DESCRIPTION MAGNETIC DISK AND GLASS SUBSTRATE FOR
MAGNETIC DISK Technical Field [0001] The present invention relates to
a magnetic disk for use in a hard disk drive (HDD) as a magnetic disk
device, and also relates to a glass substrate for such a magnetic disk.
Background Art [0002] Recently, the development of the IT industry is
promoting remarkable technological innovation in data storage
technology and particularly in magnetic recording technology. Magnetic
disks, unlike magnetic recordirﬂ;Eg1 i Hkéas magnetic tapes and
flexible disks, are being rapidly’enhanced m data storage density. The
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apparatuses used as storages for computers. The amount of data that

can be stored in a personal computer is being remarkably increased with

ap increase jn data storage density. [0003] A magnetic disk for such use
Tefiﬁ%% Fbstrate made of an aluminum alloy and a magnetic layer
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magnetic disk rotating at high speed. The magnetic head records data

drisig fHIS Dh aheamuagresicl dig devieefand alsnagiadds atteriass substrate for
reproduces such data signals. [0004] The magnetic disk needs to have

SUgR R BASRRIGRISE 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

Bdekbruqnd, Arfprincipal surface of a substrate for a magnetic disk is
concentricallﬁ)téextured such that the magrnetic disk has 2 anisotropic
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re@srding technology. Magnetic disks, unlike magnetic recording media such
as magnetic tapes and flexible disks, are being rapidly enhanced in data
storage density. The magnetic disks are installed in hard disk drives (HDDs) as
magnetic disk apparatuses used as storages for computers. The amount of
data that can be stored in a personal computer 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



. portable apparatuses (so-called "notebook personal computers") including
hard disk drives have been demanded. Following this, as magnetic disk
substrates, use is made glass substrates having high strength,
toughness, and impact resistance. TBe glass substrates can be readily
processed so as to have smooth surfaces and is therefore suitable for
reducing the flying height of magnetic heads that fly over the magnetic
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high data-recording density. [00 n the other hand, in order to
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[0008] In the CSS system, a magnetic disk needs to have a CSS zone on
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magnetic disk. That is, the LUL system differs from the CSS systemin
33AapHissinasTed dertuiay K EpLRIRGGTPEIE thelaRiyRebstrate for manufacturing

a magnetic disk for such use. In this technique, a principal surface of the glass
substrate is concentrically textured such that the magnetic disk has excellent
magnetic properties, excellent recording and reproducing properties, and high
data-recording density.

[0007] On the other hand, in order o increase the data 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.

[0009] Inthe LUL system, a magnetic head is moved toward an outer section



disk and the magnetic disk need not have any irregularities for preventing
sticking although the CSS zone has such irregularities. Therefore, in the
LUL system, a principal surface of the magnetic disk may be extremely
smooth. [0010] Magnetic disks for thé LUL system are superior to
magnetic disks for the CSS system in that data storage density can be
increased because the flying height of magnetic heads can be reduced
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the magnetic head and an attempt to stabilize the flight of the magnetic
nolseaitiy)infpenondingestgndiguratdredhidieanagdnetic head. [0014] Patent
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extremely small fiying height of 10 nm orless. The flight of the magnetic
heads over the magnetic disks at such an extremely small flying height
frequently causes fly stiction.

[0012] Fly stiction is a defect that the flying behavior and height of a
magnetic head flying over a magnetic disk are changed so that irregular
fluctuations in reproduction output causes {o 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



Problems to be Solved by Invention [0015] In recent years, since the
spacing loss between a magnetic disk and a magnetic head has been
reduced and the S/N ratio of a recording signal has been increased, the
data storage density of the magnetic disk has been increased to greater
than 40 gigabit per square inch. Furthermore, attempts are being made to
achieve an exceptionally high data storage density of greater than 100
gigabiPpézrddlaceineht [0QHGBiese theemtmiagadiatd sk fyicasoch

h data storagrmdensby%uthe recent magnetic disks have an advantage

P%Hﬁ?@ﬁ'@‘?e(égn gnélC4iskSan store a sufficient amount of data for

practical use although the recent magnetic disks have areas considerably
less than those of conventional magnetic disks. Furthermore, the recent
Disgnetic i shedndivd advantages that the data- recording speeds and

data- reproducmi\gﬂpeeds (response speeds) of the recent magnetic disks
Proflemg dmbr 2pbsd Ry ARMPIBER DT other data storage media and data

be e r h [
O B, R s e AT iR Hisk pna o
magHetiatiestenay ez atiettieadthadatieneil ¢aievhavehneintCerimi has
demanded: compact hard disk drives that can be installed in apparatuses

beﬁ;tmaéeﬁﬁﬂmeﬂwéﬁf@sswﬁe@ caneiiibrabrRAMB I igH ARt Raan for
exam PDAs rsonal di SS|stants ca ation syste
inFRRIA S R dPRISA iR AREPLAEN, B0 AR e RS

@W%@@d&amw@m@@b@ﬂ@m%@éh@Qtéeaﬁ%@e aBASAY dNgreater

particular, there is demand for a compact hard disk drive including a
thamghetwaasit pehet@edadiom a 5 substrate having an outer diameter
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store a sufficient amount of data for practical use although the recent magnetic
disks have areas considerably less than those of conventional magnetic disks.
Furthermore, the recent magnetic disks have advantages that the data-
recording speeds and data-reproducing speeds (response speeds) of the recent
magnetic disks are extremely greater than those of other data storage media
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 mobite
phones, digital cameras, portabie 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



are both small. As a consequence, the relative linear velocity between the
magnetic disk and a magnetic head is low. Furthermore, as the magnetic
disk is reduced in diameter, a spindle motor for rotating the magnetic disk
also has a small size. Consequently, st is difficult to increase the rotational
speed of the magnetic disk. Therefore, fluctuations in flying behavior and
flying height and the fly stiction described above may not be sufficiently

supsdiraietbdv[0Q 18] Siteedhematgratictdiskhasisasadsmiiidutess of 0.5 mm
diameter, the magnetic head also has a small size. This leads to a

O (g§8ction in the flying stability of the magnetic disk. [0020] The present

[odﬂ%znti?ﬂéaatgﬁ%néuﬁﬁsrw@% tHRARQVELTHEIRSIABE 8% WS EER! disk,
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paratuses such ones, digital cameras, portab

is phaersd ipaitahigsligitasbamngiaratugasistehtatimidBie naaghetic disk also has a
vehicle-mounted apparatuses_such as car navigation systems. [0021] For
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under low-pressure conditions. Therefore, in order to evaluate
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including the above magnetic disk devices during mountaineering or in
[0020] The present invention has been made in view of the above
circumstances. |t is a first object of the present invention to provide a magnetic
disk and a glass substrate useful in manufacturing the magnetic disk. The
magnetic disk is effective in preventing the occurrence of fly stiction although
the magnetic disk has a small diameter such that the magnetic disk can be used
for compact hard disk drives that can be instailed in extremely portable
apparatuses such as mobile phones, digital cameras, portable "MP3 players",
portabie 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

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



circumstances, such as airplanes, in which the pressure varies because of
the portability of the apparatuses. The variation in the pressure in such
circumstances affects the pressure in the magnetic disk devices. This
often causes magnetic heads to fall gh magnetic disks. Therefore, it is
necessary to improve TDP (touch-down pressure), TOP (take-off
pressure), and the difference AP therebetween. [0023] In view of the
ofbpmasprebismsadsuasbcond object of the present invention to provide a

netic disk and a glass substrate for. the magnetic disk whijch js useful,. .
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the first object and then found that the above problems can be solved as
inclesnip dacoathove Anaginelical ishrtipdasfsaogitisg sobsotainderiagregnetic
_disk is treated so as to have a textur!(ge,ﬁgge einafter referred to as "
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crossing each other, extending in the circumferential direction of the glass
cisusttatecdhaffatariife eetsiunauightessabthetiprdisipdésiogace This often
increases from an outer circumferential section toward an inner
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on the principal surface and allows the magnetic head to fly sta
diffeeanoer/di chiertdrentiedrsection. [0025] The inventors have also found

that the increase in the angle (crossing angle) between the crossing
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[0024] The inventors have performed investigation to achieve the first object
and then found that the above problems can be solved as described below. A
principal surface of a glass substrate for a magnetic disk is treated so as to
have a texture (hereinafter referred to as "an anisotropic texture"), for example,
a streaky texture, which has irregularities arranged anisotropically and which
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 subsirate. 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.

[0025] The inventors have also found that the increase in the angle {(crossing

angle) between the crossing texture components from the outer circumferential



[0026] Furthermore, the inventors have performed investigation to achieve

the second object as well as the first object and then found that the

surface roughness of the substrate is the key to solve the above

problems. Specifically, since the surface roughness of the magnetic disk

depends on the surface roughness of the substrate that does not have a

magnetic recording layer yet, the surface roughness of the magnetic disk
seciinthéovant dhedinecomcaltirigrivdiad sdatie noalifwe Hscof thisotalpitr desture to

The inventors have found that TOP can be controlled in such a manner
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from each other. [0027] Specifically, the substrate is processed such that
tharelly soleiof the: shbstateblesreslarge surface roughness so that an ID
side of the magnetic disk is allowed to have a large surface ,rou{gBhness.
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installed in a hard disk drive, wherein:
roughness from each other.
[0027] Specifically, the substrate is processed such that an ID side of the
substrate has a large surface roughness so that an (D side of the magnetic disk
is allowed to have a large surface roughness. The surface roughness of the
substrate increases continuously or stepwise from an OD side toward the D
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).



a circumferential roughness on a principal surface in a circumferential
direction of the glass substrate increases from an outer circumferential
section toward an inner circumferential section of the principal surface.
[0029]0ARL}IHGHIGRIARCAdiRETR-@RIBRIE embodiments of the present
Invention, the circumferential roughness of the principal surface may
[0030]r(§|’@1asgrcdhtmuously from the outer circumferential section toward the
er circumferentjal s ction. %Ooal%]gﬁstructure 3) According to. exam%
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substrﬁ?egf%}f‘aWHé%éﬁcQﬁﬁE%ﬂs?sHM@ﬂ'&‘ﬁcﬁ‘ﬁ Qi fFam e Leper of the glass

substrate and which may have a circumferential arithmetic average
a circuougtenask ohgiRssamroa morepahshititepiinei palcsurfacaabdinaien of the glass
region which is located at a radius of 11 mm from the center of the glass
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Secﬁoﬁo&qﬁg %aégi 24.po.or less. [0033] (Structure 4) According to example
embodiments of the present invention, the ratio of the circumferential

[0031tdGghoess 20 a radial roughness of the principal surface in a radical
direction may increase from the outer circumferential section toward the
inMEFOTdiBE ASrEYSHtIF SERRRHTSNfBOSS) ¢ BirgeR I8 SN ording to example
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arithmetic average ro ness to a arithmetic average rou ness of

the ouderegiomatibeplingpah sowaceiwhichiciaaataerattar 3edts:0f 6 mm from
a center of the glass substrate may be 0.61 or more, and a ratio of the

[0032¢ketmvfareritial arithmetic average roughness to the radial arithmetic

avera(gg I’?Li %@%ﬁf’ fa rﬁ ?mneog the princ eg)al §urfac§ which is located at
a‘radius o

rom & center of t Sepg 388 uhdtrate may be 0.60 or
leg®. principal surface may have a region which is located at a radius of 6 mm from a

center of the glass substrate and which may have a circumferential arithmetic average
roughness of 0.25 nm or more, and

the principal surface may have a region which is located at a radius of 11 mm from
the center of the glass substrate and which may have a circumferential arithmetic average
roughness of 0.24 nm or less.
f0033] (Structure 4)

According to example embodiments of the present invention,

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

circumferential section.



[0035] (Structure 6) In accordance with a second aspect of the present
invention, there is provided a glass substrate for a magnetic disk installed
in a hard disk drive, wherein: a principal surface has a texture including
{0034 coBnponents) crossing each other and extending in a circumferential
direction of the glass substrate, and a _crossing angle between the texture

&ﬁ%ﬂ%@.ﬁé?&é@&%&ﬁﬁ%ﬁﬁ@? s BTRP BRI &¥ktion toward an
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According to example embodiments of the pre ent invention, the crossing

roughanglefbetween tifethextuie pampefients/hidy indieasd eontidoushf ffamn from a
the outer circumferential section toward the inner circumferential section.
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averaftonuglaentariof e alassbebstiaipamayhe:5:Midesreas e rﬂomaam #7161 mm
crossing an%:; between the texture components present in a region of the

from thakerpar dubetsiiiersisio cagsdad £9atilgssf 11 mm from the center of

[0035 L@ @Ia%s s OE)strate may be 4.5 degrees or less. [0038] (Structure 9)
cofr |ng td example embodiments of the present invention, the principal

sufaceoraycBa w0 aaRe 8RB IR hareRemag NeHGIRYEACFNR L IBIRAN: glass
whereby the glass substrate may be converted into the magnetic disk, and

substrmemmmwmmmlisdm@@mﬁzﬁhdmm@m anisotropy to the

netlc lav (Structure 10).According to example embodi
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exten«!ﬁ%@duﬁj@Klﬂfﬁ)ﬁ?f&%ﬁ%ﬁﬂgr@&ﬁ%ﬁi BY®he glass substrate, and

a crossing angle between the texture components incrcases from an outer
circumferential section toward an inner circumferential section of the principal surface.
[0036] (Structure 7)

According to exampie embodiments of the present invention,

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

{0037} (Structure 8)

According to example embodiments of the present invention,



smaller than such a 1-inch hard disk drive. [0040] (Structure 11) According

to example embodiments of the presgnt invention, the magnetic disk may

be installed in a hard disk drive which is started and stopped by a

|othel/ omisrauk systlerhe {6041 H{Stucnre didpdnancprdantannitie@idhied the principal
aspect of the present invention, there is provided a disk- shaped glass

surface WaiFAe 1P AISHAG ARSI EomIBriEhi 2 BRIREIDRISuslase WaSIFGemstDe 5.0

decrel89I0RARAgHecond region with a 11 roughness greater than that of the
first region, wherein the first region is located outside the second region.

[004 2} ¢SiinctuedlB)Aeco bingtaexempeRmbodinants 9T RIES@Rhrincipal
invention, the first region may be used to guide a magnetic head to the
surfacg, ybihiés drgaterbauarpdirslind 1ayy framchre apeenitle felathabpesteonay be
4.5 dd egr&s@@g_invention, there is provided a magnetic disk, comprising: the
glass substrate according to the above, wherein the glass substrate has at
[003 8ledthameratggnetic layer disposed thereon. [0044] (Structure 15)
According to example embodiments of the present invention, the principal
syifseElayorraR rgidirdineayodghnerssdesintivatiche surface

roughness of a magnetic head to be used. [0045] The circumferential
oA A T AR SRR 5 s L 7 Tomed theron,

wherdhagiatisdiskoisdefingd as RArtthmeticRyerage.reughness that is
determined in such a manner that a 5-m square region of the principal

stittate wrelodehrepring i mic o eanitnpscopyeandis cammecbpittoathe magnetic
LWzrlmea\suring probe in the circumferential direction of the glass substrate.
[0039] (Structure 10)

According to example embodiments of the present invention,

the magnetic disk may be installed in a l-inch hard disk drive or a hard disk drive
smaller than such & 1-inch hard disk drive.
[0040] (Structure 11}

According to example embodiments of the present invention,

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

In accordance with a third aspect of the present invention, there is provided a disk-

shaped glass substrate for a2 magnetic disk, comprising:

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



[0046] The radial roughness (Ra-r) of the principal surface is defined as
an arithmetic average roughness thgt is determined in such a manner
that a 5-m square region of the principal surface is observed by atomic
roughtigpe @igtitsiodenplaant bedhned st a measuring probe in the radial
direction of the glass substrate, [0047] The roughness (Ra) of the principal
stY gléeel%% efined as an a?ﬁ%tr%de%%(g%}\z}értglage?gggﬁ%%}% ‘that is determined
[0042{Seh@dmanner that a 5-m square 12 region of the principal surface is
observed by atomic force microscopy and scanned with a measuring

profeiditgea adiabpltectibriohtn gitde sussmateydiiwarithmetic average

roughness is determined according to Japanese Industrial Standgrd (JIS)
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[0043?m@%&tp4§xample embodiments of the present invention, the

circumferential roughness of a principal surface of the glass substrate

increasesiftom antutefocircursisrantibl tbectiodowanrdainomngrere 1s provided a

ci,rcu.mferentia,l seqtion of the principal surface. This is effective in
magngtindish GHRGHERE anisotropy to a magnetic layer formed on the principal

S\ ﬁg@gﬁm%sd&g}agg%%%% fly stably over the inner

circumferential section. [0049] The principal surface has a region which is

locatedatie ainsudhfarndsanidche wentepatthdalasdisubsttaierand

which has a circumferential roughness (Ra-c) of 0.25 mn or more. The
m“%rﬁ%‘éiﬁ’é‘l‘@uﬁa\ce also has a region which is located at a radius of 11 mm
frqm.the. center fﬁle‘%’ : traterand.which bas a circumferential
ro%rg(h%rﬁgls%e} §x§§£ 35 0. ﬁ?r’?ri or Tess on ne%%me%% average basis. This

alipwgtheipaagnetichead thiyestablgoventie neugbirewnferentiab the surface
section. [0050] In the glass substrate, the ratio of the circumferential
roughpssgRha saagretie)wadHe Psdisgdroughness (Ra-r) of the principal surface,

[00452{‘?@%%5%%?3%%53}%&%%‘&32?&% 8% oM, CUter e IGIeIA rate for a
ection toward the Inner circumtarential Section of the principat surface.

magndiisdsieffeciyadn uonartingineaneticapisetiomntestheamagaatietayel in such a
and allows the magnetic head to fly stably over the inner circumferential

manngedlign 2 [0081] sauhis prgicipatisthfacsngipylatier fre-ds Resgvsfite atomic force
micro%icrgg)rfn ggcrlesrcl:ggrlmr: uvgi?ﬁlgsééggf?r}g 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-pum 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-pm square



to the radial roughness (Ra-r) of the region located at a radius of 6 mm

from the substrate center is 0.61 or pore and the ratio [Ra-c / Ra-r] of the

circumferential roughness (Ra-c) to the radial roughness (Ra-r) of the
regiorragidme j8itogatediche radibscotdd natfran foecsubitraterpenigd iscB80d with a

or less. This allows the magnetic head to fly stably over the inner

measyring, R¥aRsnital 8 ctrsHal 0B rRe Hrifispalassriadstie akbxtariinasiisg average
nEREROBGRES ALASING BRGNS SXIGRCING; Jndhe Gl )
e 1direction of tlﬁe glass su §tr%teglgr?§ %elpg{r%%a crttoaglﬁré% gﬁgﬁeﬁ@%@v&/éen
Advativeresossing texture components increases from the outer circumferential
section toward the inner circumferential section. This is effective in

[0048iprmlgsiagienis ks suopydhdishageriitnayer snenaliows thdiments of the
preseimm%&p%g E?rm{ 3 &Q%gf%&?ﬁ 'ensrs]egfcérr]%%ggle %?rl;ttlg z Se(:a %?%g?rﬁggsglubstrate

The angle between the crossing textlire components ¢an be de
increaigadiynang cpreciseriTsEeh-a mamehibatitap Ihsavaer8aonaf t08ion of the
principal surface is measured by atomic force microscopy and the

princigpk Seach eBeis résrifitetivee Rolviesrtian shagneds [8054F dpthe printigattic layer

: urface, the texture components present in the region located at a radjus ]
formeg 4 e incTl Sl RIS P aRaR S A0S Basghie sy the inner

circurfiTore8RIGEREEEXtUre components present in the region located at a
radius of 11 mm from the substrate center cross at an angle of 4.5
[0049¢ dde o510 Res suTthais difows theanaghieticihéacktedflyt stablyivovel theninngom the
circymferential section. [0055] The magnetic disk according to example
center O SRS BN T BPSs (M o TR TR A BIFEE St afte Arfty25 nm or
more. UTBJDRERGIS AYLLdigRosed hetson wiherelog.ibing m@%@tb(fqllsﬁﬂ??mm the
a small diameter of, for example, 50 mm or less, the magnetic layer has
centemed@metibenisbbtopy amd whechgnetidrbeaiccaniflyrstablyeey €k the BNEr4 nm or
: ci[cumf%rential section. Furthermore, the magnetic disk has high .
€58 Of Ay ATHIBRG G GraBARs Ditie HdgREreaidic ImagarEpRenst taddyinMalstcKthe inner
circurflFlYSRSiaiies,Qr stopped by an LUL (load/unload) method. [0056] Since
the surface roughness of an ID side (inner circumferential section) of the
[0050gBsthesubstratdisdiffatentiforo fthia oframOBsidel (@uErekcurieretigle radial
section) thereaf, TOP of the ID side is better than those of OD

roughness (Ra-r) of the principal surface, that is, the ratio [Ra-c / 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-r] of the circumferential roughness (Ra-¢)
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-1) of the region



14 sides of magnetic disks having uniform surface roughness. Therefore,

even if the pressure in a hard disk drive including the magnetic disk is

reduced to TDP and a magnetic head included in the hard disk drive is
locatethat browdgin ivfiol tommctwith tite mbiradticdisk; thel Mseitifigpsnddnetidlows the

he&%i is, readily lifted and detached fron}the magnetic disk because TOP is
magnqgig,! f@éé%?ff%@é A pieETBARTSHE SWtéag?S%téﬁ‘invention provide a
[0052Wﬁ%§kﬁ9ﬁ@: %@%@@@ﬁﬂﬁ@%@ﬁdﬂéﬁ&m%ﬁ@ 1eliceHisthel NS ending

magnetic disk is suitable for use in a hard disk drive including a magnetic
in the hdadhfering gabcthiimgop bp ertiss sTiwratagnétibeheade lhenaiyifalsghe thetween
magnetic disk during mountaineering or in circumstances, such as

the crofERErES I ABAOIRE B rESSERREYATRER. (B SN RESHRGHERE N St iamd prprd the
inner S MAANELEAisk.ihe FAsuIiod.magnetichead sieadiy:itng HRIBHEM. 1 the
[0058] The example embodiments of the present invention provide a
magn¢tiagaetic aliskalhaving:a smaldiamedeto Slytaiddifonuse ica compactimferential
_ hard disk drive that can be installed in a highly portable apparatus such
sectiols a mobile phone, a digital camera, a portable "MP3 player”, a portable

[0053 L%E]ala% qafa%%vse%%%Hg&%is?nt%?hég‘(’t%dcgn\{ Qﬁ%@tﬂ%ﬂ%@dd riggﬂsreadﬂy and

c
ucn as car navigation sys e magnetic head is effective In

precispreveRrticl dhesaaetirmanee offlysqstietigryi My esmpr@ctpe exaleles measured by
embodiments of the present invention provide a glass substrate for

atomie Rt AREIIPP e PEIGR OftAHISK TRIERISBISERD AN OPHHE-BraNRTECID059]

[00545 ig; Liis 3 perspective view showing 2 gonflauration of 2 (@IUNng Maching a: a
o textdring, tsed in a process {or manBPacturlr% a glass subs te for a

radiudnAANatie disk.aeeordingato dbedresertinwaniione bigs 2 igasehemalite and the
view showing the relative movement between a glass disk textured in the

texturpreseWOIEN BorFendaIRasIvE aapesaRil 28 dstadiasi dHomMmfivie the substrate
oo REATISSDBLEYIc avrane | ootgos 56 A ORI ESIPROS
over BX3RIESrcumferential section.

[0055] The magnetic disk according to example embodiments of 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 imner 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 1D 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



Fig. 4 is a graph showing the ratio [Ra-c / Ra-r] of the circumferential
arithmetic average roughness (Ra-c)4o the radial arithmetic average
roughness (Ra-r) of principal surfaces of glass substrates of examples

sides eingagelirafativehBipeEs ImiGUEIAR e Neg e plainery oy If the pressure in
 narE QeHANSIOMIRG, the, messyrements of ragions of #ppncigal SUfacsic head
of'a’glass substrateof an “eXample, the regions being measured by

includetomiqeree-migiRsesRy. kigh&idaasaphnshowinddhegrossingianaie: disk, the
between texture components present in measured regions of principal

resultisgrfaeess o dluskissighétnidicofeadatnpldsditbopmp aragnetiexastplessigTOP 1s
low 7 is a graph which shows the roughness (Ra) of glass substrates of an
OW- " example and comparative examples and which shows the roughness of

[OOS7?1?{95‘@Q&xﬁﬁé‘%ﬁ%@t&rﬁé&%@Qﬁﬁ@gﬂé&&oﬂ@é{ﬁgﬂ%%&pkﬁa@%& I§i8 and a

conceptual view sowing a TDPITOP test. Fig. 9 is a graph showing the
substr 7O Pdetermiivad iag régiongigiindipal T barfarss of dislgietidtdidkSwofea in a hard
example and comparative ex%j ples. Best Mﬁde for Ca(g%/jng ut the

disk qHYENRSHRGG FIREES RBH BRI SR HRERIFinyBndBARRC Dead
hardlf[’o%ﬂlpeoﬂj%ﬁgru?ﬁ i detplh with 1efetgneR 406 ACaMPARYINg AraMINISsuch as

61] A glass substrate for a magnetic disk according to present
airplaigeitiohich rhaputsciuredrizy thedoliowingpmmeadlrendaiglassmbihsenagnetic disk,

incipal surface of a sheet glass, a

material is prepared by grindin aﬁ%ﬁ
the regiliieqraers rdisardd B ltdHE 4 Re5iI88 base material, a principal

0 L R ey AL B S s i ome

small [@QaR}dxaunples G the sheaiopiarsisubjediek dorgritdingrnbiuceishedtnld highly
lglasses having various shapes. The sheet glass may be rectangular or
portal

SRPBAESEI R dR . VAR Hietheat il PEISIashRENGe ShBtPiayer’, 2

portai%lea%sgﬁgpapparamses such as a PDA, and a vehicle-mounted apparatus such as a "car
navigation system". The magnetic head is effective in preventing the occurrence of fly
stiction. Furthermore, the example embodiments of the present invention provide 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



be ground with a grinding machine used to manufacture a conventional
glass substrate for a magnetic disk. Therefore, the sheet glass can be
processed at low cost with high reliability. [0063] The sheet glass needs
to have a size greater than that of thé 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
of greEPIGsREchTRRPALREVE SKAMAISSaller than that, the glass substrate

need e.adi : t 2Q.10 refare, when th .

Cheetiil K BRAR SO RLE AR RTRAIS B8 b iRronpa

arif¥hiatic ervaeige mRIghpseterRRhcHorime eadmatraritAratiicalasaread Rpiness
sheet glass has a diameter of 65 mm or more, a plurality of glass

(Raup sifardsgimehfiniages ahglassgridieiratersahstase ks and e mparative
exdrivqg‘écan be obtained from the single sheet glass. This is suitable for
?a%e-séale production. The upper limit of the size of the sheet glass need

_not berppriaHialy dgiesg M pndiveghier slassridrdisforhang thdhe

diameter of the sheet glass is preferably 100 mm or less. [0064] The

meggiegnend s ah legipraiotadrioeipaloiwfegiasy Bystersanbsprdeessasuch
as a,pressing process, a float process, or a fusion process. Among these

xRl d0e (il ane Rl R R B RIS R (PR AR 9P Yeneet
-glass gidow igoslyIAPROWIRiaN) fobdaTAunshine Bherkelrasiirot
particularly limited and may be glass that can be chemically

coptrgmghis preud hirameaeviald s poatosablyp tihnipricsilitate gldggathe

Iuminoig}cat%g‘l ss preferably contains lithium. If the aluminosilicate
SURBIERIRS RN G eRE AR EY Yor RRIRIER at low temperature, the

resultipg, aRIORUICAIG AT SRR LTS ThREREIRY Y9 B18ss substrates of

compresSsive-stréss layer having a preferred compressive siress or a
antensitepkirasd ayephsasfivg axrefpleechtehsileichrebswEhitre fanagtiness of
aluminosilicate 17 glass is a preferred material for forming the glass

m%ﬁ%ﬁ%@?hﬁo@%ﬁ%@éﬂﬂﬁ@&ﬁé&@ SPRBHARRBRAEHRSNS 58 to 75
welgh;;%grgqgné conceptual view sowing a TDP/TOP test.

Fig. 9 is a graph showing the TOP determined at region of principal

surfaces of magnetic disks of an example and comparative examples.

Best Mode for Carrying Out the Invention

[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 prdcedure: a glass base material is prepared by
grinding a principal surface of a sheet glass, a glass disk is prepared by cutling
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



SiO2, 5 to 23 weight percent Al203, 3to 10 weight percent Li20, and 4 to
13 weight percent Na20. [0067] Alternatively, it is preferable that the
aluminosilicate glass contain 62 to 75 weight percent SiO2, 5 to 15 weight
percent A1203, 4 to 10 weight percert Li20, 4 to 12 weight percent
Na20, and 5.5 to 15 weight percent ZrO2, the weight ratio (Na20 / ZrO2)
of Na20 to ZrO2 range from 0.5 to 2.0, and the weight ratio (A1203 /

9la8ess A UAS 4310 YFCDARRTe IR BNPFRS 95SFOBEY) He SREARE WARMisk-
SHRGERARR BRSO RN BISRBRLEQAS AN PR ROL SRS can

ng glass Is preferably used: chemically strengthen

begtaasisd it igBdnty MAhiBiOZs @Y ismPBlafZetRe 3%dnvabliondPGRiss
7% to 16% Li20, and 4% to 14% Na20O on a molar basis. [0069] The
subsihako iR cafaIasdiciishicHNg 'SRk thensari lagh mharLrsssed at

;OQ%W, Q@ﬁlp&ﬁ%}i{%ﬂm] Grinding is a process to improve the profile

accuracy (for'example, the flatness) or dimensional accuracy (for

[0eB3Mpithdnh Haitknass mastsacy e ansineippbatsfapantiiae oheet glass
%Iass, workpiece, namely, that is, the sheet glass. Grinding is performed
Sy

iRl iorharnantiacutpthdstoreoraspiaraers Presdags sydpksatads used fo
mgﬂﬂ%gﬁﬂ r%uéf?{igg% ;tTc? FHRSH @ﬂ&?éf'@..f{eﬁl‘;fﬁuﬂe?s%en‘%e}o%a%& nAdR ha

grindastone or en are move vely 10 ach other suc W&?ﬁ{édnye

orfiineippket Haee diskenfie arpamst thae aiidingkafiike RUBsPalsHESES to
can be performed using a double-ended grinder with a planetary gear

havgim (tarelessdragantigf iendCpmntipal Berefcssmmhertbeshieesgiasgis
o SR L e B e R o
e gy oo g
ofthé grindstoreresadpisralifiaoighdsgrisudsstade sxamsieeiatthdrfgemagnetic
diggsra}gis\%%g i;?ws"ir -%11% ehg?&dd?s (& rg\\//gsg'r%g]r? gg%%%&lslned from the single sheet
glass. This is suitable for large-scale production. The upper limit of the size
of the sheet glass need not be particularly limited. When the sheet glass is
disk-shaped, the diameter of the sheet glass is preferably 100 mm or less.
[0064] The sheet glass can be produced from molten glass by a known
process stuch as a pressing process, a float process, or a fusion process.
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 tensiie-

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



alumina abrasive grains, zirconia abrasive grains, and silicon carbide
abrasive grains. [0073] The profile accuracy of the sheet glass is
enhanced and the principal surface is planarized by grinding. Thus, the
glass base material with a predeterndihed thickness is obtained. [0074] In
the present invention, a principal surface of the glass base material is
planarized and the thickness thereof is reduced by grinding. Therefore,

glape igrsseirreheiesfardaming thsaias g ridishiade- material. The
' fl
O e R S B IBR l Co B AS  e
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more preferably 10 m or less, for example, in a 7088 mm2 area (the area
weight eprgeile2 Frameter of 95 mm) of the glass base material. The

ickn of the glass base material is preferably 2 mm or less and. mor
o A e T Bt e M M Gl R RS a2 (o
75iepmitandbat 8 [Hetglassvisightpatesaltitde D) ay toot Owiiadtan péheent
stress applied thereto during the cutting of the glass disk. Therefore, the

Lizfekniesdbmeiaipey AefibildOpdrR kb IghhRAeE R O avid
. > P T
v R RO, T D SR e

welgHPVssi oM S08Ur Zh@pigshals mine Zithe ratansfebsk. A0SR Ble glass
base material needs to have a size greater than that of the glass

[0@68ktréncorsl eretenalinmiatier eio i e carrURRE oY NagREE\R b £ om the
used to manufacture a magpetic disk installed in, for example, a "1-inch
SUREHP A1 RIES DS oAl AIRCHLR S e RFIRTRP M AtHat, SHEgIGELY
st@Riialfitiegtiese davamid@aeieterabe «igd loddwmsedngreorade
glass base 19 material preferably has a diameter of 30 mm or more and
15Mofdasdaief Mo kp 4% ‘mbixfY naove 4 partitdNaghbanierghiss basie.
material has a diameter of 65 ) .
[0069] The aluminosilicate glass chemically strengthened has high flexural
strength and Knoop hardness.
[0070] Grinding is a process to improve the profile accuracy (for example, the
flatness) or dimensional accuracy (for example, the thickness accuracy) of a
principal surface of the sheet glass, 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.
f0071] 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.



mm or more, a plurality of glass substrates for manufacturing magnetic
disks installed in "1-inch hard disk drives" can be obtained from the single
glass base material. This is suitable for large-scale production. The upper
limit of the size of the glass base makt@rial need not be particularly limited.
When the glass base material is disk-shape, the diameter of the glass
base material is preferably 100 mm or less. [0077] The glass base

[0t ridrcaxamente ohthieggndataondieed isLamrigraond gikMatealiamond

cutter or g diamond drill,.containi el r S
e e At P A DR AR A ke s
alliainevairdsRandgeaiAEfighidpipreparsanalisiz caplassidiskschabidg grasive

diameter of 30 mm or less by precisely cutting the glass base material
gragifg such a laser cutter. Therefore, the grindstone or the cuffing tool is

| h | b ial. [0078] The al disk. .
o SRl A A B e e SR o e Bieipa
supfa B PiRsRiA08 ) Bindiag serekatedigiicab asedntBRapwilisar

hole with a predetermined diameter is formed in a center region of the
pretisfeniikeththiohitseseirl dhtairstdhe glass disk is ground such that the

08 T s I R SR L i Sl e Meteria
is PigRareedramythe:alasrinseimaiasialicauvieiestsd & ghingm&@tﬁm

a principal surface of the glass disk is mirror-finished. [0081] Cracks in

gldiss ditkctzal banfeeparktheyEdiintistoag asisniasie dnajatial. polibhingwfrrence
the glass disk, so that the principal surface thereof has a,ro %gn ss of 7

of feferiR such RrERHFRRSSgRRUCY S G AfRSPHETISGH ¥, glass disk
is E‘%ﬁmh%f%&&, OijesuBasinisheras described above, so-called
ra

h 20 or thermal asperity can be prevented even if a magnetic head

[06iE3] ovEndHfmtneagnetithdigkagy dparechliteridhis glafeditly a0 aftyimgless and
height of, for example,
more preferably 10 um or less, for example, in a 7088 mm< area (the area of a

circle with a diameter of 95 mm) of the glass base material. The thickness of
the glass base material is preferably 2 mm or iess and more preferably 0.8 mm
or less. When the thickness of the glass base material is less than 0.2 mm,
the glass base material itself may not withstand the stress applied thereto
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 subsirate 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



10 nm. Furthermore, if the principal surface thereof is thus mirror-finished,
a fine region of the glass disk can be chemically strengthened uniformly
as described below and delayed fracture due to micro-cracks can be
prevented. [0082] Rmax represents e maximum height (also
represented by Ry) and is equal to the sum (Rp + Rv) of the height (Rp:
maximum peak height) of the highest peak above the mean line and the
malepidl (Refarablithas 9 aliatnetetiof 80 mende purevandyeie wigie rablnis
line. The maximurg.helight Rmay,is determined according to J
zz(:ﬁ
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(abrasive cloth) attached thereto is pressed against the principal surface
ingtatiesl dra'Skioisik had Wistptineasinchthbsbbéeintaskene the sinplelgtaas\base

to each er while the principal surface thereof is bejng fed with an
maiRhve LR oAU AT aSBR G EPBATAD cof EariP R the
siA YPIOGRRISHNG fsterRibsldht PREASRIANRING NRikdle Coptan qxidle

abrasive grains, colloidal silica abrasive grains, and"diamond abrasive
glagainhasfo ot talfiy didle diage dibk dipolethe af thhe glbss diskkésmaterial is

preferab%ﬁgound. The glass disk may be ground in the same manner as
Pre{gtaBlgHTAMGYRE 68et glass. If the glass disk is ground and then

[08P#phethdhGRUNGIRA aGs) H5T 8T G AIYARINISASLINARIARG tool,

time. [0085] The outer end face of the glass disk is preferably
suethr g -pdiistnechd Sirtter ivezodiamend fadi, denesihiagou ghatidalchauttérghan
the generation of particles can be prevented by mirror-polishing the outer

glaski facHemativelefeeiiash brsrmgrakma hegefityiom Betisdsh

AR S TR e A R e A haiEtals 00l 410
of SengihenedsGhgmmicad styengthenine giisintidee anighigpoapigssivh a laser

stress in a surface layer of the glass substrate to enhance the impact
cyitaisthriefore, the grindstone or the cutting tool is preferably used to cut the

glass base material.

[0078] The glass disk prepared by cutting the glass base material preferably:
has a diameter of 30 mm or less.

[0079] By the use of a cylindrical grindstone, a circular hole with a
predetermined diameter is formed in a center region of the glass disk, the outer
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.

{00811 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 nmorless in Ra. ifthe

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



thereof. When the glass disk is made of aluminosilicate glass, the glass
disk can be chemically strengthened effectively. [0087] A process for
chemically strengthening the glass disk is not particularly limited as long
as the known the chemical strengtherihg process is used. The glass disk
is chemically strengthened in such a manner that the glass disk is
brought into contact with, for example, a heated chemical strengthening

or $aprHadiesheriyrean BeepsaMaoterhpaessiftre glagsaliskhaaddliesangadtior

i he chemi hepi . [0088] E | k
o Ry TBEL TIOE s Ar S Tt Akt VIBH BRI e S CEnle
10NIR: te MRS Ie NI B BREGIBEICR AP b IEREST YRR IFRYBRIRFRSS a

and a process for dealkalizing a glass surface. The low-temperature ion
finexsgiogeblioeqisds gigkerablpasdeically itsngbdaneduofanglyiss
performed at a temperature pelow the anpealing point of glass. [0089
SR G e s
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greater than that of those alkali ions, a compressive stress is induced in a
equaficdHayrnof( e 41Bs3 bftihe hegkd<&n thaxinolumepeblirheight) of the
ion-exchanged g)ortion, and the glass surface layer is there
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and more preferably 300C to 400C. [0091] The time to contact the glass
ddd&inivittdtbecmalirg tallapanctiedaislyi= Starad il 8) 80604 .ten hours.
[053092] Before the glass disk is contacted with the molten salt, the glass

Bl is ThreRiasipFhendansohiheatons sipk imeighad isveRcnmanger that
T
adamsinghe pieadipens bdttasddiergihemiisk sirrngibeningn and the sheet
glass are moved relatively to each other while the principal surface thereof is
being fed with an abrasive solution. The abrasive solution preferably confains
abrasive grains for polishing. Examples of the abrasive grains include cerium
oxide abrasive grains, colloidal silica abrasive grains, and diamond abrasive
grains.

[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



is not particularly limited and is preferably resistant to corrosion and
dust-free. Since the chemical strengthening salt and the molten salt are
oxidative and the treating temperature is high, damage and dust need to
be prevented by the use of a corrosi@h-resistant material such that
thermal asperity or head crash is avoided. From this point of view, the
treatment bath is preferably made of quartz and may be made of a
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chemical strengthening salt preferably contains sodium nitrate and/or
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glass disk is then textured. [0095] Fig. 1 is a perspective view showing a
glassnfiiplrisich@nicadiytatieggothacteddn sl keraamrfer thattheg oB0aiskds
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machine. The end portion of the chucking rod 101 is cylindrical and has a
theichalitjoal siepagitetisgbsptirtions extending longitudinally. The end
0 oriion thereqf can be expanded by applying force to the inside of the end
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exchange is performed at a temperature below the annealing point of glass.
[0089] The low-temperature ion exchange process refers to a process in
which alkali ions in glass are replaced by large alkali ions having an ionic radius
greater than that of those alkali ions, a compressive stress is induced in a
surface layer 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



axis at a predetermined rate with a predetermined stroke as indicated by
Arrow B shown in Fig. 1. [0098] In the texturing machine, a pair of
abrasive tapes 102 and 103 are fed from supply rolls 102a and 103a at a
predetermined rate as indicated by A2fow C shown in Fig. 1 and then
wound around take-up rolls 102b and 103b. The abrasive tapes 102 and
103 are fed in such a manner that the abrasive tapes 102 and 103

preffesiiisnalaspmiisiaiahis r@ingds of the abrasive tapes 102 and 103
egwal tg one anather. [0099] The glass disk 1 held with the chuckin .
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abrasive tapes 102 and 103. The abrasive tapes 102 and 103 are
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[0100] In this state, the chucking rod 101 is rotated on its axis together
avaidedhe Igtaes thiskpviah dfreisiprdbat dok ptmanidiatiaidypie fer atiyg oitzale of

: determined rate with a predetermined stroke. The reciprocation of the,
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| and the abrasive tapés 102 and 103. [0101] The glass disk 1 an
althbraghivié teysdsidit 2amoksidiBrasistelativ ebuchovedhite dahtasy bithseblmtted on

other. [Oligéﬂ' Fig. 2.is a schematic view showing the relative movement
anReRRemiFRiggasihiglasiF the abrasive tapes. [0103] The feed rate of
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prefeatdl ceplairts sutlthen noitadienahdfmesh tesiiacaitngteate Taiglis because
the chemical strengthening salt is effective in imparting a predetermined
toughness and impact resistance to the glass substrate during chemical
strengthening when the glass substrate is made of aluminosilicate glass. The
principal surface of the glass disk is then textured.

[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 exiending 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.



reciprocating stroke of the glass disk 1. As shown in Fig. 2, the abrasive
tapes 102 and 103 are principally moved (Arrow F) relatively to the glass
disk 1 in the circumferential direction (tangential direction) of the glass
disk 1 and also moved (Arrow G) sirfisoidally with respect to the
circumferential direction thereof. [0104] The circumferential roughness of
the principal surfaces of the textured glass disk 1 is less than the radial
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0105] The Circumferential roughriess of each principal surface of the
axiexticegraglatsrdisied mdecaitbsafpedateontared rstroierasiadieadtdrby Arrow
toward an inner circumferential section of the principal surface. Therefore,

B 8hoWRghEIR: Ayer is formed on the principal surfaces, the magnetic layer
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the center of the glass substrate preferably has a circumferential
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section of the principal surface. [0107] In the principal surface of the
and4bdeasesg ens ko1OifeaR@Bier. the circumferential roughness (Ra-c) to
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substrate, the ratio [Ra-c / Ra-r] of the circumferential roughness (Ra-c)

disls thenedintestighvads {treaabyresikie tepemn102 and 103. The abrasive tapes

102 and 103 are pressed against the principal surfaces of the glass disk 1 with

a pair of press roliers 104 and 105 with predetermined pressures as indicated

by Arrows D and E shown in Fig. 1. Specifically, the principal surfaces of the

glass disk 1 are sandwiched between the abrasive tapes 102 and 103.

[0100] In this state, the chucking rod 101 is rotated on its axis together with

the glass disk 1 and reciprocated perpendicularly to its axis at a predetermined

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.



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 located at a radius of 11 mm from the
substrate center is 0.60 or less. This2dllows the magnetic head to fly
stably over the inner circumferential section of the principal surface.
[0109] The texture formed on the principal surface of the glass disk 1 has
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crossing texture components increases rcircumférentia
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the glass disk 1. This is because, in the principal surface of the glass disk
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circumferential section. [0111] The angle between the texture components
thergotbe determined readily and precisely in such a manner that a 5-m
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the texture components present in the region located at a radius of 6 mm
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circumferential section of the principal surface. [0113] After the texturing
glgrodiss 1sifiorehedstiremglassalitir ticateferechtiBhaecibn ttenglasan inner
_Substrate is com?_leted. 0114] The lglass substrate, manufactured as
carggg’gﬁﬁ%@igbggg,lgeégr WeoPEncipal surface.  Therefore, it a magnetic layer

is formed on the principal surfaces, the magnetic layer has magnetic anisotropy
and a magnetic head can fly stably over an inner circumferential section of the
magnetic layer.

[0106] In the principal surface of the glass substrate, a region located at a
radius of 6 mm from the center of the glass substrate preferably has a
circumferential 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 {o 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 disk drive" or a
compact hard disk drive smaller than the "1-inch hard disk drive". If the
glass substrate is used to manufacture a magnetic disk installed in the
"1-inch hard disk drive", the glass substrate needs to have a diameter of
about 27.4 mm. Alternatively, if the glass substrate is used to
manufacture a magnetic disk installed in a "0.85-inch hard disk drive", the
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increase magnetic properties of the magnetic layer. A base layer or the

innke o pratéeEtNiad Aaetiovesi thennrisaned swiidetrate and the magnetic

| : | b de.of .an Al- I Crall 17
GEoma et et -t A R
cdrRpd Hapagnsimhbeastmaihbe BraxkiadLilieranatie/angkl direction of

preferred example of the protective layer Is a hard protective layer made
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example, a dipping process. [0119] [First Example]
because, in the principal surface of the glass disk 1, the tangential speed of the
inner circumferential section is less than that of the outer circumferential section.
[0110] Therefore, the magnetic layer formed on the principal surface of the
glass disk 1 has magnetic anisotropy and the magnetic head can fly stably over
the inner circumferential section.
[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.
i0112] 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 or less. 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,



The present invention will now be further described in detail with
reference to examples and comparative examples. The present invention
is not limited to the examples. [0120] [Example 1 (Example of Glass
Substrate for Magnetic Disk)] In this @gample, a glass substrate for
manufacturing a magnetic disk according to the present invention was
manufactured according to Steps (1) to (8) below. [0121] (1) Rough
thecgingimgubsipai@issiuphigtstep (3) Precise Grinding Step (4) End-face
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glass was prepared. The aluminosilicate glass contained lithium. The
coommpbhmqumhmmmﬁlwdamgh@s" viashdwitbdiskage2 cdhtbatalass

3.6 t, an A1203 content of 14,2 aNaz20
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percent. [0123] (1) Rough Grinding Step The aluminosilicate glass was
Altepitdtralydithiee @mmdub&irameatsgmks mﬂmuf&mﬂmessrm‘gmetm ahisk
The sheet glass was %round with a stone gé‘igls manner ss

ingiRlRDiAY & HsIER P RRL SIS A et B° SRR SUOSHENS ARYRD have a
d,mﬁﬁ A5P374 }Hrﬂrder to prepare the sheet glass, a downdraw

process or a float process is generally used. A disk-shaped glass base
[omaterial mayabeetic disk according to the present invention, the magnetic

layer formed on the glass substrate may be made of, for example, a cobalt
(Co)-based ferromagnetic material. In particular, the magnetic layer is
preferably made of a cobalt-platinum (Co-Pt)-based ferromagnetic material or
cobait-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 layer is a hard protective fayer made of
carbon hydride.

[0118] A lubricating layer made of a PFPE (perflucropolyether) 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 layer



prepared by direct pressing. Aluminosilicate glass used to prepare the
sheet glass may contain 58 to 75 weight percent SiO2, 5 to 23 weight
percent A1203, 4 to 13 weight percent Na20, and 3 to 10 weight percent
Li20. [0125] In order to enhance the dimensional accuracy and profile
accuracy of the glass disk, the glass disk was roughly ground with a
double-ended grinder using 400-grit abrasive grains. [0126] Specifically,
capgig fRineashP¥uioaaSoTRIS 8ISRPHIGMIRERSSIn a carrier were ground

ng -Op ina abrasive grains in such a manner that the load
[0 wa S(f‘tg t%s% %%k[%%%li kg and a sun gear and internal gears were rotated.

The reswdtip@aarsreisk s wilbiadie ieaariaghiettribed gmandibwith
surface roughness (Rmax) of about 6 gm. [0127] (2) Shaping Step By the
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nogﬁl%ftomflc\bg] a centar region of the glass disk, the outer end face of the
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Stich that the glass disk had a diameter of 27.43
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chamfered. The outer and inner end faces of the glass disk had a surface
roughheistapoutd, amndlasnsubguatsian enelactripdrremEgBsicdiak

disk drives)! use magpetic disks having an.outer djameter, of 65 :
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(8yv§é§)g'[ound using 1000-grit abrasive grains such that the principal

surfaces thereof had a roughness of about 2 m in Rmax and a roughness

(092 Abalit) 0. RoughFEifiola®S8ipce the principal surfaces were precisely
s formed on the principal surfaces in the rough

ground, fine jrregularitie
grindir?a)st(%"@lp éﬁ@ step prior 29 to this step were removed. [01311
The gl(egs)s ﬁgaggc@ﬁ}ydg{a%}gﬁvas ultrasonically cleaned in such a

(4} End-face Mirror-polishing Step

(5) Primary Polishing Step

(6) Secondary Polishing Step

(7) Chemical Strengthening Step

(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 SiOp content of
63.6 weight percent, an AloO3 content of 14.2 weight percent, a NasO content
of 10.4 weight percent, a LioO content of 5.4 weight percent, a ZrO9 content of
6.0 weight percent, and a SbpO3 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.



manner that the glass disk was placed in a cleaning bath containing a
neutral detergent and then in a cleaning bath containing pure water while
ultrasonic waves were applied to the cleaning baths. [0132] (4) End-face
Mirror-polishing Step End faces (the @ter 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

[0 a buereder touyrRass toe sheet Disstirprdawndimyapsogass ehaghpels

of about 0.3 m in Ra. [0133] The principal surf of the mirrar-palished
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from being generated. The resulting glass disk had a diameter of 27.4
thergia o 186}, (B)ePylaswrdipl eaint Subily| grotded itk acinybbretckes! grinder
formed and strains created in the precise grinding step, primary polishing
uswgs{;&%)rﬂm%@iﬁ%f%laﬁble-sideﬁpolishing machine. [0137] In the
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wearttagioeshthesing, 406-gdtraumam atyagea \githiassinsgehr anthanentivatihe
gear, and the upper and lower platens were pressed against the glass
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roughness {(Rmax) of about 6 um.
[0127] (2) Shaping Step

By the use of a cylindrical grindstone, a circular hole with a diameter of
6.1 mm was formed in a center region of the glass disk, the outer end face of
the glass disk was ground such that the glass disk had a diameter of 27.43 mm,
and the outer and inner end faces of the giass disk were then chamfered. The
outer and inner end faces of the glass disk had a surface roughness of about 4
pm 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 um in Rmax and a roughness of about 0.2 pm 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



rotated around the internal gear by rotating the sun gear while an abrasive
solution was being fed between the polishing pads and the principal
surfaces thereof. [0138] A double-side polishing machine similar to that
machine was used in an example belBw. Specifically, primary polishing
was performed using hard polishers (rigid urethane foam). Polishing
conditions were as follows: the use of an abrasive solution containing

to Haig HeBWREQYFEINSBA-average grain size of 1.3 gm) and RO water, a
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alcohol), and a cleanjng bath contaiping IPA (vapor drying) in that order.
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[ofEmondary palishing WarorERARM USieg soft polishers (suede pads)

and a double-side polishing machine similar to that used in the primary
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conditions were as follows: the use of an abrasive solution containing
of editoidid| gitica Amaxenad e parfiete szeghiris:am) anouR 0. 3vaterinaRwad of

/em2, and a polishing time of 5 minutes. [0142] The secondari
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widasseisk was immersed in a cleaning bath containing a 31 neutral
detergent, a cleaning bath containing pure water (1), a cleaning bath

[0 tBatainmthisustepates (R3sa diskrang battilapglassrdiddAaisapsapyd and the
en%l%ggg!s) of the stacked glass disks are polished. In this case, in order to
prevent principal surfaces of the stacked glass disks from being damaged, this
step is preferably prior to a primary or secondary polishing step described below
or subsequent to the secondary polishing step.
{0135] In this step, the end faces of the glass disk were mirror-polished
sufficiently to prevent patrticles 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.



and a cleaning bath containing IPA (vapor drying) in that order. The
resulting glass disk was dried. [0143] (7) Chemical Strengthening Step
The cleaned glass disk was chemically strengthened using a chemical
strengthening solution containing pot&ssium nitrate and sodium nitrate.
The content of lithium eluted from the chemically strengthened glass disk
was measured with an ICP emission analyzer. [0144] Chemical

Theuginpinahisigrinaspefhendass dirhweareanmariaaetusiyislishsad in such a
t henj lutior h 340C t0.380C and lass disk
A R oL A3 A & PR RLF 8, S B0 AR D e i A also

rotéV@QFB%NB‘QHMH@Hé@?é@PH}%@aﬁ%@ﬁﬁ@%@g@b@Wﬁﬂéoaw&f@fé%boe

strengthen the entire surface of the glass disk, the glass disk was
soluiiprrsad hringifeth weivreamibermslishint patssardiskeas i dinfaces

holder together with similar glass disks such that end faces of the placed
th%ﬂ%% disks were held with the holder. [0145] The chemically

[Oﬁ?ﬁ”gﬁ‘ﬁﬂﬁgléléﬁfe%mmﬁ?@ 18P fo WA mBBHIHEWAROUEERNin an

minutes, whereby the gl isk was quenched. [0146] The quenched
exglagdediskomas iBpaeifieallin mimeaytpatéshsudfuvasapidfdremddiwrgbbard
40C and the glass disk was cleaned, The resulting glass substrate was

polihacs Aligif, HrliReg (alth aFRURhGRANTIE s WG R RloWss the use
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containing pure water (2), a cléaning bath containing IPA (isopropyl

1.3leot)eihdaR0 avateanin fatbf dotajring | BACapolishirigg)riretbit Sratnutes.
The resulting glass substrate was dried. [0147] The principal surfaces

Thenerinariygadishaddlramdisighas dikiesricallysangiRedB EATIRBRET
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detingant glaksadislg hadmeopralris padugdecteppsitsiendafgdiath containing
pure water (2), a cleaning bath containing IPA (isopropyl! aicohol), and a
cleaning bath containing IPA (vapor drying) in that order. The resulting glass
disk was dried.
{0139] (6) Secondary Polishing Step

Secondary polishing was performed using soft polishers (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 flathess of the principal surfaces
polished in the primary polishing step is maintained and the roughness Ra of
the principal surfaces is reduced to about 0.3 to 0.5 nm.
f0141] Polishing conditions were as follows: the use of an abrasive solution
containing colloidal silica (an average patrticle 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



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 a¥bughness of 0.30 nm in Ra, that is,
the principal surfaces thereof were extremely smooth. The surface
ughness was determined in such a manner that surface profile
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is, the glass disk had a size suitable for a glass substrate for a magnetic
glapsidisewasrdged.o-inch" magnetic disk. [0150] A chamfered region of the

inngr f f i rface roughness of 0.4 p.min
[Ogr%ixeg}rfd ?53??&@? r%ﬁéﬁé‘e@%@@%%% in Ra and a wall region of the
inner gpe igeateargpidwndisk susloeasaighing ssohdiivdpatindrigax émnshaical

surface roughness of 0.05 m in Ra. A chamfered region of the outer end
stigaetbetieagiaddtigiBichathng Re@ssiA MY aler anguserivRaikAtea wHNe
coSEILPfths st endface hersal fiad o Sulacsiauonaess of 0.07.n in
a. Thus, the inher and outer end Tacés thereofwere mirror-finished.

médkotdd DRIRTECICE SpriasRm GirtBEgdass disk had no contaminants or
particles causing thermal asperity and the inner end faces thereof had no
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tapes
strengthening solution for about two to four hours.  In order to uniformly

strengthen the entire surface of the glass disk, the glass disk was immersed
therein in such a manner that the glass disk was placed in a holder together
with similar glass disks such that end faces of the placed glass disks were held
with the holder.

[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 resulling glass
substrate was ultrasonically cieaned 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,



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 thé circumferential direction thereof.
[0153] In this step, a liquid polisher containing diamond abrasive grains
was fed between the glass disk and the abrasive tapes. [0154] Texturing

angFRRREUSB i Ex RsprRCliansrBewes irtiheeariRcilsuiaegriind end
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supRragniotdétibe. oscillation frequency of the glass disk was 7.8 Hz, the
oscillation amplitude of the glass disk was 1 mm, and the processing load

[OHHiedhroaieshetisihlosirian sleactivedglopyepwaRdepasHRA ) fyrigee
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the principal surfaces of the glass disk had a roughness of 2.5 nm in Rmax and
a roughness 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 AFMW (atbmic force microscopy)o
were subjected fo 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.
[0150] 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 um in
Ra and a wall region of the inner end face thereof had a surface roughness of
0.4 um in Rmax and a surface roughness of 0.05 um in Ra.- A chamfered
region of the outer end face of the glass disk had a surface roughness of 0.04
pum 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.
[0151] 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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machine in such a manner that the principal surfaces of the glass disk were
sandwiched between abrasive tapes and the glass disk 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 fo the circumferential direction thereof.

[0153] In this step, a liquid polisher containing diamond abrasive grains was
fed between the glass disk and the abrasive tapes.

[0154] Texturing Condii;ions used in Example 1 wére as summarized in Tabié 1.
Fabric tapes were used as abrasive tapes, polycrystalline 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).



C 1t6d~00 Fn 35 [0156] After texturing was finished, the glass disk was
cleaned. In this manner, the glass substrate was obtained. [0157]
[Example 2 (Example of Glass Substrate for Magnetic Disk)] A glass
substrate of Example 2 was preparedtinder texturing conditions that
were different from those of Example 1 as shown in Table 1. [0158] In
Example 2, the texturing conditions were as described below. Fabric
[0185¢s were used as abrasive tapes, polycrystalline diamond slurry was
used as a polisher (slurry), the glass disk was rotated at 883 revolutions
per minute, the oscillation frequgmcy af the{ glass disk was 7.8 Hz, the
oscillation amplitude of the glasgisk was {1 inm, and the processing load
applied from pressing rollers WpB 3.675 kgi(1.5{pounds). [0159]
[Comparative Example 1] A glags atg of Gomparative Example 1
was prepared under texturing ¢ S %aﬁw re different from those of
Example | as shown in Table 1} 1 Gomparative Example 1, the
texturing conditions were as de$ belpw, Habric tapes were used as
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abrasive tapes, polycrystalline digimgnd §lurry was used as a polisher
(slurry), the glass disk was rotatéf af 1093 |refolutions per minute, the
oscillation frequency of the glask diskavas 7.8 Hg, the oscillation
. amplitude of the glass disk was _bdn =arld the grocessing load applied

from pressing rollers was 3.675kg (1'# ppunds)| [0161] [Comparative
Example 2] A glass substrate of &by @aract.;\ e Example 2 was prepared
under texturing conditions that @m glffegnt frgm those of Example 1 as
shown in Table 1. [0162] The g %@sg bsirgte iof Comparative Example 2
is an example of a G| Bl=
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Processing Load (lhs)
Rotational Speed of Disks (rpm)
Oscillation Frequency (Hz}
Oscillation Amplitude (mm)

[Table 1]
Tapes
Slurry




glass substrate for a magnetic disk with an outer diameter of 65 mm.
[0163] In Comparative Example 2, the texturing conditions were as
described 36 below. Fabric tapes were used as abrasive tapes,
polycrystalline diamond slurry was ued 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 oscillation amplitude of the glass disk was

[015RIm Adter textgringwaadinsliiedpiiifoglassrdisk seasoleraedy iy thisangnner,
thk é\?.S ur](ds : &10164 Measurement of Circumferential Arithmetic
%\% %%g%&f&g% sass( a-%?e(gﬁ Principal Surfaces of Glass Substrates for
[oMquE&Qi?g@, SRatiealRars Mok LEGswaers PN HEREBINfverage
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Roughnes a-c) to Radial Arithmetic Average Roughness (Ra-r), and
CrosshgiasgyribsiratewkbtGempln e ronenpsedunasadofithinglaonditions

substrates, each_of which w repared_ in Example 1 or 2 o
QPR SSEEAIATICID S 8 XRRE oA S YEN Sk AHEnsured for
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graph showing the circumferential arithmetic average roughness (Ra-c) of
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Table 2 describes the circumferential arithmetic average roughness
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circumferential arithmetic average roughness of the measured regions
anplitdeld off theaglrsafididwa2.Onor, 306 hengrooessingdoted appiliedlresn
substrate is showrg. 0167] The glass substrates of Comparative

pr@(&aﬂﬁ)r@ga{%‘m% sdfie® RIEHRbarison with the glass substrate
(0188 TbEd IR BxQRf37%;(0168] 000000

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 1apes, 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 exampie 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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slurry was used as a polisher (slurry), the glass disk was rotated at 383
revolutions per minufe, the oscillation frequency of the glass disk was 5 Hz, the
oscillation 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-c)
of Principal Surfaces of Glass Substrates for Magnetic Disks, Ratio [Ra-c / Ra-r]
of Circumferential Arithmetic Average Roughness (Ra-c) to Radial Arithmetic
Averége Roughness (Ra-r), and BCrossing Angle of Texture ;C:orﬁponents]

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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38 [0169] As is clear from Fig. 3 and Table 2, the circumferential .
roughness of the principal surface of the glass substrate of each example
increases continuously from an outer circumferential section toward an
inner circumferential section of the ginhcipal surface. [0170] In the glass
substrates of the examples, the measured region located at a radius of 6
mm from the center of each glass substrate has a circumferential

[0 HBRhmasdviaagBaBubithesaRraabie ) he mirconifriendiatraghness of the

measFred re%io?g cath at a ratdi S o¥ 11 rnm from fhe center of the,glass
prm&)n? urface of the giass s bls rale oI gach example increas &cot ously
substrate has'a circumferential arithmetic average oughness? a-c) o
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Comparative Examples 1 and 2, the ratio [Ra-c / Ra-r] of the
theipsineieabatidbaathmetic average roughness (Ra-c) to the radial
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arithmetic average roughness (Ra-r) of the principal surface. [0173] Table
cireulofenindia i faniefiR aver R rpoiiressoifafaerttial 2bitimeticnore and the
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circumferential roughness is less than the radial roughness. [0175] The
orfaBa.[Ra-c / Ra-r] of the circumferential arithmetic average roughness
0 iRa—c) to the radial arithmetic average roughness (Ra-r) increases from
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of 6 mm from the center of
average roughness (Ra-c) to the radial arithmetic average roughness (Ra-r) of
each principal surface was determined.
[0172] Fig. 4 is a graph showing 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.
[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] In the measured region located at a radius of 6 mm from the center of



39 the glass substrate of each example, the ratio [Ra-c / Ra-r] of the
circumferential arithmetic average roughness (Ra-c) to the radial
arithmetic average roughness (Ra-r) is 0.61 or more. In the measured
region located at a radius of 11 mm #%m the center of the glass substrate
of each example, the ratio [Ra-c / Ra-r] of the circumferential arithmetic
average roughness (Ra-c) to the radial arithmetic average roughness

therdapsisabst el ofeqoh EXampe. thmersin E8aceRarthef §ess

. substrates. prepared jn the examples as desegribe at?gée%)-. square,
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Fig. 5 shows images obtained by Fourier-transforming the measurements

radighefrédions froadine seytenahibdariassrisrostrey o0aad) Tharaplgicthe
crossing le) between texture components.crossing each other
SRt OE S T S
th&iFaUTBIIAMAL B SR agiessyRsAeslBbEN (B 6 is a graph
showing the crossing angle between the texture components present in
[0 17 Indadixe pningipaksofrthegsrivicipalgladacabelrties glessatatstrdkes of
the examples and the comparative examples. [0181] Table 2 describes

EXRRITE &MY SHIIB TR ANEMS 1RaHEX R TRYRERY PREMASHTRR Dy atomic
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Example | and 2 and Comparative Examples 1 and 2. [0082] Fig. 6
twiteditregasidimat fREICrossing angle increases from the outer circumferential
section toward the inner circumferential section of each principal surface.

OFR8k is™ Q@@@Wé@%&ﬁé@im%f’F‘(Hfé‘?ﬁéfﬁ‘Qﬁféfg‘ﬂ% tional to
R e T o e

[Ot TR Exdmepleagibd @ngldrigrangiey belgleprotiwiees toeripatignets crossing each
otgg;ngs? gggs\?npirﬁ%?gn.t isnv\tlgg ?&%ﬁ%&ggéé ii?é] tlggtalljt?edc%[n%ponents extended in
the circumferential direction of the glass substrates.

[0180] Fig. 6 is a graph showing the crossing angle between the texture
components present in the measured regions of the principal surfaces of the
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
'circumferentiai section toward the inner circumferential section of each principal
surface. That is, tan 6 is inversely proportional to r (that is, tan 0 is proportional
fo 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 angie)

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



40 radius of 6 mm from the center of each glass substrate is 5.0 degrees
or more and the angle (crossing angle) between the texture components
present in the measured region located at a radius of 11 mm from the
center of each glass substrate is 4.5%egrees or less. [0184] [Example 3
(Example of Magnetic Disk)] Magnetic disks according to the present
invea}ion were manufactured ccordin% to steps below. [01(985

i

ragiiR RS dFe TR fPR1EE SraRe iRt sHSHaR Lot Qé% or more
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DC magnetron sputtering system: seed layers made of an Al-Ru alloy,
mdzsadayergiomiatabtdd 4 raadiey ointy neticflape thenceldaf of each glass
Co-Cr-Pt-Ta alloy, and protective layers made of carbon hydride. The

sURBKAE R ATAGETESHRAISISST refining magnetic grains contained in the
' - ion of aligning th
m@ﬁ?ﬁ%ﬁ{@@@@i fn @S#Wgﬁeﬁﬁ\ﬁ@i{#mt'on of aligning the easy

agnetic layers in the Th-plane direction. [0186] The magnetic
disks Malyraigitheishasscadvdingies thatpassanhimwagtietioydhe mayfatitured
layers disposed above the glass substrates, the protective layers
acepipingiPoiane Beddetic layers, and lubricating layers disposed on the
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een glass~supstrates an € magne ayers torm non-magne

subttalda)si Exaaiplawgnait basehryerser Witheamagpetitsliskgetlyihe DC
layers other than the magnetic layers are non-magnetic. In this example,
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see Iayers were erespecitive glass substrates puttering
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percent Al and 50 atomic percent Ru) so as to have a thickness of 30 nm.
refining magnetic grains contained in the magnetic layers and the base layers
have a function of aligning the easy axes of the magnetic layers in the in-plane
direction.
[0186] The magnetic disks include the glass substrates that are non-magnetic,
the magnetic layers disposed above the glass substrates, the protective layers
disposed on the magnetic layers, and lubricating layers disposed on the
protective layers.
[0187] The seed layers and base layers disposed between the glass
substrafes 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 protective 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.



41 The base layers were formed on the respective seed layers 5 by
sputtering using a target made of a Cr-W (chromium-tungsten) alloy (80
atomic percent Cr and 20 atomic percent W) so as to have a thickness of
20 nm. The magnetic layers were fofthed on the respective base layers
by sputtering using a target made of a Co-Cr-Pt-Ta
(cobalt-chromium-platinum-tantalum) alloy (20 atomic percent Cr, 12

Thetbase é@y@ﬁ]meafﬁaraea%&ﬁi@ﬁé@wﬁﬁaﬁw&@édﬂtmﬁﬂyr@@@ﬁ%
s BRI i BRI R RIS, ST SIE gt or

anBEREa{peiitussasiiey po)wrikey tovesedamack ssth e fregnestivepiotestiestic

layers by a dipping process. The protective layers had a function of

layssevairgfarmathgRdhe FarReatym kResrayRIsDISHY HEANd Uainghetarget

head. T ic disks were prepared as described abpve., 0. The
O e R A R R o D28
peftariiich, the Aidradgigbbnestlamis AlvhirspehewedihahdhemaeiaiiBeing

disks had no colliding objects and the flying behavior of the glide head
Cayae maiindiaee athtinkners afsddneit disks were subjected to a

ding/ ducing test at 700 KFCI. Thi t sh d that sufficient
o LB e PRI IR ts Wirle) S L B e ReRe L TBAHBRIG avers
anBURBalBAEStA I%lg@?é FRERIE WapE-PPs Hﬁﬂj(ﬁ%&@fﬁﬁﬁj@iﬁg e diskPmed

were each installed in a "1-inch hard disk drive" for recording data at a
ondbesigspe6ive hitdeotivee ipye rsooyie diphinGheropesatior hef titotddiiee layers

a\%o ed that data was recgrded on or.reproduced from the magnetic (%isks
haghit RGP STORTEIRE A AL R M RFBEILR Y S AT AEBARD A Aldae Trom a
mAGhMi Hig1asF R4 bUARRIO LRI PRI N AEPARS b 8dhe Ve wsed

t0 manufacture magnetic disks similar to those manufactured in Example
[0 830009 B Tdiet divtkenivingatiskis winles testedsiobjeciekal ttoadiitizdlsityiing a

_magnetic disks manufactured from the glass substrates of Examples 1
oligheh d

sadef HeieRdGRERaRe i RSl B ron R he QB BRI R
m%ﬁ@@i@\@ had no colliding objects and the flying behavior of the glide head

was maintained stable. The magnetic disks were subjected to a
recording/reproducing test at 700 kFCL  This test showed that sufficient signal-
to-noise ratios (S/N ratios) were obtained from the magnetic disks.
Furthermore, no signal errors were observed.

[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



42 Examples 1 and 2. The results of this test are shown in Table 2. [0094]
The number of times the magnetic disk manufactured from the glass
substrate of Example 1 passed the test of load/unload durability is six
hundred thousand or more. This shof#s that this magnetic disk has
sufficient durability. [0195] The number of times the magnetic disk
manufactured from the glass substrate of Example 2 passed the test of

Expaiiesidaandufabiltyad edisuridius tesd aserihomisiaiahietBat this

o B O T e
subxamplef Prsseidiepgsiad wrolusl eAdodicalilbydsd trseiturdsechundred

thousand or more. This shows that this magnetic disk has insufficient
fhwaﬂﬂigf [0957] Theinghms graintais ﬁﬂ?@@ﬁ&jﬁéﬂﬂé@hﬁ&ﬁbﬁﬁ%ﬁ%ﬁabﬂw
t lass substrate of Comparative mple ssed the test of
0188 e Bl e RRIRHYE BEA R Ghattael I iecbiass

subtaenetier tisk hpicspibsiarid dnealiiboildaaraprng 6ssdBiRgmPare Kigdred
magnetic disk with the other magnetic disks having an outer diameter of

thosanam. This shpwesdline this maaneticdisik hes suffigst didiskiy.of 65
angd regions measured for surface royghness are 14.5,22.0, or 30.6
1018 2R RRE CLIEr B ne Rl e orbes eae e e e
substeaensk esniesal e RIrEABLINySSsieH t‘!’ff@ %W&%%FGHR% HuBBility is
second example, a substrate for manufacturing a magnetic disk was

thiesetumteedubstriatntiad mdiemetEhieshoenttridbisiagiptdissdisk has

. %stratea u%%ﬁl in the first example. A method for manufacturing the
mn §f?zﬁs, ARG for texturing the substrate, and a method for

[01eAN UG HETRBIBE DPERRICHIE I AR SO HRRUIAMA IS 1EFEE ABANGSE glass

described in the first example. [0200] Table 3 summarizes the arithmetic

substraigeofolgmpess tiRa Febmpdastipaksegidhs tfshefdabditatimatiel urability is
sixaghhnrg%ié: t?\\getjggr?drgg%]gr%s.s %?k)lootjgh this magnetic disk has sufficient
durability, it is meaningless to compare this magnetic disk with the other
magnetié 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



43 measured regions of the magnetic disk, and TOP of the measured
regions of the substrate and the magnetic disk. The measured regions
are located at different radii from the center of the substrate or the
magnetic disk. Furthermore, Table 3#8ummarizes TOP of substrates and
magnetic disks of Comparative Examples 3 and 4 for comparison. These
substrates and ma%?etic disks are different in surface roughness from

MEARHATSIIRNS L5 IE8 Maenelisdipa 2t SR IbRIBIAMREmRRS of

t o Y ' "Nz @]
B o huaen Tk o s o elore S sy
diffe QMO atie0de ft€r OO0 Bstichie Binthe (Bagrislibl SN N O -%

O ~ 000000000 LLNmyE QEOfE 000000000 )n n oftrin. rn uin: of
Fughergwarg fablg Jppmameapaes TOP of substrates and magnetic disks of
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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Np; . Oco.3aEv?Co N=EENO4N DP")>MJEE 44 [0202] Fig.
7 is a graph showing the roughness in Table 3. That is, Fig. 7 shows the
roughness of the substrate and magnetic disk of Example 3, that of the
substrate and magnetic disk of Compgdrative Example 3, and that of the
substrate and magnetic disk of Comparative Example 4. The surface

ro@ug%hne"ss was determined by atomic force microscopy as described
[020aVe. Fide 7R SraRs SRAMAE thadRHebnepadR AR Reticlinakis. Fig. 7

shgRSAL3 el RS LA SURNAEHRSH B NANUIACIG 0 4ot of

magnetic pecifically, an increase in e roug eads to

theagUpstieRs iy magnetic disk ETUObARRE /B XEKARR R, thafauahnessef

a measured region (first region) located at a first radius from the center of

suliséraishandagnadicriigiheticamrasative thuarmme 4f a tHeasyréarceegion
second re ion%located t a%econ radius.from the cen'(t}er of the

o e TS L TG LGt L PP P PR et s

Fignayie @alegianaviiecagrPr Hsuiiidn wriastiviisr depaneticairabat

the start of rotation, recording, or reproducing or a region to which a
royghysetcohdze salsiele usasddm maguithadure ibgionagnaiictiéskthis

ol RSN ACPTeA hH AR Ibr B AT ETHASP tBgion
mayRRNESEISN FATSNNOSS!Y- IDEQZIE dlaHe v 6oyHhRERSSHEE BRI FEW region
ake-off pressure) will now be
(first region) located at a first radius from the center of the substrate or the
magnetic disk is less than that of a measured region (second region) located at
a second radius from the center of the substrate. The second radius is less than
the first radius. The first region may be a region which can be brought in
contact with a magnetic head at the start of rotation, recording, or reproducing
or a region to which a magnetic head in an LUL system is guided. A region
inner than this region has a surface roughness greater than that of this regions.
The surface roughness may increase from this region toward the inner region
stepwise or continuously.
[0203] TDP (touch-down pressure) and 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 (take-off pressure), in contrast to the TDP, is defined as a pressure at



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. #sorder to evaluate flying properties,

TDP and TOP are measured. [0204] Fig. 8 is a conceptual view sowing a

TDPITOP test. The TDP (touch- down pressure) is defined as a pressure
whichvHiehraanagheheadad shidiviadsisacmesetbtlishyaghydyraltjuaityeasing the

duci in, a hard.gisk drive, The TOP (take-off ,
e e e S B e et A
thOeanigcslisingds saeerg bibxaredralbhnereRriBadhe 4 8SPHEe BdiiRted

hard disk drive. The transition from flying to sliding, namely, the contact
bybehaednaribaragnetiotiskAndaheustiy eatic iea) sansoe. defbiddsbip

hecking th t f an AE (acoustic emission) sensor. This test is '
oL AR 7 AR AT RS E AR SR, (0208 The

[oPteAsUTeRent L thendaR &t glleeiys i SYaluRING, t@@aﬂ?é‘ﬂf%g‘)m@%biutytof the

magnetic head to avoid contacting the magnetic disk. The measuremenh
maftsdicTf@Rddefieciveimadiingtihg theginlly disthe Magnated@athnt of the
take off from the magnetic disk. Therefore, the TDP and the TOP are

TOFeR AR Dt malUaHEHBRRIbAEE R BaaReirthearDp ke o from
tng REGREIRIBISRY THeleibhe. iR 1h Mty Hie RO die Shalaaey Bah Sma
m llent flyin S.

smallmeans that the magnetic head has exce propert
arl0206]dfigreriseaJrapstwbtairtad WPl eitidgnbeTOPRspayieriblaiieaB. The

that is, a graph obtained by plotting the TOP versus the radius measured

fagh thak s espace oM RIRRe vesrpie s ah e s thatibearanalic head
[ ' than E le 3, the TOP di
h %@8|%§t'ﬁ>)@§r¢?&é%§‘€é‘é‘.ess an Example 3, the TOP measured in

omparative IS substantially equal to atmospheric pressure. In

[OgRBN par R \EiE xaghaith4Bhen oG RRSS6f e TOPIRALSURCTHBIMEIanEL is,
in the radial direction. Therefore, the TOP measured in Comparative
a graph btainedreyeiofing thet TR sesasrthe radius measured in Example 3

and Comparative Examples 3 and 4. Since Comparative Example 3 is less in
roughness than Example 3, the TOP measured in Comparative Example 3 is
substantially equal to atmospheric pressure. In Comparative Example 4, the
roughness of the principal surface is uniform in the radial direction. Therefore,
the TOP measured in Comparative Example 4 is greater than that measured in
Example 3. In particular, since the roughness of a region close to an 1D side is
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



Example 3. In particular, since the roughness of a region close to an ID
side is 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 prob#bly 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
capgadifeeaunalicdiaast riefrevbltisiadooBnash aiemier fRanarysgions
of E(g_lr{leen'ql'g)P r’ga)eb%improved by increasing the roughness of the magnetic
1SS that of the magnetic head. For example, the roughness of the
[070BPNH G RagHEaY ReidingsEshardilis tlcapr) hervingneiie iiratliving a
preferably has a roughness greater than any regions of the magnetic

magsietipd o im 2 neeeyiding cimsinng appasaeiahgadimneidngfyrearofbicing

riving a magnetic disk in a recarding direction, a magnetic,hea .
Pl A AT IO Py A0 P Tt [ el U e redtively o
thithindpaensigeadselayabitonthia BegeriiaBigiarhig-mB Naks. hepsids
preferably an NPAB slider. This prevents this magnetic head from
preomécting oraginktiy beaddromgretdecisg. oF widinatis fg mapediadlisk.

E B T AEERERER O HRE D e d BHEAE T SRR
AR IRBRIES GLAEIRARSHR NoAGIRRALD S RFRSRLEBNER< e

lameter (size) of a glass substrate for a magnetic disk is not particularly
effictited iriféehmesiet fiyirn foopsiagiot theymadrattie freadanufacturing a

lass substrate for a compact magnetic disk. Such a compact magnetic
028 udR NGPERP RGN REHIOR. MR AYARHRIRALRG AL GlpRsSHBPEBtIAT 2

mé @%ﬁ% aafg%rég%@%&a@ﬁ%: () Thﬂ@fﬁ@@ém\fﬁo&ﬂqm bearaliss,

rives that can be installed in portable or

suitable!domaanieth cping i shsssusibasrate e spbomesctigitaretiveiak,
PDAs, and car navigation systems. . i o .

Such a compact magnetic disk used herein is defined as a magnetic disk with a

diameter of 30 mm or less.

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.



47 CLAIMS 1. A glass substrate for a magnetic disk installed in a hard
disk drive, wherein: a circumferential roughness on a principal surface in
a circumferential direction of the glass substrate increases from an outer
circumferential section toward an indér circumferential section of the
principal surface. 2. The glass substrate according to claim 1, wherein: the
circumferential roughness of the principal surface increases continuously
from the outer circumferential secfiét rd the inner circumferential

sectio. 3,1 S&'%t?bét@%r?&? 3?88@%‘ gaét%%e hdlg %rgt?tﬂfﬂ}
surface has region w IS locat us 0 om a cent

wHBf:Blass substrate and which has a C|rcumferent|al arithmetic average
roughness of 0.25 nm or more, and the principal surface has a region

wh|cha§|wﬁ§renaahmugmqqsmmafmmmb‘@m@cefith@ glegmferential

di gstrat h ch th%r%tc:lrlcntérrréferent a(l) r%“ghme 8r%\|/rerarﬂ? roHﬁ I{]gsgtlon
'rSF &?? ﬁu ass sups rate accor Ing to c?alm‘_?L 3 ﬁ

tom?degw@ﬁ&t&:ﬁ&@#ﬁf&%ﬁﬂ%&ﬁ@hﬂﬁ%@@reﬁtb@tt Qughness of the

principal surface in a radical direction_increase.s from the outer
circunZferditiagiesstisubrivededacronding tirelgiferewbesgicton. 5. The

glas ubstrate accor o claim 1, hereln ara a circumferential
antoERc oL B e e 21 AL S A aeSss of
coRBURRGIHoRPIRCRALS WiRCRHMISHIR dectisd Bharadis phemm from
a center of the glass substrate is 0.61 or more, and a ratio of the
circivotherfentintiabatithrmetic average roughness to the radial arithmetic
AT T aoe AB LR b taiRg 16 i 12 wherai:

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.

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 -



48 located at a radius of 11 mm from the center of the glass substrate is
0.60 or less. 6. 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 andBextending in a circumferential
direction of the glass substrate, and a crossing angle between the texture
components increases from an outer circumferential section toward an
loairst alrsuirdite sidllsavndicon the epmepeaf shefatasy svhstemtsds 0.60 or
substrate according to claim 6, wherein: the crossing angle between the
lestgxture components increases continuously from the outer circumferential

sectiop, towayid 8 ierABTUriarRIiR 6 elioR indtalilRR RahaHD Sl Ririve,

according to claim 6, wherein: the crossing angle between the texture
whgeiponents present in a region of the principal surface which is located

at a radius of 6 mm from a center of the glags substrate is 5.0 degrees or
more SRR LSRN i U DRI n & ProdEher?
oti?é@&'%e%%r&?ﬁP@élr@Hﬁﬁéﬁe\HﬁQ'&iiﬁe@T@Fﬁ&%é §elidssobikamand
from the center of the glass substrate is 4.5 degrees or less. 9. The glass
substratzressioglangte bitivetrotfe; ekbrencdmpomecitairsuefasesdrom an

processed so as to have a magnetic layer formed thereon, whereby the
R e b R s e R A

prﬂé%?@h%é@?e imparts magnetic a_nisotropy to the _magnetic Iaye_r. 1Q.
The glass substrate according to claim 1 or 6, wherein: the magnetic disk
is instdlledlineaglasxbutattadés karordingadhatdini€k vdnesegmaller than
tﬁg %Qoasé}i;lrg]cgng?gdbgiﬁvggmﬁé texture components increases continuously
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 {exture 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.



49 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. A disk-shaped glass substrate for a
magnetic disk, comprising: a principdPsurface 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 ipsthae Q@&érﬁﬂ#@i@@a@ﬁ@ﬁ%é?em?%m%t emaﬁf@'fﬂjsed to
gu'detﬂér}ﬂg%ﬁ%%%?s‘i'('i% IRSEIRINGALS AR ik BAVEINGHS %ié‘tgﬂgg and

comprising: the glass substrate according to any one of claims

stoheWhgr et glansdssiasisate has at least one magnetic layer disposed
thereon. 15. The magnetic disk according to claim 14, wherein: the

principa- sufféekreRee iR RN RStRIGHAE s Ragnhle difd siarapdsing:
roughness.of agnetic, head to be used. 50 ABSTRACT, An anisotropic
toxturt DR RIS M aStn <08 SR RS

rolRBRESS IRl RuFatm The @ilrmgﬁﬁgeraggjofgughness of the principal
surface increases from an outer circumferential section toward an inner

circunwb@“ﬁirat@géﬁghr@giﬂ@ iﬁrm@wdsgﬁ@éégm@ setRegiPRa-r] of
D S s R ol
the inngrehiestrbgiential sRdiod guide a magnetic head to the magnetic 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.
15. 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.
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ABSTRACT
An anisotropic texture is formed on a principal surface in the
circumferential direction of the principal surface. The circumferential
roughness of the principal surface increases from an outer circumferential
section toward an inner circumferential section of the principal surface. The
ratio [Ra-c / Ra-r] of the circumferential roughness (Ra-c) to the radial
roughness (Ra-r) of the principal surface increases from the outer

circumferential section toward the inner circurnfererdial section.



