1 DESCRI PTI ON METHOD FOR PRODUCI NG GLASS SUBSTRATE FOR MAGNETI C DI SK  AND
METHOD FOR PRODUCI NG MAGNETI C DI SK Technical Field [0001] The present
invention relates to a nmethod for producing a glass substrate for a
magnetic disk, and nore particularly relates to a technique for preventing

t he occurrence of mcro-waviness on the principal surface of a glass
substrate in a chemcally strengtheninrg step. Background Art [0002] In
recent years, with the sophistication of information technology, there have
been significant advancenents in information recording techniques, in
particul ar, magnetic recordi ng techh netic recording nedia, such as
HDDs (hard di sk drives), have rapig?Eggﬁgfggggd in size, decreased in

t hi ckness, increased in recording density, and increased in access speed.
In a magnetic recording nmedium a magnetic disk, which includes a nmagnetic
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recording and reproduction are perfornmed while nmaking a nagnetic head

af | oat over the magNDMETHOD FERPRIDUTING MAGRETIC DISKccess speed,” the -

rotation speed of substrates also increases. Therefore, higher strength is
required for substrates. Furthernore, wth an increase in recording
density, there has been a transition in nagnetic heads fromthin-film heads
t o magnet oreghgaical Eigldads (MR heads) or giant 2 nmgnetoresistive heads (GWR
heads). The flying height of a magnetic head

[0001]

The present invention relates to a method for producing a glass substrate
for a magnetic disk, and more particularly relates to a technique for preventing
the occurrence of micro-waviness on the principal surface of a glass substrate

in a chemically strengthening step.

Background Art
[0002]

In recent years, with the sophistication of information technology, there
have been significant advancements in information recording techniques, in
particular, magnetic recording techniques. Magnetic recording media, such as
HDDs (hard disk drives), have rapidly decreased in size, decreased in thickness,
increased in recording density, and increased in access speed. In a magnetic
recording medium, a magnetic disk, which includes a magnetic layer disposed

| on a disk-shaped substrate, is rotated at high speed, and recording and
reproduction are performed while making a magnetic head afloat over the
magnetic disk.
[0003]

With an increase in access speed, the rotation speed of substrates also
increases. Therefore, higher strength is required for substrates. Furthermore,
with an increase in recording density, there has been a transition in magnetic

heads from thin-film heads to magnetoresistive heads (MR heads) or giant



above a substrate has decreased to about 8 nm Under these circunstances,
If an irregqular shape is present on the surface of nagnetic disks, in sone
cases, crash failures resulting fromnmagnetic head crash or thernal
asperity failures, in which read errors are caused by heating due to

adi abatic conpression of air or contact, may occur. [0004] Consequently,
nowadays, as a substrate for a magnetic Pecording nmnedium in place of
conventional al um num substrates, glass substrates have been used. The
reason for this is that, conpared with al um num substrates conposed of
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are conposed o rittle materral. erefore, various netho
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Docunment 1 (JP-A-2002-121051) describes a structlre in which by imersing a

gl ass substgrakg faiurds ¢EQMikdfroth maghefighbadichastPal thempbHassetith esilpds tin about
400C, lithiumions and sodiumions in a surface |layer of the gl ass

substrate aggichesa@xelreaes causdy bpHietting doe to ahlzvicammpressionofiair éhe
chem cally strengthening salt solution, respectively, thereby formng a

conpr essi vecaitaets mdyayeouron the surface | ayer of the glass substrate to
perform strengt heni ng. [0006] Furthernore, Patent Docunent 2
(JP- A-2001-[0992B9) describes a structure in which a chemcally
strengt hening process is perforned using a chemcally strengthening salt
sol ution that cdimnsanieptysiadays, 88 asubstrate kyd mnagnetie seeordigmai n
components r?lggil.llrﬁ,siﬁ ptigc?enoflcgﬁvbe%ti\gﬁia e?lbm(i)r];ur% s%%ts’irgtnes?glass substrates have
been used. The reason for this is that, compared with aluminum substrates
composed of metal which is a soft material, glass substrates composed of glass
which a hard material are excellent in flatness of the substrate surface,
substrate strength, and rigidity.
[0005]

However, in another aspect, glass substrates are composed of a brittle
material. Therefore, various methods for strengthening glass substrates have
been proposed. For example, Patent Document 1 (JP-A-2002-121051)
describes a structure in which by immersing a glass substrate in a chemically
strengthening salt solution heated to about 400°C, lithium ions and sodium ions
in a surface layer of the glass substrate are ton-exchanged with sodium ions
and potassium ions in the chemically strengthening salt solution, respectively,
thereby forming a compressive stress layer on the surface layer of the glass
substrate to perform strengthening.

[00086]

Furthermore, Patent Document 2 (JP-A-2001-192239) describes a
structure in which a chemically strengthening process is performed using a
chemically strengthening salt solution that contains potassium nitrate and

sodium nitrate as main components and less than 1% by weight of a cation



conmponent ot her than potassium and sodium and that has a conpletely
freezing point of 130C or |ower. According to Patent Docunent 2, although
solidification of some conponents starts at about 230C, the solution has
sherbet-like flowability until it conpletely solidifies at about 110C. Thus,
stress/strain can be decreased, and warpage of the glass substrate in the
chem cally strengthening process can be prevented. [0007] Patent Docunent 1:
JP- A-2002- 121051 Pat ent Docunent 2: JP-A-2001-192239 Disclosure of

I nvention Problens to be Solved by the Invention [0008] In the chemcally
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gl ass substrat ocal m cro-wavi ness occurs. wavi ness
has a wi dt hfrgézingPdintléio 0 Caoewveht Récrlipgito Patem DabEment D ealtidughl
several mllinetérs in sone cases and is obServed as a |inear protrusion or

depr essi on. gdiRfHticA o dten@ EbRipohant, stars anbbyut 230°0, Ak sbRitibHMa’er | nprove
the recording density, a perpendicular magnetic recordi ng nethod has been

enpl oyed. losnbat4ike fowablity Lntilit corapletgpeblidifies ababoug! 1M Chod hushe
per pendi cul ar magnetic recording nediumis easily affected nore markedly by
gl ass subsstres@straihheretie decrdased and wanpays obthe glasesibsttateds thee e requi red
for glass substrates than ever before. [0010] Under these circunstances,
t here has bekemicallysinetgiraning pieeess candfe pieventednavi ness, whi ch has not
been a probl em conventionally even if it exists. 4

[0007]

Patent Document 1. JP-A-2002-121051

Patent Document 2: JP-A-2001-192239

Disclosure of Invention
Problems to be Solved by the Invention
[0008]

In the chemically strengthening step, it has been found that not only
overall warpage of the glass substrate but also local micro-waviness occurs.
The micro-waviness has a width of about 100 um, a height of about 0.1 um, and
a length of several millimeters in some cases and is observed as a linear
protrusion or depression,

[0009]

On the other hand, recently, in order to further improve the recording
density, a perpendicular magnetic recording method has been employed.
Compared with an in-plane magnetic recording method, the perpendicular
magnetic recording medium is easily affected more markedly by glass
substrates. Therefore, lower roughness and more flatness are required for
glass substrates than ever before.

[0010]
Under these circumstances, there has been a demand for prevention of

micro-waviness, which has not been a problem conventionally even if it exists.



Not e that an object of the technique described in Patent Docunent 2 is to
prevent overall warpage of the substrate, and it is not possible to
effectively prevent the mcro-waviness. [0011] Accordingly, it is an object
of the present invention to provide a nethod for producing a gl ass
substrate for a magnetic disk in which the occurrence of m cro-waviness on
the glass substrate is prevented in a codling step after a chenically
strengthening step so that the gl ass substrate has a significantly snooth
princi pal surface, and to provide a nethod for producing a magnetic disk in

whi ch head Ltipich - | ted,
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i nventors have diligently studied about the problens described above. As a

result, it PrcPeEE MsBdvafiaésdn cro-waviness occurs in a cooling step
after a chemcally strengthening step. As a result of nore detailed studies

on this matf{@@11]it has been found that when a chemically ~strengthening salt
havi ng adhered onto a gl ass substrate solidifies at a certain tenperature
or |ower, m cro-Aesordigsy, dldeanraijectatdine p@sarinveation toprovide a methen cal
strengt heni ng condi ti ons under which chem cal strengthening can be
perforned t torgmoducipgta glbss sdbsisatador a magnedicpdisicin whichghepicetirance of cr o-
wavi ness is not caused have been found, and thus the present invention has
been conpl efrdero-wawingss vhabhe iglassisubstrate istpyeveelieddne eandingrsiep efisr descri bed
above, a typical structure of a nethod for producing a glass substrate for
a magneti ¢ @pgmically strengthening step so that the glass substrate has™a significantly

smooth principal surface, and to provide a method for producing a magnetic

disk in which head crash, thermal asperity failures, and the like are prevented,

the flying height of a magnetic head can be decreased, and high-density

recording is enabled.

Means for Solving the Problems
[0012]

The present inventors have diligently studied about the problems
described above. As a result, it has been found that micro-waviness occurs in
a cooling step after a chemically strengthening step. As a result of more
detailed studies on this matter, it has been found that when a chemically
strengthening salt having adhered onto a glass substrate solidifies at a certain
temperature or lower, micro-waviness does not occur. On the basis of this,
chemical strengthening conditions under which chemical strengthening can be
performed to an extent that does not cause a practical problem and micro-
waviness is not caused have been found, and thus the present invention has
been completed.

[0013]
That is, in order to overcome the problems described above, a typical

structure of a method for producing a glass substrate for a magnetic disk



according to the present invention is wherein in a nethod for producing a
glass substrate for a magnetic disk including a chem cally strengthening
step in which a glass substrate is imersed in a heated chenmically
strengthening salt solution prepared by dissolving a chemcally
strengthening salt under heating, and nmetal ions in the glass substrate are
i on-exchanged with nmetal ions in the cheRically strengthening salt, wherein
the chem cally strengthening step is carried out using a chemcally
strengthening salt solution in which the dissolved chemcally strengthening
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strengt hening salt n he gl ass "substrate Solidifies.

[0014] Hereg qidwd ditfsiatétid idrhgrseainh iseliedted chenitaRsstraiififiehg seitedliten
chem cally strengthening salt solidifies" includes a physical force due to

solidified prepsiréd by dddhvanga dhaghivgdessirerigihesinguaittundes deating agnd ynedal heat
such as heat of solidification. Furthernore, the "tenperature that provides
har dness aionghin tie blzsssubktrate siesipa-edichahged hithsmetah nsdnhdhe £henticallyf or med”
Is preferably a tenperature |ower than the glass transition point of the

gl ass subst staergthEoiDg=alty\mhereindhe lcbaimealyystrengtineting stepgissainied suh m xed
salt, the individual conponents start to solidify at different _
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chemically strengthening salt having adhered onto the glass substrate solidifies.
[0014]

Here, the term "a force applied to the glass substrate when the
chemically strengthening salt solidifies” includes a physical force due to
solidified crystals, and also includes a force due to heat capacity or heat such
as heat of solidification. Furthermore, the "temperature that provides hardness
at which the surface shape of the glass substrate is not deformed" is preferably
a temperature lower than the glass transition point of the glass substrate.

[0015]

When the chemically strengthening salt is a mixed salt, the individual
components start to solidify at different temperatures. In the present invention,
until the temperature of the glass substrate decreases to a predetermined
temperature, all of chemically strengthening salts intentionally contained in the
chemically strengthening salt solution do not solidify.  In other words, the
temperature at which the component having the highest solidifying temperature
among the components of the chemically strengthening salt solution starts to
solidify is set lower than the predetermined temperature.

[0016]



6 An additive conponent other than the chem cally strengthening salt may be
added to the chemcally strengthening salt solution so that the
predeterm ned tenperature is achieved by freezi ng-point depression. That is,
using the effect of freezing-point depression, it is possible to decrease
the tenperature at which the conponent having the highest solidifying
tenperature anong the conponents of the6chenically strengt heni ng salt
solution starts to solidify. [0017] The additive conponent is preferably a
metal salt other than KNO3 or NaNo3 as a chemcally strengthening salt. In

the case where ag @gm’t@@(}o)hpcﬂérﬁBﬂﬁé?‘iﬁéﬂ%é’&ﬁ@rﬂ%%ll?%tr{éﬁbfl’@ﬂﬁ%jgg%h%eKNCB

and NaNo3 as chem ca strengthening salts, prefefably, the a

conponent dggadaed 6 MMatheimitally SheRbfrning SaIf 65Mt6R RoNAaPHecess. _
Specifically, preferably, the additrve conponent does not inpair the ion

exchange bepurieferitifedtanpesiitiet ik aichicved by fiecAhgPonttldapreddiemat Tieat iy sal t,
or the additive conponent does not degrade the surface shape of the gl ass

substrat e wisingtthe effddi ofi frseztmgrpoine diepastistorg $t is tposkinde tudéaeasethd he gl ass
substrate. [0018] The additive conmponent is a salt other than the salt used

as a chem ctdnhperatire e gtHiemthegcemponettavintpthe vighesthsulépingrtesngesaiate | east
one selected from the group consisting of nitrate salts, nitrite salts, or
sul fat e sal asoof thg co@monsints oihe ddemically sirengtheniNg, sadireblitjorastdrtanbydr i des
or hydrates thereof. Specifically, the additive conponent may be at | east
one sel ect egolidifym t he group consisting of AgNO3, Ca(NGB)2, Ca(NG3)2.4H20,

Ni (NO3) 2, N (NGB)2-6H20, WM(N03)2, M(NO3)2.6H20, Co(NOB)2, Cu(N®) 2,
Cu(N03) 2. 3 170 NOB,  Mg(NO3) 2, My(NO3) 2. 6H20, NaNO2, KNO2, Na2SO4, and
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NaNos as a chemically strengthening salt. In the case where a chemically
strengthening process is performed using KNO3; and NaNo3 as chemically
strengthening salts, preferably, the additive component does not impair the
chemically strengthening process. Specifically, preferably, the additive
component does not impair the ion exchange between the glass substrate and
the chemically strengthening salt, or the additive component does not degrade
the surface shape of the glass substrate when the additive component adheres
to the surface of the glass substrate.
[0018]

The additive component is a salt other than the salt used as a chemically
strengthening salt. The additive component may be at least one selected from
the group consisting of nitrate salts, nitrite salts, or sulfate salts of Ag, Ca, Ni,
Mn, Co, Cu, Li, Mg, Na, and K, and anhydrides or hydrates thereof.

Specifically, the additive component may be at least one selected from the

group consisting of AGNOs3, Ca(NO3)z, Ca(NO3)2-4H,0, NiNQ3);, Ni(NO3),-6H,0,
Mn(NOs)2, MN{NO3)2:6H,0, Co(NO3)2, Cu{NO3)2, Cu(NO3);-3H,0, LINO;,
Mg(NOs)2, Mg(NO3)2:6H,0, NaNO,, KNO,, Na,S04, and K;SO,.  In particular,
either NaNQO, or KNO; can be preferably used. By adding the additive

component so that the amount of addition is 5% by weight or more in the



conmponent so that the amount of addition is 5% by weight or nore in the 7
chemcally strengthening salt solution, the solidifying tenperature of the
chem cally strengthening salt can be set a predeterm ned tenperature or

| ower. [0019] Another typical structure of a nethod for producing a gl ass
substrate for a magnetic disk according to the present invention is wherein
in a method for producing a glass substfate for a magnetic disk including a
chemcally strengthening step in which a glass substrate is brought into
contact with a heated chemically strengthening salt solution to strengthen

a surface |a-¥é?ﬁ%c§];|)y Isfgaﬁ%t?]:’elﬂg‘@ %{)g&ﬁ%l‘?ah%ﬁﬂ@WEQ%Bgﬁ{%ng #htére]i ng salt

strengt heni Ng"'s using a'c

solution in ' ' ' | salt
cont ai ned | B TGALY SRehGRBAIE S41Ec bEIcED pria AT thiraRite'driohar), 37|
s 220C or nggi. [ 0020] Another typical structure of a nethod for producing

a glass substrate for a nagnetic disk according to the present invention is

wherein in a metAwsthéetypidl @UEIURE ofa ThéhodSoPpiddicthd &8 glassmaibadiate fatias k
including a chemcally ™ strengthening step in which a glass substrate is

brought i nt magaBti@diskvdddarding he ticcgraseatrinvantiyn & whegdihémangeth@ldtfosol uti on
to strengthen a surface |layer of the glass substrate, wherein the

chemi cal | y stodecgigheglasg ssibefratesfor armagdetivitisk iscloding abimemivaliiy y
strengthening salt solution in which an additive conponent other than a
chemi cal | y sirergthehiogistep sawhichsa glide substrate isdtrought intepentacuwithat  whi ch
the chemcally strengthening salt contained in the chemcally strengthening
sal t sol ut i beatetdahesieallysgrengthgning saltmolutondorstiangtiempsuaiagedaysr of| ower .

[0021] As the material for the glass substrate, an alumi nasilicate glass can
be the glass substrate, wherein the chemically strengthening step is carried out

using a chemically strengthening salt solution in which the temperature at which
a chemically strengthening salt contained in the chemically strengthening salt
solution starts to solidify is 220°C or lower.

[0020]

Another typical structure of a method for producing a glass substrate for a
magnetic disk according to the present invention is wherein in a method for
producing a glass substrate for a magnetic disk including a chemically
strengthening step in which a glass substrate is brought into contact with a

" heated chemically strengthening salt solution to strengthen a surface layer of
the glass substrate, wherein the chemically strengthening step is carried out
using a chemically strengthening salt solution in which an additive component
other than a chemically strengthening salt is added such that the temperature at
which the chemically strengthening salt contained in the chemically
strengthening salt solution starts to solidify is a predetermined temperature or
lower.

[0021]

As the material for the glass substrate, an aluminosilicate glass can be

preferably used. As the material for the glass substrate, although any glass

that is chemically strengthened may be used without particular limitations,



preferably used. As the material for the glass substrate, although any gl ass
that is chemcally strengthened nay be used without particular limtations,

8 preferably, an alum nosilicate glass can be used. In particular, an

alum nosilicate glass containing lithiumis preferable. Such an

alum nosilicate glass material preferably contains, as main conponents, 58%
to 75% by weight of SiQ2, 5%to 23% by fei ght of Al 203, 3% to 10% by wei ght
of Li20, and 4% to 13% by wei ght of Na2O [0022] A typical structure of a
magnetic di sk according to the present invention includes formng at |east

a_manet | ¢ drakgboad AFRSAcal Jabk 88R HBREA AR paitdna by (he method

for producing a ass substrate for a nmagnetic disk described above.

Advant ages é?tﬁnﬁﬁ&illd&‘f@%lds_%rborﬁélﬂ#%]Iitﬁiﬁﬁ?fs%r_@ﬁarh@let. hespresmeBlunhiRysineaten, in a
cooling step after a chemcally strengthening step, cooling can be

perforned viaseniteNaPreRGabllontains 'fNERIN EMPLAEASVEBYRSBSRIhBwWEIghS S
substrate. Consequently, it is possible to obtain a nethod for producing a

gl ass substgfe8i0,f 8% @ 26Menstweight skALO;W8%cth 10% Lyl wsight 60LISO; ahd 49a%0 a
significantly snooth principal surface. Furthernore, it is possible to
obtai n a net3tedyweight oflINep@g a magnetic di sk in which head crash, thernal
asperity failures, and the like are prevented, the flying height of a
magneti ¢ hd822hn be decreased, and hi gh-density recording is enabled. Brief
Description of Draw ngs [0024} Fig. 1. is a table show ng the relationship
anong the addi ti/\'h/ptﬁ@%ﬁﬁhéweo A ragnalifeditk acrgrding tierapant isyentiaiol uti on,

the tenperature at which solidification starts, _and fhe, occurrence of
m cr o- wavi ngslydes forming at least a magnetic layer on a surface of a glass substrate

obtained by the method for producing a glass substrate for a magnetic disk

described above.

Advantages of the Invention
[0023]

According to the present invention, in a cooling step after a chemically
strengthening step, cooling can be performed while preventing the occurrence
of micro-waviness on a glass substrate. Consequently, it is possible to obtain
a method for producing a glass substrate for a magnetic disk in which the glass
substrate haé a significantly smooth principal surface. Furthermore, it is
possible to obtain a method for producing a magnetic disk in which head crash,
thermal asperity failures, and the like are prevented, the flying height of a

magnetic head can be decreased, and high-density recording is enabled.

Brief Description of Drawings
[0024]

Fig. 1 is a table showing the relationship among the additive component
in the chemically strengthening salt solution, the temperature at which
solidification starts, and the occurrence of micro-waviness.

Fig. 2 is another table showing the relationship among the additive



Fig. 2 is another table showing the relationship anong the additive 9
conponent in the chemcally strengthening salt solution, the tenperature at
which solidification starts, and the occurrence of m cro-wavi ness. Best
Modes for Carrying Qut the Invention [0025] An enbodi nent of a nethod for
produci ng a gl ass substrate for a magnetic disk and a nmethod for producing
a magnetic di sk according to the presenf invention will be described. Fig.
1 is a table showing the relationship anong the additive conponent in the
chem cally strengthening salt solution, the tenperature at which
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under st ood specifrc si materi a r nuneri cal
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facilitating understanding of the invention, and do not [init the present
I nvention unless otherw se described. [0026] First, a chemcally
strengthening step and a cooling step in a nethod for producing a gl ass

substrate fREstMOBENRIrCardyifl Qutlthe Meveltipari bed, and then a chemcal ly
strengthening salt solution will be described. [0027] [Chemi cally

strengt heni[og25f ep] A chenmically strengthening step is carried out after the
principal surface and end face of a disk-shaped gl ass substrate are
subj ected to m rAroembakdirnbning. a mdéhed for,pradpahg shglags stibgtratetfoch wil | be
descri bed bel ow, may be provided after the chemically strengthening step.
By per f or mi mggretthdiskeamd g ns2thed dempnodngingm vagestic disk acooadisghd éhe o cause
hi gh conpressive stress in a surface layer of a glass substrate for a
magnet i ¢ dipRseahibventiero wilk g deseriRad. cdrigbt is afalieshowing he eiatianship i n t he
case where an alumnosjilicate glass is used as the rT%t eri al .
among the additive component in the chemically strengthening salt solution, the
temperature at which solidification starts, and the occurrence of micro-waviness.
It is to be understood that the specific sizes, shapes, materials, other numerical
values, etc. shown in the embodiment below are merely examples for facilitating
understanding of the invention, and do not limit the present invention unless
otherwise described.
[0026]
First, a chemically strengthening step and a cooling step in a method for
producing a glass substrate for a magnetic disk will be described, and then a
chemically strengthening salt solution will be described.
[0027]
[Chemically strengthening step]
A chemically strengthening step is carried out after the principal surface
and end face of a disk-shaped glass substrate are subjected to mirror polishing.
However, a polishing step, which will be described below, may be provided after
the chemically strengthening step. By performing a chemically strengthening
process, it is possible to cause high compressive stress in a surface layer of a
glass substrate for a magnetic disk, and impact resistance can be improved.

In particular, in the case where an aluminosilicate glass is used as the material

for the glass substrate, a chemically strengthening process can be suitably



for the glass substrate, a chemically strengthening process can be suitably
10 perfornmed. [0028] In the chemcally strengthening step, ion exchange is
performed by bringing a glass substrate into contact with a chemically
strengthening salt solution containing ions having a |arger ionic radius
than ions contained in the glass substrate. As the chem cally strengthening
salt solution, it is preferable to usel solution in which a nitrate salt
containing an alkali netal elenment, for exanple, a nitrate salt containing
potassiumnitrate, sodiumnitrate, lithium nitrate, or the like is

di ssol ved. ﬂéﬁ&ﬁﬁﬂ' re, the amount of elenental |ithium contained in the
chem cal ly 'strengthening salt solution is preferably 0 to 2,000 ppm The
reason for rhhbgyis that, when a glass, in particular, an alumnosilicate

gl ass conté?nln el emental lithiumis subjected to the chemcally

strengthening pp @i@@%ﬁenﬁéﬂﬂ? SrePReErRY Steps ideetHirigens pedormedbyor ovi de
certain rigidity and inpact resistance as the glass substrate for a

magneti c d!l‘ﬁrﬁ'ngiﬂlgfﬂ aldigsasmktiate fintol donfd i wiihoa ehemidalyrdngthdrieg eBem cal |y
strengthening salt solution is excessively large, ion exchange is

i nhi bi t ed, stwgtidascantafrdng fons maviiagre |agee &onic tadias tihrf fone wWontdined bt thien
desired tensile stress and conpressive stress. [0029] In this enbodi nent, as
t he cheni callbys stibstratehe disrthechiemisallystrengthening saiitsioduticng itk potfe kikiGs
(potassiumnitrate) and NaNO8 (sodiumnitrate) as nmain conponents are

di ssol ved dndisgra adiitiohvie whichpamitrate salfi eomiaining aeatiel enetbelemsntowr i s
further dissolved is used. Lithiumions and sodiumions in a surface |ayer
of the gl asBXasnplg: pdtcatgrsall eantaintngaprfassivm mtrakiseriure Mdraigdithiassi um

e e b ¢ GRS PR bbaS L S AP
substrate tgontgi%rea% the E; & tal ?/réitrré%gthening salt solution is preferably 0 to 2,000
ppm. The reason for this is that, when a glass, in particular, an aluminosilicate
glass containing elemental lithium is subjected to the chemically strengthening
process, such a chemically strengthening salt can provide certain rigidity and
impact resistance as the glass substrate for a magnetic disk. If the amount of
lithium ions contained in the chemically strengthening salt solution is
excessively large, ion exchange is inhibited, and as a result, in some cases, it is
difficult to obtain desired tensile stress and compressive stress.
[0029]

In this embodiment, as the chemically strengthening salt solution, a
solution in which KNO3; (potassium nitrate) and NaNO; (sodium nitrate) as main
components are dissolved and an additive component, which will be described
below, is further dissolved is used. Lithium ions and sodium ions in a surface
fayer of the glass substrate are ion-exchanged with sodium ions and potassium
ions in the chemically strengthening salt solution, respectively, thereby forming
a compressive stress layer on the surface layer of the glass substrate to
perform strengthening.

[0030]

As the ion exchange method, a low-temperature ion exchange method, a



[ 0030] As the ion exchange nethod, a | owtenperature ion exchange nethod, a
11 high-tenperature ion exchange nethod, a surface crystallization nethod,
a glass surface deal kalization nethod, or the like is known. It is
preferable to wuse the |owtenperature ion exchange nethod in which ion
exchange is perforned in a tenperature range not exceedi ng the gl ass
transition point of the glass. [0031] THe heating tenperature of the

chem cally strengthening salt solution when the chem cally strengthening
process is perfornmed is preferably 280C to 660C, and particularly

P cead tho ehehBetatlie ol @hbAte MEREECS RhitabdlysiafzatlMERid ! 100>, 1ot
etc. The ti séeurrgééagémga.ﬁl % dsquﬁémé .smtﬂqu CQP&%JFé’?’EBfétbhe

chem cally rengt enin IS prefera severa ours

several tengdiheNgiitem Q{Lﬁé‘i’cfh;’l‘éié%f}agﬁ%frﬁéﬁlddhﬁv%éﬁ%rfé'ﬁ%ér@e‘%s'5 br ought

into contact wmth the em cal ening salt uti1on

preheati ng, pdritinidPnsa RRSéraRie rbﬁ%@hgf @k@é&d{n%ﬁ?é §Bsk rah3fient phiteGhe
[0032] [Cooling step] The gl ass substrate whi has been subjected to the

chenical 'y gigég.engt hening process is inmrersed in a water tank at 20C to
perform quenching and mai ntained for about 10 mnutes. As the tenperature
decreases, [obeighem cally strengthening salt solution changes froma |iquid
to a sherbet-like state and a solid in that order. [0033] [Structure for
preventing m cr d-heaheategsiemiierathirs oétrmmemmaﬂpatrengmlehmg saltsalutiavi ness
occurred locally on the
when the chemically strengthening process is performed is preferably 280°C to
660°C, and particularly preferably 300°C to 400°C, from the standpoints that the
temperature does not exceed the glass transition point, ion exchange is
performed satisfactorily, etc. The time for bringing the glass substrate into
contact with the chemically strengthening salt solution is preferably several
hours to several tens of hours. Additionally, before the glass substrate is
brought into contact with the chemically strengthening salt solution, as
preheating, the glass substrate is preferably heated to 100°C to 300°C.
[0032]
[Cooling step]
The glass substrate which has been subjected to the chemically
strengthening process is immersed in a water tank at 20°C to perform
guenching and maintained for about 10 minutes. As the temperature
decreases, the chemically strengthening salt solution changes from a liquid to a
sherbet-like state and a solid in that order.
[0033]
[Structure for preventing micro-waviness]
At this stage, conventionally, micro-waviness occurred locaily on the
principal surface of the glass substrate. The micro-Waviness is a linear

protrusion or depression having a width of about 100 um, a height of about 0.1

pum, and a length of several millimeters in some cases. The present inventors



principal surface of the glass substrate. The mcro-waviness is a |linear
protrusion or depression having a wdth of about 100 m a hei ght of about
0.1 m and a length of several mllinmeters in sone cases. The present

i nventors 12 have found that m cro-wavi ness occurs after the cooling step
and occurs at positions of the chemcally strengthening salt solidified and
remai ning on the glass substrate. BasedZon this, it has been considered

t hat m cro-wavi ness occurs under the influence of solidification of the
chemcally strengthening salt. [0034] Furthernore, the present inventors

have found dhalrel e iHRGHRISAEITRS ol BRePHEVEIIRG stép BHE oBaM sl | v

st rengt heni ng sa I'on can be solidifred at a“surface tenperature of

the gl ass Sd&ﬁlc{]r%t&tﬁé%hﬁ&iééifgfssgf&%rg?ﬁ%ﬁlt sBRGRBH ;%a_nafreﬁ{awﬁgtdrmet he

occurrence of the mcro-wavin More specifically, has been

found that grhed sumatBesBadegonhis, RHdbdeh cdrifd&radehitypico tfineiger at ur e
at which achemcally strengthening salt solution prepared by dissolving a

chen cal | y sdchehahdenihednfiddricessfardiigification bf the sherhiallpeeengtihenirigsait.
tenperature of a glass substrate having surface hardness at which the

surface shgpe34f the gl ass substrate does not change even when an action
(force) caused by solidification of the chemcally strengthening salt

sol uti on i s applRuethermotd)dhgpasserd usintarsehavie0086Y tidtdheinicrawavhness
tenperature of the glass substrate increases, the surface hardness thereof
decr eases. aamelre prévented (fdlae coanidally siengthening saibsglutios caplisssolisified n a
state where the surface hardness is decreased, the surface shape thereof
changes. Coatsespitara iempaiature 96 theglase subptkate: hawing Rurfaee hariassal | y

strengt henin |t starts tq solidify is . J]ower than the surface tenperature
of the gl as@%@?&?ﬁ%@eﬂﬁn\ﬂﬁ&gw etf%fﬂhﬁé@%“’c‘WﬁV'”ﬁ?%vents t he

[0035]

More specifically, it has been found that micro-waviness does not occur in
the case where the temperature at which a chemically strengthening salt
solution prepared by dissolving a chemically strengthening salt starts to solidify
is lower than the temperature of a glass substrate having surface hardness at
which the surface shape of the glass substrate does not change even when an
action (force) caused by solidification of the chemically strengthening salt
solution is applied to the glass substrate.

[0036]

That is, as the temperature of the glass substrate increases, the surface
hardness thereof decreases. When a force (action) is applied to the glass
substrate in a state where the surface hardness is decreased, the surface
shape thereof changes. Consequently, when the temperature at which the
chemically strengthening salt starts to solidify is lower than the surface
temperature of the glass substrate having surface hardness that prevents the
occurrence of micro-waviness, the micro-waviness does not occur.

{0037]
Consequently, in order to prevent the occurrence of micro-waviness, for

example, a method in which micro-waviness is prevented using a glass



occurrence of mcro-waviness, the m cro-wavi ness does not occur. [0037]
Consequently, in order to prevent the occurrence of m cro-wavi ness, for
exanple, a method in which nmcro-waviness is prevented using a glass 13
substrate having high surface hardness even at high tenperatures, a nethod
in which the occurrence of mcro-waviness is prevented by decreasing the
tenperature at which the chemcally strdrigthening salt solution starts to
solidity, or the like nay be used. [0038] The effects (actions/forces)
applied to the glass substrate when the chemcally strengthening salt

crroct or SuiteyEt bafiefian sofaCERBlirSe oyRbat o IkbiphstiBs: o migBRIN o o
apoti co o pRyENahe SPEyAEhEt RiEURIAnT PR RleaRY denBpiBRdRe 20 72 1

the gl ass stgPrF&éerlﬁe%%Wth%@ezﬁ%@é&%t%hiﬂg émcﬁ@lidrf‘st%ﬁg tg%?ﬁ@“}}éa' 'y

st rengt heni ng "process step. l'as rate“contracts an by

bei ng cool eg 8 1kBSnsvBa gnt cooling step. Here, in the state where the
gl ass substrate ?(s ex%ang‘g% and softened, when the chemcally strengthening

sal t adher ggogg)the surface and solidifies, contraction of that portion may
be inhibited, and strain may remain. [0040] Furthernore, another possible

effect is that dltr%éwe@@ll(@cftmﬁom‘esoéappﬁamth@fgléms@mmmwaﬁﬁierengt heni ng
salt to the surface of the glass substrate, the heat capacity of that

portion is ¢chemieabgdtrengibehingngali solatisreisrsdidifiedrwill he desdribed belewe, and
strain occurs due to the uneven tenperature distribution. Furthernore, since
heat of sol[08B88] cation is rel eased when the chemcally

The first possible effect of solidification of the chemically strengthening
salt on the glass substrate is that solidified (crystallized) chemically
strengthening salt applies a physical force to the surface of the glass substrate.
That is, the glass substrate expands and softens by being heated in the
chemically strengthening process step. The glass substrate contracts and
hardens by being cooled in the subsequent cooling step. Here, in the state
where the glass substrate is expanded and softened, when the chemically
strengthening salt adheres to the surface and solidifies, contraction of that
portion may be inhibited, and strain may remain.

[0040]

Furthermore, another possible effect is that due to adherence of crystals
of the chemically strengthening salt to the surface of the glass substrate, the
heat capacity of that portion is increased, resuiting in a decrease in the cooling
rate, and strain occurs due to the uneven temperature distribution.
Furthermore, since heat of solidification is released when the chemically
strengthening salt solidifies, uneven temperature distribution is caused,
resulting in strain.

[0041]

In any case of the above, it is considered that the occurrence of micro-

waviness can be prevented by carrying out the chemically strengthening step



strengthening salt solidifies, uneven tenperature distribution is caused,
resulting in strain. [0041] In any case of the above, it is considered that
the occurrence of mcro- waviness can be prevented by carrying out the
chemi cally strengthening step 14 under the conditions where the dissolved
chemcally strengthening salt does not solidify until the tenperature of
the gl ass substrate decreases to a predédterm ned tenperature that provides
har dness which is not affected by the solidification of the chemcally
strengthening salt. [0042] That is, a force applied to the glass substrate

when the Cp.ﬁ‘mf lgé %on&ﬁtﬁﬁé‘g}%‘?@y{@;fﬁ%heag %Eélﬁfssﬂé]@tﬁﬁ@ﬁ?%aﬁrﬁ’o%s%t force

due to sol crysta so I ncl u for eat capacity

or heat Su%haﬁylﬂl‘ﬁﬁﬁh%fteg&%'rét@'ré bfHe S bObdthReRicRs&s8ed RVENL T ON, the

chem cal strengthening c itrons have been achieved by using the

chenmi cal | y \sietief@ffies t&nﬁé\hturéqhalttpr@mdea haitisdss WhRhds sopbifectedignheal | y
strengt hening salt does not solidify until the tenperature of the glass

substrat e igolidEivatas of theochemiially Beangtheniiesslt m ned tenperature in the
cooling step. [0043] The predeterm ned tenperature nmay be appropriately set

dependi ng d004khe naterial of the glass substrate. Preferably, the
predeterm ned tenperature is a tenperature that provides hardness at which
t he surface shapdabfs,tafercg applieciohbergass subsikate sfeor iredchieyniaalfiyor ce appl i ed
to the glass substrate when the chemcally strengthening salt having

adher ed ontgirargihening salf solidifies éncludesia physical farcedva to selidified peystals,

pr edet er m ned terrperature may be set at a tenperature equal to or |ower
than the vi@hhalsp ingludes alferke duamip mattqa@aglthgéh@abﬁma%heﬁm nt Tg of the

| ass substrat or on the basis .of the slow cooplin ojnt, stra oi nt,
J SO 1dﬁ|cat|on In the present mventpon ?he \tl:\f‘\em?ca| sgeRgthenmg COHClIthI‘P

have been achieved by using the chemically strengthening salt solution in which
the dissolved chemically strengthening salt does not solidify until the
temperature of the glass substrate is decreased to lower than a predetermined
temperature in the cooling step.

[0043]

The predetermined temperature may be appropriately set depending on
the material of the glass substrate. Preferably, the predetermined temperature
is a temperature that provides hardness at which the surface shape of the glass
substrate is not deformed by a force applied to the glass substrate when the
chemically strengthening salt having adhered onto the glass substrate solidifies.
Alternatively, the predetermined temperature may be set at a temperature equal
to or lower than the vicinity of the lower end of the glass transition point Tg of
the glass substrate, or on the basis of the slow cooling point, strain point,
softening point, or the like.

[0044]

Furthermore, as the means for adjusting the temperature at which the
chemically strengthening salt solution starts to solidify, by adding an additive
component other than the chemically strengthening salt, the effect of freézing-

point depression can be used. The additive component is preferably a metal



softening point, or the like. [0044] Furthernore, as the neans for adjusting
the tenperature at which the chemcally strengthening salt solution starts
to solidify, by adding an additive conponent other than the chemcally
strengthening salt, the effect of freezing- point depression can be used.
The additive conponent is preferably a netal 15 salt other than KNO3 or
NaNo3 as a chemically strengthening salti>In the case where a chenically
strengt heni ng process is performed using KNOB and NaNo3 as chemcally
strengthening salts, preferably, the additive conponent does not inpair the

her cal | ! el I N L
Ot oSG B RN e, BOSCUcHRLIY cuBhish BEmbl o I aflhe L ve
t he cheni cal . ' ; et t
degr ade 1 ho"ehrs 2 CORfaRY dprfiining bl PEfMPoOURAPRNOIRENNEY 1 ace
f the gl : : : | t

2t which ¢ ha® SRy e Rl R, bR AR PR ARG,
exanple, a mélpﬂwé%m@awweﬁ@hemgcﬂroaés@dc@ééam:&xg,n@%blypm@r t han
potassiumnitrate and sodiumnitirate as chem cally sfrengthening salts is

added to t hgdgifieacedporent H68ghbEMPr Balibs ekehandebatviech teediasa! | y
strengt hening salt solution, and thereby the tenperature at which the

chem cal |y stbsirgé zedithg chehlicallyl sitdngthexiing saltf or ihel adbifive ceampenemstagests By
addi ng the additive conmponent to the chemcally strengthening salt, the

t enper at ur enat dedrade thdeudaessbapé pf Hter gags bebsinatednl adising iodhestuafacs t o
solidify can be decreased due to freezing-point depression. [0046] As the
addi tive co@bibeegliass auksirgienent that does not adversely affect the

chem cal ly isotordfes?gt heni ng process is preferably used. For exanple, at |east

As the method for adjusting the temperature at which the chemically
strengthening solution starts to solidify, for example, a method may be used in
which an additive component other than potassium nitrate and sodium nitrate as
chemically strengthening salts is added to the chemically strengthening salts to
prepare a chemically strengthening salt solution, and thereby the temperature at
which the chemically strengthening salt solution starts to solidify is decreased.
By adding the additive component {o the chemically strengthening salt, the
temperature at which the chemically strengthening salt solution starts to solidify
can be decreased due to freezing-point depression.

[0046]

As the additive component, a component that does not adversely affect
the chemically strengthening process is preferably used. For example, at least
one can be selected from the group consisting of AQNO3, Ca(NO3)2,
Ca(NO3)2-4H,0, Ni(NO3)2, Ni(NO3),-6H20, Mn(NO3)2, Mn(NO3),-6H,0,
Co(NO3)z, Cu(NOa3)z, Cu(NO3),-3H20, LiINO3, Mg(NOQaz),, Mg(NO3)2-6H,0,
NaNO,, KNO3z, NaS0,4, and K;SO,4.  In particular, NaNO; or KNO, can be
preferably used. The reason for this is that NaNO;z or KNO; does not inhibit
ion exchange between the glass substrate and the chemically strengthening

solution in the chemically strengthening process.



one can be selected fromthe group consisting of AgNO3, Ca(NO3)2,

Ca(NO3) r4H20, Ni (N03)2, N (NGB)2-6H20, M(NO3)2, M(N®B)2-6H20, Co(NX®) 2,
Cu(NO03) 2, Cu(N03)2.3H20, Li NGB, MJ(NGB)2, My(NDX®B)2.6H20  NaNO2, KNO2,
Na2SO4, and K2SO4. In particular, NaNO2 or KNO2 can be preferably used. The
reason for this is that NaNO2 or KNO2 does not inhibit ion exchange between
the gl ass substrate and the chenmically dttrengthening solution in the

chemi cally strengthening process. 16 [0047] According to the structure
descri bed above, in the cooling step after the chem cally strengthening
step, cool IQ@ ﬂan be perfornmed while preventing the occurrence of
m'cro-wavir[ Aé on the gl ass substrate. Consequently, it is possible to

broduce a_ gl ass xBRKEYS (L G IRIREL el ovROiRhel dlMYiEp oRERHE | cant |y

snoot h princi pa ernore, It isp In a mnagnhetic
di sk in whi her, [ j | e
prevent ed, C?‘%g“ ?@&I ﬁg%?%@b Sc??@éi’ magﬁgtcita?:ﬁ %ﬁ%@?%?ﬁﬂ%?ﬁé@%ﬂé@% tgﬁd hi gh-
densi ty 1 eaphBfick of RfiallReyinb8O Rk BINRLBstrate) eaafBbduattyait Pt hod for

produci ng a glass substrate for a magnétic disk and a magnetic disk to

whi ch the s td prRiiceGglass 3RBEIrge for bimagnetitegiek isbest ehaus a The gl ass
substrate for a magnetic disk and the magnetic disk are produced for a

magnet i ¢ disignifkeatitiydsraopthasiticisatisoefdce haparthsmmedreadt is poBsible tacdbtdinsk (i nner
diameter 6 nm outer dianmeter 21.6 mm thickness 0.381 mm, a 1.0-inch disk
(i nner di ameagnetic disk irnwheh ikadetash, Hermahaspetity daihess, afd 8®llikedre or a
1.8-inch disk (inner dianeter 12 nm outer dianmeter 48 mm thickness 0.508
m) . Furt hqravendedt the fiviom beight of s knagnetisehgacherrn be desreaserl, Bniigh-di sk or a
3.5-1neh dldself’l'sity recording is enabled.
[0048]
[EXAMPLE]
An example of a method for producing a glass substrate for a magnetic
disk and a magnetic disk to which the present invention is applied will be
described below. The glass substrate for a magnetic disk and the magnetic
disk are produced for a magnetic disk having a predetermined shape, such as a
0.8-inch disk (inner diameter 6 mm, outer diameter 21.6 mm, thickness 0.381
mm), a 1.0-inch disk (inner diameter 7 mm, outer diameter 27.4 mm, thickness
0.381 mm), or a 1.8-inch disk {(inner diameter 12 mm, outer diameter 48 mm,
thickness 0.508 mm). Furthermore, the magnetic disk may be produced as a
2.5-inch disk or a 3.5-inch disk.
[0049]
(1) Shape-forming step and first lapping step
First, molten aluminosilicate glass was formed into a disk shape by direct
pressing using an upper mold, a lower mold, and a body mold, and thereby an
amorphous planar glass was obtained. As the aluminosilicate glass, a glass
for chemical strengthening was used. Instead of direct pressing, a disk-
shaped glass substrate for a magnetic disk may be cut, using a grinding wheel,

from a sheet glass formed by a down-draw process or a float process. The



[0049] (1) Shape-form ng step and first |lapping step First, nolten

alum nosilicate glass was forned into a di sk shape by direct pressing using
an upper nold, a lower nold, and a body nold, and thereby an anorphous

pl anar gl ass was obtained. As the alum nosilicate glass, a glass for

chem cal strengthening was used. Instead _of direct pressing, a disk- shaped
gl ass substrate for a magnetic disk naylﬂe cut, using a grinding wheel,
froma sheet glass formed by a down-draw process or a float process. The 17
material for the glass substrate is not particularly limted as long as it

can be chepheah| rstﬁég%@?ﬂ%ﬁatﬂsﬁ{(ﬂrﬁii%!a%liﬁﬁtéma@%hé ia{é?\?]@ar%éss s

used. In particular, | um nosi licate glass containing | lumi1s

preferred. %@ﬂﬁ@illyssl%hg’ﬂlﬁeﬁé&lm P%‘féﬂaib‘?yafaﬁ AlRHfodiRats 'Fl%is_sﬁé 8584 abjy
contains, as main  conponents, 58%to /5% by wei ght of SiQ2, 5%to 23% by

wei ght of AatfidilaBYn dlamitisillbatevgiagbicoptaiking@thiantlis{eterrek3% by wei ght  of
Na20O. Note that the alumnosilicate glass used here is conposed of 63. 6% by
wei ght of $00B0] 14. 2% by weight of A12C3, 10.4% by wei ght "of Na20O, 5. 4% by
wei ght of Li20, 6.0%by weight of Zr@2, and 0.4% by weight of Sb203. [0051]
Next, both pri nSushlarsaluhsnesilicdte igles spinaterial grefesalp sosiais @sadaino | appi ng
to obtain a disk-shaped gl ass base. The | apping was perforned with a doubl e-
si ded | appicagnpgrentst28%%Havicig by weiineaf5i.g8%r tord¥hdn weightiof AOL 0d%e

al um na- based grains. Specifically, a pressure was applied to upper and
lover - sur fadéBh by weighbptlizd, anddls fa kebcbweighen’ Naphi niaie dretiheThen, a
grinding fluid containing | oose grains was S?Bg io/e%ont_o the principal
surfaces ofaléminosyicateiplagsised haig is rvposed of BP& |weighl ellSiQe, dérd%r m

| aPbtna: Ay RsinPBPRL 03 0A% by Heifit! SNED, 4% B WRightor R0 5% Y
weight of ZrO,, and 0.4% by weight of Sb,03.
[0051]

Next, both principal surfaces of the planar glass was subjected to lapping
to obtain a disk-shaped glass base. The lapping was performed with a double-
sided lapping apparatus having a planetary gear mechanism, using loose
alumina-based grains. Specifically, a pressure was applied to upper and lower
surfaces of the planar glass placed between lapping plates. Then, a grinding
fluid containing loose grains was supplied onto the principal surfaces of the
planar glass, and these are relatively moved to perform lapping. A glass base
having flat principai surfaces was obtained by the lapping.

[0052]

(2) Cutting step (coring, forming)

Next, the glass base was cut using a diamond cutter, and a disk-shaped
glass substrate was cut from the glass base. Then, using a cylindrical
diamond drill, an inner hole was formed in the center of the glass substrate to
obtain an annular glass substrate {coring). Then, the inner peripheral end face
and the outer peripheral end face were subjected to grinding with a diamond
grinding wheel to perform predetermined chamfering (forming).

[0053]



[0052] (2) Cutting step (coring, form ng) Next, the glass base was cut using
a dianond cutter, and a disk-shaped glass substrate was cut fromthe gl ass
base. Then, using a cylindrical dianond drill, an inner hole was forned in
the center of the glass substrate to obtain an annul ar gl ass substrate
(coring). Then, the inner peripheral end face and the outer peripheral end
face were subjected to grinding with a difanond grinding wheel to perform
predeterm ned chanfering (formng). [0053] 18 (3) Second | apping step Next,
both principal surfaces of the resulting glass substrate were subjected to

second | appi ngt ﬁ?\é) %’Eﬁé’b‘ﬂ%ﬂ@é@ 3,Jre%ppi ng step. By carrying out the second

| appi ng step, shape fornmed on the principal surfaces in

t he previous st RSt %‘3}2;@2{“@},§Hﬁﬁ&5'59°ﬁfh%pfe§0ﬁi”ﬁ@?ﬁ?‘%‘gﬁgﬁﬁe%fl’—’shi ng step,

can be renoved In a e subsequent ep carried out on

the princigp g]ﬂﬁ\teeﬁir t rd ; e [ 0054]
(4) End-face 5%??2&?%3%‘?@%*’%@%9 the engi %rgggjgzgf‘epheggldgglﬁjgg%{rﬁgt e was
subj ect ed tééc@shan@gsping%ﬁ,hheginexrregM&hsngpe Fotmidd &n %‘i@ﬁrinéﬁpél slirfakes in
contai ning ceriumoxide grains (lo0se grains) was used as the polishing

grains. TheRe gré@olsResp ek, Ihe cattingadp badahsandstbe potisking &téh, de0r be
pol i shing by magnetic abrasive finishing. The glass substrate having

under gone traenmied-ihativapok) sid g sitaequest polkishiveg staipt darrisaiogt onBet he
end-face polishing step, the end face of the glass substrate was polished
into a m rrmincipaltserizepaiche bef completsd fang shot pegoddf trmet i cl es or the |ike.
[ 0055] Additionally, in the end-face polishing step, glass substrates are
st acked, [0054]
(4) End-face polishing step
Next, the end face of the glass substrate was subjected.to mirror
polishing by brushing. In this step, a slurry containing cerium oxide grains
(loose grains) was used as the polishing grains. Then, the inner peripheral
end face was subjected to mirror polishing by magnetic abrasive finishing. The
glass substrate having undergone the end-face polishing step was cleaned with
water. By the end-face polishing step, the end face of the glass substrate was
polished into a mirror state capable of preventing dusting of particles or the like.
[0055]
Additionally, in the end-face polishing step, glass substrates are stacked,
and the end faces are polished. In order to prevent the principal surfaces of
the glass substrate from having flaws and the like at this stage, the end-face
polishing step may be carried out before a first polishing step or before and after
a second polishing step, which will be described later.
[0056]
(5) Principal surface polishing step
First, as the principal surface polishing step, a first polishing step was
carried out. The first polishing step is performed mainly for the purpose of

removing flaws and strain remaining from the lapping step on the principal

surfaces. In the first polishing step, the principal surfaces were polished with a



and the end faces are polished. In order to prevent the principal surfaces
of the glass substrate fromhaving flaws and the |like at this stage, the
end-face polishing step nay be carried out before a first polishing step or
before and after a second polishing step, which will be described | ater.

[ 0056] (5) Principal surface polishing step First, as the principal surface
polishing step, a first polishing step s carried out. The first polishing
step is perforned mainly for the purpose of renoving flaws and strain

remai ning fromthe |apping step on the principal surfaces. In the first

pol i shing sikBie-tiRdPdIBEINRPApFHETLRIRNIVEE lAMtEANGshMNEBhaNidM, udipgld e- si ded

pol i shing apparatus having a planetary gear nechanism using a hard resin

pol i sher. Agrdhesinlpolishee, Aethebragive cceniahxidegitsadre 16687] The gl ass
substrate havi ng undergone the first polishing step was inmmersed in

cl eani ng t §0B57)r espectively containing a neutral detergent, pure water, and
| PA (isopropyl alcohol) in that order to performcleaning. [0058] Next, as
the princi pal siheagaspslbsthatedavtngoundergenenice fctipohishiggstepwass carried
out. The second poli shing steﬁ is performed for the purPose of finishing

t he princi paimessedan eleanmptaakairesfactivelyecantaining a neutial detecgantpelreshi ng
step, the principal surfaces were subjected to mrror polishing with a

doubl e- si dwatep@andsifArdsanspeyl alephalanithat erdsr i pedpymgteaningchani sm using a
soft resin_foam polisher. As the abrasive, finer cerium oxide grains than
those used [0PP8k he first polishing step were used. [0059] The gl ass

sybstrate, havi g et fone e, Secand RALAB g, o SheysSool RS 360 Uk
carried out. The second polishing step is performed for the purpose of
finishing the principal surfaces into a mirror-like state. In the second polishing
step, the principal surfaces were subjected to mirror polishing with a double-
sided polishing apparatus having a planetary gear mechanism, using a soft
resin foam polisher. As the abrasive, finer cerium oxide grains than those used
in the first polishing step were used.
[0059]

The glass substrate having undergone the second polishing step was
immersed in cleaning tanks respectively containing a neutral detergent, pure
water, and IPA (isopropyl alcohol) in that order to perform cleaning. Ultrasound
was applied to each of the cleaning tanks.

[0060}

By carrying out the second polishing step, cracks on the principal
surfaces of the glass substrate are .removed, and the maximum value of micro-
waviness on the principal surface is set to be, for example, 5 nm or less. The
maximum value of micro-waviness is obtained by measuring the waviness
having a frequency with a wavelength of 4 pm to 1 mm by non-contact laser
interferometry, using a "Micro XAM" manufactured by PHASE SHIFT
TECHNOLOGY INC. The measurement was performed in a rectangular area
with sides of 800 pm and 980 um (800 pm x 980 pm).



water, and | PA (isopropyl alcohol) in that order to perform cl eaning.
Utrasound was applied to each of the cleaning tanks. [0060] By carrying
out the second polishing step, cracks on the principal surfaces of the

gl ass substrate are renoved, and the maxi num val ue of m cro- wavi ness on the
principal surface is set to be, for exanple, 5 nmor |ess. The maxi num

val ue of mcro-wavi ness i s obtained by @¥asuring the wavi ness having a
frequency with a wavelength of 4 mto 1 mm by non-contact |aser
interferonetry, using a "Mcro XAM' manufactured by PHASE SH FT TECHNOLOGY
I NC. The nﬁ] ggenent was performed in a rectangular area wth sides of 800
m and 980 6? 0 mx 980 m). 20 [0061] (6) Chem cally strengthening step

Next, the gl ass ' %W e the lapping step and the
pol i shing step &%@@%@?&e@fe&?ﬁ}n@ﬂ% eI %%bnst rengthening. In the chem cal
strengt heni ng, N&*ﬂﬁtﬁbﬁﬂééé’s%ﬁ%bﬁﬁm rlﬂwrogﬁgt})néﬂ%élhgﬁmg StepfirfehthBot assi um

nitrate (60% and sodiumnitrate (40% bvve xed and 5% by  wei ght of
Ca(NDB) 2 wasolibHINghREp AtEeslibieGeatE RRERTCal BRengiRMing! | Iv the chBgidsni ng sal t

solution was heated to 400C, and the cleaned gl ass substrate was preheated

to 300C andstigngtticrfing, 4 chémicdllgBtrenbtheniid salgsblationdh shidh potassiuan for about
3 hours. In the imersion process, in order to chemcally strengthen the
entire surditses(60Ps)drabsodiulshitrateefi0%) wete mlixad/and 561 by svedgiitsafr at es wer e
placed in a holder such that the end faces were held. [0062] In such a
manner, by @aiNQy)Ziwas funiner added wastprepeteshi cldid gherpicady girapgihegingasalt
solution, lithiumions and sodiumions in a surface |ayer of the | ass

substrat e visidiarewna beatasl tostfifi Gmangribe firpnest glass substiate was prabeated

to 300°C and immersed in the chemically strengthening salt solution for about 3
hours. - In the immersion process, in order to chemically strengthen the entire
surfaces of glass substrates, a plurality of glass substrates were placed in a
holder such that the end faces were held.

[0062]

In such a manner, by performing immersion in the chemically
strengthening salt solution, lithium ions and sodium ions in a surface layer of the
glass substrate were replaced by sodium ions and potassium ions in the
chemically strengthening salt solution, respectively, and thereby the glass
substrate was strengthened. A compressive stress layer formed on the
surface layer of the glass substrate was about 100 to 200 pm.

[0063]

The glass substrate having undergone the chemically strengthening
process was immersed in a water tank at 20°C to perform quenching and
maintained for about 10 minutes. The quenched glass substrate was
immersed in concentrated sulfuric acid heated to about 40°C to perform
cleaning. The glass substrate cleaned with sulfuric acid was further immersed
in cleaning tanks respectively containing pure water and IPA (isopropyl alcohol)
in that order to perform cleaning.

[0064]



chem cally strengthening salt solution, respectively, and thereby the gl ass
substrate was strengthened. A conpressive stress |ayer forned on the

surface | ayer of the glass substrate was about 100 to 200 m [0063] The

gl ass substrate having undergone the chem cally strengthening process was
imersed in a water tank at 20C to perfgrn1quenching and maintained for
about 10 m nutes. The quenched gl ass su dtrate was immersed in concentrated
sul furic acid heated to about 40C to perform cleaning. The gl ass substrate
cleaned with sulfuric acid was further imersed in cl eaning tanks

respectively coplygidrfdihiiy fiee it RippiitfistePAtHd S@BRG RSP, 3hé eRdlfhcei n t hat
order to performcleaning. [0064] 21 By performng the first |apping step,

the cuttingotitking stée, thadecand Ianing Btayy asidene firSteargiseushd poliphivg steps, and
the first and second polishing steps, and the chem cally strengthening step
as descri bethdathewuhensicalestrersytheting stehk ylescdbed gbass, sfifissnaiothfor a
magneti c di sk was obtained. [0065] (7) Magnetic disk production step A

per pendi culhaghlysigiteglass isebetrdiefgr dirnagmetic gislo shaseabibipedeposi ting an

adhesi ve | ayer conposed of a Cr alloy, a soft magnetic |ayer conposed of a
CoTaZzr - basdd0&5]l oy, an underlying | ayer conmposed of Ru, a perpendicul ar
magneti c recordi ng | ayer conposed of CoCrPt-based alloy, a protective |ayer
conposed of hydfbgdaanetic digkisaduetioos ePubri cant | ayer conposed of

perfluoroether in that order on each surface of the glass substrate obtai ned
by the steps déRETPEBEAICHIREVRagNglicTegprd E%SLSW%S deg’ﬁﬁa%yéy%ﬁosﬂm@%@ructure

O e Per B Sl oL, HERELLE o oy o RS BBl S0 kgodapg 4 v oh 2
CoTaZr-based alloy, an underlying layer composed of Ru, a perpendicular
magnetic recording layer composed of CoCrPt-based alloy, a protective layer
composed of hydrogenated carbon, and a lubricant layer composed of
perfluoroether in that order on each surface of the glass substrate obtained by
the steps described above. This structure is an example of the structure of the
perpendicular magnetic disk. A structure may also be used in which a
magnetic layer, etc. is formed as an in-plane magnetic disk.

[0066]

[Evaluations]

Figs. 1 and 2 are each a table showing the relationship between the
temperature at which solidification starts and the occurrence of micro-waviness
when Ca(NO3)>"4H20 or Mg(NO3),-6H,0 was added as an additive component.
In Figs. 1 and 2, x indicates that micro-waviness occurred, and O indicates that
micro-waviness did not occur.

[0067]

In Comparative Example 1, the chemically strengthening salt solution as
a standard was prepared by mixing potassium nitrate (60%) and sodium nitrate
(40%). In Comparative Example 2, 3% by weight of Ca(NQOs3),'4H,0 was
added; in Comparative Example 3, 3% by weight of Mg(NQO3)2'6H,0 was added;
in Example 1, 6% by weight of Ca(NO3),-4H,0 was added; and in Example 2,



[ 0066] [Evaluations] Figs. 1 and 2 are each a table showi ng the

rel ati onship between the tenperature at which solidification starts and the
occurrence of mcro-waviness when Ca(N03)2.4H20 or My(NDB) 2. 6H20 was added
as an additive conmponent. In Figs. | and 2, x indicates that m cro-wavi ness
occurred, and O indicates that mcro-waviness did not occur. [0067] In
Conparative Exanple 1, the chenically s£fengthening salt solution as a
standard was prepared by m xing potassiumnitrate (60% and sodiumnitrate
(409 . In Conmparative Exanple 2, 3% by wei ght of Ca(N03)2-4H20 was added;

I n Conpara (NO3) 2. 6H20 was added; in
Exanple 1, %%Hﬁé%gﬁ{gﬁftﬁg ﬁ@ﬁﬁ%&g%?%d&gg added; and in Exanple 2, 22 6%
by wei ght é\@]( NO3) 2. 6H20 was added. [0068] As is evident fromthe tables,
in Oorrpara |ve Exanmple 1 in which no additive conponent was added, the

temperature at ‘M&':E*évﬁ:@ ht frohd f 1B I%S(ErﬁCb& lc?iQ%nPI%eﬁJ%’iQU f the

addi ti ve conponent, in rrpar ative anpl e n whi ch y wei ght

was added, ddupiveCdmApehetitivad a%‘é&hhe%&hpéiétu&aét‘\Qﬁlcﬁts%'haﬁlcéﬁ&‘i Q%‘iféd to
225C, andln Exanples 1 and 2 in which 6% by weight was added, the

t enper at ur guad 230 h R@$aﬂllésmth@radattnrétc@nqmrreeﬂsmcbémpaﬁa?&% Exdinples
Conparative Exanples 1 to 3, mcro-waviness occurred. In contrast I n

Exanpl es 1 Zaged 3,in ivihigim3%pby sidige was addod nhe térapecaturg anwkichf
m cro-wavi ness. [0069] Consequently, it is clear that by carrying out a
chemi cal | y sifidéicgtitre stans destrepsacsion2P 5 C; rediic &xaynges drayich2 i wiicheb ¥o
solution in which the tenperature at
by weight was added, the temperature at which solidification starts decreased to
220°C. In Comparative Examples 1 to 3, micro-waviness occurred. In
contrast, in Examples 1 and 2, it was possible to prevent the occurrence of
micro-waviness.
[0069]

Consequently, it is clear that by carrying out a chemically strengthening
step using a chemically strengthening salt solution in which the temperature at
which a chemically strengthening salt starts to solidify is set at 220°C or lower,
the occurrence of micro-waviness can be prevented. Furthermore, when
Ca(NO3); is used, it is clear that by adding Ca(NOs3)z in an amount of 5% by
weight or more in the chemically strengthening salt solution, the temperature at
which a chemically strengthening salt starts 1o solidify can be controlled to a
temperature at which the occurrence of micro-waviness can be prevented.
{0070]

Furthermore, in the production method shown in this embodiment, the
cooling step in which cooling is actively performed has been described.
However, the present invention is not limited thereto, and the advantages of the
present invention can also be achieved even in the case where the workpiece is
slowly cooled by being left to stand in air, or in the case where slow cooling is

further performed in a constant-temperature bath.

[0071]



which a chemcally strengthening salt starts to solidify is set at 220C or

| ower, the occurrence of m cro-wavi ness can be prevented. Furthernore, when
Ca(N03)2 is used, it is clear that by adding Ca(N03)2 in an anmount of 5% by
wei ght or nore in the chemcally strengthening salt solution, the
tenperature at which a chemcally stren%thening salt starts to solidify can
be controlled to a tenperature at whi cB3the occurrence of nicro-wavi ness
can be prevented. [0070] Furthernore, in the production nmethod shown in
this enbodinment, the <cooling step in which cooling is actively perforned

has been descri W‘Hte *PE‘%@%‘“' éﬁhﬁp%g%?% gFé’s%'?'ntt iirg}l?agit)iﬁgr}%tvel pddf ed thereto,

and the advantages o res I'nvent1 bn can e achieved even in

the case "‘"Ex%%@riﬁ&?w{’tﬂrrgféréﬁf‘% i&aﬂ§+®#gd’ﬁag@ﬁ¢§,qt %o R itdreidod!tAaft@nd in

air, or in the case where slow coo urther perfornmed in a

const ant - t BGIRMEHHRALS not ARTE 18 3ucKBkhmpidie NE R AsPREneKABILEss Of the

present invention have been described with reference to attached draw ngs,
it is to bgkieden sHaRE: WitHin tRescopeesktht didiMR)vafibus dtified Examgléstgndguch
exanples. It is apparent to persons skilled in art that, within the scope
of the cl aiggsrectadl &xamplesdiréicedcevablel aadatid to berumidrsidodxtpapthesear e
conceivable, and it is to be understood that these exanples of course

bel ong t o texampdehof calrse dripngofo thedeghrdsalmangavéthe present imbestional
Applicability [0072] The present invention relates to a method for producing
a glass substrate for a magnetic disk and a nethod for producing a nmagnetic
di sk, and can be wused as a technique for preventing the occurrence of

ni cr o- wavi hedstaal Aprdicapilibthci pal surface of the glass substrate, in

articular, _in.the chem call strengt heni ng step.
p 10072 y g g p

The present invention relates to a method for producing a glass substrate
for a magnetic disk and a method for producing a magnetic disk, and can be
used as a technique for preventing the occurrence of micro-waviness on the
principal surface of the glass substrate, in particular, in the chemically

strengthening step.



24 CLAIMS 1. A nethod for producing a glass substrate for a magnetic di sk
conprising a chemcally strengthening step in which a glass substrate is
imMmersed in a chemcally strengthening salt solution prepared by dissolving
a chemcally strengthening salt under heating, and netal ions in the gl ass
substrate are ion-exchanged with netal %gns in the chem cally strengthening
salt, wherein the chemcally strengthenthg step is carried out using a

chem cally strengthening salt solution in which the dissolved chemcally
strengthening salt does not solidify until the tenperature decreases to a
tenperature that provides hardness atCwhiM8 the surface shape of the glass
substrate is not defornmed by a force applied to the glass substrate when the

cheni cal |y strengt Aenéthedsel prdtiarcingoa giiiserstbstatefdrizemalaetic gigkst rat e
solidifies. 2. The nethod for producing a glass substrate for a magnetic

di sk accocdmpgising & chemichilysirengthrerdmg stig iniwttick aglasestbsitdterist han t he
chemcally strengthening salt is added to the chemcally strengthening salt
sol uti on sonimessed inhe chermizt iy rstiengtherdmp ealh saludionprapaieevyddisgolving a

freezi ng-poi nt depression. 3. The nethod for producing a glass substrate for
a magnet i c chemicalistengthening salt andephealing, éind meatal éand inithe ghassponent is a
metal salt other than KNO3 or NaNo3 as a chemcally_ strengthening salt. 4.
The net hod stbstraiecua domegxahangaiswih pagtahioasin the chedirally strengtherita s2ldli ng t o
claim2, wherein the additive conponept is at |east ope selected fromthe
group consi sti nﬂhﬁf%ﬂﬂﬁs?h@@( gypyen SERHS G2IMGY YN anj ( N03) 2. 6H20,

R T T T AT O
o odeet 9, Sl S bt oY selFIAND b BcaEE phebbebiod 2 m 2
temperature that provides hardness at which the surface shape of the glass
substrate is not deformed by a force applied to the glass substrate when the
chemically strengthening salt having adhered onto the glass substrate solidifies.

2. The method for producing a glass substrate for a magnetic disk
according to claim 1, wherein an additive component other than the chemically
strengthening salt is added to the chemically strengthening salt solution so that
the predetermined temperature is achieved by freezing-point depression.

3. The method for producing a glass substrate for a magnetic disk
according to claim 2, wherein the additive component is a metal sait other than
KNO3; or NaNo3 as a chemically strengthening salt.

4. The method for producing a glass substrate for a magnetic disk
according to claim 2, wherein the additive component is at least one selected
from the group consisting of AgNQOs;, Ca(NOa)z, Ca(NO3)»-4H,0, Ni(NO3),,
Ni(NO3z)2'6H20, MR(NO3)2, MR{NO3),-6H20, Co(NO3)2, Cu(NOs),,
Cu(NQO3)2-3H20, LINO3, Mg(NOs)2, Mg(NOs)2-6H,0, NaNO,, KNO,, Na;SO,,
and Ko.SQO,.

5. The method for producing a glass substrate for a magnetic disk
according to claim 2, wherein the additive component includes either NaNO, or

KNO..



KNO2. 25 6. The method for producing a glass substrate for a magnetic disk
according to claim2, wherein the additive conponent is added in an anount

of 5% by weight or nore in the chemcally strengthening salt solution. 7. A
met hod for producing a glass substrate for a nmagnetic disk conprising a
chem cally strengthening step in which a glass substrate is brought into
contact with a heated chemcally streng@%ening salt solution to strengthen
a surface | ayer of the glass substrate, wherein the chem cally strengthening
step is carried out using a chemcally strengthening salt solution in which

the terfperatures.atﬁh@!n@éthad f@ﬂ"‘ﬁr@dl @ingYa gtdss%beﬁaimrﬁ%fhgﬁeﬂrﬁ gdisRed in the

chemcally strengthening salt " solution™starts to solidify 1s 220C or | ower.

8. A met hogcd&Hingy Rdisind, #hetdis shs Baaivaicenipgtneht NG h gh alhoup@BPr i si ng
a chemcally strengthening step in which a glass substrate is brought into

contact w 5% By heditthrehers inahe hehiiealytdirsmigligersing tsat@ollitiopn to  strengt hen
a surface layer of the glass substrate, wherein the chem cally strengthening

step i s carried7.ouf misthod far pteringed blasstsubsgatefurzgnagheti€disikt i on i n whi ch
an additive conponent other than a chemcally strengthening salt is added
such that thepticimgea ahemically stvehgtieningsiepamvdath g glaseagbdimateny sal t
contained in the chemcally strengthening salt solution starts to solidify

i s a predebsught dtotcontant atilly 2 heated dwasnically straegtiveningosatosolptioniteci ng a

gl ass substrate for a magnetic disk according to any one of clains 1 to 8,
wher ei n t helreggtbena syréace layegpbthe glaspsubsfatei s an al uni nosilicate gl ass.

10. The nethod for produmé}%_a gl ass substrate for a pagnetic disk
accordi ng to clWheie thnehenically streagkiening $iep is K8MAGRYL USIRGAr at e cont ai ns,

as chemically strengthening salt solution in which the temperature at which a
chemically strengthening salt contained in the chemically strengthening salt
solution starts to solidify is 220°C or lower.

8. A method for producing a glass substrat_e for a magnetic disk
comprising a chemically strengthening step in which a glass substrate is
brought into contact with a heated chemically strengthening salt solution to
strengthen a surface layer of the glass substrate,

wherein the chemically strengthening step is carried out using a
chemically strengthening salt solution in which an additive component ather
than a chemically strengthening salt is added such that the temperature at
which the chemically strengthening salt contained in the chemically
strengthening salt solution starts to solidify is a predetermined temperature or
lower.

9. The method for producing a glass substrate for a magnetic disk
according to any one of claims 1 to 8, wherein the material for the glass
substrate is an aluminosilicate glass.

10. The method for producing a glass substrate for a magnetic disk
according to claim 9, wherein the material for the glass substrate contains, as
main components, 58% to 75% by weight of SiO;, 5% to 23% by weight of Al,O4,
3% to 10% by weight of LizO, and 4% to 13% by weight of Na,O.



mai n conponents, 58%to 75% by weight of SiQ2, 5%to 23% by wei ght of A1203,
3% to 10% by wei ght of Li20 and 4%to 13% by wei ght of Na20O 26 11. A

met hod for producing a magnetic disk conprising formng at | east a magnetic
| ayer on a surface of a glass substrate obtained by the nmethod for

produci ng a gl ass substrate for a magnetic di sk according to any one of
clainms 1t0l10. 12. The nethod for produ€Png a gl ass substrate for a nagnetic
di sk according to any one of clains 1 to 10, wherein the nmaxi mum val ue of

m cro- wavi ness on a principal surface of the glass substrate is less than 5

nmin a rectangyl an MERSHTENBIYduRIrRPa Wddhelit @Rsk %mﬁﬁ@in?{éﬁﬁi@%e& |gast13. The

met hod for producing a magnetic di sk according to claim . erein the
net hod is apphgestic Rysr m@@}rfafbedbf%%fa@é sabbRaté Glvtalhedrbyihe mevticlor t he

flying height of a magnetic head is nm or |ess.

producing a glass substrate for a magnetic disk according to any one of claims
110 10.

12. The method for producing a glass substrate for a magnetic disk
according to any one of claims 1 to 10, wherein the maximum value of micro-
waviness on a principal surface of the glass substrate is less than 5 nmin a
rectangular measurement area with sides of 800 um and 980 um.

13. The method for producing a magnetic disk according to claim 11,

wherein the method is applied to a magnetic disk for a hard disk drive in which

the flying height of a magnetic head is 6 nm or less.



