁjgﬁ%EPngggkﬁs“%FgﬁgagFﬁFgg@he BT S St ERTY ReRT hg”

sol ution t o T em stren n the whole surfaces of
The ol ass SBsEF Aty RS R H TR T iee. EEhe dT s WA € Ao opl Suee Bt rar e
was placed in a hogdféoso that a plurality of glass substrates are retained
by their eﬁ%% %E?? ce [6631] By di pping the glass substrate into the

chemi cal ﬁgég?gthening solution, lithiumion and sodiumion on the surface
| ayer of the glass substrate are replaced by sodiumion and potassiumion

(0 the chem cal SALehgbiening soldtie and oRlnthe: dasnauhstirl oely

strengt hened. Thi ckness conpression stress [ayer

layer of the @lﬁﬁédsﬂgﬁgQ@H%té@a%aﬁgogk 389 99 pe rapidly cooled down

and was kept in the tank for about 10 minutes. Then, the glass
substrate after the rapid cocl down is dipped in concentrated
sulfuric acid heated to about 40°C to be cleansed. Moreover,
the glass substrate after cleansing by the sulfuric acid is
sequentially dipped intc tanks of pure water (1), pure water
{2), i1sopropyl alcohel (IPA), and IPA (steam drying) to be
cleansed. Here, ultrasonic wave was applied to the tanks.
[0083]

As described above, by carrying out the first wrapping
step, the edge surface forming step, the second wrapping step,
the main surface polishing step (the first and second polishing
steps), and the chemical strengthening step, a glass substrate
for a magnetic disc having no damage on the edge surface and
having high rigidity was obtained.

[0084]
(6) Precise cleansing step

Next, precise cleansing of the glass disc was carried out.
This step is for removing residue of polishing compound which
may cause head crash or thermal asperity and for obtaining a
clean glass substrate having a flat surface. The precise

cleansing step includes following cleansing steps.
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[ 0082] The gl ass substrate after the chem cal strengthening step is dipped
into a water tank of 20C to be rapidly cooled dowmm and was kept in the tank
for about 10 m nutes. Then, the glass substrate after the rapid cool down
is dipped in concentrated sulfuric acid heated to about 40C to be cl eansed.
Moreover, the glass substrate after cleansing by the sulfuric acid is
sequentially dipped into tanks of pure water (1), pure water (2), isopropyl
al cohol (1 PA), and I PA (steamdrying) to be cleansed. Here, ultrasonic wave
was applied to the tanks. [0083] As described above, by carrying out the
first wappd®go] step, the edge surface formng step, the second w apping
step, the main surface polishing step (the first and second polishing
steps), and the khetticalclstarenigthehepdistepanalghassnmubst wasecafored
magnetic disc having no danmage on the edge surface and having high rigidity
was obt ai nedt - [ G084]l ir(e6)s Rrddicge wiearssich@ stdpe Nebaanpresi ganghwahsi ng of
the glass disc was carried out. This step is for renoving residue of
pol i shi ng Eofrpounes whizh vamydidaee hedd e rastporinheromowsberid ywamd f or
obtaining a clean glass substrate having a flat surface. The precise
cl eansi ng 3 &ped delrudes MLOULeW Wyl £ davsipigcstldpsmoBad | 0085 hERrisime a
cl eansi ng step by cl eansi ng conpound was carried .

the temperature of the cleansing compound was set to 50C and

ultrasonic wave was applied to increase cleansing effect,.

[0086]

Next, water rinse cleansing step was carried out for two
minutes. This is for removing the residue of the cleansing
compound used in the above-mentioned c¢leansing. Then, IPA
cleansing step was carried out for two minutes. This is for
cleansing the glass disc, as well as removing water on the glass
substrate. Finally, IPA steam drying step was carried out for
two minutes. This is to dry the glass substrate while removing
the liquid IPA which adheres on the glass substrate by IPA steam.

(0087]
(7) Magnetic disc manufacturing method

A seed layer, a Cr foundation layer, a CrMo foundation
layer, a CoPtCrTa magnetic layer, and a carbon hydride
protection layer were formed on both sides of the glass
substrate obtained through the above-mentioned steps by a
single type sputtering device and a perfluoropolyether
lubricant layer was formed by dip method to manufacture a
magnetic disc.

[0088]

[Comparative Example 1]
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out. Al kaline solution was used as the cl eansing conpound. The gl ass disc
was di pped in the cleansing conpound and was washed for two mnutes while
reciprocally noved. At this time, the tenperature of the cleansing conpound
was set to 50C and wultrasonic wave was applied to increase cleansing
effect. [0086] Next, water rinse cleansing step was carried out for two
m nutes. This is for renoving the residue of the cleansing conpound used in
t he above-nenti oned cl eansing. Then, I PA cleansing step was carried out for
two mnutes. This is for cleansing the glass disc, as well as renoving
wat er on the gl assre,subStrat eheFi paldppsd PASt eanmdayiiagnst eptwas e ri ed
out for two minutes. This is to dry the glass substrate while renoving the
| i qui d | PAalwhyetmendhierrsd embokidnghass: ghbstratles thya i PRastream faft008¥] (7)
Magnetic disc nmanufacturing nmethod A seed |ayer, a C foundation layer, a
Cr Mo foundayi erechayag, aa GoRI<r Farfagaetiioonliagerstandaaccadboa Mydra de
protection |ayer were formed on both sides of the glass substrate obtained
t hr ough t hecrbevel prnt isrdibEtaeps bymparat hge eexgymel sput t Ehitngidevite and a
perfluoropol yether |ubricant |ayer was fornmed by dip nmethod to manufacture
a nmagnet | eUERBC1]DOSTIrefCowpat hei v Fxapl et rdt v agepsockepetiheY pur pose
of conparison with the _

cutter using diamond grain and the hcle in the center portion

was processed by a coredrill usingdiamond grain. Subsequently,

the 1inner <circumference edge surface and the outer

circumference edge surface c¢f the ring-shaped glass substrate

obtained by the above-mentioned processing were polished by a

rotary brush using abrasive compound including a locose grain.

Except for the edge surface forming step, all the steps were

the same as those in the present embodiment. However, the

chemical strengthening step was not carried out for the

comparative example 1.

[0089]

[Comparative Example 2]

Next, as a comparative example 2, a glass substrate was

manufactured by carrying out the chemical strengthening step

to a glass substrate manufactured by the method of the

comparative example 1. The chemical strengthening step was

carried ocut under the same condition as the embodiment.

(00301

[Surface observation]

Edge surface and main surface of a glass substrate for

a maghetic recording medium manufactured by the manufacturing

method of a glass substrate for a magnetic recording medium
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above-nenti oned enbodi nent, a gl ass substrate was manufactured by executing

an edge surface formng step according to a conventional nmethod as a

conparative exanple 1. That is, the outer circunference of the glass

substrate was processed by a cutter using dianond grain and the hole in the

center portion was processed by a core drill using dianond grain.

Subsequently, the inner circunference edge surface and the outer

circunference edge surface of the ring shaped glass substrate obt ai ned by

t he above-nentiﬁned processing vere po |sde rot brusg

abrasi ve c8poand"fnc %dl% agt%%?e gFW l“ﬁ%‘ep nf o @ eﬁﬂ g Fgce

formng step the wer e the sane _as -those t he sent

erod mont ° s3avr e B renr it SR gerAtR g Sees s SPEEarIPdd out

for the ratiye x 8 Co rativ as a
”g%rgapé Eﬁe %Sé&t i@? éq e&t %P%lass § Eﬁre&t% %%a?g %g

conpar ati ve ‘éxanp ass S e Was “manuf ac out

t he Che”‘C%h %HE%@gtE%?bﬂgtﬁEEEn E?o% g% gubagta ﬁrgﬁggéégigéed Py

t he
nmet hod of t coffparat v exanp m ca eni ng st was

car | ed, out igdainblie, sare gandition.gs 16 eadient, gg%ggtht%ggce

observati on ge surface and main surface o ass substra

magnet i rgﬁ%@' gqngﬁs’ay%m%a&terg%%tﬂ ﬁt%”gg%%ﬁdmct@é&@n@ a

gl ass substrate magneti c recordi ng nmedi um
observed. Surface observation was carried out by use of an

electronic microscope (magnification of 4000 power).
[0081]

As a result, no foreign matter or damage (a crack or a
chip}) could be found on both the outer circumference edge
surface and the inner circumference edge surface of the glass
substrate for a magnetic recording medium of the embodiments
1 and 2 and the edge surface was mirror surfaced. No foreign
matter was found on the main surface of the glass substrate as
well. This shows that in the case of the manufacturing method
of a glass substrate for a magnetic recording medium according
to the present embodiment, external shape was formed by a laser
scribe and the chamfering surface was formed by spherical center
polishing and therefore there is no damage on the edge surface
and adherence of a particle on the main surface caused by the
damage on the edge surface did not occcur.

[0092]

When surface observation for comparative examples 1 and
2 was carried out, fine damages (cracks or chips) were found
on the outer circumference edge surface and the inner

circumference edge surface. Moreover, on the main surface of
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according to the present enbodi nent and gl ass substrate manufactured by the
conparative exanples 1 and 2 were observed. Regarding the present

enbodi ment, a glass substrate to which chem cal strengthening processing
was not carried out (enbodinment 1) and one to which chem cal strengthening
processing was carried out (enbodinment 2) were manufactured and observed.
Surface observation was carried out by use of an electronic m croscope
(magni fication of 4000 power). [0091] As a result, no foreign matter or
damage (a crack or a chip) could be found on both the outer circunference
edge surfadé dhtPihe SW@@F%@%W@%@M@@%fra@é csfausee ghasgal
substrate for a magnetic recording nediumof the enbodinments 1 and 2 and
the edge s@FP&Ee“Wakt MG iSurt B8 R I NG Of b? diagh famdtarad REs s @dtBA t he
mai n surface of the glass substrate as well. This shows that in the case of
t he manuf a& éﬁﬁnﬁuﬁégﬁéaeSoWeéegfaggdsubstrate for a magnetic recording
nediun1acc g gg to the present enbodi nent, external shape was forned by a
| aser SCfIQ 93hd t he chanfering surface was formed by spherical center

olishing and therefore there.is n anmpge on the edge rface and
gdherencg of a pgﬁt}%l%PQﬁ?%Wﬁ?lﬁhtﬁ gugggéel%dﬁﬁ%ﬁP SN4&¥agB bRCt he
edge surface_ _did not occur surface observatlon for conparative
exanpl es 1°HhGT ?lﬁégmﬁﬁF?Pg ﬁﬁﬁ£§h€b9§8§§ S?IEHWﬁgfeag?e f ound

on the outer C|rcu erence ngﬁ e surfac agd t he i.nner C|rc5nference edge

surface. MFE5vEMT 5ﬁxiﬁ% §8PP§5§ gr'c examples 1

sufficient, small damages remained on the edge surfaces,
particles were caught by the damages, and the particles adhered
on the surface in the steps that follow the polishing.
[0094]

[Transverse rupture strength test]

Further, transverse rupture strength was measured
regarding the above-mentioned embodiments 1 and 2 and
comparative examples 1 and 2 by use of a transverse rupture
strength test apparatus shown in FIG. 5 (Shimadzu autograph
DD5-2000). The transverse rupture strength test apparatus
measures transverse rupture strength of a glass substrate 42
by placing the glass substrate 42 which is a target of the test
on a substrate holder 41, placing a rigid sphere 43 on the hole
of the glass substrate 42, and pressing from the top of the rigid
sphere 43 wvia a load cell 44. Because c¢nly the outer
circumference portion of the glass substrate 42 is supported
by the substrate holder 41, the hcle which is provided at the
center 1is pressed from the above. Therefore, the glass
substrate 42 is bent and as pressure is increased, the glass

substrate 42 is broken when pressure reaches the breaking point
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34 the glass substrates, particles which may cause thermal asperity if
magnetic discs are to be manufactured by use of the glass substrates were
found. [0093] It is conceivable that this is because polishing on the outer
ci rcunference edge surface and the inner circunference edge surface of the
conparative exanples 1 and 2 was not sufficient, small danages renai ned on
the edge surfaces, particles were caught by the damages, and the particles
adhered on the surface in the steps that follow the polishing. [0094]
[Transverse strength test] Further, transverse ru t re strength was
measur ed gg ﬁ?ﬁe%ﬁkﬁ&?%%%tlo B eRBGAPHERt <51 ethd?S cbitpar at i ve
exanples 1 and % f at ansverse rggture stre th tes% appar at us
shown in Fi éﬁn§V€§ Fnﬁ&g U4ttt 8 FﬁBH 50} a?ﬁeSP H§95?s 2rupt ur e
strength ti§b9§ paratus neasures transverse rupture strength of a gl ass
substrate 3 pl aci ng the glass substrate 42 mhich is a t ar get of the
test on a substﬁate h0|d§é H%acgn? a rlg id s
t he gl ass substrate®42t° SFng rrom'th ?8%
c reu
e

| oad ¢el L nf h
ol ass subst arashs FESEE BTl ”étye%“feq e B gbEr ke EehEr ERES RREO B e whi on

s provided ai;bhe, %ﬁegfgmsgasraﬂr&ﬁessg [pRmLHnenabv e, TNOLLLRrSas hRc ol ass

substrate 42°1s be pressurée’rs

1 to which the chemical strengthening processing was not carried

8 on the

r?HEV?FaFdrug HE?e 43

out showed higher transverse rupture strength than the
comparative example 1 (no chemical strengthening processing)

or the comparative example 2 (chemical strengthening processed) .
The embodiment 2 to which chemical strengthening processing was

carried out showed higher transverse rupture strength than the

embodiment 1.

[0096]

These results show that in the comparative examples 1 and
2 manufactured by the conventional method has fine damages on
the edge surface as understood from the result of the surface
observation and therefore even if chemically strengthened, a
glass substrate having high strength could not be obtained.
[0027]

On the contrary, in the edge surface forming of the glass
substrate of the present embodiments, since the external shape
forming was carried out by a laser scribe and the chamfering
surface was formed by spherical center polishing, there is no
damage on the edge surface. Therefore, it was possible to
obtain a glass substrate having high strength even before

chemical strengthening processing.
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substrate 42 is broken when pressure reaches the breaking point 35 of the
gl ass substrate. This pressure is regarded as the transverse rupture
strength of the glass substrate 42. [0095] As a result of the
above-nentioned transverse rupture strength tests conducted for the
above-nenti oned enbodinents 1 and 2 and the conparative exanples 1 and 2,
even the enbodinent 1I1to which the chem cal strengthening processing was not
carried out showed hi gher transverse rupture strength than the conparative
exanple 1 %ng ﬁhenical strengt heni ng processing) or the conparative exanple
2 (chern'calO £ éngthening processed) The enbodinment 2 to which chem ca
st rengt heni_n rqocessing was carried out showed higher transverse rupture
strength tﬁgﬁcgﬁ Tehbo PﬁEﬁPaneFBSQG] These results show that in the
conparative exanBIes 1 and 2 ngnufactured bg t he conventi onal t hod has
btfa

fine damages on “the’ eUga"s &S5 URdér FFHRhE Y 81 tOof “hRe

substrate REGVRGTRGACEER RGP RLEBEREE btk ZoBrs REEDAEbeYY] cerrphed O °°°
contvary, i, 1S, B8 RUC{pCe ASITLIL o, Lhe ol pes LI gLe of g oson
s b and, e EATLSK B Ut o6 et Lacood by sphechgalcontppol 5 o

ge o e edge surfaceI.n
part, a single magnetic element as a recording element part,
and a flcating amount of 8 nmwas used for the record reproduction
test. Recording method was perpendicular recording.
[0099]

As a result, it was confirmed that information could be
recorded and reproduced correctly by the embodiments 1 and 2.
At that time, no thermal asperity signal was detected and
recording/reproduction could be carried out with 100-giga bit
per 1 sqgquare inch. This shows that in the case of the
embodiments 1 and 2, external shape was formed by a laser scribe
and the chamfering surface was formed by spherical center
polishing and therefore there is no damage on the edge surface
and adherence of a particle on the main surface caused by the
damage on the edge surface did not occcur.

[01C0]

On the other hand, thermal asperity signals were detected
in reproduction signals of the comparative examples 1 and 2.
From the result, it is considered that pelishing on the outer
circumference edge surface and the inner circumference edge
surface of the comparative examples 1 and 2 was not sufficient,

small damages remained on the edge surfaces, particles were

a7



obtain a glass substrate having high strength even before chem cal

strengt heni ng processing. 36 [0098] [Record reproduction test] Next,
magneti c di scs were nanufactured by use of the above-nentioned enbodi nents
1 and 2 and conparative exanples 1 and 2 to conduct record reproduction
tests. A magnetic head having a magnetoresistive elenent as a reproduction
el ement part, a single magnetic elenent as a recording elenent part, and a
floati ng anount of 8 nmwas used for the record reproduction test.
Recordi ng nmet hod was perpendi cul ar recording. [0099] As a result, it was

cont 1726 thaby LIS LTRUAGR,COU. e ESAOTASA and i epEadtesd coLipelly by

t he enbodi nén ermal asperity sig

detected ac c I.Ag r i 0 o] - be.carried out with 100-giga bit

per 1 squa?g Fﬁghgggh?sééﬁgmgg¥%g% ?%gt#égéggéggf the enbodinents 1 and 2,

ext er nal ngEglwas formed by a | aser scribe and the chanfering surface was
e

formed by sp ical center polishing and therefore there is no damage on

the edge surfaceﬁr@xﬂcm@%%ro%cﬁqegft&%n@@r&ggker@%ifg«%] T BaSUEbAge figsed by

the damage on the edge surface not occur. t he ot her hand,

thermal aspgpity;sbgnalsaene delacied, Lm Lepr adyction. si gaabs.af ¢bhe

conparative exanples 1 and 2. Fromthe result, 1t I's conside eg tﬁat

polishing @ptthga@UEREping of the glass substrate and spherical center
polishing was adopted for chamfering surface forming in the
manufacturing method of a glass substrate for a magnetic
recording medium according to the present invention, there is
no damage on the edge surface and therefore it becomes possible
to reduce foreign matters caused by particles caught by the
damage on the edge surface and to obtain a glass substrate for
a magnetic recording medium having high glass strength.
[0102]

Moreover, it was confirmed that thermal asperity can be
reduced because foreign matters on the main surface of the glass
substrate can be reduced in the magnetic recording medium using
the glass substrate of the present invention.

[0103]

Here, the present invention is not limited to the
above-menticned embodiment and can be executed by making
appropriate changes. For example, in the present embodiment,
an example where the chamfering surface is formed by spherical
center polishing after shape processing by a laser scribe was
shown. However, the chamfering surface need not be formed.
Since the edge surface formed by a laser scribe has no damage

on the surface, it is not necessary to polish it. 1In that case,
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circunference edge surface and the inner circunference edge surface of the
conparative exanples 1 and 2 was not sufficient, small damages remai ned on
t he edge surfaces, particles were 37 caught by the danages, and the
particles adhered on the surface in the steps that follow the polishing.
[0101] Fromthe above-nentioned test results, it was confirmed that since
shape processing by a | aser scribe was adopted for external shaping of the
gl ass substrate and spherical center polishing mas adopted for chanfering
surface for nuf cturln netho of a b hrate for a
magnet i ¢ Fegggﬁ gﬁ%ﬂr &Wﬂfﬁb 5Pt hd® presdh ﬁsgﬁﬁlg PHEYRTis no
damage on t? Seg e égrfﬁ ergg herefore it becones pOSSIb|e to reduce
foreign matter s Eause y par es caught by the damage on the edge
surface anﬂ Hﬁ gbtain a gl ass substrate for a magnetic recording nedi um
havi ng hig ass strength. [0102] Mreover, it was confirnmed that thermnmal

asperity can be .reduce d Qﬁgag%ﬁi[or Eg&ggpkkprsaggrt §anéQ%SP5Ea€ﬁ of the

gl ass substrate can e reduce e magneti’c recordi ng nedi um using the

gl ass S“bsi%géﬁtsgér WRIseSROLn ! ”%%Héd%}db%gégélegﬁﬁm?u& dArgseqtyyavention

is not Iim above- ment i one nt and can be executed by

maki ng ﬁ_’EfREEhét @ﬁ&ﬁ?@S?éndFQr?&ﬁﬂ% u&E‘oI- he, éPSrﬁé‘f TE‘brS’QécﬁrP”t an
exanpl e where t ering surface is orne y spher
[0105]

Further, materials, size, processing procedures, and the
like in the above-mentioned embcdiment are an example of the
present invention and can be changed for execution of the
present invention within a range where the effect of the present
invention can be produced. Further, the present invention can

be appropriately changed for execution without departing from

the scope of the invention.
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center polishing after shape processing by a | aser scribe was shown.
However, the chanfering surface need not be fornmed. Since the edge surface
formed by a | aser scribe has no danage on the surface, it is not necessary
to polishit. In that case, 38 chanfering surface formng step can be
omtted and the nunber of steps can be reduced. [0104] Further, an exanple
where a C02 | aser was used for the |I|aser scribe was shown. However, the
present invention is not Ilimted thereto and a sem -conductor |aser may be

used. [O01 Furt her, terials, size, processing procedures, and the Iike
in the abo%ggﬁeﬁﬁiSﬁaamgﬁbbarnent are an exanple of the present invention

and can be changed for execution of the present invention within a range
where the effect of the present invention can be produced. Further, the
present inyentiop _can . be appropri,ately changed for execution wthout
departing #r‘om ngngggﬁgugfln@hee?kh%%ﬁ%iaoﬁiagé Wasttﬁa)écec%gfr?elaagg?tf A
manuf act ur i - : I : trate far magneti c  r.ecordi medi um
conpri si ngkggg@%ﬁggﬁ%@@ %E%g)%é%g?l%ga:stgﬁpagg f%f% &1 T Forman %ggse? nal

shape of 1pe.glass suhstiate andaat . the sans.life JofaLp.a0.edge surface

of the gl asSs substr he manu tuf1ng a gl'ass subStrate

for a naggﬁgigaﬁg0§gﬁglg% %%thghagﬁﬁgcgﬁ¥k§é%a%hak%%lglass substrate.

2, The manufacturing method of a glass substrate for a
magnetic recording medium according to claim 1,
wherein a chamfering surface is formed on the edge surface

of the glass substrate by spherical center polishing.

3. A magnetic recording medium comprising a glass substrate
for a magnetic recording medium manufactured Dby the
manufacturing method of a glass substrate for a magnetic
recording medium according to either claims 1 or 2 and a magnetic
layer formed directly or via another layer on the glass

substrate.

Amanufacturing method of a glass substrate for a magnetic
recording medium including a chamfering surface between a main
surface and an edge surface, comprising:

a step of generating a crack in the depth direction of
a glass plate by cooling a part of the glass plate after the
part is irradiated by laser;

a crack forming step of forming the crack roundly on the
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wherein a chanfering surface is forned on the edge surface of the glass
substrate by spherical center polishing. 3. A magnetic recordi ng nedi um
conprising a glass substrate for a nagnetic recordi ng nmedi um manuf act ur ed
by the manufacturing nmethod of a glass substrate for a magnetic recording
medi um according to either clains 1 or 2 and a magnetic |ayer forned
directly or via another |layer on the glass substrate. 4. A manufacturing
nmet hod of a gl ass substrate for a magnetic recording medi umincluding a
chanfering surface between a main surface and an edge surface conprising:
a step of generati ac %:k t he th direction of ass plate by
cool ing a Part 8¥r?%%e et 0APE "aPLEr ot RE MRAFES 1Y P2 BEEE b9 Thser; a
crack forning?éte t he crack. L undI rface of

the gl ass AF A T abes- Sidrs PRt Bt e it IR SHPRE e o
carried out, alon atshe Sﬁggrngl §h?pg mgg gla 8c898§§93%§d Q. a magneti c

recordi ng nedlu an axtractron s rac sc-Shapeéed gl ass

plate fromthe glgss plate,on tsg%gb%% S 6 2Ky 800 R 5L 6P PL s or m g

the chanfering surface C shape

plate from the glass plate on the basis of the crack; and
a step of forming the chamfering surface on the

disc-shaped glass plate.
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