GLASS SUBSTRATE FOR MAGNETIC DISK AND MAGNETIC RECORDING MEDIUM This
application is based upon and claims the benefit of priority from Japanese Patent Application No.
2011-221366, filed on October 5, 2011, the disclosure of which is incorporated herein in its entirety by
reference. Background of the Invention: The present invention relates to a glass substrate for a
magnetic disk and a method of evaluating the same. Information recording technology, particularly
magnetic recording technology, has greatly been advanced along with enhancement of computerization
technology in recent years. One of examples of such magnetic recording technology is a hard disk
drive (HDD). A hard disk drive has primary components including a magnetic disk with a disk-like

substrate and a magnetic recor&h§ fay S ATMAG htieo Al Fdradd Ok ANrface of the substrate, a

spindle motor operable to rotate the m R&ql@(ﬁéeatg&mf%& gnetic head attached to an end
of a swing arm for reading magnetic data rrom and writing magnetic data into the magnetic recording

layer of the magnetic disk, and a positioner operable to move the magnetic head on the magnetic disk in
a radial direction of the magnetic disk. See, e.g., JP-A-2001-243735 (Patent Document 1). Generally,
a hard disk drive has twd Hf3RRIHER R 18P ShHRAI GREAUMRR BecBerefiL HhBEAJR8Ad is arranged for

each of magnetic saparling tayers Apestisn fienbantsoassearethaessdie 5129A¢lihdisk. Heretofore,

an aluminum substrate has widely been used as a substrate for a magnetic recording medium. 2 In
recent years, howeigslosettuetivhighsirecesdaction hetaiokndssriiigtineyaatyensecording density of
magnetic disks have increased demands for a glass substrate because a glass substrate is superior to an
aluminum substrate in flatness of a surface of a substrate and in strength of a substrate.

Background of the Invention:

The present invention relates to a glass substrate for a magnetic disk
and a method of evaluating the same.

Information recording technology, particularly magnetic recording
technology, has greatly been advanced along with enhancement of
computerization technology in recent years.

One of examples of such magnetic recording technology is a hard disk
drive (HDD). A hard disk drive has primary components including a magnetic
disk with a disk-like substrate and a magnetic recording layer of a magnetic thin
film formed on a surface of the substrate, a spindle motor operable to rotate the
magnetic disk at a high speed, a magnetic head attached to an end of a swing
arm for reading magnetic data from and writing magnetic data into the magnetic
recording layer of the magnetic disk, and a positioner operable to move the
magnetic head on the magnetic disk in a radial direction of the magnetic disk.
See, e.g., JP-A-2001-243735 (Patent Document 1).

Generally, a hard disk drive has two magnetic heads for one magnetic
disk because a magnetic head is arranged for each of magnetic recording
layers formed on front and rear main surfaces of a magnetic disk. Heretofore,
an aluminum substrate has widely been used as a substrate for a magnetic

recording medium.



Heretofore, a glass substrate has been produced by, for example, forming glass into a disk, chamfering
the disk, polishing edge surface and main surfaces, and then performing a chemical strengthening
treatment on the disk for improving shock resistance and vibration resistance, as described at paragraph
[0004] of JP-A-2000-076652 (Patent Document 2). Recording layers of magnetic layers are provided
on both surfaces of a glass substrate thus produced. Such a glass substrate has been used as a
magnetic recording medium. Meanwhile, in a case of a glass substrate for a magnetic disk, an inside

hole is formed in the glags @RRlGERIE AEIRSVEr CRIRIGBrSRIRTE MRIGEHoN e IaeseedbaHAte. The shape
of the inside hole should preferably be close to a perfect circle in order to prevent run-out during rotation

or track mis-regisﬂmiéﬁsﬁmF@Q@é@%‘@cﬂ_ﬁ?%ﬁy&f mﬁg@@_t.ic dismliy?m@géﬁdﬁmﬁ?%@b@en known as
an index of the C'Oégé‘se%ﬁk}%%t%eégec LS, eglz}ss Zﬂﬁsﬂé‘?é"%rgé@\r%q {Bda‘??(at%%imf’rhcgﬁ%ssﬁ}&?edegree of

deviation from a geometrically correct circle ot a circular sha ccording to the conventional definition,

for example, accoidlfigriesdl 5f standardsotlzesaisetrimetyraf  cirengihsifapsulssielived as a difference of
radii of two concentric circles that interpose the circular shape therebetween with a minimized interval.

See JIS B 0621- 1984 (NI5HeBARER: DOESHERpSate hag,beanRIRIYFEL MR B INRIF inside hole formed
in a substrate for &;magpefisdiftidsdalined, nfBgas Hingiss PBRRIG LR dha bR Cirmference of

the inside hole and calculating a difference between a radius 3 of a circumscribed circle with the
maximum value ofth@gesfinditioea reifagonar iclkenissd hieongthihinodreatalkritaatbe disthe profile.

A circumscribed c]ircle describe hekrein rE{fers to a circle of the tv¥o concer&tric citgcl s according to the
) fimproving Shack fesictance lg%\nd vni)ranon resistance, ds descrined at .
aforementioned definilion of the tirculan y that has a Targer radius (a Circle tangent to the outermost point

of the profile). An pgaghgsh oo pessRbRe beyengeber sRatentinuewwhéne 2o concentric circles that has a
smaller radius (a circle tangent to the innermost point of the profile). Since glass substrates for a
magnetic disk are usuallFFRAEESHRYGER O fRELIRIA NG STarmBIoNEIed B Halsstiisseatesamay vary.

Therefore, glass syhstraips AreRFRIUSRARQA! Stch ¥ Biialionm e wihie searedetermuned range

(dimensional tolerance).
magnetic recording medium.

Meanwhile, in a case of a glass substrate for a magnetic disk, an inside
hole is formed in the glass substrate in order to couple a spindle motor to the
glass substrate. The shape of the inside hole should preferably be close to a
perfect circle in order to prevent run-out during rotation or track mis-registration
(TMR) caused by such run-out.

Generally, the circularity has been known as an index of the closeness to
a perfect circle.

The circularity is an index that indicates the degree of deviation from a
geometrically correct circle of a circular shape. According to the conventional
definition, for example, according to JIS standards, the circularity of a circular
shape is defined as a difference of radii of two concentric circles that interpose
the circular shape therebetween with a minimized interval. See JIS B 0621-
1984 (Non-Patent Document 1).

Specifically, the circularity of an inside hole formed in a substrate for a
magnetic disk is defined by measuring a shape profile of the whole

circumference of the inside hole and calculating a difference between a radius



In a case of a glass substrate for a magnetic disk, an inside hole is formed in the glass substrate in order
to couple a spindle motor to the glass substrate. In another aspect, the center of the inside hole should
preferably coincide with the center of a circle drawn by an outer circumferential edge of the glass
substrate in order to minimize run-out or track mis-regisration (TMR) during rotation. In a case of a
glass substrate for a magnetic disk, the outer circumferential edge of the glass substrate and the inside
hole do not form perfect circles in practice. The outer circumferential edge of the glass substrate and the
inside hole form apraiamsbaRs iR IErGAR I HEIRRxIMERe (IR cBRISIDFERLIERR AN dasiaxdndicating the
coincidence of centers of those shapes. Indexes for evaluating the degree of such coincidence
include the concepttit1BEbeabGHRg)With the-saraliegttealipahtsemiaditstrial Standards (MS), the
concentricity is defined "’Eéf?ﬂ%%c%‘eed%‘ﬁ%f&r%é’éc?fﬁégrﬁ&@lﬁ’?&%ﬂé‘%‘&% Qr té%m%%ﬁmca' 4 parts that
are arranged so as to have a common axis. The concentricity IS expressed by a measured distance
between several pintentitbitiralspecd@direngtihef dfvecimestionbulalaiesiovVbieh ¢éhatodisiétnce is not
greater than an allowance, those axes are deemed to be coaxial, coincident, or concentric (held in

alignment). In the B8L8%% IBrAKERINS FtiRE NP IPANA SUIRURPEifeiRhRE M RelSred values
obtained when a tegt;idigser d3 Aitaelesbiang <ih iafrX &S 2BARVENBeRE bnddMiB2:1993 Machine

Tools -Test Codes-Vocabulary (Non-Patent Document 2). In a case of a disk such as a substrate for a
magnetic disk, thetiéciae thad paefiesiaies st eclathirgleotangentsrithditmetemots printcitindference) and a
part relating to an insgﬁiﬁ diameter (inner circumference). Therefore, the concentricity is generally defined

by a difference bePWeer a center of a leastsquare-approximated circle of the outer circumferential profile

and a center of a least-sglee gy exiseatedsitele afdhectitnaiskicesmsatentiabpsaiileducedsince glass
substrates for a magnetic disk are usually mass-produced, the concentricity of glass substrates may vary.
Therefore, glass SE<tF&tdariyerponricRe e ahalpss sy Relfrifs faay¥aRithid ReprEletdidiied range

(dimensional toleraneglares SUTHIEHMAE <3 B3PS RUPSIRAIRIRS 3BRARRIS Sistidrinrmed so as to have a

predetermined thickness depending upon the thickness required for the magnetic disk. In another aspect,
the thickness of glasg s (isneewshidoldrpref@rably be held constant in order to minimize run-out during

rotation or track mis-registration (TEARQI cause kﬁy Sljch run-out. . T Ee thicknc&sfgl Cff a glass substrate
has heretofore been deffHe%IC&?%R P Rore' iR aaﬁg G %%gﬁs f Al SUTAZEd%f the glass

substrate that have e imersylees atipsLaRintatat & Rbliplda RS e thasgisistrate. See,
e.g., JP-A8-147691 (Patent Document 3).

substrate. In another aspect, the center of the inside hole should preferably

coincide with the center of a circle drawn by an outer circumferential edge of

the glass substrate in order to minimize run-out or track mis-registration (TMR)

during rotation.

In a case of a glass substrate for a magnetic disk, the outer
circumferential edge of the glass substrate and the inside hole do not form
perfect circles in practice. The outer circumferential edge of the glass
substrate and the inside hole form an annular shape with irregularities.
Therefore, there is required an index indicating the coincidence of centers of
those shapes.

Indexes for evaluating the degree of such coincidence include the
concentricity (coaxiality).

According to Japanese Industrial Standards (JIS), the concentricity is

defined as follows: The degree of disagreement of axes of two mechanical



Since glass substrates for a magnetic disk are usually mass-produced, 5 the thickness of glass
substrates may vary. Therefore, glass substrates are produced so that such variations are within a
predetermined range (dimensional tolerance). Summary of the Invention: Meanwhile, recent increase
in recording density of HDDs and recent enhancement pf rotational speed of HDDs have tended to show
an influence of TMR, that is, a phenomenon in which a magnetic head flying above a magnetic disk loses
track of servo information including track information that stores radius/track location information due to

flattering of the digjgArONGBiEHAIHE than Lefoifave a AdphimERaLRUSE FRY &BIfcBRgRAYIgNON is a reading
error due to reduction of a track width for improving the recording density and mechanical vibration of a

disk rotating at a I¥prepresiby a measuferedistgnesshaiyseareeisral prigisenthinsg segaitied higher

precision than befgre | the. circularity, the [iCj C i glass, for
example, so that t f %ﬂaé@e@ﬁggéﬁmé%%o ﬁﬁ%ﬁﬁﬁ%ﬁ ggﬁ%ﬁ%%éiéipesa{%%g%?e}g %%t ose track of servo
information includaipwaskenfiovssadivssdue tecathiCtmbeot dbgitiackinddiinof dheomegmeti¢rdikk and
enhancement of the rotational speed of an HDD. Such demands generally become significant for HDDs

having performanft&l9NEPaiB of MBRaRE & Mo A5Rs dPRigisEnCe Isidaalermpitiidlard to (A) the
circularity, even if grelasscaulsiHeie drE P VAIRES Slitliel WiRiAAUERE MiEs8 iaaasiRnpldYreance is

managed according to the conventional definition of the circularity, a phenomenon of losing track of servo
information cannotichephselgrisestlimihat&e enlsomd t82et9RBdhaahi DD Msprighideadeg-using the glass

substrate for a m%%‘c%ﬂacufgrsyk(ﬁicr)ﬁt—rpg?ebrll?@gbument 2).

In a case of a disk such as a substrate for a magnetic disk, there are two
profiles for a part relating to an outside diameter (outer circumference) and a
part relating to an inside diameter (inner circumference). Therefore, the
concentricity is generally defined by a difference between a center of a least-
square-approximated circle of the outer circumferential profile and a center of a
least-square-approximated circle of the inner circumferential profile.

Since glass substrates for a magnetic disk are usually mass-produced,
the concentricity of glass substrates may vary. Therefore, glass substrates are
produced so that such variations are within a predetermined range (dimensional
tolerance).

Furthermore, a glass substrate for a magnetic disk is formed so as to
have a predetermined thickness depending upon the thickness required for the
magnetic disk. In another aspect, the thickness of glass substrates should
preferably be held constant in order to minimize run-out during rotation or track
mis-registration (TMR) caused by such run-out.

The thickness of a glass substrate has heretofore been defined by one
or more distances between both of main surfaces of the glass substrate that
have been measured at one point or at a plurality of points on the glass
substrate. See, e.g., JP-A 8-147691 (Patent Document 3).

Since glass substrates for a magnetic disk are usually mass-produced,



6 Specifically, some of glass substrates for a magnetic recording medium that have the same
circularity can exclude the influence of TMR as described above, and others cannot. In some cases, the
guality of glass substrates cannot clearly be identified only by a conventional parameter of a difference
between a radius of a circumscribed circle with the maximum value of an outer circumference/inside hole
profile and a radius of an inscribed circle with the smallest value of the profile. The causal relation
between TMR and a two-dimensional shape has not been made clear. Thus, a first aspect of the
present invention jfdqritRREQBE dRR JiEsiRIRRIMRS Jaseribathalione. St oRiastrittefest aspect of the
present invention is to provide a glass substrate for a magnetic recording medium that can stably read
servo information RieAKfiRg SeatielrfaemuaoationyaieonihimadriedetarsKnedeanae glirensitifate is used
for an HDD. it rd to (B) the concentricity, even if a glass substrate for a magnetic disk is
produced while a dimensional tolerance is managed according to the conventional definition of the
concentricity, a phenomenon of losing track of servo information cannot completely be eliminated in some
cases when an HDD is produced by using the glass substrate for a magnetic disk (second problem).
Specifically, someHTYPRY Q2 KX magnetic recording medium that have the same concentricity
can exclude an influencqRERMRES e IREE 2ROFERBAHRIG HSSRPRPHBLIOME Fasss: the quality of
glass substrates cannot clearly be identified only by a conventional parameter of a distance between
centers of an outsttdaligateent pfofiletiondlspieddd HiaPehavertsildeT e Fwalvaidtiondeciveen TMR
and a two-dimensigyal shane NagoLhesn mads dlear.. oo HIns, & sekand aspect of fae gresent
invention is for improving e s8ond pro% AL deFinePaBovec AR (ybjgc?o YRé' SE2ON aspect of the
7 present inventiogidk togeronistk afapsoSuhsiraieoto Nz ey etekecpitiag oneniumidhas can stably read
servo information including track information stored on a magnetic disk when the glass substrate is used
foran HDD.  WaRHAYSGErekiPteYRIRIERARR e iadiatsEniphigtdisk i sigbicathagnetic disk is
produced while a gimyegsigpal tolerance is managed according to the conventional definition of the
thickness, a phenomenon of losing track of servo information cannot completely be eliminated in some
cases when an HDD is pkguiieay bgussirigritiesgihssaubstrats foreaanapaetic diski¢thedliptioblem).
Specifically, some of glass substrates for a magnetic recording medium that have the same thickness can
exclude an inluerEe RO 0 RSN D Ve & CREAS B L M EEHAL LR e Yty o lass
substrates cannotcigsklyobgiideatifiesyardgdaya conventional parameter of one or more distances
between both of main surfaces that have been measured at one point or at a plurality of points on the
glass substrate. The caus#i@iRifod BERGRRHTIAE PP MAGNEIIA SiicRAVERRHIRES not been made
clear. precision than before in (A) the circularity, (B) the concentricity, and (C) the
thickness of glass, for example, so that the magnetic disk can rotate so stably
that a magnetic head does not lose track of servo information including track
information due to reduction of the track width of the magnetic disk and
enhancement of the rotational speed of an HDD. Such demands generally
become significant for HDDs having performances of 80 GB or more and 5,400
rpm or higher.

However, with regard to (A) the circularity, even if a glass substrate for a
magnetic disk is produced while a dimensional tolerance is managed according
to the conventional definition of the circularity, a phenomenon of losing track of
servo information cannot completely be eliminated in some cases when an
HDD is produced by using the glass substrate for a magnetic disk (first

problem).



Thus, a third aspect of the present invention is for improving the third problem as described above. An
object of the second aspect of the present invention is to provide a glass substrate for a magnetic
recording medium that can stably read servo information including track information stored on a magnetic
disk when the glass substrate is used for an HDD. Ehe inventor has diligently studied to solve the first
problem. The inventor has focused on the fact that the conventional definition of the circularity is a mere
index indicating a difference between a maximum value and a minimum value of a profile of an inside

hole and that variations apdRsilionalHeReRiRCied i Ay phile dhadifitakemiaingrizsilation by the
conventional definition of the circularity. Specifically, glass substrates are evaluated as having the same

8 circularity as Ioﬁ@@@é}#ﬂé&ﬂﬁ@_m&/éﬂ%ﬂéﬁﬂ'&aﬁiﬁﬁﬁluﬁ?\i_aﬁj@ﬁhﬂ%_ﬂﬁﬁﬁﬂé' Wraasitisisrribelt are the same,
whether or not W"?J}ICEE'S\%('gﬁ@)‘c}'t%??%%@t.sr‘ﬁ%oﬁxé %é%%lqﬁ@8l?afﬁgp(;F$e%§%%n%\§ﬁ%k%gt a specific

portion or is present uniformly. e inventor's further study has revea hat & causal relation
between TMR andansibéaprafyahdndaeifimlenirohea abianatiobylysingnandndey thdédeasdaken into
consideration variations and winding positions of the shape of the inside hole for evaluating the shape of

the inside hole. TREWERNAVEHISF ALe CEPHPISEREHL RS YUHBEIPRUHIBLYALMOERIHET  Specifically,
the first aspect of ghe RresRNCEMRRIORHBHIBRENNVIN: SRRMIGHATRE  KbefdSFde fRlyerie first problem.

(Structure 1-1) A glass substrate for a magnetic disk with an inside hole formed therein, wherein a
parameter indicatisigaliesinalies fiteundie of irhegeaadabtestianphsfiecenthdRiside hokois within a

predetermined range. ESS%%%

usfﬁa]p-eZ%aS not been made clear.

Thus, a first aspect of the present invention is for improving the first
problem as described above. An object of the first aspect of the present
invention is to provide a glass substrate for a magnetic recording medium that
can stably read servo information including track information stored on a
magnetic disk when the glass substrate is used for an HDD.

With regard to (B) the concentricity, even if a glass substrate for a
magnetic disk is produced while a dimensional tolerance is managed according
to the conventional definition of the concentricity, a phenomenon of losing track
of servo information cannot completely be eliminated in some cases when an
HDD is produced by using the glass substrate for a magnetic disk (second
problem).

Specifically, some of glass substrates for a magnetic recording medium
that have the same concentricity can exclude an influence of TMR as described
above, and others cannot. In some cases, the quality of glass substrates
cannot clearly be identified only by a conventional parameter of a distance
between centers of an outside diameter profile and an inside diameter profile.
The causal relation between TMR and a two-dimensional shape has not been
made clear.

Thus, a second aspect of the present invention is for improving the

second problem as described above. An object of the second aspect of the



The glass substrate for a magnetic disk as recited in Structure 1-1, wherein the parameter includes a
difference in a radial direction between the profile of the inside hole and an inscribed circle of the profile
with the smallest value in the profile of the inside hole or a least-square-approximated circle of the profile
of the inside hole. (Structure 1-3) The glass substrafe for a magnetic disk as recited in Structure 1-2,
wherein the difference is a difference between the profile of the inside hole and the inscribed circle or the
least-square-approximated circle of the profile of the inside hole on a line drawn from a center of a circle

calcglatgd by a |e%$é§éﬂﬁﬁ9éiﬁiérr9?§Q@HRNA@E"H%]B@%@&B% iﬂﬁ@@ﬂ%@iﬁeﬁ%ﬂ‘&&?éﬁ&?ed circlg of the
profile with the smallest value in the profile of the inside hole or the leastsquare-approximated circle of the

profile of the insid@@diém W@gﬁ@@tﬁ@h{-mad serke @f@é@%ﬂ@%ﬂ@éqwfﬁﬁgiﬁé@r@@@ras recited in any
one of Structures Jed19 %hiac‘fé'@%eéﬂég?sl?(/‘?ﬁggﬁetﬂg@%‘gsr %ﬂ%@tr‘%‘%ﬁgﬁ% ! "%, Yetiged by a correlation

between the parameter an balance or track misregistratio aracteristics. (Structure 1-5)
The glass substrate for avhAgegticl diskx) sheditetnasanyf gheafévtndtarghdsstdstrdtenberein the
predetermined range includes a range defined by a correlation between a skewness and/or a kurtosis

specifying a distriURFHF diekdFrarafiucediunirRr BNERSCoRHAIR RS ASRARAHsT @%0RESIBaracteristics.
(Structure 1-6)  (olfhe glaRAHbSHiAEHRtisRRENSHG JiskaS JGHIBD iNeABH YIS i radiesgin the disk

balance or the track mis-registration (TMR) characteristics are represented by an axial displacement 3s.
servo information cannot completely be eliminated in some cases when an

HDD is produced by using the glass substrate for a magnetic disk (third
problem).

Specifically, some of glass substrates for a magnetic recording medium
that have the same thickness can exclude an influence of TMR as described
above, and others cannot. In some cases, the quality of glass substrates
cannot clearly be identified only by a conventional parameter of one or more
distances between both of main surfaces that have been measured at one point
or at a plurality of points on the glass substrate. The causal relation between
TMR and a two-dimensional shape has not been made clear.

Thus, a third aspect of the present invention is for improving the third
problem as described above. An object of the second aspect of the present
invention is to provide a glass substrate for a magnetic recording medium that
can stably read servo information including track information stored on a
magnetic disk when the glass substrate is used for an HDD.

The inventor has diligently studied to solve the first problem. The
inventor has focused on the fact that the conventional definition of the circularity
is a mere index indicating a difference between a maximum value and a
minimum value of a profile of an inside hole and that variations and positional
dependencies in a profile are not taken into consideration by the conventional
definition of the circularity.

Specifically, glass substrates are evaluated as having the same



(Structure 1-7) The glass substrate for a magnetic disk as recited in Structure 1-6, wherein the
predetermined range is a range between an upper limit and a lower limit of a flat portion of the skewness
and/or the kurtosis in which the axial displacement 3s is held at a constant value in a correlation diagram
of the skewness and/or the kurtosis and the axial displagement 3s. (Structure 1-8) A magnetic
recording medium comprising: the glass substrate for a magnetic disk as recited in any one of Structures
1-1 to 1-7; and an underlayer, a magnetic layer, a protective layer, and a lubricating layer provided on a

main surface of tharglasstp'#RIBACad ATHENRIAT Rnd NSl thah YA FRNE BORSR RIS Ae for a

magnetic disk with an 10 inside hole formed therein, the method comprising: determining whether or not
a parameter indicirigedroitairetheisaitritivhedherre ORiriedipg dipearadiapeohsisianslefin the glass

sbssatc o WA EIRAIEE (U L o, DRV HBMANDR RO

substrate for a magnetic ere e parameter includes a difference in a
radial direction between Tihe predieootthetheside by leasnd\aalss cidted zitdal ofithppiadtleesrh the smallest
value in the profile of the inside hole or a least-squareapproximated circle of the profile of the inside hole.
TMR and a shape of an inside hole can be obtained by using an index that has
taken into consideration variations and winding positions of the shape of the
inside hole for evaluating the shape of the inside hole. Thus, the inventor has
completed the first aspect of the present invention.
Specifically, the first aspect of the present invention has the following
configuration in order to solve the first problem.
(Structure 1-1)
A glass substrate for a magnetic disk with an inside hole formed therein,
wherein a parameter indicating an uneven distribution of irregularities of a
profile of the inside hole is within a predetermined range.
(Structure 1-2)
The glass substrate for a magnetic disk as recited in Structure 1-1,
wherein the parameter includes a difference in a radial direction between the
profile of the inside hole and an inscribed circle of the profile with the smallest
value in the profile of the inside hole or a least-square-approximated circle of
the profile of the inside hole.
(Structure 1-3)
The glass substrate for a magnetic disk as recited in Structure 1-2,
wherein the difference is a difference between the profile of the inside hole and
the inscribed circle or the least-square-approximated circle of the profile of the
inside hole on a line drawn from a center of a circle calculated by a least-square
approximation of the profile of the inside hole to the inscribed circle of the
profile with the smallest value in the profile of the inside hole or the least-

square-approximated circle of the profile of the inside hole.



(Structure 1-11) The method of evaluating a glass substrate for a magnetic disk as recited in Structure
1-10, wherein the difference is a difference between the profile of the inside hole and the inscribed circle
or the least-squareapproximated circle of the profile of the inside hole on a line drawn from a center of a
circle calculated by a least-square approximation of thegprofile of the inside hole to the inscribed circle of
the profile with the smallest value in the profile of the inside hole or the least-square-approximated circle
of the profile of the inside hole. (Structure 1-12) The method of evaluating a glass substrate for a
magnetic disk as reciteditrgéedures-10 or 1-11, wherein the predetermined range includes a range
defined by a correlation between the parameter and disk balance or track mis-registration (TMR)
characteristics. (StructurEe-giiss supriaieeipiord HREVatifdifly asgreiteduparaterteoh magnetic disk as

recited in any onegf g[peiuyes tJo'1%?%0'3%rnV\{BSrf?rjé‘d%}%r%ﬁ%ﬁtgaﬁ%iﬁﬁ;&@%é’}%ﬁé’ees a range defined

by a correlation between a skewness’ana/or a kurtosis speci ution o difference and disk

balance or track misfinddl hygistatisatioiviie)vebermabtepstinae(Staraluwigklbidgnce drienokathied of evaluating
a glass substrate for a magnetic disk as recited in Structure 1-13, wherein the disk balance or the track

mis-registration (TRESTHREIMRYICEYRCRIG R nted by an axial displacement 3s.
(Structure 1-5)

The glass substrate for a magnetic disk as recited in any one of
Structures 1-2 to 1-4, wherein the predetermined range includes a range
defined by a correlation between a skewness and/or a kurtosis specifying a
distribution of the difference and disk balance or track mis-registration (TMR)
characteristics.

(Structure 1-6)

The glass substrate for a magnetic disk as recited in Structure 1-5,
wherein the disk balance or the track mis-registration (TMR) characteristics are
represented by an axial displacement 3s.

(Structure 1-7)

The glass substrate for a magnetic disk as recited in Structure 1-6,
wherein the predetermined range is a range between an upper limit and a lower
limit of a flat portion of the skewness and/or the kurtosis in which the axial
displacement 3s is held at a constant value in a correlation diagram of the
skewness and/or the kurtosis and the axial displacement 3s.

(Structure 1-8)

A magnetic recording medium comprising: the glass substrate for a
magnetic disk as recited in any one of Structures 1-1 to 1-7; and an underlayer,
a magnetic layer, a protective layer, and a lubricating layer provided on a main
surface of the glass substrate.

(Structure 1-9)

A method of evaluating a glass substrate for a magnetic disk with an



(Structure 1-15) The method of evaluating a glass substrate for a magnetic disk as recited in Structure
1-14, wherein the predetermined range is a range between an upper limit and a lower limit of a flat portion
of the skewness and/or the kurtosis in which the axial displacement 3s is held at a constant value in a
correlation diagram of the skewness and/or the kurtosiggnd the axial displacement 3s. (Structure 1-16)

A method of manufacturing a glass substrate for a magnetic disk, the method comprising: evaluating the
glass substrate for a magnetic disk by the method as recited in any one of Structures 1-9 to 1-15.

Meanwhile, the inyejidarHis HiaeatiterinifHdBahR) EhRAEMNG BEBIRIMING RHBEMRIHEF Ras focused on

the fact that, according to the conventional definition, the concentricity is generally defined by a distance
between centers ¢f profilestenisgieritng\pnsIngvea sisitbiaierapipresariattie c Rt B ofile 9biigtions of

profiles of an inney Gl eI\ ACLEQ AUIGL ETCYNISIEDGE-ALS gl igioa o consideration by the

conventional definlqlon of the concentricity, and that relative'unevenness of profiles is not taken into
consideration. Specifsrllyigtagsi siibstrates are evaluated as having the same concentricity as long
as they have the same least-square-approximated circle, whether or not winding (irregularities) of an

inner circumference and 'alf SUEEIAGrRLAYRIHAENS R YASSHRRTAIR ARY armagnetifidipbAion or is present
uniformly. 12 ERgdpvedensuiretiss, sindvehameeysalpibahacaesal dplatianbaiweanidMR and

profiles of an inner circumference and an outer circumference can be obtained by using an index that has
taken into considettieioiiPudrRiviens drelpaifilkvef the st bolofand e st abesh sicleiiuhtderence and an

outer circumference, as well as a copventi naI.ingﬁx far evalyating. the concentricity of the profiles. Thus,
the inventor has cBEALT 1 e e e R S G b R e cone
aspect of the presgpprisianiien fiegdhe fiod prine eomliguraidernserder to solve the second problem.

(Structure 2-1) (Structure 1-11)

The method of evaluating a glass substrate for a magnetic disk as
recited in Structure 1-10, wherein the difference is a difference between the
profile of the inside hole and the inscribed circle or the least-square-
approximated circle of the profile of the inside hole on a line drawn from a
center of a circle calculated by a least-square approximation of the profile of the
inside hole to the inscribed circle of the profile with the smallest value in the
profile of the inside hole or the least-square-approximated circle of the profile of
the inside hole.

(Structure 1-12)

The method of evaluating a glass substrate for a magnetic disk as
recited in Structure 1-10 or 1-11, wherein the predetermined range includes a
range defined by a correlation between the parameter and disk balance or track
mis-registration (TMR) characteristics.

(Structure 1-13)

The method of evaluating a glass substrate for a magnetic disk as
recited in any one of Structures 1-10 to 1-12, wherein the predetermined range
includes a range defined by a correlation between a skewness and/or a kurtosis

specifying a distribution of the difference and disk balance or track mis-



A glass substrate for a magnetic disk with an inside hole formed therein, wherein an evaluation value
defined by parameters indicating uneven distributions of irregularities of a profile of an outer
circumference and a profile of an inner circumference of the glass substrate and a difference between
centers of the outer circumference and the inner circunyference is within a predetermined range.
(Structure 2-2) The glass substrate for a magnetic disk as recited in Structure 2-1, wherein the
parameters include a difference in a radial direction between each of the profile of the outer

circumference anqdgigtrigbite PR IRRRICEHFiierence and a least-square-approximated circle thereof.
(Structure 2-3) The glass substrate for a magnetic disk as recited in Structure 2-2, wherein the difference

in a radial direction is a dfffaretdee bddileen each of the profile of the outer circumference and the profile of

the inner circumference ?ﬁa% \ &A%as&s&}é%gﬁﬁ%%%é%aég% éié%%l&eéeﬁf[égoﬂ Fﬂﬁgi@% rawn from a center of

the circle calculated by a -square approxi € pro e outer circumference and
the profile of the inaetetricudtfecancel ta3h@Hessi the disk balance or the track mis-registration

(TMR) characteristics are represented by an axial displacement 3s.

(Structure 1-15)

The method of evaluating a glass substrate for a magnetic disk as
recited in Structure 1-14, wherein the predetermined range is a range between
an upper limit and a lower limit of a flat portion of the skewness and/or the
kurtosis in which the axial displacement 3s is held at a constant value in a
correlation diagram of the skewness and/or the kurtosis and the axial
displacement 3s.

(Structure 1-16)

A method of manufacturing a glass substrate for a magnetic disk, the
method comprising: evaluating the glass substrate for a magnetic disk by the
method as recited in any one of Structures 1-9 to 1-15.

Meanwhile, the inventor has diligently studied to solve the second
problem. The inventor has focused on the fact that, according to the
conventional definition, the concentricity is generally defined by a distance
between centers of profiles averaged by using least-square-approximated
circles, that variations of profiles of an inner circumference and an outer
circumference are not taken into consideration by the conventional definition of
the concentricity, and that relative unevenness of profiles is not taken into
consideration.

Specifically, glass substrates are evaluated as having the same
concentricity as long as they have the same least-square-approximated circle,
whether or not winding (irregularities) of an inner circumference and an outer

circumference is present unevenly at a specific portion or is present uniformly.



13 square-approximated circle thereof. (Structure 2-4) The glass substrate for a magnetic disk as
recited in any one of Structures 2-1 to 2-3, wherein the difference between centers is a difference
between centers of circles calculated by a least-square approximation of the profile of the outer
circumference and the profile of the inner circumferencg, (Structure 2-5) The glass substrate for a
magnetic disk as recited in Structure 2-4, wherein the parameters include a skewness specifying a
distribution of a histogram of the difference. (Structure 2-6) The glass substrate for a magnetic disk

as recited in Structure 2-5,MRGERID G RHRIHSHRIY YRkIFlRal: AMRENE AN AQBERIHIBEIAL calculated
by the following formulas (1) and (2): AC C(1+ Skon

TMR and profiles of an inner circumference and an outer circumference can be

obtained by using an index that has taken into consideration variations and

relative unevenness of profiles of an inner circumference and an outer

circumference, as well as a conventional index, for evaluating the concentricity

of the profiles. Thus, the inventor has completed the second aspect of the

present invention.

Specifically, the second aspect of the present invention has the following
configuration in order to solve the second problem.

(Structure 2-1)

A glass substrate for a magnetic disk with an inside hole formed therein,
wherein an evaluation value defined by parameters indicating uneven
distributions of irregularities of a profile of an outer circumference and a profile
of an inner circumference of the glass substrate and a difference between
centers of the outer circumference and the inner circumference is within a
predetermined range.

(Structure 2-2)

The glass substrate for a magnetic disk as recited in Structure 2-1,
wherein the parameters include a difference in a radial direction between each
of the profile of the outer circumference and the profile of the inner
circumference and a least-square-approximated circle thereof.

(Structure 2-3)

The glass substrate for a magnetic disk as recited in Structure 2-2,
wherein the difference in a radial direction is a difference between each of the
profile of the outer circumference and the profile of the inner circumference and
the least-square-approximated circle thereof on a line drawn from a center of
the circle calculated by a least-square approximation of each of the profile of

the outer circumference and the profile of the inner circumference to the least-



owo)3 na Sk (2)where Skop is a skewness of the outer circumferential surface, SKID is a skewness of
the inner circumferential surface, R, is a difference, n is the number of samples, and a is a standard
deviation. (Structure 2-7) The glass substrate for a magnetic disk as recited in Structure 2-6, wherein
the predetermined range includes a range defined by g gorrelation between the evaluation value and disk
balance or track mis-registration (TMR) characteristics. (Structure 2-8) The glass substrate for a magnetic
disk as recited in Structure 2-7, 14 wherein the predetermined range includes a range of an amendment

concentricity in w@aﬂg&%ﬁj@m@@gw a predetermined value or less in a correlation diagram

of the amendment concentricity and the axial displacement 3s, which represents TMR characteristics.
(Structure 2-4)

The glass substrate for a magnetic disk as recited in any one of
Structures 2-1 to 2-3, wherein the difference between centers is a difference
between centers of circles calculated by a least-square approximation of the
profile of the outer circumference and the profile of the inner circumference.

(Structure 2-5)

The glass substrate for a magnetic disk as recited in Structure 2-4,
wherein the parameters include a skewness specifying a distribution of a
histogram of the difference.

(Structure 2-6)

The glass substrate for a magnetic disk as recited in Structure 2-5,
wherein the evaluation value is an amendment concentricity (AC) calculated by
the following formulas (1) and (2):

AC=C 1+% (1)

1D

n R3
SkOD@) = 2 L "'(2)
1

 no’

where SKop is a skewness of the outer circumferential surface, SKp is a
skewness of the inner circumferential surface, R; is a difference, n is the
number of samples, and o is a standard deviation.

(Structure 2-7)

The glass substrate for a magnetic disk as recited in Structure 2-6,
wherein the predetermined range includes a range defined by a correlation
between the evaluation value and disk balance or track mis-registration (TMR)
characteristics.

(Structure 2-8)

The glass substrate for a magnetic disk as recited in Structure 2-7,



(Structure 2-9) A magnetic recording medium comprising: the glass substrate for a magnetic disk as
recited in any one of Structures 2-1 to 2-8; and an underlayer, a magnetic layer, a protective layer, and a
lubricating layer provided on a main surface of the glass substrate. (Structure 2-10) A method of
evaluating a glass substrate for a magnetic disk with ag jnside hole formed therein, the method
comprising: measuring a profile of an outer circumference and a profile of an inner circumference of the
glass substrate; and determining whether or not an evaluation value defined by parameters indicating

uneven distributiomgfeiirﬁqggIg@t&@épﬁﬁhgdafgﬁb%siﬁapj%g)gt%@g:gﬁg@r@(ﬂgﬂ&ﬁgrﬁhe inner circumference
and a difference between centers of the outer circumference and the inner circumference is within a

predetermined rarf@acestristie \Qt?icl) an aﬂﬁédﬁ@iﬁw@\?&ﬁm I%f%ﬂ&é@j mr&@&ﬂ)?h magnetic disk
as recited in Str“‘i‘e‘i{?iﬁﬁg?}’}’g‘lﬁf%ﬂ ieaer%Pa?rﬁaS? StrdH%Haﬁ]:eﬁﬁg)fﬁégHﬁ%i{g S’n@%%' girgetion between

each of the profile ot the outer circumterence and the pro e Inner circumference and a
least-square-appraikiptatecheirchs thetiebfreGtssehiser IR Dharadibestivathod of evaluating a glass substrate
for a magnetic disk as recited in Structure 2-11, wherein the difference in a radial direction is a difference

between each of the proﬁg%tfﬂs 6ier circumference and the profile of the inner circumference and the

Ieast-square-approximatg%g?ggti@pé&gfd% g‘@@dmecgﬁ%y@if@%@ f@,pa[y@g%mgt@iﬁgteacalculated by a

least-square approximation of each of the profile of the outer circumference and the profile of the inner
circumference to thedeesc sigkars-tgaiieskimanydorei Siertafes 2-1 to 2-8; and an underlayer,

a magnetic layer, a protective layer, and a lubricating layer provided on a main
surface of the glass substrate.

(Structure 2-10)

A method of evaluating a glass substrate for a magnetic disk with an
inside hole formed therein, the method comprising: measuring a profile of an
outer circumference and a profile of an inner circumference of the glass
substrate; and determining whether or not an evaluation value defined by
parameters indicating uneven distributions of irregularities of the profiles of the
outer circumference and the inner circumference and a difference between
centers of the outer circumference and the inner circumference is within a
predetermined range.

(Structure 2-11)

The method of evaluating a glass substrate for a magnetic disk as
recited in Structure 2-10, wherein the parameter includes a difference in a radial
direction between each of the profile of the outer circumference and the profile
of the inner circumference and a least-square-approximated circle thereof.

(Structure 2-12)

The method of evaluating a glass substrate for a magnetic disk as
recited in Structure 2-11, wherein the difference in a radial direction is a
difference between each of the profile of the outer circumference and the profile

of the inner circumference and the least-square-approximated circle thereof on



(Structure 2-13) The method of evaluating a glass substrate for a magnetic disk as recited in any one
of Structures 2-10 to 2-12, wherein the difference between centers is a difference between centers of
circles calculated by a least-square approximation of the profile of the outer circumference and the profile
of the inner circumference. (Structure 2-14) The mgthod of evaluating a glass substrate for a
magnetic disk as recited in Structure 2-13, wherein the parameters include a skewness specifying a
distribution of a histogram of the difference. (Structure 2-15) The method of evaluating a glass

substrate for a magnei¢idink adreal&chivrIruedwieck tivhesainha&aldgtigr value is an amendment
concentricity (AC) calculated by the following formulas (1) and (2): AC=C -(1) Skip n Ri3 S k Dap)=(2) ,
na3 approximation of each of the profile of the outer circumference and the profile
of the inner circumference to the least-square-approximated circle thereof.
(Structure 2-13)
The method of evaluating a glass substrate for a magnetic disk as
recited in any one of Structures 2-10 to 2-12, wherein the difference between
centers is a difference between centers of circles calculated by a least-square
approximation of the profile of the outer circumference and the profile of the
inner circumference.
(Structure 2-14)
The method of evaluating a glass substrate for a magnetic disk as
recited in Structure 2-13, wherein the parameters include a skewness
specifying a distribution of a histogram of the difference.
(Structure 2-15)
The method of evaluating a glass substrate for a magnetic disk as
recited in Structure 2-14, wherein the evaluation value is an amendment
concentricity (AC) calculated by the following formulas (1) and (2):

Ac=cl143%0)

1D

n 3
Sk opny =2_Rz__ e(2)

= na3

where SKop is a skewness of the outer circumferential surface, SKp is a
skewness of the inner circumferential surface, R; is a difference, n is the
number of samples, and o is a standard deviation.

(Structure 2-16)

The method of evaluating a glass substrate for a magnetic disk as

recited in Structure 2-15, wherein the predetermined range includes a range



where Skop is a skewness of the outer circumferential surface, SKID is a skewness of the inner
circumferential surface, R, is a difference, n is the number of samples, and a is a standard deviation.
(Structure 2-16) The method of evaluating a glass substrate for a magnetic disk as recited in
Structure 2-15, wherein the predetermined range incluggs a range 16 defined by a correlation between
the evaluation value and disk balance or track mis-registration (TMR) characteristics. (Structure 2-17)
The method of evaluating a glass substrate for a magnetic disk as recited in Structure 2-16, wherein the

predetermined ram%@%cﬁ){%ﬁfmﬁmmﬂﬁl@ﬁm Wﬁwbéﬂrﬁéi%%iﬁé’i@cemem 35
has a predetermined value or less in a correlation diagram of the amendment concentricity and the axial

displacement 3s, Wifidie gistiaih(3 MRIFCkaacietistisses. Furthermore, the inventor has diligently
studied to solve the thir%g&g?lep&.ﬂ:ﬁ inventor has focused on the fact that, according to the
conventional definition, the ckress |% a mere index representing a distance between both of main
surfaces at one ore mord ispecdficqaodhisvanctioga glistefeosteatisishinayabtiocadtbickness over the entire
main surfaces. Specifically, according to the conventional definition, glass substrates are evaluated as

having the same FRERRELR FEYEHEES e WHEIGIRLBG PRI ETRNSHIRNNE DS RPR0R_hsurement
points even if therg AEg¥AHAIANT R EMNER BSHHE FiFKREEF HSRaRsiRenyBSMAOMts on the main

surfaces. The inventor's further study has revealed that a causal relation between TMR and the
thickness can be phtsietedmipassigroidex ithatdests katkemdisorsonsideeaaiverddistiibution of the

th@ckness, particulgéwcthriﬂ(crlless inft%rematlié]n O“vé/itfg1 éersrPe%?tng aﬁﬁ:&ia!a PssiteiopS ili]l\ﬁ\ngSk, for evaluat.ing a
thickness of a glass su%s{ra{g.aﬂqus, tRe InVEMOr RAS compYéte th§ thir aspect of the present invention.
characteristics.

Furthermore, the inventor has diligently studied to solve the third
problem. The inventor has focused on the fact that, according to the
conventional definition, the thickness is a mere index representing a distance
between both of main surfaces at one ore more specific points and does not
reflect a distribution of the thickness over the entire main surfaces.

Specifically, according to the conventional definition, glass substrates are
evaluated as having the same thickness as long as the thickness is measured
with the same value at measurement points even if there are variations or
unevenness in thickness depending upon points on the main surfaces.

The inventor’s further study has revealed that a causal relation between
TMR and the thickness can be obtained by using an index that has taken into
consideration a distribution of the thickness, particularly thickness information
with respect to a radial position in a disk, for evaluating a thickness of a glass
substrate. Thus, the inventor has completed the third aspect of the present
invention.

Specifically, the third aspect of the present invention has the following
configuration in order to solve the third problem.

(Structure 3-1)

A glass substrate for a magnetic disk, wherein a parameter calculated



Specifically, the third aspect of the present invention has the following configuration in order to solve the
third problem. (Structure 3-1) A glass substrate for a magnetic disk, wherein a parameter calculated 17
from a relationship between a radial position from a center of the glass substrate and a thickness at that
position is within a predetermined range. (Structure 3-2),  The glass substrate for a magnetic disk as
recited in Structure 3-1, wherein the parameter has a value obtained by multiplying a radial position from
the center and a thickness difference or a thickness at that position over a path of a disk. (Structure 3-3)

_Th? glass SUbStrafﬁ)Fﬁ%?fél?ﬁ%%H?pdi@h@%ﬁe&iﬂﬁﬁﬁéﬂp%‘él#i@)Wfﬂ)ﬁT%, vEnesebt the ||é’§ sqbstrate has an
inside hole formed therein, and the parameter has a value calculated when a relationship between the

radial position frorpulpriraéeesdamihitiengsielaidkatipastiamisdaiding P Esirie patPeRldANEfe inside hole
toward an outer circumf?g?pu%%u re 3-2)

The glass substrate for a magnetic disk as recited in Structure 3-1,
wherein the parameter has a value obtained by multiplying a radial position
from the center and a thickness difference or a thickness at that position over a
path of a disk.

(Structure 3-3)

The glass substrate for a magnetic disk as recited in Structure 3-2,
wherein the glass substrate has an inside hole formed therein, and the
parameter has a value calculated when a relationship between the radial
position from the center and the thickness is obtained along a spiral path from
the inside hole toward an outer circumference.

(Structure 3-4)

The glass substrate for a magnetic disk as recited in Structure 3-2 or 3-3,

wherein the parameter is an M-value given by the following formulas (1) and

(2):
M = 2 7eAL, o

At =t —t, @

where n is the number of samples, r; is a radius of a measurement point, tj is a
thickness at the measurement point, and to is a thickness at an initial
measurement point (thickness of an inner circumferential edge).

(Structure 3-5)

The glass substrate for a magnetic disk as recited in Structure 3-2 or 3-3,

wherein the parameter is an M-value given by the following formula (3):



(Structure 3-4) The glass substrate for a magnetic disk as recited in Structure 3-2 or 3-3, wherein the
parameter is an M-value given by the following formulas (1) and (2): At, =t, -tO (2) where n is the number
of samples, r, is a radius of a measurement point, t, is a thickness at the measurement point, and to is a
thickness at an initial measurement point (thickness of gn inner circumferential edge). (Structure 3-5)

The glass substrate for a magnetic disk as recited in Structure 3-2 or 3-3, wherein the parameter is an
M-value given by the following formula (3): 18

n
2
M = 2 ]/'l ti - (3)
i=

where n is the number of samples, r; is a radius of a measurement point, and
is a thickness at the measurement point.

(Structure 3-6)

The glass substrate for a magnetic disk as recited in Structure 3-4 or 3-5,
wherein the predetermined range includes a range defined by a correlation
between the M-value and disk balance or track mis-registration (TMR)
characteristics.

(Structure 3-7)

The glass substrate for a magnetic disk as recited in Structure 3-6,
wherein the track mis-registration (TMR) characteristics include an axial
displacement 3s.

(Structure 3-8)

The glass substrate for a magnetic disk as recited in Structure 3-7,
wherein the predetermined range is a range within an upper limit of the M-value
in a flat portion in which the axial displacement 3s is held at a constant value in
a correlation diagram of the M-value and the axial displacement 3s.

(Structure 3-9)

A magnetic recording medium comprising: the glass substrate for a
magnetic disk as recited in any one of Structures 3-1 to 3-8; and an underlayer,
a magnetic layer, a protective layer, and a lubricating layer provided on a main
surface of the glass substrate.

(Structure 3-10)

A method of evaluating a glass substrate for a magnetic disk, the method
comprising: determining whether or not a parameter calculated from a

relationship between a radial position from a center of the glass substrate and a



where n is the number of samples, r, is a radius of a measurement point, and t, is a thickness at the
measurement point. (Structure 3-6) The glass substrate for a magnetic disk as recited in Structure 3-4
or 3-5, wherein the predetermined range includes a range defined by a correlation between the M-value
and disk balance or track mis-registration (TMR) charaggeristics. (Structure 3-7) The glass substrate
for a magnetic disk as recited in Structure 3-6, wherein the track mis-registration (TMR) characteristics
include an axial displacement 3s. (Structure 3-8) The glass substrate for a magnetic disk as recited in

Structure 3-7, WhefpiRriBEsRECGRIRT R INRE sRNERNSHrsAgae within an upper limit of the M-value in a flat
portion in which the axial displacement 3s is held at a constant value in a correlation diagram of the

M-value and the axial diépteeswiest 8. (Structure 3-9) A magnetic recording medium comprising: the

glass substrate for a magmgtfﬁ eqi?&aosf regl%fg%ég%%r&g’ Qne Sﬁt{)&ﬁ@gﬂgggg ﬁi&g@eﬁés' ig{gg an underlayer, a

magnetic layer, a protective layer, and a ayer provided on a main surface of the glass
substrate. (Structueeigd () Struédurethad, aflevreivatispargiast shbstiatel fler sbtamgadsic disk, the method
comprising: determining whether or not a parameter calculated from a relationship between a radial

position from a ceH'HéIF'B iRg @rggéaéﬁggtp%fm g'ne center and a thickness difference or a

thickness at that radial position over a path of a disk.

(Structure 3-12)

The method of evaluating a glass substrate for a magnetic disk as
recited in Structure 3-11, wherein the parameter has a value calculated when a
relationship between the radial position from the center and the thickness is
obtained along a spiral path from an inside hole of the glass substrate toward
an outer circumference.

(Structure 3-13)

The method of evaluating a glass substrate for a magnetic disk as
recited in Structure 3-11 or 3-12, wherein the parameter is an M-value given by

the following formulas (1) and (2):

M = 2 r2AL, o
i=

At,=t,—t, @

where n is the number of samples, r; is a radius of a measurement point, t; is a
thickness at the measurement point, and to is a thickness at an initial
measurement point (thickness of an inner circumferential edge).

(Structure 3-14)

The method of evaluating a glass substrate for a magnetic disk as
recited in Structure 3-11 or 3-12, wherein the parameter is an M-value given by

the following formula (3):



19 thickness is within a predetermined range. (Structure 3-11) The method of evaluating a glass
substrate for a magnetic disk as recited in Structure 3-10, wherein the parameter has a value obtained by
multiplying a radial position from the center and a thickness difference or a thickness at that radial
position over a path of a disk. (Structure 3-12) The ggethod of evaluating a glass substrate for a
magnetic disk as recited in Structure 3-11, wherein the parameter has a value calculated when a
relationship between the radial posit}iqon from the center and the thickness is obtained along a spiral path
from an inside hole of the g sulksiateytoward an outer circumference. (Structure 3-13) The
method of evaluating a gla: suﬁsﬁeﬁprl‘a magné&tlc disk as recited in Structure 3-11 or 3-12, wherein

the parameter is an M-value given8pthe following formulas (1) and (2): 2 A, Lsti

where n is the number of samples, r; is a radius of a measurement point, and t;
is a thickness at the measurement point.

(Structure 3-15)

The method of evaluating a glass substrate for a magnetic disk as
recited in Structure 3-13 or 3-14, wherein the predetermined range includes a
range defined by a correlation between the M-value and disk balance or track
mis-registration (TMR) characteristics.

(Structure 3-16)

The method of evaluating a glass substrate for a magnetic disk as
recited in Structure 3-15, wherein the track mis-registration (TMR)
characteristics include an axial displacement 3s.

(Structure 3-17)

The method of evaluating a glass substrate for a magnetic disk as
recited in Structure 3-16, wherein the predetermined range is a range within an
upper limit of the M-value in a flat portion in which the axial displacement 3s is
held at a constant value in a correlation diagram of the M-value and the axial
displacement 3s.

(Structure 3-18)

A method of manufacturing a glass substrate for a magnetic disk, the
method comprising: evaluating the glass substrate for a magnetic disk by the
method as recited in any one of Structures 3-10 to 3-17.

(Structure A)

For solving the first problem, there is provided a glass substrate for a
magnetic disk with an inside hole formed therein, wherein a value of Sk

calculated from a shape profile over a whole circumference of the inside hole is



At..-(2) where n is the number of samples, r, is a radius of a measurement point, t, is a thickness at the
measurement point, and to is a thickness at an initial measurement point (thickness of an inner
circumferential edge). (Structure 3-14) The method of evaluating a glass substrate for a magnetic
disk as recited in Structure 3-11 or 3-12, wherein the pgyameter is an M-value given by the following
formula (3): 20 where n is the number of samples, r, is a radius of a measurement point, and t, is a
thickness at the measurement point. (Structure 3-15) The method of evaluating a glass substrate for

a magnetic disk agrg¢HREdHAIIYSH e P53 fhdIdiyrigipythe predetermined range includes a range
defined by a correlation between the M-yvalue and disk balance or track mis-registration (TMR)

3
characteristics. " R;
Sk = 2 l

“~ no

3 ...(1)

where n is the number of samples, R;is an ith difference between the shape
profile and a least-square-approximated circle of the shape profile on a line
drawn to the least-square-approximated circle of the shape profile from a center
of a circle calculated by a least-square approximation of the shape profile over
the whole circumference of the inside hole, and o is a standard deviation.

In other words, for solving the first problem, there is provided a glass
substrate for a magnetic disk with an inside hole formed therein, wherein a
value of Sk calculated from expansion of a shape profile over the whole
circumference of the inside hole on the X-Y plane with a baseline of a least-
square-approximated circle of the shape profile is in a range of 0.55 to —0.55,

and Sk is given by

n R13
Sk=2na3 (1)

where n is the number of samples, R; is an ith difference (minimum) between

the shape profile of the inside hole and the least-square-approximated circle of
the shape profile, and o is a standard deviation.

(Structure B)

More preferably, a value (Ku — 3) obtained by subtracting 3 from Ku
calculated from the shape profile over the whole circumference of the inside

hole is in a range of 1.6 to —1.6, and Ku is given by

n RY
i

Kll= 4 - (3)
Z no

where n is the number of samples, R;is an ith difference between the shape

profile and the least-square-approximated circle of the shape profile on a line



(Structure 3-16) The method of evaluating a glass substrate for a magnetic disk as recited in
Structure 3-15, wherein the track mis-registration (TMR) characteristics include an axial displacement 3s.
(Structure 3-17) The method of evaluating a glass substrate for a magnetic disk as recited in
Structure 3-16, wherein the predetermined range is a rgage within an upper limit of the M-value in a flat
portion in which the axial displacement 3s is held at a constant value in a correlation diagram of the
M-value and the axial displacement 3s. (Structure 3-18) A method of manufacturing a glass substrate

for a magnetic dislydiyp PBaHOR £QBRISIBGHBIRBREHIBRHas 1R BREBESIOKIR Maenete isk by the
method as recited in any one of Structures 3-10 to 3-17. (Structure A) For solving the first problem,

there is provided @igfegisckipalietiatedry mirpreHedRsR ARPTRIMSioR ofdkefohareinriieinf Berein a value
of Sk calculated fr. glq% %Ie)?eoealﬁaogIi%)gvsqgﬁdgj&oé%\ﬁgﬁgmference of the inside hole is 21 in a range of
yn 1~

0.55 to -0.55, and Sk IS givehby n
In other words, a value (Ku — 3) obtained by subtracting 3 from Ku

calculated from expansion of a shape profile over the whole circumference of
the inside hole on the X-Y plane with a baseline of a least-square-approximated

circle of the shape profile is preferably in a range of 1.6 to —1.6, and Ku is given

n R?
i

Ku-= 2 . (3)
~ no

where n is the number of samples, R; is an ith difference between the shape

by

profile and the least-square-approximated circle of the shape profile on a line
drawn to the least-square-approximated circle of the shape profile from a center
of a circle calculated by a least-square approximation of the shape profile of the
inside hole, and o is a standard deviation.

(Structure C)

For solving the first problem, there is provided a glass substrate for a
magnetic disk with an inside hole formed therein, wherein a value (Ku - 3)
obtained by subtracting 3 from Ku calculated from a shape profile over a whole

circumference of the inside hole is in a range of 1.6 to —1.6, and Ku is given by

z R?
i

Kll = 4 e (2)
; no

where n is the number of samples, R;is an ith difference between the shape

profile and a least-square-approximated circle of the shape profile on a line
drawn to the least-square-approximated circle of the shape profile from a center
of a circle calculated by a least-square approximation of the shape profile of the

inside hole, and o is a standard deviation.



S k = where n is the number of samples, R, is an rlh difference between the shape profile and a
least-square-approximated circle of the shape profile on a line drawn to the least-square-approximated
circle of the shape profile from a center of a circle calculated by a least-square approximation of the
shape profile over the whole circumference of the insidg;hole, and a is a standard deviation. In other
words, for solving the first problem, there is provided a glass substrate for a magnetic disk with an inside
hole formed therein, wherein a value of Sk calculated from expansion of a shape profile over the whole
circumference of the insigg-higig@mjhe X-Y plane with a baseline of a leastsquare-approximated circle of
the shape profile is in a range of 0.55 to -0.55, and Sk is given by n Ri3 S k = tf na3 where n is the
number of samples, R, i§ @itheiemferéhed(@fenablerappigwedantet sieagassretikstatpéongide hole and the

e e P o s vt o
the whole circumferencesfrticeuiasitje hole is in a range of 1.6 to -1.6, and Ku is given by Ku =na4(3)
Moreover, in a preferable configuration of the glass substrate for a
magnetic disk, the glass substrate is used for a magnetic disk having a storage
capacity of at least 80 GBytes per one 2.5-inch disk.
(Structure F)
Furthermore, in a preferable configuration of the glass substrate for a
magnetic disk, a value of AC calculated by using a value of Skp calculated from
the shape profile over the whole circumference of the inside hole, a value of
Skop calculated from a shape profile of an outer circumference of the glass
substrate for a magnetic disk, and a value of a concentricity C is 9.6 um or less,
and AC is given by
AC= C(1+ %) - (4)

1D

Skip is given by
S k]D = 2 : 3 - (B)
~ no

where n is the number of samples, R; is an ith difference between the shape

profile and a least-square-approximated circle of the shape profile on a line

drawn to the least-square-approximated circle of the shape profile from a center

of a circle calculated by a least-square approximation of the shape profile over

the whole circumference of the inside hole, and o is a standard deviation, and
Skop is given by

n Rl?’
Skon =2 3 - (6)
“~ no



171 where n is the number of samples, R, is an rlh difference between the shape profile and the
least-square-approximated circle of the shape profile on a line 22 drawn to the
least-square-approximated circle of the shape profile from a center of a circle calculated by a least-square
approximation of the shape profile of the inside hole, aggl a is a standard deviation. In other words, a
value (Ku - 3) obtained by subtracting 3 from Ku calculated from expansion of a shape profile over the
whole circumference of the inside hole on the X-Y plane with a baseline of a least-square-approximated

circle of the shape\pigtle is fetQuAH¥IBREANSIBORL 8 i ith Qifd1dAte IScBiveh A shape

profile and a least-square-approximated circle of the shape profile on a line
drawn to the least-square-approximated circle of the shape profile with the
smallest value of the shape profile from a center of a circle calculated by a
least-square approximation of the shape profile of the outer circumference, and
o is a standard deviation.

(Structure G)

Moreover, in a preferable configuration of the glass substrate for a
magnetic disk, an M-value calculated from a relationship between a radial
position from a center of the glass substrate for a magnetic disk and a

thickness at that radial position is within 20 x 10° mm?®, and the M-value is given

by
M= 27’}2Al‘i = (7)

Al‘i =1, =1, - (8)

where n is the number of samples, r; is a radius of a measurement point, tj is a
thickness at the measurement point, and tg is a thickness at an initial
measurement point (thickness of an inner circumferential edge).

(Structure H)

For solving the second problem, there is provided a glass substrate for a
magnetic disk, wherein a value of AC calculated by using a value of Skip
calculated from the shape profile over the whole circumference of the inside
hole, a value of Skop calculated from a shape profile of an outer circumference
of the glass substrate for a magnetic disk, and a value of a concentricity C is

9.6 um or less, AC is given by



K u = tr nCi4 where n is the number of samples, R, is an rth difference between the shape profile and the
least-square-approximated circle of the shape profile on a line drawn to the least-square-approximated
circle of the shape profile from a center of a circle calculated by a least-square approximation of the
shape profile of the inside hole, and a is a standard deyjation. (Structure C) For solving the first
problem, there is provided a glass substrate for a magnetic disk with an inside hole formed therein,
wherein a value (Ku - 3) obtained by subtracting 3 from Ku calculated from a shape profile over a whole
circumference of the inside hole is in a repge of 1.6 to -1.6, and Ku is given by n R.4 K u =(2) Ds no-4
where n is the number of ghiipteC)| R + difference between the shape profile and a
least-square-approximated circle of the Sr]é,pe profile on a line drawn to the least-square-approximated
circle of the shape profile from a center of a circle calculated by a least-square approximation of the
shape profile of the insidekitole geved byis a standard deviation. 23

n R;3
s, -3 K
~ no

where n is the number of samples, R;is an ith difference between the shape
profile and a least-square-approximated circle of the shape profile on a line
drawn to the least-square-approximated circle of the shape profile from a center
of a circle calculated by a least-square approximation of the shape profile over
the whole circumference of the inside hole, and o is a standard deviation, and
Skop is given by

il

Skep = 3 ~(3)
- no

where n is the number of samples, R;is an ith difference between the shape
profile and a least-square-approximated circle of the shape profile on a line
drawn to the least-square-approximated circle of the shape profile from a center
of a circle calculated by a least-square approximation of the shape profile of the
outer circumference, and o is a standard deviation.

(Structure 1)

Furthermore, in a preferable configuration of the glass substrate for a
magnetic disk, an M-value calculated from a relationship between a radial
position from a center of the glass substrate for a magnetic disk and a

thickness at that radial position is within 20 x 10° mm?, the M-value is given by

M = 27”1.2Al‘l. e (4)

AL, =t, —t, )



(Structure D) Furthermore, in a preferable configuration of the glass substrate for a magnetic disk, a
circularity is 5.5 pm or less. (Structure E) Moreover, in a preferable configuration of the glass
substrate for a magnetic disk, the glass substrate is used for a magnetic disk having a storage capacity of
at least 80 GBytes per one 2.5-inch disk. (Structure F) . Furthermore, in a preferable configuration of
the glass substrate for a magnetic disk, a value of AC calculated by using a value of Skip calculated from
the shape profile over the whole circumference of the inside hole, a value of Skop calculated from a

shape profile of aR,AEieMCEGHERIAREE & oM BIBSS SYRSEAIESOF & Maghrkamdiskpaind aikalue of a
concentricity C is 9.6 pm or less, and AC is given by A C=Sic') Skip Skip is given by n Skip =7
thickness at the measurement point, and ty is a thickness at an initial
measurement point (thickness of an inner circumferential edge).

(Structure J)

Moreover, in a preferable configuration of the glass substrate for a
magnetic disk, the concentricity C is 7 um or less.

(Structure K)

Furthermore, in a preferable configuration of the glass substrate for a
magnetic disk, the glass substrate is used for a magnetic disk having a storage
capacity of at least 80 GBytes per one 2.5-inch disk.

(Structure L)

For solving the third problem, there is provided a glass substrate for a
magnetic disk with an inside hole formed therein, wherein an M-value
calculated from a relationship between a radial position from a center of the

glass substrate for a magnetic disk and a thickness at that radial position is

within 20 x 10° mm?®, and the M-value is given by

n
M = 2 1AL,

At =t -1, e(2)

where n is the number of samples, r; is a radius of a measurement point, tj is a
thickness at the measurement point, and to is a thickness at an initial
measurement point (thickness of an inner circumferential edge).

(Structure M)

Furthermore, in a preferable configuration of the glass substrate for a
magnetic disk, the glass substrate is used for a magnetic disk having a storage
capacity of at least 80 GBytes per one 2.5-inch disk.

(Structure N)



;Tina3(5) where n is the number of samples, R, is an (Ih difference between the shape profile and a
least-square-approximated circle of the shape profile on a line drawn to the least-square-approximated
circle of the shape profile from a center of a circle calculated by a least-square approximation of the
shape profile over the whole circumference of the insidg;hole, and a is a standard deviation, and Skop is
given by n Ri3 S k op =-.(6) *al no-3 24 where n is the number of samples, R, is an rth difference
between the shape profile and a least-square-approximated circle of the shape profile on a line drawn to

the least-square-approxigsiesl el gl 9bkNRSHAPBMFIHRV B LdASRAlaRINMaIHSHRIRE RBRPE profile from
a center of a circle calculated by a least-square approximation of the shape profile of the outer

circumference, anéd ar@/bzlg@b@mqrwci&mfdmrm@iwreaomprmi@mdbe@fm anﬁéf@’fwﬂeglﬁﬁfiﬁgu_ration of
e g s PSR M ARSI P
within 20 x 106 mageraddhzelMrictieg sagrgprdsided on a main surface of the glass substrate.
(Advantageous Effects of the Invention)
According to the present invention, there can be provided a glass
substrate for a magnetic recording medium that can stably read servo
information including track information stored on a magnetic disk when the

glass substrate is used for an HDD.

Brief Description of the Drawings:

Fig. 1Ais a plan view of a glass substrate 1;

Fig. 1B is a cross-sectional view taken along line A-A of Fig. 1A,

Fig. 1C is a cross-sectional view showing a magnetic recording medium
100;

Fig. 2 is a flow chart showing the detail of a manufacturing method of a
glass substrate 1;

Fig. 3 is a flow chart showing the detail of Step 109 in Fig. 2;

Figs. 4A to 4C are diagrams explanatory of Step 109 in Fig. 2;

Fig. 5 is a diagram explanatory of Step 109 in Fig. 2;

Fig. 6 is a conceptual diagram showing a measurement system 51 for
TMR characteristics (axial displacement 3s);

Fig. 7 is a correlation diagram of a skewness (Sk) and an axial
displacement 3s;

Fig. 8 is a correlation diagram of a value (Ku — 3) obtained by subtracting
3 from a kurtosis (Ku) and an axial displacement 3s;

Fig. 9 is a correlation diagram of Rrms and an axial displacement 3s;

Fig. 10Ais a plan view of a glass substrate 1;



Ati = t, - to where n is the number of samples, r, is a radius of a measurement point, t, is a thickness at the
measurement point, and to is a thickness at an initial measurement point (thickness of an inner
circumferential edge). (Structure H) For solving the second problem, there is provided a glass
substrate for a magnetic disk, wherein a value of AC calgulated by using a value of Skip calculated from
the shape profile over the whole circumference of the inside hole, a value of Skop calculated from a
shape profile of an outer circumference of the glass substrate for a magnetic disk, and a value of a

concentricity C is 9.6 pmgy. 1866, i6\& ¢Fo3¥ 8B nAPVify Takdh BRIy ke RKLf Fig. 10A;

Fig. 10C is a cross-sectional view showing a magnetic recording medium
100;

Fig. 11 is a flow chart showing the detail of a manufacturing method of a
glass substrate 1;

Fig. 12 is a flow chart showing the detail of Step 109 in Fig. 11;

Figs. 13A to 13C are diagrams explanatory of Step 109 in Fig. 11;

Fig. 14 is a diagram explanatory of Step 109 in Fig. 11;

Fig. 15 is a conceptual diagram showing a measurement system 51 for
TMR characteristics (axial displacement 3s);

Fig. 16 is a diagram showing a relationship between a skewness (Sk) of
an outer circumferential surface 9 and an inner circumferential surface 11 and
TMR characteristics;

Fig. 17 is a correlation diagram of a concentricity C or an amendment
concentricity AC and an axial displacement 3s;

Fig. 18 is a correlation diagram of a concentricity C or an amendment
concentricity AC and an axial displacement 3s;

Fig. 19Ais a plan view of a glass substrate 1;

Fig. 19B is a cross-sectional view taken along line A-A of Fig. 19A,;

Fig. 19C is a cross-sectional view showing a magnetic recording medium
100;

Fig. 20 is a flow chart showing the detail of a manufacturing method of a
glass substrate 1,

Fig. 21 is a flow chart showing the detail of Step 109 in Fig. 20;

Fig. 22 is a diagram explanatory of Step 109 in Fig. 20;

Fig. 23 is a diagram explanatory of Step 109 in Fig. 20;

Fig. 24 is a conceptual diagram showing a measurement system 51 for

TMR characteristics (axial displacement 3s); and



Skip is given by n Skip = 0-3 n -.(2) where n is the number of samples, R, is an (Ih difference between
the shape profile and a least-square-approximated circle of the shape profile on a line drawn to the
least-square-approximated circle of the shape profile from a center of a circle calculated by a least-square
approximation of the shape profile over the whole circuggference of the inside hole, and a is a standard
deviation, and Skop is given by n no-3 where n is the number of samples, R, is an (lh difference between
the shape profile and a least-square-approximated circle of the shape profile on a line drawn to the

least-square-approximateg oycle QidhecrirneduMgiigntamaNeSalgs aha aERisRispRieshwna least-square
approximation of the shape profile of the outer circumference, and a is a standard deviation. (Structure )

3s.

Detailed Description of the Embodiments:

(First Embodiment)

A first embodiment of the present invention will be described below in
detail with reference to Figs. 1Ato 9. The reference numerals illustrated in
Figs. 1A to 9 are used for explanation of the first embodiment. Similarly, the
step numbers used in the first embodiment are used for explanation of the first
embodiment.

Now a first embodiment of the present invention will be described below
in detail.

First of all, a structure of a glass substrate 1 according to the first
embodiment will briefly be described with reference to Figs. 1A to 1C.

As shown in Fig. 1A, the glass substrate 1 has a body 3 having a disk-
like shape. The body 3 has an inside hole 5 formed at the center thereof.

The shape of the inside hole 5 is configured such that a parameter
indicating an uneven distribution of irregularities of a profile of the inside hole is
within a predetermined range. The detail of this configuration will be described
later.

As shown in Fig. 1B, the body 3 has main surfaces 7a and 7b that are
substantially flat.

A layer for recording and reading information is formed on the main
surfaces 7a and 7b. For example, as shown in Fig. 1C, an underlayer 18a, a
magnetic layer 18b, a protective layer 18c, and a lubricating layer 18d are
provided on one or both of the main surfaces 7a and 7b to thereby form a
magnetic recording medium 100 along with the glass substrate 1. At least the

magnetic layer 18b is required as a recording layer.



Furthermore, in a preferable configuration of the glass substrate for a magnetic disk, an M-value
calculated from a relationship between a radial position from a center of the glass substrate for a
magnetic disk and a thickness at that radial position is within 20 x 106 mm3, the M-value is given by
2Ati(4) At=-to--(6) 26 where n is the number of sampjgs, r, is a radius of a measurement point, t, is a
thickness at the measurement point, and to is a thickness at an initial measurement point (thickness of an
inner circumferential edge). (Structure J) Moreover, in a preferable configuration of the glass substrate

for a magnetic disk, the eQRERAKIGIE, S5iShORAIRFIGSIBSHESHS Khas an inner
circumferential surface 11 and an outer circumferential surface 9, which are
perpendicular to the main surfaces 7a and 7b.

The inner circumferential surface 11 and the outer circumferential
surface 9 are chamfered so as to have inner chamfered surfaces 13 and outer
chamfered surfaces 15, respectively.

Furthermore, a chemical strengthening layer 17 is formed on the
surfaces of the body 3.

For example, the chemical strengthening layer 17 is a compressive
stress layer in which part of ions of glass as a material of the glass substrate 1
has been replaced with ions having a larger ionic radius. The detail of the
chemical strengthening layer 17 will be described later.

Next, a method of manufacturing a glass substrate 1 will be described
with reference to Fig. 1A to 2.

In the following description, glass in a manufacturing process is referred
to as a “glass base material 1a,” and a finished product is referred to as a
“glass substrate 1.”

First, as shown in Fig. 2, material glass is formed into a disk-like shape
to produce a glass base material 1a (Step 101).

Examples of the material glass include soda-lime glass, aluminosilicate
glass, borosilicate glass, and crystallized glass produced by, for example, a
float method, a down-draw method, a redraw method, or a press method.

An example of the crystallized glass has the following composition
defined by weight percentage based upon an oxide: SiO; is in a range of
45.60 % to 60 %. Al,Oszisinarange of 7 % to 20 %. B,O;is in a range of
1.00 % to lessthan 8 %. P,0sisin arange of 0.50 % to 7 %. TiO,isina
range of 1 % to 15 %. The sum of RO is in a range of 5 % to 35 % where R is

each of Zn and Mg. The content of CaO is 3.00 % or less. The content of



Furthermore, in a preferable configuration of the glass substrate for a magnetic disk, the glass substrate
is used for a magnetic disk having a storage capacity of at least 80 GBytes per one 2.5-inch disk.
(Structure L) For solving the third problem, there is provided a glass substrate for a magnetic disk with
an inside hole formed therein, wherein an M-value calcylated from a relationship between a radial position
from a center of the glass substrate for a magnetic disk and a thickness at that radial position is within 20
x 106 mm3, and the M-value is given by 2Atl ..(1) At, =t - to(2) where n is the number of samples, r, is a

_ra_d_ius of a meaSUB%F@Q_QWWﬁ leds.a W@%\%&ﬂiﬁzﬁ%ﬁg‘@@é‘%@ﬁ@%@ﬂiﬁhﬂ ¢ fHis a thickness at an .
initial measurement point (thickness of an inner circumferential edge). (Structure M) Furthermore, in a

preferable c_:onfigLﬂ?@ﬂtm)@?Wh&g&s@mmeﬁtﬁb&%&gﬁmmﬁﬁlﬁkﬁh@omwﬁ@l}b%e is used for a
magnetic disk having, 3 S101R0& GAPALRLRLAL 5ASIBAGIESE PFHheR&2ilnsh Jlisk (Structure N) 27

contains, as a primary crystal phase, at least one type selected from RAI,O4
and R,TiO4 where R is at least one of Zn and Mg. The crystal particle
diameter of the primary crystal phase is in a range of 0.5 nmto 20 nm. The
degree of crystallinity is 15 % or less. The specific gravity is 2.95 or less.
The crystallized glass preferably has a Young’s modulus of 90 GPa or more,
and more preferably 100 GPa or more. This is because the flattering can be
suppressed more effectively when a glass substrate 1 having a Young'’s
modulus in the aforementioned range is used to produce a magnetic recording
medium 100 shown in Fig. 1C.

In the following description, glass produced by a press method will be
described by way of example.

Subsequently, main surfaces 7a and 7b are ground with a grinder (first
lapping) for adjusting the flatness and thickness of the glass base material 1a
(Step 102).

For example, the grinding is conducted with a double-sided lapping
device and abrasive patrticles such as alumina.

Then, as shown in Fig. 2, an inside hole 5 (see Fig. 1A) is formed at the
center of the glass base material 1a (Step 103).

The inside hole 5 is formed by, for example, using a core drill.

If sheet glass is used, Steps 101 and 103 are not carried out. Instead,
glass is cut into a disk-like shape including an inside hole from the sheet with
use of a cutter (scribing step).

Next, as shown in Fig. 2, an inner circumferential surface 11 and an
outer circumferential surface 9 are chamfered, and an inside diameter of the

inside hole is adjusted (Step 104). The inner circumferential surface 11 and



Moreover, for solving one of the first, second, and third problems, there is provided a magnetic recording
medium comprising: the aforementioned glass substrate for a magnetic disk; and an underlayer, a
magnetic layer, a protective layer, and a lubricating layer provided on a main surface of the glass
substrate. (Advantageous Effects of the Invention) 4gcording to the present invention, there can be
provided a glass substrate for a magnetic recording medium that can stably read servo information
including track information stored on a magnetic disk when the glass substrate is used for an HDD. Brief

Description of thetPé%'t@%wEtﬁnf%?el@t@l Rigfaey Q@cﬁ@ﬁ%&@ﬁﬁﬂtﬁs% 618 éiﬁné%t%r%oss -sectional view
taken along line A-A of Fig. 1A; Fig. 1C is a cross-sectional view showing a magnetic recording medium

100;  Fig.2is @WM@@W@P@W@%M@ Pritaglast xathiefeeiiring method of a glass substrate 1; Fig. 3

is a flow chart showing tt&e Ifl éﬁ?%mﬁ% @t%lﬁ) f& é%% éfé ntg fle(gég O%g%sglﬁggmgmory of Step

109 in Fig. 2; Fig. 5 is adlag
added after the chamfering. With this step, irregularities of the main surfaces

that have been produced by the formation of the inside hole 5 or the
chamfering can be ground so that a load on polishing can be reduced.

Subsequently, as shown in Fig. 2, a polishing step of the inner
circumferential surface 11 and the outer circumferential surface 9 of the glass
base material 1a (edge polishing) is carried out (Step 105).

Step 105 will be described later.

Then, as shown in Fig. 2, a chemical strengthening treatment is
performed on the glass base material 1a to form a chemical strengthening layer
17 on the glass base material 1a (Step 106).

Specifically, the glass is immersed in a chemical strengthening liquid so
that ions contained in the chemical strengthening liquid that have an ionic
radius larger than ionic radii of ions contained in the glass are ion-exchanged
with the ions contained in the glass. Thus, a chemical strengthening layer 17
is formed.

After the chemical strengthening, the glass base material 1a is cleaned
so that the chemical strengthening liquid is removed from the surfaces of the
glass base material 1a. Thereafter, as shown in Fig. 2, the main surfaces 7a
and 7b of the glass base material 1a are polished in order to adjust
(substantially smoothen) the surface roughness of the main surfaces 7a and 7b
(Step 107).

The polishing is conducted with, for example, a double-sided polishing
device and a hard resin polisher by using a planetary gear mechanism. For
example, slurry in which abrasive particles of cerium oxide, lanthanum oxide, or

the like have been dispersed in water is used as a polishing liquid.



Fig. 6 is a conceptual diagram showing a measurement system 51 for TMR characteristics (axial
displacement 3s); Fig. 7 is a correlation diagram of a skewness (Sk) and an axial displacement 3s;
Fig. 8 is a correlation diagram of a value (Ku - 3) obtained by subtracting 3 from a kurtosis (Ku) and an
axial displacement 3s; Fig. 9 is a correlation diagram ofrms and an axial displacement 3s; Fig. 10A is a
plan view of a glass substrate 1; 28 Fig. 10B is a cross-sectional view taken along line A-A of Fig. 10A,;
Fig. 10C is a cross-sectional view showing a magnetic recording medium 100; Fig. 11 is a flow chart

showing the detail of a magufgeWonsHRgthre ghasdiase phirehale 4 iddtkaheifsd ieyy chart showing the
detail of Step 109 in Fig. 11; Figs. 13A to 13C are diagrams explanatory of Step 109 in Fig. 11; Fig. 14 is

a diagram explan&i@igstestepdliopiiirgg atteched to the surfaces of the glass base material 1a

during the manufacturing process are removed (Step 108).

Specific examples of the cleaning process include physical cleaning such
as scrubbing cleaning or ultrasonic cleaning, and chemical liquid cleaning using
fluoride, organic acid, hydrogen peroxide, surface-active agent, or the like.

In this example, Step 104 (chamfering step) and, especially, Step 105
(edge polishing step) of Steps 101-108 are likely to produce variations in shape
profile of the inside hole, which exert influence on the disk shape balance/TMR
characteristics on which the inventor has focused attention. In Step 104, for
example, a good shape profile can be obtained by (1) alignment of a central
position or a vertical position of a grindstone of diamond abrasive particles for
inner and outer circumferences when the diamond abrasive particles are
attached to the apparatus or (2) equalization of pressing forces of the diamond
abrasive particles against a workpiece (reduction of partial unbalanced contact).
Furthermore, in Step 105, a good shape profile can be obtained by (1)
equalization of pressing forces of a polishing brush against a workpiece or (2)
processing under such conditions that pressing forces of the polishing brush
against the workpiece are held constant irrespective of a stacked location of the
workpiece in a stacking case where workpieces are processed while those
workpieces are stacked. Nevertheless, it is more preferable to carry out Step
105 in the following manner.

In Step 105, it is more preferable to carry out a polishing step of the inner
circumferential surface as follows: The inner circumferential surface 11 of the
glass base material 1a is edge-polished with use of a rotary brush.

Additionally, an inner circumference polishing unit having a rotation axis and a
plurality of polishing clothes arranged around the rotation axis is brought into

contact with the inner circumferential surface 11 of the glass base material 1a



Fig. 15 is a conceptual diagram showing a measurement system 51 for TMR characteristics (axial
displacement 3s); Fig. 16 is a diagram showing a relationship between a skewness (Sk) of an outer
circumferential surface 9 and an inner circumferential surface 11 and TMR characteristics; Fig. 17 is
a correlation diagram of a concentricity C or an amendgent concentricity AC and an axial displacement
3s; Fig. 18 is a correlation diagram of a concentricity C or an amendment concentricity AC and an
axial displacement 3s; Fig. 19A is a plan view of a glass substrate 1; Fig. 19B is a cross-sectional view

taken along line Agficfir gl e $50reL9 C ASR IHIRRG REGHOB A BNE SHO Wit Md@NRHe recording

medium 100; Fig. 20 Is a flow chart showing the detail of a manufacturing method of a glass
substrate 1; Fig. 2drpanfRiantpbstgaediHgahb el staiorSie patisl FgadimEdPe is a diagram

explanatory of Step Qg1 £id. FiEih SR 2 HROTAN LIPLARALIENSL BERRHMTS IR Pe

glass base material 1a are rotated about the rotation axis relative to each other
or moved along the rotation axis relative to each other to thus polish the inner
circumferential surface 11 of the glass base material 1a.

With the above polishing step of the inner circumferential surface, the
polishing clothes can be pressed with surface contact against the whole inner
circumferential surface 11 of the glass base material 1a under equal pressing
forces. Therefore, the roughness of the chamfered surfaces and the inner
circumferential surface 11 of the glass base material 1a can be lowered. At
the same time, a favorable shape profile that can improve the TMR
characteristics can be obtained. In order to obtain the aforementioned good
shape profile, it is more preferable to rotate both of the inner circumference
polishing unit having the rotation axis and the glass substrate 1a in opposite
directions for polishing and to set a ratio of a rotational speed of the inner
circumference polishing unit and a rotational speed of the glass substrate 1la (a
rotational speed of the inner circumference polishing unit/a rotational speed of
glass substrate 1a) within a range of 1.5 to 5.0. Additionally, in order to obtain
the aforementioned good shape profile, it is more preferable to set a machining
allowance of the inner circumferential surface 11 for the polishing step of the
inner circumferential surface to be 10 % or less of the inside diameter, more
preferably 1 % or less of the inside diameter, more preferably 0.1 % or less of
the inside diameter, and more preferably 0.05 % or less of the inside diameter.

Finally, a product inspection (inspection of the circularity) is performed
(Step 109).

Now the detail of Step 109 will be described with reference to Figs. 3 to



Fig. 24 is a conceptual diagram showing a measurement system 51 for TMR characteristics (axial
displacement 3s); and 29 Fig. 25 is a correlation diagram of an M-value and an axial displacement 3s.
Detailed Description of the Embodiments: (First Embodiment) A first embodiment of the present
invention will be described below in detail with referencg to Figs. 1A to 9. The reference numerals
illustrated in Figs. IA to 9 are used for explanation of the first embodiment. Similarly, the step numbers
used in the first embodiment are used for explanation of the first embodiment. Now a first embodiment

of the present invention Wil Radascdinssvaetpw dhes@ibstratEitskabatied stitICtHER 8f a glass substrate 1
according to the first embodiment will briefly be described with reference to Figs. IA to 1C. As shown

in Fig. 1A, the glaggrqumrieaiBdicRlBBRANOHIES sl Ry HAKAflKE egidpatiehef Hriprefiaotienside hole 5
formed at the Cen‘ﬁgigbeﬁ%?g'S is within a predetermined range. In order to evaluate such a
parameter, the profile of the inside hole 5 is measured so as to obtain the
parameter. Then whether or not the parameter is within the predetermined
range is determined.

Specifically, an inspection is performed in the following manner.

First, as shown in Fig. 3, the shape of the inside hole 5 of the glass
substrate 1 (the inner circumferential surface 11 of the inside hole 5) is
measured with a known circularity/concentricity measurement device or the like.
Thus, a shape profile of the inside hole 5 is generated (Step 201).

Fig. 4A shows an example of the generated profile. For reference, in
Fig. 4A, a designed dimension of the inside hole 5 is indicated by a dotted
circle, and the position of the center of the inside hole 5 is indicated by dotted
lines.

In Fig. 4A, irregularities of a surface of a profile 21 are enlarged at a
certain magnification. As shown in Fig. 4A, there are recessed portions
(depressions 23) and projecting portions (protrusions 25).

Then, as shown in Fig. 3, a least-square-approximated circle of the
generated profile and its center are calculated (Step 202).

Fig. 4B illustrates an example of Step 202.

Fig. 4B shows a least-square-approximated circle 27 and its center 29.
For reference, Fig. 4B also shows an inscribed circle 31 passing through the
innermost point of the profile (the most recessed point) and a circumscribed
circle 33 passing through the outermost point of the profile (the most projecting
point).

Subsequently, as shown in Fig. 3, a line (perpendicular line) is dropped

to the inscribed circle 31 from the center 29 of the least-square-approximated



The shape of the inside hole 5 is configured such that a parameter indicating an uneven distribution of
irregularities of a profile of the inside hole is within a predetermined range. The detail of this configuration
will be described later. As shown in Fig. 1B, the body 3 has main surfaces 7a and 7b that are
substantially flat. A layer for recording and reading 4gformation is formed on the main surfaces 7a and
7b. For example, as shown in Fig. 1C, an underlayer 18a, a magnetic layer 18b, a protective layer 18c,
and a lubricating layer 18d are provided on one or both of the main surfaces 7a and 7b to thereby form a

magnetic recordinggiegm AQRalARe MeidBr Blasssvibetialeck A4 laasiiberamanetisdayer 18b is
required as a recording layer. 30 Furthermore, as shown in Fig. 1B, the body 3 has an inner

circumferential suliR® & PhiginedadateiffeiensaiB piem 208lace 9, which are perpendicular to the main

surfaces 7a and 7b. é‘ue jar ' ferential surf d the outer circumferential surface 9 are
chamfered so as to haveF-!- hé?&ﬁegsr%%%} §ugr é(t% s?elgﬁa%%&o%ﬁ chamfered surfaces 15, respectively.
Furthermore, a chemicalrstrgrgthenifg layemlihissfoomeshonding sudaeied therted\os. For
example, the chemical strengthening layer 17 is a compressive stress layer in which part of ions of glass

as a material of thePJIRES AIBAFANN PASEBKR Y BER LA With tonsh 301§ S TEEECRhic radius. The detail
of the chemical Stﬁ%ﬂmﬂm%b@fhynwmw gessripret ateobtain b SnBYRtNRARkaRaacturing a

glass substrate 1 will be described with reference to Fig. 1A to 2. In the following description, glass in
a manufacturing prdcé®s is.réterred to as a "glass base material la,' and a finished product is referred to

as a "glass substrate 1. The number of samples and intervals (angles) between the lines may be

set in any desired manner.

In Fig. 4C, a difference R is defined by a distance between the inscribed
circle 31 and the profile 21. Nevertheless, as shown in Fig. 13C, a difference
R may be defined by a distance between the least-square-approximated circle
27 and the profile 21. The following description assumes that a difference R is
defined by a distance between the least-square-approximated circle 27 and the
profile 21.

It is assumed that a difference R has a positive value when a
measurement point of the profile is located outside of the least-square-
approximated circle 27.

Then a histogram of the differences R is generated (Step 204).

Specifically, for example, a histogram of values of the differences R and
the number of sampling points with those values is generated as shown in Fig.
5.

Next, as shown in Fig. 3, a skewness (Sk) and a kurtosis (Ku) are
calculated based upon the distribution of the histogram. More specifically, a
skewness and a kurtosis are calculated by using the following formulas (1) and

(2) (Step 205).



First, as shown in Fig. 2, material glass is formed into a disk-like shape to produce a glass base material
la (Step 101). Examples of the material glass include soda-lime glass, aluminosilicate glass,
borosilicate glass, and crystallized glass produced by, for example, a float method, a down-draw method,
a redraw method, or a press method. An example &f the crystallized glass has the following
composition defined by weight percentage based upon an oxide: Si02 is in a range of 45.60 A, to 60 %.
Al203 is in arange of 7 A, to 20 %. B203 is in a range of 1.00 A, to less than 8 %. P205 is in a range of
0.50 A, to 7 %. TiO2 is in a range af 1 §3to 15 %. The sum of RO is in a range of 5 % to 35 % where R is
each of Zn and Mg. The cSkert 023&3.00 A 9r less. The content of 31 BaO is 4 A, or less. The
crystallized glass does not contaitg rry@BO component, As203 component, Sb203 component,
Cl-component, NO-component, SO2-component, or F-component. The crystallized glass contains, as a
primary crystal phase, at least onedypgsgelected from RAI204 and R2TiO4 where R is at least one of Zn
and Mg. The crystal particlK diase r—ef—’tlile primagy crystal phase is in a range of 0.5 nm to 20 nm. The
degree of crystallinity is 15% or leg. flde specific gravity is 2.95 or less. The crystallized glass preferably
has a Young's modulus of 90 GPa or more, and more preferably 100 GPa or more. This is because the
flattering can be suppredgébenei@éadlivandifkm & diesaunbstrateamemRasyddigEeAtsdulus in the

aforementioned raaﬂ%%%%‘éﬁ @L@E"gﬁ’h‘t‘?%ﬁd”&a}g%%%ﬁﬁ(%%ﬁ%\%%?&ﬁ’ﬁ“_rﬁsl%%%@?x%’ﬁfﬂ%r@tﬂec- In the

following description, glass pr by a press metho escribed ay of example.
Subsequently, maiorswita¢®s the ancimbranreagre oh®&withvargrirdan tir stuapen tefdo atiystingrthe flatness
and thickness of the glass base material la (Step 102). For example, the grinding is conducted with a

double-sided lappfig P B AB RN BERiclNYRINEE SFuAT FROWN Bd8: &AFlh(KUFig. 2, an
inside holes (see Eigy §fpaindarmed piriRa it atebof therglannPase iR irldaneSieRidR):

value of -3, may be used.

Subsequently, as shown in Fig. 3, whether or not the disk balance/TMR
characteristics of the glass substrate 1 are within a predetermined range is
determined from a correlation between the skewness/kurtosis and the disk
balance/TMR characteristics. If the disk balance/TMR characteristics of the
glass substrate 1 are within the predetermined range, then the glass substrate
1 is regarded as a non-defective product. Otherwise, the glass substrate 1 is
regarded as a defective product (Step 206).

Specifically, whether or not the skewness/kurtosis is within the
predetermined range is determined from the relationship between the
skewness/kurtosis and the axial displacement 3s as shown in Figs. 7 and 8.
More specifically, whether or not a value of the skewness/kurtosis is between
an upper limit and a lower limit of a flat portion in which the axial displacement
3s is held constant in Figs. 7 and 8 is determined. If the value is within the
range, the glass substrate 1 is regarded as a non-defective product.
Otherwise, the glass substrate 1 is regarded as a defective product.

The axial displacement 3s is a track positioning error of an average +3s

calculated by integrating substrate vibration measurement data (vibration



The inside hole 5 is formed by, for example, using a core drill. If sheet glass is used, Steps 101 and
103 are not carried out. Instead, glass is cut into a disk-like shape including an inside hole from the sheet
with use of a cutter (scribing step). Next, as shown in Fig. 2, an inner circumferential surface 11 and
an outer circumferential surface 9 are chamfered, and gg inside diameter of the inside hole is adjusted
(Step 104). The inner circumferential surface 11 and 32 the outer circumferential surface 9 are
chamfered with use of a grindstone having diamond abrasive particles fixed thereon. A step of
grinding the main @W@@%fo@\r@aﬁ (Seeendspaiicibayriaadded aifrythe-ehamismng. With this step,
irregularities of the main surfaces that have been produced by the formation of the inside hole 5 or the
chamfering can b8gashel evereatcaliad by tb@lfﬁﬂ%'@&fpﬁ”étr@édééénd (4Bubsequently, as shown in Fig.
2, a polishing step of the inner cir ce 11 and the outer circumferential surface 9 of the
glass base material la (ed gs ﬁgﬁ carﬁlﬁi t (Step 105). Step 105 will be described later.

Then, as shown in Fig. 2, a che reffg trédtment is performed on the glass base material la
to form a chemical strengthening ayer 17 on the glass base material la (Step 106). Specifically, the
glass is immersed in a chemical strengthenlng liquid so that ions contained in the chemical strengthening
liquid that have an ionic radiys la j'g han io |c Pg“ of ions contained in the glass are ion-exchanged with

the ions contained in the gldss™T treri@thening layer 17 is formed.

In the formulas (3) and (4), PSD is an energy spectral density, PES is a
position error signal, and DAD is a disk axial displacement.

Thus, with use of the skewness/kurtosis, the disk balance/TMR
characteristics can be evaluated in consideration of the positional dependency
of the depressions or the protrusions of the shape profile.

Now there will briefly be described a method of obtaining the relationship
between the skewness/kurtosis and the axial displacement 3s as shown in Figs.
7 and 8.

First, a predetermined number of glass substrates 1 to be inspected are
produced, and the skewness/kurtosis of those glass substrates 1 is obtained.

Next, a magnetic layer 18b, a protective layer 18c, and a lubricating layer
18d are provided on a surface of each of the glass substrates 1. Thus,
magnetic recording media 100 are produced. With use of a measurement
system 51 shown in Fig. 6, the axial displacement 3s is obtained at a certain
rotational speed and a certain measurement point.

The measurement system 51 will briefly be described. The
measurement system 51 has a laser Doppler velocimeter (LDV) 55 with a head
53 and a converter 57 for performing a fast Fourier transform (FFT) on data
measured by the laser Doppler velocimeter 55.

Then the skewness and/or the kurtosis and the axial displacement 3s,

which represents the disk balance/TMR characteristics, are plotted so as to



After the chemical strengthening, the glass base material la is cleaned so that the chemical strengthening
liquid is removed from the surfaces of the glass base material la. Thereafter, as shown in Fig. 2, the main
surfaces 7a and 7b of the glass base material la are polished in order to adjust (substantially smoothen)
the surface roughness of the main surfaces 7a and 7b 4§tep 107). The polishing is conducted with, for
example, a double-sided polishing device and a hard resin polisher by using a planetary gear mechanism.
For example, slurry in which abrasive particles of cerium oxide, lanthanum oxide, or the like have been

dispersed in wategis)Hped aTarRMISONG G a33nowAfieE/erRlighing, the glass base material la is
cleaned so that abrasives and impurities attached to the surfaces of the glass base material la during the

manufacturing process arBer@éRfirei§ (Bregetedg)f StepsHific examples of the cleaning process include
physical cleaning such a@qﬁ%{”&é@&%ﬂ@?@?ﬂ% ﬂfs?lgrﬁ 8aiﬁ18|%amg%ﬂgg}%%%[p%gg Iiguid cleaning using
e like.

fluoride, organic acid, hydrogen peroxide, surface-active agent, or n this example, Step 104
(chamfering step) andigespe siadly 11Giepd Pareedge pohisiikenstesy ah@tephelkibeByre likely to produce
variations in shape profile of the inside hole, which exert influence on the disk shape balance/TMR

characteristics on AHRAIAYAMYERSHIS FOUIOE LA A HRSRE NS RAOHS: kit diside 585 shape
profile can be obtajned;d{ n&lismpesthiheceniel resitag fleavsiiieaaasitaned aigeindstone of

diamond abrasive particles for inner and outer circumferences when the diamond abrasive particles are
attached to the apprieaes/ OYIRFeefiagliedsiins)of pressing forces of the diamond abrasive particles against

a workpiece (reduction of parig) nbalaneed santach fHhErmare, i S1eR 108, 3 dpodehape profile can
be obtained by (1) equalization of préssing torces of a polishing brush against a workpiece or (2)

processing under staelhy eena@itianmoihal prassine fireshehthe: pRiishngirash pgaiRsUthe workpiece are
held constant irrespective of a stacked location of the workpiece in a stacking case where workpieces are
processed while tﬁ&@-wcrkpieces are stacked. Nevertheless, it is more preferable to carry out Step 105

in the following manner. Next',rtr%‘?r%i%%ﬁwéﬁé%mﬂéeg&{%egeﬂ?ré@’ecﬁgé’c@ﬁiﬁd%"ﬁmr?gs?tep of the inner

circumferential surface as follows: The inner circumferential surface 11 of the glass base material la is
edge-polished witembedif@mbteityblerdsberiditionalisi).an inner circumference polishing unit having a

T (G TR S R i it o ot
glass substrate 1 according to the first embodiment is obtained and analyzed,
the skewness (Sk) expressed by the aforementioned formula (1) is preferably in
a range of 0.55 to —0.55, more preferably 0.35 to —0.35, and more preferably
0.20to —0.20. Within such a range, the glass substrate 1 can be used for a
magnetic disk that can achieve good TMR characteristics. In a case where the
glass substrate 1 for a magnetic disk is used to produce an HDD drive for
reading and writing information, reading and writing operations of information
may be inhibited by external impact. Even in such a situation, good TMR
characteristics can be exhibited if the skewness (Sk) is in a range of 0.35 to
-0.35.

When the shape profile of the inner circumferential surface 11 of the
glass substrate 1 according to the first embodiment is obtained and analyzed,
as shown in Fig. 8, a value (Ku — 3) obtained by subtracting 3 from the kurtosis
(Ku) expressed by the aforementioned formula (2) is preferably in a range of

1.6 to —1.6, more preferably 1.0 to —1.0, and more preferably 0.5 to —-0.5. The



under equal pressures. A polishing liquid is supplied to between the inner circumferential surface 11 of
the glass base material la and the inner circumference polishing unit. The inner circumference polishing
unit and the glass base material la are rotated about the rotation axis relative to each other or moved
along the rotation axis relative to each other to thus poljgh the inner circumferential surface 11 of the
glass base material la. With the above polishing step of the inner circumferential surface, the
polishing clothes can be pressed with surface contact against the whole inner circumferential surface 11
of the glass base {paieriRiua Wydes eaMMiessRLKeS TheigfRrsuthearriaess ghle chamfered
surfaces and the inner circumferential surface 11 of the glass base material la can be lowered. At the
same time, a favoPHbBRiI 8t pERNATRAIERS fOAR iMpEDoEC RIS MR eRAradHasigehhMB obtained. In order
to obtain the afore Sﬁg&?&‘?%qhgs".?qr? s (i%% 'hi8 ﬂ%&%&ﬂ SR }8#35@@98{& Qfdpgsinner
circumference polishing unit having the rofation axis the glass substrate lain opposite directions for
polishing and to setad aiprotiacetaii it spred@f iwling @ndiretints iefoce aidis hiegdinytant a rotational
speed of the glass substrate la (a rotational speed of the inner circumference polishing unit/a rotational

speed of glass suB&HAREIBFRIHANT 2T NIgEBLeETaY% ks RAMEA AN rErakMBashtail (AR IN
aforementioned ggQeshapgRsiilgoddSrMRreridiarrRIR-IocsR Fe RGBT e WaRes R the inner

circumferential surface 11 for the polishing step of the inner circumferential surface to be 10 A, or less of
the inside diametet) afdaan peateraliiracin® Bliesdhehkurieiie (Hiahitea moge piefdradly100L A, or less of

the inside diameter, and ar Srgtsedgt}%t% 5 @Co%]r?siootfhth; i si(rjn%di Imeﬁfr. of IBiInaIIy, a product
inspection (inspection of t & SirenIan 3?) IS perflormed & ep T 5? NowIhe Gatal oF&eg 109 will be

described with refaresmeeatadaigisoretor 3zondifshdractiieskahnees Bk piass subsiatd 4. 55f@med such
that a parameter indicating an uneven distribution of irregularities of the profile of the inside hole 5 is

within a predeternifiet? AHGR CRNEHiRT o ralie ik 3 phriisiter BYSpREmelBeRd it nole 5 is
measured so as 1 qhiain (e RAAReIRGET beD et es ormgtithe AR ARG RS AMibip thgpredetermined

range is determined. Specifically, an inspection is performed in the following manner. First, as shown
in Fig. 3, the shapglasfstiseiatizie helecdraithdogisadirstipstiatdimétii¢dmeetddatbrféhostal surface 11 of the

inside hole 5) is measpred with a known circularity/concentricity measur nt device or the like. Thus, a
shape profile of theOEHRD fiole %”ggﬁé%‘?&’(ﬁ' ?%?e(é % r)Fhe vaﬁiaﬁg slg(gn\ﬁegtglﬁ% %Pﬁple of the
generated profile. @treaigigrEaoi He kifosislgaignedidimensian@ihatioaiste Balg dtieindicated by a

dotted circle, and the position of the center of the inside hole 5 is indicated by dotted lines. In Fig. 4A,
irregularities of a SlRffceEUBPHERCkiIRRD P8 ¢SEH| iR INROARIS GIRK thagAftaaBIs VR 92BN Fig. 4A, there

are recessed portigNs (dRNGRIIONE A GGy PIRC I RAB VS RIEHFIR VAR (ku - 3)
obtained by subtracting 3 from the kurtosis (Ku) are within the aforementioned
ranges, respectively, the glass substrate 1 can be used for a magnetic disk that
can exhibit more favorable TMR characteristics.

Furthermore, the circularity of the glass substrate 1 according to the first
embodiment is preferably 5.5 ym or less, more preferably 5 um or less, and
more preferably 3 um or less. Generally, a glass substrate 1 having a
favorable circularity (e.g., a circularity of 5.5 ym or less) tends to exhibit more
favorable TMR characteristics as compared to a glass substrate 1 having an
unfavorable circularity (e.g., a circularity of 10 ym). Nevertheless, some of
glass substrates having the same circularity may exhibit good TMR
characteristics, and others may not. Therefore, when a glass substrate 1 has

an inside hole with a shape profile having a circularity in the aforementioned



Then, as shown in Fig. 3, a least-square-approximated circle of the generated profile and its center are
calculated (Step 202). Fig. 4B illustrates an example of Step 202. Fig. 4B shows a
least-square-approximated circle 27 and its center 29. For reference, Fig. 4B also shows an inscribed
circle 31 passing through the innermost point of the profjle (the most recessed point) and a circumscribed
circle 33 passing through the outermost point of the profile (the most projecting point). Subsequently,
as shown in Fig. 3, a line (perpendicular line) is dropped to the inscribed circle 31 from the center 29 of

the least-square-apprRxHRAEdo 3R GiNEla SledindistanpdrelwarRssiBminss AR GEpifoR&ANd the profile 21
on the line is obtained as a difference R (Step 203). Fig. 4C illustrates an example of Step 203. As

shown in Fig. 4C, iaNgestiee glasssiiisiiole & desipedisathiseeonaantiie sisketipboan &xkikwn by lines L1,
L2, ...,Ln,and n %E{gggﬁﬂﬁgﬁﬂg@ﬂ%&m ICr%l.meer of samples are obtained as shown by

differences R1, R2, e number of samples and intervals (angles) between the lines may be set in
any desired manner.  Miréoged G ratidiidé thodeighsaefiadchby @rdistdaemtimteeércthelinscribed circle
31 and the profile 21. Nevertheless, as shown in Fig. 13C, a difference R may be defined by a distance

between the least 8§55 Sk iR ALASSIRYBSHAE HAIPGHIBSIE AHIAHINING 9d€ription assumes

tha:c_la ogf:{e rence Ryia ARG Rk EsirserabRiweradnes9askimk drerarmigdmaied sirole f{qand the
profile 21.

more preferably at least 65 %. If chamfered surfaces are not sufficiently
ensured, chipping is likely to occur. Therefore, the upper limit of the ratio of
the height of the inner circumferential surface 11 to the thickness of the glass
substrate 1 is preferably set to be 90 % or less. With the inner circumferential
surface 11 having a height within the aforementioned range and also having a
skewness and/or a kurtosis in the aforementioned range, the TMR
characteristics can further be enhanced.

A glass substrate for a magnetic disk according to the present invention
preferably copes with a magnetic disk having a storage capacity of at least 80
GBytes per one 2.5-inch disk (where the track density (TPI) is in a range of 120
kTPl to 160 KTPI), more preferably at least 160 GBytes (180 kTPI to 220 kTPI),
more preferably at least 320 GBytes (280 kTPI to 320 kTPI), and more
preferably at least 500 GBytes (380 kTPI to 420 kTPI). Among others, a
magnetic disk with a storage capacity of at least 320 GBytes has an extremely
small track width. Therefore, if a glass substrate 1 that copes with a magnetic
disk having a storage capacity of at least 320 GBytes does not exhibit good
TMR characteristics, then errors are often generated in a reading or writing
operation of information. Accordingly, use of a glass substrate for a magnetic
disk according to the first embodiment, i.e., use of a glass substrate 1 having a
skewness and/or a kurtosis in the aforementioned range can provide a
magnetic disk that can satisfactorily perform a reading or writing operation of

information.



It is assumed that a difference R has a positive value when a measurement point of the profile is located
outside of the least-squareapproximated circle 27. Then a histogram of the differences R is generated
(Step 204). Specifically, for example, a histogram of values of the differences R and the number of
sampling points with those values is generated as showys in Fig. 5. Next, as shown in Fig. 3, a
skewness (Sk) and a kurtosis (Ku) are calculated based upon the distribution of the histogram. More
specifically, a skewness and a kurtosis are calculated by using the following formulas (1) and (2) (Step

205). le Sk= na 3 R,4 KtirtNdithére, a glass substrate for a magnetic disk according to the
present invention is preferably used for a magnetic disk compatible with a
magnetic head of a dynamic flying height (DFH) control head. In a dynamic
flying height (DFH) control head, a distance between a head and a disk is much
smaller than that in a case of a conventional magnetic head. Therefore, the
magnetic disk and the magnetic head are likely to collide with each other.

Thus, in order to hold a distance between the magnetic disk and the DFH
control head constant, it is necessary to improve the fluttering characteristics of
the glass substrate 1 for a magnetic disk on which a magnetic film has been
deposited. Since the glass substrate 1 of the first embodiment has a
skewness and/or a kurtosis in the aforementioned range, the fluttering
characteristics of the glass substrate 1 can further be improved as compared to
a conventional glass substrate. Accordingly, the glass substrate 1 of the first
embodiment can suitably be used for a magnetic disk compatible with a DFH
control head.

Moreover, a glass substrate for a magnetic disk according to the present
invention is preferably used for a magnetic disk rotated at a rotational speed of
at least 5,400 rpm, more preferably at least 7,200 rpm, and more preferably at
least 10,000 rpm. Particularly, because a magnetic disk is rotated at a high
speed in a server, more favorable TMR characteristics are required for such a
magnetic disk. Since the glass substrate 1 of the first embodiment can exhibit
favorable TMR characteristics as described above, it can suitably be used for a
magnetic disk used for a server.

Furthermore, a glass substrate for a magnetic disk according to the
present invention is preferably used in a hard disk drive having a plurality of
magnetic disks mounted thereon with a magnetic film deposited on a glass
substrate. In a case of a hard disk drive having a plurality of magnetic disks

mounted thereon, if the magnetic disks are mounted into a spindle at deviated



n In the formulas (1) and (2), n is the number of samples, R, is a difference at each sampling point,
and a is a standard deviation. As is apparent from the formula (2), the minimum value of Ku is zero
because Ku uses the fourth power of a and the fourth power of R,. Nevertheless, as shown in Fig. 8, a
value (Ku - 3) obtained by subtracting 3 from the formulg (2), which has the minimum value of -3, may be
used. Subsequently, as shown in Fig. 3, whether or not the disk balance/TMR characteristics of the
glass substrate 1 are within a predetermined range is determined from a correlation between the

skewness/kurtosiga&ildhe shiskeDalagieald MEkshasiarsticardtfam igkahalnmptd Mt sharacteristics of

the glass substrate 1 are within the predetermined range, then the glass substrate 1 is regarded as a
non-defective pro@géieethidrvisegtisEiisies sulbkieané a giapsgatirithiesfar defeatinetisrdighict (Step 206).

Specifically, whet %rc&rdﬂfé ggs%‘%kﬁ'%lpg'?}%(ga‘iﬂ]oe%§ édsi m&@geﬂ}%ﬁgﬁd; %@Ii d range is determined from

the relationship between ewness/kurtosis and the axial displacement 3s as shown in Figs. 7 and 8.
More specifically, wheth&tove ovratvaleunigth ensiienvsasisdkgyltes isuisshrate émmeanagpeeic lidisk and a lower
limit of a flat portion in which the axial displacement 3s is held constant in Figs. 7 and 8 is determined. If

the value is withindFePFAIRgeOHIE MERSeativgation i Redaraly akleAsbredefetii9 Sroduct. Otherwise, the
glass substrate 1 |ssegamiedids-ARirsbYe MAFSe preftRRXRICISPRSRIPANT IhisAFack positioning

error of an average +3s calculated by integrating substrate vibration measurement data (vibration 38
waveforms) for eagteracigiostitssgrieteainebfor edavithrecglass gubsirairdrapiey 3sYaHdgs? are calculated by

b A AT R B MR P Bl e o
displacement. characteristics can be obtained with an inside hole having a skewness (Sk) and

a value (Ku - 3) obtained by subtracting 3 from a kurtosis (Ku) in the

aforementioned ranges.

Furthermore, the thermal expansion coefficient of a glass substrate for a
magnetic disk according to the present invention is preferably at least 60 x
107'/C, and more preferably 70 x 10 ~// under temperatures of 100C to
300C. On the other hand, the upper limit of the t hermal expansion coefficient
is preferably 90 x 107/ or less. When the thermal expansion coefficien t of
the glass substrate is within the aforementioned range, it can be brought close
to the thermal expansion coefficient of stainless as a material for a spindle, so
that the TMR characteristics can be improved. Furthermore, with an inside
hole having a skewness (Sk) and a value (Ku - 3) obtained by subtracting 3
from a kurtosis (Ku) in the aforementioned ranges, more favorable TMR
characteristics can be obtained.

(Example 1)

The first embodiment will be described in greater detail based upon
some examples. The following examples and comparative examples are
provided for explaining the first embodiment.

Glass substrates for a magnetic disk having an outside diameter of 65

mm and a thickness of 0.635 mmt were produced in the following manner.



Thus, with use of the skewness/kurtosis, the disk balance/TMR characteristics can be evaluated in
consideration of the positional dependency of the depressions or the protrusions of the shape profile.
Now there will briefly be described a method of obtaining the relationship between the skewness/kurtosis
and the axial displacement 3s as shown in Figs. 7 and g, First, a predetermined number of glass
substrates 1 to be inspected are produced, and the skewness/kurtosis of those glass substrates 1 is
obtained. Next, a magnetic layer 18b, a protective layer 18c, and a lubricating layer 18d are provided

on a surface of eafRc0fHRBA A3 TIURSHAIES Ik -t dfadBR0PSHSERGRENNG agda . h@rproduced. With
use of a measurement system 51 shown in Fig. 6, the axial displacement 3s is obtained at a certain

rotational speed a¢RIglatipraPeines eriiiangsiat the indiderheRsurachtia dipktbpiamtel(liMitiefly be
described. The m%ﬁépég@%}%gy&%%&%ﬂng&a laser Doppler velocimeter ([DV) 55 with a head 53 and a
as

converter 57 for performing a ourier transform (FFT) on data measured by the laser Doppler
velocimeter 55. TherFilze skevgesssangdioittsel kuelessanddnaragialfdigplacemameas, which
represents the disk balance/TMR characteristics, are plotted so as to 39 generate a correlation diagram

as shown in Fig. 7 or 8. THe 2880 SeRAAL iiPbIPBRIPHTEP  Thus, according to the first embodiment,
the glass substrate 1 is ¢anfigietad FHEMHREARR R 1.5 E0BtkaWRSSS ARgIRthgi4urtosis) indicating

an uneven distribution of irregularities of the profile of the inside hole 5 is within the predetermined range
(meeting the requireeneditgfisr tirie eickipigancy/TaMR echaglassrigats)s lapped (ground) into a

glass base material. A glass disk is cut out of the glass base material.
Various glass plates may be used for the glass plate described above. For
example, the glass plate may be produced from molten glass by known
methods such as a press method, a float method, a down-draw method, a
redraw method, and a fusion method. Among others, a press method can
produce a glass plate inexpensively.

In this example, molten aluminosilicate glass was shaped into a disk by
direct press using an upper mold, a lower mold, and a shell mold. Thus, an
amorphous glass plate was obtained. The aluminosilicate glass primarily
contained SiO; of 58 weight % to 75 weight %, Al,O3 of 5 weight % to 23
weight %, Li,O of 3 weight % to 10 weight %, and Na,O of 4 weight % to 13
weight %.

Then both of main surfaces of the glass plate were subjected to a
lapping process. Thus, a disk-like glass base material was formed. The
lapping step was carried out with free alumina-based abrasive particles by a
double-sided lapping device using a planetary gear mechanism. Specifically,
lapping surface plates were pressed upon both surfaces of the glass plate from
an upper side and a lower side of the glass plate. A grinding liquid including
free abrasive particles was supplied onto the surfaces of the glass plate. The
lapping surface plates and the glass plate were moved relative to each other.

Thus, a lapping step was carried out. A glass base material having flat main



Therefore, servo information including track information being stored can stably be read from a magnetic
disk when the glass substrate 1 is used for an HDD. Next, the inside hole of the glass substrate 1
according to the first embodiment will be described in detail. When the shape profile of the inner
circumferential surface 11 of the glass substrate 1 accggding to the first embodiment is obtained and
analyzed, the skewness (Sk) expressed by the aforementioned formula (1) is preferably in a range of 0.55
to -0.55, more preferably 0.35 to -0.35, and more preferably 0.20 to -0.20. Within such a range, the glass
substrate 1 can bey$scbionasopeIfds BisthEnabpaiy atdieve good TMR characteristics. In a case where
the glass substrate 1 for a magnetic disk is used to produce an HDD drive for reading and writing
information, reading and(@rféivi theieni eI iogiansERAIBIEHEY be inhibited by external impact. Even in
such a situation, good T cgﬁr cteristics ¢ ibited FI e |s.in a range of 0.35 to
-0.35. When the sha‘;\@( 6?0 [ (i:h cs)ﬁ i%%g%%i?gﬁlﬁnéer%tn%g ﬁgr%ﬁé%?%%oﬁh% lg;%la}%sé substrate 1
according to the figsibstrinediitteataginbtaiatizanchardilyzed has, showrmundrigla8s awsdtraté<u - 3) obtained
by subtracting 3 from the kurtosis (Ku) expressed by the aforementioned formula (2) is preferably in a

range of 1.6 to -1.82hINESFEEPHRY 1.d R MAH, BRG HEFYTHRIRNRIT BTG 29B2F940 value (Ku - 3)
has a minimum valye @ire3e MBI SHED & {RBIRadb e GHRERRUNSHAROLSANRS MaRmbiRr @ magnetic disk

that can achieve good TMR characteristics. In a case where the glass substrate 1 for a magnetic disk is
used to produce agriRdsaeive Forseadingnaiedngritiiogdatonaaierfored fghandfenidng operations of
information may be inhibi %gg %éifa[naﬁlnimﬁgct. Even in such a situation, good TMR characteristics can
be exhibited if the value ﬁiu - 3)0 aPr?eogby spubtracting 3 from the kurtosis (Ku) is in a range of 1.0 to

-1.0.  The glass substratechrecerdingita thpdinst aapbadimentieieierablypsteets@titeast one of a
condition that the skewness ﬁ.k) is in a range of 0.55 to -0.55 and a condition that the value (Ku - 3)
obtained by subtr&HiRGSS PERRPIAIPRA Y IRUFIOT AP AT 1% ftesL 12BPIPg iR arly 'R is preferable for

the glass SUbStratEe%@r‘&?PJHjﬁgthtHbec@rr?@mdﬁi’ﬁ@méBLﬂ%‘ﬁﬁEQ‘Pé"rh‘PééfH??ﬁ\_S‘?ﬂQiW%ﬂﬁawée” the

skewness (Sk) or the value (Ku - 3) obtained by subtracting 3 from the kurtosis (Ku) is within the
aforementioned rahgmattieegieas@ishstieateot ibenchting stefoarditeyadge paishiva s@p.achieve good TMR

h istics. Additionally, if the sk k) and lue (Ku - 3) obtai b b jng 3 f
i urosis (Kuy ot SEIR A RTMEN RTS8 LoD ol e 8 SHEGPATD Bl be uscd

for a magnetic disj thahearpexbibsfmeie favorable TMR characteristics. Furthermore, the circularity
of the glass substrate 1 according to the first embodiment is preferably 5.5 pm or less, more preferably 5
pm or less, and more préfe @A PYiPNEIASISP Generally, a glass substrate 1 having a favorable circularity

(e.g., a circularity of 5.5 '?Hbﬁrtrﬁ%séam&ﬁ?n‘?éﬁ@m mﬁaf@éfg Beli Chpgsiarsties as compared to a

glass substrate 1 having an unfavorable circularity (e.g., a circularity of 10 pm). Nevertheless, some of
glass substrates haviagelud thengéass culasitatmare exmibbib gpolishddR ¢ aractb nstiicsjrand others may not.
Therefore, when a gel%ssdsut')o\strﬁte 1 has Ian in?ide ole with a sqa;s)ecprofile.havin a circularity in the
aforementioned 4yethod. Atthat time, slurry (free abrasive particles) containing cerfum oxide

abrasive particles was used as abrasive particles for polishing. Then the glass

substrate subjected to the edge polishing step was cleaned with water. With

this edge polishing step, the edges of the glass substrate were formed into a

mirror finish, which could prevent deposition of sodium and potassium. Next,

an inner circumference polishing unit having a rotation axis and a plurality of

polishing clothes (hard polishing pads) arranged around the rotation axis was

brought into contact with the inner circumferential surface of the glass base

material under equal pressures. A polishing liquid is supplied to between the

inner circumferential surface 11 of the glass base material 1a and the inner

circumference polishing unit. ~Slurry (free abrasive particles) containing cerium



range and also having a skewness and/or a kurtosis in the aforementioned range, the glass substrate 1
can be used for a magnetic disk that can exhibit more favorable TMR characteristics. Moreover, a
ratio of the height of the inner circumferential surface 11 to the thickness of the glass substrate 1 for a
magnetic disk according to the present invention is prefgrably at least 55 A), more preferably at least 60
A), and more preferably at least 65 A). If chamfered surfaces are not sufficiently ensured, chipping is
likely to occur. Therefore, the upper limit of the ratio of the height of the inner circumferential surface 11 to
the thickness of thgglash aidprdrpietitiss aLesaphlisg tébREVAB A herilrRs-YMithhifedRigr circumferential
surface 11 having a height within the aforementioned range and also having a skewness and/or a kurtosis
in the aforementicHéthegrRfehthelaigRasgeanaiasidmnsidhn Npgicinseniganeegolishipggials substrate for
a magnetic disk accord; t.ggrﬁr nventi f ?( copes i% ic. disk having a
storage capacity c‘):%% z%t e@t%? %é )(/a;?(-::gsﬁ g%pgln%g [@)@lﬁw{gh%las h% g%e 9\,1% r@ﬁ%@%ﬁyﬁﬁ%l) is in a range of
120 kTPI to 160 kidtdjethabeytrgieraiyiai leastdative Byteg{1@0d( 137 nto2Dakdiiy thenareatwaferably at
least 320 GBytes (280 kTPI to 320 kTPI), and more preferably at least 500 GBytes (380 kTPI to 420
KTPI). Among oth&¥S Rk IRieRIOHEH Q RYSRRIEEIRINNGT SirruatesorfiafsEAch £ Y extremely
small track width. Jihggigee. i adHass substrate 1 that copes with a magnetic disk having a storage
capacity of at least 320 GBytes does not exhibit good TMR characteristics, then errors are often
generated in a reading oSy ptaerionlishintbsiratibrst Aetishtogiieise of a glass substrate for a
magnetic disk according t?i rts e g{%th?nmbs?éjirvv%%tbg?ﬁég%e to; a aglr%gls sslﬂbistrate Jns*}%"”%é‘ skewness
and/or a kurtosis in the é?orenf)entlon range Can provide a'magnetic ISKTHAT can %atls?actorily perform
a reading or writingrep@ratsaigfingfetspaitaarrisd out driniaymaT esrAdyiagssstsiasefor a magnetic disk
according to the present invention is preferably used for a magnetic disk compatible with a magnetic head

of a dynamic flyin§ ROGIRNETEMRENRE 8P HRE AN S UAcHSi & TRinaerRiRieMBtiaNedriiA@ad, a distance
between a head agd diﬁkti%@&?ﬁ&@ﬁiwg{@? ihahigif SaseceERRPwRNtRER RAgRRIC head.

Therefore, the magnetic disk and the magnetic head are likely to collide with each other. Thus, in order to
hold a distance beagsaepoiishenagpetidalisle sadkethpdD$hgaltvitchkad gpastametits gestessary to improve
the fluttering characteyistics of the glass sHbst ate .1 for a. magnetic disk on which a magnetic film has

i il

been deposited. Sihce ﬁﬂ‘éSBTass SUBS AT BPIAR YA fHEnt Ras FKEINESY Snd/or a kurtosis in

the aforementioned range) bedihidarisecahaiasisgistiss of the glass substrate 1 can further be improved
as compared to a conventional glass substrate. Accordingly, the glass substrate 1 of the first embodiment

can suitably be used fqr'ﬁ%@rﬂ%\%‘ﬂ@k%&ﬁﬂ%@%ﬂfpﬁe@?wm&wpn thexgedver, a glass
substrate for a magielc ol oﬁf‘]‘é%?ég'ﬂgtﬂ% %r@?ﬁéﬁ%%ﬁqﬁ@gﬁﬁéﬁ?éﬂl&'%b’ifsﬁ’"ﬁ\q%t%ﬁgag”et'c disk

rotated at a rotational spee at least 5,400 rpm, more pre af least 7,200 rpm, and more
preferably at leastid heGihepmtaPsirecgidudy,imppancess pugsstin digkaie (6tatéllatdsbidjbrspeed in a

server, more favorable T R&{:&racteristigs ahefg}%ijirgld for such a ma%neticaiisk. Sinﬁ:e the glass
substrate 1 of the W EHEDAMEAERTER MM SHIET IR AR EPR TG, SURENBRE Bbove, it can
suitably be used fgg@dnagnetihdinictsascitithesmiyaiquid whyiBafsIOe 4e0tasSTHSEaIR T a magnetic
disk according to the present invention is preferably used in a hard disk drive having a plurality of

magnetic disks m@lﬁﬂ%é#ﬁ@f@&%ﬂ%ﬁ@ﬁ@ﬂ@ ﬁﬁﬁ‘@eﬁiﬁéit@@@ﬁ%ﬂgﬁ'&é@%@fﬂﬁﬁm@. In a case of a hard
disk drive having %tPééaHQ’nmdﬂagﬂ%? PR PRYVED esre-f e magneieigkArmnounted into a

spindle at deviate
entire surfaces of the glass substrate, the glass substrate was immersed in a

state in which a plurality of glass substrates were received in a holder and held
at their edges.

Thus, by the immersion process in the chemical strengthening liquid,
lithium ions and sodium ions in the surface layer of the glass substrate are
replaced with sodium ions and potassium ions in the chemical strengthening

liquid, respectively, so that the glass substrate is strengthened. The thickness



positions of the magnetic disks, the TMR characteristics are likely to change between the magnetic disks.
Use of a glass substrate for a magnetic disk according to the first embodiment can prevent such a
problem. Moreover, the Young's modulus of a glass substrate for a magnetic disk according to the
present invention is preferably at least 75 GPa, more pgeferably at least 80 GPa, and more preferably at
least 85 GPa. The TMR characteristics can be improved with a glass substrate having a Young's modulus
in the aforementioned range. Furthermore, more favorable TMR characteristics can be obtained with an

inside hole havingop $kBWPRSSs (kI PELS FayaluBritiet oh PlRIBIALEEY5UPBRGIENGIAT QibatdE SIS (Ku) in

the aforementioned ranges. Furthermore, the thermal expansion coefficient of a glass substrate for a
magnetic disk accopsiageottheGrszent invention is preferably at least 60 x 10-7PC, and more preferably

70 x 10-7PC under tempﬁg%ﬁfgegsfy%&égﬁ%b%% %%gﬁ.eg%%% e%rw%il%%p&r éHSéHBRI%r _Igpétcgg he thermal

expansion coefficient is pre ess. e thermal“expansion coefficient of the
glass substrate iswakhimthersddrienaentitneaniaope) 1T canl bapitiyughtlehseThe tatiresoatexpansion
coefficient of stainless as a material for a sEindIe so that the TMR characteristics can be improved.

Furthermore, with¥@SiREIdd o R Pa AQ%‘(@!@%ndTH%ms RRIANsE ed H3PBy subtracting 3
from a kurtosis (Ky) iR afaemeaniieBgdrangesgmyesianeiabled iR rkhemeriRige £an be obtained.

(Example 1) The first embodiment will be described in greater detail based upon some examples.
The following exaaislet4i1id aoehpaptbrbtextainmlebutbanvidetnéoy @splaifiatatecstiieetetbodiment.

Glass substrates for m%ﬁnetlc dlgk haVIEg an outside glz-}\lmeter of 65 mm and a thlcf(lén&ss of 0.635 mmt

. Tt t Fﬁ uric acid cleani as sequentia Ylm ersed In Iﬁ_lanlqgtan
were produced In the 10llowing manner. € snapes ot inside noles o € glass substrates were

measured, and the geriglasicmbesyeepyhelshineral the inside holes and the disk balance/TMR
characteristics was obtained. First, 100 glass substrates 1 were produced in the following manner. (1)

Shaping step and first laffpiNg&tegriace poishiathsigpinahppistinggiaR ass substrate for a magnetic
disk according to this exp\x,@g!ed %Bﬁ@%@%@?épﬂ@? &%Hﬁ@@%ﬂt@é%ﬁﬂlﬂliﬂwi%m&%‘f&%e material. A

glass disk is cut out of the glass base material.”Various glass plates may be used for the glass plate
described above. Foe sgaomoleoilshigasteplstearradimippotardy foominmstensglagshs kamwvn methods

suh s s e O RO e, SIEKRI RS g @ ooen mev

surfaces were mirror-polished with soft foaming resin polishers by a double-
sided polishing device having a planetary gear mechanism. Cerium oxide
abrasive particles (with a mean particle diameter of 0.8 ym) that were finer than
the cerium oxide abrasive particles used in the first polishing step were used as
an abrasive. The glass substrate subjected to the second polishing step was
sequentially immersed and cleaned in cleaning tanks of neutral detergent, pure
water, and IPA. Ultrasonic waves were applied to each of the cleaning tanks.

As described above, a flat, smooth, and highly rigid substrate for a
magnetic disk was obtained by the first lapping step, the cutting step, the
second lapping step, the edge polishing step, the first polishing step, the
chemical strengthening step, and the second polishing step.

Glass substrates were produced while polishing conditions were varied
in the edge polishing step. The shape profiles along the entire circumferences
of inside holes of 100 glass substrates 1 were measured with a circularity

measurement device (RA-324 manufactured by Mitutoyo Corporation).



In this example, molten aluminosilicate glass was shaped into a disk by direct press using an upper mold,
a lower mold, and a shell mold. Thus, an amorphous glass plate was obtained. The aluminosilicate glass
primarily contained 5i02 of 58 weight A, to 75 weight %, Al203 of 5 weight A, to 23 weight %, Li20 of 3
weight A, to 10 weight %, and Na20 of 4 weight A, to 1Zweight %. Then both of main surfaces of the
glass plate were subjected to a lapping process. Thus, a disk-like glass base material was formed. The
lapping step was carried out with free alumina-based abrasive particles by a double-sided lapping device
using a planetary gganhaesaHaRsiISBefsRl D IRIRBIhaPIsEERRISP IS RigeRehyPON both surfaces
of the glass plate from an upper side and a lower side of the glass plate. A grinding liquid including free
abrasive particles ¥R4gtionsplird watousrddarftes thefprfigiavdthlate arpgiaagiiely sliffe@d plates and the
glass plate were relative 1o eac . _'I'Iae % ' was cai . ss pase
material having flr;qﬂr%‘illgﬁ] %gﬁgfa#g,&%%a%t%%%% H(§ Eé; %%Pégga%ﬁt%@%%a?%?éﬁ%%% s@e%ﬁ?%gr#lg and
chamfering) Nead ,cumaiingid @oh elechvas tfarmjled sas ebseateal portjanh af ttegiassaubstiate with a
cylindrical diamond drill. Thus, an annular glass substrate was formed (coring). Then an inner

circumferential suladé& SHEUA BURST BRUGHIBReRta Qukface of the glass substrate were ground with
diamond grindstone. Thus,AchanalesinGMARRSEINAS RaFarBmrésRaBHEINY e (Feeecond lapping step

Thereafter, a second lapping step was carried out on both of main surfaces of the obtained glass
substrate as with the firshNexppinisitgsamhef dee oiftefappasy/\ste geerataddo© hiléniasielkniess formed on
the main surfacesaq]léjrigll%hrgé?revious steps of the cutting step and the edge polishing step. Therefore, a
subsequent polishing step for the main surfaces can be completed in a short period of time. (4) Edge
polishing step  Then theeaulenaiisetofiesentials uiaeteandethg snaccundrikisidiaimgEdgee of the glass
substrate were mirror-polished by a brush polishing method. At that time, slurry (free abrasive particles)

containing cerium tSHICED RISNESShPIRS Shuecr & he alssRIPplRRIEs rdhPBIidHRYEHEN the glass
substrate subjecteg g, %, GG RIS, ePANaE FIeanE WEL MRSt WLl R RRAING Siep. the

edges of the glass substrate were formed into a mirror finish, which could prevent deposition of sodium
and potassium. N&j3, Arwiameseir tu otitrerue poistisgaceiteat Bg) L detatiwrddixissandvaipturality of

polishing clothes (hard polishi ags) arr d around the rotation axis was brought into contact with
the e circumtol iR LA BP e LA (T LAl bSULRS A3 g hauid i
supplied to betwegihthe inner circumferential surface 11 of the glass base material 1a and the inner

circumference polishing unit. Slurry (free abrasive particles) containing cerium
Subsequently, the skewness/kurtosis and the axial displacement 3s,

which represents the disk balance/TMR characteristics, were plotted to obtain
the relationship therebetween.

As a comparative example, the circularity root mean square Rrms of the
differences R, which is given by the following formula (5), and the axial

displacement 3s were plotted to obtain the correlation therebetween.

2 2“. 2
Rems =\/R1 +R; - +R’ o

n

In the formula (5), n is the number of samples, and R; is a difference at
each sampling point.

Fig. 5 shows the generated histogram. Fig. 7 shows a correlation
between the skewness of the glass substrate 1 and the TMR characteristics

(axial displacement 3s). Fig. 8 shows a correlation between the kurtosis of the



46 oxide abrasive particles was supplied to between the inner circumferential surface of the glass base
material and the inner circumference polishing unit. The inner circumference polishing unit and the glass
base material la were rotated about the rotation axis relative to each other or moved along the rotation
axis relative to each other to thus polish the inner circupgferential surface of the glass base material. (5)
Main surface polishing step (first polishing step) A first polishing step was carried out as a main
surface polishing step. The first polishing step is carried out primarily for removing scratches or distortions

remaining on the "g‘ﬂé@% supagsr alighdhrataementianerdarPiagatarRpladbs drsbaplishiggstep, the main
surfaces were polished with hard resin polishers by a double-sided polishing device having a planetary

gear mechanism. EeNMing 6RINeABYS P PAaRleIekaiaEalpiin Ao hyeapiBENe a[B) e dMidal strengthening
step Next, a chﬁgpg:%ﬁg?&gthening process was performed on the glass substrate subjected to the

. characterstics: 9T ) . .
aforementioned lapping steps and polishing steps. In the chemical strengthening process, potassium
nitrate (60 A)) and sodiuas niteaipa@0A)p wetiganixedd/8iha sacn @ dwerdative pxisteddsmieal strengthening
liquid. The chemical strengthening liquid was heated to 400C. The cleaned glass substrate was

preheated to 300" SRF RS LR TAYRARALNS A LRI A%EMSGIRRIid for about 3 hours. In order to
chemically strengthen thg RriiiefyriaGes. of the alassoRiiIsiaifihesalRRScoRElfAE Wapgnmersed in a

state in which a plurality of glass substrates were received in a holder and held at their edges. Thus,
by the immersion prowdile ifkheashie micalgsteireitnd lfuid, lithium ions and sodium ions in the surface

layer of the glass substrate are replaced wi dium jons and potassium ions in_the E ical
Stiengtheng i, resb OO Tt g e e e H e R AR a7 of a

compressive stregsmaygiidanaedion (ke sBfatediagersf $0ptglasess heinteunassaheutabge pm.
1.6to-1.6.

Meanwhile, as is apparent from Fig. 9, no strong correlation existed
between Rrms and the axial displacement 3s. The disk balance/TMR
characteristics could not uniquely be evaluated from Rrms.

It can be seen from the above results that the shape of an inside hole 5
of a glass substrate 1 can be formed so as to meet demands for the disk
balance/TMR characteristics (axial displacement 3s) based upon a parameter
(skewness/kurtosis) according to the present invention.

(Skewness and kurtosis)

Next, the following glass substrates were produced with varied process
conditions of the edge polishing step.

(A) A glass substrate in which a skewness (Sk) was in a range of 0.55 to
-0.55 and a value (Ku - 3) obtained by subtracting 3 from a kurtosis (Ku) was
in a range of 1.6 to —1.6.

(B) A glass substrate in which a skewness was out of the range
described for (A) and a value (Ku — 3) obtained by subtracting 3 from a kurtosis
(Ku) was in the range described for (A).

(C) A glass substrate in which a skewness was in the range described for

(A) and a value (Ku - 3) obtained by subtracting 3 from a kurtosis (Ku) was out



The glass substrate subjected to the chemical strengthening process was immersed in a water tank of
20C and rapidly cooled. The glass substrate was held in that state for about 10 minutes. Then the rapidly
cooled glass substrate was immersed in 10 weight A, sulfuric acid that had been heated to about 40C and
cleaned therein. Furthermore, the glass substrate subjggted to the sulfuric acid cleaning was sequentially
immersed in cleaning tanks of pure water and isopropyl alcohol (IPA). (7) Main surface polishing step
(final polishing step) Next, a second polishing step was carried out as a final polishing step. The
second polishing gfepds sagdasbasigiimaripafor mirror-finishing the main surfaces of the glass substrate.
In the second polishing step, the main surfaces were mirror-polished with soft foaming resin polishers by
a double-sided polishing(B&fietanaitRstiaifaifetdnyaakaneesmisag. @ealmesdbaebrasive particles
(with a mean parti } ﬁo. that yvere finer than eri ' ﬁ;;}a [ rticles used in
the first polishing g{%ﬁ v@égrbgl% ):flsﬁ %Prg}a)/ Fé\%si{féelf Thgé1 gf’éé]f %ﬁ%&%&é@l}lﬁﬁﬁ 0 tﬁg %e{%():a%'%d polishing
step was sequenti@ly) waverseast aredralegneesuriblafongianks of neutral detergent, pure water, and IPA.
Ultrasonic waves were applied to each of the cleaning tanks. As described above, a flat, smooth, and

highly rigid substrate for DAY (HRRGHSISHRARCTHYA5e FrOSERphY R MeREYEting Step, the
second lapping stgRethfk 86afRRIRNMHEIERBE AP PRiERHISIRE hdhRsshemisabrirengihening step,

and the second polishing step. Glass substrates were produced while polishing conditions were varied
in the edge polishiigeteleristiesshdhe pevfiiesaBhgnhé@reideigiiasmviRahessabeistinteth@les of 100 glass

substrates 1 were me%sur.ed with a circulari measHﬁgnPH% dﬁvice Q?'Aﬁg’zéf hanufact‘ijrgﬂ)by Mitutoyo
niRoun i y

Corporation). 48 RBUNdhEss Bn Tf}gllscgo?tﬁ/c\)/alr%nbm 6r8&%%tedsoy igi A MEDBID Solutions, Inc.

was used to filter therprmfd@smptiaciCrusaian filter. Then a difference R between the
least-square-approximated circle 27 and the profile 21 was obtained for each of the glass substrates 1.

(All of the glass substratdReloHaBSRIBIRGNUPR) HoR MG PGPSk WeesSHWEr ¥ )sampling points was
3,600 for every 0.1 degrigy; thAIRiL R MR BEMEIH A AfEIRIfE SMPHISREIHEIIR ARIGK a skewness

and a kurtosis. Then a magnetic layer 18b, a protective layer 18c, and a lubricating layer 18d were
provided on the suréscexefitinedjladsrsuizsplatality thossa subghetsreavrgimifieredium 100 was produced.

The measurement s%gs em illustrated in %% 6.was used to obtain ap, axial di IacemenPrl s under

conditions in which't Léjar%?ﬁﬁé%%{les%r CH HSET B IR PLORT the REAL IR AARE SESHA? %0

step. The TMR characteristics of those glass substrates were obtained. As a
result, as the circularity became smaller, a rate of glass substrates exhibiting
favorable TMR characteristics increased. Some of glass substrates having the
same circularity of 3.0 um exhibited favorable TMR characteristics, and others
not. Then the skewness (Sk) and a value (Ku — 3) obtained by subtracting 3
from the kurtosis (Ku) of those glass substrates were measured. As a result,
the skewness (Sk) and the value (Ku — 3) obtained by subtracting 3 from the
kurtosis (Ku) of glass substrates that exhibited favorable TMR characteristics
were within the aforementioned ranges. The skewness (Sk) and the value (Ku
— 3) obtained by subtracting 3 from the kurtosis (Ku) of glass substrates that
exhibited unfavorable TMR characteristics were out of the aforementioned
ranges. Furthermore, when the rotational speed was increased to 10,000 rpm,
some of glass substrates having the same circularity of 0.7 ym exhibited good
TMR characteristics, and others did not. When the skewness (Sk) and the

kurtosis (Ku) of those glass substrates were measured, the same results as



MM. Subsequently, the skewness/kurtosis and the axial displacement 3s, which represents the disk
balance/TMR characteristics, were plotted to obtain the relationship therebetween. As a comparative
example, the circularity root mean square Rrms of the differences R, which is given by the following
formula (5), and the axial displacement 3s were plottedsjo obtain the correlation therebetween. In
the formula (5), n is the number of samples, and R, is a difference at each sampling point. Fig. 5
shows the generated histogram. Fig. 7 shows a correlation between the skewness of the glass substrate

1 and the TMR chgagipyéefissdaxinb isphasRERENT R DeTeion8raB oM@ A iroireakanreeiwgen the kurtosis of
the 49 glass substrate 1 and the TMR characteristics (axial displacement 3s). Fig. 9 shows a

comparative exan@leutsirisyderpelamsl petvéairainiesantenEMRFateatatssigstian further be
improved by setting the skewness (Sk) and the value (Ku - 3) obtained by

subtracting 3 from the kurtosis (Ku) within the aforementioned ranges.

(Relationship between a ratio of the inner circumferential surface in
thickness and the TMR characteristics)

Next, with regard to glass substrates 1 in which at least one of the
skewness (Sk) and the value (Ku — 3) obtained by subtracting 3 from the
kurtosis (Ku) was within the aforementioned range, a ratio of the height of an
inner circumferential surface of a glass substrate to the thickness of the glass
substrate was varied. The relationship between such a ratio and the TMR
characteristics was examined.

Specifically, glass substrates were produced with varied process
conditions of the cutting step and the edge polishing step such that a ratio of an
inner circumferential surface in thickness was 40 %, 55 %, 60 %, or 70% and
that the skewness (Sk) and the value (Ku — 3) obtained by subtracting 3 from
the kurtosis (Ku) were within the aforementioned range. The TMR
characteristics of those glass substrates were examined. As a result, when
the TMR characteristics of the 40 % glass substrate were defined as 100 %, the
TMR characteristics of (A) the 55 % glass substrate, (B) the 60 % glass
substrate, and (C) the 70 % glass substrate were (A) 150 %, (B) 190 %, and (C)
250 %, respectively. In other words, it can be seen that a ratio of the inner
circumferential surface in thickness should preferably be at least 55 %. The
calculation was made assuming that the rotational speed of the disk was
10,000 rpm and that the ratio of the TMR characteristics was (TMR
characteristics of the 40 % glass substrate)/(TMR characteristics of the glass
substrate having another ratio). That is, as the ratio of the TMR characteristics

became higher, better results were obtained.



As is apparent from Figs. 7 and 8, a strong correlation existed between the skewness/kurtosis and the
axial displacement 3s. Specifically, in Fig. 7, the axial displacement 3s was constant at 0.005 pm
while Sk was in a range of 0.55 to -0.55. Furthermore, in Fig. 8, the axial displacement 3s was
constant at 0.005 pm while the value (Ku - 3) obtained by subtracting 3 from Ku was in a range of 1.6 to
-1.6. Meanwhile, as is apparent from Fig. 9, no strong correlation existed between Rrms and the axial
displacement 3s. The disk balance/TMR characteristics could not uniquely be evaluated from Rrms. It

can be seen from the abgia F&SHES taidMeviheBReS %ﬂﬁ?&i@sﬁﬁ@ép%é\ﬁ@%s% strate 1 can be
formed so as to meet demands for the disk balance/TMR characteristics (axial displacement 3s) based

upon a paramet_erC(fsﬂ‘é@/Uﬁéﬁgl@ﬁ@o?ﬁsa Q@é@rmﬁ@t@kﬁé\m@@hﬂhﬁ?@mm’memé§éfh¢f@¢<furtosis_,) _
Next, the fo"OW'”%gh‘j‘ﬁﬁg:SHRﬁ}Fg\t/%St %Q@H%Faecqe‘ﬁgi‘g?”er%’[:%%‘?ﬁé%ﬁgo?%!ﬁﬂ% E’@%lgll?z polishing

step. (A) A glass substrate in which a skewness was inara and a value (Ku
- 3) obtained by sghisaatiiihd tresoribddiitasis (Ku) was in a range of 1.6 to -1.6. (B) A glass substrate

in which a skewness was out of the range described for (A) and a value (Ku - 3) obtained by subtracting 3

from a kurtosis (Ku) wasifh the!asR GYRRGIRHRYRIFT &) skewngss Aghwasiibarate ek & skewness
was in the range dessghed fovifleand 2 wWlusialidd B) QiREEhBYs R arinesd T Ry pgtosis (Ku) was

out
in a range of 1.6 to —1.6.

(B) A glass substrate in which a skewness was out of the range
described for (A) and a value (Ku — 3) obtained by subtracting 3 from a kurtosis
(Ku) was in the range described for (A).

(C) A glass substrate in which a skewness was in the range described for
(A) and a value (Ku - 3) obtained by subtracting 3 from a kurtosis (Ku) was out
of the range described for (A).

The TMR characteristics of each of those glass substrates were
compared with the TMR characteristics of the aforementioned glass substrates
using amorphous glass. In order to emphasize differences therebetween, the
circularity was 0.7 um, and the rotational speed of a disk was increased to
10,000 rpm. As a result, the glass substrates using crystallized glass exhibited
more favorable TMR characteristics. In other words, even in a case where the
circularity is as small as 0.7 um or less, the TMR characteristics can further be
improved with use of crystallized glass by setting the skewness (Sk) and the
value (Ku - 3) obtained by subtracting 3 from the kurtosis (Ku) within the
aforementioned ranges.

According to weight percentage based upon an oxide, the
aforementioned crystallized glass contained SiO; of 49.60 %, P,Os of 1.00 %,
Al;O3 of 18.00 %, B,O3 of 1.00 %, Na,O of 4.00 %, MgO of 8.00 %, ZnO of
14.00 %, TiO, of 4.00 %, and CeO, of 0.40 %. The crystallized glass

contained RAIL,O4 as a primary crystal phase where R was each of Zn and Mg.



50 of the range described for (A). (D) A glass substrate in which a skewness was out of the range
described for (A) and a value (Ku - 3) obtained by subtracting 3 from a kurtosis (Ku) was out of the range
described for (A). The TMR characteristics of those glass substrates were measured. As a result of
measurements, the sample (A) exhibited the most favaggble TMR characteristics. The samples (B) and
(C) exhibited TMR characteristics that would arise no practical problem. The TMR characteristics of the
sample (D) were at an impractical level. (Relationship between the circularity and the skewness/kurtosis)

Next, the relationsfiig bRysESHIBIE BraHRIiBr BnthES PRy REFSAIHIRSIS Wasexamingse First, a plurality of

glass substrates having different circularities were produced with varied process conditions of the edge
polishing step. TheeDreR ehenatediticyast th¥se dResretiteataviverasobfitfied TAS a result, as the

circularity becameci(@%lllﬁezr%@ é@?s%a%%%o%’] s%r%tggua( géi%g Ellg rable TMR characteristics increased.
ra avi 3.

Some of glass sub es ng the same circularity o pm exhibited favorable TMR characteristics,
and others not. Then thg SkewvrEEmBkl)raaat)a value (Ku - 3) obtained by subtracting 3 from the kurtosis
(Ku) of those glass substrates were measured. As a result, the skewness (Sk) and the value (Ku - 3)

. 2SS ( )
obtained by subtracting 8 F8FRMHEMALIEREMH 9 JieyRieseniirventandl BeisrePel BB MR
characteristics weggmitlihthsaigreanentigaetoanoes: Thaskasrese Rihaak el (Ku - 3)

obtained by subtracting 3 from the kurtosis (Ku) of glass substrates that exhibited unfavorable TMR
characteristics werigeul Of tiecl 8fare meediticekpianpsionrafrthe sacpadeheiotieeotatishal speed was

increased to 10,000 rpm, S eojj lass substrates having the e circularjty of 0.7 xhibited good
TMR characteristig(sePg%a e(%frﬁrg)r@ ; |g ﬁ%%r ann%gesréesv?r%'i S( gn% ﬁ%cﬁlbégslpstngﬁip%ﬁthose glass

substrates were mgasodetethe sapmeesuiiaashbkdlessideatannue wese pblaénestdndother words, even
in a case where the circularity is as small as 0.7 pm or less, the TMR characteristics can further be

improved by settirfiftRRUREMREUEHH 1RhGIRIRNAIGE BLE198) Hdmed: by Sibhieleie's 5m the kurtosis
(Ku) within the afqfemertiqnathpogeshe sidRARNBRR B WS L81iA ahiBEdmns  Greumferential

surface in thickness and the TMR characteristics) Next, with regard to glass substrates 1 in which at
least one of the sksgddesggkapaitbthef vatuse(nd 8inbbthimeat by Ramwhttfag'@fiawm the kurtosis (Ku)

was within the aforemfenticl)ned range, ara io of trI;l hr%' h Iof an ilnn rcirr. u 1I‘eren ial 1 rface of a glass
Substrate o the (VR TELD BP e TaLs CBASE WS VAo AT LA LERNbEh REARSA rato and
the TMR charactesistiGe vone @xanoatnts.
First of all, a structure of a glass substrate 1 according to the second
embodiment will briefly be described with reference to Figs. 10A to 10C.
As shown in Fig. 10A, the glass substrate 1 has a body 3 having a disk-
like shape. The body 3 has an inside hole 5 formed at the center thereof.
As shown in Fig. 10B, the body 3 has main surfaces 7a and 7b that are
substantially flat.
A layer for recording and reading information is formed on the main
surfaces 7a and 7b. For example, as shown in Fig. 10C, an underlayer 18a, a
magnetic layer 18b, a protective layer 18c, and a lubricating layer 18d are
provided on one or both of the main surfaces 7a and 7b to thereby form a
magnetic recording medium 100 along with the glass substrate 1. At least the
magnetic layer 18b is required as a recording layer.
Furthermore, as shown in Fig. 10B, the body 3 has an inner

circumferential surface 11 and an outer circumferential surface 9, which are



Specifically, glass substrates were produced with varied process conditions of the cutting step and the
edge polishing step such that a ratio of an inner circumferential surface in thickness was 40 A), 55 A), 60
A), or 70% and that the skewness (Sk) and the value (Ku - 3) obtained by subtracting 3 from the kurtosis
(Ku) were within the aforementioned range. The TMR gharacteristics of those glass substrates were
examined. As a result, when the TMR characteristics of the 40% glass substrate were defined as 100%,
the TMR characteristics of (A) the 55 A) glass substrate, (B) the 60 A) glass substrate, and (C) the 70%
glass substrate W@@F{@adﬁg%,t@p\égpgm anehes 2adAg, 78spectively. In other words, it can be seen
that a ratio of the inner circumferential surface in thickness should preferably be at least 55 %. The
calculation was made asEigriigReaofiee diags aHrspies diahsudiarendsand, BToawer and that the ratio of
the TMR Charaﬁeél?élﬁ%f"ev%%&% BrFa%%r Cz#ié'%Hﬁﬁﬂr%besﬂ%ﬁ%?F&%?ﬁ&&?&@%ﬁ%g%%&i goteristics of
the glass substrate having another ratio). That is, as the ratio of the characteristics became higher,
better results weré&phtpirathdber indidbdeiag\wihiledhenfalilsvibog glasgdrsetnstiaties vieaagpiidwsed using
crystallized glass as a glass material having a higpger Young's modulus in order to further improve the

TMR characteristiti€ PHECOHHBYRISAE SiTarrsBfda §IRdle niithe lRSERBeyMeLsNtal () A glass
substrate in whichsgekewnegad aklimaeibadanee eh 2ol andndrauvabieAtid sdr¥aned by

subtracting 3 from a kurtosis (Ku) was in a range of 1.6 to -1.6. (B) A glass substrate in which a
skewness was ougbfl tie rangecidesaribeantiet su)faeel H valiith{iRa padstesinaddbiasgbtradieg 3 from a
kurtosis (Ku) was (Ip tthfs ranae dgﬁﬁrigrea for ‘@)be R &(::r? A cp’assr substrate in which a skewness was in
the range describ&q for (%\) and 2 vae (Ru Y ) anlnefE)%y su%tracting 3 from a kurtosis (Ku) was out of

the range described for (Age innef kercuMi alhrargcieristies ofaeaah@btheseiglastcshgirates were
compared with the TMR characteristics of the aforementioned glass substrates using amorphous glass. In

order to emphasiZ/HAf& SREHATBEN R ASHTAVEURRRY (a8 e epRY Rt the3 804i8HE 'speed of a

disk was increaseghto,}2,20Q [pX. A58 rpeglagcmg_lass substrates using crystallized glass exhibited
more favorable TMR characteristics. In other words, even in a case where the circularity is as small as 0.7

pm or less, the TMR chdradteistios cacterticl st éngirerecvdyeudd of forpseallrethglass by setting the
skewness (Sk) and ttge valug F&K%) d?) btained by subtracting 3 from the kurtosis (Ku) within the
A

aforementioned rasili'gﬁ&.es 0 to weight percentage based upon an oxide, the aforementioned

crystallized glass containgg &iQeh pie4 the @ HemidPstaintBe MingAdges of k8D MpreBsiof 1.00%, Na20 of
4.00%, MgO of 8.00%, ZnO of 14.00 A), TiO2 of 4.00 A), and Ce02 of 0.40 %. The crystallized glass

contained RAI204SHESS pRrRREHY WRiStaPAn £5donh efdIRSHAS adpaterizPEME PIgsssausiEaéeystal particle

di ter of the prj : ;i lini - ifi it
was 2.646. The an Rl SE0 G ae ke Voo G Ll R Yhe A e spectic oravty

chemical strengthening layer 17 will be described later.

Next, a method of manufacturing a glass substrate 1 will be described
with reference to Fig. 10A to 11.

In the following description, glass in a manufacturing process is referred
to as a “glass base material 1a,” and a finished product is referred to as a
“glass substrate 1.”

A specific manufacturing method will be described in grater detail.

First, as shown in Fig. 11, material glass is formed into a disk-like shape
to produce a glass base material 1a (Step 101).

Examples of the material glass include soda-lime glass, aluminosilicate
glass, borosilicate glass, and crystallized glass produced by, for example, a

float method, a down-draw method, a redraw method, or a press method.



(Second Embodiment) A second embodiment of the present invention will be described below in detalil
with reference to Figs. 10A to 18. The reference numerals illustrated in Figs. 10A to 18 are used for
explanation of the second embodiment and separated from the reference numerals of Figs. 1A to 9
described in the first embodiment. In other words, the rgference numerals used in the second
embodiment are used for explanation of Figs. 10A to 18. This holds true for the step numbers. The step
numbers used in the second embodiment are used for explanation of the second embodiment. Part of

information overlapping |R {he iR vane 8eSenstieR) RUEsrIgISAasFaRdds RREAGY Wit hest and second

embodiments. First of all, a structure of a glass substrate 1 according to the second embodiment will
briefly be describetesfitipegibyanar @b Pig_IPI®A to 10C.  As shown in Fig. 10A, the glass substrate 1

has a body 3 having a digk:li ) h inside h ed at C r thereof.
As shown in Fig. 10B, th%%é%%%gﬁgg méﬁ gﬁrf%%ggs%;a%pﬁd%t% ?ﬁa@@r@ésu 'stagn%téﬁﬁ/gﬁﬁg? A layer for
recording and reatipgingfoionatiusiisdatioehickmélse ofaie siutacesséarandridh 1k¢sexanople, as shown in

Fig. 10C, an underlayer 18a, a magnetic layer 18b, a protective layer 18c, and a lubricating layer 18d are

provided on one or both oPtREaMRI <M ANIR ePPHYEIade MBI AMPeRIdG I ARRR b rding medium
100 along with the;glass sipaliaisive FiiGast iRAagaRiiRilayer 18b is required as a recording layer.

Furthermore, as shown in Fig. 10B, the body 3 has an inner circumferential surface 11 and an outer
circumferential surface 97 hehichsz@084 indriteddicutdnsidthbaleain(seefhiteslGa)dndoned at

the center of the glass base material 1a (Step 103).

The inside hole 5 is formed by, for example, using a core drill.

If sheet glass is used, Steps 101-103 are not carried out. Instead, glass
is cut into a disk-like shape from the sheet with use of a cutter, and then an
inside hole 5 is cut out of the glass (cutting step).

Next, as shown in Fig. 11, an inner circumferential surface 11 and an
outer circumferential surface 9 are chamfered for removing cracks of edges of
the glass base material 1a (Step 104). The inner circumferential surface 11
and the outer circumferential surface 9 are chamfered with use of a grindstone
having diamond abrasive particles fixed thereon.

A step of grinding the main surfaces 7a and 7b (second lapping) may be
added after the chamfering. With this step, irregularities of the main surfaces
that have been produced by the formation of the inside hole 5 or the
chamfering can be ground so that a load on polishing can be reduced.

Subsequently, as shown in Fig. 11, a polishing step of the inner
circumferential surface 11 and the outer circumferential surface 9 of the glass
base material 1a (edge polishing) is carried out (Step 105).

For example, the edge polishing is conducted with use of a rotary brush.

Then, as shown in Fig. 11, a chemical strengthening treatment is
performed on the glass base material 1a to form a chemical strengthening layer

17 on the glass base material 1a (Step 106).



The shapes of the inner circumferential surface 11 and the outer circumferential surface 9 are configured
such that an evaluation value defined by a parameter indicating an uneven distribution of irregularities of
a profile of the outer circumferential surface 9 and a profile of the inner circumferential surface 11 and a
difference of the centers of the outer circumferential sugface 9 and the inner circumferential surface 11 is
within a predetermined range. The details of this configuration will be described later. The inner
circumferential surface 11 and the outer circumferential surface 9 are chamfered so as to have inner

chamfered surfaces 13 @P@QHE@WN}%B"{%@Q BUFAES il aspeaHHalY strengtH MRS MATRy Sochemical
or

strengthening layer 17 is formed on the surfaces of the body 3.  For example, e chemlcal
strengthening Iayéhfmqg%%ﬁﬁp"r@@skw@%tﬁé@@!ﬁ?éﬁtrﬁf\mﬂ@w'pﬁrh%f'(bﬁ@b'ﬂ@‘#’ﬁs@ﬁagfacmaterlal of the

glass substrate 15@;}%@%&9 %%e% P8f‘?8\¥{%ﬁt£aﬁ%‘ar %dsé'%rg hastailol e chemical

strengthening lay escrl ame ho manu cturing a g?ass substrate 1

will be described with taéemrmeoﬁaﬁ@cmam@ dlass. Tihuheafollomiog desatpimringlagerina

manufacturlng process is referred to as a "glass base material la," and a finished product is referred to as
a "glass substrate'3! @W‘§|9e0|f|c manufacturing method will be described in grater detail. First, as

shown in Fig. 11, mate”ﬁ'ft@z'ﬁﬁ%'éﬁ@ﬁ%%ﬁ’éﬂ@]gtﬁéhdﬁ“%@éﬁ%é%&%%&%ﬁagfﬁé%Q@éﬁ]@!ﬁte“m la (Step

101). Examples of the material glass include soda-lime glass, aluminosilicate glass, borosilicate
glass, and crystaliszeithafidhs ghreaessibsndoraniaajsieica sl emavethta atiewnraeas pidhieod, a redraw

method, or a presalrr%%t gge r%gterlal la. Thereafter, as shown in Fig. 11, the main surfaces 7a

and 7b of the glass base material 1a are polished in order to adjust
(substantially smoothen) the flatness and the surface roughness of the main
surfaces 7a and 7b (Step 107).

The polishing is conducted with, for example, a double-sided polishing
device and a hard resin polisher by using a planetary gear mechanism. For
example, slurry in which abrasive particles of cerium oxide, lanthanum oxide, or
the like have been dispersed in water is used as a polishing liquid.

After the polishing, the glass base material 1a is cleaned so that
abrasives and impurities attached to the surfaces of the glass base material 1a
during the manufacturing process are removed (Step 108).

Specific examples of the cleaning process include physical cleaning such
as scrubbing cleaning or ultrasonic cleaning, and chemical liquid cleaning using
fluoride, organic acid, hydrogen peroxide, surface-active agent, or the like.

In this example, Step 101 (forming the glass into a disk-like shape), Step
103 (forming the inside hole), Step 104 (chamfering), and Step 105 (edge
polishing) of Steps 101-108 are likely to produce variations in edge profiles
along a circumferential direction, which exert influence on the disk shape
balance/TMR characteristics on which the inventor has focused attention. For
example, Steps 101 and 103 are most likely to produce a difference between

central positions of the outer inner circumference and the inner circumference.



In the following description, glass produced by a press method will be described by way of example.
Subsequently, main surfaces 7a and 7b are ground with a grinder (first lapping) for adjusting the
thickness of the glass base material la (Step 102). For example, the grinding is conducted with a
double-sided lapping device and abrasive particles such,as alumina. Then, as shown in Fig. 11, an
inside hole 5 (see Fig. 10A) is formed at the center of the glass base material la (Step 103). The inside
hole 5 is formed by, for example, using a core drill. If sheet glass is used, Steps 101-103 are not

carried out. Insteath, glarsdSiAHrHEPtd Aakdkemenine&n Rawheetantiaussshiasbitle and then an

inside hole 5 is cut out of the glass (cutting step). ~ Next, as shown in Fig. 11, an inner circumferential
surface 11 and arPotREFiEHGIfRfERsetAND IRRTE OF HIECHRHRTRReR] fos reffestiiegeriikstof edges of the

glass base materig|. t 4), The inner cir erential. a Ci ferential
surface 9 are char%l,* ré?ie vﬁvﬁ%}%sgeeg %qgrl%%{gt?j)r%{ﬁévéHg{b@éﬁ%ﬁ%aﬁ%é@eﬁ?}t‘%@ %éeﬁcﬁ ?ﬁereon. A
step of grinding theenteahmigitaresf & anxidébh(de coalbisfopi e mag e addet gften theghaaifering. With
this step, irregularities of the main surfaces that have been produced by the formation of the inside hole 5

or the chamfering ¥4h 185 SIBUNERPHRY FRIRRASH PORSRIRGESSING QT EHIGEARNd OU8Y hsequently, as shown
in Fig. 11, a polishipg,siea &l dBs ieihe sy sitpbevsiagsn 1 alHdSFQFS Pouen Grsiniespatial surface 9
0

of the glass base material la (edge polishing) is carried out (Step 105). For example, the edge polishing is
conducted with useroffle cetabg iokisined byrtigraligssikonef i ¢eigtratipesitieemicasti@agthening treatment
s performed on the giass bage MAISEIRL i BRI Shemiel sene eIy dign the olass base
material la (Step 106).

circumferences when the diamond abrasive particles are attached to the

apparatus or (2) equalization of pressing forces of the diamond abrasive

particles against a workpiece (reduction of partial unbalanced contact).

Furthermore, in Step 105, a good shape profile can be obtained by (1)

equalization of pressing forces of a polishing brush against a workpiece or (2)

processing under such conditions that pressing forces of the polishing brush

against the workpiece are held constant irrespective of a stacked location of the

workpiece in a stacking case where workpieces are processed while those

workpieces are stacked. Nevertheless, it is more preferable to carry out Step

105 in the following manner.

In Step 105, it is more preferable to carry out a polishing step of the inner

circumferential surface as follows: The inner circumferential surface 11 of the

glass base material 1a is edge-polished with use of a rotary brush.

Additionally, an inner circumference polishing unit having a rotation axis and a

plurality of polishing clothes arranged around the rotation axis is brought into

contact with the inner circumferential surface 11 of the glass base material 1a

under equal pressures. A polishing liquid is supplied to between the inner

circumferential surface 11 of the glass base material 1a and the inner

circumference polishing unit. The inner circumference polishing unit and the

glass base material 1a are rotated about the rotation axis relative to each other



56 Specifically, the glass is immersed in a chemical strengthening liquid so that ions contained in the
chemical strengthening liquid that have an ionic radius larger than ionic radii of ions contained in the glass
are ion-exchanged with the ions contained in the glass. Thus, a chemical strengthening layer 17 is
formed. After the chemical strengthening, the glass;gase material la is cleaned so that the chemical
strengthening liquid is removed from the surfaces of the glass base material la. Thereafter, as shown in
Fig. 11, the main surfaces 7a and 7b of the glass base material la are polished in order to adjust
(substantially smogtigsyehaifaleesantishasidrfarriveus agasotidht M8 suiaaee fmand 7b (Step
107). The polishing is conducted with, for example, a double-sided polishing device and a hard resin
polisher by using &ifstaméesetips srfRschbhitheralessdasfanatefi§l ikwhich abrasive particles of cerium
oxide, lanthanum oxide, ,Qr: like h 1 di in: ri Rolishing.liquid. After
the polishing, the glass t\)%@é]%é%%?ﬁ) @?ﬁ%&%g%eéoiﬁ% ﬁ)%?slc\,/%g %ﬁ%%tb%dr?tlé?%?ta{ﬂged to the
surfaces of the glaesiditse outteriatda derprgdbedméth uiadiioeng practessaars: thoatietd (Biep 108).
Specific examples of the cleaning process include physical cleaning such as scrubbing cleaning or

ultrasonic cleanin§"SHAERMIRAYTRRE Ledhing HerryhfssHat SR AERT, FRIRLRET P oxide,

surface-active aggpfe@ theghikrore, idH RS HlER AL dRILDer e SipesiHE RLtisk-like shape),
Step 103 (forming the inside hole), Step 104 (chamfering), and Step 105 (edge polishing) of Steps

101-108 are likelydiecprolgneetivhaatiacs 11 efite wefikbasempicortilimtercheapdizeadionAtvhich exert

influence on the dj léggﬁ{%e .baelag g{/TIyI Icgﬁgaceterigﬁi S0 Wakl]ri]clrr}]tr}g\}n\{ﬁgtﬁa&ﬂl&as focused attention. For
example, Steps 101 and are’mos ﬁ'ke‘?y 0 BrdDJuce a qifference between central positions of the outer
inner circumference&adithistiosensimonainsge. thisliberaiaiecinorgaits seeckiegvde difference between
central positions of the outer circumference and the inner circumference, it is effective to adjust alignment

of a central positidH'8YSRBERHEF @Pcﬂfﬁﬂé?éﬁ’ééh&f'ﬂéf‘gtéﬁqgﬂt%h@ré%@?ﬁrr%rﬂ‘fﬁfsﬁ&fht@f an inside hole tool
before Step 103, (Pééﬁccé%frﬁfyq\éfj%ﬁfbs% ﬁﬂ%&t%rﬁé%%?ﬂ?@gﬁ%@mﬁ’@ﬁﬁﬂpe processing of inner

and outer circumferences with the same center of rotation). In Step 104, a good shape profile can be
obtained by (1) aligjronenfe @htiaentfacpositioorderadvehtonl esitforeofenpiretsgnesl shdizeanond abrasive

ticles for i ter Ci f hen the d d abrasi ticl ttached to th
Coparats o (2) OGN 6 BB T AL LRGN A& A A0e LEAIRLl Wworkpioce

(reduction of partighinaingead eaatReIHRGMOKRLE SIBRHHES 128 BreshskrpeliRselilm sasr be obtained
by (1) equalization of pressing forces of a polishing brush against a workpiece or (2) processing under

such conditions ttfé@'ﬁ"é@giﬁg%%‘é%t afredio ﬁélﬁm@iwabﬁp&géiﬁéi@ﬁéﬂﬁéfﬁﬂﬁ@é@fﬁ_@ﬂf&d constant
irrespective of a S%&ﬂ%&ﬁﬁﬂ%ﬁ&’??&ﬂ%@%&@e@& 8 %%ﬁﬁ%ﬂ%‘?@ﬁ%‘@%ﬂ%ﬁﬁl are processed
acked. Neverthel

while those workpieces are st r Ss, It IS more preferable to carry out Step 105 in the
following manner.speed of the inner circumference polishing unit/a rotational speed of glass

substrate 1a) within a range of 1.5 to 5.0. Additionally, in order to obtain the
aforementioned good shape profile, it is more preferable to set a machining
allowance of the inner circumferential surface 11 for the polishing step of the
inner circumferential surface to be not more than 1 % of the inside diameter.

Finally, a product inspection is performed (Step 109).

Now the detail of Step 109 will be described with reference to Figs. 12 to
15.

As described above, the inner circumferential surface 11 and the outer
circumferential surface 9 of the glass substrate 1 are formed such that an
evaluation value defined by a parameter indicating an uneven distribution of

irregularities of the profile of the outer circumferential surface 9 and the profile



In Step 105, it is more preferable to carry out a polishing step of the inner circumferential surface as
follows: The inner circumferential surface 11 of the glass base material la is edge-polished with use of a
rotary brush. Additionally, an inner circumference polishing unit having a rotation axis and a plurality of
polishing clothes arranged around the rotation axis is kggught into contact with the inner circumferential
surface 11 of the glass base material la under equal pressures. A polishing liquid is supplied to between
the inner circumferential surface 11 of the glass base material la and the inner circumference polishing

unit. The inner cirggmierensechelipiisld il aneke19lase basadnatesiadaac iaied about the rotation
axis relative to each other 58 or moved along the rotation axis relative to each other to thus polish the

inner c?rcumferenIﬁ’@lsi'atiﬂﬂ’é{:@z‘c ihe srutes grﬁy@fﬁﬁétiﬂ@éffapﬁa‘ﬁ and\m&iwraawmemmb step of the
inner C|rcumferentéah%L&%alcleislt(f/:f:[)rﬁﬁ%1 Bpag eq%qm%seaqg r&l;%i.p“?ﬁ% 8 evryl[@ Gﬁgﬁﬁggg&@gt against the whole

IS
inner circumferential surface e glass base materral la under equal pressing torces. Therefore, the
roughness of the ghaanieted i faotiand teimrecticanfiensivlalstatact idhoftilecogtass base material
la can be lowered. At the same time, a favorable shape profile that can improve the TMR characteristics

can be obtained. FHRUBBRUHS VARSI O Metstied ae ettt the PR thENfRer and outer
circumferences caphRenEFBIGRA M et slitireald prtigskahinesharR ¥ tednnfpegircumerential

surface. In order to obtain the aforementioned good shape profile, it is more preferable to rotate both of
the inner circumference ppéshier)lyirinhashegtibe iopgitainagisiatioetfeligidsy sutMieste la in opposite

directions for polishing and %o set a ratio q{.a rﬂa 'ona]!]s eed %the inner cirCLgmference I?olishing unit
. st a shown n Eid. es %Besi of the nper circum erentlaltsu ace &
and a rotational speed of the glass substrate [a(a rotational Speed of theé inner circumference polishing

unit/a rotational speeshaftgéasaterbptiaifded rwihsuda@nge . glisSdubadditianally, in order to obtain the
aforementioned good shape profile, it is more preferable to set a machining allowance of the inner

circumferential suFRSESY eIV the KO Stk IBY eRBGRABICEI CURRR HERaNsapER % he AR more than 1
A, of the inside digmeteciinally, Ay oHHe IRRRPEHCMBRERRNGHLIeR 1R HEY e detail of Step 109

will be described with reference to Figs. 12 to 15. As described above, the inner circumferential
surface 11 and theinutefeieotin fendatial Sartageneotedd Yez2@Ubstrate 1 are formed such that an

evaluation value defined rameter indicati uneven djstributjon of irreqularities of the profile of
the outer circumferential'ﬁgrﬁa:’ff)gﬁgwa ﬂpeeﬁ%ﬂfgg gﬂhe generateJ proh € For '% erence, in

Fig. 13A, a designed dimension of the inner circumferential surface 11 (or the
outer circumferential surface 9) is indicated by a dotted circle, and the position
of the center of the inner circumferential surface 11 (or the outer circumferential
surface 9) is indicated by dotted lines.

In Fig. 13A, irregularities of a surface of a profile 21 are enlarged at a
certain magnification. As shown in Fig. 13A, there are recessed portions
(depressions 23) and projecting portions (protrusions 25).

Then, as shown in Fig. 12, a least-square-approximated circle of the
generated profile and its center are calculated for each of the inner
circumferential surface 11 and the outer circumferential surface 9 (Step 202).

Fig. 13B illustrates an example of Step 202.

Fig. 13B shows a least-square-approximated circle 27 and its center 29.
For reference, Fig. 13B also shows an inscribed circle 31 passing through the
innermost point of the profile (the most recessed point) and a circumscribed

circle 33 passing through the outermost point of the profile (the most projecting



59 of the inner circumferential surface 11 and a difference between central positions of the outer
circumferential surface 9 and the inner circumferential surface 11 is within a predetermined range. In
order to evaluate such a parameter, the profiles of the inner circumferential surface 11 and the outer
circumferential surface 9 are measured so as to obtainghe parameter. Then whether or not the parameter
is within the predetermined range is determined. Specifically, an inspection is performed in the following
manner. First, as shown in Fig. 12, the shapes of the inner circumferential surface 11 and the outer
circumferential suggmlg of the glass substrate 1 are measured with a known circularity/concentricity
measurement device or the like. Thus, shape profiles of the inner circumferential surface 11 and the outer

circumferential surface SaRsgRRIAYeaSSAOWRO1Y 9. 15FR)inspeHnndiauandinpie dorpregenerated

umferentil surface & (StoprOLFio. 157lins Psrsndianasineble dpmegeneratec
outer iroumieren i s O] A A g S HEIE 2 o o Sh2neh T Sonter of he inn

y a dotted circle, and the position of the center of the inner
circumferential susdquard-hjprdkienatdecticicLpTiéreptiah afrfacéndpiirdicdtedtvidoitzddings. In Fig.
13A, irregularities of a surface of a profile 21 are enlarged at a certain_ magnification. As shown in Fig.

13A, there are recB QPRSI HBIRES B SW B profet iy PBridhd 85rofr dSEHCS5).  Then, as
shown in Fig. 12, gdgasipaitaresspisidaiss ool ireeremigterpftaiand b srbiffcare calculated

for each of the inner circumferential surface 11 and the outer circumferential surface 9 (Step 202). Fig.
13B illustrates an isx¢higredpStegifforence RAGemEEshows a least-square-approximated circle 27 and its
center 29. For referencel,:lFllg1 ITDfIL?sl 0.shows an |n§ecrc|)l?%(il C|r£6%31 passing through the innermost point

of the profile (the most recésse pomﬁ“gr% 5 SftUmSrbegitircs 33 passing through the outermost point

of the profile (the most pagjeaing i8QFig. 13C, n lines corresponding to a desired number of
samples are drawn as shown by lines L1, L2, ..., Ln, and n differences between
the least-square-approximated circle 27 and the profile 21 that correspond to
the number of samples are obtained as shown by differences R1, R2, ..., Rn.

The number of samples and intervals (angles) between the lines may be
set in any desired manner.

Then a histogram of the differences R is generated for each of the inner
circumferential surface 11 and the outer circumferential surface 9 (Step 204).

Specifically, for example, a histogram of values of the differences R and
the number of sampling points with those values is generated as shown in Fig.
14.

Next, as shown in Fig. 12, a skewness (Sk), which indicates an uneven
distribution of irregularities of the profile, is calculated based upon the
distribution of the histogram for each of the inner circumferential surface 11 and
the outer circumferential surface 9. More specifically, a skewness is calculated

by using the following formula (A) (Step 205).

n R3
Sk =2 = A
“t no

In the formula (A), R; is a difference, n is the number of samples, and o




point). Subsequently, as shown in Fig. 15, a line (perpendicular line) is dropped to the
least-square-approximated circle 27 from the center 29 of the leastsquare-approximated circle 27 for each
of the inner circumferential surface 11 and the outer circumferential surface 9. As shown in Fig. 13C, a
distance between the least-square-approximated circlg;27 and the profile 21 on the line is obtained as a
difference R (Step 203). Fig. 13C illustrates an example of Step 203. As shown in Fig. 13C, n lines
corresponding to a desired number of samples are drawn as shown by lines L1, L2, ..., Ln,and n
differences betwegngthg iRBsH SV GoaPProximated circle 27 and the profile 21 that correspond to the
number of samples are obtained as shown by differences R1, R2,Rn. The number of samples and
intervals (angles) betwe&tBsedirRs¥ivhag Beoyst in gy HosrdistarameetweeThigncaMBt®gfam of the

differences R is gene r [nRer cir. Nnfi rfac dt ef, circumferential
surface 9 (Step 2(?% mﬁ%gs%%é?@féh% grle %@%&g%ﬁﬁ[@%@ﬁﬁi I\F/%la ﬁglg}g%?@é %% etr%nbcgés R and the
number of samplimgepsintsiwBte h2ce) values is generated as shown in Fig. 14. Next, as shown in Fig.

12, a skewness (Sk), which indicates an uneven distribution of irregularities of the profile, is calculated

based upon the distributiePFEfiGN RGNS IUYERDINA EFIHRES QFBRTSTBIA surface 11 and the outer

circumferential suggee,AniRiG SREEHIGANe SrelfBRRSrARVIALRY AcHRiRgdhfidaydng formula (A)
(Step 205). n R3 Sk =31 (A) imf no-3
11 and the outer circumferential surface 9, i.e., a concentricity C according to

the conventional definition is calculated.

Then, as shown in Fig. 12, an amendment concentricity AC, which is a
combination of a skewness and a concentricity C, is calculated for each of the
inner circumferential surface 11 and the outer circumferential surface 9 (Step
207).

Specifically, an amendment concentricity AC, which takes into

consideration a skewness, is calculated by using the following formula (B).

AC=C 1+§—I;COD . (B)
1D

In the formula (B), SKop is a skewness of the outer circumferential
surface, SKp is a skewness of the inner circumferential surface, and C is a
concentricity (distance between centers of least-square-approximated circles of
the shape profiles of the inner circumferential surface 11 and the outer
circumferential surface 9).

In the formula (B), SKop/SKp is defined as zero when the shape profiles
of the inner circumferential surface 11 and the outer circumferential surface 9
completely conform to the normal distribution (SKop/SK|p — +% or -).

Next, as shown in Fig. 12, whether or not the disk balance/TMR
characteristics of the glass substrate 1 are within a predetermined range is
determined from the correlation between the amendment concentricity AC and

the disk balance/TMR characteristics. If the disk balance/TMR characteristics



61 is a standard deviation. Subsequently, as shown in Fig. 12, a distance between the centers of the
inner circumferential surface 11 and the outer circumferential surface 9 is measured (Step 206).
Specifically, a distance between the centers of least-squareapproximated circles of the shape profiles of
the inner circumferential surface 11 and the outer circyggferential surface 9, i.e., a concentricity C
according to the conventional definition is calculated. Then, as shown in Fig. 12, an amendment
concentricity AC, which is a combination of a skewness and a concentricity C, is calculated for each of the

inner circumferentipé SUtFAeehb oAb iBevEanahge MRS HIRbRYdacH Siméep ig%éfaﬁi&f?iﬂany, an

amendment concentricity AC, which takes into consideration a skewness, is calculated by using the

following formula (RN-AcfectygBIcgKE. OthetwistoithfuHaEs) SHrafRIe & skergadeddsife outer

circumferential sur . é | of the inner circumferential surface, and C is a concentricity
(distance betweend(ggé%’tév?g ?q@g%t&%’? anr%?g)pproximated circles of the shape profiles of the inner
circumferential surface 19pabifi¢hkyowtatiescomierendiahsentmeer®concentricity AC is within the

predetermined range is determined from the relationship between the
amendment concentricity AC and the axial displacement 3s, which represents
the disk balance/TMR characteristics (see Figs. 17 and 18). More specifically,
whether or not the amendment concentricity AC is within such a range that the
axial displacement 3s is not more than a predetermined value is determined.
The axial displacement 3s is a track positioning error of an average +3s
calculated by integrating substrate vibration measurement data (vibration
waveforms) for each rotational speed and for each frequency. For example,

3s and s” are calculated by the following formulas (C) and (D).

7
3s = 3\/fPSDPES‘ NI ..

f
s> = [PSD pip () ()

In the formulas (C) and (D), PSD is an energy spectral density, PES is a
position error signal, and DAD is a disk axial displacement.

Now there will briefly be described a reason why the amendment
concentricity AC calculated by the formula (B) is used for evaluation of the disk
balance/TMR characteristics.

First, the inventor examined the relationship between the concentricity
and the disk balance/TMR characteristics and then assumed that the disk
balance/TMR characteristics are affected by differences of absolute values and
polarities (plus or minus) of the skewness of the inner circumferential surface

11 and the outer circumferential surface 9.



In the formula (B), Skop/Skip is defined as zero when the shape profiles of the inner circumferential
surface 11 and the outer circumferential surface 9 completely conform to the normal distribution
(Skop/Skip -> +Do or Next, as shown in Fig. 12, whether or not the disk balance/TMR characteristics
of the glass substrate 1 are within a predetermined range is determined from the correlation between the
amendment concentricity AC and the disk balance/TMR characteristics. If the disk balance/TMR
characteristics 62 are within the predetermined range, then the glass substrate 1 is regarded as a

non-defective product. GiaAuISSdhinaRss sARRiraiR i tade@alMestian AAserMePiRauFe(Step 208).

Specifically, whether or not the amendment concentricity AC is within the predetermined range is
determined from triaiQaEb6IRsATSHeRa-tB e ldnexistiriaivesndbatpieynRss{dhiRdnagial displacement

3s, which represen isk balapnce/T cteristi i 17 an . cifically,
whether or not theCg%régﬁgqgﬁﬁ%i%@&%%r%%ﬁgg% %ﬁ%ﬂ@ﬁ%ﬁ%@ﬁnﬁ% %Hg? %d}?(]aé %(ri{gl?é%g%%ement 3sis
not more than a predaiesfTingl ol isridatarmined. The axial displacement 3s is a track positioning

error of an average +3s calculated by integrating substrate vibration measurement data (vibration

waveforms) for each rotaRGitdI GNPV BAE- & ldirs PRYR e2afmed SLned YAlUeSiculated by
the following formyiaad Gkapsedofhe RiE R tEmBantal {kced TdiaskBifa(fcr (D)  Inthe

formulas (C) and (D), PSD is an energy spectral density, PES is a position error signal, and DAD is a disk
axial displacemengircumferential surface 9 have different polarities (different signs of plus and

minus), influences on the disk balance/TMR characteristics by the skewness
are cancelled. It has been confirmed that, when values of the skewness of the
inner circumferential surface 11 and the outer circumferential surface 9 have
the same polarity, the disk balance/TMR characteristics are degraded.

Therefore, an amendment concentricity AC is introduced based upon the
above findings by considering the absolute values and the polarity of the
skewness of the inner circumferential surface 11 and the outer circumferential
surface 9 with respect to the concentricity. As shown in Fig. 17, when an
amendment concentricity AC was used, the axial displacement 3s (disk
balance/TMR characteristics) more rapidly changed as compared to a case
where a concentricity C was used. Thus, a strong correlation existed between
the amendment concentricity AC and the axial displacement 3s.

According to the present invention, the formula (B) is used to obtain an
amendment concentricity AC for the above reason.

Now there will briefly be described a method of obtaining the relationship
between the skewness and the axial displacement 3s as shown in Figs. 17 and
18.

First, a predetermined number of glass substrates 1 to be inspected are
produced, and the skewness of those glass substrates 1 is obtained.

Then a magnetic layer 18b, a protective layer 18c, and a lubricating layer

18d are provided on surfaces of each of the glass substrates 1. Thus,



Now there will briefly be described a reason why the amendment concentricity AC calculated by the
formula (B) is used for evaluation of the disk balance/TMR characteristics. First, the inventor
examined the relationship between the concentricity and the disk balance/TMR characteristics and then
assumed that the disk balance/TMR characteristics arg gffected by differences of absolute values and
polarities (plus or minus) of the skewness of the inner circumferential surface 11 and the outer
circumferential surface 9. 63 Further examination based upon this assumption has revealed that the

relationship as shayygdatfdge d&@xipialeMRRNMRE PEEUIRRSS OF i insr SiceuBipepRdid surface 11 and
the outer circumferential surface 9 and the disk balance/TMR characteristics. Specifically, as shown in

Fig. 16, it has beesyetfipddiLgiatadriairigalledit measispiasesentisiisrehteinathaterential surface 11
and the outer circ lal surf iff t polariti [fferent signs of plus and minus),
influences on the %%L%@?é%bﬂ%\ﬁé%%@r%ﬁ e%é{?ﬁ?%ﬁ{%é%ﬁ%@%@éﬁ@ cancelled. It has been confirmed
that, when values of the Bhewressiciteatispsteoirsumit taidfyl sardaseribké@ndThe outer circumferential
surface 9 have the same polarity, the disk balance/TMR characteristics are de%raded. Therefore, an

amendment concEMASHIERETS EETUCLI'BE AR SIPRRCANSIRE RRiRGL BY kon WiBABERL absolute
values and the polyity, 9fle RIS G SRR IARRILH FHEniesBREAtBHERE/ RN HNgputer

circumferential surface 9 with respect to the concentricity. As shown in Fig. 17, when an amendment
concentricity AC viagagseel] thethiasdispriplenyel@inigisk balance/TMR characteristics) more rapidly

changed as compared tq.a case where a concgentricit Fwa used. Thus trong correl Hon existed
between the amendmen%@%ﬂiﬁé%tsrlc(?wnﬁas aannéﬁ hee gxia %F p%ccee%egrt]t%swﬁc Ar(‘?é%?éﬁ{é%t% fe present

invention, the forngida KR)aiscesEr ochlaialiia st caepiitcepssasticiyidcaforcirecihiove reason.
Now there will briefly be described a method of obtaining the relationship between the skewness and the
axial displacementi88a8SRAHMVRIBSF 3 0208, 18- First, a predetermined number of glass substrates

1 to be inspected are pragiiced, @d the ég?éﬁrb‘?%‘iéﬂ jlyese glass substrates 1 is obtained. Then a

magnetic layer 18b, a protective layer 18c, and a lubricating layer 18d are provided on surfaces of each of
the glass substrates 1. THuss, according to the second embodiment, the evaluation value of the

glass substrate 1 that is calculated from a combination of the skewness/kurtosis
of each of the inner circumferential surface 11 and the outer circumferential
surface 9 and the distance between the centers of the inner circumferential
surface 11 and the outer circumferential surface 9 is within a predetermined
range that meets the requirements for the disk balance/TMR characteristics.

Therefore, servo information including track information being stored can
stably be read from a magnetic disk when the glass substrate 1 is used for an
HDD.

Next, the inside hole of the glass substrate 1 according to the second
embodiment will be described in detail.

When the shape profiles of the inside hole and the outer circumference
of the glass substrate 1 according to the second embodiment are obtained, the
amendment concentricity AC calculated using those profiles and the
concentricity C by the formula (B) is preferably 9.6 ym or less, more preferably
8.0 um or less, and more preferably 5.0 um or less. In a case of a glass

substrate for a magnetic disk used for a server, more favorable TMR



64 magnetic recording media 100 are produced. With use of a measurement system 51 illustrated in Fig.
15, the axial displacement 3s is obtained at a certain rotational speed and a certain measurement point.

The measurement system 51 will briefly be described. The measurement system 51 has a laser Doppler
velocimeter ([DV) 55 with a head 53 and a converter 5¢Jor performing a fast Fourier transform (FFT) on
data measured by the laser Doppler velocimeter 55. Then the skewness and the axial displacement

3s, which represents the disk balance/TMR characteristics, are plotted so as to generate correlation

diagrams as showghifpdei@sistidsaiith 12 JigiRkeus tethegdatal Ak RiareAPSoncentiitis Aecarding to the

second embodiment, the evaluation value of the glass substrate 1 that is calculated from a combination of
the skewness/kur@8i$of @dersof therthasneif ke eniacsetiacisk haviaaifestiadecorpaairential

surface 9 and the @J%‘ﬁ%sgt .S‘Eg’a}t@seg‘;e‘fgﬁész‘?é-m@ri%l?ﬁ{ aﬁié‘if&“}fﬁf ?&Q%%ﬁnﬁ}%sg?i@ ghe outer

circumferential surface 9 is within a predetermined range meets the require e disk
balance/TMR chatrcfledeteity, it isTirefefalte sere ihfoamatidméantluding ttackyinoraatiopieing stored
can stably be read from a magnetic disk when the glass substrate 1 is used for an HDD. Next, the

inside hole of the §ldESSIMTSIL PIE¥BAYRRIYB I E:cond embodiment will be described in detalil.
When the shape profiles, g ghegirsifia hiojs &ilél dhenautfleFEruNRErEIRPEta assSsyyRketrate 1 according

to the second embodiment are obtained, the amendment concentricity AC calculated using those profiles
and the concentrigitgss sibsiatehadac@ing fordferattyrgic: priposimey, inabvtainedaratly 8.0 pm or less,

and more preferabiy 5,0 pm QL 19552 & (8RF IR RS PRSI IRBSMARSYS didiatgpthor a server.
more favorable TN
a range of 0.55 to —0.55, more preferably 0.35 to —0.35, and more preferably
0.20 to —0.20 while the amendment concentricity AC of the glass substrate 1 is
within the aforementioned range. Within such a range, the glass substrate 1
can be used for a magnetic disk that can achieve good TMR characteristics.
In a case where the glass substrate 1 for a magnetic disk is used to produce an
HDD drive for reading and writing information, reading and writing operations of
information may be inhibited by external impact. Even in such a situation,
good TMR characteristics can be exhibited if the skewness (SK) is in a range of
0.35to —0.35.

When the shape profile of the inner circumferential surface 11 of the
glass substrate 1 according to the second embodiment is obtained and
analyzed, a value (Ku — 3) obtained by subtracting 3 from the kurtosis (Ku)
described in the first embodiment is preferably in a range of 1.6 to —1.6, more
preferably 1.0 to —1.0, and more preferably 0.5 to —0.5 while the amendment
concentricity AC of the glass substrate 1 is within the aforementioned range.
Within such a range, the glass substrate 1 can be used for a magnetic disk that
can achieve good TMR characteristics. In a case where the glass substrate 1
for a magnetic disk is used to produce an HDD drive for reading and writing
information, reading and writing operations of information may be inhibited by

external impact. Even in such a situation, good TMR characteristics can be



65 characteristics can be obtained by setting the amendment concentricity AC at 8.0 pm or less.
Furthermore, since a magnetic disk having a storage capacity of at least 500 GBytes per one 2.5-inch
disk (380 kTPI to 420 kTPI) has a high track density, it is preferable to set the amendment concentricity
AC at 5.0 pm or less in order to prevent servo errors. g5 When the shape profile of the inner
circumferential surface 11 of the glass substrate 1 according to the second embodiment is obtained and
analyzed, the skewness (Sk) described in the first embodiment is preferably in a range of 0.55 to -0.55,
more preferably Oc3@piiteld #ananaImOfRIPLess Gk 4 By bbbt thsamendmeis aepprntricity AC of
the glass substrate 1 is within the aforementioned range. Within such a range, the glass substrate 1 can
be used for a magneatitadik ehatth-dchieve good TMR characteristics. In a case where the glass
substrate 1 for a magnetic djsk | ed to DD .drive for [ ng{ iting information,
reading and writing operﬁﬁjlghé?ﬁqﬁ btr(%rr‘?l‘a?E)Erﬁ\3 E#gg @%ﬁ%ﬁgﬁ\m{%ﬁ@ﬁ% l%\%ac WQE%% £ such a
situation, good TMiecohdirarte istice camdererdubitent ilsthectkanipess (Bkpidéssa nasrge of 0.35 to -0.35.
When the shape profile of the inner circumferential surface 11 of the glass substrate 1 according to the

second embodiméfeie BB EN i desRaRR 1 US RIGERRIY. 3y Bbekikss WS BERME MR the
kurtosis (Ku) descgihedifihg et smRogHEsRLISSRREIaR YA IROefimdhiRndPrdngee preferably 1.0

to -1.0, and more preferably 0.5 to -0.5 while the amendment concentricity AC of the glass substrate 1 is
within the aforemépgiogiadysangl@sv\sthiateieh daxingea farqijke sinbigatte (& .carttsyeidattyorfa magnetic
disk that can achigve ggod TV charaierisics, 10,8 £ase whergibe dlass substiale L for a magnetic disk
is used to produce a rive for reading and writing information, reading and writing operations of

information may beoiniriéeictdy griesralbstpest. hxgndmaumiavoitiadeincgeod T8R, characteristics can
be 66 exhibited if the value (Ku - 3) obtained by subtracting 3 from the kurtosis (Ku) is in a range of 1.0 to
-1.0. Furthernfofeu YRR of NRVRIEGEERDISUN ! §lass suBsiiales PavREtIRGB the second

embodiment is PrefRial SR BHIITHIROFRRTEISTARMRRE, Al siaadmprpreferably 3 pm or less

while the amendment concentricity AC of the glass substrate 1 is within the aforementioned range.
Generally, a glassiéstoate iheavingl as fasidralivisecir baadty i(sids hatireuthritygslodiemfiler less) tends to

hibit f ble TMR ch teristi t I bstrate 1 havi f bl
cicularity (e.9. a SRR S B RS ARAIEELS Q5 23 0P LR TF(B RAUR e same circulariy

may exhibit good FMRbEhAiatseristicheaadeineriionay iigéheie e swhssiaglassasuhstrate 1 has an
inside hole with a shape profile having a circularity in the aforementioned range and also having a

skewness and/or élil&ijrtf@éiQ m%&@eﬂfb?’é?hém%verﬁﬂéﬁ,Wﬁ&&%@lﬁ&%%@%@?tﬁéﬁﬁ'@éd fora
magnetic disk that can emﬁ;lb%?rﬁ FQHﬁQ‘QWJM@h%ﬂﬁQF{@C&%UmM%Fﬁ%Y%Ur%}Eﬁtﬁ%the height of

the inner circumferential surface 11 to the thickness of the glass substrate 1 according to the present
invention is prefertigyratkeass 55 thg, gleae guiefeably atdeating@oAheame seoténpestfitoalidy at least 65 A)

while the amendmen;g cgﬁcenﬂicﬁii:t%/ ACOOf theglas?ﬁsb%stratle lis Wighin the aforem nt%rgd range. If
chamfered surfac@5SAPEARY: RURRSE AR RHLGFERT NoAL AREN Yo Bcdl?. PR SIS IRY Gper limit of
the ratio of the heljght0éthg INARS HECHMER@NERL SReSRHcynbothieknass alitkgAlasssubstrate 1 is
preferably set to be 90 A) or less. With the inner circumferential surface 11 having a height within the

aforementioned r_é!ﬂﬁéf‘am afosemenignedkangre ss/bepsifarrdtosiadestreediot snibeigoHed range, the
TMR CharaCter'Stlgﬁsqﬂ’QJ%mSBiRS %qpk%ﬂp%doégu@mﬂ%@fore, the upper limit of the ratio of

the height of the inner circumferential surface 11 to the thickness of the glass
substrate 1 is preferably set to be 90 % or less. With the inner circumferential
surface 11 having a height within the aforementioned range and also having a
skewness and/or a kurtosis in the aforementioned range, the TMR
characteristics can further be enhanced.

(Example 2)

The glass substrate 1 for a magnetic disk according to the second



The glass substrate 1 for a magnetic disk according to the second 67 embodiment will be described in
greater detail based upon some examples. The following examples and comparative examples are
provided for explaining the second embodiment. Glass substrates for a magnetic disk of 65/0.635
mmt were produced in the following manner. The shapgs of inside holes of the glass substrates were
measured, and the correlation between the shapes of the inside holes and the disk balance/TMR
characteristics was obtained. First, 100 glass substrates 1 were produced in the following manner. (1)

Shaping step and diiidarRitg WigBe dedfripngingd At mrasiasivena foalasmeueiqirior a magnetic
disk according to this example, a surface of a glass plate is lapped (ground) into a glass base material. A

glass disk is cut oliheffeiewyre e xrselesa8HH0VaftIY ¢ RS QiR Rydvidaddarfoxnlangdss plate

described above. For | e ml] plate may be produced from molten glass by known methods
such as a press m%%%ee;é,%? ﬁ)o%ntqgr#g gﬁ'a down-draw method, a redraw method, and a fusion method.

Among others, a press neéisediastratesl fmeantigas latiskreHE0986Iynmt wdretpis duxagdpe, molten
aluminosilicate glass was shaped into a disk by direct press using an upper mold, a lower mold, and a

shell mold. Thus, Hf 4M1BHIABRAGELS piHie RARPERGifddeRe'SR M IE DRSS YRSLAISINER) contained
5i02 of 58 weight felasiRWeiahihe AreRRIPpERIEANSRApNSIgNHO ildRfe bR ¥R, to 10 weight

%, and Na20 of 4 weight A, to 13 weight %. Then both of main surfaces of the glass plate were
subjected to a lapgisk) recessT MRUshar alitirildesghassdhginedaterial was formed. The lapping step was

e o A S S T R L et
from 68 (1) Shaping step and first lapping step

In a method of manufacturing a glass substrate for a magnetic disk
according to this example, a surface of a glass plate is lapped (ground) into a
glass base material. A glass disk is cut out of the glass base material.
Various glass plates may be used for the glass plate described above. For
example, the glass plate may be produced from molten glass by known
methods such as a press method, a float method, a down-draw method, a
redraw method, and a fusion method. Among others, a press method can
produce a glass plate inexpensively.

In this example, molten aluminosilicate glass was shaped into a disk by
direct press using an upper mold, a lower mold, and a shell mold. Thus, an
amorphous glass plate was obtained. The aluminosilicate glass primarily
contained SiO; of 58 weight % to 75 weight %, Al,O3 of 5 weight % to 23
weight %, Li,O of 3 weight % to 10 weight %, and Na,O of 4 weight % to 13
weight %.

Then both of main surfaces of the glass plate were subjected to a
lapping process. Thus, a disk-like glass base material was formed. The
lapping step was carried out with free alumina-based abrasive particles by a
double-sided lapping device using a planetary gear mechanism. Specifically,

lapping surface plates were pressed upon both surfaces of the glass plate from



an upper side and a lower side of the glass plate. A grinding liquid including free abrasive particles was
supplied onto the surfaces of the glass plate. The lapping surface plates and the glass plate were moved
relative to each other. Thus, a lapping step was carried out. A glass base material having flat main
surfaces was obtained by the lapping step. (2) Cutting ggep (coring and chamfering) Next, an inside
hole was formed at a central portion of the glass substrate with a cylindrical diamond drill. Thus, an
annular glass substrate was formed (coring). Then an inner circumferential surface and an outer

circumferential sugaeR9éthRI8IasE §W«5\§Hﬁ§%¥é’%‘f%ﬂ!@’é§i pishediapgRAEH N RSIRN RISy @ chamfering
process was performed (chamfering). (3) Second lapping step Thereafter, a second lapping step was

carried out on botfesf pMRPYErRATEeeT wRrs shikplied gneshaupstietesaef Wthakesipiateppiiiestep. The
second lapping st r ine.irr rities f h | rf ' previous steps
of the cutting step?é\%r%ﬁ% > d8 ggécﬁ)%%%ﬁ%gé}t@g Seé? ?Q s ﬁs@&?&@t&p@% Slr% éﬁ%%?the main

e edge ore, a su

surfaces can be completcid ppingshiert pekadolicdoet.(4 Atys pakehingtataphavinhit thaiouter
circumferential surface and the inner circumferential surface of the glass substrate were mirror-polished

by a brush polishif TREE U RIRIPEHRY UG RRIBE SiBRsive particles) containing cerium oxide abrasive

particles was used as at(g%ﬂ@rgggiggﬁ,pﬁgﬂa@gamgﬁh@e glass substrate subjected to the edge
polishing step was cleaned with water. With this edge polishing step, the edges of the glass substrate

were formed into a mirrdNéxtistn) vasida bold dvpecipsmedepiasitiimref sodiemoatie marassium. (5) Main
surface polishing igp (frs RN RRRA ALFRLRENSHER WRS SRS LR BuAlp surface
polishing step. 69
was formed (coring). Then an inner circumferential surface and an outer
circumferential surface of the glass substrate were ground with diamond
grindstone. Thus, a chamfering process was performed (chamfering).
(3) Second lapping step
Thereafter, a second lapping step was carried out on both of main
surfaces of the obtained glass substrate as with the first lapping step. The
second lapping step can remove fine irregularities formed on the main surfaces
during the previous steps of the cutting step and the edge polishing step.
Therefore, a subsequent polishing step for the main surfaces can be completed
in a short period of time.
(4) Edge polishing step
Then the outer circumferential surface and the inner circumferential
surface of the glass substrate were mirror-polished by a brush polishing
method. At that time, slurry (free abrasive particles) containing cerium oxide
abrasive particles was used as abrasive particles for polishing. Then the glass
substrate subjected to the edge polishing step was cleaned with water. With
this edge polishing step, the edges of the glass substrate were formed into a
mirror finish, which could prevent deposition of sodium and potassium.
(5) Main surface polishing step (first polishing step)

A first polishing step was carried out as a main surface polishing step.



The first polishing step is carried out primarily for removing scratches or distortions remaining on the main
surfaces after the aforementioned lapping step. In the first polishing step, the main surfaces were
polished with hard resin polishers by a double-sided polishing device having a planetary gear mechanism.
Cerium oxide abrasive particles were used as an abragjye. (6) Chemical strengthening step Next, a
chemical strengthening process was performed on the glass substrate subjected to the aforementioned
lapping steps and polishing steps. In the chemical strengthening process, potassium nitrate (60 A)) and

sodium nitrate (40pf\) ey Baixfsh Wik eERAILH 5 RIRRAIR RICReRIGAL S EPAGHaNkng liquid. The

chemical strengthening liquid was heated to 400C. The cleaned glass substrate was preheated to 300C
and immersed in tHsteREMSCENBaBINE NI MGinctvfages AR HbErsfareBreRiabechéRnidly strengthen the

entire surfaces of é?eegglaﬁstﬁggﬁé@%gﬁﬁ Igl&g stﬁgséﬁﬁe#z%@é‘nﬁ&gﬁ éﬂ E?' %ij/a\{ﬁﬂj]n_h%tych a plurality of

glass substrates were receive and hel ges. € immersion process in
the chemical strengthepwighiatsdylithioobiensdaachstishimg Wnsde libeisydasierayey gethe glass substrate
are replaced with sodium ions and potassium ions_in the chemical strengthening liquid, respectively, so

that the glass subSIEHARI LR enGRAHBP R ANTBRIE BT e SOMG Pk S AL 8RR Gormed on the

surface layer of the glasg5hsiraig@saledniPsdp.  The glass substrate subjected to the chemical
strengthening process was immersed in a water tank of 20C and rapidly cooled. The glass substrate was
held in that state for abolex0 antheteisal Beengibeninidlyrecessdugiapedoseacnileg glaasersed in 10
weight A, sulfuric acid that haglbsen heated do. abot 40G and isaned herein, Syrhepmare, the glass
substrate subjecte(%iJ 5 1he SUltURE acid cleaning was sequen%%lrl])gimrﬁersed i cﬁear%ng ks of 70 pure
water and isopropyl eleameinfiBAstténdtaininy Hrcecps)ipbingsaiaprfiage pediskinghatepdgium Next, a second
polishing step was carried out as a final polishing step. The second polishing step is carried out primarily

for mirror-finishind tH&tEndif Qe yredeiid sact Bt aRR e ScehRIMBRSPItG Sl main
surfaces were mirfarRolished i Rt deaRyRe AR tQAlshass Ry B fy rreideqpolighjpgfevice having

a planetary gear mechanism. Cerium oxide abrasive particles (with a mean particle diameter of 0.8 pm)
that were finer thaglabe stdritimtexide pialaaiediardoRE asddnimtheséigsipthishiegrstep were used as an

abrasive. The glass substrate subjected tp the_second polishing step was sequentiglly immersed and

Cleaned in cleanre) EURLSH IR dGITORN ShlHE rard NG 1A EASEDR (A BEWlke applied to

each of the cleanipgtfidndisface 6t BasglRGabsayaea hatgrpeetibstracthighlyniaist satbsirate for a

magnetic disk was obtained_b% the first lapping step, the cutting step, the second Iappin%glltep, the edge
K

polishing step, theSkFs WoNBIAG SRt BRI REFEHBTHERIR jeseived iR A kies il fsidhing step.
at their edges.

Thus, by the immersion process in the chemical strengthening liquid,
lithium ions and sodium ions in the surface layer of the glass substrate are
replaced with sodium ions and potassium ions in the chemical strengthening
liquid, respectively, so that the glass substrate is strengthened. The thickness
of a compressive stress layer formed on the surface layer of the glass substrate
was about 100 pm.

The glass substrate subjected to the chemical strengthening process
was immersed in a water tank of 20C and rapidly co oled. The glass substrate
was held in that state for about 10 minutes. Then the rapidly cooled glass
substrate was immersed in 10 weight % sulfuric acid that had been heated to
about 40T and cleaned therein. Furthermore, the g lass substrate subjected

to the sulfuric acid cleaning was sequentially immersed in cleaning tanks of



After the polishing, the glass base material la was cleaned so that abrasives and impurities attached to
the surfaces of the glass base material la during the manufacturing process were removed. In this
manner, 100 glass substrates 1 were completed. The shape profiles of inside holes and outer
circumferences of 100 glass substrates 1 were measurgg with a circularity measurement device (RA-324
manufactured by Mitutoyo Corporation). Roundness analysis software OmniRound produced by Digital
Metrology Solutions, Inc. was used to filter the profiles with a Gaussian filter. Then a difference R

between the least g@ggg@qg@d{i@@%ﬁi@&g& apchjhe profile 21 was obtained for each of the glass
substrates 1. Furthermore, a concentricity was also obtained for each of the glass substrates 1. 71 The

number of sampling poirl® Wai3edackpeliehing atefefiea. pebshirgisitaBhram of the differences was
generated to obtain an d centricity AC. Then i I rotective layer
%?@%&%@%ﬁ%’b&%ﬁéo%@ was :ﬂﬁeo? i S%Eﬁlﬁ%h%ﬁggﬁp

18c, and a lubricating layer were provi e surface 0 ?he glass substrate us, a magnetic
recording mediunTheGaamproolistiey $lep measisdroenpsysicmfdlusiradedinisiiig iz wasrused to obtain
an axial displacement 3s under conditions in which the rotational speed was 5,400 rpm and the

measurement postidiRFaR4d B8 MIRES SUBSHBR B, TRECAhBALFALIH %tﬁﬁcéf?ﬁﬁEWAC and the axial
displacement 3s, wiich &sRiEREHF BIS High SRR SOMEaFIREACS AT MRNVRI 8 PiHS hie-obtain a

relationship therebetween. Fig. 14 shows the generated histogram. Fig. 18 shows a correlation
between the amesittae modshicgrigrioe Aevotalreptfastasybsanrecthanisthe TRARWHarsdeeristics (axial

displacement 35). fot Igference. Fig, 48,150 shons a.rclallonship petwesn e contenticty,C and the
axial dlsplacemen? S. SIS ap aren% fpom I'-Fl)g ) Wﬁen an amenHm n COHCGH{I’ICIty was used,

the axial displacemenis3mmesadepisiystipaeidies costananed s selsshiwherepvasrogsdticity C was
used. Thus, a strong correlation existed between the amendment concentricity AC and the axial
displacement 3s. an afRiiRcall] "R 855DERSERRSHOISGCLEHEE RSCaRdARISNNY IS YSstrate 1 having

an amendment capggplricif At QG RACEIESR SIRUEAG HlaBedaRa IRAHRIAR G oroduct in

order to obtain a glass sub e 1 having an axial displacement 3s of 0.6 pm or less.

water, and IPA. Ultrasonic waves were applied to each of the cleaning tanks.

As described above, a flat, smooth, and highly rigid substrate for a
magnetic disk was obtained by the first lapping step, the cutting step, the
second lapping step, the edge polishing step, the first polishing step, the
chemical strengthening step, and the second polishing step.

After the polishing, the glass base material 1a was cleaned so that
abrasives and impurities attached to the surfaces of the glass base material 1a
during the manufacturing process were removed. In this manner, 100 glass
substrates 1 were completed.

The shape profiles of inside holes and outer circumferences of 100 glass
substrates 1 were measured with a circularity measurement device (RA-324
manufactured by Mitutoyo Corporation). Roundness analysis software
OmniRound produced by Digital Metrology Solutions, Inc. was used to filter the
profiles with a Gaussian filter. Then a difference R between the least-square-
approximated circle 27 and the profile 21 was obtained for each of the glass
substrates 1. Furthermore, a concentricity was also obtained for each of the

glass substrates 1.



It can be seen from the above results that the shape of an inside hole 5 of a glass substrate 1 can be
formed so as to meet demands for the disk balance/TMR characteristics (axial displacement 3s) based
upon an amendment concentricity AC as a parameter according to the present invention. 72 (Third
Embodiment) Glass substrates having AC of 8.0 psyand 5.0 pm (A2, B2, and C2) were produced with
regard to each of the samples described at "(skewness and kurtosis)," i.e., (A) a glass substrate in which
a skewness (Sk) was in a range of 0.55 to -0.55 and a value (Ku - 3) obtained by subtracting 3 from a

kurtosis (Ku) was in a rafigg @@é@%f%@ﬂ@)ﬁ SRS flkstrate inmdueR @ akeuyess was out of the range

described for (A) and a value (Ku - 3) obtained by subtracting 3 from a kurtosis (Ku) was in the range
described for (A), and (GYexglasiste@aimaed thendiftaiensrewns SeneigiectkR ebisdeatescribed for (A) and a
value (Ku - 3) obtaj b ing..3. from a kurtosis (Ku) was out of the range described for (A). The
TMR characterist%rs% %v%?e% %{m%i%g%\'/ i e%ttﬁé rotational speed for a TMR test was 10,000 rpm. As a
result, the glass substratBisehayimggh@tiaf |ay@ pns s iniveet theo thydvl Rscharatteiusticatingheysame order of
A, B, and C. The results showed that servo errors could be prevented even_at a high track density having

a storage capacity-Bf JYGER B BREE BYHE @EHRT T (BB ITBIP TR B e 2 Bl A& urth
embodiment)  Td¥ERiMPRRAISRTRIERdE\BrddBcand GRbandadhe ikt spRRAdiMastaedgproduced

using the same crystallized glass as described in the first embodiment. The TMR characteristics were

compared at a rothitbrial wipsesed 1OWOA MEN SRl displace fagal 3blendsiutendiiansbraiehin the same

order of A, B, and C. TQe CiI’Cl[Hal‘itg ftheg’r}&jge hole the outer circ mfeance and %e concentricity of
. { ?nl’o atlpna .Spe cfwas rg{n an e rBegsuremerﬂSOOSl n II’W&S .

the inside hole and the outer cirCumterence are all set to be 0.5 pm: pecifically, even in a case

where the circularignnf the inside hole and the outer circumference and the concentricity of the inside hole

and the outer circumference are as small as 0.5 pm or less, the TMR characteristics can further be

improved with use of cryStAIRSEHE RS FBRMYARL AL GRRIIZHYREAIEIERI2hind the value (Ku - 3)
obtained by subtragtifig 3,fraf Hae KHIEATISHHE SR athiR thaaiarapERIARad ARG Rstics, were

plotted to obtain a relationship therebetween.

Fig. 14 shows the generated histogram. Fig. 18 shows a correlation
between the amendment concentricity AC of the glass substrate 1 and the TMR
characteristics (axial displacement 3s). For reference, Fig. 18 also shows a
relationship between the concentricity C and the axial displacement 3s.

As is apparent from Fig. 18, when an amendment concentricity AC was
used, the axial displacement 3s more rapidly changed as compared to a case
where a concentricity C was used. Thus, a strong correlation existed between
the amendment concentricity AC and the axial displacement 3s.

Specifically, it can be seen from Fig. 18 that, for example, a glass
substrate 1 having an amendment concentricity AC of 9.6 uym or less should be
determined as a non-defective product in order to obtain a glass substrate 1
having an axial displacement 3s of 0.6 ym or less.

It can be seen from the above results that the shape of an inside hole 5
of a glass substrate 1 can be formed so as to meet demands for the disk
balance/TMR characteristics (axial displacement 3s) based upon an

amendment concentricity AC as a parameter according to the present invention.



(Fifth Embodiment) A fifth embodiment of the present invention will be described below in detail with
reference to Figs. 19A to 25. The reference numerals illustrated in Figs. 19A to 25 are used for
explanation of the fifth embodiment and separated from the reference numerals of Figs. 1A to 18
described in the first and second embodiments. In othefwords, the reference numerals used in the fifth
embodiment are used for explanation of Figs. 19A to 25. This holds true for the step numbers. The step
numbers used in the fifth embodiment are used for explanation of the fifth embodiment. Part of
information overlapping Wimy@nﬁbgdﬁﬁgrﬁ?cond embodiments is described in the first and second
embodiments. The fifth embodiment of the present invention will be described below in detail with

reference to the accomp@tiipgutaligiRsshavingAyst el lnsad e i dAfa 8 sabd ket vieER cording to
the fifth embodim Il bri e [ ith, reference tg Fi f C As shown in Fig.
E)E%Ygéé%f \%ﬂﬁfe%gggsgé QS&%WhﬁS qﬁ@?e Qs ﬁ]ggéoc?;%?wness and

19A, the glass su e 1 has having a IKe shape. as an inside hole 5 formed
at the center theraafitosis) A sh@Wraiglasg. sL®BSirie inadyich kaskeaire ssi(Blgasasaraadariyshstt are
substantially flat. A layer for recording and reading information is formed on the main surfaces 7a and

7b. For example, 32eH8wR #Prgd Fordlufn (ide Aagliciaed BnsahHaaindyb e K45ietiktive layer 18c,
and a lubricating Iaygy 8¢ iaTs Riyddsc @ena @f aofh gfdbe Mpin s TRcRS Aok {Rdedhereby form a

magnetic recording medium 100 (magnetic disk) along with the glass substrate 1. At least the magnetic
layer 18b is requiredsegui oétter dirng tagescroethémid)earnssashaiue (KUFig3l9Batieddndy 3 has an inner 74

cireumnferential sudgge ka0 409 41RG SHSLTLES SNl PHHEARS:Ge WhLEhsus RYRg ity p the main
glass substrate in which a skewness was in the range described for (A) and a
value (Ku — 3) obtained by subtracting 3 from a kurtosis (Ku) was out of the
range described for (A). The TMR characteristics were compared while the
rotational speed for a TMR test was 10,000 rpm. As a result, the glass
substrates having AC of 5.0 um exhibited good TMR characteristics in the same
order of A, B, and C. The results showed that servo errors could be prevented
even at a high track density having a storage capacity of at least 500 GBytes
(380 kTPI to 420 KTPI) per one 2.5-inch disk.
(Fourth embodiment)

Three types of samples (A3, B3, and C3) as in the third embodiment
were produced using the same crystallized glass as described in the first
embodiment. The TMR characteristics were compared at a rotational speed of
10,000 rpm. Then, more favorable results were obtained in the same order of
A, B, and C. The circularity of the inside hole and the outer circumference and
the concentricity of the inside hole and the outer circumference are all set to be
0.5 ym.

Specifically, even in a case where the circularity of the inside hole and
the outer circumference and the concentricity of the inside hole and the outer

circumference are as small as 0.5 ym or less, the TMR characteristics can

further be improved with use of crystallized glass by setting the AC, the



The inner circumferential surface 11 and the outer circumferential surface 9 are chamfered so as to have
inner chamfered surfaces 13 and outer chamfered surfaces 15, respectively. Furthermore, a chemical
strengthening layer 17 is formed on the surfaces of the body 3. For example, the chemical
strengthening layer 17 is a compressive stress layer injyhich part of ions of glass as a material of the
glass substrate 1 has been replaced with ions having a larger ionic radius. The detail of the chemical
strengthening layer 17 will be described later. The glass substrate 1 has such a shape that a

parameter calculaige kB3 SrliahBaREIQRIFFO (R IfS- OB he Shitkaary (8 fisianee between the

main surface 7a and the main surface 7b) at that radial position is within a predetermined range. The
detail of the shap&itesis @fabsdisthaaipiemerticeedipegester. Next, a method of manufacturing a

glass substrate 1 will be ﬁﬁg@%ﬁ&mﬁ%@erence to Fig. 19A to 25. In the following description, glass
in a manufacturing process Is referred to as a "glass base material la,' and a finished product is referred

to as a "glass substrate A fifth erhbstiiaeshaviine preige iz Onveatienalijlasdisstatbeecbiitavardisk-like shape
to produce a glass base material la (SteE,lol Examples of the material@gslass include soda-lime

glass, aluminosiliREMLR rBlsESGedR ssg,gé{ﬂ éRstdiiedE G55 p Rt EIrHIMSBREE R ple, a float
method, a down-degyy MeHRMe 2 RITRWITGTRRBIPR A BF @ EHICEMbodifRefRilQupRgagscription,

glass produced by a press method will be described by way of example. 75
from the reference numerals of Figs. 1A to 18 described in the first and second

embodiments. In other words, the reference numerals used in the fifth
embodiment are used for explanation of Figs. 19A to 25. This holds true for
the step numbers. The step numbers used in the fifth embodiment are used
for explanation of the fifth embodiment. Part of information overlapping with
the first and second embodiments is described in the first and second
embodiments.

The fifth embodiment of the present invention will be described below in
detail with reference to the accompanying drawings.

First of all, a structure of a glass substrate 1 according to the fifth
embodiment will briefly be described with reference to Figs. 19Ato 19C.

As shown in Fig. 19A, the glass substrate 1 has a body 3 having a disk-
like shape. The body 3 has an inside hole 5 formed at the center thereof.

As shown in Fig. 19B, the body 3 has main surfaces 7a and 7b that are
substantially flat.

A layer for recording and reading information is formed on the main
surfaces 7a and 7b. For example, as shown in Fig. 19C, an underlayer 18a, a
magnetic layer 18b, a protective layer 18c, and a lubricating layer 18d are
provided on one or both of the main surfaces 7a and 7b to thereby form a
magnetic recording medium 100 (magnetic disk) along with the glass substrate
1. At least the magnetic layer 18b is required as a recording layer.

Furthermore, as shown in Fig. 19B, the body 3 has an inner



Subsequently, main surfaces 7a and 7b are ground with a grinder (first lapping) for adjusting the
thickness of the glass base material la (Step 102). For example, the grinding is conducted with a
double-sided lapping device and abrasive particles such as alumina. Then, as shown in Fig. 20, an
inside hole 5 (see Fig. 19A) is formed at the center of the glass base material la (Step 103). The inside
hole 5 is formed by, for example, using a core drill. If sheet glass is used, Steps 101-103 are not
carried out. Instead, glass is cut into a disk-like shape from the sheet with use of a cutter, and then an

inside hole 5 is C%i%ﬂrﬁ‘féﬁéﬂﬁﬁﬁ§§rf§§a’é“ﬂﬂaﬁﬁ9@n outd¥ b ARIERIWA iéhFﬁQpe’—@; WRidNgecircumferential
surface 11 and an outer circumferential surface 9 are chamfered for removing cracks of edges of the

glass base materiaﬁrﬂqgﬂé}_&l@OIK).thﬁ@Wﬁlih@(Uéi?@@ﬁlVéfé‘ﬁﬁ'a}T@urface 11 and the outer circumferential
surface 9 are chamfere_df%th use of & &%E?Q%W&Pgﬂ!gﬂgpﬁg %E{grc,l\ll l%% %%ﬁ{gxed thereon. A
n g) may be addeéd a

step of grinding the main surfaces /a an second lappin er the chamfering. With
this step, irregulargietacé harmaiasticieacesothsttbive deerpechdutecd Oy tifadosmatniafutee inside hole 5
or the chamfering can be ground so that a load on polishing can be reduced. Subsequently, as shown

in Fig. 20, a polistifBretels b stiArGTet TifESRAEYSRANal surface 11 and the outer circumferential surface 9
of the glass base materig| la@GdasPolishingicis sairtheHi{PIgR195)isherrEdmpigethe edge polishing is

conducted with use of a rotary brush. Then, as shown in Fig. 20, a chemical strengthening treatment
is performed on theygRess ishgeerhatbridd la to form a chemical strengthening layer 17 on the glass base
material la (Step 106). ForSgeuflclall éh&glass f(s%tl{%jén rsed in a Ch?l?’]llgiﬂ stren%tgg,l\r}(lang liquid so that

ions contained in the chemical s rpeﬁg)(henlngnﬁaﬁl aevnemgnlal%ﬁfc acomp

stress layer in which part of ions of glass as a material of the glass substrate 1
has been replaced with ions having a larger ionic radius. The detail of the
chemical strengthening layer 17 will be described later.

The glass substrate 1 has such a shape that a parameter calculated
from a radial position from its center and the thickness (a distance between the
main surface 7a and the main surface 7b) at that radial position is within a
predetermined range. The detail of the shape of the glass substrate 1 will be
described later.

Next, a method of manufacturing a glass substrate 1 will be described
with reference to Fig. 19A to 25.

In the following description, glass in a manufacturing process is referred
to as a “glass base material 1a,” and a finished product is referred to as a
“glass substrate 1.”

First, as shown in Fig. 20, material glass is formed into a disk-like shape
to produce a glass base material 1a (Step 101).

Examples of the material glass include soda-lime glass, aluminosilicate
glass, borosilicate glass, and crystallized glass produced by, for example, a
float method, a down-draw method, a redraw method, or a press method.

In the following description, glass produced by a press method will be

described by way of example.



76 radius larger than ionic radii of ions contained in the glass are ion-exchanged with the ions contained
in the glass. Thus, a chemical strengthening layer 17 is formed. After the chemical strengthening, the
glass base material la is cleaned so that the chemical strengthening liquid is removed from the surfaces
of the glass base material la. Thereafter, as shown in Fg. 20, the main surfaces 7a and 7b of the glass
base material la are polished in order to adjust (substantially smoothen) the flatness and the surface
roughness of the main surfaces 7a and 7b (Step 107). The polishing is conducted with, for example, a

double-sided po_lishing dﬁMB&ﬁﬂgﬁ)}?ﬁﬁgiﬁ%ﬂﬁ%&Shﬁr@bﬂ W%@@g%’ﬁ@@ﬁ%%@ﬁrﬁﬂ%?'@@@ism- For
example, slurry in which abrasive patrticles of cerium oxide, lanthanum oxide, or the like have been

dispersed in watetdBRiRgfeisagljpstisgiHiglihideness aitoe glassdizsrnyathealibasBerd @daterial la is
cleaned so that abrasiv ImpHrit . tQ th f a naterial la during the
manufacturing process Zég?r%qréﬁ%\ﬁe%’ ?ﬁ?e@gﬁﬁsqs 8@%%%?&@?&&&85&%%?@ %ﬁ%ﬁ%%rocess include

physical cleaning deciceaarstevhsig:gladitieg suchteasalniokeaning, and chemical liquid cleaning using
fluoride, organic acid, hydrogen peroxide, surface-active agent, or the like. In this example, (1) Step

102 (first lapping), (2) th& I FRITAPHME Weid? nisy e RIE AdaesHeo O thisREmAg Bstep 104), and
(3) Step 107 (polighing-siepLpineigRed BAstd8 Arsidkel (Qayaddge variations in thickness, which exert

influence on the disk shape balance/TMR characteristics on which the present invention has focused

attention. Therefore, for €Ranmgideibenziefaneddprévesrarnpigtios® hapeotedsipressure for each of

batch processes by mak]ip(?n% é%ﬁkness diffgr ce Of(ﬁ' trate r?aterial to tge g éd d |FSS than 100 pm
eter r

and holding at least a pre ed NUMber otﬁgﬁbls ates in a r&%rﬁgfrl'?glggr'(m afl irggaﬁfctor higher

than 90 A)) in (1) Stept iffolDaiskuikbermpesirinstheceesanyilo e\ rt sat@iiang tnghigkness as much as
possible in a first processing stage of all of the processing steps by varying a process load depending
upon the stage of RNEING'ES futiavsRidBrseas &ibie%s RV inal stage). Particularly, a machining

allowance (grinding allowgaee)daanRiAHISNSsmH SHESHAURMARRHEOeR fglargest in Step

102. Therefore, the most attention should be paid to Step 102 in order to prevent thickness variations.
outer circumferential surface 9 are chamfered for removing cracks of edges of

the glass base material 1a (Step 104). The inner circumferential surface 11
and the outer circumferential surface 9 are chamfered with use of a grindstone
having diamond abrasive particles fixed thereon.

A step of grinding the main surfaces 7a and 7b (second lapping) may be
added after the chamfering. With this step, irregularities of the main surfaces
that have been produced by the formation of the inside hole 5 or the
chamfering can be ground so that a load on polishing can be reduced.

Subsequently, as shown in Fig. 20, a polishing step of the inner
circumferential surface 11 and the outer circumferential surface 9 of the glass
base material 1a (edge polishing) is carried out (Step 105).

For example, the edge polishing is conducted with use of a rotary brush.

Then, as shown in Fig. 20, a chemical strengthening treatment is
performed on the glass base material 1a to form a chemical strengthening layer
17 on the glass base material 1a (Step 106).

Specifically, the glass is immersed in a chemical strengthening liquid so

that ions contained in the chemical strengthening liquid that have an ionic



Furthermore, the same considerations as for (1) Step 102 should be taken into account in (2) the second
lapping. It is preferable to make a thickness difference of a workpiece to be provided (that has been
subjected to the first lapping step) less than 10 pm. Moreover, the same considerations as for (2) the
second lapping should be taken into account in (3) the polishing step. It is preferable to make a thickness
difference of a workpiece to be provided that has been subjected to the chemical strengthening step (Step
106) less than 1 pm. Finally, a product inspection (thickness inspection) is performed (Step 109). Now the

detail of Step 109wl kalgerihadiviib radgenepdedrtainéd ifPthe glasSwélscEReskAbaye, the glass
substrate 1 has such a shape that a parameter calculated from a radial position from its center and the

thickness (a distaiéé Hediermopiiaigd BUiacdaps. anthife meheBinrhetens)tag g kyugal fosition is
\1vi_thin a predeterniwé' M%Qg_e. In order to evaluate such a parameter, the thickness of_ th_e glass substrate
is measured so as to obtain the parameter. Then whether or not the parameter is within the
predetermined range is ddterthmeneSjpacicatytamingeetiginds pastonmaestit tlzeidallesving manner. First,
as shown in Fig. 21, the thickness of the glass substrate 1 78
so that the chemical strengthening liquid is removed from the surfaces of the
glass base material 1a. Thereafter, as shown in Fig. 20, the main surfaces 7a
and 7b of the glass base material 1a are polished in order to adjust
(substantially smoothen) the flatness and the surface roughness of the main
surfaces 7a and 7b (Step 107).
The polishing is conducted with, for example, a double-sided polishing
device and a hard resin polisher by using a planetary gear mechanism. For
example, slurry in which abrasive particles of cerium oxide, lanthanum oxide, or
the like have been dispersed in water is used as a polishing liquid.
After the polishing, the glass base material 1a is cleaned so that
abrasives and impurities attached to the surfaces of the glass base material 1a
during the manufacturing process are removed (Step 108).
Specific examples of the cleaning process include physical cleaning such
as scrubbing cleaning or ultrasonic cleaning, and chemical liquid cleaning using
fluoride, organic acid, hydrogen peroxide, surface-active agent, or the like.
In this example, (1) Step 102 (first lapping), (2) the second lapping,
which may be conducted after the chamfering (Step 104), and (3) Step 107
(polishing step) of Steps 101-108 are likely to produce variations in thickness,
which exert influence on the disk shape balance/TMR characteristics on which
the present invention has focused attention. Therefore, for example, it is
necessary to prevent variations in process pressure for each of batch
processes by making a thickness difference of a substrate material to be

provided less than 100 ym and holding at least a predetermined number of

substrates in a carrier holder (with a filling factor higher than 90 %) in (1) Step



(distance between the main surface 7a and the main surface 7b) is measured at a plurality of radial
positions from the center of the glass substrate 1 over the entire main surfaces of the glass substrate 1
with a known thickness measurement device or the like (Step 201). At that time, it is preferable to
measure the thickness of the glass substrate 1 such tha} measurement points 22 are arranged along a
spiral path from a certain location of the inner circumference to a certain location of the outer
circumference as shown in Fig. 22. When the thickness of the glass substrate 1 is measured along

the above spiral pag, thigkesedéa iE A rae i@y es alientyaitiakiah ReRkNSSs fERMilup center of the

glass substrate 1 along the whole main surface of the glass substrate 1. Particularly, a magnetic disk is
rotated via a spindie PAgsENamicr i drosesein drsthgernhghofithgisikasassiadostermbyy Matidngead, the

magnetic head pergfr%réggsa} Osaeqe%}%@%gﬁgﬁgno% éhsq?rgg%?%&%#égé;ﬁthlﬁhlt'rlne, the path of the magnetic

head moving above the magne S a spiraliine o étic disk. Therefore, when the
thickness of the gktageimstradelihtis stepginatsage) a Batalubath, astesdnipghidosacd is possible to
obtain thickness information corresponding to. movement of the head. Then, as shown in Fig. 21, an

M-value, which is @PNe AvancaidRatigiiaHa cknaR Lo SHRRNakh e RIS QTN ERE position in the
radial direction ang (e, {HickRssS 3 the KA R AiBs dRAIGHISRR (SIERARRL SteoMl-value is the

sum total of products of a thickness difference between a thickness at the first measurement point and a
thickness at each iofariehiesaventdhickoass @idtéonsdius of that measurement point (the sum total of
e coresponeg o A B LS TR R A M e by e
is a radius of a mealkereneRCPOUM: i (@ ptiheickiaend aifpiadneassremrfrilpeifd, makkta is a thickness at an
initial measurement point (thickness of an inner circumferential edge). _
thickness difference of a workpiece to be provided ?that has been subjected to
the first lapping step) less than 10 ym.
Moreover, the same considerations as for (2) the second lapping should
be taken into account in (3) the polishing step. It is preferable to make a
thickness difference of a workpiece to be provided that has been subjected to
the chemical strengthening step (Step 106) less than 1 ym.
Finally, a product inspection (thickness inspection) is performed (Step
109).
Now the detail of Step 109 will be described with reference to Figs. 21 to
25.
As described above, the glass substrate 1 has such a shape that a
parameter calculated from a radial position from its center and the thickness (a
distance between the main surface 7a and the main surface 7b) at that radial
position is within a predetermined range. In order to evaluate such a
parameter, the thickness of the glass substrate 1 is measured so as to obtain
the parameter. Then whether or not the parameter is within the predetermined
range is determined.

Specifically, an inspection is performed in the following manner.

First, as shown in Fig. 21, the thickness of the glass substrate 1



Fig. 23 shows an example of the relationship between measurement position in the radial direction and
the thicknesses as well as the formula (1). The number of samples is defined by using, as one
sampling unit, the transverse size or the transverse resolution of a measurement probe in a thickness
measurement system being used. For example, the lasgy spot diameter or the transverse resolution
determined by the laser spot diameter is used as one sampling unit in a non-contact type measurement
device. As is apparent from the formulas (1) and (2), an M-value is more affected by the thickness

differenqe at pOfti%l'@tBﬁ@é H&Mﬁﬁﬁﬁ@#ﬂﬂ{@{@@é’é %%mgiﬁ%m%ﬂ%@?%% rﬁ?éﬁ%r@d e, variations
of the thickness at portions near the outer circumferential edge as compared to variations of the thickness

at portions near th¥ mﬁb&r@itmﬁw@@l@im%. frome%@ﬁ@@mf\iﬁﬁﬂi@f%%tféﬁé @iéﬂ(_ﬂ?ﬁtering
become larger ne%hﬁg& |91le“ﬁrs@{ﬁ%@%ﬁﬂ%%gggﬁ%ﬁg@q%ﬂ %’AJHSV\'/HQﬁfc%fg%“fere”“a' edge and
erential edge Is he

increase an M-value because the inner circ by a spindle so as to have a higher
rigidity than that ofrib@sardatetitclaviterentiae éklg¢StEperetyre, variations in thickness at portions near the
outer circumferential edge exert larger. influence on the disk balance/TMR characteristics as compared to

variations in thickness af prbHORhISREEIGHABIlR IRFRTRIitI e dBiIEHsss of they #RSSbove formulas (1)
and (2), the thicknggssgiffererceYhis felnad dventiiRnenss AeWrsRJES ARkne spiat thadnitial

measurement point and the thickness at each of the measurement points. Nevertheless, the thickness at
each of the measiiii@mertas@intoaripianthe enesstldngtesenctAe. Speltificatigation filtbeing formula (3)

may be used. outer circumference as shown in Fig. 22.

When the thickness of the glass substrate 1 is measured along the
above spiral path, thickness data can be obtained uniformly at radial positions
from the center of the glass substrate 1 along the whole main surface of the
glass substrate 1. Particularly, a magnetic disk is rotated via a spindle.

When information stored in the magnetic disk is read by a magnetic head, the
magnetic head performs a seeking operation on the magnetic disk. At that
time, the path of the magnetic head moving above the magnetic disk draws a
spiral line on the magnetic disk. Therefore, when the thickness of the glass
substrate 1 is measured along a spiral path as described above, it is possible to
obtain thickness information corresponding to movement of the head.

Then, as shown in Fig. 21, an M-value, which is a parameter calculated
from the relationship between the measurement position in the radial direction
and the thickness of the glass substrate 1, is calculated (Step 202).

An M-value is the sum total of products of a thickness difference
between a thickness at the first measurement point and a thickness at each of
the measurement points and a radius of that measurement point (the sum total
of values corresponding to a moment at each of the measurement points). An

M-value is given by the following formulas (1) and (2).



In the formula (3), n is the number of samples, r, is a radius of a measurement point, and t, is a thickness
at the measurement point. Subsequently, whether or not the disk balance/TMR characteristics of the
glass substrate 1 are within a predetermined range is determined from the measured M-value. If the disk
balance/TMR characteristics of the glass substrate 1 atg within the predetermined range, then the glass
substrate 1 is regarded as a non-defective product. Otherwise, the glass substrate 1 is regarded as a
defective product (Step 203). Specifically, whether or not the M-value is within the predetermined
range is determined from t - elasignship between the M-value and the axial displacement 3s as shown in
Fig. 25. If the M-v is’w@ ﬂéelﬁﬁge;'tﬁé glass substrate 1 is regarded as a non-defective product.
Otherwise, the glass substf@@ 1 is regarded as a defective product. The axial displacement 3s is a
track positioning error of an average +3s calculated by integrating substrate vibration measurement data
(vibration waveform tfor__ each rotational speed and for each frequency. For example, 3s and s2 are
calculated by the fofting forméfas (4) ahd®(5). 81 3s =3

In the formulas (1) and (2), n is the number of samples, r; is a radius of a
measurement point, t; is a thickness at the measurement point, and tp is a
thickness at an initial measurement point (thickness of an inner circumferential
edge).

Fig. 23 shows an example of the relationship between measurement
position in the radial direction and the thicknesses as well as the formula (1).

The number of samples is defined by using, as one sampling unit, the
transverse size or the transverse resolution of a measurement probe in a
thickness measurement system being used. For example, the laser spot
diameter or the transverse resolution determined by the laser spot diameter is
used as one sampling unit in a non-contact type measurement device.

As is apparent from the formulas (1) and (2), an M-value is more affected
by the thickness difference at portions near the outer circumferential edge
(portions having a large radius r), i.e., variations of the thickness at portions
near the outer circumferential edge as compared to variations of the thickness
at portions near the inner circumferential edge.

Specifically, variations due to the disk flattering become larger near the
outer circumferential edge as compared to the inner circumferential edge and
increase an M-value because the inner circumferential edge is held by a spindle
so as to have a higher rigidity than that of the outer circumferential edge.
Therefore, variations in thickness at portions near the outer circumferential
edge exert larger influence on the disk balance/TMR characteristics as

compared to variations in thickness at portions near the inner circumferential



JPSD PFS (1IW (4)0 S2=fPSD DAD f)c ...(5) In the formulas (4) and (5), PSD is an energy
spectral density, PES is a position error signal, and DAD is a disk axial displacement. Now there will
briefly be described a method of obtaining the relationship between the M-value and the axial
displacement 3s as shown in Fig. 25. First, a predeggrmined number of glass substrates 1 to be
inspected are produced, and the M-values of those glass substrates 1 are obtained. Then a magnetic
layer 18b, a protective layer 18c, and a lubricating layer 18d are provided on surfaces of each of the glass
substrates 1. Thu%d@’@gnetic recording media 100 are produced. With use of a measurement system 51
illustrated in Fig. 24, the axial displacement 3s is obtained at a certain rotational speed and a certain

measurement point. mﬁéﬁmrmhﬁy@%ﬂﬂ%ﬂwthﬁﬁbwwa@W@@G?M@rﬁ@@%@ement system
51 has a laser DO%@%Y@%P%%%%@SQtﬁ%i’ﬁ\ﬁl&ﬁe@g% A3 ﬁn'&?’aﬁrﬁggé’ﬁe&%ﬁeﬁ_ﬁ%ﬂﬁ%gfir{ﬂéng a fast

Fourier transform measured by the laser Doppler velocim en the M-value and
the axial displacenhérkndssvihdictepl ese nisdberiskrhalainte/ TME ehhststerisiicthickegsiotied so as to
generate a correlation diagram as shown in F,igt. 25. The above is the detail of Step 109.

each of the measurement points may simply be used instead of At.

Specifically, the following formula (3) may be used.

n
M=t
i=

In the formula (3), n is the number of samples, r; is a radius of a
measurement point, and t; is a thickness at the measurement point.

Subsequently, whether or not the disk balance/TMR characteristics of
the glass substrate 1 are within a predetermined range is determined from the
measured M-value. If the disk balance/TMR characteristics of the glass
substrate 1 are within the predetermined range, then the glass substrate 1 is
regarded as a non-defective product. Otherwise, the glass substrate 1 is
regarded as a defective product (Step 203).

Specifically, whether or not the M-value is within the predetermined
range is determined from the relationship between the M-value and the axial
displacement 3s as shown in Fig. 25. If the M-value is within the range, the
glass substrate 1 is regarded as a non-defective product. Otherwise, the glass
substrate 1 is regarded as a defective product.

The axial displacement 3s is a track positioning error of an average +3s
calculated by integrating substrate vibration measurement data (vibration
waveforms) for each rotational speed and for each frequency. For example,

3s and s’ are calculated by the following formulas (4) and (5).



Thus, according to the present embodiment, a parameter (M-value) of the glass substrate 1 that is
calculated from a relationship between a radial position from the center of the glass substrate 1 and a
thickness at that position is within a predetermined range that meets the requirements for the disk 82
balance/TMR characteristics. Therefore, servo infogpation including track information being stored
can stably be read from a magnetic disk when the glass substrate 1 is used for an HDD (Example 3)
The fifth embodiment will be described in greater detail based upon some examples. The following
examples and comparative examzbes are provided for explaining the fifth embodiment. Glass

substrates for a magnetic dis INFSD gutsifipgiiameter of 65 mm, an inside diameter of 20 mm, and a
thickness of 0.635 mm were prodifeed in the following manner. The thickness of the glass substrates was
measured, and the correlation between the M-value and the disk balance/TMR characteristics was
obtained. First, 100 glass substrages 1 were produced in the following manner. (1) Shaping step and first
lapping step In a method2ofm pﬁgturir@ gzas_s_ (%Sjbstrate for a magnetic disk according to this
example, a surface of a glass plafe is Iadﬁ‘@d @o nd) into a glass base material. A glass disk is cut out of
the glass base material. Various glass plates may be used for the glass plate described above. For

example, the glass plate;may ksReskicockiionsNPbenig@ss i iyepschgitatistguchagsa press method,

a float method, a down-draw method, a redraw method, and a fusion method. Among others, a press
method can prod RESHYIRIEPB I8 HeRPeriiiely. 2 diskana SieasRMBBiten aluminosilicate glass was

shaped into a disk by dirgeh eSS WiNgamMRPAE SRAIL AL MER SR oARE-HENAL MlfoddHs: an

amorphous glass plate was obtained. The aluminosilicate glass primarily contained 5102 of 58 weight A, to
75 weight %, Al203bfeewdightAaio3ndaltghadial ldidplatSweaigds As shd@mweifht 25.and Na20 of 4
weight A, to 13 First, a predetermined number of glass substrates 1 to be inspected are
produced, and the M-values of those glass substrates 1 are obtained.

Then a magnetic layer 18b, a protective layer 18c, and a lubricating layer
18d are provided on surfaces of each of the glass substrates 1. Thus,
magnetic recording media 100 are produced. With use of a measurement
system 51 illustrated in Fig. 24, the axial displacement 3s is obtained at a
certain rotational speed and a certain measurement point.

The measurement system 51 will briefly be described. The
measurement system 51 has a laser Doppler velocimeter (LDV) 55 with a head
53 and a converter 57 for performing a fast Fourier transform (FFT) on data
measured by the laser Doppler velocimeter 55.

Then the M-value and the axial displacement 3s, which represents the
disk balance/TMR characteristics, are plotted so as to generate a correlation
diagram as shown in Fig. 25.

The above is the detail of Step 109.

Thus, according to the present embodiment, a parameter (M-value) of
the glass substrate 1 that is calculated from a relationship between a radial
position from the center of the glass substrate 1 and a thickness at that position

is within a predetermined range that meets the requirements for the disk



83 weight A). Then both of main surfaces of the glass plate were subjected to a lapping process.
Thus, a disk-like glass base material was formed. The lapping step was carried out with free
alumina-based abrasive particles by a double-sided lapping device using a planetary gear mechanism.
Specifically, lapping surface plates were pressed upondgoth surfaces of the glass plate from an upper side
and a lower side of the glass plate. A grinding liquid including free abrasive particles was supplied onto
the surfaces of the glass plate. The lapping surface plates and the glass plate were moved relative to
each other. Thus, g5|aReiMENEEBHARS &RIEIRA out. A glass base material having flat main surfaces was
obtained by the lapping step. For the lapping process, a thickness difference of a substrate material to
be provided was made 8§ @Re1 GorgeintomRiion pRIENG Jeatktibiesmatisering SpmasePsubstrates. At

least a P“?dete””'&%&}2H@‘Ee%dog@%béﬁ&?é@ﬁe‘Q{SPﬁs*‘k?J%%?h%agj'aesrshs‘ﬂgg{ré?é polqing prisippte materials
(with a filling factor higher than ), SO that variations in process pressure were prevented for each of
batch processes. RArthermore, variations in thickness of glass substrates were prevented as much as
possible in a lapping stage by varying a process load depending upon the stage of grinding (e.g., initial
stage/intermediate stagfﬁ?f%ﬂ‘g{s ). (2) Cutting step (coring and chamfering) Next, an inside hole

was formed at a central pagigmmaf Hin gidenewimsiairvifh &oHigdissl diamand &ilipbhus, an annular

glass substrate was formed (coring). Then an inner circumferential surface and an outer circumferential
surface of the glasoregbexamplgere Hretatiowits dixanaplidsgrindistonparptive exahalesedlieg process was

performed (chamfering). Second lapping.step Thereafter, a second lapping step was carried out on

both of main 84 S%rr?g%:}eeﬁ?rmeé( @ %lrr@ﬁja%ﬁsh gmabs ééq]eeéa(s' with the first lapping step. The second

lapping step can removediassiggsttatiicfofermeadmnitsn aby By tacestdidingdhrpieiess steps of the
cutting step and the edge polishing step. Therefore, a subsequent polishing step for the main surfaces
can be completedTia @ﬁ&gl}g@rgﬁr@ﬁ%@ 20 mm, and a thickness of 0.635 mm were produced

in the following manner. The thickness of the glass substrates was measured,
and the correlation between the M-value and the disk balance/TMR
characteristics was obtained.

First, 100 glass substrates 1 were produced in the following manner.

(1) Shaping step and first lapping step

In a method of manufacturing a glass substrate for a magnetic disk
according to this example, a surface of a glass plate is lapped (ground) into a
glass base material. A glass disk is cut out of the glass base material.
Various glass plates may be used for the glass plate described above. For
example, the glass plate may be produced from molten glass by known
methods such as a press method, a float method, a down-draw method, a
redraw method, and a fusion method. Among others, a press method can
produce a glass plate inexpensively.

In this example, molten aluminosilicate glass was shaped into a disk by
direct press using an upper mold, a lower mold, and a shell mold. Thus, an
amorphous glass plate was obtained. The aluminosilicate glass primarily
contained SiO; of 58 weight % to 75 weight %, Al,O3 of 5 weight % to 23
weight %, Li,O of 3 weight % to 10 weight %, and Na,O of 4 weight % to 13



For the second lapping step, a thickness difference of a workpiece to be provided (that has been
subjected to the first lapping step) was made less than 10 pm in order to prevent variations in thickness of
glass substrates. (4) Edge polishing step Then the outer circumferential surface and the inner
circumferential surface of the glass substrate were mirggy-polished by a brush polishing method. At that
time, slurry (free abrasive particles) containing cerium oxide abrasive particles was used as abrasive
particles for polishing. Then the glass substrate subjected to the edge polishing step was cleaned with
water. With this eggsqpebighing step, the edges of the glass substrate were formed into a mirror finish,
which could prevent deposition of sodium and potassium. (5) Main surface polishing step (first polishing
step) A first polishing S&fphets ddnadn lifassaehtia glasaddateNginguiisstetht® frst polishing step is

carred out primarly gt oeNing spiEhesprcipleriansyemaining en e pl sufges afer the

aforementioned lappingstep. In the first polishing step, the main surfaces were polished with hard

resin polishers by laphindpkregideat paligbihgui evitbefrba\angrinpliinstar v igeaive eh@uiesnbyGerium oxide
abrasive particles were used as an abrasive. _ For the main surface Bolishing step,.a thickness

difference of a wolghRIESIEasEIHBINALE Y6s: ¥Rl OIRBEIRCRER P PRy St Was made less
than 5 pm in ordef g e \eifarartrRs IR j5eases aharpstRURsHRIES of8Rd Blsbpraieatl stengthening

step Next, a chemical strengthening process was performed on the glass substrate subjected to the
aforementioned |lapiiepstetideanatolshaigidepsiha giasshtatical Agandine hinddorededisgpotassium

nitrate (60 A)) andfrscédail%rrrg1 n\i}éatgr(idfpeé& Jere n“x d icgflﬂefach %tpgr gg {frepare alg%emlfﬁtlastrengthening
liquid. The chemical strengst erﬁng ﬁquid a2 REAE I 408 TRE Sictne 5 3555 thstrate was

preheated to 300Tagpidrrareise pladbeshenaicphsirpnahesaiamibveid ieaakotd Sdsauisidn order to
chemically strengthen the entire surfaces of the Fglass substrate, the glass substrate was immersed in a

state in which a pllP4ftdPPRIRE SIEPSATLIISE TeleifedldRSPRSRIBIARIPhBRYIROtHRIMRIGes.

surfaces was obtained by the lapping step.

For the lapping process, a thickness difference of a substrate material to
be provided was made less than 100 ym in order to prevent variations in
thickness of glass substrates. At least a predetermined number of substrates
were held in a carrier holder for holding substrate materials (with a filling factor
higher than 90 %), so that variations in process pressure were prevented for
each of batch processes. Furthermore, variations in thickness of glass
substrates were prevented as much as possible in a lapping stage by varying a
process load depending upon the stage of grinding (e.g., initial
stagel/intermediate stage/final stage).

(2) Cutting step (coring and chamfering)

Next, an inside hole was formed at a central portion of the glass
substrate with a cylindrical diamond drill.  Thus, an annular glass substrate
was formed (coring). Then an inner circumferential surface and an outer
circumferential surface of the glass substrate were ground with diamond
grindstone. Thus, a chamfering process was performed (chamfering).

(3) Second lapping step

Thereafter, a second lapping step was carried out on both of main



Thus, by the immersion process in the chemical strengthening liquid, lithium ions and sodium ions in the
surface layer of the glass substrate are replaced with sodium ions and potassium ions in the chemical
strengthening liquid, respectively, so that the glass substrate is strengthened. The thickness of a
compressive stress layer formed on the surface layer gfthe glass substrate was about 100 pm. The
glass substrate subjected to the chemical strengthening process was immersed in a water tank of 20C
and rapidly cooled. The glass substrate was held in that state for about 10 minutes. Then the rapidly

cooled glass SUb%@Fﬁd@§%m{@%‘E§t§ﬁ1% Jg%‘é@ﬁlﬂisﬁaﬂl%r\}\ﬁtﬁ‘%%tﬁ%i %?ﬂ@%ﬂe‘b‘?aﬁﬂéo about 40C_ and
cleaned therein. Furthermore, the glass substrate subjected to the sulfuric acid cleaning was sequentially

immersed in clearfifgoRthlaPBMaLFE N adsY TaRPIsOHREHIealdeHEe 8l aNgoMEe BiafasEfRARiIng step

(final polishing step) . e sec ishin r final polishing step. The
second polishing g%r;')n%tc%rﬁéeﬁ out pgr{lér%ﬁrﬁil?ﬁ;ér %ﬁ@gﬁﬁéﬁ% {tﬁge %‘éﬁﬁs&uﬁg@ ss%% he glass substrate.
In the second poliThingfsiep atbebregne 86 rilighicessiepr ontheompplisbedosiic sofideamipigteasin polishers

by a double-sided_polishing device having a planetary gear mechanism. Cerium oxide abrasive particles
(with a mean partid@ SREHREFSF 8'dBIR) that were finer than the cerium oxide abrasive particles used in

the first polishing step Wegp {regeRs RNANRT] \Ged NE HIBGTSYRRHEESHRIESIR- ihiBEeSBaRNd polishing

step was sequentially immersed and cleaned in cleaning tanks of neutral detergent, pure water, and IPA.
Ultrasonic waves wendgdliedt treedsieofStHieskeaniogheafites. lapping stepemtasdrdsts/esa thansmooth, and

highly rigid substrate for.a magnetic disk was.optained by the first lapping step, the cutting step, the
second lapping stggkfﬁ]e'régégeg{)gi r«ler\]ls %}Itvg%fl?hlgrﬁsrért] H?)')ég ?nstj g?eﬁg%e&éﬁsé‘?r%tga' strengthening step,
and the second polishingsgtegge pofdtenghaeolishing, the glass base material la was cleaned so that
abrasives and impurities attached to the surfaces of the glass base material la during the manufacturing

process were removed. H‘ﬁﬂéhﬁé’hﬁ%ﬁ?ﬁ@éf‘g@(ﬁ_‘%&ﬂ al”ﬁ/é'?@ Wﬁ'p?ér@ﬂ?fereﬁ{f'ﬂ%n the thickness of
100 glass substraggﬁ,féc\e({%ﬁ e ggﬁgg&g\ﬁgrgimﬁg?_g&@m 'Wﬁ%?lf%%ﬁ&ﬂﬂfge toward an outer

circumference as shown in Fig. 22 with a non-contact type laser displacement meter (spot size of 20 pm)
with LK-G15 (meavetbatentAtahd) tand, ISKHGE0EE @hessvegraditias) mpolianimyaaufactoredeby Keyence

C tion. Th iral. ] himed iral (uniform. spiral). The total ber of li int
was 8,550,000 for BUAR) SR CLABLISIEHS AR A PGPSl S hord IVl ARbion - 13.0

mm to 32.0 mm.) dinsstieekebRicleaasurreegbRRingsif Shh A4 vesndataininaeby thetkollowing
O T R odte pOlianmG Stbp, 116 liges of 1he siass SubArate werd forhed 1o &
mirror finish, which could prevent deposition of sodium and potassium.

(5) Main surface polishing step (first polishing step)

A first polishing step was carried out as a main surface polishing step.
The first polishing step is carried out primarily for removing scratches or
distortions remaining on the main surfaces after the aforementioned lapping
step.

In the first polishing step, the main surfaces were polished with hard
resin polishers by a double-sided polishing device having a planetary gear
mechanism. Cerium oxide abrasive particles were used as an abrasive.

For the main surface polishing step, a thickness difference of a
workpiece to be provided that has been subjected to the first lapping step was

made less than 5 ym in order to prevent variations in thickness of glass

substrates.



In this formula, 32 and 13 represent radial positions (mm) of both ends, and 0.01 represents a radius of a
spot size (mm). 87 Next, an M-value was calculated by the formulas (1) and (2) based upon the
measured thickness and position (see Step 202). Then a magnetic layer 18b, a protective layer 18c,
and a lubricating layer 18d were provided on the surfaggs of the glass substrate 1. Thus, a magnetic
recording medium 100 was produced. The measurement system illustrated in Fig. 24 was used to obtain
an axial displacement 3s under conditions in which the rotational speed was 5,400 rpm and the
measurement position NRSGHEMiVAI strergjdfsfAgedly, the M-value and the axial displacement 3s, which
represents the disk balance/TMR characteristics, were plotted to obtain a relationship therebetween.

As is apparent from Fig.¥8dtaatlapigicalsianeihenidtce erasrcensmetoveedoaribal#aasial displacement

3s. Specifically, in. Fig. 25.: ial,dis held cons hen the
M-value was not %%éétégn%z%’g&f%% rﬁﬁé%ﬁ%ﬁ%ﬁ%&@l&gﬁ?@ 'l!? c%ﬁ% r%%%gé %%ﬁr? ggt%b%G mm3, the
axial displacemenin3s@bhgptly ahsteasgidening proctsy, pordsian vjees (6000 Hnel Sbualoe for a glass
substrate having good disk balance/TMR characteristics was 20 x 106 mm3 because the axial

displacement 3s WAEARIGALE YR BEEAAAIN SR RIISE IOBRRAL - HIUNGRELEIOMBA han 20 x 106
mm3. It can bg,seen ﬁﬁ%ﬂ'@rﬁ&&‘é@réﬁ?ﬁ@n‘ih tifadieknessdd & HasTsubsiEalRdfan be formed

so as to meet demands for the disk balance/TMR characteristics (axial displacement 3s) based upon a
parameter (M-val@)scedrdirajeavareniebeatrdriocilith.and immersed in the chemical

strengthening liquid for about 3 hours. In order to chemically strengthen the
entire surfaces of the glass substrate, the glass substrate was immersed in a
state in which a plurality of glass substrates were received in a holder and held
at their edges.

Thus, by the immersion process in the chemical strengthening liquid,
lithium ions and sodium ions in the surface layer of the glass substrate are
replaced with sodium ions and potassium ions in the chemical strengthening
liquid, respectively, so that the glass substrate is strengthened. The thickness
of a compressive stress layer formed on the surface layer of the glass substrate
was about 100 pm.

The glass substrate subjected to the chemical strengthening process
was immersed in a water tank of 20C and rapidly co oled. The glass substrate
was held in that state for about 10 minutes. Then the rapidly cooled glass
substrate was immersed in 10 weight % sulfuric acid that had been heated to
about 40C and cleaned therein. Furthermore, the g lass substrate subjected
to the sulfuric acid cleaning was sequentially immersed in cleaning tanks of
pure water and isopropyl! alcohol (IPA).

(7) Main surface polishing step (final polishing step)

Next, a second polishing step was carried out as a final polishing step.
The second polishing step is carried out primarily for mirror-finishing the main

surfaces of the glass substrate. In the second polishing step, the main



(Thickness and M-value) The thickness of the glass substrate 1 was measured at three points of an
inner position (with a radius of 15 mm), an intermediate position (with a 88 radius of 22 mm), and an
outer position (with a radius of 30 mm) of the magnetic disk on a straight line passing through the center
of the glass substrate 1. An average of the three thickngsses was defined as a thickness of the glass
substrate 1. The relationship between the thickness and the TMR characteristics was examined. As a
result, some of glass substrates 1 having the same thickness exhibited good TMR characteristics, and

others not. M-valuggiwess waleuaiest i961BRes miksibatesammyHREIn G davrerbls, EMBUgaracteristics and

for glass substrates 1 exhibiting unfavorable TMR characteristics. The M-values for glass substrates 1
exhibiting favorabRdE/ ROGRRIR YR S aVEIe adlanel EaanORChesifimn3 Gaith@Nigalues for glass

substrates 1 exhihjti f le, TMR.characteristics | h i Then glass
substrates 1 havin%%&?e&%%@c Sn@fég vrgegrae% %rcls?élcge %L%Qﬁ%ﬁqgéta?@é%ﬁs%%gewgg gb r:Jtined for each
of the glass substtatesetivAsoxitrsalirdbivkpaglales sisbatiatae lirexpisathipyemlerd Mt characteristics

with a higher ratio than thinner glass substrates 1. However, even if glass substrates 1 have the same

thickness, some ARG exXMBiPBROPBRI" jaRUberiaddridhe SecAbRRIRD NG SR re good TMR
characteristics cagd, ghfiginahmheR&URiNaclass fHBREAIRS tiWthvifealriemenyanedifevalue (x 106)

mm3. Industrial Applicability: In the first embodiment, the present invention is applied to a glass
substrate for a magaieticarttrdingUlitasionic Wavestvelesappliedoie sanhinf/thetiorasinettinksed to that
e S B S R A e o e
for a magnetic reagedjngtimadikmadeveitielessihbardapping step, the cutting step, the
second lapping step, the edge polishing step, the first polishing step, the
chemical strengthening step, and the second polishing step.
After the polishing, the glass base material 1a was cleaned so that
abrasives and impurities attached to the surfaces of the glass base material 1a
during the manufacturing process were removed. In this manner, 100 glass
substrates 1 were completed.
Then the thickness of 100 glass substrates 1 was measured along a
spiral path from an inner circumference toward an outer circumference as
shown in Fig. 22 with a non-contact type laser displacement meter (spot size of
20 um) with LK-G15 (measurement head) and LK-G3001 (measurement
controller) manufactured by Keyence Corporation. The spiral was an
Archimedean spiral (uniform spiral). The total number of sampling points was
8,550,000 for every 20 um. (Measurement was performed in an area where a
radial position r = 13.0 mm to 32.0 mm.) The number of measurement points
(8,550,000) was determined by the following formula.
The number of measurement points N = {1'r(322 - 132)}/11(0.012) =
8,550,000

In this formula, 32 and 13 represent radial positions (mm) of both ends,

and 0.01 represents a radius of a spot size (mm).



present invention is not limited to that example and is applicable to any disk-like recording medium in
which a shape of an inside hole should be defined. Moreover, in the fifth embodiment, the present
invention is applied to a glass substrate for a magnetic recording medium. Nevertheless, the present
invention is not limited to that example and is applicablgto any disk-like recording medium in which a
thickness of the recording medium should be defined. Although the first, second, third, fourth, and
fifth embodiments have been described separately, those embodiments may properly be combined with

each other. 90 WHAT INSkAINRR 4Rie wasledctlagipibsieatsian asmaanatiesliskswitganinside hole

formed therein, wherein: a value of Sk calculated from a shape profile over a whole circumference of

the inside hole is ithe RERSEIGHCIBeKite s.88d AVGIBKI§sgR SteBy28R)=co 3

Then a magnetic layer 18b, a protective layer 18c, and a lubricating layer
18d were provided on the surfaces of the glass substrate 1. Thus, a magnetic
recording medium 100 was produced. The measurement system illustrated in
Fig. 24 was used to obtain an axial displacement 3s under conditions in which
the rotational speed was 5,400 rpm and the measurement position r was 30
mm.

Subsequently, the M-value and the axial displacement 3s, which
represents the disk balance/TMR characteristics, were plotted to obtain a
relationship therebetween.

As is apparent from Fig. 25, a strong correlation existed between the M-
value and the axial displacement 3s.

Specifically, in Fig. 25, the axial displacement 3s was held constant at
0.005 um when the M-value was not more than 20 x 10° mm®.  When the M-
value became higher than 20 x 10° mm?®, the axial displacement 3s abruptly
increased.

In other words, an upper limit of the M-value for a glass substrate having
good disk balance/TMR characteristics was 20 x 10° mm? because the axial
displacement 3s was held at a small constant value in Fig. 25 if the M-value
was not more than 20 x 10° mm?.

It can be seen from the above results that the thickness of a glass
substrate 1 can be formed so as to meet demands for the disk balance/TMR
characteristics (axial displacement 3s) based upon a parameter (M-value)
according to the present invention.

(Thickness and M-value)

The thickness of the glass substrate 1 was measured at three points of

an inner position (with a radius of 15 mm), an intermediate position (with a



171 no- where n is the number of samples, R, is an rth difference between the shape profile and a
least-square-approximated circle of the shape profile on a line drawn to the least-square-approximated
circle of the shape profile from a center of a circle calculated by a least-square approximation of the
shape profile over the whole circumference of the insidghole, and a is a standard deviation. 2. A
glass substrate for a magnetic disk with an inside hole formed therein, wherein: a value (Ku - 3)
obtained by subtracting 3 from Ku calculated from a shape profile over a whole circumference of the

inside hole iS. in a raimge @lezﬁﬂﬁ]),la@daéﬁjdﬁ‘t’eispﬁié’@ﬂrbw}ﬁh |§Ha‘dhﬁ@6f‘@b%%‘)‘ o il*i@ number of samples,
R, is an rth difference between the shape profile and a least-square-approximated circle of the shape

profile on a line dra@en@fithdisk-a Gliatebappeddaskited tieciehohgh eestienef Hhefddsom a center of a
e et A T ORI DL e s iy g = oo
of the glass substrate 1. The relationship between the thickness and the TMR
characteristics was examined. As a result, some of glass substrates 1 having
the same thickness exhibited good TMR characteristics, and others not. M-
values were calculated for glass substrates 1 exhibiting favorable TMR
characteristics and for glass substrates 1 exhibiting unfavorable TMR
characteristics. The M-values for glass substrates 1 exhibiting favorable TMR
characteristics were not more than 20 x 10° mm?, and the M-values for glass
substrates 1 exhibiting unfavorable TMR characteristics were higher than 20 x
10° mm®.
Then glass substrates 1 having different thicknesses were produced.
The TMR characteristics were obtained for each of the glass substrates 1. As
a result, thicker glass substrates 1 exhibited favorable TMR characteristics with
a higher ratio than thinner glass substrates 1. However, even if glass
substrates 1 have the same thickness, some of them may exhibit favorable
TMR characteristics, and others not. Therefore, good TMR characteristics can
be obtained by evaluating glass substrates 1 with the aforementioned M-value

(x 10%) mm?®.

Industrial Applicability:

In the first embodiment, the present invention is applied to a glass
substrate for a magnetic recording medium. Nevertheless, the present
invention is not limited to that example and is applicable to any disk-like
recording medium in which a shape of an inside hole should be defined.

Furthermore, in the second embodiment, the present invention is applied

to a glass substrate for a magnetic recording medium. Nevertheless, the



91 wherein a value (Ku - 3) obtained by subtracting 3 from Ku calculated from the shape profile over the
whole circumference of the inside hole is in a range of 1.6 to -1.6, and Ku is given by nR4 K u - na4
where n is the number of samples, R, is an rlh difference between the shape profile and a
least-square-approximated circle of the shape profile ogya line drawn to the least-square-approximated
circle of the shape profile from a center of a circle calculated by a least-square approximation of the
shape profile of the inside hole, and a is a standard deviation. 4. The glass substrate for a magnetic
disk as recited in aRys@REiRIHABASSIHG: FnitBE i8I hat @EHpIYSDOMieaRSFo any dsklki@ glass
substrate for a magnetic disk as recited in any one of claims 1 to 4, wherein the glass substrate is used
for a magnetic disterarding ek encabiabisy BTant CASB0BRIeR shoylfb BafiBRcisk. 6. The
glass substrate for a ma i %I( fted i : clai .ém ein a value of AC
calculated by using a vamé?éﬁ §i|p?n giéﬁ%ﬁ%%grﬁ t %eﬁgh%% pé:%%lﬁé 'to'q\\;gp{év Q %r%%l%%gﬁrﬁference of the
inside hole, a valuglasSkhpteale fitata dnbignetcseapaiprpfitedilian oMevetireiestsbroereddhe glass
substrate for a magnetic disk, and a value of a concentricity C is 9.6 pm or less, AC is given by

iNnvention is not limited to that example and’is applicable to any disk-like
recording medium in which a thickness of the recording medium should be
defined.

Although the first, second, third, fourth, and fifth embodiments have been

described separately, those embodiments may properly be combined with each

other.
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What is claimed is:

[Claim 1]

A glass substrate for a magnetic disk with an inside hole formed therein,
wherein:

the inside hole has a circularity of 5.5 ym or less; and

a value of Sk calculated from a shape profile aver a whole circumference
of the inside hole and given by the following formula (A) is in a range of 0.55 to
-0.55.

[EQ1]
N8k _R_?:
Sk = 3w
= s O

In the above formula (A), ns is the number of samples, R;is an ith
difference between the shape profile and a least-square-approximated circle of
the shape profile on a line drawn to the least-square-approximated circle of the
shape profile from a center of the circle calculated by a least-square
approximation of the shape profile over the whole circumference of the inside
hole, and ¢ is a standard deviation.

[Claim 2]

A glass substrate for a magnetic disk with an inside hole formed therein,
wherein:

the inside hole has a circularity of 5.5 um or less; and

a value (Ku-3) obtained by subtracting 3 from Ku calculated from a
shape profile over a whole circumference of the inside hole and given by the
following formula (B) is in a range of 1.6 to —1.6.

[EQ2]



91 °

niu R4
i

K u= 2 4 (B}
1= nf(ua

In the formula (B), nk, is the number of samples, R;is an ith difference

between the shape profile and a least-square-approximated circle of the shape
profile on a line drawn to the least-square-approximated circle of the shape
profile from a center of the circle calculated by a least-square approximation of
the shape profile of the inside hole, and ¢ is a standard deviation.

[Claim 3]

The glass substrate for a magnetic disk as recited in claim 1, wherein a
value (Ku-3) obtained by subtracting 3 from Ku calculated from the shape
profile over the whole circumference of the inside hoie and given by the
following formula (B) is in a range of 1.6 to ~1.6.

[EQ3]
o] R4
Ku= d ()

4
=1 Ay O

In the formula (B), nsk is the number of samples, R;is an ith difference
between the shape profile and a least-square-approximated circle of the shape
profile on a line drawn to the least-square-approximated circle of the shape
profile from a center of the circle calculated by a least-square approximation of
the shape profile of the inside hole, and ¢ is a standard deviation.

[Claim 4]

The glass substrate for a magnetic disk as recited in any one of claims 1
to 3, wherein the glass substrate is used for a magnetic disk having a storage
capacity of at least 80 GBytes per one 2.5-inch disk.

[Claim 5]

The glass substrate for a magnetic disk as recited in any one of claims 1

to 4, wherein a value of AC which is calculated by using a value of Sk

calculated from the shape profile over the whaole circumference of the inside
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hole and shown in the following formula {C), a value of Skgp calculated from a
shape profile of an outer circumference of the glass substrate for a magnetic
disk and shown in the following formula (C), and a value of a concentricity C

and which is given by the following formula (C) is 9.6 #m or less,

[EQ4]
AC= C(1+—S—@) ()

1D

The value of Skip shown in the formula (C) is calculated by the formula
(D) and the value of Skop shown in the formula (C) is calculated by the formula

(E).
[EQ5]
nrp R:‘S
Sky = 2 ;1;13-03 D)

In the formula (D), nip is the number of samples, R;is an ith difference
between the shape profile and a least-square-approximated circle of the shape
profile on a line drawn to the least-square-approximated circle of the shape
profile from a center of the circle calculated by a least-square approximation of
the shape profile over the whole circumference of the inside hole, and o is a

standard deviation.

[EQ6]
oD R.3

Skm =2 3 ()
=1 HopOU

In the formula (E), nop is the number of samples, R; is an ith difference

between the shape profile and a least-square-approximated circle of the shape
profile on a line drawn to the least-square-approximated circle of the shape
profile from a center of the circle calculated by a least-square approximation of

the shape profile of the outer circumference, and o is a standard deviation.
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[Claim 6]

A magnetic recording medium comprising:

the glass substrate for a magnetic disk as recited in any one of claims 1
to 5; and

an underlayer, a magnetic layer, a protective layer, and a lubricating layer
provided on a main surface of the glass substrate.
[Claim 7]

A glass substrate for a magnetic disk with an inside hole formed therein,
wherein:

the inside hole has a circularity of 5.5 um or less; and

a value of AC which is calculated by using a value of Skp calculated
from a shape profile over a whole circumference of the inside hole and shown
in the following formula (C), a value of Skop calculated from a shape profile of
an outer circumference of the glass substrate for a magnetic disk and shown in
the following formula (C), and a value of a concentricity C and which is given by

the following formula (C) is 9.6 um or less.

[EQT]
AC=C 1+% ()
Sk

The value of Skp shown in the formula (C) is calculated by the formula
(D) and the value of Skop shown in the formula (C) is calculated by the formula
(E)-

[EQ8]
irp R_S

Sky, = 2 3 O
= pC

In the formula (D), nyp is the number of samples, R;is an ith difference

between the shape profile and a least-square-approximated circle of the shape
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profile on a line drawn to the least-square-approximated circle of the shape
profile from a center of the circle calculated by a least-square approximation of
the shape profile over the whole circumference of the inside hole, and ¢ is a
standard deviation.

[EQ9]
oD R_3

Sky =
°= )5 w

In the formula (E), nop is the number of samples, R;is an ith difference

between the shape profile and a least-square-approximated circle of the shape
profile on a line drawn to the least-square-approximated circle of the shape
profile from a center of the circle calculated by a least-square approximation of
the shape profile of the outer circumference, and ¢ is a standard deviation.
[Claim 8]

The glass substrate for a magnetic disk as recited in claim 7, wherein the
concentricity C is 7 um or less.
[Claim 9]

The glass substrate for a magnetic disk as recited in claim 7 or 8,
wherein the glass substrate is used for a magnetic disk having a storage
capacity of af least 80 GBytes per one 2.5-inch disk.

[Claim 10]

A magnetic recording medium comprising:

the glass substrate for a magnetic disk as recited in any one of claims 7
fo 9; and

an underlayer, a magnetic layer, a protective layer, and a lubricating layer

provided on a main surface of the glass substrate.





