1 DESCRIPTION METHOD OF MANUFACTURING GLASS SUBSTRATE
FOR MAGNETIC DISK AND METHOD OF MANUFACTURING MAGNETIC
DISK Technical Field [0001] This invention relates to a method of
manufacturing a magnetic disk to be moynted in a magnetic disk device
such as a hard disk drive (HDD) and a method of manufacturing a glass
substrate which is for use in manufacturing the magnetic disk. Background
Art [0002] A magnetic disk is onep segastimgnnedia for information
processing devices such as a hard disk drive (HDD). The magnetic disk
comprises a substrate and thin films, such as a magnetic layer, formed
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Background Art

[0002]

A magnetic disk is one of recording media for information processing
devices such as a hard disk drive (HDD). The magnetic disk comprises a
substrate and thin films, such as a magnetic layer, formed thereon. As the
substrate, an aluminum substrate has been used. Recently, however, in
response to the pursuit of higher recording densities, the ratio of a glass
substrate has been gradually increasing because a space between a magnetic
head and a magnetic disk can be reduced as compared with aluminum. The
surface of the glass substrate is precision-polished so as to minimize the flying
height of the magnetic head, thereby realizing an increase in recording density.

As described above, high smoothness of the surface of the magnetic
disk is essential for the reduction in flying height (flying amount) which is
necessary for the increase in recording density. In order to obtain high
smoothness of the surface of the magnetic disk, a substrate surface having high

smoothness is ultimately required. However, a stage has been reached where



smoothness cannot be obtained even by precision-polishing the surface of
the substrate if foreign matter is adhered thereto. Naturally, removal of
foreign matter has been conventionally carried out. However, the present
situation is that the foreign matter on the,substrate, which has conventionally
been allowed, becomes a problem according to the current level of increase
in density. [0003] It is possible to obtain a glass substrate with high
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after polishing using cerium oxide abrasive grains (Patent Document 1
beldeyomgs Rt eanphadingtethectimicitiiews|offinfoiensd om densiiding
media, liqui ®§ital or organic EL displays, photomasks, or the like,
proposal has been made of a technique of cleaning a glass base member
with a cleaniigpebsiBlca) sbtalina gagsing rHieeritonigoBevs iviess agid, a
reducing agent, and fluorine ions (Patent Document 2 below). [0004}‘ Patent
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thus the surface roughness cannot be reduced. This projecting foreign matter
is often formed by the polishing abrasive grains remaining on the substrate.
As a technique of removing the projecting foreign matter formed by the adhering
cerium oxide abrasive grains, for example, in the technical field of glass
substrates for information recording media, it has been proposed to carry out
sulfuric acid cleaning after polishing using cerium oxide abrasive grains (Patent
Document 1 below). Further, for example, in the technical field of information
recording media, liquid crystal or organic EL displays, photomasks, or the like,
proposal has been made of a technique of cleaning a glass base member with a
cleaning chemical solution containing three components of an acid, a reducing
agent, and fluorine ions (Patent Document 2 below).
[0004]
Patent Document 1:  Japanese Unexamined Patent Application
Publication (JP-A) No. 2000-348338
Patent Document 2:  Japanese Unexamined Patent Application

Publication (JP-A) No. 2004-059419



[0005] Recently, an information recording density of 60Gbit/inch2 or more
has been required in hard disk drives (HDDs). One reason therefor is related
to the fact that, HDDs are now mounted in portable telephones, navigation
systems, digital cameras, and so on, in agdition to conventional needs as
computer storage devices. In the case of these new uses, a housing space
for mounting an HDD is extremely small as compared with a computer.
Therefore, it is necessary to reduce the size of the HDD. For this purpose, it
is necessary to reduce the diameter of a magnetic disk to be mounted in an
HDDiscisexa®iple Hv@migith or 2.5-inch magnetic disk may be employed
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3.5-inch or 2.5-inch magnetic disk may be employed for use with the computer.
On the other hand, in case of the above-mentioned new uses, a
smaller-diameter magnetic disk of, for example, 0.8-inch to 1.8-inch is employed.
Even in the case where the magnetic disk is reduced in diameter as described
above, it is necessary to store a predetermined or more amount of information.
Consequently, the improvement in information recording density is accelerated.

[0006]

Further, in order to effectively use the limited disk area, LUL (Load
Unload) type HDDs become used in place of the conventional CSS (Contact
Start and Stop) type. In the LUL type, a magnetic head is retreated to an
inclined platform called a ramp located outside a magnetic disk during stoppage
of the HDD. At the time of starting operation, after the magnetic disk starts to
rotate, the magnetic head is caused to slide from the ramp and to fly over the
magnetic disk to perform recording/reproduction. At the time of stopping

operation, the magnetic head is retreated to the ramp outside the magnetic disk



sliding contact with a magnetic head as opposed to the CSS type and thus it
is possible to enlarge a recording/reproducing region, which is preferable for
increasing the information capacity. In order to improve the information
recording density under these circumstayces, it is necessary to minimize a
spacing loss by reducing the flying height of a magnetic head. For achieving
an information recording density of 60 gigabits per inch2 or more, the flying
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The fly stiction failure is a failure in which the flying posture of a magnetic
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magnetic disk. Accordingly, in the case of the magnetic disk for the LUL type,
the flying height of the magnetic head can be much reduced as compared with
the CSS type. Itis therefore possible to increase the S/N ratio of a recording
signal and thus to contribute to the increase in recording capacity of the
magnetic disk device.

[0007]

Because of the significant reduction in flying height of the magnetic
head following the recent introduction of the LUL type, a magnetic disk is
required to stably operate even in the case of an extremely low flying height of
10nm or less. However, when a magnetic head flies over the surface of the
magnetic disk with such an extremely low flying height, there has arisen a
problem that fly stiction failure frequently occurs. The fly stiction failure is a
failure in which the flying posture of a magnetic head suddenly becomes

unstable during recording/reproduction to cause an abnormal change in a

recording/reproducing signal. This fly stiction failure is particularly liable to



stable flight is achieved even with a low flying height of 10nm or less, but
creates a strong vacuum at a bottom surface (i.e. a surface facing a magnetic
disk) of the magnetic head. Therefore, the fly stiction failure is liable to occur.
Further, when the flying height of the magnetic head becomes 10nm or less,
there has arisen a problem that thermal asperity failure is liable to occur in
the case of a magnetic head incorporating a magnetoresistive effect
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[0008]

Under these circumstances, the present inventors have endeavored to
develop a magnetic disk that is free of the occurrence of crash failure, fly
stiction failure, and thermal asperity failure and thus ensures stable
recording/reproduction even if a magnetic head flies with a flying height of 10nm
or less, and a glass substrate for the magnetic disk. For example, they have
endeavored to carry out precision mirror polishing with fine polishing abrasive
grains and to compose a cleaning chemical solution to thereby accurately
remove the adhered polisher in a subsequent cleaning process. Various
cleaning techniques, for example, including the cleaning utilizing the techniques
of the foregoing Patent Document 1 and Patent Document 2 were used, but it
has been found out that, in some cases, these failures are not prevented
reliably.

Such a problem may possibly occur not only on the surfaces (main



faces of the substrate. Normally, in the manufacture of a magnetic disk, use
is made of a disk-shaped (disc-shaped) substrate having a circular hole at its
center portion. Since end faces of the substrate are rougher than the main
surfaces thereof, a polisher used for end face polishing bites into the end
faces and thus is difficult to remove. Further, there is also a case where an
abrasive adhered in a grinding process before polishing the end faces of the
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periphery is difficult to be cleaned. Therefore, an adhered polisher is difficult to
remove and thus is liable to remain as foreign matter. Accordingly, also for the
end faces of the substrate, it is an important subject to reliably remove the
polisher residue.

[0009]

This invention has been made to solve the above problems and has a
first object to provide a method of manufacturing a glass substrate particularly
useful for manufacturing a magnetic disk that allows a magnetic head to fly with
a low flying height of 10nm or less, and a method of manufacturing a magnetic
disk using a glass substrate manufactured by the above-mentioned method.

A second object of this invention is to provide a method of
manufacturing a glass substrate particularly useful for manufacturing a
magnetic disk whose recorded information is reproduced by a magnetic head
incorporating a magnetoresistive effect reproducing element, particularly a TMR

(tunneling MR, tunneling magneto-resistance) reproducing element, and a



glass substrate particularly useful for manufacturing a magnetic disk to be
mounted in a hard disk drive that performs starting and stopping operations
of the load unload type, and a method of manufacturing a magnetic disk
using a glass substrate manufactured by;the above-mentioned method. A
fourth object of this invention is to provide a method of manufacturing a glass
substrate particularly useful for manufacturing a magnetic disk adapted for
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affects a magnetic head flying above. The concave shape was not deemed
as sgesictie prabléactbearhbydhef alwopessibitignefl owitiwidn with the magnetic
head above. The present inventors have been convinced that these concave
portions caused the foregoing problems. This is

Means for Solving the Problem

[0010]

In order to solve the foregoing problems, the present inventors have
observed in detail, using an atomic force microscope and an electron
microscope, the surfaces of a glass substrate for a magnetic disk, which has
been mirror-polished with a cerium oxide-based polisher and then cleaned with
a cleaning solution containing an acid such as sulfuric acid. Particularly, a very
small rectangular region with a side of 5um was enlarged and observed
carefully and it was discovered that small holes (concave portions) each having
an opening size of about 0.1um to 0.5um and a depth of about 6nm to 8nm
were formed on the surface of the glass substrate after the cleaning. Since
projecting foreign matter was not observed on this glass substrate, the adhered
polishing abrasive grains were considered to be substantially removed, but the
very small concave portions were formed. Conventionally, in the case of a

glass substrate for a magnetic disk, the main aim was to remove convex foreign



because they have considered that, since the flying height of the magnetic
head was significantly reduced as compared with conventional technique,
the concave portions which were not deemed as a serious problem have
come to adversely affect the magnetic hgad. Detailed observation was
carried out in the same manner also for end faces of the above glass
substrate for the magnetic disk. As a result, projecting foreign matter
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[0011]

Therefore, the present inventors have made studies paying attention to
the following conditions. First, it is possible to maintain a mirror surface state
of the mirror-polished surfaces of a glass substrate. Second, it is possible to
reliably remove projecting foreign matter (convex portions) formed due to
adhesion of a polisher. Third, no opening portion (concave portion) is formed
that adversely affects a magnetic head when the magnetic head passes above
with a low flying height of 10nm or less. Fourth, also for mirror-polished end
faces of the glass substrate, it is possible to reliably remove projecting foreign
matter (convex portions) formed due to adhesion of a polisher and to maintain a
mirror surface state thereof. Thus, this invention has been completed.

This invention has the following structures.

[0012]

(Structure 1 of the Invention)

A method of manufacuturing a glass substrate for a magnetic disk,



polishing cloth and the glass substrate to each other, and then bringing the
glass substrate into contact with a cleaning solution containing ascorbic acid,
fluorine ions, and 3wt% or more sulfuric acid to thereby dissolve and remove
the polisher. Herein, the fluorine content s a content of fluorine atoms
contained in the polisher. The fluorine atoms are contained in the polisher in
the form of a fluorine-containing substance (fluoride and/or fluorine). In
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wherein a concentration of the ascorbic acid contained in the cleaning
soldtisiine sersoand WTophioeee Thiduoorasithtratienabithiseaiverdid sefdove
con#&éneqiisq]gpe cleaning solution may be preferably set to 0.5wt% or more.
Fur er‘??he concentration of the ascorbic acid contained in the cleaning
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Invention) The method according to the structure 1 or 2, wherein a content of
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In Structure 1 of the Invention, the concentration of the sulfuric acid
contained in the cleaning solution may be preferably set to 4wt% or more.
Further, the concentration of the sulfuric acid contained in the cleaning solution
may be preferably set to 10wt% or less.

The end face of the glass substrate is a surface formed between the
front and back main surfaces of the glass substrate and substantially
perpendicular to the main surfaces. For example, in the case of a disk-shaped
glass substrate having a circular hole at its center portion, the end face
represents an outer or inner peripheral end face.

[0013]

(Structure 2 of the Invention)

The method according to the structure 1, wherein a concentration of the
ascorbic acid contained in the cleaning solution is set to 0.1wt% or more.

The concentration of the ascorbic acid contained in the cleaning
solution may be preferably set to 0.5wt% or more. Further, the concentration
of the ascorbic acid contained in the cleaning solution may be preferably set to

3wt% or less.



The content of the fluorine ions contained in the cleaning solution can be
preferably set to 3ppm or more and 20ppm or less. [0014] (Structure 4 of the
Invention) The method according to any one of the structures 1 to 3, wherein
a glass forming the glass substrate is ag @morphous aluminosilicate glass
mainly containing 58wt% or more and 75wt% or less SiO2, 5wt% or more
and 23wt% or less A1203, 3wt% or more and 10wt% or less Li20, and 4wt%

or mefei@dlk 3Jvthe MJesEINRZ0. (Structure 5 of the Invention) The method
according to any one of the structures 1 to 4, wherein the end face of the
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mirror surface with 6nm or less in- maximum roughness
(Struoppre 6raédse Invention) A method of manufacturing a magnetic disk, the

method comBrising forming at least a magnetic layer on the glass substrate
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wherein the magnetic disk adapted to record/reproduce information is
manufacturd® ttla bit recording density of 60 gigabits per inch2 or more. 11
In t?);ss[ inv%ntigfn ﬁqg %(Vréerﬁllrgnents a maximum roughness calculated in
accordance WItR tke apanese Industrial Standard (JIS) B0O601. When an
average plamne oh&fitoaLtroediog ahaaglicotiteitirirte ehane)3svpheesiras a

reference plane, Rmax is the sum of an absolute value of the height to the
glass forming the glass substrate is an amorphous aluminosilicate glass mainly
containing 58wt% or more and 75wt% or less SiO,, 5wt% or more and 23wt% or
less Al,O3, 3wt% or more and 10wt% or less Li>O, and 4wt% or more and
13wt% or less Na,O.
(Structure 5 of the Invention)

The method according to any one of the structures 1 to 4, wherein the
end face of the glass substrate after the cleaning process is a mirror surface
having a maximum valley depth Rv of 4nm or less.

Preferably, the end face may be a mirror surface with 6nm or less in
maximum roughness Rmax.

[0015]

(Structure 6 of the Invention)

A method of manufacturing a magnetic disk, the method comprising
forming at least a magnetic layer on the glass substrate manufactured by the
method according to any one of the structures 1 to 5.

(Structure 7 of the Invention)

The method according to the structure 6, wherein the magnetic disk

adapted to record/reproduce information is manufactured at a bit recording

density of 60 gigabits per inch? or more.



highest peak as seen from the reference plane (this is called a maximum
peak height Rp) and an absolute value of the depth to the deepest valley as
seen from the reference plane (this is called a maximum valley depth Rv).
That is, the maximum roughness can bg g¢alculated as Rmax=Rp+Ruv.
Further, in this invention, the surface roughness (e.g. maximum roughness
Rmax, maximum peak height Rp, maximum valley depth Rv, arithmetic

average royginisssBalda, Rk AlYeaa svtEace aeinalnesagiibesiHi@dsted in
shape obtained when measured by an atomic force microscope (AFM). For

exaPfsRIJARC S TdckPolRpNesS Iodprbial RN e ehd fheflafdce Wgiean
coch Bl e S AR L e SO R R R

[00Z6ferEnise pleatdj ddmsxftr thsasnpl@f amwiboldtefvalasn ufbitie hied bt aeise
substrate for a magnetic disk, including a mjrror polishing @rocess and a

cledNH5 PrBERE S P JS I RIRC R RINBRAMASHS SAP B P SUHIHY RS2K
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having a fluorine content of 5wt% or less, mirror-polishing an end face of the
glagsorsubstratereyoeplavel{thisoiginglegelishixiggotedey deeth By subtase

to egeh, glhier, and iheh-Runaing the algss aua%SH%tgxi— CRUAGEWIHLA 1 i
cleaning SOI0tOh " Toh aining ascorbic AGd, Haorinedons and 3wt of hore

sulfie aeia, tthdRertine dasgive @ e mevenioen polighaesrareforendkienand
face of the glass substrate after the cleaning is free of formation of a

conB& 36 RAIRYIThAT 2 mutRlaY dprRibiE ATABMAHC RYSERaGiFRY AMPESTTifYS
heighbRhday X aRRIE rd0BM St QIRSHE L IS ANBE AR fasured

adhesion of the polisher are removed, and the end face of the glass
subbjrare dtominitecresonifioecopbdrdtie, ifer mayneltc tiskurfanefatwinedss is

using this glass substrate, it is possible to. prevent the occurrence of head
cra ﬁ %Tﬁg&?ﬂ@{ ;l] gs%uerfﬁ%g,ﬁ&%? 0 {al ad When a square region othgpm long
and 5uym wide is measured for each of the surfaces and end faces of a

substrate.

Effect of the Invention

[0016]

This invention is, for example, a method of manufacturing a glass
substrate for a magnetic disk, including a mirror polishing process and a
cleaning process of a glass substrate, and is characterized by supplying to the
glass substrate a polisher mainly containing a rare earth oxide and having a
fluorine content of 5wt% or less, mirror-polishing an end face of the glass
substrate by relatively moving a polishing cloth and the glass substrate to each
other, and then bringing the glass substrate into contact with a cleaning solution
containing ascorbic acid, fluorine ions, and 3wt% or more sulfuric acid to
thereby dissolve and remove the polisher. Therefore, the end face of the glass

substrate after the cleaning is free of formation of a concave portion that



and fly stiction failure. [0017] Accordingly, it is possible to provide a method
of manufacturing a glass substrate particularly useful for manufacturing a
magnetic disk whose recorded information is reproduced by a magnetic
head incorporating a magnetoresistive gffect reproducing element,
particularly a TMR (tunneling MR, tunneling magneto-resistance)
reproducing element, and a method of manufacturing a magnetic disk using

a 91agserubgtEscBaRGIdiRhBY NG QMﬁT@ﬂW@{"ﬁ‘éig mehesk &rige, it
is possible to provide a method of manufacturing a glass substrate
parti€nayyr iekgupPreieaiipnsfirmad dreierydeadurdhrsioe aidhateelishes #igrd

d's‘?é*r%getgaéﬁ’ﬁf@g}?dﬁ%{?'% AadpioredpRerAtons Al g laad unload
type, and a method of manufacturing a magnetic disk using a glass substrate
marifectiored ihyathaghsticedibik ntiamnefd onesoadsifgi the ylisis spbssiiks 1ois
provide a method of manufacturing a glass substrate particularly useful for,
mamPERRFiRy Y SHEYHER AR sa5p AT SEaRa YN Ep e ASRe dinighure.
infogmatgRfiegoRding,density of 60 gigabits per inch2 or more, and a method
of manufacturing a magnetic disk using a glass substrate manufactured by

the above-i@&iidbned method. Further, it is possible to provide a method of

ma““""?‘“%ﬁ&@r&@? ﬁ‘ﬁ‘sbsgasf%@‘”’%g'c%’c'%‘é el oy B’i’a”é’r‘;ﬁ%g{b?%eq"’.‘a glass
magnetic disk wWhoseérecorded nformation Is reproduced by a magnetic

heasuagnpte paatityvindthuiaaNRébBnalideictiueng aegadivetiprgiskwaslislascaiadd
a method of manufacturing a magnetic disk using a glass substrate

mariRLEAGHON Iy RIS Y RARIPIS RSP BY SN BRI RSIRFRiRfve

OutdhePeprianiHe Ed AT SAPRIANN 7R ?MW@EMB‘O@ iAiS {omRBEkiey will

be described in detail. The present invéntors composed various cleaning

reagegseindesistance) reproducing element, and a method of manufacturing a
magnetic disk using a glass substrate manufactured by the above-mentioned
method. Further, it is possible to provide a method of manufacturing a glass
substrate particularly useful for manufacturing a magnetic disk to be mounted in
a hard disk drive that performs starting and stopping operations of the load
unload type, and a method of manufacturing a magnetic disk using a glass
substrate manufactured by the above-mentioned method. Further, it is
possible to provide a method of manufacturing a glass substrate particularly
useful for manufacturing a magnetic disk adapted for recording/reproduction at
a high information recording density of 60 gigabits per inch? or more, and a
method of manufacturing a magnetic disk using a glass substrate manufactured
by the above-mentioned method.

Further, it is possible to provide a method of manufacturing a glass
substrate particularly useful for manufacturing a magnetic disk whose recorded
information is reproduced by a magnetic head adapted to fly with an NPAB
slider, i.e. a negative pressure slider, and a method of manufacturing a

magnetic disk using a glass substrate manufactured by the above-mentioned



compared them for solubility to cerium oxide (cerium dioxide) which is a main
component of a polisher, and confirmed that a treatment solution containing
sulfuric acid and ascorbic acid exhibited a good solubility. Particularly, it was
confirmed that, when hydrofluoric acid oy godium fluoride was added as an
additive to a treatment solution containing sulfuric acid and ascorbic acid to
thereby supply fluorine ions, the quick solubility was obtained. By examining
the sRlHlty to rare earth oxides, other than cerium oxide, such as
lanthanum oxide, praseodymium oxide, and neodymium oxide, it was
confirmed that the solubility equivalent to that to cerium oxide was obtained.

Actlﬁiy,mﬁreobpeg?pm HLR Qllgﬁv%%gﬁate was performed using a

polishing solution containing a cerium oxide-based polisher and then
cleaning wgggagiformed using a cleaning solution containing sulfuric acid,
ascorbic acid, and fluorine ions. Then, it was possible to remove projections

(convex poftiEht)asione dNIRABUARRERS M tRKeHHRBHM fReHessRed in detail
substrate regargless afifenkacatission ebsilisisari o[ danwg ver,

when the surface was observed in detail using an atomic force microscope, it
wascdispeteddeiaos salhidleto (cofivavexiser fierry)idiexidimdcbristaemain

surfags ol dpss Sihatale 1 1e case whers s, gloss ubsiale R,
rought'into contact with a cleaning solution in wnic € sulturic acl

congeniriati @l assrbiaacidaseietRdnngsb aasanasiitgtio Pafpaitigaltyy as
was found out that the concave portions were formed on the surface of the 14

glasufitRadiBAbHuem B liRlne ks M ashandiarids was addPdR®AN It is
congiigficd 1haltEhrrasiGishI iR miABS R IRt B8LE BRitheid to

ascorbic acid, and fluorine ions coexist, when the sulfuric acid concentration
becthekeby swep!yHiro Bagdonthdrsutiuidls aiicbiite maa dotainaty aByoexemiaing

e e RS e el e s

sucBx@geaPBraseodymium oxide, and neodymium oxide, it was confirmed that the
solubility equivalent to that to cerium oxide was obtained. Actually, mirror
polishing of a glass substrate was performed using a polishing solution
containing a cerium oxide-based polisher and then cleaning was performed
using a cleaning solution containing sulfuric acid, ascorbic acid, and fluorine
ions. Then, it was possible to remove projections (convex portions) formed
due to adhesion of the polisher to the glass substrate regardless of the
concentration of sulfuric acid.

[0019]

However, when the surface was observed in detail using an atomic
force microscope, it was discovered that small holes (concave portions) were
formed on the surface of the glass substrate in the case where the glass
substrate was brought into contact with a cleaning solution in which the sulfuric
acid concentration was lower than a predetermined concentration. Specifically,

it was found out that the concave portions were formed on the surface of the



aluminosilicate glass, a substance soluble to an acid contained in the glass is
dissolved out while maintaining a glass framework portion (SiO framework).
The leaching is a phenomenon that significantly occurs in a multicomponent
glass containing elements in addition to $}O. The leaching is a phenomenon
different from etching in which a glass itself is dissolved. Therefore, it has
been found out that, in order to prevent the formation of concave portions on

the gleda eyt anserinalstifuie hatetynaehie R asiastthah B,  Itis

invention, it is necessary that, in a cleaning solution of the type where .
sulfagiesitetech e bivaneiering sigkipe ahtikedypridherne swlfiiifcagidd areorbic

coniai ' mount o t more th %, an i r %
or e e e S R SR e i B R Pl
Ssubkivaietharsgwy 3hishel ealfing seidteeand feacidrihaictivn manngasy, thereby
formation of convex portions and concave portions on the glass substrate
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a glass substrate, there are many kinds of polishers depending on
maldfasnestigairtiash arstiksiance Eaihisr forea seideariaidedbndee glass is

polighers ABaUaR Gerlm Aids Is A main, compenenl fa1e SR exides .
otherthan cerfium oxide, such as, Tot example, lanthanum oxide,
pragSeredyattmgaxide undmeadymhansigkitiearste adsoroniamgtcdhpdisriihe
cerium oxide-based polisher is a rare earth 15 oxide-based polisher

con2Hth ERURIHAL I AR FHSIHALIRSIRent e IFRFIIPIAS BPRSPOTSOS)
ceriy i ASRERYSIRIRRAL QiR s RiaiME iggsiluebtainable can be

classified into two kinds, i.e. a cerium oxide-based polisher manufactured by

using, as a faarefereribhas bastirsiteodrhabritainiitey fuprbverddhealioingtion

RN AR 1 PO B 2R
objects of this invention, it is necessary that, in a cleaning solution of the type
where sulfuric acid, ascorbic acid, and fluorine ions coexist, the sulfuric acid be
contained in an amount of at least more than 1.5wt% and particularly of 3wt% or
more.

[0020]

Further, the present inventors carried out cleaning of glass substrates
using this cleaning solution and found that the manner of formation of convex
portions and concave portions on the glass substrate differed depending on the
kind of cerium oxide-based polisher. Although collectively called a cerium
oxide-based polisher for use in mirror polishing of a glass substrate, there are
many kinds of polishers depending on manufacturing methods and so on.
Further, in a cerium oxide-based polisher, although cerium oxide is a main
component, rare earth oxides, other than cerium oxide, such as, for example,
lanthanum oxide, praseodymium oxide, and neodymium oxide, are also

contained. That is, the cerium oxide-based polisher is a rare earth



refined rare earth compound as a raw material and carrying out a treatment
such as calcination. The former cerium oxide-based polisher contains fluorine
mainly in the form of rare earth fluorides since the raw material ore itself
contains the fluorine-containing substanges. On the other hand, the latter
cerium oxide-based polisher does not contain fluorine or contains only a little
if any. The fluorine content in the polisher may be measured as a content of

fluogngasedolshar LorxiMRglesieri aRiEe s as ¢rRM Qs [0021]

For the cleaning solution according to this invention of the type where

sulfuric acidigfitic(asiof AeRcefftariee vl SXidgsasatbre)ishecdibr! atsd,
and_fluarine ians caexi e in jlit] i t.tQ ceriur
oid N < A e B E N KRGS 8 m e
aboveideeesed poiavest withheactuaibidy Asirayresult rawrasattoiadadidinaicsie
the case of the paolisher in which the fluorine content exceeded a

preQERT AR Kb IO CANIRK B BIOPRIAB TR A ShCRHEY KgHAIUAJF SR TesY such
subglaigsoMlgelnge FemavaskRR S4ReatpelsHat i AAS ERHBH (i dhat

in some cases, concave portions were formed in the case of the polisher in
whicgfitresg flatgiaartoersmoerdesoe teiMenaitedatantdipadybemmnta Feaiman

point of view ,t.wats fou OL*t that, when clea irlgaa ass ﬁubstratte fora .
Suc aa.cacma IOk, e tormet efium ﬁ]e— sedpolisher contains fluorine
magnetic disk using the cleaning solution of this invention, IS “necessary

thatrapeiimtaxidarbesespelishaiuomias Kineetré axidexienistdrendsier)
adhering on the surface of the glass substrate not contain fluorine or, 16

evefOPiRiRd R BHASEARAIRG HEHERE IR cottehf SHRBbRRRLESIAYE Or
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contains a large amount of rare earth fluorides such as cerium fluoride in
addition td heruerdmthooxides isubk pslisbrumayxitemieds wgdpasadantentvdien
the Ht?(l)irslrweera-%ms by XPS (X-ray photoelectron spectroscopy) or the like.

[0021]

For the cleaning solution according to this invention of the type where
sulfuric acid (sulfuric acid concentration was 3wt% or more), ascorbic acid, and
fluorine ions coexist, the cleaning abilities with respect to cerium oxide-based
polishers with various fluorine contents obtained as described above were
compared with each other. As a result, it was found out that, in the case of the
polisher in which the fluorine content exceeded a predetermined content,
convex portions formed on the surface of a glass substrate could not be
removed as expected. Further, it was found out that, in some cases, concave
portions were formed in the case of the polisher in which the fluorine content
exceeded the predetermined content.

From this point of view, it was found out that, when cleaning a glass
substrate for a magnetic disk using the cleaning solution of this invention, it is

necessary that a cerium oxide-based polisher (i.e. a rare earth oxide-based

polisher) adhering on the surface of the glass substrate not contain fluorine or,



brought into contact with the cleaning liquid containing sulfuric acid, mainly
the cerium fluoride and the sulfuric acid are reacted with each other to
produce hydrofluoric acid and cerium sulfate. In parallel, the cerium oxide
and the sulfuric acid are reacted with eagh other to produce water and
cerium sulfate. It is believed that the reactions in which the cerium fluoride
and the sulfuric acid are reacted with each other to produce the hydrofluoric

acicbagd itheisaririssUERIRARMEPERIPEIATE IBsHREnt RRkiSorihts eBaMesdnat,

when fluorine exceeding the predetermined amount is contained in the rare
earfR¥xide-based polisher, dissolution of the rare earth oxides as the main
component 8653?0 polisher is inhibited due to reasons such as the occurrence
of the reactions between the rare earth fluorides as impurities and the

sulfuric acidthEheseionexididsdaskemesithat thithabeveayphubeine tamet oonthins
glass substrate due to adhesion of the polisher cannot be suitably removed.

As & 1RGRBP et eLEIERAFBHIREIT Bt e AL B W RS iy FHE UG GrRre
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hydrofluoric acid thus produced, the concentration of fluorine ions In the
cledriviepbblotioeoniagt polsibl Beadiow tiowétteobéainiegtevlfuea acigeshaidly the
concentration. Further. .if hydrofluoric acid is produced near the interface
e 8 AR e R AR R P e

surfapérofilithie gllgnrdlsinata suteOSSbpake llcheddnivierysoeadnegiens
(formation of concave portions) due to the hydrofluoric acid produced as
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PO'iﬁh@'bléliMSHH&&E@%%&HQFH%Hﬁ:ﬁ‘ﬁﬁ%%@ﬁ!ﬁﬁ%Bheéeé%tH@iWic acid

causing the foregoing problems, it is possible to manufacture a
mirraeserdeled yihkssohstletoiphadicéotmdtichobiuarspatichaod dbecaviem
portio

D, {n this_r;]n\{entﬁg H”trr]\en ong n,[t_riatiI n (g .‘é'f“{J 2 idW%%nt_ﬁLner% (ian a

clea%‘ln% SHGHOR P gPass %u%straﬁg |§’sgﬁo %?W'Ef’% (‘)ir Pﬁbre, itis possible to
exceeding the predetermined amount is contained in the rare earth oxide-based
polisher, dissolution of the rare earth oxides as the main component of the
polisher is inhibited due to reasons such as the occurrence of the reactions
between the rare earth fluorides as impurities and the sulfuric acid. Therefore,
it is believed that the convex portions formed on the glass substrate due to
adhesion of the polisher cannot be suitably removed.

As a result of the reactions between the rare earth fluorides and the
sulfuric acid, the hydrofluoric acid is produced in the cleaning solution. Due to
the hydrofluoric acid thus produced, the concentration of fluorine ions in the
cleaning solution may possibly be disturbed to be greater than a desired
concentration. Further, if hydrofluoric acid is produced near the interface
between the polisher adhered on the glass substrate and the glass, the surface
of the glass substrate may possibly be etched in very small regions (formation
of concave portions) due to the hydrofluoric acid produced as mentioned above.

[0023]



suppress the formation of a concave shape on the surface of the glass
substrate. However, for example, in view of increasing the dissolution rate of
a polisher to improve the production efficiency, the sulfuric acid
concentration may be practically set to 4wt% or more. As the sulfuric acid
concentration is increased, the production efficiency is enhanced. However,
the concentration exceeding 30wt% is not preferable because the dissolution
rate of ceriymyQxige el iUERACARAGR 88 i 6WaMdfHE RN VieWhidkthe
sulfuric acid concentration is preferably set to 30wt% or less. Further, in the
cas8usriagigenieaide maifme leesiunT BRIGEIS Y6thpulichesind dhrisgensg
betyesdALe i?%?oﬁ& fig Sﬁ&ﬁhfﬁ%lﬂ#@?ﬁﬁlﬂ%%&% ‘?.%C{ 'Qﬁt?s?rgge"%ithout
Therefore, It'is not preterable to excessively increase the sulfuric aci
confrenitaivoroffareomitis graiohofveepartidve sulfuric acid concentration is
preferably set to 30wt% or less and particularly 1 Owt% or less. [0024] In

this inventidh [ASCBYBRIGRId! (BRERRERNHA Qe LGRS IBRtE npidda a
SubsjEai6153¥ Bk ARCOHIs SSiEher s ke SiePRliEA 88 haltiok bRSAENS

acid. The concentration of ascorbic acid contained in the cleaning solution
mays Wepseiiadtedfoimdtion efryeontrire shenhe ltwnaiactridheglass
pre%egesrtmlned golublhty ¥8rae£)ollsher.can be Enalntalned, ﬁmd for.e am%lt%, of a

may esetf3 to 0 1TWt¥6 or more. IF {ﬁé'rc]:c\)/hecvér? ration bet tmeeglﬁessosl \ah

0.1pwiRtshEnesearsorooashanire s thierpsetisheicgjsnelvtimriaieis cedtweeagoriméy
the product_efficiency is lowered. In consideration of the production rate, the
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the ascorbic acid concentration, the concentration may be practically set to
4wtexegddisg Jdotbeienatinsdarableopeemisstibe dissmutmh4at®eiselase tide

the saturation concentratian of ascorbic.acid, it is practically difficult to )
o R e o AR RS s e ST AR Epligstration

CONRiGiRersian|pfstteo 30wt% or less.  Further, in the case of a fluorine-containing
cerium oxide-based polisher, the reactions between rare earth fluorides and
sulfuric acid occur as described above. Therefore, it is not preferable to
excessively increase the sulfuric acid concentration. From this point of view,
the sulfuric acid concentration is preferably set to 30wt% or less and particularly
10wt% or less.

[0024]

In this invention, ascorbic acid contained in a cleaning solution for a
glass substrate may be L-ascorbic acid or may be supplied as a salt of
L-ascorbic acid. The concentration of ascorbic acid contained in the cleaning
solution may be adjusted within a range where, as the cleaning solution, a
predetermined solubility to a polisher can be maintained, and, for example, may
be set to 0.1wt% or more. If the concentration becomes less than 0.1wit%,
there is a case where the polisher dissolution rate is reduced so that the product

efficiency is lowered. In consideration of the production rate, the concentration



production efficiency. Since the composition of a cleaning solution can be
quickly performed at the concentration of around 3wt%, it is possible to
improve the production efficiency. [0025] In this invention, fluorine ions
contained in a cleaning solution for a glggs substrate are preferably supplied
by adding hydrofluoric acid or sodium fluoride to the cleaning solution. It is
particularly preferable to use hydrofluoric acid. The concentration of fluorine

ionsgpRMtSamyissies dsaprastairsieiaes puridadYiiMh BRI grordIer_ tR6ugh

action of this invention is obtained, and is preferably set to 1 ppm or more. If
the AOGARECIA dﬂﬁﬁt&iwaﬁm%i’r@§§’tﬁ&ﬁ@ M@ﬁﬁrth@ itRidoRIBERNRIE afithe

cle I I qH&tj fficiency is
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concentration to 3ppm or more. It is recommended that the upper limit of the

fluoRPRCRIHTBEAR SN RSROIPSAEER tb'SAYARHTYMISLL I D ESPHRREAPSIRIHNDr
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solution to the polisher is slow. Therefore, the production efficiency is
loweredustiantesfisitopyity Sinteetp® tonrositon ns &@aﬁmr@wswycmeam@@s
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the glagswtisisateifikieneys a possibility that the roughness of the
mirror-polished surface of the glass 19 substrate increases and, further,
convex and Wave shapes are formed on the surface of the glass

substrate. | s GASERHH SR RO BERRING Y LM HHRy Q@ﬁﬁi‘érﬁ’ﬂl‘ﬁ?er

hydrofluoric acid is produced due to the reactions between rare earth
fluogides substraikiaie asidecabitaiglinctiny el@@mmt;ysbmmmcasmgmbdwm
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acid. The concentration of fluorine ions may be adjusted to a predetermined
value within a range where the action of this invention is obtained, and is
preferably set to 1ppm or more. If the fluorine ion concentration is less than
1ppm, the dissolution rate of the cleaning solution to a polisher is slow.
Therefore, the production efficiency is lowered and the solubility to the polisher
may be insufficient in some cases. From this point of view, it is particularly
preferable to set the fluorine ion concentration to 3ppm or more. It is
recommended that the upper limit of the fluorine ion concentration be set to
40ppm or less and particularly 20ppm or less. If the concentration exceeds
40ppm, the dissolution rate of the cleaning solution to the polisher is slow.
Therefore, the production efficiency is lowered and the solubility to the polisher
may be insufficient in some cases. Further, if the fluorine concentration
exceeds 40ppm, an etching action may possibly be exerted on the glass

substrate. If the etching action is exerted on the glass substrate, there is a

possibility that the roughness of the mirror-polished surface of the glass



at the ppm level. Particularly, if fluorine contained in the polisher exceeds
5wt%, it may becomes difficult to control the concentration of fluorine ions in
the cleaning solution. [0026] In this invention, a polisher for use in mirror
polishing of a glass substrate is not partjglarly limited as long as the
polisher mainly contains a rare earth oxide and has a fluorine content of
5wt% or less. Particularly, a cerium oxide-based polisher containing cerium

OXidke i8St 8 HEr6Q5RR UMY St HAE tARIR - dri8edRcHVR BRlPRSIMABIMed on the
containing a rare earth oxide and having a fluorine content of 5wt% or less is

a p@ﬁgf@emélhwqi@ﬁ%eﬁhhfgratﬁare earth oxide and containing no fluorine or,
even if it is ﬁ*@HQEHSéC&'}%'HUgrirﬁ’é’-'é%fﬁ?%lw&griﬂ?ﬁ {:'%88%%5%&&?&43%?"“%
e nt o aine

or less. The fluorine contentis a conte orine atoms con In the
polisherofliweifaeithis protis edel ot airad datibespodisieyn mdiredartin fiofosides

fluorine-cantaining substance (fluoride and/or fluorine). In the case of
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polishing in this invention. For example, a glass substrate and a polishing
clothtdhe brsodgreintd eoiiceleryith fbrch @ gantainad while aoiphgngxeeeds

polisher, the polishing clot .anﬁ the glass,substrate are relatiyely. moved to
cach Mol TRy el S IR RS Ao A OB e
a mylezinsfesiatiénpolishing pad 20 may be used as the polishing cloth. The
polishing pad is preferably a polishing pad for a soft polisher. The hardness

of the polisfﬁ’rqg ad is preferably set to 60 or more and 80 or less in Asker C

hardness. A CRa SMIERCS BBFE%eFfBﬁU%%Q rPfﬁ"Fﬂﬂ][éﬁYrBSTi‘sﬁ ig BeLgagcted

with the glass substrate, is preferably made of a foamed resin formed with
foarsupetede partidyladicyeNulisthethagdaing. a¥ ecavalistps oraiinystamiains a rare

poliggirrﬂgoa;(l?é%sé\r/]% ﬂraasirésﬂﬂgrmg ggr?t%rﬂfotp .éswi{g)é%r}tli(e)sné. Particularly, a cerium
oxide-based polisher containing cerium oxide as a main component is
preferable. Herein, the polisher mainly containing a rare earth oxide and
having a fluorine content of 5wt% or less is a polisher mainly containing a rare
earth oxide and containing no fluorine or, even if it is a fluorine-containing
polisher, having the fluorine content of 5wt% or less. The fluorine content is a
content of fluorine atoms contained in the polisher. The fluorine atoms are
contained in the polisher in the form of a fluorine-containing substance (fluoride
and/or fluorine). In the case of containing fluorine in the polisher, the fluorine
content is preferably set to 3wt% or less.

[0027]

There is no particular limitation to a method of mirror polishing in this
invention. For example, a glass substrate and a polishing cloth are brought
into contact with each other and, while supplying a polisher, the polishing cloth
and the glass substrate are relatively moved to each other, thereby polishing at

least an end face of the glass substrate into a mirror surface. A polishing pad



polishing abrasive grains mainly containing cerium oxide) contained in the
polisher may be set to 0.1 pm or more and 1 pm or less. By performing the
polishing in this manner, it is possible to polish the end face of the glass
substrate into a smooth mirror surface. [§g28] It is particularly preferable that
the mirror polishing treatment and the cleaning treatment according to this
invention be applied to an end face of a substrate. If foreign matter is

adherapnisudesand paneningrartaralirahdriasRbaaasplessialsy edmshing

asperity is caused to occur due to generation of dust from the end faces of

the BeBéeraesalaetians!.in The AredDrRsstafhss olishigasrs ik alie@hbymatie
of 2l ?8%%é ace?; §H>A%@§%%%ﬂg' alghiat NaIeL I e

portion. Since en e substrate are rougher than the main surfaces
thenesifskingppabewbireddao enobimwcmmwnhgrier@asetmbbaaeﬂefqneﬁam
thus is difficult to remove. Further, there is also a case where an abrasive

adhBRAFIRTAJRATRY TR QLT AP ORERIRG e RAHGaEY RAYHEERAG R
bitegptq\iBe g8 diaReTzd BEFRINE n?%iﬁ@ﬂé@?a‘r‘ﬂ\ée(m'%t@aée%mm@fnventlon,

polishing and cleaning treatments or at least the end faces of the substrate
malassishingsalisrsieergiring/ maintyeotiaipolistriiuesidige beotisieed ifdbes

and |st us ref rable. A rd|n smcet ene at|on dust. of the
forep n mattPgr S tt Binsfwgr)h}oom Phe?éjg'a ?aces of pertbor{n allrr]ecl E:%en

be potyeinteh mtu@ rpaaa@{eittrs isityetepensinesreabidapeiytn®gRRk21
This invention is particularly suitable for a glass substrate for a
smalBFHAE RSO URK IhSHEa Ese of a small-diameter disk, for
example, qéhgg}ase of a 0.8-inch to 1-inch small-diameter magnetic disk, its
inner diameter is set to, for example, 7mm or less. In a substrate of such a
small-diaméditésr padipuéaity disiepabtectiat ihaminge pplisiphe st aimefdanibsthe
dlf‘fIC|J|t to bF cIrFanetd. Thedefore an adhered olrshe IS glffrcult to remaoye
andRaRINY treatment according o s Sventionbe appli fidd 10 AR end face of &
substrate. If foreign matter is adhered on (outer and inner peripheral) end
faces of the substrate, thermal asperity is caused to occur due to generation of
dust from the end faces of the substrate. Normally, in the manufacture of a
magnetic disk, use is made of a disk-shaped (disc-shaped) substrate having a
circular hole at its center portion. Since end faces of the substrate are rougher
than the main surfaces thereof, a polisher used for end face polishing bites into
the end faces and thus is difficult to remove. Further, there is also a case
where an abrasive adhered in a grinding process before polishing the end faces
of the substrate bites into the end faces. Therefore, applying this invention to
the mirror polishing and cleaning treatments of at least the end faces of the
substrate makes it possible to reliably remove the polisher residue on the end
faces and is thus preferable. Accordingly, since the generation of dust of the
foreign matter such as the polisher from the end faces of the substrate can be
prevented, it is possible to reliably prevent thermal asperity.

[0029]



liable to remain as foreign matter. However, according to this invention, even
in the glass substrate for the small-diameter magnetic disk, it is
advantageously possible to reliably remove residue of the polisher on the
end faces (particularly the inner periphesgl end face) of the substrate. There
is no particular limitation to the surface state of an end face of a substrate to
which this invention is applied, but it is preferable to apply this invention to

an end facerhavingae fagRRuIEesSiRe O fRreigralls JoBa R éesS,
particularly preferably 0.bpm or less, and further preferably 0.0bpm or less.

Furgieallidigrpeies raprnasiagisly- this thedaisrofamaldfacetsr diskbsirate
whi een subject nicro ishing t . itis, .
e R AR B L T ARt A R
of parimudiaivetodifase 3@ ffor sxastrste , 7inis of desgse lalac uirstfataliesichpply
this invention to mirror polishing and cleaning treatments of the main

surfiREY-BraAME Sl HAIEl B0 PR FHEAI BRHORE PG IRt Aty 2eg issdficult
SUDRITBE I8 HEdEr abhe Ao RIMARRLMIES R WIMEREHiSaifrglAsR idifovdraffiRtls is

such a glass substrate may be finished to a smooth mirror surface by mirror
poliiaie iaematn anfeirigninosiiRyateHyineyenseconaging tmtie ioyerriion, even

aluminosilicate glas %\I inosilicate.glass containing no Qosp orus oxide
R R S Be e e S e YA A PO ey
andpd3witite @ fehabi\120%0vaws¥iookerodtitegiulishenddotos ess fai@d, (padicularly
4wt% or more and 13wt% or less 22 Na20. For example, use may be made

of a@HBRAIRGHR RN FISLIRCRICHIRES YRS containing 62wt% or more and

75wt% or 'eﬁ‘r‘e%%zm_@g HRAAPRRGERch frME R HidBES AILOR A WEY1EENRE
and 10wt% or less Li20, 4wt% or more and 12wt% or less Na20, and

5.5wtistrate deendith 15¢/19 ertlegdszaqtichabingt i presaaner @2apeligtitisatio
of 0.5 or more and 2'00 or Ienss and an A1203/ZrO2 W%%Qt rati
! X

ol e S S TR e e T el B o
less, particularly preferably 0.5um or less, and further preferably 0.05um or less.
Further, it is preferable to apply this invention to an end face of a substrate
which has been subjected to a mirror polishing treatment.

Although it is preferable to apply this invention to mirror polishing and
cleaning treatments of particularly end faces of a substrate, it is of course also
preferable to apply this invention to mirror polishing and cleaning treatments of
the main surfaces of the substrate.

[0030]

In this invention, a glass forming a glass substrate is preferably an
amorphous aluminosilicate glass. The surface of such a glass substrate may
be finished to a smooth mirror surface by mirror polishing. As such an
aluminosilicate glass, use may be made of an aluminosilicate glass
(aluminosilicate glass containing no phosphorus oxide) mainly containing
58wt% or more and 75wt% or less SiO,, 5wt% or more and 23wt% or less AlxOg,

3wt% or more and 10wit% or less Li-O, and 4wt% or more and 13wt% or less



preferable to use a glass containing no alkaline earth metal oxide such as
CaO or MgO. As such a glass, N5 Glass (trade name) manufactured by
HOYA Corporation is available. [0031] An aluminosilicate glass may be
subjected to a leaching action due to cogyact with sulfuric acid so that the
surface of a glass substrate is deteriorated resulting in an increase in surface
roughness. The cleaning solution according to this invention has the

Compagiion-prenaragiiaken My BecadnbibeaR JreRiABEs ahManeEheste glass
before and thus is preferable. In this invention, the end face of the glass

SubBtRiY SREFANEEIBBNIT UreaaRAlS NI AP IPIMBREd W% piiffgre and
S“”‘?‘éﬁtt}%g\g 3 A3 'J,“!ﬁmo)’ac!le#%%péﬂﬂ’o%%“&? LSS0 T RiRE &F%S‘HeSSnd
s the depth o f lying

if Rv excee nm,’i.e. a concave portion is farge, the
postawtts arnesgmibiOhead fysntavidhradneighd abaltzubrliessZele savirayan
be disturbed and,gﬁstic,tion failure may be caused to occur. Further, the

subbRat¥4 i dRIBITHAISHAcP € 101 BPL G 08 IRSR ARFAMARIAH AHO2 weight
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by carrying out the mirror polishing treatment and the cleaning treatment of
thispreferatitmtinusgéseogtiss (008ENING NosAikebngiealti veirfexiassuohpasical

ache 'c@ strengthening_ tre t after the cleaning treatment ac ing to
i alon o B B b e e BB e
prefecaptyafionaxavilebie.23 low-temperature ion-exchange method in which
ion exchangoe IS ﬁ)erformed in a temperature range not exceeding a

temperatur Q84 glass transition point, for example, at a temperature of

300C or motg %%mﬁ&qéeiﬁs;%%% bagam@%\%ﬁeﬁﬁbelaéﬂw&&%%

treatment in which a molten chemical” strengthening salt and a'glass
subsorigchvéthligihciatidcemthat thilsedate offegirspetiostraiorisetetesingaied
betvrvees%'ﬁiﬁg %"gaerqiir%%glsgl%rgﬁr%gg\ﬂnq%ﬁness. The cleaning solution according
to this invention has the composition prepared taken into account these
problems as described before and thus is preferable. In this invention, the end
face of the glass substrate after the cleaning treatment is preferably finished to
a mirror surface having a maximum valley depth Rv of 4nm or less. This is
because, if Rv exceeds 4nm, i.e. the depth of a concave portion is large, the
flying posture of a magnetic head flying with a height of about 10nm or less may
be disturbed and fly stiction failure may be caused to occur. Further, the
substrate is preferably finished to a mirror surface having a maximum
roughness Rmax of 6nm or less. Such a mirror surface state can be realized
by carrying out the mirror polishing treatment and the cleaning treatment of this
invention in this order.
[0032]
In this invention, it is preferable to perform a chemical strengthening

treatment after the cleaning treatment according to this invention. A method of

the chemical strengthening treatment is preferably, for example, a



relatively large atomic radius in the chemical strengthening salt and an alkali
metal element having a relatively small atomic radius in the glass substrate,
thereby causing the alkali metal element having the large ionic radius to
penetrate into a surface layer of the glasg-substrate to thereby produce the
compressive stress on the surface of the glass substrate. The chemically
strengthened glass substrate is excellent in impact resistance and is

pariigilashiperitaRly sRIRshde MeXABHP |8 viRigh iHP&&%ﬁd@@@H%ﬁ@%&ﬁin a
the er;i,al ...,.am?"fie Hnc , use may be preferably made of alkali metal
nitrdGENOGERWe r@@@\%@i@hﬁ%ﬂﬁ%@é‘@@%ﬁﬁf fﬁm_‘ﬁté'_f. fcmjasgs t@ﬁé@_‘%m,ﬁﬁe
of ae%'z?#%fﬂ%* Q?H%‘?n\ﬁ%jé’@é‘%f@@‘%'.”?.’ﬁﬂ}}%tfp RBb‘JE?%t%sasT"'. RE RHdRGEa
and Is reliably removed ot a polisher, it is possible to produce uniform
congresgivenstteseatmtre isrwltfagenehtiie wlash aubhsti@ichymieaiforming the
chemical strengthening treatment. If the chemical strengtheningetr,eatment of

the LS9 YIA4H% RS HsARa ACHASTSRAEAITAHR MEREPTY IHBIUNRGWHG each
remaad idlseRBENBR iSRRI HtvHRRSAUIRLIHAA S RANGRnRGISREY

removed, for example, in the course of ion-exchange treatment at a
temissatively ef e micrrstieaittneoteorites sirenathenirhsalithadameikan

of compiessive stesa s abiied ona.glassiushundel te.aghering plisper
such'a portion may pogs?bfy Be defomied Into a convex or carcave S ape.

Sineeeiie® averapre) iaialkizentdtthepalisheravaed thethegaigoicpadsiking
treatment is about 0.1 pm to 1 pm, a deformation, such as a convex

def&IFREHBIP2AOG SEITEARUSLIRAIBRS RUbRIGIE L b RshUgsBrdRTghe
theredf rayshf GRS bridRSHTals B (RIKIOBu ARG RE!IS ST R RDlY

removed and the end face of the glass substrate subjected to the chemical
stresighgtinpadegiase auistataiis exceimntimdvpasuréatianit anddemasicotarly

Rtk S e e e
strengshgnivgitigatmane ikigyespRiiably made of alkali metal nitrate such as
potassium nitrate or sodium nitrate.

[0033]

Since an end face of a glass substrate according to this invention is
finished to a mirror surface and is reliably removed of a polisher, it is possible to
produce uniform compressive stress on the end face of the glass substrate by
performing the chemical strengthening treatment. If the chemical
strengthening treatment of the glass substrate is carried out while the polisher is
not sufficiently removed, the polisher is fixed to the glass substrate and cannot
be easily removed, for example, in the course of ion-exchange treatment at a
temperature of 300°C or more and 400°C or less. Further, since the formation
of compressive stress is inhibited on a glass just under the adhering polisher,
such a portion may possibly be deformed into a convex or concave shape.
Since the average grain size of the polisher used in the mirror polishing

treatment is about 0.1um to 1um, a deformation, such as a convex deformation



maintain the mirror-state smooth surface with no convex or concave shape.
[0034] In this invention, a tape polishing treatment may be carried out after
the cleaning treatment according to this invention. Since, in this invention,
the surface of a glass substrate subjectgg to the tape polishing treatment is a
mirror-state smooth surface with no convex or concave shape, there is no
possibility that the surface shape is disturbed due to biting of foreign matter in

the fRREBALEDEGIGHBIRIN AR HiFeTdBPRBERRAhERREPYIAY i8S aused

information recording density of a magnetic disk, there is a case where the
madPeFeHnisBYib[s/NeAtioheheiRQlisheraanbelielaiv shsas sgadhe arsk
is applie ' rof. isk,, This | i t .
oo T B e R e T Seappen i
head ntiveoasplteasranah the farggnith h anisoiwpyr edopgvidishdpectidmerefore, it
contributes to an increase in recording density. By applyi,ng[, a tape polishing

treafROSEIRITHE BIRFMSE SN {UTBICRMEPRIPYRSY SUHEHSAA IS 151943M5te to
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the disk. When a magnetic layer is formed on the glass substrate applied

withmalstasxtine mismséaie BMopiissilifede wibdireanyaagievncarsonaps: in

the circumf Sﬂfl direction of the disk. For this texture treatment, a diamond

polisher is used as a polisher in the tape polishing treatment. By bringing a

polishing tapeiasthadgiass, sulbpiaslistimgariarhavitin @abh canesdsippifitge

diamond polisher, and relatively moving the polishing 25 tape and the %Iass
e

subSIPARRHPALISEL AR REEROIM B SATESHIRD is fRRRd B IHBSHHaEeBE
the glagR s\ JPaRRs SR Wp bErsa W RRALBE 'BALRRIG tHdauifum Sigriace

of the glass substrate or convex or concave shapes are formed thereon, the
fornnzition-sifite desieit taxtace iwithmbicodyahos conoembsapdiffiark ie apply

e R Ao R DL RGBS
the tape polishing treatment.

Recently, for the purpose of improving the information recording density
of a magnetic disk, there is a case where the magnetic anisotropy along the
circumferential direction of the magnetic disk is applied to a magnetic layer of
the disk. This is because, since the circumferential direction of the disk is the
moving direction of a magnetic head, the application of the magnetic anisotropy
along this direction contributes to an increase in recording density. By applying
a tape polishing treatment to the surface of a disk-shaped glass substrate, it is
possible to form a texture comprising stripes oriented in the circumferential
direction of the disk. When a magnetic layer is formed on the glass substrate
applied with this texture treatment, it is possible to produce a magnetic
anisotropy in the circumferential direction of the disk. For this texture
treatment, a diamond polisher is used as a polisher in the tape polishing
treatment. By bringing a polishing tape and a glass substrate into contact with

each other, supplying a diamond polisher, and relatively moving the polishing



surface with no convex or concave shape. Thus, it is possible to form a
uniform texture even in fine regions. Therefore, this invention contributes to
an increase in recording density of the magnetic disk. [0035] In this
invention, a magnetic disk is manufacturgg by forming at least a magnetic
layer on a glass substrate according to this invention. As a material of the
magnetic layer, use can be made of a CoPt-based ferromagnetic alloy with a

hexgagRNaM SYSEeHEa N RAONiANeeHaRI orBaan Blitcleltetti@ i 1RINAEHSN

forming the magnetic layer, use may be made of a method of forming a
madheseiagerdihg glass subsifieite bindhipeiefhdf feeeiumiteniampered to
DC r teri t By interposi d r bet he
oio DA ST S T SRR R SR R,
diretttévacm) theiferoiattagoict dgsaststokiine magrnbliedaydhusoitdxmovples
usirég an underlayer of a cubic system such as a Cr-based alloy, it is possible

At L SRRV AR REBLATINGH BEG0R S ISR B A BRI e
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magnetic recording type is manufactured. On the other hand, using an
undeviges vith neeserysradrsseneay eshanaing RusaiidsThordibledosioln e

orlent 30, Sagy megnelizalion digclion gt ihe mAdhelc AYST Ao MG o 1o an
normal of thé surface of a magnetic disk. Inthis'tase, a magnetic disk of the

perpesrdigidan reagriiig daasgsigtiypedgrvandisctured. The underlayer may
be formed bé/ the sputtering method like the magnetic layer. 26 [0036]
Further, in { @ﬂvention, a protective layer and a lubricating layer may be

formed on tfr‘u%fé%ﬂ()@ﬂﬁdﬁ}’&%ﬁ%&i@@@k id REARIRLRLIRGR By E5riRiry StaEaaa

an amorphous hydrogenated carbon-based protective layer. For example,
the magsetiodaygredmeaglags fouhsitiieycaqiedntat VB nethtidn Thas thiclatedal

Of the POt SISV e BLETeRARN A3 LT LB ESA R M hetic alloy
with a hexagonal system having a high anisotropic magnetic field. As a
method of forming the magnetic layer, use may be made of a method of forming
a magnetic layer on a glass substrate by a sputtering method, for example, a
DC magnetron sputtering method. By interposing an underlayer between the
glass substrate and the magnetic layer, it is possible to control the orientation
direction and size of magnetic grains of the magnetic layer. For example,
using an underlayer of a cubic system such as a Cr-based alloy, it is possible to
orient an easy magnetization direction of the magnetic layer along the surface
of a magnetic disk. In this case, a magnetic disk of the in-plane magnetic
recording type is manufactured. On the other hand, using an underlayer of a
hexagonal system containing Ru and Ti, it is possible to orient an easy
magnetization direction of the magnetic layer along the normal of the surface of
a magnetic disk. In this case, a magnetic disk of the perpendicular magnetic
recording type is manufactured. The underlayer may be formed by the

sputtering method like the magnetic layer.



As the lubricating layer, use may be made of a lubricant having a functional
group at an end of the main chain of a perfluoropolyether compound.
Particularly, the lubricant preferably contains, as a main component, a
perfluoropolyether compound having a hyglroxyl group as a polar functional
group at an end. The thickness of the lubricating layer is preferably set to 5
angstroms to 15 angstroms. The lubricating layer may be formed by coating
by a dipping)ﬁggpod. A magnetic disk according to this invention is
particularly preferable as a magnetic disk for a hard disk drive to be mounted
in a mobile Dethes $udrsievapionaplerargiNenayel Aadigaubrcsyise Ry may

gl SOMEtP FUIEE A SRR SRS 1812 Mg slslafeasnoring o

this invention Is particu preferable as a glass su ove
magnetécatiska b zaropho (803/4rdderailcbiatavisotine asethod iettiverafjacturiitg a
glass substrate for a magnetic disk and the method of manufacturing a

madrBiPsK G R BEHEE R MAY ear BBtLS BTG XY RSN BgkarhBfe
1] Angihned of apiiRetive g ( St aHIH 80 B MBRRAE%EIS gstroms.

according to Example 1 comprises (1) Rough Grinding Process, (2) End Face
Mirrbs Psliktiineatngdays!, (BeCrennheyrade ot (Baamd@rivges fuafitemahd
Face Mirror Polishing), (4) Lapping Process,, (5) First ,Polishing Process, (6)
b Pt R TGt e

(7) RrecoiealyStiengsiieamgierocass.coetginelow niarseopipeasagawill be
described in detail. [0038] (1) Rough Grinding Process At first aglass disk
u

molBet ¥R ePehealiien SRBRANAY BRYIISHAINIFEOXY! group as a polar functional

group at an end. The thickness of the lubricating layer is preferably set to 5
angstroms to 15 angstroms. The lubricating layer may be formed by coating
by a dipping method.

A magnetic disk according to this invention is particularly preferable as
a magnetic disk for a hard disk drive to be mounted in a mobile device such as
a portable telephone, a navigation system, or a digital camera. Further, a
glass substrate for a magnetic disk according to this invention is particularly
preferable as a glass substrate for the above magnetic disk.

Example

[0037]

Hereinbelow, the method of manufacturing a glass substrate for a
magnetic disk and the method of manufacturing a magnetic disk will be
described in further detail by citing Examples.

[Example 1]

A method of manufacturing a glass substrate for a magnetic disk
according to Example 1 comprises (1) Rough Grinding Process, (2) End Face
Mirror Polishing Process, (3) Cleaning Process (Cleaning Process after End

Face Mirror Polishing), (4) Lapping Process , (5) First Polishing Process, (6)



relatively rough diamond grindstones. As a glass composition to be a
material, use was made of a glass composition mainly containing 62wt% or
more and 75wt% or less SiO2, 5wt% or more and 15wt% or less A1203,
4wt% or more and 10wt% or less Li20, 4wt% or more and 12wt% or less
Na20, and 5.5wt% or more and 15wt% or less ZrO2 and having an
Na20/ZrO2 weight ratio of 0.5 or more and 2.0 or less and an A1203/2rO2
weigRlcEHIPF| By PRecesaNiIdie SUrigss Milrsr Hafshieinnesiiay) iamigigss

containing no phosphorus oxide or no alkaline earth metal oxide such as
Ca®beviga SBpagifieaing fseorss magee b BGIass RERfEsRER&INRRCh is
an inosilicate glass manufactured by HOYA Corporation.
Thea‘flqé,1 %{sﬁﬁg&dﬁz}\?ﬁ%{?ﬂi grindstones with a grain size finer than that of the
above grindet3s}s, both surfaces of the glass disk were ground. By this, the
surfaces of the glass substrate were finished to a surface roughness of about

10phY iR IR CIRAGFERFEE ording to JISBO601). Then, using a cylindrical
grindstone, & fiRle ¥R LLraGdR8I8<LPIs PRIESMEIHES Wikgtbared aiss

substrate, thereby obtaining a doughnut-shaped glass substrate. [0039] (2)
End#aidecireog P oismierndribudsismEsen Asnd diassscofmpesiiasssbstranaterial,

were mlrror-% c'%,-hoe t0 a surface r(?i%ghnes§ of 1 %,and about

use. w Oal [ compos in on%[ﬂiinn %%V%/o r more and
0.3pm’in E(Sa y rusﬁ %o |ssh|ng R/%ﬂe ro a?tlnél ﬁ1e gl'as substra e.'Rs a

poligbarsa eessssiRid S wolisiranvresangebwihe amss ALk fluathecaniained
in the cerium oxide polisher was analyzed by 28 XPS (X-ray photoelectron

spe BUEEORP R Pe SU72RE AIGARNER S5 IFS TR R fRuiiiTe O
atom)d ARA0ls o Rl 2RBICHEHMGY 4 18,0350 S RSHA RIS,

been subjected to the end face mirror polishing process was performed in

the menerand &8 oritess reidan Thdglas. sudigtrtitatiinid fied avithatieeapdli2 15y

pro‘fgsssf W‘?ﬁis glass composition is a glass containing no phosphorus oxide or no
alkaline earth metal oxide such as CaO or MgO. Specifically, use was made of
N5 Glass (trade name) which is an amorphous aluminosilicate glass
manufactured by HOYA Corporation.

Then, using diamond grindstones with a grain size finer than that of the
above grindstones, both surfaces of the glass disk were ground. By this, the
surfaces of the glass substrate were finished to a surface roughness of about
10um in Rmax (measured according to JISB0601). Then, using a cylindrical
grindstone, a hole was formed at a center portion of the disk-shaped glass
substrate, thereby obtaining a doughnut-shaped glass substrate.

[0039]

(2) End Face Mirror Polishing Process

Then, end faces of the glass substrate were mirror-polished to a surface

roughness of 1um in Rmax and about 0.3um in Ra by brush polishing while

rotating the glass substrate. As a polisher, a cerium oxide polisher was used.

The amount of fluorine contained in the cerium oxide polisher was analyzed by



not subjected to drying (including natural drying), but stored in water and then
transferred to the next cleaning process while maintained in the wet state.
This is because, if the glass substrate is dried in the state where the polisher
residue remains, it may become difficult §g remove the polisher by the
cleaning treatment. (3) Cleaning Process (Cleaning Process after End Face
Mirror Polishing) This cleaning process is a cleaning process for removing

the ppkserfepridee Qb e BBHdaSSS Pf the alassuruprirateolintshas 30t in

mirror surfaces in the mirror polishing process. It is necessary to remove the
poligiersatolituedng#@me) the mirror-finished glass surfaces. For example,
if a cleanin i tlon has an etching action or a leaching action with respect
to the glass, the “mirror-finished glass surfaces are roughened so as to be
matte- finishmbrswfaeaamwelammmmf thafgless.sUbetefierehichlbasibgen
solution in this invention is composed as a cleaning solution having no

etctﬁHBl%FéﬁSH%W?e%{l‘i’\fﬁﬁea%gﬂr\ﬁﬁﬂ%gﬁé’&?&%ﬁé"@%@ErfBU{‘ﬁ%\\/h@e manner
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containing 4.5wt% sulfuric acid and 1 wt% L-ascorbic aC|d was prepared.
Themohgdbigitiod deadivingadnatidiiagin atnral moing)obat Sioped ipveaiehanththen

conient of fluoring ions in this cleanln solution wa ual tq,10 In_this
il e R it R T

sanmkhieeis acaxists patispasassiliaitugedsianbe inaregsiae andriagssrpoliener
polish %Igg process was dispersed in this cleaning 29 solution and confirmed
to bESiGHHIEBRINHsL MAYPLRCABELEH GRS MPYR N SRAY T MNES HerAg
etchiagiaetipn or a leaching action, otherwise causing a problem on the
glass (aluminosilicate glass), was not effected. [0041] In the cleaning

solup R leapagdtrodeass (BladniagidP wmeeds adeo fbid deide MittouPalisthimg)
hydrofluoricl_ﬁmd the.dissolution.rate Pf the polisher was slow .

IS Cleaning process is a cleaning process for removing the polisher
remaining on the end faces of the glass substrate finished to mirror surfaces in
the mirror polishing process. It is necessary to remove the polisher without
roughening the mirror-finished glass surfaces. For example, if a cleaning
solution has an etching action or a leaching action with respect to the glass, the
mirror-finished glass surfaces are roughened so as to be matte-finished
surfaces, not the mirror surfaces. Therefore, a cleaning solution in this
invention is composed as a cleaning solution having no etching action or
leaching action with respect to the glass, but having selective solubility to
specific polishers.

In advance, a cleaning solution containing 4.5wt% sulfuric acid and
1wt% L-ascorbic acid was prepared. Then hydrofluoric acid was added in an
amount of 10ppm so as that the content of fluorine ions in this cleaning solution
was equal to 10ppm. In this manner, the cleaning solution in this cleaning
treatment was composed. The same cerium oxide polisher as that used in the

foregoing end face mirror polishing process was dispersed in this cleaning



and about 20 minutes were required for the polisher to be dissolved.
Therefore, in this Example, cleaning of the glass substrate was performed
using the cleaning solution composed of sulfuric acid, L-ascorbic acid, and
hydrofluoric acid. The glass substrate whigh has been subjected to the end
face mirror polishing process was immersed in the cleaning solution having
the above composition containing sulfuric acid, L-ascorbic acid, and

hydegilu@icmei@ortnarRiM S B Yipg RetdhEssn i aBEBER MRSk was
substrate was immersed in this cleaning solution for about 5 minutes. The

templeraearsionesehalampighiaarionas alaaehinshaetisne othesnseraausing a
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s beensu d to the cleaning treatment was
measured (jgoain Jatomic force microscope (AFM) to be 4.0nm in Rmax,
2.0nmin F\;ID 2.0nm in Rv, and 0.4nm in Ra. Further, using the atomic force

microscope AH SPaMeH R HIRANERRE YIS RILEHR d SNRds 3srarPieqcid
AS 3Bl el fird RS MR @8I Ah 8 UERTR BEHE ABSMAC BENENEPWERKIBNE

defect or foreign matter was observed. Residue of the polisher was also not
detetedb@o4LY) ninutem piers Feacised fndre aakgheniptheatineeivats applied

tot lass substrate. This, lapping process is intended to improve the ,
P e B T SR8 IR ¥R sing
wasmedeenied usingoa apppig sdasghinruabdoid rietarbiwigsdyetianging
the grain size of abrasive grains to #400 and #1000. Specifically, at first,
usir%%'i&ﬂ‘ﬂﬂé?eﬂﬂ'gsive grains of grain size #400 and rotating a sun gear and

an internal gRaly e %&ﬁi{g%ﬁ&%gm%ﬁj%téﬁ&{ﬁéseﬁkﬁégé‘i%irror

placed in a carrier were lapped to a profile irregularity of 0 to 1 pm and a

surfeeks hing presssgRraax) ofeabed ireihe clRlasmeseutios Heaingihe above
composition containing sulfuric acid, L-ascorbic acid, and hydrofluoric acid,
thereby carrying out the cleaning treatment. The glass substrate was
immersed in this cleaning solution for about 5 minutes. The temperature of the
cleaning solution was set to about 40°C.

The surface roughness of a 5um-long and 5um-broad square region of
the end face of the glass substrate which has been subjected to the cleaning
treatment was measured by an atomic force microscope (AFM) to be 4.0nm in
Rmax, 2.0nm in Rp, 2.0nm in Ry, and 0.4nm in Ra. Further, using the atomic
force microscope and an electron microscope, the surface thereof was analyzed.
As a result, the surface had a mirror surface state and no convex or concave
defect or foreign matter was observed. Residue of the polisher was also not
detected.

[0042]

(4) Lapping Process
Then, a lapping treatment was applied to the glass substrate. This

lapping process is intended to improve the dimensional accuracy and the shape



of the alumina abrasive grains was changed to #1000, lapping was carried
out, thereby obtaining a surface roughness (Rmax) of about 2pm. The glass
substrate which has been subjected to the lapping treatment was immersed
successively in respective cleaning bathgf neutral detergent and water to
be subjected to cleaning. [0043] (5) First Polishing Process Then, the first
polishing process was carried out. This first polishing process is intended to

remavg ek s T ARG B BRBAIIRS e S8 IRIRG danpHNtRFREARTAIY
was carried out using a polishing machine. Specifically, using polyurethane
har@35oRsHIG taess bihehARd pa BRIARI 6 Eesef wara s fiaimsdie #48P thrd
following,polishing conditi oli . i i ' r

oot 2 e R A R Lo EAAIE S SR Rl 0o
poliahthepprhog ssswagdamaersed stiecessjgatlythenespestivieclean nytiaitiss of
of neutral detergent, pure water, pure water, IPA (isopropy! alcohol), and IPA

(stellif AT ) RS PRI RIFEREHE AR NG edFRRabIRPHRIRLIa I qokiRrYoT O to
(Maijn Furires MirRe Ralishig £aresS) of RBB utIRE CONCLROLRBINAPERSRSSize

was carried out using a polishing machine same as that used in the first
polishthg plavessaratey engrdiariwps SANgecHas VI8, dappige dvies sefried out,

polishing pads. A treatment performed in ghis second polishingjarocess is a
g B e R R T S e R s
obtaimestratéhvehionaging énsé yigbstingodthepepphss Hida mainveasinces wete
finished to smooth mirror surfaces, for example, having a surface roughness
RmEXGSEaBUEYERTPBPGEHYe ASAnGBRLHIR] Retdsal AIsIRR b AEAEHHP De
ma@ag}g‘c%dl% Iapégﬁg@n Asker C hardness of 72. Further, the surface of
each polishing pad was made of polyurethane foam formed with foam pores.
As a polishifg4ijlution, use was made of a polishing solution in which a

cenimOXfB ARG priaR dlspersed in

Then, the first polishing process was carried out.  This first polishing
process is intended to remove cracks and distortion remaining in the foregoing
lapping process and was carried out using a polishing machine. Specifically,
using polyurethane hard polishing pads, the first polishing process was
performed under the following polishing condition. As a polisher, a cerium
oxide polisher was used. The glass substrate which has been subjected to the
above first polishing process was immersed successively in respective cleaning
baths of neutral detergent, pure water, pure water, IPA (isopropyl alcohol), and
IPA (steam drying) to be subjected to cleaning.

(6) Second Polishing Process (Main Surface Mirror Polishing Process)

Then, the second polishing process was carried out using a polishing
machine same as that used in the first polishing process, while the hard
polishing pads were changed to soft polishing pads. A treatment performed in
this second polishing process is a mirror polishing treatment in which, while

maintaining the flat main surfaces obtained in the foregoing first polishing



pure water. The average grain size of the polisher was 0.8pm. By supplying
this polishing solution to the glass substrate and slidably moving the polishing
pads and the glass substrate to each other, the surfaces of the glass
substrate were mirror-polished. The glagg substrate which has been
subjected to the above second polishing process was immersed
successively in respective cleaning baths of neutral detergent, pure water,
pur Y8eas, A tanpsomycalezed finlkfdE fo 3H3RM AHYibE iR suldected
cleaning. [0044] (7) Chemical Strengthening Process A chemical
streﬁ@iﬁﬁﬂﬂw@@é@rﬂeﬁw f@é@ @pb{ﬁli‘élﬁé thaayedabapkhRIR oWBRH hAS Bien
Subjesienig e RolRhing parsss, T e o) o ghalieneo
treatment i ormed ting a c emi aI Str enin t Iinto a

chehmaiaseasfgnaeniﬁgﬂrneatme slfessalfarat inpoiRtsmydhe gsmaidstrate
retamed by a retaining member in the molten chemical strengthening salt. In

YHEGHERR EPBMARr CIREHER R B RRF R ing HrB AMERN G 3HEbARAfSe Was
Streﬁﬁté”@Bfr%Qp?ﬁghﬂwH”%igfﬁh% &&vmeﬁ%é?fm@aawpmﬂaﬁmg%%%% in

nitrate was prepared. This chemical strengthening salt was heated to 400C to
be eleedatEie Jéamr@@%g@u@gmefgmmt@@m/@m:&wm nﬁmer@@@/mg

ther in f%rIIS |?1Uts%lh?urrmstol th| argéagngt eSrs n% the ass,[ ubsﬁ
the moIP Eh Themhical st reng |ng sal ﬁ{ﬁlum ancJ sodiumin's aCBCiayer

of thedgland subglastesaksstiendacashbl 6o Mhasdrizeiessilieigldie Bubitate
32 chemical strengthening salt, respectively, so that the glass substrate is
chel¥iE& I ERERGISEREd. The thickness of each of compressive stress layers

formed at t%é%@%@%%@@%ﬁ%l@%ﬁé@%@&%ﬂ@é PP AR Bedbif

glass substrate Tinished with the chemical strengthening treatment was
subjtishing plecesagvasdnanyéinsep reuessssivieltie respectVs olaaningdiths of
cleanln ?e raI d{etergent (%Ieanln ) rew rcleanl aI opo aeﬁg}ing,

and S8 ﬁl efergent, pure water pur ‘water. |sopropy
(steam drying) to be subjected to cleaning.
[0044]

(7) Chemical Strengthening Process

A chemical strengthening treatment was applied to the glass substrate
which has been subjected to the second polishing process. The chemical
strengthening treatment is performed by putting a chemical strengthening salt
into a chemical strengthening treatment vessel and immersing the glass
substrate retained by a retaining member in the molten chemical strengthening
salt. In a specific method of the chemical strengthening treatment, a chemical
strengthening salt in the form of a mixture of potassium nitrate and sodium
nitrate was prepared. This chemical strengthening salt was heated to 400°C to
be melted. The cleaned glass substrate preheated to 300°C was immersed
therein for about 3 hours. In this manner, by immersing the glass substrate in
the molten chemical strengthening salt, lithium and sodium in surface layers of

the glass substrate are replaced by sodium and potassium in the molten



steam drying. Using the atomic force microscope and the electron
microscope, the main surfaces of the glass substrate obtained through the
foregoing processes were analyzed. As a result, the surfaces had a mirror
surface state and no convex or concaveggefect or foreign matter was
observed. Residue of the polisher was also not detected. In the manner as
described above, the glass substrate for the magnetic disk was

ma@ﬁ@ﬁi&'&?@tr@%‘ﬂ@nﬁ% W@&Qi§5l%%%@%@r§£§mrﬁ}@ gach of

both surfaces of the glass substrate for the magnetic disk obtained through

the sbRIGISRIl prevsBesed. irdharitishages of RAA oh GHTBIRSSHRRRSIoUPTs
Ru, B, %Pt%%@?rf&‘c?@fézﬂ? 3y ‘ﬁﬁﬁvﬁééssgﬁggﬁé%%?é% 16309 2 e

magnetron sputtering apparatus. a hydrogenated carbon protective
lay eyl se3sityshecettrstis dlunies shef cHe mings tsomsytheai pdaiseatntevibwasethod.
A film of an alcohol-denatured perfluoropolyether lubricant was formed b
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maniacty e REMRenelif Sk B\%feae@%%%zséﬂdér?omm@ disk atHR)
perpendicular magnetic recording type. [0046] [HDD Mounting Test] The
obt&igesrdadgr@tic disk was mounted in a load/unload type hard 33 disk
drive (HDD) Rayin 2 maxinum.recarding density of S0 digabita et inchz,
The flying helgrf'ﬂ ora magne?lc Cad MGoRted In this hard dick anveoe10nm
andmasnasshideesast BB stidebénagatbeaipestrghdre) fisregomoysdcésses
reproducing element is a ma%lnetoresistive effect reproducing element. A test

was'{REPraftAbARTsing B it HOCHIAECAS 2B ST Ot A LARB StfeA el
CaMYAYEXSG LBHUAE RIGEECHP O HIEh HREF WER S 8FaRRd RigsHa b iRe

polisher was also not detected.

In the manner as described above, the glass substrate for the magnetic
disk was manufactured.

[0045]
(8) Magnetic Disk Manufacturing Process

On each of both surfaces of the glass substrate for the magnetic disk
obtained through the foregoing processes, a first underlayer of NiTa, a second
underlayer of Ru, and a CoCrPtB magnetic layer were successively formed
using a DC magnetron sputtering apparatus. Then, a hydrogenated carbon
protective layer was formed to a thickness of 40 angstroms by a plasma CVD
method. A film of an alcohol-denatured perfluoropolyether lubricant was
formed by coating to a thickness of 10 angstroms by a dipping method, thereby
manufacturing a magnetic disk. This magnetic disk is a magnetic disk of the
perpendicular magnetic recording type.

[0046]
[HDD Mounting Test]

The obtained magnetic disk was mounted in a load/unload type hard



thermal asperity failure, or fly stiction failure. Load/unload operations were
repeated 600,000 times, but no failure occurred. [0047] [Example
2][Comparative Example 1] Various cleaning solutions were composed as
cleaning solutions in the cleaning procegsg (cleaning process after end face
mirror polishing) and their cleaning abilities were compared with each other.
Compositions of the cleaning solutions, actions of the cleaning solutions, and

effegiskQirine FHeTNIRgyFR HINRXiATES PLESIMRY cfé?@W & drkigabikelRWinch?.
Other than these points, glass substrates for magnetic disks and magnetic

diskEngréyingrieigtieta maorsienkerdaaaunigdicthisd aehbskLtivet is 10nm

on SR AL ARSI R G SR BRI TE &
00 9eyrodBehdNetehéntdy Ghayneyésivtive SffécOréptdduting &lethéh)” WA kebt

L.rulLmmmmmNUEEEEEEE330WNNNNNNN"ONCE N
EmWasmhesferped l@smgdkusahﬂcwlsk drive. As aresult, it was possible to safely

carry out recording/reproduction with no occurrence of head crash failure,
thermal asperity failure, or fly stiction failure. Load/unload operations were
repeated 600,000 times, but no failure occurred.

[0047]

[Example 2][Comparative Example 1]

Various cleaning solutions were composed as cleaning solutions in the
cleaning process (cleaning process after end face mirror polishing) and their
cleaning abilities were compared with each other. Compositions of the
cleaning solutions, actions of the cleaning solutions, and effects of the cleaning
solutions are collectively shown in Table 1 below. Other than these points,
glass substrates for magnetic disks and magnetic disks are manufactured by
the manufacturing method same as that in Example 1 and are same as those in

Example 1. Evaluation methods and so on are as described above.
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Example 2] Next, in the foregoing end face mirror polishing process, mirror
polishing was carried out using a cerium oxide polisher containing fluorine in
an amount[@(ﬁ t% in terms of F (fluorine atoms). Other than this point, a

glass substrate for a magnetic disk and a magnetic disk are manufactured by
the [Comparative Example 2]

Next, in the foregoing end face mirror polishing process, mirror
polishing was carried out using a cerium oxide polisher containing fluorine in an
amount of 6wt% in terms of F (fluorine atoms). Other than this point, a glass
substrate for a magnetic disk and a magnetic disk are manufactured by the
manufacturing method same as that in Example 1 and are same as those in
Example 1. Evaluation methods and so on are as described above.

As a result, solubility to the polisher was not sufficient and, when the
surface of the glass substrate after cleaning was observed by the atomic force
microscope and the electron microscope, fine projections supposed to be
residue of the polisher were confirmed. Further, there were found some
portions where depressions were formed and some portions where the surface
roughness was large. It is supposed that residue of the polisher exerted an
etching action in fine regions of the glass substrate.

Likewise, experiments were performed using fluorine-containing cerium
oxide polishers with various F (fluorine atoms) contents (5wt%, 2wt%, 1wt%)
and it was found out that the same results as those in Example 1 were obtained
in the case of 5wt% or less.

[0050]

[Reference Example]

Next, description will additionally be made of reference experiments
according to the embodiment of this invention.

Preparation was made of reagents having compositions similar to that
of the cleaning solution used in the cleaning process (cleaning process after
end face mirror polishing) of Example 1 and actions on an aluminosilicate glass
were examined. Specifically, the composition about sulfuric acid and ascorbic

acid was same as that of the cleaning solution in Example 1, while the addition



manufacturing method same as that in Example 1 and are same as those in
Example 1. Evaluation methods and so on are as described above. As a
result, solubility to the polisher was not sufficient and, when the surface of
the glass substrate after cleaning was olagerved by the atomic force
microscope and the electron microscope, fine projections supposed to be
residue of the polisher were confirmed. Further, there were found some

POTEERSUNNET B RPONBSRLORSI MRER KUTad RNATSRIS RYEMRHWNRES Hifus

surface roughness was large. It is supposed that residue of the polisher

exefleQrinn iQNcrAngeasaions mese efroAsesr thilgjragdystdtriteonqiasidde a

expgI]| ts, wer 0 [ ne- ining cgx '
o A i pter
wasdfecingegictipat, tihe Sanreedsultoasdhiosioin thxbdoeke rlowehbitltained in
the case of 5wt% or less. [0050] [Reference Example] Next, description will
addiHBRUAR/ Hem Qb dhis MRRLARe experiments according to the embodiment
of this inver[@i@gﬁf]Preparation was made of reagents having compositions
similar to that of the cleaning solution used in the cleaning process (cleaning
process aftSpesifitsdgconeiparaiionsyaadg)adeEgbraage it heevers levedsof

aluminasilicate glass ,were examined. Specifically, the,composition a? ut
it e ot R i iRy i

Exaanple dopphile tBe adlttiinntBesaraguntsahtiydoathumidtacid wammasibtate
Thus, reagents having various fluorine ion concentrations were Erepared.
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glassiahMRER[Or Al ARHE R a8 REIRED ARSI WK IHE R IRR Rncentration

that does not inhibit the function/effect of this invention. [0051]
concentration was 40ppm or less, the etching rate was 0.01nm/min at most and

thus the etching action did not substantially occur. On the other hand, the
etching rate rapidly increased to 0.1nm/min at 50ppm and exceeded 0.5nm/min
at 100ppm. By precisely managing the time for carrying out the cleaning
treatment, it is possible to control the etching amount to be a predetermined
value or less even at 50ppm or more. However, the process management
becomes difficult. Therefore, in view of maintaining the stable mass-production
processes, it is preferable to set the fluorine ion concentration to 40ppm or less.

[0052]

[Example 3]

Next, a glass substrate for a magnetic disk and a magnetic disk were
manufactured which have been subjected to a tape polishing treatment between
the chemical strengthening process and the magnetic disk manufacturing
process in Example 1. By applying the tape polishing treatment to each of the
surfaces of the disk-shaped glass substrate, a texture comprising stripe-shaped
grooves oriented in the circumferential direction of the disk was formed.

Specifically, by abutting a polishing tape in the form of a cloth of resin fibers



Specifically, preparation was made of reagents with seven levels of fluorine
ion concentrations, i.e. 1 ppm, 5ppm, 10ppm, 30ppm, 40ppm, 50ppm, and
100ppm. By bringing these regents into contact with an aluminosilicate glass
having the same composition as that in Example 1, the etching rates were
examined. As a result, it was found out that, when the fluorine ion
concentration was 40ppm or less, the etching rate was 0.01 nm/min at most

andadirstirecioiak anting gisksalsehataHNPsEER Sapjdatathehand,

the etching rate rapidly increased to 0.1 nm/min at 50ppm and exceeded

0.5:¢fpmieAlaEImYRI By RGIsahanthretaling the dinesierlsirAimyila the
C'ﬁgpﬁﬁ@gﬁ%&% é%%%ﬁ?étg?a'iﬂsc%”ﬁh%' 16 &‘&WQQA%WH’(%‘BE%’S &irtace of

pre value or less even at 50ppm or more. However, the process
mankag grasntubztaines THeaultfabearkbfosey s yieubsitaraimiiihingsibeatable
mass-production processes, it is preferable to set the fluorine ion

conBENF SO BB E: 1RCBINGURRI RN ORI By dissRiamisirire
for afBaRMs '6.di%éﬂﬁﬁe@aﬁﬁ%%ﬁéhﬁ’é@é%%%ﬂ%"tﬁQtWhiPPaIHﬁi@ 1, but

been subjected to a tape polishing treatment between the chemica
streifigthieaiyiprecsapanththiomegrenitdiskraaaufadiarigogs deesisngnthe

Example 1. By applyjng the tape polishing treatment to each of the syrfaces
or e AR R L B S R R B o
gropeesonriardescuy thpotiionraferaski fretiertbo mithhef diskigram fpreneast.the like
Specifically, by abutting a polishing tape in the form of a cloth of resin fibers
37 HEheHE BerEE JHED R Al ibe FARPR ARG PP DI el e
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supplying diamond abrasive grains, a fine texture was tformed on the surface
of timanykéast wingaaegnhticslislaceHiwesayldbs fusnaerlaldcvaashanged to

Vi LR S e
and a CrMo underlayer was interposed as a third underlayer between the
second underlayer and the magnetic layer.

[0053]

In the manner as described above, the magnetic disk of the in-plane
recording type was manufactured. Other than these points, the glass substrate
for the magnetic disk and the magnetic disk are manufactured by the
manufacturing method same as that in Example 1 and are the same as those in
Example 1.

An HDD mounting test was performed for the obtained magnetic disk
and preferable results like those in Example 1 were obtained. Then, the
magnetic anisotropy of the magnetic disk was examined. Specifically, a
coercive force (Hc1) in the circumferential direction of the magnetic disk and a
coercive force (Hc2) in the radial direction thereof were measured and Hc1/Hc2
was evaluated as a magnetic anisotropy index (OR). A magnetic property

evaluation method by a VSM (vibrating sample magnetometer) was employed



the fine texture shape was formed on the surface. The stripes forming the
texture were oriented along the circumferential direction of the disk. A convex
portion, a concave portion, a crack formed by biting of foreign matter, or the
like that would otherwise disturb the textige shape wre not observed. The
same film formation as in Example 1 was performed on the glass substrate,
thereby manufacturing a magnetic disk. However, the first underlayer was

chapgeRdeheaSuremanesrietotisive ke UNAaRRYSFSNASHEARSRAUR APplied
AIRu underlayer, and a CrMo underlayer was interposed as a third

undextayed eageetic tieldyes Aat i Serigyerrairtithe AfagresidtiagBr Wapsbput

In the;manper i a h netic qi in-

recarAng Dge DA ERO T e SR e e U e obery
subgteaieivief dhee naitetiasdisik amnsldineumagoetial diskctivs sdratfecthaadHzy in
the manufacturing method same as that in Example 1 and are the same as
thodBSAR#i3LATSENeN RY #5D mounting test was performed for the obtained
magnetic disk and preferable results like those in Example 1 were obtained.
Then, the magnetic anisotropy of the magnetic disk was examined.
Specifically, a coercive force (Hcl) in the circumferential direction of the
magnetic disk and a coercive force (Hc2) in the radial direction thereof were
measured and Hcl/Hc2 was evaluated as a magnetic anisotropy index (OR).
A magnetic property evaluation method by a VSM (vibrating sample
magnetometer) was employed 38 for the measurement of the coercive force.
In this event, the maximum applied external magnetic field was set to 8
kilo-oersteds. As a result, OR was about 1.2. This represents that, in this
magnetic disk, the magnetic property (coercive force in this case) in the
circumferential direction is better than that in the radial direction by 20%. 39



CLAIMS 1. A method of manufacturing a glass substrate for a magnetic disk,
which includes mirror polishing and cleaning processes of a glass substrate,
said method further comprising: supplying to the glass substrate a polisher
mainly containing a rare earth oxide anggaving a fluorine content of Swt% or
less, mirror-polishing an end face of the glass substrate by relatively moving
a polishing cloth and the glass substrate to each other, and then bringing the
glass substrate into contact with a clggnipgsolution containing ascorbic acid,
fluorine ions, and 3wt% or more sulfuric acid to thereby dissolve and remove
said polisher. 2. The method according to claim 1, wherein a concentration of

the ascorbic agid c ' i ' ' ion.is.set to 0 %. O,
more. 3. ThG el Bad A L S S e A e Sl
fluowhéiinglodataimed ipsiEticieaning ezolinippr it sedds df payiass subkeraed

40ppm or less. 4. The method according to any one of claims 1 to 3, wherein

a g5 R AP HRRRRH G rate is an amorphous aluminosilicate glass

mainly conggiinenadWiKe 480k BEFLICWIIAIRhE SHari) DorYdidirRy Anare
and 23wt% or less A1203, 3wt% or more and 10wt% or less Li20, and 4wt%

or nearthamxddel 3nddavingssfinatoe somestrmbiivalcandersingitoanglshéngfan
claime hdethesinsadend Jage gl ine gy substale Alter At og e
cleaning process’is a mirror surface having’a maxinum val e)9 epth'Rv o
AnnylakiessosirAenie it ot aaritadhenngingnganetitadisksuthersethadcontact
comprising forming at least a magnetic layer on the glass substrate
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record/reproduce information’is manufactured at a bit recording
2. The method according to claim 1, wherein a concentration of the

ascorbic acid contained in said cleaning solution is set to 0.1wt% or more.

3. The method according to claim 1 or 2, wherein a content of the
fluorine ions contained in said cleaning solution is set to 1ppm or more and
40ppm or less.

4. The method according to any one of claims 1 to 3, wherein a glass
forming said glass substrate is an amorphous aluminosilicate glass mainly
containing 58wt% or more and 75wt% or less SiO,, 5wt% or more and 23wt% or
less Al,Os, 3wt% or more and 10wt% or less Li2O, and 4wt% or more and
13wt% or less Na,O.

5. The method according to any one of claims 1 to 4, wherein said end
face of the glass substrate after said cleaning process is a mirror surface having
a maximum valley depth Rv of 4nm or less.

6. A method of manufacturing a magnetic disk, the method comprising
forming at least a magnetic layer on the glass substrate manufactured by the
method according to any one of claims 1 to 5.

7. The method according to claim 6, wherein the magnetic disk



density of 60 gigabits per inch2 or more.
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adapted to record/reproduce information is manufactured at a bit recording

density of 60 gigabits per inch? or more.



