* 1 DESCRI PTI ON MANUFACTURI NG METHOD OF A GLASS .SUBSTRATE FOR A
MAGNETI C DI SK AND 5A MAGNETI C DI SK [ Techni cal Field] [0001]

The present invention relates to a manufhcturing nmethod of a glass 10
substrate for a nmagnetic disk installed in a nagnetic di sk device
such as a HDD (hard disk drive) or the |like and a magnetic di sk

[ Background Art] [0002] 15Wth advancenent of information technol ogy,
i nformation recordi ng technol ogy, particularly magnetic recording

t echnol ogy, has progressed renar kaDESCRIPRI@dneti ¢ di sk used for an
HDD (hard di sk drive) which is one of the magnetic recording nedia
and so on, rapid mniaturization, production of thinner disk,
increase in recording density and speedup of .20 access rate have been

conti nued. Thg HPBRECTURING MEFITOTRAOF Al @m?%'sng RATH FOR Y

a magnetic di sk having a nagnetic |ayer on a discal strate to

rotate at a high rate and allo%ﬂ%ﬁEﬁ@ﬁﬁSRﬁ?@ﬂ to fIy floating

above this magnetic disk. [000
5 A MAGNETIC DISK

[Technical Field]
[0001]
The present invention relates to a manufacturing method of a glass
10  substrate for a magnetic disk installed in a magnetic disk device such as a

HDD (hard disk drive) or the like and a magnetic disk.

[Background Art]
[0002]

15 - With advancement of information technology, information reéording
technology, particularly magnetic recording technology, has progressed
remarkably. In a magnetic disk used for an HDD (hard disk drive) which
is one of the magnetic recording media and so on, rapid miniaturization,
production of thinner disk, increase in recording density and speedup of

20 access rate have been continued. The HDD performs recording and
playbacking while allowing a magnetic disk having a magnetic layer on a
discal substrate to rotate at a high rate and allowing a magnetic head to
fly floating above. this magnetic disk.

[0003]
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2 Hi gher substrate strength is demanded for a nagnetic disk
since the rotary rate of the magnetic disk increases with the

i ncrease of access rate. In addition, wi2h the increase of recording
density, the magnetic head changes froma thin filmhead to a

magnet oresi stive head (MR head), 5 further to a giant

magnet or esi stive head (GWR head), and the flying height fromthe
magneti c di sk of the nagnetic head becones narrower to around 8 nm

On thi s accountlighdesubstense ateengtheiulamiaridesl i 4 meagmgtietdiskdiinke the
surfaces, there may be caused crash failure due to collision of the

magnet i c fatady rhbebftheagspgnetiy diakl iwcgeddLtvitleats iherdrdoLhtedss dlle.
due to heat caused by adi abatic conpression of the air or contact

thereof. 1hf 1 BERIFESwitPLhL IRErd £ M;&é&r}ig@% R M rtm%%geﬂ‘eﬁiéﬁﬁead

magneti c disk as an extrenely snooth sur to suppress suc

troubl es sauped ARl NG TRIARY 1. NP8 iayg%%%tgé%g LB (IR SRad),

substrate cone to be use su ra magn

di sk in a of conventi onal ,al um num.sub. . TRhis i.s _.begause
CheX gpns TodtRer Fo AoRaSh matPenr b Oy et (B el Rotcthifising
are superior_to the alum num substrates consisting of a netal, which

is a flehosbtfsew the magnelie divhk et shermagaetighzeadbecemesararyower to

substrate 20 strength and rigi dness. [00051 G ass substrates
used for atvesal Bagnet i@ndhsk accamnbewbbnaiheed dye froegilayitiedicacthe

gl ass substrate in which a round hole is disposed froma gl ass base
mat eri al mBiebticsdish fedases,aHmsenantled calised keasla fhippe Whst@€RoRxsion

(grinding), a polishing step, or the like is perforned in sequence to
this of the magnetic head, thermal asperity failure which leads to read errors
10 due to heat caused by adiabatic compression of the air or contact thereof.
It becomes important to finish the main surfaces of the magnetic disk as
an extremely smooth surface to suppress such troubles caused on the
magnetic head.
[0004]

15 Therefore, glass substrates have come to be used lately as substrates
for a magnetic disk in place of conventional aluminum substrates. This is
because the glass substrates consisting of glass, which is a rigid material,
are superior to the aluminum substrates consisting of a metal, which is a
flexible material, in smoothness of the substrate surfaces, substrate

20 strength aﬁd rigidness.

[0005]
Glass substrates used for these magnetic disks can be obtained by
forming a discal glass substrate in which a round hole is disposed from a

glass base material which is to become a base material, then a lapping step

25 (grinding), a polishing step, or the like is performed in sequence to this
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3 discal glass substrate. Furthernore, in order to effectively
suppress thermal asperity failure, edge faces of inner periphery and
outer periphery are nmirror-polished (for3exanple, refer to Patent
Docunent 1). [0006] 5As a process to dispose a round hole in a glass
substrate, a process is known wherein after a cut is forned on a

gl ass substrate, the hole is punched by using a pushing bar (for
exanpl e, refer to Patent Docunent 2). In the polishing step, etc.
after thelisoahgldwsl substriite.nefurthermope cireordar thaffeativebmsopackss or
chi ps as possible are produced on an edge face of the 10 round hol e
when t he yhainchhedseiiity foilueel,. edgd Fadds0srf iirsdd péRpheny did eudétpeliphery
[0007] 15[ Patent Literature 1] Japanese Patent Lal d- Open No.

2007- 197235 | RatEPholikhed Ik @x@ﬂnpﬁ%ﬂﬁ%?%o% He %%ﬂm%m)m-

2006- 99857 [ Summary of Inventi on] chnical Pr
[0006]
5 As a process to dispose a round hole in a glass substrate, a process is

known wherein after a cut is formed on a glass substrate, the hole is
punched by using a pushing bar (for example, refer to Patent Document 2).
In the polishing step, etc. after the round hole is formed, it is preferred
that as few cracks or chips as possible are produced on an edge face of the

10 round hole when the round hole is formed.

[Citation List]
[Patent Literature]
[0007]
15 [Patent Literature 1] Japanese Patent Laid-Open No. 2007-197235

[Patent Literature 2] Japanese Patent Laid-Open No. 2006-99857

[Summary of Invention]
[Technical Problem]
20 [o008]

However, when a round hole is formed by punching a portion in a
glass substrate by a pushing bar, etc., there may be generated chipping by
sfrongly coming into contact with the edge face of the round hole when the
glass that is to be punched falls out (refer to FIG. 8). When a cut line is

25 made in a diagonal direction to the surface of the glass substrate to be
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20[ 0008] However, when a round hole is formed by punching a
portion in a glass substrate by a .pushing bar, etc., there may be
generated chi pping by strongly comng into contact with the edge face
of the round hole when the glass that is to be punched falls out
(refer to FIG 8). When a cut line is 25 made in a diagonal direction
to the surface of the glass substrate to be 4 punched, it is
possi bl e to suppress generation of chipping to sone extent. However,

t he edge fuanchedt, it he proseihl ehol sumtesis mrhealaginb of ochgspia gt agomal extent.
shape, and depending on the angle of the cut line, there is a problem

in that dhawkesinthdedgesacoofahecanuninibldiebtaiakd AlspBdcdhbéda diagonal
process of an 5 inner peripheral edge face nmay becone conpl ex.

Parti cul afape idhd REpEREEnShondtite én%;ﬂ,ﬁbf Qhél%ﬁt%h&gf,tﬂﬁetr% i&ay gi‘rrgliﬂ;em in

magneti c di sk, since the diameter of the inner e 1S extr

smal |, ar . |Lf i [ L e; faca.which | s

T cut s CxEte Bk vy ¥leb N oL ER RIS HoIE MR hASR MG oA Gboss of an
pol i shin rocess a Joad i,s 10 applied to t i nner peripheral edge

Poce: Srirg i r Berh Shke Eorgmd Preine CEpEN orm |n add: 1on. it

a load is applied to the inner peripheral edge face and a nminor crack
i s generated dretthenlagherinthe pase af acddeinchealasgrpbatnateferss magnetic
substrate for a nmagnetic disk is used as a thernmal assist nagnetic

di sk, fordiekaspie, tlsudizmehendf bbe andec dwlle ng exbremeingntdld, dwvrurad 26n

of the magnetic |ayer develop a crack, presenting a problemin that

it destr ays, tifedrbonet peripldeal Adge faesubhich is diffienef €5 pedfdimat when
a round hole is forned by punching a portion of a glass substrate,

the edge (f,3e8s8h gt €A 1A DY €hb Thiatn fo1RRE &WbSHEﬁinQ?&tﬁﬁéeés%:g 4 04 is

is substantial l'y perpendicular to the 20 nmain surface o gl ass

SUbSH2 oA 8 A0S Hex AN ATnBLA SRR PRLE i ARG E0E S48:0Ing e
difficult to perform. In addition, if a load is applied to the inner
peripheral edge face and a minor crack is generated on the inner
peripheral edge face, when the glass substrate for a magnetic disk is used
as a thermal assist magnetic disk, for example, sudden heating and cooling

15 during the formation of the magnetic layer develop a crack, presenting a
problem in that it destroys the magnetic disk.

As a result, it is preferred that when a round hole is formed by
punching a portion of a glass substrate, the edge face of the round hole is
in a perpendicular direction that is substantially perpendicular to the

20 main surface of the glass substrate, and cracks or chips are generated on
the edge face of the round hole as few as possible.
[0009]
The present invention has been accomplished in consideration of the

above problem. In the manufacturing method of a substrate for a

25 magnetic disk having a round hole, even when a round hole is formed by
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[ 00091 The present invention has been acconplished in

consi deration of the above problem In the manufacturing nethod of a
substrate for a 25 magnetic di sk having @ round hole, even when a
round hole is formed by 5 punching a cut line fornmed in a

per pendi cul ar direction that is substantially perpendicular to the
mai n surface of the glass substrate, an object thereof is to suppress
generation of chipping near the round hole in the glass substrate. 5
[ Sol ut i orpumchimg ®rcolllemg f§0024]in a perpéndicadpectiredtiohaéhat is

manuf acturi ng nethod of a glass substrate for a nagnetic disk

accor di ngnilsthheiaihepenpendicrinbi @0 the @ aibuiréedcdiof tige blaseblibdti@fe fan
gl ass substrate for a magnetic disk conprising a step of formng a

round holdghjbbt eh&HedTSs THRSITHSs JM@hationt @Pcﬁfpgﬁngfnéﬂ E‘Eé‘goﬁﬁgfhglﬁ Jn

round hole conprises a first step of, for one of main surfaces

gl ass su r ait f 1 acut line that is to forma periphery of a
regi on tﬁ%tte @g%gg%@%ﬁ'ﬁ%.t he round hole in a perpendicular direction

t hat '%s substantially 15 perpendicular to the main surface of the

gl ass“substrate; a second step of causing the cut line to reach the
other main surface of the glass substrate; and a third step of, by
causi ng a[SﬁihTéﬁPﬁgFOb’ihﬁthfﬁb into contact and to apply force in the
per pendi cul ar _direction fromone of the nmain surfaces to a gl ass
portion tlA&f0ls to be separated fromthe glass substrate to becone a
20 round hole, formng a round hole in the glass substrate by

separ ati ng t hedgkaspepoof iths; mwhaifetturing thetlidd od asgleps sulstgh@stor a

portion is separated fromthe glass substrate so as not to allow the
pushi ng hagd¥nbeicAliQkr 4R rBI2Mth RBe A RRENTBL e Atich?iea R4 cturing
10 method of a glass substrate for a magnetic disk comprising a step of
forming a round hole in a glass substrate, wherein the step of forming the
round hole comprises a first step of, for one of main surfaces of the glass
substrate, forming a cut line that is to form a periphery of a region that is
to become the round hole in a perpendicular direction that is substantially
15 perpendicular to the main surface of the glass substrate; a second step of
causing the cut line to reach the other main surface of the glass substrate;
and a third step of, by causing a pushing bddy to come into contact and to
apply force in the perpendicular direction from one of the main surfaces to
a glass portion that is to be separated from the glass substrate to become a
20 round hole, forming a round hole in the glass substrate by separating the
glass portion; wherein in the third step, the glass portion is separated from
the glass substrate so as not to allow the pushing body to protrude from

the other main surface.

[0011]
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6 It is preferred that in one aspect of the manufacturing

met hod of a glass substrate for a magnetic disk according to the
present invention, the distance which the pushing body applies force
to the glass portion that is to be separated in the perpendicul ar
direction is smaller than the 5 thickness of the glass substrate.

[ 0012] It is preferred that in one aspect of the manufacturing
nmet hod of a gl ass substrate for a magnetic di sk according to the
present i nventlitos, prefiermidstlzatcin whiedsneet of ibki mgnhddot wppkinsthod of a
to the glass portion that is 10 to be separated in the perpendicul ar
di r ect i orgliass Gahistod deefbrly nda di étdc tisharcsrding tothé @hres®yvieimndntdbn, the
t he pushi ng body, and the bias nmechanismreverses bias force applied

to the pl&@kmc@mcﬁwe{\ﬁu%ﬁ@g b8y TP fdl%_tm% s thedYs

conmes into contact with e glass portion that is to be separated to

e O SEp A9 R, 9oy SORRT o} 0o 0e 3R

t he manufacturi SS su a magnetic
accordi ng,t.o, t he ent _inveptjon is a manufacturing nethod of a
gl assgsug;é}l&é{l%sq‘ gfgge r@gﬁﬁ%ﬂl ijﬁagﬁ' conprising a step of 20 forming a
round hol[g in.a glass substrate, wherein the step of formng the
round holl&0 |1rpri ses a first step of, for one of main surfaces of the
gl ass substrate, forming a cut line that is to forma periphery of a
region that islttis mnedexned that bundetrrpect wfdhpanpandactirngdneticed of a
that is substantially perpendicular to the main surface of the glass
subst r at ezlaas sababch tet fop DimXInetdudlisk ascher diuig to tiee pRes@AC nidretion, the
ot her main surface of the glass substrate; .
distance which the pushing body applies force to the glass portion that is
10  to be separated in the perpendicular direction is controlled by a bias
mechanism to control movement of the pushing body, and the bias
mechanism reverses bias force applied to the pushing body during a period
from a time when the pushing body comes into contact with the glass
portion that is to be separated to a time when the glass portion is
15 separated.
[0013]

One aspect of the manufacturing method of a glass substrate for a
magnetic disk according to the present invention is a manufacturing
method of a glass substrate for a magnetic disk comprising a step of

20 forming a round hole in a glass substrate, wherein the step of forming the
round hole comprises a first step of, for one of main surfaces of the glass
substrate, forming a cut line that is to form a periphery of a region that is
to become the round hole in a perpendicular direction that is substantially

perpendicular to the main surface of the glass substrate; a second step of

25 causing the cut line to reach the other main surface of the glass substrate;
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7 and a third step of, by spraying a gas and applying force in the
perpendi cular direction to a glass portion that is to be separated
fromthe glass substrate to becone a rouhd hole, formng the round
hole in the glass substrate by separating the glass portion; wherein
a period to spray the 5 gas to the glass portion that is to be
separated is made shorter than a period froma tine when the gas
cones into contact with the region that is to becone the round hol e
to a ti mawhenthind sfepsd, pyraprayingat gas ancl dpphrivgtoece anrtdhenol e i s
separated fromthe glass substrate. [00141 10It is preferred that in

one aspegie®leridieulmndiraction figarguhbogostioa Hass wubsisepheata! Hitom the
magneti c di sk according to the present invention, in the third step,

a directifgskQuilRAIRL & BQ@OI%%%GHH'[H&@ i‘dx‘i&iﬂﬁ'?h@'r@ﬁﬁd%t{rﬁﬂ?e fk;,r?ass
downward 1 n a perpendi cul ar direction. is preferred tha

in one a f I r.at

egeti - i 8te b Ge %‘%@#Eﬂ}%‘éﬁ%@%%%ﬁ#*&?ﬁeﬁnﬁg% AT B SLHRY %qlfaﬁ’ g
causi e to reach.the ot ace f th

cobst Par as e St BRERdRainde Boerb e BTG shgreddhan a
portion that is to be separated fromthe gl ass substrate to becone

the round®Hare frop] adime when the gas cpmepantesophact Miththesogaen that is
t he manufacturing nmethod of a glass substrate for a nagnetic disk

accor di ngotlpedonae phesmmnd hebnté antinmd e heecting géa sppofticnddiatgsttoe

cut line to reach the other main surface of the glass substrate is a
step of dulonig thbaocghasbokoid s@inidial firénd thdglsapanbidted fromthe

gl ass substrate to becone the round hol e.
[0014]

10 It is preferred that in one aspect of the manufacturing method of a
glass substrate for a magnetic disk according to the present invention, in
the third step, a direction to separate the glass portion from the glass
substrate is downward in a perpendicular direction.

[0015]

15 It is preferred that in one aspect of the manufacturing method of a
glass substrate for a magnetic disk according to the present invention, the
second step of causing the cut line to reach the other main surface of the
glass substrate is a step of heating other portion excluding a glass portion
that is to be separated from the glass substrate to become the round hole.

20 [o016] |

It is preferred that in one aspect of the manufacturing method of a
glass substrate for a magnetic disk according to the present invention, the
second step of causing the cut line to reach the other main surface of the
glass substrate is a step of cooling the glass portion that is to be separated

25 from the glass substrate to become the round hole.

F20100049



8 [0017] It is preferred that in one aspect of the

manuf acturi ng nmethod of a glass substrate for a magnetic disk
according to the present invention, a gl&ss substrate is produced by
a float process. 5[0018] It is preferred that in one aspect of the
manuf acturi ng nethod of a glass substrate for a nmagnetic disk
according to the present invention, after the step of formng a round
hole in a glass substrate, a step of perform ng chanfering processing
is carri @0l on the glass substrate. 10[0019] Furt her nor e,
the magnetic disk of the present invention has at | east a magnetic

| ayer which i sltfierpeedesredativ®i in suef fqectfofahegl @an Wubsiriagenkohod of a
magneti c di sk that can be obtai ned by the above nmanufacturing nethod

of a gl asslasyhsiysdt£td By R BRSNSt Aifk Hecol@idg 65 PRé ks O AN &8RS a

t he I nvention] [0020] According to one aspect Of the present

| nvent i oy uheR RURCH] NGk RE B TPHORY iAUsiN1 @ pushing body to
Ch SRR By g e &

cone into contact w orce to a glass portion that is
to be§o rgund hole in a gl ass substrate, generation of chipping
can b rsﬁp?g’rlé sed at an edge face of a round hole by separating the

gl ass portion fromthe glass substrate so as_not to allow the pushing
body to protr u{felsfl?]@t}‘?’f'lf?él biafetn pEerRgIRct Addhe manufacturing method ofa

glass substrate for a magnetic disk according to the present invention,
after the step of forming a round hole in a glass substrate, a step of
performing chamfering processing is carried out on the glass substrate.
10 [0019]
Furthermore, the magnetic disk of the present invention has at least
a magnetic layer which is formed on a main suxface of a glass substrate for
a magnetic disk that can be obtained by the above manufacturing method
of a glass substrate for a magnetic disk.
15
[Technical Advantage of the Invention]
[0020]
According to one aspect of the present invention, when punching is
performed by causing a pushing body to come into contact with and apply
20 force to a glass portion that is to become a rqund hole in a glass substrate,
generation of chipping can be suppressed at an edge face of a round hole by
separating the glass portion from the glass substrate so as not to allow the

pushing body to protrude from the other main surface.

25  [Brief Description of the Drawings]
F20100049



25 [Brief Description of the Drawings] 9 [0021] FIG 1 is a draw ng
illustrating one exanple of formng a round hole in a glass substrate
according to an enbodi ment of the preserl invention. FIG 2 is a

drawing illustrating one exanple of formng a round hole 5 in a gl ass
substrate according to an enbodi nent of the present invention. FIG 3
Is a drawing illustrating one exanple of formng a round hole in a

gl ass substrate according to an enbodi nent of the present invention.
FIG 4 id082ddawing illustrating one exanple of forning a round hol e

by using a pushing body in which a bias nechanismis disposed in a

gl ass 10 substFHreldeeoddawing dllasteithagioienéxohpléef fsaaeng a round hole
invention. FIG 5 is a drawng illustrating one exanple of formng a

round holig Q?lé@s’ b 86 ade SRT 0P E: €0 aﬁse:ﬁ%laah&l@h% AGHR' ¥ ntAndRntion.

enbodi nent of the present invention. FIG is adramng illustrating

one exanpl e OfFﬂ}.@qgfaaﬁi'%iﬂg illustrating one example of forming a round hole
5 in a glass substrate according to an embodiment of the present:invention.

FIG. 3 is a drawing illustrating one example of forming a round hole
in a glass substrate according to an embodiment of the present invention.

FIG. 4 is a drawing illustrating one example of forming a round hole
by using a pushing body in which a bias mechanism is disposed in a glass

10  substrate according to an embodiment of the present invention.

FIG. 5 is a drawing illustrating one example of forming a round hole
by spraying a gas on a glass substrate according to an embodiment of the
present invention.

FIG. 6 is a drawing illustrating one example of a manufacturing

15 method of forming a glass substrate for a magnetic disk comprising a step
of forming a round hole in a glass substrate according to an embodiment of
the present invention.

FIG. 7 is a drawing illustrating one example of forming a round hole
by using a pushing body in which a bias mechanism is disposed in a glass

20 substrate according to an embodiment of the present invention.
FIG. 8 is a drawing illustrating a process of forming a round hole in

a glass substrate according to the prior art.

[Description of the Embodiments]

25  [0022]
F20100049



15 nmethod of form ng a glass substrate for a magnetic di sk conpri sing
a step of formng a round hole in a glass substrate according to an
enbodi ment of the present invention. 100 FIG 7 is a draw ng
illustrating one exanple of form ng a round hole by using a pushing
body in which a bias nmechanismis disposed in a glass 20 substrate
according to an enbodi nent of the present invention. FIG 8 is
a drawing illustrating a process of formng a round hole in a gl ass
substrat e accomiting feldowiveg pemdrodaments of theDeasenptinyansion wall be
Enbodi nents] 25[0022] 10 In the follow ng, enbodi ments of the
present idesenibeahbwiddinhed desirgd)achikingsdxagmgianyiotgs, Thiski dgsceriptions
exanpl es, etc. These descriptions exenplify the present invention and

they do nglerthpl¥fy thB§1266AE iRVehNiOn i LS Rby Y ABE 18RIt {He 8855 ¥E tROUt
sayi ng that any other enbodinments 5 can belong to the scope of the

present | Bt AR BRI 25 SRV IR YR UAD dbller 8BSl te

t he pres I nvent 1 on.
5 can belong to the scope of the present invention as far as they are

compatible with the objects of the present invention.
[0023]

The present inventor performed the process of forming a round hole
in a glass substrate. A cut line 202 that was to become a periphery bf a

10 glass portion 201 that was to be separated to become a round hole in a
glass substrate 200 and the glass substrate was kept horizontal. By
causing a pushing body 203 to come into contact with and to apply force to
the glass portion 201 to be separated in a perpendicular direction that is
substantially perpendicular to the main surface of the glass substrate, the

15 glass portion 201 was punched. The present inventor discovered that
chipping was easy to be generated at the edge face (inner peripheral edge
face) of a round hole 205 on the surface 212 opposite to the surface 211 on
which the pushing body 203 was caused to come into contact (refer to FIGS.
8(A)-(D)).

20 The present inventor performed furth_er studies and came to the
following conclusion. Since it was impossible to pressurize on a perfectly
middle point of the round hole to punch on account of a precision issue,
when the glass portion 201 that was to be separated to become the round
hole fell off by being pushed by the pushing body 203, the pushing body

25 pushed backward and tilted the round hole to fall off. The glass substrate
F20100049



The present inventor performed the process of formng a round hole in

a glass substrate. A cut line 202 that was to becone a periphery of a
10 gl ass portion 201 that was to be sepdiated to beconme a round hol e

in a glass substrate 200 and the gl ass substrate was kept horizontal.

By causing a pushing body 203 to cone into contact with and to apply
force to the glass portion 201 to be separated in a perpendi cul ar
direction that is substantially perpendicular to the main surface of

t he gl as®isiissround hale@ortioy that pastalkont2t falh ofp omstecihtoTdvamtact, while
present inventor discovered that chipping was easy to be generated at

t he edge it acas ¢ilbedr wids thbedge fadgeffthee)ownid holo@0d twithe 20 fose 2he of
surface 212 opposite to the surface 211 on which the pushing body 203

was causeaghet glaGeBuHIELtE PRE Ay énﬁf;ﬁhg_t»eaElgGﬁerﬁééﬁ:(D))- 20The
present inventor performed further "studies and cane to the foll ow ng

concl usi qpgogince it was inpossible to pressurize on a perfectly
m ddl e point of the round hole to punch on account of a precision

i when thg, gl tion 201 that to b ted.t

the.r8und hol o PEFEERTRE BV ARioRgeBERa LY ¥ ReR HhE s woty: Fostat s to
hi dy 25 pushed, backward and til h d pole to fall

01 The 51 Saeaclioa fapRionks We 11 baliH0IOG0 o PPEFERRE RRChIR of

to fall off came into contact, while it was tilted, with the edge

face of tthe glagadwuiteattoso dhat Iséreng feasd fotee vfas het gbatiedsitbthe atdege
t her eby chi pping was generated. [00241 5The present inventor |earned
t hat wherfatbefdhassoyat hiode, gdedratien b6 chéppepacatleddbé cuppressed he the
round hole fell off, by perform ng punching of the glass substrate so

that strqngehQredtiphef£iceARS fAQ fARREA ¢ the fhesadoniiage ofhbhgep Ynd

hol e, generation of chipping could be suppressed at the inner

peri pger abrRA44e 4 268nAUEYUn' & RS FLBSHaYRTEEAE stel)Sufil BB Rscribed
below by referencing FIG. 1 to 5. FIG. 1 illustrates the upper surface of
the glass substrate, and FIG. 2 to 5 illustrate the cut surface of the middle
portion of the glass substrate.
[0025]

15 First, a glass substrate 100 is prepared (refer to FIG. 1(A), FIG.
2(A)). The glass substrate 100 may be processed into a disk shape in
advance as illustrated in FIG. 1(A), or as illustrated in FIG. 6, may be
processed into a disk shape by forming a cut line 123 that is to become a
peripheral edge of a region 122 that is to become a disk shape in a sheet

20 glass substrate 121 and forming a cut line 125 that is to become a
peripheral edge of a glass portion 124 that is to become a round hole. The
former will be described below.

The above glass substrate is not limited in particﬁlar, however it is
preferred to use the one produced by a float process. As a type of glass,

25 for example, an aluminosilicate glass, soda lime glass, borosilicate glass,

F20100049



10 formng a round hole in a glass substrate (coring step) will be
descri bed below by referencing FIG 1 to 5. FIG 1 illustrates the
upper surface of the glass substrate, add FIG 2 to 5 illustrate the
cut surface of the mddle portion of the glass substrate. [00251
15First, a glass substrate 100 is prepared (refer to FIG 1(A), FIG
2(A)). The glass substrate 100 nmay be processed into a disk shape in
advance as illustrated in FIG 1(A), or as illustrated in FIG 6, my
be procesdagninim-magnsisigmapdopyof ¢hailblge masubeluseal. 12Bartigulandy tib is
beconme a peripheral edge of a region 122 that is to becone a disk
shape i n predbmeid 20 ugk ags abuladhosiiate klasd simrenitngrevidut d ghesldbstrate
that is to beconme a peripheral edge of a glass portion 124 that is to

become a fopunthdii@ic A€k bRESBENWIH |sbEot3aTEE] JTah DRI GW. suhiTecaBove

gl ass substrate 1s not limted in particular, however it is preferred

to use t rgﬂgt}pro dysedi i ra¢d | oat process. As a type of glass, 25
for exanple, an alumnosilicate glass, soda |line glass, borosilicate

gl ass 12 al upi num nesi.um al | ar .the Like.may ke ysed

Barti ularty (oS AORABHESRUNTREe e e i diereby ledS Gt Slasce 1
provides a gl ass substrate for a nagnetic_disk excellent in

snoot hne<LOTIAIRTE gh@ﬁ @él'ﬁf‘%@c@sén%a %tqﬁéﬁgﬁﬁz?bmaf%e%s Jﬁ%(tgr 8f 10 mags 3

al um nosilicate {;I ass, it is preferably nmade of a glass containing

Si 02: 58-N8:0adslymas¥Bas B pRminecpmppnendor 3xpmphss Purtla@more,13
mass % as a main conponent, for exanple. Furthernore, preferably it

i s an al pieforsdBliyciatie i ataminovllicitetdlassanpekidh tite ebnigwitgbass ils
Si 02: 62-75 mass % Al 208: 5-15 mass % Li20: 4-10 nmass % Na20: 10

4-12 massg1¥es 39$i18,082-P5 dds RSE1D:2%- 85 AL IRHROEM-102R8 sk RE, Na,O:
mass ratio of Na20/zr02 is 0.5-2.0, and the mass ratio of Al 203/ Zr02

i's 0'16' 2-%125%%%@%,”858’ %11(?%22?%615 tn?a%; "’/ergac{[ i aﬁBp‘f"%fa?ﬁiz%fﬂ?‘ :tﬁlgsmass

surfaces gl'ass subs e caused by I'ns | es
prefert ed §% BERLBGHET.CAI 8- S BE0Sd 2080 Y ALDIEIS, is 0.4-2.5.
Furthermore, in order to eliminate a protrusion on the surfaces of the
glass substrate caused by insolubles of ZrOg, it is preferred to use a
chemically strengthened glass or the like containing SiOz2 57-74%, ZrQsz 0-2.
15 8%, Alz03 3-15%, LiO2 7-16%, and Nas0O 4-14% in mole percent.
[0026]

Then, a cut line 102 that is to become a peripheral edge of a glass
portion 101 that is to become a round hole is formed on one of main
surfaces of the glass substrate 100 (refer to FIG. 1(B), FIG. 2(B)). The cut

20 line 102 is formed in a perpendicular direction that is substantially
perpendicular to the main surface of the glass substrate 100 (straight in a
direction of the sheet thickness of the glass substrate 100). Herein, the
perpendicular direction that is substantially perpendicular to the main

surface of the glass substrate 100 does not have to be completely

25 perpendicular (90°) to the surface of the sheet glass substrate 100, however
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15 8% Al 203 3-15% Li02 7-16% and Na20 4-14% in nol e percent.

[ 00261 Then, a cut line 102 that is to beconme a peripheral edge
of a glass portion 101 that is to becond3a round hole is formed on
one of main surfaces of the glass substrate 100 (refer to FIG 1(B),
FIG 2(3)). The cut 20 line 102 is formed in a perpendicul ar
direction that is substantially perpendicular to the main surface of
the glass substrate 100 (straight in a direction of the sheet

t hi cknessitas niedeypiessthatuthe aagle bedyeendhs maintminfecpand thd ant line
direction that is substantially perpendicular to the main surface of
t he gl assl@2ibfthatchebdRldoesubatrdtavild ds 76° aenpleatiet wndb90° or smaller.
per pendi cul ar (90) to the surface of the sheet glass substrate 100,

however, Hb%dver| st ﬁﬁﬁ?ﬂi&ﬁﬁﬂﬁ%ﬁref&&eﬂnﬂia& $188 WRBTe 1190 BicBafibE ifaElows
and the cut line 102. of the sheet glass substrate 100 is 75 or

5
greater angd, (1984 Ein tﬁ]%}’%\\%gﬁ’ofi éhdaﬁfé{‘?ﬁ%iaﬁ%ggii}éh?ﬁ Tl %cg%%tf%?é as

the angle 1s 90 because it a to reduce t I'nthe s

chanf eri ng_;and. pol.i shing_an,edge face syubsequent st.eps, il e.

Che s Rape ol SRR AN E Ve shBTR, e fof IRRCERT Do SUE iy djecctty
face of a glass substrate faqr rragrll’ﬁ;ic di§k. [00271 . . Her ei n,

if a shee’t‘s"gf a8 ahgdge dnse of papldcsuhsiaaty for 2 magnphistisk. i s used,

it has a surface (bottom surface) that canme into contact with nolten

10 tin and02%urface (top surface) opposite thereto. In order to form
the cut line 102 that is to becone a peripheral edge of the glass
portion 101 thHerein,tif abdcesteglalse latsevelateund nndh & urietd by apflefitpreckss is
to choose the bottom surface to nake a cut line since | ess chipping

i s gener ah &l iR A surPRRShdtRdhes Gttack) BRal Q@ h e ta®e vk molten

using a super hard cutter such as
10  tin and a surface (top surface) opposite thereto. In order to form the cut

line 102 that is to become a peripheral edge of the glass portion 101 that is
to become the above round hole, it is preferred to choose the bottom surface
to make a cut line since less chipping is generated therein.

[0028]

15 The cut line 102 can be formed by using a super hard cutter such as
a glass cutter, diamond cutter, etc. The cut line 102 is made to a region
halfway in the sheet glass substrate 100 from one of main surfaces.

[0029]
Then, the cut line is caused to reach the other main surface of the

20 glass substrate in a substantially perpendicular direction. The method
thereof is not particularly limited and the methods include a heating
method wherein the other portion excluding the glass portion that is to be
separated to become the round hole is heated to around 250-400°C (Tg or

smaller) by a heater such as an oven, etc., a cooling method wherein the
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a glass cutter, dianond cutter, etc. The cut line 102 is made to a
region halfway in the sheet glass substrate 100 fromone of main
surfaces. [00291 Then, the cut line is ddused to reach the other main
surface of the 20 gl ass substrate in a substantially perpendicul ar
direction. The nethod thereof is not particularly limted and the

met hods i nclude a heating nethod wherein the other portion excluding
the glass portion that is to be separated to becone the round hole is
heat ed t BlassmeatxB0than® tahemepanate @ity hpgomeatlae punddivlasisawoled by
oven, etc., a cooling nmethod wherein the 14 glass portion that is to
be separ & edolamtbscdimastdry icounte.hbdreeksmgdel ed by a cool ant such as
dry ice, etc., for exanple. [00301 Then, by causing the pushing body
103 to cdmpsipgito contact with and 5 to apply force to the gl ass
portion 101 that is to becone a round hole in the glass substrate 100

from one of tNERER! By WAEAEE LD LIRRRE AN T08 Pt TR68 (Bltalf%ich and

gl ass portion 101 1s" separa fromt Ss substrate, t

form g the. round hole 105 jn gl ass s trhate 10 refer to F .
10 S Rl 8§ ety o WL it bodenE i Sund el n the
101 that is to becone und hole_ ip the glass substrate 100 falls
of f, puncHAf§ %@S@@%Tﬁ@ T Qukef ﬁBetmélrpagﬁf%fgsaad@emsr%nmago

that the glass 104 to fall off does not strongly
irection, the glass portion 101 is separated from the glass substrate,

thereby forming the round hole 105 in glass substrate 100 (xefer to FIG.
1(C), FIG. 2(C)-FIG. 3(C)).
10 [0031]

Herein, when the glass portion 101 that is to become a round hole in
the glass substrate 100 falls off, punching is performed by causing the
pushing body 103 to move so that the glass 104 to fall off does not strongly
collide into the edge face of the round hole 105. Specifically, the glass

15 portion is separated from the glass substrate so as not to allow the pushing
body to protrude from the other main surface (FIG. 3(B)).
[0032]

More specifically, it is possible to make an amount of pushing the

glass portion 101 that is to become a round hole (distance which the

20  pushing body 103 applies force to the glass portion that is to be separated
in the perpendicular direction) by the pushing body smaller than the
thickness of the glass substrate 100 based on a time when the pushing
body 103 comes into contact with fhe glass portion 101 that is to become a
round hole in the glass substrate 100 (refer to FIG. 2(D)).

25 [0033]
F20100049



collide into the edge face of the round hole 105. Specifically,

t he

glass 15 portion is separated fromthe gl ass substrate so as not to
al | ow t he pushing body to protrude fromlfhe other main surface (FIG

3(B)). [00321 More specifically, it is possible to nake an

anount of pushing the glass portion 101 that is to becone a round

hol e (di stance which the 20 pushing body 103 applies force to the
glass portion that is to be separated in the perpendi cul ar direction)
by the pushi ngf'evéyasmmdel srthartharpushinghbak feggedfoftinen gh hvyinwins tarathe
100 based on a time when the pushing body 103 cones into contact with
t he gl asdikerisiusedld thégtushingddiyc 0@ te foonnd doainel hold hes5 gmslse glass
substrate 100 (refer to FIG 2(D)). 25[00331 15 For exanpl e,

when a pusitidigaban oD seithgoh thidknest! UM EpoNibld 8o b ke bh A$RAASto
t he pushing body 103 to forma round hole 105 on the gl ass substrate

100 havt it ¥ KGR slhad b RSPl 0o TBIIBN, YAy BT

t he pushi'n r to"0 <t for exanpl e,

er the's

o T S ket L B B 0 61 S e
FIG 3 . [00 A di [ ' [
L S50 90 et R e B o T 2R B o

101 t hat fO%Stﬁ becone a round

A distance which the pushing bar (pushing body 103) proceeds after

it comes into contact with the glass portion 101 that is to become a round

10 hole in the glass substrate 100 can be controlled by using a spring or the

like. For example, a bias mechanism is disposed to control movement of

the pushing body, and the amount that the pushing body pushes is

controlled by the bias mechanism. A case wherein the pushing body is

provided with the bias mechanism so as to perform punching will be

15 described below by referencing FIG. 4.

[0035]

First, the pushing body 103 is caused to come into contact with and

to apply force to the glass portion 101 that is to become a2 round hole in the

glass substrate 100 in which the cut line 102 is formed (refer to FIG. 4(A)).

20 The movement of the pushing body 103 is controlled by the bias

mechanism 107. In FIG. 4(A), bias force is applied to the pushing body

103 by the bias mechanism 107 in a pushing direction (in a direction

downward to the paper).

[0036]
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10 hole in the glass substrate 100 can be controlled by using a
spring or the |ike. For exanple, a bias nechanismis disposed to
control novement of the pushing body, anlé the anount that the pushing
body pushes is controlled by the bias nechanism A case wherein the
pushi ng body is provided with the bias nmechanismso as to perform
punching will be 15 described bel ow by referencing FIG 4. [00351
First, the pushing body 103 is caused to cone into contact with and
to apply forcéiftertthe phslsingbedy df31B1caused 16 comebadonmrdacbwmrith the
hole in the glass substrate 100 in which the cut line 102 is forned

(refer talebSpodtidn 1680 thiat istvdmmpmeb tdimdplshé g thedlatd3ubstrate 100,
controlled by the bias nechanism.107. In FIG 4(A), bias force is

applied tiiakhBradishbpe1RAM, 1193 pRhihe HIdgs10®¢hanbadhild difeion to a

pushing direction (in a direction dowward to the paper). [0036] 16

Arter NGy th AREY of Blshin FRHSEL b ROTREN! Oq%e{lteg?%ﬁrgg&s}fﬂeﬁ bg

gl ass portion cone round hol'e in

b 100, bi for i ied to.the, pushi 03 i .
pushi R cierebepaheTeraihed e A ahBL At Bn Bt h g { Rekorthegbiechcthanism

4(B)) . Thereaft?r, when it 5 reaches a prescribed ampunt of pushing

"t (0 <t1Q7 pppliegbigsdoree tadhe st REhAY d93maa dipectéon gppreite to the
pushi ng body 103 in a direction opposite to the pushing direction (in

a dir ect imosshipgadidettiom tihea dinsation npfard from Ghesgag)or) (Tefes toolES.

t he pushing body 103 in a direction opposite to the pushing

directi ond(GAhd Thes ghasss ploe phehidd body 1Y éd 4 ditdeeiqueppogitdGo the
direction by the force applied to the pushing body 103, thereby the

245 13, ATt U goRGoRON | nidR o grtste
bi as jpor Ctﬁl@&ﬁl)hed%r tRe ¥8ce applied to the pushing body 103, thereby the pushing
body 103 does not come into contact with the glass portion 101 (refer to
FIG. 4(D)).
[0037]
As described above, by reversing the bias force applied to the
15 pushing body 103, during a period from a time when the pushing body 103
comes into contact with the glass portion 101 that is to become a round
hole in the glass substrate 100 to a time when the glass portion 101 that is
to become a round hole falls out, it is possible to make the force that the
pushing body 103 applies to the glass portion 101 that is to become a round
20  hole zero (0) at a til'ne when the glass portion 101 that is to become a round
hole falls out. As described above, a spring or the like may be used as the
bias mechanism 107.
[0038]

Furthermore, as described above, when the glass portion 101 that is

25 to become a round hole in the glass substrate is about to fall out, instead of
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15 pushing body 103, during a period froma tinme when the pushing

body 103 conmes into contact wth the glass portion 101 that is to
becone a round hole in the glass substrdt’e 100 to a tine when the

gl ass portion 101 that is to becone a round hole falls out, it is
possible to make the force that the pushing body 103 applies to the

gl ass portion 101 that is to becone a round 20 hole zero (0) at a

time when the glass portion_ 101 that is to becone a round hole falls
out. As deeangimedthdmvaring divectignorf theepnphingrhpdpel Q& eripasitete ®i as
mechani sm 107. [00381 Furthernore, as described above,

when t he dirastiopaint wivich Ghet glassipormn d0babands &orlmdudal woumd hoée falls
gl ass substrate is about to fall out, instead of 17 changing the

novi ng di gektit 98 aRted fibloUnha dihshadyint itk 99RBAL tBetHads Poreldd P01 itRat is
whi ch the glass portion 101 that is to becone a round hole falls out,

{hat st RERe £roEhy °ﬁ§|f"é‘“?f;‘f‘?%ﬁ§%’¥f@§‘2’feé¢‘§sl?%‘? A
LA (D)) . .hi
B e e EERE LgReB e P FARSTO0 AT 1A iatahe at Potimle RRR the

falls out (refer o Fl 7(C)), the bias nechanis 07 is, contro d
so that tHESSRMEHR ngﬁhfé‘ésome%e%e@owm@@ll%?ﬁfla&uw@ I’t%ﬂa-
gl ass por 81%8 101 that is to becone a round hole in the glass

subst r at e/ 409, thepiosgieqhaniner ABds centaoled vodthad deupushine padhi P
body 103 to cone into contact with and to apply force to the gl ass
portion lddes hat comet imtbemortach wivhridhehglaesiportivn dDashagulsstorld@me a
100, it is acceptable to use a nethod to spray a gas such as air or
the Iike fha{@hol®ifrtES. glacdsubBtratel DHO401 Wien punching is
performed by spraying a gas 106 such as air or the like so as to
pressyri zpgeg 9l ass substrate 100, at a time when the glass portion
101 that is to becone a round hole falls out (refer to FIG 5(CQC)),

the gas 106 i spofh SBEEYEhe @ hBBhoH 85 2aREE he b dMhinldBha) 20e 65T

into contact with and to apply force to the glass portion 101 that is to

become a round hole in the glass substrate 100, it is acceptable to use a

method to spray a gas such as air or the like (refer to FIGS. 5(A)-(D)).
15 [0040]

When punching is performed by spraying a gas 106 such as air or the
like so as to pressurize the glass substrate 100, at a time when the glass
portion 101 that is to become a round hole falls out (refer to FIG. 5(C)), the
gas 106 is not sprayed to the glass portion 101 that is to become a round

20 hole in the glass substrate 100 {(at a time when the glass portion is
separated, the force applied by the gas 106 to the glass portion 101 that is
to become a round hole is zero (0)).
[0041]
For this purpose, a period to spray the gas 106 to the glass portion

25 101 that is to become a round hole needs to be controlled. Specifically, it
F20100049



20 hole in the glass substrate 100 (at a tinme when the glass portion
is separated, the force applied by the gas 106 to the glass portion
101 that is to becone a round hole is zdSo (0)). [0041]

For this purpose, a period to spray the gas 106 to the glass portion
25101 that is to becone a round hol e needs to be controll ed.
Specifically, it 18 is achieved by nmaking a period to spray the gas
106 to the glass portion 101 that is to becone a round hole shorter
than a pesiathitvethhy makingheperind tpsayay thasga0s06itoshecginss nartion
contact with) the glass portion 101 that is to becone a round hole to
a time wheEn thet g as bepontd anrol@dtl hbht shertertthanes greeied fromda bithe when
falls out. It is acceptable to spray the gas 106 only to the gl ass

portion lihke §hetyddgh 10BCRIR @ohRNhtBQloRthBt WiEhDtRS $184pbiAbR 101
100, or to a wide range of the glass substrate 100 including the

gl ass pordy Q11 Ehahe 5,6 8HA Eﬂﬂ@%ﬂ@ﬂ%e&g&%ﬁ@holz%ﬁ 101 that is
that 1s to

. 0
descri bed above, at a tlrre%en tgg Sa[ass portion

pehavs o RaoRRe ToFad hall ErIBtEL R AEn BRI BT apntos only

behavé s
glass portign 101 that .is tqo heconme a round hole in the glass

subst r at 016 plasscPdion 191 that 1o B?ﬁ%@eﬁbrwaﬁq&@f inphe glasso
beconme a round hole is punched 15 straight in a perpendicul ar

di rect i orsubdngte ABOcar thimwidexanpei of threglarssswhstoate 10Oancluding the
frombeing applied to the edge face of the round hole 105 when the

gl ass porgliasa pbtidma61ithattdshedoemnae moxmchdblode fal | s out, thereby
generation of chipping can be suppressed at the edge face of the

round hol[@ok®@$. 20 [ 00431 Furthernore, according to the present
enbodi nent, as descri bed above, when punching is perforned by causing

th hi b . ' i .
Substiate 100 ) (o arbedrae,ce RERPOY ettt PR R o Pacmat g to

085  SUBAE ot Rl AFUEEE Db oS P benave
| so that the force which the pushing body 108 applies to the glass portion
101 that is to become a round hole in the glass substrate 100 is to be zero
(0), the glass portion 101 that is to become a round hole is punched
15 straight in a perpendicular direction along the cut line 102. This prevents
strong local force from being applied to the edge face of the round hole 105
when the glass portion 101 that is to become a round hole falls out, thereby
generation of chipping can be suppressed at the edge face of the round hole
105.
20 [0043]
Furthermore, according to the present embodiment, as described
above, when punching is performed by causing the pushing body 103 to
come into contact with the sheet glass substrate 100, it is preferred to

perform it while heating the sheet glass substrate 100. In this case, in

25 order to heat the glass substrate 100, it is preferred to selectively heat
20100049



19 mainly the outside of the glass portion 101 that is to becone a
round hole. This creates a difference in thermal expansion between
the glass portion 101 to be punched and ¥®he other portion of the

gl ass, thereby glass portion 101 that is to becone a round hole can
be punched wi t hout pushing the 5 pushing body 103 nore than necessary
in order to perform punching. [0044] Bel ow, the above nethod

w Il be used to describe the manufacturing nmethod of a gl ass

subst r at emadnlinthegndside of the glasnportienul{tl thhbisntelbepeme a round hole.
manuf acturi ng nmethod of a nmagnetic disk using the glass substrate for
10 a magrBhicceriatksisandiffémidce ithéhandeal eapapsimebstwees thet glaissigo@dion
to the followi ng description, and it can be changed accordingly.

[0045] (110Mabayd phinPhegessl fle StREr bortid® SRS bPlsDiREBSSY Bla st BBrtion
a glass material (1 mm of thickness) 15 produced by a float process

i's cut soj@p +hat Q%M cpifeh hoHPSLA Hefpdadhl 8 it iBUE Pulshifi the
?llsb%? G%ﬁ.A% e? ar}ﬁy

pi ece of magnetic glass Ts not particu

l'imted, however n m nosklicate glass. is preferred. It is,.
possi B & RO hoff 200 MshB et B Eo sV 5s! Sulirielhbibapbpynthing
mass % Lf'péO: 3-10 mass % Na20: 4-13 mass % as a nmain conponent, for
exanpl e. 414]a fl oat manufacturing nethod, a surface in contact with
tin, which is a nolten netal, is called a bottom surface, while a
surface faci ngBehivs, Buot abave mmé e mdllche vsddtot dgscgibd bise magofsituring
First, the bottomsurface is selected fromthe both surfaces of the
method of a glass substrate for a magnetic disk having a round hole and

the manufacturing method of a magnetic disk using the glass substrate for
10 a magnetic disk in detail. The order of processes is not limited to the
following description, and it can be changed accordingly.
[0045]
(1) Material processing step
In the material processing step, a glass material (1 mm of thickness)
15 produced by a float process is cut so as to form a sheet glass substrate 121
tha;t constitutes a piecekof magnetic disk (FIG. 6(A)). A glass is not
particularly limited, however, an aluminosilicate glass is preferred. It is
possible to use a glass containing SiOsz: 58-75 mass %, AlaO3: 5-23 mass %,
LizO: 3-10 mass %, Naz20: 4-13 mass % as a main component, for example.
20 In a float manufacturing method, a surface in contact with tin, which
is a molten metal, is called a bottom surface, while a surface facing this
bottom surface is called a top surface.
[0046]
First, the bottom surface is selected from the both surfaces of the

25 sheet float glass material prepared, and a diamond cutter is pressed to the
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25 sheet float glass material prepared, and a dianond cutter is
pressed to the 20 bottomsurface so as to forma cut line 123. In
the step of formng the cut line, it wadldeci ded not to cause the cut
line 123 to reach the top surface that was a facing surface.
Specifically, by setting the force to push the knife of the cutter so
5 that the depth is 50% of the thickness of the sheet, the cut |ine
Is fornmed. [00471 Then, the glass material on which the cut

| i ne 123 hattenr sprface sopas to dormirgutdinad280 daudee stapsoffarmingthe cut
nove fromthe bottomsurface to the top surface which is the facing
surface tlineuit whe deicadsd slodeb dantse thesqutlimelD28 hapeacBytHeoton sariace
plurality of cut lines 123, nultiple square glass sheets can be

produced fHanvape &haak afrfgtaiss material . As descri bed above,
mul tiple glass sheets are produced from one sheet of glass material.

The sheet gl asspqiieruesd ﬂyssl%tiﬂgggélg?&?gg@ﬂ phane ki of e AWrdo

| ength of 50 to 100" mMm I ng-out step

GULT1 80l 5Paoh 5808 o8 8RR PLE I Ry R ERE B G oa.

the disc |.ass substrate. A specific exanple of the cutting-out
step wi escri bed bel ow.
11068730 descri bed bel [ 0049]

Then, the glass material on which the cut line 123 is formed is split
and bent so as to cause this cut line to move from the bottom surface to the
top surface which is the facing surface to cut the glass sheet into a square

10 shape. By forming a plurality of cut lines 123, multiple square glass
sheets can be produced from one sheet of glass material.

As described above, multiple glass sheets are produced from one
sheet of glass material. The sheet glass produced is in a rectangle shape
with a width and a length of 50 mm to 100 mm.,

15 [0048]
(2) Cutting-out step

In the cutting-out step, the sheet glass substrate 121 is processed
into a discal glass substrate and a round hole is formed in the center of the
discal glass substrate. A specific example of the cutting-out step will be

20  described below.
[0049]

First, a diamond cutter is used on the bottom surface of the sheet
glass substrate 121 to form a cut line 123 which becomes a peripheral edge
at an outer periphery of a region that is to become a glass substrate for a

25 magnetic disk and a cut line 125 which becomes a peripheral edge of a

F20100049



First, a dianond cutter is used on the bottom surface of the sheet

gl ass substrate 121 to forma cut line 123 which becones a peri pheral
edge at an outer periphery of a region that is to becone a gl ass
substrate for a 25 magnetic disk and a cut |ine 125 which becones a
peri pheral edge of a 21 glass portion 124 that is to becone a round
hole (refer to FIG 6(B)). Then, on the sheet glass substrate 121, by
sel ectively heating a region which is |ocated outside of the cut |ine

123 that diaskQdReeie2a theniiBhe dcotsldd fRfuddhole (eder t8UFRY. $23)). @ Then,
di scal glass substrate 126 is taken out fromthe 5 sheet gl ass

substrat &1 2fl¢ (HREE148s I's:%xﬁstx%(tgg?zl %ﬁ&%ﬁc@%ﬁ%}% g:i% ﬁsxsegﬁHHs&B Hig

126 has a certaln size, can tdk rmng the heatlng
process. |.t, i s. preferred t.the angl e between.the pmai

B face” drastatonttide; FBOsh 5 0% map T fctofn ArsabASaT efee of
or grater _ang. 90 or smaller, 10 and particularly 90 is _nost

pr ef er r edhiq 8%@} region 123nadisg gﬁ%ﬂbﬁaﬁ%gﬁﬁtﬁaﬁe@ qu fram ey
horizontal |y and the region outside of the cut line 125 that is to
becomd t rehgsdrglphesabsetafe 21 (refeyltasElGop{CHn Bimce Hhe discabghrssome
a round hole is selectively heated. 15 Al so, by causing the pushing
body to carbstratol26riach owirthirasitet ot applhe taotae oun by perfoendnguilar
direction that is substantially perpendicular to the main surface,

parti cul %é%iﬁ?\gﬁ%ég&i n the perpendicular direction, toward the
gl ass portion 124 that is to becone a round hole in the discal glass

substrate 126,Ittig311%lféﬁ%c€ﬂ{£ﬂ Ple %%%1{3 g%%wieﬁﬁétgme?gﬁﬁﬁesﬁfﬁc%‘ '&glélhﬁ%ﬁegut

in 20 the discal ass substrate punc orma roun

127 (refer_t I 6 .. Sknce the gla portion 124 that Js.50

becone a WBEI%E] U ShbnhEATS suPSudRa% LR Th Beidatt g Sne e smaller,
process, an pun_ch'in iﬁ performed by using the pushing body. Wen

the ¢ assangPtaiTB‘r?u? Vi PQt 1§ wass meddiReda round hole is punched, as
descri bed above, the glass portion is 25 separated fromthe gl ass
substrat d08804s not to all ow the pushing body to

Then, the discal glass substrate 126 is held horizontally and the
region outside of the cut line 125 that is to become the peripheral edge of
the glass portion 124 that is to become a round hole is selectively heated.

15 Also, by causing the pushing body to come into contact with and to apply
force in a perpendicular direction that is substantially perpendicular to the
main surface, particularly downward in the perpendicular direction,
toward the glass portion 124 that is to become a round hole in the discal
glass substrate 126, the glass portion 124 that is to become a round hole in

20 the discal glass substrate 126 is punched to form a round hole 127 (refer to
FIG. 6(D)). Since the glass portion 124- that is to become a round hole is
small in size, it is subjected to the heating process, and punching is
performed by using the pushing body. When the glass portion 124 that is
to become a round hole is punched, as described above, the glass portion is

25 separated from the glass substrate so as not to allow the pushing body to
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22 protrude fromthe other main surface. This prevents strong |ocal
force frombeing applied to the edge face of the round hole 127 when
the glass portion 124 that is to beconesa round hole falls out,

t hereby generation of chipping can be suppressed at the edge face of
the round hole 127. 5[ 00511 (3) First grinding (lapping) step

In the first |apping step, the main surface of the discal glass
substrate 126 is subjected to lapping so as to trimthe shape of the

surface gfroiped8!Bem GHDStRAL & ARG diFads] UTthik heelbBhekBeShPlodaMForce
sheet. The first 10 | apping step can be carried out using a

doubl e- si i ndi achi ' I { S

wih the o BpdFLRALTR D% BB HLPDETHE RN QTRT JRERV, gy

| apping is carri ut, by essi ng | appi surf.ace plates onto the
bor b our kb Ak e 8t b e SRR JRus HhbE e tReeeey Bemeroaen of
surfaces, ;supplying a grinding fluid contajning the free_ 15 abrasive
grai ns orffBPPHeE faPPS SHPRERSSSSt at ke fidgestacq it e rounddode| 12T vel y
noving themto each other. By this |apping, the discal glass

subst pat 400881 havi ng smooth main surfaces can be obtained. [00521

(4) Chanfering step (chanfered surface formng step) to form

chanf er ed32FFisstr EeierEngt (lapphig)psyeippher al edge face and i nner
peri pheral edge face (round hol e edge face) In the chanfering

step, chanferimgihé rEt hpHim bt dendinCAlrfabess thURBLEAL 81a536-
Specifically, grinding is applied to the inner peripheral edge face

o ot TS 28 £ 0110 LIRS PRE oD ER B o

of the glass substrate and to adjust the thickness of the sheet. The first

10 lapping step can be carried out using a double-sided grinding machine
employing a planetary gear mechanism with the use of alumina-based free
abrasive grains. Specifically, the lapping is carried out by pressing lapping
surface plates onto the both surfaces of the discal glass substrate from the
upper and lower surfaces, supplying a grinding fluid containing the free

15 abrasive grains onto the main surfaces of the glass substrate, and
relatively moving them to each other. By this lapping, the discal glass
substrate 126 having smooth main surfaces can be obtained.
[0052]
(4) Chamfering step (chamfered surface forming step) to form chamfered

20 surfaces at outer peripheral edge face and inner peripheral edge face
(round hole edge face)

In the chamfering step, chamfering is carried out on the discal glass

substrate 126. Specifically, grinding is applied to the inner peripheral

edge face and outer peripheral edge face using diamond grindstones,

25 thereby carrying out predetermined chamfering on the glass substrate.
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According to the present enbodinent, in the above cutting-out step,
since the edge faces of the round hole are in substantially
per pendi cul ar direction to the main surfgces of the glass substrate,
and chi pping of the round hole can be reduced, it becones possible to
sinplify the chanfering 5step. [0053] (5) Second | apping step In the
second | apping step, the second |lapping is applied to the both
surfaces of the glass substrate obtained. By performng this second
10 | appi NQc&hrB8Png ftbN@é }Ef@&&'ﬂtaérhbbéy?m%ﬁ%,”ﬁﬂﬂé‘ a%'&%er}ﬁit@ir%%fﬁ%%ép%ince
the glass substrate in the cutting-out step as a previous step can be
renoved. n i 0SS ] t ent
£He é%%#?és‘%é Jof the PSﬁBW%lgoaﬁt% ﬁ %L&Iah%gc’fgielg (Pﬁeé%le%‘dt*?&?&‘f

mai n surface ing step rn a appi ng step

can be cajried oyt simlarly to the ove firs appi ng by .usi.n

Goubl - < ietegrR i iy e R e L5 EB 5155 SBb SHERr § Agedpping ot the
mechani sm [00541 (6) Edge face polishing ste . In the edge face
pol i shi ng‘oytnélphole%@a%lhee?e%}m%ﬁérbﬁcoect?g‘:ep?%ségleam simpéidy phei Yranfering
edge face of the glass substrate are mrror-polished by a 20 brush

pol i shi ngtept hod. For this purpose, as polishing abrasive grains, a
slurry (free abrasive grains) containing ceriumoxide abrasive grains
can be uded53By this edge face polishing step, the edge faces of the
gl ass substrates are finished to a mrror surface state which can

prevent t(8¥ S3eEHANAPRAgAepodi um and potassi um 25[ 00551

In the second lapping step, the second lapping is applied to the both
surfaces of the glass substrate obtained. By performing this second
10 lapping step, fine irregularities formed on the main surfaces of the glass
substrate in the cutting-out step as a previous step can be removed.
Consequently, it becomes possible to complete a subsequent main surface
polishing step in a short time. The second lapping step can be carried out
similarly to the above first lapping by using a double-sided grinding
15 machine employing a planetary gear mechanism.
[0054]
(6) Edge face polishing step
In the edge face polishing step, the outer peripheral edge face and
inner peripheral edge face of the glass substrate are mirror-polished by a
20  brush polishing method. For this purpose, as polishing abrasive grains, a
slurry (free abrasive grains) containing cerium oxide abrasive grains can
be used. By this edge face polishing step, the edge faces of the glass
substrates are filj.ished to a mirror surface state which can prevent the
segregation of sodium and potassium.

25 [0055]
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24 (7) Main surface polishing step (first polishing step) The
first polishing step is first carried out as a main surface polishing
step. This first polishing step mainly ayns to renove cracks or
strains remaining on the both main surfaces during the foregoing

| apping 5 step. In this first polishing step, the both main surfaces
are polished with a doubl e-sided polishing nmachine having a pl anetary
gear nmechanismalong with the use of a hard resin polisher. Cerium

oxi de abr(g} lMﬁugeaifﬁewlmﬂgs%pa&&mq%mﬁtﬁl@gswnt Further nore,

the gl ass substrate subj ected to the first polishing step is

pref er abl y Waﬁf'ﬁ’&'ﬁ 3’0315%‘?*4% cf%gppoltﬂesﬁeéa%{ﬁd RH68 A i sﬁfﬁ’cea c.

[ 00561 i ng rach I'ne, a pair

abr asi ve cliothes (.abra of,.a hard resi n_poli.she can_be us

by ot t ACHEHG TR B P R B0k o1 Sedyp Biinlt vl »SRPy B aSke or
pl at es. In t hi s doubl e-si de ol i shi ng machine, the g] ass )
subst r at St malwmgﬁ%@#éo mainaifpees daring thadaregringdapping
upper and | ower surface plates, and the both nmain surfaces of the

gl assSsuls$epat dncdvis firssadlivhia gostepotha dp ahemedn sonfiacts ahe pofisbed with
and | ower surface plates. [00571 20 (8) Chem cal strength step

I n the chedbable-sideshgblishiep madieinehkavned hyplaneenty Behr enédeabisns
applied by dipping the glass substrate in a chemcally strength

sol uti on.alffgawihethE alse YErLAALHR r‘é@h&'beiEh'éi*ed}efrﬂimC&ﬁ@e%la?stﬁ@%‘i}hfhs
for exanple, a m xed solution of potassiumnitrate (60 W% and

Sod um nijha sl (40144 RBEENE A HReC FJmeffme%hesgtlasggh%shsate

per forme ting t
subjected to the first polishing step is preferably washed with a neutral

10 detergent, pure water, IPA, etc.
[0056]
As the double-sided polishing machine, a pair of abrasive clothes
(abrasive pad of a hard resin polisher) can be used by attaching to the
main surfaces of the upper and lower surface plates. In this double-sided
15 polishing machine, the glass substrate is placed between the abrasive
clothes attached to the upper and lower surface plates, and the both main
surfaces of the glass substrate can be polished by moving one or both of the
upper and lower surface plates.
[0057]
20 (8) Chemical strength step
In the chemical strength step, the chemically strength treatment is
applied by dipping the glass substrate in a chemically strength solution.
As a chemical strength solution used for chemical strength, for example, a
mixed solution of potassium nitrate (60 wt%) and sodium nitrate (40 wt%)

25 can be used. The chemical strength is performed by heating the chemical
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25 strength solution to 300C to 400C and preheating the gl ass
substrate already cleaned to 200C to 300C, then dipping the substrate
in the chemcal strength solution for thsee hours to four hours. It
is preferable that this dipping is performed in a state that plural

gl ass substrates are 5 held at the edge faces in a holder so that the
whol e surfaces of the glass substrates are chem cally strengthened.

[ 00581 Lithiumand sodiumions in the surface |layer of the gl ass

substrat %%ré‘ﬁgtli 85 PeEbh 8! 30D ut)m@caﬂr/]& PEeE@QﬁH@ g RRLASH H P te

ions having 10 relatively larger radii i e chemcal strength

sol ution by f ] I pi t £ ' t. th
ol Ut on T HCRRY STEAbAD R MEE! RsbOE RE! diibiiEek SbERatR b |
The chem gal | t rengt hened gl ags substrates ar shed wi;th pur
wter 1 SRl SRR B ToA R BERG hOUES APt T 19t o Byt Tyble
Mai n surface palishing step (final . polishing step) The second
pol i shi nd tetgnﬁ dippimg %PGHEOT%G%Wi%%ﬂatﬁd]%astri?%aé #dpss spbsizstenare
polishing step is a step aimng to finish the both main surfaces to
mrrob-| %k@ldsﬂﬁ the edgelfacehén sebolderpul tlsat blye stlaple sundabes bf the glass
surfaces are mrror-polished with a doubl e-sided polishing machi ne
havi ng a silatedrsyageahendchdnistmegidnches.t h the use of a soft

foam ng resin polisher. Cerium oxide abrasive grains, colloidal
silica or[gprg]l i ke finer than the cerium oxide abrasive grains used
in the first polishing step may be used as a slurry. In this final

polishing step, b, 20N A% R EhPH the surface layer of the glass substrates

are respectively substituted with sodium and potassium ions having

10  relatively larger radii in the chemical strength solution by performing a
dipping treatment in the chemical strength solution in this way, thereby
the glass substrates are strengthened. The chemically strengthened glass
substrates are washed with pure water, IPA or the like after washed with
sulfuric acid.

15 [0059]
(9) Main surface polishing step {final polishing step)

The second polishing step is carried out as a final polishing step.

The second polishing step is a step aiming to finish the both main éurfaces
to mirror-like surfaces. In the second polishing step, the both main

20 surfaces are mirror-polished with a double-sided polishing machine having
a planetary gear mechanism along with the use of a soft foaming resin
polisher. Cerium oxide abrasive grains, colloidal silica or the like finer
than the cerium oxide abrasive grains used in the first polishing step may

be used as a slurry. In this final polishing step, it can be carried out

F20100049



26 simlarly to the above first polishing step by using a

doubl e- si ded pol i shing machi ne enpl oyi ng a planetary gear nechani sm

[ 00601 (10) Step for produci ng magnei ¢ di sks (recordi ng | ayer

and the like 5 form ng step) Per pendi cul ar magnetic recordi ng

di sks can be produced by filmform ng, for exanple, an adhesion

| ayer, a soft magnetic |ayer, a nonmagnetic underl ayer, a

per pendi cul ar magnetic recording |ayer, a protective |ayer, and a

| ubri cat idignill 8¥1§" ts BRI aRbYAIA 36t POl nef stepehFRistn d 4 §SHPRCEMN A péhiShing
gl ass substrate obtai ned through the foregoing steps. C alloys ‘and

CoTazr orBooni EvIPERIA TEIAILA SOThEbR M D Sl

consti tuwo@g t]he soft magnetic |ayer. A granular nonmagnetic |ayer
and so o 9 be nmentioned as the nonmagneti ¢ underl ayer. A granul ar
15 magnetjc.l ayer and so on can be nentioned as the perpendi.cul ar
magnet i c w&ﬁtﬁpn@rjwmwd%g@ﬂa@&d%a Beses dang lagenandathebike
mentioned as naterials constituting a protective |ayer. Fluorine
resi n§ arfersungrstead be nentioned as materials constituting the

| ubrication |ayer. For exanple, these recording |layers and the |ike

can be forned Pergstiealdr atdgryethy récdringHikkEdangbapradhesd &y finer
of CrTi, a soft nmagnetic |ayer of CoTaZr/Ru/ CoTaZr, a nonmagnetic

granul ar _fé@ﬂﬂh%?!@f eRhnfgaer &hoa?dh@sighqagbﬁ,r a"RINeld EndBY Bay &, a
CoCr Pt - Si 02Ti 02, and a hydrogenated carbon protective |ayer

e S eI RN A 0 o

filmformng a“pertl uoropol’y ricating lrayer

25 on t hepl%ltggtslvgqgfrte{',azggd a lubricating layer sequentially on one of the main

10 surfaces of the glass substrate obtained through the foregoing steps. Cr
alloys and so on can be mentioned as materials constituting the adhesion
layer. CoTaZr group alloys and so on can be mentioned as materials
constituting the soft magnetic layer. A granular nonmagnetic layer and
so on can be mentioned as the nonmagnetic underlayer. A granular

15 magnetic layer and so on can be mentioned as the perpendicular magnetic
recording layer. Hydrogenated carbons and so on can be mentioned as
materials constituting a protective layer. Fluorine resins and so on can
be mentioned as materials constituting the lubrication layer. For example,
these recording layers and the like can be formed more specifically by film-

20 forming an adhesion layer of CrTi, a soft magnetic 12;.3761‘ of
CoTaZy/Ru/CoTaZr, a nonmagnetic granular underlayer of CoCrSiOs, a
granular magnetic layer of CoCrPt-SiO2+TiOg2, and a hydrogenated carbon
protective layer sequentially with an in-line type sputtering apparatus and
then film-forming a perfluoropolyether lubricating layer by dipping method

25 on the glass substrate.
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27 [0061] Next, exanples perforned for making clear the effects
of the present invention will be described. [00621 5 (Exanple 1) (1)
Mat eri al processing step A di anon@7cutter was pushed onto the
bottom surface of a glass base material (1 mm of thickness) produced
by the float process so as to forma cut line. A rectangle-like sheet
gl ass substrate of 70 mm x 70 mm was 10 produced by splitting and
bending it. As the glass material, alumnosilicate gl ass was used
wherein J0081]158 wt % -75 wt %, Al203: 5w %-23 wt , Li20: 3w %
-10 wt %, and Na20: 4 wt %-13 wt % were contained as the main

conponents. [ QQE3Y edurhpledHEI R PorSheiking cleaMehb o fFdl8s HratRNGresent

cutter was used onto the bottom surface of the sheet glass substrate

121 so asmkrgng%rmncy%dbg&q 343 that was to become a peripheral edge
face at an outer periphery OP a'region 122 that was to becone a gl ass

substrate[ fg? a magnetic disk and a cut line 125 which was 20 to
becone a 89 T E)her al edge face of a region 124 that was to becone a
round hole (refer to FIG 6(B)). Then, by selectively heating a
regi oA i AE®@Bled! gl ass substrate, that was | ocated outside the cut
line that was to becone a discal peripheral edge face of the region,
to 250C Wil) Matdreal processiingaitenl ass substrate 126 was taken out from
the sheet glass substrate 25(refer to FIG 6(Q)).
A diamond cutter was pushed onto the bottom surface of a glass base
material (1 mm of thickness) produced by the float process so as to form a
cut line. A rectangle-like sheet glass substrate of 70 mm x 70 mm was
10  produced by splitting and bending it. As the glass material,
aluminosilicate glass was used wherein SiOg: 58 wt % -75 wt % , Al2O3: 5
wt % -23 wt % , LiaO® 3 wt % -10 wt % , and Na20: 4 wt % -13 wt % were
contained as the main components.
[0063]
15  (2) Cutting-out step
Next, the diamond cutter was used onto the bottom surface of the
sheet glass substrate 121 so as to form a cut line 128 that was to become a
peripheral edge face at an outer periphery of a region 122 that was to
become a glass substrate for a magnetic disk and a cut line 125 which was
20  to become a peripheral edge face of a region 124 that was to become a
round hole (refer to FIG. 6(B)). Then, by selectively heating a region in
the sheet glass substrate, that was located outside the cut line that was to
become a discal peripheral edge face of the region, to 250°C with a heater a

discal glass substrate 126 was taken out from the sheet glass substrate

25 (refer to FIG. 6(C)).
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28 Herein, the angle between the bottom surface and cut |ine
102 of the sheet glass substrate was set to 900 . [00641 Then, on the
di scal gl ass substrate 126, the region Qgtside the cut 5 line 125
that was to becone the peripheral edge face of the glass portion 124
that was to become a round hole was selectively heated to 250C with a
heater. Al so, by causing the pushing body to cone into contact with
and to apply force to the glass portion 124 that was to becone a

round hol e in HBfeish, $8alaglasetidtst thé ®otffn dli¥asd ansl AF linen AL 4f the
that was to become a 10 round hole in the discal glass substrate 126

was puncr},qgeettcglggg @h%sﬁﬂi’c@%ﬁ@'s%t dlggrefer to FIG 6W). The

regi on which was to becone a round hol € was punched by using an iron
part havH@962 point in a conical shape as the pushing body, wherein
pressure Jound 4.0 Kgf was applied to the region which was to 15
becone a round,hole at.a tinme when it was cqontacied with. By using a
spring (UHL6- 20R¢R: @ihfisey! Masoviukerpts 126 the Torien puikids G <t
a tinme when the glass portion was_about to be punched fromthe top
surfaée dime ,12t5halaﬁu‘§ﬁ’ﬁrfg hrapmedbe rnﬁl‘lﬁhﬁbﬂ/le@i)g%f%ﬁeo@f thie glasmperfdon

other main surface side (at a tine when the glass portion was about
to be 20 X:shthadwiasotn bheomer somhddmlsivas stheetivorly cheagtpd ®d250°C keth a
pushi ng body to the glass portion that is to becone a round hol e was

set to zaidute®)) Alb@pﬁﬁbaﬁl@eﬁ%m\@ém@%@dﬁ% co PP ft0coact with and
i nspected for the round hole fornmed on the glass 25 substrate by

using an {Qnthe13! foFkE tBSERPELask b drtforP 1256 Ha 1% 8ERb Be oY round hole in

the discal glass substrate 126, the glass portion 124 that was to become a
10  round hole in the discal glass substrate 126 was punched to form a round
hole 127 (refer to FIG. 6(D)).

The region which was to become a round hole was punched by using
an iron part having a point in a conical shape as the pushing body,
wherein pressure of around 4.0 Kgf was applied to the region which was to

15 become a round hole at a time when it was contacted with. By using a
spring (UH16-20 (1 kgf/mm) by MISUMI Corp.) as the bias mechanism, at
a time when the glass portion was about to be punched from the top
surface side, the pushing body was not allowed to protrude from the other
main surface side (at a time when the glass portion was about to be

20 punched from the top surface side, the force applied by the pushing body to
the glass portion that is to become a round hole was set to zero (0)).
[0065]
(Defective inspection)

Chipping was inspected for the round hole formed on the glass

25 substrate by using an optical microscope. In the present example, round
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29 hol es were fornmed on 100 gl ass substrates. After the gl asses were
measur ed wherein chipping was generated, it was |earned that chipping
was generated on one of 100 substrates. 2p0066] 5 (Exanple 2) I n
the cutting-out step, instead of heating with a heater, the top
surface of the glass portion that was to becone a round hol e was
selectively cooled by a coolant at -20C. A glass substrate for a
magneti c di sk was produced simlarly to Exanple 1 by using an iron

part haviiled wérepfiiriled Bnal GORIEH sabaatas. t AgAUSY pthdedyward by
causi ng the pushing body to cone |nto contact and to apply force in a

per pendi GHbaEufld GHdR M fe i ﬁé&faftéﬂelﬁ MR a?ngladsit Mo
% qug?n e gI Fl"cbﬂt'a gme

that was to be separated ss subsirate that was to

a round hol e hat th Shl was controlled by a
08 5 BREFR bt P 1 BN PR

conput er 5 0 pro 15 fromthe other main
surface ( si de), thereby separating the glass portion fromthe
gl ass su Qﬁggi The pressure at a tine when it was caused to cone
into contact with the glass portion that was to becone a round hole
was sét tExgmepl2y. 0 Kgf. [00671 20 (Defective inspection)

Chi ppi ng was inspected for the round hole formed on the gl ass
substrate by Ui the enttopgioal step;instopkof heatiee pritls enhesteanphe,top
round holes were forned on 100 gl ass substrates. After the gl asses

wer e nmeaswirésca\bLERe 1664 pPI-HignVAs tORAS taRonk & aV!ﬁﬁlﬂcEﬁbI@dvdshat no
chi ppi ng 25 was gener at ed.
selectively cooled by a coolant at -20°C. A glass substrate for a magnetic
disk was produced similarly to Example 1 by using an iron part having a
10 point in a conical shape as the pushing body and by causing the pushing
body to come into contact and to apply force in a perpendicular direction
from the main surface toward a glass portion that was to be separated
from the glass substrate that was to become a round hole, except that the
pushing body was controlled by a computer so as not to allow it to protrude
15 from the other main surface (lower side), thereby separating the glass
portion from the glass substrate. The pressure at a time when it was
caused to come into contact with the glass portion that was to become a
round hole was set to around 4.0 Kgf.
[0067]
20 (Defective inspection)

Chipping was inspeéted for the round hole formed on the glass
substrate by using an optical microscope. In the present example, round
holes were formed on 100 glass substrates. After the glasses were
measured wherein chipping was generated, it was learned that no chipping

25 was generated.
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30 [00681 (Conparative Exanple) Chi ppi ng was i nspected for the
gl ass substrate wherein everything was perforned simlarly to
Exanpl es except the process of formng goround 5 hole. In Conparative
Exanple, as illustrated in the above FIG 8, by causing the pushing
body to conme into contact and to apply force as if it passed through
t he gl ass substrate, the round hole was forned by punching a region
that was to becone a round hole in the discal glass substrate. In
Conpar at i[g@eBkanpl e, round holes were formed on 100 10 gl ass
substrates. After the gl asses were neasured wherein chippi ng was

gener at eCthnEpgi\@étllvg@M t&at chi pping was generated on four of 100
substrates. In both Exarrpl es and Corrparatlve Exanpl e, the gl ass

substrate vvher@,lﬁ) QgpvQ%QQn‘éﬁng%l%nF%at W3 g %bétt e?%e%gi%%%ﬁgy ing

steps of the plng step; ep or

were used as ss substr, netic disk and fur r to form
e anot \'EaY pREIGmE élﬁl@ﬁywoﬁ@a&%ﬂnﬁ% CkaeRHLRe PEACRITOLHT I E 8 opnd
errors were caused therein since a head was stable and did not fl oat

as a fagialee drskonrposdivebF H@Eﬂﬁe@énﬂluﬁw@?ﬂd tm the ahwvel FRet 8dbyo

t he enbodi nents descri bed above and can be carried out with
appr opr i ataeismogdithiecu slomg pOdy 04 come intbtentsat gndia epply datceas if it
procedure, inspection procedure in the enbodi nents descri bed above
are exang@sednthriohgh thegldswiigtrlee, the round hole was formed by
punching a region that was to become a round hole in the discal glass
substrate. In Comparative Example, round holes were formed on 100
10 glass substrates. After the glasses were measured wherein chipping was
generated, it was learned that chipping was generated on four of 100
substrates.
In both Examples and Comparative Example, the glass substrate
wherein chipping was generated was subjected to subsequent steps of the
15 lapping step, polishing step or the like and they were used as glass
substrates for a magnetic disk and further to form a magnetic film or the
like. It was learned that read-in and write-in errors were caused therein
since a head was stable and did not float as a magnetic disk.
[0069]
20 The present invention is not limited to the embodiments described
above and can be carried out with appropriate modification.
[0070]
Materials, size, treatment procedure, inspection procedure in the

embodiments described above are examples and the invention can be

25 carried out with various modifications within the scope in which the effects
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25 carried out with various nodifications within the scope in which
the effects 31 of the present invention are exhibited. In addition,
the invention can be carried out with agpropriate nodifications as

|l ong as they do not deviate fromthe scope of objects of the present
invention. [0071] 5The present invention is based on Japanese Patent
Application No. 2009-224201 filed on Septenber 29, 2009. The contents
thereof are entirely incorporated herein. 32 CLAIM 1. A

manuf act uifl {1t PREAE Bivehtddnage SxISbiREe IO addRENEEAE ik Sltion can be
conprising a step of formng a round hole in a glass substrate, the

step of (%afr‘i‘ié’ﬂ Bdt 1tﬁ%z¥5ﬂrﬁ dificA%ons as lo?%ag't'h%sr &4 ﬁBthl eviate

for one mai n sur aces ass su strate rmng“a cut
i on that to becone the round

Lgﬁte : ?1 21108 E@%‘I&I @ﬁ{; :5’? g’ﬂg%étq% ﬁ’eﬁseng; 1§’LYl§§lt Riall'y perpendicul ar

to the rraﬂqb Erface of the glass substrate; 10a second step of
causing t “ddt 1ine to reach the other main surface of the gl ass

substr at e; ) .
5 The present invention is based on Japanese Patent Application No.

2009-224201 filed on September 29, 2009. The contents thereof are entirely

incorporated herein.
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and a third step of, by causing a pushing body to cone into contact
and to apply force in the perpendicular direction fromone of main
surfaces to a glass portion that is to 32 separated fromthe gl ass
substrate to 15 becone the round hole, formng the round hole in the
gl ass substrate by separating the glass portion; wherein in the
third step, the glass portion is separated fromthe glass substrate
so as not to allow the pushing body to protrude fromthe other main
surface. 20 2. The manufacturing net®hdId{Sa gl ass substrate for a
magneti c di sk according to claiml, wherein a distance which the
pushi ng body applies force to the glass portion that is to be
separated in the perpendicular direction is smaller than a thickness

f th I 3 T f ' hod of a.gl
Cubstratct or A anRLtstine Matholl f RFHbE ShbbiEte T of Bpdendud 58
di st which th hi bod: | i to.th [

hat 15 (METUNR AR SR Aok SONPTCLY S rEEF GiDE 445n EhEIAtER of

by a bias mechanismtq control novenent of the 5 pushing body, and
the bPas fheeHagi aneraddialescopmprisingce applied to the pushing body
during a period froma tinme when the pushing body cones into contact
with the gl assa figst sbep phafori end of beaiseparfates of dha glase swhebrdtee
gl ass portion is separated. 10 4. A manufacturing nethod of a gl ass

substrat gotaiing dBg0&idctldasks eOIPITh S POripHEr§ofod rEeidH tHafid edBdcome
hole in a glass substrate, the step of forming the round hole
conpri sl e round hole in a perpendicular direction that is substantially
perpendicular to the main surface of the glass substrate;
10 a second step of causing the cut line to reach the other main surface
of the glass substrate;
and a third step of, by causing a pushing body to come into contact
and to apply force in the perpendicular direction from one of main surfaces
to a glass portion that is to be separated from the glass substrate to
15 become the round hole, forming the round hole in the glass substrate by
separating the glass portion;
wherein in the third step, the glass portion is separated from the
glass substrate so as not to allow the pushing body to protrude from the
other main surface.
20
2. The manufacturing method of a glass substrate for a magnetic disk
according to claim 1, wherein a distance which the pushing body applies
force to the glass portion that is to be separated in the perpendicular
direction is smaller than a thickness of the glass substrate.

25
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a first step of, for one of main surfaces of the glass substrate,
forming a cut line that is to forma periphery of a region that is to
becone 15 the round hole in a perpendicgBar direction that is
substantially perpendicular to the main surface of the gl ass

substrat e; a second step of causing the cut line to reach the
other main surface of the glass substrate; and a third step of, by
spraying a gas and applying force in the 20 perpendi cul ar direction

to a gl askh porThemihafadtaring beetirmbohhedabs etbbhaatel fassa aitiSidtaé disk
to becone a round hole, formng a round hole in the glass substrate

by separ aidcﬂgdfﬂ?t&'c?eﬁ%a AORh&in the distan¥dSFich &é)ﬁhisﬁﬁldg BodR' AYplies
the gas to the glass portion that is to be separated 1s nade short'er

than a pet.l. | . R ' t | t he
regi on | Aakes'th 8% abt B AT i PAF 6 B3 e d T BHE R Chglbafh

portion that i.s to beco e round hol.e is separated fromthe SSs

P obst rat directiSndS edatroed B BHES moccitns ) h Lo PbitmoRpmatth Ohihe

magneti ¢ di sk 5 accordi n% tqQ any one of clainms 1 to 4, wherein in the
t hi r d3st aprshing bedy.i vad thedigarmeehantsmrayersas blasnforeo anmee g badhe
substrate is downward in a perpendicular direction. 6. The

manuf act grisigngeb ddyd dofrizg gl pesoduivsty attémfeow hanntdgnptishing kdyomes
according to any one of clainms 1 to 5, wherein the second step of

causi ng tiheo eubhthétn@itlo theadhss hertioherthawmisntesbis saparfed be adtiasswhen
substrate is a step of heating other portion excluding a gl ass

portion tpatglagstfbrRorS ePaEgAREelr om the gl ass substrate that is to
becone t he round "hol e.

10 4. A manufacturing method of a glass substrate for a magnetic disk
comprising a step of forming a round hole in a glass substrate, the step of
forming the round hole comprising:

a first step of, for one of main surfaces of the glass substrate,
forming a cut line that is to form a periphery of a region that is to become

15 the round hole in a perpendicular direction that is substantially
perpendicular to the main surface of the glass substrate;

a second step of causing the cut line to reach the other main surface
of the glass substrate;
and a third step of, by spraying a gas and applying force in the

20 perpendicular direction to a glass portion that is to be separated from the
glass substrate to become a round hole, forming a round hole in the glass
substrate by separating the glass portion;

wherein a period to spray the gas to the glass portion that is to be
separated is made shorter than a pelfiod from a time when the gas comes

25 into contact with the region that is to become the round hole to a time
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15 7. The manufacturing nethod of a glass substrate for a nagnetic

di sk according to any one of clains 1 to 5, wherein the second step
of causing the cut line to reach the ot3dr main surface of the gl ass
substrate is a step of cooling the glass portion that is to be
separated fromthe glass substrate to become the round hole. 20 8. The
manuf acturi ng nmethod of a glass substrate for a magnetic disk
according to any one of clains 1 to 7, wherein a glass substrate is

produced whea thleogliasprpaatism thabis 9o bébemeathd achnd iHide 1etshpdrated@ from
gl ass substrate for a magnetic di sk according to any one of clains 1

to 8, whanel flaaktRibdihgtestep of formng a round hole in a glass
substrate, a step of perform ng chanfering processing is carried out

in the glass substrate. 10. A magnetic disk conprising at |east a
magnetic layer is forned on a main surface of a glass substrate for a

magneti ¢ di sk 4hat can.be obtai ne he .manuf act ur,i met hod of 4.
O Sae sutthtr arths ARt oIS mir e ek arng SrbStaRpedie Tomans i disk
to 9.

5 according to any one of claims 1 to 4, wherein in the third step, a direction

to separate the glass portion from the glass substrate is downward in a

perpendicular direction.

6. The manufacturing method of a glass substrate for a magnetic disk
10 according to any one of claims 1 to 5, wherein the second step of causing

the cut line to reach the other main surface of the glass substrate is a step

of heating other portion excluding a glassl portion that is to be separated

from the glass substrate that is to become the round hole.

15 7. The manufacturing method of a glass substrate for a magnetic disk
according to any one of claims 1 to 5, wherein the second step of causing
the cut line to reach the other main surface of the glass substrate is a step
of cooling the glass portion that is to be separated from the glass substrate
to become the round hole.

20
8. The manufacturing method of a glass substrate for a magnetic disk
according to any one of claims 1 to 7, wherein a glass substrate is produced

by a float process.
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9. The manufacturing method of a glass substrate for a magnetic disk
according to any one of claims 1 to 8, wherein after the step of forming a
round hole in a glass substrate, a step of performing chamfering processing

is carried out in the glass substrate.

10. A magnetic disk comprising at least a magnetic layer is formed on a
main surface of a glass substrate for a magnetic disk that can be obtained
by the manufacturing method of a glass substrate for a magnetic disk

according to any one of claims 1 to 9.
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