DESCRI PTI ON MAGNETI C DI SK AND GLASS SUBSTRATE FOR
MAGNETI C DI SK  Technical Field [0001] The present
invention relates to a magnetic disk for use in a hard
disk drive (HDD) as a magnetic di sk device, and al so
relates to a glass substrate for such a magnetic

di sk. Background Art [0002] Recently, the devel opnent
of the IT industry is pronoting remarkabl e
technol ogi cal innovation in data storage technol ogy
and particularly in m ' rdi ng technol ogy.
Magneti c di sks, unIikeqﬂgggﬁ??iﬁ?gcording medi a such
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rapi dly enhanced in data storage density.

magneti c disks are installed in hard disk drives

(HDDs) as magnetic di sk apparatuses used as storages
Teahnicgdjpld ers. The anmobunt of data that can be stored

in a personal conputer is being renquabuy increased
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9! Lc disk for.such use includes supstrate made
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; hard disk drive, a nagnetic head flies

agﬁggﬁﬁﬁgeﬁggﬁétic di sk rotating at high _speed. The

magneti ¢ head records data signals on the magnetic

| ayer in the formof nagnetic pattern or reproduces
Badkgfoutat Artsi gnal s. [0004] The nmagnetic di sk needs to

have excell ent nmagnetic properties in the flight
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Patent Application Publication (JP-A) No. 2002-30275
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In the technique, a principal surface of a substrate
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datPifait can be)stbreel ind persBAbfcomputer is being remarkably increased

with an increase in data storage density.

[0003] A magnetic disk for such use includes a substrate made of an

aluminum alloy and a magnetic layer disposed thereon. In a hard disk drive, a

magnetic head flies over the magnetic disk rotating at high speed. The
magnetic head records data signals on the magnetic layer in the form of
magnetic pattern or reproduces such data signals.

[0004] The magnetic disk needs to have excellent magnetic properties in the

| flight direction of the magnetic head. Japanese Unexamined Patent
Application Publication (JP-A) No. 2002-30275 discloses a technique for
“increasing storage density. In the technique, a principal surface of a substrate

for a magnetic disk is concentrically textured such that the magnetic disk has




.di sk drives have been demanded. Follow ng this, as
magneti ¢ di sk substrates, wuse is nade gl ass
substrates having high strength, toughness, and inpact
resi stance. The gl ass substrates can be readily
processed so as to have snoOth surfaces and is
therefore-suitable for reducing the flying hei ght of

; tic h that fl° . the magnetic disks to
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2002- 909 di scloses a technique for processi'ng a

digk dsises hbes betr deorartmaul Followingdthisa asaaaghatic disk kubstrates,
such use. In this technique, a principal surface of

ugenis pade glass shbstrates havinghigbretreingth, Ityugleness; add smpact
that the_magnetic di sk has excellent magnetic
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is being replaced by an LUL system (a | oad/ unl oad

capgswitniheoteldections & therfiyiny heightioNtheayageec setidsabl e for
i ncreasi ng data storage capacity. [0008] In the CSS
'[069&) edapanesadinaxacnioes Patentdipplioatiav Bublics®nAdReAbNo. 2002-
2\g‘({g}i c(ﬁ a magnetic head is placed during the ]
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da&n-ﬁbdcﬁi@ingmmtyc di sk need not have any irregularities
for preventing sticking although the CSS zone has

[08QiIh On thyotheritandsin drder &f cmeaserthilitatd Storage capacity of
magnetic disks, the area of a useless region of each magnetic disk needs to be
reduced because no data signals are recorded in the region. A CSS system (a
contact start/stop system) conventionally used to start and stop hard disk drives
is being replaced by an LUL system (a load/unload system, otherwise a ram'p
‘loading system) suitable for increasing data storage capacity.

[0008] Inthe CSS system, a magnetic disk needs to have a CSS zone on
which a magnetic head is placed during the non-operation (stop) of the
magnetic disk.

[0008] In the LUL system, a magnetic head is moved toward an outer section




system a principal surface of the magnetic di sk may
be extrenely snooth. [0010] Magnetic disks for the
LUL system are superior to magnetic disks for the CSS
‘systemin that data storage ?ensity can be increased
because the flying height of magnetic heads can be
reduced and the S/INratio (the signal to noise ratio)
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systerst aaringipal swfaceeidbe coagnetisudishmayhs extrenelysroeoth.
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increasing the rotational speed of the magnetic
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magneti ¢ head by inproving the configuration of
of itisey megnetictheads, thedmagnetit keadsDuseditendpdrate stpblyesten

Unexam ned Patent Application Publication (JP-A) No.
extrepelgeoal flyinghhgioht ot omeenless. Jhpaflighto apnetic

Pat ent Applicatjon. Publication (JP-A) No. 2002-32909
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e L 0p15) .1 n recent years, since the spacing
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‘magnetic head flying over a magnetic disk are changed so that iregular
fluctuations in reproduction output causes to occur. The occurrence of such fly
stiction can cause the flying magnetic head to be brought into contact with the
magnetic disk, resulting in head crush.
[0013] In conventional hard disk drives, the following attempts have been
‘made to prevent the occurrence of fly stiction: an attempt to increase the
' relative linear velocity between a magnetic head and a magnetic disk by
increasing the rotational speed of the magnetic head and an attempt to stabilize
the flight of the magnetic head by improving the configuration of the magnetic
head.
[0014] Patent Document 1: Japanese Unexamined Patent Application

Publication (JP-A) No. 2002-30275




been increased, the data storage density of the
magneti ¢ di sk has been increased to greater than 40
gi gabit per square inch. Furthernore, attenpts are
bei ng made to achi eve an exc¥ptionally hi gh data
storage density of greater han 100 gi gabit per
square inch. [0016] Since recent magnetic di sks have

such hi.gh, data st denS| t he ent netic
o sk HE0L 08 ahBA Hha e Undra Ged FETE RIFRIR ok s
:SLOhe. f I mount of data for practical
Pﬁ@e&agﬁ{lﬁ‘éﬁéﬂﬂ I\?(Eeidrogc%rﬁ 9'?mgnetl c disks have areas
consi derably | ess than those of conventional nmagnetic
di sks. Furthernore, the recent magnetic di sks have

Dizdivgntcagiipvetidn t he data- recordi ng speeds and
dat a- reproduci ng speeds (response speeds) of the

Probbtamns to baGobtddchydlsientiane extrenel y greater than
those of other data storage nedia and data can be
[09?e§]or lmer@caﬁt yRars cginegitheespaaingriass datweenta magnetia disk and a
di s équl red. L[0017] Si nce the above advant ages
m%@ﬂ eacthat bae Fedyceddidk B S/ ratiorahasieceming signal has
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and being capable of operating at high response
[0@ e dSince meqant magratic, diskehave suctehighdiatéd storage denaity, the
hard di sk drive including a magnetic di sk manufact ured
reﬁ‘;?r&rﬂ”'ﬁgmﬁtfcsdjﬁ'éﬁt hayean @dwagtasﬁ at tbe recemfenagnetic disksman
and a thjc nes mm or |ess. [0018]
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difficult to increase the rotational speed of the
and data can be recorded on or reproduced from the recent magnetic disks as
required.
[0017] Since the above advantages of the recent magnetic disks have
attracted much attention, the following drives have been recently demanded:
compact hard disk drives that can be installed in apparatuses such as mobile
phones, digital cameras, portable digital apparatuses (for example, PDAs
(personal digital assistants)), and car navigation systems, the apparatuses
including housings considerably smaller than personal computers and being
capable of operating at high response speeds. In particular, there is demand

for a compact hard disk drive including a magnetic disk manufactured from a




magnetic di sk. Therefore, fluctuations in flying
behavi or and flying height and the fly stiction
descri bed above nay not be sufficiently prevented.
[0019] Since the magnetic di gk has such a small outer
di aneter, the nmagnetic head also has a small size.
This |l eads to a reduction in the fIylng stability of
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of lekst object of the present |nvent| on to provide a
magneti c di sk and a gl ass substrate useful in
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phenonmenon occurs particudlarly under °l'ow pressure

[00!1)9}3“ Singashe Tegraftierdisk has sudleh snealky@kbbaie@neter, the magnetic
rovenments in flying properties of nmagnetic heads,
-h Iso basta sroalh sizee s Jinisleads do ACRdGttdreindhe dying stability of
pressure) are neasured. [0022] There are demands to
thageagnaticqlise appar at uses (nobil e phones, digital
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dr sk devices. This often Causes nagnetic
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i nprove TDP (touch-down pressure), TOP (take-off
fopeevpactd)ard shisk driives that can be installed in extremely portable
apparatuses such as mobile phones, digital cameras, portable "MP3 players",
portable digital apparatuses such as PDAs, and vehicle-mounted apparatuses
such as car navigation systems.

- [0021] For a small-diameter magnetic disk (a 1- or 0.85-inch magnetic disk),
the relative linear velocity between an ID side of the magnetic disk and a

| magnetic head is small as described above. Therefore, the magnetic head

readily falls on the magnetic disk. This phenomenon occurs particularly under

low-pressure conditions. Therefore, in order to evaluate improvements in

ftying properties of magnetic heads, TDP (touch-down pressure) and TOP (take-




di fference AP therebetween. [0023] In view of the
above problens, it is a second object of the present
invention to provide a magnetic disk and a gl ass
substrate for the magnetic d%sk which is useful in
enhancing flying properties by inproving TOP. Means
for Solving the Problens [0024] The inventors have
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difféferbé AP eréheikenRs have al so found that the increase
in the angle (crossing angle) between the crossing
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surface roughness of the substrate that does not have
hase welgrietre ¢hereirafidic ngfelraddo agetn arisutrapic tadarer fehmessple,

of the magnetic disk can be controlled by controlling
a stregky dextues ovhiol hhs dsegWaritidscasamged anisotrdpieallynand which
have found that TOP can
has components, crossing each other, extending in the circumferential direction
of the glass substrate. The circumferential roughness of the principal surface
increases from an outer circumferential section toward an inner circumferential
section of the glass substrate. The anisotropic texture has a function of
imparting magnetic anisotropy to a magnetic layer disposed on the principal
surface and allows the magnetic head to fly stably over the inner circumferential
section.
[6025] The inventors have also found that the increase in the angle (crossing

angle) between the crossing texture components from the outer circumferential




be controlled in such a manner that the magnetic disk
is treated so that the inner and outer
circunferential sections of the principal surface are
different in roughness from,each other. [0027]
Specifically, the substrate is processed such that an

I D side of the substrate has a |arge surface
etic disk
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continuously or stepwise fromthe OD side toward the
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sufBiceucughress ofAbhe aubsirgtet O M@qnpéﬁ%@ha\l@mﬂltﬁ& TOP can
there is provided a glass substrate for a nagnetic

bedtatrallesitinlsuell a maanérthdt thesinagnetie disktietreated go that the
circunferential roughness on a principal surface in a
inper anthpules ﬁtrpwmfefen%a}tse@nonsmf thecprincipal sutfece ese different in

|nﬁreas S fromﬁg outer circunferential section toward
roygNNesHEPMEGI M.k ent i al section of the principal
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substrate increases continuously or stepwise from an OD side toward the ID

~ side of the substrate. Therefore, the surface roughness of the magnetic disk,
which is prepared by forming the magnetic layer on 'the substrate, increases
continuously or stepwise from the OD side toward the 1D side.

[0028] Since the anisotropic texture is formed on the principal surface of the
glass substrate in the circumferential direction of the glass substrate, the
anisotropic texture aligns the magnetic anisotropy (magnetic easy axis) of the
magnetic layer in the circumferential direction of the glass substrate when the
magnetic layer is formed on the glass substrate. The anisotropic texture can

be formed by, for example, mechanical polishing (referred to as mechanical

“texturing in some cases).




circunferential section. [0032] (Structure 3)
According to the present invention, the glass
substrate according to Structure 1, wherein: the
princi pal surface has a regign which is |ocated at a
radius of 6 mm froma center of the glass substrate
and which has a circunferential arithnetic average

h f Q.25 . t i nci pal
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as a circunferential arithnetic average
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According t0 the present invention,

fos whabyaetc disk MstallRd ih@ hardr disk drige, .whavepy:ei n: the
ratio of the circunferential roughness to a radial

a crogmfersetialfrougltnessromaippiakipalisifaee inma eircuadictahtial direction
direction increases fromthe outer circunferential
ofdbewlass subsiiate inseeasesdromiancaiteeeissumfgrentiad seclion @ward an

. [ 0034 trycture. 5 cording to the present
'n["ﬁ(/%'ﬁ‘%qréﬁfeql{ﬁisﬁq:tﬁ’é%oégﬁﬁm&t@l guda6Qling to Structure
[ 1 ratio of a circunferential arithnetic
[Qé%rggéetm%lﬂ@mess to a radial arithmetic average ]
roug ; j rd-RGHAal '
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Staliétefe pUbisdre:e is 0.61 or nore, and a ratio of the

circunferential arithnetic average roughness to the

radi ahe cixcumferential roughmgss 6faHe privspaPsurfade@ichihses
the principal surface which is |ocated at a radius of

-continprously dnem the autet eircwhfarémtiallsestiors tdvedrddhe inrser0. 60
,or |less. [0035] (Structure 6) According to the
ciggupderentiahsediionon, there is provided a gl ass substrate

[0032] (Structure 3)
According to the present invention, the glass substrate according to
Structure 1, wherein:
the principal surface has a region which is located at a radius of 6 mm
from a center of the glass substrate and which has a circumferential arithmetic
average roughness of 0.25 nm or more, and
the principal surface has a region which is located at a radius of 11 mm
from the center of the glass substrate and which has a circumferential arithmetic
~average roughness of 0.24 nm or less.
[0033] (Structure 4)
According to the present invention, the glass substrate according to
Structure 1, wherein:
the ratio of the circumferential roughness to a radial roughness of the
principal surface in a radical direction increases from the outer circumferential

section toward the inner circumferential section.




for a magnetic disk installed in a hard disk drive,
wherein: a principal surface has a texture including
conmponents crossing each other and extending in a _
circunferential direction of,the glass substrate, and
a crossing angle between the texture conponents

i ncreases froman outer circunferential section toward

‘ jnper circunferential section of the principal

[OQSH‘ a@f”*‘éf (Structure 7) According to the present
i nveng i : S trate .accordin Q, Structure
o it B 1% Pt BVEREDE BREHS b Sbiatting 6

W%%ﬁekﬂpreases conti nuously fromthe outer

_ erentl al section toward the inner
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According to the present invention, ass
arithimetic averageooudhngss of a Bégios ofittee BrinoipalrRirfaice Mhich ke
crossi ng angl e between the texture conponents present
logated at agadiusaif & men froima icpater of tHeaglassisubbtrate it OBt exdmore,
at a radius of 6 mmfroma center of the glass
andpstrate is 5.0 degrees or nore, and the crossing

e S SRS e e e e racel
ol aférabt GPAREE 000 B o ol S BB
o8B0 a1 APPSR RUARY oo Ry Uifaio 0 g9
legq.i nci pal surface is processed so as to have a

magnetic | ayer formed thereon, whereby the glass
[083a4]st(Shieture 6donverted into the nagnetic disk, and
the texture of the principal surface inparts nmagnetic
ani séwceoping to thecpresaghisventidmjleere is provided a glass substrate
for a magnetic disk installed in a hard disk drive, wherein:
a principal surface has a texture including components crossing each
other and extending in a circumferential direction of the glass substrate, and
a crossing angle between the texture components increases from an
buter circumferential section toward an inner circumferential section of the

- principal surface.

{0036] (Structure 7)

According to the present invention, the glass substrate according to

Structure 6, wherein:

the crossing angle between the texture components increasés
continuously from the outer circumferential section toward the inner
circumferential section.

[0037] (Structure 8)

According to the present invention, the glass substrate according to

- Structure 6, wherein:




[0039] (Structure 10) According to the present
i nvention, the glass substrate according to Structure
1 or 6, wherein: the magnetic disk is installed in a
1-inch hard disk drive or a]%ard disk drive smaller
than such a 1-inch hard disk drive. [0040] (Structure
11) According to the present invention, the glass
substtate accordi to Structyre 1 or 6, wherein:. the .
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g8y 80bsiPate i§ 54 dKgreBaRpth&HagAgsSubstrate for a
magneti ¢ di sk, conprises: a principal surface having a
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greater than that of the first region, wherein the

offthe gxrincivail surface Whichtis thaated atla radies o domimrfegnadine center of
[0042] (Structure 13) According to the present
therglask suhstrateds gbadrgreemeot lesse according to Structure

rein: the first region is used to guide a
[0ﬁ§6h2ﬂ§8ﬂﬂ%r o the magneti c disk. [0043] (Structure
ention
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strate has at 1east one magnetic |ayer disposed
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present "i nvention, the magnetic accor di
fofshed thereon Iwhemdhyrthe gladshsubptrans isngdnveret aste the snagnetic disk,

anrdegi on with a roughness |ess than the

the texture of the principal surface imparts magnetic anisotropy to the
magnetic layer.
[0039] (Structure 10)

-According to the present invention, the glass substrate according to
Structure 1 or 6, wherein:

the magnetic disk is installed in a 1-inch hard disk drive or a hard disk
drive smaller than such a 1-inch hard disk drive.
[0040] (Structure 11)

According to the present invention, the glass substrate according to
Structure 1 or 6, wherein:

the magnetic disk is installed in a hard disk drive which is started and
stopped by a load/unload system.
[0041] (Structure 12)

According to the present invention, a disk-shaped glass substrate for a
magnetic disk, comprises:

a principal surface having a first region and a second region with a




surface roughness of a magnetic head to be used.

[ 0045] The circunferential roughness (Ra-c) of a
princi pal surface of a glass substrate for a nagnetic
disk is defined as an arithngtic average roughness
that is determ ned in such a manner that a 5-m square
region of the principal surface is observed by atomc
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or 1 ncl Ba ek et Brle LSRR TR sbid fechiver age
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-m square redion of the principal surface is
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a neasuring probe in the radial direction of the glass

Stkudtiste 42 ewhefe@@47] The roughness (Ra) of the principal
surface is defined as an arithnetic average roughness
t hat the figsitregienie ¢ised te gridena magneticthiead ta the magnedic disk.
[éﬁ ﬁie% on of the principal surface is observed by

83 c(Steitwet4r oscopy and scanned with a measuring
prob

ealn the .radial direction of the glass substrate.
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circunferential roughness of a principal”surfate o
thekebrgl ass substrate increases from an outer
circunferential section toward an inner
[0644k u(Bteurcburei 18) section of the principal surface. This
is effective in inparting magnetic anisotropy to a
magneAqcording & thoprasenbimventiomrthe cnagneticulisiaaecarding to

al | ows netic head to fly stably over the inner
Stg;qtgqg,ﬁ%rvg?ﬁ%p@: section. [0049] The principal surface

h ' leh is | ed ' f
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substrgienfes a ri&gnatic disk & @dfinbd & ah eFithrAstidBverage roughness
that is determined in such a manner that a 5-um square region of the principal
surface is observed by atomic force microscopy and scanned with a measuring
probe in the circumferential direction of the glass substrate.

[0046] The radial roughness (Ra-r) of the principal surface is defined as an
arithmetic average roughness that is determined in such a manner that a 5-um
square region of the principal surface is observed by atomic force microscopy
and scanned with a measuring probe in the radial direction of the glass
substrate.

[0047] The roughness (Ra) of the principal surface is defined as an arithmetic

average roughness that is determined in such a manner that a 5-um square




arithmetic average basis. This allows the magnetic
head to fly stably over the inner circunferentia
section. [0050] In the glass substrate, the ratio of
the circunferential roughne (Ra-c) to the radia
roughness (Ra-r) of the principal surface, that is,
the ratio [Ra-c / Ra-r] |ncreases fromthe outer
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Intibstrial Smabes QNS) Bloemoughness (Ra-c) to the radial
roughness (Ra-r) of the region |located at a radius of
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the circunferential roughness
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This is effective in inparting magnetic ani sotropy to
[0&)4’% rEmptincipalsuefacartas arégios which isdgcated @t laeadiusof 6 mm

é@%t ably over the inner circunferential section.
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Ra-r] increases from the outer circumferential section toward the inner
circumferential section of the principal surface. This is effective in imparting
magnetic anisotropy to the magnetic layer and allows the magnetic head to fly
stably over the inner circumferential section.

[0051] In the principal surface, the ratio [Ra-c / Ra-t] of the circumferential
roughness (Ra-c) to the radial roughness (Ra-r) of the region located at a radius
of 6 mm from the substrate center is 0.61 or more and the ratio [Ra-c / Ra-r] of

the circumferential roughness (Ra-c) to the radial roughness (Ra-r) of the region




section. [0055] The magnetic di sk according to the
present invention includes the glass substrate and
the magnetic | ayer disposed thereon. Therefore, if the
magnetic di sk has a small q:aneter of , for exanpl e,
50 mmor less, the magnetic Tayer has magnetic

ani sotropy and the nagnetic head can fly stably over
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circunferential section) thereof, TOP of the ID side

angle lfetoseingt drghe X bedween thebrabéingsiesse abmpopeats incdiasks
havi ng uni form surface roughness. Therefore, even if
fremethg Cader gisumietential sedliositowerd, the inoeudireignfienential section.
ic,disk is reduced to TDP and a nagnetic head
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sui tabl e for use drive incl

theqinelpat sidack isanbasured oy dtbhic'ibres Aeidst6py andthe obtained
magneti ¢ head hardly falls on the magnetic di sk during
measurenianie arengoanertransfonnoedist ances, such as
airplanes, in which the pressure varies. Even if the
[0Bedn el theruingineh sudacs, the éextugneamporenik present in the region
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mount ed appar atus such as a "Car navi gation syste
settien.magnetic head is effective in preventing the
occurrence of fly stiction. Furthernore, the present
[0055] The magnetic disk according to the present invention includes the glass
substrate and the magnetic layer disposed thereon. Therefore, if the magnetic
disk has a small diameter of, for example, 50 mm or less, the magnetic layer
- has magnetic anisotropy and the magnetic head can fly stably over the inner
- circumferential section. Furthermore, the magnetic disk has high load/unload
durability. The magnetic disk is suitable for use in hard disk drives started or
stopped by an LUL (load/unload) method.
[0056] Since the surface roughness of an ID side (inner circumferential
section) of the glass substrate is different from that of an OD side (outer

circumferential section) thereof, TOP of the ID side is better than those of OD




i nvention provides a glass substrate for manufacturing
the magnetic disk. Brief Description of the Draw ngs
[0059] Fig. 1 is a perspective view show ng a
configuration of a texturin machi ne, for texturing,
used in a process for manufacturing a glass substrate
for a magnetic disk according to the present

Ly AUy VR TR LY, S
S BBERAT T R b e Pl or
akdPH Gﬁé@%iic(lﬁ%mhciﬁﬁeg??% Rard @Qk gp% gthﬂ%&l‘&%@ﬁ' into contact

surfaces of glass su rates 1 exanp

witlo teamaighetic diskMea@suffing. mdghétichaPRTe &AMt Ahe
ratio [Ra-c / Ra-r] of the circunferential ~ arithnetic

detaeheyFomdhg magrssticRiisk betausen€OPadilal. arithnetic
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and conparative exanples. Fig. s a graph whi
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_exanpl e and conparative exanples and ich shows the
lifted dbenefrom.of nmagnetic di sks of the exanple and the
conparative exanples. Fig. 8 is a conceptual view
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mounted apparatus such as a "car navigation system". The magnetic head is
effective in preventing the occurrence of fly stiction. Furthermore, the present

invention provides a glass substrate for manufacturing the magnetic disk.

Brief Description of the Drawings
[0059] Fig. 1 is a perspective view showing a configuration of a texturing
machine, for texturing, used in a process for manufacturing a glass substrate for
a magnetic disk according to the present invention.

Fig. 2 is a schematic view showing the relative movement between a
glass disk textured in the present invention and abrasive tapes.

Fig. 3 is a graph showing the circumferential arithmetic average

roughness (Ra-c) of measured regions of principal surfaces of glass substrates




[0061] A glass substrate for a magnetic di sk according
to present invention is manufactured by the follow ng
procedure: a glass base naterial is prepared by
grinding a principal surface.of a sheet glass, a glass
disk is prepared by cutting the glass base nmateri al,
a principal surface of the glass disk is polished, the

%%'%%%@L?%ﬂi%&a Ve pramBlesee “ci ok ts then textur ed.
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substratesrafrexampled andlgoynpbdative @ariples. | n parti CU| ar,
V\/nen the sheet glass has a diameter of 65 mmor nore,
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magnetic disks installed in "1-inch hard di sk drives"
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process. ~Anpbng these processes, the pressing process

is useful in manufacturing the sheet glass at |ow

cost. [0065] A material for formng the sheet glass is
Berstqd&rfor CarryirigyOut thet ledtentich may

[0060] The best mode for carrying out the present invention will now be
described in detail with reference to the accompanying drawings.

[0061] A glass substrate for a magnetic disk according to present invention is
manufactured by the following procedure:  a glass base material is prepared by
grinding a principal surface of a sheet glass, a glass disk is prepared by cutting
the glass base material, a principal surface of the glass disk is polished, the
glass disk is chemically strengthened, and the principal surface of the glass disk
is then textured.

[0062] Examples of the sheet glass subjected to grinding include sheet




be glass that can be chem cally strengthened. Such a
material is preferably alumnosilicate glass. The
alum nosilicate glass preferably contains Iithium If
the alum nosilicate glass i sl6chem' cally strengthened
by ion exchange at |ow tenperature, the resulting

al um nosilicate glass can be used to precisely forma

of SRS BeUnvdatioh s sanit s Tha sheet Sabs ey fefrstanautaney disk-
LA SETC R E ———
bé Frourdwith® @r'irftﬁﬁ? SR %datc{)ﬁlgﬁhfaﬁlﬁe a %%n\%egtiggal glass

alum nosilicate glfass pre y contains
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that the alum nosilicate glass contain 62 to 75
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preferably used: chem call strengt henabl e

disk-shaped nhesheet glagd Préfefdbly B adidmterdt@D mavot More, more
15% Al 203, 7% to 16% Li 20, and 4% to 14% Na20 on a

prefgrablyodsiven of 6@6e] [Fhparditular, vasen theesheeylghsss has a diameter
chem cally strengthened has high flexural strength
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gl ass and the grindstone or t aten are nove
[o0edat Thekhetioglass bawbbgiroducdd fromt mbhen gl%l"slstrtﬁﬂ #Rhown
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surface thereof is ground. The grindi ng of
‘processcsye as apfressing process, péoabproedssisommfugion process.

doubl e-ended grinder with a planetary gear train.
‘Among these processes, the pressing process is useful in manufacturing the
sheet glass at low cost.
[0065] A material for forming the sheet glass is not particularly limited and may
‘be glass that can be chemically strengthened. Such a material is preferably
aluminosilicate glass. The aluminosilicate glass preferably contains lithium. If
the aluminosilicate glass is chemically strengthened by ion exchange at low
temperature, the resulting aluminosilicate glass can be used to precisely form a
- compressive-stress layer having a preferred compressive stress or a tensile-

stress layer having a preferred tensile stress. Therefore, the aluminosilicate




[0071] Upon grinding, the principal surface of the
sheet glass may be fed with a grinding fluid so that
sl udge (grinding scrap) is washed off fromthe
principal surface and the pyJncipal surface is

cool ed. Alternatively, the principal surface of the
wor kpi ece may be fed with slurry containing free

br asi ins j ddition to the grinding fluid. 18
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welyht peglemt Nar®.enhanced and the principal surface is
pl anari zed by grinding. Thus, the glass base nateri al
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The thickness of the glass base materi
stpangitkenably glzsmeocotainhiog S574h do TaYeSiD5 0% 4bRy8%. BOpn3%to
l";?ﬁz When the thickness of the glass base material is
19%£920Rah 7002 GimLi2 @ rang sty H%dNaad oniamalardasis.may
5§§ Wiﬁt hs¥ and the stress applied thereto during the
[0U8%k i Ae siunpipesiicate lasssrhemically stsergthened has diglk Sexwal
he. gl ass, bas terial is preferably 0.2 mmor nore.
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at ar. . S terial not b
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prigicipal surfadeof theasheet glde, workpiece, namely, that is, the sheet glass.
Grinding is performed in such a manner that a grindstone or a platen is pressed
against the principal surface of the sheet glass and the sheet glass and the
grindstone or the platen are moved relatively to each other such that the
principal surface thereof is ground. The grinding of the principal surface can
be performed using a double-ended grinder with a planetary gear train.
[0071] Upon grinding, the principal surface of the sheet glass may be fed with
a grinding fluid so that sludge (grinding scrap) is washed off from the principal
surface and the principal surface is cooled. Alternatively, the principal surface
of the workpiece may be fed with slurry containing free abrasive grains in

addition to the grinding fluid.




gl ass substrate to be manufactured. In the case where
the glass substrate is used to manufacture a magnetic
disk installed in, for exanple, a "1-inch hard disk
drive" or a conpact hard di drive smaller than that,
the glass substrate needs t0 have a dianeter of about
20 to 30 mMm Therefore, the glass base 19 nateri al
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cut the glass base nmaterial. [0078] The glass dis

is pregzaed byloptiing therglashbagp amderimlse material preferably
has a dianeter of 30 mmor |ess. [0079] By the use of
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elimnated by the

- during the cutting of the glass disk. Therefore, the thickness of the glass base
material is preferably 0.2 mm or more. When the thickness of the glass base
material is greater than 2 mm, the glass base material may not be precisely cut
or defects such as chips, cracks, or flows may occur during the cutting of the
.glass disk.

[0076] The glass base material needs to have a size greater than that of the
glass substrate to be manufactured. In the case where the glass substrate is
used to manufacture a magnetic disk installed in, for example, a "1-inch hard
disk drive" or a compact hard disk drive smaller than that, the glass substrate

needs to have a diameter of about 20 to 30 mm. Therefore, the glass base




pol i shing of the glass disk, so that the principa
surface thereof has a roughness of 7 nmor less in
Rmax and a roughness of 0.7 nmor less in Ra. If the
princi pal surface thereof ismrror-finished as
descri bed above, so-called cPash 20 or thernal
asperity can be prevented even if a magnetic head

majefel pa%fg Y frng lamghar &30 ok oLk Aed male RiRferably 48
bt BOr T nsrtcbiah oL eRies Bhoé Faubii 18 sy Bpicliof 65
mﬁ?oﬁhﬁﬁ‘é Céhh.?f g??gﬂfsg%”uﬁgtr i BF m%u?asctufﬂgr_iﬁfdg%ﬁc disks

bel ow and racture ueto m Cro-cr

inBtafige i eflinch f%}aﬂislﬂm\ké" %@h%@ﬁt&lﬁé&l@fr&ﬁﬁhé“émgﬁ@g&% base

(al so represented by Ry) and is equal to the sum (

mateRia). oThislie sbitaldé for(|Rye-seaie prodyxtiak. h&'hehlpbeﬁfln'ﬁthﬁ the
‘hi ghest peak above the nean l[ine and the depth (Rv:

sizmef thenglaas bage maierigl nefed ndtdaipasticslarly diiteyl. b¥Vien thee
mean |ine. The maxi num height Rmax is determ ned
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abrasive solution preferably contains abrasive grains
Hdwe veppit icahibregdiffiexting besparé shivl-sipe gldssalighshadng acdisseter
cerium oxide abrasive grains, colloidal silica
of 39rram orelegs Hyrrsecisely auittingoine glbsabase majedalnssing aaxsn;a laser
ef ‘h Lass disk is ﬁol i shed, the glass disk i
cuBE eBioje gh GiaIsoReTha st IoNPraterablsRasth cut the
he sane manner as that for grinding the sheet gl ass.
gleﬁsfsete%see E]aé%r di sk is ground and then polished, the
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aglasg,ah%tgfgfgg alth¥orldsr or - pol i shed.  Since the outer

face thereof is rough due to cutting, the

'[O@ZQ]erEjl tusd of @aylindicas ghRdstoAe P4 @#@tﬁlbﬁﬁol@&mth a
mrror-polishing the outer end face. This is

preddtennined diametenie fdrimegl inkecemter asglen of thef glass disk, the outer
occurring in the magnetic disk

end face of the glass disk is ground such that the glass disk has a

predetermined diameter, and the outer and inner end faces of the glass disk are

then chamfered.

[0080] The glass disk prepared from the glass base material is subjected to

polishing such that a principal surface of the glass disk is mirror-finished.

[0081] Cracks in the principal surface of the glass disk are eliminated by the

polishing of the glass disk, so that the principal surface thereof has a roughness

- of 7 nm or less in Rmax and a roughness of 0.7 nm or less in Ra. [f the

- principal surface thereof is mirror-finished as described above, so-called crash




manuf actured fromthe gl ass substrate. [0086] After
the glass disk is polished, the polished glass disk is
chem cally 21 strengthened. Chem cal strengthening
can induce a high conpressi%ﬁ stress in a surface
| ayer of the glass substrate to enhance the inpact
resi stance thereof. Wien the gl ass disk is made of

4 ass, t di sk
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is chemcally strengthened in such a manner 't
findheegidrashthdigi¥sd disk Ranughéhdmicalle stiémgthebd Dinifd®hly as

exanpl e, a heated chem cal strengthening salt suc
dedusibed Mekow and ldelayedf feactutcages tomidrberatiassardbs prevented.
exchanged for ions from the chenical strengthening
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i on exchange process refers to a proces ich

[0@8%lal The priacipal QirkRe ¢fithe igtadsadiek ispolished en alisidbl maamsr that
having an ionic radius greater than that of those

a plaken haviogan abrasive padyabmsite eoth)iattached testetoisgpressed
surface | ayer of the gl ass by the increase in the

againsi ke pringipal whtasecrfahg alpssglisk Aod thexplaternand itiag sheet
surface | ayer js thereb %renqt hened. [0090] In view.
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grgingheat ed at 100C to 300C. The gl ass disk chem cally

[0084] Before the glass disk is polished, the glass disk is preferably ground.
The glass disk may be ground in the same manner as that for grinding the sheet
glass. If the glass disk is ground and then polished, the principal surface
thereof can be mirror-finished in a short time.

[0085] The outer end face of the glass disk is preferably mirror-polished.

Since the outer end face thereof is rough due to cutting, the generation of
particles can be prevented by mirror-polishing the outer end face. This is
effective in preventing thermal asperity from occurring in the magnetic disk
manufactured from the glass substrate.

[0086] After the glass disk is polished, the polished glass disk is chemically




strengthened is cool ed, cleaned, and then subjected to
another step. Thus, a 22 product (the glass
substrate) is obtained. [0093] A material for forning
a treatment bath used for chem cal strengthening is
not particularly limted andli s preferably resistant
to corrosion and dust-free. Since the chem ca

str thaanl sal t and the nolten salt are oxidative
F%'ée t rég?“\'&‘? ﬁt@ﬁﬁ@'&hsnmgecartmﬁugﬁa highregepagssivrisiress
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martensitic or adstenitic nl ess steel having high
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n
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basi s. [0094] A source material for preparing the

olasefiskds chemigay séenathesedtin splafagnabner ihehthe glgss disk is
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alumnosilic The principal surface of the
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As shown in Fig. 1, an end portion of a chucking rod

cryglallizafiorupeatess, ancha presessrfondeathaliging ai glags stidatd. ntThe
a circular hole 2 located at a center portion of a
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suefapaitalet of the glass by the increase in the volume of an ion-exchanged

portion, and the glass surface layer is thereby strengthened.

[0090] In view of effective ion exchange, the temperature of a molten salt used

for chemical strengthening is preferably 280°C to 660°C and more preferably

300°C to 400°C.

[0091] The time to contact the glass disk with the molten salt is preferably

several hours to several ten hours.

[0092] Before the glass disk is contacted with the molten salt, the glass disk is

preferably preheated at 100°C to 300°C. The glass disk chemically

strengthened is cooled, cleaned, and then subjected to another step. Thus, a




23 [0097] The chucking rod 101 is rotated on its axis
at a predeterm ned speed as indicated by Arrow A
shown in Fig. | and reciprocated perpendicularly to
its axis at a predeterm nedzzrate with a predetern ned
stroke as indicated by Arrow™ B shown in Fig. 1.
[0098] In the texturing nmachine, a pair of abrasive
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The glass disk 1 held wwth the chucking rod 101 are

treatirgy teenpdrature énhighhdamage rendadusi siced to degsrel@Redns) the use
103 such that principal surfaces of the glass disk 1
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arpecoricricplipfeisisle pasiendi cul arly to its axis at a
predetermined rate with a predeterm ned stroke. The
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[0095] Fig. 1 is a perspective view showing a configuration of a texturing

machine, used herein, for texturing.

{0096] As shown in Fig. 1, an end portion of a chucking rod 101 included in

~ the texturing machine is fitted into a circular hole 2 located at a center portion of

a glass disk 1. Thus, the glass disk 1 is attached to the texturing machine. The

end portion of the chucking rod 101 is cylindrical and has a plurality of

separated sub-portions extending longitudinally. The end portion thereof can

be expanded by applying force to the inside of the end portion. The glass disk

is held with the chucking rod 101 in such a manner that the end portion of the

chucking rod 101 is fitted into the circular hole 2 of the glass disk 1 and then

expanded.




Therefore, the rel ative novenent between the glass
disk 1 and the abrasive tapes 102 and 103 depends on
the rotational speed, reciprocating rate, and

reci procating stroke of- the ass disk 1. As shown in
Fig. 2, the abrasive tapes 02 and 103 are
principally noved (Arrow F) relatively to the gl ass
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I ass Is less than the ra rou
Btgn@wqh.ﬁ pecifically, textures forned by text uring
as descri bed above are "anisotropic" in the
[0698T uiri theetekiuring racleing] @ paifof tbeasiVetepedi 192 dnd 0385 fed
The circunferential roughness of each principal
fremr supply wilis rI03ataswk 103uat @ paadeteiniked rahecasemslmtéd byrArrow
an outer_circunferential section toward an inn
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arﬂcpi@ﬁbré Bq&é]%l%bré—‘ddiﬁér surface of the gl ass

substrate, a region |located at a radius of 6 mmfrom

[00B9] cThé glasafdisine heldr@sthIne Shuettifg Pch?ﬂ €1 &bt ihderRddetween
circunferential roughness (Ra-c) of 0.25 nmor nore

thermoving abrasive tapesad2adndi103 sdchi thatpribtipaishfacesdf theeylass
center thereof preferably has a circunferenti al
diglp i (pie eostacked with ghe ebrasiveniapes|1€2sarsh1Qh afhe abtasnce tapes
This  allows the magnetic head t

163 and 38 3@5 b?@ﬁéeﬂmnssm prinepahrtaces &l the s!asrs dl%é with
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of the glass substrate, the ratio [Ra-c
the glass disk 1 and reciprocated perpendlcularly to its aX|s at a predetermmed
rate with a predetermined stroke. The reciprocation of the chucking rod 101 is
perpendicular to the direction in which the abrasive tapes 102 and 103 are fed.
A liquid polisher is fed between the glass disk 1 and the abrasive tapes 102 and
103.
[0101] The glass disk 1 and the abrasive tapes 102 and 103 are relatively
moved in contact with each other,
[0102] Fig. 2 is a schematic view showing the relative movement between the

glass disk and the abrasive tapes.

[0103] The feed rate of the abrasive tapes 102 and 103 is extremely small.




the circunferential roughness (Ra-c) to the radia
roughness (Ra-r) of the region |located at a radius of
6 M fromthe substrate center is 0.61 or nore and the
ratio [Ra-c / Ra-r] of the cjycunferential roughness
(Ra-c) to the radial roughness (Ra-r) of the region

| ocated at a radius of 11 mmfromthe substrate
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cigsEifeesntiad diseetiarmdangandial diréctiounyioé temglask diskct and atdo

t he i nci pal surface of the glass disk 1. This is
mgued (AEOWI G) siRESORAle WRAIreshAdt fe the pireurarenentiai difbeliort
thgnae ft angential speed of the inner circunferenti al

&1 on is less than that of the outer circunferenti al
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stably over the 1 nner cir erenti a I on.

foifthed dpgéxtuking \weaieschBed akbyé aré UMENFENIS" ivdRe Rfcumferential
determined readily and precisely in such a manner

direletion af thewlsgaalisk t.egi on of the principal surface of
the glass disk is neasured by atom c force m croscopy

[030R] t hee cseumierentialraughraasmfeasherincipal surface of the textured
uri er-transforned. [0112] In the principal surface

9'%‘“?3 dige 1gna=asea fom ap outandrcusietantiaksertiondawerd an inner
onfiReishunl o e BripPBalsite. o Tscetare.dha manotifaver
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degrees or |ess. ows the magneti ead
madradticdlagsrer the inner circunferential section of the
princi pal surface. [0113] After the texturing process

[01836]f iinitbé pdnciphbsyfamssofthe lgldss substetaedregidnBeakf at a

t he gl ass substrate is conpleted. [0114] '?he gl ass
ra@uw? pan@ fromrihe senterof thes gldes subbkategtreferablydvasr ali ng
cingl?mferential roughness (Ra-c) of 0.25 nm or more and a region located at a
radius of 11 mm from of the center thereof preferably has a circumferential
roughness (Ra-r) of 0.24 nm or less on an arithmetic average basis. This
allows the magnetic head to fly stably over the inner circumferential section of
the principal surface.
[0107] In the principal surface of the texture glass disk 1, the ratio of the
circumferential roughness (Ra-c) to the radial roughness (Ra-r), that is, the ratio
[Ra-c / Ra-r] increases from the outer circumferential section toward the inner

circumferential section of the principal surface.




the present invention is suitable for use in a "1-inch
hard di sk drive" or a conpact hard disk drive snmaller
than the "1-inch hard disk drive". If the glass
substrate is used to nanufag%yre a magnetic disk
installed in the "1-inch har di sk drive", the gl ass
substrate needs to have a dianeter of about 27.4 mm
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material. In particular, the magnetic |layer is
ropgbhess fRy-rheidtheatgiandotatet -at laatidiusof(13ombt frelabedubstrate
ferromagnetic material or cobalt-chrom um
cqrier isr0.60 g dapst e Mhimalipves the magoetiaheacita flystabhover the
. coercive_ force. The magnetic |ayer can be fornmed by a
inRer Girerater ‘aiﬁﬁf:tﬂcé}?fnt&e insiad surfpea.16] Before the
ic.l is f d, th I di be.
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disk fromthe inpact arising fromthe magnetic head

cirgaignferentiabsection afiihe pancipghstrifacd afytae.gldss diskefler Medks is
exanpl e of the protective layer is a hard protective
bacayise, indbe psincipehswiacengithediasy diskd) the tangentialtspegd of the
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[0111] The angle between the texture components can be determined readily
and precisely in such a manner that a 5-um square region of the principal
surface of the glass disk is measured by atomic force microscopy and the
obtained measurements are Fourier-transformed.
[0112] In the principal surface of the glass substrate, the texture components
present in the region located at a radius of 6 mm from the substrate center
preferably cross at an angle of 5.0 degrees or more and the texture components
present in the region located at a radius of 11 mm from the substrate center
cross at an angle of 4.5 degrees orless. This allows the magnetic head to fly
stably over the inner circumferential section of the principal surface.

[0113] After the texturing process is finished, the glass disk 1 is cleaned. Thus,




reference to exanpl es and conparative exanpl es. The
present inventionis not limted to the exanples.
[0120] [Exanple 1 (Exanple of d ass Substrate for
Magnetic Disk)] In this exanple, a glass substrate for
manuf acturing a magneti c di according to the
present invention was manufactured according to Steps

trgrdiasguiteiiass fsomplalede o i ndi ng ot Glg D ”%ngf fhce )
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(0L P s s bhale paneehie ERs HesSrod! abdle captiito to
gl 8 sehtihvelioh 15 sOfabiodBr Lie ifa " Gt RE i s
cOMpactitRP@Lask driveesbir thas itf'f\é fﬁﬁerﬁgg#aﬂa %iéi@ﬁﬁ@é"ﬂe% the glass

[ithium The conposition o umnosilicate g

sulEstrates isf udddolesrhaaufaiclte mmb?ﬁéti@ﬁisk At EINARE "1-inch hard
percent, an Al1203 content of 14.2 weight percent, a

disls dove'o theeglass stibsbate nesdshio heaecediameatet oP8bag@7ehinm.
of 5.4 weight percent, a Zr02 content of 6.0 weight

4
Allgrpatiyaly, itihe glasshoubstiateisusedio manufesiynta glag@eﬁc disk
. h.Ginding S Th | ym ilicate
BT 520 B ) e s S b Save o
d%t%%r}ftagbﬁkg?-%smm- 0.6 mm The sheet glass was ground

rindstone.” In this manner, a glass disk
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general ly use A di sk-shapéd gl ass base mat
(Cog-bapee parardagyetiti matériglr eFspatcull, the Resdridtieddgerds ass
used to prepare the sheet glass may contain 58 to 75
proksrahly madeeia cabaiplainuo E30-Ré)-bidediermemdgnaiti20faterial or
- cobalt-chromium (Co-Cr)-based ferromagnetic material having high coercive
force. The magnetic layer can be formed by a DC magnetron sputtering
process.
[0116] Before the magnetic layer is formed, the glass disk may be
circumferentially textured in order to increase magnetic properties of the
magnetic layer. A base layer or the like is preferably formed between the glass

substrate and the magnetic layer. The base layer may be made of an Al-Ru

alloy or a Cr alloy.

[0117} A protective layer for protecting the magnetic disk from the impact
arising from the magnetic head may be provided on the magnetic layer. A
preferred example of the protective layeris a hard protective layer made of
carbon hydride.

[0118] A lubricating layer made of a PFPE (perfluoropolyether) compound may

be provided on the protective layer so that the interference between the

magnetic head and the magnetic disk can be reduced. The lubricating Iayer




4 to 13 weight percent Na2O, and 3 to 10 wei ght
percent Li20. [0125] In order to enhance the

di mensi onal accuracy and profile accuracy of the

gl ass di sk, the glass disk roughly ground with a
doubl e-ended grinder using 400-grit abrasive grains.
[0126] Specifically, both principal surfaces of the

| ass di sk placed in a carrjier were ground using
C%’@)ggg?rime‘?apg'néﬁﬁx%f)%ia\fﬂp@'f‘gimgc‘??rﬁ-such a manner that
to about 100 kg and a sun gear and
St M e

re rotated. The resulting glass disk
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hole with a dianeter .1 mMmmwas forned in a cen
notdiited taf thetexaghpies. di sk, the outer end face of the

gl ass di sk was ground such that the glass disk had a

[0dR2@hre {Earaplet7(E3@nple of Slass BabstraterforMhagnetie Disk)p

faces of the glass disk were then chanfered. The

out erindhig exanaplecn glassabstinte fos nganufacturing amegnetic disk
surf.ac roughnes . 0f about 4 mjn Rmax. [0_128%9 [N
AGORUNg o the PeesERE invepiien wag apyactuted pesyrdingsto Steps (1) to
(8 %E)gﬁl c disks having an outer dianeter of 65 mm

Fg " (3) Precise Ginding Step The princi pal

[0894f 3?85 R?fug‘hh@riﬁbiﬂﬁsstt%%Sk wer e ground using 1000-grit

abra e gralns suc t the principal surfaces

t her qof @ 2] ness of about 2 min Rrax and a
rougﬁn?ess oﬁlﬂ)o‘ﬁho.z min Ra. [0130] Since the

pri ndBpaPrecisé @rurlingSepor eci sely ground, fine
irregularities formed on the principal surfaces in

t he déhgkngriandiMiospolishing Stepi ng step prior 29 to
this step were renoved. [0131] The gl ass di sk
preci(3kl %f@%ﬁ@“ﬁbﬁgﬁtﬁpasoni cally cleaned in such a

manneg, t hat the ss.digk was placed in a cleaning
bat h?ébnggﬁﬂﬂaw%ﬂ@ﬁt%ﬁepdet ergent and then in a
cl eaning [ T e water while ultrasonic
mvegyuerdg'%%]ﬁlfge}ﬁggﬁé}ﬂ@gﬁ%%ni ng bat hs.
(8) Texturing Step
[0122] A disk-shaped glass base material made of amorphous aluminosilicate

glass was prepared. The aluminosilicate glass contained lithium. The

composition of the aluminosilicate glass was as follows: a SiO5 content of
63.6 weight percent, an AlpO3 content of 14.2 weight percent, a NaoO content
of 10.4 weight percent, a LioO content of 5.4 weight percent, a ZrO» content of
6.0 weight percent, and a SboO3 content of 0.4 weight percent.
[0123] (1) Rough Grinding Step

The aluminosilicate glass was melted and then formed into a sheet
glass with a thickness of 0.6 mm. The sheet glass was ground with a
grindstone. In this manner, a glass disk having a diameter of 28.7 mm and a

thickness of 0.6 mm was prepared.




[0132] (4) End-face Mrror-polishing Step End faces
(the outer and inner end faces) of the glass disk were
polished with a conventional brush in such a manner
that the glass disk was rotated. In this manner, the
end faces of the glass disk had a surface roughness

of about 1 min Rmax and a surface roughness of about

M i N ..[.0133] ,The prjncipal ,surfaces of the

[tz o Baqf%aféﬂ aergﬂrégee ShERt glése 2 HeURYEW brocrsaaf afloat
. ' , ss, di sk,.and _si.m.l,ar ass
PltES s DG AT EHFE A AR e 0B8y e e fbg
| S . oy

P Bl B i@ Pl L PRAICSiioglcIERS Bped b BiciBfe I sheet
glase manecorgaineGipert welght pestarfi SiOop6ed 2Batiyhipéreent AloOg,

a primary or secondary polishing step descri bed bel ow
4 &0 13wrighlrarcenidNas@, aad Sridd0yweight paicegt Eib€p. [ 0135]

In this step, the end faces of the glass disk were
[0i261 oin pesler $émeahared thecdiarenisionad apcuraey angd areiilelaesuracy of

from bei ng generated. The resulting gl ass

'tht&ih@ﬁéf’inégkath&im dipk Srasrpughlyrgropnd vdth 3 dyulpierensied grinder
P Ii@ﬂi_ng Et eﬁ |n_order to renove scratches fornmed and
u%ﬁg_&ll JEPOR %eg'?"?she precise gri Bdl ng step, primary
107251, S8, D6t PHTRESa) SEirREe € of e MBS HIFR P L Carrier
w%_ DUAE usTHoS X008 8t ﬁlﬁhﬁné“ag%a eoggit‘iépﬁs&ﬂ etk Yhat the

itted between an upper an aten havi ng

lopgWashéaido apads160 kgahad slehehrand te®dl jb&s WaE rotated.
engaged with a. sun gear and an internal “gear, and

Théseauitiner glassidisk il ppradflibn Frogriaritpooted @aaintsa stiface
gl ass disk. 30 The principal surfaces of the gl ass

rodgBResge(RMsx)aflabouk6yshy polished in such a nanner

: %E@t {he | ass gisk was rotated on its axis between

[0 Zt PARSRs0  rotated around the internal gear

DY B BRSPSt o
Bt e B T e T
thé®lass disk was ground such that the glass disk had a diameter of 27.43 mm,
and the outer and inner end faces of the glass disk were then chamfered. The
outer and inner end faces of the glass disk had a surface roughness of about 4
um in Rmax.

[0128] in general, "2.5-inch HDDs (hard disk drives)" use magnetic disks
having an outer diameter of 65 mm.
[0129] (3) Precise Grinding Step

The principal surfaces of the glass disk were ground using 1000-grit
abrasive grains such that the principal surfaces thereof had a roughness of
about 2 pm in Rmax and a roughness of about 0.2 pym in Ra.
[0130] Since the principal surfaces were precisely ground, fine irregularities

formed on the principal surfaces in the rough grinding step or shaping step prior




exanpl e below. Specifically, primary polishing was
perfornmed using hard polishers (rigid urethane foan).
Pol i shing conditions were as follows: the use of an
abrasi ve sol uti on contai ni ng,cerium oxi de grains (an
average grain size of 1.3 and RO water, a |oad of
100 g/cn2, and a polishing tinme of 15 mnutes. The

3l ril gollshe gI ass disk was ultrasonically
0 F‘@%@B“Yeﬁ LERVE manner Lhat the glass di sk was
(0437 T8 2P By SR b RS g e S ip ppcn
mﬁnﬁézel%t e QQEQ dﬁg%%’é Ela%@d i Firﬁ?%}@r&@ F))aﬁ?%ongﬁmﬂgeﬂweﬂgral

bat h cont aihi ng opropy
détb?'m agidHiéhirta &Ie@rmq‘ﬁam%rﬁéf AP pUHE X Atep whﬂe Ultédsonic
er 0139]

The resul ting ass disk was dri ed. (6)

w@mmwdmapMdltstthe@I@ﬂmg bettgndary pol i shi ng was
performed using soft polishers (suede pads) and a

[08132be ) siknd-fasie Mirarepatisbimgrdtepi mi | ar to that used in
t he %lggp oI i shing step such that the principal
surf e\ﬁéﬁé he; quter ang mnﬂﬁ@@d facasimf th@ gtﬁgsetsk were

at ness of the

pdighea BWY%ﬁeaaPW an SfiER A apae ba ﬁ@@@%d*% was
f°*s?3?@2@2@§?§3'5“§e SRS 16 ofes %ﬁi@% foughness

ofFé‘BlthlF' W:ﬁ?ﬁ%ﬁérﬁf‘é sﬁﬁﬁﬁe?&gﬁ eils?"éﬁ D0 4S5mIh B!

ab raS|ve solution contalnin S|l|ca (an

[0833)r aDise pandipal surfices dFthSthine)-panmhedQued 8isk vierel dékhed
of 100 g/cnR, and a polishing tine of m nut es.

wiffowat®r. The secondarily pol i shed gl ass di sk was
ultrasonically cleaned in such a manner that the
[0434s §ndh§@t%§hﬁmﬁﬁ%@ek andzsinilarglase disks lare stackediang the
ral detergent, a cleani bat h cont ai ni ng
’@Jﬁ@e%\ﬁ?@\e -°(t§§kedaglé\ﬁ§ diskapre @phshe&g ntlauthiSrfg'ﬂssu incorgler &9
| bat P
Pt o S SR IR HsF FObLPPA erapard. i
st ¥ eterafy R} 45 = ifimard 3 BBt IRp s Btep oBa 5% betow
or%hS@étﬁférﬁ't@% §b&h B isikﬁ) iﬁﬁ?{éﬁycﬁ rengthened using a

chem cal strengtheni ont ai ni ng pot assi um
[0185]r dhehigtes Abé eMdThtéabrthedifss disk were mirror-polished
sufficiently to prevent particles or the like from being generated. The resulting
glass disk had a diameter of 27.4 mm.
[0136] (5) Primary Polishing Step

In order to remove scratches formed and strains created in the precise

grinding step, primary polishing was performed using a double-side polishing
machine.
[0137] In the double-side polishing machine, the glass disk was held with a
carrier and tightly fitted between an upper and a lower platen having polishing

pads attached thereto, the carrier was engaged with a.sun gear and an internal

gear, and the upper and lower platens were pressed against the glass disk.




content of lithiumeluted fromthe chemcally

strengt hened gl ass di sk was neasured with an ICP

em ssion anal yzer. [0144] Chenical strengthening was

performed in such a manner that the chem ca

strengt heni ng solution was heated to 340C to 380C and
the glass disk that had been cl eaned and dried were

TR E S AR o L e s TRt in such
PR PSR AT 5050 P o
qmesSIousld Ptz buliy REETELD, P Bhrsis,

sailitiéhesap! fet] BGtHvedhakE ORI de ittt |
[0145] The chemcally strgr?gt hgggg gla\ggsth{daids?@c!%lsg@ﬁaces

therenfrsed in a 20C water bath for about ten minutes,
whereby the gl ass di sk was quenched. [0146] The

- [0488hc Acteuflessidlecpalishingsmachine sinditantodbatmathiatedas used in an
sul furic aci heat ed to about 40C and the gl ass di sk

exgiaple d. She@fically pimagy pelisking was perfereedassing hard
spnitcal Ly cleaned in such a manner that {he gl ass
p%bé?ﬁ@'@@c u(_ﬁélﬁari“?ﬂ%@@ed FP%SE'"& f@é‘ﬁﬁﬁ@%’&%fﬁ gotollayai nthe use
r i 0gL. ...containin ur e wat er
off] SoreBivE seliton el ST KB ce B RBhrefHos ol Size of
| coho . A _
1'gryi ng)d Br? ?ﬁgr?%‘rﬁder. @e@é‘fh?ﬁ‘?t@&’ﬁﬁg‘é’lﬁ’ﬁﬁgﬁ 53"8”‘93-
Theaprimatiholishéd GasEhdisi WaRailPadorieHIhAIEMaNH SR 4 Aibiner
of the cleaned glass disk were vistally inspected an
thattbe glass disk wasispeetsed if arclegning dath edhtaHing a.neutral
scattering, 32 and transm ssion. The inspection
dedergrptl a elganingdath captaining purd wetar (Ahd eledningaeath coftaining
t he Ie@r}ed %ﬁss di sk had no Er otrusi ons due to
PUie ek <) Cleaning RathgontainiagdPALisereapyl plrohel), anc a
sk treate described above ,was _neasured for
TG Bt oM ATy 205 e op Bt e by eemibnp s
: rement showed that the principal surfaces of
dl%gaégrlagég' di sk had a roughness of 2.5 nmin Rrax and

W e AR A S

r ougBeesadagpalishRIgWaS Peifbrmied NsifgBMNSdlishers (suede pads)
and a double-side polishing machine similar to that used in the primary
polishing step such that the principal surfaces were mirror-finished.
[0140] An object of this step is that the flatness of the principal surfaces
polished in the primary polishing step is maintailned and the roughness Ra of
the principal surfaces is reduced to about 0.3 to 0.5 nm.
[0141] Polishing conditions were as follows: the use of an abrasive solution
containing colloidal silica (an average particle size of 80 nm) and RO water, a
‘load of 100 g/cm?, and a polishing time of 5 minutes.

[0142] The secondarily polished glass disk was ultrasonically cleaned in such

a manner that the glass disk was immersed in a cleaning bath containing a




that surface profile paraneters obtained byAFM (atom c
force mcroscopy) were subjected to calculation
according to Japanese Industrial Standard (JIS) B

. 0601. [0149] The gl ass disk eat ed as descri bed above
had an inner dianeter of 7 an outer dianmeter of
27.4 mm and a thickness of 0.381 mm that is, the

P Gl Ao e SR
oBhfing BpnEwa 127 AL 4ing S Baltairiag A BScrrSBy AR5 oD,
aﬁﬁ%l@é‘r‘ﬁng g!? E&%8irt r%ﬁgf}(‘@%@o?gjgg Q)ﬂin%ét;brg zﬂije fsulting

regl the i ereo
ghissidilewaodgbaess of 0.4 min Rmax and a surface
roughness of 0.05 min Ra. A chanfered region of the

[004Bér (EndChamical iSticngtigdrdsg Stisk had a surface
roughness of 0.04 min Ra and a wall region of the

out er Thagleaned dlars dsk wasdhensivallasteengtbeygthasiag af chemical
0.07 mjin Ra. Thus, the inner and outer end faces

- St{?fé&ta%'ﬁfnaépéit';ﬁ W!nmgmfﬁ%ﬂuq njtrate] archsogipmditrpte.  The
SRt SRt SRne P naa ”s"tg»e‘ﬁ%e""n”%d;g‘j%%s?s&m

f 0152
RS B R R Ty "7 engt hened gl aas
[oduat Whentiesie ﬁg iPwas ol dn gﬁch %ﬁghﬁkﬁ ethg the

such a manner t e principal surfaces o ass

criimicab&trengthéidyise h@i@n heidReatealh BAOVE th @B@SC e thBYlass
gl ass di sk and the abrasive tapes were noved

disk thatihael hearocleandd andhdried wareritrmedrsied i tiraiedated kbemical
The abrasive tapes were principally noved relatively
strengtirniny gekitian dar abouthwodo fountiaurent Iredrdedio aniforatly

ta entl al di rectlgg% of the glass disk and al so
st nthe ey irasurfacqof the gl@gﬁ@l@k the glaes disk was immersed

e M0 B adimst haiibe Shsn ok e Rirstbie Boldg fagsther
] 8 456 LR Sl B

with‘@®Eh&iddr. Wwere as summarized in Table 1.

[0145] The chemically strengthened glass disk was immersed in a 20°C water
bath for about ten minutes, whereby the glass disk was quenched.

[0146] The quenched glass disk was immersed in concentrated sulfuric acid
~heated to about 40°C and the glass disk was cleaned. The resulting glass
substrate was ultrasonically cleaned in such a manner that the glass substrate
was immersed in a cleaning bath containing pure water (1), a cleaning bath
containing pure water (2), a cleaning bath containing IPA (isopropyl alcohol),
and a cleaning bath containing IPA (vapor drying) in that order. The resulting
glass substrate was dried.

[0147] The principal surfaces and end faces of the cleaned glass disk were

visually inspected and then strictly inspected for optical reflection, scattering,




Fabric tapes were used as abrasive tapes, _

pol ycrystal line dianond slurry was used as a polisher
(slurry), the glass disk was rotated at 597
revolutions per mnute, th 2oscillation frequency of
the glass disk was 7.8 Hz, the oscillation anplitude
of the glass disk was 1 mm and the processing | oad
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such as scratches.

[0148] The glass disk treated as described above was measured for surface

roughness by atomic force microscopy (AFM). The measurement showed that

the principal surfaces of the glass disk had a roughness of 2.5 nm in Rmax and
aroughness of 0.30 nm in Ra, that is, the principal surfaces thereof were
extremely smooth. The surface roughness was determined in such a manner

.- that surface profile pe;rameters obtained by AFM' (atbmic force microscopy)' |
were subjected to calculation according to Japanese Industrial Standard (JIS) B
0601.

[0149] The glass disk treated as described above had an inner diameter of 7
mm, an outer diameter of 27.4 mm, and a thickness of 0.381 mm, that is, the
glass disk had a size suitable for a glass substrate for a magnetic disk used for
a "1.0-inch" magnetic disk.

{01501 A chamfered region of the inner end face of the glass disk had a
surface roughness of 0.4 um in Rmax and a surface roughness of 0.04 pm in
Ra and a wall region of the inner end face thereof had a surface roughness of
0.4 pm in Rmax and a surface roughness of 0.05 ym in Ra. A chamfered
region of the outer end face of the glass disk had a surface roughness of 0.04
um in Ra and a wall region of the outer end face thereof had a surface
roughness of 0.07 um in Ra. Thus, the inner and outer end faces thereof were
mirror-finished.

[0131] The principal surfaces of the glass disk had no contaminants or
particles causing thermal asperity and the inner end faces thereof had no
contaminants or cracks.

[0152] (8) Texturing Step

- The chemically strengthened glass disk was textured using a texturing
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texturing was finished, the glass disk was cl eaned. In
this manner, the glass substrate was obtained. [0157]
[ Exanpl e 2 (Exanple of d ass Substrate for l\/agneti c

B BB g e S BB P B8R e
shARFENST bEXASEN SorhshR: tP8Y ANk the 8§ dlsk and the abrasive tapes
were moved relatively to each other in contact with each other. The abrasive
tapes were principally moved relatively to the glass disk in the circumferential
direction (tangential direction) of the glass disk and also moved sinusoidally with
respect to the circumferential direction thereof.

[0153] in this step, a liquid polisher containing diamond abrasive grains was
fed between the glass d [sk and the abrasive tapes

' [0154] Texturing condltlons used in Example 1 were as summarized in Table 1.
Fabric tapes were used as abrasive tapes, polycrystaliine diamond slurry was
used as a polisher (slurry), the glass disk was rotated at 597 revolutions per
minute, the oscillation frequency of the glass disk was 7.8 Hz, the oscillation
amplitude of the glass disk was 1 mm, and the processing load applied from

pressing rollers was 3.675 kg (1.5 pounds).




[0158] In Exanple 2, the texturing conditions were as
descri bed below. Fabric tapes were used as abrasive
t apes, polycrystalline dianond slurry was used as a
pol i sher (slurry), the glas%MQisk was rotated at 883
revolutions per mnute, thé oscillation frequency of
the glass disk was 7.8 Hz, the oscillation anplitude
Ogb fhe gl ass disk was 1 mm and the processing | oad

[ E ied from pressing rollers was 3.675 kg (1.5
pounds). [0159] [Conparative Exanple 1] A glass

substrate of Conparative,Ex 1 was prepared under
texturing conditions thaw ff earent from those of
Exanple 1 as shown in Tgbl 160] In Conparative
Exanple 1, the texturingSe were as descri bed
bel ow. Fabric tapes wer %JS asi ve tapes,

pol ycrystal |l i ne di anmond |2$l ' used as a polisher
(slurry), the glass disk&na at 1083
revol uti ons per m nute, |ghe [ ion frequency of
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processi ng | oad
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of Principal Surfaces of dass Substrates for Magnetic
Disks, Ratio [Ra-c / Ra-r] of G rcunferenti al
Arithmetic Average Roughness (Ra-c) to Radi al
Arithmetic Average Roughne% (Ra-r), and Crossing
Angl e of Texture Conponents] “Principal surfaces of the
gl ass substrates, each of which was prepared in
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[0159] [Comparative Example 1]

A glass substrate of Comparative Example 1 was prepared under
texturing conditions that were different from those of Example 1 as shown in
Table 1.

[0160] In Comparative Example 1, the texturing conditions were as described
below. Fabric tapes were used as abrasive tapes, polycrystalline diamond
slurry was used as a polisher (slurry), the glass disk was rotated at 1083
revolutions per minute, the oscillation frequency of the glass disk was 7.8 Hz,
the oscillation amplitude of the glass disk was 1 mm, and the processing load
applied from pressing rollers was 3.675 kg (1.5 pounds).

[0161] [Comparative Example 2]

A glass substrate of Comparative Example 2 was prepared under

-texturing conditions that were different from those of Example 1 as shown in
Table 1.

[0162] The glass substrate of Comparative Example 2 is an example of a
glass substrate for a magnetic disk with an outer diameter of 65 mm.

[0163] In Comparative Example 2, the texturing conditions were as described
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b?Plng F@b%gggp@a?@%eg qd as gbpasive tapes, polycrysta“%e a/iéfn_o'nd
slurry was used as a polisher (slurry), the glass disk was rotated at 383
revolutions per minute, the oscillation frequency of the glass disk was 5 Hz, the
osciltation amplitude of the glass disk was 1 mm, and the processing load
applied from pressing rollers was 13.475 kg (5.5 pounds).
[0164] [Measurement of Circumferential Arithmetic Average Roughness (Ra-¢)
of Principal Surfaces of Glass Substrates for Magnetic Disks, Ratio [Ra-c / Ra-r]
of Circumferential Arithmetic Average Roughness (Ra-c) to Radial Arithmetic
Avera‘ge Roughness (Ra-r), and ﬂCrolssing Angle of Texture borﬁponents]
Principal surfaces of the glass substrates, each of which was prepared
in Example 1 or 2 or Comparative Example 1 or 2 as described above, were
measured for circumferential arithmetic average roughness (Ra-c).
[0165] Fig. 3 is a graph showing the circumferential arithmetic average
roughness (Ra-c) of measured regions of the principal surfaces of the glass
substrates.
[0166] Table 2 describes the circumferential arithmetic average roughness
(Ra-c) of the measured regions (located at a radius of 6, 8.5, or 11.0 mm from
the center of each glass substrate) (for Comparative Example 2, the
circumferential arithmetic average roughness of the measured regions located
- at a radius of 14.5, 22.0, or 30.6 mm from the center of the glass substrate is
| shown).
[0167] The glass substrates of Comparative Examples 1 and 2 are samples

for comparison with the glass substrate described in ltem 3, 5, or 8.
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[0169] As is clear fromFig., 3 and Table 2, the
circunferential roughness of3%t he princi pal surface of
the gl ass substrate of each exanpl e i ncreases

C%&,Li nuously froman outer circunferential section

[G1 rd an inner circunferential section of the

princi pal surface. [0170] In the glass substrates of

the exanples, the-feasufed—+egionrtocated—at a radius
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each principal surface was determ ned. [0172] Fig. 4

is a graph showing the ratio [Ra-c / Ra-r] of the
circunferential arithmetic average roughness (Ra-c)

to the radial arithnetic average roughness (Ra-r) of

the principal surface. [0173] Table 2 describes the

ratio [Ra-c / Ra-r] of the circunferenti al arlthmstic

ave e roughness_(Ra-c) to the radial arithnet
[0:198f 3@ i3 Glegh ifeas Flora-and Table £h319p¢lrwfsﬁﬁnt@h rqu&t@ess of the
. 0174] r fro dTabIe2 int
p%??'%aﬁisaﬁécg&Fﬁaet@ésaﬁuf?ﬁéa%@; R ExaBHIE rickozses fitinuously
fr?rﬁaaﬂp Fﬁ%@éﬁ@@%@&ﬁﬁ@a#%ﬂm?&r l@ile?&ft aﬁé@?ﬁon of

thaf ,-Ha;ﬁ)aqbs[,ﬁgég erential arithmetic average roughness
Iga to the radial arithnetic average roughness

[0(1 Rap r )n ihecglass sabstiatesof the ednebles, the Unéeesd irédion located
section toward the inner circunferential section of

atenrddiys 0h@ npalfroputHeacentef 6fl€4dh glass sabsteatedrasda r egi on
located at a radius of 6 mMfmm fromthe center of 39 the
ciggugyerentigh avithimetigravesage wuahpess (Raws) 040i25 pRorgngre and the

mPasiRAdeg o acalet B B aUiS.al I M Foibe cenn i faryglass
6
spRHARNRES o (FRrigreRidh Sndiete Srade ol DB RS 2R prp.24

Orq%?aé he gl ass substrate of each exanple, the ratio
‘c / Ra-r] of the circunferential arithnetic

[ORY € aB6r ﬂh@@é‘é‘ﬁ&ﬁ)s!tr%?eé:bf Eseambré%fa 2l arif ¢ b étfvre]a

aver age roughness (Ra-r) is 0.60 or less. [0177

Exdmeples itranid2) theuafie (Re-cofRa-frofdhe Sircambsrehfidlefithmetic
prepared in the exanples as described above, 5-m

aveage pughgiess ¢Rawm) & treasadia aritymetio averagbooughness (Ra-r) of
m croscopy. The obtai ned neasurenents were
eachurinsipal ﬁaﬁg%waédiewmm%—d. nensi onal FFT [0178]

oftd Bleadir amptsarvieg 3281@35@5%&3%%@ B9 chpum@enti
o 8 BB POk T80, SRR 80 Buormess
(Réwﬁwg&p,ﬁ&pa@umé&det erm ned. The texture conponents

- {0173] Table 2 describes the ratio [Ra-c / Ra-r} of the circumferential arithmetic
average roughness (Ra-c) to the radial arithmetic average roughness (Ra-r) of
‘the principal surface.

[0174] As is clear from Fig. 4 and Table 2, in the principal surfaces of the glass
substrates of the examples, the circumferential roughness is less than the radial
roughness.

[0175] The ratio [Ra-c / Ra-r] of the circumferential arithmetic average
roughness (Ra-c¢) to the radial arithmetic average roughness (Ra-r) increases

~ from the outer circumferential section toward the inner circumferential section of
each principal surface.

[0176] [n the measured region located at a radius of 6 mm from the center of




the circunferential direction of the glass substrates.
[0180] Fig. 6 is a graph showi ng the crossing angle
between the texture conponents present in the
nmeasured regions of the pringipal surfaces of the

gl ass substrates of the exarl es and the conparative
exanpl es. [0181] Table 2 describes the crossing angle
bet ween the texture conponents present in the

Theegiass substeie ohsaeh cxaepg: ithe rfid [Reue f &eed obthe he
SRR R R e B R e
a\gelfrragé %I’ﬁ'fé%'sjﬁ'aggiﬁee%qsglf o, ! tr]ﬁ éﬁéjh?erasured region located at a

entl ron Toward I nner

ralitisCOr1ehArbAl theSEnté&othe 8Rsd} éUHsﬂ%EeP?f eacﬁPé)Eé}ﬁﬁle, the
That is, tan O Is inversely proportional to r (that
raltie.[Rbaty Rairbobihepsiicuhsieintial Qrithhietic aveesgd rd RIMMR8E (IRS-c) to
the crossing angle and r represents the distance from
thetradiaé atithmetic asragg rasghress{Raal & 06018 3gss.n t he
| ass substrates of the exanples, the angle (crossing
[0236] eln theairinsineal sudacex olithe Jaspauksitalep pespared imthene
neasured region located at a 40 radius of 6 mmfrom

eXarRples AP Sesefibed aROYP e HiAATE 4pGioNs Werg raegslsed hyratomic
fofe i B%ogvpo T BR TP EY dRRas e ARt et PGt bfgarmed by
thoQ&iﬁ{e%@io?{?l ?Frl-adi us of 11 mmfromthe center of each

ubs

glass s rate is 4.5 degrees or |less. [0184]

[0l FERMPIge 53 HolwsaftlgR sUbtARea By FourlethdnstBiatieg tife di sks

according to the present invéntion were nanufactured

megaswedionts bbthetregivrzahensurcd adtotiefdred hildiorgoppyer s
were fornmed on the principal surfaces of the glass

[04¥Bst The englef (cEasing asglé) betiveen texture coomerentsd tiosaimg each
opposite target-type DC magnetron sputtering system

otheleas phgwn in %Eld@ was datesmingd. Jihedpxtuse sempapents extaaded in

thg cirByIerRatalsHoUEn 0 9 Gifer SORRIRISST car bon hydri de.

46, S 4 eP BB MRS gl AR AL

cob et BB HOSHA8 Bl hiRE b Byt fiteethne

glass substrates of the examples and the comparative examples.

[0181] Table 2 describes the crossing angle between the texture components

-present in the measured regions of the principal surfaces of the glass

substrates of Example 1 and 2 and Comparative Examples 1 and 2.

[0082] Fig. 6 illustrates that the crossing angle increases from the outer

circumferential section toward the inner circumferential section of each principal

surface. That is, tan 0 is inversely proportional to r (that is, tan 8 is proportional

to 1/r), when 6 represents the crossing angle and r represents the distance from

the center of each glass substrate.

[0183] In the glass substrates of the examples, the angle (crossing angle)

between the texture components present in the measured region located at a




[0186] The magnetic disks include the glass substrates
that are non-magnetic, the magnetic |ayers di sposed
above the gl ass substrates, the protective |ayers

di sposed on the nmagnetic |laygrs, and lubricating

| ayers di sposed on the protective |layers. [0187] The
seed | ayers and base | ayers di sposed between the gl ass

substrates and the magnetic | ayers form non-magnetic
reRHS P! § qyBfon Hzﬁncewggﬁgew 9358 sLhsispis)is 5 ¢ degrees or more

I T I A
m:éggareetd l%ﬁﬁﬁ%%ﬁét r& 4 deilféj{?f AL {H%ecé?{tttgrt &84 hSlass
yers arnd the protective layers are I n contact W t

sttty 4 Galddibed BYRIE: [0188] The seed | ayers were
formed on the respective gl ass substrates by

[04p4] t HEstamgples3 (Bxamnplerod Magrrdie Diskpn Al - Ru
(al um num rut heniunm) alloy (50 atom c percent A and
50 atMapoetiedisks aceuidirgptoadbetpredentdneertionokeresmandifadiured
nm 41 The base | ayers were fornmed on the respective
aceosding 49 stepshbalgwsput tering  using a target nade of a

8 UG  RER L b Tt i
R8s R RERE 5y T8 phierdvi g ebeRge Hapgupe oC
mERARLT B ST sess e rTRge ol g Ty e tevers
mBeé efBLCIOW alle?), magbﬁeeﬁc RBfe36 Madd of #0%-Cr-Pt-I8 1Mo 4rke Nt

Ta, the renmi nder ing  Co) so as to have a thickness

protectibe teiyerf 088 ofldrbon biydddé.veThayeed lawirs hhos aEdnétion of
the respective magnetic |layers and the lubricating

refipipgrroagnetic grairerIntaipedfin the veigetip tdyess bad thevbase layers
formed on the respective protective |ayers by a

hayemfungtipn ef aligningiie pasy axes vbtheapegsetio layers inthetin-plane
.of .protecting the magnetic |layers fromthe inpact

_ d'?ﬂt'gpng froma nmagnetic head. The nagnetic disks were

D - he 01901, Ihe obt ai ned .
(OFAERaT e rifre e i opR e oaes ool el eiiimpmagnetio
L . ; vl . :
B T e
- disiseetcn trRdmbbAefic hé¥8€b, RipdaybidatiRly bersHisStsciealthenas
mai nt ai ned stable. The magnetic di'sks were subjected
proizctive layers.
[0187] The seed layers and base layers disposed between the glass
substrates and the magnetic layers form non-magnetic metal layers (non-
magnetic base layers). In the magnetic disks, all the layers other than the
‘magnetic layers are non-magnetic. In this example, the magnetic layers are in
contact with the protfective layers and the protective layers are in contact with
the lubricating layers.
| [0188] The seed layers were formed on the respective glass substrates by

sputtering using a target made of an Al-Ru (aluminum-ruthenium) alloy (50

atomic percent Al and 50 atomic percent Ru) so as to have a thickness of 30 nm.




recordi ng/ reproducing test at 700 kFCQ . This test
showed that sufficient signal- to-noise ratios (S/N
rati os) were obtained fromthe nagnetic disks.
Furthernore, no signal errors were observed. [0191]
The magnetic di sks were eacttlinstalled in a "1-inch
hard di sk drive" for recording data at a density of
60 Gbit or nore per square inch. The operation of the

Tae bage Auske were farmesk eh thssraspestivreseeshlayers 2 by sputteting

sks without a

u$ibS BB T 0! 4 ekl Rt pos i BYSe '(seo”ggqég]per@@t Cr
2@2}*3'**%% 0] e el A RS of 2oy o7 ddetic
G 1810 oh he M et ersidborsiES sietb Uit 3 et

mede s af@éuﬂfrﬂ@tma" @,@bért@ﬁkénhﬁjrﬁlpﬁtﬁuﬁh%télﬁhﬂsallﬁgl (20 at%mic

Exanples | and 2 and the magnetic di sks manufacture

pdrcent Chd 2gitantc palgeht Bt, emdod afomippertentTad the fonadiniesbeing
1 and 2. The results of this test are shown in Tabl e

Co) s¢ eada have e thigkhess of 1% nnes t he nagnetic di sk
manufactured fromthe glass substrate of Exanple 1

[0p89k edihe pEoteglive BYersuara ioreed futhepiespestiiesnagnetic layers
d hows
ab RIS Shqd B PERE ity patpolyeliiss erp dormed

i S R S
hdcﬁé‘%ﬁ&ﬁbﬁ%ﬁ‘ Bfthg tHeYmlag B‘u&‘i W%%‘%ﬁﬁhe ﬁ%‘eﬂﬁ?ﬁﬁsma Biohn a

ows that this nmagnetic

magneil hédd,. THEL®BLnéHE dRUBNRSrePreparidBad dl&c%@ﬂ%do@/e

di sk manufactured fromthe glass substrate of

{0 C20ipaT e bhtaitscamaigaefic disks avkrersubjertéd of algliddiestiushty a
durability is three hundred thousand or nore. This

glidadwadiofavhichthe fiyigabeight avaskiham. iTreutest shawed that the
durability 0197] . The nunber of times the magnetic

m%wwqmﬁl&ﬁ bed np&gllidinghobistsgands the fm&)em\eowf the glide head

arative 2 ed .t he test of ad/ unl oad

Wi B Riney SaPIes) K AN CAIRRARE vsged 108 | hough
' IC t
AR AL REEL AL enf ) G bt sne
to Rl rat.agqgm | FficR) P BBYiAG fnPitleGhathafiPlighs O 27- 4
This i's becau magnet | C as an outer

Ftﬂﬂh%ﬁﬁb%, r@a‘saéﬁafr&rﬁcﬁ@dvér@%é@svea@asur ed f or
[0191] The magnetic disks were each installed in a "1-inch hard disk drive" for
recording data at a density of 60 Gbit or more per square inch. The operation
of the drive showed that data was recorded on or reproduced from the magnetic
disks without any problems. That is, no crash or thermal asperity occurred.
[0192] The glass substrates of Comparative Examples 1 and 2 were used to
manufacture magnetic disks similar to those manufactured in Example 3,
[0093] The following disks were tested for load/unload durability: the

magnetic disks manufactured from the glass substrates of Examples 1 and 2

-and the magnetic disks manufactured from the glass substrates of Comparative




surface roughness are 14.5, 22.0, or 30.6 nmm apart
fromthe center of this magnetic disk. [0198] [ Second
Exanpl e] A second exanpl e of the present invention

wi |l now be described. In th@ second exanple, a
substrate for manufacturing magneti c di sk was used.
The substrate had a dianeter |ess than those of the

Efafbias LAae 2oy | The Hadts ghits &s@éﬁeiih@rﬁgﬁ' Thig. ™ "o
(e ¢ Thehd efsﬁq%%ﬁ‘% m30eth IRk MEuitBiured fram the gless
s@l;lz@{)lfaéé‘%f ESQ 1§ z)%'ét&%? thd s LB? oBHftﬁﬁoe‘fd@UEbﬂ%Los%Q Rlindred

ri e arit IC average ro
thodsan@®br MRaS UTRR SHRSChat His @@H@%M& sﬂifh&ent durability.
arithnetic aver age roughness measur ed

[Orlég'] oftkeoluntiver ofdigney the rdagheticadick MAMBACtURR] fremstie etass
regions of the substrate and the magnetic disk. The

rate etiExanjiptnd paseed theatestioblbadblinidast durabiliaglisi fivierlumdred
the center. of the substrate or the nagnetic disk.

theypamter nbiie Sh%’ﬁltBatsthiﬁJWﬁﬂFG&%@iSkOaScﬁ‘JﬁMtdlﬂﬁbiﬁtYand

103D AT hE shimbeed dmen BB aaast AP Rlanetaciured e the glass
Ul BN Copap e Eart BT BRSBTS o8 el ety

th%@ﬁﬁhﬁ r§8 glt(l)o %Sodrgg%ﬁ%?pewufﬁ"g @hg%ra %ﬁblso%gg ﬁnle%é)@\glﬂ hgslrE

|nQuﬁféieht&JrabMy1~ OwCo LoLo"t 4LoLoMOOo0OOOO
X x 00
-[0197] The number of times the magnetic disk manufactured from the glass

substrate of Comparative Example 2 passed the test of load/unload durability is
six hundred thousand or more.  Although this magnetic disk has sufficient
durabllity, it is meaningless to compare this magnetic disk with the other
magnetic disks having an outer diameter of 27.4 mm. This is because this
magnetic disk has an outer diameter of 65 mm and regions measured for
‘surface roughness are 14.5, 22.0, or 30.6 mm apart from the center of this
magnetic disk.
-[0198] [Second Example]

A second example of the present invention will now be described.

In the second example, a substrate for manufacturing a magnetic disk
was used. The substrate had a diameter less than those of the glass substrates
used in the first example. A method for manufacturing the substrate, a method
for texturing the substrate, and a method for manufacturing the magnetic disk
are substantially the same as those described in the first example.

[0200] Table 3 summarizes the arithmetic average roughness (Ra) of

measured regions of the substrate, the arithmetic average roughness (Ra) of




ONEL=C NCm(DO ~ j R(6rWYV (NN QO af
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UNN -0 E CDE000000000 Ui 1l- aixr-G6F-~of (AdOE
OOONEEOO O‘Eer%(OrYENrNQoE
NNMMV a'912 N OQmp, mp. 0O XE X ~ w ow Ou~
44 [0202] Fig. 7 is a graph showi ng the roughness in
Tabl e shows the roughness of the

MEGHUE %%Togf%gofﬁﬁsﬁgqqiet@g@%@d Rl hameagyrecoregiansof
RIS ol PrRRRRS PSR srRREN Foonlie prEiPReec
oiferaadh gsg])fm@%'nferﬁof O SuBSHAB thé feusies

term ne atomc force m croscopy a escri

FéatieatenorelTable 8 surhmmakizéd FOH SRdubdiaitd LHINRRRME dRAGHHY
magneti ¢ di sk depends on the

Comparative Examples 3 and 4 for comparison. These substrates and magnetic

disks are different in surface roughness from each other. In Table 3, a TOP of

0.91 atm corresponds to atmospheric pressure at a measured region.
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roughness of the substrate used to manufacture the
magneti c disk. Specifically, an increase in substrate
roughness leads to an increase in nagnetic disk
roughness. In Exanple 3, th%:roughness of a measured
region (first region) |locatéd at a first radius from
the center of the substrate or the nagnetic disk is

' (second regi

10332k oHRa7 1S 3 wBeBRHONIH (e roHGRETEHES: of Tetie. Fig. 7
| s, | h he fi
SR oo S BaSsRelgnd Bad g o b Rinalr gt of
thelRibaittd dnd FRIGNRGE AN &F CofBERRNEELRAe 3 ahBSnat oFthe
of rotation, recording, or reproducing oOr’'a region to

sifstiaite andneaiidtie diglest Comparatide BYFHEIR4. S THE S@face®

region inner than this region has a surface roughness

roggbaess wab aetdérmined by tabraio feacenticrosddpy asidéssibed above.
roughness may increase fromthis region toward the

Fignrdlustratgsoihat thecionigboess oteach magnstiy diskGEp@hdSon the

ro;ﬂﬁtouch-down pressure) and TOP_ (take-off pressure) wll

gangss ofdbssupsiate usad to mandfasierdhe i"@ﬁﬂt:leltigtdi?thg
f f . ' .
 Subitah an Morsee b subshSta eranoess kadsda prneeeaedn n
et : . ok '
mb Rtk RHTRES; | 1h Bheliaf AP Lonie S AR et woion
(fitdt r&GieRY |ob§te§1“ét' s rddivd ABnPIHPE HECS thd Qﬁp@!?éheTmhe
are ~neasur ed. [0204f Fig. 8 I's a conceptual view

- maghetivodisk TEIB63 @it Bkt of ZtBedddtet reyiB A (sSOMY r@?&ﬁg%@ted at
ea

is defined as a pressure at which a nmagnetic in

a $éganugradius foemdhe centeslof dee bybsgiratd e yecadlcidigs Ishess than
pressure in_a hard disk drive. The TOP (take-off

the fissisadivp, Thedissitregion mey bleea Tefon iMnicthetdmiee bagught in
pressure at 45 which the nmagnetic head in sliding is

copfard vathy g magnelig hgad At de §tara@fr retadiong reqeedingy esEapreduging
the hard disk drive. . .The transitjon fromflying to .

or gl FeaiLo Wahliemadfatc Beag AEan bbludeterine okidsre: eregion

. e . .

S e rAGO TR barASEERPaBEGREAEPL R R s regions

THeE e rEU?ﬁné@sShggqncr‘é%é Ireth 'EHi'% 6%(8%?t éﬁietheiiﬂné\‘}jeﬁ[bn

the pressure can controll ed. e neasuremne
stéﬁwigé@,r]i@ﬁtjm@o@i ective in evaluating the ability of

the magnetic head to avoid contacting the nmagnetic
[0203]k. TDR¢tovehsdovanprassafe jtamel TOP (take-off pressure) will now be
described. There is apprehension that the frequency of contacts between
magnetic heads and magnetic disks increases because a recent increase in the
storage density of the magnetic disks causes a reduction in the flying height of
the magnetic heads. In order to evaluate flying properties, TDP and TOP are
measured.
[0204] Fig. 8 is a conceptual view sowing a TDP/TOP test. The TDP (touch-
down pressure) is defined as a pressure at which a magnetic head in flying is

caused to slide by gradually reducing the pressure in a hard disk drive. The

TOP (také-off pressure), in contrast to the TDP, is defined. as a pressure at




TOP is effective in evaluating the ability of the
magneti c head to take off from the nagnetic disk.
Therefore, the TDP and the TOP are preferably both
small and the difference AP, _between the TDP and the
TOP is preferably small. The!® fact that the difference
AP t herebetween is snmall neans that the magnetic head

as excellent flyjng properties. [0206] Fig. 9 is a
ngcg&ﬁe apaanetichesid ipi didinadg caHsed topfly hywrad vallydpereasing the

oo Pl AR, R A i S e,
. . o]
PR iR B8 o P PR 5o G b pe Bhfecin
by eSS thePolrpart &n AE @o%g%émsicﬁh' ngsga'qﬁ@tﬁgt is
at nospheric pressure. | nparative ‘Exanpl e 4, the
cdrfieg loue pa ¥bsdlen WHidHe tHeapres wirkasd hS cUfirbifgdn i n the
radial direction. Therefore, the TOP neasured in
[0206)p aThe imeadtrameint ofithesT P ém effectivedn avahiatimgabe aedity of the
Exanple 3. In particular, since the roughness of a
mﬁ@gg&]h@%iﬂsav@d aentavtiopdle magnstialdisk. t hhenoeasgrement of the
TGHas elchit weyaliningche AbBL pbienaNpighBA & ke dTbfrom
th§dna Qi TAGRE Pl IoP B inaRP g pide ol Both'sma
. : . L
e B A bk Yo AR 0 S LS AR BRF AL The
fo B R foferioB AP YRR IPOIIS sfRmEans Hiat 1R6 HdDiig hoad

hasgxdefientfiyiny efbpemies.ncr easi ng t he roughness of the
magneti c di sk and that of the magnetic head. For

[02QajpFig, Stihia graph lobéaised by tphating veeTOP steawh mefatide 3, that is,
increased. In this 46 case, the nmagnetic head

! Riginpdrysplattingua 1628 verssiattae radiua raessureqdiroBsample 3
)RR b Aoy B Bomgrai o  Ress
ol gl . SR Slon R e
subRfantiafi Bofial{8' dimlo8bndic bResL IRk A aelE Bhamplg 44 the

roLghmesaf SRR IpYindipalNEi¥facd isdfiforrhlTh the %cﬁéﬂ?&llfe%ttihﬁis S Therefore,

magnetic head fromcontacting or sliding on
thedORrieasdrstkin CévparativetExainpiaanietgreates dgars fHilt afdasupéd in
slides on this magnetic disk, this
Example 3. In particular, since the roughness of a region close to an ID side is

a

small, the TOP is substantially equal to atmospheric pressure.

[0207] The reason why the TOP measured at a region close to an ID side of
each magnetic disk is high is probably as follows: since the relative linear
velocity between a magnetic head and an inner circumferential section of the
magnetic disk, which has a small diameter, is low, the magnetic head cannot
achieve sufficient lift and therefore flies unstably. The TOP may be improved
by increasing the roughness of the magnetic disk and that of the magnetic head.

For example, the roughness of the magnetic head may be increased. In this




magneti c head can readily take off. A conbination of

t hese conponents is effective in enhancing flying
properties of the nagnetic head. [0209] In the present

i nvention, the dianeter (sizg) of a glass substrate

for a magnetic disk is not particularly Iimted. The
present invention is particularly suitable for

manuf act ur i n_g a glass substrate for a conpact magnetic
Cafits fﬁ.'e maghel @Gﬁ%d&f@feﬁ%tﬁhéﬁﬁé Wugkngseargaerdhaniagy regions

fined as magnetic disk with a dianeter of 30 nm

O@&I"@%Q?ﬁ%@ trial Applicability [0210] The present

R S P PRI St B
m%%ﬁé{i@&iéﬁ@ﬁ aTeEbrdfity diRRitio, a%ﬁgﬁ?ﬁ%ﬁ&?w&ﬁ%@;&é&bducing

and car navi gation syste

payt and asrebstding paftodnda imaTeF hoviigsthid mabakli€Hehd réatively to
hard di sk drive, wherein: a circunferential roughness

thisrmagpeiindishathismanetic head is preferablr amNPAB sliiarecThisn
of the glass substrate increases froman outer

prevertgihismeagnelic keast from cantaeting enslidingsen this magnetic disk.
circunferential section of the principal surface. 2

EvRquIf fiis feanelisheadcontads ar atidesor this magnefifelisk, thist he
' ' , h f ri ncj pal f ;
mEGEHREATER Radif SR 677  Brpormianlerlt BEve ShmptbRniss
offefle A ehRARIG HAfg R8s of MEhBlaRI Readicl L0 Thie
0209 ncinomfle p?é§érﬂqméiﬁi%n?tHee&hﬁ{étMsﬁﬂeé) lof al &Y SshHMaté for a

radius of 6 mm froma center o glass supstrate

magrktighdick inst rarticulatyfiditedt | The Prédetithiventionvs pagdreularly
roughness of 0.25 nmor nore, and the principal

suiabledoe mexsifactuking eglads substmté farat esmpactamagokéticsdisk.
11 mm fromthe center of the glass substrate and

Sugh 2 Forpachmeonetietisk ased derain is efined asa/megyetic disk with a
.rou&l}n?ﬁ of 0.24 nmor |less. 4. The glass substrate

diayBelT @l i) T8 &1 /85% 1. wher ei n:

industrial Applicability
[0210] The present invention can be applied to compact hard disk drives that
can be installed in portable or vehicle-mounted apparatuses such as mobile

phones, digital cameras, PDAs, and car navigation systems.




the ratio of the circunferential roughness to a radia
roughness of the principal surface in a radica
direction increases fromthe outer circunferentia
section toward the inner cirgunferential section. 5.
The gl ass substrate accordi g to claim1, wherein: a
ratio of a circunferential arithnmetic average
roughness to a radial arithnetic average roughness of
a region of the principaIC%ﬁVMéhe which is |ocated at
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wﬁéhﬁﬁnEtic aver age roughness to the radial arithnetic
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ts | f ter ci enti al
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cu
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according to claim6, wherein: the crossing angle
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frohF M ESBF of FdSylass substrate and which has a circumferential arithmetic
average roughness of 0.24 nm or less.

4. The glass substrate according to claim 1, wherein:

the ratio of the circumferential roughness to a radial roughness of the
principal surface in a radical direction increases from the outer circumferential
section toward the inner circumferential section.

5. The glass substrate according to claim 1, wherein:

a ratio of a circumferential arithmetic average roughness to a radial
arithmetic average roughness of a region of the principal surface which is
located at a radius of 6 mm from a center of the glass substrate is 0.61 or more,
and

a ratio of the circumferential arithmetic average roughness to the radial

arithmetic average roughness of a region of the principal surface which is




9. The glass substrate according to claim1 or 6,
wherein: the principal surface is processed so as to
have a magnetic | ayer fornmed thereon, whereby the

gl ass substrate is convertedsinto t he magnetic di sk,
and the texture of the prinéipal surface inparts
magneti c ani sotropy to the nmagnetic |layer. 10. The

| ass subst.rat ccording to claim1 or 6, wherejn;
’Oc%ﬁﬁe%@ s of £k froRuihe qaier of the PIAsRSHRSTALE (5 QRO or
Ie%%i ve or a hard disk drive smaller than such a 1-inch
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gl ass substrate for a nmagnetic disk, conprising: a
pri nca peihcipal funfareltaas @ gexturk insludingotompamehta ceassingdeach
region with a roughness greater than that of the

other snd extsingling inhe cistumferential directieydbihe glasosabsithte, and
outside the second region. 13. The gl ass substrate
accordFragsing angle betweene texiitre crmponests inggpagas friom an

oul3F innfitenta 3Pt Bdsi Arn: oGyl Spdn of be

=or i o any one of clainms 1, 6, and 12, ‘wherein
p%%%gggcé'ubstrate has at | east one magnetic | ayer

i spopedrng beealbete HRBrdRGRE bl Shheicfie” i N9 Lo

claim1 erein: princi surface has a region
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magneti ¢ head to be used.

from the outer circumferential section toward the inner circumferential section.

8. The glass substrate according to claim 6, wherein:

the crossing angle between the texture components present in a region of the

-principal surface which is located at a radius of 6 mm from a center of the glass
substrate is 5.0 degrees or more, and

the crossing angle between the texture components present in a region
of the principal surface which is located at a radius of 11 mm from the center of
the glass substrate is 4.5 degrees or less.

9. The glass substrate according to claim 1 or 6, wherein:

the principal surface is processed so as to have a magnetic layer
formed thereon, whereby the glass substrate is converted into the magnetic disk,
and

the texture of the principal surface imparts magnetic anisotropy to the
magnetic layer.

10. The glass substrate according to claim 1 or 6, wherein:

the magnetic disk is installed in a 1-inch hard disk drive or a hard disk

drive smaller than such a 1-inch hard disk drive.
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11. The glass substrate according to claim 1 or 6, wherein:

the magnetic disk is installed in a hard disk drive which is started and
stopped by a load/unload system.

12. Adisk-shaped glass substrate for a magnetic disk, comprising:

a principal surface having a first region and a second region with a
roughness greater than that of the first region,

~ wherein the first region is located outside the second region.
13. The glass substrate according to claim 12, wherein:
the ﬁI:St région is used to guide e; magnetic head to the maéneﬁc disk.

14. A magnetic disk, comprising:

the glass substrate according to any one of claims 1, 6, and 12,

wherein the glass substrate has at least one magnetic layer disposed
thereon.

16. The magnetic disk according to claim 14, wherein:

the principal surface has a region with a roughness less than the

surface roughness of a magnetic head to be used.




