DESCRI PTION Title of Invention: MAGNETI C DI SK SUBSTRATE, METHCD
FOR MANUFACTURI NG THE 5 SAME, AND MAGNETI C DI SK Technical Field
[0001] This invention relates to a magnetic di sk substrate for use as
a 10recordi ng nedium of a conputer or the like, a nmethod of

manuf acturi ng the sane, and a magnetic di sk. Background Art [0002]
15Conventional | y, al um num substrates have been w dely used as
substrates for magnetic di sks bein netic recordi ng nedia
for use in hard disk drives (FEEB)gﬁﬁﬁf$ﬁ£nﬁﬁge. However, follow ng
the reduction in size and thickness and the increase in recording
density of magnetic disks, glass substrates excellent in substrate
surface fl gipesSnadstisgiibstrate strength as 20 conpared with the

al um num substrat es have been gradually replacing them [0003]

Normal |y, MAGNET|CEYSH 50 BE THRATE DFETAED IFORWANSFACEIRING U t he
foll ow ng processes. [0004] 25(1) First Lapping Process (process for

maki ng Bini SAME ARD MACMESEC DAISK gl ass base pl ate) (2)

Shapi ng Process (process for shaping the glass base plate into an
annul ar gl ass substrate and chanfering end faces) 2 (3)
Second Lap&iﬁng Process (process for renoving fine irregularities
formed on AafknisalfigEes in the shaping process) (4) Surface

Pol i shing Pr oceSf (&ﬁr ocess for polishing the main surfaces of the
gl ass substrate; Qe are first and second pol i shing processes if 5

ctrengt heni ng t SN PARRTST BERRaC 5 BRI SRR sE PP RS
above- f@nt [ QOEdGEAUAREL U bRBnPRSESSRE IRE, b AFetTBEF hidh b iring the

same, and a magnetic disk.

Background Art
[0002]

15 Conventionally, aluminum substrates have been widely used as
substrates for magnetic disks being one of magnetic recording media for use in
hard disk drives (HDDs) and the like. However, following the reduction in size
and thickness and the increase in recording density of magnetic disks, glass
substrates excellent in substrate surface flatness and substrate strength as

20 compared with the aluminum substrates have been gradually replacing them.

[0003]

Normally, a glass magnetic disk substrate is manufactured through the
following processes.

[0004]

25 (1) First Lapping Process (process for making uniform the thickness of
a glass base plate)

(2) Shaping Process (process for shaping the glass base plate into an

annular glass substrate and chamfering end faces)



10gl ass substrate, the chem cal strengthening process is carried out
for increasing the strength of the glass substrate, if necessary. For
exanpl e, when an alumnosilicate glass is used as the gl ass
substrate, Li + ions or the |like present2 on the glass surfaces are

i on-exchanged with larger ions (e.g. Na+ ions, K+ ions, or the |ike)
by imersing the glass substrate in a predetermnned solution. 15

So That the st 1 okih %%@Wﬁé%ﬁﬁﬁog%% w@? SRS RSRULIaRtES

Nor mal |y, ?&n?éc?@ngﬁ% % gpere t he conpressive
e

stress is generate em ca ning treatnent is at
nost about 100m ?4)%#&1@19 QbﬁﬁﬁinglFbééés%t@réﬁﬁs&@?éohs@%@ﬂ@ﬁnam surfaces
Hitherto, since higher flying stability of recording/reproducing
heads i n Hobtheglasheabstrewy e ark fiesttachsdogne grishingesrodessdsoped
aimng at nore flattening surfaces of HOD gl ass substrates. However,
i f only5theetésdargss is sinply pursued, there has been a probl emthat
when a gl ass substrate after 25processing is slightly saddl e- shaped,
a flying recordi h@/@e@mmm&tr@@gﬁwmgﬁmr@s Uprapegs devwirenotheningihe ¢
so that the flying of the head becones unstable. Herein, the saddle
shape nean§trganghapldheidlasssWI@t®) for use in horse riding and
represents a shag@ﬂat is bent in one direction along a certain

di aneter as 3 a s and is further bent in the opposite direction

al ong a_di amet erOrPQLeDQQ&%qCPH%%o% %Lﬁg&hﬂhgto‘?é&%%bgroftl"f‘én?d&gn%ﬂ:%sk

[0007] Even if n em ca reng hening tre I's carrie
vari atygn 'é]%s%%db%gétéj'tﬁé rch@H‘ﬁé:é]%tr‘éﬁg #Bé%sé ® &Q‘ﬁeﬂlﬁﬁ@&slﬁc@asmg
surface plates used I n processing a ass S bstrate so that the glass

substrate we/sﬂéfv@thaafsm@l@la@ssmj@@rat&wﬁétﬁssatyher%rré&anﬁﬂ@nmﬁerp@ﬁbl em
that even if a flat glass substrate is obtained w thout carrying out

chemi cal sufenigbbitivategyibseat nset as teyless Sabstesterhy ibes apiid lée: presehie
i nner dianeter of the substrate during clanping and, as a 10Oresult,
surfaces ofbntthe masssur’éac@saareeomewcbam&thwitb target @r@r(emmiarapnwb@ns,
into a saddl e shape. [0008] Conventionally, such abnormality
in shape dtOﬁthﬁ)Hk%ft?yémm?f%nQ:H@r&[@’@%WEW%@ Ema RIgdefanT iR spiltohas

"yt e @s%?f%%t%@%&é’%'aﬁg‘@e%é?ao“ﬁé%n gxdnad Sato sUAgE Ly
fime i rodeneroauPor bl BN RogER oo bs@i&s?%@? SethefLar gt he. e
the. sur 1 acSe BPPRLeReRs: ydidtlere HE LORFORAT, st e HriAte s e
1900200l g ling b phitler @wﬁ&feﬁﬁ Rpppkaces
Docunent 2%,PatgBtsdereaent
20 [00086]
Hitherto, since higher flying stability of recording/reproducing heads in
HDDs has been required, the technique has been developed aiming at more
flattening surfaces of HDD glass substrates. However, if only the flatness is
simply pursued, there has been a problem that when a glass substrate after
25  processing is slightly saddle-shaped, a flying recording/reproducing head
swings up and down to follow it so that the flying of the head becomes unstable.

Herein, the saddle shape means a shape like a saddle for use in horse riding

and represents a shape that is bent in one direction along a certain diameter as



[ 0010] Patent Docunent 1: JP-A-2000-348330 4 Sunmary of the

I nvention Problemto be Sol ved by the Invention [0011] However, with
t he above-nenti oned conventional nethod, although it is 5 possible
to inprove mcrowavi ness of the glass sypbstrate surfaces, it is
difficult to solve the abnormality in overall shape such that the

gl ass substrate is slightly saddl e-shaped. [0012] In view of the
above-nenti_oned cogve t this

i nvention _tag %’%W & 4@3%&??@0@%&%@3%tditi%f:@g%%_gjnieg%d%&'ﬁ Bcturi ng
nmet hod, V\hlpt%ﬁ)éi,ﬁﬁc[ﬁ F%@%‘%ﬁ%ﬁg%tg Asng, smgnetic disk glass

substrat e, us ena ation to a reduction in flying height
of a head in an Hi¥pand to an increase in rotational speed therein in
recent years. 15 Means for Solving the Problem [0013] In order to

achi eve the aboveyvennit he@eREmitil eirbngtheeiny estternt iy eatrietisolavariation in
considered that, not by flattening the shape of a magnetic disk gl ass
substrabfe afesodistnbutammanky ctooedubtn tHeyflatness b slijadeepldigsmusdad inn one
direction, 20 the shape of the glass substrate is stabilized and,
when it i s procassieragiassi substrate spihaishe glasgrrststrate siay have aisaddace
between a head and the magnetic disk in the circunf er?nti al direction

T et Bl o RUSH tasti
respect. }g%%sf?fiwﬁ _ eguf" Fasdeldy &ﬁgfﬂfa;segt §ggﬁaﬁf@ : uurae%%gfef@sy
Pﬁ\r/ioﬂg at ﬁ%%%,; %ﬁﬁ@h @g%gieo'}]aé Fgﬁﬁ'f&fty @{/tm%%lsc .aeso&l]@ggan agﬁﬁs. pasS|aSna
51 ho t0bsiTANE GhECuarhal e S Reobaiedlirf S IPRaRe) babel

Further, byntgefdddte sRgpami n surface roughness to 0.15nmor |ess, the
di stance between a head and a magnetic disk in the circunferenti al

direction [0008]
Conventionally, such abnormality in shape did not affect the
characteristics of an HDD and thus has not particularly been a problem.
15  However, following the reduction in flying height of a head for achieving higher
HDD recording density and the increase in rotational speed for achieving
shorter read/write time in recent years, there has been a possibility of affecting
the characteristics of an HDD.
[0009]
20 With respect to such waviness of the surfaces of the magnetic disk
glass substrate, there has been proposed a method of solving it by polishing the

substrate surfaces under specific conditions (e.g. Patent Document 1).

Prior Art Document
25  Patent Document
[0010]
Patent Document 1: JP-A-2000-348330



5 was nmai ntai ned constant to a high degree, thus being capabl e of
bei ng applied even to an HDD in which high-Ilevel accuracy of a head
and a nediumis required such that a storage capacity of 250GB or
nore is provided per mediumin a 2.5-ingh HOD. [0016] 10Specifically,
a magnetic di sk substrate according to this invention is a magnetic
di sk substrate characterized by having annul ar main surfaces, wherein
the substrate has ap i sotropi c shape with respect to an axi s passing
through a CAMBANGST HEINUMMYPSur face and, given that a direction of
the axis ig height,, a.change anount in height of the main surface in
a radi al d??@@?ﬁb%’?%Efﬁﬁﬁﬂﬁfﬁﬁgnyﬁ5¢ﬁﬁsing froman inner periphera
end to an outer ﬂﬁfﬁ heral end of the main surface, and a surface
roughness of the*main surface is 0.15nmor |less. Herein, the

i sotropi ¢ shape WdlbeBSPES thd SodREnRNiSnB@ S héhtidHaP HEIh b CalFRGRNE is
is a shape which is rotationally symmetric with respect to an

arbitrasy aeesipld @lifidrove aliowvdviriesaXdfihd aisisngibshraaughfades, aas diticuwf
t he gl ass substrate. 20[0017] In the above-nenti oned magnetic
di sk subst t@atelveithe iabnprratiity ab beetdiathapkeurhithakihefglass sgbidtrajb ésslighitly
t he i nner peripheral end thereof and | owest at the outer peripheral
end t her eosaddlediifdfp@dence i n hei ght between a hi ghest position and a
| owest position of the main surface may be 0.31.imor nore and 101.im
or 25 less. At | E¥®lone of the main surfaces may have a conpressive

che“Ton man S OB GBIt ureR i ST 8 o
Do P B Wb b b B Bep A0k Barate S B stone
i nvention, (chAaraGLRIEhZEH QYhtR i Eﬁéwoﬁhétrﬁagﬁéﬁ&&egﬁ%s: Yubsirate, thus

strengt heni ng an annul ar gl ass substrate an step pol 1 shing two
mai n sur f agagpRig hASp1atias 3o aubalEMIeInGiE Raighy o4 headtih enedD DV & N
t hi cknesses of renoval, by 5polishing, 'of the two nmain surfaces are
made di ff esanhcrenesieasthtiotdiespeei@Ad@n in recent yéweording to this

net hod, the shape of the glass substrate can be stabilized and,
further, it is possible to obtain a magnetic di sk glass substrate

whi ch, when it is incorporated into an HDD as a magnetic disk, allows
t he 1089 st Mransfer webhing theeBepiey® t he magnetic disk in the
circunferential direction to be maintained constant. [0020]

Further, a nagne{qcﬁ'?ﬁi sk according to this invention is characteri zed

b i Si he abpve- [ d i.c.di sk .
magnet) ¢ Tayer 101 BRREIOGENINS e arer e e LR Al ofeeBll rfepors
th h ) ' .1l t : th
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! nvenz pon [RO2HApLonenghts sdbstiateligsmbiizeatarat evecioisdhodrpotateliisto an
I nvention 1s a

HDD as a magnetic disk, the distance between a head and the magnetic disk in

the circumferential direction is maintained constant.
[0014]
As a result of intensive studies, by calculating a predetermined
25 compressive stress difference with respect to two main surfaces of an HDD
glass substrate and accurately controlling this stress difference, there was
obtained a substrate having a shape which was rotationally symmetric about an

axis passing through the center of the substrate and in which a cross-section of



magneti c di sk substrate having annular main surfaces, wherein the
substrate has an isotropic shape with respect to an axi s passing

t hrough the center of the 25main surface and, given that a direction
of the axis is height, the height of the main surface changes in a
radi al direction and the surface roughness of the main surface is

0. 15nmor less. [0022] 7 As a result, the shape of the gl ass
substrate c¢an be stabilized a Wnen it i ncor por at ed
into an HD%‘%§UI&S tFRIg VS W%‘?%JE% ?rﬁaeofj h?trgﬂ'@esué@t i%{ head and the
magnetic disk in 661%]CI rcunferential direction can be naintai ned
constant. Therefé is possible to obtain a magnetic disk that 5

can be adapted tg, ?ﬂqé?qjjﬁéétlf?@gr]]'ﬂfb frlafd Qﬁrf{}f‘ér gﬁiﬂﬁhﬂgsét@g%dnﬁ‘o@féﬁ%e

and to an increase 1 n rotat speed t In recent years Brief

Descri pti Oﬂiﬁéné@ﬁeﬂeﬁéﬂ 2%eh8QAd a dignatic Hidksnanhgcreumrerehea digoaon
external appearance of a magnetic disk in an enbodi nent of this

i nvent i ®n. wdsdaafntdin€dcoystzagt ik mc_i;‘redégmnthusrbéiﬁ@Z:Qbaﬁﬁl-ﬁrimimg)abplmd
an enbodi ment of this invention will be described in detail with

ref erence ewenhe aaddbBRpamtioly hiphaleivabacdtirgey Qf & beaddindgp aradiwn is
explaining the structure of a magnetic di sk glass substrate

(her ei naft éﬁiquiiﬁcbﬁilﬂ@dthta@) aoRIg Gepacky 9 2paEE) ordpett i pigvidgdiparsnedium
enbodi nment . ﬂhtjés a perspective view of the glass substrate,
Fig. 1(b)”?§ w thereof, and Fig. 1 (c) is a

20cr oss- sectlona s w taken along line Ic-Ic of Fig. 1 (b). [0025]
As shown in Fig. QL@) to (c), the glass substrate according to this

enbodi ggnt has a% @,B%,@F MaBhetit Hid %u%ﬁfrﬁfé %cﬁg'lﬁg% t@@!iﬁverﬁion is a

(hereinafter ref &FF as a CII‘CU

center of ﬁr%ﬂc%?@@@@b&ka%é%h%%diéﬁiéoawhaﬁng‘r'armuwrﬁgmes&?ac% t he

gl ass substrate is unif inclined froman inner peripheral end 13

to an out eiyHegsinrhersabseate ﬂéls antsdinpi@shasoivitapespediapaniidpassingct
to an axis passing through the center of the glass substrate. That

is, it is tovaghenedntyr sfimeenaincswifdade arek pacin that ardigeckion cithe axglie
rotation 8 about the axis passing through the center of the gl ass
subst r at e. he@b263 change amount in height of the main surface in a radial direction is
15  monotone increasing from an inner peripheral end to an outer peripheral end of
the main surface, and a surface roughness of the main surface is 0.15nm or
less. Herein, the isotropic shape with respect to the axis passing through the
center is a shape which is rotationally symmetric with respect to an arbitrary
angle rotation about the axis passing through the center of the glass substrate.
20 [0017]

In the above-mentioned magnetic disk substrate, it is preferable that the
main surface is highest at the inner peripheral end thereof and lowest at the
outer peripheral end thereof. A difference in height between a highest position
and a lowest position of the main surface may be 0.3pm or more and 10um or

25 less. At least one of the main surfaces may have a compressive stress layer
and compressive stress values may be different between the two main surfaces

and further, the substrate preferably has a bending strength of 5kgf or more.

[0018]



Accordingly, in Fig. 1 (c) being the cross-sectional view taken al ong
the line lc-Ic, a cross-section of the main surface 12 is straight
lines with a constant 5inclination and is laterally synmetrical.
Further, a cross-section in any perpendigul ar plane that passes
through the center of the glass substrate has the sane shape as that
in Fig. 1 (c). [0027] Wth such a shape, when a magnetic disk is
manuf act ur ed usiggahhis 10q¢l

B e e AT GO ARBT Bhe
B e T
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rotational yikassp@etat chdlRicang @ﬁ‘bhﬁth‘éhélﬂ; whEf28lhicknesses ﬁif"r‘ehg(/@l‘? bof

the error rate of the nmedium the Surface roughness of the main

sur f aces 12 pefisting, 6fltAe3IwdUnginrairkices apé elRicadiffgrdht onmeach lotss.
[ 0029] 20Further, given that the direction of the above-nentioned

axis is height, pMiY%ference (hin Fig. 1 (c)) between the highest
position and the | owest position of the main surface 12 is preferably
0. 3Rm or nore andctoming tr thiemethed, the shepe ef tha glags GuUBsirate eadb@ i s
a case where the shape of the substrate becones unstgbl e when an

i npact is afilized ansl. fuharuiids paseblgdpiakipinicgagpelie dissidasorHbstizte so
ot o of WD st ) o RBHUSERR b U
' . it fti - . ‘
oon” b SRS Rdla BERSERS b hddit difi AR dhopAsRlniA ARt
above- nent %&BS%Q%ﬁgﬁ?taﬁﬁe exanple is shown in Fig. 1 (c) in

whi ch the maln sur orns the straight lines. However, it is
sufficient that tggeoghange anount is nonotone increasing, and
therefore, the main surface 12 may form for exanple, curves with a
predet er mi ned r afuthenfa Magneid disk.accOfBA to this inventien é& cliebotgrizad by

magnetic di sk glass substrate manufacturing nethod according to this
enbodi nment cairiprising tlesatravieedeniitredmageetic diskratbstrate sndiargagoetichieger
enbodi ment i s manufactured through the follow ng processes. 10[0032]
(1) Fitst feppichen trovwgsetipdiskesipstiaie AERIVOIURIIUIMRRPEEE [Ayekness
f
© According to this structure, the shape of the magnetic disk can be stabilized and,
further, when it is incorporated into an HDD, the distance between a head and

the magnetic disk in the circumferential direction can be maintained constant.

20  Effect of the Invention

[0021]

A magnetic disk glass substrate according to this invention is a
magnetic disk substrate having annular main surfaces, wherein the substrate
has an isotropic shape with respect to an axis passing through the center of the

25 main surface and, given that a direction of the axis is height, the height of the
main surface changes in a radial direction and the surface roughness of the
main surface is 0.15nm or less.

[0022]



a gl ass base plate) (2) Shaping Process (process for shaping
the gl ass base plate into an annul ar gl ass substrate and chanfering
end faces) 15(3) Second Lapping Process (process for renoving fine
irregularities formed on main surfaces imn the shaping process)

(4) Chemical Strengthening Process (process for strengthening the
strength of the glass substrate) (5) Surface Polishing

eyt b e SR e L AL o 05 PR b 8
necessary) SLL@O?S\IJVH |t is mcorBorf%ggd ey lé[‘u%[ﬁ)ﬁrésng nféagga%‘?%%ﬁf& %e 'i:lt%‘far%eass

substrate odi nen recir’'si on

pol i shing BeRG&s 'h%aeaé@ @g (A nété&%k‘irhﬁwezé&!‘ﬁ%%na%h@é@m@é}ﬁ be

process. By provi |ng a erence 1 n conpressive stress va

bet ween t hendiMirdERi cbristaitaC Thebdfors! Ghis HoREBIPIOSIBIBELS maditisulist that e
of a desired shape can be obtained. [0034] 10 [ Exanple 1]

Her ei nb&| ovan dedefapiédto anetittiordia fyirceheight aina Bradh eniDDhantsts an
carried out for clarifying the effect of this invention. In this
Exanpl e, ainoegmss incrothisinafbpsad thdrsirriatrecantdearsragneti ¢ di sk were
manuf actured t hrough 5the follow ng processes. In the foll ow ng

description, a description wil I be given of an exanpl e of
manuf act uri ng t he magnet tﬁl d[é Iass substrate and the nmagnetic disk
of 2.5 i ncREET DRgaERERN ot the %f t he magnetic disk gl ass substrate

and the nagnetlcﬁggﬁﬁ is not particularly limted and may be, for
exanple, 1.8 inc 1 inch, or 3.5 inches. 10[0035] (1) Shaping

Process, and Fi rs}: qu'd‘&agﬁé?ﬁ%ﬁ%win an ex érﬂ? %&ﬁé of%ﬂw‘agsr}eticdisk

substrate manuf actlr ng ne accor |ng

| apping (g r| é‘rﬁ’bﬁrﬂ)odlﬁeﬁpﬁﬂhﬁdmﬁf@nﬁéﬁfaces of a plate- I i ke glass to

obtain a g ass nber, then this glass base nenber is cut,

t hereby 15cutting out a glass disk. As the plate-like glass, one of
various plate-like glasses can be used. This plate-like glass can be
manuf act ur §tbdeyfoa Ganoimg Can tiieabitventiog et hod such as a press net hod,
a float nethod, a downdraw nethod, a redraw nethod, or a fusion

met hod usi ng, f o[004dnpl e, a nolten glass as a material. |If the press
nmet hod i s used anong them the ate-1like 20 glass can

manuf at?ured at HeWriBbelow, A8 %“gﬁ@'éﬁﬂilof Bw%wreﬂyoawwlﬂ ke dasaffeeqi incdetail

oL o GBS lR R Bl S SULRS RSS2, Bl 3, 95530558 W Soianpo
be e Oyl B2 A 92 B B R Bl b 5
al um nosi | eate BLast) cRRoRAnG IS HRE BRIbbdiment.  Fig. 1 (a) is a perspective view
of the glass substrate, Fig. 1 (b) is a plan view thereof, and Fig. 1 (c) is a
20 cross-sectional view taken along line ic-lc of Fig. 1 (b).

[0025]

As shown in Fig. 1 (a) to (c), the glass substrate according to this
embodiment has an annular shape with a circular-shaped hole (hereinafter
referred to as a "circular hole") 11 formed in the center of a disk-shaped glass

25 substrate. A main surface 12 of the glass substrate is uniformly inclined from
an inner peripheral end 13 to an outer peripheral end 14 and has an isotropic
shape with respect to an axis passing through the center of the glass substrate.

That is, it is rotationally symmetric with respect to an arbitrary angle rotation



25 used in terns of capability of being chem cally strengthened and
capability of providing a magnetic di sk substrate which is excellent
in main surface flatness and substrate strength. [0036] 11 I n
this Exanple, a nolten aluminosilicate g ass was nolded into a disk
shape by direct pressing using upper, |ower, and drum nol ds, thereby
obt ai ni ng an anor phous plate | i ke glass. As the alum nosilicate

gl ass, use s, made .of a ai ni main ¢ onents, 5102:
38" o’ 75wt POl BEFXS Peesida kmpoh 1he sanieof B SReos BRRE R0 4 to
13wt % [0037] 0026 Then, | apping was applied to both main surfaces
of the plate- IikL é%éss thereby obtai ning a di sk-shaped gl ass base

menber. The | appé@g Mﬁﬁ%g%%&d] gcﬂtbfgﬁeﬂ% &OQQ%Qbﬁ%ﬁéI%W ?ék%'nnéiong the

machi ne enpl oyin tary anismwth the use

al um na- baggd dfce @regg%b&ﬁorpaf iHecﬂnam s@%@' 12 rsaéﬂm@]httm@slmpa%n\é@m
carried out by pressing | apping surface plates onto both surfaces of

the pl a8 e- lridkigatibraandfig mﬁdﬂﬁsyﬁm@étrlaﬂld IFovéaer, = dess-ssiefiph yh agy a
grinding liquid containing the free abrasive particles onto the main
surf aces opetgendididaeplhinkdhafl passes dmbugbltbe iceptey oftive gigssisabstrate has
pl ate-1i ke glass and the surface 15plates to each other. By this

| appi ng, t Hee spraeshepeaniabir Figadi(ay the flat main surfaces was

obt ai ned. [0038] éZi? Cutting-Qut Process (Coring, Form ng,

Chant eri ng) Thenl0G4{d gl ass base nenber was cut using a di anond

tter, th b tt t di sk-sh trate f.
ol ass. base membef TR 3 S5RHG: HnEl ARAINEM I ok Snpr G P Ui ey

ot e, 13 T BLRd By dh LB Rl ROV PINR LIS LGS R REIdiea bl obY

obt ai n ass su oring)

appl i ed tog gﬁabé‘Btheot‘?:'éHHBEé élsk‘?ﬂ‘i'hé é‘%&rﬁf@e@'eﬁﬁbl%@ﬁorﬁ’% b&ﬁtﬁéﬁt’ e@é‘ﬁ'

face using di anond grindstones, thereby carrying out 25predeferm ne

chanf eri ng{d pragnetic d@kaafrgra&étg)the R3de bSveRCH RthdrribiBiHRGdRIRLBES

Then, second | apping was applied to both main surfaces of the

obt ai ned hiagrletisslisissdasity enaintdiied somatantestniat ids bossibke foi reatize a

| appi ng process. By carrying out this second | apping process, fine

i rregul ari resgstiborindigingrheigiet ofdha nagriedicdweadandandutreaagiolatatioredess
or an end face polishing process as a preceding process can be

r emovetP i nspeedptBle B@UNREE disK. becones possible to conplete a

[0028]

In terms of the error rate of the medium, the surface roughness of the
main surface 12 of the glass substrate is preferably 0.15nm or less.

[0028]

20 Further, given that the direction of the above-mentioned axis is height, a
difference (h in Fig. 1 (c)) between the highest position and the lowest position
of the main surface 12 is preferably 0.3um or more and 10um or less. [fitis
less than 0.3um, there is a case where the shape of the substrate becomes
unstable when an impact is applied to the substrate during high-speed rotation,

25  so that it becomes difficult to read a signal at an outermost peripheral portion of
the disk. On the other hand, if it is greater than 10um, there is a case where it
becomes difficult to read a signal when the head performs a seek operation.

[0030]



5subsequent nmain surface polishing process in a short tine. [0040]

(4) End Face Polishing Process Then, the outer peripheral end
face and the inner peripheral end face of the glass substrate were
mrror-polished by a brush polishing nmetghod. In this 10event, as
pol i shing abrasive particles, use was nade of a slurry (free abrasive
particles) containing cerium oxide abrasive particles. Then

S ot R R BB S P RBA Pe
(he. end gt bRl RER b S HEPa )RR A By Surncen
potassium tﬂé%%&khéﬁ%e%!ﬁﬂ&hr@% Fretdr heRidith P8 R8refore, the fhdih I St

pol i shing process wa I'rst carried out as aftmin surface polishing
process. Tghﬁaéé!‘IQFmW\‘drﬁhh‘Glge%rﬁﬁl‘é,S&fu%bWibh é‘bf@dét@rrﬁ?@@"r@d@%gﬁks or

strains 20 remaining on the main surfaces during the first an

second §appunateocesses. In the first polishing process, hard

ur et hane- based pads were used as polishing pads and, as a polishing

i quid, use was [@Bd]of a polishing liquid in the formof a mxture
of water and cerium oxi de polishing abrasive particles. [0042] 25(6)
Cheni cal St rengt heneingelve eevggnetic disk ghssrsubsiiaite Bmnusactoniog mathed
was applied to the gl ass substrate having,Begn %ubj cted to the ,
above- ment PERRYEINGIINyeHPedkadWil Be IR BRIng T BR straf according

St angt henth VS BTRRCBRe R RS RaNHar i ef ySloREGr B bPMpmedefien (o

(60% g@d sodi ur’r*[dﬂa?r]ate (40%, heating this chem cal strengthening
solutioh to 400Cand-"preheating the cleaned gl ass substrate to 300C,

and i mersing it {yFiidg | B & (6rRBEES T MHaRiRL Ui PmtRE tiRBRMssf
hours. The im"nergl)onI vvasa(bgﬁ{agrr@ggéof in ther s?atg Wri1ere a pl uralsity
of gl ass suhghsabsse pRit€) pl aced in a holder so as to be held at their
end faces, thereby enabling the entire surfaces of the gl ass

substrates to be(2)&mmnag Rroséseipybdessadr shAfiAghBylasarbasengateuintd are
inmmersion treatnent in the chem cal strengthening 10sol uti on as
descri bed aboules glassubstiatmandehasdelingrendfacash a surface | ayer of
the gl ass substrate are replaced by sodiumions and potassiumions in
the ch¥®rical st r EhgeeraichigarRiNgHresess @sprassifoergmowny fingtiregelagtios s
substrate i.s styengthene The %{éi kness of a conpressive stress

| ayer for mQIMAA PMENAR SHHEEST HY PMEPCESS) substrate was about

éggrln'zcr:nal 15[ 0044] (tﬁh@h%?cﬁ S%r%%%hre%neg Eraovciegg (B%ecrésg lf"cl>3|J setpetnegqhél%né r’Er‘?e

strength of the glass substrate)
(5) Surface Polishing Process (process for polishing the main surfaces
20 of the glass substrate; there are first and second polishing processes if
necessary)
[0033]
In the manufacturing processes of the glass substrate according to this
embodiment, the surface precision polishing process is carried out after the
25 chemical strengthening process. By providing a difference in compressive
stress value between the two main surfaces through these processes, the
substrate of a desired shape can be obtained.

[0034]



strengthening treatnent was imersed in a water bath at 20C so as to
be rapidly cool ed and was nai ntained for about 10 m nutes. Then, the
rapi dly cool ed gl ass substrate was inmmersed in | Om % sul furic acid
heated to about 20 40C, so as to be cleaped. Further, the glass
substrate having been subjected to the sulfuric acid cl eani ng was

i mrersed in respective cleaning baths of pure water and IPA in turn
so as to be cl eaped. éOOﬁS] (7) Mrror Polishing Process 25Then, a
second polishingﬂ%FﬁE i (mrror polishing process) was carried out.

gl ass subst Fat e HEVPRECRECR B BUPRRATEE chrvordl ERarBE MR Wk r eby
m v or - nb sl 16 BBy jea&ﬁéct%?trﬂé Rpnghast OB R d 1 the

second pol I ng process, ol yuret hane-based so hér

pol i shi ng ﬁme\f&erﬁswgﬁes @uSstrat% éﬂhd@#ﬂégjﬁéﬁ@ didkvirb mﬁ]@fdaére@&ﬂﬂmfgfh
a m xed sol ut1hon obtained by adding colloidal silica particles to

ultrapus e v ®llowiieproeeeyed. tihithisfieiksdag desctiptivnme danaviptisn woll begfiven
surfaces 12 of the glass substrate were set to 0.3pmfor surface A

and 5 0. 5pof aoexampdactnrBanuidadughate sagseliatskipasnsulixiate soldjtbet ed
to the second polishin fg process was cleaned by a nornmal nethod,
t her eby obfmsgmetig diskeighétinehesi. skHeweay, besize af w&a@@gﬂatlchglskcgl@?rﬁ s

Exanpl e. [0046] The bendi ng str th of this netl c dis | a
substrate RHRstiFe r?éﬁ’stﬁﬁéﬂa%‘?ﬂf‘gg'ég befel W'glﬂ'ﬁgﬂg au%

testing ap ar at (Shi ma to h S- 2000) and as aresult, it

was 11kgf. {(%'@Etlja] 1%5??5'5 ?R’/&'gﬁl IRD “Herein, for conparison with
t he abgye-nenti ogﬁ% Exanpl e, a glass 15 substrate was nmanuf act ured

t hrough™ t he conv nal manufacturing processes. That is, the glass

substrate was nma %’?P'ﬁ? f)‘%%’: glﬁ;ﬂ?ﬂ@mes as in the

Exanpl e except t strengt hen eat nent was carried out
after polishing [phmadhidtraask @ﬁbétkﬁe%@mﬁa@mﬁgrrﬁétﬁoaterdaotmﬁg to this

machi ni ng amounts of surfaces A and B were the sane. 20[0
[ Fl at ness Mrasplerfiest, Japping (grinding) is applied to surfaces of a plate Iake glass to
obtain a glass base member, then this glass base member is cut, thereby
15 cutting out a glass disk. As the plate-like glass, one of various plate-like
glasses can be used. This plate-like glass can be manufactured by a known
manufacturing method such as a press method, a float method, a downdraw
method, a redraw method, or a fusion method using, for example, a molten
glass as a material. If the press method is used among them, the plate-like
20 glass can be manufactured at low cost. As a material property of the plate-like
glass, use can be made of an amorphous glass or a glass ceramic (crystallized
glass). As a material of the plate-like glass, use can be made of an
aluminosilicate glass, a sodalime glass, a borosilicate glass, or the like.
Particularly as the amorphous glass, the aluminosilicate glass can be preferably
25 used in terms of capability of being chemically strengthened and capability of
providing a magnetic disk substrate which is excellent in main surface flatness

and substrate strength.

[0036]



Wth respect to the glass substrate according to this Exanple and the
gl ass substrate as the Conparative Exanple which were manufactured as
descri bed above, the flatness of the main surfaces 12 was neasured.
Herein, 25the flatness is a vertical digfance (height difference)

bet ween the highest portion and the | owest portion of the main
surface 12 of the glass substrate. In this Exanple, a value neasured

<L A TENOOR sor polatibhFRIRE cuaitae SriapRlcBr Jnes Wes Tpabnda a disk
0049 | t. of f .
i ass. subs?ae B0 RspEps ST yiin BRGNS Bh s OB R3e0 obBiing
confirmed Eﬂ%élﬂﬁogé g%%eﬁiﬁéﬁﬁééét AdiRd é%ﬂmﬁrﬁ%til[]c%% gfa%g,ag& Wagshnade of
respect to an axi s passing tHrough the center theredf and that, wth

respect toayiadPEshtAinind)dsSHEPEEMPGTerils IHEB! 58€875W%, ABTR! 5 to 23wt%,
peri pheral end, was | owered as approaching its outer peripheral end,

and wass | oneex 3rtealowtts amidt Ma. et tphewith. end. That is, the glass
substrate was bent to one side and the change anount in height of the
surface was nmonofd¥&] 10i ncreasi ng fromthe inner peripheral end to

t he outer peripheral end., [0050] On the other hand, with
respect to the glBes leopeoraasappliacite kethpaniasuriaces aftheplaterike glass,

fl at 0.5 Further, |t fi d that th I )
Cubsty ate. HRIchy Bl G BkalPROS HIAse HavevRPEIPeL ho o RRIg WaR SRgHRd
150f the sur{ace differed.in the circH.m‘ere ti.al dilrecfi pd t he
change al ofl SIR0 SguRIGIds PR BF R F eV iRe RN Etaageal oi anot er
Gt oot e MEcoaBE Fi RS s Ei eMa R ed Bbfach e SARARE! O Speciicaly
of both Sufl'fe?‘l‘égéipr;?;fw&@‘éarr@d Sl ;5r%§§in§q§|§;§ih§tsfﬁ$fg@%tp¢ét|8|§%n§@b@ﬁhgp the

above- nent 1 one ocesses, an adhesive™l ayer o all oy, a soft

nmagneti c | gyghcedf ofthSplatériker §iEds fbhothe Wpekreerbagesidel, Supplang a
nonmagneti ¢ underl ayer having a granular structure, a perpendi cul ar

magneti ¢ r gandidghigulchy@rtaiménvg thg feeq abrasher paticlestante thed meain surfaces of
CoCr Pt -based all oy, a protective |ayer of 25hydrocarbon, and a

| ubri cat i nthd plpte-likef glesst aud relptivele mmingthesp Rta-likai glass tamiddhe sgdece

t her eb%/ manuf act uri ng perpendi cul ar _rrag[neti c recordi ngq di sks. More
speci fT&al pipteate eamieaings | By dhis APRIAS the glasss hasegeaieey hayg therflat
CoTaZr/ Ru/ CoTaZr, an internedi ate |layer of Ru, a nonmagnetic granul ar

16 under | af&in 8RS WAE PPAINGIanul ar magnetic | ayer of

CoCrPt-Si 02. Ti 02 O&)Zi:%? a hydrogenated carbon protective filmwere
formed in this Ot’ on each gl ass substrate using an in-line type

FEuL L L9, S0 PN 4 Do SR TR R o=t 79
Then, the glass base member was cut using a diamond cutter, thereby
20  cutting out a disk-shaped glass substrate from the glass base member. Then,
using a cylindrical diamond drill, an inner hole was formed at a central portion of
the glass substrate, thereby obtaining an annular glass substrate (coring).
Then, grinding was applied to an inner peripheral end face and an outer
peripheral end face using diamond grindstones, thereby carrying out
25 predetermined chamfering (forming, chamfering).
[0039]
(3) Second Lapping Process

Then, second lapping was applied to both main surfaces of the obtained



50bt ai ni ng magnetic di sks. [0052] (9) Magnetic Di sk Device
Manuf act uri ng Process By incorporating the above-nentioned
magneti c di sks into devices, magnetic di sk devices were manufactured.
Since the structure of a magnetic 10di so device is known, a detailed
description thereof is omtted herein. [0053] (Mdulation Test) A
nodul ati on test was conducted for the magnetic disks obtained in the

Eﬁ;ﬁ%iufggla%g%ﬁoﬁgﬁéﬁ%@?ﬁa B0FareRdt e 55t GhRinatipoan 33 EAVING
Subbt a6, 5?@@%4?&%{&3‘3@#@%2?%%%@ et S FENE St Sfaces
fol I ow ng ect ror%éht @)fbc(eéi or %ﬂ[é}%@:ﬁgohshm? prédass S aProBANgY ! ©

disk in an ghetic conversion characteristic measuring

appar at us b@bé's Eﬂqimteqrﬁévéaﬂheécwan%@) s@fitht itfdcoimdDasidifledo TaeteG
head (DFH (dynam c flying height) head with a head flying hei ght

(slider5 fl yupgedieing Main slirfdoapOtisteng Ipymmshmag&ﬂorbﬁme read el ement

was 25 2nm)) on the magnetic disk, wite a M pattern (frequency half

a high frequency[Q€dl for a hard di sk). (2) Input a read

signal into an oscill oscope. (3) Derive a nodul ation

(envel ope) per s&dtbd Eﬁc%lﬁ’oél$|ﬂin9rpdﬁ9e$9adl al 17 position within the
esult, in i son

bet veen the. Exanbende qie” keiierat s B AT e RORUPSI B yaizee of
From the aBsvEaneatpShal Woau Tty o bast by aene8 mEr PG ugmedgenipi
L L gUSTPS by TRIE S R AT S PP Sl
i sotropi ¢ shaRRs) containing cerium oxide abrasive particles.

Then, the glass substrate having been subjected to the end face
polishing process was washed with water. By this end face polishing process,
the end faces of the glass substrate were finished to a mirror surface state that

15  can prevent precipitation of sodium and potassium.

[0041]

(5) Main Surface Polishing Process

A first polishing process was first carried out as a main surface polishing
process. This first polishing process mainly aims to remove cracks or strains

20 remaining on the main surfaces during the first and second lapping processes.
[n the first polishing process, hard urethane-based pads were used as polishing
pads and, as a polishing liquid, use was made of a polishing liquid in the form of
a mixture of water and cerium oxide polishing abrasive particles.

[0042]

25 (6) Chemical Strengthening Process

Then, chemical strengthening was applied to the glass substrate having

been subjected to the above-mentioned lapping processes and polishing

processes. The chemical strengthening was carried out by preparing a



10 with respect to the axis passing through the center thereof and
was bent to one side and the change anount in height of the main
surface was nonotone increasing fromthe inner peripheral end to the
outer peripheral end, it was possible tp%naintain constant the

di stance between the magnetic head and the magnetic disk in the
circunferential direction, thus |leading to the good results in 15the
nodul ati on fest. .the .ot her. han consi der ed

Moot A ChohBisal FreRotRa NG sRILion Miedoun e Taig Sfatlasun e

25590 OB o BT EeTHOTD n e SO PRk
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1 to 11] 25Then, magnetic di sk gl ass substrates according to Exanpl es
2 to 8 mndchiopasdtin Vee Batapihese 2 gloralify aveflgssaumdtates wete Pyaceddng ng
t he processing conditions and, thereafter, nagnetic disks were
respect i vehyldensofesdouresbeldratttheir sadéaces fisereby enablixgth® entire sTinlaces
various tests were conducted for the 18 magnetic disks including the
above- nent Pbiedylasa pybstrates e beshgariaaliveirangihgned. 1. The resul ts

t hereof are shom1[r(1}0i4%]Table 1. [0060] 1 9 pal uorm -npow 00000 X
X

By carrying out the immersion treatment in the chemical strengthening
10  solution as described above, lithium ions and sodium ions in a surface layer of
the glass substrate are replaced by sodium ions and potassium ions in the
chemical strengthening solution, respectively, so that the glass substrate is
strengthened. The thickness of a compressive stress layer formed at the
surface layer of the glass substrate was about 100um.
15 [0044]

The glass substrate having been subjected to the chemical
strengthening treatment was immersed in a water bath at 20°C so as to be
rapidly cooled and was maintained for about 10 minutes. Then, the rapidly
cooled glass substrate was immersed in 10wt% sulfuric acid heated to about

20 40°C, so as to be cleaned. Further, the glass substrate having been subjected
to the sulfuric acid cleaning was immersed in respective cleaning baths of pure
water and IPAin turn so as to be cleaned.

[0045]

(7) Mirror Polishing Process

25 Then, a second polishing process (mirror polishing process) was carried
out. The second polishing process is a process for further polishing the glass
substrate having been subjected fo the first polishing, thereby mirror-finishing

the main surfaces 12 of the glass substrate. In the second polishing process,
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polyurethane-based soft polisher polishing pads were used and, as a polishing
liquid, use was made of a mixed solution obtained by adding colloidal silica
particles to ultrapure water. The removal thicknesses (machining amounts) of
both surfaces 12 of the glass subsirate were set to 0.3um for surface A and
0.5um for surface B. The glass substrate having been subjected to the second
polishing process was cleaned by a normal method, thereby obtaining a
magnetic disk glass substrate according to this Example.

[0048]

The bending strength of this magnetic disk glass substrate was
measured using a bending strength measuring and testing apparatus
(Shimadzu Autograph DDS-2000) and, as a resulf, it was 11kgf.

[0047]

[Comparative Example 1]

Herein, for comparison with the above-mentioned Example, a glass
substrate was manufactured through the conventional manufacturing processes.
That is, the glass substrate was manufactured through the same processes as
in the Example except that chemical strengthening treatment was carried out
after polishing both surfaces of the glass substrate such that machining
amounts of surfaces A and B were the same.

[0048]

[Flatness Measurement]

With respect to the glass substrate according to this Example and the
glass substrate as the Comparative Example which were manufactured as
described above, the flatness of the main surfaces 12 was measured. Herein,
the flatness is a vertical distance (height difference) between the highest portion
and the lowest portion of the main surface 12 of the glass substrate. In this
Example, a value measured by a flatness measuring apparatus (Optiflat

manufactured by KLA-TENCOR corporation) was used as a value of the
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[0049]

As a result of the measurement, the flatness of the glass substrate
according to this Example was 3.1um. Further, it was confirmed that the glass
substrate had an isotropic shape with respect to an axis passing through the
center thereof and that, with respect to surface A, the surface was highest near
its inner peripheral end, was lowered as approaching its outer peripheral end,
and was lowest near its outer peripheral end. That is, the glass substrate was
bent to one side and the change amount in height of the surface was monotone
increasing from the inner peripheral end to the outer peripheral end.

[0050]

On the other hand, with respect to the glass substrate in the
Comparative Example, the flathess was 0.5um. Further, it was confirmed that
the glass substrate had a so-called saddle shape in which the change in height
of the surface differed in the circumferential direction and the change along a
predetermined diameter and the change along a diameter perpendicular to the
predetermined diameter were in opposite directions.

[0051]

(8) Magnetic Disk Manufacturing Process

On each of both surfaces of each of the glass substrates obtained
through the above-mentioned processes, an adhesive layer of a Cr alloy, a soft
magnetic layer of a CoTaZr-group alloy, an underiayer of Ru, a nonmagnetic
underlayer having a granular structure, a perpendicular magnetic recording
layer having a granular structure of a CoCrPt-based alloy, a protective layer of
hydrocarbon, and a lubricating layer of perfluoropolyether were formed in this
order, thereby manufacturing perpendicular magnetic recording disks. More
specifically, an adhesive layer of CrTi, a soft magnetic layer of

CoTaZr/Ru/CoTaZr, an intermediate layer of Ru, a nonmagnetic granular
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O Disk/10 Disks O Disk/10 Disks 0 Disk/10 Disks O Disk/10 Disks O

Di sk/10 Disks O Disk/10 Disks 1 Disk/10 Disks O Disk/10 Disks O

D sk/10 D ahaerlayer of CoCrSiOz, a granular magnetic layer of CoCrPt-SiO2 TiO,, and a

hydrogenated carbon protective film were formed in this order on each glass

substrate using an in-line type sputtering apparatus and further a

perfluoropolyether lubricating layer was formed by a dipping method, thereby
5 obtaining magnetic disks.

[0052]

(9) Magnetic Disk Device Manufacturing Process

By incorporating the above-mentioned magnetic disks into devices,
magnetic disk devices were manufactured. Since the structure of a magnetic

10 disk device is known, a detailed description thereof is omitted herein.

[0053]

(Modulation Test)

A modulation test was conducted for the magnetic disks obtained in the
Example and the Comparative Example. Specifically, the modulation was

15 measured in an area between distances of 29.9mm (R1) and 31.5mm (R2) from
the center of the 2.5-inch (outer diameter 65mme) glass substrate.

[0054]

Specific measurement conditions followed the following sequence (1) to
(3).

20 [0055]

(1) Set a magnetic disk in an electromagnetic conversion
characteristic measuring apparatus (Guzik Technical Enterprise) and, after
loading a magnetic head (DFH (dynamic flying height) head with a head flying
height (slider flying height) of 9nm (the flying height of a read element was

25  2nm)) on the magnetic disk, write a MF pattern (frequency half a high frequency
used for a hard disk).

(2) Input a read signal into an oscilloscope.

(3) Derive a modulation {(envelope) per sector at an arbitrary radial
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position within the above-mentioned range.

[0056]

As a result, in comparison between the Example and the Comparative
Example, modulation values were better (variation width was smaller) in the
Example.

[0057]

From the above-mentioned modulation test results, it is considered that,
with respect to the magnetic disk manufactured using the glass substrate
according to the Example, since the glass substrate had the isotropic shape
with respect to the axis passing through the center thereof and was bent to one
side and the change amount in height of the main surface was monotone
increasing from the inner peripheral end to the outer peripheral end, it was
possible to maintain constant the distance between the magnetic head and the
magnetic disk in the circumferential direction, thus leading to the good results in
the modulation test.

[0058]

On the other hand, it is considered that, with respect fo the magnetic
disk using the glass substrate according to the Comparative Example, since the
glass substrate was saddle-shaped, it was difficult to maintain constant the
distance between the magnetic head and the magnetic disk in the
circumferential direction and thus the good results were not obtained in the
modulation test.

[0059]

[Examples 1 to 8, Comparative Examples 1 to 11]

Then, magnetic disk glass substrates according to Examples 2 to 8 and
Comparative Examples 2 to 11 were manufactured by changing the processing
conditions and, thereafter, magnetic disks were respectively manufactured in

the same manner as in Example 1. Then, various fests were conducted for the
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magnetic disks including the above-mentioned Example 1 and Comparative
Example 1. The results thereof are shown in Table 1.

[0060]
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[0061]

"AFM-Ra (nm)" in the table represents a surface roughness (Ra) when
a 2um x 2um square measurement area was measured with a resolution of
256x256 pixels using an atomic force microscope.

[0062]

"400,000-Times L/UL Durability" shows the results of examining the
occurrence of data error when a magnetic head repeated a sequence of
operations of Load—Disk Outer Periphery—Disk Inner Periphery-—Disk Outer
Periphery—Unload over the magnetic disk under conditions of a temperature of
70°C and a humidity of 80%.

[0063]

"Film Crack after Impact Test" shows the results of confirming whether
or not a film of the disk surface was cracked after applying an impact to the
substrate in a perpendicular direction under conditions of an action time of
2msec and an impact of 600G by dropping a hard disk casing while a DFH head,
as described above, performed read/write operations over the rotating magnetic
disk in a manner of Outer Periphery—Inner Periphery—Outer Periphery—Inner
Periphery— - - - of the disk. From the results, it is seen that the film was
cracked when the warp upon impact was large.

[0064]

"DFH-TDH at r=22mm" shows the results of measuring the touch-down
height at a 22mm-radial position of the magnetic disk. In this event, a DFH
head, as described above, was used as a magnetic head. |

[0085]

"AB50" shows the results of examining the crystal orientation of Co
(002) in the magnetic film.

[0066]

From these results, it is seen that the magnetic disk substrate according
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to this invention can be suitably used as a magnetic disk.

[0067]

This invention is not limited to the above-mentioned embodiment. The
substrate may be aluminum or the like instead of the glass.

[0068]

The magnetic disk glass substrate according to this invention may be
configured such that only one of its main surfaces has a main surface shape
which is adapted for a recording surface for recording information. In this case,
it is preferably configured such that the main surface only on the concave side
in a cross-sectional shape along the diameter of the substrate has a main
surface shape which is adapted for a recording surface for recording information.
When the main surface only on the concave side (surface on the inner side of
the cross-section) is used as the recording surface, the flying of a magnetic
head can be stabilized to the outermost periphery as compared with a structure
in which the main surface only on the convex side (surface on the outer side of
the cross-section) is used as a recording surface. The following test was
conducted on this point.

[0069]

After manufacturing a magnetic disk by forming a magnetic film, as
described above, on the magnetic disk glass substrate of Example 1, the
touch-down height (TDH) was measured with respect to the main surfaces on
the concave side and the convex side using DFH (dynamic fly Hight} heads,
respectively, under conditions of a head flying height (slider flying height) of
9nm (the flying height of a read element was 2nm). As a result, TDH near the
outermost periphery (r=30.6 to 31.6mm) was lower for the main surface on the
concave side than for the main surface on the convex side. Further, a
certification test was conducted with respect to the main surfaces on the

concave side and the convex side using the DFH heads and the results were
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[0070]

When manufacturing such a magnetic disk with only one of its main
surfaces serving as the recording surface, the main surface only on the concave
side may be polished in the final polishing process, for example. Further, when

15 using only one of the main surfaces as the recording surface as described
above, only this main surface may be polished using a single wafer type
polishing machine.

[0071]

The materials, sizes, processing sequences, and so on in the

20  above-mentioned embodiment are only examples and this invention can be
carried out by changing them in various ways within a range capable of
exhibiting the effect of this invention. Other than that, this invention can be
carried out with appropriate changes within a range not departing from the
object of this invention.

25
Description of Symbols

[0072]

11 circular hole



to this invention can be suitably used as a magnetic di sk. [0067]
This invention is not limted to the above-nentioned enbodi nent. The
substrate nmay be alum numor the like instead of the glass. 5[ 0068]
The magnetic disk glass substrate accorging to this invention may be
configured such that only one of its main surfaces has a main surface
shape which is adapted for a recording surface for recording
information. In ﬁ i's cas%,gjt is preferably configured such that the
mai n surface only on "THE 5865 ve side 10in a cross-sectional shape

al ong the dianetgg of e sipstyatgy has a main surface shape which is
adapted for a recording surface for recording information. \Wen the
mai n surface onl yson gyb& spheys &tigde (surface on the inner side of
the cross-section) is used as the recording surface, the flying of a
magneti ¢ head can be stabilized to the outernost periphery as
conpared with a structure 15in which the main surface only on the
convex side (surface on the outer side of the cross-section) is used
as a recording surface. The follow ng test was conducted on this
point. [0069] After manufacturing a magnetic disk by formng a
magnetic film as 20 described above, on the magnetic disk gl ass
substrate of Exanple 1, the touch-down height (TDH) was neasured wth
respect to the main surfaces on the concave side and the convex side
using DFH (dynamc fly Hi ght) heads, respectively, under conditions
of a head flying height (slider flying height) of 9nm (the flying

hei ght of a read el enent was 2nm). As a result, TDH near the 25

out ernost periphery (r=30.6 to 31.6m) was |lower for the main surface
on the concave side than for the main surface on the convex side.
Further, a certification test was conducted with respect to the main
surfaces on the concave side and the convex side using the DFH heads
and the results were 22 also better for the main surface on the
concave side. Fromthese results, it is seen that it is preferable to
use the main surface on the concave side as a recording surface. That
i's, when the above-nentioned magnetic di sk glass substrate is used to
manuf acture a magnetic disk with only one of its main 5surfaces
serving as a recording surface, it is preferable that the main
surface only on the concave side have a surface shape which is
adapted for an information recording surface. Specifically, when
manuf acturing a magnetic disk with only one of its main surfaces
serving as a recording surface, it may be configured such that the
mai n surface only on the concave side has a surface 10roughness of

0. 15nm or | ess.
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machi ne. [0071] The materials, sizes, processing sequences, and so on
in the 20 above-nenti oned enbodi mrent are only exanples and this
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wherein the substrate has a bending strength of 5kgf or more.

6. The magnetic disk substrate according to any of claims 1 to 3, 5 and 6,
wherein the surface roughness of the main surface only on a concave side in a
cross-sectional shape along a diameter of the substrate is 0.15nm or less.

7. The magnetic disk substrate according to any of claims 1 to 3 and 510 7,
wherein the main surface only on a concave side in a cross-sectional shape along
a diameter of the substrate has a surface shape which is adapted for an

information recording surface for recording information.



25 8. A mmgnetic disk substrate nmanufacturing nmethod for
manuf acturi ng the magnetic di sk substrate according to any of clains
1to3 and 5 to 8, conprising a step of chemcally strengthening an
annul ar gl ass substrate and a step of gl i shing two mai n surfaces of
the gl ass substrate chem cally strengtf#ened, wherein thicknesses of
removal , by polishing, of the two main surfaces are made different
from each ot her. 9. A magnetic disk conprising the nmagnetic
di sk substrate according to any of clains 1 to 3 and 5 to 8 and a
magnetic | ayer BohmagneHC tisk snbhgfradeinvantifadtuging stetlandefod masefdcjurong the
t hr ough anot her . The magnetic disk according t
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the axis is height, in which a cross-section of the substrate was

war ped t ofromeeasfh ¢ther.mai n surface sides, and a surface roughness of
the main surface is 0.15nm or |ess.

9. A magnetic disk comprising the magnetic disk substrate according fo
any of claims 1 to 3 and 5 to 8 and a magnetic layer formed on the magnetic disk
substrate directly or through another layer.

10. The magnetic disk according to claim 9, wherein the main surface
only on a concave side in a cross-sectional shape along a diameter of the
substrate is provided with a recording layer for recording information.

11. A magnetic disk glass substrate having annular main surfaces,
wherein the substrate has an isotropic shape with respect to an axis passing
through a center of the main surface and, given that a direction of the axis is

height, in which a cross-section of the substrate was warped to one of the main

surface sides, and a surface roughness of the main surface is 0.15nm or less.



