1 DESCRI PTI ON METHOD OF MANUFACTURI NG GLASS SUBSTRATE FOR MAGNETI C DI SK
AND METHOD OF MANUFACTURI NG MAGNETI C DI SK Technical Field [0001] The
present invention relates to a nethod of manufacturing a glass substrate
for a magnetic disk used as a recordi ng nediumof a conputer or the Iike,
and a nethod of manufacturing the magnetic di sk. Background Art [0002]
Recently, inprovenent in recording density is increasingly required for a
magneti c recording medium To inprove magnetic recording density, for
exanpl e, flying height of a recording head needs to be reduced. This is
because reduction in flying hei ght GESCRECDLN ng head enabl es reduction in
spacing loss, resulting in inprovenent in recording density. [0003] To
reduce flying height of a recording head, surface roughness of a nagnetic

of "t ho. magnalE e omUANUPRCEDRIRGBLASY SObs T RARE oA clkfC RiSig ™

shape being even co i r I I t abilize
flying of the recog@ﬁhgaﬁﬁ%gﬂjiygﬁ&&gaFﬁgﬂihgggﬁ§ggggﬁﬁ@ﬁé&ﬁ§gnetic disk to
be substantially flat, an end shape of the glass substrate for a nagnetic
di sk needs to be nmade into a substantially flat shape. Meaning of the end

shape is d j | later. [0004] 2 |In particular, while a perpendicul ar
magneti c re?%%b'&épwgﬁod and the like are recently devel oped to achi eve

i mpr ovenent [b@bﬂecor ding density, if the

The present invention relates to a method of manufacturing a glass
substrate for a magnetic disk used as a recording medium of a computer or the

like, and a method of manufacturing the magnetic disk.

Background Art
[0002]

Recently, improvement in recording density is increasingly required for a
magnetic recording medium. To improve magnetic recording density, for
example, flying height of a recording head needs to be reduced. This is
because reduction in flying height of a recording head enables reduction in
spacing loss, resulting in improvement in recording density.

[0003]

To reduce flying height of a recording head, surface roughness of a
magnetic disk as a recording medium needs to be reduced, in addition, an end
shape of the magnetic disk needs to be a substantially flat shape, that is, a
shape being even compared with a central portion in order to stabilize flying of
the recording head. To make the end shape of the magnetic disk to be
substantially flat, an end shape of the glass substrate for a magnetic disk needs
to be made into a substantially flat shape. Meaning of the end shape is
described later.

[0004]



end shape of the glass substrate for a magnetic di sk cannot be kept to be a
precisely flat shape w thout unevenness, the perpendi cul ar magnetic
recordi ng nethod cannot be used, and consequently inprovenent in recording
density cannot be achi eved. [0005] As a nethod of manufacturing the glass
substrate for a magnetic disk, which prevents disturbance in end shape or
the like, for exanple, Patent Docunent 2 is proposed in the past. [0006]
Pat ent Document 1: JP-A-2005-141852 Disclosure of the Invention Problens
that the Invention is to Sol ve [0007] However, when a recording head is
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t he past. erefore, measure n maki n he e shape
to be a fl gdyntitbe Wd@d with a present condltlon 3 [0009] However, a
met hod of manufacturing a glass substrate for a magnetic disk includes a
plurality qbopspcessing steps, which may change the end shape of -

As a method of manufacturing the glass substrate for a magnetic disk,
which prevents disturbance in end shape or the like, for example, Patent
Document 1 is proposed in the past.

[0006]
Patent Document 1: JP-A-2005-141852

Disclosure of the Invention
Problems that the Invention is to Solve
[0007]

However, when a recording head is aliowed to fly and run with flying
height being reduced from, for example, about 10 nm in the past, there has been
a problem that flying of a magnetic head is unstable, leading to crush of the
recording head. The inventors of the application investigated a cause of crush
of a head, as a result, they found that an end shape of a glass substrate, which
was not a desired flat shape, was the cause of the crush.

[0008]

Moreover, the inventors of the application investigated a polishing step
of the glass substrate, as a result, they found a fact that sufficient flatness to
avoid the crush was extremely hardly provided on the end shape in a latter
polishing step in the past. Therefore, a measure needs to be taken for making

the end shape to be a flat shape compared with a present condition.



the gl ass substrate, including a plurality of polishing steps. Therefore, it
Is restrictive that only one step anong the plurality of processing steps
is reviewed to forma desired end shape in the Iight of other requirenents
to be satisfied (for exanple, manufacturing conditions such as processing
time and a processing condition, cost, and a characteristic value of a
surface profile required for a glass suBstrate). [0010] In the |ight of
such probl ens, an object of the invention is to provide a glass substrate
for a magnetic disk having a desired end shape by reviewwng a plurality of
processi ng b8 including a plurality of polishing steps. Means for Sol ving
t he Probleés ?3011] The inventors of the application found that since an
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polishing steps, to obtain an e shape to~be ally require shape
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shape change characteristics of the end shape in"a subsequent polishing

step i s setrestrittive tvateonie bfleSew anidhgt thendiiatity sfasheeessing istepsf ik reviewedi ght
of a magnetic head can be obtained, and finally the inventors conpleted the
i nvention. tdfoan d tiesirddoed shape jretheblizfht of otHee rpqeicedents tojhe satisfied (Rirep,
change in end shape in the subsequent polishing step may be wused. In that
case, shapeexdmplgeneEmufactuing sondiions suble aspiosessieg timet ared a precessing
polishing step can be set depending on the change in end shape 9 being
previ ously eprsiiinnd cosb@ne]a phaectasistic valve ofra suifacspeaiite required fpea glass
0013

[ ] substrate).

[0010]

In the light of such problems, an object of the invention is to provide a
glass substrate for a magnetic disk having a desired end shape by reviewing a

plurality of processing steps including a plurality of polishing steps.

Means for Solving the Problems
[0011]

The inventors of the application found that since an end shape of a glass
substrate is changed in each of a plurality of polishing steps, to obtain an end
shape to be finally required, shape change characteristics (the amount of
change in shape and a changed shape) of an end shape in a preceding polishing
step is grasped before the preceding polishing step is performed, and based on
the characteristics, shape change characteristics of the end shape in a
subsequent polishing step is set, thereby an end shape that enables reduction in
flying height of a magnetic head can be obtained, and finally the inventors
completed the invention. As an item to be grasped before the preceding
polishing step, change in end shape in the subsequent polishing step may be
used. In that case, shape change characteristics of the end shape in the

preceding polishing step can be set depending on the change in end shape



(First aspect) A nmethod of manufacturing a glass substrate for a nmagnetic
disk including a first treatnent step and a second treatnent step, in each
of which an end shape of the glass substrate is changed, wherein the nethod
i ncludes a grasp step of grasping an end shape of the glass substrate after
the first treatnment step before the relevant first treatnent step is
performed, and in the second treatnent %tep, the gl ass substrate is changed
in a direction of cancelling the end shape grasped in the grasp step, so
that the end shape is made into a desired shape. [0014] The desired shape

may be assy redlodsiEaizdeghape of the glass substrate is a substantially
flat shape, o I{f,my be“ggsuged that the end shape of the glass substrate is

a shape bei#@jmzjescended conpared with a central portion. Specifically, for
exanple, after 'the first and second treatnent steps are carried out, for

exanpl e, when chaghesls sfithendidmionngelistat belbiv. i s perforned, in which the
end shape is changed in a rising manner, it is preferable that the end shape

of the gl agg0R3]bstrate is made to be the shape being descended conpared with
the central portion at a point when the second treatnent step is finished.
When a tr ¢hirsteadpett)at may change the end shape is not perforned after the
second treatnent step is finished, it is preferable that the end shape of
the gl ass subst r & metrodeidnanofasturingsa ghkassraubstriate fara mapaetic diskt he poi nt
when the second treatnment step is finished. [0015] (Second aspect) 5 A
net hod of ingluding @fircheatrpenister apd @ seeondoreatmeny sten. dn ersh of mhichiamg a

plurality of polishi steps, in whijch a polishing |iquid containing

abr asi ve geadriiape @‘3899'%&!5 Hihisiate Ischanged, wheseip dbe method inrdudehang pad
for polishing a mein surface of i Lhe,dbAie Sbs LAk Gue It W nidhass
treatment step before the relevant first treatment step is performed, and in the
second treatment step, the glass substrate is changed in a direction of cancelling
the end shape grasped in the grasp step, so that the end shape is made into a
desired shape.
[0014]

The desired shape may be assumed that the end shape of the glass
substrate is a substantially flat shape, or may be assumed that the end shape of
the glass substrate is a shape being descended compared with a central portion.
Specifically, for example, after the first and second treatment steps are carried
out, for example, when chemical strengthening treatment is performed, in which
the end shape is changed in a rising manner, it is preferable that the end shape
of the glass substrate is made to be the shape being descended compared with
the central portion at a point when the second treatment step is finished. When
a treatment that may change the end shape is not performed after the second
treatment step is finished, it is preferabie that the end shape of the glass
substrate is made to be a substantially flat shape at the point when the second
treatment step is finished.

[0015]

(Second aspect)



polishing pad are relatively noved to each other, thereby the glass
substrate is polished, wherein the plurality of polishing steps include a
precedi ng polishing step for perform ng polishing such that an end shape of
the main surface of the glass substrate beconmes a shape being protruded (or
descended) conpared wth a central portion of the main surface, and a
subsequent polishing step for perfornin% polishing such that the gl ass
substrate is changed in a direction of cancelling the shape being protruded
(or descended) in the preceding polishing step so that the end shape is

made into a desir@ehethed8f nidMdsdturing bi dasPsnsstiate for 4 RagrRaemsiaspect, (1)

when polishing is perforned in the preceding polishing step such that the

end shape Qﬁcl_haﬁhg@bﬁhrélwfd@@li_@ﬁin? E@e;ﬂi%ﬁrhiﬁﬂbﬁbbﬂélﬁnﬂmﬁﬂmté‘inmgm ruded
shape, polishing™is performed in tThe subsequent polishing step such that

when a gl asgbrasie igraing i bupplicthbétheednal giikaptibefrate dhdih poiehiagipad feel i shed,
the end shape becones a shape bei ng descended conpared wth the central

portion; arpblishngvdamaimslifabé oftheglaes sabsteate| and iee glasseslibstrateand theng

step such that the end shape of the main surface of the glass substrate
becones a mhdishingdeat atearsdatively moiveddoieschathen thedeby thehglass issbgiratet is
polishing step such that when a glass substrate of which the end shape is a
fl at shape palishgd] wheksin thenplusalily oh aplishieg steps iaclude@epiesediggmaishinged
conpared with the central portion. [t0017] Ip)éFourth aspect) In the second
aspect, whestepdrnpaifarging ppashiag sughithat:atcend shape pftie mall swfacaokthep such
that the end shape of tbg:; mai n surface, of the gl 235 substrate becopes a
prot ruded HapesubstpiebespRpsAahaRe DSING RrRtHARd dOLdRIEANECHEPMBAISY st ep,
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performing polishing such that the glass substrate is changed in a direction of
cancelling the shape being protruded (or descended) in the preceding polishing
step so that the end shape is made into a desired shape.

[0016]
(Third aspect)

In the second aspect, (1) when polishing is performed in the preceding
polishing step such that the end shape of the main surface of the glass substrate
becomes a protruded shape, polishing is performed in the subsequent polishing
step such that when a glass substrate of which the end shape is a flat shape is
polished, the end shape becomes a shape being descended compared with the
central portion; and (2) when polishing is performed in the preceding polishing
step such that the end shape of the main surface of the glass substrate becomes
a descended shape, polishing is performed in the subsequent polishing step
such that when a glass substrate of which the end shape is a flat shape is
polished, the end shape becomes a shape being protruded compared with the
central portion.

[0017]
(Fourth aspect)

In the second aspect, when polishing is performed in the preceding



polishing step such that the end shape of the main surface of the glass
substrate becones a descended shape, a polishing pad is used in the
subsequent polishing step, which has | ow hardness conpared with a polishing
pad used in the preceding polishing step. [0018] (Fifth aspect) In the
second aspect, polishing is perforned in _the subsequent polishing step such
t hat roughness (Ra) of the main surface 8f the gl ass substrate is 0.2 nmor
| ess after the rel evant subsequent polishing step is performed. [0019]
(Sixth aspect) A method of manufacturing a nmagnetic di sk wherein at |east a

magnetic | ﬁd%hiﬂgsstte?réﬂ%ﬁ tREt theend Sepe0df the FhAASUPIARE IO Qﬁ@gl&%@uﬂ@ﬁate
according to one of the nethods of manufacturing the glass substrate for a

magnet i ¢ di i5écorh&93Protr($6Y ERbpe, a5 pEShingpa@ id@skdin tharsiibaequentiblishiHgass
a

substrate for a magnetic disk, including a polishing step in which

pol i shing |étapi whithrtias highthartiness eempamdnsith 3 palishiplg sati Dsédviethea gl ass
substrate and a polishing pad for polishing a main surface of the gl ass
substrate, predetiimg phishingsstbpt amd ehenddlishingat ipehfionpepadnl the precedirag | vel y
noved to each other, thereby the main surface of the glass substrate is

pol i shed, walisbing steptsuchgbai thikieng shape ofdhéimain spofaice luf the glasp substrate
performed, in which when a glass substrate of which the main surface has a
flat end i sbeganes padescendedshape,ud patishing padds gsed i thepsithseaeent pol i shed
such that a shape of 7 the end becones a shape being protruded or descended
conpar ed wi RPOlishingsieps whighohas low harsdness sepmadesh withsh palishing pad 41sed iR or ned,

I n which Wnﬁg a |%I‘zj],ss oi_ugstrate of which the main surface has a flat end is
pol i shed, ti€ RFEFRJIBEROISRINIGHERhe gl ass substrate i s polished such that a
shape of th{%{ﬁgfl beconmes a shape

(Fifth aspect)

In the second aspect, polishing is performed in the subsequent polishing
step such that roughness (Ra) of the main surface of the glass substrate is 0.2
nm or less after the relevant subsequent polishing step is performed.

[0019]
(Sixth aspect)

A method of manufacturing a magnetic disk wherein at least a magnetic
layer is formed on a surface of a giass substrate obtained according to one of the
methods of manufacturing the glass substrate for a magnetic disk.

[0020]
(Seventh aspect)

A method of manufacturing a glass substrate for a magnetic disk,
including a polishing step in which a polishing liquid containing abrasive grains is
supplied between a glass substrate and a polishing pad for polishing a main
surface of the glass substrate, and the glass substrate and the polishing pad are
relatively moved to each other, thereby the main surface of the glass substrate is
polished, wherein in the polishing step, a first polishing step is performed, in
which when a glass substrate of which the main surface has a flat end is

polished, the main surface of the glass substrate is polished such that a shape of



bei ng descended or protruded conpared with a central portion, thereby the
end shape of the glass substrate is nmade into a substantially flat shape.
[0021] (Eighth aspect) A nethod of manufacturing a glass substrate for a
magnetic disk, including a polishing step in which a polishing Iiquid
contai ning abrasive grains is supplied between a glass substrate and a
polishing pad for polishing a main surface of the glass substrate, and the
gl ass substrate and the polishing pad are relatively noved to each ot her,
thereby the main surface of the glass substrate is polished, and a chem cal

strengt henitRg ent8rddoRids § sRBpé 'beYM"g ﬁﬂbtﬁu'ﬂ@d%r%%ceﬁﬁ@ébb#ﬁp%ré@ withd acted to a

chem cal strengthening treatnent |1 quid, thereby part I ons contained in

the gl ass sigpsial pbRIONS aRd Rséddondasbiigkingosiep iig) peHermée thaich Whepn@glaesi ng
treatment liquid, and thereby a shape of an end of the main surface of the

gl ass substgidistraticofowBichahs negia suefiang hasaed flatded isqralished, thietrhainesuréader al
portion, wherein the polishing step includes a first polishing step, in
whi ch when df thé giasssuibstratd is pdlished shch treatreesmapsuof theeeridisecormésa stiagei s
polished, the main surface of the glass substrate is polished such that a
shape of theingddstervtatesr protiudpd dooipaged withr ai dentrgkporties cibehy) thewnshr ed
with the central portion, and a second polishing stef) I n which when a

gl ass substshape ofithe glassisubsirateisrmade finto@ mtanualh{tfaérsbapg pol i shed, the
mai n surface of the glass substrate is polished such that a shape of the
end beconed082%hape being descended (or protruded) conpared with the
central portiaon, and he polishing step and the chem cal strengthening
treat ment < Eraépﬁﬁtrforned thereby the end shape of the glass substrate
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supplied between a glass substrate and a polishing pad for polishing a main
surface of the glass substrate, and the glass substirate and the polishing pad are
relatively moved to each other, thereby the main surface of the glass substrate is
polished, and a chemical strengthening treatment step in which the glass
substrate is contacted to a chemical strengthening treatment liquid, thereby part
of ions contained in the glass substrate is substituted by ions in the chemical
strengthening treatment liquid, and thereby a shape of an end of the main
surface of the glass substrate becomes a shape being protruded compared with
a central portion, wherein the polishing step includes a first polishing step, in
which when a glass substrate of which the main surface has a flat end is
polished, the main surface of the glass substrate is polished such that a shape of
the end becomes a shape being protruded (or descended) compared with the
central portion, and a second polishing step, in which when a glass substrate of
which the main surface has a flat end is polished, the main surface of the glass
substrate is polished such that a shape of the end becomes a shape being
descended (or protruded) compared with the central portion, and the polishing
step and the chemical strengthening treatment step are performed, thereby the

end shape of the glass substrate is made into a substantially flat shape.



perfornmed. [0023] (Ninth aspect) A nethod of manufacturing a nmagnetic disk
wherein at least a magnetic layer is formed on a surface of the gl ass
substrate obtained according to the nethod of nmanufacturing the glass
substrate for a magnetic disk according to each of the seventh and eighth
aspects. [0024] A polishing apparatus usgd in the invention includes a
polishing apparatus of a glass substrate for a magnetic di sk, which uses a
plurality of sets, each set being configured by abrasive grains contained
in a polishing liquid, and a polishing pad being relatively noved to the
gl ass subsqogg whi | e being supplied with the polishing |iquid, thereby
polishes a main surface of the glass substrate several tines, wherein the

plurality of setEyeirintfe savéhthsdndeightthaépedtsrfoishingds pleeRaly i@ riopineshi ng
step before a subsequent polishing step such that an end of the nmain

surface hasnahe Bapendpblighing stepusiash that releghmess €Rp) of thepmatdswifade of thent r al
portion, and a second set that perforns the subsequent polishing step in

whi ch t he plass sulestrateis Gdsomnutdess afiapthei relesianh gecondpalishing stetpi isn  of
cancel ling the shape, thereby the end is nade to be approximately flat.

[ 0025] Mor gmrfarmedne end of the main surface may be substantially flat as a
result of the subsequent polishing step by using the second set.

Al t er nat i vdP023] when the chenical strengthening treatnent step is perforned
after the 9 subsequent polishing step, the end of the main surface nmay have
a shape bei(Ninth@speshded conpared with the central portion as a result of

the rel evant Su%ﬁ%fﬁgé oP %gni?;cqgrir?gt gprhaégeot%%sk wherein at least a magnetic
layer is formed on a surface of the glass substrate obtained according to the
method of manufacturing the glass substrate for a magnetic disk according to
each of the seventh and eighth aspects.
[0024]

A polishing apparatus used in the invention includes a polishing
apparatus of a glass substrate for a magnetic disk, which uses a plurality of sets,
each set being configured by abrasive grains contained in a polishing liquid, and
a polishing pad being relatively moved to the glass substrate while being
supplied with the polishing liquid, thereby polishes a main surface of the giass
substrate several times, wherein the plurality of sets include a first set that
performs a preceding polishing step before a subsequent polishing step such
that an end of the main surface has a shape being protruded {(or descended)
compared with a central portion, and a second set that performs the subsequent
polishing step in which the protruded (or descended) shape is changed in a
direction of cancelling the shape, thereby the end is made to be approximately
flat.

[0025]

Moreover, the end of the main surface may be substantially flat as a

result of the subsequent polishing step by using the second set. Alternatively,

when the chemical strengthening treatment step is performed after the



A polishing pad of the second set may be high in hardness conpared wth a
polishing pad of the first set, or a polishing pad of the second set may be
| ow i n hardness conpared with a polishing pad of the first set. Advantage of
the Invention [0027] According to the invention, it is possible that change
in end shape is cancelled between a plurality of treatnent steps, so that a
desired end shape is fornmed. In particu?ar, It is possible that a protruded
shape formed in a preceding polishing step is changed in a direction of
cancelling the shape in a subsequent polishing step, so that an end of a

| b f | I &ikd ¢ i '
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[ 0028] Accor an end shape obtained int

pol i shing YBeR@Ed BBnPRTED WithRRe&ehtrBFbafiohald ¥ réduM ofthaRelevant t he end
shape can be left as It is a descended shape. Such a descended shape is

previously dupkbquént polighing stepancel a protruded shape formed in a chemi cal
strengthening treatnent step to be additionally perfornmed after the

subsequentJ992$phing step, and the end of the glass substrate can be
finally nmade to be substantially flat through the chem cal strengthening
treatnment step. B pelisHieg padf tioeseforichsetinawbedsigh jfOHaineSs gonipared a
diagramfor illustrating a doubl e-side polishing apparatus as 10 an

enbodi ment with a polishisgipag afitparfustiusetobr apglishing padxif the ee€end setmgndei ¢ di sk
according to the invention. Fig. 2 is an enlarged section diagram for

i | | ustrati dgwdn bardneas camparegdiwith apsllisbingripdoelthediset sed. t he i nvention. Fig.
3 is a schematic diagramfor illustrating a nethod of manufacturing the

gl ass substrate for a magnetic disk according to a first exanple of the

Advantage of the Invention
[0027]

According to the invention, it is possible that change in end shape is
cancelled between a plurality of treatment steps, so that a desired end shape is
formed. In particular, it is possible that a protruded shape formed in a
preceding polishing step is changed in a direction of cancelling the shape in a
subsequent polishing step, so that an end of a glass substrate for a magnetic
disk is made to be approximately flat.

[0028]

According to ihe invention, an end shape obtained in the subsequent
polishing step can be made to be a substantially flat shape, or the end shape can
be left as it is a descended shape. Such a descended shape is previously left
in order to cancel a protruded shape formed in a chemical strengthening
treatment step to be additionally performed after the subsequent polishing step,
and the end of the glass substrate can be finally made to be substantially flat

through the chemical strengthening treatment step.

Brief Description of the Drawings
[0029]

Fig. 1 is a diagram for illustrating a double-side polishing apparatus as



i nvention using the polishing apparatus shown in Fig. 1. Fig. 4 is sectional
di agrans of a disk-like glass substrate taken along a plane perpendicul ar
to a main surface through a center of the glass substrate. Fig. 5 shows (a)
a polishing condition in the first exanple of the invention, and (b) a
polishing condition in a conparative ex]gfle to be conpared with the first
exanple. Fig. 6 is a schematic diagramf illustrating a nethod of

manuf acturing the glass substrate for a magnetic di sk according to a second
exanpl e of the invention using the polishing apparatus shown in Fig. 1.

Fig. 7 showg éﬁ?boﬂlrﬁehi éihé EGIIQQH@' abp&ratidof Eglés%%t@l‘@fﬁ?'aenﬁbnbh@ disk

I nvention, and ap0|S|ng conltlonlnacorrparatlve exarrpeto be

conpar ed vméébotr@,ﬁ 26§86 thvantion! e. Best m)de for Carrying Qut the Invention
10030] First, rreanl ng of ternms "protrusion” (hereinafter, called

“ski-jump"), "demigends ap'en{drgediseafidre diagraml fed |IIusahtlng)éfco)'l;flg&rafiionfdf@ ness"
each expressing an end shape in the application, is described using Fig. 4

The "ski j upglishirexpacases imthehiapentidn.an end of a main surface of a glass
substrate, the shape being protruded (risen) conpared with a central
portion. On the ofigeB iharsthematicldiagram fomihrstretiog aamettakofohanbfacturingof the
mai n surface of the glass substrate, the shape being descended (| owered)
conpar ed withie glass sebstrate fpoa magnetiTigiskiaccordingttoesfirst exanplsselthe shape
(shape in a direction perpendicular to a main surface) of the end of the
mai n sur f acieventiamesigodBe polishing apparatus sbewpdnFéd.ny  approxi mately the sane

as a shape of the_central portion The ribe I n tail, bel ow
[0031] Fig. 4 showé Qé%ﬁ?%tl‘%aﬁﬁ%? é“f‘?‘ QE Sia%ﬁﬁi-&lsﬁ@f% %eﬂeﬁ!@'i‘g 8l ong a

E{Jggte r gte ;pquhg%e%ené) cx?lamao a n’?ElIJIFIfS% ace rto%ﬁuagcena}er op t %rglggs tsu st(lglatasS

Fig. 5 shows (a) a polishing condition in the first example of the invention,
and (b) a polishing condition in a comparative example to be compared with the
first example.

Fig. 6 is a schematic diagram for illustrating a method of manufacturing
the glass substrate for a magnetic disk according to a second example of the
invention using the polishing apparatus shown in Fig. 1.

Fig. 7 shows (a) a polishing condition in the second example of the
invention, and (b) a polishing condition in a comparative example to be

compared with the second example.

Best mode for Carrying Out the Invention
[0030]

First, meaning of terms “protrusion” (hereinafter, called “ski-jump”),
“descending” (hereinafter, called “roll-off"}, and “flatness”, each expressing an
end shape in the application, is described using Fig. 4. The “ski-jump”
expresses a shape of an end of a main surface of a glass substrate, the shape
being protruded (risen) compared with a central portion. On the other hand,
“roll-off" expresses a shape of the end of the main surface of the glass substrate,

the shape being descended (lowered) compared with the central portion. The



1, wherein Fig. 4(a) shows ski-junp, and Fig. 4(b) shows roll-off. In a
recording area Mon an outline of the flat, nmain surface 1 a in Fig. 4(a)
or 4(b), two reference points RL and R2 are set in order froma point closer
to the center. Moreover, a boundary line R3 (outer circunferential end
position of a glide area G perpendicular to the main surface la is set,
which has a margin in a certain distandd in a further outer circunferenti al
direction froman outer circunferential end of the recording area M and an
i ntersection between the boundary line R3 and an outline of the gl ass

onnect i ng BeMSEneREsgEr Ackine Ghapbd AlikpoR bomehglinfia Indin €,
assured € hat, g, o ol Rl ot e Lirdbd 6 REHISE 40AUIAIG fe'@ldie Aling 26 ©)-

and an upwar oA 1S a positive difec ownwar ettion

an aroa. {rREKEREE e g5 2 B STRRE AP Lol G, | MheodoReBosctEr | he

of the gl asiﬁde?éipﬁélg)ﬁi,e 1 in a position, which is naximally deviated in a
positive direction from the straight line R4, is assuned as a ski-junp

point. Av 931](55 of the ski junp point S corresponds to a ski-junp val ue
(height in a positive direction fromthe straight line R4). A value of the

rol I -of f point R Eigraenpaedsectiondl diaganed bf & glase Ribstrabei 3hken aloagrzegat ive

direction fromthe straight line R4). [0032] To describe in nore detail, the

poi nts Rl, panapeérpehdicidasts a maia suddcalla througtia ocenter ofithiehglasssubstrate t he
gl ass substrate 1. Anong these points, the 12 points Rl and R2 are set in
t he centr al 1,pehencomFigt 4(d)esshpwssskigurnpt and &igl 4(b) siposs rélboff.nebra révordiegt er i n
the radial direction of the glass substrate 1). Then, when the straight
line R4 pas@rﬁﬁdwtqnmgntlmn@f%m flat nrain shefare Tiadndrigavd(a) odd(atwans bet ween
the relevant straight line R4 _and the surface of the %I ass sSubstrate 1
(devi at i on fiefergnge poiits & anrd B2rriesst i order fien aneint deoserdg the centesy e
measured befween the points R2 R3. Anong the deviations, a point having
ot mum cpreRvesrp PRuadary e L lontei crpumterental g nosiban o4 ofide Biea

G) perpendicular to the main surface 1a is set, which has a margin in a certain

distance in a further outer circumferential direction from an outer circumferential

end of the recording area M, and an intersection between the boundary line R3

and an outline of the glass substrate 1 is assumed as a roll-off point R. Next, a

straight line R4 connecting between the points R1 and R2 is drawn. Then, in

Fig. 4, it is assumed that the straight line R4 is a reference (having a value of

zero), and an upward direction is a positive direction, and a downward direction

is a negative direction. In this case, a point having the largest value in an area

from the point R2 to the point R, namely, a point S on the outline of the glass

substrate 1 in a position, which is maximally deviated in a positive direction from

the straight line R4, is assumed as a ski-jump point. A value S5 of the ski-jump

point S corresponds to a ski-jump value (height in a positive direction from the

straight line R4). A value of the roll-off point R corresponds to a roll-off value R5

(height in a negative direction from the straight line R4).

[0032]

To describe in more detail, the points R1, R2 and R3 are set in a radial

direction from the center of the glass substrate 1. Among these points, the



ski junp point (point S), and a magnitude of such a deviation is assuned as
the ski-junp value, and on the other hand, a point having a maxi num
deviation in a negative direction (lowering direction) is the roll-off
point (point R), and a magnitude of such a deviation is assunmed as the
roll-off value. [0033] In Fig. 4(a), the_ski-junp value S5 is positive, and
the roll-off value R5 is negative. In #?g. 4(b), the ski-junp value S5 is
zero, and the roll-off value R5 is negative. In the application, a shape in
which the ski-junp value S5 is positive as in Fig. 4(a) is called ski junp

(a shape i PomRh IMEREe Xt It @initrat pohtisitoflife dlasPsaististed @onpared with

the central portion), and a shape in which the sKi-junp value is zero, and

the roll - obbsifishieaRthe semedd ihecradtalidivettion of{He) glags sobstrate 1)0! Thehf (a
shape in ich the end of the main surface 1 a is descended conpared with

t he centralwheprthe@maightlinesR4phssing throughaha pririts |1 amd R24s diawap  absol ute
val ue of the ski-junp value or the roll-off value is reduced, the end shape

mor e appr odeviations befween tHeanedevam dtratght lihetR4 afid theesusiface ofihevglase and the
roll-off value are zero, the end shape is a flat shape. [0034] The points Rl
and R2, andubsteatecu(déniationiine digection pgrpengicLkir 46 the sebhsttate sufapeharieng on
size of the glass substrate 1. For exanple, when the glass substrate | has
an outer dimeasused betwean thecprists(R2asd RB.andmengdhe gieviations, apeirfoundar y
line R3 is defined in a position 1 mmjinside of the end face of the 13
gl ass substha¥ing a mavpue deviatignein a pesifve dyestion (rising direstipn)ds thsut er
dianeter of 2.5 inches, for exanple, respective distances fromthe center
of the subSKiMP PRIBh SISk FRECR BBoNBYHe Ak Sugh aicg‘f{"éﬁﬂ% if ASEHEEIATERL | s
23 mm a distance to the jnt R2 is 27 a distance to the boundary |ine
R3 15 a1, 5 ShREMm I, did PRTRE ofterane: A PR ing S TeRmin HeVifRET oy .
wth respe t upgit . 11 in 71 % of
a dist ance%ggﬁ%éég'gﬁ&gﬁ @é‘gﬁ@'ﬁ%bngf@r{ﬁﬁ g‘(?:ee Ibé#bﬁg}&(ﬂgfegtat@ ds%n be set as
the point Rlyqriudedrisulh d feiaiorls 4d¥imed as the roll-off value.

[0033]

In Fig. 4(a), the ski-jump value S5 is positive, and the roll-off value R5 is
negative. In Fig. 4(b), the ski-jump value S5 is zero, and the roll-off value R5 is
negative. In the application, a shape in which the ski-jump value S5 is positive
as in Fig. 4(a) is called ski-jump (a shape in which the end of the main surface 1a
is protruded compared with the central portion), and a shape in which the
ski-jump value is zero, and the roli-off value RS is negative as in Fig. 4(b) is
called roll-off (a shape in which the end of the main surface 1a is descended
compared with the central portion). It is defined in the application that as an
absolute value of the ski-jump value or the roll-off vaiue is reduced, the end
shape more approximates a flat shape, and when both of the ski-jump value and
the roll-off value are zero, the end shape is a flat shape.

[0034]

The points R1 and R2, and the boundary line R3 are appropriately
selected depending on size of the glass substrate 1. For example, when the
glass substrate 1 has an outer diameter of 2.5 inches (outer diameter of 65 mm),

the boundary line R3 is defined in a position 1 mm inside of the end face of the



di stance can be set as the point R2, and a position in 97% of the distance
can be set as the point R3. [0035] When the absolute value of the ski junp
value or the roll-off value is excessively large, since the end shape is
bad, flying stability of a nagnetic head beconmes bad, and rotational
stability of a magnetic di sk beconmes bad, and head crush may occur in a
wor st case, disabling nounting of the meyhetic disk on the nagnetic disk
drive, which is not preferable. The ski-junp value and the roll-off val ue
are preferably within a range of 0.10 pmrespectively, and nore preferably

02, S S T, WERGTRL Wheso s spefrmabsniong st |

and the rol ase arrous tactors. For exanp

det erm ned j 0 ' | | | LRI ng
T qui 0. har ngean s, e e e o e o I SR e e
[0037] Whenchh pieriefingh H foflbws$ iR folthBGRht R1 iL2YARf, alditaseslicsihape of

the main surface of the glass substrate is obviously inportantly concerned,

in additiopeint RRAEPTIANPIa diBtanceitd the' bbas@asdinge RBW 81 FwWini, eingwess of the
end shape are inportantly concerned. Since the nmagnetic head fries and runs

from an i ndigtarertouhé @ndfacalis 8324 mm.t Ha othémwerds! adth respect todhe tenter
circunferential end 14 thereof, roughness in each position, particularly
roughness i of thegglassisoibsttate 1, meposittar at¥oaf a distagicads tiseibeter aliametsini ch
rotates at higher speed, is inportantly concerned. [0038] Specifically,
when sur f acéendiagahebthel subsirates can beysetastiapoiitR 1, Ropaesition o 83%oydhe t he
mai n surface of the glass substrate preferably has a surface roughness of
0.2 nm or | distancercarthe sebtasthepript R2, ghdadoshiop in K% ef the distance can be

set as the point R3.
[0035]

When the absolute value of the ski-jump value or the roll-off value is
excessively large, since the end shape is bad, flying stability of 2 magnetic head
becomes bad, and rotational stability of a magnetic disk becomes bad, and head
crush may occur in a worst case, disabling mounting of the magnetic disk on the
magnetic disk drive, which is not preferable. The ski-jump value and the roll-off
value are preferably within a range of £0.10 pm respectively, and more
preferably within a range of £0.05 um.

[0036]

Which shape is formed between the ski-jump and the roll-off is
determined based on various factors. For example, it is determined based on
diameter of abrasive grains contained in a polishing liquid, hardness of a
polishing pad, a polishing condition and the like.

[0037]

When flying height of the magnetic head is reduced, the end shape of
the main surface of the glass substrate is obviously importantly concerned, in
addition, roughness of the main surface as a whole and roughness of the end
shape are importantly concerned. Since the magnetic head fries and runs from

an inner circumferential end of the main surface to an outer circumferential end



| ess. [0039] Furthernore, when surface profiles in a band where a profile
wavel ength is 16 mto 1.9 mare extracted anong surface profiles in a
rectangul ar area of 3.8 square mllineters with a point as a center, the
poi nt being situated on the nmain surface at a distance of 2.5 mmfromthe
outer circunferential end of a disk toward the center of the disk, and nean
square roughness Rg (RVM5) of the surfackdprofiles is assuned as a snmal

wave Rq, the small wave Rg is preferably 0.5 nmor less. [0040] [First
Enbodi nent] Next, first enbodi nent of each of a nethod of nanufacturing a

I b f f
G ok, and aneferh EhatiheTa A eachocstion, BafRLEEh BhabRes AbE eboingr Pc ai <k
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diagramil | g@géeq. ‘ﬁg a doubl e-si de polishing apparatus as a first

enbodi nent ishing apparatus of a glass substrate for a magnetic

di sk accord[%ﬂ E)o the invention. A double-side polishing apparatus 3 uses a
polishing p P and perfornms polishing by relatively noving a gl ass

substrate 1 15 ag eélgéaISPWh%W iR GolEhhés LR e I8H bW%ht&mm 1(a)

shows an expl anato r am of drive“nmechani sm secti

doubl e-si deFgpie mturagc@ﬁhqamtmsm é\mhdé' & thé (ghssséibitrate pRFEIANRhadiaagr am of

a major part of the double-side polishing apparatus having top and bottom

boards. As gligaee idudhingss bf 8)2 ninhér Igesib! ler thisdeaseo Rrsék iRgprefarabit 21anlor
I ncl udes a polishing carrier nounting section having an internal gear 34

and a sun gkss. 35,
[0039]

Furthermore, when surface profiles in a band where a profile wavelength
is 16 um to 1.9 pm are extracted among surface profiles in a rectangular area of
3.8 square millimeters with a point as a center, the point being situated on the
main surface at a distance of 2.5 mm from the outer circumferential end of a disk
toward the center of the disk, and mean square roughness Rq (RMS) of the
surface profiles is assumed as a small wave Rq, the small wave Rq is preferably
0.5 nm or less.

[0040]
[First Embodiment]

Next, first embodiment of each of a method of manufacturing a glass
substrate for a magnetic disk, a method of manufacturing a magnetic disk, and a
polishing apparatus of the glass substrate for a magnetic disk is described in
detail with reference to accompanying drawings.

[0041]
[Polishing Apparatus of Glass Substrate for Magnetic Disk] |

Fig. 1 shows a diagram illustrating a double-side polishing apparatus as
a first embodiment of a polishing apparatus of a glass substrate for a magnetic
disk according to the invention. A double-side polishing apparatus 3 uses a

polishing pad 10, and performs polishing by relatively moving a glass substrate 1



each gear being rotationally driven at a predetermned rotation ratio, and a
top board 31 and a bottom board 32 with the polishing carrier nounting
section between them the boards being driven reversely rotationally to
each other. A surface opposed to the glass substrate 1 of each of the top
and bottom boards 31 and 32 is attached with a polishing pad 10 descri bed

| ater. Each of a plurality of polishinglzarriers 33 nounted so as to be
meshed with the internal gear 34 and the sun gear 35 perfornms a planetary
gear notion so as to revolve around the sun gear 35 while turning round on

Its own axi %g?&@%@éi'ﬁ'm§g%“rﬂ0'é hoéﬂ’llﬁpl Ishing carriers 33 hold a plurality

of glass su spectively. € top board 31 is novable in a
verti cal dipﬁpﬁ'on, and as shown in Fig. 1(b), presses the polishing pad 10
to main surfaces at both sides of each glass substrate 1. Then, while

suppl yi ng a sl urr i aphpdiywidan Rkpndkfory diddtam of2ahve Pechainfin Sathidrebf 33
performs the planetary ‘gear notion, and the top board 31 and the bottom

board 32 r ofti GoiffiEaide p¥lisSHnG apPardtite andtFig! efty shank Déedtnafdizgframier 1 and
the polishing pad 10 are noved relatively to each other, so that the main

surfaces at ghnajor pares tind deable-gi@pelishihg appharatus Aaeingabp amddbotidd@44] The
doubl e-si de polishing apparatus 3 configured as above can be used for

pol i shi ng oboaiys. mésstrwr imcleigof (a) hibhegl cardbde-sidegiolishinglappanatus@ inshideg dei ng
performed nmultiple tinmes gradually in a manufacturing process of a glass 16
substrat e bpolishimg carrigr umanting sectioptrayvingam intetnal geaud4sd agdabsas gesr 3o ai ns
contained in a polishing liquid, and a polishing pad 10 being rel atively
noved wi t heaels gest beingtratatignally devers et apsedetarminedyetatigngapbipl ardiadpph t he
polishing liquid, In an exanple described |later, two polishing steps

I ncl udi ng abogidB1 ﬁﬂﬁ@rQOt_ERfP!bﬁﬁ‘Mé Mpth Wﬁrﬂp“ﬁa!ﬂgsq?ﬁrﬂﬁ') mouping sgctony rror
Phe. mai n_suprateeToinern dhe boaidPbeibo Feh Fevebiiatalianally iEepch P [ Bps: & -
configurati (s)trfrfgée toB;e)osed to the glass substrate 1 of each of the top and bottom boards
31 and 32 is attached with a polishing pad 10 described later. Each of a
plurality of polishing carriers 33 mounted so as to be meshed with the internal
gear 34 and the sun gear 35 performs a planetary gear motion so as to revolve
around the sun gear 35 while turning round on its own axis.

[0043]

The plurality of polishing carriers 33 hold a plurality of glass substrates 1
respectively. The top board 31 is movable in a vertical direction, and as shown
in Fig. 1(b), presses the polishing pad 10 to main surfaces at both sides of each
glass substrate 1. Then, while supplying a slurry containing abrasive grains,
each polishing carrier 33 performs the planetary gear motion, and the top board
31 and the bottom board 32 rotate reversely to each other, thereby each glass
substrate 1 and the polishing pad 10 are moved relatively to each other, so that
the main surfaces at both sides of each glass substrate 1 are polished.

[0044)

The double-side polishing apparatus 3 configured as above can be used

for polishing of the main surface of the glass substrate 1, the polishing being

performed multiple times gradually in a manufacturing process of a glass



doubl e-si de polishing apparatus 3 is approxi mately the sane, but abrasive
grains contained in a polishing liquid (slurry) to be used and a conposition
of the polishing pad 10 are different. As a general tendency, as a step is
a later step, diameter of abrasive grains is decreased, and hardness of the
polishing pad 10 is decreased. [0045] However, when a substrate having | ow
roughness conpared with a prior art isldhtained in a roughening step
performed before the prelimnary polishing step, a soft pad conpared with a
prior art may be used as a pad for the primary polishing (prelimnary

ol $h 16) . TSEAL S i RMIRRS o 5o SR T B b T2 e
o Ok RUENGIE R g AR Sl e e 1 |
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the primary pol I Ci en 'ed 1 n ndary

poli Shing. IRRASCAHERlaimbliedsulberAbRrod pRlenitty S8F8AAGING o e shape of

the ski-junp.  Thus, as a net solvin Inthe e I ment, a

pol i shi ng cprMiinry dotishBAPARrY BolitiAngpeepEha AfirbP BORIAG (Fedodbfy St ep.

for exanple, dianeter o rasive grains, or material or hardness of the
pol i shi ng pp@ligrﬁndgawaﬁb chmietadit assK stepliTpolighiigthe maiRe upfacemifth@ol i shi ng
is changed in a direction of cancelling the ski-junp in the secondary

pol i shing, glasskabstraie EnBetaern the pdishinglstépstaecordiglratiamppf thei mated to a
flat shape. [0046) Fig. 2 shows an enlarged section diagramfor explaining a
confi gur at i doublefsidépolialiing bpparapusi3 is apprioxirnately thessamenbutabrasiven in Fi g.
2, for the polishing pad 10, a foaned body nade of synthetic resin such as
pol yur et hangrains ceipinestiae palishingdiqum (sluey) terhe used and @ gunpesitemahihe s
preferable in the present condition. According to Fig. 2, the polishing pad
10 i ncl udesPp@lishirgpad fare gifferent. As a general tendency, as a step is a later step,

diameter of abrasive grains is decreased, and hardness of the polishing pad 10
is decreased.
[0045]

However, when a substrate having low roughness compared with a prior
art is obtained in a roughening step performed before the preliminary polishing
step, a soft pad compared with a prior art may be used as a pad for the primary
polishing (preliminary polishing). Therefore, a purpose of the primary polishing
is sometimes sufficiently achieved even in polishing having small removal depth
compared with a prior art. However, when the soft pad compared with a prior
art is used in the primary polishing, protrusion (ski-jump) in a substrate end is
sometimes more significantly formed. In such a case, the ski-jump formed in
the primary polishing may not be sufficiently cancelled in the secondary polishing,
consequently the substrate end may be remained in the shape of the ski-jump.
Thus, as a method of solving that, in the embodiment, a polishing condition is
changed in the secondary polishing as a latter step, for example, diameter of
abrasive grains, or material or hardness of the polishing pad is changed, thereby
ski-jump formed in the primary polishing is changed in a direction of cancelling

the ski-jump in the secondary polishing, so that the end shape of the substrate is



I ncl udi ng nonwoven fabric or the |like, and a nap | ayer 14 stacked on a
surface of the base layer 13. In such a nap layer 14, a plurality of
bubbl es are formed in a drop shape in a thickness direction of the nap

| ayer 14. In the enbodi nents, the bubbles are assuned as nap hol es 15.

Har dness of such a foaned body can be adjusted by the anmount of bubbles
(nap holes 15) to be mxed into the bodyl [0047] [Method of manufacturing
gl ass substrate for magnetic disk] Fig. 3 shows a schematic di agram show ng
an enbodi ment of a nmethod of manufacturing a glass substrate for a magnetic

di sk accor dj L nvent by using the polishing apparatus shown in
Fig. 1. Thebﬁ@:{ %@Bétlgﬁct#%dﬁéslé %pr urality of polishing steps as shown in

Figs. 3(a) g@ﬂ f(b) In the polishing steps, while a polishing liquid
cont ai ni ng ive grains 40 or 50 is supplied, the glass substrate 1 and

6
the polishing pad éoz%rho%%é\‘iénfa‘?ééd %éléﬁsdhpdg’lﬁp%ﬁntf& @@aamgg?%nﬁg@fahaﬁt a

mai n surface of t gl ass substra

preceding p g S end
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central porph@A00h féARedBodyTHadE OF syAetic Pesin s0Bh aegohaRelithe 6r
prelinmnary polishing step in an exanple described l'ater. Fig. 3(b) shows a

subsequent ppRkstehigsed. enbamcuhrl? Hotrihed pobiurethaneds ppefetatie in theppresent
changed in a direction of cancelling the shape so that the end is

appr oxi nat edondition.f | Atcortimgeto Fibi 2 thédolisbingegsabhel indledes abasetayes|1i3shi ng
step in the exanple described |ater. The preceding polishing step is

achi eved byinelusting sonwogen éabrigyortthe liker aid amagrlayers14 stckad onrespidacesbf ng
pad 10, and the subsequent polishing step is achieved by a set configured
by the abrathe/fasslayes130 Whsughhe npmlaxeeh'. g apluratity, of lmtzts?s Areformsstina
portion” neans an area including the c?nter in aradial  direction in an

i nf or mat i ondfaRcEhanenh atuckness dikgetien of HieohaRIAYSH 18s I the embgdiments,
the bubbles are assumed as nap holes 15. Hardness of such a foamed body

can be adjusted by the amount of bubbles (hap holes 15) to be mixed into the
body.

[0047]

[Method of manufacturing glass substrate for magnetic disk]

Fig. 3 shows a schematic diagram showing an embodiment of a method
of manufacturing a glass substrate for a magnetic disk according to the invention
by using the polishing apparatus shown in Fig. 1. The method includes a
plurality of polishing steps as shown in Figs. 3(a) and 3(b). In the polishing
steps, while a polishing liquid containing abrasive grains 40 or 50 is supplied, the
glass substrate 1 and the polishing pad 10 or 20 are relatively moved to each
other, so that a main surface of the glass substrate 1 is polished. Fig. 3(a)
shows a preceding polishing step in which polishing is performed such that an
end of the main surface has a shape being protruded (ski-jump) compared with a
central portion of the main surface, and the step corresponds to a preliminary
polishing step in an example described later. Fig. 3(b) shows a subsequent
polishing step in which the protruded shape (ski-jump) is changed in a direction

of cancelling the shape so that the end is approximated to a flat shape, which



a magnetic disk is manufactured using the glass substrate for a magnetic

di sk, and corresponds to at |least a part of the glide area G as shown in
Fig. 4. [0049] The enbodi nent may further include a grasp step before the
preceding polishing step of Fig. 3(a), in which the ski-junp shape as a
shape of the end being protruded conpared with the central portion, the
shape being to be forned in the relevang preceding polishing step, is

bef orehand grasped in order to determ ne hardness of the polishing pad 20
and di anmeter of abrasive grains 50 wused in the subsequent polishing step of

Substrate .cé?r@tsggngagfg TERE holshing ap B (e SHABHIR Segerived g ot ?San a
e
har dness cé‘tpp%rr’% NG ‘géb Qﬂﬁjﬂ.?f %‘ggﬂh%n% ﬁ&a%'ls ‘fﬁﬁF% fi shi ng
by The. arm it CoRt gtﬁﬁﬁﬁvqﬁes%fﬁ%“'%ﬁf@ﬁ sehdtherPahhebaddeay Sove U o

Mor eover , lf ﬁ]ow ding the grasp step, abrasive grains used in the
subsequent %‘8 shing step of Fig. 3(b) nay be decreased in diameter

conpared w th abrgg %%nﬂ?ﬁb&ﬁloHsﬁ%g'ng z{rﬂé‘reaqﬁaﬁﬁ ert‘éln'teﬁhh%gl%a%trlﬁp of Fig.

3(a). That is, the1nvention 1nc step of be ehand

graspi ng tg{?re%ﬂgn 3R BImAatEn %&?alnﬁtﬁ}éért%%@%%fﬂﬁﬁaﬁéh tt@ﬁ I ng

pol i shi ng and the determ nati step of determ ning ness 0 t he

pol i shing %ﬁ’xa@nﬁbggl &‘?ﬁa &th}?edaaélﬁglmé R dibstatdfdry ﬁnagnéﬂ@?g,ﬂuent

pol i shing step e subsequeit |sh|ng step of Fig
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grains is reduced as describ
[0048]

The embodiment may further include a grasp step before the preceding
polishing step of Fig. 3(a), in which the ski-jump shape as a shape of the end
being protruded compared with the central portion, the shape being to be formed
in the relevant preceding polishing step, is beforehand grasped in order to
determine hardness of the polishing pad 20 and diameter of abrasive grains 50
used in the subsequent polishing step of Fig. 3(b). In the grasp step, for
example, an end shape of the glass substrate is previously measured after a
preceding polishing step, and a treatment condition in a subsequent polishing
step can be determined based on the end shape.

[0050]

By providing such a grasp step, the polishing pad 20 used in the
subsequent polishing step of Fig. 3(b} may be increased in hardness compared
with the polishing pad 10 used in the preceding polishing step of Fig. 3(a).
Hardness of the polishing pad 10 or 20 may be adjusted by the amount of
bubbles to be mixed into each of the pads as above. Moreover, by providing
the grasp step, abrasive grains used in the subsequent polishing step of Fig.

3(b) may be decreased in diameter compared with abrasive grains used in the

preceding polishing step of Fig. 3(a). That is, the invention includes the grasp



|

above. In the step, if a glass substrate having a flat end is polished,
polishing is perfornmed such that the end has a shape bei ng descended
conpared with the central portion (roll-off) as a glass substrate 100.

[ 0052] Such polishing is applied to the glass substrate 1 of which the end
al ready has the ski-junp shape, as a result, the end of the main surface can
be substantially nmade to be flat as injgig. 3(c). Alternatively, as a
result of the subsequent polishing step of Fig. 3(b), the end of the nain
surface may be in a shape being descended conpared with the central portion
(roll-off). This is a polishing nmethod where the end is allowed to have a
rol | -of f sistapeofibeforehandigraspingribe podishiapa®f the glasascbistratecolptaintest in dine of
change in end shape (ski-junp) which will occur in a chem cal strengthening
treat ment pregeding pelishing stepo @adithe detgrorinatiprasteprofidetermibingdrardness bf shi ng
step. Wiile it was described that the end was allowed to have the roll-off
shape, it teapelishing pad @ndgiameternfitheabrasivengraing used in ther subseseent a shape
bei ng approxi mated to a flat shape conpared with the ski-junp shape forned
in the prepplishiag@teml i shing step. [0053] Here, the preceding polishing
step (primary_ polishing step or prelimnary polishing step) and the
subsequent[ 1i]shing step (secondary polishing step or mrror polishing
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central
central portion (roll-off) as a glass substrate 100.

[0052]

Such polishing is applied to the glass substrate 1 of which the end
already has the ski-jump shape, as a result, the end of the main surface can be
substantially made to be flat as in Fig. 3(c). Alternatively, as a result of the
subsequent polishing step of Fig. 3(b), the end of the main surface may be in a
shape being descended compared with the central portion (roll-off). Thisis a
polishing method where the end is aliowed to have a roll-off shape in the
subsequent polishing step based on expectation of change in end shape
(ski-jump) which will occur in a chemical strengthening treatment step to be
additionally performed after the subsequent polishing step. While it was
described that the end was allowed to have the roll-off shape, it means that the
end is allowed to have a roll-off shape as a shape being approximated to a flat
shape compared with the ski-jump shape formed in the preliminary polishing
step.

[0053]

Here, the preceding polishing step (primary polishing step or preliminary

polishing step) and the subsequent polishing step (secondary polishing step or

mirror polishing step) are described respectively.



portion. [0055] In the subsequent polishing step according to the

enbodi nent, the end shape of the glass substrate is nade into a flat shape.
Specifically, in the subsequent polishing step, when a glass substrate
having a flat end of a main surface is polished, the main surface of the

gl ass substrate is polished such that the end has a shape bei ng descended
conpared with a central portion. [0056] &breover, in the subsequent
polishing step, a surface of the glass substrate is polished into a mrror
surface. Colloidal silica particles are preferably used for abrasive grains
used in thﬁpﬁﬁg equent polishing step. The content of colloidal silica
particles i Eolishing liquid is preferably 5 w%to 40 w% [0057] G ain

more pref orably o8 TRBRcedheP Hﬁﬁ%&%é@% B B bed el ehd "G o RS
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subsequent pol i shi step, regardi ng surface roughness of the

substrate léhd bps rﬁeﬁﬁraﬁr&cengbbﬁihéw thén@ﬁ%gﬁﬁwoﬁﬂﬁbhbg%uﬁéﬂrél@ﬁt ic mean
roughness (Ra) is 0.2 nmor |ess, and maxi num peak height (Rp) is 2 nm or

| ess. Here, pémeﬂ@umuﬁhpm@l@ﬁwhwa shBpg baERR)srodrudedditimsdrediviititia 2entral

follows: a surface profile of a predetermned region in a surface of a gl ass
substrate iponieasured, then a nean plane of the surface profile is obtained,
and [0055]
In the subsequent polishing step according to the embodiment, the end
shape of the glass substrate is made into a flat shape. Specifically, in the
subsequent polishing step, when a glass substrate having a flat end of a main
surface is polished, the main surface of the glass substrate is polished such that
the end has a shape being descended compared with a central portion.
[0056]
Moreover, in the subsequent polishing step, a surface of the glass
substrate is polished into a mirror surface. Colloidal silica particles are
preferably used for abrasive grains used in the subsequent polishing step. The
content of colloidal silica particles in a polishing liquid is preferably 5 wi% to 40
wit%.
[0057]
Grain diameter of the colloidal silica particles is preferably 80 nm or less,
and more preferably 50 nm or less. This is because if such fine abrasive grains
are used, a smooth mirror surface, which is preferable for the glass substrate for
a magnetic disk, can be obtained. A lower limit value of the grain diameter is
preferably determined in consideration of polishing processing speed in the

subsequent polishing step, and for example, the lower limit value can be

determined to be 20 nm or more.



then assum ng that the nean plane is as a reference, height of the highest
point fromthe average surface is obtained, which corresponds to the

rel evant height. These val ues are neasured using AFM (Atom c Force

M croscope). [0059] [Method of manufacturing nmagnetic disk] Wien at |east a
magnetic layer is formed on a surface of a glass substrate obtained
according to the nethod of manufacturingithe glass substrate for a nagnetic
disk so that a magnetic disk is manufactured, a magnetic disk is obtained,
whi ch has a desired end shape such as a magnetic di sk having a

substantially flat end. [0060] |[Method of manufacturing glass substrate for
magneti c dﬂgéﬁahﬁen the invention is further generalized, an enbodi nent may

be consi dered, ich includes a first treatnept st erfornmed t he gl ass
oubstrare 1. and 1 150 sURSPIHEI FRURING SIAP. RORIIN I SNRECS) [GHaPrEshat the o 1 <
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from the average surface is obtained, which corresponds to the relevant height.

These values are measured using AFM (Atomic Force Microscope).

[0059]

[Method of manufacturing magnetic disk]

When at least a magnetic layer is formed on a surface of a glass
substrate obtained according to the method of manufacturing the glass substrate
for a magnetic disk so that a magnetic disk is manufactured, a magnetic disk is
obtained, which has a desired end shape such as a magnetic disk having a
substantially fiat end.

[0060]
[Method of manufacturing glass substrate for magnetic disk]

When the invention is further generalized, an embodiment may be
considered, which includes a first treatment step performed to the glass
substrate 1, and a second treatment step in which the glass substrate 1 is
changed in a direction of cancelling change in end shape of the glass substrate 1
appeared in the first treatment step in order to form a desired end shape. The
first and second treatment steps, in which the end shape of the glass substrate 1
is changed in a direction of being cancelled by each other, are not limited to a

plurality of polishing steps. That is, any embodiment can be considered, as

long as it is corresponding to the technical idea that change in end shape in a



step; polishing, and (C) first treatnent step; prelimnary polishing
(primary polishing), and second treatnent step; mrror polishing (secondary
polishing). The enbodi nent described using Figs. 1 to 3 corresponds to an
exanple of the (C). [0062] In this way, since the end shape is changed in
the treatnment step such as polishing or chem cal strengthening, before the
first treatnent step, change in end shape to be appeared in the step is
grasped beforehand so that a treatnent condition of the second treatnent
step may be determ ned. To beforehand grasp the change in end shape of the
gl ass substrate,, for, exanple, it is.enough, that.an end shape of the glass
Substrate | BIESEEINGRIER S RRAGYRIn 3 RrEFIaI Pl cCe A BE AN SEIBR. [ 0063 It i's
appreciated that th unber of processing steps is not limted to twd. For
exanpl e, vaPiRRRAYS: Fﬁﬁhs may be considered, including (D) steps of prinary
pol i shi ng, Tdary pol i shing, and chem cal strengthening, (E) steps of
primary po Fng, secondary polishing, chem cal strengthening, and

pol i shing, and (Fthé%ﬁéJﬂB'qO&hé qulow %%I listdd-enot heni ng, primary poli shing,

and secondary pol any o atterns,” it is only necessary that the

end shape of the Rege esj ch

process. 23 [006%)ﬁ%teﬁg%mén'ﬁésg?p’stre@ﬁ]dznr@hghﬁgggﬁgﬁéggraﬁg%ﬁ{es&?at he end

shape can bﬁoliémﬂ& flat in a last polishing step. However, when the chem cal
gis '

st rengt heni performed after secondary polishing, and polishing is not

performed thereaf (@ firsffedtinditSt@x aRenfics!dtrengthdring iitbSeddif tréathfat!  of

protrusion of the end shape fornmed in the chem cal strengthening is grasped
bef or ehand, si@pd palisiing, sithpe after secondary polishing is nmade to be the
roll-off shape so that the end shape

(C) first treatment step; preliminary polishing (primary polishing}, and

second treatment step; mirror polishing (secondary polishing).

The embodiment described using Figs. 1 to 3 corresponds to an example of the
(C).

[0062]

In this way, since the end shape is changed in the treatment step such
as polishing or chemical strengthening, before the first treatment step, change in
end shape to be appeared in the step is grasped beforehand so that a treatment
condition of the second treatment step may be determined. To beforehand
grasp the change in end shape of the glass substrate, for example, it is enough
that an end shape of the glass substrate is previously measured after a first
treatment step.

[0063]

It is appreciated that the number of processing steps is not limited to two.
For example, various patterns may be considered, including (D) steps of primary
polishing, secondary polishing, and chemical strengthening, (E) steps of primary
polishing, secondary polishing, chemical strengthening, and polishing, and (F)
steps of the chemical strengthening, primary polishing, and secondary polishing.
In any of patterns, it is only necessary that the end shape of the glass substrate

becomes a desired shape after each process.



after the chem cal strengthening becones a flat shape. On the other hand, in
a case that polishing is additionally perfornmed after chem cal
strengthening (a case that roughness and an end shape are desirably
i mproved while a strengthening layer is left) as in the exanples (E) and
(F), an end shape to be obtained by a chem cal strengthening condition is
grasped beforehand, and sufficient polishing to change the end shape in a
direction of cancelling the end shape is performed for polishing with small
removal depth to the utnost. Thus, the end shape and roughness can be
I mproved while | eaving the strengthening |ayer (while keeping sufficient
strength). [BP6@&rform ng such polishing, the end shape is made into a
substantially flat shape [ 0065] The generali t hod of nanufacturlng t he
e SRR

gl ass substrate f¥fhen Ch%'@'ﬁ@ﬁt&ertgtg‘ﬂmﬁﬁys pet ithe gndshape
Gl ass SubstMage fegin a ke Flenbog ?%4( HE1EMBVer, BB RP CAPHRCHSIROGESTIBG Bt i ng
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after the chemical strengthening becomes a flat shape. On the other hand, in a

case that polishing is additionally performed after chemical strengthening (a

case that roughness and an end shape are desirably improved while a

strengthening layer is left) as in the examples (E) and (F), an end shape to be

obtained by a chemical strengthening condition is grasped beforehand, and

sufficient polishing to change the end shape in a direction of cancelling the end

shape is performed for polishing with small removal depth to the utmost. Thus,

the end shape and roughness can be improved while leaving the strengthening

layer (while keeping sufficient strength). By performing such polishing, the end

shape is made into a substantially flat shape.

[0065]

The generalized method of manufacturing the glass substrate for a

magnetic disk may be also applied to a second embodiment described later.

[00686]

[First example]

In a first example, a glass substrate for a magnetic disk and a

perpendicular magnetic recording disk were manufactured through the following

steps of (1) to (11).

[0067]

(1) Shape machining step

First, a multicomponent glass substrate including amorphous glass was



portion of the glass substrate using a grindstone, so that a disk-Iike glass
substrate 1 having a circular hole in the center was forned. Furthernore, an
outer circunferential end face and an inner circunferential end face were
chanfered. [0069] (2) End face polishing step Next, while rotating the

gl ass substrate 1, the glass substrate 1 was polished by brush polishing
such that surface roughness of each of tdwe (inner and outer
circunferential) end faces of the glass substrate 1 was about 1.0 min the
maxi mum hei ght (Rmax), and about 0.3 min the arithnetic nmean roughness
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by a flat neﬁgbcg_ggf(s(x&e’\y?ig@t apparatus. Rmax and Ra were neasured by an atomc

force mcros Nanoscope nmanufactured by Digital Instrunments

Inc.). 25 {O%%éf] (4) Prelimnary polishing step In a prelimnary polishing
step, the gtass'substrate, which was ground in the grinding step (3) and

then roughened. | #nd bl SibshaRealihdeed 9 WRGLHeBE hemddBpfifba M nar v

polishing step was C ut using a pol par at us was abl e
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portion of the glass substrate using a grindstone, so that a disk-like glass
substrate 1 having a circular hole in the center was formed. Furthermore, an
outer circumferential end face and an inner circumferential end face were
chamfered.

[0069]
(2) End face polishing step

Next, while rotating the glass substrate 1, the glass substrate 1 was
polished by brush polishing such that surface roughness of each of the (inner
and outer circumferential) end faces of the glass substrate 1 was about 1.0 umin
the maximum height (Rmax), and about 0.3 um in the arithmetic mean
roughness (Ra).
[0070]
(3) Grinding step

Next, while using grinding particles having a grain size of #1000, a glass
substrate surface was ground such that a main surface had flatness of 3 um,
Rmax of about 2 um, and Ra of about 0.2 um. Here, the flathess means a
distance (height difference) in a vertical direction (direction perpendicular to a
surface) between the highest portion and the lowest portion of the substrate
surface, which was measured by a flathess measurement apparatus. Rmax

and Ra were measured by an atomic force microscope (AFM) (Nanoscope

manufactured by Digital Instruments Inc.).



As the polishing pad, a polishing pad, in which a zirconium oxide and a
cerium oxide were previously contained, was used. [0072] Fig. 5(a) shows a
tabl e showing a polishing condition in the exanple 1. A polishing liquid in
the prelimnary polishing (primary polishing) step was prepared by m xing
cerium oxi de abrasive grains 40 having a nean grain dianeter of 1.2 minto
water. Dianeter of the abrasive grains 4»is preferably wthin a range of
1.0to 1.4 m Abrasive grains having a grain dianeter of nore than 4 | am
were renoved beforehand. The polishing Iiquid was neasured, as a result, a
maxi mum val ue_of di aneter of the abrasive grains contained in the polishing
i quid was 03 1k an average val ue of the dianmeter was 1.2 m and a D50

val ue thereof was In addition, a |oad applied to the glass substrate
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substrate suRRS bBRsHiRg HA8, a polishing pad, in which a zirconium oxide and a cerium

oxide were previously contained, was used.

[0072]

Fig. 5(a) shows a table showing a polishing condition in the example 1.
A polishing liquid in the preliminary polishing (primary polishing) step was
prepared by mixing cerium oxide abrasive grains 40 having a mean grain
diameter of 1.2 um into water. Diameter of the abrasive grains 40 is preferably
within a range of 1.0to 1.4 um. Abrasive grains having a grain diameter of
more than 4 uym were removed beforehand. The polishing liquid was measured,
as a result, a maximum value of diameter of the abrasive grains contained in the
polishing liquid was 3.5 um, an average value of the diameter was 1.2 ym, and a
D50 value thereof was 1.1 um. In addition, a load applied to the glass substrate
1 was 80 to 100 gfcm?, and thickness of a surface portion to be removed from
the glass substrate 1 was 20 to 40 um.

[0073]

The “end shape” in the table of Fig. 5 shows an end shape in the case
that only the relevant polishing step is singly performed. Specifically, it shows
an end shape formed in the case that the relevant polishing step is performed
using a glass substrate having a flatend. The “resuits” in the table of Fig. 5
show end shapes of the glass substrate after a series of the primary and

secondary polishing steps are finished respectively.



prelimnary polishing is further polished until the main surface of the

gl ass substrate becones a mrror surface. The mrror polishing (secondary
polishing) step was carried out using the polishing apparatus 3 that can
polish both of main surfaces of each of 100 to 200 gl ass substrates at a
time. For the polishing pad, a polyurethane series soft polisher was used.
A polishing liquid in the mrror polishigng step was prepared by addi ng
colloidal silica particles having a grain dianmeter of 40 nminto ultrapure
water. The grain dianmeter of the colloidal silica particles is desirably
within a range of 20 to 60 nm After the (5 mrror polishing step was

per f or med, [@W4nd shape was observed, as a result, it was known that the
end shape was a substantially flat sha e as shown in Fig. 3(c) [ 0076]
Using a gl ass subdler the(drue rnwmppll%hmgrs&mwaﬁ@eirﬁm@e a8Befdidtapee t he
(5) mrror polishing step, the (5 mrror, polishing step was perforned, as a
resul't, t H@Secm ARt fteas knowathaldhg end ﬁwapﬁ: wagthg g’@d”%\ﬁ’bst rate

100 shown in "eﬁ n&oog@fi That is, in the invention, polishing is
per f or ned ﬁHaPﬁ@ p?'lg:“‘f NfdBy°'9dol i shing step such that an end shape becones
t he ski -] ug@)(jp%]ape and polishing is perfornmed in the subsequent mrror
pol i shi ng such that an end shape being initially a flat shape is made

into the r of f s e o that an end shape of the glass substrate to be
finally ob?g MiTor; RO @Bm%reped to be a desired 27 flat shape. [0078] (6)

teantna SteP. 2 o il ndBVRLIER, B hS Bondlib bl s 0 L]
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respective sghefleWedomésa Mirdr Q@Héé&' T RTiF6 bolishiHg(secondary polishing)
step was carried out using the polishing apparatus 3 that can polish both of main
surfaces of each of 100 to 200 glass substrates at a time. For the polishing pad,
a polyurethane series soft polisher was used. A polishing liquid in the mirror
polishing step was prepared by adding colloidal silica particles having a grain
diameter of 40 nm into ultrapure water. The grain diameter of the colloidal silica
particles is desirably within a range of 20 to 60 nm. After the (5) mirror
polishing step was performed, an end shape was observed, as a result, it was
known that the end shape was a substantially flat shape as shown in Fig. 3(c).
[0076])

Using a glass substrate that has a flat end shape immediately before the
(5) mirror polishing step, the (5) mirror polishing step was performed, as a result,
the end shape became the roll-off shape as in the glass substrate 100 shown in
Fig. 3(b).

[0077]

That is, in the invention, polishing is performed in the preliminary
polishing step such that an end shape becomes the ski-jump shape, and
polishing is performed in the subsequent mirror polishing step such that an end
shape being initially a flat shape is made into the roll-off shape, so that an end

shape of the glass substrate to be finally obtained is controlled to be a desired



wat er, pure water, isopropyl-alcohol, and isopropyl-al cohol (steam drying),
and thus washed. A surface of the glass substrate 1 after cleaning was
observed by AFM (Nanoscope manufactured by Digital Instrunents Inc.), as a
result, adhesion of the colloidal silica abrasive grains was not confirned.
Mor eover, foreign substances such as stainless steel or iron were not
found. [0079] (7) Chenical strengtheniBd treatnent step Next, the cleaned
gl ass substrate 1 being preheated to 300C was dipped for about 3 hours in a
chem cal strengthening salt including potassium nitrate (60% and sodi um
nitrate (49%ﬁsh Lch were m xed to each other and heated to 375C, so that

t he substrate was subjected to chem cal strengthening treatnent. By
perform nggesitreatment, lithiumions and sodiumions in a surface of the
gl ass sustraté 1 are substituted by sodiumions and potassium ions in the

chemi cal s%g%eg% %pﬁ‘/ﬂér rhin@P pRlishing IRatmenpect i vely, so that the glass

substrate cal strengt hened” Thi ckness of a conpressive stress

layer formed in Nstsmelqass libstire alwas dippedtin®l & NeORagakeus séRiohgn 200
m After perform ng the chem cal strengthening, the glass substrate 1 was

di pped in @ g@icihtiatioh o 8Ewt% focakalhiclanimpol Bk cléﬁﬂinﬁeﬂés perforhedit 10
mn therein. [0080] As a result of the chem cal strengthening treatnent

step, the egith & ulthsont welabeirguéslical e FurthermbbraTdbe gigsarslibstrace vas
conpressive stress generating on the surface of the substrate and thus

ri ses, resgegusgtially dippedin respettied cldaning tahks of aateutrat detergedite putehe
preceding mrror polishing step is finished, a slight roll-off shape nay be
| eft on t hevatar pune wader, sopnepyaicahod, andlisbprdpyl-aloobob(stéamfdrying), artht i s,
the end shape after the secondary polishing step (mrror polishing step)
and/ or t he thusiwashed. afiserfacaof e glasy spbsirate hafte deanipg swaswbservegbyi shi ng
step) may be adjusted such that a flat end shape is given after the
cheni cal ~ AFM (Nanoscope manufactured by Digital Instruments Inc.), as a result,

adhesion of the colloidal silica abrasive grains was not confirmed. Moreover,

foreign substances such as stainless steel or iron were not found.

[0079]

(7) Chemical strengthening treatment step

Next, the cleaned glass substrate 1 being preheated to 300°C was

dipped for about 3 hours in a chemical strengthening salt including potassium

nitrate (60%) and sodium nitrate (40%), which were mixed to each other and

heated to 375°C, so that the substrate was subjected to chemical strengthening

treatment. By performing the treatment, lithium ions and sodium ions in a

surface of the glass substrate 1 are substituted by sodium ions and potassium

ions in the chemical strengthening salt (ion exchange) respectively, so that the

glass substrate 1 is chemically strengthened. Thickness of a compressive

stress layer formed in the surface of the glass substrate 1 was about 100 to 200

pm. After performing the chemical strengthening, the glass substrate 1 was

dipped in a water tank at 20°C to be rapidly cooled, and kept for about 10 min

therein.

[0080}

As a result of the chemical strengthening treatment step, the end of the



strengthening treatnent step is perfornmed. [0081] (8) Ceaning step after
chem cal strengthening Next, the rapidly-cooled glass substrate 1 was di pped
in sulfuric acid being heated to about 40C, then the gl ass substrate was

cl eaned while being applied with an ultrasonic wave, and consequently

manuf acturing of a glass substrate for a nmagnetic disk was conpl et ed.

[0082] (9) Inspection step of glass suligtrate for nagnetic di sk Next,

i nspection was nade on the glass substrate for a magnetic disk. Surface
roughness of the glass substrate for a magnetic di sk was nmeasured by AFM
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strengthening treatment step is performed.
[0081])
(8) Cleaning step after chemical strengthening
Next, the rapidly-cooled glass substrate 1 was dipped in sulfuric acid
being heated to about 40°C, then the glass substrate was cleaned while being
applied with an ultrasonic wave, and consequently manufacturing of a glass
substrate for a magnetic disk was completed.
[0082]
{9) Inspection step of glass substrate for magnetic disk
Next, inspection was made on the glass substrate for a magnetic disk.
Surface roughness of the glass substrate for a magnetic disk was measured by
AFM (Atomic Force Microscope), as a result, the maximum peak height (Rp)
was 1.8 nm, and the arithmetic mean roughness (Ra) was 0.25 nm. Moreover,
the surface was a clean mirror surface, and a foreign substance that may disturb
flying of a magnetic head, or a foreign substance that may cause a thermal
asperity trouble was not found.
[0083]
(10) Magnetic disk manufacturing step
Next, for the glass substrate for a magnetic disk, an adhesion layer

including a Cr alloy, a soft magnetic layer including a CoTaZr-based alloy, a

base layer including Ru, a perpendicular magnetic recording layer including a



above way. First, a head crush test was perfornmed, in which a head is
allowed to fly and run on the nmagnetic disk by using an inspection head of
which the flying height was 8 nm As a result, the nmagnetic head did not
contact to any foreign substance or the |ike, and consequently any crush
trouble did not occur. [0085] Next, a nagnetic head, of which the
reproduci ng el enent section was a nmagnetdresistive effect el enent, the
recordi ng el enent section was a single pole elenent, and the flying height
was 8 nm was used for a recording/reproducing test by a perpendicul ar
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whi ch t he '%@%éh%cgﬁ | begins to contact to the magnetic disk. As a
result, the magnetic disk according to the exanple did not contact to the

head over a['o(;g,ﬁa froman inner edge to an outer edge of the nmagnetic disk
even in flying height of 4 nm In an outer edge region of the nmagnetic disk,

gli de hei gh{1Maaspectionstep 80fHEgnfic dikg. 5(b) shows a table showing a
polishing condition in a conparative exanple to be conpared with the

exanpl e. Using a WlexsInspeetiohavas mladeiorethe ragghéiic dekpramifaviered imblee, a
magneti ¢ di sk was produced, and subjected to a head crush test as in the

above. As aabeselay. t Rrstyagmead crushadedstosas petfernéd, in wHich ai lpadsistalioaede or
the |li ke, and consequently a crush trouble occurred. [0088] Wen Fig. 5(a)
i s conpar edta fiy Bhd.rus En)thewhagretigrdisk byiusing am inspection head of which the

flying height was 8 nm. As a result, the magnetic head did not contact to any

foreign substance or the like, and consequently any crush trouble did not occur.

[0085]

Next, a magnetic head, of which the reproducing element section was a

magnetoresistive effect element, the recording element section was a single

pole element, and the flying height was 8 nm, was used for a

recording/reproducing test by a perpendicular recording method, as a resuit, it

was confirmed that information was normally recorded or reproduced. In this

test, recording and reproducing were performed at 100 gigabits per square inch

without detecting a thermal asperity signal in a reproducing signal.

[0086]

Next, a glide height test of the magnetic disk was performed. In the test,

flying height of the inspection head is gradually reduced in order to confirm a

flying height at which the inspection head begins to contact to the magnetic disk.

As a result, the magnetic disk according to the example did not contact to the

head over an area from an inner edge to an outer edge of the magnetic disk

even in flying height of 4 nm. In an outer edge region of the magnetic disk,

glide height was 3.7 nm.
[0087]



approximately the same in either of the primary polishing and the secondary
polishing, material of the polishing pad used in the primary polishing is
different. Wen the polishing pad is conpared between the exanpl es,

har dness of the polishing pad in Fig. 5(b) as the conparative exanple is 93
in C hardness in the primary polishing, and 84 in C hardness in the
secondary polishing, that is, hardness 3 the polishing pad is lowin the
secondary polishing conpared with in the primary polishing. On the other
hand, hardness of the polishing pad in Fig. 5(a) as the exanple of the
invention is 80 in C_har ess i prlnary ol i shi and 84 in

hardness in the s%@oﬁﬂﬁﬁ% ‘ﬂé owig a peli WHQ&H@BE'Oﬂf'"ﬁﬁomWﬁ'%l ng pad
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secondary p@gsgin ng is preferably high in hardness conpared with the
pol i shing p used in the primary polishing. [0090] 31 1In the first exanple
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shape in the primary polishing, is not cancell I n the secondary
pol i shing, Whetdihietpalighing! peel shapeparedbetaben did eshmpteshAardrgss ofohé - of f

value of 0.173 m of which the
polishing pad in Fig. 5(b) as the comparative example is 93 in C hardness in the
primary polishing, and 84 in C hardness in the secondary polishing, that is,
hardness of the polishing pad is low in the secondary polishing compared with in
the primary polishing. On the other hand, hardness of the polishing pad in Fig.
5(a) as the example of the invention is 80 in C hardness in the primary polishing,
and 84 in C hardness in the secondary polishing, that is, hardness of the
polishing pad is high in the secondary polishing compared with the primary
polishing.
[0089]

In addition to obtaining a desired end shape, in the light of processing
speed (polishing speed), surface roughness of the substrate and the like,
hardness of the polishing pad in Fig. 5(a) is desirably within a range of 78 to 82
in C hardness (ASKER C hardness) in the primary polishing, and is desirably
within a range of 82 to 86 in C hardness in the secondary polishing. In other
words, regarding hardness (ASKER C hardness) of the polishing pad used in the
invention, the polishing pad used in the secondary polishing is preferably high in

hardness compared with the polishing pad used in the primary polishing.

[0090]



absolute value is increased. As obvious fromthe result, according to the
exanpl e of the invention, changes in end shape appeared in the preceding and
subsequent polishing steps are cancell ed by each other, thereby the end
shape can be nore approximted to a flat shape. In other words, it is
extrenely difficult to finally manufacture a gl ass substrate for a magnetic
di sk, which has a flat end shape and axnooth main surface, only by

adj usting each process, and it is inportant to continuously control the end
shape through several processes. That is, the amount of change in end shape
to be changed in the secondar polishing step is grasped beforehand, and an
end shape in thelrpmedmspewnpéﬁfﬁge invensigntheshapeaf the glassifabshatesanghe
becones a flat shape after the secondar polishing.is perfornmed, thereby
the gl ass M@hm@éﬁf%ﬁheas'ﬁw@m&ﬁhépai'%MXEhBUﬁT'ﬁgV polighing, 'gﬁ agge@ i dan be
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example of the invention, changes in end shape appeared in the preceding and

subsequent polishing steps are cancelled by each other, thereby the end shape

can be more approximated to a flat shape. In other words, it is extremely

difficult to finally manufacture a glass substrate for a magnetic disk, which has a

flat end shape and a smooth main surface, only by adjusting each process, and

it is important to continuously control the end shape through several processes.

That is, the amount of change in end shape to be changed in the secondary

polishing step is grasped beforehand, and an end shape in the primary polishing

is adjusted such that the end shape becomes a flat shape after the secondary

polishing is performed, thereby the glass substrate for a magnetic disk having a

flat end shape can be manufactured.

[0091]

[Second embodiment]

Next, a second embodiment of a method of manufacturing a glass

substrate for a magnetic disk, a method of manufacturing a magnetic disk, and a

polishing apparatus of the glass substrate for a magnetic disk according to the

invention are described in detail.

[0092]

[Polishing apparatus of glass substrate for magnetic disk]

For the polishing apparatus, the double-side polishing apparatus 3 as



B |

substrate. Between the two steps, a configuration of the doubl e-side
polishing apparatus 3 is approximately the sane, but abrasive grains
contained in a polishing liquid (slurry) to be used, and a conposition of
the polishing pad 10 are different. As a general tendency, as a step is a

| ater step, the abrasive grains are decreased in dianeter, and the
polishing pad 10 is decreased in hardnegs. [0094] However, dependi ng on
conditions such as hardness or material of the polishing pad, and di aneter
of the abrasive grains used in the primary polishing, descending (roll-off)
of an end significantly occurs in some case. In such a case, the roll-off
forned i n tdescpbedwith refdrepee teFigay indbe tﬂastsamnbadjmmqnd:mecmllsbmg pad he
secondary polishing, consequently the end may be remamined in the shape of
the rol | - off0 asfescrikes witheefeerndss todggy2 Hgthm@mboﬂmnemieargé@@ddtmm nment, a
polishing condition is changed in the secondary polishing as a latter step,
for exarrplc@ta'!ﬁcbm%lpt'gﬂ qf%@"-‘"&b‘-i gated.grai ns, or material or hardness of

t he pollsqégg pad i s changed, thereby rol | -of f formed in the primry
pol i shing i %hanged in a direction of cancelling the roll-off in the
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and - 6(b) %b’sﬂgwcont%%ﬁenqw b Teis, o ntfgﬁré}@ éﬂbg%oﬁbfe%ldp"%dl'sﬁm@

pol i shing I qui arning abrasi've gra 'S supp gl ass

substrate afds P! dspﬂ??g@g‘?élg tHe SQﬁ'\&z BuBaBrasRleAgralf é’od’fB\‘n‘é@ ihG each

other, so that a main the glass substrate 1 is polished. Fig.
6(a) shows gpliBhRGIRUY (SAAH)IBiIbetuSEd Andidcaipe&ition bf & paishing’gad Q0H€e such

that an end of the main surface has a
different. As a general tendency, as a step is a later step, the abrasive grains
are decreased in diameter, and the polishing pad 10 is decreased in hardness.
[0084]

However, depending on conditions such as hardness or material of the
polishing pad, and diameter of the abrasive grains used in the primary polishing,
descending (roll-off) of an end significantly occurs in some case. Insucha
case, the roll-off formed in the primary polishing may not be sufficiently canceled
in the secondary polishing, consequently the end may be remained in the shape
of the roll-off. Thus, as a method of solving that, in the second embodiment, a
polishing condition is changed in the secondary polishing as a latter step, for
example, diameter of the abrasive grains, or material or hardness of the
polishing pad is changed, thereby roll-off formed in the primary polishing is
changed in a direction of cancelling the roll-off in the secondary polishing, so that
the end shape is approximated to a flat shape.

[0095]
[Method of manufacturing glass substrate for magnetic disk]

Fig. 6 shows schematic diagrams showing a second embodiment of a

method of manufacturing the glass substrate for a magnetic disk according to



shape being descended (roll-off) conpared with a central portion of the main
surface, and the step corresponds to a prelimnary polishing step in a
second exanple described later. Fig. 6(b) shows a subsequent polishing step
in which the descended shape (roll-off) is changed in a direction of
cancelling the change so that the end of the glass substrate 1 is
approximated to a flat shape, which cor3®sponds to a mrror polishing step
in the second exanpl e described later. The preceding polishing step is
achieved by a set configured by the abrasive grains 40 and the polishing
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after a prece pol I ng step, a subsequent

Dobvral g Bt e fads Seodipiens iRiishiadoFaleld)argls & BRRRidBaRhity step

provi di ng such a grasp step, t 20 used Iin thhe 34

pol i shing sireRhieh Polighing (¥ beBimEE stk tikatsfitlend ohHelRHPsGPatahasla W th the
polishing pad 10 used in the preceding polishing step of Fig. 6(a).

Har dness of sh&se beingddseented! (fl-off) cdthpared thealcestraichdition bé trrymiairt  of
bubbles to be m xed into each of the pads as above. Moreover, by providing

t he grasp sseffacelandsthestey eomesporets tora predintdndyaeplishingpstep simarsgeshdp of
Fig. 6(b) may be decreased in dianeter conpared with abrasive grains used
in the preexample geddribedrgtest epigob(ishows(apubsemeent polishiag stepindvhich
embodi ment '?hlesé)escended shape (roll-off) is changed in a direction of cancelling the change

so that the end of the giass substrate 1 is approximated to a flat shape, which

corresponds to a mirror polishing step in the second example described later.

The preceding polishing step is achieved by a set configured by the abrasive

grains 40 and the polishing pad 10, and the subsequent polishing step is

achieved by a set configured by the abrasive grains 50 and the polishing pad 20.

[0096]

The second embodiment may further include a grasp step before a
preceding polishing step of Fig. 6(a), in which the roll-off shape as a shape of the
end being descended compared with the central portion, the shape being to be
formed in the relevant preceding polishing step is beforehand grasped in order to
determine hardness of the polishing pad 20 and diameter of abrasive grains 50
used in the subsequent polishing step of Fig. 6(b). In the grasp step, for
example, an end shape of the glass substrate is previously measured after a
preceding polishing step, and a treatment condition in a subsequent polishing
step can be determined based on the end shape.

[0097]

By providing such a grasp step, the polishing pad 20 used in the



I ncludes the grasp step of beforehand grasping the end shape of the glass
substrate obtained in the preceding polishing step, and the determ nation
step of determ ning hardness of the polishing pad and di aneter of the
abrasive grains wused in the subsequent polishing step. [0098] In the
subsequent polishing step of Fig. 6(b), hardness of the polishing pad is
decreased, and/or dianeter of abrasive gtéins is increased as descri bed
above. In the step, if a glass substrate having a flat end is polished,
polishing is perforned such that the end has a shape being protruded
conpared wt

[0066) - Sucreyeerhgor s@%é%sf”'% 6lfn rhpBe Bredhed v dpSen foRBbid on:
Can be’ SantttBiod BoG et 19 fedd ifheduePRitoh poifiod Mok pLFIEERLI, o "o
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Shape, 11 neths a?%??%%%'“qe el 3 6 ol L
shape  bei ngoRRRkH] Fllhing Step dFag e@?amaqme%emmnam.wmaw shape

formed in the preli'm nary po [0100) [ Method of manufacturing
magnetic di mieludts tﬁ@fg;rés;betéﬂéﬂsévsréhahatgraﬁmgltne@hd shape oftthé ghils 2

magnetic layer is forned on a surface of a glass substrate obt ai ned
accor di ng t suibdteatewibisided in theypwetadingrpalighingestgp aasd thebddteahination stepreneti ¢

disk so that a magnetic disk is
determining hardness of the polishing pad and diameter of the abrasive grains
used in the subsequent polishing step.
[0098]

In the subsequent polishing step of Fig. 6(b), hardness of the polishing
pad is decreased, and/or diameter of abrasive grains is increased as described
above. Inthe step, if a glass substrate having a flat end is polished, polishing is
performed such that the end has a shape being protruded compared with the
central portion (ski-jump) as in a glass substrate 100.

[0099]

Such polishing is applied to the glass substrate 1 of which the end
already has the shape of roli-off, as a result, the end of the main surface can be
substantially made to be flat as in Fig. 6(c). Alternatively, as a result of the
subsequent polishing step of Fig. 6(b), the end of the main surface may be in a
shape being descended compared with the central portion (roll-off). Thisis a
polishing method where the end is allowed to have the roll-off shape in the
subsequent polishing step based on expectation of change in end shape
(ski-jump) which will occur in a chemical strengthening treatment step to be

additionally performed after the subsequent polishing step. While it was

described that the end was allowed to have the roll-off shape, it means that the



manuf actured, a magnetic disk is obtained, which has a desired end shape
such as a magnetic disk having a substantially flat end. [0101] [ Second
exanple] Even in a second exanple, a glass substrate for a magnetic di sk and
a perpendi cul ar magnetic recordi ng di sk were manufactured through the
following steps of (1) to (11). [0102] 1) Shape machining step First, a
mul ti conponent gl ass substrate includingj3 nor phous gl ass was prepared. A
type of the glass was alum nosilicate glass, and a chem cal conposition of
the glass was specified as SiQ2 of 63.5 % A1203 of 14.2 wt% Na20 of

10. 4 wt % Lég@ihlidwel W Ravels FBII-off shaPes’a sw@ﬁem‘g dbprowinfateand a 208 of
0.1 wt% [0103] The gl ass substrate was nol ded by a direct press nethod and

thus formeshagy eompdictkwith Kise e31P6H sRaps farficd) intheprelimiiaing pohshiagetss in a
central portion of the glass substrate using a grindstone, so that a

di sk-1ike gjogge] substrate 1 having a circular hole in the center was
formed. Furthernore, an outer circunferential end face and an inner
ci r cunf er enfMethodiod nismdagiaring magridtierdisk] 36 [0104] (2) End face poli shing

step Next, while rotating the glass substrate 1, the glass substrate |I was
pol i shed by br ushAgpdesstibedjinsthelfirsthembedinient ewhen g et achagaetic kyet fse
(inner and outer circunferential) end faces of the glass substrate 1 was
about 1.0 nformedidrea sudfane of Balass sylmtate obtaned bocerdingtothermethedanfi t hneti ¢
ean Oughr%%%iféc?&r)ihg the glass substrate for a magnetic disk so that a magnetic disk is
manufactured, a magnetic disk is obtained, which has a desired end shape such
as a magnetic disk having a substantially flat end.
[0101]
[Second example}
Even in a second example, a glass substrate for a magnetic disk and a
perpendicular magnetic recording disk were manufactured through the following
steps of (1) to (11).
[0102]
(1) Shape machining step
First, a multicomponent glass substrate including amorphous glass was
prepared. Atype of the glass was aluminosilicate glass, and a chemical
composition of the glass was specified as SiO; of 63.5 wt%, Al,O3 of 14.2 wt%,
Na,O of 10.4 wt%, Li;O of 5.4 wt%, ZrO- of 6.0 wt%, Sb,0; of 0.4 wt%, and
As,0; of 0.1 wt%.
[0103]
The glass substrate was molded by a direct press method and thus
formed into a disk-like glass substrate. Then, a hole was opened in a central
portion of the glass substrate using a grindstone, so that a disk-like glass
substrate 1 having a circular hole in the center was formed. Furthermore, an

outer circumferential end face and an inner circumferential end face were

chamfered.



[0105] (3) Ginding step Next,

grain size

surface had flatness of 3 m Rmax of about 2 m and Ra of about 0.2 m

|

whil e using grinding particles having a

of #1000, a glass substrate surface was ground such that a main

Here, the flatness nmeans a distance (height difference) in a vertical
direction (direction perpendicular to a surface) between the highest
portion and the | owest portion of the sypstrate surface, which was neasured
by a flatness neasurenent apparat us. Rnax and Ra were neasured by an atom c
force m croscope (AFM (Nanoscope nmanufactured by Digital Instrunments

Inc.). [0106]

(4) Prelimnary polishing step In a prelimnary polishing

step, the {0H¥Y substrate, which was ground in the grinding step (3) and
t hen roughened, is first polished using a polishing pad. The prelimnary
pol i shing $2)pnedacecpolishing step usi ng a pol i shing apparatus 3 that was
to polish both of main surfaces of each of 100 to 200 gl ass substrates
time. For the poN@‘hM@lmaﬂatlﬂﬂMQES%SHME& ithe glasstsybstratméwagas used.

As the polishing

a polishing pad, in which a zirconiumoxide and a

abl e
at a

cerium oxip@shes By Ibmsn g@'ﬁwng:mmthaé@urfaﬁ% r@g@fmesmmﬂjc Fq @ e {ipagr shows a

tabl e show ng a polishing condition in_the second &pol I.shi ng

liquid in @R

el ¢irpumRielerial & iageF oF thﬁaglylswpbghﬁawgy W§§ aboum

by m xi ng cerl um oxi de

112 m1 nto BRIEHT BBt (s andiAbastDed Grbe ASTnRelF B0Ghbl o wi (hin a

range of 1.
100 g/cne,

0 to E%Aload applied to the glass substrate 1 was 80
S

rayheRsd

substrate }O‘Y\?SC] 20 to 40 m [0108]

(3) Grinding step

Next, while using grinding particles having a grain size of #1000, a glass
substrate surface was ground such that a main surface had flatness of 3 um,
Rmax of about 2 uym, and Ra of about 0.2 pm. Here, the flatness means a
distance (height difference) in a vertical direction (direction perpendicular to a
surface) between the highest portion and the lowest portion of the substrate
surface, which was measured by a flatness measurement apparatus. Rmax
and Ra were measured by an atomic force microscope (AFM) (Nanoscope
manufactured by Digital Instruments Inc.).
[0106]
(4) Preliminary polishing step

In a preliminary polishing step, the glass substrate, which was ground in
the grinding step (3) and then roughened, is first polished using a polishing pad.
The preliminary polishing step was carried out using a polishing apparatus 3 that
was able to polish both of main surfaces of each of 100 to 200 glass substrates
at atime. For the polishing pad, a polyurethane series soft polisher was used.
As the polishing pad, a polishing pad, in which a zirconium oxide and a cerium
oxide were previously contained, was used.
[0107]

Fig. 7(a) shows a table showing a polishing condition in the second

Whdbar ed

to

s of a surface portion to be renpoved fromthe gl ass
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The "end shape” in the table of Fig. 7 shows an end shape in the case that
only the relevant polishing step is singly perforned. Specifically, it shows
an end shape forned in the case that the rel evant polishing step is
performed using a glass substrate having a flat end. The "results” in the
table of Fig. 7 show end shapes of the glass substrate after a series of
the primary and secondary polishing steps are finished respectively. [0109]
After the (4) prelimnary polishing step was performed, an end shape was
observed, as a result, it was known that the end shape was the roll-off
shape as shown in Fig. 6(a). [0110] (5) Mrror RO|IShI ng step In a mrror
pol i shi ng exapplet hé\ polistung ligusid imthee prefmivarycpalishinge(primrasy ipwlisbing) plepi shi ng
is further polished until the main surface of the glass substrate becones a
mrror surwae@renaredrhyrm@ﬂng)@emmm@dq gbmgsalrpﬁ)g%ﬁwf@)a maaspgrais carri ed
out using the polishing apparatus 3 that can polish both of main surfaces
of each of diggwetenobbd wndrle walss: r Biasaetar obthe akrasivgigraine Hbisipipfergblyad, a
pol yurethane series soft polisher V\ﬁzoused A po Elshl ng |i UId in the mrror
di

pol i shi ng WitRip uEangs epkPda Tod ray HLARRIIACHRI the ghass 40 @t%a\)’i’?ﬁgsﬁ grain
di t Nt t t ol i te h

di amot or ot (08l apgrtbickEERs &t & 2uBnge AoBiPN 2 Emored HamMERaSK -
38 shape in th r;? rro% p{ol i.shing (secondary polishing) step, and when
finally oBd Y?gﬁ 810494 Mty is considered, a polishing mterial having

a grain er wthin a range of 0.3 to 0.6 pmis preferably used. [0111]
After the @;6% rror polishing step was perforned, an end shape was

observed, as a rguking Lhap€SintHeMbik BiFid. Psiifs SR dRpetniHBRLEL! ! al 1Y

flat shape
that only the relevant polishing step is singly performed. Specifically, it shows

an end shape formed in the case that the relevant polishing step is performed
using a glass substrate having a flat end. The “results” in the table of Fig. 7
show end shapes of the glass substrate after a series of the primary and
secondary polishing steps are finished respectively.

[0109]

After the (4) preliminary polishing step was performed, an end shape
was observed, as a result, it was known that the end shape was the roll-off
shape as shown in Fig. 6(a).

[0110]
(5) Mirror polishing step

In a mirror polishing step, the glass substrate subjected to the
preliminary polishing is further polished until the main surface of the glass
substrate becomes a mirror surface. The mirror polishing (secondary polishing)
step was carried out using the polishing apparatus 3 that can polish both of main
surfaces of each of 100 to 200 glass substrates at atime. For the polishing pad,
a polyurethane series soft polisher was used. A polishing liquid in the mirror
polishing step was prepared by adding cerium oxide particles having a grain
diameter of 0.5 um into ultrapure water. A polishing material having a grain

diameter of 0.3 um or more is preferably used in order to form the ski-jump



[0112] Using a gl ass substrate which had a flat end shape i medi ately before
the (5) mrror polishing step was performed, the (5) mrror polishing step
was perforned, as a result, the end shape becane the ski junp shape. [0113]
That is, in the second enbodi nent, polishing is perfornmed in the

prelimnary polishing step such that an end shape becones the roll-off
shape, and polishing is perforned in th® subsequent mrror polishing step
such that an end shape being initially a flat shape is nade into the
ski-junp shape, so that an end shape of the glass substrate to be finally
obtained is controlled to be a desired shape, [0114] cé g d eam ng step
after m rr(ﬁhaﬁGI‘f‘éh? AYrroF palisting (Wda%P‘PWhﬂr@ $ep. sﬁn whepifsally he gl ass

substrate pped into a Na ueous solution jh a concentration of 3
Co 5 w0 f SbTaine lmlr@rewwS cenﬁ%regaﬁ.pﬁ’ SR8 PaL G AHalh ol ¢+ asoni <

b Furt h t,rat tiall
G pped | n° FRELETWNRIRAERE O hH SRS RESIEFY B86Ur gant . pure wal or

pure water Olliﬂpmpyl al cohol, and i sopropyl-al cohol (steam drying), and
t hus vvashed. surface of the glass substrate 1 after cleaning was observed

adhesi on of the dat e oal MRS iigSsbB waPHICHTERS S fails =
\b , .

Found. [ o1 (0Pe B bk S BapEobin, Tl B E05 sLRpESiage ubBantEhyy
first exa t he cl eaned gl ass substrate 1 being preheated to 300C was

di pped for about 3 hours in a chemical strengthening salt including
pot assi um rIbt”@jte (60% and sodiumnitrate (409, which were

Using a glass substrate which had a flat end shape immediately before
the (5) mirror polishing step was performed, the (5) mirror polishing step was
performed, as a result, the end shape became the ski-jump shape.

[0113)

That is, in the second embodiment, polishing is performed in the
preliminary polishing step such that an end shape becomes the roll-off shape,
and polishing is performed in the subsequent mirror polishing step such that an
end shape being initially a flat shape is made into the ski-jump shape, so that an
end shape of the glass substrate to be finally obtained is controlled to be a
desired shape.

[0114]
(6) Cleaning step after mirror polishing treatment

Next, as in the first example, the glass substrate 1 was dipped into a
NaOH aqueous solution in a concentration of 3 to 5 wt% for aikali cleaning.

The cleaning was performed with an ultrasonic wave being applied.
Furthermore, the glass substrate was sequentially dipped in respective cleaning
tanks of a neutral detergent, pure water, pure water, isopropyi-alcohol, and
isopropyl-alcohol (steam drying), and thus washed. A surface of the glass
substrate 1 after cleaning was observed by AFM (Nanoscope manufactured by

Digital Instruments inc.), as a resuit, adhesion of the cerium oxide abrasive



m xed to each other and heated to 375C, so that the substrate was subjected
to chemcal strengthening treatnent. By performng the treatnent, lithium
ions and sodiumions in a surface of the glass substrate 1 are substituted
by sodium ions and potassiumions in the chem cal strengthening salt (ion
exchange) respectively, so that the glass substrate 1 is chemcally
strengt hened. Thickness of a conpressivegostress |layer fornmed in the surface
of the glass substrate 1 was about 100 to 200 m After performng the
chem cal strengt hening, the glass substrate 1 was dipped in a water tank at
20Cto be ra coole and for .about 10 . mn in the t 0116] As
S Fesul t oGRS e AP EPTUTIn g MIRONE! (o BT iR aREas SyGILaS SEFBESS of 1t he
gl ass substrate 1 sorretl nmes, expands and thus rises, resulting in forrration
of ski- Ju”pseglrprsl[ghwgrq:ggtefou en the preceding mrror polishing step is
finished, alozh%]g roll-off shape may be left on the surface instead of
maki ng the to be conpletely flat. [0117] (8) Cleaning step after

Sﬁi?;cghbit rare. XrEs seRunby Tepkndht FBCT g neatea Ld'a%sﬁli’ "0c,
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chemical strengthening treatment. By performing the treatment, lithium ions
and sodium ions in a surface of the glass substrate 1 are substituted by sodium
ions and potassium ions in the chemical strengthening salt (ion exchange)
respectively, so that the glass substrate 1 is chemically strengthened.
Thickness of a compressive stress layer formed in the surface of the glass
substrate 1 was about 100 to 200 um. After performing the chemical
strengthening, the glass substrate 1 was dipped in a water tank at 20°C to be
rapidly cooled, and kept for about 10 min in the tank.
[0116]
As a result of the chemical strengthening treatment step, the surface of
the glass substrate 1 sometimes expands and thus rises, resulting in formation
of ski-jump. In such a case, when the preceding mirror polishing step is
finished, a slight roli-off shape may be left on the surface instead of making the
end to be completely flat.
[0117]
(8) Cleaning step after chemical strengthening
Next, as in the first example, the rapidly-cooled glass substrate 1 was
dipped in sulfuric acid being heated to about 40°C, then the glass substrate was

cleaned while being applied with an ultrasonic wave, and consequently

manufacturing of a glass substrate for a magnetic disk was completed.



(10) Magnetic disk manufacturing step Next, as in the first exanple, using
the glass substrate for a nagnetic disk, an adhesive layer including a C
all oy, a soft nmagnetic |layer including a CoTaZr-based alloy, a base |ayer

i ncluding Ru, a perpendicular magnetic recording layer including a
CoCr Pt - based all oy, a protective layer including carbon hydride, and a

| ubricating | ayer including perfluoropolgpet her were sequentially deposited
on a surface of the glass substrate, so that a perpendicular magnetic
recordi ng di sk was manufactured. [0120] (11) Inspection step of magnetic
di sk Next, inspection was nmade on the magnetic di sk manufactured in the
above may.[ﬁﬂ?éi, a head crush test was perforned, in which a head is

allowed to fly and run on the neti ¢ di sk by using an inspection head of
whi ch the (195 shechen giap okglags § Stﬁ%tejo?@éef‘??:ca!ﬂ‘ magnetic head did not

Cobre " d0a PRosHi AR gl ohTab MR TREG BT LR ="
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fecording rchih viag S £pabfeht fead S SRR sibstdita AP TR T e
normal | 'y rqﬁéhggea%ﬁgﬁgggg%% nb(‘fohﬂ s 41 test, recording and reproducing

wer e perfor gabrts per square inch wthout detecting a thernmal
asperity si[@q% In a reproduci ng signal. [0122] Next, a glide height test of
the magneti'c dI]Sk was perfornmed. In the test, flying height of the
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result, the magneyém, €8 FrktROMEE Ekartipled ubing the Y Lsbglrat®forePRispPktic 0 the
disk, an adhesive layer including a Cr alloy, a soft magnetic layer including a
CoTaZr-based alloy, a base layer including Ru, a perpendicular magnetic
recording layer including a CoCrPt-based alloy, a protective layer including
carbon hydride, and a lubricating layer including perfluoropolyether were
sequentially deposited on a surface of the glass substrate, so that a
perpendicular magnetic recording disk was manufactured.
[0120]
(11) Inspection step of magnetic disk
Next, inspection was made on the magnetic disk manufactured in the
above way. First, a head crush test was performed, in which a head is allowed
to fly and run on the magnetic disk by using an inspection head of which the
flying height was 8 nm. As a result, the magnetic head did not contact to any
foreign substance or the like, and consequently any crush trouble did not occur.
[0121]
Next, a magnetic head, of which the reproducing element section was a
magnetoresistive effect element, the recording element section was a single
pole element, and the flying height was 8 nm, was used for a

recording/reproducing test by a perpendicular recording method, as a result, it

was confirmed that information was normally recorded or reproduced. In this



head over an area froman inner edge to an outer edge of the magnetic disk
even in flying height of 4 nm In an outer edge region of the nmagnetic disk,
glide height was 3.7 nm [0123] Using a glass substrate obtained by the
conparati ve exanple according to a prior art which is different froma

met hod where an end shape is changed in a direction of cancelling the shape
as in the invention, a magnetic di sk wasi1 produced, and subjected to a head
crush test as in the above. As a result, the magnetic head contacted to a
forei gn substance or the like, and consequently a crush trouble occurred.

0124] Fig., 7(b) shows a, table show ng a polishing candjtionin a .

Compar at | vdehIeRIBMG A b BAMSRE MaIE HerTORDEI RIS SRaARR BSr salg Iacty! ass
substrate obtai,n y the conparati.ve.exanple, a net.ic di sk was
roduced.  aAnoudatedinge Theriah asaetty gnd B TepRod LS iabale " ae a resul t,
t he magneti ggﬁd contacted to a foreign substance or the like, and
consequentl@1 rush trouble occurred. [0125] Wen Fig. 7(a) is conpared to

po sy anc 1 nORSEAAMPYBLE] of B8 maddicloChbiestll RS oo
T e e
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pol i shi ng. the o ( ardness the poli'shing pad in Fig. 7(a) as
the seconch@afaRe ParPhrdd RomBeiHnk eagé t@@nidutér ddelbehe maghéfc diskmary

polishing, and 72 in C hardness in the secondary polishing, that is,
har dness of evditin flying height of 4 nm. In an outer edge region of the magnetic disk,
glide height was 3.7 nm.
{0123]

Using a glass substrate obtained by the comparative example according
to a prior art which is different from a method where an end shape is changed in
a direction of cancelling the shape as in the invention, a magnetic disk was
produced, and subjected to a head crush test as in the above. As a result, the
magnetic head contacted to a foreign substance or the like, and consequently a
crush trouble occurred.

[0124]

Fig. 7(b) shows a table showing a polishing condition in a comparative
example to be compared with the second example. Using a glass substrate
obtained by the comparative example, a magnetic disk was produced, and
subjected to a head crush test as in the above. As a result, the magnetic head
contacted to a foreign substance or the like, and consequentiy a crush trouble
occurred.

[0125]

When Fig. 7(a) is compared to Fig. 7(b), while grain diameter is the

same in either of the primary polishing and the secondary polishing, material of

the polishing pad used in the primary polishing is different. When the polishing



polishing pad is also lowin the secondary polishing conpared with the
primary polishing, but values of hardness are different fromthose in Fig.
7(b). [0126] Hardness of the polishing pad in Fig. 7(a) is desirably within
a range of 90 to 96 in C hardness (ASKER C hardness) in the primary
polishing, and is desirably wthin a range of 70 to 86 in C hardness in the
secondary polishing. [0127] In the secgnd exanple of the invention, the
shape of the glass substrate end, which becane the roll-off shape in the
primary polishing, is changed in a direction of cancelling the change and
into a ski-junp shape having a ski-ju value of 0.034 min the secondary
pol i shi ng. pad slempdred bietween the emg&anbarchta'sse)félxapplishing padsh&jig of the
gl ass substrate end, which becanme the roll-off shape in the primary

pol i shi ng, 7(b) asthecomphraiive exantpleds8inl&r handoess in the primanapaishing), t he
shape is a roll-off shape having a roll-off value of -0.173 m of which the
absol ut e vang84 in Crirdaessiin the sgieondary polishingaéhatds.rardngssefthieng to the
second exanple of the invention, changes in end shape appeared in the
precedi ng dmlisbingseagiisdew nthe seeendank polishiag @@ﬁmare@av@ylnéa@ Prio1anr

thereby the end shape can
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polishing, but values of hardness are different from those in Fig. 7(b).

[0126]

Hardness of the polishing pad in Fig. 7(a) is desirably within a range of
90 to 96 in C hardness (ASKER C hardness) in the primary polishing, and is
desirably within a range of 70 to 86 in C hardness in the secondary polishing.
[0127]

In the second example of the invention, the shape of the glass substrate
end, which became the roll-off shape in the primary polishing, is changed in a
direction of cancelling the change and into a ski-jump shape having a ski-jump
value of 0.034 um in the secondary polishing. On the other hand, in the
comparative example, the shape of the glass substrate end, which became the
roll-off shape in the primary polishing, is not cancelled in the secondary polishing,
in addition, the shape is a roll-off shape having a roll-off value of -0.173 um, of
which the absolute value is increased. As obvious from the result, according to
the second example of the invention, changes in end shape appeared in the
preceding and subsequent polishing steps are cancelled by each other, thereby

the end shape can be more approximated to a flat shape.

Industrial Applicability
[0128]



t he manuf acturing nmethod further includes a grasp step of grasping an end
shape of the glass substrate after the first treatnent step before the
relevant first treatnment step, and in the second treatnent step, the gl ass
substrate is changed in a direction of cancelling the end shape grasped in
the grasp step, so that the end shape is made into a desired shape. 2. The
nmet hod of manufacturing the glass substfate for a magneti c di sk accordi ng
to claim1, wherein: the desired shape neans that the end shape of the gl ass
substrate is a substantially flat shape. 3. The nmethod of manufacturing the

glass substrate fgp irﬁ}é’fﬁﬂ:ﬂeédrﬁbe GE%& f@r“&?{éiﬁ(%of ﬁua%'u?écfblhﬁn%;égb%% n: the

desi red shape neans at the end shape of the glass substr I's a shape

bei ng descepgachte35P4 heshndtichiisk 88 b8k reesidinymetiurh TRl AR REr and the
manufacturing a glass substrate for a magnetic disk including a plurality
of polishi e HriRPS mdthoddf ftarufdling ke mdgnetie dikit ai ning  abrasive grains
is supplied between a gl ass substrate and a polishing pad for polishing a
mai n surface of the glass substrate, and the gl ass substrate and the
polishing pad are relatively noved to each other, thereby the glass
substrate is polished, wherein: the plurality of polishing steps include a
precedi ng polishing step for perform ng polishing such that an end shape of
the main surface of the glass substrate beconmes a shape being protruded (or
descended) conpared with a central portion of the main surface, 45 and a
subsequent polishing step for perform ng polishing such that the gl ass
substrate is changed in a direction of cancelling the shape being protruded
(or descended) in the preceding polishing step so that the end shape is
made into a



desired shape. 5. The nethod of manufacturing the glass substrate for a
magnetic disk according to claim4, wherein: the desired shape neans that
the end shape of the glass substrate is substantially flat. 6. The nethod
of manufacturing the glass substrate for a magnetic disk according to claim
4, wherein: the desired shape neans that the end shape of the gl ass
substrate is a shape being descended campared with a central portion, and
chemi cal strengthening treatnment is perfornmed after the subsequent

polishing step, which strengthens the glass substrate by perform ng ion
exchange to the glass substrate. 7. The nethod of manufacturing the gl ass
substrate for a magnetic disk accord%W@ claim4, wherein: when polishing
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of manuf actglLy bstrate for a magnetic disk according to claim
4, wherei n:méxgntg%atpo |tg’lrt1ﬁi3a®g performed in the preceding polishing step such
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direction of cancelling the end shape grasped in the grasp step, so that the end
shape is made into a desired shape.

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

the desired shape means that the end shape of the glass substrate is a
substantially flat shape.

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

the desired shape means that the end shape of the glass substrate is a
shape being descended compared with a central portion.

4. A method of manufacturing a glass substrate for a magnetic disk
including a plurality of polishing steps, in which a polishing liquid containing
abrasive grains is supplied between a glass substrate and a polishing pad for
polishing a main surface of the glass substrate, and the glass substrate and the
polishing pad are relatively moved to each other, thereby the glass substrate is
polished, wherein:

the plurality of polishing steps include

a preceding polishing step for performing polishing such that an end

shape of the main surface of the glass substrate becomes a shape being

protruded {(or descended) compared with a central portion of the main surface,



shape, a polishing pad is used in the subsequent polishing step, the
polishing pad having high hardness conpared with a polishing pad used in
the preceding polishing step, and when polishing is perforned in the
precedi ng polishing step such that the end shape of the main surface of the
gl ass substrate beconmes a descended shape, a polishing pad is used in the
subsequent polishing step, the polishings pad having | ow hardness conpared
with a polishing pad used in the preceding polishing step. 9. The method of
manuf acturing the glass substrate for a magnetic disk according to claimd4,
wherein: polishing is perfornmed in the subsequent polishing step such that
roughness @R&) of the main surface of the glass substrate is 0.2 nmor |ess
after the relevant subsequent polishing step is performed. 10. A method of

manuf act uring a Fegphasayent pRlishipg stapfor perforning relishingesuch thay the 91ass or ned
on a surface of a glass sybstrate. obtained accordjn 0, the neth of
manuf act ur iShgstrate §angediR e [e&t'PBPf&a"ﬁﬁléjﬂﬁﬁi'%Sh?&EﬁerFrHaeggobne of
clainms 4 to, 9. 11. A nethod of. manufacturin llass substrate for.
mmgnet o ciisRCendad dhescaing SRS Sias So hliths end epers mpdd ol a

cont ai ni ng braai e grai ns is supplied between a glass substrate and a

pol i shi ng p@@'ﬁe rSY"EB ishing a main surface of the glass substrate, and the
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gl ass substT hal n surface has a flat end is polished, the
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portion, angimatffteMpdabol i shing step is perfornmed, in which when a glass
substrate of

6. The method of manufacturing the glass substrate for a magnetic
disk according to claim 4, wherein:

the desired shape means that the end shape of the glass substrate is a
shape being descended compared with a central portion, and

chemical strengthening treatment is performed after the subsequent
polishing step, which strengthens the glass substrate by performing ion
exchange to the glass substrate.

7. The method of manufacturing the glass substrate for a magnetic
disk according to claim 4, wherein:

when polishing is performed in the preceding polishing step such that
the end shape of the main surface of the glass substrate becomes a protruded
shape, polishing is performed in the subsequent polishing step such that when a
glass substrate of which the end shape is a flat shape is polished, the end shape
becomes a shape being descended compared with the central portion, and

when polishing is performed in the preceding polishing step such that
the end shape of the main surface of the glass substrate becomes a descended
shape, polishing is performed in the subsequent polishing step such that when a
glass substrate of which the end shape is a flat shape is polished, the end shape

becomes a shape being protruded compared with the central portion.



which the main surface has a flat end is polished, the main surface of the
glass substrate is polished such that a shape of the end becones a shape
bei ng descended (or protruded) conpared with the central portion, thereby
the end shape of the glass substrate is made into a substantially flat
shape. 12. The nethod of manufacturing the glass substrate for a magnetic
di sk according to claim11l, wherein: poldeshing is perforned in the second
polishing step such that roughness (Ra) of the main surface of the glass
substrate is 0.2 nmor less after the relevant second polishing step is
performed. 13. A method of fact r|n a gl ass su strate for a npgnetic
di sk, including® p-BTE? m@@?m&ny GR "(':91“)? aps SHPHigAte fauAANREMRLG ni ng

abr asi ve grains is plied between a glass substrate and a polishing pad
for poli shlcﬁﬂ‘ ﬁcﬁ;FHFjH‘g ‘ELRI?IQ&@ Wrerea- gl ass substrate, and the gl ass
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the end shape of the main surface of the glass substrate becomes a descended

shape, a polishing pad is used in the subsequent polishing step, the polishing
pad having low hardness compared with a polishing pad used in the preceding
polishing step.

9. The method of manufacturing the glass substrate for a magnetic
disk according to claim 4, wherein:

polishing is performed in the subsequent polishing step such that
roughness (Ra) of the main surface of the glass substrate is 0.2 nm or less after
the relevant subsequent polishing step is performed.

10. A method of manufacturing a magnetic disk, wherein:

at least a magnetic layer is formed on a surface of a glass substrate
obtained according to the method of manufacturing the glass substrate for a
magnetic disk according to one of claims 4 t0 9.

11. A method of manufacturing a glass substrate for a magnetic disk,
including a polishing step in which a polishing liquid containing abrasive grains is
supplied between a glass substrate and a polishing pad for polishing a main
surface of the glass substrate, and the glass substrate and the polishing pad are
relatively moved to each other, thereby the main surface of the glass substrate is
polished, wherein:

in the polishing step, a first polishing step is performed, in which when a



a second polishing step, in which when a glass substrate of which the main
surface has a flat end is polished, the nmain surface of the glass substrate
is polished such that a shape of the end becones a shape bei ng descended
(or protruded) conpared with the central portion, and the polishing step
and the chem cal strengthening treatnent step are perfornmed, thereby the
end shape of the glass substrate is madeg4nto a substantially flat shape.
14. The method of manufacturing the glass substrate for a magnetic disk
according to claim 13, wherein: polishing is perfornmed in the second
polishing step such that roughness (Ra) of the main surface of the glass
substrat e i glagszubstrete olowhichithe mainsurface hasta flatearshis padished, thg reaisp i s
performed. 15. A nmethod of nmmnufacturing a magnetic disk, wherein: at |east

a magneti c Bufface pktheoglassisubsizates pabshetst suchythat & shapetaf dhe endhesomas

according to the nethod of manufacturing the glass substrate for a magnetic
di sk accor dRrifape beieg sroteyded er deseender) compared with a central portion, and

a second polishing step is performed, in which when a glass substrate of
which the main surface has a flat end is polished, the main surface of the glass
substrate is polished such that a shape of the end becomes a shape being
descended (or protruded) compared with the central portion,

thereby the end shape of the glass substrate is made into a substantially
flat shape.

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

polishing is performed in the second polishing step such that roughness
(Ra) of the main surface of the glass substrate is 0.2 nm or less after the relevant
second polishing step is performed.

13. A method of manufacturing a glass substrate for a magnetic disk,
including

a polishing step in which a polishing liquid containing abrasive grains is
supplied between a glass substrate and a polishing pad for polishing a main
surface of the glass substrate, and the glass substrate and the polishing pad are
relatively moved to each other, thereby the main surface of the glass substrate is
polished, and

a chemical strengthening treatment step in which the glass substrate is
contacted to a chemical strengthening treatment liquid, thereby part of ions
contained in the glass substrate is substituted by ions in the chemical
strengthening treatment liquid, and thereby a shape of an end of the main
surface of the glass substrate becomes a shape being protruded compared with
a central portion, wherein:

the polishing step includes
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a first polishing step, in which when a glass substrate of which the main
surface has a flat end is polished, the main surface of the glass substrate is
polished such that a shape of the end becomes a shape being protruded (or
descended) compared with the central portion, and

a second polishing step, in which when a glass substrate of which the
main surface has a flat end is polished, the main surface of the glass substrate is
polished such that a shape of the end becomes a shape being descended (or
protruded) compared with the central portion, and

the polishing step and the chemical strengthening treatment step are
performed, thereby the end shape of the glass substrate is made into a
substantially flat shape.

14. The method of manufacturing the glass substrate for a magnetic
disk according to claim 13, wherein:

polishing is performed in the second polishing step such that roughness
(Ra) of the main surface of the glass substrate is 0.2 nm or less after the relevant
second polishing step is performed.

15. A method of manufacturing a magnetic disk, wherein:

at least a magnetic layer is formed on a surface of a glass substrate
obtained according to the method of manufacturing the glass substrate for a

magnetic disk according to one of claims 11 to 14.



